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EXECUTIVE SUMMARY 


Summary of Changes in Assessment Inputs 


Relative to the November edition of last year’s BSAI SAFE report, the following substantive changes 
have been made in the Aleutian Islands (AI) Pacific cod stock assessment. 
 
Changes in the Input Data 


Catch data for 1991-2016 were updated, and preliminary catch data for 2017 were included. 


Changes in the Assessment Methodology 


There are no changes in assessment methodology.   


Summary of Results 


The principal results of the present assessment, based on the authors’ recommended model, are listed in 
the table below (biomass and catch figures are in units of t) and compared with the corresponding 
quantities from last year’s assessment as specified by the SSC: 


Quantity 
As estimated or 


specified last year for: 
As estimated or 


recommended this year for: 
2017 2018 2018 2019 


M (natural mortality rate) 0.36 0.36 0.38 0.38 
Tier 5 5 5 5 
Biomass (t) 79,600 79,600 79,600 79,600 
FOFL 0.36 0.36 0.38 0.38 
maxFABC 0.27 0.27 0.285 0.285 
FABC 0.27 0.27 0.285 0.285 
OFL (t) 28,700 28,700 30,200 30,200 
maxABC (t) 21,500 21,500 22,700 22,700 
ABC (t) 21,500 21,500 22,700 22,700 
Status As determined last year for: As determined this year for: 


2015 2016 2016 2017 
Overfishing No n/a No n/a 







Responses to SSC and Plan Team Comments on Assessments in General 


Since last year’s assessment was completed, the SSC has made the following comments on assessments 
in general (note that numbering of comments here is continuous with numbering of comments in the 
preliminary assessment; note also that SSC comments directed to the Plan Teams rather than the 
assessment authors are not included here): 
 
SSC1 (12/16 minutes): “In an effort improve record keeping as assessment authors formulate various 
stock status evaluation models, the Plan Team has recommended a systematic cataloging convention....   
The SSC recommends this method of model naming and notes that it should reduce confusion and simplify 
issues associated with tracking model development over time.”  The prescribed model naming convention 
is used in this assessment. 
 
SSC2 (10/17 minutes): “The SSC recommends that, for those sets of environmental and fisheries 
observations that support the inference of an impending severe decline in stock biomass, the issue of 
concern be brought to the SSC, with an integrated analysis of the indices involved.  To be of greatest 
value, to the extent possible this information should be presented at the October Council meeting so that 
there is sufficient time for the Plan Teams and industry to react to the possible reduction in fishing 
opportunity. The SSC also recommends explicit consideration and documentation of ecosystem and stock 
assessment status for each stock... during the December Council meeting to aid in identifying areas of 
concern.”  Once the processes for producing the integrated analysis of indices and explicit consideration 
and documentation of ecosystem and stock assessment status have been developed, any features of those 
processes identified for inclusion in the assessment will be added to future assessments. 
 
Responses to SSC and Plan Team Comments Specific to this Assessment 


Following a review of the EBS and AI Pacific cod stock assessments by the Center of Independent 
Experts (CIE) in February of 2016 and during the process of developing and reviewing the 2016 
assessments, a large number of comments on the assessments and the assessment process were provided 
by the BSAI Plan Team (“Team”), the Team Subcommittee on Pacific Cod Models (“Subcommittee”), 
and the SSC.  Recommendations pertaining to the 2016 assessments were all addressed in those 
assessments.   


Following what has become standard practice for the EBS and AI Pacific cod assessments, all comments 
from the previous year that were directed at the current year’s assessments were vetted by the 
Subcommittee at its annual meeting, which this year was held in June (https://www.npfmc.org/wp-
content/PDFdocuments/membership/PlanTeam/Groundfish/BSAIPcod_subcommittee617minutes.pdf).  
Comments that were vetted by the Subcommittee are listed below, including comments that were directed 
at the assessments of Pacific cod in both the EBS and AI, or at the assessments of Pacific cod in all three 
regions (EBS, AI, and Gulf of Alaska).  The final comment (Sub5, from the June 2017 meeting) provides 
the Subcommittee’s disposition of the other 15 comments. 


Sub1 (5/16 minutes, originally from the 2016 review by CIE member Jean-Jacques Maguire, labeled as 
comment 2e.06 in the minutes of the May 2016 Subcommittee meeting): “Only those parameters where 
there is external information suggesting that changes are occurring should be allowed to vary, probably 
one at a time to avoid incorrect interpretation.”   


Sub2 (5/16 minutes; originally from the 2016 review by CIE member Neil Klaer, labeled as comment 
2a.07 in the minutes of the May 2016 Subcommittee meeting): “While there has been some recent 
narrowing down of agreed procedures among US west-coast stock assessors, it has also been recognized 
that it is not currently possible to recommend default procedures for composition and conditional age-at-



https://www.npfmc.org/wp-content/PDFdocuments/membership/PlanTeam/Groundfish/BSAIPcod_subcommittee617minutes.pdf
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length (CAAL) data. There is agreement that the Francis weighting approach is more appropriate in 
cases where the model is not correctly specified as it takes autocorrelation among composition data into 
account. It is also agreed that for a correctly specified model, the McAllister-Ianelli harmonic mean 
weighting method works well.”   


Sub3 (5/16 minutes, originally from the 2016 review by CIE member Neil Klaer, labeled as comment 
2b.03 in the minutes of the May 2016 Subcommittee meeting): “Further work on choice of a more 
appropriate selectivity function other than double-normal (or by changing the freedom of certain double-
normal parameters) would probably improve the overall fit….”   


Sub4 (5/16 minutes, originally from the 2016 review by CIE member Robin Cook, labeled as comment 
2i.17 in the minutes of the May 2016 Subcommittee meeting): “While developing the Tier 3 model, 
consideration should also be given to enhancing the Tier 5 model to include a simple population model in 
order to obtain a little more information from the data as opposed to simply smoothing the time series.”   


BPT1 (9/16 minutes): “The Team recommends that the mid-year meetings cease unless exceptional 
circumstances necessitate such a meeting.”   


BPT2 (9/16 minutes): “It is recognized by the Plan Team that per SSC comments and the author’s 
discretion, that the author may bring forward a better model than 16.1. The Plan Team has concerns 
regarding the form of the selectivity and the new data sources. We feel that these issues cannot be fully 
examined by November, but the Team recommends that they be addressed in the next cycle (2017).”   


SSC3 (10/16 minutes): “The observed discrepancies among different models in these assessments are a 
good—if perhaps extreme—example of the model uncertainty that pervades most assessments. This 
uncertainty is largely ignored once a model is approved for specifications. We encourage the authors and 
Plan Teams to consider approaches such as multi-model inference to account for at least some of the 
structural uncertainty. We recommend that a working group be formed to address such approaches.”   


SSC4 (10/16 minutes): “Regarding the mid-year model vetting process, the SSC re-iterates its 
recommendation from June to continue for now. The process has proven useful for the industry as an 
avenue to provide formal input and for the author to prioritize the range of model options to consider.”   


SSC5 (10/16 minutes): “With regard to data weighting, the SSC recommends that the authors consider 
computing effective sample sizes based on the number of hauls that were sampled for lengths and weights, 
rather than the number of individual fish.”   


SSC6 (10/16 minutes): “Although there is genetic evidence for stock structuring within the Pacific cod 
population among regions, the uncertainty in model scale for all three regions seems to suggest that some 
sharing of information among the three assessments might be helpful. Over the long term, authors could 
consider whether a joint assessment recognizing the population structuring, but simultaneously 
estimating key population parameters (e.g., natural mortality, catchability or others) might lend more 
stability and consistency of assumptions for this species.”   


BPT3 (11/16 minutes): “The Team recommends that the analyst propose age-structured models for 
consideration at the spring model specification meeting to be used in Tier 3 calculations.”   


SSC7 (12/16 minutes): “All three cod assessments could benefit from a formal prior on M based on the 
variety of studies referenced in each.  The SSC recommends that a prior for use in all cod assessments be 
developed for 2017.”   







SSC8 (12/16 minutes): “The SSC supports the author’s observation that ageing bias needs to be further 
investigated for cod, with results potentially applicable to all three assessments.”   


SSC9 (12/16 minutes): “The SSC continues to support the spring Pacific cod workshop to review and 
plan for model development each year, and also supports all of the technical PT recommendations for 
future model development.”   


SSC10 (12/16 minutes): “The SSC also supports the PT recommendation to continue development of an 
age-structured model for the next assessment cycle in an effort to move the stock to Tier 3.”   


Sub5 (6/17 minutes):  “The Subcommittee decided not to develop a list of models to be included in the 
preliminary 2017 AI assessment, thus allowing the assessment author to devote more time to the 
preliminary 2017 EBS assessment.  The Subcommittee notes that a similar recommendation was made by 
both the full BSAI Team and the SSC with respect to the final 2016 assessments.  The Subcommittee also 
notes that the author has the discretion to bring forward one or more models for the preliminary 2017 AI 
assessment if he so chooses.  If he does not, the Subcommittee anticipates that AI Pacific cod will 
continue to be managed under Tier 5 in 2018.”  In response to comment BPT3, descriptions of age-
structured models for consideration by the Subcommittee at its June meeting were included in the 
background document provided in advance of that meeting (attached to the minutes of that meeting as 
Appendix A).  The main purpose of the annual Subcommittee meeting is to review the relevant comments 
provided by previous meetings of the Subcommittee, Team, and SSC; and, on the basis of that review, 
recommend models and non-model analyses for inclusion in the current year’s assessments.  Given that 
no models or non-model analyses were requested by the Subcommittee (other than an implicit request for 
inclusion of the standard Tier 5 random effects model), and that neither the Team nor SSC made any new 
requests for either models or non-model analyses at their respective September and October meetings, this 
assessment has been prepared accordingly. 


INTRODUCTION 


General 


Pacific cod (Gadus macrocephalus) is a transoceanic species, occurring at depths from shoreline to 500 
m.  The southern limit of the species’ distribution is about 34° N latitude, with a northern limit of about 
65° N latitude (Lauth 2011).  Pacific cod is distributed widely over the eastern Bering Sea (EBS) as well 
as in the Aleutian Islands (AI) area.  Tagging studies (e.g., Shimada and Kimura 1994) have demonstrated 
significant migration both within and between the EBS, AI, and Gulf of Alaska (GOA).  However, recent 
research indicates the existence of discrete stocks in the EBS and AI (Canino et al. 2005, Cunningham et 
al. 2009, Canino et al. 2010, Spies 2012).  Although the resource in the combined EBS and AI (BSAI) 
region had been managed as a single unit from 1977 through 2013, separate harvest specifications have 
been set for the two areas since the 2014 season. 


Pacific cod is not known to exhibit any special life history characteristics that would require it to be 
assessed or managed differently from other groundfish stocks in the EBS. 


Review of Life History 


Pacific cod eggs are demersal and adhesive.  Eggs hatch in about 15 to 20 days.  Spawning takes place in 
the sublittoral-bathyal zone (40 to 290 m) near bottom.  Eggs sink to the bottom after fertilization and are 
somewhat adhesive.  Optimal temperature for incubation is 3° to 6°C, optimal salinity is 13 to 23 parts 
per thousand (ppt), and optimal oxygen concentration is from 2 to 3 ppm to saturation.  Little is known 
about the optimal substrate type for egg incubation. 







Little is known about the distribution of Pacific cod larvae, which undergo metamorphosis at about 25 to 
35 mm.  Larvae are epipelagic, occurring primarily in the upper 45 m of the water column shortly after 
hatching, moving downward in the water column as they grow. 


Juveniles occur mostly over the inner continental shelf at depths of 60 to 150 m.  Adults occur in depths 
from the shoreline to 500 m, although occurrence in depths greater than 300 m is fairly rare.  Preferred 
substrate is soft sediment, from mud and clay to sand.  Average depth of occurrence tends to vary directly 
with age for at least the first few years of life.  Neidetcher et al. (2014) have identified spawning locations 
throughout the Bering Sea and Aleutian Islands. 


It is conceivable that mortality rates, both fishing and natural, may vary with age in Pacific cod.  In 
particular, very young fish likely have higher natural mortality rates than older fish (note that this may not 
be particularly important from the perspective of single-species stock assessment, so long as these higher 
natural mortality rates do not occur at ages or sizes that are present in substantial numbers in the data).  
For example, Leslie matrix analysis of a Pacific cod stock occurring off Korea estimated the 
instantaneous natural mortality rate of 0-year-olds at 2.49% per day (Jung et al. 2009).  This may be 
compared to a mean estimate for age 0 Atlantic cod (Gadus morhua) in Newfoundland of 4.17% per day, 
with a 95% confidence interval ranging from about 3.31% to 5.03% (Robert Gregory, DFO, pers. 
commun.); and age 0 Greenland cod (Gadus ogac) of 2.12% per day, with a 95% confidence interval 
ranging from about 1.56% to 2.68% (Robert Gregory and Corey Morris, DFO, pers. commun.). 


Although little is known about the likelihood of age-dependent natural mortality in adult Pacific cod, it 
has been suggested that Atlantic cod may exhibit increasing natural mortality with age (Greer-Walker 
1970). 


At least one study (Ueda et al. 2006) indicates that age 2 Pacific cod may congregate more, relative to age 
1 Pacific cod, in areas where trawling efficiency is reduced (e.g., areas of rough substrate), causing their 
selectivity to decrease.  Also, Atlantic cod have been shown to dive in response to a passing vessel (Ona 
and Godø 1990, Handegard and Tjøstheim 2005), which may complicate attempts to estimate catchability 
(Q) or selectivity.  It is not known whether Pacific cod exhibit a similar response. 


As noted above, Pacific cod are known to undertake seasonal migrations, the timing and duration of 
which may be variable (Savin 2008). 


FISHERY 


Description of the Directed Fishery 


During the early 1960s, Japanese vessels began harvesting Pacific cod in the AI.  However, these catches 
were not particularly large, and by the time that the Magnuson Fishery Conservation and Management 
Act went into effect in 1977, foreign catches of Pacific cod in the AI had never exceeded 4,200 t.  Joint 
venture fisheries began operations in the AI in 1981, and peaked in 1987, with catches totaling over 
10,000 t.  Foreign fishing for AI Pacific cod ended in 1986, followed by an end to joint venture fishing in 
1990.  Domestic fishing for AI Pacific cod began in 1981, with a peak catch of over 43,000 t in 1992. 


Presently, the Pacific cod stock is exploited by a multiple-gear fishery, including primarily trawl and 
longline components.  Pot gear accounted for 8% of the catch on average from 1991 through 2014 
(peaking at 32% in 2014), then there were no catches taken by pot gear in either 2015 or 2016, but so far 
in 2017 pot gear has accounted for 17% of the catch (as of October 29).  Jig gear also contributes some of 
the catch, although the amounts are very small in comparison to the other three main gear types, with an 
average annual catch of less than 23 t since 1991, and no catch at all after 2012.  The breakdown of catch 







by gear during the most recent complete year (2016) is as follows: trawl gear accounted for 87% of the 
catch, and longline gear accounted for 13%. 


Historically, Pacific cod were caught throughout the AI.  For the last five years prior to enactment of 
additional Steller sea lion (Eumetopias jubatus) protective regulations in 2011, the proportions of Pacific 
cod catch in statistical areas 541 (Eastern AI), 542 (Central AI), and 543 (Western AI) averaged 58%, 
19%, and 23%, respectively.  For the period 2011-2014, the average distribution has was 84%, 16%, and 
0%, respectively.  In 2015, area 543 was reopened to limited fishing for Pacific cod (see “Management 
History” below).  The average catch distribution for 2015-2017 (through October 29, 2017) was 53%, 
21%, and 26%, respectively. 


Catches of Pacific cod taken in the AI for the periods 1964-1980, 1981-1990, and 1991-2017 are shown 
in Tables 2A.1a, 2A.1b, and 2A.1c, respectively.  The catches in Tables 2A.1a and 2A.1b are broken 
down by fleet sector (foreign, joint venture, domestic annual processing).  The catches in Table 2A.1b are 
also broken down by gear to the extent possible.  The catches in Table 2A.1c are broken down by gear.  
Table 2A.1d breaks down catches from 1994-2017 by 3-digit statistical area (area breakdowns not 
available prior to 1994), both in absolute terms and as proportions of the yearly totals. 


Appendix 2A.1 contains an economic performance report on the BSAI Pacific cod fishery. 


Effort and CPUE 


Gear-specific time series of fishery catch per unit effort (CPUE) are plotted, scaled relative to the 
respective gear-specific long-term average, in Figure 2A.2.  Year-to-date CPUEs for both gear types 
(through October 29) are just above their respective long-term averages, with little indication of 
significant trends. 


Discards 


The catches shown in Tables 2A.1b and 2A.1c include estimated discards.  Discard amounts and rates of 
Pacific cod in the AI Pacific cod fisheries are shown for each year 1991-2017 in Table 2A.2.  Amendment 
49, which mandated increased retention and utilization of Pacific cod, was implemented in 1998.  From 
1991-1997, discard rates in the Pacific cod fishery averaged about 5.6%.  Since then, they have averaged 
about 1.0%. 


Management History 


Table 2A.3 lists all implemented amendments to the BSAI Groundfish FMP that reference Pacific cod 
explicitly. 


History with Respect to the EBS Stock 


Prior to 2014, the AI and EBS Pacific cod stocks were managed jointly, with a single TAC, ABC, and 
OFL.  Beginning with the 2014 fishery, the two stocks have since been managed separately. 


The history of acceptable biological catch (ABC), overfishing level (OFL), and total allowable catch 
(TAC) levels is summarized and compared with the time series of aggregate (i.e., all-gear, combined area) 
commercial catches in Table 2A.4.  Note that, prior to 2014, this time series pertains to the combined 
BSAI region, so the catch time series differs from that shown in Table 2A.1, which pertains to the AI 
only.  Total catch has been less than OFL in every year since 1993. 







ABCs were first specified in 1980.  Prior to separate management of the AI and EBS stocks in 2014, TAC 
averaged about 83% of ABC, and aggregate commercial catch averaged about 92% of TAC (since 1980).  
In 10 of the 34 years between 1980 and 2013, TAC equaled ABC exactly. 
 
Changes in ABC over time are typically attributable to three factors:  1) changes in resource abundance, 
2) changes in management strategy, and 3) changes in the stock assessment model.  Because ABC for all 
years through 2013 were based on the EBS assessment model (with an expansion factor for the AI), 
readers are referred to Chapter 2 for a history of changes in that model.  During the period of separate AI 
and EBS management, the assessment of the AI stock has been based on a simple, random effects (Tier 5) 
model. 


History with Respect to the State Fishery 


Beginning with the 2006 fishery, the State of Alaska managed a fishery for AI Pacific cod inside State 
waters, with a guideline harvest level (GHL) equal to 3% of the BSAI ABC.  Beginning with the 2014 
fishery, this practice was modified by establishing two separate GHL fisheries, one for the AI and one for 
the EBS.  The table below shows the formulas that have been used to set the State GHL for the AI: 


Year Formula 
2014 0.03 × (EBS ABC + AI ABC) 
2015 0.03 × (EBS ABC + AI ABC) 
2016 0.27 × AI ABC 
2017 0.27 × AI ABC 
2018 0.27 × AI ABC 


During the period in which a State fishery has existed: 1) TAC has been reduced so that the sum of the 
TAC and GHL would not exceed the ABC, 2) catch in the Federal fishery has been kept below TAC, and 
3) total catch (Federal+State) has been kept below ABC. 


History with Respect to Steller Sea Lion Protection Measures 


The National Marine Fisheries Service (NMFS) listed the western distinct population segment of Steller 
sea lions as endangered under the ESA in 1997.  Since then, protection measures designed to protect 
potential Steller sea lion prey from the potential effects of groundfish fishing have been revised several 
times.  One such revision was implemented in 2011, remaining in effect through 2014.  This revision 
prohibited the retention of Pacific cod in Area 543.  The latest revision, implemented in 2015, replaced 
this prohibition with a “harvest limit” for Area 543 determined by subtracting the State GHL from the AI 
Pacific cod ABC, then multiplying the result by the proportion of the AI Pacific cod biomass in Area 543 
(see “Area Allocation of ABC,” under “Harvest Recommendations,” in the “Results” section). 


DATA 


This section describes data used in the model presented in this stock assessment, and does not attempt to 
summarize all available data pertaining to Pacific cod in the AI. 


Trawl Survey Biomass 


The time series of NMFS bottom trawl survey biomass is shown for Areas 541-543 (Eastern, Central, and 
Western AI, respectively), together with their respective coefficients of variation, in Table 2A.5.  These 







estimates pertain to the Aleutian management area, and so are smaller than the estimates pertaining to the 
Aleutian survey area that were reported in BSAI Pacific cod stock assessments prior to 2013. 
 
Over the long term, the biomass data indicate a decline.  Simple linear regression on the time series 
estimates a negative slope coefficient that is statistically significant at the 1% level.  However, each of the 
three most recent point estimates has represented an increase over the preceding estimate. 


ANALYTIC APPROACH 


Model Structure (General) 


The history of models presented in previous AI Pacific cod assessments is described in Appendix 2A.2. 


Ever since the final 2015 assessment, model numbering has followed the protocol given by Option A in 
the SAFE chapter guidelines.  The goal of this protocol is to make it easy to distinguish between major 
and minor changes in models and to identify the years in which major model changes were introduced.  
Names of models constituting major changes get linked to the year that they are introduced (e.g., Model 
13.4 is one of four models introduced in 2013, the first year that the SSC accepted a model for separate 
management of the AI stock), while names of models constituting minor changes get linked to the model 
that they modify (e.g., a hypothetical “Model 13.4a” would refer to a model that constituted a minor 
change from Model 13.4).   


Model 13.4 is the Tier 5 random effects model recommended by the Survey Averaging Working Group 
(http://www.afsc.noaa.gov/REFM/stocks/Plan_Team/2013/Sept/SAWG_2013_draft.pdf), which has been 
accepted by the Plan Team and SSC since the 2013 assessment for the purpose of setting AI Pacific cod 
harvest specifications.  The Tier 5 random effects model is programmed using the ADMB software 
package (Fournier et al. 2012). 


The Tier 5 random effects model is a very simple, state-space model of the “random walk” variety.  The 
only parameter in Model 13.4 is the log of the log-scale process error standard deviation.   


When used to implement the Tier 5 harvest control rules, the Tier 5 models also require an estimate of the 
natural mortality rate. 


The Tier 5 random effects model assumes that the observation error variances are equal to the sampling 
variances estimated from the haul-by-haul survey data.  The log-scale process errors and observations are 
both assumed to be normally distributed. 


Parameters Estimates 


Natural Mortality 


A value of 0.34 was used for the natural mortality rate M in all BSAI Pacific cod stock assessments since 
2007 (Thompson et al. 2007).  This value was based on Equation 7 of Jensen (1996) and an age at 
maturity of 4.9 years (Stark 2007).  In response to a request from the SSC, the 2008 assessment included 
a discussion of alternative values and a justification for the value chosen (Thompson et al. 2008).  
However, it should be emphasized that, even if Jensen’s Equation 7 is exactly right, variability in the 
estimate of the age at maturity implies that the point of estimate of 0.34 is accompanied by some level of 
uncertainty.  Using the variance for the age at 50% maturity published by Stark (0.0663), the 95% 
confidence interval for M extends from about 0.30 to 0.38. 



http://www.afsc.noaa.gov/REFM/stocks/Plan_Team/2013/Sept/SAWG_2013_draft.pdf





The value of 0.34 adopted in 2007 replaced the value of 0.37 that had been used in all BSAI Pacific cod 
stock assessments from 1993 through 2006.   


In the 2016 assessment (Thompson and Palsson 2016), the authors recommended changing the value of 
M from 0.34 to 0.36, based on the new recommended model for the EBS Pacific cod stock (Thompson 
2016).   


For this year, another new model has been recommended for the EBS Pacific cod stock (see Chapter 2 of 
this volume), which estimates M at a value of 0.38.  To be consistent, a value of 0.38 is therefore 
recommended for the AI Pacific cod stock also. 


RESULTS 


Model Output 


Model 13.4 estimates the log-scale process error standard deviation at a value of 0.17 with a coefficient of 
variation equal to 0.37. 


The time series of biomass estimated by the model, with 95% confidence intervals, is shown in Table 
2A.6, along with the corresponding estimates from last year’s assessment. 


The model’s fit to the survey biomass time series is shown in Figure 2A.2.  The root-mean-squared-error 
is 0.103, compared to an average log-scale standard error of 0.182.  The mean normalized residual is 
0.056, the standard deviation of normalized residuals is 0.625, and the correlation between the survey 
biomass data and the model’s estimates is 0.975. 


Harvest Recommendations 


Amendment 56 Reference Points 


Amendment 56 to the BSAI Groundfish Fishery Management Plan (FMP) defines the “overfishing level” 
(OFL), the fishing mortality rate used to set OFL (FOFL), the maximum permissible ABC, and the fishing 
mortality rate used to set the maximum permissible ABC.  The fishing mortality rate used to set ABC 
(FABC) may be less than this maximum permissible level, but not greater.   


The following formulae apply under Tier 5: 
FOFL = M 
FABC < 0.75×M 


 
The estimates needed for harvest specifications are as follow: 


Quantity 2018 2019 
Biomass (t) 79,600 79,600 
M 0.38 0.38 


 
The 95% confidence interval for the above biomass estimate extends from 58,500-108,000 t. 


 







Specification of OFL and Maximum Permissible ABC 


Estimates of OFL, maximum permissible ABC, and the associated fishing mortality rates for 2018 and 
2019 are shown below: 


Quantity 2018 2019 
OFL (t) 30,200 30,200 
maxABC (t) 22,700 22,700 
FOFL 0.38 0.38 
maxFABC 0.285 0.285 


 
Under the estimate of M used in last year’s assessment (0.36), OFL would be reduced to 28,700 t, 
maxABC would be reduced to 21,500 t, FOFL would be reduced to 0.36, and maxFABC would be reduced to 
0.27 (both years, for all quantities). 


ABC Recommendation 


The authors’ recommended ABCs for 2018 and 2019 are the maximum permissible values: 22,700 t in 
both years. 


Area Allocation of Harvests 


As noted in the “Management History” subsection of the “Fishery” section, the current Steller sea lion 
protection measures require an estimate of the proportion of the AI Pacific cod stock residing in Area 543, 
which will be used to set the harvest limit in 543 after subtraction of the State GHL from the overall AI 
ABC.  The Area 543 proportion could be computed on the basis of the survey observations themselves, or 
by running Model 13.4 once for Area 543 and again for the entire AI, then computing the ratios of the 
resulting estimates.  More specifically, some possible estimators of this proportion are: 1) the 1991-2016 
average proportion from the raw survey data (26.2%), 2) the most recent proportion from the raw survey 
data (23.4%), 3) the 1991-2016 average proportion from Model 13.4 (25.5%), and 4) the most recent 
proportion from Model 13.4 (25.6%).  All of these estimates are quite close to one another, with an 
average value of 25.2%.  If Model 13.4 is used to set the 2018 and 2019 ABCs based on the model’s most 
recent estimate of biomass, it seems reasonable to estimate the biomass proportion in Area 543 
accordingly, by using the most recent estimate from Model 13.4 (25.6%). 


Status Determination 


Under the MSFCMA, the Secretary of Commerce is required to report on the status of each U.S. fishery 
with respect to overfishing.  This report involves the answers to three questions:  1) Is the stock being 
subjected to overfishing?  2) Is the stock currently overfished?  3) Is the stock approaching an overfished 
condition? 


Is the stock being subjected to overfishing?  The official AI catch estimate for the most recent complete 
year (2016) is 13,238 t.  This is less than the 2016 AI OFL of 23,400 t.  Therefore, the AI Pacific cod 
stock is not being subjected to overfishing. 


Is the stock overfished?  Because this stock is managed under Tier 5, no determination can be made with 
respect to overfished status. 







ECOSYSTEM CONSIDERATIONS 


Ecosystem Effects on the Stock 


A primary ecosystem phenomenon affecting the Pacific cod stock seems to be the occurrence of periodic 
“regime shifts,” in which central tendencies of key variables in the physical environment change on a 
scale spanning several years to a few decades (Zador, 2011).  One well-documented example of such a 
regime shift occurred in 1977, and shifts occurring in 1989 and 1999 have also been suggested (e.g., Hare 
and Mantua 2000).  Because the data time series in the models presented in this assessment do not begin 
until 1991, the 1977 regime shift should not be a factor in any of the quantities presented here, although it 
may indeed have had an impact on the stock. 


The prey and predators of Pacific cod have been described or reviewed by Albers and Anderson (1985), 
Livingston (1989, 1991), Lang et al. (2003), Westrheim (1996), and Yang (2004).  The composition of 
Pacific cod prey varies to some extent by time and area.  In terms of percent occurrence, some of the most 
important items in the diet of Pacific cod in the BSAI and GOA have been polychaetes, amphipods, and 
crangonid shrimp.  In terms of numbers of individual organisms consumed, some of the most important 
dietary items have been euphausids, miscellaneous fishes, and amphipods.  In terms of weight of 
organisms consumed, some of the most important dietary items have been walleye pollock, fishery offal, 
yellowfin sole, and crustaceans.  Small Pacific cod feed mostly on invertebrates, while large Pacific cod 
are mainly piscivorous.  Predators of Pacific cod include Pacific cod, halibut, salmon shark, northern fur 
seals, Steller sea lions, harbor porpoises, various whale species, and tufted puffin.  Major trends in the 
most important prey or predator species could be expected to affect the dynamics of Pacific cod to some 
extent. 


Fishery Effects on the Ecosystem 


Potentially, fisheries for Pacific cod can have effects on other species in the ecosystem through a variety 
of mechanisms, for example by relieving predation pressure on shared prey species (i.e., species which 
serve as prey for both Pacific cod and other species), by reducing prey availability for predators of Pacific 
cod, by altering habitat, by imposing bycatch mortality, or by “ghost fishing” caused by lost fishing gear. 


Incidental Catch Taken in the Pacific Cod Fisheries 


Incidental catches taken in the Pacific cod target fisheries, expressed as proportions of total incidental 
EBS catches (i.e., across all targets) for the respective species, are summarized in Tables 2A.7-2A.10.  
For the purpose of generating these tables, Pacific cod targets were those identified as such in the AKFIN 
database.  Catches for 2017 in each of these tables are incomplete.  Table 2A.7 shows incidental catch of 
FMP species taken from 1991-2017 by trawl gear and fixed gear.  Table 2A.8 shows incidental catch of 
certain species of squid and members of the former “other species” complex taken from 2003-2017, 
aggregated across gear types.  Table 2A.9 shows incidental catch of prohibited species taken from 1991-
2017, aggregated across gear types.  Note that all entries for 2003 are marked “n/a” in Table 2A.9, due to 
problems in the database for that year, which are under investigation.  Table 2A.10 shows incidental catch 
of non-target species groups taken from 2003-2017, aggregated across gear types.   
 
Steller Sea Lions 


Sinclair and Zeppelin (2002) showed that Pacific cod was one of the four most important prey items of 
Steller sea lions in terms of frequency of occurrence averaged over years, seasons, and sites, and was 
especially important in winter.  Pitcher (1981) and Calkins (1998) also showed Pacific cod to be an 
important winter prey item in the GOA and BSAI, respectively.  Furthermore, the size ranges of Pacific 







cod harvested by the fisheries and consumed by Steller sea lions overlap, and the fishery operates to some 
extent in the same geographic areas used by Steller sea lion as foraging grounds (Livingston (ed.), 2002). 


One of the main research emphases of the AFSC Fisheries Interaction Team (now disbanded) was to 
determine the effectiveness of management measures designed to mitigate the impacts of the Pacific cod 
fisheries (among others) on Steller sea lions.  A study conducted in 2002-2005 using pot fishing gear 
demonstrated that the local concentration of cod in the Unimak Pass area is very dynamic, so that fishery 
removals did not create a measurable decline in fish abundance (Conners and Munro 2008).  A 
preliminary tagging study in 2003–2004 showed some cod remaining in the vicinity of the release area in 
the southeast Bering Sea for several months, while other fish moved distances of 150 km or more north-
northwest along the shelf, some within a matter of two weeks (Rand et al. 2015). 


Seabirds 


The following is a summary of information provided by Livingston (ed., 2002):  In both the BSAI and 
GOA, the northern fulmar (Fulmarus glacialis) comprises the majority of seabird bycatch, which occurs 
primarily in the longline fisheries, including the fixed gear fishery for Pacific cod.  Shearwater (Puffinus 
spp.) distribution overlaps with the Pacific cod longline fishery in the Bering Sea, and with trawl fisheries 
in general in both the Bering Sea and GOA.  Black-footed albatross (Phoebastria nigripes) is taken in 
much greater numbers in the GOA longline fisheries than the Bering Sea longline fisheries, but is not 
taken in the trawl fisheries.  The distribution of Laysan albatross (Phoebastria immutabilis) appears to 
overlap with the longline fisheries in the central and western Aleutians.  The distribution of short-tailed 
albatross (Phoebastria albatrus) also overlaps with the Pacific cod longline fishery along the Aleutian 
chain, although the majority of the bycatch has taken place along the northern portion of the Bering Sea 
shelf edge (in contrast, only two takes have been recorded in the GOA).  Some success has been obtained 
in devising measures to mitigate fishery-seabird interactions.  For example, on vessels larger than 60 ft. 
LOA, paired streamer lines of specified performance and material standards have been found to reduce 
seabird incidental take significantly. 


Fishery Usage of Habitat 


The following is a summary of information provided by Livingston (ed., 2002):  The longline and trawl 
fisheries for Pacific cod each comprise an important component of the combined fisheries associated with 
the respective gear type in each of the three major management regions (EBS, AI, and GOA).  Looking at 
each gear type in each region as a whole (i.e., aggregating across all target species) during the period 
1998-2001, the total number of observed sets was as follows: 


Gear EBS AI GOA 
Trawl 240,347 43,585 68,436 
Longline 65,286 13,462 7,139 


 
In the EBS, both longline and trawl effort was concentrated north of False Pass (Unimak Island) and 
along the shelf edge represented by the boundary of areas 513, 517 (in addition, longline effort was 
concentrated along the shelf edge represented by the boundary of areas 521-533).  In the AI, both longline 
and trawl effort were dispersed over a wide area along the shelf edge.  The catcher vessel longline fishery 
in the AI occurred primarily over mud bottoms.  Longline catcher-processors in the AI tended to fish 
more over rocky bottoms 


Impacts of the Pacific cod fisheries on essential fish habitat were further analyzed in an environmental 
impact statement by NMFS (2005), followed by “5-year reviews” in 2010 and 2017 (NMFS 2010 and 
2017, respectively). 







DATA GAPS AND RESEARCH PRIORITIES 


Significant improvements in the quality of this assessment could be made if future research were directed 
toward closing certain data gaps.  At this point, the most critical needs pertain to trawl survey catchability 
and selectivity, specifically: 1) to understand the factors determining these characteristics, 2) to 
understand whether/how these characteristics change over time, and 3) to obtain accurate estimates of 
these characteristics.  Ageing also continues to be an issue, as the assessment models that have been 
explored to date consistently estimate a positive ageing bias.  Longer-term research needs include 
improved understanding of: 1) the ecology of Pacific cod in the AI, including spatial dynamics, trophic 
and other interspecific relationships, and the relationship between climate and recruitment; 2) ecology of 
species taken as bycatch in the Pacific cod fisheries, including estimation of biomass, carrying capacity, 
and resilience; and 3) ecology of species that interact with Pacific cod, including estimation of interaction 
strengths, biomass, carrying capacity, and resilience. 
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TABLES 


Table 2A.1a—Summary of 1964-1980 catches (t) of Pacific cod in the AI by fleet sector.  “For.” = 
foreign, “JV” = joint venture processing, “Dom.” = domestic annual processing.  Catches by gear are not 
available for these years.  Catches may not always include discards.  
 


 


Table 2A.1b—Summary of 1981-1990 catches (t) of Pacific cod in the AI by area, fleet sector, and gear 
type.  All catches include discards.  “LLine” = longline, “Subt.” = sector subtotal.  Breakdown of 
domestic annual processing by gear is not available prior to 1988. 


 


Year For. JV Dom. Total
1964 241 0 0 241
1965 451 0 0 451
1966 154 0 0 154
1967 293 0 0 293
1968 289 0 0 289
1969 220 0 0 220
1970 283 0 0 283
1971 2,078 0 0 2,078
1972 435 0 0 435
1973 977 0 0 977
1974 1,379 0 0 1,379
1975 2,838 0 0 2,838
1976 4,190 0 0 4,190
1977 3,262 0 0 3,262
1978 3,295 0 0 3,295
1979 5,593 0 0 5,593
1980 5,788 0 0 5,788


Aleutian Islands


Year Trawl LLine Subt. Trawl Subt. Trawl LL+pot Subt. Total
1981 2,680 235 2,915 1,749 1,749 n/a n/a 2,770 7,434
1982 1,520 476 1,996 4,280 4,280 n/a n/a 2,121 8,397
1983 1,869 402 2,271 4,700 4,700 n/a n/a 1,459 8,430
1984 473 804 1,277 6,390 6,390 n/a n/a 314 7,981
1985 10 829 839 5,638 5,638 n/a n/a 460 6,937
1986 5 0 5 6,115 6,115 n/a n/a 786 6,906
1987 0 0 0 10,435 10,435 n/a n/a 2,772 13,207
1988 0 0 0 3,300 3,300 1,698 167 1,865 5,165
1989 0 0 0 6 6 4,233 303 4,536 4,542
1990 0 0 0 0 0 6,932 609 7,541 7,541


Foreign Joint Venture Domestic Annual Processing







Table 2A.1c—Summary of 1991-2017 catches (t) of Pacific cod in the AI.  To avoid confidentiality 
problems, longline and pot catches have been combined.  The small catches taken by “other” gear types 
have been merged proportionally with the catches of the gear types shown.  Catches for 2017 are through 
October 29. 


 
  


State
Year Trawl LL+pot Subtotal Subtotal Total
1991 3,414 6,383 9,798 9,798
1992 14,587 28,481 43,068 43,068
1993 17,328 16,876 34,205 34,205
1994 14,383 7,156 21,539 21,539
1995 10,574 5,960 16,534 16,534
1996 21,179 10,430 31,609 31,609
1997 17,411 7,753 25,164 25,164
1998 20,531 14,196 34,726 34,726
1999 16,478 11,653 28,130 28,130
2000 20,379 19,306 39,685 39,685
2001 15,836 18,372 34,207 34,207
2002 27,929 2,872 30,801 30,801
2003 31,478 978 32,457 32,457
2004 25,770 3,103 28,873 28,873
2005 19,624 3,069 22,694 22,694
2006 16,956 3,535 20,490 3,721 24,211
2007 25,714 4,495 30,208 4,146 34,355
2008 19,404 7,506 26,910 4,319 31,229
2009 20,277 6,245 26,522 2,060 28,582
2010 16,759 8,280 25,039 3,967 29,006
2011 9,359 1,263 10,622 266 10,889
2012 9,786 3,201 12,988 5,232 18,220
2013 7,001 1,779 8,780 4,793 13,573
2014 5,715 429 6,144 4,451 10,595
2015 5,968 3,085 9,053 161 9,214
2016 10,654 1,703 12,356 882 13,238
2017 8,329 3,781 12,110 2,563 14,673


Federal







Table 2A.1d—Summary of 1994-2017 catches (t) of Pacific cod in the AI, by NMFS 3-digit statistical 
area (area breakdowns not available prior to 1994).  Catches for 2017 are through October 29. 


 


  


Year Western Central Eastern Western Central Eastern
1994 2,059 7,441 12,039 0.096 0.345 0.559
1995 1,713 5,086 9,735 0.104 0.308 0.589
1996 4,023 4,509 23,077 0.127 0.143 0.730
1997 894 4,440 19,830 0.036 0.176 0.788
1998 3,487 9,299 21,940 0.100 0.268 0.632
1999 2,322 5,276 20,532 0.083 0.188 0.730
2000 9,073 8,799 21,812 0.229 0.222 0.550
2001 12,767 7,358 14,082 0.373 0.215 0.412
2002 2,259 7,133 21,408 0.073 0.232 0.695
2003 2,997 6,707 22,752 0.092 0.207 0.701
2004 3,649 6,833 18,391 0.126 0.237 0.637
2005 4,239 3,582 14,873 0.187 0.158 0.655
2006 4,570 4,675 14,967 0.189 0.193 0.618
2007 4,974 4,692 24,689 0.145 0.137 0.719
2008 7,319 5,555 18,355 0.234 0.178 0.588
2009 7,929 6,899 13,754 0.277 0.241 0.481
2010 8,213 6,292 14,501 0.283 0.217 0.500
2011 24 1,770 9,095 0.002 0.163 0.835
2012 29 2,816 15,374 0.002 0.155 0.844
2013 50 2,873 10,650 0.004 0.212 0.785
2014 30 1,043 9,522 0.003 0.098 0.899
2015 3,170 2,366 3,678 0.344 0.257 0.399
2016 2,551 1,609 9,078 0.193 0.122 0.686
2017 3,373 3,768 7,533 0.230 0.257 0.513


Amount Proportion







Table 2A.2—Discards (t) and discard rates of Pacific cod in the AI Pacific cod fishery for the period 
1991-2017 (2016 data are current through October 29).  Note that Amendment 49, which mandated 
increased retention and utilization, was implemented in 1998.   


 


  


Year Discards Total Rate
1991 105 5,385 0.020
1992 1,085 38,788 0.028
1993 3,527 29,193 0.121
1994 1,302 14,295 0.091
1995 460 10,822 0.042
1996 859 22,436 0.038
1997 1,220 22,804 0.053
1998 613 30,836 0.020
1999 420 25,471 0.016
2000 605 37,308 0.016
2001 455 31,920 0.014
2002 604 29,369 0.021
2003 216 30,182 0.007
2004 238 26,538 0.009
2005 139 20,215 0.007
2006 214 22,470 0.010
2007 483 32,422 0.015
2008 143 29,901 0.005
2009 149 26,437 0.006
2010 192 27,242 0.007
2011 45 9,094 0.005
2012 84 16,789 0.005
2013 125 11,951 0.011
2014 27 9,233 0.003
2015 41 6,313 0.007
2016 48 10,080 0.005
2017 70 10,214 0.007







Table 2A.3 (page 1 of 2)—Amendments to the BSAI Fishery Management Plan (FMP) that reference 
Pacific cod explicitly (excerpted from Appendix A of the FMP). 


  


Amendment 2, implemented January 12, 1982: 
For Pacific cod, decreased maximum sustainable yield to 55,000 t from 58,700 t, increased 
equilibrium yield to 160,000 t from 58,700 t, increased acceptable biological catch to 160,000 t from 
58,700 t, increased optimum yield to 78,700 t from 58,700 t, increased reserves to 3,935 t from 2,935 
t, increased domestic annual processing (DAP) to 26,000 t from 7,000 t, and increased DAH to 
43,265 t from 24,265 t. 


Amendment 4, implemented May 9, 1983, supersedes Amendment 2: 
For Pacific Cod, increased equilibrium yield and acceptable biological catch to 168,000 t from 
160,000 t, increased optimum yield to 120,000 t from 78,700 t, increased reserves to 6,000 t from 
3,935 t, and increased TALFF to 70,735 t from 31,500 t. 


Amendment 10, implemented March 16, 1987: 
Established Bycatch Limitation Zones for domestic and foreign fisheries for yellowfin sole and other 
flatfish (including rock sole); an area closed to all trawling within Zone 1; red king crab, C. bairdi 
Tanner crab, and Pacific halibut PSC limits for DAH yellowfin sole and other flatfish fisheries; a C. 
bairdi PSC limit for foreign fisheries; and a red king crab PSC limit and scientific data collection 
requirement for U.S. vessels fishing for Pacific cod in Zone 1 waters shallower than 25 fathoms. 


Amendment 24, implemented February 28, 1994, and effective through December 31, 1996: 
1. Established the following gear allocations of BSAI Pacific cod TAC as follows: 2 percent to 


vessels using jig gear; 44.1 percent to vessels using hook-and-line or pot gear, and 53.9 percent 
to vessels using trawl gear. 


2. Authorized the seasonal apportionment of the amount of Pacific cod allocated to gear groups. 
Criteria for seasonal apportionments and the seasons authorized to receive separate 
apportionments will be set forth in regulations. 


Amendment 46, implemented January 1, 1997, superseded Amendment 24: 
Replaced the three year Pacific cod allocation established with Amendment 24, with the following 
gear allocations in BSAI Pacific cod: 2 percent to vessels using jig gear; 51 percent to vessels using 
hook-and-line or pot gear; and 47 percent to vessels using trawl gear. The trawl apportionment will 
be divided 50 percent to catcher vessels and 50 percent to catcher processors. These allocations as 
well as the seasonal apportionment authority established in Amendment 24 will remain in effect until 
amended. 


Amendment 49, implemented January 3, 1998: 
Implemented an Increased Retention/Increased Utilization Program for pollock and Pacific cod 
beginning January 1, 1998 and rock sole and yellowfin sole beginning January 1, 2003. 


Amendment 64, implemented September 1, 2000, revised Amendment 46: 
Allocated the Pacific cod Total Allowable Catch to the jig gear (2 percent), fixed gear (51 percent), 
and trawl gear (47 percent) sectors. 


Amendment 67, implemented May 15, 2002, revised Amendment 39: 
Established participation and harvest requirements to qualify for a BSAI Pacific cod fishery 
endorsement for fixed gear vessels. 


Amendment 77, implemented January 1, 2004, revised Amendment 64: 
Implemented a Pacific cod fixed gear allocation between hook and line catcher processors (80 
percent), hook and line catcher vessels (0.3 percent), pot catcher processors (3.3 percent), pot catcher 
vessels (15 percent), and catcher vessels (pot or hook and line) less than 60 feet (1.4 percent). 


 
(Continued on next page.) 







Table 2A.3 (page 2 of 2)—Amendments to the BSAI Fishery Management Plan (FMP) that reference 
Pacific cod explicitly (excerpted from Appendix A of the FMP). 


  


Amendment 85, partially implemented March 5, 2007, superseded Amendments 46 and 77: 
Implemented a gear allocation among all non-CDQ fishery sectors participating in the directed 
fishery for Pacific cod. After deduction of the CDQ allocation, the Pacific cod TAC is apportioned to 
vessels using jig gear (1.4 percent); catcher processors using trawl gear listed in Section 208(e)(1)-
(20) of the AFA (2.3 percent); catcher processors using trawl gear as defined in Section 219(a)(7) of 
the Consolidated Appropriations Act, 2005 (Public Law 108-447) (13.4 percent); catcher vessels 
using trawl gear (22.1 percent); catcher processors using hook-and-line gear (48.7 percent); catcher 
vessels ≥60’ LOA using hook-and-line gear (0.2 percent); catcher processors using pot gear (1.5 
percent); catcher vessels ≥60’ LOA using pot gear (8.4 percent); and catcher vessels <60’ LOA that 
use either hook-and-line gear or pot gear (2.0 percent). 


Amendment 99, implemented January 6, 2014 (effective February 6, 2014): 
Allows holders of license limitation program (LLP) licenses endorsed to catch and process Pacific 
cod in the Bering Sea/Aleutian Islands hook-and-line fisheries to use their LLP license on larger 
newly built or existing vessels by: 
1. Increasing the maximum vessel length limits of the LLP license, and 
2. Waiving vessel length, weight, and horsepower limits of the American Fisheries Act. 


Amendment 103, implemented November 14, 2014: 
Revise the Pribilof Islands Habitat Conservation Zone to close to fishing for Pacific cod with pot 
gear (in addition to the closure to all trawling). 


Amendment 109, implemented May 4, 2016: 
Revised provisions regarding the Western Alaska CDQ Program to update information and to 
facilitate increased participation in the groundfish CDQ fisheries (primarily Pacific cod) by: 


1. Exempting CDQ group-authorized catcher vessels greater than 32 ft LOA and less than or equal 
to 46 ft LOA using hook-and-line gear from License Limitation Program license requirements 
while groundfish CDQ fishing, 


2. Modifying observer coverage category language to allow for the placement of catcher vessels less 
than or equal to 46 ft LOA using hook-and-line gear into the partial observer coverage category 
while groundfish CDQ fishing, and 


3. Updating CDQ community population information, and making other miscellaneous editorial 
revisions to CDQ Program-related text in the FMP. 


Amendment 113, implemented November 23, 2016: 
1. Reserves up to 5,000 mt of TAC in the AI non-CDQ Pacific cod fishery exclusively for harvest 


by vessels directed fishing for AI Pacific cod for processing by Aleutian Islands shoreplants from 
January 1 until March 15. 


2. Limits the amount of the trawl CV sector’s BSAI Pacific cod A-season allocation that can be 
caught in the Bering Sea subarea before March 21 


3. Imposes the Aleutian Islands Catcher Vessel Harvest Set-Aside if NMFS is notified in advance as 
specified in regulations implementing the FMP amendment and certain performance measures are 
met. 







Table 2A.4—History of BSAI Pacific cod catch, TAC, ABC, and OFL (t) through 2013, and AI catch 
and specifications for 2014-2017.  Catch for 2016 is through October 29.  Note that specifications through 
2013 were for the combined BSAI region, so BSAI catch is shown rather than the AI catches from Table 
2A.1 for the period 1977-2013.  Source for historical specifications: NPFMC staff. 


 


 


Year Catch TAC ABC OFL
1977 36,597 58,000 - -
1978 45,838 70,500 - -
1979 39,354 70,500 - -
1980 51,649 70,700 148,000 -
1981 63,941 78,700 160,000 -
1982 69,501 78,700 168,000 -
1983 103,231 120,000 298,200 -
1984 133,084 210,000 291,300 -
1985 150,384 220,000 347,400 -
1986 142,511 229,000 249,300 -
1987 163,110 280,000 400,000 -
1988 208,236 200,000 385,300 -
1989 182,865 230,681 370,600 -
1990 179,608 227,000 417,000 -
1991 220,038 229,000 229,000 -
1992 207,278 182,000 182,000 188,000
1993 167,391 164,500 164,500 192,000
1994 193,802 191,000 191,000 228,000
1995 245,033 250,000 328,000 390,000
1996 240,676 270,000 305,000 420,000
1997 257,765 270,000 306,000 418,000
1998 193,256 210,000 210,000 336,000
1999 173,998 177,000 177,000 264,000
2000 191,060 193,000 193,000 240,000
2001 176,749 188,000 188,000 248,000
2002 197,356 200,000 223,000 294,000
2003 207,907 207,500 223,000 324,000
2004 212,618 215,500 223,000 350,000
2005 205,635 206,000 206,000 265,000
2006 193,025 194,000 194,000 230,000
2007 174,486 170,720 176,000 207,000
2008 171,277 170,720 176,000 207,000
2009 175,756 176,540 182,000 212,000
2010 171,875 168,780 174,000 205,000
2011 220,109 227,950 235,000 272,000
2012 251,055 261,000 314,000 369,000
2013 250,274 260,000 307,000 359,000
2014 10,595 6,997 15,100 20,100
2015 9,214 9,422 17,600 23,400
2016 13,238 12,839 17,600 23,400
2017 14,673 15,695 21,500 28,700







Table 2A.5— Total biomass (absolute and relative), with coefficients of variation, as estimated by AI 
shelf bottom trawl surveys, 1991-2016.   


 


 


Year Western Central Eastern All
1991 75,514 39,729 64,926 180,170
1994 23,797 51,538 78,081 153,416
1997 14,357 30,252 28,239 72,848
2000 44,261 36,456 47,117 127,834
2002 23,623 24,687 25,241 73,551
2004 9,637 20,731 51,851 82,219
2006 19,480 22,033 43,348 84,861
2010 21,341 11,207 23,277 55,826
2012 13,514 14,804 30,592 58,911
2014 18,088 8,488 47,032 73,608
2016 19,775 19,496 45,138 84,409


Year Western Central Eastern All
1991 0.419 0.221 0.360 1.000
1994 0.155 0.336 0.509 1.000
1997 0.197 0.415 0.388 1.000
2000 0.346 0.285 0.369 1.000
2002 0.321 0.336 0.343 1.000
2004 0.117 0.252 0.631 1.000
2006 0.230 0.260 0.511 1.000
2010 0.382 0.201 0.417 1.000
2012 0.229 0.251 0.519 1.000
2014 0.246 0.115 0.639 1.000
2016 0.234 0.231 0.535 1.000


Year Western Central Eastern All
1991 0.092 0.112 0.370 0.141
1994 0.292 0.390 0.301 0.206
1997 0.261 0.208 0.230 0.134
2000 0.423 0.270 0.222 0.185
2002 0.245 0.264 0.329 0.164
2004 0.169 0.207 0.304 0.200
2006 0.233 0.188 0.545 0.288
2010 0.409 0.257 0.223 0.189
2012 0.264 0.203 0.241 0.148
2014 0.236 0.276 0.275 0.187
2016 0.375 0.496 0.212 0.184


Biomass (t)


Biomass proportions


Biomass coefficient of variation







Table 2A.6—Comparison of biomass (t) estimated by Model 13.4 in the 2014-2015 and 2016-2017 
assessments, with lower and upper 95% confidence bounds.  Color scale: red = low, green = high. 
 


 


Year Mean L95%CI U95%CI Mean L95%CI U95%CI
1991 171,637 131,586 223,879 171,063 131,250 222,952
1992 158,994 110,631 228,499 158,448 111,091 225,993
1993 147,282 101,221 214,304 146,763 101,715 211,762
1994 136,433 99,759 186,588 135,940 99,846 185,083
1995 115,818 80,527 166,577 115,740 81,146 165,082
1996 98,318 69,377 139,333 98,541 70,100 138,522
1997 83,463 64,498 108,004 83,898 65,034 108,235
1998 89,714 63,684 126,385 89,858 64,296 125,581
1999 96,434 67,642 137,482 96,241 68,098 136,015
2000 103,657 76,612 140,250 103,077 76,655 138,607
2001 91,773 66,335 126,968 91,613 66,687 125,855
2002 81,252 62,827 105,080 81,424 63,142 104,999
2003 80,844 58,305 112,097 80,916 58,753 111,438
2004 80,439 60,311 107,284 80,411 60,488 106,895
2005 78,661 54,753 113,007 78,602 55,126 112,074
2006 76,921 53,841 109,895 76,833 54,117 109,084
2007 72,373 47,738 109,719 72,422 48,243 108,718
2008 68,093 44,469 104,268 68,263 45,047 103,446
2009 64,067 43,355 94,673 64,344 43,905 94,297
2010 60,278 44,959 80,818 60,650 45,318 81,169
2011 60,701 43,837 84,052 61,233 44,463 84,327
2012 61,126 48,014 77,817 61,822 48,618 78,611
2013 64,887 46,763 90,035 66,577 48,817 90,799
2014 68,880 50,604 93,757 71,699 54,757 93,882
2015 75,524 54,100 105,432
2016 79,553 58,520 108,145


2014-2015 assessments 2016-2017 assessments







Table 2A.7a (page 1 of 2)— Incidental catch (t) of FMP species taken in the AI trawl fishery for Pacific cod, expressed as a proportion of the 
incidental catch of that species taken in all FMP AI fisheries, 1991-2017 (2017 data current through October 29).  Color shading: red = row 
minimum, green = row maximum (minima and maxima computed across both pages of the table). 
 


 


Species Group 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Alaska Plaice conf conf
Arrowtooth Flounder 0.00 0.08 0.08 0.05 0.01 0.06 0.05 0.14 0.14 0.15 0.13 0.27 0.30 0.29
Atka Mackerel 0.01 0.23 0.18 0.02 0.01 0.03 0.01 0.07 0.09 0.06 0.07 0.01 0.06 0.04
Flathead Sole 0.45 0.42 0.68 0.88 0.95 0.91 0.73 0.96 0.82 0.91
Flounder conf 0.61 0.46 0.37
Greenland Turbot 0.00 0.00 0.00 0.01 conf conf conf 0.17 0.01 0.03 0.02 0.02 0.04 0.04
Kamchatka Flounder
Northern Rockfish 0.03 0.04 0.03
Octopus
Other Flatfish 0.01 0.05 0.81 0.62 0.71 0.27 0.63 0.47 0.28
Other Rockfish 0.00 0.08 0.04 0.04 0.04 0.05 0.42 0.20 0.07 0.07 0.03 0.06 0.06 0.06
Other Species 0.25 0.18
Pacific Cod 0.04 0.28 0.23 0.31 0.04 0.11 0.27 0.22 0.44 0.20 0.45 0.72 0.56 0.57
Pacific Ocean Perch 0.01 0.08 0.07 0.04 0.01 0.02 0.03 0.16 0.03 0.11 0.05 0.03 0.07 0.05
Pollock 0.00 0.02 0.03 0.07 0.01 0.01 0.12 0.75 0.82 0.80 0.55 0.89 0.58 0.44
Rock Sole 0.03 0.73 0.56 0.58 0.56 0.52 0.76 0.89 0.94 0.96 0.86 0.94 0.88 0.85
Rougheye Rockfish 0.00
Sablefish conf conf conf conf conf 0.19 conf conf conf 0.02 0.06 0.01
Sculpin
Shark
Sharpchin/Northern Rockfish 0.14 0.05 0.03 0.01 0.03 0.05 0.05 0.04 0.06 0.03
Short/Rough/Sharp/North 0.09 conf
Shortraker Rockfish 0.00
Shortraker/Rougheye Rockfish 0.01 0.02 0.00 conf 0.01 0.01 0.01 0.01 0.00 0.02 0.00 0.06
Skate
Squid conf 0.01 0.02 0.00 conf conf 0.02 0.05 0.02 0.05 0.16 0.05 0.10 0.11
Yellowfin Sole conf conf conf conf conf conf conf 0.71 1.00







Table 2A.7a (page 2 of 2)—Incidental catch (t) of FMP species taken in the AI trawl fishery for Pacific cod, expressed as a proportion of the 
incidental catch of that species taken in all FMP AI fisheries, 1991-2017 (2017 data current through October 29).  Color shading: red = row 
minimum, green = row maximum (minima and maxima computed across both pages of the table). 
 


 


Species Group 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Alaska Plaice conf conf 0.22 1.00 conf conf conf conf conf conf
Arrowtooth Flounder 0.26 0.19 0.27 0.09 0.05 0.03 0.06 0.12 0.07 0.03 conf 0.07 0.114
Atka Mackerel 0.07 0.14 0.02 0.01 0.01 0.00 0.00 0.00 conf conf conf conf conf
Flathead Sole 0.73 0.84 0.77 0.70 0.52 0.65 0.52 0.85 0.78 0.60 conf 0.84 0.526
Flounder
Greenland Turbot 0.04 conf 0.09 0.00 0.00 conf conf conf
Kamchatka Flounder 0.02 0.02 0.00 conf conf 0.00 0.011
Northern Rockfish 0.06 0.04 0.03 0.03 0.03 0.03 0.02 0.01 0.06 0.17 conf 0.12 0.017
Octopus conf 0.17 conf conf conf conf conf
Other Flatfish 0.45 0.51 0.39 0.81 0.07 0.09 0.01 0.28 0.32 0.26 conf 0.08 conf
Other Rockfish 0.07 0.03 0.04 0.07 0.04 0.03 0.01 0.03 0.02 0.01 conf 0.02 conf
Other Species 0.14 0.15 0.19 0.07 0.08 0.04
Pacific Cod 0.21 0.32 0.64 0.15 0.16 0.18 0.18 0.12 0.30 0.17 conf 0.31 0.117
Pacific Ocean Perch 0.07 0.04 0.03 0.09 0.01 0.01 0.00 0.01 0.00 0.00 conf 0.02 0.003
Pollock 0.82 0.89 0.58 0.47 0.06 0.03 0.01 0.65 0.16 0.04 conf 0.12 0.338
Rock Sole 0.86 0.85 0.75 0.91 0.84 0.86 0.74 0.88 0.83 0.80 conf 0.79 0.424
Rougheye Rockfish 0.11 0.02 0.01 0.00 conf 0.01 0.04 conf conf conf
Sablefish 0.01 0.03 0.02 conf conf conf conf
Sculpin 0.05 0.06 0.04 0.02 conf 0.05 conf
Shark conf conf conf conf
Sharpchin/Northern Rockfish
Short/Rough/Sharp/North
Shortraker Rockfish conf 0.00 0.00 conf conf conf conf conf conf
Shortraker/Rougheye Rockfish
Skate 0.01 0.03 0.02 0.01 conf 0.02 0.01
Squid 0.07 0.07 0.02 0.00 0.00 0.00 conf 0.00 0.00 conf conf conf conf
Yellowfin Sole conf 0.79 0.05 0.41 conf conf conf conf conf conf







Table 2A.7b (page 1 of 2)— Incidental catch (t) of FMP species taken in the AI fixed gear fishery for Pacific cod, expressed as a proportion of the 
incidental catch of that species taken in all FMP AI fisheries, 1991-2017 (2017 data current through October 29).  Color shading: red = row 
minimum, green = row maximum (minima and maxima computed across both pages of the table). 
 


 


Species Group 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Arrowtooth Flounder 0.01 0.14 0.05 0.03 0.02 0.02 0.05 0.12 0.09 0.24 0.23 0.04 0.01 0.03
Atka Mackerel conf 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.05 0.03 0.01 0.00 0.00
Flathead Sole 0.03 0.11 0.05 0.10 0.01 0.06 0.17 0.01 0.00 0.01
Flounder conf 0.08 0.07 0.02
Greenland Turbot 0.09 0.05 0.03 0.01 0.00 0.02 0.03 0.05 0.15 0.04 0.04 0.02 0.00 0.02
Kamchatka Flounder
Northern Rockfish 0.01 0.00 0.01
Octopus
Other Flatfish conf 0.01 0.30 0.06 0.09 0.20 0.48 0.02 0.38
Other Rockfish 0.07 0.15 0.17 0.37 0.04 0.16 0.21 0.30 0.15 0.27 0.24 0.11 0.04 0.32
Other Species 0.11 0.28
Pacific Cod 0.16 0.20 0.37 0.06 0.11 0.16 0.30 0.74 0.38 0.67 0.52 0.11 0.09 0.18
Pacific Ocean Perch conf 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Pollock 0.00 0.00 0.02 0.00 0.01 0.01 0.03 0.05 0.01 0.02 0.06 0.00 0.00 0.01
Rock Sole 0.01 0.02 0.02 0.03 0.02 0.05 0.02 0.03 0.00 0.01 0.02 0.00 0.00 0.00
Rougheye Rockfish 0.26
Sablefish 0.30 0.19 0.26 0.03 0.02 0.34 0.21 0.17 0.04 0.13 0.32 0.06 0.08 0.00
Sculpin
Shark
Sharpchin/Northern Rockfish 0.03 0.00 0.00 0.00 0.00 0.01 0.02 0.01 0.02 0.02
Short/Rough/Sharp/North 0.02 conf
Shortraker Rockfish 0.06
Shortraker/Rougheye Rockfish 0.62 0.34 0.19 0.06 0.23 0.19 0.77 0.49 0.54 0.49 0.18 0.14
Skate
Squid conf conf conf conf conf conf conf
Yellowfin Sole conf conf conf conf conf conf conf conf conf







Table 2A.7b (page 2 of 2)— Incidental catch (t) of FMP species taken in the AI fixed gear fishery for Pacific cod, expressed as a proportion of the 
incidental catch of that species taken in all FMP AI fisheries, 1991-2017 (2017 data current through October 29).  Color shading: red = row 
minimum, green = row maximum (minima and maxima computed across both pages of the table). 
 


 


Species Group 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Arrowtooth Flounder 0.08 0.05 0.06 0.14 0.05 0.04 0.02 0.04 0.00 conf 0.06 conf 0.12
Atka Mackerel 0.01 0.01 0.01 0.04 0.03 0.01 conf 0.01 0.03 conf 0.02 conf 0.06
Flathead Sole 0.01 0.03 0.12 0.21 0.23 0.16 conf 0.12 conf conf conf conf 0.18
Flounder
Greenland Turbot conf 0.01 0.02 0.01 0.00 0.02 0.00 0.03 conf conf conf conf
Kamchatka Flounder conf 0.01 0.01 conf 0.01 conf 0.04
Northern Rockfish 0.01 0.00 0.01 0.03 0.04 0.06 conf 0.02 0.18 conf 0.07 conf 0.08
Octopus 0.79 0.50 0.89 conf 0.77 conf 0.55
Other Flatfish conf 0.01 0.01 0.04 0.52 0.15 conf conf conf conf conf conf
Other Rockfish 0.12 0.09 0.17 0.33 0.46 0.52 0.08 0.12 0.06 conf 0.28 conf 0.18
Other Species 0.36 0.28 0.26 0.30 0.41 0.51
Pacific Cod 0.08 0.37 0.24 0.56 0.56 0.74 0.22 0.62 0.13 conf 0.42 conf 0.35
Pacific Ocean Perch 0.00 0.00 0.00 0.01 0.00 0.00 conf 0.00 conf conf 0.00 conf 0.00
Pollock 0.00 0.01 0.00 0.01 0.01 0.05 0.02 0.01 0.00 conf 0.02 conf 0.02
Rock Sole 0.01 0.01 0.01 0.01 0.01 0.01 conf 0.01 0.00 conf 0.02 conf 0.01
Rougheye Rockfish 0.27 0.08 0.28 0.73 0.35 0.44 conf 0.52 conf conf 0.84 conf 0.77
Sablefish conf 0.15 0.01 0.10 0.12 0.09 0.00 0.32 0.04 conf conf conf
Sculpin 0.17 0.39 0.43 conf 0.40 conf 0.32
Shark 0.02 0.12 conf conf 0.24 conf 0.06
Sharpchin/Northern Rockfish
Short/Rough/Sharp/North
Shortraker Rockfish 0.22 0.08 0.06 0.18 0.09 0.59 0.02 0.10 0.18 conf 0.19 conf 0.23
Shortraker/Rougheye Rockfish
Skate 0.09 0.36 0.17 conf 0.26 conf 0.31
Squid
Yellowfin Sole conf conf conf conf conf conf







Table 2A.8— Incidental catch (t) of selected members of the former “Other Species” complex taken in the AI fisheries for Pacific cod (all gears), 
expressed as a proportion of the incidental catch of that species taken in all FMP AI fisheries, 1991-2017 (2017 data current through October 29).  
Color shading: red = row minimum, green = row maximum (minima and maxima computed across both panels of the table). 


 
  


Species 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
octopus, North Pacific 1.00 conf conf conf 0.73 0.72
Pacific sleeper shark conf conf 0.00 0.30
shark, other conf
shark, salmon conf
shark, spiny dogfish 0.71 0.96
skate, Alaskan
skate, big 1.00
skate, longnose 0.56
skate, other 0.99 conf conf 0.34 0.28 0.49
squid, majestic conf 0.01 0.02 conf conf conf 0.02 0.05 0.02 0.05 0.16 0.05 0.10 0.11


Species 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
octopus, North Pacific 0.96 0.94 0.77 0.89 0.97 0.97 0.93 0.67 0.89 0.33 0.80 conf 0.60
Pacific sleeper shark conf conf conf conf conf 0.08 conf conf conf
shark, other
shark, salmon conf conf conf conf
shark, spiny dogfish 1.00 0.75 0.87 0.55 0.84 0.95 0.94 0.66 conf conf 0.84 conf 0.17
skate, Alaskan 0.68
skate, big conf 0.26 conf conf 0.01 0.99
skate, longnose conf conf conf 1.00 conf
skate, other 0.59 0.42 0.54 0.34 0.62 0.60 0.10 0.39 0.19 0.02 0.26 0.28 0.32
squid, majestic 0.07 0.07 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 conf 0.00 conf







Table 2A.9—Incidental catch (herring and halibut in t, salmon and crab in number of individuals) of prohibited species taken in the AI fisheries 
for Pacific cod (all gears), expressed as a proportion of the incidental catch of that species taken in all FMP AI fisheries, 1991-2017 (2017 data 
current through October 29).  Color shading: red = row minimum, green = row maximum (minima and maxima computed across both panels of 
the table).  Note that all entries for 2003 are marked “n/a”, due to problems in the database for that year, which are under investigation. 
 


 
  


Species 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Bairdi Tanner Crab 0.30 0.57 0.70 0.96 0.87 0.91 0.94 1.00 1.00 1.00 0.86 0.99 n/a 1.00
Blue King Crab n/a
Chinook Salmon 0.01 0.02 0.15 0.03 0.23 0.17 0.46 0.71 0.90 1.00 0.46 0.68 n/a 0.73
Golden (Brown) King Crab n/a 0.00
Halibut 0.52 0.81 0.42 0.44 0.46 0.57 0.53 0.82 0.57 0.48 0.74 0.28 n/a 0.66
Herring conf conf n/a
Non-Chinook Salmon conf 0.22 0.00 conf 0.07 0.03 conf 0.11 0.22 0.76 n/a 0.43
Opilio Tanner (Snow) Crab 0.40 0.30 0.51 0.02 0.01 0.19 0.25 0.52 0.30 0.26 conf 0.69 n/a 1.00
Other King Crab 0.08 0.24 0.04 0.05 0.04 0.10 0.00 0.06 0.23 0.07 0.13 0.03 n/a
Red King Crab 0.21 0.08 0.33 0.14 0.11 0.05 conf 0.83 conf 0.43 0.94 0.97 n/a 0.97


Species 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Bairdi Tanner Crab 0.98 0.99 1.00 1.00 1.00 0.98 0.50 1.00 0.98 0.98 0.00 0.00 0.97
Blue King Crab 0.30 1.00 1.00 0.78 0.92 1.00 1.00 1.00 1.00 0.00 0.00 0.99
Chinook Salmon 0.80 0.86 0.72 0.80 0.82 0.76 0.55 0.65 0.94 0.62 0.44 0.57 0.25
Golden (Brown) King Crab 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.29
Halibut 0.70 0.50 0.76 0.70 0.58 0.56 0.35 0.34 0.16 0.18 0.41 0.24 0.40
Herring 1.00 0.05 0.19 0.00 0.00 0.00 0.00 1.00 1.00 0.00
Non-Chinook Salmon 0.11 0.28 0.56 0.17 0.17 0.02 0.36 0.00 0.02 0.00 0.00 0.01 0.00
Opilio Tanner (Snow) Crab 0.84 0.99 1.00 1.00 1.00 1.00 0.98 0.99 0.91 0.81 0.00 0.00 0.99
Other King Crab
Red King Crab 0.84 0.06 0.82 0.75 0.34 0.22 0.32 0.20 0.91 0.16 0.00 0.00 0.65







Table 2A.10a—Incidental catch (t) of non-target species groups—other than birds—taken in the AI trawl fisheries for Pacific cod, expressed as a 
proportion of the incidental catch of that species group taken in all FMP AI fisheries, 2004-2017 (2017 data are current through October 29).  
Color shading: red = row minimum, green = row maximum. 
 


 


Species Group 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Benthic urochordata 0.06 0.16 0.38 0.12 0.05 conf conf conf 0.00 0.15 conf conf conf
Bivalves 0.99 0.93 0.98 0.99 0.97 0.96 0.73 0.33 0.41 0.53 0.05 conf conf conf conf
Brittle star unidentified 0.05 conf 0.24 0.69 0.00 conf 0.00 0.00 conf conf conf
Capelin conf conf conf 0.10 1.00
Corals Bryozoans - Corals Bryozoans Unidentified 0.40 0.35 0.24 0.33 0.44 0.28 0.19 0.07 0.00 0.00 0.03 conf conf 0.06 conf
Corals Bryozoans - Red Tree Coral 0.01 0.98 0.91
Dark Rockfish conf
Eelpouts 0.14 0.69 conf 0.09 0.30 0.02 0.01 0.00 conf conf
Eulachon conf 0.01 conf conf 1.00
Giant Grenadier conf
Greenlings 0.73 0.06 conf 0.32 0.15 0.23 0.02 conf conf 0.29 conf
Grenadier - Ratail Grenadier Unidentified conf conf
Hermit crab unidentified 0.84 0.99 0.09 0.76 0.84 0.47 0.66 0.07 conf 0.56 0.18 conf conf
Invertebrate unidentified 0.09 0.00 0.02 0.62 0.16 0.05 0.01 conf 0.01 0.00 0.00 conf conf
Lanternfishes (myctophidae) conf
Large Sculpins 0.43 0.27 0.21 0.31 0.30
Large Sculpins - Bigmouth Sculpin 0.09 0.11 0.04
Large Sculpins - Great Sculpin 0.90 0.94 0.95
Large Sculpins - Hemilepidotus Unidentified 0.38 0.00
Large Sculpins - Myoxocephalus Unidentified 0.43 0.30
Large Sculpins - Plain Sculpin conf 1.00
Large Sculpins - Red Irish Lord 0.04
Large Sculpins - Warty Sculpin conf conf 1.00
Large Sculpins - Yellow Irish Lord 0.17 0.11 0.09
Misc crabs 0.81 0.64 0.61 0.50 0.28 0.27 0.14 0.05 0.03 0.05 0.05 conf conf conf
Misc crustaceans 1.00 0.29 0.98 0.93 0.33 conf conf 0.20 conf 0.00 0.00 conf conf
Misc fish 0.23 0.10 0.12 0.06 0.09 0.05 0.07 0.06 0.04 0.02 0.03 0.03 conf 0.01 0.00
Misc inverts (worms etc) conf conf 1.00 conf conf 0.00 conf
Other osmerids 0.00 conf conf 1.00
Other Sculpins 0.34 0.01 0.04 0.10 0.06 0.01 0.03 0.00
Pacific Sand lance conf conf conf conf conf
Pandalid shrimp 0.06 0.01 0.03 0.00 0.06 0.00 conf 0.00 conf 0.00 0.00 conf conf conf conf
Polychaete unidentified conf conf 0.15 conf conf 1.00 conf
Scypho jellies 0.17 0.48 conf 0.11 0.04 0.01 conf 0.24 conf 0.26 0.86 conf conf 0.05
Sea anemone unidentified 0.88 0.42 0.78 0.47 0.13 0.07 0.02 conf conf 0.01 0.00 conf conf conf conf
Sea pens whips 0.65 1.00 0.81 0.62 0.74 conf 0.05 conf conf
Sea star 0.57 0.52 0.22 0.38 0.26 0.10 0.05 0.04 0.02 0.04 0.04 0.02 conf 0.03 0.07
Snails 0.73 0.67 0.36 0.55 0.63 0.20 0.33 0.13 conf 0.03 0.03 conf conf conf conf
Sponge unidentified 0.30 0.13 0.30 0.21 0.08 0.02 0.05 0.01 0.02 0.01 0.00 0.00 conf 0.02 conf
State-managed Rockfish conf
Stichaeidae conf 0.08 conf conf
urchins dollars cucumbers 0.42 0.51 0.15 0.18 0.36 0.04 0.17 0.01 0.00 0.01 0.01 0.02 conf 0.01 0.01







Table 2A.10b—Incidental catch (t) of non-target species groups—other than birds—taken in the AI fixed gear fisheries for Pacific cod, expressed 
as a proportion of the incidental catch of that species group taken in all FMP AI fisheries, 2004-2017 (2017 data are current through October 29).  
Color shading: red = row minimum, green = row maximum. 
 


 


Species Group 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Benthic urochordata 0.53 conf 1.00 0.82 1.00 1.00 0.69 0.81 0.36 0.99 conf 0.66 conf conf
Bivalves 0.90 1.00 1.00 0.99 1.00 1.00 1.00 0.99 0.94 0.98 1.00 0.25 0.98 conf 0.62
Brittle star unidentified 0.00 0.44 0.03 0.98 0.00 0.99 0.34 0.27 0.04 0.00 0.20 0.04 conf
Corals Bryozoans - Corals Bryozoans Unidentified 0.69 0.78 0.76 0.41 0.98 0.49 0.84 0.73 0.57 0.37 0.19 conf 0.50 conf 0.98
Corals Bryozoans - Red Tree Coral 0.84 conf 0.34 1.00 1.00
Dark Rockfish 1.00 0.94 0.86
Eelpouts 0.02 conf 0.17 0.03 0.11 0.03 0.00 0.09 0.04 0.10 conf conf 0.32
Giant Grenadier 0.30 conf 0.00 0.08 0.02 0.03 0.01 0.15 0.02 0.04 conf conf conf conf
Greenlings 0.81 0.97 1.00 1.00 1.00 0.99 0.95 1.00 1.00 1.00 0.77 1.00 conf 0.78
Grenadier - Pacific Grenadier conf conf
Grenadier - Ratail Grenadier Unidentified 0.02 0.01 0.00 0.03 0.21 0.01 0.02
Grenadier - Rattail Grenadier Unidentified 0.27 0.00 0.04 conf
Gunnels 1.00
Hermit crab unidentified 0.10 0.13 0.66 0.30 0.70 0.98 0.94 0.67 0.19 0.50 0.69 0.18 conf 0.97
Invertebrate unidentified 0.20 1.00 0.98 1.00 1.00 1.00 0.92 1.00 0.90 0.15 0.14 conf conf conf conf
Large Sculpins 0.94 0.92 0.99 0.98 1.00
Large Sculpins - Bigmouth Sculpin 0.83 0.99 1.00
Large Sculpins - Great Sculpin 1.00 1.00 0.95
Large Sculpins - Hemilepidotus Unidentified 0.97 0.99 1.00
Large Sculpins - Myoxocephalus Unidentified 1.00 1.00 1.00
Large Sculpins - Plain Sculpin 1.00 1.00 1.00
Large Sculpins - Red Irish Lord 0.95 1.00 1.00
Large Sculpins - Warty Sculpin 1.00 1.00 1.00
Large Sculpins - Yellow Irish Lord 0.98 0.98 0.99
Misc crabs 0.02 0.07 0.07 0.46 0.88 0.82 0.78 0.53 0.03 0.79 0.73 0.22 conf conf 0.87
Misc crustaceans 0.01 1.00 1.00 1.00 0.99 conf conf conf conf
Misc fish 0.46 0.50 0.61 0.36 0.62 0.87 0.76 0.90 0.59 0.94 0.43 0.72 0.64 conf 0.78
Misc inverts (worms etc) conf 1.00 1.00 0.00
Other osmerids 1.00
Other Sculpins 0.92 1.00 0.93 0.92 0.88 0.99 0.99 0.99
Pacific Sandfish 1.00
Pandalid shrimp conf
Polychaete unidentified 1.00 1.00 0.00 conf conf conf
Scypho jellies 0.16 conf 0.32 0.89 1.00 1.00 0.87 0.99 0.86 1.00 1.00 0.99 1.00
Sea anemone unidentified 0.79 0.81 1.00 0.97 0.99 0.93 0.97 0.91 0.91 0.97 0.42 0.04 0.77 conf 0.93
Sea pens whips 0.98 conf 0.97 1.00 0.73 1.00 1.00 1.00 0.96 1.00 conf 0.53 conf 0.58
Sea star 0.76 0.93 0.97 0.88 0.96 0.93 0.99 0.97 0.77 0.98 0.81 0.61 0.70 conf 0.52
Snails 0.04 0.12 0.18 0.65 0.38 0.74 0.83 0.46 0.72 0.36 0.37 0.23 0.12 conf 0.57
Sponge unidentified 0.82 0.85 0.86 0.80 0.84 0.11 0.95 0.97 0.37 0.90 0.42 0.34 0.69 conf 0.78
State-managed Rockfish 1.00 1.00 1.00 0.02 1.00 1.00
Stichaeidae 1.00
urchins dollars cucumbers 0.37 0.63 0.75 0.86 0.89 0.55 0.38 0.51 0.34 0.57 0.20 0.05 0.22 conf 0.73







Table 2A.10c— Incidental catch (t) of  bird species groups taken in the AI fisheries for Pacific cod, expressed as a proportion of the incidental 
catch of that species group taken in all FMP AI fisheries, 2004-2017 (2017 data are current through October 29). 
 


 
 


Trawl gear:
Species 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Birds - Auklets conf
Birds - Gull conf 1.00
Birds - Laysan Albatross 1.00 conf conf
Birds - Northern Fulmar 0.05 0.89 0.99 0.72 conf 0.54 1.00
Birds - Unidentified 1.00
Birds - Unidentified Albatross 1.00


Fixed gear:
Row Labels 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Birds - Auklets 1.00 1.00 1.00
Birds - Black-footed Albatross 1.00 0.00 conf
Birds - Cormorant
Birds - Gull 1.00 0.11 0.59 0.46 0.51 1.00 0.59 0.54 0.08 0.06 conf conf
Birds - Kittiwake 1.00 1.00 1.00 1.00 conf
Birds - Laysan Albatross 0.06 conf 0.30 0.45 0.23 0.40 0.16 0.30 0.00 0.00 conf conf
Birds - Murre 1.00 1.00 1.00
Birds - Northern Fulmar 0.01 0.68 0.86 0.81 0.96 0.82 0.66 0.70 0.25 1.00 0.25 0.03 conf 0.24
Birds - Other 1.00
Birds - Other Alcid
Birds - Puffin conf
Birds - Shearwaters 0.10 1.00 0.89 1.00 1.00 1.00 0.96 conf 0.26 1.00 conf 0.90
Birds - Short-tailed Albatross conf 1.00
Birds - Storm Petrels 1.00 1.00
Birds - Unidentified 1.00 1.00 1.00 0.05 0.27 1.00 1.00 0.62 1.00 1.00 conf







FIGURES 


 


Figure 2A.1—Catch per unit effort for the trawl and longline fisheries, 1991-2017 (2017 data are partial).  
 
 


 
Figure 2A.2—Fit of Model 13.4 to survey biomass time series, with 95% confidence intervals for the 
observations and the estimates. 
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APPENDIX 2A.1: BSAI PACIFIC COD ECONOMIC PERFORMANCE REPORT FOR 2016 


Ben Fissel 
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Pacific cod is the second largest species in terms of catch in the Bering Sea & Aleutian Island (BSAI) 
region.  Pacific cod accounted for 13% of the BSAI’s FMP groundfish harvest and 80% of the total 
Pacific cod harvest in Alaska. Retained catch of Pacific cod increased 8% to 257.5 thousand t in 2016 and 
was 43% higher than the 2007-2011 average (Table 2A.1.1). The products made from BSAI Pacific cod 
had a first-wholesale value of $387 million in 2016, which was up from $365 million in 2015 and above 
the 2007-2011 average of $307 million (Table 2A.1.2). The higher revenue is the result of increased catch 
and production levels and strong first-wholesale fillet price for Pacific cod products. 


Cod is an iconic fishery with a long history of production across much of the globe. Global catch was 
consistently over 2 million t through the 1980s, but began to taper off in the 1990s as cod stocks began to 
collapse in the northwest Atlantic Ocean. Over roughly the same period, the U.S. catch of Pacific cod 
(caught in Alaska) grew to approximately 250 thousand tons where it remained throughout the early to 
mid-2000s. European catch of Atlantic cod in the Barents Sea (conducted mostly by Russia, Norway, and 
Iceland) slowed and global catch hit a low in 2007 at 1.13 million t. U.S. Pacific cod’s share of global 
catch was at a high at just over 20% in the early 2000s. Since 2007 global catch has grown to 1.85 million 
t in 2014 as catch in the Barents Sea has rebounded and U.S. catch has remained strong at over 300 
thousand t since 2011. European Atlantic cod and U.S. Pacific cod remain the two major sources 
supplying the cod market over the past decade accounting for roughly 75% and 20%, respectively. 
Atlantic cod and Pacific cod are substitutes in the global market. Because of cod’s long history global 
demand is present in a number of geographical regions, but Europe, China, Japan, and the U.S. are the 
primary markets for many Pacific cod products. The market for cod is also indirectly affected by activity 
in the pollock fisheries which experienced a similar period of decline in 2008-2010 before rebounding. 
Cod and pollock are commonly used to produce breaded fish portions. Alaska caught Pacific cod in the 
BSAI became certified by the Marine Stewardship Council (MSC) in 2010, a NGO based third-party 
sustainability certification, which some buyers seek. 


The Pacific cod total allowable catch (TAC) is allocated to multiple sectors (fleets). CDQ entities receive 
10% of the total BSAI quota. The largest sectoral allocation goes to the Freezer longline CPs which 
receive roughly 44% of the total BSAI cod quota (48.7% non-CDQ quota). While not an official catch 
share program, the Freezer longline CPs have formed a voluntary cooperative that allows them to form 
private contracts among members to distribute the sectoral allocation. The remaining large sectors are the 
trawl CPs, trawl CVs, the pot gear CVs and some smaller sideboard limits to cover the catch of Pacific 
cod while targeting other species. The CVs (collectively referred to as the inshore sector) make deliveries 
to shore-based processors, and catcher/processors process catch at-sea before going directly to the 
wholesale markets. Among the at-sea CPs, catch is distributed approximately three-quarters to the hook-
and-line and one quarter to trawl. The inshore sector accounts for 25%-30% of the total BSAI Pacific cod 
catch of which approximately two-thirds is caught by the trawl and one-third by the pot gear sectors. The 
retained catch of the inshore sector increased 26% increase to 86 thousand t. The value of these deliveries 
(shoreside ex-vessel value) totaled $44.6 million in 2016, which was up 31% from 2015, as ex-vessel 
prices also increased 6% to $0.26 per pound. Changes in ex-vessel prices over time generally reflect 
changes in the corresponding wholesale prices. Catch from the fixed gear vessels (which includes hook-







 


and-line and pot gear) typically receive a slightly higher price from processors because they incur less 
damage when caught. The fixed gear price premium has varied over time but recently has been about 
$0.03 per pound. 


The first-wholesale value of Pacific cod products was up 6% to $386.8 million in 2016, and revenues in 
recent years remain high as result of strong catch levels (Table 2A.1.2). The average price of Pacific cod 
products in 2016 increased 1% to $1.39. Head and gut (H&G) production is the focus of the BSAI 
processors but a significant amount of fillets are produced as well. H&G typically constitutes 
approximately 80% of value and fillets approximately 10% of value. Shoreside processors produce the 
majority of the fillets. Almost all of the at-sea sector’s catch is processed into H&G. Other product types 
are not produced in significant quantities. At-sea head and gut prices tend to be about 20%-30% higher, in 
part because of the shorter period of time between catch and freezing, and in part because the at-sea sector 
is disproportionately caught by hook-and-line which yields a better price. Head & gut prices bottomed out 
at $1.05 per pound in 2013, a year in which Barents Sea cod catch increased roughly 240 thousand t (an 
increase that is approximately the size of Alaska’s cod total catch) but rebounded to $1.37 in 2015. The 
H&G price was down 5% at $1.30 per pound in 2016. Fillet prices steady declined from over $3 in 2011 
to $2.67 in 2015, but prices increased 23% in 2016 to $3.29. Changes in global catch and production 
account for much the trends in the cod markets. In particular, the average first-wholesale prices peaked at 
over $1.80 per pound in 2007-2008 and subsequent declined precipitously in 2009 to $1.20 per pound as 
markets priced in consecutive years of approximately 100 thousand t increases in the Barents Sea cod 
catch in 2009-2011; coupled with reduced demand from the recession. Average first-wholesale prices 
since have fluctuated between approximately $1.20 and $1.55 per pound. Media reports indicate that 
Pacific cod prices were soft in early 2016 with weak demand from Japan, an important consumer market 
for Pacific cod. By the middle of the year prices had begun to rise with strong demand from the U.S., 
Japan, and other markets. High prices of common fish protein substitutes such as salmon were also cited 
as contributing to the strong cod demand. Strong demand globally coupled with tight supply have resulted 
in high prices continuing throughout 2017. The market for H&G products was comparatively weaker than 
the market for fillets which is reflected in decreased H&G price and increased fillet price which affected 
the BSAI Pacific cod fisheries which produce a higher proportion of H&G. 


U.S. exports of cod are roughly proportional to U.S. cod production. More than 90% of the exports are 
H&G, much of which goes to China for secondary processing and re-export (Table 2A.1.3). China’s rise 
as re-processor is fairly recent. Between 2001 and 2011 exports to China have increased nearly 10 fold. 
Japan and Europe (mostly Germany and the Netherlands) are also important export destinations. 
Approximately 30% of Alaska’s cod production is estimated to remain in the U.S.. Because U.S. cod 
production is approximately 20% of global production and the BSAI is approximately 75-80% of U.S. 
production, the BSAI Pacific cod is a significant component of the broader global cod market. However, 
strong demand and tight supply in 2017 from the U.S. and globally have contributed to high prices. With 
the Barents Sea quota reduced by 13% 2018 the global cod supply is expected to remain constrained 
relative to recent levels which could result in continued high price levels through 2018. 


  







 


Table 2A.1.1. Bering Sea & Aleutian Islands Pacific cod catch and ex-vessel data. Total and retained 
catch (thousand metric tons), number of vessel, catcher/processor (CP) hook-and-line (H&L) share of 
catch, CP trawl share of catch, Shoreside retained catch (thousand metric tons), shoreside number of 
vessel, shoreside pot gear share of catch, shoreside trawl share of catch, shoreside ex-vessel value and 
price (million US$), and fixed gear to trawl price premium (US$ per pound); 2007-2011 average and 
2012-2016. 


 
Source: NMFS Alaska Region Blend and Catch-accounting System estimates; NMFS Alaska Region At-sea 
Production Reports; and ADF&G Commercial Operators Annual Reports (COAR). Data compiled and provided by 
the Alaska Fisheries Information Network (AKFIN). 
 
Table 2A.1.2. Bering Sea & Aleutian Islands Pacific cod first-wholesale market data. First-wholesale 
production (thousand metric tons), value (million US$), price (US$ per pound); fillet and head and gut 
volume (thousand metric tons), value share, and price (US$ per pound); At-sea share of value and at-sea 
shoreside price difference (US$ per pound); 2007-2011 average and 2012-2016. 


 
Source: NMFS Alaska Region Blend and Catch-accounting System estimates; NMFS Alaska Region At-sea 
Production Reports; and ADF&G Commercial Operators Annual Reports (COAR). Data compiled and provided by 
the Alaska Fisheries Information Network (AKFIN). 


  


Avg 07-11 2012 2013 2014 2015 2016
Total catch K mt 182.7 251 250.2 249.3 242 260.8
Retained catch K mt 179.8 246.5 243.5 244.4 238.9 257.5
Vessels # 189 175 175 156 149 162


53% 52% 50% 50% 54% 49%
CP trawl share of BSAI catch 17% 15% 18% 14% 15% 14%


51.0 75.2 71.1 79.0 68.3 85.9
Shoreside catcher vessels # 131 121 125 109 100 110


9% 11% 11% 14% 12% 15%
CV trawl share of BSAI catch 18% 20% 18% 17% 16% 18%


Shoreside ex-vessel value M $ $36.6 $49.0 $37.0 $44.7 $34.1 $44.6
Shoreside ex-vessel price lb $ $0.326 $0.323 $0.244 $0.274 $0.248 $0.264


$0.06 $0.03 $0.01 $0.03 $0.03 $0.03


CP H&L share of BSAI catch


CV pot gear share of BSAI catch


Shoreside retained catch K mt


Shoreside fixed gear ex-vessel 
price premium


Avg 07-11 2012 2013 2014 2015 2016
All products volume K mt 88.96 122.67 121.70 123.51 120.47 126.36
All products Value M $ 306.6$    380.9$    303.7$    353.8$    365.1$       386.8$       
All products price lb $ 1.56$       1.41$       1.13$       1.30$       1.37$         1.39$         
Fillets volume K mt 4.72 6.76 8.79 8.42 6.28 10.03
Fillets value share 11% 12% 18% 14% 10% 19%
Fillets price lb $ 3.14$       3.10$       2.84$       2.68$       2.67$         3.29$         
Head & Gut volume K mt 73.29 104.24 97.76 100.56 100.82 98.65
Head & Gut value share 82% 82% 74% 79% 83% 73%
Head & Gut price lb $ 1.56$       1.37$       1.05$       1.26$       1.36$         1.30$         
At-sea value share 74% 71% 69% 69% 76% 70%
At-sea     price premium ($/lb) -$0.03 -$0.13 -$0.28 -$0.01 $0.07 -$0.29







 


Table 2A.1.3. Cod U.S. trade and global market data. Global production (thousand metric tons), U.S. 
share of global production, and Europe’s share of global production; U.S. export volume (thousand metric 
tons), value (million US$), and price (US$ per pound); U.S. cod consumption (estimated), and share of 
domestic production remaining in the U.S. (estimated); and the share of U.S. export volume and value for 
head and gut (H&G), fillets, China, Japan, and Germany and Netherlands; 2007-2011 average and 2012-
2017. 


 
Notes: Pacific cod in this table is for all U.S. Unless noted, `cod’ in this table refers to Atlantic and Pacific cod. 
Russia, Norway, and Iceland account for the majority of Europe’s cod catch which is largely focused in the 
Barents Sea. 
Source: FAO Fisheries & Aquaculture Dept. Statistics http://www.fao.org/fishery/statistics/en. NOAA Fisheries, 
Fisheries Statistics Division, Foreign Trade Division of the U.S. Census Bureau, 
http://www.st.nmfs.noaa.gov/commercial-fisheries/foreign-trade/index. U.S. Department of Agriculture 
http://www.ers.usda.gov/data-products/agricultural-exchange-rate-data-set.aspx. 


 
  


Avg 07-11 2012 2013 2014 2015 2016
2017      


(thru July)


1,272 1,600 1,831 1,853 1,764 - -
19.7% 20.7% 17.0% 17.7% 18.1% - -
72.3% 73.2% 76.7% 75.9% 74.8% - -


Pacific cod share of U.S. catch 96.7% 98.6% 99.3% 99.3% 99.5% - -
U.S. cod consumption K mt (est.) 80 97 104 114 107 113 -
Share of U.S. cod not exported 25% 30% 31% 31% 26% 29% -


90.3 111.1 101.8 107.3 113.2 105.2 67.7
$286.3 $363.6 $308.0 $314.2 $335.0 $311.7 $208.0
$1.439 $1.485 $1.373 $1.328 $1.342 $1.344 $1.393


volume Share 68% 80% 91% 92% 91% 94% 94%
value share 68% 80% 89% 91% 90% 92% 92%
volume Share 13% 9% 4% 2% 3% 3% 5%
value share 16% 11% 5% 4% 4% 4% 6%
volume Share 27% 46% 51% 54% 53% 55% 59%
value share 25% 43% 48% 51% 51% 52% 57%
volume Share 18% 16% 13% 16% 13% 14% 12%
value share 18% 16% 13% 16% 14% 15% 13%
volume Share 11% 8% 8% 9% 8% 5% 3%
value share 12% 9% 9% 10% 8% 5% 3%


Export value M US$


Frozen 
(H&G)


Netherlands 
& Germany


Fillets


China


Japan


Export price lb US$


Global cod catch K mt
U.S. P. cod share of global catch
Europe share of global catch


Export volume K mt



http://www.fao.org/fishery/statistics/en

http://www.st.nmfs.noaa.gov/commercial-fisheries/foreign-trade/index

http://www.ers.usda.gov/data-products/agricultural-exchange-rate-data-set.aspx





 


APPENDIX 2A.2: HISTORY OF PREVIOUS AI PACIFIC COD MODEL STRUCTURES 
DEVELOPED UNDER STOCK SYNTHESIS 


For 2013 and beyond, the SSC’s accepted model from the final assessment is shown in bold red. 


Pre-2011 


The AI Pacific cod stock was managed jointly with the EBS stock, with a single OFL and ABC.  Prior to 
the 2004 assessment, results from the EBS model were inflated into BSAI-wide equivalents based on 
simple ratios of survey biomasses from the two regions. 


Beginning with the 2004 assessment, the simple ratios were replaced by a random-walk Kalman filter. 


2011 


Preliminary assessment 


A Tier 5 model based on the same Kalman filter approach that had been used to inflate EBS model results 
into BSAI-wide equivalents since 2004 was applied to the AI stock as a stand-alone model. 


Final assessment 


Because no new survey data had become available since the preliminary assessment, the Tier 5 Kalman 
filter model was not updated.  The SSC did not accept the Tier 5 Kalman filter model, so the AI stock 
continued to be managed jointly with the EBS stock. 


2012 


Preliminary assessment 


Two models were included: 


• Model 1 was similar to the final 2011 EBS model except: 
o Only one season 
o Only one fishery 
o AI-specific weight-length parameters used 
o Length bins (1 cm each) extended out to 150 cm instead of 120 cm 
o Fishery selectivity forced asymptotic 
o Fishery selectivity constant over time 
o Survey samples age 1 fish at true age 1.5 
o Ageing bias not estimated (no age data available) 
o Q tuned to match the value from the archival tagging data relevant to the GOA/AI survey net 


• Model 2 was identical to Model 1 except with time-varying L1 and Linf 
• Six other models considered in a factorial design in order to determine which growth parameters 


would be time-varying in Model 2, but only partial results presented 


The SSC gave notice that it would not accept any model for this stock prior to the 2013 assessment. 


Final assessment 


Four models were included: 







 


• Model 1 was identical to Model 1 from the preliminary assessment 
• Model 2 was identical to Model 2 from the preliminary assessment 
• Model 3 was identical to Model 1 except that input N values were multiplied by 1/3 
• Model 4 was identical to Model 1 except: 


o Survey data from years prior to 1991 were omitted 
o Q was allowed to vary randomly around a base value 
o Survey selectivity was forced asymptotic 
o Fishery selectivity was allowed to be domed 
o Input N values for sizecomp data were estimated iteratively by setting the root-mean-squared-


standardized-residual of the survey abundance time series equal to unity 
o All fishery selectivity parameters except initial_selectivity and the ascending_width survey 


selectivity parameters were allowed (initially) to vary randomly, with the input standard 
deviations estimated iteratively by matching the respective standard deviations of the 
estimated devs 


o Input standard deviation for log-scale recruitment devs was estimated internally (i.e., as a free 
parameter) 


None of the models was accepted by the SSC, so the AI stock continued to be managed jointly with the 
EBS stock. 


2013 


Preliminary assessment 


Three models were included: 


• Model 1 was identical to Model 1 from the 2012 assessment except: 
o Fishery selectivity was not forced asymptotic 
o Selectivity was estimated as a random walk with respect to age instead of the double normal, 


with normal priors tuned so that the prior mean is consistent with logistic selectivity and the 
prior standard deviation is consistent with apparent departures from logistic selectivity 


o Potentially, length and age composition input sample sizes could be tuned so that the 
harmonic mean effective sample size is at least as large as the arithmetic mean input sample 
size (if it turned out that the initial average N of 300 already satisfied this criterion, no tuning 
was done) 


o Potentially, each selectivity parameter could be time-varying with annual additive devs, 
where the sigma term is tuned to match the standard deviation of the estimated devs (if this 
tuning resulted in a sigma that was essentially equal to zero, time variability was turned off) 


• Model 2 was identical to Model 1 except that Q was estimated with an informative prior developed 
from a meta-analysis of other AI assessments 


• Model 3 was identical to Model 1 except that both M and Q were estimated freely 


Final assessment 


Four models were included: 


• Tier 3 Model 1 was identical to Model 1 from the preliminary assessment, except with Q fixed at 1.0 
• Tier 3 Model 2 was identical to Tier 3 Model 1 except: 


o Q was estimated with the same prior as in Model 2 from the preliminary assessment 
o Survey selectivity was forced asymptotic 







 


• Tier 5 Model 1 was the Kalman filter model that had been used since 2004 to estimate the expansion 
factor for converting results from the EBS model into BSAI equivalents 


• Tier 5 Model 2 was the random effects model recommended by the Survey Averaging Working 
Group 


2014 


Preliminary assessment 


Three models were included: 


• Model 1 was identical to Model 2 from the final 2013 assessment, except that survey selectivity was 
not forced to be asymptotic, each selectivity was allowed (potentially) to vary with time, a normal 
prior distribution for each selectivity parameter was tuned using the same method as Model 6 from 
the preliminary assessment 2014 EBS assessment, prior distributions and standard deviations for the 
annual selectivity deviations were estimated iteratively, and the 1976-1977 “recruitment offset” 
parameter was fixed at zero 


• Model 2 was identical to Model 1, except that the recruitment offset was estimated freely 
• Model 3 was identical to Model 2, except that survey selectivity first-differences were forced to equal 


zero after the age at which survey selectivity peaked in Model 2, and the lower bound on survey 
selectivity first-differences at all earlier ages was set at 0 (the combination of these two changes 
forced survey selectivity to increase monotonically until the age at which it peaked in Model 2, after 
which survey selectivity was constant at unity) 


Final assessment 


Three models were included: 


• Model 1 was identical to Tier 5 Model 2 from the final 2013 assessment 
• Model 2 was identical to Model 1 from the preliminary assessment 
• Model 3 was identical to Model 1 from the preliminary assessment, except that the prior distributions 


for survey selectivity parameters were tightened so that the resulting selectivity curve was less dome-
shaped 


2015 


Preliminary assessment 


New features or methods examined in the preliminary assessment included the following (these were 
based on experience with the preliminary assessment of the EBS Pacific cod stock): 
 


1. The standard deviation of log-scale age 0 recruitment (σR) was estimated iteratively instead of 
being estimated internally. 


2. Richards growth was assumed instead of von Bertalanffy growth (a special case of Richards). 
3. 20 age groups were estimated in the initial numbers-at-age vector instead of 10. 
4. Survey catchability was allowed to vary annually if the root-mean-squared-standardized residual 


exceeded unity (this resulted in time-varying Q for Model 5 but not for Model 3). 
5. Selectivity at ages 8+ was constrained to equal selectivity at age 7 for the fishery, and selectivity 


at ages 9+ was constrained to equal selectivity at age 8 for the survey. 
6. A superfluous selectivity parameter was fixed at the mean of the prior (in Models 3 and 4, the 


estimate of this parameter automatically went to the mean of the prior). 







 


7. Composition data were given a weight of unity if the harmonic mean of the effective sample size 
was greater than the mean input sample size of 300; otherwise, composition data were weighted 
by tuning the mean input sample size to the harmonic mean of the effective sample size. 


8. All iterative tunings were conducted simultaneously rather than sequentially. 
9. The method of Thompson (in prep.) was used for iterative tuning of the sigma parameters for 


selectivity and recruitment. 
10. Iterative tuning of the sigma parameter for time-varying catchability involved adjusting sigma 


until the root-mean-squared-standardized-residual for survey abundance equaled unity. 
 
Four of the models spanned a 2×2 factorial design.  The factors were: 
 


• The new features or methods listed above (use or not use) 
• Historic fishery time series data from 1977-1990 (use or not use) 


 
Five models were included in all (there was no model numbered “1,” per SSC request): 


• Model 0 was identical to Model 1 from the final 2014 assessment (Tier 5 random effects) 
• Model 2 used the new features/methods; did not use the historic fishery data 
• Model 3 not use the new features/methods; did use the historic fishery data 
• Model 4 did not use the new features/methods; did not use the historic fishery data 
• Model 5 used the new features/methods; did not use the historic fishery data 


 
Note that Model 4 was identical to Model 2 from the 2014 final assessment 


Final assessment 


Three models were included: 


• Model 13.4 (new name for the Tier 5 random effects model) 
• Model 15.6 was also a random effects model, but with the IPHC longline survey CPUE added as 


a second time series 
• Model 15.7 was the same as Model 3 from the preliminary assessment (now renamed Model 


15.3), but with both fishery and survey selectivity held constant (with respect to age) above age 8, 
as opposed to being free at all ages (1-20) in Model 15.3 


 
2016 


Preliminary assessment 


Six models were presented in the preliminary assessment.  Model 13.4 was the standard Tier 5 “random 
effects” model, which has been the accepted model since 2013.  The other five models (Models 16.1-
16.5) wre all Tier 3 models, and are variants of Model 15.7, which was introduced in last year’s final 
assessment as a modification of Model 15.3 from last year’s preliminary assessment (where it was labeled 
“Model 3”).  The distinguishing features of Models 16.1-16.5 were as follow: 


• Model 16.1: Like AI Model 15.7, but simplified as follows: 
o Weight abundance indices more heavily than sizecomps. 
o Use the simplest selectivity form that gives a reasonable fit. 
o Do not allow survey selectivity to vary with time. 
o Do not allow survey catchability to vary with time. 







 


o Do not allow strange selectivity patterns. 
o Estimate trawl survey catchability internally with a fairly non-informative prior. 


• Model 16.2: Like AI Model 15.7, but including the IPHC longline survey data and other features, 
specifically: 


o Do now allow strange selectivity patterns. 
o Estimate trawl survey catchability internally with a fairly non-informative prior. 
o Estimate catchability of new surveys internally with non-restrictive priors. 
o Include additional data sets to increase confidence in model results. 
o Include IPHC longline survey, with “extra SD.” 


• Model 16.3: Like Model 3 above, but including the NMFS longline survey instead of the IPHC 
longline survey. 


• Model 16.4: Like Models 3 and 4 above, but including both the IPHC and NMFS longline survey 
data. 


• Model 16.5: Like AI Model 15.7, except: 
o Use the post-1994 AI time series (instead of the post-1986 time series). 
o Do not allow strange selectivity patterns. 
o Estimate trawl survey catchability internally with a fairly non-informative prior. 


Final assessment 


The Team and SSC felt that the authors’ time was better spent on developing new models for the EBS 
stock than the AI stock, so Model 13.4 was the only model presented in the final assessment. 


  







 


APPENDIX 2A.3: SUPPLEMENTAL CATCH DATA 


NMFS Alaska Region has made substantial progress in developing a database documenting many of the 
removals of FMP species that have resulted from activities outside of fisheries prosecuted under the BSAI 
Groundfish FMP, including removals resulting from scientific research, subsistence fishing, personal use, 
recreational fishing, exempted fishing permit activities, and commercial fisheries other than those 
managed under the BSAI groundfish FMP.  Estimates for AI Pacific cod from this dataset are shown in 
Table 2A.3.1. 


Although many sources of removal are documented in Table 2A.3.1, the time series is highly incomplete 
for many of these.  Cells shaded gray represent data contained in the NMFS database.  Other entries 
represent extrapolations for years in which the respective activity was known or presumed to have taken 
place, where each extrapolated value consists of the time series average of the official data for the 
corresponding activity.  In the case of surveys, years with missing values were identified from the 
literature or by contacting individuals knowledgeable about the survey (the NMFS database contains 
names of contact persons for most activities); in the case of fisheries, it was assumed that the activity 
occurred every year. 


In the 2012 analysis of the combined BSAI Pacific cod stock (Attachment 2.4 of Thompson and Lauth 
2012), the supplemental catch data were used to provide estimates of potential impacts of these data in the 
event that they were included in the catch time series used in the assessment model.  The results of that 
analysis indicated that F40% increased by about 0.01 and that the one-year-ahead catch corresponding to 
harvesting at F40% decreased by about 4,000 t.  Note that this is a separate issue from the effects of taking 
other removals “off the top” when specifying an ABC for the groundfish fishery; the former accounts for 
the impact on reference points, while the latter accounts for the fact that “other” removals will continue to 
occur. 


The average of the total removals in Table 2A.3.1 for the last three complete years (2014-2016) is 108 t. 


It should be emphasized that these calculations are provided purely for purposes of comparison and 
discussion, as NMFS and the Council continue to refine policy pertaining to treatment of removals from 
sources other than the directed groundfish fishery. 


Reference 


Thompson, G. G., and R. R. Lauth.  2012.  Assessment of the Pacific cod stock in the Eastern Bering Sea 
and Aleutian Islands Area.  In Plan Team for Groundfish Fisheries of the Bering Sea/Aleutian 
Islands (compiler), Stock assessment and fishery evaluation report for the groundfish resources of 
the Bering Sea/Aleutian Islands regions, p. 245-544.  North Pacific Fishery Management Council, 
605 W. 4th Avenue Suite 306, Anchorage, AK 99501.







 


Table 2A.3.1—Total removals of Pacific cod (t) from activities not related to directed fishing.  Cells shaded gray represent data contained in the 
NMFS database.  Other entries represent extrapolations for years in which the respective activity was known or presumed to have taken place.  


 
 


Activity 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
Aleutian Island Bottom Trawl Survey 14 14 14
Aleutian Islands Cooperative Acoustic Survey
Annual Longline Survey 19 19 19 19 19 19 19 19 19 19 19 19
Atka Tagging Survey
Bait for Crab Fishery 0 0 0 0 0 0 0 0 0 0 0 0 0 0
IPHC Annual Longline Survey
Subsistence Fishery 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Activity 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Aleutian Island Bottom Trawl Survey 14 14 14 14 14 14
Aleutian Islands Cooperative Acoustic Survey
Annual Longline Survey 19 19 19 19 17 27 25 19 13
Atka Tagging Survey 100 100 100 100 100
Bait for Crab Fishery 0 0 0 0 0 0 0 0 0 0 0 0 0 0
IPHC Annual Longline Survey 15 15 15 15 15 15 15
Subsistence Fishery 0 0 0 0 0 0 0 0 0 0 0 0 0 0


Activity 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Aleutian Island Bottom Trawl Survey 14 12 12 16 17
Aleutian Islands Cooperative Acoustic Survey 1
Annual Longline Survey 25 13 16 18 19 20
Atka Tagging Survey 100 100 100 100 100 100
Bait for Crab Fishery 0 0 0 0 0 0 0 0 0 1 0 0
IPHC Annual Longline Survey 15 15 15 15 15 9 23 9 13 15 21 15
Subsistence Fishery 0 0 0 0 0 0 0 0 0 0 0 0
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Chapter 1A.  Assessment of the pollock stock in the Aleutian Islands 
 


Steven J. Barbeaux, James Ianelli, and Wayne Palsson 
November 2017 


Executive Summary 
The Aleutian Islands (AI) pollock stock assessment has changed to a biennial cycle with full assessments 
in even years, timed with the Aleutian Islands bottom trawl survey. For AI pollock in partial assessment 
years, we present an executive summary to recommend harvest levels for the next two years.  A full 
assessment was conducted in 2016 and can be found at 
(https://www.afsc.noaa.gov/REFM/Docs/2016/AIpollock.pdf).  A full stock assessment document with 
updated assessment and projection model results will be presented in next year’s SAFE report. 
 
The AI pollock assessment consists of a population model, which uses survey and fishery data to generate 
a historical time series of population estimates, and a projection model, which uses results from the 
population model to predict future population estimates and recommended harvest levels. The Aleutian 
Islands walleye pollock stock assessment uses the Assessment Model for Alaska (here referred to as 
AMAK). AMAK is a variation of the “Stock Assessment Toolbox” model presented to the Plan Team in 
the 2002 Atka mackerel stock assessment (Lowe et al. 2002). The data sets used in this assessment 
include total catch biomass, fishery age compositions, AI bottom trawl survey abundance estimates, and 
AI bottom trawl survey age compositions. For a partial assessment year, we do not re-run the assessment 
model, but do update the projection model with new catch data. This incorporates the most current catch 
information without re-estimating model parameters and biological reference points. The stock remains at 
tier 3b. 


Summary of Changes in Assessment Inputs 
Changes in the input data: There were no changes made to the assessment model inputs since this was an 
off-cycle year. New data added to the projection model included an updated 2016 catch estimate (1,257 t) 
and new catch estimates for 2017-2019. The 2017 catch was estimated by increasing the official catch as 
of October 29, 2017, by an expansion factor of 3.1%, which represents the average fraction of catch taken 
after October 29 in the last three complete years (2014-2016). The 2018 catch was set at the 3-year 
average for 2014-2016 of 1,516 t.  
 
Changes in the assessment methodology: There were no changes in assessment methodology since this 
was an off-cycle year.   


Summary of Results 
 
For the 2018 fishery, we recommend the maximum allowable ABC of 40,788 t from the updated 
projection model. This ABC is up from last year’s ABC of 36,061 t and exactly the same as last year’s 
projected 2018 ABC of 40,788 t. Reference values for AI pollock are summarized in the following table, 
with the recommended ABC and OFL values for 2018 in bold.  
 
  



https://www.afsc.noaa.gov/REFM/Docs/2016/AIpollock.pdf





  
As estimated or 


specified last year for: 
As estimated or 


recommended this year for: 
Quantity 2017 2018 2018 2019 
M (natural mortality rate) 0.19 0.19 
Tier 3b 3b 
Projected total (age 1+) biomass 
(t) 250,221 271,831 272,675 262,010 
Projected female spawning 
biomass (t) 
 Projected  77,579 81,545 78,305 67,627 
 B100%  203,100 203,100 
 B40%  81,240 81,240 
 B35%  71,085 71,085 
FOFL 0.378 0.397 0.397 0.341 
maxFABC 0.304 0.319 0.319 0.273 
FABC 0.304 0.319 0.319 0.273 
OFL (t) 43,650 49,291 49,289 37,431 
maxABC (t) 36,061 40,788 40,788 30,803 
ABC (t) 36,061 40,788 40,788 30,803 


Status 
As determined this year for: As determined this year for: 


2015 2016 2016 2017 
Overfishing no no no n/a 
Overfished n/a n/a n/a no 
Approaching overfished n/a n/a n/a no 


 


The stock is not being subject to overfishing, is not currently overfished, nor is it approaching a condition 
of being overfished. The tests for evaluating these three statements on status determination require 
examining the official total catch from the most recent complete year and the current model projections of 
spawning biomass relative to B35% for 2017 and 2019. The official total catch for 2016 is 1,257 t which is 
a small fraction of the 2016 OFL of 39,075 t; therefore, the stock is not being subjected to overfishing. 
The estimates of spawning biomass for 2018 and 2019 from the current year (2017) projection model are 
78,305 t and 67,627 t, respectively. The 2018 estimate is above B35% at 71,085 t and the 2019 estimate is 
above ½ B35% and the stock is expected to be above B35% in 2029 under projection Scenario 7, therefore, 
the stock is not currently overfished nor approaching an overfished condition. 


Fishery Trends 
Updated catch data (t) for AI pollock as of October 29, 2017 (NMFS Alaska Regional Office Catch 
Accounting System via the Alaska Fisheries Information Network (AKFIN) database, 
http://www.akfin.org) are summarized in the following table.  
 


Year Easter 
541 


Central 
542 


Western 
543 


Aleutians 
Total 


Aleutians 
ABC 


Aleutians 
TAC 


2016 899 195 162 1,257 32,227 19,000 
2017 565 517 302 1,427* 36,061 19,000 


* Projected catch through end of year based on 3.1% correction to 1,384 t observed through 29 October 2017. 
 
Although open to fishing, there continues to be no directed fishing for pollock in the Aleutian Islands. 
Catch reported is incidental in other groundfish fisheries.  



http://www.akfin.org/





Summaries for Plan Team 
 


Species Year Biomass1 OFL ABC TAC Catch2 


AI pollock 


2016 231,258 39,075 32,227 19,000 1,257 
2017 250,928 43,650 36.061 19,000 1,384 
2018 272,675 49,289 40,788 19,000  
2019 262,010 37,431 30,803 19,000  


1Total biomass (ages 1+) from the age-structured model 
2Current as of 29 October 2017. Source: NMFS Alaska Regional Office Catch Accounting System via the 
AKFIN database (http://www.akfin.org). 


Responses to SSC and Plan Team Comments on Assessments in General 
No applicable comments. 


Responses to SSC and Plan Team Comments Specific to this Assessment 


November 2016 Plan Team 
The Team recommends reviewing Team recommendations from Nov 2015 (i.e., “The Team recommends 
examining alternative models with higher M (compared to the low M coming out of the estimation 
procedure), and further recommends exploring the unscaled estimates of selectivity with respect to the 
survey’s low apparent catchability.”)  We will address this issue in the full assessment in 2018. 


Figures 
 


 
 


Figure 1A:1. Modeled catch over total biomass (point estimates in red circles) with 95% sampling error 
confidence intervals for AI pollock from 1978-2019. Catch for 2018 and 2019 estimated at 
1,516 t, the three-year average for 2014-2016. 



http://www.akfin.org/
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1B.  Assessment of the Walleye Pollock stock in the  
Bogoslof Island Region 


[2016] 


James N. Ianelli, S. J. Barbeaux, and D. McKelvey  


Alaska Fisheries Science Center 
National Marine Fisheries Service 


 


[NOTE: In accordance with the approved schedule, no assessment was conducted for 
this stock this year, however, a full stock assessment will be conducted in 2018.  Until 
then, the values generated from the previous stock assessment (below) will be rolled 
over for 2018 specifications] 


Summary of Results 
The ABC and OFL levels using Tier 5 values and assuming the random-effects model: 


Quantity 


As estimated or 


specified last year for: 


As estimated or 


recommended this year for: 


2016 2017 2017 2018 
M (natural mortality rate) 0.3 0.3 0.3 0.3 
Tier 5 5 5 5 
Biomass (t) 106,000 106,000 434,760 434,760 
FOFL 0.300 0.300 0.300 0.300 
maxFABC 0.225 0.225 0.225 0.225 
FABC 0.225 0.225 0.12 


 


0.12 


 OFL (t) 31,800 31,800 130,428 130,428 
maxABC (t) 23,850 23,850 97,821 97,821 
ABC (t) 23,850 23,850 51,300 51,300 


Status 
As determined last year for: As determined this year for: 


2014 2015 2015 2016 
Overfishing No  n/a No n/a 


 


  







 


 





		[NOTE: In accordance with the approved schedule, no assessment was conducted for this stock this year, however, a full stock assessment will be conducted in 2018.  Until then, the values generated from the previous stock assessment (below) will be rol...
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7.  Assessment of the Kamchatka flounder stock in the  
Bering Sea and Aleutian Islands 


Meaghan Bryan and Tom Wilderbuer 


November 2017 


Executive summary 
The assessment of Bering Sea and Aleutian Islands (BSAI) Kamchatka flounder has been moved to a 
biennial schedule according to the stock assessment prioritization schedule. A partial assessment was 
done for BSAI Kamchatka flounder this year. In partial assessment years, an executive summary is 
presented with recommendations of harvest levels for the next two years. The 2016 full assessment is 
available online at https://www.afsc.noaa.gov/REFM/Docs/2016/BSAIkamchatka.pdf. The next full 
assessment will be conducted in 2018.  


A statistical age-structured model was used as the primary stock assessment tool for BSAI Kamchatka 
flounder, which qualifies as a Tier 3 stock. This assessment consists of a population model to estimates 
historical time series of population estimates and a projection model to predict future population estimates 
and recommended harvest levels. The data sets used in this assessment included fishery catch data, 
biomass estimates from the Eastern Bering Sea shelf and slope surveys and the Aleutian Islands survey, 
length composition data from the fishery, the EBS shelf and slope surveys, and the Aleutian Islands 
survey, and age data from the EBS slope and Aleutian Islands surveys. For a partial assessment year, we 
do not re-run the assessment model, but update the projection model with the new catch data. This report 
incorporates the most current catch information without re-estimating model parameters and biological 
reference points. 


Summary of changes in the assessment inputs 
Changes were not made to the assessment model inputs and the assessment model was not run since this 
was an off-year cycle.  


New data added to the projection model included a new estimate of the 2016 catch and estimated catch 
for 2017 and 2018. The 2016 catch was updated from 4,533 t to 4,851 t. Partial 2017 catch, 4,112 t, was 
also available for the projections. Projected catch to the end of 2017 was determined as the product of the 
2017 TAC (5,000 t) and the average fraction of the TAC captured from the past two years (86.9%). The 
projected 2017 catch was set equal to 4,347 t and was lower than the value specified in last year’s 
projections, 4,533 t. The 2018 catch value was set equal to 2017 catch. 


Female and male fishery selectivity and the numbers-at-age were also updated. The 2016 assessment 
projections used the selectivity curves and numbers-at-age from a model run where natural mortality was 
set equal to 0.09 rather than the 0.11. The accepted assessment model in 2016 assumed natural mortality 
was equal to 0.11. The corrections to fishery selectivity and numbers-at-age were made to reflect the 
model output from the last accepted model. Figure 1 shows the differences between the selectivity curves. 
Female selectivity is higher for ages 2 through 8 for the 2017 projections than the 2016 projections 
(Figure 1a). Male selectivity was lower ages 3 through 10 for the 2017 projections than the 2016 
projections (Figure 1b). The 2016 numbers-at-age were higher for ages 2 through 14 for the 2017 
projections than the 2016 projections (Figure 2). 



https://www.afsc.noaa.gov/REFM/Docs/2016/BSAIkamchatka.pdf





Summary of the results 
For the 2018 fishery, we recommend the maximum allowable ABC of 9,737 t from the updated projection 
model. The recommended 2018 maxABC and ABC are larger than those specified for 2017 and 2018 
from last year’s projection model. Reference values for BSAI Kamchatka flounder are summarized in the 
following table with the recommended ABC and OFL values for 2018 in bold. 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year* for: 


2017 2018 2018 2019 
M (natural mortality rate) 0.11 0.11 0.11 0.11 
Tier 3 3 3 3 
Projected total (age 2+) biomass (t) 170,300 181,000 189,868 


 


199,223 


 
Female spawning biomass (t)     
   Projected 60,300 62,200 63,718 


 


67,390 


 
   B100% 127,000* 127,000* 126,954 126,954 
   B40% 50,800* 50,800* 50,782 50,782 
   B35% 44,400* 44,400* 44,434 44,434 
FOFL 0.078 0.078 0.075 0.075 
maxFABC 0.066 0.066 0.064 0.064 
FABC 0.066 0.066 0.064 0.064 
OFL (t) 10,360 10,700 11,347 


 


12,022 


 
maxABC (t) 8,800 9,200 9,737 


 


10,317 


 
ABC (t) 8,800 9,200 9,737 


 


10,317 


 Status 
As determined last year for: As determined this year for:       


2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a No n/a No 
Approaching overfished n/a No n/a No 


* B100%, B40%, and B35% specified last year were rounded estimates and were equal to this year’s 
recommended values in the projection output file. 


The stock is not being subjected to overfishing, is not currently overfished, nor is it approaching a 
condition of being overfished. The tests for evaluating these three statements on status determination 
require examining the official total catch from the most recent complete year and the current model 
projections of spawning biomass relative to B35%. The official total catch for 2016 is 4,851 t which is less 
than the 2016 OFL of 11,100 t; therefore, the stock is not being subjected to overfishing. The estimates of 
spawning biomass for 2017 and 2018 from the current year (2017) projection model are 63,718 t and 
67,390 t, respectively. Both estimates are above the estimate of B35% at 44,434 t and, therefore, the stock 
is not currently overfished nor approaching an overfished condition. 


The 2017 and 2018 catch inputs were lower than the inputs used for the last projections. The reduction in 
catch led to an increase in projected total biomass and spawning biomass. The change to selectivity (see 
Summary of changed in assessment inputs section) was minimal; however, the shifts led to FOFL and FABC 
to be lowered. 







Survey trends  
The Kamchatka flounder assessment used the biomass estimates from three surveys; the EBS Shelf 
Survey, the EBS Slope Survey, and the Aleutian Islands Survey (Figure 3). New data exist for the EBS 
shelf survey only. The survey declined by 13% between 2016 and 2017 (55,324 t in 2016 and 48,084 t in 
2017).   


Catch-biomass ratios 
A time-series of catch, total biomass, and the catch-biomass ratio is presented in Table 1 and Figure 4. 
The denominator of the catch-biomass ratio was defined as total biomass. The ratio was stable through the 
1990s until 2007, increased to a peak in 2010, and has declined since. 


Summaries for Plan Team 
 
Species Year Biomass OFL ABC TAC Catch 


Kamchatka flounder 


2015 163,108 10,500 9,000 6,500 4,994 
2016 171,433 11,100 9,500 5,000 4,851 
2017 181,995 10,360 8,880 5,000 4,347+ 
2018* 189,868 11,347 9,737   


*Estimates from projection model. + Estimated as the product of the 2017 TAC and the average fraction 
of the TAC captured from the past two years (86.9%). 
 


Responses to SSC and Plan Team Comments on Assessments in General 
 
None – There were no comments specific to this assessment in the December 2016 SSC minutes. 


  







Tables 
 


Table 1. Time series of catch and biomass in metric tons and F, where F=C/B. 


Year Catch (t) Biomass (t) F (C/B) 


1991 2205.2 83416.5 0.03 


1992 1038.2 88386.6 0.01 


1993 933.8 93996.2 0.01 


1994 1436.6 98900.3 0.01 


1995 928 102429 0.01 


1996 1465.2 105836 0.01 


1997 1005.4 108412 0.01 


1998 1524.1 111332 0.01 


1999 1057.3 113824 0.01 


2000 1292.9 116700 0.01 


2001 1390.8 119389 0.01 


2002 1154 122538 0.01 


2003 1283.4 127147 0.01 


2004 1780.9 134016 0.01 


2005 1368.5 141382 0.01 


2006 1330.9 149910 0.01 


2007 1183 158728 0.01 


2008 6819 167427 0.04 


2009 12802 169548 0.08 


2010 21153 166011 0.13 


2011 9935 153748 0.06 


2012 9514 153848 0.06 


2013 7772 154533 0.05 


2014 6220 157552 0.04 


2015 4994 163108 0.03 


2016 4851 171433 0.03 


2017 4347 181,995 0.02 
 


  







Figures 
 


Figure 1. a) Female and b) male fishery selectivity used in the 2016 and 2017 projections. 
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Figure 2. The 2016 a) female and b) male numbers-at-age used in the 2016 and 2017 projections. 
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Figure 3. Survey biomass estimates in tons, Aleutian Islands Survey estimates (top panel), Eastern Bering 
Sea Shelf Survey estimates (middle panel), and Eastern Bering Sea Slope Survey estimates (bottom 
panel). 


  







 


Figure 4. Time series of a) total biomass (10s of tons), catch (tons), and b) the catch-biomass ratio from 
1991 – 2017. 
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6.  Assessment of the arrowtooth flounder stock in the Eastern 
Bering Sea and Aleutian Islands 


Ingrid Spies, Jerry Hoff, James N. Ianelli, Daniel G. Nichol,  
Wayne Palsson, and Thomas K. Wilderbuer 


Alaska Fisheries Science Center 
National Marine Fisheries Service 


Executive Summary 
The Bering Sea and Aleutian Islands (BSAI) arrowtooth flounder (Atheresthes stomias) stock is managed 
in Tier 3a and is assessed on a biennial basis.  Survey data for the BSAI comes from the BSAI shelf 
survey which takes place annually, the Aleutian Islands survey which is biennial, and the BSAI slope 
survey which is also typically biennial. In even years a full assessment of arrowtooth flounder (ATF) in 
the BSAI is conducted. On odd years, parameter values from the previous year’s assessment model (Spies 
et al. 2016; http://www.afsc.noaa.gov/REFM/Stocks/assessments.htm) and total catch information for the 
current and previous year are used to make projections and to recommend ABC and OFL for the 
following two years.  
 
A single species projection model was used to predict the status of the BSAI ATF stock for 2018 and 
2019 and to calculate ABC and OFL for those years. The projection model incorporated parameter values 
from the 2016 assessment model (Spies et al. 2016) as well as catch information from 2016 and 2017. 


Summary of Changes in Assessment Inputs 


Changes in the input data: 
1. The stock assessment model was not run for this update. New input data for the projection model 


consisted of the total catch for 2016 (11,109 t) and the current catch for 2017 (5,140 t as of September 
21, 2017) extrapolated to the full year’s catch. 


2. Running the projection model to predict 2018 and 2019 ABC’s requires estimates for the total catches 
in 2017 and 2018. The final catch for 2017 was estimated by calculating the proportion of catch 
between January 1st and September 21st from the previous five years (2012-2016), 90.2%. The total 
year’s catch was extrapolated from the catch through September 21, 2017, for a total of 5,698 t. The 
2018 catch was estimated as the average catch over the past four years, with the average catch from 
2014-2016 from AKFIN, and the full year’s catch estimate for 2017, for a 2018 estimate of 11,797 t. 
There has been a decreasing trend in ATF catch and the years selected for the 2018 catch estimate 
capture that trend (Figure 6.1). 
 


Changes in the assessment methodology: 
There were no changes to the assessment methodology. 


Summary of Results 
The estimate of total biomass in 2018 is higher than was estimated in the 2016 full assessment, 784,989 t 
vs. 772,153 t due to lower catch in 2017 than was predicted in 2016 (17,045 t was predicted in 2016 vs. 
5,698 t extrapolated from partial catches in 2017). Possible reasons for lower catches are discussed below. 
Recommended ABC’s for 2018 and 2019 are 65,929 t and 64,494 t, respectively, and the OFL’s are 
76,750 t and 67,553 t, based on the projection model results. The new ABC and OFL recommendations 
for 2018 are similar to those developed using the 2016 full assessment model for 2017 (65,371 t and 
76,100 t). The stock is not overfished, and is not approaching a condition of being overfished. Reference 
values are presented in the following table. 







 


Quantity 


As estimated or 
specified last year for: 


*As estimated or 
recommended this year for: 


2017 2018 2018 2019 
 


M (natural mortality rate)** 0.35, 0.2 0.35, 0.2 0.35, 0.2 0.35, 0.2 
Tier 3a 3a 3a 3a 
Projected total (age 1+) biomass (t) 779,195 772,153 785,141 782,840 
Projected Female spawning 


  
485,802 


 
 


464,066 
 


490,663 472,562 
     B100% 530,135 530,135 530,135 530,135 
     B40% 212,054 212,054 212,054 212,054 
     B35% 185,547 185,547 185,547 185,547 
FOFL 0.151 0.151 0.151 0.151 
maxFABC 0.129 0.129 0.129 0.129 
FABC 0.129 0.129 0.129 0.129 
OFL (t) 76,100 67,023 76,757 75,084 
maxABC (t) 65,371 58,633 65,932 64,494 
ABC (t) 65,371 58,633 65,932 64,494 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 
Overfishing no n/a no n/a 
Overfished n/a no n/a no 
Approaching overfished n/a no n/a no 
*Projections are based on estimated catches of 5,698 t for 2017 and 11,797 t for 2018. 
**Natural mortality rate was fixed at 0.35 for males, 0.2 for females. 
 
A research survey was conducted on the Eastern Bering Sea shelf in 2017. The EBS arrowtooth flounder 
biomass estimate was 424,194 t for 2017, which is similar to recent years (Figure 6.2). Between 2012-
2016 the EBS shelf survey biomass estimate for arrowtooth flounder was between 402,887 t and 
475,264 t. 
 
Starting in the current year, “off year” assessments are required to present a catch to biomass ratio, which 
is calculated here as the catch divided by the total age 1+ biomass from the assessment model and 2017 
total biomass from the projection model (Spies et al. 2016). The catch to biomass ratio has ranged from 
0.014 to 0.044 between 1993-2017 (Table 6.1, Figure 6.3). The lowest catch to biomass ratio was in 2017 
at 0.007; however it should be noted that catch in 2017 was extrapolated total year catch and the biomass 
estimate was based on a projection model. Therefore, the ratio may be less accurate than in previous years 
because it is not based on actual full year catch data.  
 
Catches of arrowtooth flounder have been decreasing in recent years in the BSAI. (Figure 6.1) for several 
reasons. In 2008-2010, the walleye pollock total allowable catch (TAC) was low (1x106 t, 815,000 t, and 
813,000 t in 2008, 2009, and 2010 vs. 1,394,000 t in 2007), which allowed the arrowtooth flounder TAC 
to be set higher (75,000 t) for each of those years. The pollock TAC increased to 1,252,000 t in 2011, 
which resulted in a decrease of arrowtooth TAC to 25,900 t. The year 2011 was the first year that 
Kamchatka flounder was split out from arrowtooth flounder, and the Kamchatka TAC was 17,700 t in that 
year. Prior to the Amendment 80 program which began in 2008, trawl catcher/processors could not target 
arrowtooth flounder because there was no halibut prohibited species catch (PSC) limit allocated to 
support an arrowtooth flounder directed fishery. In 2008 the Amendment 80 catcher/processors (CP) that 







were in a cooperative could use their halibut PSC in any fishery, so directed fishing for arrowtooth 
flounder was now an option. And at approximately this time, viable products from arrowtooth flounder 
were developed. Part of Amendment 80 required the catcher/processor fleet to increase their retention of 
all species, so it made sense to retain more arrowtooth flounder. Total retained arrowtooth increased from 
5,130 t in 2007 to 15,913 t in 2008. In the second half of 2014, the NPFMC put pressure on the 
Amendment 80 fleet to decrease their halibut PSC use, and decreasing arrowtooth flounder catch may 
have been a result. Decreasing PSC by catcher/processors from 2008-2017 is shown in Table 6.2.  
 
The number of trawl catcher/processors has decreased in recent years (Table 6.2). These Amendment 80 
CP’s often catch arrowtooth flounder and Kamchatka flounder together. This is complicated because it is 
difficult to determine how much of each species the fleet will catch. If the TACs are not similar, one 
species may close earlier than the other. Usually the Kamchatka flounder TAC is much lower than 
arrowtooth so that fishery closes earlier than arrowtooth. The fleet prefers Kamchatka because it usually 
has a higher value, and may decide not to target arrowtooth until the Kamchatka fishery closes. Also in 
2017 there was a change in vessel ownership. Several vessels and their license limitation program licenses 
were bought by other Amendment 80 companies. This changed how arrowtooth and Kamchatka flounder 
were fished in 2017. The 2017 companies wanted to keep both species open as long as possible in 2017 to 
reduce discards. Directed fishing closures for Kamchatka flounder are shown in Table 6.2. Directed 
fishing for arrowtooth was closed in 2012 and 2013 because the directed fishing allowance was reached in 
those years (Table 6.2).  
 


Summary for Plan Team 


Year 
Age 1+ 


Biomass (t) 1 


Female 
spawning 


biomass (t)1 OFL ABC TAC Catch2 
2016 910,012 535,350 91,663 78,661 22,000 11,109 
2017 779,195 485,802 76,100 65,371 14,000 5,1402 
2018 784,989 490,662 76,750 65,929   
2019 784,238 472,562 67,553 64,494   


1Results from age-structured projection model. 
2 Catch as of September 21, 2017. 


 


Literature cited 
Spies, I., Wilderbuer, T., Nichol, D., Hoff, J., Palsson, W. 2016. Assessment of the arrowtooth flounder 


stock in the Eastern Bering Sea and Aleutian Islands. North Pacific Fishery Management Council, 
P. O. Box 103136, Anchorage, AK 99510. 
http://www.afsc.noaa.gov/REFM/Stocks/assessments.htm 


 
 
 







Figure 6.1. Catch estimates of arrowtooth flounder in the Bering Sea and Aleutian Islands from 1993-
2018. Black circles represent the NMFS AKRO BLEND/Catch Accounting System estimates of catch 
through September 21, 2017. The red dots in 2017 and 2018 represent extrapolated catch estimates 
through December 31st for those years.  


 


 
 
 







Figure 6.2. Eastern Bering Sea shelf survey biomass estimates for arrowtooth flounder, 1987-2017. 


 
 
Figure 6.3. Catch to biomass ratio for BSAI arrowotooth flounder from 1993-2017. 


 







Table 6.1. Biomass estimates from the 2016 full assessment model, except for 2017 which was generated 
by the single species projection model. Catch data is from the NMFS AKRO BLEND/Catch Accounting 
System, except for 2017 which is an estimate based on the catch as of Sept. 21, 2017 extrapolated to Dec. 
31, 2017 based on average catches from 2012-2016. 
 


Year Biomass Catch Catch/Biomass 
Ratio 


1993 590,261 9,299 0.016 
1994 621,176 14,338 0.023 
1995 636,732 9,284 0.015 
1996 649,886 14,654 0.023 
1997 651,189 10,469 0.016 
1998 655,984 15,237 0.023 
1999 658,794 11,378 0.017 
2000 672,283 13,230 0.020 
2001 690,899 14,058 0.020 
2002 716,031 11,855 0.017 
2003 749,117 13,253 0.018 
2004 784,858 18,185 0.023 
2005 815,630 14,243 0.017 
2006 849,607 13,442 0.016 
2007 876,395 11,916 0.014 
2008 899,248 21,370 0.024 
2009 904,125 29,900 0.033 
2010 891,490 38,855 0.044 
2011 860,724 20,169 0.023 
2012 845,222 22,336 0.026 
2013 822,562 20,538 0.025 
2014 798,002 19,108 0.024 
2015 773,399 11,272 0.015 
2016 762,657 11,109 0.015 
2017 779,195 5,698 0.007 


 
 







Table 6.2. The amount of halibut prohibited species catch (PSC) taken by catcher processors in metric 
tons, the number of trawl catcher/processors targeting arrowtooth, and Kamchatka and arrowtooth 
flounder fishery closure dates, from 2003-2017. 
 


Year 
 


Catcher/processor 
halibut PSC (t) 


No. trawl CPs 
targeting arrowtooth 


Kamchatka closure 
dates for A80 CPs 


ATF closure 
dates 


2003  10   
2004  12   
2005  15   
2006  13   
2007  13   
2008  128  16   
2009  237  15   
2010  186  12   
2011  181  18   
2012  425  17  August 11 
2013  248  16 July 8 August 21 
2014  191  17 August 23  
2015  66  12 June 6  
2016  72  12 May 25  
2017  35  9 August 1  
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17.  Assessment of the Atka mackerel stock in the  
Bering Sea and Aleutian Islands 


 


Sandra Lowe, James Ianelli, and Wayne Palsson 


Executive Summary 


Relative to the November 2016 SAFE report, the following substantive changes have been made in the 
assessment of Atka mackerel. 


Summary of Changes in Assessment Input 
1. Total 2016 catch estimate was updated, and the projected total catch for 2017 was set to nearly equal 


the TAC (64,500 t), based on the catch amounts occurring after Oct. 1 in recent years. 
2. The 2016 fishery age composition data were added. 
3. The 2016 Aleutian Islands survey age composition estimates were added. 
4. The estimated average selectivity for 2012-2016 was used for projections. 
5. We assume that approximately 75% of the BSAI-wide ABC is likely to be taken under the revised 


Steller Sea Lion Reasonable and Prudent Alternatives (SSL RPAs) implemented in 2015. This 
percentage was applied to the 2018 and 2019 maximum permissible ABCs, and those reduced 
amounts were assumed to be caught in order to estimate the 2018 and 2019 ABCs and OFL values. 


6. As in 2016, the sample sizes specified for fishery age composition data were rescaled to have the 
same means as in the baseline model but varied relative to the number of hauls for the fishery. The 
2016 data were added. 


7. The survey age composition data were tuned using the Francis (2011) method. The 2016 data were 
added. 


8. As requested, refinements to the time-varying fishery selectivity inputs were made using the 
statistical weighting method for the time-varying fishery selectivity variance term, as was used for the 
age composition data. 


Summary of Changes in the Assessment Methodology 
There were no changes in the model configuration. However, the trade-offs between effective sample 
size and the extent selectivity is allowed to vary is evaluated using the existing model and previously 
computed “Francis weights”. Also, sensitivity to alternative fishery selectivity patterns over time were 
explored as requested. 


Summary of Results  
1. The addition of the 2016 fishery and survey age compositions information impacted the estimated 


magnitude of the 2011 year class which increased 14%, relative to last year’s assessment, and the 
magnitude of the 2012 year class which increased 32% relative to last year assessment. The 2012 year 
class is now slightly above average. 


2. Estimated values of B100% , B40% , B35% are 2% lower relative to last year’s assessment. 
3. Projected 2018 female spawning biomass (139,300 t) is 4% lower relative to last year’s estimate of 


2017 female spawning biomass, but essentially equivalent to last year’s projection for 2018 (<1% 
decrease). 


4. Projected 2018 female spawning biomass is above B40% (122,860 t), thereby placing BSAI Atka 
mackerel in Tier 3a.  


5. The current estimate of F40% = 0.38 is 12% higher relative to last year’s estimate of F40% due to 
changes in the fishery selectivity used for projections. 







6. The projected 2018 yield at maxFABC = F40% = 0.38 is 92,000 t, which is 6% higher relative to last 
year’s estimate for 2017.  


7. The projected 2018 overfishing level at F35%  = 0.46 is 108,600 t, which is 6% higher than last year’s 
estimate for 2017.  


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 2018* 2019* 
M (natural mortality rate) 0.30 0.30 0.30 0.30 
Tier 3a 3a 3a 3a 
Projected total (age 1+) biomass (t) 598,791 611,442 599,000 600,440 
Projected Female spawning biomass     
   Projected 145,258 138,791 139,300 125,600 
       B100% 313,220 313,220 307,150 307,150 
       B40% 125,288 125,288 122,860 122,860 
       B35% 109,627 109,627 107,500 107,500 
FOFL 0.40 0.40 0.46 0.46 
maxFABC 0.34 0.34 0.38 0.38 
FABC 0.34 0.34 0.38 0.38 
OFL (t) 102,700 99,900 108,600 97,200 
maxABC (t) 87,200 85,000 92,000 84,400 
ABC (t) 87,200 85,000 92,000 84,400 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a No n/a No 
Approaching overfished n/a No n/a No 


*Projections are based on estimated total catch of 69,000 t and 65,000 t in place of maximum permissible 
ABC for 2018 and 2019, respectively. 
 


Area apportionment of ABC 
The apportionments of the 2018 and 2019 recommended ABCs based on the random effects model: 


 2018 (t) 2019 (t) 
Eastern (541+S.BSea) 36,820 33,780 


Central (542) 32,000 29,350 
 Western (543) 23,180 21,270 


Total 92,000 84,400 
 


Responses to SSC and Plan Team Comments on Assessments in General  
From the December 2016 SSC minutes: “In an effort improve record keeping as assessment authors 
formulate various stock status evaluation models, the Plan Team has recommended a systematic 
cataloging convention. Any new model that diverges substantial from the currently accepted model will 
be marked with the two-digit year and a “0” version designation (e.g., 16.0 for a model from 2016). 
Variants that incorporate major changes are then distinguished by incremental increases in the version 
integer (e.g., 16.1 then 16.2), and minor changes are identified by the addition of a letter designation 
(e.g., 16.1a). The SSC recommends this method of model naming and notes that it should reduce 
confusion and simplify issues associated with tracking model development over time.” 







The BSAI Atka mackerel document is following the recommended naming convention. 


From the December 2016 Joint and BSAI Plan Team minutes: The BSAI Plan Team did not make any 
comments on assessments in general. 


Responses to SSC and Plan Team Comments Specific to the Atka Mackerel 
Assessment 
From their December SSC 2016 minutes: “While the authors did a very good job of recounting the 
management history relative to the Steller sea lion BIOP and RPAs, the ecosystem considerations section 
of the document provided very limited information on interactions between Atka mackerel and both 
marine mammal and seabird predators. The SSC recommends that the authors include information on 
how recent trends in Steller sea lion pup production correlate with Atka mackerel biomass and closure 
areas in the AI, and notes that the high biomass and low exploitation rates reported in areas 541 and 542 
correspond with areas where Steller sea lion populations appear to be recovering, while the Steller sea 
lion population in area 543, which was recently reopened to fishing, continues to decline.” 


The Ecosystems considerations section has been significantly expanded and updated. There is added 
discussion on marine mammal and seabird predators in the Predator population trends section. There is 
added discussion in the section on the Atka mackerel fishery and Steller sea lion interactions (see Atka 
mackerel fishery effects on the ecosystem). More specific information will become available in February 
2018 when a final NPRB report is submitted for a comprehensive project that studied the fishery 
interactions of Atka mackerel and Steller sea lions in areas 541 and 543.  


“For next year’s assessment, the SSC supports the following Plan Team recommendations:  


1. Tuning compositional data sample sizes to the harmonic mean effective sample size, or using the 
“Francis method.”  


2. Turning off time-varying fishery selectivity.  
3. Statistical estimation of the amount of time variability in selectivity.  
4. Use of time blocks for fishery selectivity, in consultation with industry.” 


See responses under November 2016 BSAI Plan Team minutes. 


“The SSC appreciates the responses from authors on previous SSC comments and supports the continued 
comprehensive analysis of fishery and survey time-varying selectivity and estimation of M and Q. 
Additional explanation of why dome-shaped selectivity is appropriate for Atka mackerel would be 
helpful.” The current assessment explores further aspects of time-varying fishery and survey selectivity 
(see Model evaluation). The current recommended model incorporates a new method for statistical 
estimation of the amount of time variability in fishery selectivity. The estimated dome-shaped selectivity 
patterns for the fishery and the survey are discussed under Selectivity in the Time series results section. 


From the November 2016 BSAI Plan Team minutes: “For next year’s assessment, the Team 
recommends that the authors explore: 


1. Tuning compositional data sample sizes to the harmonic mean effective sample size, or using the 
“Francis method.”  


2. Turning off time-varying fishery selectivity.  
3. Statistical estimation of the amount of time variability in selectivity.  
4. Use of time blocks for fishery selectivity, in consultation with industry.” 







Response to item 1: In previous assessments (until 2016), we estimated the post 1989-fishery and all 
survey age composition data sample sizes as the harmonic mean of the estimated effective sample sizes 
based on the method described in Thompson and Dorn (2003). These estimates were scaled to have a 
mean of 100 (fishery) or 50 (survey); earlier years were set to constant values. In the 2016 assessment, the 
post-1989 fishery and survey age composition data sample sizes were scaled to have the same means as in 
the previous assessments, but varied relative to the number of hauls sampled. In the current assessment, 
the post-1989 fishery sample sizes varied relative to the number of hauls sample, but the survey age 
composition sample sizes were tuned using the “Francis method”, (Francis 2011, equation TA1.8). For a 
discussion of these approaches, see Input sample size section. 


Response to items 2 and 4: We addressed the requests to turn off time-varying selectivity and using time 
blocks for fishery selectivity together in a preliminary sensitivity analysis (Model 16.0c) using blocks of 
years with constant selectivity for the following time periods: 


1977-1983 Foreign fishery 
1984-1991 Joint venture fishery 
1992-1998 Domestic fishery and 3-subarea split 
1999-2010 Steller sea lion regulations 
2011-2015 Steller sea lion RPAs 
2015-2016 revised Steller sea lion RPAs 


Results of the estimated selectivity patterns for the time blocks selected tended to obscure significant 
recruitment events, and or the selectivity for the block was based on a pattern that was only evident for a 
short time period (less than the number of years in the block). The selectivity patterns can have a large 
impact on the reference fishing mortality rates, and Atka mackerel have been shown to be sensitive to 
assumptions about selectivity. Further discussion can be found in Sensitivity analyses in the Model 
evaluation section. 


Response to item 3: In the current assessment, we implemented statistical estimation of the amount of 
time variability in fishery selectivity in Models 16.0a and 16.0b. We tuned the time-varying fishery 
selectivity variance (σf_sel) using the Francis weighting method (Francis 2011, equation TA1.8) on the 
fishery age composition data. This is analogous to the tuning with Francis weights that were used to 
determine sample sizes. See Sensitivity analyses in the Model evaluation section for further discussion. 


“It would be interesting to know how many fish are required to constitute a ton of catch in each area.” 
Results of an analysis of the 2016 fishery data are given below: 


 BSAI Area 
 541 542 543 
Mean age 4.8 5.7 5.6 
Minimum age 3 2 2 
Maximum age 11 12 12 
Mean weight (kg) 0.67 0.57 0.60 
Number fish per metric ton 1492 1763 1657 
Number of ages 386 856 570 


 


“Perhaps survey selectivity in the model should be time-varying”. 







In the current assessment, we conducted a sensitivity analyses of time-varying survey selectivity as 
suggested by the BSAI Plan Team. Initial explorations allowed for a separate selectivity pattern for 1986. 
Because of inconsistencies in the 1980s survey data (see Survey abundance indices), the 1980s survey 
biomass data are omitted, but the 1986 survey age composition are included. The 1986 survey age data 
provide useful information on relative year-class strengths, but the different survey protocols during the 
1980s may warrant allowing a selectivity change for that year. This was tested but failed to improve the 
model fit to the survey biomass and also had minimal impact on results. See Survey selectivity and 
catchability section for a discussion of previous explorations of time-varying survey selectivity including 
a random walk and time blocks. Other options to allow survey selectivity to change might be warranted, 
in particular to accommodate the change in survey tow duration and other changes in survey design over 
time. Fishery and survey time-varying selectivity is an important topic and applications in this assessment 
will continue to be explored along with interactions with estimates of M and q 


Introduction 
Native Names: In the Aleut languages, Atka mackerel are known as tmadgi-{ among the Eastern and 
Atkan Aleuts and Atkan of Bering Island. They are also known as tavyi-{ among the Attuan Aleuts 
(Sepez et al. 2003). 


Distribution 
Atka mackerel (Pleurogrammus monopterygius) are widely distributed along the continental shelf across 
the North Pacific Ocean and Bering Sea from Asia to North America. On the Asian side they extend from 
the Kuril Islands to Provideniya Bay (Rutenburg 1962); moving eastward, they are distributed throughout 
the Komandorskiye and Aleutian Islands (AI), north along the eastern Bering Sea (EBS) shelf, and 
through the Gulf of Alaska (GOA) to southeast Alaska. 


Early life history 
Atka mackerel are a substrate-spawning fish with male parental care. Single or multiple clumps of 
adhesive eggs are laid on rocky substrates in individual male territories within nesting colonies where 
males brood eggs for a protracted period. Nesting colonies are widespread across the continental shelf of 
the Aleutian Islands and western GOA down to bottom depths of 144 m (Lauth et al. 2007b). Historical 
data from ichthyoplankton tows done on the outer shelf and slope off Kodiak Island in the 1970’s and 
1980’s (Kendall and Dunn 1985) suggest that nesting colonies may have existed at one time in the central 
GOA. Possible factors limiting the upper and lower depth limit of Atka mackerel nesting habitat include 
insufficient light penetration and the deleterious effects of unsuitable water temperatures, wave surge, or 
high densities of kelp and green sea urchins (Gorbunova 1962, Lauth et al. 2007b, Zolotov 1993).   


In the eastern and central AI, larvae hatch from October to January with maximum hatching in late 
November (Lauth et al. 2007a). After hatching, larvae are neustonic and about 10 mm in length (Kendall 
and Dunn 1985). Along the outer shelf and slope of Kodiak Island, larvae caught in the fall were about 
10.3 mm compared to larvae caught the following spring which were about 17.6 mm (Kendall and Dunn 
1985). Larvae and fry have been observed in coastal areas and at great distances offshore (>500 km) in 
the Bering Sea and North Pacific Ocean (Gorbunova 1962, Materese et al. 2003, Mel’nikow and Efimkin 
2003).  


The Bering-Aleutian Salmon International Survey (BASIS) project studies salmon during their time at the 
high seas, and has conducted standardized surveys of the upper pelagic layer in the EBS shelf using a 
surface trawl. In addition to collecting data pertaining to salmon species, BASIS also collected and 
recorded information for many other Alaskan fish species, including juvenile Atka mackerel. The EBS 
shelf was sampled during the mid-August through September from 2004 to 2006 and juvenile Atka 
mackerel with lengths ranging from 150-200 mm were distributed along the outer shelf in the southern 







EBS shelf and along the outer middle shelf between St. George and St. Matthew Islands (Appendix B in 
Lowe et al. 2007). The fate or ecological role of these juveniles is unknown since adult Atka mackerel are 
much less common or absent in annual standardized bottom trawl surveys in the EBS shelf (Lauth and 
Acuna 2009).  


Reproductive ecology 
The reproductive cycle consists of three phases: 1) establishing territories, 2) spawning, and 3) brooding 
(Lauth et al. 2007a). In early June, a fraction of the adult males end schooling and diurnal behavior and 
begin aggregating and establishing territories on rocky substrate in nesting colonies (Lauth et al. 2007a). 
The widespread distribution and broad depth range of nesting colonies suggests that previous conjecture 
of a concerted nearshore spawning migration by males in the AI is not accurate (Lauth et al. 2007b). 
Geologic, oceanographic, and biotic features vary considerably among nesting colonies, however, nesting 
habitat is invariably rocky and perfused with moderate or strong currents (Lauth et al. 2007b). Many 
nesting sites in the AI are inside fishery trawl exclusion zones which may serve as de facto marine 
reserves for protecting Atka mackerel (Cooper et al. 2010).  


The spawning phase begins in late July, peaks in early September, and ends in mid-October (Lauth et al. 
2007a).  Mature females spawn an average of 4.6 separate batches of eggs during the 12-week spawning 
period or about one egg batch every 2.5 weeks (McDermott et al. 2007). After spawning ends, territorial 
males with nests continue to brood egg masses until hatching. Incubation times for developing eggs 
decrease logarithmically with an increase in water temperature and range from 39 days at a water 
temperature of 12.2° C to 169 days at 1.6 °C, however, an incubation water temperature of 15 °C was 
lethal to developing embryos in situ (Guthridge and Hillgruber 2008). Higher water temperatures in the 
range of water temperatures observed in nesting colonies, 3.9 °C to 10.5 °C (Gorbunova 1962, Lauth et 
al. 2007b), can result in long incubation times extending the male brooding phase into January or 
February (Lauth et al. 2007a). 


Prey and predators 
Adult Atka mackerel in the Aleutians consume a variety of prey, but principally calanoid copepods and 
euphausiids (Yang 1999), and are consumed by a variety of piscivores, including groundfish (e.g., Pacific 
cod and arrowtooth flounder, Livingston et al. unpubl. manuscr.), marine mammals (e.g., northern fur 
seals and Steller sea lions, Kajimura 1984, NMFS 1995, Sinclair and Zeppelin 2002, Sinclair et al. 2013), 
and seabirds (e.g., thick-billed murres, tufted puffins, and short-tailed shearwaters, Springer et al. 1999). 


Predation on Atka mackerel eggs by cottids and other hexagrammids is prevalent during the spawning 
season as is cannibalism by other Atka mackerel of both sexes (heterocannibalism) and by males from 
their own nest (filial cannibalism; Canino et al. 2008, Yang 1999, Zolotov 1993). Filial egg cannibalism 
is a common phenomenon in species with extended paternal care.  


Rand et al. (2010) analyzed Atka mackerel stomach data and determined that the east to west size cline in 
Atka mackerel sizes across the Aleutian Islands, was the result of food quality rather than food quantity or 
temperature, and may reflect local productivity. Atka mackerel near Amchitka Island (area 542) were 
eating more copepods and less euphausiids, whereas fish at Seguam pass (area 541) were eating more 
energy rich euphausiids and forage fish (Rand et al. 2010).  


Nichol and Somerton (2002) examined the diurnal vertical migrations of Atka mackerel using archival 
tags and related these movements to light intensity and current velocity. Atka mackerel displayed strong 
diel behavior, with vertical movements away from the bottom occurring almost exclusively during 
daylight hours, presumably for feeding, and little to no movement at night (where they were closely 
associated with the bottom). 







Stock structure 
A morphological and meristic study suggests there may be separate populations in the GOA and the AI 
(Levada 1979). This study was based on comparisons of samples collected off Kodiak Island in the 
central Gulf, and the Rat Islands in the Aleutians. Lee (1985) also conducted a morphological study of 
Atka mackerel from the Bering Sea, AI, and GOA. The data showed some differences (although not 
consistent by area for each characteristic analyzed), suggesting a certain degree of reproductive isolation. 
Results from an allozyme genetics study comparing Atka mackerel samples from the western GOA with 
samples from the eastern, central, and western AI showed no evidence of discrete stocks (Lowe et al. 
1998). A survey of genetic variation in Atka mackerel using microsatellite DNA markers provided little 
evidence of genetic structuring over the species range, although slight regional heterogeneity was evident 
in comparisons between some areas (Canino et al. 2010). Samples collected from the AI, Japan, and the 
GOA did not exhibit genetic isolation by distance or a consistent pattern of differentiation. Examination 
of these results over time (2004, 2006) showed temporal stability in Stalemate Bank, but not at Seguam 
Pass. These results indicate a lack of structuring in Atka mackerel over a large portion of the species 
range, perhaps reflecting high dispersal, a recent population expansion and large effective population size, 
or some combination of all these factors (Canino et al. 2010). 


The question remains as to whether the Aleutian Island and Gulf of Alaska populations of Atka mackerel 
should be managed as a unit stock or separate populations given that there is a lack of consistent genetic 
stock structure over the species range. There are significant differences in population size, distribution, 
recruitment patterns, and resilience to fishing, suggesting that management as separate stocks is 
appropriate. Bottom trawl surveys and fishery data suggest that the Atka mackerel population in the GOA 
is smaller and much more patchily distributed than that in the AI, and composed almost entirely of fish 
>30 cm in length. There are also more areas of moderate Atka mackerel density in the AI than in the 
GOA. The lack of small fish in the GOA suggests that Atka mackerel recruit to that region differently 
than in the AI. Nesting sites have been located in the GOA in the Shumagin Islands (Lauth et al. 2007a), 
and historical ichthyoplankton data from the 1970’s around Kodiak Island indicate there was a spawning 
and nesting population even further to the east (Kendall and Dunn 1985), but the source of these 
spawning populations is unknown. They may be migrant fish from strong year classes in the AI or a self-
perpetuating population in the GOA, or some combination of the two. The idea that the western GOA is 
the eastern extent of their geographic range might also explain the greater sensitivity to fishing depletion 
in the GOA as reflected by the history of the GOA fishery since the early 1970s. Catches of Atka 
mackerel from the GOA peaked in 1975 at about 27,000 t. Recruitment to the AI population was low 
from 1980-1985, and catches in the GOA declined to 0 in 1986. Only after a series of large year classes 
recruited to the AI region in the late 1980s, did the population and fishery reestablish in the GOA 
beginning in the early 1990s. After passage of these year classes through the population, the GOA 
population, as sampled in the 1996 and 1999 GOA bottom trawl surveys, has declined and is very patchy 
in its distribution. More recently, the strong 1999, 2006, and 2007 year classes documented in the AI 
showed up in the GOA. Leslie depletion analyses using historical AI and GOA fishery data suggest that 
catchability increased from one year to the next in the GOA fished areas, but remained the same in the AI 
areas (Lowe and Fritz 1996; 1997). These differences in population resilience, size, distribution, and 
recruitment support separate assessments and management of the GOA and AI stocks and a conservative 
approach to management of the GOA portion of the population.  


Management units 
Amendment 28 to the Bering Sea/Aleutian Islands (BSAI) Fishery Management Plan became effective in 
mid-1993, and divided the Aleutian subarea into three districts at 177°W and 177°E for the purposes of 
spatially apportioning Total Allowable Catches (TAC). Since 1994, the BSAI Atka mackerel TAC has 
been allocated to the three regions (541 Eastern Aleutians, 542 Central Aleutians, and 543 Western 
Aleutians). 







Fishery 


Catch history  
Atka mackerel became a reported species group in the BSAI Fishery Management Plan in 1978. Catches 
(including discards and community development quota [CDQ] catches), corresponding Acceptable 
Biological Catches (ABC), TAC, and Overfishing Levels (OFL) set by the North Pacific Fishery 
Management Council (NPFMC or Council) from 1978 to the present are given in Table 17.1. Non-
commercial removals are presented in Appendix A. These supplemental catch data are estimates of total 
available removals that do not occur during directed groundfish fishing activities. These include removals 
incurred during research, subsistence, personal use, recreational, and exempted fishing permit activities. 


From 1970-1979, Atka mackerel were landed off Alaska exclusively by the distant water fleets of the 
U.S.S.R., Japan and the Republic of Korea. U.S. joint venture fisheries began in 1980 and dominated the 
landings of Atka mackerel from 1982 through 1988. Total landings declined from 1980-1983 primarily 
due to changes in target species and allocations to various nations rather than changes in stock abundance. 
Catches increased quickly thereafter, and from 1985-1987 Atka mackerel catches averaged 34,000 t 
annually, dropping to a low of 18,000 t in 1989. The last joint venture allocation of Atka mackerel off 
Alaska was in 1989, and since 1990, all Atka mackerel landings have been made by U.S. fishermen.  
Beginning in 1992, TACs increased steadily in response to evidence of a large exploitable biomass, 
particularly in the central and western AI.  


Description of the directed fishery 
Fishery 
The patterns of the Atka mackerel fishery generally reflect the behavior of the species: (1) the fishery is 
highly localized and usually occurs in the same few locations each year; (2) the schooling semi-pelagic 
nature of the species makes it particularly susceptible to trawl gear fished on the bottom; and (3) trawling 
occurs almost exclusively at depths less than 200 m. In the early 1970s, most Atka mackerel catches were 
in the western AI (west of 180°W longitude). In the late 1970s and through the 1980s, fishing effort 
moved eastward, with the majority of landings occurring near Seguam and Amlia Islands. In 1984 and 
1985 the majority of landings came from a single 0.5° latitude by 1° longitude block bounded by 52° 30' 
N, 53° N, 172° W, and 173° W in Seguam Pass (73% in 1984, 52% in 1985). Areas fished by the Atka 
mackerel fishery from 1977 to 1992 are displayed in Fritz (1993). Areas of 2016 and 2017 fishery 
operations are shown in Fig. 17.1.  


Atka mackerel are caught almost exclusively by the Amendment 80 Fleet. The fishery for Atka mackerel 
has been a catch share fishery since 2008 when Amendment 80 to the BSAI Groundfish FMP was 
implemented, rationalizing the fleet of catcher/processor vessels in the Bering Sea and Aleutian Islands 
region targeting flatfish, Atka mackerel and Pacific ocean perch. The most recent increase in the Atka 
mackerel TAC reflects the continued health of the stock and expanded fishing opportunities in the 
Aleutian Islands.  


Market 
An economic performance report for 2016 for BSAI Atka mackerel is included in Appendix 17B (Fissel 
2017). The U.S. (Alaska), Japan and Russian are the major producers of Atka mackerel.1 Approximately 


                                                      


1 Japan and Russia catch the distinct species Okhotsk Atka mackerel (Pleurogrammus azonus) which are substitutes 
as the markets treat the two species identically. 







90% of the Alaska caught Atka mackerel is processed as head-and-gut, while the remainder is mostly sold 
as whole fish (Fissel 2017, Table 1). The domestic market for Atka mackerel is minimal, and virtually all 
of Alaska’s Atka mackerel production is exported, mostly to Asian markets in Japan, South Korea, and 
northern China. In Asia it undergoes secondary processing into products like surimi, salted-and-split and 
other consumable product forms (Fissel 2017). Based on U.S. export statistics, approximately 60% of 
Alaska’s Atka mackerel is exported to Japanese markets where it is particularly popular in the northern 
Hokkaido region. Atka mackerel has a unique cultural significance and is a symbolic fish in the Hokkaido 
region (AFSC 2016) 


The recent opening of previously restricted areas off the Aleutians in Area 541 has given industry more 
access to larger fish which yield a higher price per pound in the market. The increased price of Atka 
mackerel in recent years has helped to maintain first-wholesale value despite reduced production volume 
(Fissel 2017). 


Management history  
Prior to 1992, ABCs were allocated to the entire Aleutian management district with no additional spatial 
management. However, because of increases in the ABC beginning in 1992, the Council recognized the 
need to disperse fishing effort throughout the range of the stock to minimize the likelihood of localized 
depletions. In 1993, an initial Atka mackerel TAC of 32,000 t was caught by March 11, almost entirely 
south of Seguam Island. This initial TAC release represented the amount of Atka mackerel that the 
Council thought could be appropriately harvested in the eastern portion of the AI subarea (based on the 
assessment for the 1993 fishery; Lowe 1992). In mid-1993, however, Amendment 28 to the BSAI Fishery 
Management Plan became effective, dividing the Aleutian subarea into three districts at 177°W and 
177°E for the purposes of spatially apportioning TACs (Fig. 17.1). On August 11, 1993, an additional 
32,000 t of Atka mackerel TAC was released to the Central (27,000 t) and Western (5,000 t) districts. 
From 1994-2014, the BSAI Atka mackerel TAC was allocated to the three regions based on the average 
distribution of biomass estimated from the AI bottom trawl surveys. Beginning in 2015, The TAC was 
apportioned by applying the random effects model to AI survey biomass estimates. Table 17.2 gives the 
time series of BSAI Atka mackerel catches, corresponding ABC, OFL, and TAC by region. 


In June 1998, the Council passed a fishery regulatory amendment that proposed a four-year timetable to 
temporally and spatially disperse and reduce the level of Atka mackerel fishing within Steller sea lion 
critical habitat (CH) in the BSAI Islands. Temporal dispersion was accomplished by dividing the BSAI 
Atka mackerel TAC into two equal seasonal allowances, an A-season beginning January 1 and ending 
April 15, and a B-season from September 1 to November 1. Spatial dispersion was accomplished through 
a planned 4-year reduction in the maximum percentage of each seasonal allowance that could be caught 
within CH in the Central and Western AI. This was in addition to bans on trawling within 10 nm of all sea 
lion rookeries in the Aleutian district and within 20 nm of the rookeries on Seguam and Agligadak Islands 
(in area 541), which were instituted in 1992. The goal of spatial dispersion was to reduce the proportion 
of each seasonal allowance caught within CH to no more than 40% by the year 2002. No CH allowance 
was established in the Eastern subarea because of the year-round 20 nm trawl exclusion zone around the 
sea lion rookeries on Seguam and Agligadak Islands that minimized effort within CH. The regulations 
implementing this four-year phased-in change to Atka mackerel fishery management became effective on 
January 22, 1999 and lasted only 3 years (through 2001). In 2002, new regulations affecting management 
of the Atka mackerel, pollock, and Pacific cod fisheries went into effect. Furthermore, all trawling was 
prohibited in CH from August 8, 2000 through November 30, 2000 by the Western District of the Federal 
Court because of violations of the Endangered Species Act (ESA). 


As part of the plan to respond to the Court and comply with the ESA, NMFS and the NPFMC formulated 
new regulations for the management of Steller sea lion and groundfish fishery interactions that went into 







effect in 2002. The objectives of temporal and spatial fishery dispersion, cornerstones of the 1999 
regulations, were retained. Season dates and allocations remained the same (A season: 50% of annual 
TAC from 20 January to 15 April; B season: 50% from 1 September to 1 November). However, the 
maximum seasonal catch percentage from CH was raised from the goal of 40% in the 1999 regulations to 
60%. To compensate, effort within CH in the Central (542) and Western (543) Aleutian fisheries was 
limited by allowing access to each subarea to half the fleet at a time. Vessels fishing for Atka mackerel 
were randomly assigned to one of two teams, which started fishing in either area 542 or 543. Vessels were 
not permitted to switch areas until the other team had caught the CH allocation assigned to that area. In 
the 2002 regulations, trawling for Atka mackerel was prohibited within 10 nm of all rookeries in areas 
542 and 543; this was extended to 15 nm around Buldir Island and 3 nm around all major sea lion 
haulouts. Steller sea lion CH east of 178° W in the Aleutian district, including all CH in subarea 541 and 
a 1° longitude-wide portion of subarea 542, was closed to directed Atka mackerel fishing. 


The 2010 NMFS Biological Opinion (BiOp) found that the fisheries for Alaska groundfish in the Bering 
Sea and AI and GOA, and the cumulative effects of these fisheries, are likely to jeopardize the continued 
existence of the western distinct population segment (DPS) of Steller sea lions, and also likely to 
adversely modify the designated critical habitat of the western DPS of Steller sea lions. Because this 
BiOp found jeopardy and adverse modification of critical habitat, the agency was required to implement 
reasonable and prudent alternatives (RPAs) to the proposed actions (the fisheries). The 2010 BiOp 
included RPAs which required changes in groundfish fishery management in Management Sub-areas 543, 
542, and 541 in the AI Management Area. NOAA Fisheries implemented the RPAs via an interim final 
rule before the start of the 2011 fishery in January. 
 
Subsequently, the U.S. District Court ordered NMFS to prepare an Environmental Impact Statement 
(EIS) on the interim final rule. The NPFMC preferred alternative in the draft EIS for the final EIS differed 
from the interim final rule, and a reinitiation of consultation was requested for the proposed action under 
the preferred alternative. The NMFS Section 7 Consultation BiOp determined that the proposed action is 
not likely to jeopardize the continued existence of the western DPS of Steller sea lions and is not likely to 
destroy or adversely modify designated critical habitat (NMFS 2014a). The final EIS was issued May, 
2014 (NMFS 2014b). The modifications to the RPAs went in to effect for the 2015 fishing year. 
 
The RPAs from the 2010 BiOp and the 2014 Section 7 Consultation Biological Opinion specific to Atka 
mackerel are listed below. 


RPAs from the 2010 Biological Opinion 
In Area 543: 


• Prohibit retention by all federally permitted vessels of Atka mackerel and Pacific cod. 
• Establish a TAC for Atka mackerel sufficient to support the incidental discarded catch that may 


occur in other targeted groundfish fisheries (e.g., Pacific ocean perch). 
• Eliminate the Atka mackerel platoon management system in the HLA. 


 
In Area 542: 


• Close waters from 0–3 nm around Kanaga Island/Ship Rock to directed fishing for groundfish by 
federally permitted vessels. 


• Set TAC for Area 542 to no more than 47 percent of the Area 543 ABC. 
• Between 177° E to 179° W longitude and 178° W to 177° W longitude, close critical habitat from 


0–20 nm to directed fishing for Atka mackerel by federally permitted vessels year round. 
• Between 179° W to 178° W longitude, close critical habitat from 0-10 nm to directed fishing for 


Atka mackerel by federally permitted vessels year round. Between 179° W and 178° W 







longitude, close critical habitat from 10-20 nm to directed fishing for Atka mackerel by federally 
permitted vessels not participating in a harvest cooperative or fishing a CDQ allocation. 


• Add a 50:50 seasonal apportionment to the CDQ allocation to mirror seasonal apportionments for 
Atka mackerel harvest cooperatives. 


• Limit the amount of Atka mackerel harvest allowed inside critical habitat to no more than 10 
percent of the annual allocation for each harvest cooperative or CDQ group. Evenly divide the 
annual critical habitat harvest limit between the A and B seasons. 


• Change the Atka mackerel seasons to January 20, 12:00 noon to June 10, 12:00 noon for the A 
season and June 10, 12:00 noon to November 1, 12:00 noon for the B season. 


• Eliminate the Atka mackerel platoon management system in the HLA. 


In Area 541: 
• Change the Bering Sea Area 541 Atka mackerel seasons to January 20, 12:00 noon to June 10, 


12:00 noon for the A season and June 10,12:00 noon to November 1, 12:00 noon for the B 
season. 


In Bering Sea subarea: 
• Close the Bering Sea subarea year round to directed fishing for Atka mackerel. 
• Prohibit trawling for Atka mackerel from 0 to 20 nm around all Steller sea lion rookeries and 


haulouts and in the Bogoslof Foraging Area. 


Revised RPAs from the 2014 Biological Opinion 
The season dates for the AI Atka mackerel trawl fishery are modified relative to the action analyzed in the 
2010 Biological Opinion. The season dates from the action in the 2010 BiOp, the interim final rule, and 
the 2014 BiOp are shown in the table below. The interim final rule changed the Atka mackerel trawl 
season dates to align the Atka mackerel seasons with the AI pollock and Pacific cod trawl fisheries and to 
temporally disperse catch. The Atka mackerel trawl fishery season dates are extended even further under 
the 2014 BiOp. 
 
Atka mackerel trawl fishery season dates in 2010 Biological Opinion (BiOp), 2011–2014 Interim Final 
Rule, and the 2014 BiOp: 
 


 A Season B Season 
Start End Start End 


Action in 2010 BiOp 20-Jan 15-Apr 1-Sep 1-Nov 
Interim Final Rule 20-Jan 10-Jun 10-Jun 1-Nov 
Action in 2014 BiOp 20-Jan 10-Jun 10-Jun 31-Dec 


 
In Area 543: 


• Modify the closure around Buldir Island from a 0 to 15 nm closure to trawl fishing for Atka 
mackerel to a 0 to 10 nm closure. 


• Limit the Area 543 Atka mackerel TAC to less than or equal to 65 percent of the ABC.  
 
The action analyzed in the 2010 BiOp did not include an Area 543-specific Atka mackerel harvest limit 
and prohibited directed fishing for Atka mackerel and Pacific cod. 
 
In Area 542: 


• Close Stellar sea lion CH to Atka mackerel fishing between 178°E and 180° longitude.  
• Increase 0 to 10 nm closures to 0 to 20 nm closures year-round at five rookeries (Ayugadak Point, 


Amchitka/Column Rocks, Amchitka Island/East Cape, Semisopochnoi/Petrel, and 
Semisopochnoi/Pochnoi)  







• Increase 0 to 3 nm closures to 0 to 20 nm at six haulouts (Unalga and Dinkum Rocks, Amatignak 
Island/Nitrof Point, Amchitka Island/Cape Ivakin, Hawadax Island (formerly Rat Island), Little 
Sitkin Island, and Segula Island). 


 
The action analyzed in the 2010 BiOp included an Area 542-specific Atka mackerel harvest limit which 
set TAC for Area 542 to no more than 47 percent of the Area 542 ABC. The revised action does not 
include an Area 542-specific Atka mackerel harvest limit. 
 
In Area 541: 


• Open a portion of CH in Area 541 from 12 to 20 nm southeast of Seguam Island. 
• Beyond the 50 percent seasonal apportionments there is no limit on the amount of the Atka 


mackerel TAC that could be harvested inside this open area of CH. 
 
All of CH in Area 541 was closed to Atka mackerel fishing under the action analyzed in the 2010 BiOp. 
Fishing for Atka mackerel has been prohibited in Steller sea lion CH in Area 541 since 2001. 
 
In Bering Sea Subarea: 
Management of the Atka mackerel TAC in the AI Area 541 is combined with the Bering Sea subarea. In 
general, the harvest of Atka mackerel in the Bering Sea is incidental to harvest of other groundfish target 
species, and occurs in relatively small quantities in critical habitat areas closed to directed fishing for 
Atka mackerel. 


• Modify maximum retainable amount (MRA) regulations for Amendment 80 vessels and Western 
Alaska Community Development Quota (CDQ) entities operating in the Bering Sea subarea to 
revise the method for calculating the MRA. 


 
The effect of the modifications in the Bering Sea subarea would provide for more of the combined Bering 
Sea/541 Atka mackerel TAC to be harvested in the Bering Sea subarea rather than the AI. 
 
Amendment 78 to the BSAI Groundfish FMP closed a large portion of the AI subarea to 
nonpelagic trawling. The Amendment 78 closures to nonpelagic trawling include the AI Habitat 
Conservation Area (AIHCA), the AI Coral Habitat Protection Areas, and the Bowers Ridge Habitat 
Conservation Zone, located in the northern portion of Area 542 and 543. These closures were 
implemented on July 28, 2006. These closures are in addition to the Steller sea lion protection measures 
and, in combination, substantially limit the locations available for nonpelagic trawling in the AI subarea 
 
Amendment 80 to the BSAI Groundfish FMP was adopted by the Council in June 2006 and implemented 
for the 2008 fishing year. This action allocated several BSAI non-pollock trawl groundfish species 
(including Atka mackerel) among trawl fishery sectors, facilitated the formation of harvesting 
cooperatives in the non-American Fisheries Act (non-AFA) trawl catcher/processor sector, and 
established a limited access privilege program (also referred to as a catch share program). BSAI Atka 
mackerel is one of the groundfish species directly affected by Amendment 80. Participation in the Atka 
mackerel fishery is now limited as a result of Amendment 80. In addition, the Alaska Seafood 
Cooperative (AKSC) formerly the Best Use Cooperative was formed under Amendment 80 which 
includes most of the participants in the BSAI Atka mackerel fishery. 


Bycatch and discards 
Atka mackerel are not commonly caught as bycatch in other directed Aleutian Islands fisheries. The 
largest amounts of discards of Atka mackerel, which are likely under-size fish, occur in the directed Atka 
mackerel trawl fishery. Atka mackerel are also caught as bycatch in the trawl Pacific cod and rockfish 
fisheries. Discard data have been available for the groundfish fishery since 1990. Discards of Atka 







mackerel for 1990-1999 and 2000-2009 have been presented in previous assessments (Lowe et al. 2003 
and Lowe et al. 2011, respectively). Bering Sea/Aleutian Islands Atka mackerel discard data from 2010 to 
the present are given below: 


Year Fishery Discarded (t) Retained (t) Total (t) 
Discard  


Rate (%) 
2010 Atka mackerel 3,880 63,191 67,071 5.8 


 All others 95 1,480 1,575  
 All 3,975 64,671 68,646  


2011 Atka mackerel 1,191 47,377 48,568 2.5 
 All others 575 2,667 3,242  
 All 1,766 50,044 51,810  


2012 Atka mackerel 929 44,097 45,026 2.1 
 All others 415 2,384 2,799  
 All 1,344 46,481 47,825  


2013 Atka mackerel 448 19,387 19,835 2.3 
 All others 254 3,092 3,346  
 All 702 22,479 23,181  


2014 Atka mackerel 113 28,053 28,166 0.4 
 All others 274 2,511 2,785  
 All 387 30,564 30,951  


2015 Atka mackerel 555 46,979 47,533 1.2 
 All others 238 5,499 5,737  
 All 792 52,478 53,270  


2016 Atka mackerel 285 48,082 48,377 0.6 
 All others 143 5,976 6,119  
 All 427 54,058 54,485  


 
Discard rates were 2-3% until 2009 when the discard rate increased to nearly 4% (Lowe et al. 2003, Lowe 
et al. 2011). The increases in 2009 and 2010 may have been due to large numbers of small fish from the 
2006 and 2007 year classes (Lowe et al. 2011). In 2011, Steller sea lion protection measures were 
implemented which resulted in closures of the Western and Central Aleutian sub-areas (543, 542) to the 
Atka mackerel fishery and a reduction in the Atka mackerel TAC in the Central Aleutian sub-area (542). 
The large decrease in the 2011 discard rate likely reflects regulatory changes to the operation of the Atka 
mackerel fishery. Most recently, the discard rate dropped significantly to less than 1% in 2014. In 2015, 
the Western Aleutian sub-area (543) was re-opened to limited directed fishing for Atka mackerel, and the 
discard rate increased to slightly over 1%. 


Until 1998, discard rates of Atka mackerel by all fisheries have generally been greatest in the western AI 
(543) and lowest in the east (541, Lowe et al. 2003). In the 2004 fishery, the discard rates decreased in 
both the central and western Aleutians (542 & 543) while the eastern rate increased (Lowe et al. 2011). 
Subsequently, the 2005 discard rates dropped significantly in all three areas, contributing to the large 
overall drop in the 2005 discard rate (Lowe et al. 2011). Discard rates have continued to decrease in 
eastern AI (541) since 2005, and the discard rates in the Central AI (542) have increased, reflecting a shift 
in effort of the Atka mackerel fishery. The 2011-2014 data from the Western AI (543) are minimal Atka 
mackerel catches from the rockfish fisheries; directed fishing for Atka mackerel in 543 was prohibited 
under Steller sea lion protection measures. The discard rates in the Eastern and Central AI dropped 
significantly in 2014 to less than 1%. In 2015 under the revised Steller sea lion RPAs, the TAC reduction 
in the Central AI was removed and the Western AI was re-opened to directed fishing for Atka mackerel.   







  Aleutian Islands Subarea 
Year  541 542 543 
2010 Retained (t) 23,073 24,035 17,460 


 Discarded (t) 384 2,354 1,190 
 Rate 2% 9% 6% 


2011 Retained (t) 39,214 9,828 0.3 
 Discarded (t) 467 886 205 
 Rate 2% 8% 100% 


2012 Retained (t) 36,034 9,599 0.2 
 Discarded (t) 308 723 195 
 Rate 1% 7% 100% 


2013 Retained (t) 15,481 416 1.3 
 Discarded (t) 149 6,867 119 
 Rate 1% 6% 99% 


2014 Retained (t) 21,011 9,434 2 
 Discarded (t) 42 86 240 
 Rate 0.2% 0.9% 99% 


2015 Retained (t) 25,896 16,281 10,155 
 Discarded (t) 182 391 98 
 Rate 0.7% 2.3% 1% 


2016 Retained (t) 27,885 15,652 10,266 
 Discarded (t) 115 143 65 
 Rate 0.4% 0.9% 0.6% 


 


Steller sea lions and Atka mackerel fishery interactions  
Since 1979, the Atka mackerel fishery has occurred largely within areas designated as Steller sea lion 
critical habitat (20 nm around rookeries and major haulouts). While total removals from critical habitat 
may be small in relation to estimates of total Atka mackerel biomass in the Aleutian region, past fishery 
harvest rates may have been high enough to affect prey availability of Steller sea lions in localized areas 
(Lowe and Fritz 1997). The localized pattern of fishing for Atka mackerel does not appear to affect 
fishing success from one year to the next because local populations in the Aleutian Islands are likely 
replenished by immigration and recruitment. However, temporary reductions in the size and density of 
localized Atka mackerel populations may have affected Steller sea lion foraging success during the time 
the fishery was operating in critical habitat, and this effect may have persisted for a period of unknown 
duration after the fishery was excluded from critical habitat. As a precautionary measure, the NPFMC 
passed regulations in 1998 and 2001 (described above) to disperse fishing effort temporally and spatially 
as well as reduce effort within Steller sea lion critical habitat.  


NMFS has conducted ongoing tagging studies to determine the efficacy of trawl exclusion zones as a 
fishery-Steller sea lion management tool and to determine the local movement rates of Atka mackerel. 
Since 2000, the AFSC has released over 130,000 tagged fish and has recovered over 3,000 tagged fish. 
These studies are conducted to determine small scale changes in abundance and distribution of Atka 
mackerel around all of the major Steller sea lion rookeries along the Aleutian Island chain that are also 
targeted fishing areas for Atka mackerel. Mark- recapture methods have been successful for this species 
because the variance estimates obtained are unaffected by species patchiness, and tagging and handling 
mortality are very low (less than 4% in previous studies). In addition, the fishing industry has aided in the 
tag recovery process, substantially reducing the expense of chartering survey vessels.  







The tagging studies conducted near Seguam Pass (in area 541) in August 2000, 2001 and 2002 indicated 
that the 20 nm trawl exclusion zones around the rookeries on Seguam and Agligadak Islands are effective 
in minimizing disturbance to prey fields within them (McDermott et al. 2005). The boundary of the 20 
nm trawl exclusion zone at Seguam appears to occur at the approximate boundary of two naturally 
occurring assemblages. The movement rate between the two assemblages is small. Therefore, the results 
obtained in area 541 at Seguam regarding the efficacy of the trawl exclusion zone may not generally 
apply to other, smaller zones to the west. The tagging studies were expanded to management area 542, 
both inside and outside the 10 nm trawl exclusion zones in Tanaga Pass (in 2002), near Amchitka Island 
(in 2003) and off Kiska Island (in 2006). Movement rates at Tanaga pass and Kiska Island appear similar 
to those at Seguam with the trawl exclusion zones overlaying apparent natural boundaries to local 
aggregations. Movement rates at Amchitka were higher relative to Seguam. The boundaries at Amchitka 
bisect Atka mackerel habitat, unlike the boundaries at Seguam and Tanaga  


After the release of the 2010 BiOp and implementation of the closure of area 543 to the Atka mackerel 
and Pacific cod fisheries, additional tagging studies were conducted with the primary objective of 
examining Atka mackerel populations near rookeries in all areas open to directed Atka mackerel fishing 
in the Aleutian Islands. Since 2006, NMFS has been working cooperatively with the North Pacific 
Fisheries Foundation (NPFF) to conduct field work. In May to June 2011 NMFS, in collaboration with 
NPFF, released 8,500 tagged fish in the Eastern Aleutian Islands subarea (Seguam pass, area 541) and 
19,000 fish in the Central Aleutian Islands subarea (Tanaga pass and Petrel bank, area 542).  In May and 
June 2014, an additional 20,000 fish were tagged and released in the Western Aleutian Islands (Buldir 
Island, Western Aleutian Island Seamounts, Aggatu Island, and Ingenstrem Rocks, area 543) as well as 
Seguam Pass in the Eastern Aleutian Islands Aleutian Islands (area 541). Tag recovery surveys were 
conducted by a chartered fishing vessel and augmented with recoveries from the fishery. 


Additionally, during the 2012 tag recovery survey there was an opportunity to study the prey distribution 
of a Steller sea lion adult female that was tagged with a satellite-tracking tag in November 2011 by the 
AFSC Marine Mammal Laboratory. A hydroacoustic transect was conducted, species composition data 
was collected from trawl hauls, and camera tows were conducted in the area where the sea lion was 
feeding (South Petrel Bank). This provided a unique opportunity to investigate possible prey species 
availability during the same time and in the same location where the tagged female sea lion was diving. 
The Steller sea lion appeared to be diving in an area with high prey diversity: 5 spatially close trawl hauls 
each a captured a different predominant prey species (including Pacific ocean perch, northern rockfish, 
walleye pollock, Pacific cod, and Atka mackerel (McDermott et al. 2014); 
http://www.afsc.noaa.gov/REFM/Stocks/fit/FITcruiserpts.htm. 


These studies indicate that Atka mackerel exhibit very little large scale movement, with 98.5 % of tagged 
fish being recovered in the same study areas as they were released. The tagging model population and 
biomass estimates at the three study areas in the Eastern and Central Aleutian Islands showed large 
biomass estimates at Seguam Pass (541) and Petrel bank (542), both with approximately 190,000 t in the 
area open to fishing, and an estimated smaller biomass estimate (29,000 t ) at Tanaga pass (542). In all 
three areas the local exploitation rate was below 10%, with 8% at Seguam pass, 4% at Petrel bank and 2% 
at Tanaga pass. These low exploitation rates indicated that there was little concern for localized depletion 
in the areas open to fishing in the Eastern and Central Aleutian Islands during 2011-2012 (McDermott et 
al. 2014). In 2015, several of the areas closed in 2010, including the Western Aleutians (area 543), were 
reopened to commercial fishing. Analysis of the local population biomass estimates from 2014 to 2015 in 
the Western Aleutian Islands is ongoing. 



http://www.afsc.noaa.gov/REFM/Stocks/fit/FITcruiserpts.htm





Data 


Fishery data 
Fishery data consist of total catch biomass from 1977 to 2016 and projected end of year 2017 catch data 
(Table 17.1). 


Fishery Length Frequencies 
From 1977 to 1988, commercial catches were sampled for length and age structures by the NMFS foreign 
fisheries observer program. There was no JV allocation of Atka mackerel in 1989, when the fishery 
became fully domestic. Since the domestic observer program was not in full operation until 1990, there 
was little opportunity to collect age and length data in 1989. Also, the 1980 and 1981 foreign observer 
samples were small, so these data were supplemented with length samples taken by R.O.K. fisheries 
personnel from their commercial landings. Data from the foreign fisheries are presented in Lowe and Fritz 
(1996). 


Atka mackerel length distributions from the 2016 and preliminary 2017 fisheries by management area are 
shown in Figures 17.2 and 17.3, respectively. The modes at about 34-39 and 40-43 cm in the 2016 length 
distributions represent the 2012 year class. The available 2017 fishery data are presented and should be 
considered preliminary, but are similar to the 2016 distributions.  


Fishery Age Data 
Length measurements collected by observers and otoliths read by the AFSC Age and Growth Lab (Table 
17.3) were used to create age-length keys to determine the age composition of the catch from 1977-2015 
(Table 17.4). In previous assessments (prior to 2008), the catch-at-age in numbers was compiled using 
total annual BSAI catches and global (Aleutian-wide) year-specific age-length keys. The formulas used 
are described by Kimura (1989). As with the length frequencies, the age data for 1980-1981 and 1989 
presented problems. The commercial catches in 1980 and 1981 were not sampled for age structures, and 
there were too few age structures collected in 1989 to construct a reasonable age-length key. Kimura and 
Ronholt (1988) used the 1980 survey age-length key to estimate the 1980 commercial catch age 
distribution, and these data were further used to estimate the 1981 commercial catch age distribution with 
a mixture model (Kimura and Chikuni 1987). However, this method did not provide satisfactory results 
for the 1989 catch data and that year has been excluded from the analyses (Lowe et al. 2007).  


An alternative approach to compiling the catch-at-age data was adopted in the 2008 assessment in 
response to issues raised during the 2008 Center for Independent Experts (CIE) review of the Aleutian 
Islands Atka mackerel and pollock assessments. This method uses stratified catch by region (Table 17.2) 
and compiles (to the extent possible) region-specific age-length keys stratified by sex. This method also 
accounts for the relative weights of the catch taken within strata in different years. This approach was 
applied to catch-at-age data after 1989 (the period when consistent observer data were available) and 
follows the methods described by Kimura (1989) and modified by Dorn (1992; Table 17.4). Briefly, 
length-stratified age data are used to construct age-length keys for each stratum and sex. These keys are 
then applied to randomly sampled catch length frequency data. The stratum-specific age composition 
estimates are then weighted by the catch within each stratum to arrive at an overall age composition for 
each year. In summary, estimates of the proportion of catch-at-age are derived from the mean of the 
bootstrap sampling of the revised catch-at-age estimates. The bootstrap method also allows evaluation of 
sample-size scaling that better reflect inter-annual differences in sampling and observer coverage. Since 
body mass is applied in this estimation, stratum-weighted mean weights-at-age are available with the 
estimates of catch-at-age. The three strata for the Atka mackerel coincide with the three management 
areas (eastern, central, and western regions of the Aleutian Islands). This method was used to derive the 







age compositions for 1990-2016 (the period for which all the necessary information is readily available). 
Prior to 1990, the catch-age composition estimates remain the same as in previous assessments.   


The most notable features of the estimated catch-at-age data (Table 17.4) are the strong 1975, 1977, 1999, 
2000, and 2001 year classes, and large numbers of the 2006 and 2012 year classes which showed up in 
the 2009-2010 and 2015-2016 fisheries, respectively. The 1975 year class appeared strong as 3 and 4-
year-olds in 1978 and 1979. It is unclear why this year class did not continue to show up strongly after 
age 4. The 1977 year class appeared strong through 1987, after entering the fishery as 3-year-olds in 
1980. The 2002 fishery age data showed the first appearance in the fishery of the exceptionally strong 
1999 year class, and the 2003 and 2004 fishery data showed the first appearance of large numbers from 
the 2000 and 2001 year classes, respectively. The 2012 fishery data are dominated by 5 and 6-year-olds of 
the 2007 and 2006 year classes, respectively, and continue to show the presence of the 2001 year class. 
Significant numbers of 4 year olds of the 2009 year class were observed in 2013, and the 2011 year class 
dominated the 2014 fishery catch-at-age data, which also showed the continued presence of large 
numbers of the 2009 year class. Most recently, the 2016 catch data are mainly comprised of the 2012 year 
class, and no longer show a strong presence of the 2009 year class (Table 17.4). 


Atka mackerel are a summer-fall spawning fish that do not appear to lay down an otolith annulus in the 
first year (Anderl et al., 1996).  The Alaska Fisheries Science Center Age and Growth Unit adds one year 
to the number of otolith hyaline zones determined for Atka mackerel otoliths. All age data presented in 
this report have been corrected in this way.  


Survey data 
Atka mackerel are a difficult species to survey because: (1) they do not have a swim bladder, making 
them poor targets for hydroacoustic surveys; (2) they prefer hard, rough and rocky bottom which makes 
sampling with survey bottom trawl gear difficult; (3) their schooling behavior and patchy distribution 
result in survey estimates associated with large variances; and 4) Atka mackerel are thought to be very 
responsive to tide cycles. During extremes in the tidal cycle, Atka mackerel may not be accessible which 
could affect their availability to the survey. Despite these shortcomings, the U.S.-Japan cooperative trawl 
surveys conducted in 1980, 1983, 1986, and the 1991- 2016 domestic trawl surveys, provide the only 
direct estimates of population biomass from throughout the Aleutian Islands region. It is important to note 
that the biomass estimates from the early U.S-Japan cooperative surveys are not directly comparable with 
the biomass estimates obtained from the U.S. trawl surveys because of differences in the net, fishing 
power of the vessels and sampling design (Barbeaux et al. 2004). Due to differences in area and depth 
coverage of the U.S-Japan cooperative surveys, we present this historical data (Table 17.5), but these data 
are not used in the assessment model.  


The most recent Aleutian Islands biomass estimate from the 2016 Aleutian Islands bottom trawl survey is 
448,166 t, down 38% relative to the 2014 survey estimate (Table 17.6b). The breakdown of the Aleutian 
biomass estimates by area corresponds to the management sub-districts (541-Eastern, 542-Central, and 
543-Western). The decrease in biomass in the 2016 survey is largely a result of the decrease in biomass 
observed in the Eastern Aleutian area, but all areas showed declines (Table 17.6b). Relative to the 2014 
survey, the 2016 biomass estimates are down 27% in the Western area, 35% in the Central area, and 48% 
in the combined Southern Bering Sea/Eastern area (Fig. 17.4). The 95% confidence interval about the 
mean total 2016 Bering Sea/Aleutian Islands biomass estimate is 33-941,646 t. The coefficient of 
variation (CV) of the 2016 mean BSAI biomass is 31% (Table 17.6b).  


The distribution of biomass in the Western, Central, and Eastern Aleutians and the southern Bering Sea 
has shifted between each of the surveys, most dramatically in area 541 in the 2000 survey, and recently in 
the 2012 survey (Fig. 17.4). The 2000 Eastern Aleutian area biomass estimate (900 t) was the lowest of 
all surveys, contributing only 0.2% of the total 2000 Aleutian biomass and represented a 98% decline 







relative to the 1997 survey. The 2012 Eastern Aleutian biomass estimate of 33,149 t was down 91% 
relative the 2010 survey, and represented 12% of the total 2012 Aleutian biomass. The extremely low 
2000 biomass estimate for the Eastern area has not been reconciled, but there are several factors that may 
have had a significant impact on the distribution of Atka mackerel that were discussed in Lowe et al. 
(2001).  


The area specific variances for area 541 have always been high relative to 542 and 543; the distribution of 
Atka mackerel in 541 is patchier with episodic large catches often resulting from trawl samples in the 
major passes. During 2012, large catches of Atka mackerel were not observed in area 541 as they were 
during 2006, 2010, 2014, and to some extent in 2016. During the 2010, 2014, and 2016 surveys, the 
biomass from area 541 comprised 35 to 42% of the Aleutian Island biomass, but in 2012, only comprised 
12% of the Atka mackerel biomass (Table 17.6b).  


This variation in survey biomass and low estimates for 2012 may be affected by colder than average 
temperatures in the region and their effects on fish behavior. Gear temperature near the bottom during the 
2012 survey in area 541 was 0.25 °C colder than average for the 100 to 200 m depth stratum where 99% 
of the Atka mackerel are caught in the surveys, and both 2012 and 2000 were years with colder than 
average temperatures and low abundances of Atka mackerel (Fig. 17.5).  


Other factors could also affect survey catches. Sampling in area 541 includes passes with high currents 
that may affect towing success and catchability during daily tidal cycles and bi-weekly spring and neap 
tides. Atka mackerel are thought to be very responsive to tide cycles and current patterns, and the 
catchability of Atka mackerel may be influenced by currents.  However, there were no changes in survey 
protocols during 2012 that affected trawling operations with respect to tidal cycles and tows at stations 
were attempted with some failures through different current strengths. Three stations were resampled at 
the end of the cruise in area 541 in 2012 without any effect on the catch per unit effort of Atka mackerel. 
There is no evidence to suggest that the survey vessels were not sampling properly in 2012. Appendix 1 
in Lowe et al. (2001) examined the distribution of historical Atka mackerel survey data. Simulation 
results showed that it is very possible to underestimate the true biomass when the target organism has a 
very patchy distribution (E. Conners, Appendix 1 in Lowe et al. 2001). 


In 1994 for the first time since the initiation of the Aleutian triennial surveys, a significant concentration 
of biomass was detected in the southern Bering Sea area (66,603 t). This occurred again in 1997 (95,680 
t), 2002 (59,883 t), 2004, (267,556 t), and in the 2010 survey (103,529 t, Table 17.6a,b). These biomass 
estimates are a result of large catches from a single haul encountered north of Akun Island in all five 
surveys. In addition, large catches of Atka mackerel in the 2004 survey were also encountered north of 
Unalaska Island, with a particularly large haul in the northwest corner of Unalaska Island. The 2004 
southern Bering Sea strata biomass estimate of 267,556 t is the largest biomass encountered in this area in 
the survey time series. The CV of the 2004 southern Bering Sea estimate is 43%, much lower than 
previous years as several hauls contributed to the 2004 estimate. Most recently, the 2016 survey estimated 
only 186 t of biomass in the southern Bering Sea (CV=39%). Very little biomass has been observed in the 
southern Bering Sea since the 2010 survey. 


Areas with large catches of Atka mackerel in the 2010 survey included north of Akun Island, northwest of 
the Islands of Four Mountains, Seguam Pass, Kiska Island, Buldir Island, and Stalemate Bank (Fig. 17.5 
in Lowe et al. 2015). In the 2012 survey there were no extremely large catches observed as in previous 
surveys, and moderate catches were only observed south of Amchitka Island, Kiska Island, and Stalemate 
Bank (Fig. 17.6) In the 2014 survey, several large catches were observed at Seguam Pass, Atka Island, 
Tanaga Island, Kiska Island, and Stalemate Bank. In the 2016 survey there were fewer large hauls, and 
more hauls that did not encounter Atka mackerel relative to previous surveys. Moderately large catches in 
the 2016 survey were observed at Seguam Pass, Buldir Islands and Stalemate Bank (Fig. 17.6).  In the 







2002, 2004, 2006, and 2010 surveys Atka mackerel were much less patchily distributed relative to 
previous surveys and were encountered in 55, 58, 52, and 56% of the hauls respectively, which are some 
of the highest rates of encounters in the survey time series. Although no extremely large catches of Atka 
mackerel were encountered in the 2012 survey, low to moderate catches were observed in areas consistent 
with previous surveys, and the percent occurrence of Atka mackerel in the 2012 survey was 48%. In the 
2014 survey, Atka mackerel were encountered in 55% of the survey hauls, similar to surveys before 2012. 
The percent occurrence of Atka mackerel dropped to 38% in the most recent 2016 survey. 


The average bottom temperatures measured in the 2000 and 2012 surveys were the lowest of any of the 
Aleutian surveys, particularly in depths less than 200 m where 99% of the Atka mackerel are caught in 
the surveys (Fig. 17.5). Temperatures profiles from the 2014 and 2016 surveys were some of the warmest 
on record in the time series over all depth strata (Fig. 17.5). Studies suggest that temperature affects the 
incubation period and potentially the occupation of nesting habitats by males (Lauth et al. 2007a). Recent 
studies of habitat-based definitions of essential fish habitat (EFH) in the Aleutian Islands demonstrate that 
water temperature can be an important determinant of EFH for many groundfish species (Laman et al. 
2017). The effect of temperature on survey catchability and fish behavior is unknown, but could affect the 
vertical or broad scale distribution of Atka mackerel to make them less available to the trawl during cold 
years.  


Survey length frequencies 
The bottom trawl surveys have consistently revealed a strong east-west gradient in Atka mackerel size 
similar to fishery data, with the smallest fish in the west and progressively larger fish to the east along the 
Aleutian Islands chain. This was evident in the 2012 and 2014 surveys (Figure 17.7 in Lowe et al. 2012 
and Lowe et al. 2015). The 2016 survey length frequency distributions also show a strong east-west 
gradient in Atka mackerel size, although the pattern is somewhat obscured in the Central Aleutians which 
showed a bimodal distribution with modes at 28-30 and 34-38 cm (Fig. 17.7). It is unclear why large 
numbers of 28-30 cm fish were only encountered in the Central Aleutians. 


Survey age data  
The 2010 survey age composition was dominated by 3 and 4-year olds of the 2007 and 2006 year classes 
(Fig. 17.8 in Lowe et al. 2011). The 2009-2013 fishery data confirm the strong presence of the 2006 and 
2007 year classes in fishery catches. The 2012 survey age composition was dominated by 3 and 5-year 
olds of the 2009 and 2007 year classes, and the 2014 survey age composition was dominated by 3 and 4-
year olds of the 2011 and 2010 year classes. Seven and eight year olds of the 2006 and 2007 year classes 
were still numerous in the 2014 survey age composition (Fig. 17.5 in Lowe et al. 2015).  


The 2016 survey age composition is mainly comprised of 3 and 4-year olds of the 2013 and 2012 year 
classes, respectively (Fig. 17.8). These year classes comprise nearly 60% of 2016 age composition. The 
mean age in the 2016 survey age composition is 4.9 years, compared to 5.8 years in the 2014 survey. 
Table 17.7 gives estimated survey numbers at age of Atka mackerel from the Bering Sea/Aleutian Islands 
trawl surveys and numbers of Atka mackerel otoliths aged. 


We note that although biomass estimates from the U.S.-Japan cooperative trawl surveys are not utilized, 
we do use the survey age data from the 1986 U.S.-Japan cooperative trawl survey as this was the most 
well-sampled survey in the cooperative survey time series, and the age data provide useful historical 
information for the assessment model. 


Survey abundance indices 
A partial time series of relative indices from the 1980, 1983, 1986 Aleutian Islands surveys had been used 
in early assessments (Lowe et al. 2001). The relative indices of abundance excluded biomass from the 1-







100 m depth strata of the Southwest Aleutian Islands region (west of 180°) due to the lack of sampling in 
this stratum in some years. Because the excluded area and depth stratum have consistently been found to 
be locations of high Atka mackerel biomass in later surveys, it was determined that the indices did not 
provide useful additional information to the model and have been omitted from the assessment since 
2001. Analyses to determine the impact of omitting the relative time series showed that results without 
the relative index are more conservative (Lowe et al. 2002). 


Analytic Approach 
The 2002 BSAI Atka mackerel stock assessment introduced a new modeling approach implemented 
through the “Stock Assessment Toolbox“ (an initiative by the NOAA Fisheries Office of Science and 
Technology) that evaluated favorably with previous assessments (Lowe et al. 2002). This approach used 
the Assessment Model for Alaska (AMAK)2 from the Toolbox, which is similar to the stock synthesis 
application (Methot 1989, 1990; Fournier and Archibald 1982, Fournier 1998) used for Aleutian Islands 
Atka mackerel from 1991–2001, but allows for increased flexibility in specifying models with uncertainty 
in changes in fishery selectivity and other parameters such as natural mortality and survey catchability 
(Lowe et al. 2002). This approach (AMAK) has also been adopted for the Aleutian Islands pollock stock 
assessment (Barbeaux et al. 2004).  


Model structure 
The AMAK models catch-at-age with the standard Baranov catch equation. The population dynamics 
follows numbers-at-age over the period of catch history (here 1977-2016) with natural and age-specific 
fishing mortality occurring throughout the 11-age-groups that are modeled (1-11+). Age 1 recruitment in 
each year is estimated as deviations from a mean value expected from an underlying stock-recruitment 
curve. Deviations between the observations and the expected values are quantified with a specified error 
model and cast in terms of a penalized log-likelihood. The overall log-likelihood (L) is the sum of the log-
likelihoods for each data component and prior specification (e.g., for affecting the extent selectivity is 
allowed to vary). Appendix 17C Tables C-1 – C-3 provide a description of the variables used, and the 
basic equations describing the population dynamics of Atka mackerel as they relate to the available data. 
The quasi3 likelihood components and the distribution assumption of the error structure are given below: 


                                                      


2 AMAK. 2015. A statistical catch at age model for Alaska, version 15.0. NOAA version available on request to 
authors. 
 


3 Quasi likelihood is used here because model penalties (not strictly relating to data) are included. 







Data component Years of data Likelihood form 
CV or sample size 


(N) 
Catch biomass 1977-2017 Lognormal CV=5% 


Fishery catch age composition 1977-2016 Multinomial 
Year specific N=2-236, 


Ave.=100 


Survey biomass 
1991, 1994, 1997, 2000, 2002 
2004, 2006, 2010, 2012, 2014, 
2016 


Lognormal Average CV=25% 


 
Survey age composition  
 


1986, 1991, 1994, 1997, 2000 
2002, 2004, 2006, 2010, 2012, 
2014, 2016 


 
Multinomial N=13-37, Ave.=26  


Recruitment deviations  Lognormal  
Stock recruitment curve  Lognormal  
Selectivity smoothness (in age-
coefficients, survey and fishery)  Lognormal  
Selectivity change over time (fishery and 
survey)  Lognormal  
Priors (where applicable)  Lognormal  
 


Input sample size 
Model fitting and parameter estimation is affected by assumptions on effective sample size as inputs to 
reflect age-composition data (via the multinomial likelihood). In previous assessments, “effective sample 
sizes” ( ) were estimated (where i indexes year, and j indexes age) as: 


  


where  is the proportion of Atka mackerel in age group j in year i plus an added constant of 0.01 to 


provide some robustness. The variance of was obtained from the estimates of variance in catch-at-age 
(Dorn 1992). Thompson and Dorn (2003, p. 137) and Thompson (AFSC pers. comm.) noted that the 
above is a random variable that has its own distribution. Thompson and Dorn (2003) show that the 
harmonic mean of this distribution is equal to the true sample size in the multinomial distribution. This 
property was used in the previous assessments to obtain sample size estimates for the (post 1989) fishery 
numbers-at-age estimates (scaled to have a mean of 100; earlier years were set to constant values).  


In the 2016 assessment assumptions on sample sizes for age composition data were re-evaluated. For the 
fishery, the number of Atka mackerel lengths measured varied substantially as did the number of hauls 
from which hard-parts were sampled from fish for age-determinations. A comparison of values used in 
the 2015 assessment, and the scaled number of hauls shows differing patterns over time (Fig. 17.10 in 
Lowe et al. 2016). Stewart and Hamel (2014) found the maximum realized sample sizes for fishery 
biological data to be related both to the number of hauls and individual fish sampled from those hauls, 
and that a relative measure proportional to the number of hauls sampled might be a better indicator of 
sampling intensity. Therefore, for Model 16.0 (introduced in last year’s assessment) and Model 16.0b 
(introduced in the current assessment, see Model Evaluation), the post-1989 fishery sample sizes were 
scaled to have the same mean as the 2015 assessment model (N=100) but varied relative to the number of 
hauls sampled; earlier years were set to constant values.  The table below gives the fishery sample sizes 
for Models 16.0 and 16.0b. 
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1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 
25 25 25 25 50 50 50 50 50 50 50 50 


1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 
47 6 3 2 28 23 22 5 27 74 94 66 


2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 
68 146 131 147 139 143 163 168 156 115 154 112 


2014 2015 2016          
153 219 236          


 


Last year’s assessment used a similar approach for computing time-varying sample sizes for survey age 
compositions. As in the 2016 assessment, Model 16.0 scaled sample sizes to have a mean of 
approximately 50 but varied with the number of Atka mackerel hauls. For Model 16.0b, effective sample 
sizes for the survey age compositions were estimated following Francis (2011, equation TA1.8, Francis 
weights). The table below compares the survey sample sizes under Model 16.0 (last year’s model with 
updated values) and the current Model 16.0b tuned using Francis weights. 


Survey  
Year Model 16.0 Model 16.0b 
1986 31 16 
1991 37 19 
1994 36 19 
1997 25 13 
2000 38 20 
2002 67 35 
2004 72 37 
2006 54 28 
2010 69 36 
2012 59 31 
2014 66 34 
2016 47 24 
Ave. 52 26 


 


An ageing error conversion matrix is used in the assessment model to translate model population numbers 
at age to expected fishery catch at age. We estimated this matrix using an ageing error model fit to the 
observed percent agreement at ages 2 through 10. Mean percent agreement is close to 100% at age 2 and 
declines to 54% at age 10. Annual estimates of percent agreement are variable, but show no obvious 
trend, hence a single conversion matrix for all years in the assessment model was adopted. The model is 
based on a linear increase in the standard deviation of ageing error and the assumption that ageing error is 
normally distributed. The model predicts percent agreement by taking into account the probability that 
both readers are correct, both readers are off by one year in the same direction, and both readers are off by 
two years in the same direction. The probability that both readers agree and were off by more than two 
years was considered negligible. 


Parameters estimated outside the assessment model 
The following parameters were estimated independently of other parameters outside of the assessment 
model: natural mortality (M), length and weight at age parameters, and maturity at age and length 
parameters. A description of these parameters and how they were estimated follows. 







Natural mortality 
Natural mortality (M) is a difficult parameter to estimate reliably. One approach we took was to use the 
regression model of Hoenig (1983) which relates total mortality as a function of maximum age. Hoenig’s 
(1983) equation is: 
 ln(Z) = 1.46 – 1.01(ln(Tmax)). 
Where Z is total instantaneous mortality (the sum of natural and fishing mortality, Z=M+F), and Tmax is 
the maximum age. The instantaneous total mortality rate can be considered an upper bound for the natural 
mortality rate if the fishing mortality rate is minimal. The catch-at-age data showed a 14-year-old fish in 
the 1990 fishery, and a 15-year-old in the 1994 fishery. Assuming a maximum age of 14 years and 
Hoenig’s regression equation, Z was estimated to be 0.30 (Lowe 1992). Because fishing mortality was 
relatively low in 1990, natural mortality has been reasonably approximated by a value of 0.30 in past 
assessments. 


An analysis was undertaken to explore alternative methods to estimate natural mortality for Atka 
mackerel (Lowe and Fritz, 1997). Several methods were employed based on correlations of M with life 
history parameters including growth parameters (Alverson and Carney 1975, Pauly 1980, Charnov 1993), 
longevity (Hoenig 1983), and reproductive potential (Roff 1986, Rikhter and Efanov 1976). Atka 
mackerel appear to be segregated by size along the Aleutian chain. Thus, natural mortality estimates 
based on growth parameters would be sensitive to any sampling biases that could result in under- or over-
estimation of the von Bertalanffy growth parameters. Fishery data collections are more likely to be biased 
as the fishery can be more size selective and concentrates harvests in specific areas as opposed to the 
surveys. Natural mortality estimates derived from fishery data ranged from 0.05 to 1.13 with a mean of 
0.53. Natural mortality estimates, excluding those based on fishery data, ranged from 0.12 to 0.74 with a 
mean value of 0.34. The current assumed value of 0.3 is consistent with these values. Also, a value of 0.3 
is consistent with values of M derived by the methods of Hoenig (1983) and Rikhter and Efanov (1976) 
which do not rely on growth parameters (Lowe and Fritz, 1997).  


The 2003 assessment explored the use of priors on M, resulting in drastically higher biomass levels (Fig. 
17.11 in Lowe et al. 2003). We conducted preliminary explorations of alternative formulations of an age-
dependent M selected outside the assessment model. Alternatives included the Lorenzen model 
(Lorenzen, 1996), and the M-at-age formulation suggested in the report of the Natural Mortality 
Workshop held in 2009 (the “best ad-hoc mortality model” in that report [see Brodziak et al. 2011]). 
Initial results showed higher natural mortality rates compared to the baseline assessment model. Values of 
recruitment were much greater relative to the baseline model and were reflected in higher spawning 
biomass levels and target fishing mortality rates. We found the effect of higher natural mortality generally 
is traded off with estimated patterns in selectivity, especially for the older ages. We will continue to 
explore the estimation of age-dependent M and the impacts on parameters of interest. 


In the current assessment, a natural mortality value of 0.3 was used in the assessment model.  


Length and weight at age 
Atka mackerel exhibit large annual and geographic variability in length at age. Because survey data 
provide the most uniform sampling of the Aleutian Islands region, data from these surveys were used to 
evaluate variability in growth (Kimura and Ronholt 1988, Lowe et al. 1998). Kimura and Ronholt (1988) 
conducted an analysis of variance on length-at-age data from the 1980, 1983, and 1986 U.S.-Japan 
surveys, and the U.S.-U.S.S.R. surveys in 1982 and 1985, stratified by six areas. Results showed that 
length at age did not differ significantly by sex, and was smallest in the west and largest in the east. 
Studies by Lowe et al. (1998), Rand et al. (2010), and McDermott et al. (2014) corroborated differential 
growth in three sub-areas of the Aleutian Islands and the Western GOA, and the east to west differential 







size cline. Based on the work of Kimura and Ronholt (1988), and annual examination of length and age 
data by sex which has found no differences, growth parameters are presented for combined sexes.  


Parameters of the von Bertalanffy length-age equation and a weight-length equation have been calculated 
for (1) the combined 2010, 2012, 2014, and 2016 survey data for the entire Aleutians region, and for the 
Eastern (541), Central (542), and Western (543) subareas, and (2) the combined 2014-2016 fishery data 
for the same areas: 


Data source L∞(cm) K t0 
2010, 2012, 2014, 


2016 surveys    
Areas combined 43.23 0.384 -0.027 


541 46.35 0.371 -0.374 
542  42.76 0.377 -0.037 
543 40.41 0.442 0.060 


2014-2016 fishery    
Areas combined 41.52 0.318 -2.082 


541 45.06 0.295 -2.188 
542 39.52 0.466 -0.164 
543 39.88 0.516 0.515 


 
Length-age equation: Length (cm) = L∞{1-exp[-K(age-t0)]} 


Both the survey and fishery data show a clear east to west size cline in length at age with the largest fish 
found in the eastern Aleutians.   


The weight-length relationship determined from the same data sets are as follows:  
  weight (kg) = 5.70E-06 × length (cm) 3.217 (2010, 2012, 2014, 2016 surveys; N = 1,784) 
  weight (kg) = 3.84E-05 × length (cm) 2.679 (2014-2016 fisheries; N = 6,610). 


The observed differences in the weight-length relationships from the survey and fishery data, particularly 
in the exponent of length, probably reflect the differences in the timing of sample collection. The survey 
data were all collected in summer, the spawning period of Atka mackerel when gonad weight would 
contribute the most to total weight. The fishery data were collected primarily in winter, when gonad 
weight would be a smaller percentage of total weight than in summer.  


Year-specific weight-at-age estimates are used in the model to scale fishery and survey catch-at-age (and 
the modeled numbers-at-age) to total catch biomass and are intended to represent the average weight-at-
age of the catch. Separate annual survey weights-at-age are compiled for expanding modeled numbers 
into age-selected survey biomass levels (Table 17.8). Specifically, survey estimates of length-at-age were 
obtained using year-specific age-length keys. Weights-at-age were estimated by multiplying the length 
distribution at age from the age-length key, by the mean weight-at-length from each year-specific data set 
(De Robertis and Williams 2008). In addition, a single vector of weight-at-age values based on the 2012, 
2014, and 2016 surveys is used to derive population biomass from the modeled numbers-at-age in order 
to allow for better estimation of current biomass (Table 17.8).  


The fishery weight-at-age data presented in previous assessments (prior to 2008) were compiled based on 
unweighted, unstratified (Aleutian-wide) fishery catch-age samples to construct the year-specific age-
length keys (see Table 17.8 in Lowe et al. 2007). Beginning with the 2008 assessment, the weights-at-age 
for the post 1989 fishery reflect stratum-weighted values based on the relative catches. The fishery 
weight-at-age data presented in Table 17.8 for 1990 to 2016, were compiled using the region-specific age-







length key estimation scheme described above in the Fishery Data section. Prior to 1990, the fishery 
weight-at-age estimates are as in previous assessments and given in Table 17.8.   


Maturity at age and length 
Female maturity at length and age were determined for Aleutian Islands Atka mackerel (McDermott and 
Lowe, 1997). The estimated female maturity at age is used in the assessment models. The age at 50% 
maturity is 3.6 years. Length at 50% maturity differs by area as the length at age differs by Aleutian 
Islands sub-areas: 
  Length at 50% maturity (cm) 
 Eastern Aleutians   (541) 35.91 
 Central Aleutians   (542) 33.55 
 Western Aleutians (543) 33.64 


The maturity schedules are given in Table 17.9. Cooper et al. (2010) examined spatial and temporal 
variation in Atka mackerel female maturity at length and age. Maturity at length data varied significantly 
between different geographic areas and years, while maturity at age data failed to indicate differences and 
corroborated the age at 50% maturity determined by McDermott and Lowe (1997).  


Parameters estimated inside the assessment model 
Deviations between the observations and the expected values are quantified with a specified error 
structure. Lognormal error is assumed for survey biomass estimates and fishery catch, and a multinomial 
error structure is assumed for survey and fishery age compositions. These error structures are used to 
estimate the following parameters conditionally within the model (fishing mortality, survey selectivity, 
survey catchability, age 1 recruitment). A description of these parameters and how they were estimated 
follows. 


Fishing mortality 
Fishing mortality is parameterized to be separable with a year component and an age (selectivity) 
component. The selectivity relationship is modeled with a smoothed non-parametric relationship that can 
take on any shape (with penalties controlling the degree of change over time, degree of declining 
selectivity at age (dome-shape, dσ ), and curvature as specified by the user; Table A-2). Selectivity is 
conditioned so that the mean value over all ages will be equal to one. To provide regularity in the age 
component, a moderate penalty was imposed on sharp shifts in selectivity between ages (curvature) using 
the sum of squared second differences (log-scale). In addition, the age component parameters are assumed 
constant for ages 10 and older. Asymptotic growth is reached at about age 9 to 10 years. Thus, it seemed 
reasonable to assume that selectivity of fish older than age 10 would be the same. A moderate penalty was 
imposed to allow the model limited flexibility on degree of declining selectivity at age. In the 2012 
assessment we evaluated a range of alternative values for the prior penalty of the parameter determining 
the degree of dome-shape ( ) for fishery selectivity. Based on these results, a value of 0.3 for  was 
chosen for the selected model (Lowe et al. 2012) and is carried forward unchanged in this assessment. 


Prior to the 2008 assessment, selectivity had been allowed to vary annually with a low constraint as 
described in the 2002 assessment (Lowe et al. 2002). As suggested by the 2008 CIE reviewers, we 
adopted a new model configuration with blocks of years with constant selectivity which corresponded 
approximately to the foreign fishery, the joint venture fishery, the domestic fishery prior to Steller sea lion 
regulations, and the domestic fishery post Steller sea lion regulations. This model configuration was used 
in the 2008-2012 assessments. In the 2013 assessment, a method to allow fishery selectivity to vary 
without having to subjectively specify an arbitrary degree of penalty was implemented based on an 
application developed at the Center for the Advancement of Population Assessment Methodology 
(CAPAM) workshop on selectivity. This method follows the procedure outlined in Annex 2.1.1 of the 
2012 BSAI Pacific cod assessment (Thompson and Lauth 2012, p. 442-445), and was accepted by the 


dσ dσ







SSC for the 2013 assessment (Lowe et al. 2013). This method for constraining fishery selectivity 
variability was used in the 2013-2016 assessments. 
 
In 2016, The SSC and BSAI Plan Team recommended the assessment explore statistical estimation of the 
amount of time variability in selectivity, and also re-examine the use of blocks for fishery selectivity. In 
the current assessment Model 16.0b, we tuned the time-varying fishery selectivity variance (σf_sel) using 
the Francis weighting method (Francis 2011, equation TA1.8) on the fishery age composition data for 
Model 16.0b. This is analogous to the tuning with Francis weights that were used to determine sample 
sizes. A key difference is that here, we consider that the mean input sample size for the fishery is 
reasonable (mean=100) and that the lack of fit (or potential overfitting as was the case here) could be 
adjusted by finding the appropriate level of interannual variability in selectivity. We argue that this 
provides a defensible statistical approach to setting the degree of selectivity variability (and thereby 
perhaps better track age-specific fishing mortality). Other approaches, e.g., constant or blocked selectivity 
specifications, would require downweighting the age composition data which may also miss age-specific 
targeting. 
 
We conducted preliminary sensitivity analyses (Model 16.0c) using blocks of years with constant 
selectivity for the following time blocks: 
 


1977-1983 Foreign fishery 
1984-1991 Joint venture fishery 
1992-1998 Domestic fishery and 3-subarea split 
1999-2010 Steller sea lion regulations 
2011-2014 Steller sea lion RPAs 
2015-2016 Revised Steller sea lion RPAs 


 
Results from Model 16.0c with time blocks for fishery selectivity (described below in Sensitivity analyses 
in the Model evaluation section), were deemed too preliminary for further consideration. We intend to 
pursue further analysis of fishery selectivity blocks, and the determination of the appropriate time frames 
for blocks. 


Survey selectivity and catchability 
For the bottom trawl survey, selectivity-at-age follows a parameterization similar to the fishery 
selectivity-at-age for the base Model 16.0, and used for the 2013-2016 assessments (except with no 
allowance for time-varying selectivity). In response to the December 2010 SSC minutes which noted a 
lack of model fit to survey biomass estimates after 1999, the 2011 assessment explored the 
implementation of a random walk for a transition set of years in survey catchability and periods for 
survey selectivity, as one approach to help resolve the poor residual pattern identified (Lowe et al. 2011). 
Results were unsatisfactory and failed to significantly improve model fit to survey data. Using a random 
walk for catchability was therefore dropped, but two survey selectivity time blocks were retained which 
coincided with the break point in the lack of fit for the 2012-2013 assessments. Model explorations in the 
2012-2013 assessments which constrained the degree of dome-shape for fishery selectivity and allowed 
for a greater degree of time-varying fishery selectivity, improved model fits to the survey by having 
survey catchability increase. In the 2014 assessment model a single survey selectivity-at-age vector was 
specified.  


In the current assessment, we conducted sensitivity analyses of time-varying survey selectivity as 
suggested by the BSAI Plan Team. Initial explorations allowed for a separate selectivity pattern for 1986. 
Because of inconsistencies in the 1980s survey data (see Survey abundance indices, above), the 1980s 
survey biomass data are omitted, but the 1986 survey age composition are included. The 1986 survey was 
the most comprehensive of the 1980s surveys, and otolith samples from approximately 700 Atka 







mackerel were used for estimating the 1986 age composition. Therefore, including the 1986 survey age 
data would seem to provide useful information on relative year-class strengths, but the different survey 
protocols during the 1980s may warrant allowing a selectivity change for that year. This was tested but 
failed to improve the model fit to the survey biomass and also had minimal impact on results. 


Other options to allow survey selectivity to change might be warranted, in particular to accommodate the 
change in survey tow duration and other changes in survey design over time. As in the past, we also 
restricted survey catchability and selectivity-at-age to average 1.0 over ages 4-10 (i.e, as a combination of 
non-parametric selectivity-at-age and the scalar (q). This was done to avoid situations where the product 
of selectivity-at-age and q results in unreasonable values, and to standardize the ages over which 
selectivity most reasonably applies.  


The 2002 assessment explored the estimation of M and survey catchability (q) simultaneously with 
various combinations of priors (Lowe et al. 2002). Preliminary results were unsatisfactory and difficult to 
interpret biologically. The 2003 assessment explored a range of priors on M or q, while the other 
parameter was fixed with mixed results that were also difficult to interpret and did not seem biologically 
reasonable (Lowe et al. 2003). In the 2004 assessment we presented a model (Model 4, Lowe et al. 2004), 
with a moderate prior on q (mean = 1.0, σ² = 0.2²) which was accepted and used as the basis for the ABC 
and OFL specifications since 2004.  


Fishery and survey time-varying selectivity is an important topic and applications in this assessment will 
continue to be explored along with interactions with estimates of M and q. Here we focused on the 
interaction of data weighting (and the assumptions for specified input sample sizes) and time-varying 
selectivity.   


Recruitment 
The Beverton-Holt form of stock recruitment relationship based on Francis (1992) was used (Table A-2). 
Values for the stock recruitment function parameters α and β are calculated from the values of R0 (the 
number of 0-year-olds in the absence of exploitation and recruitment variability) and the “steepness” of 
the stock-recruit relationship (h, Table A-2). The “steepness” parameter is the fraction of R0 to be 
expected (in the absence of recruitment variability) when the mature biomass is reduced to 20% of its 
pristine level (Francis 1992). Past assessments have assumed a value of 0.8. A value of h = 0.8 implies 
that at 20% of the unfished spawning stock size, an expected value of 80% of the unfished recruitment 
level will result. Model runs exploring other values of h and the use of a prior on h were explored in 
previous assessments (Lowe et al. 2002), but were found to have little or no bearing on the stock 
assessment results and were not carried forward for further evaluation at the time. As in past years, we 
assumed h = 0.8 for all model runs since previous work showed that assessment results were insensitive 
to this assumption (and given the Tier 3 status does not affect future projections). Prior to the 2012 
assessment, the recruitment variance was fixed at a value 0.6. As in the 2016 assessment, we estimate this 
value.  


Results 


Model evaluation 
Last year we introduced Model 16.0 with sample sizes varied relative to the number of hauls sampled. 
This year we again present Model 16.0 with updated data and conduct the model evaluation of 16.0 
through sensitivity analyses of sub-models with changes in the fishery selectivity inputs and tuning the 
age composition data with the Francis (2011) method.  







New data introduced in 2017 
Model 16.0 (the selected model configuration used for the 2016 assessment and the 2017 ABC) was 
updated with new data. The 2016 fishery and survey age composition data were added. The 2016 fishery 
age data are mainly comprised of 4 year olds of the 2012 year class. The 2016 survey age data are also 
largely comprised the 2012 year class and 3 year olds of the 2013 year class. Figure 17.9 shows the time 
series of the current assessment estimated female spawning biomass and recruitment at age 1 from Model 
16.0 with updated data, compared to last year’s Model 16.0 estimates of age 1 recruitment (2016 
assessment). Current estimated female spawning biomass is slightly lower over the time series relative to 
last year’s assessment. This is attributed to changes in the recruitment estimates due to the addition of the 
2016 fishery and survey age compositions. 


Sensitivity analyses of changes in model inputs  
In the current assessment we explore alternatives to the inputs for Model 16.0 for 4 different options: 


• Fishery selectivity 
• The variance term for time-varying fishery selectivity (σf_sel) 
• Weighting of fishery sample sizes 
• Weighting of survey sample sizes. 


The following table shows the alternative sub-models considered. 


 
Fishery 


selectivity 
Variance of fishery 


selectivity σf_sel 
Fishery 


sample sizes 
Survey 


Sample sizes 


Model 16.0 
Time -
varying 


Varies as in 2016 
assessment  Varied with # hauls Varied with # hauls 


Model 16.0a 
Time -
varying 


Tuned using Francis 
weights Varied with # hauls Varied with # hauls 


Model 16.0b 
Time -
varying 


Tuned using Francis 
weights Varied with # hauls Tuned using Francis weights 


Model 16.0c 
Time 
blocks NA Tuned using Francis weights Tuned using Francis weights 


 


Model 16.0c with time blocks for fishery selectivity (decribed above in Fishing mortality), was deemed 
too preliminary for further consideration. Selectivity patterns for the time blocks selected tended to 
obscure significant recruitment events, and or the selectivity for the block was based on a pattern that was 
only evident for a short time period (less than the number of years in the block). As expected, the fits to 
the fishery age compositions were degraded. The selectivity patterns can have a large impact on the 
reference fishing mortality rates, and Atka mackerel have been shown to be sensitive to assumptions 
about selectivity (Lowe et al. 2008, Lowe et al. 2013). Also, the 2013 assessment showed that 
incorporating an annual time-varying approach for fishery selectivity allowed the model flexibility to 
better reflect the fishery age composition data, and provided results consistent with fishery age 
distributions (Lowe et al. 2013). We intend to pursue further analysis of fishery selectivity blocks, and 
statistical estimation of the appropriate time frames for blocks. 


Models 16.0a and 16.0b provided for statistical estimation of the amount of time variability in fishery 
selectivity through tuning of the time-varying selectivity term (σf_sel) with the Francis method (2011). In 
addition, for Model 16.0b the survey age composition sample sizes were tuned using the Francis method. 
Since the Francis method is well-established and in use for tuning compositional data sample sizes for 
several Alaska and West Coast groundfish assessments (e.g. Ianelli et al. 2016, and the west coast widow 
rockfish and rougheye and blackspotted rockfish assessments), we focus our evaluation on Models 16.0 







and 16.0b. As noted above, the difference between model 16.0 and 16.0b was treatment of the input data 
and model specification (i.e., the degree of environmental variability). This was done in an effort to 
satisfy the request to arrive at a statistical approach for specifying the degree of time-varying selectivity. 
This assumes that the input fishery sample sizes have a mean value of 100 as a reasonable specification of 
overdispersion in fitting composition data. We argue that this is a defensible way to arrive at a balance 
between process and observation error (although more sensitivities to this assumption is certainly 
warranted). As such, Model 16.0b was selected as a refinement to account for these types of assessment 
model errors.  


A summary of key results from the selected Model 16.0b is presented in Table 17.10. Results from the 
2016 assessment model (16.0) with updated data and the explorations discussed above are presented for 
comparison.  


Model fit 
Key results from Model 16.0b are presented in Table 17.10. Tables of results for the 2016 Model 16.0 
with updated data are presented in Appendix D. The coefficient of variation or CV (reflecting uncertainty) 
about the 2017 biomass estimate is 20% and the CVs on the strength of the 2006 and 2012 year classes at 
age 1 are 16 and 23%, respectively (Table 17.10). Recruitment variability (SigmaR) was moderate and 
estimated to be 0.46. Sample size values (using McAllister and Ianelli 1997 method) were calculated for 
the fishery data and the bottom trawl survey data as a diagnostic. This gave effective sample size 
estimates (relative to model fit) for the fishery of 168 and survey data was 90. The overall residual root-
mean square error (RMSE) for the survey biomass data was estimated at 0.244, which is in line with 
estimates of sampling-error CVs for the survey which range from 14-35% and average 26% over the time 
series (Table 17.6).  


Figure 17.10 compares the observed and estimated survey biomass abundance values for the BSAI for 
Model 16.0b. The decreases in biomass indicated by the 1994 and 1997 surveys followed by the large 
increases in biomass from the 2002 and 2004 surveys appear to be consistent with recruitment patterns. 
However, the large increase observed in the 2004 survey was not fit as well by the model compared to the 
2000, 2002, and 2006 surveys. In the 2004 survey, an unusually high biomass (268,000 t) was estimated 
for the southern Bering Sea area. This value represented 23% of the entire 2004 BSAI survey biomass 
estimate. The 2006 survey indicates a downward trend which is consistent with the population age 
composition at the time. The 2010 survey biomass estimate indicated a large increase that was not 
predicted by the assessment model. The 2010 survey biomass estimate for the southern Bering Sea was 
also unusually high (103,500 t) and represented a 741% increase over the 2006 southern Bering Sea 
estimate. The 2012 survey biomass estimate is the lowest value and associated with the lowest variance in 
the time series, but is not fit by the model (Fig. 17.10). However, the declining trend in biomass indicated 
by the 2014 and 2016 surveys are consistent with the population age composition. Population biomass 
would be expected to decline as the most recent strong year class (2006 year class) is aging and past peak 
cohort biomass. We note that the model’s predicted survey biomass trend is very conservative relative to 
the 2004, 2010, and 2014 observed bottom trawl survey biomass values, but fits the other survey years 
quite well (survey catchability is approximately equal to 1).  


The fits to the survey and fishery age compositions for Model 16.0b are depicted in Figures 17.11 and 
17.12, respectively. The model fits the fishery age composition data well particularly after 1997, and the 
survey age composition data less so. This reflects the fact that the sample sizes for age and length 
composition data are higher for the fishery in some years than the survey. It is interesting to note that the 
2014 survey observed significantly fewer 3-year olds (2011 year class) than predicted, whereas the 2014 
fishery catch was comprised of a larger proportion of 3-year olds than predicted. The 2015 fishery age 
composition did not reflect large numbers of 4-year olds of the 2011 year class. The 2016 fishery data 
showed slightly lower proportions of 5-year olds of the 2011 year class than predicted, in contrast to the 







2016 survey which showed much lower than expected numbers of the 2011 year class (Fig. 17.11).  The 
2016 fishery and survey data showed large numbers of 4-year olds of the 2012 year class. The 2012 year 
class comprised 35% of the 2016 fishery age composition. The 2016 survey also showed a large number 
of 3-year olds from the 2013 year class. The 2013 and 2014 year classes combined made up 
approximately 60% of the 2016 survey age composition. We also note an unusual pattern in recent survey 
data (2010, 2012, and 2014) of relatively large numbers of Atka mackerel in the “plus group” (Fig. 
17.11).  


These figures highlight the patterns in changing age compositions over time. Note that the older age 
groups in the fishery age data are largely absent until around 1985 when the 1977 year class appears. Fits 
to recent fishery age composition data in Lowe et al. (2012) indicated a need for greater flexibility in 
selectivity. The 2013 assessment allowed for more flexibility to estimate time-varying fishery selectivity, 
which improved fits to the fishery age compositions.  


The results discussed below are based on the recommended Model 16.0b with updated 2016 fishery and 
survey catch- and weight-at-age values.  


Time series results 
Selectivity 
For Atka mackerel, the estimated selectivity patterns are particularly important in describing their 
dynamics. Previous assessments focused on the transitions between ages and time-varying selectivity 
(Lowe et al. 2002, 2008, 2013). The current assessment allows for flexibility over time (fishery only) and 
age (Figures 17.13, 17.14, and 17.15; also Table 17.11). The current assessment’s terminal year fishery 
selectivity estimate (2016) and the average selectivity used for projections (2012-2016) are fairly similar 
to, but differ slightly over some age ranges from the terminal year and average selectivity for projections 
used in the 2016 assessment, showing lower selectivity for ages 5-7 and higher selectivity after age 8 
(Fig. 17.14). The current assessment’s terminal year (2016) selectivity pattern shows a peak for 4-year 
olds and a drop in the selectivity for 5-year olds. Last year there was an unusually strong showing of 4-
year olds of the 2012 year class in the 2016 fishery age data which was not evident in the 2015 fishery 
data. The 2016 fishery age composition showed less than expected number of 5-year olds from the 2011 
year class. 


The fishery catches essentially consist of fish 3-11 years old, although a 15-year-old fish were found in 
the 2013 and 2014 fishery catches. The fishery exhibits a dome-shaped selectivity pattern which is more 
pronounced prior to 1992 during the foreign and joint venture fisheries (1977-1983 and 1984-1991, 
respectively (Fig. 17.13). After 1991, fishery selectivity patterns are relatively consistent but do show 
differences at ages 3-7 and more notable differences at age 8 and older. Fish older than age 9 make up a 
very small percentage of the population each year, and the differences in the selectivity assumptions for 
the older ages are not likely to have a large impact. However, differences in selectivity for ages 3-8 can 
have a significant impact. The recent patterns since 2000 reflect the large numbers of fish from the 1999, 
2000, 2001, 2006, 2007, and 2012 year classes (Table 17.4). The age at 50% selectivity is estimated at 
about ages 3-4 in 2006-2013 as the large year classes moved through the population. A large shift 
occurred recently with the large number of 3-year olds dominating the 2014 fishery age composition. The 
age at 50% selectivity decreased to about 2.5 years. In the current assessment terminal year (2016), the 
age at 50% selectivity increased to about 5.5 years (Fig. 17.14). It is important to note the maturity-at-age 
vector relative to the current selectivity patterns (age at 50% maturity is 3.6 years). The age at 50% 
maturity is slightly higher relative to the age at 50% selectivity for the average selectivity used for 
projections (2012-2016, Fig. 17.14). 







Survey catches are mostly comprised of fish 3-9 years old. The 2016 survey is dominated by 3- and 4- 
year olds of the 2012 and 2013 year classes, and shows larger than expected numbers of 9 and 10 year 
olds of the 2006 and 2007 year classes. A 17-year old fish was found in the 2012 survey and 3, 16-year 
old fish were caught in the 2014 survey. The current model configuration estimates a moderately dome-
shape selectivity pattern (Fig. 17.15), similar to the terminal year selectivity pattern for the fishery (Fig. 
17.14). Both patterns show a peak at age 4. It is interesting to note that the survey tends to catch higher 
numbers of young fish (<3 years) and older fish (>10 years) relative to the fishery. 
 
Both the fishery and survey show dome-shaped selectivity. The dome-shaped patterns reflect the age 
compositions fairly well, but the mechanisms responsible for dome-shaped selectivity are uncertain and 
several factors likely contribute. As discussed above, the foreign and joint venture fisheries catches show 
a distinct lack of older fish in fishery catches. The decline in older age selectivity occurs after about 8 
years old, which also corresponds with asymptotic growth and full maturity. Large, older fish may be less 
available to the fishery and survey. Mature fish may be aggregated and unavailable to the summer surveys 
which can occur during the spawning season. Temperature may also affect recruitment of Atka mackerel 
and availability to the bottom trawl survey. Patterns in selectivity are traded off with assumptions about 
M. Analyses of age-dependent estimates of M found that the effect of higher natural mortality generally is 
traded off with estimated patterns in selectivity, especially for the older ages. We will continue to explore 
the estimation of age-dependent M and the impacts on selectivity and q. 


Abundance trend 
The estimated time series of total numbers at age are given in Table 17.12. The estimated time series of 
total biomass (ages 1+) and female spawning biomass with approximate upper and lower 95% confidence 
limits are given in Table 17.13a. A comparison of the age 3+ biomass and spawning biomass trends from 
the current and previous assessments (Table 17.13b and Figure 17.16 indicates consistent trends 
throughout the time series, i.e., biomass increased during the early 80s and again in the late 80s to early 
90s. After the estimated peak spawning biomass in 1992, spawning biomass declined for nearly 10 years 
until 2001 (Fig. 17.16). Thereafter, spawning biomass began a steep increase which continued to 2005. 
The abundance trend has been declining since the most recent peak in 2005 which represented a build-up 
of biomass from the exceptionally strong 1999-2001 year classes. Estimates from the current assessment 
(Model 16.0b) are very similar to last year’s assessment (Model 16.0) results (Fig 17.16). The current 
assessment spawning biomass is higher in the early 1980s, and slightly lower over the time series from 
2003 to 2011. After 2011, current estimates are slightly above the 2016 levels. Minor differences in 
spawning biomass levels are attributed to slightly revised estimates of recruitment levels (Fig. 17.16). 


Recruitment trend 
The estimated time series of age 1 recruits indicates the strong 1977 year class as the most notable in the 
current assessment, followed by the 1999, 2001, 1988 and 2000 year classes (Figures 17.16 and 17.17). 
The 1999, 2000, and 2001 year classes are estimated to be three of the five largest recent year classes in 
the time series (approximately 1.9, 1.2, and 1.4 billion recruits, respectively) due to the persistent 
observations of these year classes in the fishery and survey catches. The current assessment estimates 
above average (greater than 20% of the mean) recruitment from the 1977, 1988, 1992, 1995, 1998, 1999, 
2000, 2001, 2006 year classes (Fig. 17.17). The 1996 and 2008 year classes are the lowest in the time 
series, estimated at about 250 million recruits. 


The average estimated recruitment from the time series 1978-2016 is 658 million fish and the median is 
527 million fish (Table 17.14). The entire time series of recruitments (1977-2017) includes the 1976-2016 
year classes. The Alaska Fisheries Science Center has recognized that an environmental “regime shift” 
affecting the long-term productive capacity of the groundfish stocks in the BSAI occurred during the 
period 1976-1977, and the 2017 estimate is only based on one year of data. Thus, the average recruitment 
value presented in the assessment is based on year classes spawned after 1976 through 2016 (1977-2015 







year classes). Projections of biomass are based on estimated recruitments from 1978-2016 using a 
stochastic projection model described below. 


Estimated age 1 recruits versus female spawning biomass with the Beverton-Holt stock recruitment curve 
plotted is shown in Figure 17.18. There are no estimates of female spawning biomass less than 140,000 t. 
The five largest year classes in the time series were all spawned from biomass levels ranging from 
140,000-187,000 t. However, this range of female spawning biomass also spawned several years of low 
recruitment (Fig. 17.18). 


Trend in exploitation 
The estimated time series of fishing mortalities on fully selected age groups and the catch-to-biomass (age 
3+) ratios are given in Table 17.15 and shown in Figure 17.19. 


Retrospective analysis 
A retrospective analysis was conducted by regressively eliminating the most current year of information 
extending back to 2007. This allows judgment of the model performance as specified. Atka mackerel 
have a reasonable retrospective pattern for the last 5 years of predicting spawning biomass with periods 
that are lower and higher (Fig. 17.20). However, after data from 2012-2016 are dropped from the model, 
most subsequent retrospective runs resulted in biomass that was historically considerably higher.  


As noted in the 2016 assessment, the reason for the odd pattern can be attributed to the survey age 
compositions. Given the assumed natural mortality as fixed (and constant over time), and the recent 
period of data with relatively large numbers of Atka mackerel in the survey “plus age group” (Fig. 17.11), 
the survey selectivity was fairly asymptotically shaped (Fig 17.15). However, for the retrospectives which 
ignore those recent years of data, the survey selectivity becomes much more dome-shaped, hence the 
early period biomass estimates were estimated to be considerably higher. This summary still holds in this 
assessment. In terms of impacts on ABC advice going forward, the fact that the present selectivity 
estimates suggest that the older ages are mostly observed in the survey, and recognizing the relatively 
broad confidence bounds for the current stock biomass estimates, further alternative model specifications 
to resolve this pattern may be unwarranted at this time. The revised Mohn’s rho statistic was calculated to 
be 0.0982. 


Projections and harvest recommendations 
Results and recommendations in this section pertain to the authors’ recommended Model 16.0b.  


Amendment 56 Reference Points  
Amendment 56 to the BSAI Groundfish Fishery Management Plan (FMP) defines “overfishing level” 
(OFL), the fishing mortality rate used to set OFL (FOFL), the maximum permissible ABC, and the fishing 
mortality rate used to set the maximum permissible ABC (max FABC). The fishing mortality rate used to 
set ABC (FABC) may be less than this maximum permissible level, but not greater. The overfishing and 
maximum allowable ABC fishing mortality rates are given in terms of percentages of unfished female 
spawning biomass (FSPR%), on fully selected age groups. The associated long-term average female 
spawning biomass that would be expected under average estimated recruitment from 1978-2016 (658 
million age-1 recruits) and F equal to F40% and F35% are denoted B40% and B35% , respectively. The Tiers 
require reference point estimates for biomass level determinations. We present the following reference 







points for BSAI Atka mackerel for Tier 3 of Amendment 56. For our analyses, we computed the 
following values from Model 16.0b results based on recruitment from post-1976 spawning events: 


B100% = 307,151 t female spawning biomass 
B40%  = 122,860 t female spawning biomass 
B35%  = 107,503 t female spawning biomass 


Specification of OFL and Maximum Permissible ABC 
In the current assessment, Model 16.0b is configured with time-varying selectivity. We use a 5-year 
average (2012-2016) to reflect recent conditions for projections and computing ABC which gives: 
 


Full selection Fs 2017 
F2017 0.24 
F40%     0.38 
F35%    0.46 
F2017/F40% 0.63 


 
For specification purposes to project the 2018 ABC, we assumed a total 2017 year end catch of 64,500 t 
nearly equal to the 2017 TAC, based on the amount of catch taken after Oct. 1 in recent years. For 
projecting to 2019, an expected catch in 2018 is also required. Recognizing that the modified Steller sea 
lion RPAs implemented in 2015 require a TAC reduction in Area 543, we assume a stock-wide catch 
based on a reduced overall BSAI-wide Atka mackerel catch for 2017. Under the modified Steller sea lion 
RPAs, the Area 543 Atka mackerel TAC is set less than or equal to 65 percent of the Area 543 ABC. We 
estimated that about 75% of the BSAI-wide ABC is likely to be taken. This percentage was applied to the 
maximum permissible 2018 ABC and that amount was assumed to be caught in order to estimate the 2019 
ABC and OFL values. 


It is important to note that for BSAI Atka mackerel, projected female spawning biomass calculations 
depend on the harvest strategy because spawning biomass is estimated at peak spawning (August). Thus, 
projections incorporate 7 months of the specified fishing mortality rate. The projected 2018 female 
spawning biomass (SSB2018) is estimated to be 139,300 t given assumed 2017 catch and a slightly reduced 
2018 catch reflecting the RPA adjustment to the 2018 ABC.  


The projected 2018 female spawning biomass estimate is above the B40% value of 122,860 t, placing BSAI 
Atka mackerel in Tier 3a. The 2019 female spawning biomass estimate is also above B40%. The maximum 
permissible ABC and OFL values under Tier 3a are: 


Year Catch* ABC FABC OFL FOFL SSB Tier 
2018 69,000 92,000 0.38 108,600 0.46 139,300 3a 
2019 65,000 84,400 0.38 97,200 0.46 125,600 3a 


* Catches in 2018 and 2019 are less than the recommended ABC to reflect expected catch reductions 
under Steller sea lion RPAs.  


Standard Harvest Scenarios and Projection Methodology 
A standard set of projections is required for each stock managed under Tiers 1, 2, or 3, of Amendment 56. 
This set of projections encompasses seven harvest scenarios designed to satisfy the requirements of 
Amendment 56, the National Environmental Policy Act, and the Magnuson-Stevens Fishery Conservation 
and Management Act (MSFCMA). 


For each scenario, the projections begin with the vector of 2017 or 2018 numbers at age estimated in the 
assessment. This vector is then projected forward to the beginning of 2030 using a fixed value of natural 







mortality of 0.3, the recent schedule of selectivity estimated in the assessment (in this case the average 
2012-2016 selectivity), and the best available estimate of total (year-end) catch for 2017 (in this case 
assumed to be 64,500 t nearly equal to TAC). In addition, the 2018 and 2019 catches are reduced to 
accommodate Steller sea lion RPA TAC reductions for Scenarios 1 and 2. In each subsequent year, the 
fishing mortality rate is prescribed on the basis of the spawning biomass in that year and the respective 
harvest scenario. In each year, recruitment is drawn from an inverse Gaussian distribution whose 
parameters consist of maximum likelihood estimates determined from recruitments estimated in the 
assessment. Spawning biomass is computed in each year based on the time of peak spawning (August) 
and the maturity and population weight schedules described in the assessment. Total catch is assumed to 
equal the catch associated with the respective harvest scenario in all years, except that in the first two 
years of the projection, a lower catch may be specified for stocks where catch is typically below ABC (as 
is the case for Atka mackerel). This projection scheme is run 500 times to obtain distributions of possible 
future stock sizes, fishing mortality rates, and catches. 


Five of the seven standard scenarios are designed to provide a range of harvest alternatives that are likely 
to bracket the final TACs for 2018 and 2019, are as follows (“max FABC” refers to the maximum 
permissible value of FABC under Amendment 56): 


Scenario 1: In all future years, F is set equal to max FABC. (Rationale: Historically, TAC has been 
constrained by ABC, so this scenario provides a likely upper limit on future TACs.).  


Scenario 2: In all future years, F is set equal to a constant fraction of max FABC, where this fraction is 
equal to the ratio of the FABC value for 2018 recommended in the assessment to the max 
FABC for 2018, and where catches for 2018 and 2019 are estimated at their most likely 
values given the 2018 and 2019 maximum permissible ABSs under this scenario. 
(Rationale: When FABC is set at a value below max FABC, it is often set at the value 
recommended in the stock assessment).  


Scenario 3: In all future years, F is set equal to the average of the five most recent years. (Rationale: 
For some stocks, TAC can be well below ABC, and recent average F may provide a 
better indicator of FTAC than FABC.) 


Scenario 4: In all future years, F is set equal to F60%. (Rationale: This scenario provides a likely 
lower bound on FABC that still allows future harvest rates to be adjusted downward when 
stocks fall below reference levels). 


Scenario 5: In all future years, F is set equal to zero. (Rationale: In extreme cases, TAC may be set at 
a level close to zero.) 


Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether a stock is 
currently in an overfished condition or is approaching an overfished condition. These two scenarios are as 
follows (for Tier 3 stocks, the MSY level is defined as B35%): 


Scenario 6:  In all future years, F is set equal to FOFL. (Rationale: This scenario determines whether a 
stock is overfished. If the stock is expected to be 1) above its MSY level in 2019 or 2) 
above ½ of its MSY level in 2019 and above its MSY level in 2029 under this scenario, 
then the stock is not overfished.) 


Scenario 7:  In 2018 and 2019, F is set equal to max FABC, and in all subsequent years, F is set equal 
to FOFL. (Rationale: This scenario determines whether a stock is approaching an 
overfished condition. If the stock is 1) above its MSY level in 2019 or 2) above 1/2 of its 
MSY level in 2019 and expected to be above its MSY level in 2029 under this scenario, 
then the stock is not approaching an overfished condition.) 







Status Determination 
The projections of female spawning biomass, fishing mortality rate, and catch corresponding to the seven 
standard harvest scenarios are shown in Table 17.16. Harvest scenarios #6 and #7 are intended to permit 
determination of the status of a stock with respect to its minimum stock size threshold (MSST). Any stock 
that is below its MSST is defined to be overfished. Any stock that is expected to fall below its MSST in 
the next two years is defined to be approaching an overfished condition. Harvest scenarios #6 and #7 are 
used in these determinations as follows: 


Is the stock overfished? This depends on the stock’s estimated spawning biomass in 2018: 
a)   If spawning biomass for 2018 is estimated to be below ½ B35%, the stock is below its MSST. 
b)   If spawning biomass for 2018 is estimated to be above B35%, the stock is above its MSST. 
c)   If spawning biomass for 2018 is estimated to be above ½ B35% but below B35%, the stock’s status 


relative to MSST is determined by referring to harvest scenario #6 (Table 17.16). If the mean 
spawning biomass for 2029 is below B35%, the stock is below its MSST. Otherwise, the stock is 
above its MSST. 


Is the stock approaching an overfished condition? This is determined by referring to harvest scenario #7 
a)   If the mean spawning biomass for 2019 is below ½ B35%, the stock is approaching an overfished 


condition. 
b)   If the mean spawning biomass for 2019 is above B35%, the stock is not approaching an overfished 


condition. 
c)   If the mean spawning biomass for 2019 is above ½ B35% but below B35%, the determination 


depends on the mean spawning biomass for 2029. If the mean spawning biomass for 2029 is 
below B35%, the stock is approaching an overfished condition. Otherwise, the stock is not 
approaching an overfished condition. 


Based on the above criteria and Table 17.16, the BSAI Atka mackerel stock is not overfished and is not 
approaching an overfished condition. 


ABC Recommendation 
Observations and characterizations of uncertainty in the Atka mackerel assessment are noted for ABC 
considerations.  


1) Trawl survey estimates of Aleutian Islands biomass are highly variable. The 2012 survey 
decreased 70% relative to the 2010 survey, the 2014 survey increased 161% relative to the 2012 
survey, and the most recent 2016 survey indicated a 38% decrease in BSAI Atka mackerel 
biomass relative to the 2014 survey. It is noted that all areas in the Aleutian Islands showed 
decreases in the 2016 survey. 


2) Under an F40% harvest strategy and assuming SSL RPA catch reductions in 2018 and 2019 female 
spawning biomass is projected to drop below B40% in 2020 but increase and remain above B40% 
from 2022 through 2030 (Fig. 17.21 and Table 17.16 Scenarios 1 and 2). If SSL RPA catch 
reductions are in place beyond 2019, expected female spawning biomass levels would be higher 
than projected after 2019. 


3) The 2016 fishery and survey data are dominated by the 2012 year class, and the 2016 survey data 
also shows significant numbers of 3 year olds of the 2013 year class (Fig. 17.8). 
 


We believe the recommended model Model 16.0b provides an appropriate and improved assessment of 
BSAI Atka mackerel. Given the current moderate stock size, an above average 2012 year class, and that 
TACs are consistently set below ABC resulting in future catches below projected catches and more 
optimistic realizations of spawning biomass, the maximum permissible is acceptable for Atka mackerel. 







We note that actual fishing mortality rates have been below FABC.  For perspective, a plot of relative 
harvest rate (Ft /F35%) versus relative female spawning biomass (Bt/B35%) is shown in Figure 17.22. For all 
of the time series the current assessment estimates that relative harvest rates have been below 1, and the 
relative spawning biomass rates have been greater than 1.0. 
 
The 2018 yield associated with the Tier 3a maximum permissible FABC fishing mortality rate of 0.38 
is 92,000 t, which is our 2018 ABC recommendation for BSAI Atka mackerel. The 2018 OFL is 
102,700 t. 


The 2019 yield associated with the Tier 3a maximum permissible FABC fishing mortality rate and 
assuming 2018 catch reductions, is 84,400 t, which is our 2019 ABC recommendation for BSAI 
Atka mackerel. The 2019 OFL is 97,200 t. 


The 2018 ABC recommendation is 6% higher relative to the Council’s 2017 ABC. 


Area Allocation of Harvests 
Amendment 28 of the BSAI Fishery Management Plan divided the Aleutian subarea into 3 districts at 
177° E and 177° W longitude, providing the mechanism to apportion the Aleutian Atka mackerel ABCs 
and TACs. Previous to 2016, the Council used a 4-survey weighted average to apportion the BSAI Atka 
mackerel ABC. The rationale for the weighting scheme was described in Lowe et al. (2001). The SSC 
requested that the Atka mackerel assessment use the random effects model for setting subarea ABC 
allocations (Dec. 2015 SSC minutes). This method has been applied since the 2015 assessment. Based on 
applying this method to each area separately for the (Fig. 17.23), and then summing to get the overall 
BSAI biomass, the percentage apportionments for the Aleutian Islands subareas are shown below. 


 Random Effects 
Model 


5411 40.01% 
542 34.78% 
543 25.20% 


1Includes eastern Aleutian Islands and southern Bering Sea areas. 


The apportionments of the 2018 and 2019 recommended ABCs based on the random effects model are:  


  Random Effects  
Model 2018 (t) 2019 (t) 


Eastern (541+S.Bsea) 40.02% 36,820 33,780 
Central (542) 34.78% 32,000 29,350 


Western (543) 25.20% 23,180 21,270 
Total  92,000 84,400 


 


Ecosystem Considerations 


Ecosystem effects on BSAI Atka mackerel 
Prey availability/abundance trends  
Adult Atka mackerel in the Aleutians consume a variety of prey, but are primarily zooplanktivors, 
consuming mainly euphausiids and calanoid copepods (Yang 1996, Yang 2003). Other zooplankton prey 
include larvaceans, gastropods, jellyfish, pteropods, amphipods, isopods, and shrimp (Yang and Nelson 







2000, Yang 2003, Yang et al. 2006).  Atka mackerel also consume fish, such as sculpins, juvenile Pacific 
halibut, eulachon, Pacific sand lance, juvenile Kamchatka flounder, juvenile pollock, and eelpouts, in 
small proportions relative to zooplankton (Yang and Nelson 2000, Yang et al. 2006, Aydin et al. 2007).  
The proportions of these various prey groups consumed by Atka mackerel vary with year and location 
(Yang and Nelson 2000). Atka mackerel diet data also shows a longitudinal gradient, with euphausiids 
dominating diets in the east and copepods and other zooplankton dominating in the west. Greater 
piscivory, especially on myctophids, occurs in the island passes (Ortiz, 2007). Rand et al. (2010) found 
that Atka mackerel near Amchitka Island (area 542) were eating more copepods and less euphausiids, 
whereas fish at Seguam pass (area 541) were eating more energy rich euphausiids and forage fish. 


Figure 17.24 shows the food web of the Aleutian Islands summer survey region, based on trawl survey 
and food habits data, with an emphasis on the predators and prey of Atka mackerel (see the current 
Ecosystem Assessment’s ecosystem modeling results section for a description of the methodology for 
constructing the food web). Food habits data from 1990-1994 indicate that Atka mackerel feed on 
calanoid copepods (40%) and euphausiids (25%) followed by squids (10%), juvenile pollock (6%), and 
finally a range of zooplankton including fish larvae, benthic amphipods, and gelatinous filter feeders (Fig. 
17.25a). It is noted that Figure 17.25a shows an aggregate diet for the Aleutian Islands based on data 
collected from 1990-1994; the diet of Atka mackerel varies temporally and spatially (Yang and Nelson 
2000, Ortiz 2007, Rand et al. 2010).  


Monitoring trends in Atka mackerel prey populations may, in the future, help elucidate Atka mackerel 
population trends. There are no long-term continuous time series of zooplankton biomass information 
available for the AI. However, Continuous Plankton Recorders (CPRs) have been deployed in the North 
Pacific routinely since 2000. An index of Copepod Community Size is derived from the CPR data and 
calculated for three regions: the oceanic North-East Pacific, the Alaskan shelf SE of Cook Inlet, and the 
deep waters of the southern Bering Sea (Batten 2016). Ocean conditions in 2015 were warm across much 
of the North Pacific. The Copepod Community Size index saw negative anomalies for all three regions. 
The Bering Sea data are only represented by the fall sampling, but 2015 values were the smallest since 
2009 at this time of year (Batten 2016). In the Bering Sea region north of the Western and Central 
Aleutian Islands that is sampled by the continuous plankton recorder, spring diatom abundances and 
mesozooplankton biomass anomalies were near neutral in 2015. Changes in abundance or biomass, 
together with size, influence availability of prey to predators. Prey size as indexed by mean Copepod 
Community Size index may reflect changes in the nutritional quality of the organism to their predators. 
While mesozooplankton biomass anomalies remained neutral or positive, the reduced average size of the 
copepod community suggests numerous, smaller prey items, which may require more work by predators 
to obtain their nutritional needs (Batten 2016). 


Least auklets (Aethia pusilla) and crested auklets (A. cristatella) are small, abundant seabirds that nest in 
the Aleutian Islands. The USFWS stations field biologists to monitor auklet chick diets and reproductive 
success annually at Buldir Island and less frequently at other islands on which they occur. Crested auklet 
chick diets consist of mainly euphausiids and copepods. Due to the lack of time series of direct 
measurements of zooplankton in the Aleutian Islands, biologists monitor reproductive anomalies of least 
and crested auklets to serve as indicators of copepod and euphausiid abundance. Reproductive anomalies 
were selected as the metric of interest instead of chick diets because reproductive success is an integrative 
indictor of ecosystem productivity and forage for planktivorous commercially-fished species (Zador 
2015).  


Reproductive success is defined as the ratio of number of nest sites with a fledged chick to the number of 
nest sites with eggs. In the Western AI ecoregion, reproductive success of least and crested auklets were 
recorded annually at Buldir Island from 1988-2010 with the exception of 1989 and 1999. In the Central 
ecoregion, reproductive success was monitored annually at Kasatochi Island from 1996-2007. In 2008 a 







volcanic eruption covered the monitored colony in ash, disrupting breeding. It is unknown when auklets 
will nest there again and if so, whether observations will continue (Zador 2015).  


In the Western ecoregion, the reproductive success of planktivorous auklets, serving as indicators of 
zooplankton production, increased from low values in 2015 to above average in 2016 (Zador and 
Yasumiishi 2016). The increase was seen in both crested auklets, which feed their chicks mainly 
euphausiids and copepods, and least auklets, which focus on copepods. Thus, it is suggested that 
sufficient zooplankton were available to support reproductive success. Recent trends in auklet 
reproductive success in the Central ecoregion are unknown due to the disruption of the monitored colony 
in 2008, when the volcano on Kasatochi Island erupted. A suitable replacement indicator has not yet been 
identified. Planktivorous auklets are not as numerous in the Eastern ecoregion as in the Central and 
Western ecoregions and are not monitored in the Eastern ecoregion (Zador 2015). 


Predator population trends  
Atka mackerel are consumed by a variety of piscivores, including groundfish (e.g., Pacific cod, Pacific 
halibut, and arrowtooth flounder, Livingston et al. unpubl. manuscr.), marine mammals (e.g., northern fur 
seals and Steller sea lions, Kajimura 1984, NMFS 1995, Sinclair and Zeppelin 2002, Sinclair et al. 2013), 
skates, and seabirds (e.g., thick-billed murres, tufted puffins, and short-tailed shearwaters, Springer et al. 
1999).  


Apportionment of Atka mackerel mortality between fishing, predation, and unexplained mortality, based 
on the consumption rates and food habits of predators averaged over 1990-1994 is shown in Figure 17.26. 
During these years, approximately 20% of the Atka mackerel exploitation rate (as calculated by stock 
assessment) was due to the fishery, 62% due to predation, and 18% “unexplained”, where “unexplained” 
is the difference between the stock assessment total mortality and the sum of fisheries exploitation and 
quantified predation. This unexplained mortality may be due to data uncertainty, or Atka mackerel 
mortality due to disease, migration, senescence, etc. Of the 62% of mortality due to predation, a little less 
than half (25% of total) is due to Pacific cod predation, and one quarter (15% of total) due to Steller sea 
lion predation, with the remainder spread across a range of predators (Fig. 17.25b), based on Steller sea 
lion diets published by Merrick et al. (1997) and summer fish food habits data from the Resource Ecology 
and Ecosystem (REEM) food habits database. 


If converted to tonnages, the food habits data translates to 100,000-120,000 t/year of Atka mackerel 
consumed by predatory fish (of which approximately 60,000 t is consumed by Pacific cod), and 40,000-
80,000 t/year consumed by Steller sea lions during the early 1990s. Estimating the consumption of Atka 
mackerel by birds is more difficult to quantify due to data limitations: based on colony counts and 
residency times, predation by birds, primarily kittiwakes, fulmars, and puffins, on all forage and rockfish 
combined in the Aleutian Islands is at most 70,000 t/year (Hunt et al. 2000). However, colony specific 
diet studies, for example for Buldir Island, indicate that the vast majority of prey found in these birds is 
sandlance, myctophids, and other smaller forage fish, with Atka mackerel never specifically identified as 
prey items, and “unidentified greenlings” occurring infrequently (Dragoo et al. 2001). The food web 
model’s estimate, based on foraging overlap between species, estimates the total Atka mackerel 
consumption by birds to be less than 2,000 t/year. While this might be an underestimate, it should be 
noted that most predation would occur on juveniles (<1year old) which is not counted in the stock 
assessment’s total exploitation rates. 


Analysis of reproductive effort data (mean hatch date and reproductive success) indicate that 2015 was a 
poor reproductive year for many seabirds. The North Pacific experienced the second warm year after 
several sequential cold years. These oceanographic changes have influenced biological components of the 
ecosystem, which appears to have negative influences on seabird reproductive activity (Zador 2015). 
Black-legged kittiwakes had moderate reproductive success in 2016 at the Semidi Islands, in contrast to 







the complete failure in 2015 for kittiwakes as well as other seabird species (Zador 2015). Seabird 
population trends could potentially affect juvenile Atka mackerel mortality, but this has not been 
quantified in the AI. 


Steller sea lion food habits data (from analysis of scats) from the Aleutian Islands indicate that Atka 
mackerel is the most common prey item throughout the year (NMFS 1995, Sinclair and Zeppelin 2002, 
Sinclair et al. 2013).  The prevalence of Atka mackerel and walleye pollock in sea lion scats reflected the 
distributions of each fish species in the Aleutian Islands region. The percentage occurrence of Atka 
mackerel was progressively greater in samples taken in the central and western Aleutian Islands, where 
most of the Atka mackerel biomass in the Aleutian Islands is located. Conversely, the percentage 
occurrence of pollock was greatest in the eastern Aleutian Islands. Steller sea lions and Pacific cod are a 
significant source of mortality of Atka mackerel in the AI, and predation events by these predators, may 
increase or decrease the degree of predator control due to the changing size of their populations. 


During the 2012 NMFS Atka mackerel tag recovery survey, there was an opportunity to study the prey 
distribution of a Steller sea lion adult female that was tagged with a satellite-tracking tag in November 
2011 by the AFSC Marine Mammal Laboratory. A hydroacoustic transect was conducted, species 
composition data was collected from trawl hauls, and camera tows were conducted in the area where the 
sea lion was feeding (South Petrel Bank). This provided a unique opportunity to investigate possible prey 
species availability during the same time and in the same location where the tagged female sea lion was 
diving. The Steller sea lion appeared to be diving in an area with high prey diversity: 5 spatially close 
trawl hauls each a captured a different predominant prey species (including Pacific ocean perch, northern 
rockfish, walleye pollock, Pacific cod, and Atka mackerel (McDermott et al. 2014); 
http://www.afsc.noaa.gov/REFM/Stocks/fit/FITcruiserpts.htm).  


The abundance trends of Aleutian Islands Pacific cod has been quite variable, alternating between 
increases and decreases in recent surveys, and Aleutian Islands arrowtooth flounder has been increasing. 
Northern fur seals are showing declines, and Steller sea lions have shown some slight increases except in 
the Western Aleutians. The population trends of seabirds are mixed, some increases, some decreases, and 
others stable. Seabird population trends could potentially affect juvenile Atka mackerel mortality. 
Declining trends in predator abundance could lead to possible decreases in Atka mackerel mortality, 
while increases in predator biomass could potentially increase the mortality.  


Changes in habitat quality  
Atka mackerel habitat associations 
Another objective of the NMFS tagging studies (described in the Fishery section above), was to 
characterize Atka mackerel habitat by conducting underwater camera tows in each area where fish were 
recaptured. Underwater camera tows were used to explore habitat characteristics in areas of high Atka 
mackerel abundance. In camera tows from the Central and Eastern Aleutian Islands, Atka mackerel were 
associated almost exclusively with coarse-grained and rocky substrates. At Seguam and Petrel, greater 
than 60% of substrate identified during camera tows was rock (largely bedrock and boulders), while the 
remainder was largely gravel and cobble. At Tanaga, gravel and cobble composed 75% of all substrate. In 
all three study areas, fine-grained substrates (sand and mud) composed less than 1% of the substrate. At 
Seguam, nearly all substrate had between 26%-75% biocover (sponges and corals). Biocover at Tanaga 
and Petrel ranged from nearly bare to almost 100% (McDermott et al. 2014). Impacts to these habitats 
could potentially affect Atka mackerel, but at this time only associations to these habitat types have been 
established. 


Climate 
Interestingly, strong year classes of AI Atka mackerel have occurred in years of hypothesized climate 
regime shifts 1977, 1988, and 1999, as indicated by indices such as the Pacific Decadal Oscillation 
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(Francis and Hare 1994, Hare and Mantua 2000, Boldt 2005). Bailey et al. (1995) noted that some fish 
species show strong recruitment at the beginning of climate regime shifts and suggested that it was due to 
a disruption of the community structure providing a temporary release from predation and competition. It 
is unclear if this is the mechanism that influences Atka mackerel year class strength in the Aleutian 
Islands. El Niño Southern Oscillation (ENSO) events are another source of climate forcing that influences 
the North Pacific. Hollowed et al. (2001) found that gadids in the GOA have a higher proportion of strong 
year classes in ENSO years. There was, however, no relationship between strong year classes of AI Atka 
mackerel and ENSO events (Hollowed et al. 2001). The state of the North Pacific atmosphere-ocean 
system during 2015-2016 featured the continuance of warm sea surface temperature anomalies that 
became prominent late in 2013. A strong El Niño developed during winter 2015-2016 (Zador and 
Yasumiishi 2016). 


Eddies in the Alaskan Stream south of the Aleutian Islands have been shown to influence flow into the 
Bering Sea through the Aleutian Passes (Okkonen, 1996). By influencing flow through the passes, eddies 
could impact flow in the Aleutian North Slope Current and Bering Slope Current as well as inuencing the 
transports of heat, salt and nutrients (Mordy et al., 2005; Stabeno et al., 2005) into the Bering Sea. 
Average eddy kinetic energy (EKE, cm2 s-2) from south of Amutka Pass in the Aleutian Islands was 
examined and found to be potentially informative (S. Lowe unpubl. Data). Particularly strong eddies were 
observed south of Amukta Pass in 1997, 1999, 2004, 2006/2007, 2009/2010, and summer 2012 (Ladd 
2016). The 1999-2001 and the 2006 Atka mackerel year classes were strong, the 2012 year class is 
slightly above average. Eddy energy in the region has been low from the fall 2012 through June 2015. In 
early 2016, a small eddy was present in the region, resulting in slightly above average EKE (Ladd 2016). 
These trends indicate that higher than average volume, heat, salt, and nutrient fluxes to the Bering Sea 
through Amukta Pass may have occurred in 1997/1998, 1999, 2004, 2006/2007, 2009/2010, and summer 
2012. These fluxes were likely smaller during the period from fall 2012 until early 2015 and may have 
been slightly enhanced in early 2016 (Ladd 2016). The role of eddies may be the transport of larva which 
hatch in the fall, and or the increase in nutrients and favorable environment conditions. Further research is 
needed to determine the effects of climate on growth and year class strength, and the temporal and spatial 
scales over which these effects occur. 


Bottom temperature 
The distribution of Atka mackerel spawning and nesting sites are thought to be limited by water 
temperature (Gorbunova 1962). Temperatures below 3 °C and above 15 °C are lethal to eggs or 
unfavorable for embryonic development depending on the exposure time (Gorbunova 1962). 
Temperatures recorded at Alaskan nesting sites, 3.9 – 10.7 ºC, do not appear to be limiting, as they were 
within this range (Lauth et al. 2007b). The 2000 and 2012 Aleutian Islands summer bottom temperatures 
indicated that these were the coldest years followed by summer bottom temperatures from the 2002 
survey, which indicated the second coldest year (Fig. 17.5). The 2004 AI summer bottom temperatures 
indicated that 2004 was an average year, while the 2006 and 2010 bottom temperatures were slightly 
below average. The average bottom temperatures measured in the 2014 survey were the third highest of 
the Aleutian surveys, significantly higher than the 2000 and 2012 surveys and very similar to the 1991 
and 1997 surveys. The 2016 survey bottom temperatures were the highest in the Aleutian survey time 
series.  


The temperature anomaly profiles from the 2016 AI survey data appear to be some of the warmest on 
record (Fig. 17.5). These warm anomalies were also some of the most pervasive (vertically and 
longitudinally) recorded to date. The profiles from 2016 are similar to those of 2014 and share the 
characteristics of widely distributed warm surface waters along with greater thermal stratification 
although the 2016 anomalies are more broadly dispersed and penetrate deeper (Laman 2016). By contrast, 
the 2000 AI survey remains one of the coldest years in the record. These differences among survey years 
illustrate the highly variable and dynamic oceanographic environment found in the Aleutian archipelago. 







Recent phenomena of the resilient ridge of atmospheric high pressure that helped to establish the warm 
water “Blob” in the Northeast Pacific influenced water temperatures in the Aleutian Islands. The 
formation and intensification of the warm blob in 2014 and 2015 followed by the ENSO in 2015-16 
almost certainly influenced the temperatures observed during the 2016 AI bottom trawl survey (Laman 
2016). Phenomena like these influence both Aleutian Islands and Bering Sea ecosystems and fish 
populations. 


Thermal regime and mixed-layer-depth differences are known to influence regional biological processes 
and impact fish populations. In the AI, the magnitude of primary production depends on mixed-layer-
depth (Mordy et al., 2005) while ontogenesis of Atka mackerel eggs and larvae is temperature dependent 
(Lauth et al., 2007a). Recent studies of habitat-based definitions of essential fish habitat (EFH) in the 
Aleutian Islands demonstrate that water temperature can be an important determinant of EFH for many 
groundfish species (Laman et al. 2017). The effect of temperature on survey catchability and fish 
behavior is unknown, but could affect the vertical or broad scale distribution of Atka mackerel to make 
them less available to the trawl during cold years. It is unclear what effect the recent warm temperatures 
may have on Atka mackerel nesting sites that are within this depth range, or on adult fish distributions in 
response to water temperatures.  


Atka mackerel fishery effects on the ecosystem 
Atka mackerel fishery contribution to bycatch 
The levels of bycatch in the Atka mackerel fishery of prohibited species, forage fish, Habitat Areas of 
Particular Concern (HAPC) biota, marine mammals, birds, and other sensitive non-target species is 
relatively low except for the species which are noted in Table 17.17 and 17.18 and discussed below. 


The Atka mackerel fishery has very low bycatch levels of some species of HAPC biota, e.g. seapens and 
whips. The bycatch of sponges and coral in the Atka mackerel fishery is highly variable. It is notable that 
in the last two years (2015-2016) the Atka mackerel fishery has taken on average about 21 and 38% 
respectively, of the total Aleutian Islands sponge and coral catches. It is unknown if the absolute levels of 
sponge and coral bycatch in the Atka mackerel fishery are of concern.  


Fishing gear effects on spawning and nesting habitat 
Bottom contact fisheries could have direct negative impacts on Atka mackerel by destroying egg nests 
and/or removing the males that are guarding nests (Lauth et al. 2007b); however, this has not been 
examined quantitatively. It was previously thought that all Atka mackerel migrated to shallow, nearshore 
areas for spawning and nesting sites. When nearshore bottom trawl exclusion zones near Steller sea lion 
rookeries were implemented this was hypothesized to eliminate much of the overlap between bottom 
trawl fisheries and Atka mackerel nesting areas (Fritz and Lowe 1998). Lauth et al. (2007b), however 
found that nesting sites in Alaska were “…widespread across the continental shelf and found over a much 
broader depth range…”. The use of bottom contact fishing gear, such as bottom trawls, pot gear, and 
longline gear, utilized in July to January could, therefore, still potentially affect Atka mackerel nesting 
areas, despite trawl closures in nearshore areas around Steller sea lion rookeries.  


Management measures for the Atka mackerel fishery have an impact on the fishery interactions with 
Steller sea lions and on Atka mackerel habitat. Substantial parts of the Aleutian Islands were closed to 
trawling for Atka mackerel and Pacific cod (the predominant target species) as well as longlining for 
Pacific cod in early 2011 as part of mitigation measures for Steller sea lions. Management area 543 and 
large sections of 542 were included in this closure. The western and central Aleutian Islands were 
subsequently reopened to trawling in 2015.  







Observed fishing effort is used as an indicator of total fishing effort (Olson 2015), and can be used as an 
indicator of potential habitat disturbance. For the period 2005-2014 there were 23,499 observed bottom 
trawl tows in the Aleutian Islands (Olson 2015). During 2014, the amount of observed bottom trawl effort 
was 1,789 tows, which is almost 24 percent below average for the 10-year period. It represents a decrease 
over 2013. Patterns of high and low fishing effort are dispersed throughout the Aleutian Islands. The 
primary catches in these areas are Pacifc cod, Pacifc ocean perch, and Atka mackerel. In 2014, areas of 
anomalous fishing effort were minimal but scattered throughout the region, with higher than average 
observed effort east of Agattu Island and on Petrel Bank. Some areas that were closed in 2011 due to 
Steller sea lion management measures were reopened to varying degrees in 2015. In 2006, the Aleutian 
Islands Habitat Conservation Area (AIHCA) closed approximately 279,114 nm2 to bottom trawl fishing in 
the three AI management areas (Olson 2015). Changes in management regulations and the amount of 
Atka mackerel fishing effort is likely to have ecosystem impacts. 


NMFS has conducted ongoing tagging studies to determine the efficacy of trawl exclusion zones as a 
fishery-Steller sea lion management tool and to determine the local movement rates and abundance of 
Atka mackerel. A comprehensive report funded through the North Pacific Fishery Research Board 
(NPRB) that examined local scale fishery interactions of Atka mackerel and Steller sea lions in areas 541 
and 543, will be forthcoming in 2018. 


Indirect effects of bottom contact fishing gear, such as effects on fish habitat, may also have implications 
for Atka mackerel. Living substrate that is susceptible to fishing gear includes sponges, seapens, sea 
anemones, ascidians, and bryozoans (Malecha et al. 2005). Of these, Atka mackerel sampled in the 
NMFS bottom trawl survey are primarily associated with emergent epifauna such as sponges and corals 
(Malecha et al. 2005, Stone 2006). Effects of fishing gear on these living substrates could, in turn, affect 
fish species that are associated with them.  


Concentration of Atka mackerel catches in time and space 
Analyses of historic fishery CPUE revealed that the fishery may create temporary localized depletions of 
Atka mackerel, and historic fishery harvest rates in localized areas may have been high enough to affect 
prey availability of Steller sea lions (Section 12.2.2 of Lowe and Fritz 1997). The localized pattern of 
fishing for Atka mackerel could have created temporary reductions in the size and density of localized 
Atka mackerel populations which may have affected Steller sea lion foraging success during the time the 
fishery was operating and for a period of unknown duration after the fishery closed. As a precautionary 
measure, the NPFMC passed regulations in 1998 and 2001 (described above) to disperse fishing effort 
temporally and spatially as well as reduce effort within Steller sea lion critical habitat.  


Steller sea lion protection measures have spread out Atka mackerel harvests in time and space through the 
implementation of seasonal and area-specific TACs and harvest limits within sea lion critical habitat. 
Most recently, RPAs from the 2010 BiOp closed the entire Western Aleutians (Area 543) to directed 
fishing for Atka mackerel, and several closures were implemented in critical habitat in the Central 
Aleutians (Area 542) and the TAC for Area 542 was reduced to no more than 47 percent of the Area 543 
ABC. These measures were in place from 2011 to 2014. Revised RPAs were implemented in 2015. For 
the 2015 fishery, the Area 543 Atka mackerel TAC was set to less than or equal to 65 percent of the Area 
543 ABC. In Area 542, there are expanded area closures and no requirement for a TAC reduction. 
Concentration of catches in time and space is still an issue of possible concern and research efforts 
continue to monitor and assess the availability of Atka mackerel biomass in areas of concern. Also, in 
some cases the sea lion protection measures have forced the fishery to concentrate in areas outside of 
critical habitat that had previously experienced lower levels of exploitation. The impact of the fishery in 
these areas outside of critical habitat is unknown. 







Atka mackerel fishery effects on amount of large size Atka mackerel 
The numbers of large size Atka mackerel are largely impacted by highly variable year class strength 
rather than by the directed fishery. Year to year differences are attributed to natural fluctuations. 


Atka mackerel fishery effects on Atka mackerel age-at-maturity and fecundity 
The effects of the fishery on the age-at-maturity and fecundity of Atka mackerel are unknown. Studies 
were conducted to determine age-at-maturity (McDermott and Lowe 1997, Cooper et al. 2010) and 
fecundity (McDermott 2003, McDermott et al. 2007) of Atka mackerel. These are recent studies and there 
are no earlier studies for comparison on fish from an unexploited population. Further studies would be 
needed to determine if there have been changes over time and whether changes could be attributed to the 
fishery. 


Atka mackerel fishery contribution to discards and offal production 
There is no time series of the offal production from the Atka mackerel fishery. The Atka mackerel fishery 
has taken on average, about 316 t of non-target discards in the Aleutian Islands from 2015 to 2016. Most 
of the Atka mackerel fishery discards of target species are comprised of small Atka mackerel. The 
average discards of Atka mackerel in the Atka mackerel fishery have been about 320 t over 2015-2016. 


Data Gaps and Research Priorities 
More information on Atka mackerel habitat preferences would be useful to improve our understanding of 
Essential Fish Habitat (EFH), and improve our assessment of the impacts to habitat due to fishing. Better 
habitat mapping of the Aleutian Islands would provide information for survey stratification and the extent 
of trawlable and untrawlable habitat.  


The high variability in survey abundance and trend estimates is a major source of uncertainty in the 
assessment. Other approaches for analyzing the survey data such as spatial models, incorporating spatial 
covariates, especially those that are habitat related, into predictive estimates are research priorities. 
Changes in survey tow duration starting in 2002 may have resulted in a higher encounter rate for this 
species and may have resulted in an inconsistency in estimating the biomass over the complete time 
series. An evaluation of the survey data in terms of tow duration changes, survey design and the 
development of alternate estimation approaches possibly incorporating habitat information are research 
priorities. 


Studies to determine the impacts of environmental indicators such as temperature regime on Atka 
mackerel are needed. Further studies to determine whether there have been any changes in life history 
parameters over time (e.g. fecundity, and weight- and length-at-age) would be informative.  
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Tables 
Table 17.1. Time series of Bering Sea/Aleutian Islands Atka mackerel catches (including discards and 


CDQ catches), corresponding Acceptable Biological Catches (ABC), Total Allowable 
Catches (TAC), and Overfishing Levels (OFL) set by the North Pacific Fishery 
Management Council from 1978 to the present. Catches, ABCs, TACs, and OFLs are in 
metric tons. 


Year Catch ABC TAC OFL 
1977 21,763 a a  
1978 24,249 24,800 24,800  
1979 23,264 24,800 24,800  
1980 20,488 24,800 24,800  
1981 19,688 24,800 24,800  
1982 19,874 24,800 24,800  
1983 11,726 25,500 24,800  
1984 36,055 25,500 35,000  
1985 37,860 37,700 37,700  
1986 31,990 30,800 30,800  
1987 30,061 30,800 30,800  
1988 22,084 21,000 21,000  
1989 17,994 24,000 20,285  
1990 22,206 24,000 21,000  
1991 26,626 24,000 24,000  
1992 48,532 43,000 43,000 435,000 
1993 66,006 117,100 32,000 771,100 
1994 65,360 122,500 68,000 484,000 
1995 81,554 125,000 80,000 335,000 
1996 103,942 116,000 106,157 164,000 
1997 65,842 66,700 66,700 81,600 
1998 57,097 64,300 64,300 134,000 
1999 56,237 73,300 66,400 148,000 
2000 47,230 70,800 70,800 119,000 
2001 61,563 69,300 69,300 138,000 
2002 45,288 49,000 49,000 82,300 
2003 54,045 63,000 60,000 99,700 
2004 60,562 66,700 63,000 78,500 
2005 62,012 124,000 63,000 147,000 
2006 61,894 110,000 63,000 130,000 
2007 58,763 74,000 63,000 86,900 
2008 58,090 60,700 60,700 71,400 
2009 72,806 83,800 76,400 99,400 
2010 68,619 74,000 74,000 88,200 
2011 51,818 85,300 53,080 101,000 
2012 47,826 81,400 50,763 96,500 
2013 23,180 50,000 25,920 57,700 
2014 30,951 64,131 32,322 74,492 
2015 53,268 106,000 54,500 125,297 
2016 54,485 90,340 55,000 104,749 
2017 64,500b 87,200 65,000 107,200 


a) Atka mackerel was not a reported species group until 1978. 
b) 2017 projected total year catch (the 2017 catch is assumed nearly equal to the 2017 TAC of 


65,000 t, based on recent post Oct. 1 catches) 
Sources: compiled from NMFS Regional Office web site and various NPFMC reports. 







Table 17.2. Time series of Bering Sea/Aleutian Islands Atka mackerel catches (including discards and 
CDQ catches) by region, corresponding Acceptable Biological Catches (ABC), and Total 
Allowable Catches (TAC) set by the North Pacific Fishery Management Council from 1995 
to the present. Apportioned catches prior to 1995 are available in Lowe et al. (2013). 
Catches, ABCs, and TACs are in metric tons. 


Year   
Eastern  
(541) 


Central  
(542) 


Western  
(543) Total   Year   


Eastern  
(541) 


Central  
(542) 


Western  
(543) Total 


1995 Catch 14,199 50,387 16,966 81,552   2006 Catch 7,422 39,836 14,638 61,896 
  ABC 13,500 55,900 55,600 125,000    ABC 21,780 46,860 41,360 110,200 
  TAC 13,500 50,000 16,500 80,000    TAC 7,500 40,000 15,500 63,000 
                


1996 Catch 28,173 33,524 42,246 103,943   2007 Catch 22,943 26,723 9,097 58,763 
  ABC 26,700 33,600 55,700 116,000    ABC 23,800 29,600 20,600 74,000 
  TAC 26,700 33,600 45,857 10,657    TAC 23,800 29,600 9,600 63,000 
                


1997 Catch 16,318 19,990 29,537 65,845   2008 Catch 19,112 22,926 16,045 58,083 
  ABC 15,000 19,500 32,200 66,700    ABC 19,500 24,300 16,900 60,700 
  TAC 15,000 19,500 32,200 66,700    TAC 19,500 24,300 16,900 60,700 
                


1998 Catch 11,597 20,029 24,248 55,874   2009 Catch 26,417 30,137 16,253 72,807 
  ABC 14,900 22,400 27,000 64,300    ABC 27,000 33,500 23,300 83,800 
  TAC 14,900 22,400 27,000 64,300    TAC 27,000 32,500 16,900 76,400 
               


1999 Catch 16,245 21,596 15,082 52,923   2010 Catch 23,608 26,388 18,650 68,646 
  ABC 17,000 25,600 30,700 73,300     ABC 23,800 29,600 20,600 74,000 
  TAC 17,000 22,400 27,000 66,400     TAC 23,800 29,600 20,600 74,000 


              
2000 Catch 13,152 20,575 8,713 42,440   2011 Catch 40,891 10,713 205 51,809 


 ABC 16,400 24,700 29,700 70,800     ABC 40,300 24,000 21,000 85,300 
 TAC 16,400 24,700 29,700 70,800     TAC 40,300 11,280 1,500 53,080 
              


2001 Catch 7,905 30,365 18,264 56,534   2012 Catch 37,308 10,323 195 47,826 
 ABC 7,800 33,600 27,900 69,300     ABC 38,500 22,900 20,000 81,400 
 TAC 7,800 33,600 27,900 69,300     TAC 38,500 10,763 1,500 50,763 
              


2002 Catch 4,606 20,699 16,737 42,042   2013 Catch 15,777 7,284 120 23,181 
 ABC 5,500 23,800 19,700 49,000     ABC 16,900 16,000 17,100 50,000 
 TAC 5,500 23,800 19,700 49,000     TAC 16,900 7,520 1,500 25,920 
               


2003 Catch 10,725 25,435 17,885 54,045   2014 Catch 21,185 9,520 242 30,947 
 ABC 10,650 29,360 22,990 63,000    ABC 21,652 20,574 21,905 64,131 
 TAC 10,650 29,360 19,990 60,000    TAC 21,652 9,670 1,000 32,322 
               


2004 Catch 10,840 30,169 19,555 60,564   2015 Catch 26,343 16,672 10,253 53,268 
 ABC 11,240 31,100 24,360 66,700    ABC 38,492 33,108 34,400 106,000 
 TAC 11,240 31,100 20,660 63,000    TAC 27,000 17,000 10,500 54,500 
             
2005 Catch 7,201 35,069 19,744 62,014  2016 Catch 28,360 15,795 10,330 54,485 
 ABC 24,550 52,830 46,620 124,000   ABC 30,832 27,216 32,292 90,340 
 TAC 7,500 35,500 20,000 63,000   TAC 28,500 16,000 10,500 55,500 
             
       2017* Catch 25,810 22,430 16,260 64,500 
        ABC 34,890 30,330 21,980 87,200 
        TAC 34,500 18,000 12,500 65,000 
*2017 projected total year catches by region assumed nearly equal to the 2017 TACs, based on recent post Oct. 1 catches 
 







Table 17.3. Numbers of Atka mackerel length-weight data, length frequency, and aged samples based 
on NMFS observer data 1990-2016. 


Year 
Number of length- 


weight samples 
Length frequency 


records 
Number of 


aged samples 
1990 731 8,618 718 
1991 356 7,423 349 
1992 90 13,532 86 
1993 58 12,476 58 
1994 913 13,384 837 
1995 1,054 19,653 972 
1996 1,039 24,758 680 
1997 126 13,412 123 
1998 733 15,060 705 
1999 1,633 12,349 1,444 
2000 2,697 9,207 1,659 
2001 3,332 11,600 935 
2002 3,135 12,418 820 
2003 4,083 13,740 1,008 
2004 4,205 14,239 870 
2005 4,494 13,142 1,024 
2006 4,194 13,598 980 
2007 2,100 11,841 884 
2008 1,882 19,831 922 
2009 2,374 15,207 971 
2010 2,462 16,347 879 
2011 1,976 11,814 720 
2012 1,495 13,794 1,012 
2013 1,178 13,327 642 
2014 1,301 14,210 1,061 
2015 2,493 15,959 1,687 
2016 2,819 29,095 1,868 


 


  







Table 17.4.  Estimated catch-in-numbers at age (in millions) of Atka mackerel from the BSAI region, 
1977-2016. These data were used in fitting the age-structured model. 


Age 2 3 4 5 6 7 8 9 10 11+ 
1977 6.83 31.52 20.06 15.11 1.22 0.39 0.20  ---  ---  --- 
1978 2.70 60.16 15.57 9.22 3.75 0.59 0.34 0.11  ---  --- 
1979 0.01 4.48 26.78 13.00 2.20 1.11  ---  ---  ---  --- 
1980  --- 12.68 5.92 7.22 1.67 0.59 0.24 0.13  ---  --- 
1981  --- 5.39 17.11 0.00 1.61 8.10  ---  ---  ---  --- 
1982  --- 0.19 2.63 25.83 3.86 0.68  ---  ---  ---  --- 
1983  --- 1.90 1.43 2.54 10.60 1.59  ---  ---  ---  --- 
1984 0.09 0.98 7.30 7.07 10.79 21.78 2.21 0.96  ---  --- 
1985 0.63 15.97 8.79 9.43 6.01 5.45 11.69 1.26 0.27  --- 
1986 0.37 11.45 6.46 4.42 5.34 4.53 5.84 9.91 1.04 0.85 
1987 0.56 10.44 7.60 4.58 1.89 2.37 2.19 1.71 6.78 0.75 
1988 0.40 9.97 22.49 6.15 1.80 1.54 0.63 0.96 0.20 0.48 


1989a           
1990 1.74 7.62 13.15 4.78 1.77 0.81 0.11 0.09 0.03 0.17 
1991 0.00 4.15 6.49 7.78 5.71 3.94 1.04 0.18 0.35 0.22 
1992 0.00 0.93 20.82 2.97 1.40 0.62 0.00 0.00 0.00 0.00 
1993 0.00 13.55 18.33 38.88 12.16 6.76 4.17 0.61 0.59 0.00 
1994 0.05 9.16 6.83 23.13 36.00 4.64 8.21 5.27 3.04 0.61 
1995 0.13 20.65 33.67 9.81 18.78 33.09 4.01 5.84 7.90 2.98 
1996 0.02 3.65 63.55 21.94 14.14 19.44 31.59 2.85 3.37 2.53 
1997 0.00 17.11 4.66 66.28 3.72 1.56 0.67 3.56 0.36 0.00 
1998 0.00 11.15 15.73 15.24 25.07 11.21 4.02 3.55 5.28 1.85 
1999 1.17 1.08 38.31 8.85 7.09 9.93 5.24 1.80 1.49 1.79 
2000 0.54 8.91 6.40 26.59 7.53 4.33 8.33 1.93 0.78 1.01 
2001 1.87 20.59 13.57 8.68 27.20 8.16 4.60 3.86 0.78 0.50 
2002 1.94 22.68 25.37 7.88 3.89 16.20 3.23 1.56 1.67 0.53 
2003 0.78 19.96 49.54 20.63 5.95 3.27 7.02 0.78 0.49 0.85 
2004 0.09 20.44 31.49 44.20 12.32 2.40 1.56 2.21 0.00 0.39 
2005 1.43 3.96 35.31 27.23 28.97 9.68 1.54 0.25 0.85 0.00 
2006 3.56 16.74 5.66 33.56 20.27 22.62 4.12 0.56 0.36 0.26 
2007 2.25 19.63 11.63 5.39 19.94 15.90 12.46 2.69 0.77 0.08 
2008 5.49 13.29 16.90 7.61 6.29 20.04 10.53 11.63 1.64 0.54 
2009 4.69 31.92 15.73 20.00 8.81 8.56 16.59 8.24 8.71 1.79 
2010 1.67 19.00 47.22 13.06 13.59 6.46 3.82 7.90 4.66 1.75 
2011 1.05 3.02 17.61 22.41 6.68 4.89 1.16 2.73 4.44 4.82 
2012 0.18 7.41 3.54 21.16 20.78 5.69 3.21 2.69 2.36 9.96 
2013 1.56 7.42 19.99 4.59 14.75 11.71 2.52 1.32 0.85 3.44 
2014 0.48 23.50 2.71 8.10 2.87 4.02 2.86 0.44 0.59 1.27 
2015 0.58 16.21 13.06 10.55 13.24 6.86 14.11 7.73 1.98 1.42 
2016 0.12 8.30 28.76 10.13 8.66 9.81 4.69 8.43 3.59 0.74 


a Too few fish were sampled for age structures in 1989 to construct an age-length key. 







Table 17.5.  Atka mackerel estimated biomass in metric tons from the U.S.-Japan cooperative bottom 
trawl surveys, by subregion, depth interval, and survey year, with the corresponding 
Aleutian-wide coefficients of variation (CV). These historical data are presented, but are 
not used in the assessment model. 


   Biomass  
Area Depth (m) 1980 1983 1986 


Aleutian 1-100 193 239,502 1,013,678 
 101-200 62,376 247,256 107,092 
 201-300 646 2,565 368 
 301-500 0 164 10 
 Total 63,215 489,487 1,121,148 
 CV 0.80 0.24 0.80 


Western 1-100 193 49,115 1,675 
543 101-200 692 124,806 40,675 


 201-300  1,559 111 
 301-500 0 164 0 
 Total 885 175,644 42,461 


Central 1-100 0 103,588 1,011,991 
542 101-200 58,666 1,488 20,582 


 201-300 504 303 36 
 301-500 0 0 10 
 Total 59,170 105,379 1,032,619 


Eastern 1-100  86,800 11 
541 101-200 3,018 120,962 45,835 


 201-300 143 703 222 
 301-500 0 0 0 
 Total 3,161 208,465 46,068 


Southern 1-100 6 0 429 
Bering Sea 101-200 20,239 9 5 


 201-300 2 0 1 
 301-500  0 0 
 Total 20,247 9 435 


 


  







Table 17.6a.  Aleutian Islands Atka mackerel survey biomass by bottom-depth category by region and 
subareas including area percentages of total (for each year) and coefficients of variation 
(CV) for 1991, 1994, and 1997. 


 Depth 
Biomass 


 
Area  (m) 1991 1994 1997 


Aleutian 1-100 429,873 211,562 284,176 
Islands 101-200 277,907 472,725 177,672 
+ S. BS 201-300 520 1,691 130 


 301-500 0 30 20 
 Total 708,299 686,007 461,997 
Regional area % of Total 100% 100% 100% 


  CV 14% 32% 31% 
Western 1-100 168,968 93,847 90,824 


543 101-200 174,182 231,733 43,478 
 201-300 276 1,656 66 
 301-500 - 6 - 
 Total 343,426 327,242 134,367 
Regional area % of Total 48% 48% 29% 


  CV 18% 57% 56% 
Central 1-100 187,194 50,513 70,458 


542 101-200 100,329 33,255 116,295 
 201-300 70 13 53 
 301-500 0 2.9 8 
 Total 287,594 83,784 186,813 
Regional area % of Total 41% 12% 40% 


CV 17% 48% 36% 
Eastern 1-100 73,663 641 27,222 


541 101-200 3,392 207,707 17,890 
 201-300 163 19 11 
 301-500 0 12 14 
 Total 77,218 208,379 45,137 
Regional area % of Total 11% 30% 10% 


  CV 83% 44% 68% 
Bering 


Sea 1-100 47 66,562 95,672 
 101-200 3 30 9 
 201-300 11 3 0 
 301-500 0 8 0 
 Total 61 66,603 95,680 
Regional area % of Total 0% 10% 21% 


CV 37% 99% 99% 
  







Table 17.6b.  Aleutian Islands Atka mackerel survey biomass by bottom-depth category by region and 
subareas including area percentages of total (for each year) and coefficients of variation 
(CV) for 2000, 2002, 2004, 2006, 2010, 2012, 2014, and 2016. 


  
Depth 


  
Biomass (t)  


  
Area  (m) 2000 2002 2004 2006 2010 2012 2014 2016 


Aleutian 1-100 146,851 394,092 518,232 374,774 304,909 130,616 286,064 143,338 
Islands 101-200 357,325 393,159 631,150 326,716 624,294 145,351 436,506 302,604 


+ S. BS 201-300 8,636 48,723 7,410 40,091 1,008 886 716       
2,093  


 301-500 82 221 292 67 41 23 642          
130  


 Total 512,897 836,195 1,157,084 741,648 930,252 276,877 723,928 448,166 
Regional area % of 


Total 100% 100% 100% 100% 100% 100% 100% 100% 


  CV 28% 20% 17% 28% 35% 18% 24% 31% 
Western 1-100 106,168 50,481 140,669 64,429 59,449 62,247 115,359 16,808 


543 101-200 65,600 154,820 229,675 36,331 195,819 70,983 99,102 139,608 
 201-300 7,912 48,362 6,033 318 134 350 172 17 
 301-500 - 8 36 21 17 8 602 0 
 Total 179,680 253,671 376,414 101,098 255,419 133,588 215,235 156,433 


Regional area % of 
Total 35% 30% 33% 14% 27% 48% 30% 35% 


  CV 51% 32% 24% 35% 58% 28% 29% 56% 
Central 1-100 38,805 131,770 198,243 192,832 102,211 62,238 86,097 122,628 


542 101-200 290,766 199,743 70,267 85,102 96,457 46,861 118,612 10,338 
 201-300 674 168.9 367.1 103 207 16.2 119.7 37 
 301-500 9 142.5 194.1 0 0 15.1 39.8 18 
 Total 330,255 331,824 269,071 278,036 198,874 109,130 204,868 133,022 


Regional area % of 
Total 64% 40% 23% 37% 21% 39% 28% 30% 


CV 34% 24% 35% 24% 28% 27% 50% 54% 
Eastern 1-100 25 152,159 54,424 107,230 44,981 6,029 84,252 3,802 


541 101-200 772 38,492 188,592 205,108 327,105 26,685 217,748 152,623 
 201-300 48 94 971 37,829 339 435 382 1,989 
 301-500 73 71 57 40 5 0 0 112 
 Total 919 190,817 244,043 350,206 372,429 33,149 302,383 158,525 


Regional area % of 
Total 0% 23% 21% 47% 40% 12% 42% 35% 


  CV 74% 58% 33% 55% 74% 46% 43% 50% 
Bering Sea 1-100 1,853 59,682 124,896 10,284 98,268 103 356 100 
 101-200 187 103 142,616 176 4,914 822 1,044 35 
 201-300 4 98 39 1,842 327 85 42 50 
 301-500 0 0 3.8 6 19 0 0 0 
 Total 2,044 59,883 267,556 12,308 103,529 1,010 1,443 186 


Regional area % of 
Total 0% 7% 23% 2% 11% 0% 0% 0% 


CV 88% 99% 43% 44% 86% 77% 73% 39% 
 
  







 
 
Table 17.7. Estimated survey numbers at age (in millions) of Atka mackerel from the Aleutian Islands 


trawl surveys and numbers of Atka mackerel otoliths aged (n). 
 


Age n 2 3 4 5 6 7 8 9 10 11+ 
1986 712 157.53 985.94 532.35 344.94 274.32 230.87 135.80 40.74 10.86 2.72 
1991 478 72.44 846.64 137.33 261.09 81.49 87.53 15.09 6.04 0.00 0.00 
1994 745 12.37 166.06 114.83 185.49 217.29 51.23 68.01 22.08 37.98 6.18 
1997 433 65.67 142.93 115.25 148.73 45.71 23.18 31.55 43.14 6.44 13.52 
2000 831 269.32 76.68 25.25 226.30 68.26 71.07 118.76 37.41 18.70 23.38 
2002 789 77.33 933.52 531.22 95.13 32.08 78.05 35.78 14.47 12.71 1.53 
2004 598 66.94 726.25 584.22 560.93 120.42 29.00 16.47 19.23 10.67 15.32 
2006 525 166.24 159.26 63.30 192.03 200.48 290.68 93.74 11.92 0.27 19.16 
2010 560 45.18 386.11 400.88 82.19 86.99 39.26 50.56 98.85 67.84 112.04 
2012 417 63.17 100.11 40.52 97.73 66.74 20.26 20.26 17.88 8.34 61.98 
2014 478 109.92 155.54 150.30 130.30 87.45 172.27 149.99 44.11 22.87 63.07 
2016 300 34.99 231.82 249.68 67.08 52.74 52.15 27.88 40.06 43.59 17.76 


Table 17.8a.  Year-specific survey and the population weight-at-age (kg) values used to obtain expected 
survey catch biomass and population biomass. The population weight-at-age values are 
derived from the Aleutian trawl surveys as the average of years 2012, 2014, and 2016.   


       Age      
 Year 1 2 3 4 5 6 7 8 9 10 11+ 
Survey 1991 0.045 0.185 0.449 0.637 0.652 0.751 0.811 0.693 1.053 1.764 0.878 
 1994 0.045 0.177 0.450 0.653 0.738 0.846 0.941 0.988 0.906 0.907 0.516 
 1997 0.045 0.191 0.486 0.686 0.753 0.805 0.887 0.970 0.919 1.375 0.935 
 2000 0.045 0.130 0.387 0.623 0.699 0.730 0.789 0.810 0.792 0.864 0.871 
 2002 0.045 0.139 0.342 0.615 0.720 0.837 0.877 0.773 0.897 0.955 1.084 
 2004 0.045 0.138 0.333 0.497 0.609 0.739 0.816 0.956 0.928 0.745 0.824 
 2006  0.045 0.158 0.332 0.523 0.516 0.675 0.764 0.719 0.855 1.653 0.991 
 2010 0.045 0.161 0.369 0.633 0.667 0.744 0.974 1.075 0.981 1.041 1.244 
 2012 0.045 0.161 0.360 0.517 0.627 0.705 0.762 0.820 0.863 0.809 0.949 
 2014 0.045 0.162 0.465 0.524 0.662 0.709 0.856 0.951 0.920 0.808 1.017 
 2016 0.045 0.189 0.370 0.480 0.696 0.744 0.759 0.892 0.910 0.917 0.887 


Avg 2012, 2014, 
2016 


0.045 0.171 0.398 0.507 0.662 0.719 0.792 0.888 0.898 0.845 0.951 


  







Table 17.8b. Year-specific fishery weight-at-age (kg) values used to obtain expected fishery catch 
biomass. The 2017 fishery weight-at-age values are the average of the last three years 
(2014-2016).  


 
       Age      
 Year 1 2 3 4 5 6 7 8 9 10 11+ 
Fishery 1977 0.069 0.132 0.225 0.306 0.400 0.470 0.507 0.379 0.780 0.976 1.072 
Foreign 1978 0.069 0.072 0.225 0.300 0.348 0.388 0.397 0.371 0.423 0.976 1.072 
 1979 0.069 0.496 0.319 0.457 0.476 0.475 0.468 0.546 0.780 0.976 1.072 
 1980 0.069 0.365 0.317 0.450 0.520 0.585 0.630 0.546 0.780 0.976 1.072 
 1981 0.069 0.365 0.317 0.450 0.520 0.585 0.630 0.546 0.780 0.976 1.072 
 1982 0.069 0.365 0.273 0.443 0.564 0.695 0.795 0.546 0.780 0.976 1.072 
 1983 0.069 0.365 0.359 0.499 0.601 0.686 0.810 0.546 0.780 0.976 1.072 
 1984 0.069 0.297 0.410 0.617 0.707 0.777 0.802 0.890 0.910 0.976 1.072 
 1985 0.069 0.302 0.452 0.552 0.682 0.737 0.775 0.807 1.007 1.011 1.072 
 1986 0.069 0.146 0.334 0.528 0.546 0.786 0.753 0.829 0.858 0.954 1.052 
 1987 0.069 0.265 0.435 0.729 0.908 0.859 0.964 1.023 1.054 1.088 1.098 
 1988 0.069 0.196 0.351 0.470 0.564 0.624 0.694 0.783 0.818 0.850 1.064 
Domestic 1989 0.069 0.295 0.440 0.577 0.739 0.838 0.664 0.817 0.906 1.010 1.065 
 1990 0.069 0.362 0.511 0.728 0.877 0.885 0.985 1.386 1.039 1.445 1.442 
 1991 0.069 0.230 0.207 0.540 0.729 0.685 0.655 0.755 1.014 0.743 1.021 
 1992 0.069 0.230 0.390 0.607 0.715 0.895 0.973 0.839 0.865 0.916 1.010 
 1993 0.069 0.230 0.572 0.626 0.682 0.773 0.826 0.782 1.041 0.812 1.010 
 1994 0.069 0.150 0.363 0.568 0.649 0.697 0.777 0.749 0.744 0.736 0.922 
 1995 0.069 0.092 0.228 0.520 0.667 0.687 0.691 0.707 0.721 0.641 0.909 
 1996 0.069 0.188 0.294 0.474 0.633 0.728 0.743 0.770 0.799 0.846 0.973 
 1997 0.069 0.230 0.397 0.664 0.686 0.862 0.904 0.971 0.884 0.951 1.108 
 1998 0.069 0.230 0.296 0.494 0.580 0.644 0.682 0.775 0.707 0.798 0.858 
 1999 0.069 0.240 0.406 0.568 0.707 0.755 0.839 0.979 1.170 1.141 0.961 
 2000 0.069 0.215 0.497 0.594 0.689 0.734 0.778 0.854 0.813 0.904 0.988 
 2001 0.069 0.224 0.418 0.563 0.719 0.765 0.841 0.826 0.946 0.912 1.109 
 2002 0.069 0.253 0.293 0.459 0.600 0.601 0.723 0.722 0.791 0.851 0.940 
 2003 0.069 0.208 0.304 0.420 0.539 0.667 0.747 0.731 0.669 0.824 0.996 
 2004 0.069 0.176 0.316 0.444 0.567 0.624 0.679 0.810 0.728 0.916 1.015 
 2005 0.069 0.247 0.406 0.480 0.536 0.558 0.657 0.966 1.184 0.942 1.010 
 2006 0.069 0.265 0.393 0.503 0.551 0.613 0.647 0.714 0.848 0.856 0.984 
 2007 0.069 0.247 0.437 0.547 0.715 0.697 0.768 0.778 0.776 1.272 1.033 
 2008 0.069 0.265 0.388 0.540 0.615 0.727 0.719 0.700 0.798 0.786 0.998 
 2009 0.069 0.215 0.395 0.494 0.605 0.667 0.734 0.745 0.770 0.816 0.813 
 2010 0.069 0.204 0.362 0.565 0.583 0.673 0.684 0.758 0.723 0.762 0.803 
 2011 0.069 0.220 0.445 0.640 0.807 0.753 0.770 0.798 0.931 0.913 0.899 
 2012 0.069 0.230 0.374 0.509 0.612 0.658 0.713 0.772 0.822 0.894 0.949 
 2013 0.069 0.266 0.280 0.606 0.677 0.740 0.867 0.822 0.803 0.822 1.093 
 2014 0.069 0.316 0.569 0.634 0.709 0.735 0.840 0.838 0.791 0.942 0.923 
 2015 0.069 0.178 0.375 0.604 0.620 0.679 0.702 0.736 0.770 0.763 0.864 
 2016 0.069 0.249 0.455 0.552 0.680 0.679 0.706 0.720 0.767 0.764 0.754 
Ave. 2014-
2016 


2017 0.069 0.248 0.466 0.597 0.670 0.698 0.749 0.765 0.776 0.823 0.847 


  







 


 


Table 17.9.  Schedules of age and length specific maturity of Atka mackerel from McDermott and 
Lowe (1997) by Aleutian Islands subareas. Eastern - 541, Central - 542, and Western - 543. 


 
INPFC Area 


   
Length 


(cm) 541 542 543 Age 
Proportion


mature 
25 0 0 0 1 0 
26 0 0 0 2 0.04 
27 0 0.01 0.01 3 0.22 
28 0 0.02 0.02 4 0.69 
29 0.01 0.04 0.04 5 0.94 
30 0.01 0.07 0.07 6 0.99 
31 0.03 0.14 0.13 7 1 
32 0.06 0.25 0.24 8 1 
33 0.11 0.4 0.39 9 1 
34 0.2 0.58 0.56 10 1 
35 0.34 0.73 0.72   
36 0.51 0.85 0.84   
37 0.68 0.92 0.92   
38 0.81 0.96 0.96   
39 0.9 0.98 0.98   
40 0.95 0.99 0.99   
41 0.97 0.99 0.99   
42 0.99 1 1   
43 0.99 1 1   
44 1 1 1   
45 1 1 1   
46 1 1 1   
47 1 1 1   
48 1 1 1   
49 1 1 1   
50 1 1 1   


 


 







Table 17.10.  Estimates of key results from AMAK for Bering Sea/Aleutian Islands Atka mackerel from 
Model 16.0. Results from last year’s assessment (Last Year), last year’s assessment model 
with updated data (Model 16.0), and the three refinements (Model 16.0a, 16.0b, and 16.0c) 
are given. Coefficients of variation (CV) for some key reference values are given, 
appearing directly below.  


Assessment Model Last 
Year 
(16.0) 


Model 
16.0 


Model 
16.0a 


Model 
16.0b 


Model 
16.0c 


Model setup 
  


   
Survey catchability 1.20 1.27 1.13 1.17 0.94 


Steepness 0.8 0.8 0.8 0.8 0.8 
SigmaR 0.44 0.44 0.47 0.46 0.38 


Natural mortality 0.3 0.3 0.3 0.3 0.3 
Fishery Average Effective N 250 252 170 168 85 
Survey Average Effective N 112 122 106 90 78 


RMSE Survey 0.236 0.243 0.241 0.244 0.249 
-log Likelihoods 


 
    


Number of Parameters 506 518 518 518 178 
Survey index 7.20 7.88 7.97 8.18 8.24 


Catch biomass 0.02 0.02 0.02 0.02 0.01 
Fishery age comp 84.0 89.8 132.1 130.8 87.5 
Survey age comp 40.07 40.2 44.21 27.54 27.24 


Sub total 131.31 137.91 184.29 166.56 122.96 
-log Penalties 


 
    


Recruitment -8.5 -8.2 -2.7 -4.9 -20.2 
Selectivity constraint 86.29 92.73 98.67 95.35 22.15 


Prior 0.41 0.7 0.19 0.3 0.05  
78.2 85.2 96.1 90.8 2.0 


Total 209.48 223.10 280.42 257.34 124.96 
Fishing mortalities (full selection) 


 
    


F 2015 0.13 0.13 0.11 0.11 0.09 
F 2017/F 40% 0.58 0.52 0.48 0.47 0.37           


Stock abundance 
 


    
Initial Biomass (t, 1977) 688,517 629206 670882 717242 961583 


CV 20% 20% 21% 21% 20% 
Assessment year total biomass (t) 588,326 578996 622424 630597 827785 


CV 19% 20% 19% 20% 20% 
2006 year class (millions at age 1) 959 969 1034 1007 1124 


CV 15% 15% 15% 16% 17% 
2012 year class (millions at age 1) 541 674 699 715 982 


CV 27% 22% 22% 23% 23%   
    


 







Table 17.11.  Estimates of Atka mackerel fishery (over time, 1977-2016) and survey selectivity at age 
(normalized to have a maximum of 1.0). The average selectivity over 2012-2016 listed 
below, is used for projections and computation of ABC. 


Age 
Year 1 2 3 4 5 6 7 8 9 10 11+ 
1977 0.007 0.074 0.532 1.000 0.952 0.575 0.349 0.210 0.128 0.091 0.091 
1978 0.007 0.072 0.614 0.928 1.000 0.670 0.413 0.240 0.141 0.099 0.099 
1979 0.007 0.052 0.383 1.000 0.960 0.668 0.448 0.249 0.140 0.097 0.097 
1980 0.007 0.052 0.334 0.894 1.000 0.769 0.606 0.303 0.157 0.107 0.107 
1981 0.008 0.056 0.347 0.724 0.937 0.955 1.000 0.375 0.184 0.125 0.125 
1982 0.006 0.041 0.206 0.500 1.000 0.907 0.592 0.288 0.156 0.107 0.107 
1983 0.006 0.041 0.227 0.513 0.818 1.000 0.656 0.310 0.174 0.119 0.119 
1984 0.006 0.045 0.254 0.606 0.861 1.000 0.797 0.412 0.232 0.152 0.152 
1985 0.007 0.056 0.447 0.816 0.961 1.000 0.853 0.582 0.356 0.217 0.217 
1986 0.007 0.061 0.475 0.841 0.986 1.000 0.962 0.794 0.547 0.304 0.304 
1987 0.007 0.061 0.464 0.958 1.000 0.915 0.885 0.767 0.551 0.379 0.379 
1988 0.005 0.046 0.371 1.000 0.810 0.637 0.600 0.507 0.381 0.264 0.264 
1989 0.006 0.053 0.377 1.000 0.950 0.731 0.635 0.529 0.401 0.299 0.299 
1990 0.006 0.049 0.387 1.000 0.919 0.694 0.606 0.502 0.389 0.297 0.297 
1991 0.006 0.047 0.286 0.833 1.000 0.866 0.721 0.573 0.438 0.348 0.348 
1992 0.006 0.043 0.238 0.723 1.000 0.947 0.796 0.636 0.488 0.392 0.392 
1993 0.006 0.038 0.202 0.596 0.929 1.000 0.852 0.693 0.531 0.422 0.422 
1994 0.005 0.032 0.174 0.515 0.880 1.000 0.881 0.762 0.580 0.443 0.443 
1995 0.005 0.031 0.164 0.536 0.832 0.994 1.000 0.854 0.647 0.496 0.496 
1996 0.004 0.028 0.144 0.481 0.769 0.939 1.000 0.907 0.641 0.484 0.484 
1997 0.004 0.026 0.147 0.484 0.836 0.939 1.000 0.911 0.672 0.501 0.501 
1998 0.004 0.025 0.139 0.519 0.818 0.920 1.000 0.939 0.689 0.495 0.495 
1999 0.003 0.024 0.153 0.595 0.768 0.890 0.966 1.000 0.687 0.461 0.461 
2000 0.003 0.021 0.191 0.525 0.727 0.858 0.953 1.000 0.629 0.399 0.399 
2001 0.002 0.019 0.180 0.520 0.743 0.872 1.000 0.903 0.580 0.364 0.364 
2002 0.002 0.020 0.153 0.500 0.701 0.823 1.000 0.811 0.511 0.332 0.332 
2003 0.003 0.024 0.210 0.549 0.805 0.906 1.000 0.874 0.524 0.345 0.345 
2004 0.004 0.035 0.267 0.686 0.933 0.981 1.000 0.854 0.557 0.366 0.366 
2005 0.004 0.046 0.315 0.707 0.909 0.963 1.000 0.766 0.518 0.353 0.353 
2006 0.004 0.061 0.515 0.695 0.870 0.922 1.000 0.767 0.544 0.370 0.370 
2007 0.004 0.062 0.525 0.743 0.737 0.817 1.000 0.825 0.587 0.377 0.377 
2008 0.004 0.055 0.429 0.685 0.716 0.854 1.000 0.895 0.740 0.410 0.410 
2009 0.004 0.044 0.298 0.640 0.803 0.848 1.000 0.897 0.704 0.458 0.458 
2010 0.004 0.040 0.245 0.704 0.890 1.000 0.993 0.893 0.762 0.508 0.508 
2011 0.004 0.034 0.206 0.511 0.824 1.000 0.940 0.815 0.798 0.672 0.672 
2012 0.003 0.033 0.214 0.468 0.744 1.000 0.992 0.862 0.840 0.828 0.828 
2013 0.003 0.037 0.353 0.720 0.763 0.943 1.000 0.902 0.815 0.705 0.705 
2014 0.003 0.040 0.816 0.587 0.853 1.000 0.914 0.966 0.900 0.634 0.634 
2015 0.002 0.022 0.220 0.341 0.515 0.681 0.820 1.000 0.753 0.358 0.358 
2016 0.002 0.018 0.170 0.479 0.366 0.625 0.803 1.000 0.918 0.326 0.326 
2017 0.002 0.018 0.170 0.479 0.366 0.625 0.803 1.000 0.918 0.326 0.326 


Ave. 2012-2016 0.003 0.030 0.355 0.519 0.648 0.850 0.906 0.946 0.845 0.570 0.570 
Survey 0.015 0.144 0.604 0.836 0.751 0.784 0.982 1.000 0.814 0.694 0.694 


 







Table 17.12. Estimated BSAI Atka mackerel begin-year numbers at age in millions, 1977-2017. 


Age 
Year 1 2 3 4 5 6 7 8 9 10 11+ 
1977 388 614 392 142 111 65 58 49 39 30 103 
1978 2177 287 450 270 91 72 45 41 35 28 97 
1979 568 1611 210 307 176 59 49 31 29 26 91 
1980 354 421 1189 151 209 120 41 35 23 21 86 
1981 398 262 311 863 106 146 85 30 25 17 79 
1982 267 294 194 227 619 75 104 60 22 19 70 
1983 364 198 218 142 164 439 54 75 44 16 66 
1984 418 269 147 160 104 119 316 39 55 33 60 
1985 596 310 199 106 112 71 81 218 28 40 68 
1986 506 441 228 140 72 75 47 54 151 20 78 
1987 678 374 325 161 95 48 50 32 37 106 70 
1988 527 502 276 232 111 65 33 35 22 26 127 
1989 1292 390 370 198 158 76 46 23 25 16 111 
1990 625 957 288 269 139 111 55 33 17 18 92 
1991 367 463 707 210 190 99 80 39 24 12 81 
1992 565 272 342 513 146 131 69 56 28 17 67 
1993 951 418 200 247 355 98 89 47 39 20 60 
1994 384 704 308 144 168 230 63 58 32 27 56 
1995 382 285 519 221 97 106 142 40 37 21 56 
1996 991 282 209 367 141 57 60 80 23 23 50 
1997 232 733 207 146 225 77 29 30 41 13 45 
1998 359 172 540 148 97 138 46 17 18 26 39 
1999 843 266 126 385 96 58 80 26 10 11 42 
2000 1907 624 196 91 254 61 36 49 16 6 36 
2001 1242 1412 460 140 61 164 38 22 30 11 29 
2002 1393 919 1041 326 91 37 97 22 13 19 27 
2003 304 1032 678 749 219 59 24 59 14 9 32 
2004 409 225 762 487 510 143 38 15 38 10 29 
2005 554 303 166 547 333 339 95 25 10 27 27 
2006 383 410 223 119 374 223 225 63 17 7 38 
2007 1007 284 301 155 81 249 147 147 42 12 32 
2008 838 746 208 209 105 54 166 96 98 29 31 
2009 250 620 548 145 139 69 35 106 62 65 42 
2010 541 185 455 379 92 86 42 21 64 39 71 
2011 349 400 136 321 243 57 52 26 13 40 74 
2012 634 259 295 98 221 161 37 34 17 9 77 
2013 715 469 191 212 68 146 102 23 22 11 56 
2014 441 530 347 138 150 48 102 71 16 15 47 
2015 390 327 391 243 98 104 33 71 49 11 44 
2016 459 288 241 275 166 64 66 20 42 31 38 
2017 499 340 213 171 181 112 41 40 12 24 47 


Average 647 485 361 257 175 115 76 50 34 23 60 
 







Table 17.13a. Estimates of Atka mackerel biomass in metric tons with approximate lower and upper 95% 
confidence bounds for age 1+ biomass and female spawning biomass (labeled as LCI and 
UCI; computed for period 1977-2018).  


  Age 1+ biomass (t) Female spawning biomass (t) 
Year Estimate LCI UCI Estimate LCI UCI 


       
1977  717,240   418,540   1,015,940   182,530   100,936   264,124  
1978  793,380   454,480   1,132,280   186,760   98,968   274,552  
1979  898,990   506,310   1,291,670   199,490   101,844   297,136  
1980  1,046,100   585,320   1,506,880   230,930   119,826   342,034  
1981  1,003,400   559,620   1,447,180   290,990   154,686   427,294  
1982  955,230   531,150   1,379,310   319,730   169,398   470,062  
1983  857,260   477,920   1,236,600   294,730   156,836   432,624  
1984  777,440   439,880   1,115,000   259,240   136,882   381,598  
1985  718,210   405,630   1,030,790   224,750   115,522   333,978  
1986  673,060   381,480   964,640   194,370   97,954   290,786  
1987  659,510   381,110   937,910   178,530   91,206   265,854  
1988  676,510   402,370   950,650   181,100   95,298   266,902  
1989  729,190   455,270   1,003,110   187,540   103,138   271,942  
1990  804,830   530,250   1,079,410   198,910   115,510   282,310  
1991  886,520   605,080   1,167,960   218,110   134,336   301,884  
1992  866,050   598,490   1,133,610   243,210   156,638   329,782  
1993  845,080   588,460   1,101,700   243,960   156,894   331,026  
1994  815,100   567,460   1,062,740   215,640   134,880   296,400  
1995  777,350   536,310   1,018,390   192,160   115,862   268,458  
1996  702,810   470,050   935,570   174,060   98,462   249,658  
1997  637,110   405,990   868,230   156,730   84,332   229,128  
1998  625,930   395,910   855,950   146,020   76,846   215,194  
1999  577,780   356,240   799,320   152,040   80,952   223,128  
2000  653,040   411,800   894,280   147,980   77,498   218,462  
2001  822,170   539,550   1,104,790   140,000   72,078   207,922  
2002  1,035,500   697,220   1,373,780   175,740   98,880   252,600  
2003  1,147,300   782,620   1,511,980   249,320   151,758   346,882  
2004  1,159,400   790,980   1,527,820   307,530   193,566   421,494  
2005  1,038,400   699,520   1,377,280   322,500   204,326   440,674  
2006  934,990   619,670   1,250,310   294,990   182,570   407,410  
2007  849,450   554,890   1,144,010   251,920   151,282   352,558  
2008  820,800   535,620   1,105,980   218,990   127,886   310,094  
2009  822,330   535,550   1,109,110   195,710   110,426   280,994  
2010  761,210   483,430   1,038,990   193,710   107,824   279,596  
2011  681,750   419,870   943,630   197,350   109,854   284,846  
2012  656,560   401,940   911,180   183,730   99,990   267,470  
2013  628,870   379,930   877,810   172,530   94,624   250,436  
2014  667,680   407,940   927,420   172,960   97,280   248,640  
2015  676,970   410,370   943,570   171,710   94,552   248,868  
2016  630,600   366,860   894,340   170,470   89,138   251,802  
2017  595,460   332,940   857,980   159,027   77,822   244,178  
2018  569,490   302,030   836,950   139,297   65,292   226,828  


 







Table 17.13b. Estimates of Atka mackerel age 3+ biomass and female spawning biomass in metric tons 
from the current recommended assessment model, Model 16.0b (1977-2018) compared to 
last year’s (2016) assessment results. 


  Age 3+ biomass (t) Female spawning biomass (t) 
Year Current 2016 Current 2016 
1977  595,230  600,325  182,530  194,135 
1978  646,900  604,684  186,760  187,696 
1979  598,920  545,585  199,490  184,824 
1980  958,510  783,585  230,930  198,180 
1981  940,860  794,704  290,990  245,803 
1982  893,040  738,223  319,730  257,912 
1983  807,190  693,872  294,730  243,375 
1984  712,730  653,539  259,240  227,795 
1985  638,650  606,376  224,750  204,616 
1986  575,160  573,316  194,370  185,122 
1987  565,320  575,154  178,530  180,099 
1988  567,310  578,463  181,100  186,380 
1989  604,750  606,970  187,540  191,005 
1990  613,780  609,609  198,910  201,256 
1991  791,200  785,368  218,110  216,924 
1992  794,400  804,875  243,210  245,262 
1993  731,130  733,085  243,960  242,320 
1994  677,850  671,131  215,640  213,464 
1995  711,710  698,388  192,160  190,682 
1996  610,240  607,462  174,060  169,352 
1997  501,800  489,281  156,730  149,411 
1998  580,570  566,426  146,020  141,020 
1999  494,730  497,421  152,040  151,702 
2000  461,170  447,096  147,980  143,116 
2001  525,760  543,336  140,000  138,829 
2002  816,310  882,832  175,740  187,098 
2003  957,790  1,050,846  249,320  275,350 
2004  1,102,700  1,190,008  307,530  333,747 
2005  961,930  1,057,734  322,500  354,805 
2006  847,890  928,604  294,990  326,248 
2007  755,930  833,231  251,920  282,022 
2008  656,110  725,049  218,990  245,929 
2009  705,360  745,900  195,710  214,408 
2010  705,420  730,883  193,710  208,870 
2011  597,850  612,418  197,350  204,269 
2012  584,030  574,538  183,730  182,981 
2013  516,780  515,011  172,530  172,271 
2014  557,630  539,387  172,960  170,225 
2015  603,830  553,053  171,710  162,615 
2016  560,830  510,847  170,470  154,396 
2017  515,150  487,620  159,027  145,258 
2018  484,150    139,297   


  







Table 17.14. Estimates of age-1 Atka mackerel recruitment (millions of recruits) and standard 
deviation (Std. dev.). Estimates of age-1 recruitment from last year’s assessment 
(2016) are shown for comparison. 


 Age 1 recruitment 


Year Current Std. dev 2016 assessment 
1977  387   104   340  
1978  2,175   507   1,623  
1979  568   145   489  
1980  354   95   359  
1981  397   103   445  
1982  267   73   318  
1983  364   93   421  
1984  418   104   491  
1985  596   142   574  
1986  505   130   473  
1987  678   163   635  
1988  527   130   463  
1989  1,291   243   1,282  
1990  624   144   610  
1991  367   94   374  
1992  565   121   525  
1993  951   168   860  
1994  384   86   398  
1995  382   81   380  
1996  990   167   948  
1997  232   53   220  
1998  359   74   341  
1999  842   150   952  
2000  1,906   292   2,048  
2001  1,241   193   1,273  
2002  1,393   206   1,467  
2003  304   59   321  
2004  409   73   419  
2005  554   93   563  
2006  383   68   376  
2007  1,007   158   959  
2008  838   138   750  
2009  250   51   238  
2010  540   103   486  
2011  349   75   338  
2012  634   135   558  
2013  715   163   541  
2014  441   124   423  
2015  389   120   467  
2016  459   188   484  
2017  499   212   


Average 78-16  658   638 
Median 78-16  527    486 







 


Table 17.15.  Estimates of full-selection fishing mortality rates and exploitation rates (Catch/Biomass) 
for BSAI Atka mackerel. 


Year F 
Catch/Biomass  


Ratea 
1977 0.141  0.037  
1978 0.136  0.037  
1979 0.083  0.039  
1980 0.061  0.021  
1981 0.044  0.021  
1982 0.044  0.022  
1983 0.028  0.015  
1984 0.090  0.051  
1985 0.111  0.059  
1986 0.104  0.056  
1987 0.076  0.053  
1988 0.087  0.039  
1989 0.051  0.030  
1990 0.047  0.036  
1991 0.073  0.034  
1992 0.096  0.061  
1993 0.143  0.090  
1994 0.183  0.096  
1995 0.275  0.115  
1996 0.394  0.170  
1997 0.227  0.131  
1998 0.269  0.098  
1999 0.197  0.114  
2000 0.189  0.102  
2001 0.255  0.117  
2002 0.195  0.055  
2003 0.154  0.056  
2004 0.115  0.055  
2005 0.114  0.064  
2006 0.125  0.073  
2007 0.126  0.078  
2008 0.154  0.089  
2009 0.231  0.103  
2010 0.203  0.097  
2011 0.138  0.087  
2012 0.153  0.082  
2013 0.065  0.045  
2014 0.069  0.056  
2015 0.234  0.088  
2016 0.250  0.097  
2017 0.282  0.125  


a Catch/Biomass rate is the ratio of catch to beginning year age 3+ biomass. 
  







Table 17.16.  Projections of female spawning biomass in metric tons, full-selection fishing mortality rates 
(F) and catch in metric tons for Atka mackerel for the 7 scenarios. The values for B100%, 
B40%, and B35% are 307,151 t, 122,860 t, and 107,503 t, respectively.  


Catch Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017  64,500   64,500   64,500   64,500  64,500  64,500   64,500  
2018  69,000   69,000   69,000   69,000  69,000  108,563   92,155  
2019  65,000   65,000   65,000   65,000  65,000  80,739   75,694  
2020  83,075   83,075   16,343   23,502  0  77,052   84,373  
2021  81,594   81,594   18,877   26,755  0  83,223   86,109  
2022  83,906   83,906   21,275   29,827  0  88,998   89,988  
2023  87,160   87,160   23,550   32,728  0  93,392   93,681  
2024  89,469   89,469   25,375   35,020  0  95,968   96,025  
2025  89,697   89,697   26,490   36,355  0  95,858   95,859  
2026  89,423   89,423   27,146   37,109  0  95,230   95,232  
2027  89,188   89,188   27,475   37,464  0  94,802   94,808  
2028  88,698   88,698   27,644   37,622  0  94,307   94,310  
2029  89,183   89,183   27,894   37,921  0  95,004   95,006  
2030  89,362   89,362   28,045   38,094  0  95,235   95,235  


Fishing M. Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017 0.238 0.238 0.238 0.238 0.238 0.238 0.238 
2018 0.278 0.278 0.278 0.278 0.278 0.464 0.384 
2019 0.283 0.283 0.283 0.283 0.283 0.402 0.357 
2020 0.366 0.366 0.066 0.096 0 0.383 0.403 
2021 0.355 0.355 0.066 0.096 0 0.393 0.401 
2022 0.355 0.355 0.066 0.096 0 0.404 0.406 
2023 0.358 0.358 0.066 0.096 0 0.410 0.411 
2024 0.359 0.359 0.066 0.096 0 0.413 0.414 
2025 0.360 0.360 0.066 0.096 0 0.413 0.414 
2026 0.359 0.359 0.066 0.096 0 0.412 0.412 
2027 0.359 0.359 0.066 0.096 0 0.412 0.412 
2028 0.359 0.359 0.066 0.096 0 0.412 0.412 
2029 0.359 0.359 0.066 0.096 0 0.412 0.412 
2030 0.358 0.358 0.066 0.096 0 0.411 0.411 


Spawning biomass Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017  159,027   159,027  159,027 159,027 159,027  159,027   159,027  
2018  139,297   139,297  139,297 139,297 139,297  128,922   133,272  
2019  125,587   125,587  125,587 125,587 125,587  107,324   114,495  
2020  118,779   118,779  133,815 132,233 137,396  102,660   107,705  
2021  119,215   119,215  156,726 152,393 166,847  106,911   109,145  
2022  123,280   123,280  180,662 173,546 197,746  112,218   113,086  
2023  125,992   125,992  199,874 190,180 223,731  114,922   115,253  
2024  127,752   127,752  214,905 202,931 245,045  116,364   116,494  
2025  128,542   128,542  226,195 212,262 261,966  116,826   116,884  
2026  128,014   128,014  233,181 217,703 273,601  116,150   116,184  
2027  127,343   127,343  237,482 220,866 281,481  115,521   115,540  
2028  127,080   127,080  240,993 223,463 287,957  115,309   115,318  
2029  127,170   127,170  243,610 225,412 292,828  115,431   115,435  
2030  127,838   127,838  246,142 227,446 297,084  116,066   116,068  


  







Table 17.17.  Ecosystem effects.  


Ecosystem effects on Atka mackerel   
Indicator Observation Interpretation Evaluation 
Prey availability or abundance trends   


Zooplankton Data limited, Copepod Community Size 
index has declined, negative anomalies since 
2012, bias towards smaller species 


Trends could affect nutritional quality 
of prey, influence availability of prey 


Unknown 


Predator population trends   
Marine mammals 
 


Northern fur seals: Pribilof Island rookeries 
declining, Bogoslof breeding rookery 
increasing. Steller sea lions remain below 
their long-term mean in the western and 
central AI, non-pup counts in the EAI 
remain high.  


Mixed potential impact, possibly 
increased or decreased mortality on 
Atka mackerel depending on region 


No concern 
 


Birds 
 


Stable, some increasing some decreasing Affects young-of-year mortality No concern 


Fish (Pacific cod, 
arrowtooth flounder) 


Arrowtooth abundance trends are stabilizing, 
possibly slight declining trend 


Possible changes in predation on Atka 
mackerel 


No concern 


Changes in habitat quality   
Temperature regime 


 
2016 AI summer bottom trawl survey 
temperature was highest in the time series 


 Could possibly affect vertical and 
broad scale distribution of Atka 
mackerel. Could possibly affect 
nesting sites and habitat. 


Unknown 
 


The Atka mackerel effects on ecosystem   
Indicator Observation Interpretation Evaluation 
Fishery contribution to bycatch   


Prohibited species Variable, heavily monitored. See Table 
17.18 


Likely to be a minor contribution to 
mortality 


Unknown 


Forage (including 
herring, Atka mackerel, 
cod, and pollock) 


Stable, heavily monitored Bycatch levels small relative to forage 
biomass 


Unknown 


HAPC biota 
(seapens/whips, corals, 
sponges, anemones) 


Low bycatch levels of seapens/whips, 
sponge and coral catches are variable 


Unknown Possible 
concern for 
sponges and 
corals 


Marine mammals and 
birds 


Very minor direct-take Likely to be very minor contribution to 
mortality 


No concern 


Fishery concentration in 
space and time 
 


Steller sea lion protection measures spread 
out Atka mackerel catches in time and space. 
Western Aleutians (WAI) closed to directed 
Atka mackerel fishery (2011-2014); Atka 
mackerel TAC reduced in Central Aleutians 
(≤47% CAI ABC). WAI opened to directed 
fishing 2015; WAI TAC reduced to ≤65% 
WAI ABC. Fishery has become highly 
concentrated in areas outside of critical 
habitat 


Mixed potential impact (fur seals vs 
Steller sea lions). Areas outside of 
critical habitat may be experiencing 
higher exploitation rates. 


Possible 
concern 
 
 


Fishery effects on amount of 
large size target fish 


Depends on highly variable year-class 
strength  


Natural fluctuation (environmental) Probably no 
concern 


Fishery contribution to 
discards and offal 
production 


Offal production—unknown 
From 2015-2016, the Atka mackerel fishery 
contributed an average of 316 and 320 t of 
the total AI trawl non-target and Atka 
mackerel discards, respectively. 


The Atka mackerel fishery is one of 
the few trawl fisheries operating in the 
AI. Numbers and rates should be 
interpreted in this context. 


Unknown 


Fishery effects on age-at-
maturity and fecundity 


Unknown Unknown Unknown 


 







Table 17.18 Prohibited species catch in the Atka mackerel fishery, 2010-2016. Estimates are reported in 
metric tons for halibut and herring, and counts of fish for crab and salmon. 


 
Species group name 2010 2011 2012 2013 2014 2015 2016 
Bairdi Tanner Crab 53 682 0 87 0 254 0 
Blue King Crab 0 0 0 0 0 0 0 
Chinook Salmon 241 285 161 0 299 136 535 
Golden (Brown) King Crab 3,180 33,855 6,662 3,402 2,571 1,321 2,898 
Halibut 73 150 232 99 107 126 121 
Herring 0 0 0 0 0 0 0 
Non-Chinook Salmon 839 152 1,155 705 514 1,687 1,162 
Opilio Tanner (Snow) Crab 0 0 64 131 0 38 0 
Red King Crab 1,258 1,790 1,782 362 795 4,956 348 
Grand Total 5,644 36,914 10,056 4,786 4,286 8,517 5,064 
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Figure 17.1. Observed catches of Atka mackerel summed for 20 km2 cells for 2016 and 2017 where 
observed catch per haul was greater than 1 t. Shaded areas represent areas closed to 
directed Atka mackerel fishing. 


  







 


 
Figure 17.2. 2016 Atka mackerel fishery length-frequency data by area fished (see Figure 17.1). 


Numbers refer to management areas.  


 
Figure 17.3. Preliminary 2017 Atka mackerel fishery length-frequency data by area fished (see Figure 


17.1). Numbers refer to management areas. 







 
Figure 17.4. Atka mackerel Aleutian Islands survey biomass estimates by area and survey year. Bars 


represent 95% confidence intervals based on sampling error. 
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Figure 17.5. Date-standardized temperature (°C) anomaly profiles predicted by a generalized additive model 


(GAM) at systematic depth increments and ½-degree longitude intervals for Aleutian Islands 
bottom trawl survey years 1994-2016 (Laman 2016). 







 


 


 


 
Figure 17.6. Bottom-trawl survey CPUE distributions of Atka mackerel catches during the summers of 


2012, 2014, and 2016. 







 


 
Figure 17.7. Atka mackerel bottom trawl survey length frequency data by subarea in 2016 (top) and for 


all areas, 2000-2016 (bottom). Vertical scale is proportion in top panel and estimated 
absolute numbers at age bottom panel. 
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Figure 17.8. Atka mackerel age distribution from the 2016 Aleutian Islands bottom trawl survey. A total 


of 300 otoliths were aged; mean age from the 2016 survey is 4.9 years.  


  


0


0.05


0.1


0.15


0.2


0.25


0.3


0.35


2 3 4 5 6 7 8 9 10 11 12


Pr
op


or
tio


n


Age


2016 Aleutian Islands Survey







 


 


Figure 17.9  Time series of the current assessment (Model 16.0) estimated Aleutian Islands Atka 
mackerel spawning biomass (in t, top) and recruitment at age 1 (bottom) with approximate 
95% confidence bounds, compared to last year’s Model 16.0 estimates (2016 assessment). 
The only change in these figures are the new data available in 2017.  
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Figure 17.10. Observed (dots) and predicted (trend line) survey biomass estimates (t) for Bering 
Sea/Aleutian Islands Atka mackerel. Error bars represent two standard errors (based on 
sampling) from the survey estimates.  







 
Figure 17.11. Observed and predicted survey proportions-at-age for BSAI Atka mackerel. Lines with “•” 


symbol are the model predictions and columns are the observed proportions at age. 







 
Figure 17.12. Observed and predicted Atka mackerel fishery proportions-at-age for BSAI Atka 


mackerel. Lines with “•” symbol are the model predictions and columns are the observed 
proportions at age (with colors corresponding to cohorts). 







 
 


Figure 17.13. Fishery selectivity estimates over time for BSAI Atka mackerel. 


  







 
 


 


 


Figure 17.14.  Estimated fishery selectivity patterns in the current assessment with a) last year’s average 
for projections, b) the 2017 assessment average selectivity used for projections (2012-
2016), c) last year’s assessment terminal year, and d) the 2017 assessment terminal year 
(2016) compared with the maturity-at-age estimates for BSAI Atka mackerel.  
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Figure 17.15.  Estimated BSAI Atka mackerel survey selectivity-at-age from the current assessment 
(Model 16.0b). Selectivity estimates have been normalized to a maximum value of 1.0 for 
presentation. 


0


0.25


0.5


0.75


1


0 1 2 3 4 5 6 7 8 9 10 11


Pr
op


or
tio


n


Age







 


 
 


Figure 17.16.  Time series of estimated Aleutian Islands Atka mackerel spawning biomass with 
approximate 95% confidence bounds (in t, top), and recruitment at age 1 (thousands, 
bottom) from the current assessment (Model 16.0b) compared to last year’s 2016 
assessment results (Model 16.0). Dashed line represents average recruitment over the time 
series from the current assessment (658 million recruits). 
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Figure 17.17.  Age 1 recruitment from the current assessment (Model 16.0b). Average recruitment for the 


1977-2015 year classes is 658 million recruits.  


 


 
Figure 17.18 Estimated age 1 recruits (millions) versus female spawning biomass (t) for BSAI Atka 


mackerel. Solid line indicates Beverton-Holt stock recruitment curve (with steepness 
h=0.8). 







 
Figure 17.19 Estimated time series of Model 16.0 mean and full-selection fishing mortality and 


catch/biomass (C_B) exploitation rates of Atka mackerel, 1977-2017. Catch/biomass rates 
are the ratios of catch to beginning year age 3+ biomass. 







 
  


 


  
 


Figure 17.20. Retrospective plots showing the BSAI Atka mackerel spawning biomass over time (top) 
and the relative difference (bottom) over 10 different “peels”. 







 
 
 
 


 
 


   
Figure 17.21.  Projected Atka mackerel catch (assuming TAC taken in 2017 and reduced 2018 and 2019 


catches; top) and spawning biomass (bottom) in thousands of metric tons under maximum 
permissible Tier 3a harvest specification. The individual thin lines represent samples of 
simulated trajectories. 







 
Figure 17.22.  Aleutian Islands Atka mackerel spawning biomass relative to B35% and fishing mortality 


relative to FOFL (1977-2019). The ratio of fishing mortality to FOFL is calculated using the 
estimated selectivity pattern in that year. Estimates of spawning biomass and B35% are 
based on current estimates of weight-at-age and mean recruitment. Because these estimates 
change as new data become available, this figure can only be used in a general way to 
evaluate management performance relative to biomass and fishing mortality reference 
levels.  
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Figure 17.23.  Atka mackerel bottom trawl survey biomass by subarea 1991-2016 with random effects 
model fitting for area apportionment purposes. Dashed lines represent alternative methods 
for averaging surveys. 
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Figure 17.24. The food web of the Aleutian Islands survey region, 1990-1994, emphasizing the position 


of age 1+ Atka mackerel. Outlined species represent predators of Atka mackerel (dark 
boxed with light text) and prey of Atka mackerel (light boxes with dark text). Box and text 
size are proportional to each species’ standing stock biomass, while line widths are 
proportional to the consumption between boxes (t/year). Trophic levels of individual 
species may be staggered up to +/-0.5 of a trophic level for visibility. 







 


 (A)  


(B)  


Figure 17.25.  (A) Diet of age 1+ Atka mackerel, 1990-1994, by percentage wet weight in diet weighted 
by age-specific consumption rates. (B) Percentage mortality of Atka mackerel by mortality 
source, 1990-1994. “Unexplained” mortality is the difference between the stock 
assessment total exploitation rate averaged for 1990-1994, and the predation and fishing 
mortality, which are calculated independently of the assessment using predator diets, 
consumption rates, and fisheries catch. 
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Figure 17.26. Total exploitation rate of age 1+ Atka mackerel, 1990-1994, proportioned into exploitation 


by fishing (black), predation (striped) and “unexplained” mortality (grey). “Unexplained” 
mortality is the difference between the stock assessment total exploitation rate averaged for 
1990-1994, and the predation and fishing mortality, which are calculated independently of 
the assessment using predator diets, consumption rates, and fisheries catch.  
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Appendix 17A Supplemental catch data 
 
In order to comply with the Annual Catch Limit (ACL) requirements, two new datasets have been 
generated to help estimate total catch and removals from NMFS stocks in Alaska.  
 
The first dataset, non-commercial removals, estimates total available removals that do not occur during 
directed groundfish fishing activities. These include removals incurred during research, subsistence, 
personal use, recreational, and exempted fishing permit activities, but do not include removals taken in 
fisheries other than those managed under the groundfish FMP. These estimates represent additional 
sources of removals to the existing Catch Accounting System (CAS) estimates. Estimates for Atka 
mackerel from this dataset are shown along with trawl survey removals from 1977-2015 in Table 17B-1. 
Recent removals from activities other than directed fishing totaled 140 t in 2010, 1,529 t in 2011, 62 t in 
2012, <1 t in 2013, 111 t in 2014, and 58 t in 2015. This is approximately 0.2, 2.0, <0.1, <0.1, 0.2, and 
<0.1% of the 2011, 2012, 2013, 2014, and 2015 ABCs respectively, and represent a very low risk to the 
stock. These removals were not incorporated in the stocks assessment. If these removals were accounted 
for in the stock assessment model, the recommended ABCs for 2017 and 2018 would likely change very 
little. 
 
The second dataset, Halibut Fishery Incidental Catch Estimation (HFICE), is an estimate of the incidental 
catch of groundfish in the halibut IFQ fishery in Alaska, which is currently unobserved. To estimate 
removals in the halibut fishery, methods were developed by the HFICE working group and approved by 
the Gulf of Alaska and Bering Sea/Aleutian Islands Groundfish Plan Teams and the Scientific and 
Statistical Committee of the North Pacific Fishery Management Council. A detailed description of the 
methods is available in Tribuzio et al. (2011). There are no reported catches >0.5 t of BSAI Atka 
mackerel from this dataset. 
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Groundfish Fisheries off Alaska. NOAA Technical Memorandum NMFS-AFSC-205. 42 p.  
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Table 17A-1. Total removals of BSAI Atka mackerel (t) from activities not related to directed fishing, 
since 1977. “Trawl” refers to a combination of the NMFS echo-integration; small-mesh; 
large-mesh; and Aleutian Islands bottom trawl surveys; and occasional short-term research 
projects involving trawl gear. “Longline” refers to either the NMFS or IPHC longline 
survey. “Other” refers to recreational, personal use, and subsistence harvest. 


   Longline   
Year Source Trawl NMFS IPHC Other Total 
1977 AFSC 0    0 
1978 AFSC 0    0 
1979 AFSC 0    0 
1980 AFSC 48    48 
1981 AFSC 0    0 
1982 AFSC 1    1 
1983 AFSC 151    151 
1984 AFSC 0    0 
1985 AFSC 0    0 
1986 AFSC 130    130 
1987 AFSC 0    0 
1988 AFSC 0    0 
1989 AFSC 0    0 
1990 AFSC 0    0 
1991 AFSC 77    77 
1992 AFSC 0    0 
1993 AFSC 0    0 
1994 AFSC 147    147 
1995 AFSC 0    0 
1996 AFSC 0    0 
1997 AFSC 85    85 
1998 AFSC 0    0 
1999 AFSC 0    0 


 


 


 


 


 







Table 17A-1cont. Total removals of BSAI Atka mackerel (t) from activities not related to directed 
fishing, since 1977. “Trawl” refers to a combination of the NMFS echo-integration; 
small-mesh; large-mesh; and Aleutian Islands bottom trawl surveys; and occasional 
short-term research projects involving trawl gear. “Longline” refers to either the NMFS 
or IPHC longline survey. “Other” refers to recreational, personal use, and subsistence 
harvest. 


   Longline   
Year Source Trawl NMFS IPHC Other Total 
2000 AFSC 105    105 
2001 AFSC 0    0 
2002 AFSC 171    171 
2003 AFSC 0    0 
2004 AFSC 240    240 
2005 AFSC 0    0 
2006 AFSC 99    99 
2007 AFSC 0    0 
2008 AFSC 0    0 
2009 AFSC 0    0 
2010 AFSC 140    140 
2011 AFSC 1,529    1,529 
2012 AFSC 62    62 
2013 AFSC 0    0 
2014 AFSC 111    111 
2015 AFSC 0    0 
2016 AFSC 78    78 


 


  







Appendix 17B  


Atka mackerel (BSAI) Economic Performance Report for 2016 
By 


Ben Fissel 


Alaska Fishery Science Center, Resource Ecology and Fishery Management Division,  
Economic and Social Sciences Research Division 


Atka mackerel is predominantly caught in the Aleutian Islands, and almost exclusively by the 
Amendment 80 Fleet. The fishery for Atka mackerel has been a catch share fishery since 2008 when 
Amendment 80 was implemented rationalizing the fleet of catcher/processor vessels in the Bering Sea and 
Aleutian Islands region targeting flatfish, Atka mackerel and Pacific ocean perch.4 In 2015 Atka mackerel 
total catch increased to 54 thousand t bringing it back to roughly 2011 catch levels after significant 
reductions in the TAC in 2012 and 2013 when catch levels dropped to approximately 40% of the 2001-
2010 average (Table 1). The lower catch was due to area closures to protect endangered Steller sea lions 
and survey-based changes in the spatial apportionment of TAC. Recent increases in TAC reflect the 
continued health of the stock and expanded fishing opportunities in the Aleutian Islands. Commensurate 
with the change in catch, first-wholesale production increased. The result was a 17.4% growth in first-
wholesale revenue to $74 million, despite a 25.4% decrease in the wholesale price. 


The U.S. (Alaska), Japan and Russian are the major producers of Atka mackerel.5 Approximately 90% of 
the Alaska caught Atka mackerel production volume is processed as head-and-gut (H&G), while the 
remainder is mostly sold as whole fish (Table 1). Virtually all of Alaska’s Atka mackerel production is 
exported, mostly to Asian markets. In Asia it undergoes secondary processing into products like surimi, 
salted-and-split and other consumable product forms (Table 2). Industry reports that the domestic market 
is minimal and data indicate U.S. imports are approximately 0.1% of global production. The upward trend 
in first-wholesale and export prices have been influenced by international factors. In particular, global 
supply of Atka mackerel has been in decline because of substantial decreases in catch volume both in the 
US and Japan. Global production dropped from an average of 265 thousand t between 2001-2010 to 154 
thousand tons in between 2011 and 2014 (Table 2). The reductions in international supply mean that the 
U.S. has captured a larger share of global production global production in recent years relative to the 
2001-2010 average (Table 2). The global supply reductions have upward pressure on the price. 
Additionally, the recent opening of previously restricted areas off the Aleutians has given industry more 
access to larger fish which yield a higher price per pound in the market. The increased price of Atka 
mackerel in recent years has had the effect of actually increasing first-wholesale value (excluding 2013) 
above the 2001-2010 average despite the reduced production volume (Table 1). International production 
of Atka mackerel has been on the decline primarily because of reductions in Japanese catch and 
production which persisted through 2015. The U.S. exchange rate was a likely factor in the 2015 first-
wholesale price decrease as the value of the Dollar increased 12.5% over the Yen between 2014 and 2015 
and Japan constitutes roughly 70% of the export value (Table 2). Additionally, industry reports that the 


                                                      


4 Because Atka mackerel is only targeted by at-sea catcher/processor vessel there is not an effective ex-vessel 
market for it. Though ex-vessel statistics are computed for national reporting purposes. 


5 Japan and Russia catch the distinct species Okhotsk atka mackerel which are substitutes as the markets treat the 
two species identically. 







price in 2014 may have overshot a level that the market can sustain and buyers may be anticipating future 
harvest increases. 


Table 1. Atka mackerel catch and first-wholesale market data. Total and retained catch (thousand metric 
tons), number of vessel, first-wholesale production (thousand metric tons), value (million US$), price 
(US$ per pound), and head and gut share of production; 2001-2010 average and 2011-2015. 


 
Source: NMFS Alaska Region Blend and Catch-accounting System estimates; NMFS Alaska Region At-sea 
Production Reports; and ADF&G Commercial Operators Annual Reports (COAR). Data compiled and provided by 
the Alaska Fisheries Information Network (AKFIN). 


Table 2. Atka mackerel U.S. trade and global market data. Global production (thousand metric tons), U.S. 
share of global production, U.S. export volume (thousand metric tons), U.S. export value (million US$), 
U.S. export price (US$ per pound) and the share of U.S. export value from Japan; 2001-2010 average and 
2011-2016. 


 
Source: FAO Fisheries & Aquaculture Dept. Statistics http://www.fao.org/fishery/statistics/en. NOAA Fisheries, 
Fisheries Statistics Division, Foreign Trade Division of the U.S. Census Bureau, 
http://www.st.nmfs.noaa.gov/commercial-fisheries/foreign-trade/index. U.S. Department of Agriculture 
http://www.ers.usda.gov/data-products/agricultural-exchange-rate-data-set.aspx. 


 
 


  


2001-2010 
Average 2011 2012 2013 2014 2015


Total catch K mt 62.0 53.4 49 24.5 32 54.5
Retained catch K mt 55.9 51.1 47.2 23.4 31.5 53.4
Vessels # 15 14 14 14 11 14
First-wholesale production K mt 32.92 32.74 30.17 14.57 20.88 32.87
First-wholesale value M US$ $42.89 $74.90 $74.80 $39.40 $63.30 $74.30
First-wholesale price/lb US$ $0.59 $1.04 $1.12 $1.23 $1.38 $1.03
H&G share of value 90% 93% 90% 87% 93% 95%


2001-2010 
Average 2011 2012 2013 2014 2015


2016       
(thru June)


Global production K mt 256.98 179.85 186.01 130.42 120.17 - -


US share global production 22% 28% 25% 18% 26% - -


Export value M US$ $34.38 $29.88 $40.45 $34.75 $53.18 $84.10 $35.98
Export quantity K mt 22.235 21.85 20.1 12.73 19.53 30.13 13.05
Export price/lb US$ $0.69 $0.62 $0.91 $1.24 $1.24 $1.27 $1.25
Japan's share of export value 73% 56% 61% 62% 66% 73% 73%
Exchange rate, Yen/Dollar 110.00 79.81 79.79 97.60 105.94 121.04 107.32



http://www.fao.org/fishery/statistics/en

http://www.st.nmfs.noaa.gov/commercial-fisheries/foreign-trade/index

http://www.ers.usda.gov/data-products/agricultural-exchange-rate-data-set.aspx





Appendix 17C 
Table 17C-1. Variable descriptions and model specification. 


General Definitions Symbol/Value Use in Catch at Age Model 
Year index: i = {1977, …., 2016}                  i  


Age index: j = {1, 2, 3, …, A} j   
Mean weight by age j Wj  


Maximum age beyond which selectivity 
is constant 


Maxage Selectivity parameterization 


  Dome-shape penalty variance term 


Instantaneous Natural Mortality   M Fixed M=0.30, constant over all ages 
Proportion females mature at age j  Definition of spawning biomass 


Sample size for proportion at age j in 
year i   


Scales multinomial assumption about estimates of 
proportion at age 


Survey catchability coefficient 
 Prior distribution = lognormal(1.0 , ) 


Stock-recruitment parameters  Unfished equilibrium recruitment 


  Stock-recruitment steepness 


  Recruitment variance 


Estimated parameters   
 


Note that the number of selectivity parameters estimated depends on the model configuration. 
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Table 17C-2. Variables and equations describing implementation of the Assessment Model for Alaska    
(AMAK).  


Description Symbol/Constraints Key Equation(s) 
Survey abundance index (s) by year    


Catch-at-age by year 
 


 
 


Catch biomass   


Initial numbers at age j = 1  
 A 


1 < j < A 
 


Maximum age j = A  
Subsequent years (i >1977) j = 1  


 1 < j < A  
 j = A  


 Year effect, i = 1967, …, 2016 εi,   


Index catchability 
 Mean effect 


  
 Age effect 


 


 


 


   


  
Instantaneous fishing mortality   


 mean fishing effect µf  
 


 Annual effect of fishing in year i  φi,  
 


 
Age effect of fishing (regularized) 


in year time variation allowed 
 


In years where selectivity is 
constant over time 


 


,  


 


 


,  


  
 
 


Natural Mortality  M  
Total mortality   


Recruitment  
 Beverton-Holt form 
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Table C-3. Specification of objective function that is minimized (i.e., the penalized negative of the log-
likelihood).  


Likelihood /penalty 
component 


 Description / notes 


 Abundance indices 
  


Survey abundance  


Prior on smoothness 
for selectivities  Smoothness (second differencing), 


Note: l={s, or f} for survey and fishery 
selectivity 


Prior on extent of 
dome-shape for fishery 


selectivity  


 


 
Allows model some  


flexibility on degree of  
declining selectivity at age 


Prior on recruitment 
regularity 


  


Influences estimates where data are lacking 
(e.g., if no signal of recruitment strength is 


available, then the recruitment estimate will 
converge to median value). 


Catch biomass 
likelihood  


 
 


Fit to survey 


Proportion at age 
likelihood  l={s, f} for survey and fishery age composition 


observations 
Fishing mortality 


regularity   
(relaxed in final phases of estimation) 


Priors  
 


Prior on natural mortality, and survey 
catchability (reference case assumption that M is 


precisely known at 0.3). 


Overall objective 
function to be 


minimized 
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Appendix 17D Model 16.0 results 


Projections 
Results discussed below are for Model 16.0 with updated 2016 fishery and survey catch- and weight-at-
age values. Results for Model 16.0 are given in Tables 17D-1 to 17D-6 and Figure 17D-1. 


Amendment 56 Reference Points  
Amendment 56 to the BSAI Groundfish Fishery Management Plan (FMP) defines “overfishing level” 
(OFL), the fishing mortality rate used to set OFL (FOFL), the maximum permissible ABC, and the fishing 
mortality rate used to set the maximum permissible ABC (max FABC). The fishing mortality rate used to 
set ABC (FABC) may be less than this maximum permissible level, but not greater. The overfishing and 
maximum allowable ABC fishing mortality rates are given in terms of percentages of unfished female 
spawning biomass (FSPR%), on fully selected age groups. The associated long-term average female 
spawning biomass that would be expected under average estimated recruitment from 1978-2016 (617 
million age-1 recruits) and F equal to F40% and F35% are denoted B40% and B35% , respectively. The Tiers 
require reference point estimates for biomass level determinations. We present the following reference 
points for BSAI Atka mackerel for Tier 3 of Amendment 56. For our analyses, we computed the 
following values from Model 16.0 results based on recruitment from post-1976 spawning events: 


B100% = 297,954 t female spawning biomass 
B40%  = 115,182 t female spawning biomass 
B35%  = 100,784 t female spawning biomass 


Specification of OFL and Maximum Permissible ABC 
In the current assessment, Model 16.0b is configured with time-varying selectivity. We use a 5-year 
average (2012-2016) to reflect recent conditions for projections and computing ABC which gives: 
 


Full selection Fs 2017 
F2017 0.28 
F40%     0.39 
F35%    0.47 
F2017/F40% 0.72 


 
For specification purposes to project the 2018 ABC, we assumed a total 2017 year end catch of 64,500 t 
nearly equal to the 2017 TAC, based on the amount of catch taken after Oct. 1 in recent years. For 
projecting to 2019, an expected catch in 2018 is also required. Recognizing that the modified Steller sea 
lion RPAs implemented in 2015 require a TAC reduction in Area 543, we assume a stock-wide catch 
based on a reduced overall BSAI-wide Atka mackerel catch for 2017. Under the modified Steller sea lion 
RPAs, the Area 543 Atka mackerel TAC is set less than or equal to 65 percent of the Area 543 ABC. We 
estimated that about 75% of the BSAI-wide ABC is likely to be taken. This percentage was applied to the 
maximum permissible 2018 ABC and that amount was assumed to be caught in order to estimate the 2019 
ABC and OFL values. 


It is important to note that for BSAI Atka mackerel, projected female spawning biomass calculations 
depend on the harvest strategy because spawning biomass is estimated at peak spawning (August). Thus, 
projections incorporate 7 months of the specified fishing mortality rate. The projected 2018 female 
spawning biomass (SSB2018) is estimated to be 126,700 t given assumed 2017 catch and a slightly reduced 
2018 catch reflecting the RPA adjustment to the 2018 ABC.  







The projected 2018 female spawning biomass estimate is above the B40% value of 115,180 t, placing BSAI 
Atka mackerel in Tier 3a. The 2019 female spawning biomass estimate is also above B40%. The maximum 
permissible ABC and OFL values under Tier 3a are: 


Year Catch* ABC FABC OFL FOFL SSB Tier 
2018 69,000 82,100 0.39 96,500 0.47 126,700 3a 
2019 65,000 75,000 0.39 86,200 0.47 113,800 3a 


* Catches in 2018 and 2019 are less than the recommended ABC to reflect expected catch reductions 
under Steller sea lion RPAs.  


Standard Harvest Scenarios and Projection Methodology 
A standard set of projections is required for each stock managed under Tiers 1, 2, or 3, of Amendment 56. 
This set of projections encompasses seven harvest scenarios designed to satisfy the requirements of 
Amendment 56, the National Environmental Policy Act, and the Magnuson-Stevens Fishery Conservation 
and Management Act (MSFCMA). 


For each scenario, the projections begin with the vector of 2017 or 2018 numbers at age estimated in the 
assessment. This vector is then projected forward to the beginning of 2030 using a fixed value of natural 
mortality of 0.3, the recent schedule of selectivity estimated in the assessment (in this case the average 
2012-2016 selectivity), and the best available estimate of total (year-end) catch for 2017 (in this case 
assumed to be 64,500 t nearly equal to TAC). In addition, the 2018 and 2019 catches are reduced to 
accommodate Steller sea lion RPA TAC reductions for Scenarios 1 and 2. In each subsequent year, the 
fishing mortality rate is prescribed on the basis of the spawning biomass in that year and the respective 
harvest scenario. In each year, recruitment is drawn from an inverse Gaussian distribution whose 
parameters consist of maximum likelihood estimates determined from recruitments estimated in the 
assessment. Spawning biomass is computed in each year based on the time of peak spawning (August) 
and the maturity and population weight schedules described in the assessment. Total catch is assumed to 
equal the catch associated with the respective harvest scenario in all years, except that in the first two 
years of the projection, a lower catch may be specified for stocks where catch is typically below ABC (as 
is the case for Atka mackerel). This projection scheme is run 500 times to obtain distributions of possible 
future stock sizes, fishing mortality rates, and catches. 


Five of the seven standard scenarios are designed to provide a range of harvest alternatives that are likely 
to bracket the final TACs for 2018 and 2019, are as follows (“max FABC” refers to the maximum 
permissible value of FABC under Amendment 56): 


Scenario 1: In all future years, F is set equal to max FABC. (Rationale: Historically, TAC has been 
constrained by ABC, so this scenario provides a likely upper limit on future TACs.).  


Scenario 2: In all future years, F is set equal to a constant fraction of max FABC, where this fraction is 
equal to the ratio of the FABC value for 2018 recommended in the assessment to the max 
FABC for 2018, and where catches for 2018 and 2019 are estimated at their most likely 
values given the 2018 and 2019 maximum permissible ABSs under this scenario. 
(Rationale: When FABC is set at a value below max FABC, it is often set at the value 
recommended in the stock assessment).  


Scenario 3: In all future years, F is set equal to the average of the five most recent years. (Rationale: 
For some stocks, TAC can be well below ABC, and recent average F may provide a 
better indicator of FTAC than FABC.) 


Scenario 4: In all future years, F is set equal to F60%. (Rationale: This scenario provides a likely 
lower bound on FABC that still allows future harvest rates to be adjusted downward when 
stocks fall below reference levels). 







Scenario 5: In all future years, F is set equal to zero. (Rationale: In extreme cases, TAC may be set at 
a level close to zero.) 


Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether a stock is 
currently in an overfished condition or is approaching an overfished condition. These two scenarios are as 
follows (for Tier 3 stocks, the MSY level is defined as B35%): 


Scenario 6:  In all future years, F is set equal to FOFL. (Rationale: This scenario determines whether a 
stock is overfished. If the stock is expected to be 1) above its MSY level in 2019 or 2) 
above ½ of its MSY level in 2019 and above its MSY level in 2029 under this scenario, 
then the stock is not overfished.) 


Scenario 7:  In 2018 and 2019, F is set equal to max FABC, and in all subsequent years, F is set equal 
to FOFL. (Rationale: This scenario determines whether a stock is approaching an 
overfished condition. If the stock is 1) above its MSY level in 2019 or 2) above 1/2 of its 
MSY level in 2019 and expected to be above its MSY level in 2029 under this scenario, 
then the stock is not approaching an overfished condition.) 


Status Determination 
The projections of female spawning biomass, fishing mortality rate, and catch corresponding to the seven 
standard harvest scenarios are shown in Table 17.16. Harvest scenarios #6 and #7 are intended to permit 
determination of the status of a stock with respect to its minimum stock size threshold (MSST). Any stock 
that is below its MSST is defined to be overfished. Any stock that is expected to fall below its MSST in 
the next two years is defined to be approaching an overfished condition. Harvest scenarios #6 and #7 are 
used in these determinations as follows: 


Is the stock overfished? This depends on the stock’s estimated spawning biomass in 2018: 
a)   If spawning biomass for 2018 is estimated to be below ½ B35%, the stock is below its MSST. 
b)   If spawning biomass for 2018 is estimated to be above B35%, the stock is above its MSST. 
c)   If spawning biomass for 2018 is estimated to be above ½ B35% but below B35%, the stock’s status 


relative to MSST is determined by referring to harvest scenario #6 (Table 17.16). If the mean 
spawning biomass for 2029 is below B35%, the stock is below its MSST. Otherwise, the stock is 
above its MSST. 


Is the stock approaching an overfished condition? This is determined by referring to harvest scenario #7 
a)   If the mean spawning biomass for 2019 is below ½ B35%, the stock is approaching an overfished 


condition. 
b)   If the mean spawning biomass for 2019 is above B35%, the stock is not approaching an overfished 


condition. 
c)   If the mean spawning biomass for 2019 is above ½ B35% but below B35%, the determination 


depends on the mean spawning biomass for 2029. If the mean spawning biomass for 2029 is 
below B35%, the stock is approaching an overfished condition. Otherwise, the stock is not 
approaching an overfished condition. 


Based on the above criteria and Table 17D-6, the BSAI Atka mackerel stock is not overfished and is not 
approaching an overfished condition. 







The apportionments of the 2018 and 2019 maximum permissible ABCs that would result from Model 
16.0 and based on the random effects model are:  


  
Rand.  
Effects  
model 2018 (t) 2019 (t) 


Eastern (541+S.Bsea) 40.02% 32,860 30,020 
Central (542) 34.78% 28,550 26,080 


Western (543) 25.20% 20,690  18,900  
Total  82,100 75,000 


 


 







Table 17D-1.  Estimates of Model 16.0 Atka mackerel fishery (over time, 1977-2016) and survey 
selectivity at age (normalized to have a maximum of 1.0). The average selectivity over 
2012-2016 listed below, is used for projections and computation of ABC. 


Age 
Year 1 2 3 4 5 6 7 8 9 10 11+ 
1977 0.010 0.096 0.568 1.000 0.751 0.315 0.140 0.073 0.044 0.033 0.033 
1978 0.009 0.117 0.969 1.000 0.906 0.495 0.227 0.111 0.063 0.045 0.045 
1979 0.005 0.033 0.272 1.000 0.848 0.443 0.215 0.103 0.055 0.037 0.037 
1980 0.005 0.038 0.260 0.832 1.000 0.623 0.397 0.186 0.082 0.048 0.048 
1981 0.004 0.030 0.200 0.386 0.395 0.600 1.000 0.283 0.086 0.044 0.044 
1982 0.004 0.021 0.093 0.335 1.000 0.906 0.458 0.196 0.089 0.053 0.053 
1983 0.004 0.023 0.133 0.333 0.639 1.000 0.621 0.235 0.105 0.064 0.064 
1984 0.004 0.025 0.124 0.387 0.690 1.000 0.925 0.428 0.188 0.103 0.103 
1985 0.006 0.055 0.484 0.786 0.864 0.961 1.000 0.826 0.434 0.231 0.231 
1986 0.005 0.043 0.314 0.489 0.562 0.656 0.848 1.000 0.767 0.366 0.366 
1987 0.008 0.068 0.483 0.823 0.825 0.763 0.858 1.000 0.970 0.871 0.871 
1988 0.004 0.040 0.360 1.000 0.628 0.404 0.365 0.337 0.306 0.247 0.247 
1989 0.007 0.062 0.377 0.969 1.000 0.698 0.494 0.386 0.325 0.289 0.289 
1990 0.006 0.052 0.453 1.000 0.794 0.492 0.355 0.277 0.235 0.208 0.208 
1991 0.008 0.048 0.234 0.714 1.000 0.920 0.685 0.485 0.375 0.327 0.327 
1992 0.009 0.046 0.203 0.640 1.000 0.989 0.820 0.643 0.521 0.459 0.459 
1993 0.008 0.037 0.160 0.443 0.784 1.000 0.901 0.747 0.617 0.543 0.543 
1994 0.006 0.029 0.146 0.420 0.821 1.000 0.947 0.922 0.772 0.603 0.603 
1995 0.005 0.028 0.144 0.487 0.713 0.887 1.000 0.979 0.886 0.760 0.760 
1996 0.004 0.021 0.103 0.363 0.592 0.799 0.966 1.000 0.805 0.671 0.671 
1997 0.004 0.023 0.123 0.389 0.761 0.890 0.984 1.000 0.933 0.861 0.861 
1998 0.003 0.020 0.109 0.428 0.728 0.834 0.963 1.000 0.936 0.837 0.837 
1999 0.002 0.018 0.125 0.566 0.667 0.739 0.831 1.000 0.851 0.659 0.659 
2000 0.001 0.015 0.199 0.508 0.693 0.762 0.839 1.000 0.708 0.488 0.488 
2001 0.001 0.013 0.157 0.505 0.768 0.901 1.000 0.899 0.625 0.419 0.419 
2002 0.001 0.014 0.107 0.375 0.590 0.774 1.000 0.789 0.516 0.358 0.358 
2003 0.002 0.017 0.177 0.436 0.631 0.826 1.000 0.922 0.528 0.349 0.349 
2004 0.004 0.037 0.282 0.744 0.953 0.961 1.000 0.931 0.642 0.407 0.407 
2005 0.006 0.053 0.298 0.765 1.000 0.996 0.991 0.701 0.461 0.332 0.332 
2006 0.007 0.092 0.657 0.716 0.939 1.000 0.990 0.631 0.421 0.312 0.312 
2007 0.005 0.078 0.581 0.787 0.688 0.785 1.000 0.755 0.451 0.292 0.292 
2008 0.005 0.060 0.462 0.701 0.695 0.840 1.000 0.917 0.748 0.351 0.351 
2009 0.005 0.041 0.279 0.616 0.804 0.820 1.000 0.881 0.651 0.429 0.429 
2010 0.004 0.038 0.218 0.673 0.888 1.000 0.960 0.859 0.686 0.369 0.369 
2011 0.004 0.028 0.162 0.444 0.776 1.000 0.904 0.763 0.818 0.687 0.687 
2012 0.003 0.026 0.167 0.344 0.652 0.933 1.000 0.879 0.926 0.969 0.969 
2013 0.003 0.039 0.342 0.842 0.744 0.887 1.000 0.846 0.715 0.663 0.663 
2014 0.002 0.039 1.000 0.512 0.749 0.756 0.608 0.577 0.513 0.444 0.444 
2015 0.001 0.016 0.181 0.359 0.532 0.697 0.886 1.000 0.674 0.296 0.296 
2016 0.001 0.011 0.118 0.436 0.393 0.601 0.803 1.000 0.896 0.267 0.267 
2017 0.001 0.011 0.118 0.436 0.393 0.601 0.803 1.000 0.896 0.267 0.267 


Ave. 2012-2016 0.002 0.026 0.361 0.499 0.614 0.775 0.859 0.860 0.745 0.528 0.528 
Survey 0.010 0.127 0.552 0.733 0.666 0.708 0.923 1.000 0.807 0.680 0.680 


 







Table 17D-2. Estimated Model 16.0 BSAI Atka mackerel begin-year numbers at age in millions, 1977-
2017. 


Age 
Year 1 2 3 4 5 6 7 8 9 10 11+ 
1977 320 426 296 124 109 69 60 48 37 28 97 
1978 1520 236 309 196 75 69 48 43 35 27 93 
1979 460 1124 172 195 123 48 47 34 31 26 88 
1980 340 341 829 122 125 80 33 34 25 23 84 
1981 421 251 251 597 83 83 56 24 25 18 79 
1982 301 312 186 182 424 59 58 37 17 18 72 
1983 396 223 230 137 132 293 41 41 27 12 66 
1984 463 293 165 170 100 95 208 30 30 20 58 
1985 550 343 216 120 120 68 62 138 21 22 57 
1986 462 407 252 152 81 80 45 41 93 15 57 
1987 617 342 300 179 105 56 54 30 27 62 51 
1988 439 457 252 215 125 73 39 38 20 18 78 
1989 1275 325 337 180 143 87 52 28 27 15 70 
1990 606 944 240 244 126 100 62 38 20 20 61 
1991 353 449 697 173 171 89 72 45 27 15 59 
1992 524 261 331 506 121 116 61 50 32 20 53 
1993 883 388 192 240 350 80 77 41 35 22 52 
1994 375 653 286 139 165 227 50 49 27 23 50 
1995 370 277 481 206 95 104 139 31 30 17 48 
1996 901 274 204 342 132 57 59 76 17 17 39 
1997 210 666 201 144 213 74 29 28 35 9 30 
1998 328 155 491 144 97 131 44 17 16 21 23 
1999 903 243 114 352 94 57 75 24 9 9 25 
2000 1952 668 179 82 229 60 36 46 14 6 22 
2001 1201 1446 494 127 55 146 37 22 27 9 18 
2002 1359 889 1067 350 82 33 84 21 13 17 18 
2003 301 1006 657 770 237 52 20 49 13 8 24 
2004 386 223 743 471 526 156 33 12 30 9 22 
2005 527 286 165 534 321 351 104 22 8 21 22 
2006 360 390 211 118 364 213 233 69 15 6 31 
2007 969 266 286 144 80 241 140 153 47 11 26 
2008 809 717 195 196 96 54 161 91 103 33 26 
2009 242 599 526 134 130 64 35 102 58 68 41 
2010 474 179 439 364 85 79 38 20 60 37 72 
2011 321 351 131 309 231 51 46 23 12 38 74 
2012 473 238 259 95 214 151 33 30 15 8 75 
2013 674 350 175 186 66 142 96 20 19 9 52 
2014 494 500 259 127 130 47 99 66 14 13 43 
2015 389 366 369 175 90 90 32 69 46 10 40 
2016 433 288 270 260 117 57 55 19 39 29 34 
2017 462 321 213 193 169 77 35 32 10 22 43 


Average 493 348 266 169 123 97 63 41 27 14 49 
 







Table 17D-3a. Estimates of Model 16.0 Atka mackerel biomass in metric tons with approximate lower 
and upper 95% confidence bounds for age 1+ biomass and female spawning biomass 
(labeled as LCI and UCI; computed for period 1977-2018).  


  Age 1+ biomass (t) Female spawning biomass (t) 
Year Estimate LCI UCI Estimate LCI UCI 


       
1977  629,210   373,870   884,550   173,690   97,518   233,122  
1978  649,710   378,770   920,650   166,190   88,828   216,337  
1979  696,660   399,500   993,820   163,210   82,754   205,736  
1980  784,090   449,530   1,118,650   176,580   90,566   224,139  
1981  757,060   433,300   1,080,820   213,580   113,932   277,688  
1982  733,200   419,260   1,047,140   231,700   124,072   301,958  
1983  682,140   391,080   973,200   218,470   118,082   286,358  
1984  647,420   377,260   917,580   199,160   106,754   259,711  
1985  621,390   361,250   881,530   179,610   93,546   230,124  
1986  600,740   350,800   850,680   162,950   83,172   206,233  
1987  599,460   358,200   840,720   158,340   82,484   202,896  
1988  615,270   379,910   850,630   164,250   88,964   215,571  
1989  663,940   432,300   895,580   170,670   97,250   231,210  
1990  738,710   509,230   968,190   180,600   109,282   254,223  
1991  825,680   590,780   1,060,580   197,580   127,260   289,680  
1992  809,030   585,530   1,032,530   222,840   150,812   337,638  
1993  790,370   574,850   1,005,890   225,640   153,020   342,350  
1994  759,680   550,160   969,200   198,970   131,286   296,414  
1995  722,840   516,820   928,860   175,340   110,928   254,062  
1996  651,330   451,250   851,410   156,290   91,686   215,674  
1997  585,320   387,006   783,634   140,830   78,396   188,009  
1998  571,640   375,384   767,896   131,100   71,178   172,317  
1999  529,970   339,370   720,570   136,150   75,180   180,845  
2000  616,410   404,470   828,350   131,730   71,578   173,232  
2001  801,640   546,580   1,056,700   126,270   67,448   164,307  
2002  1,020,900   713,980   1,327,820   167,100   98,266   230,949  
2003  1,131,800   802,240   1,461,360   245,550   156,424   357,411  
2004  1,143,500   811,180   1,475,820   304,500   200,718   453,327  
2005  1,021,000   715,800   1,326,200   317,940   211,154   475,701  
2006  914,100   630,740   1,197,460   290,130   188,810   428,280  
2007  825,120   561,080   1,089,160   246,590   156,040   357,355  
2008  791,210   536,830   1,045,590   211,780   130,148   301,112  
2009  789,430   534,070   1,044,790   186,980   110,766   259,639  
2010  726,350   479,230   973,470   184,020   107,436   253,164  
2011  643,590   411,290   875,890   186,650   108,730   256,420  
2012  607,250   383,830   830,670   172,280   97,810   232,855  
2013  568,350   353,070   783,630   159,800   90,940   216,310  
2014  596,530   374,670   818,390   157,110   91,100   215,205  
2015  614,790   383,450   846,130   150,030   84,112   201,183  
2016  579,000   346,140   811,860   147,190   77,874   190,406  
2017  550,420   316,260   784,580   141,715   70,204   176,821  
2018  527,650   287,890   767,410   126,689   60,432   156,943  


 







Table 17D-3b. Estimates of Atka mackerel age 3+ biomass and female spawning biomass in metric tons 
from the current recommended assessment model, Model 16.0b (1977-2018) compared to 
last year’s (2016) assessment results. 


  Age 3+ biomass (t) Female spawning biomass (t) 
Year Current 2016 Current 2016 
1977  542,270  600,325  173,690  194,135 
1978  541,230  604,684  166,190  187,696 
1979  484,290  545,585  163,210  184,824 
1980  710,780  783,585  176,580  198,180 
1981  695,300  794,704  213,580  245,803 
1982  666,550  738,223  231,700  257,912 
1983  626,370  693,872  218,470  243,375 
1984  576,660  653,539  199,160  227,795 
1985  538,280  606,376  179,610  204,616 
1986  510,550  573,316  162,950  185,122 
1987  513,510  575,154  158,340  180,099 
1988  517,710  578,463  164,250  186,380 
1989  551,260  606,970  170,670  191,005 
1990  550,440  609,609  180,600  201,256 
1991  733,280  785,368  197,580  216,924 
1992  740,980  804,875  222,840  245,262 
1993  684,570  733,085  225,640  242,320 
1994  631,400  671,131  198,970  213,464 
1995  658,920  698,388  175,340  190,682 
1996  564,240  607,462  156,290  169,352 
1997  462,290  489,281  140,830  149,411 
1998  530,450  566,426  131,100  141,020 
1999  448,040  497,421  136,150  151,702 
2000  414,840  447,096  131,730  143,116 
2001  501,220  543,336  126,270  138,829 
2002  808,250  882,832  167,100  187,098 
2003  946,640  1,050,846  245,550  275,350 
2004  1,088,100  1,190,008  304,500  333,747 
2005  948,580  1,057,734  317,940  354,805 
2006  831,450  928,604  290,130  326,248 
2007  736,240  833,231  246,590  282,022 
2008  632,540  725,049  211,780  245,929 
2009  676,470  745,900  186,980  214,408 
2010  674,580  730,883  184,020  208,870 
2011  569,320  612,418  186,650  204,269 
2012  545,460  574,538  172,280  182,981 
2013  478,330  515,011  159,800  172,271 
2014  489,190  539,387  157,110  170,225 
2015  535,000  553,053  150,030  162,615 
2016  510,470  510,847  147,190  154,396 
2017  474,990  487,620  141,715  145,258 
2018  448,510    126,689   


  







Table 17D-4. Estimates of Model 16.0 age-1 Atka mackerel recruitment (millions of recruits) and 
standard deviation (Std. dev.). Estimates of age-1 recruitment from last year’s assessment 
(2016) are shown for comparison. 


 Age 1 recruitment 


Year Current Std. dev 2016 assessment 
1977 320 86  340  
1978 1520 341  1,623  
1979 460 116  489  
1980 340 92  359  
1981 421 112  445  
1982 301 83  318  
1983 396 101  421  
1984 463 112  491  
1985 550 129  574  
1986 462 116  473  
1987 617 139  635  
1988 439 103  463  
1989 1275 209  1,282  
1990 606 126  610  
1991 353 84  374  
1992 524 106  525  
1993 883 150  860  
1994 375 81  398  
1995 370 76  380  
1996 901 142  948  
1997 210 48  220  
1998 328 68  341  
1999 903 156  952  
2000 1952 281  2,048  
2001 1201 177  1,273  
2002 1359 190  1,467  
2003 301 58  321  
2004 386 69  419  
2005 527 88  563  
2006 360 64  376  
2007 969 144  959  
2008 809 127  750  
2009 242 49  238  
2010 474 89  486  
2011 321 69  338  
2012 473 99  558  
2013 674 150  541  
2014 494 131  423  
2015 389 114  467  
2016 433 173  484  
2017 462 190  


Average 78-16  617   638 
Median 78-16  463    486 







 


Table 17D-5.  Estimates of Model 16.0 full-selection fishing mortality rates and exploitation rates 
(Catch/Biomass) for BSAI Atka mackerel. 


Year F 
Catch/Biomass  


Ratea 
1977 0.198 0.040 
1978 0.168 0.045 
1979 0.146 0.048 
1980 0.106 0.029 
1981 0.109 0.028 
1982 0.069 0.030 
1983 0.043 0.019 
1984 0.124 0.063 
1985 0.117 0.070 
1986 0.135 0.063 
1987 0.071 0.059 
1988 0.106 0.043 
1989 0.056 0.033 
1990 0.059 0.040 
1991 0.086 0.036 
1992 0.108 0.065 
1993 0.169 0.096 
1994 0.193 0.104 
1995 0.297 0.124 
1996 0.473 0.184 
1997 0.248 0.142 
1998 0.304 0.108 
1999 0.230 0.126 
2000 0.216 0.114 
2001 0.280 0.123 
2002 0.244 0.056 
2003 0.186 0.057 
2004 0.111 0.056 
2005 0.109 0.065 
2006 0.121 0.074 
2007 0.133 0.080 
2008 0.159 0.092 
2009 0.252 0.108 
2010 0.231 0.102 
2011 0.155 0.091 
2012 0.172 0.088 
2013 0.070 0.048 
2014 0.092 0.063 
2015 0.273 0.100 
2016 0.303 0.107 
2017 0.334 0.136 


a Catch/Biomass rate is the ratio of catch to beginning year age 3+ biomass. 
  







Table 17D-6.  Projections of Model 16.0 female spawning biomass in metric tons, full-selection fishing 
mortality rates (F) and catch in metric tons for Atka mackerel for the 7 scenarios. The 
values for B100%, B40%, and B35% are 287,950, 115,180, and 100,780 t, respectively. 


Catch Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017 64,500 64,500 64,500 64,500 64,500 64,500 64,500 
2018 69,000 69,000 69,000 69,000 69,000 96,471 82,139 
2019 65,000 65,000 65,000 65,000 65,000 75,157 70,208 
2020 74,448 74,448 36,099 21,976 0 73,008 79,578 
2021 75,576 75,576 40,291 25,300 0 78,740 81,359 
2022 78,064 78,064 43,713 28,057 0 83,419 84,317 
2023 81,190 81,190 47,000 30,686 0 87,254 87,512 
2024 83,838 83,838 49,846 32,985 0 90,026 90,063 
2025 84,353 84,353 51,350 34,347 0 90,168 90,157 
2026 84,091 84,091 51,993 35,015 0 89,559 89,559 
2027 83,873 83,873 52,197 35,278 0 89,132 89,140 
2028 83,382 83,382 52,209 35,386 0 88,622 88,627 
2029 83,841 83,841 52,516 35,635 0 89,262 89,265 
2030 84,050 84,050 52,691 35,784 0 89,546 89,547 


Fishing M. Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017 0.279 0.279 0.279 0.279 0.279 0.279 0.279 
2018 0.323 0.323 0.323 0.323 0.323 0.472 0.392 
2019 0.324 0.324 0.324 0.324 0.324 0.413 0.366 
2020 0.366 0.366 0.168 0.101 0.000 0.393 0.412 
2021 0.360 0.360 0.168 0.101 0.000 0.401 0.409 
2022 0.363 0.363 0.168 0.101 0.000 0.412 0.414 
2023 0.366 0.366 0.168 0.101 0.000 0.419 0.420 
2024 0.368 0.368 0.168 0.101 0.000 0.422 0.422 
2025 0.369 0.369 0.168 0.101 0.000 0.422 0.422 
2026 0.368 0.368 0.168 0.101 0.000 0.421 0.421 
2027 0.368 0.368 0.168 0.101 0.000 0.420 0.421 
2028 0.368 0.368 0.168 0.101 0.000 0.420 0.420 
2029 0.368 0.368 0.168 0.101 0.000 0.420 0.420 
2030 0.367 0.367 0.168 0.101 0.000 0.420 0.420 


Spawning biomass Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 Scenario 7 
2017 141,715 141,715 141,715 141,715 141,715 141,715 141,715 
2018 126,689 126,689 126,689 126,689 126,689 119,780 123,409 
2019 113,841 113,841 113,841 113,841 113,841 101,537 107,853 
2020 108,515 108,515 116,896 119,934 124,594 96,969 101,572 
2021 110,246 110,246 131,192 139,456 152,815 100,484 102,574 
2022 114,582 114,582 146,367 159,707 182,259 105,135 105,964 
2023 117,523 117,523 157,943 175,748 207,056 107,671 108,002 
2024 119,416 119,416 166,572 188,199 227,612 109,057 109,202 
2025 120,343 120,343 172,630 197,437 244,089 109,573 109,650 
2026 120,033 120,033 175,801 203,029 255,594 109,062 109,113 
2027 119,401 119,401 177,324 206,263 263,297 108,432 108,464 
2028 119,068 119,068 178,545 208,824 269,511 108,134 108,151 
2029 119,117 119,117 179,564 210,791 274,214 108,211 108,220 
2030 119,716 119,716 180,889 212,816 278,307 108,776 108,781 


 







 


 


Figure 17D-1  Time series of the this year’s Model 16.0 estimated Aleutian Islands Atka mackerel 
spawning biomass (in t, top) and recruitment at age 1 (bottom) with approximate 95% 
confidence bounds, compared to last year’s Model 16.0 estimates (2016 assessment). The 
only change in these figures are the new data available in 2017. 


Model 16.0 


Model 16.0 





		17.  Assessment of the Atka mackerel stock in the  Bering Sea and Aleutian Islands

		Executive Summary

		Summary of Changes in Assessment Input

		Summary of Changes in the Assessment Methodology

		Summary of Results

		Area apportionment of ABC



		Responses to SSC and Plan Team Comments on Assessments in General

		Responses to SSC and Plan Team Comments Specific to the Atka Mackerel Assessment



		Introduction

		Distribution

		Early life history

		Reproductive ecology

		Prey and predators

		Stock structure

		Management units



		Fishery

		Catch history

		Description of the directed fishery

		Fishery

		Market



		Management history

		RPAs from the 2010 Biological Opinion

		Revised RPAs from the 2014 Biological Opinion



		Bycatch and discards

		Steller sea lions and Atka mackerel fishery interactions



		Data

		Fishery data

		Fishery Length Frequencies

		Fishery Age Data



		Survey data

		Survey length frequencies

		Survey age data

		Survey abundance indices





		Analytic Approach

		Model structure

		Input sample size



		Parameters estimated outside the assessment model

		Natural mortality

		Length and weight at age

		Maturity at age and length



		Parameters estimated inside the assessment model

		Fishing mortality

		Survey selectivity and catchability

		Recruitment





		Results

		Model evaluation

		New data introduced in 2017

		Model 16.0 (the selected model configuration used for the 2016 assessment and the 2017 ABC) was updated with new data. The 2016 fishery and survey age composition data were added. The 2016 fishery age data are mainly comprised of 4 year olds of the 20...

		Sensitivity analyses of changes in model inputs



		Model fit

		Time series results

		Selectivity

		Abundance trend

		Recruitment trend

		Trend in exploitation

		Retrospective analysis



		Projections and harvest recommendations

		Amendment 56 Reference Points

		Specification of OFL and Maximum Permissible ABC

		Standard Harvest Scenarios and Projection Methodology

		Status Determination

		ABC Recommendation

		Area Allocation of Harvests





		Ecosystem Considerations

		Ecosystem effects on BSAI Atka mackerel

		Prey availability/abundance trends

		Predator population trends

		Changes in habitat quality

		Atka mackerel habitat associations

		Climate



		Bottom temperature



		Atka mackerel fishery effects on the ecosystem

		Atka mackerel fishery contribution to bycatch

		Fishing gear effects on spawning and nesting habitat

		Concentration of Atka mackerel catches in time and space

		Atka mackerel fishery effects on amount of large size Atka mackerel

		Atka mackerel fishery effects on Atka mackerel age-at-maturity and fecundity

		Atka mackerel fishery contribution to discards and offal production





		Data Gaps and Research Priorities

		Acknowledgements

		Literature Cited

		Tables

		Table 17.1. Time series of Bering Sea/Aleutian Islands Atka mackerel catches (including discards and CDQ catches), corresponding Acceptable Biological Catches (ABC), Total Allowable Catches (TAC), and Overfishing Levels (OFL) set by the North Pacific ...

		Table 17.2. Time series of Bering Sea/Aleutian Islands Atka mackerel catches (including discards and CDQ catches) by region, corresponding Acceptable Biological Catches (ABC), and Total Allowable Catches (TAC) set by the North Pacific Fishery Manageme...

		Table 17.3. Numbers of Atka mackerel length-weight data, length frequency, and aged samples based on NMFS observer data 1990-2016.

		Table 17.4.  Estimated catch-in-numbers at age (in millions) of Atka mackerel from the BSAI region, 1977-2016. These data were used in fitting the age-structured model.

		Table 17.5.  Atka mackerel estimated biomass in metric tons from the U.S.-Japan cooperative bottom trawl surveys, by subregion, depth interval, and survey year, with the corresponding Aleutian-wide coefficients of variation (CV). These historical data...

		Table 17.6a.  Aleutian Islands Atka mackerel survey biomass by bottom-depth category by region and subareas including area percentages of total (for each year) and coefficients of variation (CV) for 1991, 1994, and 1997.

		Table 17.6b.  Aleutian Islands Atka mackerel survey biomass by bottom-depth category by region and subareas including area percentages of total (for each year) and coefficients of variation (CV) for 2000, 2002, 2004, 2006, 2010, 2012, 2014, and 2016.

		Table 17.8a.  Year-specific survey and the population weight-at-age (kg) values used to obtain expected survey catch biomass and population biomass. The population weight-at-age values are derived from the Aleutian trawl surveys as the average of year...

		Table 17.9.  Schedules of age and length specific maturity of Atka mackerel from McDermott and Lowe (1997) by Aleutian Islands subareas. Eastern - 541, Central - 542, and Western - 543.

		Table 17.10.  Estimates of key results from AMAK for Bering Sea/Aleutian Islands Atka mackerel from Model 16.0. Results from last year’s assessment (Last Year), last year’s assessment model with updated data (Model 16.0), and the three refinements (Mo...

		Table 17.11.  Estimates of Atka mackerel fishery (over time, 1977-2016) and survey selectivity at age (normalized to have a maximum of 1.0). The average selectivity over 2012-2016 listed below, is used for projections and computation of ABC.

		Table 17.12. Estimated BSAI Atka mackerel begin-year numbers at age in millions, 1977-2017.

		Table 17.13a. Estimates of Atka mackerel biomass in metric tons with approximate lower and upper 95% confidence bounds for age 1+ biomass and female spawning biomass (labeled as LCI and UCI; computed for period 1977-2018).

		Table 17.13b. Estimates of Atka mackerel age 3+ biomass and female spawning biomass in metric tons from the current recommended assessment model, Model 16.0b (1977-2018) compared to last year’s (2016) assessment results.

		Table 17.14.  Estimates of age-1 Atka mackerel recruitment (millions of recruits) and standard deviation (Std. dev.). Estimates of age-1 recruitment from last year’s assessment (2016) are shown for comparison.

		Table 17.15.  Estimates of full-selection fishing mortality rates and exploitation rates (Catch/Biomass) for BSAI Atka mackerel.

		Table 17.16.  Projections of female spawning biomass in metric tons, full-selection fishing mortality rates (F) and catch in metric tons for Atka mackerel for the 7 scenarios. The values for B100%, B40%, and B35% are 307,151 t, 122,860 t, and 107,503 ...

		Table 17.17.  Ecosystem effects.



		Predator population trends

		Fishery contribution to bycatch

		Figures

		Figure 17.1. Observed catches of Atka mackerel summed for 20 km2 cells for 2016 and 2017 where observed catch per haul was greater than 1 t. Shaded areas represent areas closed to directed Atka mackerel fishing.

		Figure 17.2. 2016 Atka mackerel fishery length-frequency data by area fished (see Figure 17.1). Numbers refer to management areas.

		Figure 17.3. Preliminary 2017 Atka mackerel fishery length-frequency data by area fished (see Figure 17.1). Numbers refer to management areas.

		Figure 17.4. Atka mackerel Aleutian Islands survey biomass estimates by area and survey year. Bars represent 95% confidence intervals based on sampling error.

		Figure 17.6. Bottom-trawl survey CPUE distributions of Atka mackerel catches during the summers of 2012, 2014, and 2016.

		Figure 17.7. Atka mackerel bottom trawl survey length frequency data by subarea in 2016 (top) and for all areas, 2000-2016 (bottom). Vertical scale is proportion in top panel and estimated absolute numbers at age bottom panel.

		Figure 17.8. Atka mackerel age distribution from the 2016 Aleutian Islands bottom trawl survey. A total of 300 otoliths were aged; mean age from the 2016 survey is 4.9 years.

		Figure 17.9  Time series of the current assessment (Model 16.0) estimated Aleutian Islands Atka mackerel spawning biomass (in t, top) and recruitment at age 1 (bottom) with approximate 95% confidence bounds, compared to last year’s Model 16.0 estimate...

		Figure 17.10. Observed (dots) and predicted (trend line) survey biomass estimates (t) for Bering Sea/Aleutian Islands Atka mackerel. Error bars represent two standard errors (based on sampling) from the survey estimates.

		Figure 17.11. Observed and predicted survey proportions-at-age for BSAI Atka mackerel. Lines with “(” symbol are the model predictions and columns are the observed proportions at age.

		Figure 17.12. Observed and predicted Atka mackerel fishery proportions-at-age for BSAI Atka mackerel. Lines with “(” symbol are the model predictions and columns are the observed proportions at age (with colors corresponding to cohorts).

		Figure 17.13. Fishery selectivity estimates over time for BSAI Atka mackerel.

		Figure 17.14.  Estimated fishery selectivity patterns in the current assessment with a) last year’s average for projections, b) the 2017 assessment average selectivity used for projections (2012-2016), c) last year’s assessment terminal year, and d) t...

		Figure 17.15.  Estimated BSAI Atka mackerel survey selectivity-at-age from the current assessment (Model 16.0b). Selectivity estimates have been normalized to a maximum value of 1.0 for presentation.

		Figure 17.16.  Time series of estimated Aleutian Islands Atka mackerel spawning biomass with approximate 95% confidence bounds (in t, top), and recruitment at age 1 (thousands, bottom) from the current assessment (Model 16.0b) compared to last year’s ...

		Figure 17.17.  Age 1 recruitment from the current assessment (Model 16.0b). Average recruitment for the 1977-2015 year classes is 658 million recruits.

		Figure 17.18 Estimated age 1 recruits (millions) versus female spawning biomass (t) for BSAI Atka mackerel. Solid line indicates Beverton-Holt stock recruitment curve (with steepness h=0.8).

		Figure 17.19 Estimated time series of Model 16.0 mean and full-selection fishing mortality and catch/biomass (C_B) exploitation rates of Atka mackerel, 1977-2017. Catch/biomass rates are the ratios of catch to beginning year age 3+ biomass.

		Figure 17.20. Retrospective plots showing the BSAI Atka mackerel spawning biomass over time (top) and the relative difference (bottom) over 10 different “peels”.

		Figure 17.21.  Projected Atka mackerel catch (assuming TAC taken in 2017 and reduced 2018 and 2019 catches; top) and spawning biomass (bottom) in thousands of metric tons under maximum permissible Tier 3a harvest specification. The individual thin lin...

		Figure 17.22.  Aleutian Islands Atka mackerel spawning biomass relative to B35% and fishing mortality relative to FOFL (1977-2019). The ratio of fishing mortality to FOFL is calculated using the estimated selectivity pattern in that year. Estimates of...

		Figure 17.23.  Atka mackerel bottom trawl survey biomass by subarea 1991-2016 with random effects model fitting for area apportionment purposes. Dashed lines represent alternative methods for averaging surveys.

		Figure 17.24. The food web of the Aleutian Islands survey region, 1990-1994, emphasizing the position of age 1+ Atka mackerel. Outlined species represent predators of Atka mackerel (dark boxed with light text) and prey of Atka mackerel (light boxes wi...

		Figure 17.25.  (A) Diet of age 1+ Atka mackerel, 1990-1994, by percentage wet weight in diet weighted by age-specific consumption rates. (B) Percentage mortality of Atka mackerel by mortality source, 1990-1994. “Unexplained” mortality is the differenc...

		Figure 17.26. Total exploitation rate of age 1+ Atka mackerel, 1990-1994, proportioned into exploitation by fishing (black), predation (striped) and “unexplained” mortality (grey). “Unexplained” mortality is the difference between the stock assessment...



		Appendix 17A Supplemental catch data

		Table 17A-1. Total removals of BSAI Atka mackerel (t) from activities not related to directed fishing, since 1977. “Trawl” refers to a combination of the NMFS echo-integration; small-mesh; large-mesh; and Aleutian Islands bottom trawl surveys; and occ...

		Table 17A-1cont. Total removals of BSAI Atka mackerel (t) from activities not related to directed fishing, since 1977. “Trawl” refers to a combination of the NMFS echo-integration; small-mesh; large-mesh; and Aleutian Islands bottom trawl surveys; and...



		Appendix 17B

		Atka mackerel (BSAI) Economic Performance Report for 2016

		Appendix 17C

		Table 17C-1. Variable descriptions and model specification.



		Appendix 17D Model 16.0 results

		Projections

		Amendment 56 Reference Points

		Specification of OFL and Maximum Permissible ABC

		Standard Harvest Scenarios and Projection Methodology

		Status Determination

		Table 17D-1.  Estimates of Model 16.0 Atka mackerel fishery (over time, 1977-2016) and survey selectivity at age (normalized to have a maximum of 1.0). The average selectivity over 2012-2016 listed below, is used for projections and computation of ABC.

		Table 17D-2. Estimated Model 16.0 BSAI Atka mackerel begin-year numbers at age in millions, 1977-2017.

		Table 17D-3a. Estimates of Model 16.0 Atka mackerel biomass in metric tons with approximate lower and upper 95% confidence bounds for age 1+ biomass and female spawning biomass (labeled as LCI and UCI; computed for period 1977-2018).

		Table 17D-3b. Estimates of Atka mackerel age 3+ biomass and female spawning biomass in metric tons from the current recommended assessment model, Model 16.0b (1977-2018) compared to last year’s (2016) assessment results.

		Table 17D-4.  Estimates of Model 16.0 age-1 Atka mackerel recruitment (millions of recruits) and standard deviation (Std. dev.). Estimates of age-1 recruitment from last year’s assessment (2016) are shown for comparison.

		Table 17D-5.  Estimates of Model 16.0 full-selection fishing mortality rates and exploitation rates (Catch/Biomass) for BSAI Atka mackerel.

		Table 17D-6.  Projections of Model 16.0 female spawning biomass in metric tons, full-selection fishing mortality rates (F) and catch in metric tons for Atka mackerel for the 7 scenarios. The values for B100%, B40%, and B35% are 287,950, 115,180, and 1...









		lhdr01: December 2017

		lhdr11: December 2017

		lhdr21: December 2017

		lhdr31: December 2017

		lhdr41: December 2017

		lhdr51: December 2017

		lhdr61: December 2017

		lhdr71: December 2017

		lhdr81: December 2017

		lhdr91: December 2017

		lhdr101: December 2017

		lhdr111: December 2017

		lhdr121: December 2017

		lhdr131: December 2017

		lhdr141: December 2017

		lhdr151: December 2017

		lhdr161: December 2017

		lhdr171: December 2017

		lhdr181: December 2017

		lhdr191: December 2017

		lhdr201: December 2017

		lhdr211: December 2017

		lhdr221: December 2017

		lhdr231: December 2017

		lhdr241: December 2017

		lhdr251: December 2017

		lhdr261: December 2017

		lhdr271: December 2017

		lhdr281: December 2017

		lhdr291: December 2017

		lhdr301: December 2017

		lhdr311: December 2017

		lhdr321: December 2017

		lhdr331: December 2017

		lhdr341: December 2017

		lhdr351: December 2017

		lhdr361: December 2017

		lhdr371: December 2017

		lhdr381: December 2017

		lhdr391: December 2017

		lhdr401: December 2017

		lhdr411: December 2017

		lhdr421: December 2017

		lhdr431: December 2017

		lhdr441: December 2017

		lhdr451: December 2017

		lhdr461: December 2017

		lhdr471: December 2017

		lhdr481: December 2017

		lhdr491: December 2017

		lhdr501: December 2017

		lhdr511: December 2017

		lhdr521: December 2017

		lhdr531: December 2017

		lhdr541: December 2017

		lhdr551: December 2017

		lhdr561: December 2017

		lhdr571: December 2017

		lhdr581: December 2017

		lhdr591: December 2017

		lhdr601: December 2017

		lhdr611: December 2017

		lhdr621: December 2017

		lhdr631: December 2017

		lhdr641: December 2017

		lhdr651: December 2017

		lhdr661: December 2017

		lhdr671: December 2017

		lhdr681: December 2017

		lhdr691: December 2017

		lhdr701: December 2017

		lhdr711: December 2017

		lhdr721: December 2017

		lhdr731: December 2017

		lhdr741: December 2017

		lhdr751: December 2017

		lhdr761: December 2017

		lhdr771: December 2017

		lhdr781: December 2017

		lhdr791: December 2017

		lhdr801: December 2017

		lhdr811: December 2017

		lhdr821: December 2017

		lhdr831: December 2017

		lhdr841: December 2017

		lhdr851: December 2017

		lhdr861: December 2017

		lhdr871: December 2017

		lhdr881: December 2017

		lhdr891: December 2017

		lhdr901: December 2017

		lhdr911: December 2017

		lhdr921: December 2017

		lhdr931: December 2017

		lhdr941: December 2017

		lhdr951: December 2017

		lhdr961: December 2017

		lhdr971: December 2017

		lhdr981: December 2017

		lhdr991: December 2017

		lhdr1001: December 2017

		lhdr1011: December 2017

		lhdr1021: December 2017

		lhdr1031: December 2017

		lhdr1041: December 2017

		lhdr1051: December 2017

		lhdr1061: December 2017

		lhdr1071: December 2017

		lhdr1081: December 2017

		lhdr1091: December 2017

		lhdr1101: December 2017

		lhdr1111: December 2017

		lhdr1121: December 2017

		lhdr1131: December 2017

		rhdr01: BSAI Atka mackerel

		rhdr11: BSAI Atka mackerel

		rhdr21: BSAI Atka mackerel

		rhdr31: BSAI Atka mackerel

		rhdr41: BSAI Atka mackerel

		rhdr51: BSAI Atka mackerel

		rhdr61: BSAI Atka mackerel

		rhdr71: BSAI Atka mackerel

		rhdr81: BSAI Atka mackerel

		rhdr91: BSAI Atka mackerel

		rhdr101: BSAI Atka mackerel

		rhdr111: BSAI Atka mackerel

		rhdr121: BSAI Atka mackerel

		rhdr131: BSAI Atka mackerel

		rhdr141: BSAI Atka mackerel

		rhdr151: BSAI Atka mackerel

		rhdr161: BSAI Atka mackerel

		rhdr171: BSAI Atka mackerel

		rhdr181: BSAI Atka mackerel

		rhdr191: BSAI Atka mackerel

		rhdr201: BSAI Atka mackerel

		rhdr211: BSAI Atka mackerel

		rhdr221: BSAI Atka mackerel

		rhdr231: BSAI Atka mackerel

		rhdr241: BSAI Atka mackerel

		rhdr251: BSAI Atka mackerel

		rhdr261: BSAI Atka mackerel

		rhdr271: BSAI Atka mackerel

		rhdr281: BSAI Atka mackerel

		rhdr291: BSAI Atka mackerel

		rhdr301: BSAI Atka mackerel

		rhdr311: BSAI Atka mackerel

		rhdr321: BSAI Atka mackerel

		rhdr331: BSAI Atka mackerel

		rhdr341: BSAI Atka mackerel

		rhdr351: BSAI Atka mackerel

		rhdr361: BSAI Atka mackerel

		rhdr371: BSAI Atka mackerel

		rhdr381: BSAI Atka mackerel

		rhdr391: BSAI Atka mackerel

		rhdr401: BSAI Atka mackerel

		rhdr411: BSAI Atka mackerel

		rhdr421: BSAI Atka mackerel

		rhdr431: BSAI Atka mackerel

		rhdr441: BSAI Atka mackerel

		rhdr451: BSAI Atka mackerel

		rhdr461: BSAI Atka mackerel

		rhdr471: BSAI Atka mackerel

		rhdr481: BSAI Atka mackerel

		rhdr491: BSAI Atka mackerel

		rhdr501: BSAI Atka mackerel

		rhdr511: BSAI Atka mackerel

		rhdr521: BSAI Atka mackerel

		rhdr531: BSAI Atka mackerel

		rhdr541: BSAI Atka mackerel

		rhdr551: BSAI Atka mackerel

		rhdr561: BSAI Atka mackerel

		rhdr571: BSAI Atka mackerel

		rhdr581: BSAI Atka mackerel

		rhdr591: BSAI Atka mackerel

		rhdr601: BSAI Atka mackerel

		rhdr611: BSAI Atka mackerel

		rhdr621: BSAI Atka mackerel

		rhdr631: BSAI Atka mackerel

		rhdr641: BSAI Atka mackerel

		rhdr651: BSAI Atka mackerel

		rhdr661: BSAI Atka mackerel

		rhdr671: BSAI Atka mackerel

		rhdr681: BSAI Atka mackerel

		rhdr691: BSAI Atka mackerel

		rhdr701: BSAI Atka mackerel

		rhdr711: BSAI Atka mackerel

		rhdr721: BSAI Atka mackerel

		rhdr731: BSAI Atka mackerel

		rhdr741: BSAI Atka mackerel

		rhdr751: BSAI Atka mackerel

		rhdr761: BSAI Atka mackerel

		rhdr771: BSAI Atka mackerel

		rhdr781: BSAI Atka mackerel

		rhdr791: BSAI Atka mackerel

		rhdr801: BSAI Atka mackerel

		rhdr811: BSAI Atka mackerel

		rhdr821: BSAI Atka mackerel

		rhdr831: BSAI Atka mackerel

		rhdr841: BSAI Atka mackerel

		rhdr851: BSAI Atka mackerel

		rhdr861: BSAI Atka mackerel

		rhdr871: BSAI Atka mackerel

		rhdr881: BSAI Atka mackerel

		rhdr891: BSAI Atka mackerel

		rhdr901: BSAI Atka mackerel

		rhdr911: BSAI Atka mackerel

		rhdr921: BSAI Atka mackerel

		rhdr931: BSAI Atka mackerel

		rhdr941: BSAI Atka mackerel

		rhdr951: BSAI Atka mackerel

		rhdr961: BSAI Atka mackerel

		rhdr971: BSAI Atka mackerel

		rhdr981: BSAI Atka mackerel

		rhdr991: BSAI Atka mackerel

		rhdr1001: BSAI Atka mackerel

		rhdr1011: BSAI Atka mackerel

		rhdr1021: BSAI Atka mackerel

		rhdr1031: BSAI Atka mackerel

		rhdr1041: BSAI Atka mackerel

		rhdr1051: BSAI Atka mackerel

		rhdr1061: BSAI Atka mackerel

		rhdr1071: BSAI Atka mackerel

		rhdr1081: BSAI Atka mackerel

		rhdr1091: BSAI Atka mackerel

		rhdr1101: BSAI Atka mackerel

		rhdr1111: BSAI Atka mackerel

		rhdr1121: BSAI Atka mackerel

		rhdr1131: BSAI Atka mackerel

		rftr01: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr11: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr21: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr31: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr41: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr51: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr61: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr71: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr81: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr91: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr101: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr111: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr121: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr131: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr141: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr151: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr161: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr171: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr181: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr191: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr201: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr211: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr221: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr231: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr241: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr251: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr261: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr271: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr281: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr291: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr301: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr311: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr321: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr331: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr341: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr351: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr361: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr371: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr381: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr391: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr401: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr411: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr421: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr431: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr441: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr451: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr461: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr471: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr481: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr491: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr501: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr511: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr521: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr531: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr541: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr551: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr561: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr571: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr581: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr591: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr601: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr611: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr621: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr631: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr641: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr651: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr661: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr671: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr681: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr691: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr701: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr711: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr721: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr731: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr741: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr751: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr761: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr771: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr781: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr791: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr801: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr811: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr821: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr831: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr841: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr851: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr861: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr871: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr881: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr891: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr901: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr911: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr921: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr931: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr941: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr951: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr961: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr971: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr981: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr991: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr1001: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr1011: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr1021: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr1031: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr1041: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr1051: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr1061: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr1071: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr1081: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr1091: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr1101: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr1111: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr1121: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr1131: NPFMC Bering Sea and Aleutian Islands SAFE

		pageno01: Page 931

		pageno11: Page 932

		pageno21: Page 933

		pageno31: Page 934

		pageno41: Page 935

		pageno51: Page 936

		pageno61: Page 937

		pageno71: Page 938

		pageno81: Page 939

		pageno91: Page 940

		pageno101: Page 941

		pageno111: Page 942

		pageno121: Page 943

		pageno131: Page 944

		pageno141: Page 945

		pageno151: Page 946

		pageno161: Page 947

		pageno171: Page 948

		pageno181: Page 949

		pageno191: Page 950

		pageno201: Page 951

		pageno211: Page 952

		pageno221: Page 953

		pageno231: Page 954

		pageno241: Page 955

		pageno251: Page 956

		pageno261: Page 957

		pageno271: Page 958

		pageno281: Page 959

		pageno291: Page 960

		pageno301: Page 961

		pageno311: Page 962

		pageno321: Page 963

		pageno331: Page 964

		pageno341: Page 965

		pageno351: Page 966

		pageno361: Page 967

		pageno371: Page 968

		pageno381: Page 969

		pageno391: Page 970

		pageno401: Page 971

		pageno411: Page 972

		pageno421: Page 973

		pageno431: Page 974

		pageno441: Page 975

		pageno451: Page 976

		pageno461: Page 977

		pageno471: Page 978

		pageno481: Page 979

		pageno491: Page 980

		pageno501: Page 981

		pageno511: Page 982

		pageno521: Page 983

		pageno531: Page 984

		pageno541: Page 985

		pageno551: Page 986

		pageno561: Page 987

		pageno571: Page 988

		pageno581: Page 989

		pageno591: Page 990

		pageno601: Page 991

		pageno611: Page 992

		pageno621: Page 993

		pageno631: Page 994

		pageno641: Page 995

		pageno651: Page 996

		pageno661: Page 997

		pageno671: Page 998

		pageno681: Page 999

		pageno691: Page 1000

		pageno701: Page 1001

		pageno711: Page 1002

		pageno721: Page 1003

		pageno731: Page 1004

		pageno741: Page 1005

		pageno751: Page 1006

		pageno761: Page 1007

		pageno771: Page 1008

		pageno781: Page 1009

		pageno791: Page 1010

		pageno801: Page 1011

		pageno811: Page 1012

		pageno821: Page 1013

		pageno831: Page 1014

		pageno841: Page 1015

		pageno851: Page 1016

		pageno861: Page 1017

		pageno871: Page 1018

		pageno881: Page 1019

		pageno891: Page 1020

		pageno901: Page 1021

		pageno911: Page 1022

		pageno921: Page 1023

		pageno931: Page 1024

		pageno941: Page 1025

		pageno951: Page 1026

		pageno961: Page 1027

		pageno971: Page 1028

		pageno981: Page 1029

		pageno991: Page 1030

		pageno1001: Page 1031

		pageno1011: Page 1032

		pageno1021: Page 1033

		pageno1031: Page 1034

		pageno1041: Page 1035

		pageno1051: Page 1036

		pageno1061: Page 1037

		pageno1071: Page 1038

		pageno1081: Page 1039

		pageno1091: Page 1040

		pageno1101: Page 1041

		pageno1111: Page 1042

		pageno1121: Page 1043

		pageno1131: Page 1044








9.  Assessment of the Flathead Sole-Bering flounder Stock in the  
Bering Sea and Aleutian Islands 


 
Carey R. McGilliard 


November 2017 
 


Executive Summary 
 


Introduction 


"Flathead sole" as currently managed by the North Pacific Fishery Management Council (NPFMC) in the 
Bering Sea and Aleutian Islands (BSAI) represents a two-species complex consisting of true flathead sole 
(Hippoglossoides elassodon) and its morphologically-similar congener Bering flounder (H. robustus). 
In 2012, the BSAI Groundfish Plan Team moved flathead sole to a biennial stock assessment 
schedule because it has been lightly exploited for a substantial period of time (BSAI Plan Team, 2012) 
and a full stock assessment report was produced in 2016. This year, a partial assessment is presented. In 
partial assessment years, an executive summary is presented to recommend harvest levels for the next two 
years, along with trends in catch and biomass. The single species projection model is run using parameter 
values from the accepted 2016 assessment model, together with updated catch information for 2016 and 
2017, to predict stock status for flathead sole in 2018 and 2019 and to make ABC recommendations for 
those years. Please refer to last year’s full stock assessment report for further information regarding the 
stock assessment model (McGilliard et al. 2016, available online at 
https://www.afsc.noaa.gov/REFM/Docs/2016/BSAIflathead.pdf). A full stock assessment document with 
updated assessment and projection model results will be presented in next year’s SAFE report.  


Updated catch and projection 


The most recent EBS Groundfish Survey was conducted in 2017. A preliminary examination of results 
from the survey indicates that survey biomass of flathead sole in the standard survey area increased from 
433,469 t in 2016 to 531,291 t in 2017. Biomass of Bering flounder in the standard survey area decreased 
from 12,831 t in 2016 to 9,275 t in 2017. 
 
Flathead sole is managed in Tier 3a.  To run the projection model to predict ABC’s for 2018 and 2019, 
estimates are required for the total catches in 2017-2019. The final catch for 2017 was estimated by 
adding the average catch between October 8 and December 31 over the years 2012-2016 to the current 
catch.  The 2018 and 2019 catches were estimated as the average catch over the previous 5 years (2012-
2016). Based on the updated projection model results, the recommended ABC’s for 2018 and 2019 are 
listed in the table below. The new ABC recommendation and OFL for 2018 are similar to those developed 
using the 2016 full assessment model.  
 
  







Quantity 


As estimated or As estimated or 
specified last year for: recommended this year for: 


2017 2018 2018* 2019* 


M (natural mortality rate) 0.2 0.2 0.2 0.2 
Tier 3a 3a 3a 3a 
Projected total (3+) biomass 
(t) 747,557 758,543 762,513 777,961 


Projected Female spawning 
biomass (t) 223,469 206,029 214,124 205,156 


     B100% 322,938 322,938 322,938 322,938 
     B40% 129,175 129,175 129,175 129,175 
     B35% 113,028 113,028 113,028 113,028 
FOFL 0.41 0.41 0.41 0.41 
maxFABC 0.34 0.34 0.34 0.34 
FABC 0.34 0.34 0.34 0.34 
OFL (t) 81,654 79,136 79,862 78,036 
maxABC (t) 68,278 66,164 66,773 65,227 
ABC (t) 68,278 66,164 66,773 65,227 


Status 
As determined in 2016 for: As determined in 2017 for: 


2015 2016 2016 2017 
Overfishing no n/a no n/a 
Overfished n/a no n/a no 
Approaching overfished n/a no n/a no 


*Projections are based on estimated catches of 9,495 t for 2017 and 13,385 t used in place of maximum permissible 
ABC for 2018 and 2019. The 2017 projected catch was calculated as the current catch of BSAI flathead sole as of 
October 8, 2017 added to the average October 8–December 31 BSAI flathead sole catches over the 5 previous years. 
The 2018 and 2019 projected catches were calculated as the average catch for BSAI flathead sole for the previous 5 
years. 







Figures 


 
Figure 1. Total catch to total age 3+ biomass ratio for Hippoglossoides species in the Bering Sea and 
Aleutian Islands. 
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Tables 


Table 1. Survey biomass for the EBS shelf survey (EBS only) and the Aleutian Islands Survey 


  


Hippoglossoides 
spp. EBS-AI 
Combined 


Aleutian 
Islands 


Hippoglossoides 
spp. EBS Only 


EBS Flathead 
Sole Only 


EBS Bering 
Flounder 


Only 


Year Bio. CV AI CV Bio. CV EBS CV Bio. CV 
1982 195,201 0.09     192,037 0.09 192,037 0.09 0   
1983 272,185 0.10 1,213 0.20 270,972 0.10 252,612 0.11 18,359 0.20 
1984 290,651 0.08     285,849 0.08 270,794 0.09 15,054 0.22 
1985 269,874 0.07     265,428 0.07 252,046 0.08 13,382 0.12 
1986 363,208 0.09 5,245 0.16 357,963 0.09 344,002 0.09 13,962 0.17 
1987 400,272 0.09     393,588 0.09 379,394 0.10 14,194 0.14 
1988 571,489 0.09     561,868 0.09 538,770 0.09 23,098 0.22 
1989 530,050 0.08     521,140 0.08 502,310 0.09 18,830 0.20 
1990 603,678 0.09     593,504 0.09 574,174 0.09 19,331 0.15 
1991 552,949 0.08 6,939 0.20 546,010 0.08 518,380 0.08 27,630 0.22 
1992 628,945 0.11     618,338 0.11 603,140 0.11 15,198 0.21 
1993 618,146 0.07     607,724 0.07 585,400 0.07 22,324 0.21 
1994 700,088 0.07 9,935 0.23 690,153 0.07 664,396 0.07 25,757 0.19 
1995 604,611 0.09     594,421 0.09 578,945 0.09 15,476 0.18 
1996 627,035 0.09     616,460 0.09 604,427 0.09 12,034 0.20 
1997 795,463 0.21 11,554 0.24 783,909 0.21 769,783 0.22 14,126 0.19 
1998 695,374 0.20     683,627 0.20 675,766 0.21 7,861 0.21 
1999 408,010 0.09     401,194 0.09 387,995 0.09 13,199 0.18 
2000 401,767 0.09 8,950 0.23 392,817 0.09 384,592 0.09 8,225 0.19 
2001 524,171 0.10     515,362 0.10 503,943 0.11 11,419 0.21 
2002 563,230 0.18 9,898 0.24 553,333 0.18 548,401 0.18 4,932 0.19 
2003 523,669 0.10     514,868 0.10 509,156 0.11 5,712 0.21 
2004 625,587 0.09 13,298 0.14 612,289 0.09 604,186 0.09 8,103 0.31 
2005 622,971 0.09     612,467 0.09 605,350 0.09 7,116 0.28 
2006 644,948 0.09 9,665 0.18 635,283 0.09 621,390 0.09 13,893 0.32 
2007 572,201 0.09     562,568 0.09 552,114 0.09 10,453 0.22 
2008 554,805 0.14     545,470 0.14 535,359 0.15 10,111 0.19 
2009 425,936 0.12     418,812 0.12 412,163 0.12 6,649 0.17 
2010 507,047 0.15 11,812 0.31 495,235 0.15 488,626 0.15 6,610 0.16 
2011 593,296 0.19     583,300 0.19 576,498 0.19 6,802 0.15 
2012 387,043 0.12 5,566 0.15 381,477 0.12 374,842 0.12 6,635 0.14 
2013 499,579 0.17     491,191 0.17 485,486 0.17 5,705 0.14 
2014 532,886 0.14 13,436 0.14 519,450 0.14 509,801 0.14 9,649 0.18 
2015 399,870 0.11     393,194 0.11 382,173 0.12 11,021 0.17 
2016 453,060 0.07 6,759 0.15 446,300 0.07 433,469 0.07 12,831 0.24 
2017 540,567 0.08     540,567 0.08 531,291 0.08 9,275 0.23 


 







Table 2. Catches of flathead sole and Bering flounder 


Year 
Total (Hippo. 


spp) 
Flathead 


sole 
Bering 


Flounder   Year 
Total 


(Hippo. spp) 
Flathead 


sole 
Bering 


Flounder 
1977 7,909 7,909.00 0.00   2000 20,422 20,389.10 32.90 
1978 6,957 6,891.61 65.39   2001 17,809 17,792.62 16.38 
1979 4,351 4,350.69 0.31   2002 15,572 15,546.78 25.22 
1980 5,247 4,897.00 350.00   2003 14,184 14,165.74 18.26 
1981 5,218 5,213.00 5.00   2004 17,394 17,369.90 24.10 
1982 4,509 4,498.40 10.60   2005 16,151 16,120.18 30.82 
1983 5,240 5,231.69 8.31   2006 17,947 17,941.22 5.78 
1984 4,458 4,394.75 63.25   2007 18,744 18,738.18 5.82 
1985 5,636 5,626.04 9.96   2008 24,539 24,524.78 14.22 
1986 5,208 5,145.85 62.15   2009 19,549 19,360.02 188.98 
1987 3,595 3,478.97 116.03   2010 20,125 19,898.93 226.07 
1988 6,783 6,697.08 85.92   2011 13,556 13,474.99 81.01 
1989 3,604 3,593.61 10.39   2012 11,366 11,360.28 5.72 
1990 20,245 19,263.85 981.15   2013 17,358 17,277.76 80.24 
1991 14,197 14,175.93 21.07   2014 16,513 16,479.90 33.10 
1992 14,407 14,346.72 60.28   2015 11,308 11,274.59 33.41 
1993 13,574 13,462.77 111.23   2016 10,384 10,371.47 12.22 
1994 17,006 16,987.43 18.57   20171 8,534 8,530.72 3.73 
1995 14,713 14,708.58 4.42           
1996 17,344 17,339.24 4.76           
1997 20,681 20,675.87 5.13           
1998 24,597 24,590.40 6.60           
1999 18,555 18,534.64 20.36           


 


1 Catch to October 8, 2017 
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of the Bering Sea and Aleutian Islands 


 


Introduction 
The Stock Assessment and Fishery Evaluation (SAFE) report summarizes the best available scientific 
information concerning the past, present, and possible future condition of the stocks, marine ecosystems, and 
fisheries that are managed under Federal regulation. It provides information to the Councils for determining 
annual harvest levels from each stock, documenting significant trends or changes in the resource, marine 
ecosystems, and fishery over time, and assessing the relative success of existing state and Federal fishery 
management programs. For the FMP for the Groundfish Fishery of the Bering Sea and Aleutian Islands (BSAI) 
Area, the SAFE report is published in three sections: a “Stock Assessment” section, which comprises the bulk 
of this document, and “Economic Status of Groundfish Fisheries off Alaska” (i.e., the “Economic SAFE report”) 
and “Ecosystem Considerations” sections, which are bound separately. 


The BSAI Groundfish FMP requires that a draft of the SAFE report be produced each year in time for the 
December meeting of the North Pacific Fishery Management Council. Each stock or stock complex is 
represented in the SAFE report by a chapter containing the latest stock assessment. New or revised stock 
assessment models are usually previewed at the September Plan Team meeting, and considered again by the 
Team at its November meeting for recommending final specifications for the following two fishing years. This 
process is repeated annually.  


This Stock Assessment section of the SAFE report for the BSAI groundfish fisheries is compiled by the BSAI 
Groundfish Plan Team from chapters contributed by scientists at NMFS Alaska Fisheries Science Center 
(AFSC). These chapters include a recommendation by the author(s) for the overfishing level (OFL) and 
acceptable biological catch (ABC) for each stock and stock complex managed under the FMP for the next two 
fishing years. This introductory section includes the recommendations of the Team (Table 1), along with a 
summary of each chapter, including the Ecosystems Considerations chapter and the Economic SAFE report.  


The OFL and ABC recommendations by the Plan Team are reviewed by the Scientific and Statistical Committee 
(SSC), which may confirm the Team recommendations or develop its own. The Team and SSC 
recommendations, together with social and economic factors, are considered by the Council in determining total 
allowable catches (TACs) and other measures used to manage the fisheries. Neither the author(s), Team, nor 
SSC typically recommends TACs. 


Members of the BSAI Groundfish Plan Team who compiled this SAFE report were: Grant Thompson (co-chair), 
Dana Hanselman (co-chair), Diana Stram (BSAI Groundfish FMP coordinator), Kirstin Holsman, Jane Sullivan, 
Jennifer Cahalan, Allan Hicks, Mary Furuness, Cindy Tribuzio, Alan Haynie, Brenda Norcross, and Chris 
Siddon. 


 


Background Information 
The BSAI management area lies within the 200-mile U.S. Exclusive Economic Zone (EEZ) of the US (Figure 
1). International North Pacific Fisheries Commission (INPFC) statistical areas 1 and 2 comprise the EBS. The 
Aleutian Islands (AI) region is INPFC Area 5. 


Amendment 95 to the BSAI Groundfish FMP, which was implemented in 2010 for the start of the 2011 fishing 
year, defined three categories of species or species groups that are likely to be taken in the groundfish fishery. 
Species may be split or combined within the “target species” category according to procedures set forth in the 







FMP. The three categories of finfishes and invertebrates that have been designated for management purposes 
under two management classifications are listed below.  


 
Figure 1. Bering Sea/Aleutian Islands statistical and reporting areas. 


In the Fishery:   
Target species–are those species that support either a single species or mixed species target fishery, are 


commercially important, and for which a sufficient data base exists that allows each to be managed on 
its own biological merits. Accordingly, a specific TAC is established annually for each target species 
or species assemblage. Catch of each species must be recorded and reported. Stocks/assemblages in 
the target category are listed below. 


Ecosystem Component:   
Prohibited Species–are those species and species groups the catch of which must be avoided while fishing 


for groundfish, and which must be immediately returned to sea with a minimum of injury except when 
their retention is authorized by other applicable law. Groundfish species and species groups under the 
FMP for which the ABCs have been achieved shall be treated in the same manner as prohibited 
species.  


Forage fish species–are those species listed below, which are a critical food source for many marine 
mammal, seabird and fish species. The forage fish species category is established to allow for the 
management of these species in a manner that prevents the development of a commercial directed 
fishery for forage fish. Management measures for this species category will be specified in regulations 
and may include such measures as prohibitions on directed fishing, limitations on allowable bycatch 
retention amounts, or limitations on the sale, barter, trade or any other commercial exchange, as well 
as the processing of forage fish in a commercial processing facility. 







In the fishery Ecosystem component 
Target species1 Prohibited species2 Forage fish species3 
Walleye Pollock Pacific halibut Osmeridae family (eulachon, capelin,and other smelts) 
Pacific cod Pacific herring Myctophidae family (laternfishes) 
Sablefish Pacific salmon Bathylagidae (deep-sea smelts) 
Yellowfin sole Steelhead trout Ammodytidae family (Pacific sandlance) 
Greenland turbot King crab Trichodontidae family (Pacific sand fish) 
Arrowtooth flounder Tanner crab Pholidae family (gunnels) 
Kamchatka flounder  Stichaeidae family (pricklebacks warbonnets, eelblennys, cockscombs, 


shannys) 
Northern rock sole  Gonostomatidae family (bristlemouths, lightfishes and anglemouths) 
Flathead sole  Other euphausiacea (krill) 
Alaska plaice   
Other flatfish   
Pacific Ocean perch   
Northern rockfish   
Blackspotted/Rougheye   
Shortraker rockfish   
Other rockfish   
Atka mackerel   
Skates   
Sculpins   
Sharks   
Squids   
Octopus   


1 TAC for each listing. Species and species groups may or may not be targets of directed fisheries. 
2 Must be immediately returned to the sea, except when retention is required or authorized.  
3 Management measures for forage fish are established in regulations implementing the FMP. 


Historical Catch Statistics 
Catch statistics since 1954 are shown for the Eastern Bering Sea (EBS) subarea in Table 4. The initial target 
species in the BSAI commercial fisheries was yellowfin sole. During this period, total catches of groundfish 
peaked at 674,000 t in 1961. Following a decline in abundance of yellowfin sole, other species (principally 
walleye pollock) were targeted, and total catches peaked at 2.2 million t in 1972. Pollock is now the principal 
fishery, with catches peaking at approximately 1.4-1.5 million t due to years of high recruitment. After the 
Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA) was adopted in 1976, catch 
restrictions and other management measures were placed on the fishery and total groundfish catches have since 
varied from one to two million t. In 2005, Congress implemented a statutory cap on TACs for BSAI groundfish 
of 2 million t, which had previously been a policy adopted by the Council. Total groundfish catches generally 
are well below the 2 million t optimal yield (OY) cap. Total groundfish catches in the EBS in 2016 totaled 
1,851,117 t; catches through November 4, 2017 totaled 1,798,209 t. Pollock catches in the EBS totaled 1,353,312 
t in 2016; catches through November 4, 2017 totaled 1,356,445 t. 


Catches in the Aleutian Islands (AI) subarea always are much less than in the EBS (Table 5). Total AI catches 
peaked at 190,750 t in 1996. Total AI catches were 144,446 t in 2010, and dropped to 103,804 t in 2012. Total 
catch decreased again in 2015 to 99,916 t but rose in 2015 to 99,916 t and to 101,375 t in 2016. Total catch as 
of November 4, 2017 rose to 110,824 t. This increase from 2015 on is largely due to increased catch of Atka 
mackerel. 


The predominance of target species in the AI has changed over the years. Pacific ocean perch (POP) was the 
initial target species. As POP abundance declined, the fishery diversified to target different species. POP was 
the second largest fishery at 26,311 t in 2013; 26,944 t in 2014, 23,507 in 2015, 23,097 t in 2016 and remained 
stable at 23,240 through November 4, 2017. Pacific ocean perch displaced Pacific cod as the second largest 
fishery beginning in 2011, as Pacific cod catch dropped from 29,001 t in 2010 to 9,064 in 2015 as a result of 
Steller sea lion protection measures; catch is 12,286 t through November 4, 2017. Atka mackerel was the largest 
fishery in the AI at 50,600 t in 2011 and 46,859 t in 2012 (down from 68,496 t in 2010); catch was 30,815 t in 
2014 and increased to 53,003 in 2015, to 54,125 t in 2016 and with catch as of November 4, 2017 at 63,401 t. 







Catches since 2015 have been higher due to modifications in the Steller sea lion protections measures starting 
with the 2015 fishery.  


Total catches since 1954 for the BSAI, combined, are shown in Table 6. Total BSAI catches were 1,354,662 t 
in 2010 (81 percent of the total TAC and 67 percent of the OY) and rose to 1,817,774 t in 2011 (92 percent of 
total TACs (which equaled the OY)), 1,914,585 t (96 percent of OY) in 2013 and 1,928,379 t in 2014 (96 percent 
of OY), 1,914,061 in 2015 (96 percent of OY), 1,952,492 t in 2016 (98 percent of OY). BSAI catches through 
November 4, 2017 totaled 1,909,033 t, which equaled 95% of OY.  


Recent Total Allowable Catches 
Amendment 1 to the BSAI Groundfish FMP provided the framework to manage the groundfish resources as a 
complex. Maximum sustainable yield (MSY) for the BSAI groundfish complex was estimated at 1.8 to 2.4 
million t. The OY range was set at 85 percent of the MSY range, or 1.4 to 2.0 million t. The sum of the TACs 
equals OY for the groundfish complex, which is constrained by the 2.0 million t cap on OY. Recent total 
TACs have been set equal to the OY cap. 


Establishment of the Western Alaska Community Development Quota (CDQ) Program annual groundfish 
reserves is concurrent with the annual BSAI groundfish harvest specifications. Once annual BSAI groundfish 
TACs are established, the CDQ Program is allocated set portions of the TACs for certain species and species 
assemblages. This includes 10 percent of the BS and AI pollock TACs, 20 percent of the fixed gear sablefish 
TAC, and 7.5 percent of the sablefish trawl gear allocation. It also receives 10.7 percent of the TACs for 
Pacific cod, yellowfin sole, rock sole, flathead sole, Atka mackerel, AI Pacific ocean perch, arrowtooth 
flounder, and BS Greenland turbot. The program also receives allocations of PSC limits. 


The TAC specifications for the primary allocated species, and PSC limit specifications, are recommended by 
the Council at its December meetings. The State of Alaska (State) manages separate Pacific cod guideline 
harvest level (GHL) fisheries in the Bering Sea subarea (starting in 2006) and Aleutian Islands subarea 
(starting in 2014). The State’s Pacific cod GHL fisheries are conducted independently of the Federal 
groundfish fisheries under direct regulation of the State. The GHL amounts for each subarea are derived as 3 
percent of the combined Pacific cod Bering Sea subarea ABC and Aleutian Islands subarea ABC. The Council 
is expected to set the TAC for each subarea to account for the two State GHL fisheries. This is necessary to 
prevent harvest levels, GHL plus TAC, from exceeding the ABCs. 


For the BSAI reserves, 15 percent of the TAC for each target species, except for pollock, the hook-and-line 
and pot gear allocation of sablefish, and the Amendment 80 species (Pacific cod, Atka mackerel, flathead sole, 
rock sole, yellowfin sole, and Aleutian Islands Pacific ocean perch), are automatically apportioned to a non-
specified reserve. Apportionments to the non-specified reserve range from 4.3 to 15 percent of each species or 
species group's TAC. The non-specified reserve is used to (1) correct operational problems in the fishing 
fleets, (2) promote full and efficient use of groundfish resources, (3) adjust species TACs according to 
changing conditions of stocks during the fishing year, and (4) make apportionments and Community 
Development Quota allocations. The initial TAC (ITAC) for each species is the remainder of the TAC after the 
subtraction of the reserve. 


Definition of Acceptable Biological Catch and the Overfishing Level 
Amendment 56 to the BSAI Groundfish FMP, which was implemented in 1999, defines ABC and OFL for the 
BSAI groundfish fisheries. The definitions are shown below, where the fishing mortality rate is denoted F, stock 
biomass (or spawning stock biomass, as appropriate) is denoted B, and the F and B levels corresponding to MSY 
are denoted FMSY and BMSY respectively.  


Acceptable Biological Catch is a preliminary description of the acceptable harvest (or range of harvests) for a 
given stock or complex. Its derivation focuses on the status and dynamics of the stock, environmental conditions, 
other ecological factors, and prevailing technological characteristics of the fishery. The fishing mortality rate 
used to calculate ABC is capped as described as shown in the text box below. 







Overfishing is defined as any amount of fishing in excess of a prescribed maximum allowable rate. This 
maximum allowable rate is prescribed through a set of six tiers which are listed below in descending order of 
preference, corresponding to descending order of information availability. The SSC will have final authority for 
determining whether a given item of information is reliable for the purpose of this definition, and may use either 
objective or subjective criteria in making such determinations. For Tier (1), a pdf refers to a probability density 
function. For Tiers (1-2), if a reliable pdf of BMSY is available, the preferred point estimate of BMSY is the geometric 
mean of its pdf. For Tiers (1-5), if a reliable pdf of B is available, the preferred point estimate is the geometric 
mean of its pdf. For Tiers (1-3), the coefficient ‘α’ is set at a default value of 0.05, with the understanding that 
the SSC may establish a different value for a specific stock or stock complex as merited by the best available 
scientific information. For Tiers (2-4), a designation of the form “FX%” refers to the F associated with an 
equilibrium level of spawning per recruit (SPR) equal to X percent of the equilibrium level of spawning per 
recruit in the absence of any fishing. If reliable information sufficient to characterize the entire maturity schedule 
of a species is not available, the SSC may choose to view SPR calculations based on a knife-edge maturity 
assumption as reliable. For Tier (3), the term B40% refers to the long-term average biomass that would be expected 
under average recruitment and F=F40%. 


Overfished or approaching an overfished condition is determined for all age-structured stock assessments by 
comparison of the stock level in relation to its MSY level according to harvest scenarios 6 and 7 described in 
the next section (for Tier 3 stocks, the MSY level is defined as B35%). For stocks in Tiers 4-6, no determination 
can be made of overfished status or approaching an overfished condition as information is insufficient to estimate 
the MSY stock level. 


Standard Harvest and Recruitment Scenarios and Projection Methodology 
A standard set of projections is required for each stock managed under Tiers 1, 2, or 3 of Amendment 56. This 
set of projections encompasses seven harvest scenarios designed to satisfy the requirements of Amendment 56, 
the National Environmental Policy Act, and the MSFCMA.  


For each scenario, the projections begin with an estimated vector of 2018 or 2019 numbers at age. In each 
subsequent year, the fishing mortality rate is prescribed on the basis of the spawning biomass in that year and 
the respective harvest scenario. In each year, recruitment is drawn from an inverse Gaussian distribution whose 
parameters consist of maximum likelihood estimates determined from recruitments estimated in the assessment. 
Spawning biomass is computed in each year based on the time of peak spawning and the maturity and weight 
schedules described in the assessment. Total catch is assumed to equal the catch associated with the respective 
harvest scenario in all years, except that in the first two years of the projection, a lower catch may be specified 
for stocks where catch is typically below ABC. This projection scheme is run 1000 times to obtain distributions 
of possible future stock sizes, fishing mortality rates, and catches.  


Five of the seven standard scenarios are designed to provide a range of harvest alternatives that are likely to 
bracket the final TACs for 2018 and 2019, are as follow (“max FABC” refers to the maximum permissible value 
of FABC under Amendment 56): 


Scenario 1: In all future years, F is set equal to max FABC. (Rationale: Historically, TAC has been 
constrained by ABC, so this scenario provides a likely upper limit on future TACs.)  


Scenario 2: In all future years, F is set equal to a constant fraction of max FABC, where this fraction is 
equal to the ratio of the FABC value for 2018 recommended in the assessment to the max FABC for 2018, 
and where catches for 2018 and 2019 are estimated at their most likely values given the 2018 and 2019 
maximum permissible ABCs under this scenario. (Rationale: When FABC is set at a value below max 
FABC, it is often set at the value recommended in the stock assessment.) 


Scenario 3: In all future years, F is set equal to the average of the five most recent years. (Rationale: 
For some stocks, TAC can be well below ABC, and recent average F may provide a better indicator of 
FTAC than FABC.) 







Scenario 4: In all future years, the upper bound on FABC is set at F60%. (Rationale: This scenario 
provides a likely lower bound on FABC that still allows future harvest rates to be adjusted downward 
when stocks fall below reference levels.) 


Scenario 5: In all future years, F is set equal to zero. (Rationale: In extreme cases, TAC may be set at 
a level close to zero.) 


Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether a stock is 
currently in an overfished condition or is approaching an overfished condition. These two scenarios are as 
follow (for Tier 3 stocks, the MSY level is defined as B35%): 


Scenario 6: In all future years, F is set equal to FOFL. (Rationale: This scenario determines whether a 
stock is overfished. If the stock is 1) above its MSY level in 2019 or 2) above 1/2 of its MSY level in 
2019 and expected to be above its MSY level in 2028 under this scenario, then the stock is not 
overfished.) 


Scenario 7: In 2018 and 2019, F is set equal to max FABC, and in all subsequent years, F is set equal to 
FOFL. (Rationale: This scenario determines whether a stock is approaching an overfished condition. If 
the stock is 1) above its MSY level in 2019 or 2) above 1/2 of its MSY level in 2019 and expected to 
be above its MSY level in 2029 under this scenario, then the stock is not approaching an overfished 
condition.) 


Overview of “Stock Assessment” Section 
The current status of individual groundfish stocks managed under the FMP is summarized in this section. Plan 
Team recommendations for 2018 and 2019 ABCs and OFLs are summarized in Tables 1, 2, and 3. 


The sum of the recommended ABCs for 2018 and 2019 are 3,766,809 t and 3,578,956 t, respectively. These 
compare with the sums of the 2017 (4,013,993 t) and 2016 ABCs (3,236,662). The primary increase from 
previous years is due to EBS pollock balancing out a recent decline in Pacific cod. The Team recommended 
maximum permissible ABCs for all stocks, except for EBS pollock, Bogoslof pollock, EBS Pacific cod and 
Sablefish (Table 2). 


Overall, the status of the stocks continues to appear favorable. Nearly all stocks are above BMSY or the BMSY proxy 
of B35% (Figure 2). The abundances of EBS pollock, EBS Pacific cod, Sablefish, all rockfishes managed under 
Tier 3, and all flatfishes managed under Tiers 1 or 3 are projected to be above BMSY or the BMSY proxy of B35% in 
2018.  







 
Figure 2. Summary of Bering Sea stock status next year (spawning biomass relative to Bmsy; horizontal axis) 


and current year catch relative to fishing at Fmsy (vertical axis) where FOFL is taken to equal Fmsy. 


The sum of the biomasses for 2018 listed in Table 3 represents a 16% decrease from 2017.  This is primarily 
due to declines in EBS pollock and Pacific cod. The 2017 value, in turn, was represented an increase of 9% from 
2016 after stable biomasses from 2013. This stability and current relative increases follow periods of declines 
since 2010.  


Summary and Use of Terms  
Stock status is summarized and OFL and ABC recommendations are presented on a stock-by-stock basis in the 
remainder of this section, with the following conventions observed: 


“Fishing mortality rate” refers to the full-selection F (i.e., the rate that applies to fish of fully selected sizes 
or ages), except in the cases of stocks managed under Tier 1 (EBS pollock, yellowfin sole, and northern rock 
sole). For these stocks, the fishing mortality rate consists of the ratio between catch (in biomass) and 
biomass at the start of the year. EBS pollock uses “fishable biomass,” whereas yellowfin sole and northern 
rock sole use age 6+ biomass for this calculation.  


“Projected age+ biomass” refers to the total biomass of all cohorts of ages greater than or equal to some 
minimum age, as projected for January 1 of the coming year. The minimum age varies from species to 
species. When possible, the minimum age corresponds to the age of recruitment listed in the respective stock 
assessment. Otherwise, the minimum age corresponds to the minimum age included in the assessment 
model, or to some other early age traditionally used for a particular species. When a biomass estimate from 
the trawl survey is used as a proxy for projected age+ biomass, the minimum age is assumed to correspond 
with the age of recruitment, even though the survey may not select that age fully and undoubtedly selects 
fish of younger ages to some extent. 


The reported ABCs and OFLs for past years correspond to the values approved by the Council. Projected 
ABCs and OFLs listed for the next two years are the Team’s recommendations. 







Reported catches are as of November 4, 2017. 


Two-Year OFL and ABC Projections 
Proposed and final harvest specifications are adopted annually for a two year period. This requires the Team to 
provide OFLs and ABCs for the next two years in this cycle (Table 1). The 2018 harvest specifications (from 
Council recommendations in December 2017) are in place to start the fishery on January 1, 2018, but these will 
be replaced by final harvest specifications that will be recommended by the Council in December 2017. The 
final 2018 and 2019 harvest specifications will become effective when final rulemaking occurs in February or 
March 2018. This process allows the Council to use the most current survey and fishery data in stock assessment 
models for setting quotas for the next two years, while having no gap in harvest specifications.  


The 2019 ABC and OFL values recommended in next year’s SAFE report are likely to differ from this year’s 
projections for 2019 because of new information (e.g., survey) that is incorporated into the assessments. In the 
case of stocks managed under Tier 3, ABC and OFL projections for the second year in the cycle are typically 
based on the output for Scenario 2 from the standard projection model using assumed (best estimates) of actual 
catch levels. For stocks managed under Tiers 4-6, projections for the second year in the cycle are set equal to 
the Plan Team’s recommended values for the first year in the cycle. 


 







Revised Stock Assessment Schedule 
 
Based on consideration of stock prioritization including assessment methods and data availability, some stocks 
are assessed on an annual basis while others are assessed less frequently.  The following table provides an 
overview of the level of assessment presented in this year’s SAFE report, the Tier level and schedule as well as 
the year of the next full assessment by stock. 
 


Stock Assessment schedule for Bering Sea-Aleutian Islands 


Stock  2017 SAFE Assessment status Tier 
Schedule 
(years) 


Year of next 
full assessment 


Eastern Bering Sea pollock  Full 1 1 2018 
Bogoslof Island Pollock  None 5 2 2018 
Aleutian Islands pollock  Partial 3 2 2018 
Eastern Bering Sea Pacific Cod  Full 3 1 2018 
Aleutian Islands Pacific cod Full 5 1 2018 
Sablefish  Full 3 1 2018 
Yellowfin sole  Full 1 1 2018 
Greenland Turbot  Partial 3 2 2018 
Arrowtooth flounder  Partial 3 2 2018 
Kamchatka flounder Partial 3 2 2018 
Northern Rock sole  Partial 1 2 2018 
Flathead sole  Partial 3 2 2018 
Alaska plaice  Full 3 2 2019 
Other flatfish  None 5 4 2020 
Pacific ocean perch  Partial 3 2 2018 
Northern rockfish  Partial 3 2 2019 
Rougheye & blackspotted rockfish Partial 3 2 2018 
Shortraker rockfish  None 5 2 2018 
Other rockfish  None 5 2 2018 
Atka mackerel Full 3 1 2018 
Squid None 6 2 2018 
Skates Partial 3/5 2 2018 
Sharks None 5 2 2018 
Octopus None 6 2 2018 
Sculpins Partial 5 4 2019 
Forage Species Report Eco 2 2019 
Grenadiers (BSAI/GOA) None Eco 4 2020 


 
The products anticipated under each year and by Tier level are shown below depending upon the 1-,2-, or 4 
year assessment cycle for different stocks. 
 







 
 


Economic Summary of the BSAI commercial groundfish fisheries in 2015-16 
The ex-vessel value of all Alaska domestic fish and shellfish catch, which includes the amount paid to harvesters 
for fish caught, and the estimated value of pre-processed fish species that are caught by catcher/processors, 
decreased from $1,781 million in 2015 to $1,717 million in 2016. The first wholesale value of 2016 groundfish 
catch after primary processing was $2,379 million. The 2016 total groundfish catch decreased by 2%, and the 
total first-wholesale value of groundfish catch increased by 4%, relative to 2015. 


The groundfish fisheries accounted for the largest share (51%) of the ex-vessel value of all commercial fisheries 
off Alaska, while the Pacific salmon (Oncorhynchus spp.) fishery was second with $444 million or 26% of the 
total Alaska ex-vessel value. The value of the shellfish fishery amounted to $270 million or 16% of the total for 
Alaska and exceeded the value of Pacific halibut (Hippoglossus stenolepis) with $119 million or 7% of the total 
for Alaska.  


The Economic SAFE report (appendix bound separately) contains detailed information about economic aspects 
of the groundfish fisheries, including figures and tables, economic performance indices, catch share fishery 
indicators, product price forecasts, a summary of the Alaskan community participation in fisheries, an 
Amendment 80 fishery economic data report (EDR) summary, an Amendment 91 fishery economic data report 
(EDR) and vessel master survey summary, market profiles for the most commercially valuable species, a 
summary of the relevant research being undertaken by the Economic and Social Sciences Research Program 
(ESSRP) at the Alaska Fisheries Science Center (AFSC), and a list of recent publications by ESSRP analysts. 
Beginning in this report, data tables have been re-organized and are now divided into four relatively distinct 
sections: (1) All Alaska, (2) BSAI, (3) GOA, and (4) Pacific halibut.  Additionally, flatfish and rockfish data are 
now incorporated into the main data tables (rather than in the appendices in previous years).  The figures and 
tables in the report provide estimates of total groundfish catch, groundfish discards and discard rates, prohibited 
species catch (PSC) and PSC rates, the ex-vessel value of the groundfish catch, the ex-vessel value of the catch 
in other Alaska fisheries, the gross product value of the resulting groundfish seafood products, the number and 
sizes of vessels that participated in the groundfish fisheries off Alaska, vessel activity, and employment on at-
sea processors.  Appendices contain global whitefish production from the FAO, fisheries export data from the 
Census Bureau, employment data from the Alaska Dept. of Labor, and alternative ex-vessel pricing and value 
based on CFEC fish tickets. Generally, the data presented in this report cover 2012 - 2016, but limited catch and 
ex-vessel value data are reported for earlier years to illustrate the rapid development of the domestic groundfish 
fishery in the 1980s and to provide a more complete historical perspective on catch. The data behind the tables 
from this and past Economic SAFE reports are available online at: 


http://www.afsc.noaa.gov/refm/Socioeconomics/SAFE/default.php  


Decomposition of the change in first-wholesale revenues from 2015-16 in the BSAI 
The following brief analysis summarizes the overall changes that occurred between 2015-16 in the quantity 
produced and revenue generated from BSAI groundfish. According to data reported in the 2017 Economic SAFE 
report, the ex-vessel value of BSAI groundfish increased from $1,125 million in 2015 to $1,166 million in 2016 
(Figure 3), and first-wholesale revenues from the processing and production of groundfish in the Bering Sea and 
Aleutian Islands (BSAI) increased by 5% between 2015 ($1,932 million) and 2016 ($2,025 million) (Figure 4). 
At the same time, the total quantity of groundfish products from the BSAI increased from 819 thousand metric 
tons to 832 thousand metric tons, a 2% increase. These changes in the BSAI are comparable to those in the GOA, 


Year Tiers 1-3 Tiers 4-6 Tiers 1-3 Tiers 4-6 Tiers 1-3 Tiers 4-6
1 full full full full full full
2 full full partial nothing partial nothing
3 full full full full partial partial
4 full full partial nothing partial nothing


1-year cycle 2-year cycle 4-year cycle



http://www.afsc.noaa.gov/refm/Socioeconomics/SAFE/default.php





which together account for the 4% year-to-year increase in first-wholesale revenues from Alaska groundfish 
fisheries overall. 


By species group, positive price effects and small negative quantity effects resulted in a positive net effect of 
about $79 million for pollock.  For Pacific cod, negative price effect combined with significant positive quantity 
effects, resulting in a $22 million net increase in first-wholesale revenues for Pacific from the BSAI for 2015-
16 (Figure 5).  There was both a negative price effect and negative quantity effect for rockfish, resulting in a net 
negative effect of $8 million. Atka and sablefish had little change in price or quanity and “other” experienced a 
small net decline of 3%.   


By product group, large positive price effects coupled with smaller positive quantity effects in the fillets category 
resulted in a positive net effect of $49 million in the BSAI first-wholesale revenue decomposition for 2015-16.  
For surimi, large positive price effects coupled with smaller positive quantity effects in the surimi category 
resulted in a positive net effect of $32 million. For roe, positive price effects coupled with significant negative 
quantity effects to result in a negative net effect of $6 million. For whole fish and head & gut, a positive price 
effect combined with a flat quantity effect to produce a net positive effect of $8 million while for ‘other’ products 
a positive price effect combined with a lager positive quantity effect for a net positive effect of $40 million. 


In summary, first-wholesale revenues from the BSAI groundfish fisheries increased by $93 million from 2015-
16 due in large part to positive price effects for flatfish and pollock, and positive quantity effects for Pacific cod. 
In comparison, first-wholesale revenues descreased by$1 mllion from 2015-16 in the GOA. The main drivers of 
this decline was a negative net revenue effect for Pacific cod being offset by positive net effects for sablefish. 


 


  
Figure 3. Real ex-vessel value of the groundfish catch in the domestic commercial fisheries in the BSAI area 


by species, 2003-2016 (base year = 2016). 


 







  
Figure 4. Real gross product value of the groundfish catch in the BSAI area by species, 2003-2016 (base year 


= 2016). 







  


 


 
 


Figure 5.  Decomposition of the change in first-wholesale revenues from 2015-16 in the BSAI area. The first 
decomposition is by the species groups used in the Economic SAFE report, and the second 
decomposition is by product group. The price effect refers to the change in revenues due to the change 
in the first-wholesale price index (current dollars per metric ton) for each group. The quantity effect 
refers to the change in revenues due to the change in production (in metric tons) for each group. The 
net effect is the sum of price and quantity effects. Year-to-year changes in the total quantity of first-
wholesale groundfish products include changes in total catch and the mix of product types (e.g., fillet 
vs. surimi). 


 







Ecosystem Considerations 
While the Bering Sea ecosystem is physically returning to near neutral conditions (while still slightly warmer 
than average), there are still notable anomalies in ecological patterns; notable patterns raised include: 


• A potential red flag for the system includes reports across the EBS of dead and dying seabirds, with 
over 1,250 beached seabird carcasses documented since early August 2017 as well as 70 dead birds 
reported by USFWS and the University of Washington in the northern Bering Sea (as compared to 
only a few typically reported during these June to September surveys). Necropsies on 20 carcasses 
from across the system indicate drowning and severe emaciation. 


 
• Walleye pollock, Pacific cod, yellowfin sole, and flathead sole are all lighter than average for a give 


size, especially in the south Bering Sea (Fig. 65). These species as well as Alaska plaice, arrowtooth 
flounder, and age 1 pollock, all experienced reduced condition in 2017 relative to 2016 and may be a 
leading indicator of poor overwinter survival and the potential for smaller stocks in 2018.  


 
• Some anomalous physical signals from 2016 persist, including a "disproportionately large positive-


magnitude NPI occurred in winter of 2016-2017, considering the weak amplitude of La Niña in late 
2016.” The implications of this anomaly are not evident.  


 
• Sea level pressure patterns set up persistent winds from the south that prevented sea ice formation in 


the Gulf of Anadyr creating an unusual retraction of ice extent over the northwestern shelf. As a result, 
the NBS responded more similarly to a “warm year,” whereas ice coverage over the southern middle 
domain lead to more moderate conditions in the southeast. 


 
• There is a ~50/50 chance that there will be a weak La Niña fall through winter 2017-2018. Slight 


cooling of SST is predicted for the EBS based on 3 month forecasts. Summer predictions for 2018 are 
for a larger than average <=2 oC cold pool, but a smaller than average 0-1 oC cold pool. 


 
 
Physical conditions:   A transition from a strong El Niño to a weak La Niña occurred in 2016 and with it 
moderation of physical conditions in 2017 in the Bering Sea following the marine heat wave of 2014-2016. 
This included cooling of the EBS over the winter (SST was still elevated above normal in fall 2016) to near 
mean SSTs by fall of 2017. However, despite cooling of surface waters, bottom temperatures were cooler in 
summer 2017 but still moderately above long-term mean; temperatures above and below the mixed layer depth 
(MLD) were warmer than average in all regions of the shelf. A weak AI low suppressed storminess for the SE 
EBS, and southern winds were very light and from the south, leading to slightly warm anomalies in air 
temperature over the Bering Sea. While the system was very warm in 2016 with a small and northern cold pool 
(“cold puddle”), the 2017 sea ice extended south over the shelf (similar to 2006) and an associated narrow cold 
pool extended over the southern and middle domain. 
 
Biological conditions and ecosystem response:  
Ecosystem productivity signals for 2017 are mixed. The lowest cocolithophore index was lowest on 
record, indicating improved visual forager success, and euphausiids were slightly elevated. However large 
copepod abundances were low in the S EBS, indicating reduced fall food resources. Jellyfish CPUE, was 
lowest since 1989, although slightly up from 2016 (especially large jellyfish). Survey catches of sponges and 
sea anemones were lowest in 7 years, sea whips decreased markedly from 2016. Primary productivity in the 
middle domain may be limited (as indicated by dissolved inorganic nitrogen). Warm conditions from 2014 to 
2016 were associated with a lower ratio of large-size phytoplankton and a possible lengthening of the food 
web and reduced transfer efficiency to fish (i.e., more production of nutrients required in 2014-2016).  
 
Cliff-nesting seabirds showed overall poor reproductive success at the Pribilof Islands in 2017, with the 
exception of nearshore-feeding red-faced cormorants. Crab biomass is highly variable with negative trends in 
2017. Multiple crab species experienced > 20% decline in 2017 over 2016, with distributions retracted to 







northern regions of the EBS. Fur seal pup production at St. Paul Island decreased 12.1% from 2014 to 2016 
while it increased 8.2% on St. George Island. Forage fish abundances decreased late summer 2016, as did 
estimated juvenile groundfish abundance, while juvenile salmon increased and were distributed further south 
(except sockeye which distributed farther north and west). In contrast, juvenile Chinook salmon of Canadian 
origin in 2017 is below average and may impact fish by-catch caps 3-4 years in the future. Juvenile pollock 
were distributed further north during warm years. Fish condition (defined as residuals of mean length-weight 
regressions) of all species except arrowtooth flounder were lower in 2017 than 2016, and for Pacific cod and 
age 1+ pollock in 2017, condition indices remain below average, and were second lowest on record for age 1+ 
pollock. Estimated predation mortality for age 1 pollock, Pacific cod, and arrowtooth flounder remained 
elevated above long-term means, though down slightly from the peak in 2016. Total biomass of demersal fish 
and invertebrates suggests a long-term stability in prey base over the past 20 years. Species richness and 
diversity increased in 2016 and 2017, richness was highest along the 100 m isobath, while diversity was 
highest in middle shelf. Fish are shorter but living longer in 2017 relative to 2016. 
 
Human dimensions : Discard rates in the pollock fishery have remained below 1% since 1998, and below 8% 
for non-pollock trawl since 2011. For fixed gear, discard rates are trending upwards slightly in recent years, 
and were around 14% in 2016.  Jellyfish in the catch tracked jellyfish abundance, peaking in 2014 and 
declining sharply in 2015 and 2016. Seabird by-catch in 2016 exceeded the 2007-2015 average by 78% and 
was second highest on record, namely due to by-catch of shearwater and northern fulmars. Habitat impacts due 
to fishing gear has decreased steadily to the present level of 2.3%. As of June 30, 2017, only the Pribilof 
Islands blue king crab stock is considered overfished and subject to overfishing; the stock is in year 3 of a 
rebuilding plan. Pelagic foragers represent the largest share of total landings (trends driven by TAC levels for 
representative species). Subsistence harvest for Pacific halibut represented 2.3% of total harvest; EBS 
represents 9% of halibut subsistence harvest. Subsistence harvest for salmon decreased state-wide, particularly 
for Chinook (Bristol bay represents 41% of all Chinook subsistence harvest).  Flatfish revenue has declined 
recently due to decreased prices, crab value has increase with increased landing, salmon has increased due to 
stable landings and increased prices. Pollock price has decreased, but landings have increased. Pacific cod 
prices dropped in 2009 but have been stable. The number of sport fishing anglers has declined since the mid-
1990s and is at about 2000 anglers. The unemployment rate is higher in NBS communities than other EBS 
communities, but rates dropped across the BS from 3.29% in 2015 to 3.16% in 2016 in the EBS and from 
12.77% in 2015 to 12.48% in 2016 in the NBS. The population has remained relatively stable across the EBS, 
yet 41% of communities experienced population decline between 1990 and 2016. The NBS population has 
remained relatively stable with only 21% of communities experiencing population declines between 1990 and 
2016. There is a general trend toward decreasing school enrollment in most EBS boroughs and many have had 
school closures.  
  







Stock Status Summaries 
Except as otherwise noted, the Team’s recommended ABCs are set at the maximum permissible levels under 
their respective tiers. 


1. Walleye Pollock 
Status and catch specifications (t) of walleye pollock in recent years. Biomass for each year corresponds to the 
projection given in the SAFE report issued in the preceding year. The biomass is reported as age 3+ for eastern 
Bering Sea, age 2+ for the Aleutian Islands and the survey biomass for Bogoslof, as reported in the respective 
assessments. The OFL and ABC for 2018 and 2019 are those recommended by the Plan Team. Catch data are 
current through November 4, 2017. 


Area Year Biomass OFL ABC TAC* Catch 


Eastern 
Bering Sea 


2016 11,300,000 3,910,000 2,090,000 1,340,000 1,349,724 
2017 13,000,000 3,640,000 2,800,000 1,345,000 1,356,259 
2018 10,967,000 4,797,000 2,592,000 n/a n/a 
2019 10,119,000 4,592,000 2,467,000 n/a n/a 


Aleutian 
Islands 


2016 241,929 39,075 32,227 19,000 1,257 
2017 250,221 43,650 36,061 19,000 1,427 
2018 272,675 49,289 40,788 n/a n/a 
2019 262,010 37,431 30,803 n/a n/a 


Bogoslof 


2016 106,000 31,906 23,850 500 1,005 
2017 434,760 130,428 51,300 500 186 
2018 434,760 130,428 51,300 n/a n/a 
2019 434,760 130,428 51,300 n/a n/a 


*In 2016, NMFS reallocated 14,900 t of pollock TAC from the Aleutian Islands to the Bering Sea, which increased the Bering Sea TAC to 1,354,900 t 
and decreased the Aleutian Islands TAC to 4,100 t.  In 2017, NMFS reallocated 14,900 t of pollock TAC from the Aleutian Islands to the Bering Sea, 
which increased the Bering Sea TAC to 1,354,900 t and decreased the Aleutian Islands TAC to 4,100 t. 


Eastern Bering Sea pollock 


Changes from previous assessment 
New data in this year’s assessment include the following: 


• The 2017 NMFS bottom-trawl survey (BTS) biomass and abundance at age estimates were included. 
• The 2016 NMFS acoustic-trawl survey (ATS) biomass and abundance at age estimates were updated 


based on age data collected from the ATS sampling (in 2016 the BTS age-length key was used). 
• The ATS age data from 1994-2016 that includes the bottom layer analysis (0.5-3m from bottom) was 


completed and used in the base/reference model (last year the accompanying biomass time series for 
these data were evaluated but the full set of age data was unavailable). This is new to the assessment. 


• Two additional years of opportunistic acoustic data from vessels transiting the EBS shelf region were 
processed and the time series now extends from 2006-2017.  


• Observer data for catch at age and average weight at age from the 2016 fishery were finalized and 
included. 


• Total catch as reported by NMFS Alaska Regional office was updated and included through the 2017 
fishing season. 


There were no changes to assessment methodology this year. 







Spawning biomass and stock trends 
Spawning biomass in 2008 was at the lowest level since 1980, but has increased by 150% since then, although 
spawning biomass is projected to decline from the current high level in the near term. The 2008 low was the 
result of extremely poor recruitments from the 2002-2005 year classes. Recent increases were fueled by 
recruitment from the very strong 2008, 2012, and 2013 year classes (126%, 152%, and 68% above average for 
the post-1976 time series, respectively), along with spawning exploitation rates in 2009-2017 that averaged 11% 
below the post-1976 time series average.  Spawning biomass is projected to be 80% above BMSY in 2018. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The SSC has determined that EBS pollock qualifies for management under Tier 1 because there are reliable 
estimates of BMSY and the probability density function for FMSY. The updated estimate of BMSY from the present 
assessment is 2.043 million t, down 6% from last year’s estimate of 2.165 million t. Projected spawning biomass 
for 2018 is 3.679 million t, placing EBS walleye pollock in sub-tier “a” of Tier 1. As has been the approach for 
many years, the maximum permissible ABC harvest rate was based on the ratio between MSY and the 
equilibrium biomass corresponding to MSY. The harmonic mean of this ratio from the present assessment is 
0.466, up 17% from last year’s value of 0.398. The harvest ratio of 0.398 is multiplied by the geometric mean 
of the projected fishable biomass for 2018 (7.714 million t) to obtain the maximum permissible ABC for 2018, 
which is 3.598 million t, up 15% and down 4% from the maximum permissible ABCs for 2017 and 2018 
projected in last year’s assessment, respectively. However, as with other recent EBS pollock assessments, the 
authors recommend setting ABCs well below the maximum permissible levels. They list seven reasons for doing 
so in the SAFE chapter. 


During the period 2010-2013, the Team and SSC based ABC recommendations on the most recent 5-year 
average fishing mortality rate. Beginning in 2014, however, the Team and SSC felt that stock conditions had 
improved sufficiently that an increase in the ABC harvest rate was appropriate. Specifically, the Team and SSC 
recommended basing the ABCs on the harvest rate associated with Tier 3, the stock’s Tier 1 classification 
notwithstanding. The Team recommends continuing this approach for setting the 2018 and 2019 ABCs, giving 
values of 2.592 million t and 2.467 million t, respectively. 


The OFL harvest ratio under Tier 1a is 0.622, the arithmetic mean of the ratio between MSY and the equilibrium 
fishable biomass corresponding to MSY. The product of this ratio and the geometric mean of the projected 
fishable biomass for 2018 determines the OFL for 2018, which is 4.797 million t. The current projection for 
OFL in 2019 given a projected 2018 catch of 1.390 million t is 4.592 million t. 


Status determination 
The walleye pollock stock in the EBS is not being subjected to overfishing, is not overfished, and is not 
approaching an overfished condition. 


Ecosystem considerations 
An appendix to the SAFE chapter describes a multi-species model (“CEATTLE”) involving walleye pollock, 
Pacific cod, and arrowtooth flounder. The authors view this as a “strategic” model rather than a model that would 
be used for setting annual harvest specifications.  Nevertheless, the 2018 “target” ABC values from CEATTLE 
are similar to the maximum permissible ABC value from the stock assessment (being 2% and 11% higher than 
the value from the stock assessment when CEATTLE is run in single-species mode and multi-species mode, 
respectively).  Like the authors of the stock assessment, the authors of the CEATTLE appendix suggest setting 
the actual 2018 ABC at a significantly lower value (although based on a different harvest control rule than the 
Tier 3 rule).  


Several of the concerns listed by the stock assessment authors in support of their ABC recommendation involve 
ecosystem considerations, specifically: 


• Because the environmental conditions in summer 2017 followed a warm period, precaution may be 
warranted, since warm conditions are thought to negatively affect the survival of larval and juvenile 
pollock. 







• There is apparently a considerable amount of pollock showing up in the northern part of the shelf beyond 
the traditional EBS shelf survey area, approximately 1.3 million t in 2017.  (The authors clarified during 
the Team meeting that this is a concern because, if it reflects a unidirectional migration and further such 
migrations occur in the future, this could reduce the biomass in the traditional EBS shelf survey area). 


• Pollock are an important prey species for the ecosystem and apparent changes in the distribution may 
shift their availability as prey. In particular, fur seal populations around the Pribilof Islands have had 
declines in pup production from 2014-2016. The extent that fishing intensity can allow for continued 
prey availability could be considered as a means to minimize further declines in the fur seal populations. 


• The CEATTLE model suggests that the BMSY level is around 3.6 million t instead of the 2.3 million t 
estimated in the current assessment (noting that total natural mortality is higher in the multi-species 
model). 


Aleutian Islands pollock 
Changes from previous assessment 
This chapter was presented in a “partial assessment” format because it was a scheduled “off-year” assessment 
under the new Stock Assessment Prioritization guidelines. Therefore, only the projection model was run, with 
updated catches. New data in the 2017 assessment included updated 2016 catch and estimated 2017 through 
2019 catches. No changes were made to the assessment model. A new feature included in the “off-year” 
assessments was a time series of exploitation rate (i.e., catch/biomass). 


Spawning biomass and stock trends 
This year’s assessment estimates that spawning biomass reached a minimum level of about B30% in 1999 and 
then has generally increased, with a projected value of B38% for 2017. The increase in spawning biomass since 
1999 has resulted more from a dramatic decrease in harvest than from good recruitment, as there have been no 
above-average year classes spawned since 1989. Spawning biomass for 2017 is projected to be 77,579 t. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The SSC has determined that this stock qualifies for management under Tier 3. The Team concurred and 
supported continued use of last year’s model for evaluating stock status and recommending ABC. The model 
estimates 2018 spawning biomass at 78,305 t which is below the B40% value of 81,240 t, placing the AI pollock 
stock in sub-tier “b” of Tier 3. The model estimates the values of F35% as 0.397 and F40% as 0.319. Under Tier 
3b, with the adjusted F40% = 0.319, the maximum permissible ABC is 40,788 t for 2018. The Team recommends 
setting the 2018 ABC at this level. The 2017 catch was estimated by increasing the official catch as of October 
29, 2017 (i.e., 1,384 t), by an expansion factor of 3.1%, which represents the average fraction of catch taken 
after October 29 in the last three complete years (2014-2016). Following the Tier 3b formula with the adjusted 
F35%=0.397, OFL for 2018 is 49,289 t. If the 2017 catch is 1,427 t (i.e., 3.1% expansion on 1,384 t) and 1,516 t 
for 2018 (i.e., equal to the three year average for 2014-2016), the 2019 maximum permissible 2019 ABC would 
be 30,803 t and the 2019 OFL would be 37,431 t. The Team recommends setting 2018 and 2019 ABC and OFL 
at these levels. 


Status determination 
The walleye pollock stock in the Aleutian Islands is not being subjected to overfishing, is not overfished, and is 
not approaching an overfished condition. 


Bogoslof pollock [from the 2016 assessment] 
In accordance with the approved schedule, no assessment was conducted for Bogoslof this year, however, a full 
stock assessment will be conducted in 2018.  Until then, the values generated from the previous stock assessment 
are rolled over for 2018 specifications. Additional information listed below summarizes the 2016 assessment. 







Changes from previous assessment 
Estimated catches for 2015 and 2016 were updated and the 2016 acoustic-trawl survey biomass estimate and 
preliminary 2016 survey age data were included. Two methods for computing the survey average are provided: 
one using the random effects and the other using a simple 3-survey average. 


Spawning biomass and stock trends 
NMFS acoustic-trawl survey biomass estimates are the primary data source used in this assessment. Between 
2000 and 2014, the values varied between 292,000 t and 67,000 t. The most recent acoustic-trawl survey of the 
Bogoslof spawning stock was conducted in March of 2016 and resulted in a biomass estimate of 506,228 t. The 
random-effects method of survey averaging resulted in 434,760 t, compared to the 2016 point estimate of 
506,228 t. The degree of uncertainty in the estimate increases going forward and is fairly substantial. As an 
alternative method, the three-survey average approach gives an estimate of 228,000 t from which to make the 
Tier 5 calculations.  


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The SSC has determined that this stock qualifies for management under Tier 5. The assessment authors and the 
Team recommend that the maximum permissible ABC and OFL continue to be based on the random-effects 
survey averaging approach. Given the large degree of uncertainty in the 2016 survey estimate, and the fact that 
the next survey is scheduled for 2018, the assessment authors and the Team recommend using the biomass 
estimate based on the average of the three most recent surveys (228,000 t) for ABC. 


The maximum permissible ABC value for 2017 is 97,428 t (assuming M = 0.3 and FABC = 0.75 x M = 0.225 and 
the random effects survey estimate for biomass). The ABC for 2017 = 228,000 x M x 0.75 = 51,300 t. The 
recommended ABC for 2018 is the same. The recommended ABC for 2017 is close to what would be obtained 
from a two-year stair-step (60,800 t). 


The OFL was calculated using the random effects estimate for the survey biomass. Following the Tier 5 formula 
with M=0.3, OFL for 2017 is 130,428 t. The OFL for 2018 is the same. 


Status determination 
The walleye pollock stock in the Bogoslof district is not being subjected to overfishing. It is not possible to 
determine whether this stock is overfished or whether it is approaching an overfished condition because it is 
managed under Tier 5. 


  







2. Pacific cod 
Status and catch specifications (t) of Pacific cod in recent years are shown below. Biomass for each year 
corresponds to the projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 
and 2019 are those recommended by the Plan Team. Catch data are current through November 4, 2017. 


*In 2016 and 2017, the Council set the Federal TAC to account for the State of Alaska Aleutian Islands Guideline Harvest 
Level (GHL) fishery and the Bering Sea GHL fishery each of which is set equal to 6.4% of the Bering Sea ABC and 27% 
of the AI ABC. Catch includes only that which accrues to the Federal TAC. 
**Biomass shown for AI Pacific cod is survey biomass (Tier 5), not age 0+ biomass. 


Eastern Bering Sea Pacific cod 


Changes from previous assessment 
Changes to the input data have been made in the EBS Pacific cod assessment. 


  
1. Catch data for 1991-2016 were updated, and preliminary catch data for 2017 were incorporated.  
2. Commercial fishery size composition data for 1991-2016 were updated, and preliminary size 


composition data from the 2017 commercial fishery were incorporated.  
3. Size composition data from the 2017 EBS shelf bottom trawl survey were incorporated.  
4. The numeric abundance estimate from the 2017 EBS shelf bottom trawl survey was incorporated (the 


2017 estimate of 347 million fish was down about 46% from the 2016 estimate).  
5. Age composition data from the 2016 EBS shelf bottom trawl survey were incorporated.  
6. Age composition data from the 2013-2016 fisheries were incorporated into some of the models  


 


Many changes have been made or considered in the stock assessment model since the 2016 assessment 
(Thompson 2016). Ten models were reviewed by the BSAI Plan Team Subcommittee on Pacific Cod Models 
(“Subcommittee”) at its June meeting, and seven models were presented in this year’s preliminary assessment 
(Appendix 2.1), as requested at the conclusion of the June Subcommittee meeting. After reviewing the 
preliminary assessment, the BSAI Plan Team and SSC requested that a number of models from the preliminary 
assessment and one new model be presented in this final assessment. The model presented here for use in setting 
harvest specifications for 2018 and 2019 is unchanged from the previous year. 


Spawning biomass and stock trends 
Survey abundance in 2017 (346,693,000 fish) declined by 46% from 2016 (640,359,000 fish) and biomass in 
2017 (598,260 t) was 37% less than in 2016 (944,621 t). As estimated in the present model, spawning biomass 
is above B40% and has been increasing since 2009 due to a number of strong year-classes beginning in 2006. 
However, spawning biomass is projected to begin declining again in the near future. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
This stock is assigned to Tier 3a. The maximum 2018 ABC in this tier as calculated using the present model fit 
is 201,000 t, and the Team recommends that the ABC be reduced to 188,000 t due to concerns related to the 


Area Year Age 0+ biomass OFL ABC TAC* Catch 


Eastern Bering Sea 


2016 1,830,000 390,000 255,000 238,680 231,511 
2017 1,260,000 284,000 239,000 223,704 196,761 
2018 918,000 238,000 188,000 n/a n/a 
2019 762,000 201,000 170,000 n/a n/a 


Aleutian Islands 


2016 68,900** 23,400 17,600 12,839 12,356 
2017 79,600** 28,700 21,500 15,695 12,286 
2018 79,600** 28,700 21,500 n/a n/a 
2019 79,600** 28,700 21,500 n/a n/a 







dramatic declines in the EBS shelf survey index, recent poor environmental conditions, lack of incoming 
recruitment, and recent small size-at-age of young Pacific cod . The Team recommends an ABC of 170,000 t 
for the preliminary 2019 ABC. The 2018 OFL from this new model is 238,000 t, which is less than the projected 
OFL from the previous assessment. The 2019 projected OFL is 201,000 t. 


Status determination 
EBS Pacific cod is not being subjected to overfishing, is not overfished, and is not approaching an overfished 
condition. 


Aleutian Islands Pacific cod 


Changes from previous assessment 
This stock has been assessed separately from Eastern Bering Sea Pacific cod since 2013, and managed separately 
since 2014. The stock has been managed under Tier 5 since it was first assessed separately. No changes were 
made to assessment methodology. 


A random effects model of the Aleutian Islands trawl survey biomass trajectory was used in 2016 to estimate 
the biomass and provide management advice. There are no new survey biomass estimates, thus the only changes 
are updating the catch data for 1991-2016 and including preliminary catch data for 2017. 


Spawning biomass and stock trends 
After declining by more than half between 1991 and 2002, survey biomass has since stayed in the range of 50-
100 kilotons. The 2016 Aleutians survey biomass estimate (84,409 t) was up about 15% from the 2014 estimate 
(73,608 t). 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The analyst and Team recommend using the Tier 5 assessment again for 2018. The Team’s recommended 
ABC is 21,500 t, and OFL is 28,700 t. The estimate of the natural mortality rate was 0.36 and was taken from 
the 2017 EBS Pacific cod assessment model (Model 16.6). 


Status determination 
This stock is not being subjected to overfishing. It is not possible to determine whether this stock is overfished 
or whether it is approaching an overfished condition because it is managed under Tier 5. 


3. Sablefish 
Status and catch specifications (t) of sablefish in recent years. Biomass for each year corresponds to the 
projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2017 and 2018 are 
those recommended by the Plan Team. Catch data are current through November 4th, 2017. 


Area Year Age 4+ Biomass OFL ABC TAC Catch 
Bering Sea 
 


2016 25,000 1,304 1,151 1,151 532 
2017 24,000 1,499 1,274 1,274 1,150 
2018 94,000  2,887  1,464 n/a n/a 
2019 98,000 4,576 2,061 n/a n/a 


Aleutian Islands 
 


2016 23,000 1,766 1,557 1,557 349 
2017 43,000 2,101 1,735 1,735 588 
2018 65,000  3,917 1,988 n/a n/a 
2019 68,000 6,209 2,798 n/a n/a 


 


 


Relative to last year’s assessment, the following substantive changes in the current assessment were made. 







Changes in the input data 
New data included in the assessment model were relative abundance and length data from the 2017 longline 
survey, biomass and length data from the 2017 bottom trawl survey, relative abundance, and length data from 
the 2016 fixed gear fishery, length data from the 2016 trawl fisheries, age data from the 2016 longline survey 
and 2016 fixed gear fishery, updated catch for 2016, and projected 2017 - 2019 catches.  In addition, estimates 
of killer and sperm whale depredation in the fishery were updated and projected for 2017-2019.  


Changes in the assessment methodology 
Relative to the 2016 assessment, which adopted several Center for Independent Experts (CIE) review panel 
recommendations for improving the reference model, there were no changes to the assessment methodology.   


New for this year, a new Ecosystem and Socioeconomic Profile (ESP) was presented as an appendix that 
highlights specific ecosystem indicators that may help explain variability in the stock assessment and included 
an economic performance report for the sablefish fishery.  


Spawning biomass and stock trends 
Projected 2018 spawning biomass is 36% of unfished spawning biomass. The longline survey abundance index 
increased 14% from 2016 to 2017 following a 34% increase between 2015 and 2016.  However, the lowest point 
of the time series occurred in 2015.  The fishery abundance index decreased 23% from 2015 to 2016 and is the 
time series low (the 2017 data are not available yet). Spawning biomass is projected to increase rapidly from 
2018 to 2022, and then stabilize. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
Sablefish are managed under Tier 3 of NPFMC harvest rules. Reference points were calculated using 
recruitments from 1977-2013. The updated point estimates of B40%, F40%, and F35% from this assessment are 
98,332 t (combined across the EBS, AI, and GOA), 0.096, and 0.114, respectively. Projected female spawning 
biomass (combined areas) for 2018 is 88,928 t (90% of B40% or B36%), placing sablefish in Tier 3b.  


The authors recommended ABCs for 2018 and 2019 that are lower than maximum permissible ABC and the 
Team concurred for two important reasons. First, a lower ABC than maximum permissible was recommended 
based on estimates of whale depredation occurring in the fishery in the same way that was recommended and 
accepted in 2016. Second, the 2014 year class is estimated to be 10 times higher than average, and 2.5 x higher 
than the next highest year class (1977). Thus, the recruitment estimate for the 2014 year class was set equal to 
the 1977 recruitment estimate (4 times average) because there are concerns regarding the lack of older fish and 
spawning biomass, the uncertainty surrounding the estimate of the strength of the 2014 year class, and the 
uncertainty about the environmental conditions that may affect the success of the 2014 year class.  


The maximum permissible value of FABC under Tier 3b is 0.086. After accounting for the uncertainty surrounding 
the extremely high 2014 recruitment estimate and whale depredation, the authors’ recommended FABC equals 
0.077, which results in a recommended 2018 ABC of 11,505 t for the GOA. The OFL fishing mortality rate is 
0.102 which results in a 2017 OFL of 22,073 t for the GOA.  


Status determination 
Model projections indicate that this stock is not subject to overfishing, overfished, nor approaching an overfished 
condition. 







Area apportionment 
Apportionments have been held constant since the 2013 fishery and the Teams concurred: 


 2017 2018 2019 
Region  OFL  ABC  TAC   OFL  ABC  OFL  ABC  


BS  1,499 1,274 1,274  2,887 1,464 4,576 2,061 
AI  2,044 1,735 1,735  3,917 1,988 6,209 2,798 


4. Yellowfin sole 
Status and catch specifications (t) of yellowfin sole in recent years. Biomass for each year corresponds to the 
projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2017 and 2018 are 
those recommended by the Plan Team. Catch data are current through November 4, 2017. 


Area Year Age 6+ Biomass OFL ABC TAC Catch 
BSAI 2016 2,170,000 228,100 211,700 144,000 135,350 


 2017 2,290,000 287,000 260,800 154,000 125,620 
 2018 2,553,100 306,700 277,500 n/a n/a 
 2019 2,460,700  295,600 267,500 n/a n/a 


The Flatfish Flexibility Exchange Program increased the TAC from 144,000 t to 154,278 t in 2016, and as of November 
17, 2017 the TAC increased from 154,000 t to 154,699 t in 2017. 


Changes from previous assessment 
Changes to the input data include: 


• 2016 fishery age composition 
• 2016 survey age composition 
• 2017 trawl survey biomass point estimate and standard error 
• Estimate of the discarded and retained portions of the 2016 catch 
• Estimate of total catch made through the end of 2017.  
• Updated weight at age for survey and fishery 


Changes to the assessment methodology:   


No changes were made to the assessment model. 


Spawning biomass and stock trends 
The projected female spawning biomass estimate for 2018 is 895,000 t, which is 2.0×BMSY. This is a 15% increase 
from last year’s 2017 estimate (778,600 t). Although there has been a general decline that has prevailed since 
1993, there is now some indication of a slow increase over the past three years. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The SSC has determined that reliable estimates of BMSY and the probability density function for FMSY exist for 
this stock. The estimate of BMSY from the present assessment is 456,000 t, and projected spawning biomass for 
2018 is 895,000 t, meaning that yellowfin sole qualify for management under Tier 1a. Corresponding to the 
approach used in recent years, the 1978-2010 age 1 recruitments (and corresponding spawning biomass 
estimates) were used this year to determine the Tier 1 harvest recommendation. This provided a maximum 
permissible ABC harvest ratio (the harmonic mean of the FMSY harvest ratio) of 0.109. The current value of the 
OFL harvest ratio (the arithmetic mean of the FMSY ratio) is 0.12. The product of the maximum permissible ABC 
harvest ratio and the geometric mean of the 2018 biomass estimate produced the 2018 ABC of 277,500 t 
recommended by the author and Team, and the corresponding product using the OFL harvest ratio produces the 
2018 OFL of 306,700 t. For 2019, the corresponding quantities are 267,500 t and 295,600 t, respectively. 







Status determination 
Yellowfin sole is not being subjected to overfishing, is not overfished, and is not approaching an overfished 
condition. 


5. Greenland turbot 
Status and catch specifications (t) of Greenland turbot in recent years. Biomass for each year corresponds to 
the projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 and 2019 
are those recommended by the Plan Team. Catch data are current through November 4, 2017. 


Area Year Age 1+ 
Biomass OFL ABC TAC Catch 


BSAI 


2016 114,438 4,194 3,462 2,873 2,238 
2017 121,804 11,615 6,644 4,500 2,813 
2018 126,417 13,148  11,132  n/a n/a 
2019 127,021  13,540  11,473  n/a n/a 


Eastern Bering 
Sea 


2016 n/a n/a 2,673 2,673 2,117 
2017 n/a n/a 8,577 4,375 2,691 
2018 n/a n/a 9,718 n/a n/a 
2019 n/a n/a 10,016  n/a n/a 


Aleutian 
Islands 


2016 n/a n/a 789 200 121 
2017 n/a n/a 1,248 125 122 
2018 n/a n/a 1,414 n/a n/a 
2019 n/a n/a 1,457 n/a n/a 


 


Changes from previous assessment 
This chapter was presented in a “partial assessment” format because it was a scheduled “off-year” assessment 
under the new Stock Assessment Prioritization guidelines. Therefore, only the projection model was run, with 
updated catches. New data in the 2017 assessment included updated 2016 catch and estimated 2017 and 2018 
catches. No changes were made to the assessment model. A new feature included in the “off-year” assessments 
was a time series of exploitation rate (i.e., catch/biomass). 


Changes to the input data include: 


• Updated 2016 and projected 2017 catch data 
• 2017 EBS shelf trawl survey estimates 
• 2017 ABL longline survey estimates 
• 2017 EBS shelf survey and ABL longline survey length composition estimates 


Spawning biomass and stock trends 
The projected 2018 female spawning biomass is 58,035 t, which is a 15% increase from last year’s 2017 
estimate of 50,461 t. Female spawning biomass is projected to increase to 61,878 t in 2019. The effects of the 
incoming 2007-2009 year classes are creating a steep increase in both the female spawning biomass and total 
biomass estimates. These increases are also due, in part, to the increase in average weight at age with the 
inclusion of the 2015 length at age data. Projections for 2018 predict an increase in spawning biomass as these 
year classes grow and mature. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The B40% value using the mean recruitment estimated for the period 1978-2014 gives a long-term average 
female spawning biomass of 41,239 t. The projected 2018 female spawning biomass was at 58,035 t or, well 
above the estimate of B40% (41,239 t). Because the projected spawning biomass in year 2018 is above B40%, 
Greenland turbot ABC and OFL levels will be determined at Tier 3a of Amendment 56. The maximum 
permissible value of FABC under this tier translates into an OFL of 13,148 t for 2018 and 13,540 t for 2019 and 







a maximum permissible ABC of 11,132 t for 2018 and 11,473 t for 2019. These are the authors’ and Team’s 
OFL recommendations. The author recommended a more conservative maximum permissible ABC of 7,000 t 
for both 2018 and 2019 due to the likelihood that this stock will continue to have poor recruitment for the 
foreseeable future. The Team disagreed with the author’s ABC choice as it was subjective and not supported 
by the model and recommended that the ABCs for 2018 and 2019 be set at maximum permissible.  


Area apportionment 
As in previous assessments, apportionment recommendations are based on unweighted averages of EBS slope 
and AI survey biomass estimates from the four most recent years in which both areas were surveyed. The 
Team’s recommended 2018 and 2019 ABCs in the EBS are 9,718 and 10,016 t. The 2018 and 2019 ABCs for 
the AI are 1,414 and 1,457 t. Area apportionment of OFL is not recommended. 


Status determination 
Greenland turbot is not being subjected to overfishing, is not overfished, and is not approaching an overfished 
condition. 


6. Arrowtooth flounder 
Status and catch specifications (t) of arrowtooth flounder in recent years are below. Biomass for each year 
corresponds to the projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 
and 2019 are those recommended by the Plan Team. Catch data are current through November 9, 2017. 


Area Year Age 1+ Bio OFL ABC TAC Catch 
BSAI 2016 910,012 94,035 80,701 14,000 11,105 


  2017 779,195 76,100 65,371 14,000 6,189 
  2018 785,141  76,757  65,932  n/a n/a 
  2019 782,840  75,084  64,494  n/a n/a 


Changes from previous assessment 
This chapter was presented in a “partial assessment” format because it was a scheduled “off-year” assessment 
under the new Stock Assessment Prioritization guidelines. Therefore, only the projection model was run, with 
updated catches. New data in the 2017 assessment included updated 2016 catch and estimated 2017 and 2018 
catches. No changes were made to the assessment model. A new feature included in the “off-year” assessments 
was a time series of exploitation rate (i.e., catch/biomass). 


The total catch for 2017 by calculating the proportion of catch between January 1st and September 21st from the 
previous five years (2012-2016), 90.2%. The total year’s catch was extrapolated from the catch through 
September 21, 2017, for an estimated total of 5,698 t. We note that the actual catch is slightly higher as of 
November 9, 2017. The 2018 catch was estimated as the average catch over the past four years, with the 
average catch from 2014-2016 from AKFIN, and the full year’s catch estimate for 2017, for a 2018 estimate of 
11,797 t. There has been a decreasing trend in ATF catch and the years selected for the 2018 catch estimate 
capture that trend.   


Spawning biomass and stock trends 
The projected age 1+ total biomass for 2018 is 785,131 t, an increase from the value of 772,153 t projected for 
2018 in last year’s assessment. The projected female spawning biomass for 2018 is 490,663 t which is an 
increase from last year’s 2018 estimate of 464,066 t.  


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The SSC has determined that reliable estimates of B40%, F40%, and F35% exist for this stock. Arrowtooth flounder 
therefore qualifies for management under Tier 3. The point estimates of B40% and F40% from this year’s 
assessment are 212,054 t and 0.129. The projected 2017 spawning biomass is above B40%, so ABC and OFL 
recommendations for 2018 were calculated under sub-tier “a” of Tier 3. The authors and Team recommend 







setting FABC at the F40% level, which is the maximum permissible level under Tier 3a, resulting in 2018 and 2019 
ABCs of 65,932 t and 64,494 t, respectively, and 2018 and 2019 OFLs of 76,757 t and 75,084 t. 


Status determination 
Arrowtooth flounder is a lightly exploited stock in the BSAI. Arrowtooth flounder is not being subjected to 
overfishing, is not overfished, and is not approaching an overfished condition. 


Ecosystem Considerations 
Arrowtooth flounder is not a dominant predator on the EBS shelf. Arrowtooth flounder in the EBS is an 
occasional prey in the diets of groundfish, being eaten by Pacific cod, walleye pollock, Alaska skates, and sleeper 
sharks. However, given the large biomass of most of the predator species in the EBS, these occasionally recorded 
events translate into considerable total mortality for the arrowtooth flounder population in the EBS ecosystem. 


7. Kamchatka flounder 
Status and catch specifications (t) of Kamchatka flounder in recent years are below. Biomass for each year 
corresponds to the projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 
and 2019 are those recommended by the Plan Team. Catch data are current through November 4, 2017. 


Area Year Age 2+ Biomass OFL ABC TAC Catch 
BSAI 2016 182,300 11,100 9,500 5,000 4,850 


 2017 170,300 10,360 8,880 5,000 4,462 
 2018 189,868  11,347  9,737  n/a n/a 
 2019 199,223  12,022  10,317  n/a n/a 


Changes from previous assessment 
This chapter was presented in a “partial assessment” format because it was a scheduled “off-year” assessment 
under the new Stock Assessment Prioritization guidelines. Therefore, only the projection model was run, with 
updated catches. New data in the 2017 assessment included updated 2016 catch and estimated 2017 and 2018 
catches. No changes were made to the assessment model. A new feature included in the “off-year” assessments 
was a time series of exploitation rate (i.e., catch/biomass). 


New input data for the projection model included updating the 2016 catch and estimating the 2017 catch. The 
2017 catch was 4,112 t as of mid- October. The estimated catch for 2017 was the product of the 2017 TAC 
(5,000 t) and the average fraction of the TAC captured from the past two years (86.9%). The projected 2017 
catch was 4,347 t.  We note that this was slightly exceeded as of November 4. 


Spawning biomass and stock trends 
Kamchatka flounder has a widespread distribution along the deeper waters of the BSAI region. Spawning 
biomass increased continuously, at an average rate of about 5% per year, from the start of the model time series 
in 1991 to a peak of 62,963 t in 2009. Spawning biomasses from 2006 through 2014 have all been within 10% 
of the peak value. The 2000-2002, 2008-2010, and 2012 year classes are all estimated to be well above average, 
with the 2002, 2008, and 2010 year classes estimated to be at least twice average. Projected 2018 female 
spawning biomass is estimated at 63,718 t, above the B40% level of 50,782 t, and is projected to remain above 
B40%. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
This stock was managed under Tier 3 for the first time in 2014. As noted above, projected spawning biomass 
for 2018 is above B40%, placing Kamchatka flounder in sub-tier “a” of Tier 3. For the 2018 fishery, the authors 
and Team recommend setting 2018 ABC at the maximum permissible value of 9,737 t from the projection model. 
This value is an increase of 11% over the 2017 ABC (8,800 t). The recommended 2018 OFL is 11,347 t, a 10% 
increase from 10,360 t for 2017. 







Status Determination 
Kamchatka flounder is not being subjected to overfishing, is not overfished, and is not approaching an overfished 
condition. 


8. Northern rock sole 
Status and catch specifications (t) of northern rock sole in recent years. Biomass for each year corresponds to 
the projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 and 2019 
are those recommended by the Plan Team. Catch data are current through November 4, 2017. 


Area Year Age 6+ Biomass OFL ABC TAC Catch 
BSAI 2016 1,085,200 165,900 161,100 57,100 44,873 


 2017 1,000,600 159,700 155,100 47,100 35,123 
 2018 923,200  147,300  143,100  n/a n/a 
 2019 852,000 136,000 132,000 n/a n/a 


The Flatfish Flexibility Exchange Program decreased the TAC from 57,100 t to 52,659 t in 2016, and as of November 17, 
2017 the TAC decreased from 47,100 t to 46,825 t in 2017. 


Changes from previous assessment 
This chapter was presented in a “partial assessment” format because it was a scheduled “off-year” assessment 
under the new Stock Assessment Prioritization guidelines. Due to unforeseen technical complications involved 
with extending the projection range in the Tier 1 assessment model from 2 to 3 years, the authors retained last 
year's 2018 projection values and computed the 2019 projection values by assuming that the percentage 
change from 2018 to 2019 would equal the percentage change from 2017 to 2018.  The authors anticipate that 
the technical complications will be overcome before the next partial assessment is conducted. New data in the 
2017 assessment included updated 2016 catch and estimated 2017 catch. No changes were made to the 
assessment model. A new feature included in the “off-year” assessments was a time series of exploitation rate 
(i.e., catch/biomass). 


Spawning biomass and stock trends 
Spawning biomass was at a low in 2008, but has increased continuously since then. The 2001-2005 year classes 
are all estimated to be above average; however, the spawning biomass has peaked and is now projected to be 
declining. The stock assessment model projects a 2018 spawning biomass of 472,200 t. This. The projected 
spawning biomass for 2019 is 413,300 t. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The SSC has determined that northern rock sole qualifies for management under Tier 1. Spawning biomass for 
2018 is projected to be well above the BMSY estimate of 257,000, placing northern rock sole in sub-tier “a” of 
Tier 1. The Tier 1 2018 ABC harvest recommendation is 143,100 t (FABC = 0.155) and the 2018 OFL is 147,300 
t (FOFL = 0.160). The 2019 ABC and OFL values are 132,000 t and 136,000 t, respectively. Recommended ABCs 
correspond to the maximum permissible levels. 


This is a stable fishery that lightly exploits the stock. Usually the average catch/biomass ratio is about 3-4 percent 
of the northern rock sole stock. 


Status determination 
Northern rock sole is not being subjected to overfishing, is not overfished, and is not approaching an overfished 
condition. 


9. Flathead sole 
Status and catch specifications (t) of flathead sole in recent years. Biomass for each year corresponds to the 
projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2017 and 2018 are 
those recommended by the Plan Team. Catch data are current through November 4, 2017. 







Area Year Age 3+ 
Biomass OFL ABC TAC Catch 


BSAI 2016 737,777 79,562 66,250 21,000 10,384 
 2017 747,557 81,654 68,278 14,500 8,879 
 2018 762,513 79,862 66,773 n/a n/a 
 2019 777,961  78,036  65,227  n/a n/a 


The Flatfish Flexibility Exchange Program decreased the TAC from 21,000 t to 15,163 t in 2016, and as of November 17, 
2017 the TAC decreased from 14,500 t to 14,076 t in 2017. 


Changes from previous assessment 
This chapter was presented in a “partial assessment” format because it was a scheduled “off-year” assessment 
under the new Stock Assessment Prioritization guidelines. Therefore, only the projection model was run, with 
updated catches. New data in the 2017 assessment included updated 2016 catch and estimated 2017 and 2018 
catches. No changes were made to the assessment model. A new feature included in the “off-year” assessments 
was a time series of exploitation rate (i.e., catch/biomass). 


Changes to the input data in this analysis include: 


• 2017 catch biomass was added to the model 
• 2016 catch biomass was updated to reflect October – December 2015 catches 


Spawning biomass and stock trends 
Age 3+ biomass has declined slowly since the mid 1990’s (20% overall), but show a steady increase since 2016. 
Estimates for 2019 show continued increases are likely. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The SSC has determined that reliable estimates of B40%, F40%, and F35% exist for this stock, thereby qualifying 
flathead sole for management under Tier 3. The current values of these reference points are B40%=129,175 t, 
F40%=0.34, and F35%=0.41. Because projected spawning biomass for 2018 (214,124 t) is above B40%, flathead 
sole is in Tier 3a. The authors and Team recommend setting ABCs for 2018 and 2019 at the maximum 
permissible values under Tier 3a, which are 66,773 t and 65,227 t, respectively. The 2018 and 2019 OFLs under 
Tier 3a are 79,862 t and 78,036 t, respectively. 


Status determination 
Flathead sole is not being subjected to overfishing, is not overfished, and is not approaching an overfished 
condition. 


10. Alaska plaice 
Status and catch specifications (t) of Alaska plaice in recent years. Biomass for each year corresponds to the 
projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 and 2019 are 
those recommended by the Plan Team. Catch data are current through November 4, 2017. 


Area Year Age 3 + 
Biomass OFL ABC TAC Catch 


BSAI 


2016 468,100 49,000 41,000 14,500 12,957 
2017 412,600 42,800 36,000 13,000 15,549 
2018 417,300 41,170  34,590  n/a n/a 
2019 412,000 38,800 32,700 n/a n/a 


Changes from previous assessment 
Changes to the input data in this full analysis include: 







• Estimates of catch (t) and discards for 2016-2017 
• 2017 shelf trawl survey biomass estimates and standard errors 
• 2017 survey length composition 
• 2016 survey age composition 
• 2016 fishery length composition 
• No modifications were made for this assessment methodology. 


Spawning biomass and stock trends 
The assessment indicates that above average recruitment strength in 1998 and exceptionally strong recruitment 
in 2001 and 2002 have contributed to the recent high level of female spawning biomass. The spawning stock 
biomass is projected to decline as these year classes exit the population.  


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
Reliable estimates of B40%, F40%, and F35% exist for this stock, therefore qualifying it for management under Tier 
3. The current estimates are B40% = 126,900 t, F40% = 0.124, and F35% = 0.149. Given that the projected 2018 
spawning biomass of 191,460 t exceeds B40%, the ABC and OFL recommendations for 2018 were calculated 
under sub-tier “a” of Tier 3. Projected harvesting at the F40% level gives a 2018 ABC of 34,590 t and a 2019 
ABC of 32,700 t. The recommended Tier 3a OFLs are 41,170 t and 38,800 t for 2018 and 2019, respectively. 


Status determination 
Alaska plaice is not being subjected to overfishing, is not overfished, and is not approaching an overfished 
condition. 


11. Other Flatfish complex [from the 2016 Assessment] 
In accordance with the approved schedule, no assessment was conducted for other flatfish this year, however, a 
full stock assessment will be conducted in 2018.  Until then, the values generated from the previous stock 
assessment (below) will be rolled over for 2018 specifications. Additional information listed below summarizes 
the 2016 assessment. 


Status and catch specifications (t) of other flatfish in recent years. Biomass for each year corresponds to the 
projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2017 and 2018 are 
those recommended by the Plan Team. Catch data are current through November 4, 2017. 


Area Year  Total Biomass  OFL  ABC  TAC Catch 
BSAI 2016 102,300 17,414 13,061 2,500 2,847 


 2017 113,450 17,591 13,193 2,500 4,121 


 2018 113,450  17,591 13,193   


 2019 113,450 17,591 13,193   
In 2016, the other flatfish TAC increased to 2,862 t after a reallocation of 362 t from the non-specified reserves. 


Changes from previous assessment 
The assessment incorporates 2015 and 2016 total and discarded catch and 2016 EBS shelf trawl survey biomass, 
2016 AI trawl survey biomass, and 2016 EBS slope trawl survey biomass. There were no changes to the 
assessment methodology. 


Spawning biomass and stock trends 
EBS shelf survey biomass estimates for this complex were all below 100,000 t from 1983-2003, and reached a 
high of 150,480 t in 2006. The EBS and AI survey estimate for 2016 was 113,450 t, about 10% above that of 
last year. Starry flounder, rex sole, and butter sole comprise the majority of the fishery catch with a negligible 
amount of other species caught in recent years. Starry flounder continues to dominate the shelf survey biomass 
in the EBS. 







Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The SSC has classified “other flatfish” as a Tier 5 species complex with harvest recommendations calculated 
from estimates of biomass and natural mortality. Natural mortality rates for rex (0.17) and Dover sole (0.085) 
borrowed from the Gulf of Alaska are used, along with a value of 0.15 for all other species in the complex. 
Projected harvesting at the 0.75 M level (biomass-weighted) average FABC = 0.117) gives a 2017 ABC of 13,193 
t for the “other flatfish” complex. The corresponding 2016 OFL (average FOFL = 0.155) is 17,591 t. 


Status determination 
This assemblage is not being subjected to overfishing. It is not possible to determine whether this assemblage is 
overfished or whether it is approaching an overfished condition because it is managed under Tier 5. 


12. Pacific ocean perch 
Status and catch specifications (t) of Pacific ocean perch in recent years. Biomass for each year corresponds to 
the projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 and 2019 
are those recommended by the Team. Catch data are current through November 4, 2017. 


Area Year Age 3+ Bio OFL ABC TAC Catch 
BSAI 2016 557,886 40,529 33,320 31,900 31,319 


2017 767,767 53,152 43,723 34,900 32,144 
2018 749,925 51,675 42,509 


 
n/a 


2019 734,431 50,098 41,212 
 


n/a 
Eastern Bering Sea 2016 


  
8,353 8,000 8,221 


2017 
  


12,199 11,000 8,904 
2018 


  
11,861 n/a n/a 


2019 
  


11,499 n/a n/a 
Eastern Aleutian Islands 2016 


  
7,916 7,900 7,444 


2017 
  


10,307 7,900 7,486 
2018 


  
10,021 n/a n/a 


2019 
  


9,715 n/a n/a 
Central Aleutian Islands 2016 


  
7,355 7,000 4,765 


2017 
  


8,009 7,000 6,868 
2018 


  
7,787 n/a n/a 


2019 
  


7,549 n/a n/a 
Western Aleutian Islands 2016 


  
9,696 9,000 8,888 


2017 
  


13,208 9,000 8,886 
2018 


  
12,840 n/a n/a 


2019 
  


12,449 n/a n/a 


Changes from previous assessment 
This chapter was presented in a “partial assessment” format because it was a scheduled “off-year” assessment 
under the new Stock Assessment Prioritization guidelines. Therefore, only the projection model was run, with 
updated catches. New data in the 2017 assessment included updated 2016 catch and estimated 2017 and 2018 
catches. No changes were made to the assessment model. A new feature included in the “off-year” assessments 
was a figure describing exploitation rate (i.e., catch/biomass). 


Spawning biomass and stock trends 
The survey biomass estimates in the Aleutian Islands were high in 2016. New projections were very similar to 
last year’s projections because observed catches were very similar to the estimated catches used last year. 
Spawning biomass is projected to be 305,804 t in 2018 and to decline to 295,593 t in 2019. Exploitation rates 
by area since 2004 appeared to be low in all areas. 







Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The SSC has determined that reliable estimates of B40%, F40%, and F35% exist for this stock, thereby qualifying 
Pacific ocean perch for management under Tier 3. The current estimates of B40%, F40%, and F35% are 214,685 t, 
0.082, and 0.101, respectively. Spawning biomass for 2018 (305,804 t) is projected to exceed B40%, thereby 
placing POP in sub-tier “a” of Tier 3. The 2018 and 2019 catches associated with the F40% level of 0.082 are 
42,509 t and 41,212 t, respectively, and are the authors’ and Team’s recommended ABCs. The 2018 and 2019 
OFLs are 51,675 t and 50,098 t.  


Area apportionment 
The Team agreed with the author’s recommendation that ABCs be set regionally based on the proportions in 
combined survey biomass as follows (values are for 2018): EBS = 11,861 t, Eastern Aleutians (Area 541) = 
10,021 t, Central Aleutians (Area 542) = 7,787 t, and Western Aleutians (Area 543) = 12,840 t. The 
recommended OFL for 2018 and 2019 is not regionally apportioned. 


Status determination 
Pacific ocean perch is not being subjected to overfishing, is not overfished, and is not approaching an 
overfished condition. 


13. Northern rockfish 
Status and catch specifications (t) of northern rockfish in recent years. Biomass for each year corresponds to 
the projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 and 2019 
are those recommended by the Team. Catch data are current through November 4, 2017. 


Area Year Age 3+ Biomass OFL ABC TAC Catch 


BSAI 


2016 213,674 14,689 11,960 4,500 4,541 
2017 248,160 16,242 13,264 5,000 4,201 
2018 246,160 15,888 12,975 n/a n/a 
2019 244,963 15,563 12,710 n/a n/a 


Changes from previous assessment 
This chapter was presented in a “partial assessment” format because it was a scheduled “off-year” assessment 
under the new Stock Assessment Prioritization guidelines. Therefore, only the projection model was run, with 
updated catches. New data in the 2017 assessment included updated 2016 catch and estimated 2017 and 2018 
catches. No changes were made to the assessment model. A new feature included in the “off-year” assessments 
was a time series of exploitation rate (i.e., catch/biomass). 


Spawning biomass and stock trends 
New projections were slightly different from last year’s projections because observed catches were quite 
different from the estimated catches used last year. Spawning biomass is projected to be 106,486 t in 2018 and 
to decline to 104,699 t in 2019. Exploitation rates by area since 2004 appeared to be low in all areas in most 
years. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The SSC has determined that reliable estimates of B40%, F40%, and F35% exist for this stock, thereby qualifying 
northern rockfish for management under Tier 3. The current estimates of B40%, F40%, and F35% are 65,870 t, 
0.065, and 0.80, respectively. Spawning biomass for 2018 (106,486 t) is projected to exceed B40%, thereby 
placing POP in sub-tier “a” of Tier 3. The 2018 and 2019 catches associated with the F40% level of 0.065 are 
12,975 t and 12,710 t, respectively, and are the authors’ and Team’s recommended ABCs. The 2018 and 2019 
OFLs are 15,888 t and 15,563 t.  







Status determination 
Northern rockfish is not being subjected to overfishing, is not overfished, and is not approaching an overfished 
condition. 


14. Blackspotted and rougheye rockfish 
Status and catch specifications (t) of blackspotted and rougheye rockfish complex in recent years. Biomass for 
each year corresponds to the projection given in the SAFE report issued in the preceding year. The OFL and 
ABC for 2018 and 2019 are those recommended by the Team. Catch data are current through November 4, 2017. 


Area/subarea Year Total Biomass (t)* OFL ABC TAC Catch 
 
 
BSAI  


      
2016 43,944 693 561 300 157 
2017 35,669 612 501 225 183 
2018 37,453  749  613  n/a n/a  
2019 39,169 829 678 n/a n/a  
2016 


  
382 200 87 


Western/ Central 2017 
  


195 125 132 
Aleutian Islands 2018 


  
239  n/a n/a  


2019 
  


264  n/a n/a 
 2016 


  
179 100 71 


Eastern AI/ 2017 
  


306 100 51 
Eastern Bering Sea 2018 


  
374  n/a n/a 


 2019   414 n/a n/a 
*For 2016, the total biomass is from the AI age-structured model, and survey biomass estimates from EBS. 
For 2017-2019, the total biomass is from a BSAI age-structured model. 


Changes from previous assessment 
This chapter is a partial assessment and update of the 2016 full assessment and the author recommends that Tier 
3 age-structured model be applied to the BSAI whereas previously the model was only used for the AI portion 
of the assessment. New data included updated catch for 2016 and estimated catches for 2017 - 2019.  


Spawning biomass and stock trends 
Spawning biomass for BSAI blackspotted/rougheye rockfish in 2018 is projected to be 8,208 t and is projected 
to increase. This increasing trend is supported by evidence of several large recruitments in the 2000s. The most 
recent survey in the AI (2016) increased substantially from the low estimate in 2014.   


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
For the BSAI, this stock qualifies for management under Tier 3 due to the availability of reliable estimates for 
B40%, F40%, and F35%. Because the projected female spawning biomass for 2018 of 8,208 t is less than B40%, (8,311 
t) the stock qualifies as Tier 3b but is projected to be in Tier 3a in 2019 and the adjusted FABC = F40% values for 
2018 and 2019 are 0.044 and 0.045, respectively. The maximum permissible ABC for the Aleutian Islands is 
501 t, which is the authors’ and Team’s recommendation for the AI portion of the 2018 ABC. The apportionment 
of 2018 ABC to subareas is 239 t for the Western and Central Aleutian Islands and 374 t for the Eastern Aleutian 
Islands and Eastern Bering Sea. The Team recommends an overall 2018 ABC of 613 t and a 2018 OFL of 749 
t. 







Area apportionment 
Given on-going concerns about fishing pressure relative to biomass in the Western Aleutians, the SSC requested 
that the apportionment by sub-area be calculated and presented. The maximum subarea species catch (MSSC) 
levels within the WAI/CAI, based on the random effects model, are as follows: 


 
WAI CAI 


2018 MSSCs  35 204 
2019 MSSCs 39 225 


Status determination 
The blackspotted and rougheye rockfish complex is not being subjected to overfishing, is not overfished, and is 
not approaching an overfished condition. is overfished or whether it is approaching an overfished condition 
because it is managed under Tier 5. 


15. Shortraker rockfish [from the 2016 Assessment] 
In accordance with the approved schedule, no assessment was conducted for shortraker this year, however, a full 
stock assessment will be conducted in 2018.  Until then, the values generated from the previous stock assessment 
(below) will be rolled over for 2018 specifications. Additional information listed below summarizes the 2016 
assessment. 


Status and catch specifications (t) of shortraker rockfish in recent years. Biomass for each year corresponds to 
the projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 and 2019 are 
those recommended by the Plan Team. Catch data are current through November 4, 2017. 


Area Year Survey Biomass OFL ABC TAC Catch 
BSAI 2016 23,009 690 518 200 105  


2017 22,191 666 499 125 151  
2018 22,191 666 499 n/a n/a 


 2019 22,191 666 499 n/a n/a 


Changes from previous assessment 
2016 is a full assessment for this Tier 5 stock; there were no changes in the assessment methodology. New data 
included updated catch from 2015, estimated catch for 2016 and the biomass estimates from the 2016 Aleutian 
Islands and Eastern Bering Sea slope surveys were added to the model.  


The 2017 biomass estimate is based on the Aleutian Island survey data through 2016 as well as the 2002-2012, 
and 2016 eastern Bering Sea slope survey data. The 2014 eastern Bering Sea slope survey was cancelled. Prior 
to 2012, the EBS slope survey data had not been included in previous biomass estimates for this species.  


Spawning biomass and stock trends 
Estimated shortraker rockfish biomass in the BSAI has been relatively stable since 2002. Biomass estimates 
have decreased slightly from 23,009 t in the 2014 assessment to 22,191 t in the current assessment. For the 
period 2002-2016, EBS slope survey biomass estimates ranged from a low of 2,570 t in 2004 to a high of 9,299 
t in 2012 with CVs at 0.22 and 0.57, respectively. For the period 1991-2016, the AI survey biomass estimates 
ranged from a low of 12,961 t in 2006 to a high of 38,487 t in 1997 with CVs at 0.23 and 0.26, respectively. 
According to the random effects model, total biomass (AI and EBS slope combined) from 2002-2016 has been 
very stable, ranging from a low of 21,214 t in 2006 to a high of 23,990 t in 2002. The time series from the 
random effects model is much smoother than the time series for the raw data, due to large standard errors 
associated with the survey biomass estimates. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The SSC has previously determined that reliable estimates of only biomass and natural mortality exist for 
shortraker rockfish, qualifying the species for management under Tier 5. The Team recommends basing the 







biomass estimate on the random effects model. The Team recommended setting FABC at the maximum 
permissible level under Tier 5, which is 75 percent of M. The accepted value of M for this stock is 0.03 for 
shortraker rockfish, resulting in a maxFABC value of 0.0225. The ABC is 499 t for 2017 and 2018 and the OFL 
is 666 t for 2017 and 2018. 


Status determination 
Shortraker rockfish is not being subjected to overfishing. It is not possible to determine whether this stock is 
overfished or whether it is approaching an overfished condition because it is managed under Tier 5. 


16. Other Rockfish complex [from the 2016 assessment] 
In accordance with the approved schedule, no assessment was conducted for shortraker this year, however, a full 
stock assessment will be conducted in 2018.  Until then, the values generated from the previous stock assessment 
(below) will be rolled over for 2018 specifications. Additional information listed below summarizes the 2016 
assessment. 


Status and catch specifications (t) of other rockfish in recent years. Biomass for each year corresponds to the 
projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 and 2019 are 
those recommended by the Plan Team. Catch data are current through November 4, 2017. 


Area Year Survey Biomass OFL ABC TAC Catch 


BSAI 
2016 49,630 1,667 1,250 875 786 
2017 55,312 1,816 1,362 875 820 
2018 55,312 1,816 1,362 n/a n/a 


 2019 55,312 1,816 1,362 n/a n/a 
 
Eastern Bering Sea 


      
2016 n/a n/a 695 325 280 
2017 n/a n/a 791 325 252 
2018 n/a n/a 791 n/a n/a 


 2019 n/a n/a 791 n/a n/a 
Aleutian Islands       


2016 n/a n/a 555 550 506 
2017 n/a n/a 571  550 568 
2018 n/a n/a 571  n/a n/a 


 2019 n/a n/a 571 n/a n/a 


Changes from previous assessment 
The following new data were included in this year’s assessment: 


• Catch and fishery length data updated through October 2016 
• Biomass estimates, catch per unit effort (CPUE), and length frequency compositions were included 


from the 2016 AI trawl survey, the 2016 EBS slope survey, and the 2015 and 2016 EBS shelf surveys.  


There were no changes to the assessment methodology. 


Spawning biomass and stock trends 
This is a Tier 5 complex, thus trends in spawning biomass per se are unknown. However, the random effects 
biomass estimates for the short-spined thornyhead (SST) in the Aleutian Islands and EBS slope have been 
increasing. The non-SST portion of the complex also appears to be increasing, but only in the Aleutian Islands. 
Biomass estimates are often zero or very small for the non-SST portion of the complex in both the EBS slope 
and shelf surveys. 







Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The Team agrees with the approach recommended by the author of setting FABC at the maximum allowable under 
Tier 5 (FABC = 0.75M). The accepted values of M for species in this complex are 0.03 for SST and 0.09 for all 
other species. Multiplying these rates by the best biomass estimates of shortspine thornyhead and other rockfish 
species in the “other rockfish” complex yields 2017 and 2018 ABCs of 791 t in the EBS and 571 t in the AI. The 
Team recommends that OFL be set for the entire BSAI area, which under Tier 5 is calculated by multiplying the 
best estimates of total biomass for the area by the separate natural mortality values and adding the results, which 
yields an OFL of 1,816 t for 2017 and 2018. 


Status determination 
The “other rockfish” complex is not being subjected to overfishing. It is not possible to determine whether this 
complex is overfished or whether it is approaching an overfished condition because it is managed under Tier 5. 


 


17. Atka mackerel 
Status and catch specifications (t) of Atka mackerel in recent years. Biomass for each year corresponds to the 
projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 and 2019 are 
those recommended by the Plan Team. Catch data are current through November 4, 2017. 


Area Year Age 1+ 
Biomass OFL ABC TAC Catch 


BSAI 


2016 672,184 104,749 90,340 55,000 54,485 
2017 598,791 102,700 87,200 65,000 63,657  
2018 599,000  108,600 92,000 n/a n/a 
2019 600,440 97,200 84,400 n/a n/a 


E Aleutian 
Islands / EBS 


2016 n/a n/a 30,832 28,500 28,360 
2017 n/a n/a 34,890 34,500 33,475 
2018 n/a n/a 36,820 n/a n/a 
2019 n/a n/a 33,780 n/a n/a 


Central 
Aleutian 


Islands 


2016 n/a n/a 27,216 16,000 15,795 
2017 n/a n/a 30,330 18,000 17,749 
2018 n/a n/a 32,000 n/a n/a 
2019 n/a n/a 29,350 n/a n/a 


Western 
Aleutian 


Islands 


2016 n/a n/a 32,292 10,500 10,330 
2017 n/a n/a 21,980 12,500 12,433 
2018 n/a n/a 23,180  n/a n/a 
2019 n/a n/a 21,270 n/a n/a 


Changes from previous assessment 
The following new data were included in this year’s assessment: 


• Total 2016 year-end catch was updated, and the projected total catch for 2017 was set equal to the 
2017 TAC. 


• The 2016 fishery age composition data were added. 
• The 2016 Aleutian Islands survey age composition estimates were added. 


Methodological changes included the following: 
• Refinements to the time-varying fishery selectivity inputs were made using the same statistical 


weighting (“Francis”) method for the time-varying fishery selectivity variance term that was used for 
the survey age composition data. 


• In the projection model: 







o Catches for 2018 and 2019 were assumed to equal 75% of the BSAI-wide ABC, based on the 
effect of the revised Steller Sea Lion Reasonable and Prudent Alternatives that were 
implemented in 2015 (it was 62% in last year’s assessment). 


Spawning biomass and stock trends 
Spawning biomass reached an all-time high in 2005, then decreased continuously through 2017 (the estimated 
spawning biomass is estimated to be roughly 50% of what it was in 2005). It is projected to decrease further, at 
least through 2018. The 1998-2001 year classes were all very strong, and the 2006 and 2007 year classes were 
above average. The addition of the 2016 fishery and survey age compositions information impacted the estimated 
magnitude of the 2011 year class which increased 14%, relative to last year’s assessment, and the magnitude of 
the 2012 year class which increased 32% relative to last year assessment. The 2012 year class is now estimated 
to be slightly above average. The projected female spawning biomass for 2018 (139,300 t) is still above B40% 
(122,860 t), and the stock is projected to remain above B40% through the next several years.  


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The projected female spawning biomass under the recommended harvest strategy is estimated to be above B40%, 
thereby placing BSAI Atka mackerel in Tier 3a. The projected 2018 yield (ABC) at F40% = 0.38 is 92,000 t, up 
5% from the 2017 ABC and up 8% from last year’s projected ABC for 2018. The projected 2018 overfishing 
level at F35% = 0.46 is 108,600 t, up 5% from the 2017 OFL and up 8% from last year’s projected OFL for 2018. 


Area apportionment 
As in last year’s assessment, the standard Tier 5 random effects model was used to apportion the ABC among 
areas. The recommended ABC apportionments by subarea for 2018 are 36,820 t for Area 541 and the Bering 
Sea region (a 5% increase from 2017), 32,000 t for Area 542 (a 5% increase from 2017), and 23,180 t for Area 
543 (a 5% increase from 2017).  


Status determination 
Atka mackerel is not being subjected to overfishing, is not overfished, and is not approaching an overfished 
condition. 


Ecosystem Considerations 
As requested, this section was significantly expanded and updated. Temperature anomaly profiles from the 2016 
Aleutian Island survey data appear to be some of the warmest on record. Temperature may affect recruitment of 
Atka mackerel and availability to the bottom trawl survey.  


Atka mackerel is the most common prey item of the endangered western Steller sea lion throughout the year in 
the Aleutian Islands. Steller sea lion (SSL) surveys indicate slight population increases, except in the western 
Aleutians (area 543).  


Regulations implemented in 2015 significantly adjusted SSL management measures that were in place from 
2011-2014 and re-opened area 543 to directed fishing for Atka mackerel (but with a maximum TAC of 65% of 
the area ABC), removed the TAC reduction in area 542, and re-opened areas in 541 and 542 that had been closed 
to directed Atka mackerel fishing. Prior to 2011, a “platoon” system was in place that restricted the timing of 
fishing effort in the AI. 







18. Skates 
Status and catch specifications (t) of skates in recent years are below. Biomass for each year corresponds to the 
projection given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 and 2019 are 
those recommended by the Plan Team. Catch data are current through November 4, 2017. 


Area Year Age 0+ 
Biomass OFL ABC TAC Catch 


BSAI 2016 631,614 50,215 42,134 26,000 29,125  
2017 605,617 49,063 41,144 26,000 28,389  
2018 578,436 46,668 39,082 n/a n/a  
2019 552,375 44,202 36,957 n/a n/a 


For 2016, NMFS increased the TAC to 27,502 t with a reallocation of 1,502 t from the non-specified reserves. 


Changes from previous assessment 
This chapter was presented in the partial assessment format, as a scheduled “off-year” assessment. The 
following new data were updated for the Alaska skate projection model in this year’s assessment: 


• updated 2015, 2016 and preliminary 2017 catch 
• 2017 EBS shelf survey data  


No changes were made to the assessment model. The projection model for Alaska skate was re-run with the 
most recent catch data. The 2017 EBS shelf survey data were presented in the chapter, but the Tier 5 random 
effects model was not re-run for the other skates component of the assemblage.  


Spawning biomass and stock trends 
The 2017 biomass estimates from the EBS shelf survey for the aggregate skate complex increased from 2016. 
In the case of Alaska skates, survey biomass estimates, though variable, are basically trendless since species 
identification began in 1999. Model estimates of Alaska skate total biomass have declined for the last three 
years that the model covers (1992-2016).   


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
Since 2011, the Alaska skate portions of the ABC and OFL have been specified under Tier 3, while the “other 
skates” portions have been specified under Tier 5. 


Because projected spawning biomass for 2018 (107,136 t) exceeds B40% (72,222 t), Alaska skates are managed 
in sub-tier “a” of Tier 3. Other reference points are maxFABC = F40% = 0.079 and FOFL = F35% = 0.092. The Alaska 
skate portions of the 2018 and 2019 ABCs are 31,572 t and 29,447 t, respectively, and the Alaska skate portions 
of the 2018 and 2019 OFLs are 36,655 t and 34,189 t. The “other skates” component is assessed under Tier 5, 
based on a natural mortality rate of 0.10 and a biomass estimated using the random effects model. The “other 
skates” portion of the 2018 and 2019 ABCs is 7,510 t for both years and the “other skates” portion of the 2017 
and 2018 OFLs is 10,013 t for both years. 


For the skate complex as a whole, OFLs for 2018 and 2019 total 46,668 t and 44,202 t, respectively, and ABCs 
for 2018 and 2019 total 39,082 t and 36,957 t, respectively. 


Status determination 
Alaska skate, which may be viewed as an indicator stock for the complex, is not overfished and is not 
approaching an overfished condition. The skate complex is not being subjected to overfishing. 







19. Sculpins 
Status and catch specifications (t) of sculpins in recent years. Biomass for each year corresponds to the projection 
given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 and 2019 are those 
recommended by the Plan Team. Catch data are current through November 4, 2017. 


Area Year Biomass OFL ABC TAC Catch 
BSAI *2016 180,570 52,365 39,725 4,500 4,892 


 2017 199,937  56,582  42,387  4,500 5,035 
 2018 188,656  53,201  39,995  n/a n/a 
 2019 188,656  53,201  39,995  n/a n/a 


*For 2016, NMFS increased the BSAI TAC to 4,625 t with a reallocation of 125 t from the non-specified reserves. 


Changes from previous assessment 
This chapter was presented in a “partial assessment” format because it was a scheduled “off-year” assessment 
under the new Stock Assessment Prioritization guidelines. The random effects model was re-run with new 
survey data. No changes were made to the assessment model. A new feature included in the “off-year” 
assessments was a time series of exploitation rate (i.e., catch/biomass). 


Spawning biomass and stock trends 
The biomass changed for one species, plain sculpin, which declined from 53,570 t in 2016 to 33,962 t in 2017. 
The 5-year average (2012-2016) for plain sculpin was 56,951 t so the 2017 estimate appears to be a decline. 
Catch and retention for BSAI sculpin has been updated for 2017. Catches appear stable, with 4,967 t in 2015, 
4,892 t in 2016, and 5,035 t in 2017 (through November 4, 2017). Retention is low at about 2%. The catch to 
biomass ratio has been stable with catch to biomass at 2% in those years, 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The BSAI sculpin complex is managed as a Tier 5 stock. The recommended ABCs and OFLs for 2018 and 2019 
are 39,995 t and 53,201 t, respectively. 


Status determination 
The sculpin complex is not being subjected to overfishing. It is not possible to determine whether the sculpin 
complex is overfished or whether it is approaching an overfished condition because it is managed under Tier 5. 


20. Sharks [from the 2016 Assessment] 
In accordance with the approved schedule, no assessment was conducted for sharks this year, however, a full 
stock assessment will be conducted in 2018.  Until then, the values generated from the previous stock assessment 
(below) will be rolled over for 2018 specifications. Additional information listed below summarizes the 2016 
assessment. 


Status and catch specifications (t) of sharks in recent years. Biomass for each year corresponds to the projection 
given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 and 2019 are those 
recommended by the Plan Team. Catch data are current through November 4, 2017. 


Area Year Biomass OFL ABC TAC Catch 
BSAI 2016 n/a 1,363 1,022 125 127 


 2017 n/a 689 517 125 178 
 2018 n/a 689  517  n/a n/a 
 2019 n/a 689  517  n/a n/a 


For 2016, NMFS increased the TAC to 130 t with a reallocation of 5 t from the non-specified reserves. 


Changes from previous assessment 
Total catch is updated for 2015 and 2016 (as of Oct 3, 2016). The IPHC survey RPNs are updated through 2015. 
The biomass estimates have been updated for the Aleutian Islands and EBS shelf/slope surveys through 2016. 







Changes in assessment methodology 
The 2016 SAFE uses a new time series of catch for calculating OFL and ABC. The OFL equals maximum catch 
(2003–2015) and ABC equals 0.75*OFL, rather than the OFL equal to maximum catch from the years 1997–
2007. This decreases the OFL and ABC, but TAC and catch has been well below these new amounts. 


Spawning biomass and stock trends 
The main shark species taken in the BSAI fisheries (mainly pollock and Pacific cod) are Pacific sleeper sharks 
and salmon sharks. Beginning around 2000, catch rates of sleeper sharks in both the IPHC longline survey and 
the bycatch fisheries declined steeply for several years, causing possible concern about depletion. However, all 
sleeper sharks taken in the survey and fisheries are juveniles, so it is impossible to know what effect those catches 
have on spawning stock biomass. The authors plan to continue studies to investigate stock structure of Pacific 
sleeper sharks and further investigate methods for assessing size and maturity for sharks caught in both survey 
and commercial fishing operations. Recent catch levels have been well below the ABC. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The SSC has placed sharks in Tier 6, where OFL and ABC are typically based on historical catches. The authors 
reviewed the catch history and found an unreasonably high estimate from a shark observation in 2002. Based on 
the increased species identification and better catch estimates from the restructured observer program in the 
catch accounting system, the Team recommended not including catch data prior to 2003 and setting OFL at the 
maximum catch during 2003–2015 (689 t), and ABC at 75 percent of OFL, 517 t. 


Status determination 
The shark complex is not being subjected to overfishing. It is not possible to determine whether this species 
complex is overfished or whether it is approaching an overfished condition because it is managed under Tier 6. 


21. Squids [from the 2016 Assessment] 
In accordance with the approved schedule, no assessment was conducted for squid this year, however, a full 
stock assessment will be conducted in 2018.  Until then, the values generated from the previous stock assessment 
(below) will be rolled over for 2018 specifications. Additional information listed below summarizes the 2016 
assessment. 


Status and catch specifications (t) of squid in recent years. Biomass for each year corresponds to the projection 
given in the SAFE report issued in the preceding year. The OFL and ABC for 2017 and 2018 are those 
recommended by the Plan Team. Catch data are current through November 4, 2017. 


Area Year Biomass OFL ABC TAC Catch 
BSAI 2016 n/a 6,912 5,184 1,500 1,378 


 2017 n/a 6,912 5,184 1,342 2,099 
 2018 n/a 6,912 5,184 n/a n/a 
 2019 n/a 6,912 5,184 n/a n/a 


In 2015, the squids TAC increased to 1,970 t after a reallocation of 1,570 t from the non-specified reserves. 


Changes from previous assessment 
The author presented updated survey biomass estimates and size compositions from the 2015 and 2016 eastern 
Bering Sea trawl survey, 2016 EBS slope survey, and the 2016 AI trawl survey and the fishery. Additional 
information has also been provided on the ecology of different squid species, an exploration of CPUE and effort 
during the early part of the historical catch time series (1977-1990), and discussion of the implications of basing 
catch limits on historical catch. A range of approaches that have been previously considered were outlined again 
with further discussion of the issues and relative merits of each approach.  


Spawning biomass and stock trends 
Survey biomass is not considered a reliable indicator of stock trends for squid. 







Tier determination/Plan Team discussion and resulting ABCs and OFLs 
Squids are managed under Tier 6 because the groundfish bottom trawl surveys do not provide reliable biomass 
estimates. As with last year, the Team recommends an OFL based on the use of an alternativ period (1977-1981) 
which may be more representative of incidental catch levels. This leads to an OFL = 6,912 t and an ABC of 
5,184 t. 


Status determination 
The squid complex is not being subjected to overfishing. It is not possible to determine whether this species 
complex is overfished or whether it is approaching an overfished condition because it is managed under Tier 6. 


22. Octopus [from the 2016 Assessment] 
In accordance with the approved schedule, no assessment was conducted for octopus this year, however, a full 
stock assessment will be conducted in 2018.  Until then, the values generated from the previous stock assessment 
(below) will be rolled over for 2018 specifications. Additional information listed below summarizes the 2016 
assessment. 


Status and catch specifications (t) of octopus in recent years. Biomass for each year corresponds to the projection 
given in the SAFE report issued in the preceding year. The OFL and ABC for 2018 and 2019 are those 
recommended by the Plan Team. Catch data are current through November 4, 2017. 


Area Year Biomass OFL ABC TAC Catch 
BSAI 2016 n/a 3,452 2,589 400 594 


 2017 n/a 4,769 3,576  400 208 
 2018 n/a 4,769 3,576  n/a n/a 
 2019 n/a 4,769 3,576  n/a n/a 


For 2016, NMFS increased the TAC to 500 t with a reallocation of 100 t from the non-specified reserves. 


Changes from previous assessment 
No changes were made in the methodology for assessing octopus based on consumption of octopus by Pacific 
cod. The consumption estimate using Pacific cod predation of octopus as an estimator of biomass lost due to 
natural mortality first was accepted in 2011. New Pacific cod stomach data through 2015 were added. Recent 
increases in both Pacific cod and percentage of octopus in Pacific cod diet increased the annual consumption 
estimates from 2009-2015 


In addition to the new cod stomach data described above, the following new data were included in this year’s 
assessment: 


• Updated 2015 and preliminary 2016 catch 
• 2016 EBS shelf survey, EBS slope survey, and Aleutian Islands survey biomass estimates 


Spawning biomass and stock trends 
All of the estimated survey biomass estimates in 2016 were at or higher than in all the previous surveys.The 
substantial recent increase in octopus biomass in 2015 and 2016 also appeared in the Gulf of Alaska. Species 
composition and size frequencies from the surveys were similar to previous years.  


On the EBS shelf and in the commercial catch, giant Pacific octopus is the most abundant of at least seven 
octopus species found in the BSAI. Octopuses are commonly caught in pot and trawl fisheries, especially in the 
Pacific cod pot fishery. Trawl surveys sample octopus poorly, and biomass estimates from trawl surveys are not 
considered reliable. 


Tier determination/Plan Team discussion and resulting ABCs and OFLs 
The ABC and OFL values were determined under Tier 6. Usually, Tier 6 specifications are based on average 
catch, but starting in 2011, the assessment authors recommended setting harvest specifications using an 
alternative mortality estimate based on species composition of Bering Sea Pacific cod diet from 1984-2008 
survey data and weight-at-age data. This method is also recommended for 2017 and 2018 with additional years 
from 1984-2015 of Pacific cod diet data based on the requested five-year review of Pacific cod diet estimates. 







The 2012 and 2013 Pacific cod diet data were not available for this assessment. The author will include them 
when they become available. The ABC and OFL estimates increased based on the increase in Pacific cod and 
more octopus in Pacific cod stomach samples. The recommended ABCs and OFLs for 2017 and 2018 are 3,576 
t and 4,769 t, respectively.  


Status determination 
The octopus complex is not being subjected to overfishing. It is not possible to determine whether the octopus 
complex is overfished or whether it is approaching an overfished condition because it is managed under Tier 6. 


  







Appendix 1. Forage Fish 
A report on the status of forage species in the Bering Sea and Aleutian Islands is prepared on a biennial basis. 
While not a formal stock assessment, forage populations are analyzed if data are available. The forage fish 
category in the BSAI Groundfish FMP includes the following species or groups of species: 1) more than 50 
species in the “forage fish group” that are listed in an appendix of the assessment; 2) Pacific herring Clupea 
pallasiii; 3) juvenile groundfishes and salmon; 4) shrimps; 5) squids; and 6) Arctic cod Boreogadus saida. 
Species in the forage fish category have been identified as having ecological importance as prey, and directed 
fishing is prohibited for the group. As of 2011, the forage fish category in the BSAI Groundfish FMP is 
managed within the “ecosystem component” of the FMP.  The report  includes an analysis of temporal and 
spatial trends in three of the most important forage species (capelin, eulachon, Pacific herring), a more detailed 
bycatch section particularly on Pacific herring and a ‘data gaps and research priorities’ section. 


 







Table 1.  BSAI Groundfish Plan Team Recommended OFLs and ABCs for 2018 and 2019 (metric tons); 
OFL, ABC, TAC and catch through November 4, 2017. 


November BSAI Plan Team Proposed OFL and ABC Recommendations (metric tons) for 2


Catch as of
Species Area OFL ABC TAC 11/4/2017 OFL ABC OFL ABC
Pollock EBS 3,640,000 2,800,000 1,345,000 1,356,259   4,797,000 2,592,000 4,592,000 2,467,000


AI 43,650 36,061 19,000 1,492           49,289 40,788 37,431 30,803
Bogoslof 130,428 60,800 500 186              130,428 60,800 130,428 60,800


Pacific cod BS 284,000 239,000 223,704 196,761      238,000 188,000 201,000 170,000
AI 28,700 21,500 15,695 12,286        28,700 21,500 28,700 21,500


Sablefish BS 1,499 1,274 1,274 1,150           2,887 1,464 4,576 2,061
AI 2,044 1,735 1,735 588              3,917 1,988 6,209 2,798


Yellowfin sole BSAI 287,000 260,800 154,000 125,620      306,700 277,500 295,600 267,500
Greenland turbot BSAI 11,615 6,644 4,500 2,813           13,148 11,132 13,540 11,473


BS n/a 5,800 4,375 2,691           n/a 9,718 n/a 10,016
AI n/a 844 125 122              n/a 1,414 n/a 1,457


Arrowtooth flounder BSAI 76,100 65,371 14,000 6,189           76,757 65,932 75,084 64,494
Kamchatka flounder BSAI 10,360 8,880 5,000 4,462           11,347 9,737 12,022 10,317
Northern rock sole BSAI 159,700 155,100 47,100 35,123        147,300 143,100 136,000 132,000
Flathead sole BSAI 81,654 68,278 14,500 8,879           79,862 66,773 78,036 65,227
Alaska plaice BSAI 42,800 36,000 13,000 15,549        41,170 34,590 38,800 32,700
Other flatfish BSAI 17,591 13,193 2,500 4,121           17,591 13,193 17,591 13,193
Pacific Ocean perch BSAI 53,152 43,723 34,900 32,144        51,675 42,509 50,098 41,212


BS n/a 12,199 11,000 8,904           n/a 11,861 n/a 11,499
EAI n/a 10,307 7,900 7,486           n/a 10,021 n/a 9,715
CAI n/a 8,009 7,000 6,868           n/a 7,787 n/a 7,549
WAI n/a 13,208 9,000 8,886           n/a 12,840 n/a 12,449


Northern rockfish BSAI 16,242 13,264 5,000 4,679           15,888 12,975 15,563 12,710
Blackspotted/Rougheye BSAI 612 501 225 197              749 613 829 678
rockfish EBS/EAI n/a 306 100 64                n/a 374 n/a 414


CAI/WAI n/a 195 125 133              n/a 239 n/a 264
Shortraker rockfish BSAI 666 499 125 151              666 499 666 499
Other rockfish BSAI 1,816 1,362 875 820              1,816 1,362 1,816 1,362


BS n/a 791 325 252              n/a 791 n/a 791
AI n/a 571 550 568              n/a 571 n/a 571


Atka mackerel BSAI 102,700 87,200 65,000 63,657        108,600 92,000 97,200 84,400
EAI/BS n/a 34,890 34,500 33,475        n/a 36,820 n/a 33,780
CAI n/a 30,330 18,000 17,749        n/a 32,000 n/a 29,350
WAI n/a 21,980 12,500 12,433        n/a 23,180 n/a 21,270


Skates BSAI 49,063 41,144 26,000 28,389        46,668 39,082 44,202 36,957
Sculpins BSAI 56,582 42,387 4,500 5,035           53,201 39,995 53,201 39,995
Sharks BSAI 689 517 125 178              689 517 689 517
Squids BSAI 6,912 5,184 1,342 2,099           6,912 5,184 6,912 5,184


2017 2018 draft SAFE 2019 draft SAFE


 


Sources:  2016 OFLs, ABCs, and TACs and 2017 OFLs and ABCs are from harvest specifications adopted by the Council in 
December 2015 and December 2016, respectively; 2016 catches through December 31, 2016 and 2017 catches through 
November 4, 2017 from AKR Catch Accounting. 


 


  







Table 2.  Summary of groundfish tier designations under Amendment 56, maximum permissible ABC fishing 
mortality rate (max FABC), the Plan Team’s recommended tier designation, ABC fishing mortality rate 
(FABC), the maximum permissible value of ABC (max ABC), the Plan Team’s recommended ABC, and the 
percentage reduction (% Red.) between max ABC and the Plan Team’s recommended ABC for 2018-2019. 
Stock-specific max ABC and ABC are in metric tons, reported to three significant digits (four significant digits 
are used EBS pollock and when a stock-specific ABC is apportioned among areas on a percentage basis). 
Fishing mortality rates are reported to two significant digits. 


Tier max FABC FABC max ABC ABC % Red.


Pollock EBS 1a 0.466 0.336 3,598,000 2,592,000 28%
Pollock BOG 5 0.225 0.12 97,821 60,800 38%


Pacific cod EBS 3a 0.31 0.29 201,000 188,000 6%
Sablefish BSAI 3b 0.086 0.077 3,531 3,452 2%


Tier
max  
FABC


FABC max ABC ABC % Red.


Pollock EBS 1a 0.622 0.336 3,445,000 2,467,000 28%
Pollock BOG 5 0.225 0.12 97,821 60,800 38%


Sablefish BSAI 3b 0.096 0.085 4,970 4,859 2%


Species or 
Complex Area


2018


Species or 
Complex Area


2019


 







 


Table 3. Summary of stock abundance (biomass), overfishing level (OFL), acceptable biological catch (ABC), the fishing mortality rate corresponding 
to ABC (FABC), and the fishing mortality rate corresponding to OFL (FOFL) for the eastern Bering Sea (EBS), Aleutian Islands (AI), and Bogoslof 
district as projected for 2018 and 2019.  “Biomass” corresponds to projected January abundance for the age+ range reported in the summary. Stock-
specific biomass, OFL, and ABC are in metric tons. 


Biomass OFL ABC FOFL FABC OFL ABC FOFL FABC


1a EBS 10,967,000 4,797,000 2,592,000 0.622 0.336 4,592,000 2,467,000 0.622 0.336
3b AI 272,675 49,289 40,788 0.397 0.319 49,291 30,803 0.341 0.273
5 Bogoslof 434,760 130,428 60,800 0.300 0.120 130,428 60,800 0.300 0.120
3a BS 918,000 238,000 188,000 0.380 0.290 201,000 170,000 0.380 0.310
5 AI 79,600 28,700 21,500 0.380 0.285 28,700 21,500 0.380 0.285
3b BS 94,000 2,887 1,464 0.086 0.077 4,576 2,061 0.096 0.085
3b AI 65,000 3,917 1,988 0.086 0.077 6,209 2,798 0.096 0.085


Yellowfin sole 1a BSAI 2,290,000 306,700 277,500 0.120 0.109 295,600 267,500 0.120 0.109
Greenland turbot 3a BSAI 126,417 13,148 11,132 0.290 0.180 13,540 11,473 0.220 0.180
Arrowtooth flounder 3a BSAI 785,141 76,757 65,932 0.151 0.129 75,084 64,494 0.151 0.129
Kamchatka flounder 3a BSAI 189,868 11,347 9,737 0.075 0.064 12,022 10,317 0.075 0.064
Northern rock sole 1a BSAI 923,200 147,300 143,100 0.160 0.155 136,000 132,000 0.160 0.155
Flathead sole 3a BSAI 762,513 79,862 66,773 0.410 0.340 78,036 65,227 0.410 0.340
Alaska plaice 3a BSAI 417,300 41,170 34,590 0.149 0.124 38,800 32,700 0.149 0.124
Other flatfish 5 BSAI 113,450 17,591 13,193 0.17/.085/.15 .128/.064/.113 17,591 13,193 0.17/.085/.15 .128/.064/.113
Pacific ocean perch 3a BSAI 749,925 51,675 42,509 0.101 0.082 50,098 41,212 0.101 0.082
Northern rockfish 3a BSAI 246,160 15,888 12,975 0.080 0.065 15,563 12,710 0.080 0.065
Shortraker rockfish 5 BSAI 22,191 666 499 0.030 0.0225 666 499 0.030 0.0225
Blackspotted/Rougheye 3a BSAI 37,453 749 613 0.054 0.044 829 678 0.055 0.045
Other rockfish 5 BSAI 55,353 1,816 1,362 .03/.09 0.0225/.0675 1,816 1,362 .03/.09 0.0225/.0675
Atka mackerel 3a BSAI 599,000 108,600 92,000 0.460 0.380 97,200 84,400 0.460 0.380
Skate 3a/5 BSAI 578,436 46,668 39,082 0.092/0.100 0.079/.075 44,202 36,957 0.092/.100 0.079/.075
Sculpin 5 BSAI 188,656 53,201 39,995 0.282 0.212 53,201 39,995 0.282 0.212
Shark 6 BSAI n/a 689 517 n/a n/a 689 517 n/a n/a
Squid 6 BSAI n/a 6,912 5,184 n/a n/a 6,912 5,184 n/a n/a
Octopus 6 BSAI n/a 4,769 3,576 n/a n/a 4,769 3,576 n/a n/a
Total  BSAI 20,916,098 6,235,729 3,766,809 5,954,822 3,578,956  


Pollock


Pacific cod


Sablefish


Species or Complex Tier Area
2018 2019







Table 4. Groundfish catches (metric tons) in the eastern Bering Sea, 1954-2017. 


Year Pollock Pacific Cod Sablefish 
Yellowfin 


Sole 
Greenland 


Turbot 
Arrowtooth 
Flounder/a 


Kamchatka 
Flounder/b Rock Sole 


Flathead  
Sole 


Alaska 
Plaice 


Other 
Flatfish/c 


1954    12,562        
1955    14,690        
1956    24,697        
1957    24,145        
1958 6,924 171 6 44,153        
1959 32,793 2,864 289 185,321        
1960   1,861 456,103 36,843       
1961   15,627 553,742 57,348       
1962   25,989 420,703 58,226       
1963   13,706 85,810 31,565      35,643 
1964 174,792 13,408 3,545 111,177 33,729      30,604 
1965 230,551 14,719 4,838 53,810 9,747      11,686 
1966 261,678 18,200 9,505 102,353 13,042      24,864 
1967 550,362 32,064 11,698 162,228 23,869      32,109 
1968 702,181 57,902 4,374 84,189 35,232      29,647 
1969 862,789 50,351 16,009 167,134 36,029      34,749 
1970 1,256,565 70,094 11,737 133,079 19,691 12,598     64,690 
1971 1,743,763 43,054 15,106 160,399 40,464 18,792     92,452 
1972 1,874,534 42,905 12,758 47,856 64,510 13,123     76,813 
1973 1,758,919 53,386 5,957 78,240 55,280 9,217     43,919 
1974 1,588,390 62,462 4,258 42,235 69,654 21,473     37,357 
1975 1,356,736 51,551 2,766 64,690 64,819 20,832     20,393 
1976 1,177,822 50,481 2,923 56,221 60,523 17,806     21,746 
1977 978,370 33,335 2,718 58,373 27,708 9,454     14,393 
1978 979,431 42,543 1,192 138,433 37,423 8,358     21,040 
1979 913,881 33,761 1,376 99,017 34,998 7,921     19,724 
1980 958,279 45,861 2,206 87,391 48,856 13,761     20,406 
1981 973,505 51,996 2,604 97,301 52,921 13,473     23,428 
1982 955,964 55,040 3,184 95,712 45,805 9,103     23,809 
1983 982,363 83,212 2,695 108,385 43,443 10,216     30,454 
1984 1,098,783 110,944 2,329 159,526 21,317 7,980     44,286 
1985 1,179,759 132,736 2,348 227,107 14,698 7,288     71,179 
1986 1,188,449 130,555 3,518 208,597 7,710 6,761     76,328 
1987 1,237,597 144,539 4,178 181,429 6,533 4,380     50,372 
1988 1,228,000 192,726 3,193 223,156 6,064 5,477     137,418 
1989 1,230,000 164,800 1,252 153,165 4,061 3,024     63,452 
1990 1,353,000 162,927 2,329 80,584 7,267 2,773     22,568 
1991 1,268,360 165,444 1,128 94,755 3,704 12,748  46,681   30,401 
1992 1,384,376 163,240 558 146,942 1,875 11,080  51,720   34,757 
1993 1,301,574 133,156 669 105,809 6,330 7,950  63,942   28,812 
1994 1,362,694 174,151 699 144,544 7,211 13,043  60,276   29,720 
1995 1,264,578 228,496 929 124,746 5,855 8,282  54,672 14,699  20,165 
1996 1,189,296 209,201 629 129,509 4,699 13,280  46,775 17,334  18,529 
1997 1,115,268 209,475 547 166,681 6,589 8,580  67,249 20,656  22,957 
1998 1,101,428 160,681 586 101,310 8,303 14,985  33,221 24,550  15,355 
1999 988,703 146,738 678 69,275 5,401 10,585  40,505 18,534  15,515 
2000 1,132,736 151,372 742 84,057 5,888 12,071  49,186 20,342  16,453 
2001 1,387,452 142,452 863 63,563 4,252 12,836  28,949 17,757  9,930 
2002 1,481,815 166,552 1,143 74,956 3,150 10,821  40,700 15,464  2,588 
2003 1,492,039 174,687 1,039 81,050 2,565 13,667   36,375 14,132 10,118  2,922 
2004 1,480,552 183,745 1,041 75,502 1,825 17,367   47,862 17,361  7,888  4,755  
2005 1,483,022 182,936 1,070 94,383 2,140 13,409   36,814 16,074  11,194  4,566  
2006 1,488,031 168,814 1,079 99,156 1,453 11,966   35,878 17,942  17,318  3,123  
2007 1,354,502  140,129 1,182 120,962 1,481 11,082  36,364 18,929  19,522 5,699  
2008 990,587  139,802  1,141  148,893  2,089  18,897   50,934  24,521  17,377  3,578  
2009 810,857  147,174  916 107,512 2,252 19,212  48,145 19,535  13,944 2,133  
2010 810,390  142,868  755 118,624 2,273 14,782  52,644 20,097  16,165 2,158  
2011 1,199,216  209,222  705 151,166 3,136 16,864 4,478 60,353 13,546  23,655 3,121  
2012 1,205,276  232,674  743 147,186  3,058  18,978  2,510  75,777  11,355  16,612  3,501  
2013 1,270,823  236,700  634  164,944  1,449  14,056  2,110  59,590  17,344  23,522  1,501  
2014 1,297,846  238,735  315  156,772  1,479  14,928  3,268  51,569  16,505  19,447  4,340  
2015 1,322,312  232,832  210  126,937  2,090  10,330  3,386  45,347  11,293  14,614  2,386  
2016 1,353,711  231,511  532  135,350  2,117  9,777  3,165  44,860  10,358  13,385  2,827  
2017/f 1,356,445  196,761  1,150  125,620  2,691  5,680  3,166  34,877  8,859  15,549  4,089  
a/ Arrowtooth flounder included in Greenland turbot catch statistics, 1960-69.  Note: Numbers don't include fish taken for research. 
b/ Kamchatka flounder included in Arrowtooth flounder prior to 2011. 
c/ Rock sole prior to 1991 and flathead sole prior to 1995 are included in other flatfish catch statistics. 
d/ Includes POP, northern, rougheye, shortraker, and sharpchin rockfish until 2004. 
e/ Octopus, sculpin, sharks, skates included in Other species prior to 2011. 
f/ Data through November 4, 2017.  







Table 4 (continued). Groundfish catches (metric tons) in the eastern Bering Sea, 1954-2017. 


Year 
POP 


Complex/d POP 
N. 


Rockfish 
RE 


Rockfish 
BS/SR 


Rockfish 
Other 


Rockfish 
Atka 


Mack. 
Other 


Species/e Skate Sculpin Shark Squid Octopus 
Total 


(All Species) 
1954                  12,562 
1955              14,690 
1956              24,697 
1957              24,145 
1958        147      51,401 
1959        380      221,647 
1960 6,100             500,907 
1961 47,000             673,717 
1962 19,900             524,818 
1963 24,500             191,224 
1964 25,900       736      393,891 
1965 16,800       2,218      344,369 
1966 20,200       2,239      452,081 
1967 19,600       4,378      836,308 
1968 31,500       22,058      967,083 
1969 14,500       10,459      1,192,020 
1970 9,900       15,295      1,593,649 
1971 9,800       13,496      2,137,326 
1972 5,700       10,893      2,149,092 
1973 3,700       55,826      2,064,444 
1974 14,000       60,263      1,900,092 
1975 8,600       54,845      1,645,232 
1976 14,900       26,143      1,428,565 
1977 2,654     311  35,902    4,926  1,168,144 
1978 2,221     2,614 831 61,537    6,886  1,302,509 
1979 1,723     2,108 1,985 38,767    4,286  1,159,547 
1980 1,097     459 4,955 34,633    4,040  1,221,944 
1981 1,222     356 3,027 35,651    4,182  1,259,666 
1982 224     276 328 18,200    3,838  1,211,483 
1983 221     220 141 15,465    3,470  1,280,285 
1984 1,569     176 57 8,508    2,824  1,458,299 
1985 784     92 4 11,503    1,611  1,649,109 
1986 560     102 12 10,471    848  1,633,911 
1987 930     474 12 8,569    108  1,639,121 
1988 1,047     341 428 12,206    414  1,810,470 
1989 2,017     192 3,126 4,993    300  1,630,382 
1990 5,639     384 480 5,698    460  1,644,109 
1991 4,744     396 2,265 16,285    544  1,647,455 
1992 3,309     675 2,610 29,993    819  1,831,954 
1993 3,763     190 201 21,413    597  1,674,406 
1994 1,907     261 190 23,430    502  1,818,628 
1995 1,210     629 340 20,928    364  1,745,893 
1996 2,635     364 780 19,717    1,080  1,653,828 
1997 1,060     161 171 20,997    1,438  1,641,829 
1998 1,134     203 901 23,156    891  1,486,704 
1999 654     141 2,267 18,916    392  1,318,304 
2000 704     239 239 23,098    375  1,497,502 
2001 1,148     296 264 23,148    1,761  1,694,671 
2002 858     401 572 26,639    1,334  1,826,993 
2003 1,391     336 6,362  26,986    1,246  1,864,915 
2004   731 116 24 119 318 7,159  27,588    1,000  1,874,953 
2005  879 112 12 108 178 3,540  28,066    1,170  1,879,673 
2006  1,041 246 7 47 157 3,176  25,077    1,403  1,875,914 
2007  870 70 10 114 220 3,005  24,746    1,175  1,740,061 
2008  513 22 22 41 222 392  27,152     1,494   1,427,678 
2009  623 48 13 69 208 244  25,369    269  1,198,523 
2010  3,547 299 30 161 268 151  20,697    305  1,206,215 
2011  5,601 196 36 106 328 1,217   22,422 4,872 103 237 576 1,721,158 
2012  5,589  91  17  117  211  966   23,740  4,991  94  560  126  1,754,172 
2013  5,051  137  26  104  191  147   25,972  5,222  99  158  185  1,829,966 
2014  7,437  147  23  96  323  136   26,326  4,487  134  1,568  410  1,846,290 
2015   7,918  199  31  75  185  267    26,871  4,055  103  2,281  423  1,814,145 
2016  8,221  208  41  51  280  360   27,952 4,381  117  1,328  585  1,851,117 
2017/f   8,904  218  32  89  252  255    27,002  4,152  174  2,057  187  1,798,209 
a/ Arrowtooth flounder included in Greenland turbot catch statistics, 1960-69.  Note: Numbers don't include fish taken for research. 
b/ Kamchatka flounder included in Arrowtooth flounder prior to 2011. 
c/ Rock sole prior to 1991 and flathead sole prior to 1995 are included in other flatfish catch statistics. 
d/ Includes POP, northern, rougheye, shortraker, and sharpchin rockfish until 2004. 
e/ Octopus, sculpin, sharks, skates included in Other species prior to 2011. 
f/ Data through November 4, 2017.  







Table 5. Groundfish catches (metric tons) in the Aleutian Islands, 1954-2017. 


Year Pollock Pacific Cod 
Sable 


fish Yellowfin Sole 
Greenland 


Turbot 
Arrowtooth 
Flounder/a 


Kamchatka 
Flounder/b Rock Sole 


Flathead  
Sole 


Alaska 
Plaice 


Other 
Flatfish/c 


1954                       
1955            
1956            
1957            
1958            
1959            
1960            
1961            
1962            
1963   664  7       
1964  241 1,541  504       
1965  451 1,249  300       
1966  154 1,341  63       
1967  293 1,652  394       
1968  289 1,673  213       
1969  220 1,673  228       
1970  283 1,248  285 274      
1971  2,078 2,936  1,750 581      
1972  435 3,531  12,874 1,323      
1973  977 2,902  8,666 3,705      
1974  1,379 2,477  8,788 3,195      
1975  2,838 1,747  2,970 784      
1976  4,190 1,659  2,067 1,370      
1977 7,625 3,262 1,897  2,453 2,035      
1978 6,282 3,295 821  4,766 1,782      
1979 9,504 5,593 782  6,411 6,436      
1980 58,156 5,788 274  3,697 4,603      
1981 55,516 10,462 533  4,400 3,640      
1982 57,978 1,526 955  6,317 2,415      
1983 59,026 9,955 673  4,115 3,753      
1984 81,834 22,216 999  1,803 1,472      
1985 58,730 12,690 1,448  33 87      
1986 46,641 10,332 3,028  2,154 142      
1987 28,720 13,207 3,834  3,066 159      
1988 43,000 5,165 3,415  1,044 406      
1989 156,000 4,118 3,248  4,761 198      
1990 73,000 8,081 2,116  2,353 1,459      
1991 78,104 6,714 2,071 1,380 3,174 938     88 
1992 54,036 42,889 1,546 4 895 900  236   68 
1993 57,184 34,234 2,078 0 2,138 1,348  318   59 
1994 58,708 22,421 1,771 0 3,168 1,334  308   55 
1995 64,925 16,534 1,119 6 2,338 1,001  356 16  31 
1996 28,933 31,389 720 654 1,677 1,330  371 10  51 
1997 26,872 25,166 779 234 1,077 1,071  271 32  7 
1998 23,821 34,964 595 5 821 694  446 19  35 
1999 981 28,117 671 13 460 774  580 34  20 
2000 1,244 39,684 1,070 13 1,086 1,157  480 80  32 
2001 824 34,207 1,074 15 1,060 1,220  526 54  43 
2002 1,177 30,801 1,118 29 485 1,032  1,165 111  39 
2003 1,653 32,459 1,009 0 965 913  964 49  32 
2004 1,158 28,873 955 9 434 818  818 38  0 33  
2005 1,621 22,699 1,481 2 468 834  549 34  0 26  
2006 1,745 24,211 1,151 4 537 1,476  578 39  0 36  
2007 2,519 34,356 1,168 2 523 834  762 29  0 25  
2008 1,278  31,229  899  0 822  2,473   342 18  0 46  
2009 1,662  28,582  1,100  1 2,263  10,688   570  23  0 45  
2010 1,235  29,001  1,097  0 1,873  24,098   577  29   41  
2011 1,208  10,858  1,024  1 532  3,269  5,493  279  7   56  
2012 975  18,220  1,205  1  1,658  3,400  6,995  322  12  0  42  
2013 2,964  13,607  1,062  0  296  6,485  5,656  210  10  0  35  
2014 2,375  10,595  818  0  177  4,181  3,190  155  9  0  51  
2015 915  9,225  430  0  114  937  1,608  120  14  0  29  
2016 1,257  12,359  349  0  121  1,328  1,685  241  26  0  21  
2017/f 1,492  12,286  588  1  122  509  1,296  246  19  0  32  
a/ Arrowtooth flounder included in Greenland turbot catch statistics, 1960-69.  Note: Numbers don't include fish taken for research. 
b/ Kamchatka flounder included in Arrowtooth flounder prior to 2011. 
c/ Rock sole prior to 1991 and flathead sole prior to 1995 are included in other flatfish catch statistics. 
d/ Includes POP, northern, rougheye, shortraker, and sharpchin rockfish until 2004. 
e/ Octopus, sculpin, sharks, skates included in Other species prior to 2011. 
f/ Data through November 4, 2017.  







Table 5 (continued). Groundfish catches (metric tons) in the Aleutian Islands, 1954-2017. 


Year 
POP 


Complex/d POP 
N. 


Rockfish RE Rockfish 
BS/SR 


Rockfish 
Other 


Rockfish 
Atka 


Mack. 
Other 


Species/e Skate Sculpin Shark Squid Octopus 
Total 


(All Species) 
1954                           0 
1955              0 
1956              0 
1957              0 
1958              0 
1959              0 
1960              0 
1961              0 
1962 200             200 
1963 20,800             21,471 
1964 90,300       66      92,652 
1965 109,100       768      111,868 
1966 85,900       131      87,589 
1967 55,900       8,542      66,781 
1968 44,900       8,948      56,023 
1969 38,800       3,088      44,009 
1970 66,900      949 10,671      80,610 
1971 21,800       2,973      32,118 
1972 33,200      5,907 22,447      79,717 
1973 11,800      1,712 4,244      34,006 
1974 22,400      1,377 9,724      49,340 
1975 16,600      13,326 8,288      46,553 
1976 14,000      13,126 7,053      43,465 
1977 8,080     3,043 20,975 16,170    1,808  67,348 
1978 5,286     921 23,418 12,436    2,085  61,092 
1979 5,487     4,517 21,279 12,934    2,252  75,195 
1980 4,700     420 15,533 13,028    2,332  108,531 
1981 3,622     328 16,661 7,274    1,763  104,199 
1982 1,014     2,114 19,546 5,167    1,201  98,233 
1983 280     1,045 11,585 3,675    510  94,617 
1984 631     56 35,998 1,670    343  147,022 
1985 308     99 37,856 2,050    9  113,310 
1986 286     169 31,978 1,509    20  96,259 
1987 1,004     147 30,049 1,155    23  81,364 
1988 1,979     278 21,656 437    3  77,383 
1989 2,706     481 14,868 108    6  186,494 
1990 14,650     864 21,725 627    11  124,886 
1991 2,545     549 22,258 91    30  117,942 
1992 10,277     3,689 46,831 3,081    61  164,513 
1993 13,375     495 65,805 2,540    85  179,659 
1994 16,959     301 69,401 1,102    86  175,614 
1995 14,734     220 81,214 1,273    95  183,862 
1996 20,443     278 103,087 1,720    87  190,750 
1997 15,687     307 65,668 1,555    323  139,049 
1998 13,729     385 56,195 2,448    25  134,182 
1999 18,501     657 53,966 1,670    9  106,453 
2000 14,893     601 46,990 3,010    8  110,348 
2001 15,587     610 61,296 4,029    5  120,550 
2002 14,996     551 44,722 1,980    10  98,216 
2003 18,765     401 52,988 1,326    36  111,560 
2004   11,165 4,567 185 123 337 53,405 1,866    14  104,798 
2005  9,548 3,852 78 62 286 58,474 1,417    17  101,446 
2006  11,826 3,582 196 165 426 58,719 1,943    15  106,650 
2007  17,581 3,946 157 210 435 55,742 2,053    13  120,357 
2008  16,923  3,265 171 91 390 57,690 2,322    49  118,010 
2009  14,725  3,064  184  116  403  72,563  2,514    91  138,594 
2010  14,304  4,033  202  139  503  68,496  2,713    105  148,446 
2011  18,403  2,566  129  227  616  50,600   732 502 4 99 11 96,616 
2012  18,554  2,388  174  227  736  46,863   1,083  808  2  128  11  103,804 
2013  26,311  1,900  296  267  623  23,034   1,058  606  17  141  39  84,619 
2014  24,944  2,195  173  101  621  30,815   1,185  373  3  110  18  82,089 
2015   23,507  6,998  150  78  501  53,003    1,252  925  4  83  23  99,916 
2016   23,097  4,333  117  54  506  54,125   1,174  511  11  50  10  101,375 
2017/f   23,240  4,461  165  62  568  63,401    1,387  882  4  42  21  110,824 
a/ Arrowtooth flounder included in Greenland turbot catch statistics, 1960-69.  Note: Numbers don't include fish taken for research. 
b/ Kamchatka flounder included in Arrowtooth flounder prior to 2011. 
c/ Rock sole prior to 1991 and flathead sole prior to 1995 are included in other flatfish catch statistics. 
d/ Includes POP, northern, rougheye, shortraker, and sharpchin rockfish until 2004. 
e/ Octopus, sculpin, sharks, skates included in Other species prior to 2011. 
f/ Data through November 4, 2017.  







Table 6. Groundfish catches (metric tons) in the Bering Sea and Aleutian Islands, 1954-2017. 


Year Pollock Pacific Cod Sablefish Yellowfin Sole 
Greenland 


Turbot 
Arrowtooth 
Flounder/a 


Kamchatka 
Flounder/b 


Rock  
Sole 


Flathead  
Sole 


Alaska 
Plaice 


Other 
Flatfish/c 


1954 0 0 0 12,562 0 0 0 0   0 0 
1955 0 0 0 14,690 0 0 0 0 


 
0 0 


1956 0 0 0 24,697 0 0 0 0 
 


0 0 
1957 0 0 0 24,145 0 0 0 0 


 
0 0 


1958 6,924 171 6 44,153 0 0 0 0 
 


0 0 
1959 32,793 2,864 289 185,321 0 0 0 0 


 
0 0 


1960 0 0 1,861 456,103 36,843 0 0 0 
 


0 0 
1961 0 0 15,627 553,742 57,348 0 0 0 


 
0 0 


1962 0 0 25,989 420,703 58,226 0 0 0 
 


0 0 
1963 0 0 14,370 85,810 31,572 0 0 0 


 
0 35,643 


1964 174,792 13,649 5,086 111,177 34,233 0 0 0 
 


0 30,604 
1965 230,551 15,170 6,087 53,810 10,047 0 0 0 


 
0 11,686 


1966 261,678 18,354 10,846 102,353 13,105 0 0 0 
 


0 24,864 
1967 550,362 32,357 13,350 162,228 24,263 0 0 0 


 
0 32,109 


1968 702,181 58,191 6,047 84,189 35,445 0 0 0 
 


0 29,647 
1969 862,789 50,571 17,682 167,134 36,257 0 0 0 


 
0 34,749 


1970 1,256,565 70,377 12,985 133,079 19,976 12,872 0 0 
 


0 64,690 
1971 1,743,763 45,132 18,042 160,399 42,214 19,373 0 0 


 
0 92,452 


1972 1,874,534 43,340 16,289 47,856 77,384 14,446 0 0 
 


0 76,813 
1973 1,758,919 54,363 8,859 78,240 63,946 12,922 0 0 


 
0 43,919 


1974 1,588,390 63,841 6,735 42,235 78,442 24,668 0 0 
 


0 37,357 
1975 1,356,736 54,389 4,513 64,690 67,789 21,616 0 0 


 
0 20,393 


1976 1,177,822 54,671 4,582 56,221 62,590 19,176 0 0 
 


0 21,746 
1977 985,995 36,597 4,615 58,373 30,161 11,489 0 0 


 
0 14,393 


1978 985,713 45,838 2,013 138,433 42,189 10,140 0 0 
 


0 21,040 
1979 923,385 39,354 2,158 99,017 41,409 14,357 0 0 


 
0 19,724 


1980 1,016,435 51,649 2,480 87,391 52,553 18,364 0 0 
 


0 20,406 
1981 1,029,021 62,458 3,137 97,301 57,321 17,113 0 0 


 
0 23,428 


1982 1,013,942 56,566 4,139 95,712 52,122 11,518 0 0 
 


0 23,809 
1983 1,041,389 93,167 3,368 108,385 47,558 13,969 0 0 


 
0 30,454 


1984 1,180,617 133,160 3,328 159,526 23,120 9,452 0 0 
 


0 44,286 
1985 1,238,489 145,426 3,796 227,107 14,731 7,375 0 0 


 
0 71,179 


1986 1,235,090 140,887 6,546 208,597 9,864 6,903 0 0 
 


0 76,328 
1987 1,266,317 157,746 8,012 181,429 9,599 4,539 0 0 


 
0 50,372 


1988 1,271,000 197,891 6,608 223,156 7,108 5,883 0 0 
 


0 137,418 
1989 1,386,000 168,918 4,500 153,165 8,822 3,222 0 0 


 
0 63,452 


1990 1,426,000 171,008 4,445 80,584 9,620 4,232 0 0 
 


0 22,568 
1991 1,346,464 172,158 3,199 96,135 6,878 13,686 0 46,681 


 
0 30,489 


1992 1,438,412 206,129 2,104 146,946 2,770 11,980 0 51,956 
 


0 34,825 
1993 1,358,758 167,390 2,747 105,809 8,468 9,298 0 64,260 


 
0 28,871 


1994 1,421,402 196,572 2,470 144,544 10,379 14,377 0 60,584 
 


0 29,775 
1995 1,329,503 245,030 2,048 124,752 8,193 9,283 0 55,028 14,715 0 20,196 
1996 1,218,229 240,590 1,349 130,163 6,376 14,610 0 47,146 17,344 0 18,580 
1997 1,142,140 234,641 1,326 166,915 7,666 9,651 0 67,520 20,688 0 22,964 
1998 1,125,249 195,645 1,181 101,315 9,124 15,679 0 33,667 24,569 0 15,390 
1999 989,684 174,855 1,349 69,288 5,861 11,359 0 41,085 18,568 0 15,535 
2000 1,133,980 191,056 1,812 84,070 6,974 13,228 0 49,666 20,422 0 16,485 
2001 1,388,276 176,659 1,937 63,578 5,312 14,056 0 29,475 17,811 0 9,973 
2002 1,482,992 197,353 2,261 74,985 3,635 11,853 0 41,865 15,575 0 2,627 
2003 1,493,692 207,146 2,048 81,050 3,530 14,580 0 37,339 14,181 10,118 2,954 
2004 1,481,710 212,618 1,996 75,511 2,259 18,185 0 48,681 17,398 7,888 4,788 
2005 1,484,643 205,635 2,551 94,385 2,608 14,243 0 37,362 16,108 11,194 4,592 
2006 1,489,776 193,025 2,229 99,160 1,989 13,442 0 36,456 17,981 17,318 3,160 
2007 1,357,021 174,485 2,350 120,964 2,004 11,916 0 37,126 18,958 19,522 5,724 
2008 991,865 171,030 2,040 148,894 2,911 21,370 0 51,276 24,540 17,377 3,624 
2009 812,520 175,756 2,016 107,513 4,515 29,900 0 48,716 19,558 13,944 2,178 
2010 811,625 171,869 1,852 118,624 4,146 38,880 0 53,221 20,127 16,165 2,199 
2011 1,200,424 220,080 1,730 151,168 3,668 20,133 9,971 60,632 13,553 23,655 3,177 
2012 1,206,252 250,894 1,948 147,187 4,716 22,378 9,505 76,099 11,366 16,612 3,543 
2013 1,273,787 250,307 1,697 164,944 1,745 20,541 7,766 59,800 17,354 23,522 1,535 
2014 1,300,221 249,330 1,133 156,772 1,656 19,109 6,458 51,724 16,514 19,447 4,391 
2015 1,323,227 242,057 640 126,937 2,204 11,267 4,994 45,467 11,307 14,614 2,415 
2016 1,354,968 243,870 881 135,350 2,238 11,105 4,850 45,101 10,384 13,385 2,848 
2017/f 1,357,937 209,047 1,738 125,621 2,813 6,189 4,462 35,123 8,878 15,549 4,121 
a/ Arrowtooth flounder included in Greenland turbot catch statistics, 1960-69.  Note: Numbers don't include fish taken for research. 
b/ Kamchatka flounder included in Arrowtooth flounder prior to 2011. 
c/ Rock sole prior to 1991 and flathead sole prior to 1995 are included in other flatfish catch statistics. 
d/ Includes POP, northern, rougheye, shortraker, and sharpchin rockfish until 2004. 
e/ Octopus, sculpin, sharks, skates included in Other species prior to 2011. 
f/ Data through November 4, 2017.  







Table 6 (continued). Groundfish catches (metric tons) in the Bering Sea and Aleutian Islands, 1954-2017. 


Year 
POP 


Complex/d POP 
N. 


Rockfish 
RE 


Rockfish 
BS/SR 


Rockfish 
Other 


Rockfish 
Atka 


Mack. 
Other 


Species/e Skate Sculpin Shark Squid Octopus 
Total 


(All Species) 
1954 0 0 0 0 0 0 0 0       0   12,562 
1955 0 0 0 0 0 0 0 0    0  14,690 
1956 0 0 0 0 0 0 0 0    0  24,697 
1957 0 0 0 0 0 0 0 0    0  24,145 
1958 0 0 0 0 0 0 0 147    0  51,401 
1959 0 0 0 0 0 0 0 380    0  221,647 
1960 6,100 0 0 0 0 0 0 0    0  500,907 
1961 47,000 0 0 0 0 0 0 0    0  673,717 
1962 20,100 0 0 0 0 0 0 0    0  525,018 
1963 45,300 0 0 0 0 0 0 0    0  212,695 
1964 116,200 0 0 0 0 0 0 802    0  486,543 
1965 125,900 0 0 0 0 0 0 2,986    0  456,237 
1966 106,100 0 0 0 0 0 0 2,370    0  539,670 
1967 75,500 0 0 0 0 0 0 12,920    0  903,089 
1968 76,400 0 0 0 0 0 0 31,006    0  1,023,106 
1969 53,300 0 0 0 0 0 0 13,547    0  1,236,029 
1970 76,800 0 0 0 0 0 949 25,966    0  1,674,259 
1971 31,600 0 0 0 0 0 0 16,469    0  2,169,444 
1972 38,900 0 0 0 0 0 5,907 33,340    0  2,228,809 
1973 15,500 0 0 0 0 0 1,712 60,070    0  2,098,450 
1974 36,400 0 0 0 0 0 1,377 69,987    0  1,949,432 
1975 25,200 0 0 0 0 0 13,326 63,133    0  1,691,785 
1976 28,900 0 0 0 0 0 13,126 33,196    0  1,472,030 
1977 10,734 0 0 0 0 3,354 20,975 52,072    6,734  1,235,492 
1978 7,507 0 0 0 0 3,535 24,249 73,973    8,971  1,363,601 
1979 7,210 0 0 0 0 6,625 23,264 51,701    6,538  1,234,742 
1980 5,797 0 0 0 0 879 20,488 47,661    6,372  1,330,475 
1981 4,844 0 0 0 0 684 19,688 42,925    5,945  1,363,865 
1982 1,238 0 0 0 0 2,390 19,874 23,367    5,039  1,309,716 
1983 501 0 0 0 0 1,265 11,726 19,140    3,980  1,374,902 
1984 2,200 0 0 0 0 232 36,055 10,178    3,167  1,605,321 
1985 1,092 0 0 0 0 191 37,860 13,553    1,620  1,762,419 
1986 846 0 0 0 0 271 31,990 11,980    868  1,730,170 
1987 1,934 0 0 0 0 621 30,061 9,724    131  1,720,485 
1988 3,026 0 0 0 0 619 22,084 12,643    417  1,887,853 
1989 4,723 0 0 0 0 673 17,994 5,101    306  1,816,876 
1990 20,289 0 0 0 0 1,248 22,205 6,325    471  1,768,995 
1991 7,289 0 0 0 0 945 24,523 16,376    574  1,765,397 
1992 13,586 0 0 0 0 4,364 49,441 33,074    880  1,996,467 
1993 17,138 0 0 0 0 685 66,006 23,953    682  1,854,065 
1994 18,866 0 0 0 0 562 69,591 24,532    588  1,994,242 
1995 15,944 0 0 0 0 849 81,554 22,201    459  1,929,755 
1996 23,078 0 0 0 0 642 103,867 21,437    1,167  1,844,578 
1997 16,747 0 0 0 0 468 65,839 22,552    1,761  1,780,878 
1998 14,863 0 0 0 0 588 57,096 25,604    916  1,620,886 
1999 19,155 0 0 0 0 798 56,233 20,586    401  1,424,757 
2000 15,597 0 0 0 0 840 47,229 26,108    383  1,607,850 
2001 16,735 0 0 0 0 906 61,560 27,177    1,766  1,815,221 
2002 15,854 0 0 0 0 952 45,294 28,619    1,344  1,925,209 
2003 20,156 0 0 0 0 737 59,350 28,312    1,282  1,976,475 
2004   11,896 4,684 209 242 656 60,564 29,454    1,014  1,979,752 
2005   10,427 3,964 90 170 465 62,014 29,482    1,186  1,981,119 
2006   12,867 3,828 203 212 583 61,895 27,021    1,418  1,982,564 
2007   18,451 4,016 168 323 655 58,747 26,799    1,188  1,860,418 
2008   17,436 3,287 193 133 612 58,082 29,474    1,542  1,545,687 
2009   15,347 3,111 197 184 611 72,807 27,883    360  1,337,116 
2010   17,852 4,332 232 300 771 68,647 23,410    410  1,354,662 
2011   24,004 2,762 165 333 944 51,817 0 23,154 5,374 107 336 587 1,817,774 
2012 0 24,143 2,479 191 344 947 47,829 0 24,823 5,799 96 688 137 1,857,977 
2013 0 31,362 2,038 322 371 815 23,181 0 27,030 5,828 116 300 224 1,914,585 
2014 0 32,381 2,342 196 197 944 30,951 0 27,511 4,860 137 1,678 428 1,928,379 
2015 0 31,425 7,197 181 153 686 53,270 0 28,123 4,980 107 2,364 446 1,914,061 
2016  0         31,318 4,541 158 105 786 54,485 0 29,126 4,892 128 1,378 595 1,952,492 
2017/f 0 32,144 4,679 197 151 820 63,656 0 28,389 5,034 178 2,099 208 1,909,033 
a/ Arrowtooth flounder included in Greenland turbot catch statistics, 1960-69.  Note: Numbers don't include fish taken for research. 
b/ Kamchatka flounder included in Arrowtooth flounder prior to 2011. 
c/ Rock sole prior to 1991 and flathead sole prior to 1995 are included in other flatfish catch statistics. 
d/ Includes POP, northern, rougheye, shortraker, and sharpchin rockfish until 2004. 
e/ Octopus, sculpin, sharks, skates included in Other species prior to 2011. 
f/ Data through November 4, 2017. 
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13.  Assessment of the Northern Rockfish Stock in the  
Bering Sea and Aleutian Islands 


 
by 


 
Paul D. Spencer and James N. Ianelli 


November 2017 
 


Executive Summary 
 
In 2005, BSAI rockfish were moved to a biennial assessment schedule with full assessments in 
even years to coincide with the frequency of trawl surveys in the Aleutian Islands (AI) and the 
eastern Bering Sea (EBS) slope. In 2017, the scheduled frequency for some stock assessments 
was changed in response to the National Stock Assessment Prioritization effort. Bering 
Sea/Aleutian Islands (BSAI) northern rockfish will maintain a biennial schedule but with full 
assessments in odd years, with the next full assessment scheduled for 2019. The 2016 full 
assessment can be found at http://www.afsc.noaa.gov/REFM/docs/2016/BSAInorthern.pdf. In 
years without a full assessment, a “partial assessment” is produced by revising the recent catch 
data and re-running the projection model using the results from the previous full assessment as a 
starting point.  Therefore, this update does not incorporate any changes to the 2016 assessment 
methodology, but does update the catch estimates for 2016-2018 and provides an estimated catch 
for 2019. The partial assessment also includes estimates of catch/biomass (i.e., exploitation 
rates), using estimated total biomass.  
 
Summary of Changes in Assessment Inputs 
 
Changes in input data: The updated information for this partial assessment is replacing the 
estimated 2016 catch with the final catch value, and revising the 2017 and 2018 catch estimates. 
The 2016 catch was 4,541 t, 3.8% larger than the estimate of 4,375 t that was used in the 2016 
projection. In 2016, the northern rockfish catch was slightly above the TAC (by 1%); thus, the 
catch in 2017 is assumed to be the TAC level of 5,000 t. The estimated 2018 and 2019 catches 
are assumed to result from fishing at the estimated 2017 F, resulting in 4,895 t and 4,794 t, 
respectively.  
 
Changes in assessment methodology: There were no changes in assessment methodology since 
this was a partial assessment year.    
 
Summary of Results 
 
For the 2018 fishery, we recommend the maximum ABC of 12,975 t and an OFL of 15,888 t 
based on the updated projection model. The recommended 2018 ABC is 2.2% less than the 2017 
ABC of 13,264 and 0.2% more than the projected 2017 ABC of 12,947 from the 2016 projection 
model. A summary of the updated projection model results is shown below.   
 



http://www.afsc.noaa.gov/REFM/docs/2016/BSAInorthern.pdf





Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 
 


2018* 2019* 
 M (natural mortality rate) 0.046 0.046 0.046 0.046 


Tier 3a 3a 3a 3a 
Projected total (age 3+) biomass 


 
248,160 245,693 246,160 244,963 


Female spawning biomass (t)     
     Projected 107,660 106,184 106,486 104,699 
     B100% 164,674 164,674 164,674 164,674 
     B40% 65,870 65,870 65,870 65,870 
     B35% 57,636 57,636 57,636 57,636 
FOFL 0.080 0.080 0.080 0.080 
maxFABC 0.065 0.065 0.065 0.065 
FABC 0.065 0.065 0.065 0.065 
OFL (t) 16,242 15,854 15,888 15,563 
maxABC (t) 13,264 12,947 12,975 12,710 
ABC (t) 13,264 12,947 12,975 12,710 


Status 
As determined last year for: 


 
As determined this year for: 


 2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a No n/a No 
Approaching overfished n/a No n/a No 


*Projections are based on estimated catches of 4,895 t and 4,794 t used in place of maximum permissible ABC for 
2018 and 2019.  
 
BSAI northern rockfish was not subjected to overfishing in 2016, and is not overfished or 
approaching an overfished condition. 
 
BSAI northern rockfish exploitation rates have averaged 0.015 from 2004-2017 (Figure 1), 
which is below the exploitation rate associated from fishing at F40% (defined as UF40%). 
Exploitation rates are computed as the ratio of catch within a year to the beginning year biomass 
(ages 3+). The estimate of biomass for 2017 was updated from re-running the projection model 
with updated catch data, where biomass estimate for other years were obtained from the 2016 
stock assessment. Exploitation rates for BSAI subareas were obtained by using smoothed 
estimates of survey biomass from the random effects models to spatially partition the estimated 
total biomass. In general, exploitation rates from the BSAI subareas are also below UF40%, 
although are higher in the eastern AI than other subareas. The biomass estimates in the southern 
Bering Sea area are not viewed as reliable due to relatively large standard deviations and high 
variability between years, which accounts for the unusually high exploitation rates since 2009. 
 
  







Summary table for the Plan Team 
 


Year Biomass1 OFL ABC TAC Catch2 
2016 213,674 14,689 11,960 4,500 4,541 
2017 248,160 16,242 13,264 5,000 4,201 
2018 246,160 15,888 12,975   
2019 244,963 15,563 12,710   


1 Total biomass (ages 3+) from age-structured projection model. 
2 Catch as of September 30, 2017. 
 
SSC and Plan Team comments are listed below. In general, responses to comments relating to 
analyses of the age-structured assessment model are deferred until the next full assessment, 
currently scheduled for 2019.   
 
Responses to SSC and Plan Team Comments on Assessments in General 
(Joint Plan Team, September 2017) Partial assessments will be expanded versions of the “executive 
summaries” that were produced in off-years of assessments that were on 2-year cycles under the 
old assessment schedule, and will include catch/biomass ratios for all species. For the 
denominator in the catch/biomass ratios required in the new “partial” assessments, the Teams 
recommend that model biomass be used for Tiers 1-3 and survey biomass from the random 
effects model be used for Tiers 4-5, noting which survey/surveys was/were involved in the latter.  
 
Catch/Biomass ratios are reported in this partial assessment. 
 
Responses to SSC and Plan Team Comments Specific to this Assessment 
(November Plan Team, November 2016) The Team recommends that the authors present plots of 
the predicted mean age and length compared to the observed age and length means over time 
(with confidence intervals). The Team recommends examining the residual pattern in the fit to 
the AI survey to see if there was a substantial change in the survey design or potential model 
misspecification that would explain the change in sign of the residuals between 2006 and 2010. 
 
(SSC, December 2016) The SSC further recommends continued investigation into the poor 
retrospective pattern in this model. 
 
In addition to these comments, several aspects of estimation of size at age were discussed in the 
“Data Gaps and Research Priorities” section of the 2016 assessment as priorities for the next full 
assessment (with some originating from internal assessment reviews), including: 1) the plus 
group in the length composition data is consistently underestimated by the model for years 1996 
and later, suggesting that either separate fishery and survey growth curves (and conversion 
matrices) should be evaluated; 2) although spatial differences in size at age exist, the model 
currently uses a global age-length key that does not weight each area by its fishery catch (or 
survey abundance); and 3) the aging error matrix is derived from GOA data, but the slower 
growth in the AI than in the GOA may result in increased aging error if the otolith age marks are 
more closely grouped together.   
 







 
 
Figure 1. Exploitation rates for northern rockfish. The UF40% is the exploitation rate for each year 
that would occur from fishing at F40%, and is a function of the beginning year numbers at age, 
size at age, and fishing selectivity. The high exploitation rates in the southern Bering Sea (SBS) 
area result from high variable survey biomass estimates for this area. Exploitation rates for 2017 
are preliminary and based on catch through September 30, 2017. 
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22.  Assessment of the Octopus stock complex in the  
Bering Sea and Aleutian Islands 


[2016] 


M. Elizabeth Conners, Kerim Aydin, and Christina Conrath 
Alaska Fisheries Science Center 
National Marine Fisheries Service 


 
 


[NOTE: In accordance with the approved schedule, no assessment was conducted for 
this stock this year, however, a full stock assessment will be conducted in 2018.  Until 
then, the values generated from the previous stock assessment (below) will be rolled 
over for 2018 specifications] 
 
 
Summary of Results 
 
The ABC and OFL levels using Tier 6 values: 
 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2016 2017 2017 2018 
 Tier  6 (consumption estimate) 


 
   


 
 


OFL (t) 3,452 3,452 4,769 4,769 
ABC (t) 2,589 2,589 3,576 3,576 


Status 
As determined last year for: As determined this year for: 


2014 2015 2015 2016 
Overfishing n/a n/a n/a n/a 
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11. Assessment of the other flatfish stock complex in the  
Bering Sea and Aleutian Islands 


[2016] 
 


M. Elizabeth Conners, Thomas K. Wilderbuer and Daniel G. Nichol  
 
 


 
Summary of Results 
 
A summary of the 2017 recommended ABCs and OFLs (in bold) relative to the 2016 recommendations 
for Other flatfish in the Bering Sea/Aleutian Islands (BSAI) is as follows: 
 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2016 2017 2017 2018 
 M (natural mortality rate) for rex sole 0.17 0.17 0.17 0.17 


M (natural mortality rate) for Dover sole 0.085 0.085 0.085 0.085 
M (natural mortality rate) for all others 0.15 0.15 0.15 0.15 
Tier 5 5 5 5 
RE Model Combined Biomass (t) 112,104 112,104 113,450 113,450 
FOFL (F=M) for  rex sole 0.17 0.17 0.17 0.17 
FOFL (F=M) for  Dover sole 0.085 0.085 0.085 0.085 
FOFL (F=M) for  all other species 0.15 0.15 0.15 0.15 
maxFABC for rex sole 0.128 0.128 0.128 0.128 
maxFABC for Dover sole 0.064 0.064 0.064 0.064 
maxFABC for all other species 0.113 0.113 0.113 0.113 
FABC for rex sole 0.128 0.128 0.128 0.13 
FABC for Dover sole 0.064 0.064 0.064 0.064 
FABC for all other species 0.113 0.113 0.113 0.113 
OFL (t) 17,414 17,414 17,591 17,591 
maxABC (t) 13,061 13,061 13,193 13,193 
ABC (t) 13,061 13,061 13,193 13,193 
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16.  Assessment of the Other Rockfish stock complex in the 
Bering Sea and Aleutian Islands 


[2016] 
 


 
M. Elizabeth Conners, Ingrid Spies, and Dan Nichol 


Alaska Fisheries Science Center 
National Marine Fisheries Service 


 


[NOTE: In accordance with the approved schedule, no assessment was conducted 
for this stock this year, however, a full stock assessment will be conducted in 
2018.  Until then, the values generated from the previous stock assessment 
(below) will be rolled over for 2018 specifications] 
 


Summary Results 
Summary for SST portion of the Other Rockfish complex. 
 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2016 2017 2017 2018 
M (natural mortality rate) 0.03 0.03 0.03 0.03 
Tier 5 5 5 5 
Biomass (t) 46,647 46,647 52,761 52,761 
FOFL 0.03 0.03 0.03 0.03 


maxFABC 0.0225 0.0225 0.0225 0.0225 
FABC 0.0225 0.0225 0.0225 0.0225 
OFL (t) 1,399 1,399 1,583 1,583 
maxABC (t) 1,050 1,050 1,187 1,187 
ABC (t) 1,050 1,050 1,187 1,187 
     AI ABC (t) 374 374 398 398 
     EBS ABC (t) 676 676 789 789 


Status 
As determined last year for: As determined this year for: 


2014 2015 2015 2016 
Overfishing No n/a No n/a 







Summary for non-SST portion of the Other Rockfish complex. 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2016 2017 2017 2018 
M (natural mortality rate)* 0.09 0.09 0.09 0.09 
Tier 5 5 5 5 
Biomass (t) 2,983 2,983 2,592 2,592 
FOFL 0.09 0.09 0.09 0.09 
maxFABC 0.0675 0.0675 0.0675 0.0675 
FABC 0.0675 0.0675 0.0675 0.0675 
OFL (t) 268 268 233 233 
maxABC (t) 201 201 175 175 
ABC (t) 201 201 175 175 
     AI ABC (t) 182 182 173 173 
     EBS ABC (t) 19 19 1 1 


Status 
As determined last year for: As determined this year for: 


2014 2015 2016 2017 
Overfishing No n/a No n/a 


*This natural mortality rate is estimated for dusky rockfish and assumed as a proxy for the non-
SST portion of the Other Rockfish complex. 
 
 
Summary for the entire Other Rockfish complex (SST and non-SST combined). 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2016 2017 2017 2018 
M (natural mortality rate)* - - - - 
Tier 5 5 5 5 
Biomass (t) 49,630 49,630 55,312 55,312 
FOFL* - - - - 
maxFABC - - - - 
FABC - - - - 
OFL (t) 1,667 1,667 1,816 1,816 
maxABC (t) 1,250 1,250 1,362 1,362 
ABC (t) 1,250 1,250 1,362 1,362 
     AI ABC (t) 555 555 572 572 
     EBS ABC (t) 695 695 790 790 


Status 
As determined last year for: As determined this year for: 


2014 2015 2015 2016 
Overfishing No n/a No n/a 


*Natural mortality and fishing mortality rates are specified separately for the SST and non-SST 
portions of the Other Rockfish complex. 
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10.  Assessment of the Alaska Plaice stock in the Bering Sea and 
Aleutian Islands 


 
Thomas K. Wilderbuer and Daniel G. Nichol 


Alaska Fisheries Science Center 
National Marine Fisheries Service 


 


Executive Summary 


The following changes have been made to this assessment relative to the November 2016 SAFE (last full 
assessment): 
 
Summary of Changes Assessment Inputs  


1) The 2016 catch data was updated, and the 2017 catch was estimated from Alaska Region 
total catch through the end of the year based on the harvest rate from September 30 
extrapolated through the end of the year. 


2) The 2017 shelf survey biomass estimate and standard error, and the 2017 survey length 
composition were included in the assessment. 


3) The 2016 survey ages were read and were added to the assessment.  
4) The 2016 fishery length composition was also added.          


 
Changes to the Assessment Methodology 
No modifications were made for this assessment. 
 
Summary of Results 
The survey increased 15% from 2016 to 2017 and is now just below the long-term average.  The 
assessment model estimate of 3+ total biomass for 2018 is 417,300 t and the projected female spawning 
biomass for 2018 is 191,460 t, a value that is well-above B40%.  The recommended ABC for 2018 is 
34,590 t based on an F40% = 0.124 harvest level, a 4% decrease from 2016.  The 2018 overfishing level of 
41,170 t is based on a F35% (0.149) harvest level.  The stock is projected to be slowly declining. 
 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 2018 2019 
M (natural mortality rate) 0.13 0.13 0.13 0.13 
Tier 3a 3a 3a 3a 
Projected total (3+) biomass (t) 412,600 407,300 417,300 412,000 
Female spawning biomass (t) 186,300 177,500 191,460 181,730 
     B100% 276,250 276,500 317,360 317,360 
     B40% 110,500 110,500 126,900 126,900 
     B35% 96,700 96,700 111,100 111,100 
FOFL 0.154 0.154 0.149 0.149 
maxFABC 0.128 0.128 0.124 0.124 
FABC 0.128 0.128 0.124 0.124 
OFL (t) 42,800 36,900 41,170 38,800 
maxABC (t) 36,000 32,100 34,590 32,700 


  







ABC (t)     


Status 


As determined last year for: As determined this year for: 
2015 2016 2016 2017 


Overfishing no n/a No n/a 
Overfished n/a no n/a no 
Approaching overfished n/a no n/a no 


 
 
Responses to SSC and Plan Team Comments on Assessments in General 
 
SSC encourages the use of the new model numbering scheme. 
 
The Alaska plaice assessment is now in compliance with the model numbering scheme. 
 
Responses to SSC and Plan Team Comments Specific to this Assessment 
 
No comments were received specific to this assessment. 
 


Introduction 


Alaska plaice (Pleuronectes quadrituberculatus) are primarily distributed on the Eastern Bering Sea 
continental shelf, with only small amounts found in the Aleutian Islands region.  In particular, the summer 
distribution of Alaska plaice is generally confined to depths < 110 m, with larger fish predominately in 
deep waters and smaller juveniles (<20 cm) in shallow coastal waters (Zhang et al., 1998).  The Alaska 
plaice distribution overlaps with northern rock sole (Lepidopsetta polyxystra) and yellowfin sole 
(Limanda aspera), but the center of the distribution is north of the center of the other two species and 
seems to be positioned further north in warm years and more southern in cold years.  Substantial amounts 
of Alaska plaice were also found between St. Matthew and St. Lawrence Islands in the 2010 and 2017 
northern expansions of the annual Bering Sea shelf trawl surveys. 
 
There has been no research on stock structure for this species.  
 


Fishery 


Since implementation of the Fishery Conservation and Management Act (FCMA) in 1977, Alaska plaice 
have been lightly harvested in most years as no major commercial target fishery exists for them.  Catches 
of Alaska plaice increased from approximately 1,000 t in 1971 to a peak of 62,000 t in 1988, the first year 
of joint venture processing (JVP) (Table 10.1).  Part of this apparent increase was due to increased species 
identification and reporting of catches in the 1970s.  Because of the overlap of the Alaska plaice 
distribution with that of yellowfin sole, much of the Alaska plaice catch during the 1960s was likely 
caught as bycatch in the yellowfin sole fishery (Zhang et al. 1998).  With the cessation of joint venture 
fishing operations in 1991, Alaska plaice are now harvested exclusively by domestic vessels.  Catch data 
from 1980-89 by its component fisheries (JVP, non-U.S., and domestic) are available in Wilderbuer and 
Walters (1990).  
 
In 2016, 59% and 30% of the Alaska plaice catch occurred in the yellowfin sole and northern rock sole 
fisheries, respectively.  In 2011, most of the annual TAC for Alaska plaice was harvested by late winter 







and early spring as bycatch in the yellowfin sole fishery (at levels well-below ABC).  This pattern 
changed in 2012 with much lower catch rates in the early part of the year but higher catch rates (over 
1,000 t per week) in September.  The majority of the 2013 catch was also taken early in the year.  In 2017 
the highest weekly catch rates occurred in March, May and September (Fig. 10.1) and the total catch is 
projected to reach 16,400 t by year’s end, equaling 46% of the ABC of 36,000 t and the entire TAC of 
13,000 t (Table 10.1). 
 
Alaska plaice are grouped with the rock sole, flathead sole, and other flatfish fisheries under a common 
prohibited species catch (PSC) limit, with seasonal and total annual allowances of prohibited species 
bycatch by these flatfish fisheries applied to the fisheries within the group.  Before 2008, these fisheries 
were closed prior to attainment of the TAC due to the bycatch of halibut, and typically were also closed 
during the first quarter due to a seasonal bycatch cap.  Since the implementation of Amendment 80 in 
2008 where catch and bycatch shares were assigned to groups of fishing vessels (cooperatives), these 
fisheries have not been subjected to time and area closures (with the exception of a halibut closure in 
2010). 
 
Substantial amounts of Alaska plaice were discarded in various eastern Bering Sea target fisheries in past 
years due to low market interest.  Retained and discarded catches were reported for Alaska plaice for the 
first time in 2002, and indicated that of the 12,176 t caught only 370 t were retained, resulting in a 
retention rate of 3.0% (Table 10.2).  Similar patterns were observed for 2003 - 2005 (4%, 5% and 6%, 
respectively).  The discard patterns have now changed, with increased retention each year.  The amount of 
Alaska plaice retained in 2016 was 85%.  Examination of the discard data by fishery indicates that 81% - 
87% of the discards in 2002 - 2016 can be attributed to the yellowfin sole fishery.  Discarding also 
occurred in the rock sole, flathead sole, Pacific cod and bottom pollock fisheries.  The locations where 
Alaska plaice were caught, by month, in 2017 are shown in Figure 10.2.      
 
Prior to 2002, Alaska plaice were managed as part of the “other flatfish” complex.  Since then an age-
structured model has been used for the stock assessment allowing Alaska plaice to be managed separately 
from the “other flatfish” complex as a single species.      
 


Data 


In summary, the data available for Alaska plaice are: 
 


Source Data Years 
NMFS Eastern 
Bering Sea shelf 
survey 


Survey biomass and standard 
error 


1982-2017 


 Age Composition (by sex) 1982, 1988, 1992-1995, 1998, 2000-2002, 2005-
2014, 2016 


 Length Composition (by sex) 1983-1987, 1989-1991, 1996-1997, 1999, 2003, 
2004, 2015 and 2017 


Fisheries Catch 1971-2017  
 Age Composition (by sex) 2000, 2002 and 2003 
 Length Composition (by sex) 1978-89, 1995, 2001 and 2008-2016 


 
 
This assessment uses fishery catches from 1971 through 2017 (Table 10.1).  Fishery length compositions 
from 1978-89, 1995, 2001 and 2008-2016 for each sex were also used, as well as sex-specific age 







compositions from 2000, 2002 and 2003.  The number of ages and lengths sampled from the fishery are 
shown in Table 10.3.   
 
The catch of Alaska plaice taken in scientific surveys, subsistence fishing, recreational fishing, fisheries 
managed under other FMPs from 1977 –2017 is shown in Table 10.4.   
 
From September 1-30 2017 the Alaska plaice catch averaged 380 t per week.  Alaska plaice are usually 
caught as bycatch in the yellowfin sole fishery.  Yellowfin sole catch is still well below the TAC and 
fishing is ongoing.  Since the fishery was continuing at a good pace, it seemed reasonable to assume that 
Alaska plaice would continue to be caught at a similar rate to the previous 5 weeks through the end of 
October.  The catch at September 30 was 14,848 t.  It was therefore estimated that the Alaska plaice catch 
could reach 16,400 t for the 2017 fishing season.  
 


Survey 


Because Alaska plaice are usually taken incidentally in target fisheries for other species, CPUE from 
commercial fisheries is considered unreliable information for determining trends in abundance for these 
species.  It is therefore necessary to use research vessel survey data to assess the condition of these stocks. 
 
Large-scale bottom trawl surveys of the Eastern Bering Sea continental shelf have been conducted in 
1975 and 1979-2017 by NMFS.  Survey estimates of total biomass and numbers at age are shown in 
Tables 10.5 and 10.6, respectively.  It should be recognized that the resultant biomass estimates are point 
estimates from an "area-swept" survey.  As a result, they carry the uncertainty inherent in the technique.  
It is assumed that the sampling plan covers the distribution of the fish and that all fish in the path of the 
trawl are captured.  That is, there are no losses due to escapement or gains due to gear herding effects in 
the survey abundance calculations.  


 
The trawl gear was changed in 1982 from the 400 mesh eastern trawl to the 83-112 trawl, as the latter 
trawl has better bottom contact.  This may contribute to the increase in Alaska plaice seen from 1981 to 
1982, as increases between these years were noticed in other flatfish as well.  Due to the differences in 
catchability between these two survey trawls, this assessment only uses the survey estimates from 1982-
2017. 
 
Survey estimates exhibit a relatively even trend since 1982 but estimated a declining trend from 2012-
2015. The last two surveys have estimated an increase with the 2017 estimate 15% higher than 2016 at a 
value just a little lower than the long-term average (Fig. 10.3, Table 10.5).   
 
Assessments for other BSAI flatfish have suggested a relationship between bottom temperature and 
survey catchability (Wilderbuer et al. 2002), where bottom temperatures are hypothesized to affect survey 
catchability by affecting either stock distributions and/or the activity level of flatfish relative to the 
capture process.  Temperature was not expected to affect Alaska plaice catchability since they are a “cold 
loving” species with an anti-freeze protein that inhibits ice formation in their blood (Knight et al. 1991). 
This relationship was investigated for Alaska plaice by using the annual temperature anomalies from 
surveys conducted from 1982 to 2017.  Examination of the residuals from the model fit to the bottom 
trawl survey relative to the annual bottom temperature anomalies did not indicate a positive correlation 
between the two data series (correlation = -0.26, Figure 10.4).  This was also the result from a past 
assessment (Spencer et al. 2004) where a fit with a LOWESS smoother indicated that little 
correspondence exists between the two time series, and the cross-correlation coefficient (-0.17) was not 







significant at the 0.05 level.  Thus, the relationship between bottom temperature and survey catchability 
was not pursued further.  
 
In 2010, and again in 2017, the Alaska Fisheries Science Center extended the annual bottom trawl survey 
to the northern Bering Sea past St. Lawrence Island by the additional sampling of 142 stations.  
Substantial amounts of Alaska plaice were encountered in the northern area with a total biomass estimate 
of 309,500 t in 2010 and 334,000 t in 2017 (Fig. 10.5).  This indicated that for 2010 and 2017 38% and 
40% of the total Bering Sea biomass of Alaska plaice occurred north of the standard survey area.  Since 
the northern Bering Sea has only been surveyed twice in the past eight years and also because the area is 
closed to fishing, biomass estimates from only the standard survey area are used in this assessment 
(Table 10.5) and the northern Bering Sea biomass is not included in the assessment. 
 
In this assessment, the estimated population numbers at length from the trawl survey were multiplied by 
the age-length key in order to produce a matrix of estimated population numbers by age and length, from 
which an unbiased average length for each age can be determined.  These population estimates by length 
and sex were used to fit the model for years when age composition data were not available.  The numbers 
of age and length samples obtained from the surveys are shown in Table 10.7. 
 


Analytic Approach 


Model Structure 
This catch at age model was developed with the software program Automatic Differentiation Model 
Builder (ADMB; Fournier et al. 2012).  The age-structured assessment model is configured to 
accommodate the sex-specific aspects of the population dynamics of Alaska plaice, because the sex-
specific weight-at-age diverges after the age of maturity (about age 10 for 50% of the stock) with females 
growing larger than males (Table 10.9). The model is coded to allow for the input of sex-specific 
estimates of fishery and survey age composition and weight-at-age and provides sex-specific estimates of 
population numbers, fishing mortality, selectivity, fishery and survey age composition and allows for the 
estimation of sex-specific natural mortality and catchability.  The catch-at-age population dynamics 
model was used to obtain estimates of several population variables of the Alaska plaice stock, including 
recruitment, population size, and catch. Population size in numbers at age a in year t was modeled as  
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where Z is the sum of the instantaneous fishing mortality rate (Ft,a) and the natural mortality rate (M), A is 
the maximum modeled age in the population, and T is the terminal year of the analysis.  Ages 3 through 
25 were included in the Model. The numbers at age A are a “pooled” group consisting of fish of age A and 
older, and are estimated as 
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Recruitment was modeled as the number of age 3 fish.  The efficacy of estimating productivity directly 
from the stock-recruitment data (as opposed to using an SPR proxy) was examined in a past assessment 
(Wilderbuer et al. 2008) by comparing results from fitting either the Ricker or Beverton-Holt forms 
within the model and choosing different time-periods of stock-recruitment productivity.  This analysis is 
described in more detail in the 2008 assessment.  
  
The numbers at age in the first year are modeled with a lognormal distribution 
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where meaninit is the mean of the recruitments that made up the initial age comp  and γ is an age-variant 
deviation.   







 
The mean numbers at age within each year were computed as 
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Catch in numbers at age in year t (Ct,a) and total biomass of catch each year (Yt) were modeled as  
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where wa is the mean weight at age for Alaska plaice. 
 
A conversion matrix was derived from the von Bertalanffy growth relationship, and used to convert the 
modeled numbers at age into modeled numbers at length.  There are 51 length bins ranging from 10 to 60 
cm, and 23 age groups ranging from 3 to 25+.  For each modeled age, the conversion matrix (TR) consists 
of a probability distribution of numbers at length, with the expected value equal to the predicted length-at-
age from the von Bertalanffy relationship.  The variation around this expected value was derived from a 
linear regression of coefficient of variation (CV) in length-at-age against age, where the CV were 
obtained from the sampled specimens over all survey years.  The estimated linear relationship predicts a 
CV of 0.14 at age 3 and a CV of 0.10 at age 25.  The conversion matrix, vector of mean numbers at age, 
and survey selectivity by age were used to compute the estimated survey length composition, by year, as 
   NL NA TR T


t t= ( * ) *srvsel  
where srvsel is a vector of survey selectivity by age. 
 
Estimating certain parameters in different stages enhances the estimation of large number of parameters in 
nonlinear models.  For example, the fishing mortality rate for a specific age and time (Ft,a) is modeled as 
the product of an age-specific selectivity function (fishsela) and a year-specific fully-selected fishing 
mortality rate.  The fully selected mortality rate is modeled as the product of a mean (μ) and a year-
specific deviation (εt), thus Ft,a is 
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In the early stages of parameter estimation, the selectivity coefficients are not estimated.  As the solution 
is being approached, selectivity was modeled with the logistic function:  
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where the parameter slope affects the steepness of the curve and the parameter fifty is the age at which 
sela equals 0.5.  The selectivity for the survey is modeled in a similar manner. 
 
Parameters Estimated Outside the Assessment Model  
  
The parameters estimated independently include the natural mortality (M) and survey catchability (q_srv).  
Fish from both sexes have frequently been aged as high as 25 years from samples collected during the 
annual trawl surveys.  Zhang (1987) determined that the natural mortality rate for Alaska plaice is 
variable by sex and may range from 0.195 for males to 0.27 for females. In past assessments natural 
mortality was fixed at 0.25 based on an earlier analysis of natural mortality (Wilderbuer and Walters 
1997, Table 8.1). 
 
In the 2010 assessment, the natural mortality rate of Alaska plaice was re-estimated using 3 methods from 
the literature based on the life history characteristics of maximum life span (Hoenig 1983), average age 







(Chapman and Robson 1960) and the relationship between growth and maximum length (Gislason et al. 
2008).  The results are summarized below and suggest a range of natural mortality values from 0.08 to 
0.13 for males and 0.08 to 0.29 for females. 
 
 
Method Males Females 
Hoenig (1983) 
 
Chapman and Robson (1960) 
 


            0.11 
 
            0.08 


0.11 
 
0.08 


Gislason et al. 2008 
 


            0.12 0.29 


Model profiling              0.13 0.13 
   


 
In the 2016 assessment, the model was again run for different combinations of male and female M to 
discern what value provides the best fit to the data components in terms of –log(likelihood).  The best fit 
to the observable population characteristics occurred at M = 0.13 for both sexes (Fig. 10.6).  This value of 
natural mortality is close to those estimated from the other three methods and also is consistent with the 
natural mortality used in other assessments of Bering Sea shelf flatfish which have similar life histories, 
growth and maximum ages. Therefore, a value of M = 0.13 was used to model natural mortality for both 
males and females in this assessment.   
 
Herding experiments in the eastern Bering Sea have demonstrated that many of the flatfish encountered in 
the area between the outer end of the footrope and where the bridles contact the sea floor (outside the 
trawl path) are herded into the path of the bottom trawl in varying degrees (Somerton and Munro 2001).  
Although Alaska plaice were not among the seven species that were explicitly studied, it is assumed that 
their behavior is similar to the other studied species which all exhibited herding behavior.  The mean 
herding effect from all seven species combined resulted in a bridle efficiency of 0.234.  This assessment 
incorporates a herding effect into the stock assessment model by fixing survey catchability (q) at 1.2, 
close to the mean value from the combined flatfish species in the herding experiment.   
 
Alaska plaice exhibit sex-specific dimorphic growth after the age of sexual maturity with females 
attaining a larger size than males.  The von Bertalanffy parameters fit to the population length at age and 
the length-weight relationship of the form W = aLb  were estimated as: 
_____________________________________________________________________  
                            Length at age fit                                   Length-weight fit 
                            Linf(cm)     k          to                                   a            b              n 
               males        49.9      0.06     -4.02              0.1249    2.98        866 
            females        50.1     0.127     0.35                          0.0055     3.23      1,381 
  _____________________________________________________________________ 
 
The combination of the length-weight relationship and the von Bertalanffy growth curve produces an 
estimated weight-at-age relationship that is similar to that used in previous Alaska plaice assessments.  
Minor changes in weight-at-age were made in this assessment relative to the 2016 assessment to exactly 
match the von Bertalanffy parameters. The sex-specific weight-at-age relationship calculated from the 
average population mean length at age and the length-weight relationship, by sex, are shown in Figure 
10.7.   
 







A maturity schedule is available for this assessment from samples obtained in 2012.  These histologically 
determined estimates of proportion mature at age (TenBrink and Wilderbuer 2015) replace the previously 
used anatomically-derived estimates (Zhang 1987).  Both studies estimated similar results differing in 
estimated 2013 female spawning biomass by only 4%. 
 
Parameters Estimated Inside the Assessment Model 
  
Parameter estimation is facilitated by comparing the model output to several observed quantities, such as 
the age compositions of the fishery and survey catches, the survey biomass, and the fishery catches.  The 
general approach is to assume that deviations between model estimates and observed quantities are 
attributable to observation error and can be described with statistical distributions.  Each data component 
provides a contribution to a total log-likelihood function, and parameter values that maximize the log-
likelihood are selected. 
 
The log-likelihoods of the age compositions were modeled with a multinomial distribution.  The log of 
the multinomial function (excluding constant terms) is 
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where nt is the number of fish aged, and p and p are the observed and estimated age proportion at age. 
 
The log-likelihood of the survey biomass was modeled with a lognormal distribution: 
     λ2
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where obs_biomt and pred_biomt are the observed and predicted survey biomass at time t, cv(t) is the 
coefficient of variation of observed biomass in year t, and λ2  is a weighting factor.   
The predicted survey biomass for a given year is  
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where  selsrva is the survey selectivity at age and wta is the population weight at age. 
 The log-likelihood of the catch biomass was modeled with a lognormal distribution: 
    λ3


2(ln( _ ) ln( _ ))obs cat pred catt t
t


−∑        


where obs_catt and pred_catt are the observed and predicted catch.  Because the catch biomass is 
generally thought to be observed with higher precision than other variables, λ3  is given a very high value 
(hence low variance in the total catch estimate) so as to fit the catch biomass nearly exactly.  This can be 
accomplished by varying the F levels, and the deviations in F are not included in the overall likelihood 
function.  The overall likelihood function (excluding the catch component) is 
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For the model run in this analysis, λ1 , λ2 , and λ3  were assigned weights of 1,1, and 500, respectively.  
The value for age composition sample size, n, was set to 200 for surveys and 50 for the fishery.  The 
likelihood function was maximized by varying the following parameters: 
 


Parameter type     Number 
1) fishing mortality mean (µ)       1 


 2) fishing mortality deviations (εt)            43 







 3) recruitment mean                           1 
 4) recruitment deviations (νt) including initial yr   64 
 5) fishery selectivity patterns both sexes      4 
 8) survey selectivity patterns both sexes              4 
 Total parameters      117 
 
Finally, a Monte Carlo Markov Chain (MCMC) algorithm was used to obtain estimates of parameter 
uncertainty (Gelman et al. 1995).  One and a half million MCMC simulations were conducted, with every 
1,000th sample saved for the sample from the posterior distribution.  Ninety-five percent confidence 
intervals were produced as the values corresponding to the 5th and 95th percentiles of the MCMC 
evaluation.  For this assessment, confidence intervals on female spawning biomass, total biomass and age 
three recruitment are presented. 


Results 


Model Evaluation 
Retrospective analysis of the past 10 years of female spawning biomass estimates does not indicate a 
pattern of concern regarding misspecification of the model.  Survey estimates in 2012 and 2015 were 
more variable relative to the time-series (high in 2012 and lowest yet observed in 2015) and are 
responsible for the pattern in the last 4 years where more highly variable survey information is being fit 
by the model (Fig. 10.8).  The 2017 female spawning biomass trend is below the high survey years trend 
and above the low survey years trend.  Mohn’s evaluation statistic was calculated at 0.027. 
 
Time-Series Results 
Using the survey catchability value of 1.2, the stock assessment model (Model 2011_1) estimates that the 
total Alaska plaice biomass (ages 3+) increased from 459,000 t in 1975 to a peak of 749,400 t in 1984 
(Figure 10.9, Table 10.9). Beginning in 1984, the total biomass steadily declined to 540,500 t by 2003 
before increasing again to 557,300 t in 2007.  The model estimates a slow decrease thereafter to 425,900 t 
in 2017. The estimated survey biomass also shows a slow decline since a peak value estimated in 1984 
(Figure 10.10). The female spawning biomass has also been very stable, declining slowly, since a peak in 
1985 and is projected at 191,460 t in 2018, well-above the B40% value of 111,100 t.  The recent increase 
from 2009-2013 is the result of above average year classes spawned in 2001 and 2002 that contributed to 
the mature biomass.  The female spawning biomass trend is similar to the total biomass trend with a peak 
level estimated in 1985 and a slow decline thereafter that continues to the present (Figure 10.11). 
   
As in past assessments, fitting fishery observations was de-emphasized by lowering the input sample sizes 
from 200 to 50.  This contributed in part to producing estimates of 50% fishery selectivity at about 10 
years for females and 9 for males (Fig. 10.12, Table 10.10). The fits to the trawl survey age and length 
compositions are shown in Figures 10.13 and 10.14 and the fit to the fishery age and length compositions 
are shown in Figures 10.15 and 10.16. 
 
The modest annual changes in stock biomass are primarily a function of recruitment variability, as fishing 
pressure has been light.  The fully selected fishing mortality estimates show a maximum value of 0.14 in 
1988, and the average annual F has averaged 0.035 from 1975-2017 (Table 10.11, Fig.10.17).  Estimated 
age-3 recruitment indicates high levels from the 1971-1976 year classes which built the stock to its peak 
level in 1982 (Fig. 10.18).  Estimated numbers-at-age are shown in Tables 10.11. From 1981-1997 the 
estimated recruitment declined, averaging 220 million fish.  Recruitment is estimated to have improved 
since 1997 with above average recruitment strength in 1998 and exceptionally strong recruitment in 2001 
and 2002.  These fish have contributed to a high level of female spawning biomass in 2008-2017 (relative 







to B40%). The estimated number of female spawners from 1975-2017 are listed in Table 10.12 and the 
posterior distribution of the 2017 female spawning biomass estimate is shown in Figure 10.19.  The 
assessment model estimate of catch-at-age from 1975-2017 are given in Table 10.10. 
 
Harvest Recommendations 
The reference fishing mortality rate for Alaska plaice is determined by the amount of reliable population 
information available (Amendment 56 of the Fishery Management Plan for the groundfish fishery of the 
Bering Sea/Aleutian Islands).  Estimates of B40%, F40%, and SPR40% were obtained from a spawner-per-
recruit analysis.  Assuming that the average recruitment from 1977-2009 year classes estimated in this 
assessment represents a reliable estimate of equilibrium recruitment, then an estimate of B40% is calculated 
as the product of SPR40% * equilibrium recruits (=126,900 t). The 2018 spawning biomass is estimated at 
191,460 t.  Since reliable estimates of 2018 spawning biomass (B), B40%, F40%, and F35% exist and B>B40% 
(191,460 t > 126,900 t), Alaska plaice reference fishing mortality is defined in tier 3a of Amendment 56.  
For this tier, FABC is constrained to be ≤ F40%, and FOFL is defined as F35%.  The values of these quantities 
are: 
 
            2018 SSB estimate (B)      =    191,400 t 
     B40%  =  126,900 t 
     F40%   = 0.124 
     FABC =  0.124 
     F35% = 0.149 
     F OFL =  0.149 
 
The estimated catch level for year 2018 associated with the overfishing level of F = 0.149 is 41,170 t.  
The 2018 recommended ABC associated with FABC of 0.124 is 34,590 t.  Projections of Alaska plaice 
female spawning biomass (described below) from a harvest rate equal to the average fishing mortality rate 
of the past five years indicate that the female spawning stock could decrease to 170,400 t in 2022 before 
increasing to 206,500 t in 2030 (Fig. 10.20). 
 
A standard set of projections is required for each stock managed under Tiers 1, 2, or 3 of Amendment 56.  
This set of projections encompasses seven harvest scenarios designed to satisfy the requirements of 
Amendment 56, the National Environmental Policy Act, and the Magnuson-Stevens Fishery Conservation 
and Management Act (MSFCMA). 
 
For each scenario, the projections begin with the vector of 2016 numbers at age estimated in the 
assessment.  This vector is then projected forward to the beginning of 2018 using the schedules of natural 
mortality and selectivity described in the assessment and the best available estimate of total (year-end) 
catch for 2016.  In each subsequent year, the fishing mortality rate is prescribed on the basis of the 
spawning biomass in that year and the respective harvest scenario.  In each year, recruitment is drawn 
from an inverse Gaussian distribution whose parameters consist of maximum likelihood estimates 
determined from recruitments estimated in the assessment.  Spawning biomass is computed in each year 
based on the time of peak spawning and the maturity and weight schedules described in the assessment.  
Total catch is assumed to equal the catch associated with the respective harvest scenario in all years.  This 
projection scheme is run 1000 times to obtain distributions of possible future stock sizes, fishing mortality 
rates, and catches. 
 
Five of the seven standard scenarios will be used in an Environmental Assessment prepared in 
conjunction with the final SAFE.  These five scenarios, which are designed to provide a range of harvest 
alternatives that are likely to bracket the final TAC for 2018, are as follows (“max FABC” refers to the 
maximum permissible value of FABC under Amendment 56): 







Scenario 1:  In all future years, F is set equal to max FABC.  (Rationale:  Historically, TAC has 
been constrained by ABC, so this scenario provides a likely upper limit on future TACs.) 


Scenario 2:  In all future years, F is set equal to a constant fraction of max FABC, where this 
fraction is equal to the ratio of the FABC value for 2016 recommended in the assessment to the max 
FABC for 2018.  (Rationale:  When FABC is set at a value below max FABC, it is often set at the value 
recommended in the stock assessment.) 


Scenario 3:  In all future years, F is set equal to the 2013-2018 average F.  (Rationale:  For some 
stocks, TAC can be well below ABC, and recent average F may provide a better indicator of FTAC 
than FABC.) 


Scenario 4:  In all future years, the upper bound on FABC is set at F60%. (Rationale: This scenario 
provides a likely lower bound on FABC that still allows future harvest rates to be adjusted 
downward when stocks fall below reference levels.) 


Scenario 5:  In all future years, F is set equal to zero.  (Rationale:  In extreme cases, TAC may be 
set at a level close to zero.) 


 
The recommended FABC  and the maximum FABC are equivalent in this assessment, and five-year 
projections of the mean Alaska plaice harvest and spawning stock biomass for the remaining four 
scenarios are shown in Table 10.13. 
 
Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether the Alaska 
plaice stock is currently in an overfished condition or is approaching an overfished condition.  These two 
scenarios are as follows (for Tier 3 stocks, the MSY level is defined as B35%): 
 


Scenario 6:  In all future years, F is set equal to FOFL.  (Rationale:  This scenario determines 
whether a stock is overfished.  If the stock is expected to be above its MSY level in 2018 under 
this scenario, then the stock is not overfished.) 


Scenario 7:  In 2018 and 2019, F is set equal to max FABC, and in all subsequent years, F is set 
equal to FOFL.  (Rationale:  This scenario determines whether a stock is approaching an overfished 
condition.  If the stock is expected to be above its MSY level in 2030 under this scenario, then the 
stock is not approaching an overfished condition.) 


 
The results of these two scenarios indicate that Alaska plaice are neither overfished nor approaching an 
overfished condition.  With regard to assessing the current stock level, the expected stock size in the year 
2015 of scenario 6 is well above its B35% value of 111,100 t.  With regard to whether the stock is likely to 
be in an overfished condition in the near future, the expected stock size in the year 2030 of scenario 7 is 
also greater than its B35% value.  Figure 10.21 shows the relationship between the estimated time-series of 
female spawning biomass and fishing mortality and the tier 3 control rule for Alaska plaice. 
 
In addition to the seven standard harvest scenarios, Amendments 48/48 to the BSAI and GOA Groundfish 
Fishery Management Plans require projections of the likely OFL two years into the future.  While 
Scenario 6 gives the best estimate of OFL for 2018, it does not provide the best estimate of OFL for 2019, 
because the mean 2019 catch under Scenario 6 is predicated on the 2018 catch being equal to the 2018 
OFL, whereas the actual 2018 catch will likely be less than the 2018 ABC.  Therefore, the projection 
model was re-run with the 2019 catch fixed at the 2018 level. 
 


Year   Catch    ABC   OFL 
2018 16,400 34,590 41,170 
2019 16,400  32,700 38,800 







Ecosystem Considerations 


Ecosystem Effects on the stock 
1) Prey availability/abundance trends 
The feeding habits of juvenile Alaska plaice are relatively unknown, although the larvae are relatively 
large at hatching (5.85 mm) with more advanced development than other flatfish (Pertseva-Ostroumova 
1961).   
 
For adult fish, Zhang (1987) found that the diet consisted primarily of polychaetes and amphipods 
regardless of size.  For fish under 30 cm, polychaetes contributed 63% of the total diet with sipunculids 
(marine worms) and amphipods contributing 21.7% and 11.6%, respectively.  For fish over 30 cm, 
polychaetes contributed 75.2% of the total diet with amphipods and echiurans (marine worms) 
contributing 6.7% and 5.7%, respectively.  Similar results were in stomach sampling from 1993-1996, 
with polychaetes and marine worms composing the majority of the Alaska plaice diet (Lang et al. 2003). 
McConnaughy and Smith (2000) contrasted the food habits of several flatfish between areas of high and 
low CPUE, using aggregated data from 1982 to 1994.  For Alaska plaice, the diets were nearly identical 
with 76.5% of the diet composed of polychaetes and unsegmented coelomate worms in the high CPUE 
areas as compared to 83.1% in the low CPUE areas.  
 


 
 
2) Predator population trends  
Alaska plaice contribute a relatively small portion of the diets of Pacific cod, Pacific halibut, and 
yellowfin sole as compared with other flatfish.  Total consumption estimates of Alaska plaice from 1993 
to 1996 ranged from 0 t in 1996 to 574 t in 1994 (Lang et al. 2003).  Consumption by yellowfin sole is 
upon fish < 2 cm whereas consumption by Pacific halibut is upon fish > 19 cm (Lang et al. 2003).   
 
3) Changes in habitat quality 
The habitats occupied by Alaska plaice are influenced by temperature, which has shown considerable 
variation in the eastern Bering Sea in recent years.  For example, the timing of spawning and advection to 
nursery areas are expected to be affected by environmental variation.  Musienko (1970) reported that 
spawning occurs immediately after the ice melt, with peak spawning occurring at water temperatures 


Alaska plaice diet from 99 stomachs sampled in 2000


Polychaetes 60%Clams 21%


Mysids 8%


Misc. worms 6%
Benthic amphipods 4% cucumbers, brittle stars etc







from -1.53 to 4.11.  In 1999, one of the coldest years in the eastern Bering Sea, the distribution was 
shifted further to the southeast than it was during 1998-2002.  However, in 2003, one of the warmest 
years in the EBS, the distribution was shifted further to the southeast than observed in 1999.   
 
Fishery effects on the ecosystem 
Alaska plaice are not a targeted species and are harvested in a variety of fisheries in the BSAI area.  Since 
2002, when single-species management for Alaska plaice was initiated, harvest estimates by fishery are 
available.  Most Alaska plaice are harvested by the yellowfin sole fishery, accounting for over 80% of the 
Alaska plaice catch since 2002. Flathead sole, rock sole, and Pacific cod fisheries make up the remainder 
of the catch.  The ecosystem effects of the yellowfin sole fishery can be found with the yellowfin sole 
assessment in this SAFE document.   
 
Due to the minimal consumption estimates of Alaska plaice (Lang et al. 2003) by other groundfish 
predators, the yellowfin sole fishery does not have a significant impact upon those species preying upon 
Alaska plaice.  Additionally, the relatively light fishing mortality rates experienced by Alaska plaice are 
not expected to have significant impacts on the size structure of the population or the maturity and 
fecundity at age.  It is not known what effects the fishery may have on the maturity-at-age of Alaska 
plaice but is it is expected to be minimal given the results of the histological maturity study completed in 
2015 (TenBrink and Wilderbuer 2015).  The yellowfin sole fishery, however, does contribute 
substantially to the total discards in the EBS, as indicated by the discarding of Alaska plaice discussed in 
this assessment, and general discards within this fishery discussed in the yellowfin sole assessment.        
 
Data Gaps and Research Priorities 
Authors suggest a genetic study on Alaska plaice stock structure throughout their range in the Bering Sea 
and AI. 


Literature Cited 


Chapman, D. G., and D. S. Robson. 1960. The analysis of a catch curve. Biometrics 16:354-368. 
Fournier, D.A., H.J. Skaug, J. Ancheta, J. Ianelli, A. Magnusson, M.N. Maunder, A. Nielsen, and J. 


Sibert. 2012. AD Model Builder: using automatic differentiation for statistical inference of highly 
parameterized complex nonlinear models. Optim. Methods Softw. 27:233-249. 


Hoenig, J.  1983.  Empirical use of longevity data to estimate mortality rates.  Fish. Bull.  82:898-903 
Knight, C. A., Cheng, C.C., DeVries, A. L.  1991.  Adsorption of alpha helical antifreeze peptides on 


specific ice crystal surface planes.  Biophysical Journal, Volume 59, Issue 2, Pages 409-418. 
Gislason, H., Pope, J. G., Rice, J. C., and Daan, N. 2008. Coexistence in North Sea fish communities: 


implications for growth and natural mortality. – ICES Journal of Marine Science, 65: 514–530. 
Gelman, A., J.B. Carlin, H.S. Stern, and D.A. Rubin.  1995.  Bayesian data analysis.  Chapman and Hall, 


New York.  552 pp. 
Hilborn, R. and C.J. Walters.  1992.  Quantitative fisheries stock assessment: choices, dynamics, and 


uncertainty.  Chapman and Hall, New York.  570 pp.   
Haflinger, K.  1981.  A survey of benthic infaunal communities of the southeastern Bering Sea shelf.  In 


D.W Hood and J.A. Calder (eds), The eastern Bering Sea shelf: oceanography and resources.  
Univ. of Wash. Press, Seattle, pp 1091-1104.  


Kappenman, R. F.  1992.  Estimation of the fishing power correction factor.  Processed Report 92-01, 10 
p.  Alaska  Fish. Sci. Center, Natl. Mar. Fish. Serv., NOAA, 7600 Sand Point Way NE, Seattle, 
WA 98115. 



http://tandfonline.com/doi/abs/10.1080/10556788.2011.597854

http://tandfonline.com/doi/abs/10.1080/10556788.2011.597854

http://tandfonline.com/doi/abs/10.1080/10556788.2011.597854





Lang, G.M., C.W. Derah, and P.A. Livingston.  2003.  Groundfish food habits and predation on 
commercially important prey species in the eastern Bering Sea from 1993 to 1996.  U.S. Dep. 
Commer., AFSC Proc. Rep. 2003-04.  351 pp.  


McConnaughy, R.A. and K.R. Smith.  2000.  Associations between flatfish abundance and surficial 
sediments in the eastern Bering Sea.  Can J. Fish. Aquat. Sci. 2410-2419. 


Musienko, L.N.  1970.  Reproduction and development of Bering Sea fishes.  Tr. Vses. Nachno-issled. 
Inst. Morsk. Rybn. Khoz. Okeanogr. 70 (Izv. Tikhookean. Nauchno-issled. Inst. Morsk. Rybn. 
Khoz. Okeanogr. 72:166-224) Transl. In Sov. Fish. Invest. Northeast Pac., pt. V:161-224.  Isr. 
Program Sci. Transl., 1972.  Avail. From     


Pertseva-Ostroumova.  1961.  The reproduction and development of far eastern flounders.  Akad. Nauk 
SSSR Inst. Okeanologii, 484 p. (Transl. by Fish. Res. Bd. Can., 1967, Transl. Ser. 856, 1003 p.)   


Somerton, D. A. and P. Munro.  2001.  Bridle efficiency of a survey trawl for flatfish.  Fish. Bull. 99:641-
652. 


TenBrink, T. T. and T. K. Wilderbuer.  2015.  Updated maturity estimates for flatfishes (Pleuronectidae) 
in the eastern Bering Sea, with notes on histology and implications to fisheries management.  
Mar. Coast. Fish.: Dynamics, Management and Ecosystem Science 0:1-9, 2015. 


Walters, G. E., and T. K. Wilderbuer.  1990.  Other flatfish. In Stock Assessment and Fishery Evaluation 
Document for Groundfish Resources in the Bering Sea/Aleutian Islands Region as Projected for 
1991, p.129-141.  North Pacific  Fishery Management Council, P.O. Box 103136, Anchorage  
Alaska  99510. 


Wilderbuer, T. K., and G. E. Walters.  1997.  Other flatfish.  In Stock Assessment and Fishery Evaluation 
Document for Groundfish Resources in the Bering Sea/Aleutian Islands Region as Projected for 
1998,  p.271-296.  North Pacific Fishery Management Council, P.O. Box 103136, Anchorage  
Alaska  99510. 


Wilderbuer, T. K., D. G. Nichol, and P. D. Spencer.  2008.  Alaska plaice.  In Stock Assessment and 
Fishery Evaluation Document for Groundfish Resources in the Bering Sea/Aleutian Islands 
Region as Projected for 2009,  p.865-904.  North Pacific Fishery Management Council, P.O. Box 
103136, Anchorage  Alaska  99510.  


Zhang, C. I.  1987. Biology and population dynamics of Alaska plaice, Pleuronectes quadrituberculatus, 
in the eastern Bering Sea.  Ph. D. dissertation, University of Washington:1-225. 


Zhang, C. I., T.K. Wilderbuer, and G.E. Walters.  1998.  Biological characteristics and fishery assessment 
of Alaska plaice, Pleuronectes quadrituberculatus, in the Eastern Bering Sea.  Marine Fisheries 
Review 60(4), 16-27.  


  







Tables 


Table 10.1.  Harvest (t) of Alaska plaice from 1977-2017. 2017 catch projected from catch through 
September 30, 2017. 


 TAC ABC Catch 
1977   2,589 
1978   10,420 
1979   13,672 
1980   6,902 
1981   8,653 
1982   6,811 
1983   10,766 
1984   18,982 
1985   24,888 
1986   46,519 
1987   18,567 
1988   61,638 
1989   14,134 
1990   10,926 
1991   15,003 
1992   18,074 
1993   13,846 
1994   10,882 
1995   19,172 
1996   16,096 
1997   21,236 
1998   14,296 
1999   13,997 
2000   14,487 
2001   8,685 
2002   12,176 
2003        10,000         137,000  9,978 
2004        10,000         203,000  7,888 
2005           8,000         189,000  11,194 
2006           8,000         188,000  17,318 
2007        15,000         183,000  19,522 
2008        50,000         217,000  17,376 
2009        50,000         232,000  13,944 
2010        50,000         224,000  16,165 
2011        16,000            65,100  23,656 
2012        24,000            53,400  16,612 
2013        20,000            55,200  23,523 
2014        24,500            55,100  19,447 
2015        18,500            44,900  14,614 
2016        14,500            41,000  13,885 
2017        13,000            36,000  16,400 


  







Table 10.2  Discarded and retained BSAI Alaska plaice catch (t) for 2002-2016, from NMFS Alaska 
regional office ‘blend” (2002) and catch accounting system (2003 - 2017) data.    
 


Year  Discard  Retained  Total  Proportion 
discarded 


2002 11,806 370 12,176 0.97 
2003 9,428 350 9,778 0.96 
2004 7,193 379 7,572 0.95 
2005 10,293 786 11,079 0.93 
2006 14,746 2,564 17,310 0.85 
2007 15,481 3,946 19,427 0.8 
2008 9,330 8,046 17,376 0.54 
2009 5,061 8,882 13,945 0.36 
2010 5,845 10,322 16,166 0.36 
2011 7,197 16,459 23,656 0.30 
2012 3,589 13,023 16,611 0.22 
2013 9,053 14,470 23,523 0.38 
2014 3,702 15,747 19,449 0.19 
2015 1,231 13,382 14,614 0.08 
2016 2,070 11,315 13,385 0.15 


 
 
 
Table 10.3.  Alaska plaice sample sizes from the BSAI fishery.  The hauls columns refer to the number of 
hauls where either lengths or aged otoliths were obtained.    
 


Year 


Total Hauls 
with AK 
Plaice 


Haul Count -- 
Lengths 
collected 


Number of 
Lengths 


Haul Count -- 
Otoliths 
collected 


Number of 
Otoliths 


Number of 
Aged Otoliths 


2008 11741 1641 7494 329 381 0 
2009 9176 1950 8795 412 443 0 
2010 9743 1810 8781 344 398 0 
2011 9914 2800 14328 545 686 0 
2012 9782 2962 13611 548 600 0 
2013 11026 3469 16646 649 787 0 
2014 8217 1900 8852 373 456 0 
2015 11263 2501 11924 475 387 0 
2016 9940 1704 8078 305 387 0 


 
  







Table 10.4.  Research catches (t) of Alaska plaice in the BSAI area from 1977 to 2017. 
 


Year Research Catch (t) 
1977 4.28 
1978 4.94 
1979 17.15 
1980 12.02 
1981 14.31 
1982 26.77 
1983 43.27 
1984 32.42 
1985 23.24 
1986 19.66 
1987 19.74 
1988 39.42 
1989 31.10 
1990 32.29 
1991 29.79 
1992 15.14 
1993 19.71 
1994 22.48 
1995 28.47 
1996 18.26 
1997 22.59 
1998 17.17 
1999 18.95 
2000 15.98 
2001 20.45 
2002 15.07 
2003 15.39 
2004 18.03 
2005 22.52 
2006 28.50 
2007 18.80 
2008 17.50 
2009 18.40 
2010 17.30 
2011 17.82 
2012   19.26 
2013 17.18 
2014 15.35           
2015 12.5 
2016 14.9 
2017 17.9 


 







Table 10.5.  Estimated biomass, 95% confidence intervals and standard deviations (t) of Alaska plaice 
from the eastern Bering Sea shelf trawl survey, 1982-2015. 


  biomass (t) std. deviation lower C.I. upper C.I. 
1982 716,020 64,856 587,605 844,434 
1983 651,434 58,712 535,183 767,685 
1984 769,540 112,631 541,913 997,168 
1985 579,978 61,006 457,966 701,990 
1986 548,626 62,608 423,411 673,842 
1987 547,867 55,866 437,253 658,482 
1988 676,860 137,491 404,628 949,092 
1989 515,039 57,013 402,154 627,925 
1990 495,346 46,557 403,163 587,530 
1991 534,274 50,503 433,268 635,280 
1992 516,518 55,630 406,370 626,665 
1993 516,126 50,553 416,031 616,222 
1994 623,314 53,293 517,794 728,834 
1995 554,850 63,028 430,055 679,645 
1996 532,322 67,555 398,563 666,082 
1997 632,145 71,474 490,625 773,664 
1998 455,904 58,691 338,523 573,285 
1999 480,514 40,346 400,628 560,399 
2000 446,101 67,613 309,456 582,746 
2001 546,224 68,497 410,600 681,848 
2002 425,663 53,533 318,598 532,728 
2003 462,038 95,866 270,307 653,769 
2004 480,961 63,022 356,177 605,744 
2005 507,713 55,471 397,880 617,546 
2006 641,642 83,064 475,514 807,771 
2007 422,986 37,452 348,832 497,140 
2008 509,303 47,430 415,391 603,215 
2009 529,699 50,359 429,988 629,410 
2010 498,117 46,866 405,323 590,912 
2011 519,578 72,781 374,015 665,141 
2012 581,896 83,432 415,033 748,759 
2013 505,583 65,596 375,703 635,464 
2014 451,624 48,850 354,901 548,347 
2015 355,640 38,641 279,132 432,149 
2016 425,217 41,191 343,659 506,775 
2017 491,050 52,458 387,182 594,918 







 
Table 10.6.  Alaska plaice population numbers at age (millions) estimated from the NMFS Bering Sea 
groundfish surveys and age readings of sampled fish.  
 


 females              


 3 4 5 6 7 8 9 10 11 12 13 14 15 16+ 


1982 0.41 0.37 22.53 41.28 269 172.3 90.15 57.82 181.37 152.84 337.25 231.75 117.71 0 


1988 0 0.21 3.85 11.7 47.27 35.98 62.44 32.87 62.31 55.98 25.55 77.65 0 104.15 


1992 0 0 4.21 4.88 7.67 32.47 28.58 20.72 35.2 24.66 16.18 25.8 22.36 134.69 


1993 0 0 5.45 14.86 30.17 42.06 53.67 5.63 2.43 25.19 42.68 26.55 38.77 99.41 


1994 0 0 7.69 14.8 45.16 38.83 21.56 45.23 16.55 11.28 55.34 11.75 50.02 128.93 


1995 0 0 10 31.4 32.78 47.14 34.28 16.81 23.35 16.56 10.15 30.11 30.32 157.67 


1998 0 0.87 3.72 9.78 35.71 37.29 58.62 28.49 40.13 43.26 17.83 24.84 14.62 83.19 


2000 0 0.1 3.94 3.86 22.18 27.15 53.22 26.88 33.92 18.95 21.06 15.94 13.8 137.91 


2001 0 0 4.11 9.46 13.63 48.23 21.59 85.08 30.82 44.56 15.27 16.01 10.5 134.68 


2002 0 0.04 1.38 13.85 20.02 14.87 31.56 22.2 37.67 15.24 31.42 13.78 22.86 105.04 


2005 0.86 2.07 13.32 23.35 34.58 31.89 31.31 28.52 24.17 28.67 33.18 19.61 22.53 100.02 


2006 0.26 4.43 47.24 24.28 54.33 51.8 38.45 27.34 20.18 11.78 31.92 19.4 28.33 145.96 


2007 0 4.02 43.49 56.53 35.95 24.59 20.18 27.42 29.71 16.8 17.94 16.9 8.71 91.65 


2008 0 0 12.28 46.14 60.05 42.37 23.47 33.67 32.77 24.79 10.82 13.96 25.29 113.03 


2009 0 0.55 9.92 14.33 89.06 61.3 24.44 36.06 26.58 17.58 15.89 12.03 18.55 120.89 


2010 0 0 4.59 10.4 16.1 85.19 55.96 28.89 29.6 26.81 13.44 13.31 17.39 117.21 


2011 0 0.03 0.61 21.03 34.45 31.66 73.68 60.28 24.6 16.22 26.19 8.6 9.66 116.23 


2012 0 0 1.35 9.97 19.64 37.37 39.03 63.35 57.44 40.12 22.53 29.85 10.64 162.65 


2013 0 0 3.47 8.83 12.58 37.11 33.53 22.53 48.73 38.42 42.84 28.05 14.08 91.81 


2014 0 0.7 2.33 7.16 20.58 17.11 28.66 38.53 30.42 43.38 28.92 7.66 16.28 77.58 


2016 0 0 2.9 7.89 17.22 14.95 20.72 8.47 35.29 11.84 18.51 37.49 19.18 93.53 







Table 10.6 (continued).   
 
 


 males              


 3 4 5 6 7 8 9 10 11 12 13 14 15 16+ 


1982 0.58 0 22.23 73.69 58.78 95.64 113.81 126.18 144.63 170.99 93.5 155.86 99.64 103.54 


1988 0 0.14 3.66 6.49 37.64 36.15 47.49 32.31 102.5 17.23 6.35 28.89 15.16 139.34 


1992 0 5.31 16.81 1.29 22.86 29.62 19.29 22.23 46.34 25.41 21.31 19.97 10.93 110.33 


1993 0 0 2.94 36.76 14.75 25.43 43.65 15.2 17.67 34.2 42.85 6.14 12.04 124.69 


1994 0.18 2 13.65 13.11 57.64 61.53 15.17 30.2 21.32 14.81 57.29 47.05 31.05 128.2 


1995 0 0 0 28.54 20.44 84.71 20.96 17.54 38.87 17.38 20.09 17.17 27.44 112.23 


1998 0 0.3 5.05 22.12 37.94 34.11 51.34 31.63 26.46 27.3 11.56 18.07 15.01 54.87 


2000 0 0 9.04 0.98 20.94 20.93 75.64 44.57 27.81 30.16 21.56 16.45 3.35 134.13 


2001 0 0 1.68 17.13 6.41 70.21 46.7 64.95 26.29 52.48 23.07 69.35 5.37 132.58 


2002 0 1.01 2.18 13.73 15.76 21.47 30.88 45.28 37.32 20.83 32.13 13.55 32.91 62.78 


2005 0.64 4.19 10.18 32.27 23.25 50.37 14.58 43.1 18.7 32.76 41.25 21.95 10.57 56.32 


2006 0.09 9.84 46.73 29.28 60.61 61.64 46.65 29.81 24.25 25.34 23.38 55.71 31.55 82.37 


2007 1.64 3.98 39.18 63.35 46.71 18.93 21.23 41.58 36.97 6.87 12.81 20.21 20.92 72.91 


2008 0 0 6.71 87.18 60.27 14.47 29.59 52.29 13.51 32.08 15.63 18.74 23.65 144.92 


2009 0 2.88 6.06 12.58 93.08 83.7 71.81 39.87 23.12 25.57 11.52 39.2 19.17 142.87 


2010 0 0.48 6.62 17.02 31.68 61.44 65 40.38 48.41 35.67 30.19 24.47 10.99 154.91 


2011 0 1.08 1.4 17.47 47.71 26.43 56.99 63.27 22.49 33.17 31.88 11.36 13.32 149.74 


2012 0 0 7.33 3.57 39.68 66.94 25.25 85.81 49.72 33.23 20.86 12.86 9.19 121.85 


2013 0 0 1.3 7.11 21.61 46.81 35.16 26.77 51.47 72.59 31.89 16.53 19.41 89.16 


2014 0 0 1.47 0.51 28.11 22.36 52.87 32.27 14.86 46.28 5.78 15.44 9.24 87.32 


2016 0.43 1.26 2.74 5.41 23.92 7.36 11.75 22.94 17.45 31.22 12.54 28.83 15.65 88.95 







Table 10.7.  Alaska plaice sample sizes from the BSAI trawl survey.  The hauls columns refer to the 
number (Num.) of hauls from which either lengths or aged otoliths were obtained. 
 


Year 
Total 
Hauls 


Hauls 
w/Lengths 


Num. 
lengths 


Hauls 
w/otoliths 


Hauls 
w/ages 


Num. 
otoliths 


Num. 
ages 


1982 334 152 14274 27 27 298 298 
1983 353 118 11624     
1984 355 151 14026 32  457  
1985 357 168 10914 24  430  
1986 354 236 12349     
1987 357 172 8533     
1988 373 170 7079 10 10 284 284 
1989 374 207 7741     
1990 371 215 7739 10  228  
1991 372 235 8163     
1992 356 219 7584 10 10 311 311 
1993 375 241 8365 4 4 183 183 
1994 375 248 9299 6 6 228 228 
1995 376 252 9919 11 11 287 285 
1996 375 254 10186 5  250  
1997 376 248 10143 3  82  
1998 375 281 10101 14 14 420 416 
1999 373 268 13024 13  297  
2000 372 250 9803 16 16 368 359 
2001 375 261 10990 16 16 339 335 
2002 375 251 8409 24 24 359 355 
2003 376 252 8343 15  320  
2004 375 262 8578 17  325  
2005 373 262 9284 20 20 341 337 
2006 376 255 12097 18 18 362 362 
2007 376 261 11729 43 42 343 335 
2008 375 252 12804 35 35 342 338 
2009 376 233 13547 68 68 620 590 
2010 376 225 11366 60 51 627 448 
2011 376 236 11514 59 59 571 560 
2012 376 240 10399 62 62 484 475 
2013 376 221 9705 69 69 544 537 
2014 376 215 7296 51 51 502 490 
2015 376 223 5989     
2016 376 250 6312 56 56 488 472 
2017 376 258 8065 70  556  


 







Table 10.8  Estimated maturity at age for female Alaska plaice.  Anatomical estimates were estimated by 
Zhang (1987).  Histological estimates (TenBrink and Wilderbuer 2015) are used in the assessment. 
 


 proportion mature 


age Anatomical estimate Histological estimate 


3 0 0.00 
4 0 0.02 
5 0 0.03 
6 0.08 0.08 
7 0.2 0.16 
8 0.43 0.30 
9 0.58 0.50 
10 0.79 0.70 
11 0.88 0.84 
12 0.95 0.92 
13 0.97 0.97 
14 0.98 0.98 
15 0.99 1.00 
16 1 1 
17 1 1 
18 1 1 
19 1 1 
20 1 1 
21 1 1 
22 1 1 
23 1 1 
24 1 1 
25 1 1 


 
 







Table 10.9.  Estimated total biomass (ages 3+), female spawning biomass, and recruitment (age 3), with 
comparison to the 2016 SAFE estimates.   
 Female spawning biomass (t) Total biomass (t) Age 3 recruitment (millions) 


 2016 2017 2016 2017 2016 2017 


1975 112,168 120,894 465,914 459,031 339 309 


1976 127,392 136,521 515,313 503,149 309 281 


1977 152,615 162,575 567,698 556,113 322 292 


1978 185,266 196,597 617,731 602,669 223 202 


1979 214,941 227,773 655,895 637,630 240 217 


1980 238,841 253,180 686,786 666,672 260 235 


1981 259,054 274,925 717,478 695,142 301 271 


1982 275,923 293,071 739,584 717,079 134 121 


1983 293,608 311,907 757,516 736,646 148 134 


1984 308,707 327,898 767,144 749,405 255 231 


1985 316,799 336,489 760,279 743,166 156 141 


1986 314,168 333,764 741,464 726,178 208 188 


1987 302,294 321,212 698,877 687,522 322 291 


1988 292,556 311,039 682,136 673,032 187 170 


1989 270,507 287,606 620,918 614,313 287 261 


1990 268,844 285,875 613,101 610,688 232 211 


1991 266,342 283,321 607,678 606,049 323 294 


1992 259,416 276,160 600,994 601,328 242 225 


1993 250,822 267,173 592,188 592,564 239 226 


1994 245,049 261,043 591,652 593,003 132 121 


1995 240,626 256,226 595,034 595,352 155 140 


1996 235,166 250,239 590,779 590,121 154 141 


1997 232,263 246,917 587,066 583,759 165 158 


1998 229,550 243,832 575,855 571,361 197 185 


1999 230,717 244,894 569,066 564,529 201 189 


2000 232,858 247,068 560,106 556,819 212 196 


2001 235,611 250,108 549,657 548,657 359 329 


2002 238,935 254,044 544,817 546,261 419 390 


2003 237,819 253,517 536,849 540,529 158 148 


2004 234,997 251,193 536,533 544,233 224 203 


2005 230,622 247,148 545,447 556,682 216 199 


2006 223,765 240,473 550,459 558,790 106 101 


2007 215,121 231,916 550,943 557,316 120 109 


2008 208,224 225,106 549,344 554,058 62 61 


2009 205,637 222,621 546,154 548,109 86 113 


2010 208,213 225,325 542,650 543,340 113 89 


2011 212,470 229,736 530,963 531,032 126 113 


2012 214,661 232,135 507,090 509,921 134 124 


2013 215,501 233,251 487,478 492,678   
2014 210,078 227,803 459,203 467,516   
2015 203,749 221,487 435,065 446,339   
2016 196,345 214,160 421,690 431,082   
2017   204,132   425,904     


 
  







Table 10.10.  Model estimates of age-specific Alaska plaice male and female selectivity from the fishery 
and the shelf survey. 
 


 
fishery 
females fishery males 


survey 
females survey males 


3 0.01 0.02 0.02 0.01 


4 0.02 0.04 0.04 0.04 


5 0.04 0.07 0.10 0.11 


6 0.09 0.11 0.23 0.27 


7 0.17 0.18 0.44 0.52 


8 0.32 0.28 0.67 0.77 


9 0.51 0.40 0.84 0.91 


10 0.70 0.54 0.93 0.97 


11 0.84 0.68 0.97 0.99 


12 0.92 0.79 0.99 1.00 


13 0.96 0.87 1.00 1.00 


14 0.98 0.92 1.00 1.00 


15 0.99 0.95 1.00 1.00 


16 1.00 0.97 1.00 1.00 


17 1.00 0.98 1.00 1.00 


18 1.00 0.99 1.00 1.00 


19 1.00 1.00 1.00 1.00 


20 1.00 1.00 1.00 1.00 


21 1.00 1.00 1.00 1.00 


22 1.00 1.00 1.00 1.00 


23 1.00 1.00 1.00 1.00 


24 1.00 1.00 1.00 1.00 


25 1.00 1.00 1.00 1.00 
 
 







Table 10.11.  Assessment model estimates of fishing mortality. 


 
full selection 


F 
average 
annual F 


1975 0.012 0.011 
1976 0.016 0.014 
1977 0.010 0.008 
1978 0.034 0.029 
1979 0.039 0.034 
1980 0.018 0.016 
1981 0.021 0.018 
1982 0.015 0.013 
1983 0.023 0.020 
1984 0.039 0.033 
1985 0.050 0.043 
1986 0.096 0.082 
1987 0.039 0.033 
1988 0.136 0.117 
1989 0.033 0.028 
1990 0.025 0.022 
1991 0.035 0.030 
1992 0.043 0.037 
1993 0.034 0.029 
1994 0.027 0.023 
1995 0.049 0.042 
1996 0.042 0.036 
1997 0.056 0.048 
1998 0.038 0.033 
1999 0.037 0.032 
2000 0.038 0.033 
2001 0.023 0.020 
2002 0.032 0.027 
2003 0.026 0.023 
2004 0.021 0.018 
2005 0.030 0.026 
2006 0.047 0.041 
2007 0.055 0.047 
2008 0.050 0.043 
2009 0.040 0.035 
2010 0.046 0.040 
2011 0.067 0.058 
2012 0.047 0.041 
2013 0.068 0.058 
2014 0.057 0.049 
2015 0.044 0.038 
2016 0.042 0.036 
2017 0.054 0.046 







Table 10.12  Estimated numbers at age (millions) from the stock assessment model for ages 3-25.  
  number of Females at age (millions)  
 3 4 5 6 7 8 9 10 11 12 13 14 
1975 137 115 127 175 153 100 25 23 14 11 10 9 
1976 135 121 101 112 153 134 87 22 20 12 10 9 
1977 255 118 106 88 98 134 117 76 19 18 11 8 
1978 154 224 104 93 78 86 117 103 66 17 15 9 
1979 140 136 197 91 81 68 75 101 88 57 14 13 
1980 146 123 119 173 80 71 59 64 87 75 48 12 
1981 101 128 108 104 151 70 62 51 56 75 65 41 
1982 108 89 112 95 92 132 61 54 44 48 65 56 
1983 117 95 78 99 83 80 116 53 47 38 42 56 
1984 136 103 84 68 87 73 70 100 46 40 33 36 
1985 61 119 90 73 60 75 63 60 86 39 34 28 
1986 67 53 104 79 64 52 65 54 51 72 33 29 
1987 115 59 47 91 69 55 44 55 44 41 58 26 
1988 70 101 51 41 80 60 48 38 47 38 35 49 
1989 94 62 89 45 35 69 51 39 30 36 29 27 
1990 146 82 54 78 39 31 60 44 34 26 31 25 
1991 85 128 72 47 68 34 27 52 38 29 22 27 
1992 130 74 112 63 42 59 30 23 44 32 25 19 
1993 105 114 65 98 55 36 51 26 20 37 27 21 
1994 147 93 100 57 86 48 31 44 22 17 32 23 
1995 113 129 81 88 50 75 42 27 38 19 14 27 
1996 113 99 113 71 77 44 65 36 23 32 16 12 
1997 60 99 87 99 62 67 38 56 31 20 27 13 
1998 70 53 87 76 87 54 58 32 47 26 16 23 
1999 71 62 47 76 66 76 47 50 28 40 22 14 
2000 79 62 54 41 67 58 66 40 43 23 34 18 
2001 92 69 54 47 36 58 50 57 35 36 20 29 
2002 94 81 61 48 42 31 51 44 49 30 31 17 
2003 98 83 71 53 42 36 27 44 37 42 25 27 
2004 164 86 73 62 47 36 32 24 38 32 36 22 
2005 195 144 75 64 55 41 32 27 20 33 28 31 
2006 74 171 127 66 56 48 36 28 24 17 28 24 
2007 102 65 150 111 58 49 41 30 23 20 15 23 
2008 100 89 57 132 97 50 42 35 26 20 17 12 
2009 50 88 78 50 115 85 43 36 30 22 16 14 
2010 54 44 77 69 44 100 73 37 31 25 18 14 
2011 31 48 39 67 60 38 87 63 32 26 21 15 
2012 57 27 42 34 59 52 33 74 53 26 21 18 
2013 45 50 24 37 30 51 45 28 63 44 22 18 
2014 56 39 44 21 32 26 44 38 23 52 37 18 
2015 62 50 34 38 18 28 22 38 32 20 43 30 
2016 71 54 43 30 33 16 24 19 32 27 17 36 
2017 153 63 48 38 26 29 14 21 16 27 23 14 


 
  







Table 10.12  (Females -- continued) 
 15 16 17 18 19 20 21 22 23 24 25 
1975 8 7 6 5 5 4 4 4 3 3 8 
1976 8 7 6 5 4 4 4 3 3 3 10 
1977 8 6 6 5 5 4 3 3 3 3 11 
1978 7 7 6 5 5 4 3 3 3 3 12 
1979 8 6 6 5 4 4 3 3 3 2 12 
1980 11 7 5 5 4 4 3 3 2 2 12 
1981 10 10 6 5 4 3 3 3 2 2 13 
1982 36 9 8 5 4 4 3 3 2 2 13 
1983 48 31 8 7 4 3 3 3 2 2 13 
1984 48 41 26 7 6 4 3 3 2 2 13 
1985 30 41 35 22 6 5 3 2 2 2 12 
1986 23 25 34 29 19 5 4 3 2 2 12 
1987 23 19 20 27 23 15 4 3 2 2 11 
1988 22 19 16 17 23 20 13 3 3 2 11 
1989 38 17 15 12 13 17 15 10 2 2 9 
1990 23 32 14 13 10 11 15 13 8 2 10 
1991 21 20 27 12 11 9 9 13 11 7 10 
1992 23 18 17 23 10 9 7 8 11 9 15 
1993 16 19 15 14 20 9 8 6 7 9 20 
1994 18 14 16 13 12 17 7 7 5 6 25 
1995 20 15 12 14 11 10 14 6 6 5 26 
1996 23 16 13 10 12 9 8 12 5 5 26 
1997 10 19 14 11 8 10 8 7 10 4 25 
1998 11 8 16 12 9 7 8 6 6 8 25 
1999 19 9 7 13 10 7 6 7 5 5 28 
2000 12 16 8 6 11 8 6 5 6 5 28 
2001 16 10 14 7 5 10 7 5 4 5 28 
2002 25 13 8 12 6 4 8 6 5 4 28 
2003 15 21 11 7 10 5 4 7 5 4 27 
2004 23 12 18 10 6 9 4 3 6 4 26 
2005 19 20 11 15 8 5 7 4 3 5 26 
2006 26 16 17 9 13 7 5 6 3 2 27 
2007 20 22 13 14 8 11 6 4 5 3 24 
2008 19 16 18 11 12 6 9 5 3 4 22 
2009 10 16 14 15 9 10 5 8 4 3 22 
2010 12 9 14 12 13 8 8 4 6 4 21 
2011 12 10 7 11 10 11 7 7 4 5 21 
2012 13 10 8 6 9 8 9 5 6 3 21 
2013 15 11 8 7 5 8 7 7 5 5 20 
2014 15 12 9 7 6 4 6 5 6 4 21 
2015 15 12 10 7 5 5 3 5 5 5 20 
2016 26 13 10 8 6 5 4 3 5 4 21 
2017 31 22 11 9 7 5 4 3 2 4 21 







Table 10.12  (Males -- continued) 
 number of Males at age (millions)  
 3 4 5 6 7 8 9 10 11 12 13 14 
1975 137 115 127 175 153 100 25 23 14 11 10 9 
1976 135 121 101 112 153 134 87 22 20 12 10 9 
1977 255 118 106 88 98 134 117 76 19 18 11 8 
1978 154 224 104 93 77 86 117 103 67 17 16 9 
1979 140 136 197 91 81 68 75 102 89 57 14 13 
1980 146 123 119 172 80 71 59 64 87 76 49 12 
1981 101 128 108 104 151 70 62 51 56 76 66 42 
1982 108 89 112 95 91 132 61 54 44 49 66 57 
1983 117 95 78 99 83 80 115 53 47 39 42 57 
1984 136 103 84 68 86 73 70 100 46 41 33 36 
1985 61 119 90 73 60 75 63 60 86 39 35 28 
1986 67 53 104 79 64 52 65 54 52 73 33 29 
1987 115 59 47 91 69 55 44 55 45 42 60 27 
1988 70 101 51 41 80 60 48 38 47 39 36 51 
1989 94 62 88 45 35 68 51 40 31 38 31 28 
1990 146 82 54 77 39 31 59 44 34 27 32 26 
1991 85 128 72 47 68 34 27 52 38 30 23 28 
1992 130 74 112 63 41 59 30 23 44 33 25 20 
1993 105 114 65 98 55 36 51 26 20 38 28 21 
1994 147 92 100 57 86 48 31 44 22 17 32 24 
1995 113 129 81 88 50 75 42 27 38 19 15 28 
1996 113 99 113 71 77 44 65 36 23 33 16 12 
1997 60 99 87 99 62 67 38 56 31 20 28 14 
1998 70 53 87 76 87 54 58 32 48 26 17 23 
1999 71 62 46 76 66 75 47 50 28 41 22 14 
2000 79 62 54 41 66 58 66 41 43 24 35 19 
2001 92 69 54 47 36 58 50 57 35 37 20 30 
2002 94 81 61 48 41 31 51 44 49 30 32 18 
2003 98 83 71 53 42 36 27 44 38 42 26 27 
2004 164 86 73 62 47 36 32 24 38 32 36 22 
2005 195 144 75 64 55 41 32 27 20 33 28 31 
2006 74 171 127 66 56 48 36 28 24 18 28 24 
2007 102 65 150 111 58 48 41 31 24 20 15 24 
2008 100 89 57 131 97 50 42 36 26 20 17 12 
2009 50 87 78 50 115 84 43 36 30 22 17 14 
2010 54 44 77 68 43 100 73 38 31 26 19 14 
2011 31 48 39 67 60 38 87 63 32 26 22 16 
2012 57 27 42 34 59 52 33 74 53 27 22 18 
2013 45 50 24 37 30 51 45 28 63 45 23 19 
2014 56 39 43 21 32 26 44 38 24 53 38 19 
2015 62 50 34 38 18 28 22 38 33 20 45 32 
2016 71 54 43 30 33 16 24 19 32 28 17 38 
2017 153 63 48 38 26 29 14 21 16 28 24 14 







Table 10.12  (Males -- continued) 
 15 16 17 18 19 20 21 22 23 24 25 
1975 8 7 6 5 5 4 4 4 3 3 8 
1976 8 7 6 5 4 4 4 3 3 3 10 
1977 8 7 6 5 5 4 3 3 3 3 11 
1978 7 7 6 5 5 4 3 3 3 3 12 
1979 8 6 6 5 4 4 3 3 3 2 12 
1980 11 7 5 5 4 4 3 3 2 2 12 
1981 11 10 6 5 4 4 3 3 2 2 13 
1982 36 9 8 5 4 4 3 3 2 2 13 
1983 49 31 8 7 4 3 3 3 2 2 13 
1984 49 42 27 7 6 4 3 3 2 2 13 
1985 31 41 36 23 6 5 3 2 2 2 12 
1986 24 26 35 30 19 5 4 3 2 2 12 
1987 23 19 21 28 24 15 4 3 2 2 11 
1988 23 20 16 17 23 20 13 3 3 2 11 
1989 39 18 15 12 13 18 15 10 2 2 10 
1990 24 33 15 13 11 11 15 13 8 2 10 
1991 22 21 29 13 11 9 10 13 11 7 10 
1992 24 19 17 24 11 9 8 8 11 9 15 
1993 17 20 16 15 20 9 8 6 7 9 20 
1994 18 14 17 14 12 17 8 7 5 6 25 
1995 20 16 12 14 12 11 15 7 6 5 27 
1996 23 17 13 10 12 10 9 12 6 5 26 
1997 10 20 14 11 9 10 8 8 10 5 26 
1998 11 9 16 12 9 7 8 7 6 9 25 
1999 20 10 7 14 10 8 6 7 6 5 29 
2000 12 17 8 6 12 8 7 5 6 5 29 
2001 16 10 14 7 5 10 7 6 4 5 28 
2002 25 14 9 12 6 5 8 6 5 4 29 
2003 15 22 12 7 10 5 4 7 5 4 28 
2004 23 13 19 10 6 9 4 3 6 4 27 
2005 19 20 11 16 9 5 8 4 3 5 27 
2006 27 16 17 9 14 7 5 6 3 2 28 
2007 20 22 14 14 8 11 6 4 5 3 25 
2008 20 17 19 11 12 7 9 5 3 4 23 
2009 10 17 14 16 9 10 5 8 4 3 23 
2010 12 9 14 12 13 8 8 5 7 4 22 
2011 12 10 7 12 10 11 7 7 4 6 21 
2012 13 10 8 6 10 8 9 6 6 3 22 
2013 15 11 8 7 5 8 7 8 5 5 21 
2014 15 13 9 7 6 4 7 6 6 4 21 
2015 16 13 10 8 6 5 3 6 5 5 21 
2016 27 13 11 9 6 5 4 3 5 4 22 
2017 32 22 11 9 7 5 4 3 2 4 22 







Table 10.13  Estimate of the number of female spawners (millions), at age, from the stock assessment 
model.  
 6 7 8 9 10 11 12 13 14 
1975 3 9 16 9 15 12 10 10 9 
1976 2 9 21 32 14 17 12 9 9 
1977 2 6 21 43 48 16 17 10 8 
1978 2 5 14 43 65 56 16 15 9 
1979 2 5 11 28 64 74 53 14 13 
1980 3 5 11 22 40 73 70 47 12 
1981 2 9 11 23 32 47 70 63 41 
1982 2 5 21 23 34 37 45 63 55 
1983 2 5 13 43 33 39 36 41 55 
1984 1 5 12 26 63 39 38 32 35 
1985 1 4 12 23 38 72 37 33 28 
1986 2 4 8 24 34 43 68 32 28 
1987 2 4 9 16 34 37 39 57 26 
1988 1 5 10 18 24 39 35 34 49 
1989 1 2 11 19 25 26 34 29 27 
1990 2 2 5 22 28 28 24 30 25 
1991 1 4 6 10 33 32 27 22 26 
1992 1 2 10 11 15 37 30 24 19 
1993 2 3 6 19 16 17 35 27 21 
1994 1 5 8 12 28 18 16 31 23 
1995 2 3 12 16 17 32 18 14 27 
1996 1 5 7 24 23 19 30 16 12 
1997 2 4 11 14 35 26 18 27 13 
1998 2 5 9 21 20 40 24 16 22 
1999 2 4 12 17 31 23 38 21 14 
2000 1 4 9 24 25 36 22 33 18 
2001 1 2 9 19 36 29 34 20 29 
2002 1 2 5 19 27 41 28 31 17 
2003 1 3 6 10 28 31 39 25 26 
2004 1 3 6 12 15 32 30 35 22 
2005 1 3 7 12 17 17 31 27 31 
2006 1 3 8 13 17 20 16 27 23 
2007 2 3 8 15 19 20 19 14 23 
2008 3 6 8 16 22 22 18 16 12 
2009 1 7 14 16 23 25 20 16 14 
2010 1 3 16 27 24 26 24 18 14 
2011 1 4 6 32 40 27 24 21 15 
2012 1 4 8 12 46 44 25 21 17 
2013 1 2 8 17 18 53 42 22 18 
2014 0 2 4 16 24 20 49 36 18 
2015 1 1 4 8 24 27 18 42 30 
2016 1 2 3 9 12 27 26 16 36 
2017 1 2 5 5 13 14 25 23 14 







Table 10.13 continued. 
 15 16 17 18 19 20 21 22 23 24 25+ 
1975 8 7 6 5 5 4 4 4 3 3 8 
1976 8 7 6 5 4 4 4 3 3 3 10 
1977 8 6 6 5 5 4 3 3 3 3 11 
1978 7 7 6 5 5 4 3 3 3 3 12 
1979 8 6 6 5 4 4 3 3 3 2 12 
1980 11 7 5 5 4 4 3 3 2 2 12 
1981 10 10 6 5 4 3 3 3 2 2 13 
1982 36 9 8 5 4 4 3 3 2 2 13 
1983 48 31 8 7 4 3 3 3 2 2 13 
1984 48 41 26 7 6 4 3 3 2 2 13 
1985 30 41 35 22 6 5 3 2 2 2 12 
1986 23 25 34 29 19 5 4 3 2 2 12 
1987 23 19 20 27 23 15 4 3 2 2 11 
1988 22 19 16 17 23 20 13 3 3 2 11 
1989 38 17 15 12 13 17 15 10 2 2 9 
1990 23 32 14 13 10 11 15 13 8 2 10 
1991 21 20 27 12 11 9 9 13 11 7 10 
1992 23 18 17 23 10 9 7 8 11 9 15 
1993 16 19 15 14 20 9 8 6 7 9 20 
1994 18 14 16 13 12 17 7 7 5 6 25 
1995 20 15 12 14 11 10 14 6 6 5 26 
1996 23 16 13 10 12 9 8 12 5 5 26 
1997 10 19 14 11 8 10 8 7 10 4 25 
1998 11 8 16 12 9 7 8 6 6 8 25 
1999 19 9 7 13 10 7 6 7 5 5 28 
2000 12 16 8 6 11 8 6 5 6 5 28 
2001 16 10 14 7 5 10 7 5 4 5 28 
2002 25 13 8 12 6 4 8 6 5 4 28 
2003 15 21 11 7 10 5 4 7 5 4 27 
2004 23 12 18 10 6 9 4 3 6 4 26 
2005 19 20 11 15 8 5 7 4 3 5 26 
2006 26 16 17 9 13 7 5 6 3 2 27 
2007 20 22 13 14 8 11 6 4 5 3 24 
2008 19 16 18 11 12 6 9 5 3 4 22 
2009 10 16 14 15 9 10 5 8 4 3 22 
2010 12 9 14 12 13 8 8 4 6 4 21 
2011 12 10 7 11 10 11 7 7 4 5 21 
2012 13 10 8 6 9 8 9 5 6 3 21 
2013 15 11 8 7 5 8 7 7 5 5 20 
2014 15 12 9 7 6 4 6 5 6 4 21 
2015 15 12 10 7 5 5 3 5 5 5 20 
2016 26 13 10 8 6 5 4 3 5 4 21 
2017 31 22 11 9 7 5 4 3 2 4 21 


  







Table 10.14.  Projections of spawning biomass (1,000s t), catch (1,000s t), and fishing mortality rate for 
each of the several scenarios.  The values of B40% and B35% are 126,900 t and 111,100 t, respectively.   
 
Scenarios 1 and 2 Scenario 3
Maximum ABC harvest permissible Harvest at average F over the past 5 years


Female Female
Year spwn bio catch       F Year spwn bio catch       F


2017 204.130 16.400 0.05 2017 204.13 16.40 0.05
2018 188.372 34.589 0.12 2018 191.46 16.18 0.06
2019 170.634 32.786 0.12 2019 181.73 13.30 0.04
2020 165.074 30.983 0.12 2020 178.92 10.42 0.04
2021 148.320 28.310 0.12 2021 173.09 10.19 0.04
2022 136.854 26.535 0.12 2022 170.43 10.13 0.04
2023 131.061 25.555 0.12 2023 171.99 10.24 0.04
2024 129.560 25.079 0.12 2024 177.07 10.46 0.04
2025 129.760 24.760 0.12 2025 183.42 10.73 0.04
2026 129.907 24.535 0.12 2026 189.14 11.01 0.04
2027 130.019 24.418 0.12 2027 194.19 11.27 0.04
2028 130.176 24.370 0.12 2028 198.66 11.51 0.04
2029 130.479 24.378 0.12 2029 202.83 11.73 0.04
2030 130.707 24.406 0.12 2030 206.46 11.93 0.04


Scenario 4 Scenario 5
Upper bound on ABC is F60% No fishing


Female Female
Year spwn bio catch       F Year spwn bio catch       F


2017 204.130 16.400 0.05 2017 204.130 16.400 0.054
2018 190.315 23.099 0.08 2018 194.062 0 0
2019 174.070 21.780 0.08 2019 191.514 0 0
2020 160.399 20.317 0.08 2020 189.832 0 0
2021 149.854 19.262 0.08 2021 189.526 0 0
2022 143.366 18.665 0.08 2022 191.870 0 0
2023 141.680 18.497 0.08 2023 198.072 0 0
2024 143.765 18.625 0.08 2024 207.690 0 0
2025 147.184 18.883 0.08 2025 218.573 0 0
2026 150.106 19.168 0.08 2026 228.765 0 0
2027 152.538 19.438 0.08 2027 238.123 0 0
2028 154.615 19.679 0.08 2028 246.699 0 0
2029 156.543 19.896 0.08 2029 254.829 0 0
2030 158.129 20.086 0.08 2030 262.196 0 0







Table 10.14- continued. 
 
Scenario 6    Scenario 7    
Determination of 
overfishing   


Determination of whether Alaska plaice are 
approaching  


  B35=111.100  an overfished condition B35=111.100 
 Female     Female    
Year spwn bio catch       F  Year spwn bio catch       F  
2017 204.130 16.400 0.054  2017 204.130 16.400 0.054  
2018 187.235 41.171 0.150  2018 188.372 34.590 0.124  
2019 160.840 35.877 0.150  2019 165.651 30.819 0.124  
2020 139.916 31.732 0.150  2020 146.404 33.115 0.150  
2021 124.314 28.164 0.146  2021 129.539 29.888 0.150  
2022 114.795 24.403 0.134  2022 118.678 26.029 0.139  
2023 111.763 23.224 0.131  2023 114.486 24.335 0.134  
2024 112.862 23.503 0.132  2024 114.731 24.270 0.134  
2025 115.066 24.191 0.135  2025 116.300 24.695 0.136  
2026 116.559 24.673 0.136  2026 117.343 24.988 0.137  
2027 117.531 24.998 0.137  2027 118.010 25.190 0.137  
2028 118.215 25.223 0.137  2028 118.494 25.335 0.137  
2029 118.800 25.404 0.138  2029 118.951 25.466 0.138  
2030 119.158 25.523 0.138  2030 119.231 25.555 0.138  


 







Table 10.15.  Non-target species catch (t) when Alaska plaice were the fishery target, 2006-2016. 
 


Species/Groups 2010 2011 2012 2013 2014 2015 2016 


Benthic urochordata 0.026 0.053 0.819 0.025  10.891 2.884 


Bivalves 0.001 0.006 0.002 0.005  0.049 0.03 


Brittle star unidentified  0.183 0.035 0.033  0.295 0.025 


Capelin 0.002 0.002 0.002 0.004  0.009 0.001 


Corals Bryozoans - Corals Bryozoans Unidentified  0.013 0   0.108 0.018 


Eelpouts 0.051 0.018 0.004 0.006  0.07 0.155 


Hermit crab unidentified  0 0.013 0.61  0.303 0.035 


Invertebrate unidentified 0.001 0.002 0.139 0.002  0.002 0.01 


Large Sculpins - Great Sculpin   8.484     
Large Sculpins - Plain Sculpin   3.193     
Large Sculpins - Warty Sculpin   0.921     
Large Sculpins - Yellow Irish Lord   0.088     
Misc crabs 0.013 0.001 0.057 0.084  0.774 0.162 


Misc crustaceans  0.114    0.011  
Misc fish 0.145 0.253 0.19 1.508 0.002 2.674 0.292 


Misc inverts (worms etc)  0.008     0.003 


Other osmerids  0.001    0.017  
Pacific Sand lance      0.001  
Pandalid shrimp 0.001 0.006 0.001 0.004  0  
Polychaete unidentified  0.003 0 0.041  0.004 0.001 


Scypho jellies 3.385 7.668 1.333 1.081  0.749 0.047 


Sea anemone unidentified  0.033 0.063 6.81  0.002  
Sea pens whips    0.003    
Sea star 15.225 1.484 8.936 7.403 0.029 65.405 15.577 


Snails 0.022 0.573 0.296 0.919  0.858 0.159 


Sponge unidentified 0.001 0.002 0.038 0.01  0.013 0.001 


Stichaeidae      0.001  
urchins dollars cucumbers  0.001  0    


 







Figures


 
 
Figure 10.1.  Catch (t) by week for Bering Sea Alaska plaice in 2017. 


 
 


 
Figure 10.2--Locations of Alaska plaice catch in 2017, by month.  The harvest primarily 
occurred in the yellowfin sole and northern rock sole target fisheries. 
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Figure 10.2--(Continued). 
 
 







 


Figure 10.3--Estimated survey biomass (t) and 95% confidence intervals from NMFS eastern 
Bering Sea bottom trawl surveys.  
 
 
 
 


 
Figure 10.4--Residuals from fitting the trawl survey biomass (t, yellow bars) compared to the average 
annual bottom temperature anomalies (degrees Celcius, blue line) obtained during the trawl survey.  
Correlation of data sets is -0.26. 
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Figure 10.5--Eastern and northern Bering Sea survey CPUE (kg/ha) of Alaska plaice from 2010 
(left panel) and 2017 (right panel).  
 


 
Figure 10.6--Stock assessment model fit (in terms of –log(likelihood)) to a range of  male and female 
natural mortality values. 
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Figure 10.7--Estimated length and weight-at-age relationships for Alaska plaice used in the 2017 
assessment. 
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Figure 10.8--Retrospective plot of female spawning biomass (t) from 2006 to 2017.  Mohn’s test 
statistic = 0.12. 
 
 
 


 
 
 Figure 10.9--Estimated beginning year total biomass of Alaska plaice from the assessment 
model.  95% percent confidence intervals are from mcmc integration. 
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Figure 10.10--Observed (data points) and predicted (solid line) survey biomass of Alaska plaice.  
Dotted lines are survey biomass 95% confidence intervals. 
 
 
 


 
 
 
Figure 10.11--Model estimates of Alaska plaice female spawning biomass with estimates of B35 and B40.  
Ninety-five percent credible intervals are from MCMC integration. 
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Figure 10.12--Model estimates of survey and fishery selectivity. 
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Figure 10.13--Survey age composition (solid line = observed, dotted line = predicted, females 
above x axis, males below x axis). 
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Figure 10.13—(continued). 
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Figure 10.14--Survey length composition by year (solid line = observed, dotted line = predicted, 
females above x axis, males below x axis.) 
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Figure 10.15--Fishery age composition by year (solid line = observed, dotted line = predicted, 
females above x axis, males below x axis). 
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Figure 10.16--Fishery length composition by year (solid line = observed, dotted line = predicted, 
females above x axis, males below x axis). 
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Figure 10.17--Estimated fully selected fishing mortality. 
 


 
 
Figure 10.18--Estimated recruitment (age 3) for Alaska plaice.  95% credible intervals are from 
mcmc integration. 
 


 
Figure 10.19--Posterior distribution of the 2017 estimate of female spawning biomass (t) from 
mcmc integration with B40% =126,900 indicated as a vertical line. 
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Figure 10.20--Model projection of Alaska plaice at the harvest rate of the average of the past five 
years using the estimated 2017 numbers-at-age from the stock assessment model for the starting 
point. 
 


 
Figure 10.21--Phase-plane diagram of the estimated time-series of Alaska plaice female 
spawning biomass and fishing mortality relative to the tier 3 control rule. 
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Executive Summary 
 


In 2005, BSAI rockfish were moved to a biennial assessment schedule with full 
assessments in even years to coincide with the frequency of trawl surveys in the Aleutian 
Islands (AI) and the eastern Bering Sea (EBS) slope. In 2017, the scheduled frequency 
for some stock assessments was changed in response to the National Stock Assessment 
Prioritization effort, with Bering Sea/Aleutian Islands (BSAI) Pacific ocean perch 
maintaining its existing schedule. The 2016 full assessment can be found at 
http://www.afsc.noaa.gov/REFM/docs/2016/BSAIpop.pdf.  In years without a scheduled 
Aleutian Islands survey, a “partial assessment” is produced by revising the recent catch 
data and re-running the projection model using the results from the previous full 
assessment as a starting point. Therefore, this update does not incorporate any changes to 
the 2016 assessment methodology, but does update the catch estimates for 2016-2018 and 
provides an estimated catch for 2019. The partial assessment also includes estimates of 
catch/biomass (i.e., exploitation rates), using estimated total biomass.  
 
Summary of Changes in Assessment Inputs  
 
Changes in input data: The updated information for this partial assessment includes 
replacing the estimated 2016 catch with the final catch value and revising the 2017 and 
2018 catch estimates.  The 2016 catch was 31,319 t, 0.3% lower than the estimate of 
31,411 t that was used in the 2016 projection. The estimated 2017 catch of 34,280 t was 
obtained by summing the reported 2017 through September (27,098 t) and the product of 
the remaining amount of catch under the TAC (7,802 t) and an estimate of the proportion 
of the remaining Oct-Dec TAC which has been caught in recent years (92%, based on 
2015 and 2016 data). The estimated 2017 catch is 11% larger than the value of 30,835 
estimated in the 2016 projection model. The estimated 2018 and 2019 catches are 
assumed to result from fishing at the estimated 2017 F, resulting in 33,324 t and 32,307 t, 
respectively.  
 
Changes in assessment methodology: There were no changes in assessment methodology 
since this was a partial assessment year.  
 
 



http://www.afsc.noaa.gov/REFM/docs/2016/BSAIpop.pdf





Summary of Results  
 
For the 2018 fishery, we recommend the maximum ABC of 42,509 t and an OFL of 
51,675 t based on the updated projection model. The recommended 2018 ABC is 2.8% 
less than the 2017 ABC of 42,509 and 0.5% less than the projected 2018 ABC of 42,735 
from the 2016 projection model. A summary of the updated projection model results is 
shown below.  
 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year 


for: 
2017 2018 


 
2018 2019 


 M (natural mortality rate) 0.058 0.058 0.058 0.058 
Tier 3a 3a 3a 3a 
Projected total (age 3+) biomass 


 
767,767 753,302 749,925 734,431 


Female spawning biomass (t)     
     Projected 314,489 307,808 305,804 295,593 
     B100% 536,713 536,713 536,713 536,713 
     B40% 214,685 214,685 214,685 214,685 
     B35% 187,849 187,849 187,849 187,849 
FOFL 0.101 0.101 0.101 0.101 
maxFABC 0.082 0.082 0.082 0.082 
FABC 0.082 0.082 0.082 0.082 
OFL (t) 53,152 51,950 51,675 50,098 
maxABC (t) 43,723 


 
42,735 42,509 41,212 


ABC (t) 43,723 
 


42,735 42,509 41,212 


Status 
As determined last year 


  
As determined this year 


  2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a  n/a No 
Approaching overfished n/a  n/a No 


*Projections are based on estimated catches of 33,324 t and 32,307 t used in place of maximum permissible 
ABC for 2018 and 2019.  
 
BSAI POP was not subjected to overfishing in 2016, and is not overfished or approaching 
an overfished condition.  
 
BSAI POP exploitation rates have averaged 0.028 from 2004-2017 (Figure 1), which is 
below the exploitation rate associated from fishing at F40% (defined as UF40%). 
Exploitation rates are computed as the ratio of catch within a year to the beginning year 
biomass (ages 3+). The estimate of biomass for 2017 was updated from re-running the 
projection model with updated catch data, where biomass estimate for other years were 
obtained from the 2016 stock assessment. Exploitation rates for BSAI subareas were 
obtained by using smoothed estimates of survey biomass from the random effects models 
to spatially partition the estimated total biomass. Exploitation rates from the BSAI 
subareas are similar to the overall BSAI exploitation rates, with the exception of low 







exploitation rates in the EBS area in the early 2000s). The similarity in exploitation rates 
between areas is expected because BSAI POP are managed with subarea ABCs based on 
the spatial distribution of survey biomass.  
 
Area Allocation of Harvests 
 
The ABC for BSAI Pacific ocean perch is currently apportioned among four areas: the 
western, central, and eastern Aleutian Islands, and eastern Bering Sea, with the 
apportionments based on a random walk random effects model to smooth the survey time 
series. The estimated proportion of the stock in each subarea is shown below. 


 
 
Summaries for the Plan Team 
 
The following table gives the projected OFLs and apportioned ABCs for 2018 and 2019, 
and the recent OFLs, ABCs, TACs, and catches.   


   
1Catch through September 30, 2017 


WAI CAI EAI EBS
Estimated 2016 biomass 356,896 216,425 278,507 329,647
(from random effects model)
Percentage of Biomass 30.21% 18.32% 23.57% 27.90%


Area


Area Year Age 3 Bio (t) OFL ABC TAC Catch1


2016 557,886 40,529 33,320 31,900 31,319
2017 767,767 53,152 43,723 34,900 27,098
2018 749,925 51,675 42,509
2019 734,431 50,098 41,212
2016 8,353 8,000 8,221
2017 12,199 11,000 5,553
2018 11,861 n/a n/a
2019 11,499 n/a n/a
2016 7,916 7,900 7,444
2017 10,307 7,900 5,786
2018 10,021 n/a n/a
2019 9,715 n/a n/a
2016 7,355 7,000 6,765
2017 8,009 7,000 6,868
2018 7,787 n/a n/a
2019 7,549 n/a n/a
2016 9,696 9,000 8,888
2017 13,208 9,000 8,891
2018 12,840 n/a n/a
2019 12,449 n/a n/a


BSAI


Eastern Bering Sea


Eastern Aleutian 
Islands


Central Aleutian 
Islands


Western Aleutian 
Islands







 
SSC and Plan Team comments are listed below. In general, responses to comments relating 
to analyses of the age-structured assessment model are deferred until the next full 
assessment, currently scheduled for 2018.   
 
Responses to SSC and Plan Team Comments on Assessments in General 
 
(Joint Plan Team, September 2017) Partial assessments will be expanded versions of the 
“executive summaries” that were produced in off-years of assessments that were on 2-year 
cycles under the old assessment schedule, and will include catch/biomass ratios for all 
species. For the denominator in the catch/biomass ratios required in the new “partial” 
assessments, the Teams recommend that model biomass be used for Tiers 1-3 and survey 
biomass from the random effects model be used for Tiers 4-5, noting which survey/surveys 
was/were involved in the latter.  
 
Catch/Biomass ratios are reported in this partial assessment.   
 
Responses to SSC and Plan Team Comments Specific to this Assessment 
 
(BSAI Plan Team, November 2016) The Team recommends examining the residual pattern 
in the fit to the AI survey to see if there was a substantial change in the survey design or 
potential model misspecification that would explain the change in sign of the residuals 
between 2006 and 2010.   
 
(SSC, December 2016) The SSC appreciates the work addressing several SSC comments 
from the December 2014 minutes and looks forward to continued work on several of 
these topics including:  
 


• Continued investigation into the large and problematic retrospective pattern 
observed for this model.  


• Further examine the evidence supporting the survey selectivity changes in the 
most recent years in the model.  


• Explore estimates of biological parameters like maturity to see if there are trends 
in these estimates.  


• Continue work on empirical studies of rockfish densities on trawlable and 
untrawlable grounds to help inform a prior distribution for survey catchability.  


• The Plan Team’s recommendation to further investigate the poor residual pattern 
observed in the fit to the AI survey index.  


 
The SSC also recommends continued investigation into the estimation of natural 
mortality and the apparently constraining effect of the current prior. 
 
  







 


 
 
Figure 1.  Exploitation rates for BSAI Pacific ocean perch. The UF40% is the exploitation 
rate for each year that would occur from fishing at F40%, and is a function of the 
beginning year numbers at age, size at age, and fishing selectivity. Exploitation rates for 
2017 are preliminary and based on catch through September 30, 2017. 
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8.  Assessment of the Northern Rock Sole stock in the  
Bering Sea and Aleutian Islands 


 


Thomas Wilderbuer and Daniel Nichol  
November 2017 


Executive Summary 
 
Northern rock sole (Lepidopsetta polyxystra) are assessed on a biennial stock assessment schedule as part 
of the National Marine Fisheries Service assessment prioritization plan implemented in 2017. For Bering 
Sea/Aleutian Islands partial assessments, an executive summary is presented to recommend harvest levels 
for the next two years. Please refer to last year’s full stock assessment report for further information 
regarding the stock assessment model (Wilderbuer and Nichol, 2016, available online at 
https://www.afsc.noaa.gov/REFM/Docs/2016/BSAIrocksole.pdf). A full stock assessment document with 
updated assessment and projection model results is scheduled to be presented in next year’s SAFE report.  
 
A statistical age-structured model is used as the primary assessment tool for the Bering Sea/Aleutian 
Islands northern rock sole assessment, a Tier 1 stock. This assessment consists of a population model, 
which uses survey and fishery data to generate a historical time series of population estimates, and a 
projection model, which uses results from the population model to predict future population estimates and 
recommended harvest levels. The data sets used in this assessment include total catch biomass, fishery 
age compositions, trawl survey abundance estimates and trawl survey age compositions. In a partial 
assessment year, the full assessment model is not rerun but instead a Tier 1 projection model with an 
assumed future catch is run to estimate the stock level in the next two years. This incorporates the most 
current catch information without re-estimating model parameters and biological reference points. A 
Tier 1 partial projection rule is implemented to estimate the 2019 ABC and OFL. 
 
The Tier 1 projection operates within the full assessment model by projecting estimates of the female 
spawning biomass, age 6+ total biomass, ABC and OFL ahead two years.  Since the full assessment 
model is not rerun in this assessment, only the projected values from the 2016 assessment are available 
(2017 and 2018) whereby values for 2019 are not estimated.  The 2019 values are determined by a linear 
fit to the 2017 and 2018 estimates.  If the trend is increasing, then the 2019 values are a roll-over of 2018.  
If the trend is decreasing, the projected proportional decrease from 2017 to 2018 is applied to 2018 to get 
2019. 


Summary of Changes in Assessment Inputs 
 
Changes in the input data: There were no changes made to the assessment model inputs since this was not 
a full assessment year. New data added to the Tier 3 projection model, used to forecast stock condition 
out to year 2030, included an updated 2016 catch estimate (45,006 t) and new catch estimates for 2017. 
The 2017 catch was estimated by setting the catch as of October 21, 2017 as the final 2017 catch 
(35,069 t). To estimate future catches through 2030, the catches that corresponded to the average F of the 
most recent 5 years were used.  
 
Changes in the assessment methodology: There were no changes in assessment methodology since this 
was an off-cycle year.   



https://www.afsc.noaa.gov/REFM/Docs/2016/BSAIrocksole.pdf





Summary of Results 
 
For the 2018 fishery, the recommend harvest is the maximum allowable ABC of 143,100 t from the Tier 
1 projection model. This ABC is 14% less than year’s ABC of 155,100 t. Reference values for BSAI 
RE/BS rockfish are summarized in the following table, with the recommended ABC and OFL values for 
2018 in bold.  
 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year 


for: 
2017 2018 


 
2018 2019 


 M (natural mortality rate) 0.15 0.15 0.15 0.15 
Tier 1a 1a 1a 1a 
Projected total (age 6+) 


  
1,000,600 923,200 923,200 852,000 


Female spawning biomass (t) 539,500 472,200 472,200 413,300 
     Projected     
     B0 678,310  678,310  
     BMSY 257,000 257,000 257,000 257,000 
FOFL 0.160 0.160 0.160 0.160 
maxFABC 0.155 0.155 0.155 0.155 
FABC 0.155 0.155 0.155 0.155 
OFL (t) 159,700 147,300 147,300 136,000 
maxABC (t) 155,100 143,100 143,100 132,000 
ABC (t) 155,100 143,100 143,100 132,000 


Status 
As determined last year for: As determined this year 


 2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a No n/a No 
Approaching overfished n/a No n/a No 


 


The stock is not being subject to overfishing, is not currently overfished, nor is it approaching a condition 
of being overfished. The tests for evaluating these three statements on status determination require 
examining the official total catch from the most recent complete year and the current model projections of 
spawning biomass relative to BMSY% for 2017 and 2018. The estimated total catch for 2017 is 35,069 t, far 
below the 2017 OFL of 159,700 t; therefore, the stock is not being subjected to overfishing. The estimates 
of spawning biomass for 2017 and 2018 from the 2016 stock assessment are 539,500 t and 472,200 t, 
respectively. Both estimates are well above the estimate of BMSY% at 257,000 t and, therefore, the stock is 
not currently overfished nor approaching an overfished condition. 


 
  







Fishery Trends 


 
 


The northern rock sole catch in 2017 of 35,069 t is below the 1975-2017 long term average of 40,000 t, 
and well below the annual ABC in every year.  Catches primarily are made during a late-winter/early 
spring roe fishery and also as bycatch in the yellowfin sole fishery.  Retention rates are high, estimated at 
98% in 2015. 
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Survey Trends 


The 2017 shelf trawl survey abundance estimate decreased about 11% from the 2016 estimate and has 
been in a downward trend since about 2008, currently about half of the peak value estimated for 1994. 
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The northern rock sole stock is projected to remain above the BMSY level of female spawning biomass 
while declining through 2024. 
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Appendix 
 


Estimating Northern Rock Sole recruitment in the last (most recent) 6 years of the assessment using 
environmental covariates 


 
Dan Cooper, Lauren Rogers and Tom Wilderbuer 


 
Difficulties exist in estimating northern rock sole recruitment at young ages since they do not appear in 
BSAI survey catches until age 3 and not in survey age sampling until age 4 or 5. They are estimated to be 
25 and 40% selected by the survey trawl (males and females respectively) at age 3 and 95 and 98% 
selected at age 5. The age 4 and 5 fish that do end up in the age samples are quite rare, typically only 7 
fish out of 500 on an annual basis. Therefore, there is not a lot of information to inform the stock 
assessment model estimates of year class strength for the last (most recent) 6 years. Some assessments 
provide estimates for the last 3 years by using an average of the estimated values to provide more credible 
values of year class strength. Here we propose to use two environmental covariates in regression 
modeling to estimate the unknown recruitment, and then compare those estimates with future estimates 
derived from fitting full age composition data in the stock assessment model. 
 
Studies on the influence of environmental variables on BSAI northern rock sole recruitment have shown 
that both on-shelf springtime winds (Wilderbuer et al. 2002, Wilderbuer et al. 2013) and above average 
water-temperatures in nursery areas (Cooper et al. 2014, Cooper and Nichol 2016) are positively 
correlated with northern rock sole recruitment. Spring wind direction was obtained from the Ocean 
Surface Current Simulation Model (OSCURS) and was classified as either on- or across-shelf or off-shelf, 
depending on the ending longitude position after 90 days of drift starting from a locale in a known 
spawning area. Water temperature effects were calculated from the percent of the known northern rock 
sole nursery area (Cooper et al. 2014) that is in the cold pool each year from annual trawl survey bottom 
temperature data.  For most models, percentage of the northern nursery area covered by the cold pool was 
used as a continuous variable.  In one model, the percent cold pool was used a categorical variable, 
dividing years into cold and not-cold categories under the hypothesis that there is some amount of cold 
pool coverage of the northern nursery area that inhibits use of the northern nursery area and precluded 
high overall recruitment for the EBS in that year.  Both indices extend back to 1982 for this analysis. 
Estimates of female spawning stock biomass were also included in the analysis for model runs when 
recruitment was estimated from a Ricker stock-recruitment model with environmental variables. 
 
The analysis seeks to answer the following questions using multiple models.  
 


Q1: Do onshore winds and the size of the cold pool (as a percentage of the nursery area) affect 
recruitment of Northern Rock Sole?  
Q2: Does the effect of the cold pool on recruitment depend on the presence of favorable winds? 
(i.e. is there a significant interaction?)  
Q3: Does including wind and cold pool covariates in the stock-recruitment model improve 
predictions of age-4 recruitment? 
 


We assessed the performance of a suite of models, ranging from a simple Ricker stock-recruit model, to 
Ricker models with environmental covariates, to models with only environmental covariates. For 
parsimony, we also assessed simpler forecasting models that used the previous year recruitment or 
running mean recruitment. We also tested for an interaction between the cold pool effect and winds, 
because nursery habitat conditions may only matter if winds were favorable for onshore transport (i.e. the 
fish have to get there in the first place).  
 







We assessed 14 models.  Thirteen are the same models from the 2016 stock assessment appendix, and we 
present one new model, the categorical model.  
 


1) Ricker model  
2) Ricker model with % cold pool covariate  
3) Ricker model with wind covariate  
4) Ricker model with % cold pool covariate + wind covariate  
5) Ricker model with an interaction between % cold pool and wind (hypothesis is that the thermal 


conditions on the nursery grounds only matter if winds are favorable) 
6) Same as above, but cold pool slope set to 0 if unfavorable winds 
7) Regression model with % cold pool  
8) Regression model with wind  
9) Regression model with % cold pool + wind  
10) Regression model with interaction between % cold pool and wind 
11) Same as above, but cold pool slope set to 0 if unfavorable winds 
12) Categorical model with threshold low temperature for recruitment success (hypothesis is that 


there is a some amount of coverage by the cold pool which inhibits use of the northern nursery 
area and precludes high recruitment) 


13) Previous year recruitment (t-1)  
14) Running mean recruitment (t:(t-1))  


 
We compared model performance using traditional statistical methodology on all data (AIC), as well as 
by using two prediction methods. First we used a leave-one-year out analysis: we left out one year of data, 
fit the model to the remaining 27 years of data, and then compared the prediction for the left-out year to 
the observed value. Second, we did a one-step-ahead forecast: beginning with year 11 (1992), we used the 
data collected up to that year to fit the model, and then compared the prediction for that year with the 
observation. We repeated for all remaining years. We calculated the mean squared error for each 
prediction: (Observed – Predicted)^2. Models were initially fit using log(recruitment) as the response, so 
the mean squared error is for the difference between the observed and predicted log(recruitment). 
However, the mean squared error can also be calculated based on the predicted recruitment on the real 
scale. In this case, Duan’s smearing estimate for the lognormal re-transformation bias was used to adjust 
the mean of the exponentiated log(recruitment) to be equal to the mean recruitment. Both results are given 
in Table 1.   
 
In the 2016 northern rock sole SAFE appendix, we presented modeled and observed recruitment from 
1982 through 2009.  In this assessment, we also use models #1-12 to predict recruitment for the 2010 
through 2016 year classes using the environmental covariates and estimated spawning stock biomass 
(Figure 1). 
 
The environmental-factors based recruitment models with the lowest prediction errors included both the 
winds and cold pool indices (Table 1).  The Categorical Model had the lowest AIC score and the lowest 
MSE in both the LOYO log scale and LOYO real scale prediction methods (Table 1).  Other 
environmental-factors based models with the best predictive scores include the Coldpool + Wind model 
and the Coldpool*Wind model. While the model with an interaction between the Coldpool and Wind had 
reasonable predictive ability, the interaction term was not statistically significant. The Previous Year 
Model had the lowest (best) MSE for the 1 step ahead prediction method for both log and real scales, and 
had the second best score in the LOYO log scale, indicating some autocorrelation in recruitment; 
however, the Previous Year Model is capable of predicting recruitment only one year class into the future, 
limiting its utility. The six models including a Ricker spawning biomass term had the highest (worst) AIC 
scores and generally had poor MSE scores relative to the other models.   
 







Recruitment predictions from models with environmental covariates suggest that conditions were 
conducive to relatively strong recruitment in 2011, 2014, and 2015, and moderate to weak recruitment in 
2010, 2012, 2013 and 2016 (Figure 1). As recruitment estimates become available from the stock 
assessment model, we will continue to assess the suitability of these models for forecasting northern rock 
sole recruitment. 
 
Table 1: Mean squared error (MSE) is the mean of the squared prediction errors for each model.  LOYO 
= Leave one year out.  Lower values for MSE indicate lower prediction errors.  The three best (lowest) 
AIC and MSE scores are in bold.  


Model df AICc MSE 
(LOYO, 
log-scale) 


MSE (1 step 
ahead, log-
scale) 


MSE 
(LOYO, real 
scale) 


MSE (1 step 
ahead, real 
scale) 


1 Ricker 3 67.8 0.69 0.85 725 635 


2 Ricker + coldpool 4 66.5 0.73 0.86 678 539 


3 Ricker + wind 4 67.9 0.67 0.81 703 625 


4 Ricker + coldpool + 
wind 


5 63.9 0.66 0.78 635 509 


5 Ricker + coldpool*wind 6 65.0 0.64 0.85 622 514 


6 Ricker + coldpool*wind 
(slope=0) 


5 66.0 0.69 0.81 655 536 


7 coldpool 3 57.8 0.60 0.69 545 600 


8 wind 3 60.9 0.58 0.69 585 631 


9 coldpool + wind 4 54.9 0.55 0.61 531 504 


10 coldpool*wind 5 55.7 0.53 0.71 522 570 


11 coldpool*wind 
(slope=0) 


4 57.2 0.58 0.64 552 533 


12 Categorical 4 45.5 0.41 0.47 456 412 


13 Previous Year NA NA 0.46 0.45 533 382 


14 Running Mean NA NA 0.62 0.74 637 638 
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14.  Assessment of the Blackspotted and Rougheye Rockfish Stock 
Complex in the Bering Sea and Aleutian Islands 


 
 


Paul D. Spencer and Chris N. Rooper 
November 2017 


 
Executive Summary 


 
In 2005, BSAI rockfish were moved to a biennial assessment schedule with full assessments in 
even years to coincide with the frequency of trawl surveys in the Aleutian Islands (AI) and the 
eastern Bering Sea (EBS) slope. In 2017, the scheduled frequency for some stock assessments 
was changed in response to the National Stock Assessment Prioritization effort, with Bering 
Sea/Aleutian Islands (BSAI) blackspotted/rougheye rockfish maintaining its existing schedule. 
The 2016 full assessment can be found at 
http://www.afsc.noaa.gov/REFM/docs/2016/BSAIrougheye.pdf.  In years without a scheduled 
Aleutian Island survey, a “partial assessment” is produced by revising the recent catch data and 
re-running the projection model using the results from the previous full assessment as a starting 
point.  Therefore, this update does not incorporate any changes to the 2016 assessment 
methodology, but does update the catch estimates for 2016-2018 and provides an estimated catch 
for 2019. The partial assessment also includes estimates of catch/biomass (i.e., exploitation 
rates), using estimated total biomass.  
 
Summary of Changes in Assessment Inputs 
 
Changes in input data: The updated information for this partial assessment is replacing the 
estimated 2016 catch with the final catch value, and revising the 2017 and 2018 catch estimates. 
The 2016 catch was 158 t, 1.8% larger than the estimate of 155 t that was used in the 2016 
projection. The estimated 2017 catch of 186 t was obtained by summing the reported 2017 catch 
through September (183 t) and the product of the remaining amount of catch under the TAC (42 
t) and an estimate of the proportion of the remaining Oct-Dec TAC which has been caught in 
recent years (6.8%, based on 2015 and 2016 data). The estimated 2017 catch is 10% larger than 
the value of 169 estimated in the 2016 projection model. The estimated 2018 and 2019 catches 
are assumed to result from fishing at the estimated 2017 F, resulting in 202 t and 221 t, 
respectively.    
 
Changes in assessment methodology: There were no changes in assessment methodology since 
this was a partial assessment year.    
 
Summary of Results 
 
For the 2018 fishery, the maximum ABC and OFL is 613 t and 749 t, respectively, based on the 
updated projection model. The maximum ABC for 2018 ABC is 22% greater than the 2017 ABC 
of 501 and 0.2% less than the projected 2017 ABC of 614 from the 2016 projection model. A 
summary of the updated projection model results for the AI portion of the stock is shown below. 
 



http://www.afsc.noaa.gov/REFM/docs/2016/BSAIrougheye.pdf





Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 
 


2018* 2019* 
 M (natural mortality rate) 0.033 0.033 0.033 0.033 


Tier 3b 3b 3b 3a 
Projected total (age 3+) biomass 


 
35,669 37,474 37,453 


 
 
 


39,169 
Female spawning biomass (t)     
     Projected 7,305 8,188 8,208 9,163 


      B100% 20,777 20,777 20,777 20,777 
     B40% 8,311 8,311 8,311 8,311 
     B35% 7,272 7,272 7,272 7,272 
FOFL 0.048 0.054 0.054 


 
0.055 


maxFABC 0.039 0.044 0.044 
 


0.045 
FABC 0.039 0.044 0.044 


 
0.045 


OFL (t) 612 750 749 
 


829 
 maxABC (t) 501 614 613 678 


ABC (t) 501 614 613 
 


678 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a No  n/a No  
Approaching overfished n/a No n/a No 


*Projections are based on estimated catches of 202 t and 221 t used in place of maximum permissible ABC for 2018 
and 2019.  
 
BSAI blackspotted/rougheye rockfish was not subjected to overfishing in 2016, and is not 
overfished or approaching an overfished condition. 
 
BSAI blackspotted/rougheye rockfish exploitation rates have averaged 0.009 from 2004-2017 
(Figure 1), which is below the exploitation rate associated from fishing at F40% (defined as 
UF40%). However, exploitation rates in the western AI (WAI) have been much higher than other 
areas, and averaged 0.042 from 2004-2017. The WAI exploitation rates have decreased since 
2013. Exploitation rates are computed as the ratio of catch within a year to the beginning year 
biomass (ages 3+). The estimate of biomass for 2017 was updated from re-running the projection 
model with updated catch data, where the biomass estimates for other years were obtained from 
the 2016 stock assessment. Exploitation rates for BSAI subareas were obtained by using 
smoothed estimates of survey biomass from the random effects models to spatially partition the 
estimated total biomass. Exploitation rates from BSAI subareas other than the WAI were below 
UF40%.  
 
Area Allocation of Harvests 
The ABC for BSAI blackspotted/rougheye is currently apportioned among two areas: the 
western and central Aleutian Islands, and eastern Aleutian Islands and eastern Bering Sea. A 
random effects model was used to smooth the time series of subarea survey biomass and obtain 
the proportions. The following table gives the projected OFLs and apportioned ABCs for 2018 
and 2019 and the recent OFLs, ABCs, TACs, and catches. 







 
1 For 2016, the total biomass from AI age-structured model, and survey biomass estimates from 
EBS. For 2017-2019 the total biomass from a BSAI age-structured model  
2 BSAI catch as of September 30, 2017.  
 
Apportionment within the WAI/CAI area 


In recent years, the WAI/CAI has been partitioned into “maximum subarea species catch” for the 
WAI and CAI areas. A random effects model was used to smooth the time series of subarea 
survey biomass and obtain proportions used for this partitioning, and the 2018 and 2019 MSSC 
values are shown below.  


 
SSC and Plan Team comments are listed below. In general, responses to comments relating to 
analyses of the age-structured assessment model are deferred until the next full assessment, 
currently scheduled for 2018.   
 
Responses to SSC and Plan Team Comments on Assessments in General 
 
(Joint Plan Team, September, 2017) Partial assessments will be expanded versions of the “executive 
summaries” that were produced in off-years of assessments that were on 2-year cycles under the 
old assessment schedule, and will include catch/biomass ratios for all species. For the 
denominator in the catch/biomass ratios required in the new “partial” assessments, the Teams 
recommend that model biomass be used for Tiers 1-3 and survey biomass from the random effects 
model be used for Tiers 4-5, noting which survey/surveys was/were involved in the latter.  
 
Catch/Biomass ratios are reported in this partial assessment. 


Total
Area/subarea Year Biomass (t)1 OFL ABC TAC Catch2


2016 43,944 693 561 300 158
2017 35,669 612 501 225 183
2018 37,453 749 613 n/a n/a
2019 39,169 829 678 n/a n/a
2016 382 200 87
2017 195 125 132
2018 239 n/a n/a
2019 264 n/a n/a
2016 179 100 71
2017 306 100 51
2018 374 n/a n/a
2019 414 n/a n/a


BSAI


Western/Central 
Aleutian Islands


Eastern AI/Eastern 
Bering Sea


WAI CAI
MSSC MSSC


2018 MSSCs 35 204
2019 MSSCs 39 225







 
Responses to SSC and Plan Team Comments Specific to this Assessment 
 
(BSAI Plan Team, November, 2016) The Team recommends that, in the next assessment, the 
author explore the interplay of catchabilities with availabilities in the incorporation of the slope 
survey into the model. The Team also recommends that the author revisit whether a single age-
structured Bering Sea/Aleutian Islands model is the most appropriate approach. 
  
(SSC, December, 2016) The SSC noted the very large retrospective pattern observed in this 
assessment and recommends continued investigation to try to reduce or at least better 
understand this problem.  
 
Although the use of a single model for the whole area (AI and BS) was recommended this year by 
the SSC, it may not represent the best approach. The SSC recommends that this choice be 
reevaluated, with particular investigation into which aspects of adding the EBS data, and how 
treatment of these data in a combined analysis, are most influencing the model results. 
 
 


 
 
Figure 1. Exploitation rates for BSAI blackspotted and rougheye rockfish. The UF40% is the 
exploitation rate for each year that would occur from fishing at F40%, and is a function of the 
beginning year numbers at age, size at age, and fishing selectivity. Exploitation rates for 2017 are 
preliminary and based on catch through September 30, 2017. 


0


0.02


0.04


0.06


0.08


0.1


0.12


2003 2005 2007 2009 2011 2013 2015 2017


Ex
pl


oi
ta


tio
n 


ra
te


Year


WAI CAI
EAI EBS
BSAI U(f40%)





		Area Allocation of Harvests



		lhdr01: December 2017

		lhdr11: December 2017

		lhdr21: December 2017

		lhdr31: December 2017

		rhdr01: BSAI Blackspotted and Rougheye rockfish

		rhdr11: BSAI Blackspotted and Rougheye rockfish

		rhdr21: BSAI Blackspotted and Rougheye rockfish

		rhdr31: BSAI Blackspotted and Rougheye rockfish

		rftr01: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr11: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr21: NPFMC Bering Sea and Aleutian Islands SAFE

		rftr31: NPFMC Bering Sea and Aleutian Islands SAFE

		pageno01: Page 923

		pageno11: Page 924

		pageno21: Page 925

		pageno31: Page 926








19.  Assessment of the sculpin stock complex in the  
Bering Sea and Aleutian Islands  


Ingrid Spies, Kerim Aydin, Dan Nichol, Wayne Palsson, Jerry Hoff, and Todd T. TenBrink 
Alaska Fisheries Science Center 


National Marine Fisheries Service  
 


Executive Summary 
The Bering Sea and Aleutian Island (BSAI) sculpin complex is managed in Tier 5. The last full BSAI 
sculpin assessment was performed in 2016. The 2016 full assessment can be found at 
http://www.afsc.noaa.gov/REFM/stocks/assessments.htm. This document consists of an executive 
summary.  


Summary of Changes in Assessment Inputs 
Summary of Changes in the Input Data 


1) The 2017 Bering Sea shelf survey estimates of sculpin biomass were used in this assessment. 
2) Complete catch is presented for 2016, as well as partial catch for 2017 (through October 26, 2017).  
 
Changes in the assessment methodology: 
There were no changes in the assessment methodology.  


Summary of Results 
The estimated ABC and OFL values for 2018 and 2019 in this update are slightly lower than the 
values for 2017 and 2018 produced in the 2016 assessment because the biomass estimate of 
sculpins in the Bering Sea shelf were lower than the 2016 estimate (164,449 t vs. 180,729 t). The 
other two surveys (Aleutian Islands and Bering Sea slope) that provide data for this assessment 
have not changed. OFL and ABC declined slightly from the 2018 estimated presented in the 
2016 stock assessment, and the FOFL changed slightly because the proportion of the six most 
common species shifted slightly since the 2016 assessment. Stock size, harvest, and fishing rate 
reference values are shown in the following table:  
 
 



http://www.afsc.noaa.gov/REFM/stocks/assessments.htm





 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 2018 2019 
M (natural mortality rate)* 0.283 0.283 0.282 0.282 
Tier 5 5 5 5 
Biomass (t) 199,937 199,937 188,656 188,656 
FOFL 0.283 0.283 0.282 0.282 
maxFABC 0.212 0.212 0.212 0.212 
FABC 0.212 0.212 0.212 0.212 
OFL (t) 56,582 56,582 53,201 53,201 
maxABC (t) 42,387 42,387 39,995 39,995 
ABC (t) 42,387 42,387 39,995 39,995 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 


Overfishing No n/a No n/a 
* The sculpin complex mortality rate is a biomass-weighted average of the instantaneous natural mortality rates for 
the six most abundant sculpins in the BSAI: bigmouth (Hemitripterus bolini), great (Myoxocephalus 
polyacanthocephalus), plain (Myoxocephalus jaok), threaded (Gymnocanthus pistilliger), warty (Myoxocephalus 
verrucosus/scorpius), and yellow Irish lord (Hemilepidotus jordani). The complex mortality rate may change as new 
survey data become available. See “results” section for more detail.  


Area apportionment 
GOA sculpins are managed with a single total allowable catch (TAC) for the entire Gulf of Alaska region; 
there is no area apportionment. 


Summary 
Results of the annual Bering Sea shelf survey are shown in Table 19.1 for the sculpin species found on the 
BSAI shelf: bigmouth, great, plain, warty, and yellow Irish lord. There was no Bering Sea slope or 
Aleutian Islands survey in 2017, and 2016 survey biomass estimates can be found in the 2016 BSAI 
Sculpin assessment. Biomass estimates were fairly stable for those species with the exception of plain 
sculpin which declined from 53,570 t in 2016 to 33,962 t in 2017. The 5-year average (2012-2016) for 
plain sculpin was 56,951 t so the 2017 estimate appears to be a decline (Figure 19.1). Catch and retention 
for BSAI sculpin has been updated for 2017 and is shown in Table 19.2. Catches appear stable, with 
4,967 t in 2015, 4,892 t in 2016, and 4,698 t in 2017 (through October 26, 2017). Retention has been less 
than 2% since 2015 and was 1.16% in 2017 through October 26, 2017. The catch to biomass ratios are 
presented in Table 19.3 and indicate the catch to biomass ratio has been stable and remains so in 2016 and 
2017 with catch to biomass at 2% in those years. There was no sculpin assessment prior to 2006 and all 
three regions of the BSAI were sampled in 2004, 2010, 2012, and 2016. Therefore, the time series of 
estimated sculpin biomass in the BSAI begins in 2004. The 2017 estimate of sculpin biomass is based on 
the new EBS shelf survey but used 2016 estimates from the EBS slope and AI surveys, because there was 
no AI or EBS slope survey in 2017. Reference points OFL, ABC, TAC, and catch are presented in Table 
19.4 for the years 2011-2017. Random effect model estimates for the 6 most common sculpin species and 
other sculpins are shown in Table 19.5. 
 
 







Table 19.1. Eastern Bering Sea (EBS) shelf sculpin complex biomass estimates (t) and coefficients of 
variation (CV) for the five most abundant BSAI shelf sculpin species, from EBS shelf surveys 1982-2017. 
YIL = yellow Irish lord. Asterisks represent cases in which sculpin were not identified to species.  


  YIL bigmouth great  plain warty 
  biomass CV biomass CV biomass CV biomass CV biomass CV 


1982 52,700 0.33 22,841 0.22 6,026 0.29 58,297 0.19 *   
1983 46,475 0.40 19,945 0.21 37,989 0.27 86,344 0.16 2,008 0.63 
1984 31,569 0.32 27,644 0.21 19,204 0.33 57,482 0.12 54,900 0.33 
1985 13,116 0.24 14,219 0.22 30,234 0.19 37,122 0.10 1,985 0.78 
1986 25,810 0.31 11,234 0.23 56,836 0.11 48,549 0.09 293 0.50 
1987 41,574 0.48 22,996 0.18 50,845 0.13 55,852 0.11 3,938 0.24 
1988 24,867 0.33 22,038 0.25 47,806 0.13 53,772 0.13 3,794 0.32 
1989 22,047 0.39 16,636 0.22 37,244 0.16 57,857 0.15 *   
1990 10,212 0.18 16,123 0.24 37,573 0.26 36,991 0.26 *   
1991 10,258 0.17 20,483 0.23 67,848 0.23 113,180 0.08 3,306 0.45 
1992 17,091 0.20 18,300 0.21 95,097 0.15 74,712 0.13 *   
1993 22,031 0.46 19,630 0.18 67,549 0.12 87,653 0.13 49 1.00 
1994 17,911 0.28 28,426 0.22 99,271 0.10 44,319 0.15 *   
1995 19,112 0.28 29,492 0.18 88,622 0.18 67,240 0.13 *   
1996 14,573 0.19 31,250 0.22 90,999 0.13 54,096 0.10 *   
1997 23,727 0.28 29,722 0.17 85,371 0.24 73,287 0.08 3,915 0.48 
1998 13,913 0.31 36,276 0.24 65,840 0.22 57,306 0.09 8,968 0.33 
1999 13,229 0.20 24,681 0.18 50,039 0.14 47,324 0.12 11,090 0.19 
2000 11,249 0.22 26,200 0.19 62,963 0.40 43,618 0.08 11,744 0.18 
2001 9,121 0.35 25,760 0.16 41,071 0.28 48,449 0.10 15,726 0.15 
2002 9,415 0.35 32,180 0.34 65,888 0.19 52,525 0.17 9,630 0.20 
2003 14,205 0.25 29,161 0.14 67,357 0.19 80,187 0.09 7,098 0.17 
2004 33,637 0.33 34,409 0.14 61,176 0.11 69,363 0.10 10,212 0.18 
2005 27,444 0.26 31,289 0.13 60,100 0.09 76,426 0.10 25,500 0.51 
2006 31,720 0.44 30,118 0.13 57,804 0.10 66,851 0.10 16,136 0.25 
2007 23,765 0.34 27,859 0.18 66,000 0.11 77,922 0.11 13,370 0.27 
2008 32,389 0.35 30,846 0.14 70,223 0.13 56,914 0.15 11,392 0.27 
2009 23,056 0.43 20,196 0.16 44,901 0.12 47,322 0.09 7,952 0.26 
2010 21,518 0.45 32,477 0.13 49,665 0.14 55,132 0.12 6,991 0.27 
2011 20,212 0.59 31,643 0.11 54,177 0.17 59,306 0.09 6,472 0.27 
2012 22,154 0.54 24,080 0.14 40,733 0.14 53,271 0.12 6,477 0.24 
2013 7,990 0.42 27,005 0.12 32,185 0.16 47,273 0.15 4,040 0.18 
2014 9,218 0.69 23,576 0.13 44,222 0.16 69,999 0.09 7,136 0.21 
2015 28,835 0.48 29,542 0.13 36,000 0.12 60,641 0.30 10,436 0.26 
2016 30,743 0.29 37,766 0.11 53,282 0.12 53,570 0.21 16,052 0.35 
2017 32,351 0.28 39,438 0.11 50,668 0.09 33,962 0.12 11,305 0.28 


 
  







Table 19.2.  Total catch in metric tons (t) of sculpin complex retained and discarded, 1999-2017. Source: 
NMFS AKRO BLEND/Catch Accounting System, *complete as of October 26, 2017.  
  


Year 


EBS 
sculpin 
catch 


AI 
sculpin 
catch 


BSAI 
sculpin 
catch 


% of 
sculpins 
retained 


1999 315 90 405 44.87% 
2000 276 77 353 17.38% 
2001 203 9 212 34.34% 
2002 2,715 75 2,790 3.73% 
2003 5,152 669 5,821 5.33% 
2004 5,087 955 6,042 1.42% 
2005 4,958 685 5,643 1.97% 
2006 4,820 909 5,729 2.91% 
2007 6,677 996 7,673 5.52% 
2008 6,497 892 7,389 6.22% 
2009 5,779 1,284 7,063 9.03% 
2010 4,127 1,307 5,434 4.45% 
2011 4,874 503 5,377 5.42% 
2012 4,991 807 5,798 4.73% 
2013 5,234 624 5,858 2.67% 
2014 4,495 384 4,879 2.46% 
2015 4,062 905 4,967 1.94% 
2016 4,381 511 4,892 1.82% 
2017* 3,869 829 4,698 1.16% 


 
 
  







Table 19.3. Random effect model estimates of biomass for all sculpin species combined, catch, and a 
catch/biomass ratio, 2004-2017. Catch in 2017 was estimated through October 26, 2017.  
 


Year Biomass (t) Catch (t) Catch/biomass ratio 
2004 221,282 6,042 0.03 
2005 228,775 5,643 0.02 
2006 227,798 5,729 0.03 
2007 236,181 7,673 0.03 
2008 223,315 7,389 0.03 
2009 200,400 7,063 0.04 
2010 202,174 5,434 0.03 
2011 199,348 5,377 0.03 
2012 183,942 5,798 0.03 
2013 171,523 5,858 0.03 
2014 189,359 4,879 0.03 
2015 186,386 4,967 0.03 
2016 199,937 4,892 0.02 
2017 188,656 4,698 0.02 


 
 
Table 19.4. Total allowable catch (TAC), acceptable biological catch (ABC), and catch of the BSAI 
sculpin complex 2011 to 2017. Source: NMFS AKRO Blend/Catch Accounting System, Alaska Regional 
Office Harvest Specification Tables. *Current as of October 26, 2017. 
 


Year OFL (t) ABC (t) TAC (t) Catch (t) 
2011 58,300 43,700 5,200 5,377 
2012 58,300 43,700 5,200 5,798 
2013 56,400 42,300 5,600 5,857 
2014 56,400 42,300 5,600 4,878 
2015 52,365 39,725 4,700 4,967 
2016 52,365 39,725 4,500 4,892 
2017 56,582 42,387 4,500 4,698* 


 
 


 







Table 19.5. Random effect estimates for Bering Sea shelf sculpin species bigmouth, great, plain, warty, 
yellow Irish lord, threaded, and other (t), 1987-2017. 


Year Bigmouth Great Plain Warty YIL Threaded Other 
1987 21,042 46,813 55,139 3,789 25,634 157 19,707 
1988 20,600 42,504 52,491 3,450 21,847 178 36,556 
1989 19,995 42,334 57,727 3,090 17,126 125 43,767 
1990 19,990 48,591 63,974 2,768 11,924 139 61,352 
1991 20,609 62,431 101,100 2,479 11,640 155 47,511 
1992 21,265 77,245 81,752 1,783 15,433 274 33,710 
1993 22,526 75,383 87,048 1,283 17,172 454 26,421 
1994 24,713 90,118 90,672 1,786 17,493 753 22,632 
1995 26,472 87,090 69,122 2,487 17,450 1,249 12,746 
1996 27,593 83,047 56,502 3,463 16,047 2,071 5,445 
1997 28,156 74,198 66,177 4,823 17,715 3,433 8,204 
1998 28,314 63,864 56,775 7,733 14,926 2,001 5,503 
1999 27,541 54,321 47,300 10,281 13,258 3,253 7,010 
2000 27,560 55,148 44,664 11,863 11,822 1,620 7,715 
2001 27,894 54,736 48,917 14,342 11,340 569 6,407 
2002 28,903 60,115 55,930 9,990 12,395 1,146 6,646 
2003 29,718 61,989 70,324 7,892 15,952 1,177 4,560 
2004 30,748 60,668 70,266 10,382 22,907 1,327 4,680 
2005 30,470 59,872 74,320 14,749 25,570 1,941 7,613 
2006 29,847 59,315 68,998 15,080 26,544 2,410 8,245 
2007 29,117 63,149 72,374 13,098 25,728 3,286 6,389 
2008 28,707 61,775 58,447 10,926 26,260 2,138 5,757 
2009 27,547 50,211 49,544 8,374 23,713 1,306 6,521 
2010 29,071 49,348 54,510 7,187 21,654 1,567 7,369 
2011 29,066 48,092 57,938 6,531 19,818 1,149 7,429 
2012 27,564 41,938 54,207 6,042 18,059 3,567 5,480 
2013 27,584 38,052 53,250 4,705 15,580 1,284 3,785 
2014 27,937 40,860 65,647 7,017 17,852 607 4,317 
2015 30,699 40,284 57,256 9,910 22,930 378 5,432 
2016 34,375 48,747 48,539 12,541 27,349 189 4,576 
2017 36,366 50,172 37,340 11,724 29,597 367 3,883 


 
 







Figure 19.1. EBS shelf survey biomass estimates for the six most abundant sculpin species, warty, plain, 
great, bigmouth, threaded, and yellow Irish lord, from annual EBS shelf bottom trawl surveys, 1982-
2017.  Shaded portion represents 95% confidence intervals for survey estimates of biomass. 


  


  


  
 







The following table shows how the BSAI sculpin complex M was calculated. The relative proportion of 
the 6 most common species out of the total, 177,601 t for each species was multiplied by the estimate of 
M for each species and summed for the estimate of M for the complex. 


2017-2018 sculpin complex M harvest specification 
2017 random effects model estimate for EBS shelf and  


2016 values for the AI and EBS slope    


species EBS shelf EBS slope AI BSAI Relative 
proportion  


M weighted 
contribution 
to mort. est. 


bigmouth 36,366 1,889 476 34,367 0.182 0.21 0.038 
great 50,172 0 990 49,319 0.261 0.28 0.073 
YIL 29,597 75 8,605 34,378 0.182 0.17 0.031 


plain  37,340 0 0 57,753 0.306 0.40 0.122 
threaded 367 0 0 148 0.001 0.45 0.000 


warty 11,724 0 0 12,066 0.064 0.26 0.017 
other 3,883 3,206 3,966 11,905  -  
total 169,449 5,170 14,037 188,656  Complex M: 0.282 


Total (6 most common species only): 177,601  
 


The 2018 ABC is 39,995 t, based on an FABC of 0.212 and a total biomass estimate of 188,656 t. The 2018 
OFL is 53,201 t, based on FOFL of 0.282. 
 
weighted-average mortality 
rate  


 
0.282    


BSAI sculpin complex biomass estimate (t) 188,656    
FOFL    0.282    
max FABC    0.212    
rec.  FABC    0.212    
OFL (t)    53,201    
max. ABC (t)    39,995    
rec. ABC (t)    39,995    
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20.  Assessment of the Shark stock complex in the Bering Sea 
and Aleutian Islands 


 
[2016] 


 
 


Cindy A. Tribuzio, Katy Echave, Cara Rodgveller, and Peter-John Hulson 
National Marine Fisheries Service 


 


[NOTE: In accordance with the approved schedule, no assessment was conducted for 
this stock this year, however, a full stock assessment will be conducted in 2018.  Until 
then, the values generated from the previous stock assessment (below) will be rolled 
over for 2018 specifications] 
 


Summary of Results 
 
ABC and OFL calculations and Tier 6 recommendations for 2017 – 2018. OFL = maximum shark catch 
from 2003 – 2015. ABC = OFL*0.75. 
 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2016 2017 2017 2018 
Tier 6 6 6 6 
OFL (t) 1,363 1,363 689 689 
maxABC (t) 1,022 1,022 517 517 
ABC (t) 1,022 1,022 517 517 


Status 
As determined last year for: As determined this year for: 


2014 2015 2015 2016 
Overfishing No n/a No n/a 


 
  







 





		[NOTE: In accordance with the approved schedule, no assessment was conducted for this stock this year, however, a full stock assessment will be conducted in 2018.  Until then, the values generated from the previous stock assessment (below) will be rol...
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15.  Assessment of the Shortraker Rockfish stock in the Bering Sea 
and Aleutian Islands 


[2016] 
 


Ingrid B. Spies, Paul D. Spencer, James N. Ianelli and Chris N. Rooper 
Alaska Fisheries Science Center 


National Marine Fisheries Service 
 


[NOTE: In accordance with the approved schedule, no assessment was conducted for 
this stock this year, however, a full stock assessment will be conducted in 2018.  Until 
then, the values generated from the previous stock assessment (below) will be rolled 
over for 2018 specifications] 
 


Summary of Results 
The recommended 2017 ABC and OFL for BSAI shortraker rockfish are 499 t and 666 t, respectively.  
Biomass is estimated to be 22,191 t, which is <4% lower than the last full assessment, and ABC and OFL 
are slightly lower as well.  A summary of the estimated biomass and reference points is shown below. 
 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2016 2017 2017 2018 
 


M (natural mortality rate) 0.03 0.03 0.03 0.03 
Tier 5 5 5 5 
Biomass (t) 23,009 23,009 22,191 22,191 
FOFL 0.03 0.03 0.03 0.03 
maxFABC 0.0225 0.0225 0.0225 0.0225 
FABC 0.0225 0.0225 0.0225 0.0225 
OFL (t) 690 690 666 666 
maxABC (t) 518 518 499 499 
ABC (t) 518 518 499 499 


Status 
As determined last year for: As determined this year for: 


2014 2015 2015 2016 
Overfishing  n/a  n/a 
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18.  Partial assessment of the skate stock complex in the Bering Sea and 
Aleutian Islands 


 
Olav A. Ormseth 


Alaska Fishery Science Center 
October 30, 2017 


 


Executive Summary 
 


The Bering Sea and Aleutian Islands (BSAI) skate complex is managed in aggregate, with a single set of 
harvest specifications applied to the entire complex. However, to generate the harvest recommendations 
the stock is divided into two units. Harvest recommendations for Alaska skate Bathyraja parmifera, the 
most abundant skate species in the BSAI, are made using the results of an age structured model and Tier 
3. The remaining species (“other skates”) are managed under Tier 5 due to a lack of data. The Tier 3 and 
Tier 5 recommendations are combined to generate recommendations for the complex as a whole.  


Beginning in 2017, groundfish stocks managed by the North Pacific Fishery Management Council are on 
a new assessment cycle. As was previously the case, full assessments for the BSAI skate complex will be 
performed in even years when full survey data are available. In off years, the previous update format has 
been expanded to include more complete data regarding catch and biomass. 


 


Summary of Changes in Assessment Inputs 
 


Changes in the input data: 
1) Catch data have been updated through October 31, 2017. The 2015 and 2016 catch data used in 


the projection model have been updated, and an estimate of 2017 catch was created for use in the 
projection model. 


2) Survey biomass estimates from the 2017 eastern Bering Sea shelf bottom trawl survey have been 
included. 


Changes in assessment methodology: 
1) There were no changes to the assessment methodology. The projection model for harvest 


recommendations was re-run with updated catch data. 
 


  







Summary of results 
 


1) The survey biomass estimate for the aggregate skate complex on the EBS shelf increased relative 
to 2016 (610,666 t vs. 587,741 t: Figure 3). 


2) The estimated EBS shelf biomass for Alaska skate (the most abundant species on the shelf) 
decreased slightly from 2016 (Table 1 and Figure 3).  


3) The estimated EBS shelf biomass for the Other Skate assemblage (all skates except for Alaska 
skate) increased relative to 2016 (Table 1 and Figure 2). This was due to increase in the estimated 
biomass of Aleutian, Bering, and big skates (Table 1 and Figure 3). 


4) The harvest recommendations for 2018 have changed slightly from last year’s assessment, and 
recommendations for 2019 are included. 


 


 


Alaska skate harvest recommendations 


Quantity 


As estimated or As estimated or 


specified last year for: recommended this year for: 


2017 2018 2018* 2019* 


M (natural mortality rate) 0.13 0.13 0.13 0.13 
Tier 3a 3a 3a 3a 
Projected total (age 0+) biomass (t) 506,921 487,035 478,306 452,245 
Female spawning biomass (t) 


  
  


     Projected 110,180 110,159 107,136 103,953 
     B100% 180,556 180,556 180,556 180,556 
     B40% 72,222 72,222 72,222 72,222 
     B35% 63,195 63,195 63,195 63,195 
FOFL 0.092 0.092 0.092 0.092 
maxFABC 0.079 0.079 0.079 0.079 
FABC 0.079 0.079 0.079 0.079 
OFL (t) 39,162 37,365 36,655 34,189 
maxABC (t) 33,731 32,183 31,572 29,447 
ABC (t) 33,731 32,183 31,572 29,447 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 


Overfishing No n/a No n/a 
Overfished n/a No n/a No 
Approaching overfished n/a No n/a No 


 


* The catch data used in the projection model that produces these recommendations are presented in 
Table 1. The full 2017 catch was estimated by multiplying the partial 2017 catch by a correction factor 
based on the additional catch that occurred after October in the 5 previous years.  







other skate harvest recommendations 


Quantity 


As estimated or As estimated or 


specified last year for: recommended this year for: 


2017 2018 2018 2019 


M (natural mortality rate) 0.1 0.1 0.1 0.1 
Tier 5 5 5 5 
Biomass (t) 100,130 100,130 100,130 100,130 
FOFL 0.10 0.10 0.10 0.10 
maxFABC 0.075 0.075 0.075 0.075 
FABC 0.075 0.075 0.075 0.075 
OFL (t) 10,013 10,013 10,013 10,013 
maxABC (t) 7,510 7,510 7,510 7,510 
ABC (t) 7,510 7,510 7,510 7,510 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 


Overfishing No n/a No n/a 
 


 


aggregate harvest recommendations for the BSAI skate complex 


Quantity 


As estimated or As estimated or 


specified last year for: recommended this year for: 


2017 2018 2018 2019 


OFL (t) 49,063 46,583 46,668 44,202 
maxABC (t) 41,144 39,008 39,082 36,957 
ABC (t) 41,144 39,008 39,082 36,957 


 


 


  







SSC and Plan Team Comments on Assessments in General  
 
There were no relevant general comments. 


 
SSC and Plan Team Comments Specific to this Assessment  
 
These comments will be addressed in the next full assessment, scheduled for 2018. 


From the November 2016 Plan Team minutes: 
1) Investigate appropriate Bmsy proxies for skates and relate the values to current harvest 


recommendations, for example, most elasmobranchs have Bmsy >= B50%, less productive 
species have been documented to have Bmsy=B79%. The BSAI skate species are likely between 
these two extremes. 


2) Examine the utility of including IPHC and AFSC longline survey indices in both Model 14.2 and 
the random effects model for the Tier 5 species. 


3) Expand on appendix 2 of the SAFE document by reconciling more explicitly the differences 
between the results of the 2013 and 2014 assessments with respect to the substantial decreases in 
FOFL and 2015 spawning biomass and the substantial increase in 2015 OFL. 


From the December 2016 SSC minutes: 
In addition to supporting the Plan Team’s recommendations, the SSC has the following 
recommendations: 


• Re-evaluate the use of trawl survey data to apportion longline. The assessment uses trawl survey 
species composition to apportion Alaska skate from other skates caught in the longline fishery. 
Trawl species composition from a survey maybe quite different from species composition in the 
longline fishery. Speciation in the observer data has improved since the Ormseth and Matta 
(2007) paper referenced in the assessment. The author should compare the observer data from the 
longline fishery to the trawl survey catch to evaluate this assumption. 


• The assessment should incorporate relevant information pertaining to the relationship between 
water temperature and recruitment. Development time for some skate species is influenced by 
water temperature (i.e., warmer water results in shorter development periods). This may 
functionally affect recruitment trends and variability. 


• The stock structure section for Alaska skates has conflicting and inaccurate information regarding 
national standard guidelines. This section needs to be updated. 


   







Tables 
 


Table 1. Estimated catch of skates (t) in the Bering Sea and Aleutian Islands management area. “Official 
estimate” refers to the catch estimates as of October 31, 2017 maintained by the NMFS Alaska Regional 
Office in the Catch Accounting System. “Author’s estimate” refers to catch estimates for Alaska skates 
and the Other Skates group calculated by the author, based on survey species composition data and data 
from fishery observers. 


 


  
official 


estimate author's estimate 


Year 


total 
BSAI 
skate 
catch 


Alaska 
skate 
catch 


Other 
Skates 
catch 


1992 16,962 15,299 1,663 
1993 12,226 11,027 1,199 
1994 14,223 12,829 1,394 
1995 14,892 13,432 1,460 
1996 12,643 11,403 1,240 
1997 17,747 15,991 1,756 
1998 19,318 17,278 2,040 
1999 14,080 12,606 1,474 
2000 18,877 16,417 2,460 
2001 20,570 17,535 3,035 
2002 21,279 19,514 1,765 
2003 21,144 19,273 1,871 
2004 22,329 20,199 2,130 
2005 23,084 21,066 2,018 
2006 20,250 18,254 1,996 
2007 18,623 16,707 1,916 
2008 21,677 19,299 2,378 
2009 20,596 18,419 2,177 
2010 17,702 15,635 2,067 
2011 23,148 21,113 2,036 
2012 24,824 22,444 2,380 
2013 27,021 24,512 2,509 
2014 27,450 24,868 2,582 
2015 28,117 25,406 2,712 
2016 29,682 26,888 2,794 


2017* 27,263 24,697 2,566 
 


* 2017 catch data are incomplete; data retrieved on October 31, 2017. 


  







Table 2. Biomass estimates from the NMFS eastern Bering Sea (EBS) shelf bottom trawl survey for the 
major skate species found on the shelf (no survey was conducted for the EBS slope or Aleutian Islands 
during 2017). CV = coefficient of variation. 


 


  big Bering Aleutian Alaska 
  biomass CV biomass CV biomass CV biomass CV 


1999 6,492 1.00 9,404 0.20 0 - 323,240 0.05 
2000 5,155 0.83 16,842 0.16 2,232 0.54 311,977 0.17 
2001 1,811 0.78 14,263 0.14 1,232 0.61 414,539 0.06 
2002 1,489 0.59 12,746 0.16 2,893 0.47 364,004 0.06 
2003 0 - 13,602 0.12 18,253 0.43 372,379 0.07 
2004 951 0.71 11,209 0.12 2,494 0.41 424,808 0.05 
2005 2,307 0.71 8,774 0.17 8,223 0.56 487,046 0.05 
2006 1,036 0.68 11,674 0.13 5,568 0.41 437,737 0.05 
2007 1,804 0.76 9,480 0.14 2,718 0.43 479,043 0.05 
2008 2,870 0.63 9,943 0.16 6,278 0.57 361,300 0.07 
2009 4,500 0.50 13,274 0.18 2,171 0.49 350,233 0.06 
2010 3,445 0.66 11,992 0.14 3,332 0.35 366,186 0.06 
2011 5,263 0.72 9,795 0.17 2,525 0.54 410,340 0.06 
2012 1,161 0.70 10,190 0.16 4,565 0.37 369,881 0.05 
2013 3,379 1.00 12,099 0.28 11,483 0.35 386,816 0.06 
2014 3,596 0.60 12,570 0.15 8,149 0.41 404,380 0.06 
2015 15,438 0.49 12,210 0.13 11,084 0.40 448,224 0.05 
2016 10,668 0.54 10,981 0.12 14,449 0.27 550,892 0.06 
2017 13,716 0.41 15,249 0.17 36,900 0.56 544,657 0.04 


 


 


  







Figures 
 


 


Figure 1. Model estimates of total Alaska skate biomass. Error bars indicate 95% confidence interval. 
Results are from an age-structured model described in the 2016 Bering Sea and Aleutian Islands stock 
assessment (https://www.afsc.noaa.gov/REFM/Docs/2016/BSAIskate.pdf). 


  







 


Figure 2. Biomass estimates of Other Skates (i.e. all skate species except Alaska skate) from the NMFS 
eastern Bering Sea (EBS) shelf trawl survey. Error bars indicate 95% confidence interval. The other 
relevant surveys for skates (Aleutian Islands and EBS slope bottom trawl surveys) are conducted in even 
years, so no new data are available. 


  







 


 


Figure 3. Species composition of survey biomass estimates for skates on the eastern Bering Sea shelf 
(EBS) by year from 1999-2017. Total biomass (t) is displayed for the assemblage either with (top) or 
without (bottom) Alaska skate, which is the dominant species. Data are from the NMFS EBS shelf bottom 
trawl survey. 


  







 


 


Figure 4. Exploitation rate (total catch/total biomass) for skates in the Bering Sea and Aleutian Islands 
regions (BSAI) from 1999-2017. For both groups, catch data are the author’s estimate described in Table 
1. For Alaska skate, biomass is the model-predicted total biomass described in Figure 1. For Other Skates, 
biomass is a combination of three separate random-effects models for each of the three BSAI surveys 
(eastern Bering Sea (EBS) shelf, EBS slope, and AI). A full description of the random-effects model can 
be found in the 2016 Bering Sea and Aleutian Islands stock assessment 
(https://www.afsc.noaa.gov/REFM/Docs/2016/BSAIskate.pdf). 
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21.  Assessment of the Squid stock complex in the  
Bering Sea and Aleutian Islands 


[2016] 
 


Olav A. Ormseth 
NMFS Alaska Fisheries Science Center 


 


[NOTE: In accordance with the approved schedule, no assessment was conducted for 
this stock this year, however, a full stock assessment will be conducted in 2018.  Until 
then, the values generated from the previous stock assessment (below) will be rolled 
over for 2018 specifications] 
 
Summary of results 
 
The recommended overfishing level (OFL) for squid in the years 2017-2018 is calculated as the average 
catch from 1977-1981, or 6,912 t. The recommended allowable biological catch (ABC) for squids in 2017 
and 2018 is calculated as 0.75 multiplied by the average catch from 1977-1981, or 5,184 t. 
 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2016 2017 2017 2018 
Tier 6 6 6 6 
OFL (t) 6,912 6,912 6,912 6,912 
maxABC (t) 5,184 5,184 5,184 5,184 
ABC (t) 5,184 5,184 5,184 5,184 


Status 
As determined last year for: As determined this year for: 


2013 2014 2014 2015 
Overfishing no n/a no n/a 


 


  







 
 


 





		Olav A. Ormseth

		NMFS Alaska Fisheries Science Center

		[NOTE: In accordance with the approved schedule, no assessment was conducted for this stock this year, however, a full stock assessment will be conducted in 2018.  Until then, the values generated from the previous stock assessment (below) will be rol...
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5.  Assessment of the Greenland turbot stock in the  
Bering Sea and Aleutian Islands 


Meaghan D. Bryan and Steve Barbeaux 


November 2017 


Executive Summary 
The assessment of Bering Sea and Aleutian Islands (BSAI) Greenland turbot has been moved to a 
biennial schedule according to the stock assessment prioritization schedule. A partial assessment was 
done for BSAI Greenland turbot this year. In partial assessment years, an executive summary is presented 
with recommendations of harvest levels for the next two years. The 2016 full assessment is available 
online at https://www.afsc.noaa.gov/REFM/Docs/2016/BSAIturbot.pdf. The next full assessment will be 
conducted in 2018. Updated assessment and projection model results will be presented in next year’s 
SAFE report. 


A statistical age-structured model was configured in Stock Synthesis 3 (Methot and Wetzel, 2013) and 
was used as the primary stock assessment tool for BSAI Greenland turbot, which qualifies as a Tier 3 
stock. This assessment consists of a population model to generate historical time series of population 
estimates and a projection model to predict future population estimates and recommended harvest levels. 
The data sets used in this assessment included fishery catch data (trawl and longline), survey biomasses 
from the Eastern Bering Sea shelf and slope surveys and the Auke Bay Laboratory’s longline survey, 
length composition data from the trawl and longline fisheries and the shelf and slope surveys, and mean-
size-at-age data from the shelf survey.     


For a partial assessment year, we do not re-run the assessment model, but update the projection model 
with the new catch data. This report incorporates the most current catch information without re-estimating 
model parameters and biological reference points.  


Summary of changes in the assessment inputs 
There were no changes made to the assessment model inputs since this was an off-cycle year. 


New data added to the projection model included a new estimate of the 2016 catch and estimated catch 
for 2017 and 2018. The 2016 catch data were updated from 2,186t to 2,238 t.  Partial 2017 catch data 
were also available for the projections. Projected catch to the end of 2017 was determined as the product 
of the 2017 TAC (4,500 t) and the average fraction of the TAC captured from the past two years (81.1%). 
The projected 2017 catch was set equal to 3,649.7 t and was lower than the value specified in last year’s 
projections (7,000 t). The 2018 catch value was set equal to 7,000 t rather than assuming catch would be 
equal to maximum permissible ABC. This follows the catch setting method used for the 2016 projections. 


The ABC was apportioned between the Eastern Bering Sea (EBS) and the Aleutian Islands following the 
methods used in 2016. Based on eastern Bering Sea slope survey estimates and Aleutian Islands surveys, 
the proportions of the adult biomass in the Aleutian Islands region over the past four surveys (when both 
areas were covered) were 22.4%, 10.7%, 8.3% and 9.6%. The average 12.7% was applied to the BSAI 
ABC to apportion the ABC between the EBS and the Aleutian Islands. 


Summary of results 
Reference values are for BSAI Greenland turbot are summarized in the following table with the 
recommended ABC and OFL values for 2018 in bold. 







Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year* for: 


2017 2018 2018 2019 
M (natural mortality rate) 0.112 0.112 0.112 0.112 
Tier 3a 3a 3a 3a 
Projected total (age 1+) 
biomass (t) 


121,804 122,032 126,417 
 


127,021 
 Female spawning biomass 


(t) 
50,461 55,347 58,035 


 
61,878 


    Projected     
   B100% 103,097 103,097 103,097 103,097 
   B40% 41,239 41,239 41,239 41,239 
   B35% 36,084 36,084 36,084 36,084 
FOFL 0.29+ 0.29+ 0.22 0.22 
maxFABC 0.18 0.18 0.18 0.18 
FABC 0.13 0.18 0.18 0.18 
OFL (t) 11,615 12,831 13,148 


 
13,540 


 maxABC (t) 9,825 10,864 11,132 
 


11,473 
 ABC (t) 6,644** 10,864** 11,132 


 
11,473 


 EBS 5,800 9,484 9,718 10,016 
Aleutian Islands 884 1,380 1,414 1,457 


Status 
As determined this year for: As determined this year for:       


2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a No n/a No 


 *Based on Model 16.4 in the 2016 BSAI Greenland turbot assessment. + This was a typo in the 2016 
assessment report and should have been 0.22. **ABC specified by the SSC; the 2016 assessment author 
recommended a 7,000 t ABC. Plan team recommended the ABC should be set equal to the maxABC for 
2018 and 2019. 


This year’s projections resulted in an increase in projected 2018 total biomass and spawning biomass, 
while B100%, B40%, B35%, FOFL, and max FABC remained the same. This in turn resulted in an increase in 
2018 OFL and maxABC. The 2017 catch input in last year’s projections was equal to 7,000 t and was 
reduced to 3,649.7 t leading to the increase.  


The recommended 2018 maximum permissible ABC from the updated projection model is 11,132 t. The 
ABC for Greenland turbot has been set below the maximum permissible estimates in recent years due to 
concerns about stock structure uncertainty and a lack of recruitment. For example, in 2016 the 2017 
maximum permissible ABC (maxABC) was 9,825 t, the author recommended ABC was 7000 t (, and the 
SSC set the 2017 Greenland turbot ABC to 6,644 t. The SSC’s decision was determined as such, “As has 
been the SSC’s practice in the past to address conservation concerns and uncertainties, the SSC 
recommends a stair-stepped approach to maxABC over the next two years. For 2017, the SSC 
recommends stepping halfway from the ABC (3,462 t) for 2016 and the maxABC (9,825 t) for 2017. This 
results in an ABC of 6,644 t for 2017 and 10,864 t (unchanged maxABC) for 2018.”. Given that the 
concerns about continued low recruitment due to warmer ocean conditions have not been alleviated, the 
authors recommend an ABC of 7,000 t, which is lower than maximum permissible ABC. The Plan Team 
recommended that the ABC be set equal to the maximum permissible ABC. 


The stock is not being subject to overfishing, is not currently overfished, nor is it approaching a condition 
of being overfished. The tests for evaluating these three statements on status determination require 
examining the official total catch from the most recent complete year and the current model projections of 







spawning biomass relative to B35%. The official total catch for 2016 is 2,238 t which is less than the 2016 
OFL of 4,194 t; therefore, the stock is not being subjected to overfishing. The estimates of spawning 
biomass for 2017 and 2018 from the current year (2017) projection model are 58,035 t and 61,878 t, 
respectively. Both estimates are above the estimate of B35% (36,084 t), therefore, the stock is not currently 
overfished.  


Survey trends 
The Greenland turbot assessment uses three survey indices; the EBS shelf survey, the EBS slope survey, 
and the ABL longline survey (Figures 1-3). New data points exist for the EBS shelf survey and the ABL 
longline survey. The EBS shelf survey biomass estimates declined by 4% after 2016. Conversely the ABL 
longline survey biomass estimate increased by 132% since 2016 (12,249 t in 2016 and 28,460 t in 2017). 
The EBS slope survey was not conducted in 2017.    


Catch-biomass ratios 
A time-series of catch, total biomass, and the catch-biomass ratio are presented in Table 1 and Figure 4.  
Total biomass increased between 1964 and 1973, generally declined between 1973 and 2010, and has 
modestly increased since 2011. Catch was more variable over time than total biomass and has been at low 
levels since 1986. The mean catch-biomass ratio between 1960 and 1983 was approximately 0.09. The 
mean ratio between 1984 and 2017 was 0.04.   


Summaries for Plan Team 


Species Year Biomass (t) OFL (t) ABC (t) TAC (t) Catch (t) 


Greenland turbot 


2015     108,399 3,903 3,172 2,648 2,204 
2016     117,671 4,194 3,462 2,837 2,238 
2017     121,760 11,615 6,644 4,500 3650+ 
2018   126,417 13,148 11,132*   


* Reflects the Plan Team’s decision. + projected catch to the end of 2017.  
 


Responses to SSC and Plan Team Comments on Assessments in General 
In this section, we list new or outstanding comments on assessments in general from the last full 
assessment in 2016. Since this is an off-cycle year we only respond to priority comments in the executive 
summary. We will respond to remaining and future comments in the next full assessment.  


“The SSC supports the PT recommendations for the assessment authors to: 1. Explore the consistency of 
time blocks across surveys, 2. Complete a stock structure template, 3. Explore the use of age composition 
data in the model, and 4. Contact Auke Bay Laboratory survey staff about getting sex-specific lengths 
collected during future surveys.” 


These recommendations will be addressed during the next assessment cycle.  


Literature Cited 
Methot, R., Wetzel, C. 2013. Stock synthesis: A biological and statistical framework for fish stock 
assessment and fishery management. Fisheries Research 142: 86-99.  
 
  







 


Tables 
Table 1. Time series of catch and biomass in tons and exploitation rate (F=C/B). 


Year Catch Biomass F Year Catch Biomass F 
1960 27632 297969 0.09 2000 6974.39 124808 0.06 
1961 43011 279059 0.15 2001 5312.43 110722 0.05 
1962 43670 244270 0.18 2002 3635.54 99510 0.04 
1963 23679 210540 0.11 2003 3111.44 91593.1 0.03 
1964 25675 204343 0.13 2004 2258.75 85626.6 0.03 
1965 7535 211649 0.04 2005 2608.06 81533.1 0.03 
1966 9829 263044 0.04 2006 1989.31 77519 0.03 
1967 18197 341600 0.05 2007 2004.18 74333.7 0.03 
1968 26584 432434 0.06 2008 2911.18 71293.4 0.04 
1969 27193 521194 0.05 2009 4514.69 68243.1 0.07 
1970 19976 603596 0.03 2010 4123.03 66197.3 0.06 
1971 42214 680673 0.06 2011 3668.15 68773 0.05 
1972 77384 717632 0.11 2012 4715.70 75910.9 0.06 
1973 63946 697595 0.09 2013 1741.88 84526 0.02 
1974 78442 672438 0.12 2014 1655.69 96830.1 0.02 
1975 67789 618718 0.11 2015 2203.53 108399 0.02 
1976 62590 569068 0.11 2016 2238.30 117671 0.02 
1977 30161 526159 0.06      2017 3649.72 121760 0.03 
1978 42189 524819 0.08     
1979 41409 519434 0.08     
1980 52552 518606 0.10     
1981 57321 504094 0.11     
1982 52122 477165 0.11     
1983 47558 445485 0.11     
1984 23120 408702 0.06     
1985 14731 389377 0.04     
1986 9864 373056 0.03     
1987 9585 357813 0.03     
1988 7108 340305 0.02     
1989 8822 323640 0.03     
1990 12696 303638 0.04     
1991 7863.36 278867 0.03     
1992 3752.35 260042 0.01     
1993 8469.59 246344 0.03     
1994 10272.33 227834 0.05     
1995 8194.25 206921 0.04     
1996 6555.85 188566 0.03     
1997 7199.74 172359 0.04     
1998 8757.33 155960 0.06     
1999 5852.69 138581 0.04     


 







Figures 
 


 


Figure 1. The Eastern Bering Sea shelf survey biomass estimates (1987-2017). 


 


  







 


 


Figure 2. The Auke Bay Laboratory longline survey total biomass estimates (1996-2017). 


 


  







 


 


 


Figure 3.  The Eastern Bering Sea slope survey biomass estimates (2002, 2004, 2008, 2010, 2012, 2016). 


  







a) 


 


b) 


 


Figure 4. Time series of a) total biomass (10s of tons), catch (tons), and b) the catch-biomass ratio and 
from 1960 – 2017 and the 2016 ABC and TAC.  
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Assessment of the yellowfin sole stock  
in the Bering Sea and Aleutian Islands 


Thomas K. Wilderbuer, Daniel G. Nichol and James Ianelli 


Executive Summary 
Summary of Changes in Assessment Inputs 
Changes to the input data 


1) 2016 fishery age composition. 
2) 2016 survey age composition. 
3) 2017 trawl survey biomass point estimate and standard error. 
4) Estimate of the discarded and retained portions of the 2015 catch. 
5) Estimate of total catch made through the end of 2017. Catch of 150,000 t assumed for 2018 and 


2019 projection.  
Changes to the assessment methodology 
No changes were made to this assessment.   


Summary of Results 
The assessment updates last year’s with results and management quantities that are higher than the 2016 
assessment primarily due to 1) including 2016 fishery weight-at-age information, 2) including two more 
years in the spawner-recruit time-series, and 3) a lower estimated survey catchability.  Yellowfin sole 
continue to be well-above BMSY and the annual harvest remains below the ABC level.  The female 
spawning stock is in a slow downward trend. 


Quantity 


As estimated or 
specified last year for: 


As estimated or 
recommended this year for: 


2017 2018 2018 2019 


 M (natural mortality rate) 0.12 0.12 0.12 0.12 
Tier 1a 1a 1a 1a 
Projected total (age 6+) biomass (t) 2,290,000 2,202,300 2,553,100 2,460,700 
Female spawning biomass (t)  


 


   
     Projected 778,600 770,900 895,000 890,000 
     B0 1,202,700  1,204,000  
     BMSY 424,000  456,000  
FOFL 0.125 0.125 0.12 0.12  
maxFABC 0.114 0.114 0.109 0.109 
FABC 0.114 0.114 0.109 0.109 
OFL (t) 287,000 276,000 306,700 295,600 
maxABC (t) 260,800 250,800 277,500 267,500 
ABC (t) 260,800 250,800 277,500 267,500 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a No n/a No 
Approaching overfished n/a No n/a No 


Projections are based on estimated catches of 150,000 t used in place of maximum ABC for 2018 and 
2019. 







 


 


 


Responses to SSC and Plan Team Comments on Assessments in General 
General comments for all assessments: 
 
SSC encourages assessment authors to adopt the current model naming convention. 
 
This assessment now complies with the desired naming convention. 
 


Responses to SSC and Plan Team Comments Specific to this Assessment 
The yellowfin sole stock assessment has set an example for its inclusion of ecosystem factors in the 
assessment. Temperature was found to be related to survey catchability and growth. Interestingly, 
after conducting a field experiment to further examine relationships between temperature and 
catchability, it was found that survey biomass is more strongly correlated to wave height than 
temperature, which is in turn confounded with temperature. The SSC supports the approach 
outlined in the SAFE to further elucidate the effects of sea state and/or bottom temperature on q, 
noting that these covariates may act on the assessment in different ways (i.e., availability versus 
gear efficiency). If an effect of wave height on catchability is confirmed, implying that rougher seas 
adversely affect the ability of the trawl to tend the seafloor, then this would beg the question 
whether other assessed species are similarly affected. So, the outcome of this work has the potential 
for important, far-reaching implications. 
 
The results of last summer's sampling efficiency experiment indicated that sea-state had a much larger 
effect on yellowfin sole herding, and trawl efficiency in general, than bottom temperature.  Dan Nichol 
looked at the time-series of eastern Bering Sea yellowfin sole biomass estimates and found that they also 
were strongly correlated to wave height. To confuse things more, wave height was correlated to 
temperature.   
 
1. The experimental results were analyzed and a paper on wave height effect on yellowfin sole 
catchability was submitted to Fisheries Bulletin (The effects of wave-induced vessel motion on the 
geometry of a bottom survey trawl and the herding of yellowfin sole by Somerton, Weinberg, Munro, 
Rugolo and Wilderbuer, In Review).  However, this still does not answer the question of why you find a 
strong temperature effect on the survey catchability function in the stock assessment model.  One 
possibility is that trawl sampling efficiency is more influenced by waves but yellowfin sole availability to 
the survey is more influenced by temperature.   
 
2. Dan Nichol has completed a CPUE versus waves analysis back to 2005. Although RACE surveys have 
recorded sea state data for many years it was not entered into the database earlier than 2005, so Dan will 
do some hand entry, then repeat the analysis with more years and considering wave height and 
temperature together in a model. This work is viewed as secondary to the availability research (see #3), 
given that availability likely has a much greater influence on biomass estimates than sea-
state/temperature. 
 
3. Dan Nichol also has made progress toward showing that yellowfin sole availability changes with 
temperature using sex ratio, based on the notion that males arrive first and leave the spawning areas later 
than females, and that the timing of annual spawning is temperature-dependent. 
 
4. A CIE review is scheduled for May 2018 for yellowfin sole, northern rock sole and Alaska plaice.  We 
will solicit comments from the expert panel on exploring an additional waves parameter to fit the survey 
biomass.  
 







 


 


One ongoing issue with the yellowfin sole assessment is a strong retrospective pattern illustrated by 
Figure 4.21. More recent assessments tend to yield higher estimates of female spawning biomass. 
Attempts to determine the cause have been unsuccessful so far. The PT suggested that the author 
consider examining the potential effects of q and M on the retrospective patterns. The SSC 
encourages ongoing efforts to understand this phenomenon so that appropriate model adjustments 
can be made. The SSC also recommends updating weight-at-age with each assessment as new data 
become available annually. Finally, the SSC looks forward to the use of the adopted model naming 
convention in next year’s yellowfin sole assessment. 
 
The retrospective comment is addressed in this assessment under the retrospective analysis heading.  
Weight-at-age is routinely updated, both for the fishery and the survey.  
 


Introduction 
The yellowfin sole (Limanda aspera) is one of the most abundant flatfish species in the eastern Bering 
Sea (EBS) and currently is the target of the largest flatfish fishery in the world.  They inhabit the EBS 
shelf and are considered one stock.  Abundance in the Aleutian Islands region is negligible. 


Yellowfin sole are distributed in North American waters from off British Columbia, Canada, (approx. lat. 
49o N) to the Chukchi Sea (about lat. 70o N) and south along the Asian coast to about lat. 35o N off the 
South Korean coast in the Sea of Japan.  Adults exhibit a benthic lifestyle and occupy separate winter, 
spawning and summertime feeding distributions on the eastern Bering Sea shelf.  From over-winter 
grounds near the shelf margins, adults begin a migration onto the inner shelf in April or early May each 
year for spawning and feeding.  The directed fishery has typically occurred from winter through autumn 
(Wilderbuer et al. 1992).  Yellowfin sole are managed as a single stock in the BSAI management area as 
there is presently no evidence of stock structure. 


Fishery 
Yellowfin sole have annually been caught with bottom trawls on the Bering Sea shelf since the fishery 
began in 1954 and were overexploited by foreign fisheries in 1959-62 when catches averaged 404,000 t 
annually (Fig. 4.1, top panel).  As a result of reduced stock abundance, catches declined to an annual 
average of 117,800 t from 1963-71 and further declined to an annual average of 50,700 t from 1972-77.  
The lower yield in this latter period was partially due to the discontinuation of the U.S.S.R. fishery.  In 
the early 1980s, after the stock condition had improved, catches again increased reaching a peak of over 
227,000 t in 1985.   


During the 1980s, there was also a major transition in the characteristics of the fishery.  Yellowfin sole 
were traditionally taken exclusively by foreign fisheries and these fisheries continued to dominate through 
1984.  However, U.S. fisheries developed rapidly during the 1980s in the form of joint ventures, and 
during the last half of the decade began to dominate and then take all of the catch as the foreign fisheries 
were phased out of the EBS.  Since 1990, only domestic harvesting and processing has occurred.   


The management of the yellowfin sole fishery changed significantly in 2008 with the implementation of 
Amendment 80 to the BSAI Fisheries Management Plan.  The Amendment directly allocated fishery 
resources among BSAI trawl harvesters in consideration of their historic harvest patterns and future 
harvest needs in order to improve retention and utilization of fishery resources by the non-AFA trawl 
catcher/processor fleet.  This was accomplished by extending the groundfish retention standards to all 
H&G vessels and also by providing the ability to form cooperatives within the newly formed Amendment 
80 sector.  In addition, Amendment 80 also mandated additional monitoring requirements which included 
observer coverage on all hauls, motion-compensating scales for weighing samples, flow scales to obtain 
accurate catch weight estimates for the entire catch, no mixing of hauls and no on-deck sorting.  The 
partitioning of TAC and PSC (prohibited species catch) among cooperatives has significantly changed the 







 


 


way the annual catch has accumulated (Fig 4.1, bottom panel) and the rate of target catch per bycatch ton. 
There is now a more even and slow attainment of the annual catch relative to the pre-Amendment 80 
fishing behavior.   


 Yellowfin sole are usually headed and gutted, frozen at sea, and then shipped to Asian countries for 
further processing (AFSC 2016).  The first wholesale value of Alaska yellowfin sole totaled $97.8 million 
in 2014.  In 2010, following a comprehensive assessment process, the yellowfin sole fishery was certified 
under the Marine Stewardship Council environmental standard for sustainable and well-managed 
fisheries.  The certification also applies to all the major flatfish fisheries in the BSAI and GOA.  The total 
annual catch (t) since implementation of the MFCMA in 1977 is shown in Table 4.1. 


In 2011, federally permitted vessels using non-pelagic trawl gear whose harvest results in flatfish retained 
catch that is greater than any other retained fishery category were required to use modified trawl gear.  
The modifications required the use of elevating devices to raise the section of the trawl warps between the 
doors and the trawl wing tips by 2.5 inches off the seafloor.  The purpose of the management action was 
to reduce damage of non-target animals, particularly those that form habitat structure or support other 
fisheries while not substantially reducing flatfish catch rates or causing gear handling problems (Rose et 
al. 2010). 


The 1997 catch of 181,389 t (retained and discards) was the largest since the fishery became completely 
domestic but was at lower levels from 1998 – 2010, averaging 94,004 t (Table 4.2).  From 2011-2014 the 
catch increased, averaging 155,000 t.  The 2013 catch totaled 165,000 t (73% of the ABC), the highest 
annual catch in the past 19 years.  For 2017, the catch distribution has been spread out from January 
through May with the majority coming from 4 BSAI management areas (509, 513, 514, 516).  As of mid-
October 2017, the fishing season is ongoing.  In order to estimate the total 2017 catch for the stock 
assessment model, the average proportion of the 2010-2016 cumulative catch attained by the 37th week of 
the year (mid-September) was applied to the 2017 catch amount at the same time period and results in a 
2017 catch estimate of 143,100 t (55% of the ABC).  The size composition of the 2017 catch for both 
males and females, from observer sampling, are shown in Figure 4.2, the catch proportions by month and 
area are shown in Figure 4.3, and maps of the locations where yellowfin sole were caught in 2017, by 
month (through mid-September), are shown in Figure 4.4.  The average age of yellowfin sole in the 2016 
catch is estimated at 12.9 and 12.3 years for females and males, respectively. 


The time-series of catch in Table 4.1 also includes yellowfin sole that were discarded in domestic 
fisheries during the period 1987 to the present.  Annual discard estimates were calculated from at-sea 
sampling (Table 4.2).  The rate of discard has ranged from a low of 2% of the total catch in 2012 (and 
2015) to 30% in 1992.  The trend has been toward fuller retention of the catch in recent years, and with 
the advent of the Amendment 80 harvest practices, discarding is at its lowest level since these estimates 
have become available.  Historically, discarding primarily occurred in the yellowfin sole directed fishery, 
with lesser amounts in the Pacific cod, Pollock, rock sole, flathead sole, and “other flatfish” fisheries 
(Table 4.3). 


Data 
The data used in this assessment include estimates of total catch, bottom trawl survey biomass estimates 
and their attendant 95% confidence intervals, catch-at-age from the fishery, and population age 
composition estimates from the bottom trawl survey.  Weight-at-age and proportion mature-at-age are 
also available from studies conducted during the bottom trawl surveys. 


  







 


 


Data source Years 


Fishery catch 1954-2017 


Fishery age composition 1964-2016 


Fishery weight-at-age Avg wt at age from 2008-16 used for 2008-2016 


Survey biomass and standard error, bottom temperature 1982-2017 


Survey age composition 1979-2016 


Annual length-at-age and weight-at-age from surveys 1979-2016 


Maturity at age Combined 1992 and 2012 samples 


 


Fishery Catch and Catch-at-Age 
This assessment uses fishery catch data from 1955- 2017 (shown for 1964-2017 in Table 4.1), including 
an estimate of the 2017 catch, and fishery catch-at-age (proportions) from 1964-2016 (Table 4.4, 1975-
2016).  The 2016 fishery age composition was primarily composed of fish older than 9 years with a large 
amount of 20+ fish. 


Survey Biomass Estimates and Population Age Composition Estimates 


Indices of relative abundance available from AFSC surveys have shown a major increase in the 
abundance of yellowfin sole during the late 1970s, increasing from 21 kg/ha in 1975 to 51 kg/ha in 1981 
(Fig. 4.2 in Bakkala and Wilderbuer 1990).  These increases have also been documented through Japanese 
commercial pair trawl data and catch-at-age modeling in past assessments (Bakkala and Wilderbuer 
1990). 


Since 1981, the survey CPUEs have fluctuated widely (Fig. 4.5).  Biomass estimates for yellowfin sole 
from the annual bottom trawl survey on the eastern Bering Sea shelf are shown in Table 4.5 and Figure 
4.6.  The data show a doubling of survey biomass between 1975 and 1979 with a further increase to over 
3.3 million t in 1981.  Total survey abundance estimates fluctuated erratically from 1983 to 1990 with 
biomass ranging from as high as 3.5 million t in 1983 to as low as 1.9 million t in 1986. Biomass 
estimates since 1990 indicate an even trend at high levels of abundance for yellowfin sole, with the 
exception of the results from the 1999 and 2000 summer surveys, which were at lower levels.  Surveys 
from 2001-2005 estimated an increase each year but the estimates since 2006 indicate a stable level with 
some annual variability.  However, the 2012 estimate is a 19% decrease from 2011 and the 2013 and 2014 
surveys have estimated a 17% increase over 2012.  Similarly, there was a 24% decrease from 2014 to 
2015 followed by a 48% increase from 2015 to 2016, the highest biomass estimate since 1984. 
Fluctuations of the magnitude shown between 1980 and 1990, 1998 and 1999, 2008 and 2009, 2011and 
2012,  2014 and 2015 and 2015 and 2016 are unreasonable considering the elements of slow growth and 
long life span of yellowfin sole combined with low to moderate exploitation rate, characteristics which 
should produce more gradual changes in abundance. 


Variability of yellowfin sole survey biomass estimates (Fig. 4.6) is in part due to the availability of 
yellowfin sole to the survey area (Nichol, 1998).  Yellowfin sole are known to undergo annual migrations 
from wintering areas off the shelf-slope break to near shore waters where they spawn throughout the 
spring and summer months (Nichol, 1995; Wakabayashi, 1989; Wilderbuer et al., 1992).  Exploratory 
survey sampling in coastal waters of the eastern Bering Sea during early summer indicate that yellowfin 
sole concentrations can be greater in these shallower areas not covered by the standard AFSC survey than 
in the survey proper.  Commercial bottom trawlers have commonly found high concentrations of 
yellowfin sole in areas such as near Togiak Bay (Low and Narita, 1990) and in more recent years from 
Kuskokwim Bay to just south of Nunivak Island.  The coastal areas are sufficiently large enough to offer 
a substantial refuge for yellowfin sole from the current survey.   







 


 


Over the past 18 years, survey biomass estimates for yellowfin sole have shown a positive correlation 
with shelf bottom temperatures (Nichol, 1998); estimates have generally been lower during cold years.   
The 1999 survey, which was conducted in exceptionally cold waters, indicated a decline in biomass that 
was unrealistic.  The bottom temperatures during the 2000 survey were much warmer than in 1999, and 
the biomass increased, but still did not approach estimates from earlier years.  Average bottom 
temperature and biomass both increased again during the period 2001 – 2003, with the 2003 value the 
highest temperature and biomass observed over the 22 year time series up to that time.  Given that both 
the 1999 and 2000 surveys were conducted two weeks earlier than previous surveys, it is possible that the 
time difference may also have also affected the availability of yellowfin sole to the survey.  If, for 
example, the timing of peak yellowfin sole spawning in nearshore waters corresponded to the time of the 
survey, a greater proportion of the population would be unavailable to the standard survey area.  This 
pattern was observed again in 2009 and 2012 when the temperatures and the bottom trawl survey point 
estimates were lower.  Summer shelf bottom temperatures in 2012 were the 2nd coldest recorded by the 
survey and the time-series and resulted in a 19% decline from 2011.  In 2016 the Bering Sea had the 
highest recorded bottom temperature since measurements began in 1982 and the 2016 estimate of biomass 
was the highest in 32 years and 48% higher than the 2015 estimate.  The 2017 survey estimate of 
2,787,700 t was 3% lower than 2016. 


We propose two possible reasons why survey biomass estimates are lower during years when bottom 
temperatures are low.  First, catchability may be lower because yellowfin sole may be less active when 
cold.  Less active fish may be less susceptible to herding, and escapement under the footrope of survey 
gear may increase if fish are less active.  Secondly, bottom temperatures may influence the timing of the 
inshore spawning migrations of yellowfin sole and therefore affect their availability to the survey area.  
Because yellowfin sole spawning grounds include nearshore areas outside the survey area, availability of 
fish within the survey area can vary with the timing of this migration and the timing of the survey.  In the 
case of 2016, a very warm year in the Bering Sea, it appears that a higher portion of the adult biomass 
was distributed on the shelf (outside of the spawning areas) relative to the average of all previous survey 
years, indicating earlier spawning migration (Fig 4.7).   


Yellowfin sole population numbers-at-age estimated from the annual bottom trawl surveys are shown in 
Table 4.6 and their occurrence in trawl survey hauls and associated collections of lengths and age 
structures since 1982 are shown in Table 4.7.  Their total tonnage caught in the resource assessment 
surveys since 1982 are listed in Table 4.8 and also in an appendix table with IPHC survey catches.  


Age Determination 
 


Yellowfin sole ages have been determined at the AFSC by using the break and burn method on collected 
otoliths since 1979 in surveys and from fisheries.  In 2016 the age determination methods for yellowfin 
sole were validated using the bomb-produced uptake measurement of 14C method (Kastelle et al. 2016). 


Length and Weight-at-Age  
Past assessments of yellowfin sole have used sex-specific, time-invariant growth based on the average 
length-at-age and weight-at-length relationships from the time-series of survey observations summed over 
all years since 1982.  These weight-at-age estimates were estimated from the following relationships: 


Parameters of the von Bertalanffy growth curve have been estimated for yellowfin sole, by sex, from the 
trawl survey database as follows:  


                                                              Linf               K            t0                       n 
                                 Males                   33.7           0.161      -0.111       656 


                       Females               37.8           0.137        0.112       709 
    







 


 


A sex-specific length-weight relationship was also calculated from the survey database using the usual 
power function, weight (g) =  a Length(cm)b, where a and b are parameters estimated to provide the best 
fit to the data (Fig. 4.8).   
 
                                                         a                    b                      n 
                                      males      0.00854         3.081               2,701 
                                      females   0.0054           3.227               3,662 
 
These estimates of weight at length were applied to the annual trawl survey estimates of population length 
at age, by sex, to calculate the weight at each age (Fig. 4.8).  Since the resulting estimates of annual 
weight-at-age were highly variable for fish older than 11 years, ages 11-20 were smoothed using a five 
year average smoothing method for 1982-2016. 
 
Recent applications of dendrochronology (tree-ring techniques) have been used to develop 
biochronologies from the otolith growth increments of northern rock sole (Lepidopsetta polyxystra), 
yellowfin sole and Alaska plaice (Pleuronectes quadrituberculatus) in the eastern Bering Sea. These 
techniques ensure that all growth increments are assigned the correct calendar year, allowing for 
estimation of somatic growth by age and year for chronologies that span approximately 25 years (Matta et 
al. 2010).  The analysis indicated that yellowfin sole somatic growth exhibits annual variability and has a 
strong positive correlation with May bottom water temperature in the Bering Sea (Fig. 4.9). 


The relationship between temperature and growth was further explored by reanalyzing yellowfin sole 
growth by age and year.  Length-weight data collected when obtaining otolith (age) samples in RACE 
surveys (n=7,000 from 1987, 1994 and 1999-2009) also indicate that weight at age exhibits annual 
variability and is highly correlated with summer bottom water temperature observations with a lag of 2-3 
years for the temperature effect to be seen (shown for age 5 fish in figure 4.10) .  These observations were 
then extended back to 1979 using survey population length-at-age estimates (since weight-at-age is a 
power function of the length-at-age, Clark et al. 1999, Walters and Wilderbuer 2000).   


In order to incorporate time-varying (year effect on growth) and temperature-dependent growth functions 
into the age-structured stock assessment model we used the annual observed population mean weight-at-
age (time-varying) from the trawl survey. These empirical data indicate good somatic growth 
correspondence with annual bottom temperature anomalies from 1982-2017 (Fig. 4.11).  Fishery weight 
at age data available from 2008-2016 were averaged across years for each age to provide updated 
estimates for the fishery  


Maturity-at-age 
 
Maturity information collected from yellowfin sole females during the 1992 and 1993 eastern Bering Sea 
trawl surveys have been used in this assessment for the past 20 years (Table 4.10).  Nichol (1995) 
estimated the age of 50% maturity at 10.5 years based on the histological examination of 639 ovaries.  
Maturity has recently been re-evaluated from a histological analysis of ovaries collected in 2012 (Table 
4.10). Results were very similar to the earlier study with only a 2% difference in estimates of yellowfin 
sole female spawning biomass (TenBrink and Wilderbuer 2015).  In addition, the SSC requested that the 
assessment use a maturity schedule that uses estimates derived from both the 1992 and the 2012 
collections (Table 4.10). For yellowfin sole sexual maturity occurs well after the age of entry into the 
fishery.  Yellowfin sole females are 82% selected to the fishery by age 10 whereas they have been found 
to be only 40% mature at this age.  







 


 


Analytic Approach 


Model Structure 
The abundance, mortality, recruitment and selectivity of yellowfin sole were assessed with a stock 
assessment model using the AD Model Builder language (Fournier et al. 2012; Ianelli and Fournier 1998).  
The conceptual model is a separable catch-age analysis that uses survey estimates of biomass and age 
composition as auxiliary information (Fournier and Archibald 1982).  The assessment model simulates 
the dynamics of the population and compares the expected values of the population characteristics to the 
characteristics observed from surveys and fishery sampling programs.  This is accomplished by the 
simultaneous estimation of the parameters in the model using the maximum likelihood estimation 
procedure.  The fit of the simulated values to the observable characteristics is optimized by maximizing a 
log(likelihood) function given some distributional assumptions about the observed data.   


The model starts at age one and fish older than twenty are allowed to accumulate into a plus group. Since 
the sex-specific weight-at-age for yellowfin sole diverges after age of maturity (about age 10 for 40% of 
the stock) with females growing larger than males, the current assessment model is coded to 
accommodate the sex-specific aspects of the population dynamics of yellowfin sole.  The model allows 
for the input of sex-specific estimates of fishery and survey age composition and weight-at-age and 
provides sex-specific estimates of population numbers, fishing mortality, selectivity, fishery and survey 
age composition and allows for the estimation of sex-specific natural mortality and catchability.  The 
model retains the utility to fit combined sex data inputs. 


The suite of parameters estimated by the model are classified by three likelihood components: 


Data component Distributional assumption 
Trawl fishery catch-at-age Multinomial 
Trawl survey population age composition Multinomial 
Trawl survey biomass estimates and S.E. Log normal 


 


The total log likelihood is the sum of the likelihoods for each data component (Table 4.11).  The 
likelihood components may be weighted by an emphasis factor, however, equal emphasis was placed on 
fitting each likelihood component in the yellowfin sole assessment except for the catch. The AD Model 
Builder software fits the data components using automatic differentiation (Griewank and Corliss 1991) 
software developed as a set of libraries (AUTODIFF C++ library).  Table 4.11 also presents the key 
equations used to model the yellowfin sole population dynamics in the Bering Sea and Table 4.12 
provides a description of the variables used in Table 4.11. 


Sharp increases in trawl survey abundance estimates for most species of Bering Sea flatfish between 1981 
and 1982 indicate that the 83-112 trawl was more efficient for capturing these species than the 400-mesh 
eastern trawl used in 1975, and 1979-81.  Allowing the model to tune to these early survey estimates 
would most likely underestimate the true pre-1982 biomass, thus exaggerating the degree to which 
biomass increased during that period.  Although this underestimate would have little effect on the 
estimate of current yellowfin sole biomass, it would affect the spawner and recruitment estimates for the 
time-series.  Hence, the pre-1982 survey biomass estimates were omitted from the analysis. 


The model of yellowfin sole population dynamics was evaluated with respect to the observations of the 
time-series of survey and fishery age compositions and the survey biomass trend since 1982.  


Parameters Estimated Outside the Assessment Model 
Natural mortality (M) was initially estimated by a least squares analysis where catch-at-age data were 
fitted to Japanese pair trawl effort data while varying the catchability coefficient (q) and M 
simultaneously.  The best fit to the data (the point where the residual variance was minimized) occurred at 







 


 


a M value of 0.12 (Bakkala and Wespestad 1984).  This was also the value which provided the best fit to 
the observable population characteristics when M was profiled over a range of values in the stock 
assessment model using data up to 1992 (Wilderbuer 1992).  Since then, natural mortality has been 
estimated as a free parameter in some of the stock assessment model runs which have been evaluated the 
past five years.  A natural mortality value of 0.12 is used for both sexes in the base model presented in 
this assessment. 


Yellowfin sole maturity schedules were estimated from in-situ observations from two studies as discussed 
in a previous section (Table 4.10). 


Parameters Estimated Inside the Assessment Model 
The parameters estimated by the model are presented below: 


Fishing  
mortality Selectivity 


Survey  
catchability 


Year class  
strength 


Spawner- 
recruit Total 


65 264 2 104 2 437 
 


The increase in the number of parameters estimated in this assessment compared to last year (6) can be 
accounted for by the input of another year of fishery data and the entry of another year class into the 
observed population and four more sex-specific fishery selectivity parameters. 


Year class strengths 
The population simulation specifies the numbers-at-age in the beginning year of the simulation, the 
number of recruits in each subsequent year, and the survival rate for each cohort as it moves through the 
population over time using the population dynamics equations given in Table 4.11. 


Selectivity 
Fishery and survey selectivity was modeled separately for males and females using the two parameter 
formulation of the logistic function (Table 4.11).  The model was run with an asymptotic selectivity curve 
for the older fish in the fishery and survey, but still was allowed to estimate the shape of the logistic curve 
for young fish.  The oldest year classes in the surveys and fisheries were truncated at 20 and allowed to 
accumulate into the age category 20+ years.  A single selectivity curve, for both males and females, was 
fit for all years of survey data. 


Given that there have been annual changes in management, vessel participation and most likely gear 
selectivity, time-varying fishing selectivity curves were estimated. A logistic equation was used to model 
fishery selectivity and is a function of time-varying parameters specifying the age and slope at 50% 
selection, tϕ and tη , respectively.  The fishing selectivity (Sf) for age a and year t is modeled as,  


( )[ ] 1
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where ηt and φt are time-varying and partitioned (for estimation) into parameters representing the mean 
and a vector of deviations (log-scale) conditioned to sum to zero.  The deviations are constrained by a 
lognormal prior with a variance that was iteratively estimated.  The process of iterating was to first set the 
variance to a high value (diffuse prior) of 0.52 and estimate the deviations.  The next step was to compare 
the variability of model estimates.  The variance of the model estimates were then rounded up slightly and 
fixed for subsequent runs.  The 2016 values were fixed as the average of the 3 most recent years. 


Fishing Mortality 
The fishing mortality rates (F) for each age and year are calculated to approximate the catch weight by 
solving for F while still allowing for observation error in catch measurement.  A large emphasis (300) was 
placed on the catch likelihood component to force the model to closely match the observed catch. 







 


 


Survey Catchability 
A past assessment (Wilderbuer and Nichol 2001) first examined the relationship between estimates of 
survey biomass and bottom water temperature.  To better understand how water temperature may affect 
the catchability of yellowfin sole to the survey trawl, catchability was estimated for each year in the stock 
assessment model as: 


Teq βα+−=  
where q is catchability, T is the average annual bottom water temperature anomaly at survey stations less 
than 100 m, and α and β are parameters estimated by the model.  The catchability equation has two parts.  
The e -α term is a constant or time-independent estimate of q. The second term, eβT  is a time-varying 
(annual) q which responds to metabolic aspects of herding or distribution (availability) which can vary 
annually with bottom water temperature.  The result of incorporating bottom temperature to estimate 
annual q has resulted in an improved fit to the survey (shown in Figure 4.12 for the base model).   


Spawner-Recruit Estimation 
 
Annual recruitment estimates from 1978-2012 were constrained to fit a Ricker (1958) form of the stock 
recruitment relationship as follows: 


R Se S= −α β  
where R is age 1 recruitment, S is female spawning biomass (t) the previous year, and α and β are 
parameters estimated by the model.  The spawner-recruit fitting is estimated in a later phase after initial 
estimates of survival, numbers-at-age and selectivity are obtained. 


Results 
Model Evaluation 
 


The model evaluation for this stock assessment involved a two-step process.  The first step was to 
evaluate the productivity of the yellowfin sole stock by an examination of which sets of years to include 
for spawner-recruit fitting (increased from 1978-2010 to 1978-2012 in this assessment).  The second step 
evaluated various hypothesized states of nature by fitting natural mortality and catchability estimates in 
various combinations. 


The SSC determined in December 2006 that yellowfin sole would be managed under the Tier 1 harvest 
guidelines, and therefore future harvest recommendations would be based on MSY and FMSY values 
calculated from a spawner-recruit relationship.  MSY is an equilibrium concept and its value is dependent 
on both the spawner-recruit estimates which are assumed to represent the equilibrium stock size-
recruitment relationship and the model used to fit the estimates.  In the yellowfin sole stock assessment 
model, a Ricker form of the stock-recruit relationship was fit to various combinations of these data and 
estimates of FMSY and BMSY were calculated, assuming that the fit to the stock-recruitment data represents 
the long-term productivity of the stock.   


For this assessment, 2 different stock-recruitment time-series were investigated:  the full time-series 1955-
2012 (Model 14_2) and the post-regime shift era, 1978-2012 (Model 14_1) (Fig. 4.13) (see Joint Plan 
Team recommendations for September 2012).   Very different estimates of the long-term sustainability of 
the stock (FMSY and BMSY) are obtained, depending on which years of stock-recruitment data are included 
in the fitting procedure (Table 4.13).  When the entire time-series from 1955-2012 was fit, the large 
recruitments that occurred at low spawning stock sizes in the 1960s and early 1970s determined that the 
yellowfin sole stock was most productive at a smaller stock size with the result that FMSY (0.19) is higher 
than F35% (F35%  = 0.14) and BMSY is 333,700 (Model 14_2).  If we limit the analysis to consider only 
recruitments which occurred after the well-documented regime shift in 1977 (Model 14_1), a lower value 
of FMSY is obtained (0.114) and BMSY is 456,200 t.  Table 4.13 indicates that the ABC values from the 







 


 


Model 14_2 harvest scenario for 2018 would be 193,800 t higher than Model 14_1.  Posterior 
distributions of FMSY for these models indicate that this parameter is estimated with less uncertainty for 
Model 14_1 resulting in the reduced buffer between ABC and OFL relative to Model 14_2 (11% for 
Model 14_1 versus 1% for Model 14_2, Table 4.13 and Fig 4.14). 


It is important for the Tier 1 calculations to identify which subset of the stock recruitment data is used.  
Using the full time series to fit the spawner recruit curve estimates that the stock is most productive at a 
small stock size.  Thus MSY and FMSY are relatively high values and BMSY is a lower value.  If the stock 
was productive in the past at a small stock size because of non-density dependent factors (environment), 
then reducing the stock size to low levels could be detrimental to the long-term sustainability of the stock 
if the environment, and thus productivity, have changed from the earlier period.  Since observations of 
yellowfin sole recruitment at low stock sizes are not available from multiple time periods, it is uncertain if 
future recruitment events at low stock conditions would be as productive as during the late 1960s-early 
1970s. 


Given the uncertainty of the productivity of yellowfin sole at low spawning stock sizes, and because the 
AFSC policy for reference point time-series selection is to use the post 1977 regime shift values unless 
there is a compelling reason to do otherwise, the productivity of yellowfin sole in this assessment is 
estimated by fitting the 1977-2012 spawner-recruit data in the model (Model 14_1). 


The second step in the model evaluation for this assessment entails the use of a single structural model to 
consider the uncertainty in the key parameters M and catchability.  This is the Model which has been the 
model of choice is the past 7 assessments (Model 14_1) and operates by fixing M at 0.12 for both sexes 
and then estimates q using the relationship between survey catchability and the annual average water 
temperature at the sea floor (from survey stations at less than 100 m).  The other models used in the 
evaluation represented various combinations of estimating M or q as free parameters with different 
amounts of uncertainty in the parameter estimates (Wilderbuer et al. 2010).  The results are detailed in 
those assessments and are not repeated here except for the following observations. 


Modeling survey catchability as a nonlinear function of bottom water temperature returns q estimates > 
1.0 for years when the bottom temperature is anomalously warm (greater than the mean temperature) and 
less than 1.0 when below the temperature mean.  These values are consistent with our hypothesis that 
more fish are available to the survey in warm years relative to cooler years due to the timing of the annual 
spawning migration to nearshore areas that occurs sooner in warm years. 


Experiments examining the bridle efficiency of the Bering Sea survey trawl indicate that yellowfin sole 
are herded into the trawl path from an area between the wing tips of the net and the point where the 
bridles contact the seafloor (Somerton and Munro 2001).  The herding experiments suggest that the 
survey trawl catchability is greater than 1.0.  The likelihood profile of q from the model indicated a small 
variance with a narrow range of likely values with a low probability of q being equal to the value of 1.0 in 
a past assessment (Wilderbuer and Nichol 2003).   


A model that allows M to be estimated as a free parameter for males with females fixed at 0.12 provided a 
better fit to the sex ratio estimated from the annual trawl survey age compositions than did the base model 
(both sexes fixed at M = 0.12).  However, since the population sex ratio annually observed at the time of 
the survey is a function of the timing of the annual spawning in adjacent inshore areas, it is questionable 
that providing the best fit to these observations is really fitting the population sex ratio better.  Thus, the 
model configuration which utilizes the relationship between annual seafloor temperature and survey 
catchability with M fixed at 0.12 for both sexes (Model 14_1) is the preferred model used to base the 
assessment of the condition of the Bering Sea yellowfin sole resource for the 2018 fishing season.  


 







 


 


Time Series Results 


Before presenting the preferred model results, a brief consideration of the inputs and changes to the 
assessment methodology relative to last year (Model 14_1) is given.  Primary updates for Model 14_1 
were the 2017 catch, the fishery and survey age compositions from 2016 and the 2017 survey biomass 
(3% lower than 2016) and standard error estimates. The fishery and survey weights-at-age were also 
changed in a small amount to include the latest year of data and the spawner-recruit data was increased by 
2 years to include the 2011 and 2012 year-class recruitment estimates.  In their totality, these changes 
produced a Model 14_1 FABC estimate that was 5% lower than 2016 and a FOFL that was 4% lower. 


This increase was mostly due to refitting the spawner-recruit curve with the averaged fishery weight-at-
age data which had the effect of moving the curve and BMSY to the right (higher Bmsy, lower Fmsy for Tier 1 
stocks).  


 
 


The 2017 overall estimate (1982 – 2017) of trawl survey catchability decreased from 0.95 to 0.9.  This 
resulted in higher model estimates of population numbers at age and biomass for the time-series back to 
the mid-1960s relative to last year’s assessment and increased the estimated level of female spawning 
biomass.  The model results indicate the stock has been in a slowly declining condition since the mid-
1980s.  The estimates of total biomass and ABC are higher than those used to manage the stock in 2017.  
Seven of the past 11 years have had negative bottom temperature anomalies in the Bering Sea but the last 
four have been above the mean.  The temperature-dependent q adjustment for 2017 was 0.92. 


Fishing Mortality and Selectivity 
The assessment model estimates of the annual fishing mortality in terms of age-specific annual F and on 
fully selected ages are given in Tables 4.14 and 4.15, respectively.  The full-selection F has averaged 0.08 
over the period of 1978-2017 with a maximum of 0.12 in 1978 and a minimum of 0.04 in 2001.  
Selectivities estimated by the model (Table 4.16, Fig. 4.15) indicate that both sexes of yellowfin sole are 
50% selected by the fishery at about age 9 and nearly fully selected by age 13, with annual varability. 


Abundance Trend 
The model estimates q at an average value of 0.9 for the period 1982-2017 which results in the model 
estimate of the 2016 age 2+ total biomass at 2,878,100 t (Table 4.17).  Model results indicate that 
yellowfin sole total biomass (age 2+) was at low levels during most of the 1960s and early 1970s 
(700,000-1,000,000 t) after a period of high exploitation (Table 4.17, Fig. 4.16, center left panel).  
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Sustained above average recruitment from 1967-76 combined with light exploitation resulted in a biomass 
increase to a peak of 3.5 million t by 1985.  The population biomass has since been in a slow decline as 
the strong 1981 and 1983 year-classes have passed through the population, with only the 1991, 1995 and 
2003 year-classes at levels observed during the 1970s.  The present biomass is estimated at 82% of the 
peak 1985 level. 


The female spawning biomass has also declined since the peak in 1994, with a 2017 estimate of 884,800 t 
(22% decline).  The spawning biomass has been in a gradual decline for the past 22 years and is 30% 
above the B40% level and 1.9 times the BMSY level (Fig. 4.16).  The model estimate of yellowfin sole 
population numbers at age for all years is shown in Table 4.18 and the resulting fit to the observed fishery 
and survey age compositions input into the model are shown in the Figure 4.17.  The fit to the trawl 
survey biomass estimates are shown in Figure 4.16.  Allowing q to be correlated with annual bottom 
temperature provides a better fit to the bottom trawl survey estimates than using a q fixed at the average 
value (Fig. 4.18).  Table 4.19 lists the numbers of female spawners estimated by the model for all ages 
and years. The estimated average age of yellowfin sole in the population is 6.7 years for males and 
females. 


Both the trawl survey and the stock assessment model indicate that the yellowfin sole resource increased 
during the 1970s and early 1980s to a peak level during the mid-1980s.  The yellowfin sole population 
biomass slowly decreased over the 22 years since the mid-1990s as the majority of year-classes during 
those years were below average strength.  Average to above average recruitment from 2006 to 2009 is 
expected to maintain the abundance of yellowfin sole at a level above BMSY in the near future.  The stock 
assessment projection model indicates a mildly decreasing trend in female spawning biomass through 
2024 if the fishing mortality rate continues at the same level as the average of the past 5 years (Fig. 4.22). 


Recruitment Trends 
The primary reason for the sustained increase in abundance of yellowfin sole during the 1970s and early 
1980s was the recruitment of a series of stronger than average year classes spawned in 1967-76 (Figure 
4.19 and Table 4.20).   The 1981 year class was the strongest observed (and estimated) during the 47 year 
period analyzed and the 1983 year class was also very strong.  Survey age composition estimates and the 
assessment model also estimate that the 1987 and 1988 year classes were average and the 1991 and 1995 
year classes were above average.  With the exception of these 4 year classes, recruitment from 15 of the 
following 19 years estimated from 1984-2005 (since the strong 1983 year-class) were below the 48 year 
average, which caused the population to gradually decline.  The 2003 year-class has now been observed 
multiple times in the age compositions and is clearly a strong year class, similar to some of the strong 
recruitment mentioned above and are contributing to the reservoir of spawning fish in the current 
population.  In addition, recruitment from 2006-2009 appear also to be average to above average. 


Historical Exploitation Rates  
Based on results from the stock assessment model, annual average exploitation rates of yellowfin sole  
since 1977 ranged from 3 to 7% of the total biomass, and have averaged 4% (Table 4.15).  Posterior 
distributions of selected parameters from the preferred stock assessment model used in the assessment are 
shown in Figure 4.20. The values and standard deviations of some selected model parameters are listed in 
Table 4.21. 


Retrospective analysis 


A within-model retrospective analysis is also included for the recommended assessment model (Model 
14_1) where retrospective female spawning biomass is calculated by working backwards in time dropping 
data one year at a time and then comparing the “peeled” estimate to the reference stock assessment model 
used in the assessment (Fig. 4.21).  The resulting pattern from the current assessment model was less than 
desirable. 


Peculiar to the yellowfin sole assessment, in comparison to the northern rock sole and Alaska plaice 
assessments (that have nice patterns), is the large amount of variability in the annual survey biomass 







 


 


assessments for this stock due to the temperature-influenced availability to the survey.  This large 
variability in the annual estimates can contribute to undesirable patterns since the earlier years are not 
fitting the same highly variable information as the current year.  Exploratory model runs were made to 
examine the influence of fitting the survey biomass on the retrospective patterns.  This was accomplished 
by making model runs that increased the survey biomass standard error by 10%, 20% and 30%, and also 
runs that attempted to decrease the influence of fitting the survey age composition by decreasing the 
effective n, and also a run with a fixed q (no bottom temp modeling).  The models are listed below and 
are evaluated using Mohn’s test statistic. 


Model Description Mohn’s test statistic 


Current stock assessment model (Model 2) -0.193 


Model 14_1 with survey standard error increased by 10% -0.239 


Model 14_1 with survey standard error increased by 20% -0.211 


Model 14_1 with survey standard error increased by 30% -0.219 


Down-weighted survey age comps, base st. dev values 
 


-0.207 


Up-weighted survey age comps (500) and down-weighted survey SE 
(increased st. dev value by 30%) 
 


-0.238 


survey q fixed at 1.05 for all runs 
 


-0.186 


 


A small gain was made by fixing q at 1.05 (M = 0.12) whereas all the other runs had similar results, 
increasing the test statistic over the base value (lower is better).   


The Plan Team suggested examining the effect that q and M have on the retrospective patterns.  
Responding to this request, model runs were made varying M from 0.9 to 0.14 and q from 0.8 to 1.2 
(fixed M and q, no temperature modeling).  Decreasing values of q and M gave better retrospective 
patterns and lower Mohn’s test statistic. 


 
Hotter colors correspond to lower test statistic values. 


Figure below is an example of retrospective pattern with low M and q. 


Catchability
0.8 0.9 1 1.1 1.2


0.09 0.019 0.003 0.028 0.0511 0.076
0.1 0.013 0.036 0.059 0.084 0.107


Natural mortality 0.11 0.043 0.066 0.087 0.11 0.131
0.12 0.07 0.105 0.113 0.135 0.155
0.13 0.051 0.114 0.135 0.156 0.177
0.14 0.114 0.135 0.153 0.177 0.2







 


 


 
Harvest Recommendations 
The SSC has determined that yellowfin sole qualify as a Tier 1 stock and therefore the 2018 ABC is 
calculated using Tier 1 methodology. The Tier 1 harvest level is calculated as the product of the harmonic 
mean of FMSY and the geometric mean of the 2018 biomass estimate, as follows: 


2
ln


2cvB
gm eB


−
∧


= , where Bgm is the geometric mean of the 2018 biomass estimate, 
∧


B is the point 
estimate of the 2018 biomass from the stock assessment model and cv2 is the coefficient of variation of 
the point estimate (a proxy for sigma); 


and 
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is the harmonic mean, msyF
∧


 is the peak mode of the FMSY 


distribution and sd2 is the square of the standard deviation of the FMSY distribution.  


In 2006 the SSC selected the 1978-2001 data set for the Tier 1 harvest recommendation.  Using this 
approach again for the 2018 harvest (now the 1978-2012 time-series) recommendation (Model 14_1 in 
Table 4.13), the FABC =  Fharmonic mean = 0.109. The estimate of age 6+ total biomass for 2018 is 2,553,100 t. 
The calculations outlined above give a Tier 1 ABC harvest recommendation of 277,500 t and an OFL of 
306,700 t for 2018.  This results in an 11% (29,250 t) buffer between ABC and OFL. The ABC value is 
6% higher than last year, primarily due to changes to the spawner-recruit curve from the fishery weight-
at-age modeling and a lower catchability estimate.  


The stock assessment analysis must also consider harvest limits, usually described as overfishing fishing 
mortality levels with corresponding yield amounts. Amendment 56 to the BSAI FMP sets the Tier 1 
harvest limit at the FMSY fishing mortality value.  The overfishing fishing mortality values, ABC fishing 
mortality values and their corresponding yields are given as follows: 


           Harvest level                     F value          2018 Yield 


          Tier 1   FOFL =    FMSY        0.12               306,700 t          


          Tier 1 FABC =  Fharmonic mean 0.109             277,500 t 
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Status Determination 


A standard set of projections is required for each stock managed under Tiers 1, 2, or 3 of Amendment 56.  
This set of projections encompasses seven harvest scenarios designed to satisfy the requirements of 
Amendment 56, the National Environmental Policy Act, and the Magnuson-Stevens Fishery Conservation 
and Management Act (MSFCMA). 


For each scenario, the projections begin with the vector of 2017 numbers at age estimated in the 
assessment.  This vector is then projected forward to the beginning of 2018 using the schedules of natural 
mortality and selectivity described in the assessment and the best available estimate of total (year-end) 
catch for 2017.  In each subsequent year, the fishing mortality rate is prescribed on the basis of the 
spawning biomass in that year and the respective harvest scenario.  In each year, recruitment is drawn 
from an inverse Gaussian distribution whose parameters consist of maximum likelihood estimates 
determined from recruitments estimated in the assessment.  Spawning biomass is computed in each year 
based on the time of peak spawning and the maturity and weight schedules described in the assessment.  
Total catch is assumed to equal the catch associated with the respective harvest scenario in all years.  This 
projection scheme is run 1000 times to obtain distributions of possible future stock sizes, fishing mortality 
rates, and catches. 


Five of the seven standard scenarios will be used in an Environmental Assessment prepared in 
conjunction with the final SAFE.  These five scenarios, which are designed to provide a range of harvest 
alternatives that are likely to bracket the final TAC for 2018, are as follows (“max FABC” refers to the 
maximum permissible value of FABC under Amendment 56): 


Scenario 1:  In all future years, F is set equal to max FABC.  (Rationale:  Historically, TAC has 
been constrained by ABC, so this scenario provides a likely upper limit on future TACs.) 


Scenario 2:  In all future years, F is set equal to a constant fraction of max FABC, where this 
fraction is equal to the ratio of the FABC value for 2018 recommended in the assessment to the max 
FABC for 2018.  (Rationale:  When FABC is set at a value below max FABC, it is often set at the value 
recommended in the stock assessment.) 


Scenario 3:  In all future years, F is set equal to the 2013-2017 average F.  (Rationale:  For some 
stocks, TAC can be well below ABC, and recent average F may provide a better indicator of FTAC 
than FABC.) 


Scenario 4:  In all future years, the upper bound on FABC is set at F60%. (Rationale: This scenario 
provides a likely lower bound on FABC that still allows future harvest rates to be adjusted 
downward when stocks fall below reference levels.) 


0Scenario 5:  In all future years, F is set equal to zero.  (Rationale:  In extreme cases, TAC may 
be set at a level close to zero.) 


Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether a stock is 
currently in an overfished condition or is approaching an overfished condition.  These two scenarios are 
as follow (for Tier 3 stocks, the MSY level is defined as B35%): 


Scenario 6:  In all future years, F is set equal to FOFL.  (Rationale:  This scenario determines 
whether a stock is overfished.  If the stock is expected to be above its MSY level in 2016 and 
above its MSY level in 2029 under this scenario, then the stock is not overfished.) 


Scenario 7:  In 2018 and 2019, F is set equal to max FABC, and in all subsequent years, F is set 
equal to FOFL.  (Rationale:  This scenario determines whether a stock is approaching an overfished 
condition.  If the stock is expected to be above its MSY level in 2030 under this scenario, then the 
stock is not approaching an overfished condition.) 


Simulation results shown in Table 4.22 indicate that yellowfin sole are not currently overfished and are 
not approaching an overfished condition.  The projection of yellowfin sole female spawning biomass 







 


 


through 2030 is shown in Figure 4.22 and a phase plane figure of the estimated time-series of yellowfin 
sole female spawning biomass relative to the harvest control rule is shown in Figure 4.23. 


Scenario Projections and Two-Year Ahead Overfishing Level 


In addition to the seven standard harvest scenarios, Amendments 48/48 to the BSAI and GOA Groundfish 
Fishery Management Plans require projections of the likely OFL two years into the future.  The 2016 
numbers at age from the stock assessment model are projected to 2017 given the 2016 catch and then a 
2017 catch of 150,000 t is applied to the projected 2017 population biomass to obtain the 2018 OFL.  


 Tier 1 Projection    


Year Catch 


                                  
 
 


SSB 


Geometric 
mean 6+ 


total 
biomass ABC OFL 


2018 150,000 895,000 2,553,100 277,500 306,700 
2019 150,000 890,000 2,460,700 267,400 295,600 


Ecosystem Considerations 


Ecosystem Effects on the stock 
1) Prey availability/abundance trends 
Yellowfin sole diet by life stage varies as follows:  Larvae consume plankton and algae, early juveniles 
consume zooplankton, late juvenile stage and adults prey includes bivalves, polychaetes, amphipods, 
mollusks, euphausids, shrimps, brittle stars, sculpins and miscellaneous crustaceans.  Information is not 
available to assess the abundance trends of the benthic infauna of the Bering Sea shelf.  The original 
description of infaunal distribution and abundance by Haflinger (1981) resulted from sampling conducted 
in 1975 and 1976 and has not been re-sampled since.  The large populations of flatfish which have 
occupied the middle shelf of the Bering Sea over the past twenty-five years for summertime feeding do 
not appear food-limited.  These populations have fluctuated due to the variability in recruitment success 
which suggests that the primary infaunal food source has been at an adequate level to sustain the 
yellowfin sole resource.  


 
2) Predator population trends  
As juveniles, it is well-documented from studies in other parts of the world that flatfish are prey for 
shrimp species in near shore areas.  This has not been reported for Bering Sea yellowfn sole due to a lack 
of juvenile sampling and collections in near shore areas, but is thought to occur.  As late juveniles they 
have been found in stomachs of Pacific cod and Pacific halibut; mostly small yellowfin sole ranging from 
7 to 25 cm standard length.. 


Past, present and projected future population trends of these predator species can be found in their 
respective SAFE chapters in this volume and also from Annual reports compiled by the International 
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Pacific Halibut Commission.  Encounters between yellowfin sole and their predators may be limited since 
their distributions do not completely overlap in space and time. 


3) Changes in habitat quality 
Changes in the physical environment which may affect yellowfin sole distribution patterns, recruitment 
success and migration timing patterns are catalogued in the Ecosystem Considerations Report of this 
SAFE report.  Habitat quality may be enhanced during years of favorable cross-shelf advection (juvenile 
survival) and warmer bottom water temperatures with reduced ice cover (higher metabolism with more 
active feeding). 


Fishery Effects on the ecosystem 
1) The yellowfin sole target fishery contribution to the total bycatch of other target species is shown 


for 1992-2016 in Table 4.23.  The catch of non-target species from 2003-2016 is shown in Table 
4.24.  The yellowfin sole target fishery contribution to the total bycatch of prohibited species is 
shown for 2014 and 2015 in Table 13 of the Economic SAFE (Appendix C) and is summarized 
for 2015 as follows: 


Prohibited species  Yellowfin sole fishery  % of total bycatch 
Halibut mortality                                 30 
Herring                                  2 
Red King crab                                  5 
C. bairdi                                 25.5 
Other Tanner crab                                 78.2 
Salmon                                   <1 


 


2) Relative to the predator needs in space and time, the yellowfin sole target fishery has a low 
selectivity for fish 7-25 cm and therefore has minimal overlap with removals from predation.   


3) The target fishery is not perceived to have an effect on the amount of large size target fish in the 
population due to its history of light to moderate exploitation (6%) over the past 30 years.  
Population age composition data indicate a large 20+ age group. 


4) Yellowfin sole fishery discards are presented in the Catch History section. 


5) It is unknown what effect the fishery has had on yellowfin sole maturity-at-age and fecundity, but 
based on two maturity studies conducted 20 years apart, it is expected to be minimal. 


6) Analysis of the benthic disturbance from the yellowfin sole fishery is available in the Preliminary 
draft of the Essential Fish Habitat Environmental Impact Statement. 







 


 


Ecosystem effects on yellowfin sole   
Indicator Observation Interpretation Evaluation 
Prey availability or abundance trends   


Benthic infauna 
 
 


Stomach contents Stable, data limited Unknown 


Predator population trends   
    
    


Fish (Pacific cod, halibut,  
skates) Stable  


Possible increases to 
yellowfin sole 
mortality 


 


Changes in habitat quality    


Temperature regime 
 
 


Cold years yellowfin sole  catchability 
and herding may decrease, timing of 
migration may be prolonged  


Likely to affect 
surveyed stock 
 


No concern 
(dealt with in 
model) 
 


Winter-spring 
environmental conditions 


Affects pre-recruit survival 
 


Probably a number of 
factors  


Causes natural 
variability  


    
Yellowfin sole effects on ecosystem   
Indicator Observation Interpretation Evaluation 
Fishery contribution to bycatch   


Prohibited species Stable, heavily monitored 
Minor contribution to 
mortality No concern 


Forage (including herring, 
Atka mackerel, cod, and 
pollock) Stable, heavily monitored 


Bycatch levels small 
relative to forage 
biomass No concern 


HAPC biota Low bycatch levels of (spp) 
Bycatch levels small 
relative to HAPC biota No concern 


Marine mammals and birds Very minor direct-take Safe No concern 
Sensitive non-target species 
 


Likely minor impact 
 


Data limited, likely to 
be safe 


No concern 
 


Fishery concentration in space 
and time 
 


Low exploitation rate 
 
 


Little detrimental effect 
No concern 
 
 


Fishery effects on amount of 
large size target fish Low exploitation rate  Natural fluctuation No concern 


Fishery contribution to discards 
and offal production Stable trend Improving, but data 


limited Possible concern 


Fishery effects on age-at-
maturity and fecundity Unknown NA Possible concern 


 


 
Data Gaps and Research Priorities 
Isolation by distance genetic study to define stock structure in the planning stage.  NPRB proposal to 
collect maturity in the northern Bering Sea for comparison with recent SE Bering Sea shelf samples. 
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Tables 


Table 4.1--Catch (t) of yellowfin sole 1964-2017.  Catch for 2017 is an estimate through the end of 2017. 
  Domestic  


Year Foreign JVP DAP Total 
1964 111,777   111,777 
1965 53,810   53,810 
1966 102,353   102,353 
1967 162,228   162,228 
1968 84,189   84,189 
1969 167,134   167,134 
1970 133,079   133,079 
1971 160,399   160,399 
1972 47,856   47,856 
1973 78,240   78,240 
1974 42,235   42,235 
1975 64,690   64,690 
1976 56,221   56,221 
1977 58,373   58,373 
1978 138,433   138,433 
1979 99,019   99,019 
1980 77,768 9,623  87,391 
1981 81,255 16,046  97,301 
1982 78,331 17,381  95,712 
1983 85,874 22,511  108,385 
1984 126,762 32,764  159,526 
1985 100,706 126,401  227,107 
1986 57,197 151,400  208,597 
1987 1,811 179,613 4 181,428 
1988  213,323 9,833 223,156 
1989  151,501 1,664 153,165 
1990  69,677 14,293 83,970 
1991   115,842 115,842 
1992   149,569 149,569 
1993   106,101 106,101 
1994   144,544 144,544 
1995   124,740 124,740 
1996   129,659 129,659 
1997   181,389 181,389 
1998   101,201 101,201 
1999   67,320 67,320 
2000   83,850 83,850 
2001   63,395 63,395 
2002   73,000 73,000 
2003   74,418 74,418 
2004   69,046 69,046 
2005   94,383 94,383 
2006   99,068 99,068 
2007   121,029 121,029 
2008   148,894 148,894 
2009   107,528 107,528 
2010   118,624 118,624 
2011   151,164 151,164 
2012   147,183 147,183 
2013   164,944 164,944 
2014   156,778 156,778 
2015   126,933 126,933 
2016   135,353 135,353 
2017   143,100 143,100 







 


 


Table 4.2. Estimates of retained and discarded (t) yellowfin sole caught in Bering Sea fisheries. 
Year Retained Discarded 
1987 3 1 
1988 7,559 2,274 
1989 1,279 385 
1990 10,093 4,200 
1991 89,054 26,788 
1992 103,989 45,580 
1993 76,798 26,838 
1994 107,629 36,948 
1995 96,718 28,022 
1996 101,324 28,334 
1997 149,570 31,818 
1998 80,365 20,836 
1999 55,202 12,118 
2000 69,788 14,062 
2001 54,759 8,635 
2002 62,050 10,950 
2003 63,732 10,686 
2004 57,378 11,668 
2005 85,321 9,062 
2006 90,570 8,498 
2007 109,084 11,945 
2008 141,253 7,659 
2009 92,488 5,733 
2010 113,244 5,380 
2011 146,419 4,745 
2012 143,737 3,446 
2013 158,781 6,163 
2014 152,164 4,614 
2015 123,065 3,871 
2016 131,205 4,148 


Table 4.3. Discarded and retained catch of non-CDQ yellowfin sole, by fishery, in 2016. 
Source: AKFIN. 


Trip Target Name Discarded Retained 
Atka Mackerel <1 <1  
Pollock - bottom 4 297 
Pacific Cod 1,636 315 
Alaska Plaice - BSAI 6 260 
Other Flatfish - BSAI  <1   
Halibut     
Rockfish <1 <1 
Flathead Sole 92 2,403 
Kamchatka Flounder - BSAI <1  <1 
Pollock - midwater 172 415 
Rock Sole - BSAI 598 21,646 
Sablefish     
Greenland Turbot - BSAI 0   
Arrowtooth Flounder <1 <1 
Yellowfin Sole - BSAI 1,637 105,868 







 


 


Table 4.4. Yellowfin sole fishery catch-at-age (proportions), 1975-2016. 


 males           
 7 8 9 10 11 12 13 14 15 16 17+ 


1975 0.09 0.24 0.12 0.02 0.01 0.01 0.02 0.00 0.00 0.00 0.00 
1976 0.05 0.04 0.14 0.11 0.04 0.02 0.02 0.00 0.01 0.00 0.00 
1977 0.03 0.08 0.07 0.12 0.09 0.04 0.01 0.00 0.00 0.00 0.00 
1978 0.05 0.09 0.07 0.07 0.07 0.03 0.02 0.01 0.00 0.00 0.00 
1979 0.03 0.06 0.11 0.07 0.06 0.04 0.02 0.00 0.00 0.00 0.00 
1980 0.04 0.02 0.03 0.05 0.05 0.05 0.03 0.01 0.01 0.01 0.01 
1981 0.04 0.04 0.03 0.05 0.07 0.06 0.04 0.02 0.01 0.00 0.00 
1982 0.04 0.06 0.05 0.05 0.07 0.07 0.04 0.02 0.01 0.00 0.00 
1983 0.06 0.03 0.06 0.05 0.04 0.06 0.05 0.03 0.02 0.01 0.01 
1984 0.01 0.06 0.04 0.08 0.04 0.05 0.05 0.10 0.04 0.02 0.01 
1985 0.02 0.03 0.06 0.06 0.07 0.06 0.07 0.06 0.03 0.02 0.02 
1986 0.03 0.02 0.05 0.06 0.04 0.04 0.04 0.02 0.04 0.04 0.05 
1987 0.02 0.05 0.04 0.05 0.04 0.05 0.06 0.04 0.02 0.03 0.13 
1988 0.03 0.04 0.09 0.02 0.04 0.04 0.02 0.05 0.04 0.01 0.08 
1989 0.00 0.04 0.04 0.06 0.02 0.02 0.04 0.03 0.03 0.03 0.16 
1990 0.05 0.01 0.18 0.02 0.05 0.02 0.03 0.04 0.00 0.04 0.07 
1991 0.01 0.09 0.01 0.19 0.03 0.06 0.01 0.01 0.02 0.02 0.07 
1992 0.01 0.03 0.10 0.03 0.14 0.02 0.02 0.02 0.01 0.01 0.04 
1993 0.02 0.01 0.01 0.08 0.01 0.10 0.02 0.02 0.01 0.02 0.09 
1994 0.02 0.04 0.03 0.02 0.11 0.01 0.09 0.01 0.03 0.01 0.05 
1995 0.03 0.06 0.03 0.01 0.02 0.10 0.00 0.10 0.01 0.01 0.05 
1996 0.02 0.06 0.04 0.02 0.01 0.03 0.10 0.02 0.07 0.01 0.06 
1997 0.02 0.02 0.05 0.04 0.03 0.04 0.02 0.10 0.02 0.05 0.09 
1998 0.02 0.02 0.02 0.05 0.04 0.03 0.01 0.02 0.03 0.01 0.12 
1999 0.00 0.02 0.01 0.02 0.04 0.05 0.03 0.02 0.03 0.04 0.11 
2000 0.00 0.02 0.05 0.01 0.02 0.05 0.03 0.03 0.02 0.05 0.13 
2001 0.01 0.02 0.01 0.03 0.03 0.01 0.02 0.03 0.03 0.02 0.16 
2002 0.00 0.02 0.03 0.04 0.09 0.03 0.02 0.05 0.01 0.01 0.14 
2003 0.01 0.08 0.04 0.03 0.02 0.04 0.02 0.02 0.03 0.02 0.15 
2004 0.01 0.02 0.09 0.02 0.02 0.02 0.03 0.01 0.01 0.02 0.19 
2005 0.01 0.04 0.02 0.08 0.02 0.02 0.03 0.04 0.02 0.01 0.14 
2006 0.06 0.05 0.03 0.05 0.06 0.02 0.01 0.02 0.03 0.01 0.09 
2007 0.02 0.06 0.03 0.03 0.05 0.06 0.02 0.02 0.03 0.02 0.12 
2008 0.02 0.03 0.06 0.02 0.03 0.02 0.07 0.01 0.02 0.02 0.11 
2009 0.01 0.04 0.03 0.05 0.03 0.01 0.02 0.04 0.02 0.02 0.13 
2010 0.06 0.03 0.06 0.02 0.05 0.04 0.02 0.01 0.02 0.01 0.10 
2011 0.02 0.07 0.03 0.03 0.03 0.04 0.01 0.01 0.01 0.03 0.14 
2012 0.02 0.04 0.08 0.04 0.03 0.03 0.04 0.04 0.01 0.02 0.16 
2013 0.02 0.00 0.03 0.08 0.05 0.06 0.04 0.04 0.03 0.01 0.09 
2014 0.02 0.04 0.03 0.04 0.06 0.02 0.04 0.04 0.04 0.01 0.13 
2015 0.01 0.03 0.04 0.02 0.02 0.05 0.02 0.05 0.02 0.04 0.16 
2016 0.02 0.03 0.03 0.05 0.04 0.02 0.05 0.03 0.02 0.01 0.17 


 


  







 


 


 


Table 4.4- continued. 


 females           
 7 8 9 10 11 12 13 14 15 16 17+ 


1975 0.05 0.14 0.09 0.05 0.02 0.02 0.02 0.00 0.01 0.00 0.00 
1976 0.04 0.07 0.17 0.10 0.07 0.01 0.01 0.00 0.01 0.00 0.00 
1977 0.07 0.16 0.11 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 
1978 0.05 0.13 0.12 0.09 0.09 0.03 0.01 0.01 0.00 0.00 0.00 
1979 0.03 0.07 0.12 0.12 0.08 0.06 0.03 0.01 0.01 0.00 0.00 
1980 0.06 0.04 0.06 0.11 0.10 0.07 0.07 0.04 0.02 0.01 0.03 
1981 0.06 0.06 0.03 0.05 0.09 0.11 0.07 0.05 0.02 0.01 0.01 
1982 0.03 0.07 0.06 0.05 0.09 0.09 0.05 0.03 0.02 0.01 0.00 
1983 0.07 0.05 0.08 0.04 0.05 0.07 0.06 0.05 0.03 0.02 0.01 
1984 0.03 0.04 0.05 0.09 0.04 0.06 0.05 0.06 0.03 0.01 0.02 
1985 0.02 0.02 0.06 0.05 0.07 0.06 0.05 0.06 0.05 0.01 0.01 
1986 0.03 0.03 0.04 0.09 0.07 0.06 0.04 0.03 0.04 0.03 0.06 
1987 0.01 0.03 0.02 0.04 0.05 0.05 0.06 0.05 0.03 0.03 0.09 
1988 0.02 0.03 0.07 0.02 0.04 0.05 0.04 0.06 0.05 0.02 0.12 
1989 0.00 0.04 0.05 0.05 0.03 0.03 0.05 0.02 0.05 0.05 0.15 
1990 0.02 0.01 0.13 0.03 0.06 0.03 0.02 0.01 0.01 0.08 0.09 
1991 0.01 0.07 0.01 0.11 0.04 0.04 0.01 0.03 0.04 0.02 0.09 
1992 0.01 0.02 0.09 0.02 0.14 0.04 0.04 0.01 0.03 0.02 0.12 
1993 0.02 0.01 0.02 0.09 0.01 0.12 0.03 0.03 0.02 0.03 0.18 
1994 0.02 0.03 0.03 0.03 0.16 0.00 0.10 0.01 0.04 0.02 0.13 
1995 0.04 0.06 0.02 0.01 0.02 0.10 0.00 0.16 0.01 0.03 0.12 
1996 0.01 0.04 0.06 0.02 0.03 0.03 0.07 0.01 0.11 0.01 0.11 
1997 0.02 0.02 0.06 0.03 0.02 0.03 0.03 0.10 0.01 0.06 0.10 
1998 0.02 0.03 0.08 0.04 0.02 0.04 0.04 0.12 0.01 0.07 0.13 
1999 0.01 0.02 0.03 0.02 0.08 0.05 0.03 0.04 0.04 0.07 0.23 
2000 0.00 0.01 0.05 0.03 0.03 0.07 0.08 0.05 0.02 0.04 0.22 
2001 0.01 0.02 0.05 0.08 0.05 0.04 0.07 0.05 0.04 0.02 0.16 
2002 0.01 0.02 0.03 0.04 0.06 0.04 0.03 0.04 0.05 0.02 0.21 
2003 0.00 0.05 0.04 0.03 0.04 0.08 0.03 0.02 0.02 0.03 0.19 
2004 0.01 0.01 0.10 0.05 0.03 0.02 0.05 0.02 0.01 0.05 0.19 
2005 0.02 0.03 0.03 0.08 0.03 0.03 0.04 0.06 0.03 0.01 0.19 
2006 0.07 0.05 0.03 0.04 0.14 0.02 0.00 0.01 0.03 0.01 0.10 
2007 0.01 0.04 0.03 0.02 0.04 0.08 0.03 0.03 0.03 0.03 0.17 
2008 0.02 0.04 0.04 0.05 0.03 0.03 0.07 0.04 0.02 0.03 0.17 
2009 0.02 0.03 0.06 0.06 0.03 0.05 0.04 0.05 0.03 0.03 0.17 
2010 0.04 0.03 0.04 0.04 0.04 0.03 0.04 0.04 0.06 0.03 0.17 
2011 0.02 0.05 0.04 0.05 0.04 0.06 0.03 0.03 0.03 0.04 0.16 
2012 0.02 0.03 0.05 0.04 0.05 0.02 0.05 0.02 0.01 0.02 0.16 
2013 0.01 0.02 0.04 0.07 0.06 0.07 0.05 0.04 0.02 0.03 0.14 
2014 0.01 0.02 0.04 0.05 0.05 0.06 0.04 0.03 0.04 0.03 0.18 
2015 0.01 0.02 0.02 0.04 0.03 0.08 0.04 0.04 0.03 0.04 0.18 
2016 0.02 0.04 0.04 0.03 0.04 0.03 0.06 0.03 0.02 0.01 0.21 







 


 


Table 4.5 Yellowfin sole biomass estimates (t) from the annual Bering Sea shelf bottom trawl survey 
and upper and lower 95% confidence intervals. 


    
Year Total Lower CI Upper CI 


    
1982 3,377,800 2,571,000 4,184,600 
1983 3,535,300 2,958,100 4,112,400 
1984 3,141,200 2,636,800 3,645,600 
1985 2,443,700 1,563,400 3,324,000 
1986 1,909,900 1,480,700 2,339,000 
1987 2,613,100 2,051,800 3,174,400 
1988 2,402,400 1,808,400 2,996,300 
1989 2,316,300 1,836,700 2,795,800 
1990 2,183,800 1,886,200 2,479,400 
1991 2,393,300 2,116,000 2,670,700 
1992 2,172,900 1,898,900 2,690,600 
1993 2,465,400 2,151,500 2,779,300 
1994 2,610,500 2,266,800 2,954,100 
1995 2,009,700 1,724,800 2,294,600 
1996 2,298,600 1,749,900 2,847,300 
1997 2,163,400 1,907,900 2,418,900 
1998 2,329,600 2,033,130 2,626,070 
1999 1,306,470 1,118,800 1,494,150 
2000 1,581,900 1,382,000 1,781,800 
2001 1,863,700 1,605,000 2,122,300 
2002 2,016,700 1,740,700 2,292,700 
2003 2,239,600 1,822,700 2,656,600 
2004 2,530,600 2,147,900 2,913,300 
2005 2,823,500 2,035,800 3,499,800 
2006 2,133,070 1,818,253 2,447,932 
2007 2,152,738 1,775,191 2,530,285 
2008 2,099,521 1,599,100 2,600,000 
2009 1,739,238 1,435,188 2,043,288 
2010 2,367,830 1,807,430 2,928,230 
2011 2,403,021 1,926,371 2,879,671 
2012 1,951,400 1,675,982 2,226,819 
2013 2,279,004 1,934,134 2,623,874 
2014 2,512,250 2,058,018 2,966,482 
2015 1,932,347 1,644,043 2,220,651 
2016 2,859,811 2,532,202 3,187,421 
2017 2,787,688 2,310,198 3,265,178 







 


 


Table 4.6. Yellowfin sole population numbers-at-age (millions) estimated from the annual bottom 
trawl surveys, 1982-2016. 


 females 
 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17+ 
1979 21 113 150 442 616 386 555 801 626 528 219 274 59 35 29 15 
1980 1 92 342 518 800 1055 413 661 880 651 765 285 113 33 23 23 
1981 0 20 195 839 692 1321 1155 261 477 744 527 311 168 55 23 45 
1982 38 183 349 1211 1485 1424 1619 843 829 832 704 409 246 159 51 84 
1983 0 5 59 154 751 1413 843 1065 936 753 1155 866 295 160 60 54 
1984 0 53 278 264 427 745 841 1111 1080 941 541 583 480 239 174 133 
1985 0 3 105 442 587 406 632 915 441 518 545 384 298 321 205 127 
1986 0 8 24 219 349 666 279 574 519 377 284 318 196 250 136 259 
1987 0 0 70 120 803 458 843 259 376 599 356 449 243 270 247 688 
1988 0 0 7 370 71 1495 560 557 184 239 351 208 360 273 219 886 
1989 0 0 14 98 718 234 1337 593 446 74 179 308 234 238 183 565 
1990 0 0 70 102 325 1066 192 1257 408 482 101 72 107 78 231 605 
1991 0 10 127 248 123 405 896 151 1263 213 525 63 128 87 123 807 
1992 0 19 247 485 520 213 286 938 94 825 75 309 129 137 170 715 
1993 0 24 100 357 634 434 269 224 1314 78 866 157 165 69 68 674 
1994 0 54 95 223 518 905 555 482 284 1170 516 44 274 142 42 588 
1995 0 19 153 288 181 889 627 274 135 25 634 21 561 104 80 512 
1996 0 16 154 809 288 279 434 517 206 146 151 602 116 637 47 619 
1997 0 18 324 502 725 256 239 506 228 114 176 184 500 44 314 533 
1998 0 10 83 479 420 900 260 203 370 413 369 170 176 265 67 1167 
1999 0 3 65 198 175 185 727 104 107 245 190 186 72 102 175 425 
2000 0 11 54 248 208 304 444 537 189 198 237 219 65 117 145 572 
2001 0 1 71 239 522 248 403 415 654 374 83 191 154 127 189 617 
2002 0 16 123 170 255 778 346 290 229 457 221 91 307 116 152 805 
2003 0 15 115 241 251 287 1143 225 279 286 251 103 115 170 168 943 
2004 10 33 192 430 560 441 217 966 221 212 218 219 106 20 167 1020 
2005 0 53 167 194 602 433 213 487 834 196 144 191 324 170 53 1332 
2006 0 67 302 376 276 634 470 176 325 738 133 133 71 156 175 514 
2007 0 37 515 348 376 277 504 308 124 227 504 119 137 127 105 724 
2008 0 24 115 736 621 546 359 355 198 117 259 350 153 79 85 732 
2009 5 38 204 204 1187 609 488 259 210 218 129 138 196 88 43 444 
2010 0 33 328 386 438 895 554 517 329 335 155 166 135 173 99 684 
2011 0 14 243 539 707 463 769 410 457 204 226 149 142 145 186 619 
2012 10 50 229 394 503 293 243 752 256 334 106 156 37 150 128 547 
2013 0 4 88 269 420 531 256 221 409 406 358 119 135 133 133 770 
2014 0 0 37 421 384 248 420 231 228 523 341 160 144 228 34 819 
2015 0 23 3 167 467 350 308 287 249 149 282 258 135 99 80 592 
2016 1 32 71 45 164 743 565 403 364 300 144 245 230 140 163 1027 


  







 


 


Table 4.6.(continued) 


        males         
year/age 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17+ 


1979 21 115 143 390 381 303 583 847 604 406 349 247 54 76 29 36 
1980 20 78 306 632 853 1221 457 558 616 568 444 370 147 18 8 8 
1981 0 50 200 1047 640 1280 858 394 372 546 534 266 66 83 55 12 
1982 89 193 428 1780 1781 1059 1673 644 774 463 471 482 302 8 24 8 
1983 0 1 65 183 724 1729 808 1049 676 699 722 566 425 550 77 51 
1984 0 68 246 323 497 734 830 612 788 718 358 379 201 316 122 106 
1985 0 41 172 419 559 263 652 527 401 451 360 224 260 157 112 65 
1986 0 13 47 108 373 652 262 327 284 335 211 205 115 210 82 252 
1987 0 5 41 106 838 467 673 445 328 277 210 147 106 142 185 600 
1988 0 2 10 435 49 1163 553 443 85 187 28 177 336 189 28 599 
1989 0 2 23 181 788 177 1306 513 357 135 50 103 54 204 35 478 
1990 0 11 47 121 316 888 195 1144 318 263 40 65 67 24 55 389 
1991 0 0 103 354 139 275 1046 68 1137 328 244 74 64 60 53 420 
1992 0 0 146 445 566 262 226 812 114 907 193 213 12 12 61 607 
1993 0 20 52 233 646 393 279 247 1096 69 842 53 53 50 0 341 
1994 4 22 71 166 427 953 656 308 191 822 26 622 46 132 11 303 
1995 0 0 169 120 270 667 565 94 179 75 478 13 603 49 24 418 
1996 0 76 95 837 244 227 425 344 331 141 139 399 61 449 125 495 
1997 0 10 214 425 798 181 184 446 245 194 214 108 514 79 264 416 
1998 0 48 70 351 569 832 159 226 204 272 346 140 157 191 113 814 
1999 0 5 100 142 225 243 575 146 94 309 269 75 53 28 119 425 
2000 0 0 36 219 259 143 509 583 78 215 133 77 92 78 66 547 
2001 0 0 87 141 652 341 375 357 562 208 87 158 65 73 140 432 
2002 0 58 72 158 309 758 318 333 262 442 194 120 220 161 133 507 
2003 0 24 95 178 258 251 1074 238 363 53 284 173 10 71 57 682 
2004 4 63 114 469 447 199 395 993 263 81 195 223 103 47 249 456 
2005 0 49 166 187 474 476 204 288 972 123 142 121 133 69 93 726 
2006 0 101 173 348 332 505 393 288 298 384 116 155 89 39 11 590 
2007 0 58 481 352 405 284 545 209 166 252 338 101 133 72 59 620 
2008 0 10 99 662 462 483 344 453 225 144 185 329 63 66 35 581 
2009 0 65 144 289 946 462 555 248 249 217 78 31 195 30 29 363 
2010 0 78 199 418 371 1032 462 510 171 189 159 53 117 151 78 678 
2011 1 7 150 385 482 358 792 398 224 176 77 81 136 103 157 440 
2012 0 69 274 352 344 273 238 425 297 179 98 67 91 34 100 2 
2013 0 7 92 366 384 481 211 268 445 200 200 33 89 100 118 612 
2014 0 0 0 9 366 396 286 338 310 251 400 206 193 20 192 841 
2015 1 29 36 131 426 332 301 312 318 48 180 131 80 1 80 492 
2016 0 43 85 20 142 704 544 402 367 125 117 227 180 88 35 859 


 







 


 


Table 4.7 Occurrence of yellowfin sole in the Bering Sea trawl survey and collections of length and 
age structures and the number of otoliths aged from each survey. 


Year 
Total 
Hauls 


Hauls 
w/Len 


Number  
lengths 


Hauls 
w/otoliths 


Hauls 
w/ages 


Number of  
otoliths 


Number 
ages 


1982 334 246 37023 35 35 744 744 
1983 353 256 33924 37 37 709 709 
1984 355 271 33894 56 56 821 796 
1985 357 261 33824 44 43 810 802 
1986 354 249 30470 34 34 739 739 
1987 357 224 31241 16 16 798 798 
1988 373 254 27138 14 14 543 543 
1989 374 236 29672 24 24 740 740 
1990 371 251 30257 28 28 792 792 
1991 372 248 27986 26 26 742 742 
1992 356 229 23628 16 16 606 606 
1993 375 242 26651 20 20 549 549 
1994 375 269 24448 14 14 526 522 
1995 376 254 22116 20 20 654 647 
1996 375 247 27505 16 16 729 721 
1997 376 262 26034 11 11 470 466 
1998 375 310 34509 15 15 575 570 
1999 373 276 28431 31 31 777 770 
2000 372 255 24880 20 20 517 511 
2001 375 251 26558 25 25 604 593 
2002 375 246 26309 32 32 738 723 
2003 376 241 27135 37 37 699 695 
2004 375 251 26103 26 26 725 712 
2005 373 251 24658 34 34 644 635 
2006 376 246 28470 39 39 428 426 
2007 376 247 24790 66 66 779 772 
2008 375 238 25848 65 65 858 830 
2009 376 235 22018 70 70 784 752 
2010 376 228 20619 77 77 841 827 
2011 376 228 21665 65 64 784 753 
2012 376 242 23519 72 72 993 973 
2013 376 232 23261 70 70 821 803 
2014 376 219 20229 52 52 799 790 
2015 376 223 20830 73 73 878 875 
2016 376 242 26674 69 69 884 876 
2017 376 258 25767 78  896  







 


 


Table 4.8 Total tonnage of yellowfin sole caught in resource assessment surveys in the eastern Bering 
Sea from 1977-2017. 


 Research 
Year catch (t) 


  
1977 60 
1978 71 
1979 147 
1980 92 
1981 74 
1982 158 
1983 254 
1984 218 
1985 105 
1986 68 
1987 92 
1988 138 
1989 148 
1990 129 
1991 118 
1992 60 
1993 95 
1994 91 
1995 95 
1996 72 
1997 76 
1998 79 
1999 61 
2000 72 
2001 75 
2002 76 
2003 78 
2004 114 
2005 94 
2006 74 
2007 74 
2008 69 
2009 60 
2010 79 
2011 77 
2012 64 
2013 75 
2014 81 
2015 64 
2016 98 
2017 98 







 


 


Table 4.9. Mean length and weight at age for yellowfin sole (unsmoothed). 
 average mean length at age (cm)               
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
males 7 11 12 14 17 20 22 24 26 27 28 29 30 30 31 31 31 32 32 32 
females 10 13 15 17 20 22 25 27 29 30 31 32 33 33 33 34 34 33 34 
 weight at age (g) males                
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
1954 0 4 15 34 60 91 125 160 195 230 263 294 322 348 372 393 412 429 444 481 
1955 0 4 15 34 60 91 125 160 195 230 263 294 322 348 372 393 412 429 444 481 


| 0 4 15 34 60 91 125 160 195 230 263 294 322 348 372 393 412 429 444 481 
1974 0 4 15 34 60 91 125 160 195 230 263 294 322 348 372 393 412 429 444 481 
1975 4 14 18 32 54 85 120 156 193 225 253 280 303 324 330 344 355 366 390 423 
1976 4 14 18 32 54 85 120 156 193 225 253 280 303 324 330 344 355 366 390 423 
1977 4 14 18 32 54 85 120 156 193 225 253 280 303 324 330 344 355 366 390 423 
1978 4 14 18 32 54 85 120 156 193 225 253 280 303 324 330 344 355 366 390 423 
1979 4 14 18 32 54 85 120 156 193 225 253 280 303 324 330 344 355 366 390 423 
1980 4 14 18 32 54 85 120 156 193 225 253 280 303 324 330 344 355 366 390 423 
1981 4 14 18 32 54 85 120 156 193 225 253 280 303 324 330 344 355 366 390 423 
1982 4 11 25 50 83 112 133 142 158 182 196 212 218 249 403 386 386 455 532 408 
1983 4 5 5 23 57 95 156 156 155 176 212 227 227 254 262 287 271 370 370 408 
1984 4 10 20 31 57 121 150 181 202 193 202 213 246 252 257 262 282 415 290 370 
1985 4 11 23 32 51 84 148 186 214 227 228 246 277 267 283 305 407 389 532 387 
1986 4 9 18 27 34 61 98 176 217 233 239 229 271 263 258 324 265 318 300 370 
1987 4 8 14 17 27 53 97 157 211 226 260 267 311 309 276 291 307 296 329 394 
1988 4 7 10 18 45 75 76 138 207 242 261 304 301 297 339 304 308 315 326 386 
1989 4 7 10 27 47 72 142 130 179 244 270 351 338 352 317 302 391 309 361 348 
1990 4 9 16 22 44 64 98 120 175 197 273 323 341 326 337 286 348 353 343 388 
1991 4 9 17 29 51 75 100 132 180 212 266 267 325 355 326 359 352 304 532 381 
1992 4 9 17 28 53 86 97 125 174 208 239 264 306 508 407 395 344 360 406 360 
1993 4 9 18 45 56 93 135 145 206 209 238 265 387 303 349 363 376 349 342 384 
1994 4 23 32 53 76 92 116 182 198 207 259 336 311 345 345 407 356 479 349 424 
1995 4 10 19 32 59 88 110 154 177 207 249 258 336 294 319 377 367 383 401 448 
1996 4 10 19 32 54 107 134 163 184 215 221 264 281 295 314 326 333 418 326 435 
1997 4 8 14 37 64 75 149 174 185 239 231 248 261 303 349 336 384 370 346 444 
1998 4 10 20 27 49 79 113 156 208 207 259 262 289 301 291 332 330 354 350 392 
1999 4 6 7 18 37 63 95 123 170 171 245 281 269 269 347 330 395 350 350 450 
2000 4 10 20 36 32 64 88 133 161 284 233 271 302 255 291 331 351 349 373 385 
2001 4 9 16 27 38 51 91 152 161 198 268 240 280 299 292 320 343 357 430 434 
2002 4 9 18 21 57 59 81 134 188 204 241 248 269 306 303 343 336 304 368 414 
2003 4 11 22 39 53 83 109 161 179 251 248 304 263 468 330 339 305 339 352 405 
2004 4 7 20 40 64 94 157 157 213 266 334 310 297 356 360 338 387 414 443 446 
2005 4 11 24 44 77 110 136 170 201 262 278 332 366 308 328 350 375 347 349 434 
2006 4 10 19 36 71 124 139 180 207 237 233 315 330 380 385 446 369 335 382 390 
2007 4 10 19 36 63 107 140 181 208 248 291 286 311 340 375 342 353 369 422 430 
2008 4 8 13 29 50 91 113 181 194 252 262 289 306 364 366 369 372 374 417 481 
2009 4 7 11 20 39 74 112 133 194 273 270 302 348 321 379 320 405 370 391 460 
2010 4 14 18 32 54 85 120 156 193 225 253 280 303 324 330 344 355 366 390 423 
2011 4 14 17 25 47 81 134 164 174 305 283 330 291 346 332 344 389 364 375 400 
2012 4 14 12 27 48 83 126 181 214 249 274 296 295 341 342 382 380 388 396 400 
2013 4 14 13 21 40 72 122 179 227 259 278 320 273 379 357 379 407 390 366 400 
2014 4 8 11 44 34 75 150 195 246 296 313 314 330 273 385 387 400 478 436 400 
2015 4 8 11 44 34 75 150 195 246 296 313 314 330 273 385 387 400 478 436 400 
2016 4 8 43 57 63 82 116 171 253 319 318 331 338 346 381 383 408 434 413 460 
2017 4 8 43 57 63 82 116 171 253 319 318 331 338 346 381 383 408 434 413 460 


 







 


 


Table 4.9—(continued) Mean length and weight at age for yellowfin sole (unsmoothed). 
    females                
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
1954 4 15 34 60 91 125 160 195 230 263 294 322 348 372 393 412 429 444 481 590 


| 4 15 34 60 91 125 160 195 230 263 294 322 348 372 393 412 429 444 481 590 
1974 4 15 34 60 91 125 160 195 230 263 294 322 348 372 393 412 429 444 481 590 
1975 8 20 31 55 84 124 165 217 266 301 341 374 407 428 443 480 483 499 590 590 
1976 8 20 31 55 84 124 165 217 266 301 341 374 407 428 443 480 483 499 590 590 
1977 8 20 31 55 84 124 165 217 266 301 341 374 407 428 443 480 483 499 590 590 
1978 8 20 31 55 84 124 165 217 266 301 341 374 407 428 443 480 483 499 590 590 
1979 8 20 31 55 84 124 165 217 266 301 341 374 407 428 443 480 483 499 590 590 
1980 8 20 31 55 84 124 165 217 266 301 341 374 407 428 443 480 483 499 590 590 
1981 8 20 31 55 84 124 165 217 266 301 341 374 407 428 443 480 483 499 590 590 
1982 8 20 42 75 98 139 176 214 233 235 289 300 339 336 406 490 417 386 568 590 
1983 10 14 26 60 103 162 185 201 243 255 280 329 395 477 539 583 578 630 685 590 
1984 14 26 33 57 110 156 177 222 246 294 338 332 325 422 436 458 497 665 654 590 
1985 11 16 28 46 77 177 202 251 286 302 323 371 370 421 425 499 624 600 620 590 
1986 14 27 23 41 71 103 173 239 284 338 342 350 402 351 391 422 440 455 611 590 
1987 10 14 20 47 55 127 179 256 317 324 373 373 385 384 422 412 458 436 523 590 
1988 9 12 16 34 66 85 159 237 286 307 378 396 404 388 415 437 429 485 578 590 
1989 12 21 33 67 71 112 133 197 279 339 402 430 449 456 456 456 578 476 516 590 
1990 11 17 24 38 65 99 126 197 243 321 449 450 416 446 464 455 471 523 569 590 
1991 11 16 23 58 56 100 142 156 238 310 370 457 446 473 474 490 492 484 598 590 
1992 12 21 29 55 85 121 177 176 283 305 284 352 435 516 459 484 519 459 547 590 
1993 15 28 35 64 93 155 165 232 244 301 333 368 442 452 497 499 471 538 586 590 
1994 20 46 53 86 87 125 155 235 276 284 337 396 351 461 464 480 476 514 553 590 
1995 12 20 28 60 84 123 160 217 284 332 340 443 384 414 454 439 619 482 589 590 
1996 11 16 36 51 108 137 167 202 222 311 318 334 405 399 432 534 462 523 558 590 
1997 16 34 33 72 85 157 200 236 260 292 353 373 401 469 440 490 431 515 600 590 
1998 10 14 36 51 90 104 177 237 278 279 318 370 416 405 403 448 407 532 581 590 
1999 9 12 18 37 67 103 131 239 284 296 328 348 384 396 416 461 502 477 639 590 
2000 11 16 33 33 91 81 158 175 237 306 310 373 401 440 422 494 506 483 636 590 
2001 6 6 32 41 57 83 148 179 255 305 357 372 447 415 420 422 476 522 598 590 
2002 11 18 27 48 65 87 120 224 243 261 337 346 374 408 434 452 505 489 585 590 
2003 9 12 31 53 86 124 156 213 289 303 344 407 425 399 434 365 438 457 536 590 
2004 9 18 43 63 101 168 172 245 299 346 380 407 483 543 450 461 464 500 604 590 
2005 14 26 44 78 114 152 213 238 277 337 347 397 439 461 531 522 438 539 629 590 
2006 9 13 40 82 125 153 204 245 319 314 375 370 533 460 476 865 480 537 691 590 
2007 11 16 36 66 115 173 198 244 316 311 362 358 417 461 462 497 491 611 640 590 
2008 13 24 28 54 98 129 199 226 286 320 355 384 442 434 471 530 530 552 630 590 
2009 6 9 18 45 69 127 163 239 306 322 375 416 381 413 473 736 539 491 679 590 
2010 8 20 31 55 84 124 165 217 266 301 341 374 407 428 443 480 483 499 590 590 
2011 8 18 25 56 80 126 188 205 327 332 372 403 415 440 426 369 491 542 590 590 
2012 8 12 26 49 81 144 169 256 313 341 349 445 459 471 476 444 527 525 590 590 
2013 8 12 21 35 92 125 182 261 305 364 410 426 464 456 451 507 494 532 590 590 
2014 6 8 11 18 34 74 145 203 260 305 376 367 405 410 488 519 483 581 548 590 
2015 6 8 11 18 34 74 145 203 260 305 376 367 405 410 488 519 483 581 548 590 
2016 6 8 32 50 66 74 112 186 338 372 412 408 455 456 485 508 515 532 555 590 
2017 6 8 32 50 66 74 112 186 338 372 412 408 455 456 485 508 515 532 555 590 


 







 


 


Table 4.10. Female yellowfin sole proportion mature at age from Nichol (1995) and TenBrink and 
Wilderbuer (2015). 


Age 1992, 1993  
samples 


2012  
samples 


 
Combined 


1 0.00 0 0 
2 0.00 0 0 
3 0.001 0 0 
4 0.004 0 0 
5 0.008 0 0 
6 0.020 0.01 0.01 
7 0.046 0.03 0.04 
8 0.104 0.09 0.10 
9 0.217 0.21 0.21 


10 0.397 0.43 0.41 
11 0.612 0.68 0.65 
12 0.790 0.86 0.83 
13 0.899 0.94 0.92 
14 0.955 0.98 0.97 
15 0.981 0.99 0.99 
16 0.992 1.0 1.0 
17 0.997 1.0 1.0 
18 1.0 1.0 1.0 
19 1.0 1.0 1.0 
20 1.0 1.0 1.0 


 







 


 


Table 4.11. Key equations used in the population dynamics model. 
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Table 4.11—continued. 
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Table 4.12. Variables used in the population dynamics model. 
    Variables             Description 


        Rt  Age 1 recruitment in year t 
        R0  Geometric mean value of age 1 recruitment, 1956-75 
        Rγ  Geometric mean value of age 1 recruitment, 1976-2014 


         τ t  Recruitment deviation in year t 


         Nt a,  Number of fish in year t at age a 
          Ct a,  Catch numbers of fish in year t at age a 
         Pt a,  Proportion of the numbers of fish age a in year t 
          Ct  Total catch numbers in year t 


          Wt a,  Mean body weight (kg) of fish age a in year t 
           φa  Proportion of mature females at age a 
          Ft a,  Instantaneous annual fishing mortality of age a fish in year t 


           M Instantaneous natural mortality, assumed constant over all ages and years 
           Zt a,  Instantaneous total mortality for age a fish in year t 


            sa  Age-specific fishing gear selectivity 


           µ F  Median year-effect of fishing mortality 


           ε t
F  The residual year-effect of fishing mortality 


            νa  Age-specific survey selectivity 


            α  Slope parameter in the logistic selectivity equation 
           β  Age at 50% selectivity parameter in the logistic selectivity equation 


            σ t  Standard error of the survey biomass in year t 


  







 


 


Table 4.13.  Models evaluated for stock productivity in the 2017 stock assessment of yellowfin sole 


 


 
Model 
14_2 


Model 
14_1 


Years 
included 1955-2012 1978-2012 


Fmsy 0.19 0.12 


Bmsy (t) 333,700 454,000 


ABC (t) 471,300 277,500 


OFL (t) 476,800 306,700 
Buffer 
between 
ABC 
and 
OFL 1% 11% 


 


  







 


 


Table 4-14.  Model estimates of annual average fishing mortality for male and female yellowfin sole. 
      Females         
year/age 7 8 9 10 11 12 13 14 15 16 17 18 19 20 


1964 0.082 0.179 0.269 0.315 0.330 0.335 0.337 0.337 0.337 0.337 0.337 0.337 0.337 0.337 
1965 0.012 0.044 0.114 0.189 0.225 0.237 0.240 0.240 0.241 0.241 0.241 0.241 0.241 0.241 
1966 0.018 0.053 0.139 0.270 0.375 0.426 0.444 0.449 0.451 0.452 0.452 0.452 0.452 0.452 
1967 0.027 0.078 0.194 0.362 0.497 0.562 0.586 0.594 0.597 0.597 0.598 0.598 0.598 0.598 
1968 0.011 0.027 0.062 0.129 0.228 0.328 0.397 0.433 0.449 0.455 0.458 0.458 0.458 0.458 
1969 0.057 0.205 0.442 0.578 0.617 0.625 0.627 0.627 0.628 0.628 0.628 0.628 0.628 0.628 
1970 0.347 0.608 0.650 0.654 0.655 0.655 0.655 0.655 0.655 0.655 0.655 0.655 0.655 0.655 
1971 0.383 0.583 0.605 0.607 0.607 0.607 0.607 0.607 0.607 0.607 0.607 0.607 0.607 0.607 
1972 0.000 0.000 0.000 0.000 0.000 0.001 0.003 0.010 0.034 0.106 0.250 0.250 0.250 0.250 
1973 0.018 0.064 0.178 0.318 0.394 0.419 0.426 0.427 0.428 0.428 0.428 0.428 0.428 0.428 
1974 0.004 0.014 0.038 0.078 0.116 0.135 0.143 0.145 0.146 0.146 0.146 0.146 0.146 0.146 
1975 0.018 0.056 0.101 0.123 0.129 0.130 0.131 0.131 0.131 0.131 0.131 0.131 0.131 0.131 
1976 0.011 0.029 0.059 0.091 0.111 0.121 0.124 0.126 0.126 0.126 0.126 0.126 0.126 0.126 
1977 0.026 0.036 0.046 0.052 0.055 0.057 0.058 0.059 0.059 0.059 0.059 0.059 0.059 0.059 
1978 0.032 0.063 0.091 0.107 0.113 0.115 0.115 0.115 0.116 0.116 0.116 0.116 0.116 0.116 
1979 0.019 0.037 0.053 0.062 0.065 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 
1980 0.014 0.024 0.038 0.051 0.062 0.069 0.073 0.075 0.076 0.076 0.076 0.076 0.076 0.076 
1981 0.014 0.024 0.036 0.046 0.053 0.057 0.058 0.059 0.060 0.060 0.060 0.060 0.060 0.060 
1982 0.015 0.026 0.035 0.041 0.043 0.044 0.044 0.044 0.044 0.044 0.044 0.044 0.044 0.044 
1983 0.022 0.034 0.042 0.044 0.045 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 
1984 0.017 0.034 0.052 0.063 0.068 0.070 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 
1985 0.020 0.041 0.067 0.088 0.099 0.103 0.105 0.106 0.106 0.106 0.106 0.106 0.106 0.106 
1986 0.025 0.058 0.084 0.094 0.097 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 
1987 0.009 0.021 0.042 0.066 0.082 0.091 0.094 0.096 0.096 0.096 0.096 0.096 0.096 0.096 
1988 0.011 0.032 0.068 0.100 0.115 0.120 0.122 0.122 0.122 0.122 0.122 0.122 0.122 0.122 
1989 0.004 0.013 0.035 0.064 0.082 0.089 0.091 0.091 0.092 0.092 0.092 0.092 0.092 0.092 
1990 0.004 0.012 0.024 0.034 0.038 0.039 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 
1991 0.006 0.014 0.025 0.035 0.041 0.043 0.044 0.045 0.045 0.045 0.045 0.045 0.045 0.045 
1992 0.011 0.025 0.044 0.059 0.068 0.071 0.073 0.073 0.073 0.073 0.074 0.074 0.074 0.074 
1993 0.008 0.014 0.022 0.032 0.041 0.047 0.051 0.053 0.054 0.055 0.055 0.055 0.055 0.055 
1994 0.014 0.031 0.049 0.060 0.064 0.065 0.066 0.066 0.066 0.066 0.066 0.066 0.066 0.066 
1995 0.016 0.033 0.047 0.054 0.056 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 
1996 0.017 0.029 0.042 0.051 0.057 0.060 0.061 0.062 0.062 0.062 0.062 0.062 0.062 0.062 
1997 0.021 0.037 0.056 0.072 0.082 0.088 0.091 0.093 0.093 0.093 0.094 0.094 0.094 0.094 
1998 0.016 0.029 0.041 0.048 0.051 0.053 0.053 0.053 0.053 0.054 0.054 0.054 0.054 0.054 
1999 0.002 0.007 0.016 0.027 0.035 0.039 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 
2000 0.003 0.008 0.019 0.033 0.043 0.048 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 
2001 0.006 0.013 0.023 0.031 0.035 0.037 0.037 0.037 0.038 0.038 0.038 0.038 0.038 0.038 
2002 0.003 0.008 0.018 0.030 0.037 0.040 0.041 0.042 0.042 0.042 0.042 0.042 0.042 0.042 
2003 0.005 0.012 0.023 0.032 0.037 0.039 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 
2004 0.006 0.013 0.022 0.030 0.034 0.036 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 
2005 0.010 0.019 0.029 0.038 0.044 0.047 0.048 0.049 0.049 0.049 0.049 0.049 0.049 0.049 
2006 0.032 0.042 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 
2007 0.013 0.026 0.042 0.053 0.059 0.062 0.063 0.063 0.063 0.063 0.063 0.063 0.063 0.063 
2008 0.016 0.034 0.053 0.065 0.070 0.071 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 
2009 0.010 0.025 0.043 0.051 0.054 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 0.055 
2010 0.011 0.023 0.039 0.050 0.055 0.057 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 
2011 0.012 0.028 0.049 0.064 0.072 0.075 0.076 0.076 0.076 0.076 0.076 0.076 0.076 0.076 
2012 0.012 0.027 0.045 0.060 0.069 0.072 0.073 0.074 0.074 0.074 0.074 0.074 0.074 0.074 
2013 0.005 0.018 0.044 0.072 0.086 0.090 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092 
2014 0.006 0.017 0.040 0.066 0.082 0.089 0.091 0.092 0.092 0.092 0.092 0.092 0.092 0.092 
2015 0.004 0.009 0.020 0.038 0.059 0.075 0.083 0.087 0.089 0.090 0.090 0.090 0.090 0.090 
2016 0.007 0.015 0.028 0.045 0.063 0.075 0.083 0.086 0.088 0.089 0.089 0.089 0.089 0.089 
2017 0.009 0.022 0.043 0.061 0.070 0.074 0.075 0.075 0.075 0.076 0.076 0.076 0.076 0.076 


 


  







 


 


Table 4.14  continued. 
      Males         
year/age 7 8 9 10 11 12 13 14 15 16 17 18 19 20 


1964 0.337 0.337 0.337 0.337 0.337 0.337 0.337 0.337 0.337 0.337 0.337 0.337 0.337 0.337 
1965 0.005 0.024 0.087 0.178 0.225 0.237 0.240 0.240 0.241 0.241 0.241 0.241 0.241 0.241 
1966 0.021 0.093 0.261 0.397 0.440 0.450 0.451 0.452 0.452 0.452 0.452 0.452 0.452 0.452 
1967 0.137 0.397 0.556 0.591 0.597 0.598 0.598 0.598 0.598 0.598 0.598 0.598 0.598 0.598 
1968 0.043 0.184 0.373 0.444 0.457 0.460 0.460 0.460 0.460 0.460 0.460 0.460 0.460 0.460 
1969 0.007 0.039 0.176 0.438 0.584 0.620 0.626 0.627 0.628 0.628 0.628 0.628 0.628 0.628 
1970 0.000 0.001 0.006 0.027 0.115 0.335 0.548 0.630 0.650 0.654 0.655 0.655 0.655 0.655 
1971 0.371 0.586 0.606 0.607 0.607 0.607 0.607 0.607 0.607 0.607 0.607 0.607 0.607 0.607 
1972 0.114 0.337 0.474 0.504 0.508 0.509 0.509 0.509 0.509 0.509 0.509 0.509 0.509 0.509 
1973 0.114 0.351 0.420 0.427 0.428 0.428 0.428 0.428 0.428 0.428 0.428 0.428 0.428 0.428 
1974 0.083 0.125 0.141 0.145 0.146 0.146 0.146 0.146 0.146 0.146 0.146 0.146 0.146 0.146 
1975 0.047 0.103 0.126 0.130 0.131 0.131 0.131 0.131 0.131 0.131 0.131 0.131 0.131 0.131 
1976 0.010 0.028 0.061 0.096 0.115 0.123 0.125 0.126 0.126 0.126 0.126 0.126 0.126 0.126 
1977 0.009 0.026 0.046 0.055 0.058 0.059 0.059 0.059 0.059 0.059 0.059 0.059 0.059 0.059 
1978 0.025 0.051 0.080 0.100 0.109 0.113 0.115 0.115 0.115 0.116 0.116 0.116 0.116 0.116 
1979 0.018 0.036 0.052 0.061 0.065 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 
1980 0.007 0.011 0.018 0.028 0.038 0.049 0.059 0.065 0.070 0.073 0.074 0.074 0.074 0.074 
1981 0.012 0.020 0.029 0.039 0.047 0.052 0.056 0.058 0.059 0.059 0.059 0.059 0.059 0.059 
1982 0.022 0.032 0.039 0.042 0.044 0.044 0.044 0.044 0.044 0.044 0.044 0.044 0.044 0.044 
1983 0.024 0.036 0.042 0.045 0.045 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 
1984 0.023 0.046 0.062 0.069 0.070 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 
1985 0.036 0.073 0.096 0.104 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.106 
1986 0.034 0.072 0.091 0.097 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 
1987 0.015 0.050 0.083 0.094 0.096 0.096 0.096 0.096 0.096 0.096 0.096 0.096 0.096 0.096 
1988 0.015 0.055 0.100 0.118 0.122 0.122 0.122 0.122 0.122 0.122 0.122 0.122 0.122 0.122 
1989 0.004 0.015 0.044 0.074 0.087 0.091 0.091 0.092 0.092 0.092 0.092 0.092 0.092 0.092 
1990 0.008 0.022 0.034 0.038 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 
1991 0.008 0.024 0.039 0.044 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 0.045 
1992 0.017 0.039 0.059 0.069 0.072 0.073 0.073 0.073 0.074 0.074 0.074 0.074 0.074 0.074 
1993 0.009 0.015 0.024 0.034 0.043 0.048 0.052 0.054 0.055 0.055 0.055 0.055 0.055 0.055 
1994 0.018 0.039 0.056 0.063 0.065 0.066 0.066 0.066 0.066 0.066 0.066 0.066 0.066 0.066 
1995 0.019 0.038 0.051 0.056 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057 
1996 0.026 0.040 0.052 0.058 0.060 0.062 0.062 0.062 0.062 0.062 0.062 0.062 0.062 0.062 
1997 0.026 0.048 0.069 0.083 0.089 0.092 0.093 0.093 0.094 0.094 0.094 0.094 0.094 0.094 
1998 0.007 0.021 0.038 0.049 0.052 0.053 0.053 0.054 0.054 0.054 0.054 0.054 0.054 0.054 
1999 0.002 0.004 0.010 0.019 0.029 0.036 0.039 0.040 0.041 0.041 0.041 0.041 0.041 0.041 
2000 0.003 0.007 0.017 0.031 0.042 0.047 0.049 0.050 0.050 0.050 0.050 0.050 0.050 0.050 
2001 0.001 0.004 0.008 0.015 0.024 0.031 0.035 0.036 0.037 0.037 0.038 0.038 0.038 0.038 
2002 0.002 0.008 0.021 0.035 0.040 0.041 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 
2003 0.006 0.017 0.031 0.038 0.039 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 
2004 0.005 0.011 0.021 0.030 0.034 0.036 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 
2005 0.011 0.023 0.035 0.043 0.047 0.049 0.049 0.049 0.049 0.049 0.049 0.049 0.049 0.049 
2006 0.028 0.043 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 0.046 
2007 0.020 0.040 0.054 0.061 0.063 0.063 0.063 0.063 0.063 0.063 0.063 0.063 0.063 0.063 
2008 0.018 0.039 0.058 0.067 0.071 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 
2009 0.008 0.019 0.034 0.046 0.052 0.054 0.054 0.055 0.055 0.055 0.055 0.055 0.055 0.055 
2010 0.016 0.036 0.050 0.056 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 0.058 
2011 0.017 0.036 0.057 0.069 0.074 0.075 0.076 0.076 0.076 0.076 0.076 0.076 0.076 0.076 
2012 0.018 0.040 0.060 0.070 0.073 0.074 0.074 0.074 0.074 0.074 0.074 0.074 0.074 0.074 
2013 0.007 0.021 0.049 0.074 0.087 0.091 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092 
2014 0.008 0.021 0.043 0.067 0.082 0.089 0.091 0.092 0.092 0.092 0.092 0.092 0.092 0.092 
2015 0.005 0.010 0.019 0.033 0.051 0.067 0.078 0.084 0.087 0.089 0.089 0.089 0.089 0.089 
2016 0.007 0.014 0.026 0.043 0.061 0.074 0.082 0.086 0.088 0.089 0.089 0.089 0.089 0.089 
2017 0.015 0.037 0.059 0.071 0.074 0.075 0.075 0.076 0.076 0.076 0.076 0.076 0.076 0.076 


 







 


 


Table 4.15. Model estimates of yellowfin sole full selection fishing mortality and exploitation rate 
(catch/total biomass). 


Year Full selection F Exploitation Rate 
1974 0.15 0.03 
1975 0.13 0.04 
1976 0.13 0.03 
1977 0.06 0.02 
1978 0.12 0.05 
1979 0.07 0.03 
1980 0.08 0.03 
1981 0.06 0.03 
1982 0.04 0.03 
1983 0.05 0.03 
1984 0.07 0.05 
1985 0.11 0.06 
1986 0.10 0.06 
1987 0.10 0.06 
1988 0.12 0.07 
1989 0.09 0.05 
1990 0.04 0.03 
1991 0.04 0.03 
1992 0.07 0.05 
1993 0.06 0.03 
1994 0.07 0.04 
1995 0.06 0.04 
1996 0.06 0.04 
1997 0.09 0.06 
1998 0.05 0.04 
1999 0.04 0.03 
2000 0.05 0.03 
2001 0.04 0.02 
2002 0.04 0.03 
2003 0.04 0.03 
2004 0.04 0.02 
2005 0.05 0.03 
2006 0.05 0.03 
2007 0.06 0.04 
2008 0.07 0.05 
2009 0.05 0.04 
2010 0.06 0.04 
2011 0.08 0.05 
2012 0.07 0.05 
2013 0.09 0.06 
2014 0.09 0.06 
2015 0.09 0.05 
2016 0.09 0.05 
2017 0.08 0.05 







 


 


Table 4.16 Model estimates of yellowfin sole age-specific selectivities for the survey and fishery (ages 
4 to 20 from left to right).  


 


4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
     survey females           
1982-2017 0.0 0.0 0.0 0.1 0.2 0.3 0.6 0.8 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 


     survey males            
 0.0 0.0 0.0 0.1 0.2 0.4 0.5 0.7 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 


     fishery females           
1964 0.0 0.0 0.1 0.2 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1965 0.0 0.0 0.0 0.1 0.2 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1966 0.0 0.0 0.0 0.0 0.1 0.3 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1967 0.0 0.0 0.0 0.0 0.1 0.3 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1968 0.0 0.0 0.0 0.0 0.1 0.1 0.3 0.5 0.7 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 
1969 0.0 0.0 0.0 0.1 0.3 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1970 0.0 0.0 0.1 0.5 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1971 0.0 0.0 0.1 0.6 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1972 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.5 0.5 0.5 0.5 
1973 0.0 0.0 0.0 0.0 0.1 0.4 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1974 0.0 0.0 0.0 0.0 0.1 0.3 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1975 0.0 0.0 0.0 0.1 0.4 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1976 0.0 0.0 0.0 0.1 0.2 0.5 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1977 0.1 0.1 0.3 0.4 0.6 0.8 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1978 0.0 0.0 0.1 0.3 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1979 0.0 0.0 0.1 0.3 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1980 0.0 0.0 0.1 0.2 0.3 0.5 0.7 0.8 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1981 0.0 0.1 0.1 0.2 0.4 0.6 0.8 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1982 0.0 0.1 0.2 0.3 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1983 0.0 0.1 0.2 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1984 0.0 0.0 0.1 0.2 0.5 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1985 0.0 0.0 0.1 0.2 0.4 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1986 0.0 0.0 0.1 0.3 0.6 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1987 0.0 0.0 0.0 0.1 0.2 0.4 0.7 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1988 0.0 0.0 0.0 0.1 0.3 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1989 0.0 0.0 0.0 0.0 0.1 0.4 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1990 0.0 0.0 0.0 0.1 0.3 0.6 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1991 0.0 0.0 0.1 0.1 0.3 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1992 0.0 0.0 0.1 0.2 0.3 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1993 0.0 0.0 0.1 0.1 0.2 0.4 0.6 0.7 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1994 0.0 0.0 0.1 0.2 0.5 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1995 0.0 0.0 0.1 0.3 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1996 0.0 0.1 0.1 0.3 0.5 0.7 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1997 0.0 0.1 0.1 0.2 0.4 0.6 0.8 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1998 0.0 0.1 0.1 0.3 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1999 0.0 0.0 0.0 0.1 0.2 0.4 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2000 0.0 0.0 0.0 0.1 0.2 0.4 0.7 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2001 0.0 0.0 0.1 0.1 0.3 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2002 0.0 0.0 0.0 0.1 0.2 0.4 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2003 0.0 0.0 0.0 0.1 0.3 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2004 0.0 0.0 0.1 0.1 0.3 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2005 0.0 0.0 0.1 0.2 0.4 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2006 0.0 0.1 0.3 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2007 0.0 0.0 0.1 0.2 0.4 0.7 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2008 0.0 0.0 0.1 0.2 0.5 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2009 0.0 0.0 0.0 0.2 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2010 0.0 0.0 0.1 0.2 0.4 0.7 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2011 0.0 0.0 0.1 0.2 0.4 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2012 0.0 0.0 0.1 0.2 0.4 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2013 0.0 0.0 0.0 0.1 0.2 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2014 0.0 0.0 0.0 0.1 0.2 0.4 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2015 0.0 0.0 0.0 0.0 0.1 0.2 0.4 0.7 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2016 0.0 0.0 0.0 0.1 0.2 0.3 0.5 0.7 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2017 0.0 0.0 0.0 0.1 0.3 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 


  


  
  


   
  


  
   


 







 


 


Table 4.16 (continued) Model estimates of yellowfin sole age-specific selectivities for the survey and 
fishery (ages 4 to 20 from left to right).  


    fishery males             
 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 


1964 0.0 0.0 0.0 0.0 0.1 0.4 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1965 0.0 0.0 0.0 0.0 0.1 0.4 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1966 0.0 0.0 0.0 0.0 0.2 0.6 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1967 0.0 0.0 0.0 0.2 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1968 0.0 0.0 0.0 0.1 0.4 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1969 0.0 0.0 0.0 0.0 0.1 0.3 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1970 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.5 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1971 0.0 0.0 0.1 0.6 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1972 0.0 0.0 0.0 0.2 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1973 0.0 0.0 0.0 0.3 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1974 0.0 0.1 0.2 0.6 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1975 0.0 0.0 0.1 0.4 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1976 0.0 0.0 0.0 0.1 0.2 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1977 0.0 0.0 0.0 0.2 0.4 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1978 0.0 0.0 0.1 0.2 0.4 0.7 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1979 0.0 0.0 0.1 0.3 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1980 0.0 0.0 0.1 0.1 0.1 0.2 0.4 0.5 0.6 0.8 0.9 0.9 0.9 1.0 1.0 1.0 1.0 
1981 0.0 0.1 0.1 0.2 0.3 0.5 0.6 0.8 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1982 0.0 0.1 0.3 0.5 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1983 0.0 0.1 0.2 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1984 0.0 0.0 0.1 0.3 0.6 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1985 0.0 0.0 0.1 0.3 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1986 0.0 0.0 0.1 0.3 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1987 0.0 0.0 0.0 0.2 0.5 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1988 0.0 0.0 0.0 0.1 0.4 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1989 0.0 0.0 0.0 0.0 0.2 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1990 0.0 0.0 0.1 0.2 0.5 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1991 0.0 0.0 0.0 0.2 0.5 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1992 0.0 0.0 0.1 0.2 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1993 0.0 0.0 0.1 0.2 0.3 0.4 0.6 0.8 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1994 0.0 0.0 0.1 0.3 0.6 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1995 0.0 0.0 0.1 0.3 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1996 0.0 0.1 0.2 0.4 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1997 0.0 0.1 0.1 0.3 0.5 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1998 0.0 0.0 0.0 0.1 0.4 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1999 0.0 0.0 0.0 0.0 0.1 0.2 0.5 0.7 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2000 0.0 0.0 0.0 0.1 0.1 0.3 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2001 0.0 0.0 0.0 0.0 0.1 0.2 0.4 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2002 0.0 0.0 0.0 0.0 0.2 0.5 0.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2003 0.0 0.0 0.0 0.1 0.4 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2004 0.0 0.0 0.0 0.1 0.3 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2005 0.0 0.0 0.1 0.2 0.5 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2006 0.0 0.0 0.2 0.6 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2007 0.0 0.0 0.1 0.3 0.6 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2008 0.0 0.0 0.1 0.3 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2009 0.0 0.0 0.1 0.1 0.3 0.6 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2010 0.0 0.0 0.1 0.3 0.6 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2011 0.0 0.0 0.1 0.2 0.5 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2012 0.0 0.0 0.1 0.2 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2013 0.0 0.0 0.0 0.1 0.2 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2014 0.0 0.0 0.0 0.1 0.2 0.5 0.7 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2015 0.0 0.0 0.0 0.1 0.1 0.2 0.4 0.6 0.7 0.9 0.9 1.0 1.0 1.0 1.0 1.0 1.0 
2016 0.0 0.0 0.0 0.1 0.2 0.3 0.5 0.7 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2017 0.0 0.0 0.1 0.2 0.5 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 


 


  







 


 


Table 4.17. Model estimates of yellowfin sole age 2+ total biomass (t) and begin-year female spawning 
biomass (t) from the 2016 and 2017 stock assessments. 


 2017Assessment 2016 Assessment 


Year 
Female spawning  


biomass 
Lower 


95%C.I. 
Upper 


95%C.I. 
Total 


biomass 
Lower 


95%C.I. 
Upper 


95%C.I. 
Female spawning  


biomass 
Total  


biomass 
1964 142,369 125,963 158,775 926,625 884,358 968,892 17,615 839,742 
1965 169,571 150,673 188,469 901,174 859,348 943,000 36,707 835,631 
1966 207,104 181,164 233,044 936,828 894,264 979,392 61,107 879,970 
1967 218,877 183,738 254,016 911,246 868,430 954,062 75,435 863,836 
1968 213,928 172,597 255,259 823,838 782,109 865,567 74,113 782,492 
1969 197,480 159,473 235,487 850,296 806,122 894,470 69,945 810,677 
1970 135,238 107,904 162,572 813,647 767,283 860,011 65,929 786,026 
1971 87,750 68,217 107,284 862,710 810,862 914,558 59,749 846,563 
1972 71,363 52,436 90,290 936,838 876,587 997,089 41,419 909,321 
1973 78,284 55,940 100,627 1,188,580 1,117,114 1,260,046 48,795 1,155,700 
1974 84,991 62,369 107,612 1,433,880 1,350,985 1,516,775 64,968 1,397,720 
1975 134,520 104,490 164,550 1,786,070 1,687,158 1,884,982 114,443 1,739,260 
1976 194,457 159,757 229,157 2,091,310 1,979,840 2,202,780 175,884 2,035,950 
1977 285,756 244,715 326,797 2,400,420 2,276,574 2,524,266 267,530 2,336,020 
1978 400,220 353,682 446,758 2,694,380 2,558,675 2,830,085 381,170 2,620,880 
1979 515,975 465,098 566,852 2,853,520 2,707,666 2,999,374 494,992 2,771,670 
1980 644,788 589,440 700,136 3,034,890 2,879,623 3,190,157 620,393 2,944,900 
1981 763,587 704,136 823,038 3,200,280 3,035,796 3,364,764 735,618 3,103,120 
1982 830,159 769,672 890,646 3,312,110 3,142,696 3,481,524 799,728 3,208,630 
1983 930,442 866,389 994,495 3,289,120 3,117,812 3,460,428 895,921 3,183,300 
1984 1,009,100 942,343 1,075,857 3,509,840 3,324,897 3,694,783 971,246 3,393,380 
1985 1,054,930 984,923 1,124,937 3,516,680 3,324,359 3,709,001 1,013,620 3,394,790 
1986 1,040,470 969,028 1,111,912 3,228,140 3,041,303 3,414,977 996,871 3,108,320 
1987 1,032,280 957,877 1,106,683 3,183,200 2,990,263 3,376,137 986,120 3,058,180 
1988 973,826 899,973 1,047,679 3,082,600 2,889,542 3,275,658 927,181 2,955,620 
1989 944,673 869,393 1,019,953 3,130,950 2,926,591 3,335,309 896,354 2,994,610 
1990 953,446 877,432 1,029,460 2,993,920 2,791,865 3,195,975 903,497 2,858,500 
1991 1,030,640 950,675 1,110,605 3,106,100 2,897,247 3,314,953 977,265 2,964,280 
1992 1,108,300 1,022,799 1,193,801 3,303,480 3,081,401 3,525,559 1,051,080 3,150,890 
1993 1,139,450 1,049,929 1,228,971 3,328,080 3,099,130 3,557,030 1,079,390 3,167,600 
1994 1,139,730 1,049,752 1,229,708 3,362,290 3,130,320 3,594,260 1,078,550 3,194,550 
1995 1,135,560 1,044,219 1,226,901 3,135,510 2,911,867 3,359,153 1,072,910 2,972,780 
1996 1,068,660 980,760 1,156,560 3,047,450 2,827,286 3,267,614 1,007,480 2,881,690 
1997 1,029,840 942,754 1,116,926 3,056,250 2,832,945 3,279,555 968,198 2,881,350 
1998 964,342 879,785 1,048,899 2,782,490 2,569,490 2,995,490 903,440 2,612,680 
1999 953,817 869,562 1,038,072 2,599,520 2,395,766 2,803,274 891,856 2,434,810 
2000 939,002 855,138 1,022,866 2,645,900 2,441,086 2,850,714 876,306 2,472,620 
2001 932,963 849,579 1,016,347 2,571,130 2,369,891 2,772,369 868,908 2,397,250 
2002 929,799 846,867 1,012,731 2,612,290 2,410,173 2,814,407 864,250 2,430,820 
2003 937,347 854,321 1,020,373 2,820,560 2,606,587 3,034,533 869,246 2,618,170 
2004 966,374 881,636 1,051,112 3,028,200 2,801,621 3,254,779 893,962 2,805,970 
2005 981,900 896,204 1,067,596 3,138,190 2,904,329 3,372,051 905,612 2,906,560 
2006 1,001,710 914,164 1,089,256 3,121,280 2,886,123 3,356,437 920,437 2,887,410 
2007 1,007,020 918,540 1,095,500 3,131,800 2,892,122 3,371,478 921,166 2,895,700 
2008 984,018 895,586 1,072,450 3,002,470 2,766,978 3,237,962 894,603 2,771,050 
2009 950,705 863,010 1,038,400 2,834,320 2,603,218 3,065,422 858,763 2,606,720 
2010 928,940 841,575 1,016,305 2,903,440 2,665,625 3,141,255 835,187 2,670,900 
2011 910,298 823,033 997,563 2,936,040 2,690,395 3,181,685 815,498 2,701,250 
2012 897,681 809,011 986,351 2,927,810 2,676,751 3,178,869 802,230 2,693,730 
2013 894,342 802,405 986,279 2,883,080 2,627,632 3,138,528 799,268 2,647,970 
2014 858,579 764,911 952,247 2,680,370 2,430,474 2,930,266 764,979 2,449,450 
2015 861,299 763,454 959,144 2,699,440 2,438,694 2,960,186 767,803 2,451,240 
2016 876,687 775,173 978,201 2,852,570 2,552,951 3,152,189 775,148 2,457,260 
2017 884,750 780,860 988,640 2,878,150 2,535,096 3,221,204   


 







 


 


Table 4.18—Model estimates of yellowfin sole population numbers at age (billions) for 1954-2017. 


 Female s                  
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 


1954 1.04 0.70 0.30 0.22 0.22 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
1955 0.84 0.92 0.62 0.27 0.20 0.19 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.17 0.17 0.17 0.17 0.17 0.17 
1956 0.73 0.75 0.81 0.55 0.24 0.18 0.17 0.16 0.16 0.16 0.16 0.16 0.15 0.15 0.15 0.15 0.15 0.15 0.15 
1957 2.95 0.65 0.66 0.72 0.49 0.21 0.16 0.15 0.14 0.14 0.14 0.14 0.14 0.13 0.13 0.13 0.13 0.13 0.13 
1958 2.33 2.62 0.58 0.59 0.64 0.43 0.19 0.14 0.13 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 
1959 1.49 2.07 2.32 0.51 0.52 0.57 0.38 0.16 0.12 0.12 0.11 0.11 0.10 0.10 0.10 0.10 0.10 0.10 0.10 
1960 1.00 1.32 1.83 2.06 0.45 0.46 0.50 0.33 0.14 0.10 0.09 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 
1961 0.51 0.89 1.17 1.62 1.82 0.40 0.41 0.44 0.29 0.11 0.07 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
1962 0.95 0.46 0.79 1.04 1.44 1.62 0.36 0.36 0.39 0.24 0.09 0.04 0.02 0.01 0.01 0.01 0.01 0.01 0.01 
1963 0.46 0.85 0.40 0.70 0.92 1.28 1.44 0.32 0.32 0.34 0.21 0.07 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
1964 0.42 0.41 0.75 0.36 0.62 0.81 1.09 1.16 0.23 0.22 0.22 0.13 0.04 0.02 0.00 0.00 0.00 0.00 0.00 
1965 0.59 0.37 0.37 0.67 0.32 0.54 0.70 0.89 0.86 0.16 0.14 0.14 0.09 0.03 0.01 0.00 0.00 0.00 0.00 
1966 0.61 0.52 0.33 0.32 0.59 0.28 0.48 0.61 0.76 0.68 0.12 0.10 0.10 0.06 0.02 0.01 0.00 0.00 0.00 
1967 1.25 0.54 0.46 0.29 0.29 0.52 0.25 0.42 0.51 0.59 0.46 0.07 0.06 0.06 0.03 0.01 0.00 0.00 0.00 
1968 1.91 1.11 0.48 0.41 0.26 0.25 0.46 0.21 0.34 0.38 0.36 0.25 0.04 0.03 0.03 0.02 0.01 0.00 0.00 
1969 1.96 1.70 0.99 0.42 0.36 0.23 0.22 0.40 0.19 0.29 0.29 0.26 0.16 0.02 0.02 0.02 0.01 0.00 0.00 
1970 2.58 1.74 1.50 0.88 0.38 0.32 0.20 0.19 0.29 0.11 0.14 0.14 0.12 0.08 0.01 0.01 0.01 0.00 0.00 
1971 2.87 2.29 1.54 1.33 0.78 0.33 0.27 0.13 0.09 0.13 0.05 0.07 0.06 0.06 0.03 0.00 0.00 0.00 0.00 
1972 2.25 2.54 2.03 1.37 1.18 0.68 0.28 0.16 0.06 0.04 0.07 0.02 0.03 0.03 0.03 0.02 0.00 0.00 0.00 
1973 1.56 2.00 2.26 1.80 1.21 1.05 0.61 0.24 0.14 0.06 0.04 0.06 0.02 0.03 0.03 0.02 0.01 0.00 0.00 
1974 2.10 1.38 1.77 2.00 1.60 1.07 0.93 0.53 0.20 0.11 0.04 0.02 0.03 0.01 0.02 0.02 0.01 0.01 0.00 
1975 2.47 1.86 1.23 1.57 1.78 1.42 0.95 0.82 0.46 0.17 0.09 0.03 0.02 0.03 0.01 0.01 0.01 0.01 0.01 
1976 1.62 2.19 1.65 1.09 1.39 1.57 1.25 0.83 0.69 0.37 0.14 0.07 0.02 0.01 0.02 0.01 0.01 0.01 0.01 
1977 2.04 1.44 1.94 1.46 0.96 1.23 1.39 1.10 0.71 0.57 0.30 0.11 0.05 0.02 0.01 0.02 0.01 0.01 0.01 
1978 1.34 1.81 1.28 1.72 1.29 0.85 1.08 1.20 0.94 0.60 0.48 0.25 0.09 0.04 0.01 0.01 0.01 0.00 0.01 
1979 0.85 1.18 1.61 1.13 1.52 1.14 0.74 0.93 1.00 0.76 0.48 0.38 0.20 0.07 0.04 0.01 0.01 0.01 0.00 
1980 1.64 0.76 1.05 1.42 1.00 1.34 1.00 0.65 0.79 0.84 0.63 0.40 0.32 0.17 0.06 0.03 0.01 0.01 0.01 


 







 


 


Table 4.18—Model estimates of yellowfin sole population numbers at age (billions) for 1954-2017 
(continued). 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
1981 1.21 1.45 0.67 0.93 1.26 0.89 1.18 0.88 0.56 0.68 0.71 0.53 0.33 0.26 0.14 0.05 0.02 0.01 0.00 0.02 
1982 3.51 1.08 1.29 0.59 0.82 1.11 0.78 1.04 0.76 0.48 0.57 0.60 0.44 0.28 0.22 0.11 0.04 0.02 0.01 0.02 
1983 0.65 3.11 0.95 1.14 0.53 0.73 0.98 0.68 0.89 0.65 0.41 0.49 0.51 0.38 0.24 0.19 0.10 0.03 0.02 0.02 
1984 2.89 0.58 2.76 0.85 1.01 0.46 0.64 0.85 0.58 0.76 0.55 0.35 0.41 0.43 0.32 0.20 0.16 0.08 0.03 0.04 
1985 1.00 2.56 0.51 2.45 0.75 0.89 0.41 0.56 0.73 0.49 0.63 0.46 0.29 0.34 0.35 0.26 0.16 0.13 0.07 0.05 
1986 0.76 0.88 2.27 0.45 2.17 0.66 0.79 0.36 0.48 0.61 0.40 0.51 0.37 0.23 0.27 0.28 0.21 0.13 0.10 0.10 
1987 1.04 0.68 0.78 2.02 0.40 1.92 0.58 0.68 0.30 0.39 0.49 0.32 0.41 0.29 0.18 0.22 0.23 0.17 0.11 0.16 
1988 1.42 0.92 0.60 0.70 1.79 0.36 1.70 0.51 0.59 0.25 0.32 0.40 0.26 0.33 0.24 0.15 0.18 0.18 0.14 0.21 
1989 1.42 1.26 0.82 0.53 0.62 1.58 0.31 1.49 0.44 0.49 0.20 0.25 0.31 0.20 0.26 0.19 0.12 0.14 0.14 0.27 
1990 0.71 1.26 1.12 0.73 0.47 0.55 1.40 0.28 1.30 0.38 0.41 0.17 0.21 0.25 0.17 0.21 0.15 0.09 0.11 0.34 
1991 0.79 0.63 1.12 0.99 0.64 0.42 0.48 1.24 0.24 1.13 0.32 0.35 0.14 0.18 0.22 0.14 0.18 0.13 0.08 0.38 
1992 1.76 0.70 0.56 0.99 0.88 0.57 0.37 0.43 1.08 0.21 0.96 0.28 0.30 0.12 0.15 0.18 0.12 0.15 0.11 0.39 
1993 1.05 1.56 0.62 0.49 0.88 0.78 0.50 0.33 0.37 0.92 0.18 0.80 0.23 0.24 0.10 0.12 0.15 0.10 0.13 0.41 
1994 0.89 0.93 1.38 0.55 0.44 0.78 0.69 0.44 0.28 0.32 0.79 0.15 0.68 0.19 0.20 0.08 0.10 0.13 0.08 0.45 
1995 0.90 0.79 0.83 1.22 0.49 0.39 0.68 0.60 0.38 0.24 0.27 0.66 0.12 0.56 0.16 0.17 0.07 0.09 0.11 0.44 
1996 2.24 0.80 0.70 0.73 1.09 0.43 0.34 0.60 0.52 0.32 0.20 0.22 0.55 0.10 0.47 0.13 0.14 0.06 0.07 0.46 
1997 0.97 1.98 0.71 0.62 0.65 0.96 0.38 0.30 0.52 0.44 0.27 0.17 0.19 0.46 0.09 0.39 0.11 0.12 0.05 0.44 
1998 0.80 0.86 1.76 0.63 0.55 0.57 0.84 0.33 0.25 0.43 0.36 0.22 0.14 0.15 0.37 0.07 0.32 0.09 0.10 0.40 
1999 1.00 0.71 0.76 1.56 0.56 0.49 0.50 0.73 0.28 0.22 0.37 0.31 0.19 0.12 0.13 0.31 0.06 0.27 0.08 0.41 
2000 1.41 0.89 0.63 0.68 1.38 0.49 0.43 0.45 0.65 0.25 0.19 0.31 0.26 0.16 0.10 0.11 0.27 0.05 0.23 0.42 
2001 0.90 1.25 0.79 0.56 0.60 1.22 0.44 0.38 0.39 0.56 0.21 0.16 0.26 0.22 0.13 0.08 0.09 0.22 0.04 0.54 
2002 1.25 0.80 1.11 0.70 0.50 0.53 1.08 0.39 0.33 0.34 0.48 0.18 0.14 0.23 0.19 0.11 0.07 0.08 0.19 0.50 
2003 1.21 1.11 0.71 0.98 0.62 0.44 0.47 0.96 0.34 0.29 0.29 0.41 0.16 0.12 0.19 0.16 0.10 0.06 0.07 0.59 
2004 1.98 1.08 0.98 0.63 0.87 0.55 0.39 0.42 0.84 0.29 0.25 0.25 0.35 0.13 0.10 0.16 0.14 0.08 0.05 0.56 
2005 0.91 1.76 0.96 0.87 0.56 0.77 0.49 0.34 0.36 0.73 0.25 0.21 0.21 0.30 0.11 0.08 0.14 0.12 0.07 0.52 
2006 1.12 0.80 1.56 0.85 0.77 0.49 0.68 0.43 0.30 0.31 0.62 0.22 0.18 0.18 0.25 0.10 0.07 0.12 0.10 0.50 
2007 1.44 1.00 0.71 1.38 0.75 0.68 0.43 0.58 0.36 0.25 0.27 0.53 0.18 0.15 0.15 0.22 0.08 0.06 0.10 0.51 
2008 1.33 1.28 0.88 0.63 1.22 0.66 0.60 0.38 0.50 0.31 0.21 0.22 0.44 0.15 0.13 0.13 0.18 0.07 0.05 0.50 
2009 1.47 1.18 1.13 0.78 0.56 1.08 0.59 0.53 0.32 0.42 0.26 0.18 0.18 0.36 0.13 0.11 0.11 0.15 0.06 0.46 
2010 1.73 1.30 1.05 1.00 0.70 0.50 0.96 0.51 0.45 0.27 0.36 0.22 0.15 0.15 0.30 0.11 0.09 0.09 0.12 0.43 
2011 0.62 1.53 1.16 0.93 0.89 0.62 0.44 0.84 0.45 0.39 0.23 0.30 0.18 0.12 0.13 0.25 0.09 0.07 0.07 0.46 
2012 0.47 0.55 1.36 1.03 0.82 0.79 0.54 0.38 0.72 0.38 0.32 0.19 0.25 0.15 0.10 0.11 0.21 0.07 0.06 0.44 
2013 1.05 0.42 0.48 1.20 0.91 0.73 0.70 0.48 0.33 0.61 0.31 0.27 0.16 0.20 0.12 0.08 0.09 0.17 0.06 0.41 
2014 1.31 0.93 0.37 0.43 1.07 0.81 0.64 0.61 0.42 0.28 0.51 0.26 0.22 0.13 0.16 0.10 0.07 0.07 0.14 0.38 
2015 1.13 1.16 0.83 0.33 0.38 0.95 0.71 0.57 0.53 0.35 0.23 0.41 0.21 0.18 0.10 0.13 0.08 0.05 0.06 0.42 
2016 1.20 1.00 1.03 0.73 0.29 0.34 0.84 0.63 0.50 0.46 0.30 0.20 0.34 0.17 0.14 0.08 0.11 0.06 0.04 0.39 
2017 1.21 1.06 0.89 0.91 0.65 0.26 0.30 0.74 0.55 0.43 0.39 0.25 0.16 0.28 0.14 0.12 0.07 0.09 0.05 0.35 


  







 


 


Table 4.18. Model estimates of yellowfin sole population numbers at age (billions) for 1954-2017 
(continued). 


 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
1954 1.04 0.37 0.25 0.21 0.21 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
1955 0.84 0.92 0.33 0.22 0.19 0.19 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.17 0.17 0.17 0.17 0.17 0.17 0.35 
1956 0.73 0.75 0.81 0.29 0.20 0.17 0.17 0.16 0.16 0.16 0.16 0.16 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.46 
1957 2.95 0.65 0.66 0.72 0.26 0.17 0.15 0.15 0.14 0.14 0.14 0.14 0.14 0.13 0.13 0.13 0.13 0.13 0.13 0.53 
1958 2.33 2.62 0.58 0.59 0.64 0.23 0.15 0.13 0.13 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.58 
1959 1.49 2.07 2.32 0.51 0.52 0.57 0.20 0.14 0.12 0.11 0.11 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.60 
1960 1.00 1.32 1.83 2.06 0.45 0.46 0.50 0.18 0.11 0.09 0.09 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.53 
1961 0.51 0.89 1.17 1.62 1.82 0.40 0.39 0.39 0.12 0.06 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.30 
1962 0.95 0.46 0.79 1.03 1.41 1.51 0.28 0.19 0.11 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.05 
1963 0.46 0.83 0.38 0.50 0.23 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1964 0.42 0.41 0.74 0.34 0.45 0.20 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1965 0.59 0.38 0.37 0.65 0.24 0.28 0.13 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1966 0.61 0.52 0.33 0.32 0.58 0.21 0.25 0.11 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1967 1.25 0.54 0.46 0.29 0.29 0.51 0.19 0.22 0.09 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1968 1.91 1.11 0.48 0.41 0.26 0.25 0.44 0.14 0.13 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1969 1.96 1.70 0.99 0.42 0.36 0.23 0.22 0.38 0.11 0.08 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1970 2.58 1.74 1.50 0.88 0.38 0.32 0.21 0.20 0.32 0.08 0.05 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1971 2.87 2.29 1.54 1.33 0.78 0.33 0.28 0.18 0.17 0.28 0.07 0.04 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1972 2.25 2.54 2.03 1.37 1.18 0.69 0.28 0.17 0.09 0.08 0.14 0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1973 1.56 2.00 2.26 1.80 1.21 1.05 0.60 0.22 0.11 0.05 0.05 0.07 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
1974 2.10 1.38 1.77 2.00 1.60 1.07 0.92 0.47 0.14 0.06 0.03 0.03 0.04 0.01 0.01 0.00 0.00 0.00 0.00 0.00 
1975 2.47 1.86 1.23 1.57 1.77 1.40 0.92 0.75 0.37 0.11 0.05 0.02 0.02 0.03 0.01 0.00 0.00 0.00 0.00 0.00 
1976 1.62 2.19 1.65 1.09 1.39 1.57 1.23 0.78 0.60 0.29 0.08 0.04 0.02 0.02 0.03 0.01 0.00 0.00 0.00 0.00 
1977 2.04 1.44 1.94 1.46 0.97 1.23 1.39 1.08 0.67 0.50 0.23 0.07 0.03 0.01 0.01 0.02 0.00 0.00 0.00 0.00 
1978 1.34 1.81 1.28 1.72 1.30 0.86 1.09 1.22 0.94 0.57 0.42 0.19 0.06 0.03 0.01 0.01 0.02 0.00 0.00 0.00 
1979 0.85 1.18 1.61 1.13 1.52 1.15 0.75 0.94 1.03 0.77 0.46 0.33 0.15 0.04 0.02 0.01 0.01 0.01 0.00 0.00 
1980 1.64 0.76 1.05 1.42 1.00 1.35 1.01 0.65 0.81 0.86 0.64 0.38 0.28 0.13 0.04 0.02 0.01 0.01 0.01 0.00 
1981 1.21 1.45 0.67 0.93 1.26 0.89 1.19 0.89 0.57 0.70 0.75 0.55 0.32 0.23 0.11 0.03 0.01 0.01 0.01 0.01 
1982 3.51 1.08 1.29 0.59 0.82 1.12 0.78 1.04 0.77 0.49 0.60 0.63 0.46 0.27 0.19 0.09 0.03 0.01 0.01 0.01 
1983 0.65 3.11 0.95 1.14 0.53 0.73 0.98 0.68 0.90 0.66 0.42 0.51 0.54 0.39 0.23 0.16 0.08 0.02 0.01 0.02 
1984 2.89 0.58 2.76 0.85 1.01 0.46 0.64 0.85 0.58 0.76 0.56 0.36 0.43 0.45 0.33 0.19 0.14 0.06 0.02 0.02 
1985 1.00 2.56 0.51 2.45 0.75 0.89 0.41 0.55 0.72 0.48 0.63 0.46 0.29 0.36 0.38 0.27 0.16 0.11 0.05 0.03 
1986 0.76 0.88 2.27 0.45 2.17 0.66 0.78 0.35 0.46 0.58 0.39 0.50 0.37 0.23 0.28 0.30 0.22 0.13 0.09 0.07 
1987 1.04 0.68 0.78 2.02 0.40 1.92 0.58 0.67 0.29 0.37 0.47 0.31 0.41 0.30 0.19 0.23 0.24 0.17 0.10 0.13 
1988 1.42 0.92 0.60 0.70 1.79 0.36 1.70 0.51 0.57 0.24 0.30 0.38 0.25 0.33 0.24 0.15 0.18 0.19 0.14 0.19 
1989 1.42 1.26 0.82 0.53 0.62 1.59 0.31 1.48 0.43 0.46 0.19 0.23 0.29 0.20 0.26 0.19 0.12 0.14 0.15 0.26 
1990 0.71 1.26 1.12 0.73 0.47 0.55 1.41 0.28 1.29 0.36 0.37 0.15 0.19 0.24 0.16 0.21 0.15 0.10 0.12 0.33 
1991 0.79 0.63 1.12 0.99 0.64 0.42 0.48 1.24 0.24 1.11 0.31 0.32 0.13 0.16 0.20 0.14 0.18 0.13 0.08 0.38 
1992 1.76 0.70 0.56 0.99 0.88 0.57 0.37 0.43 1.07 0.21 0.94 0.26 0.27 0.11 0.14 0.17 0.12 0.15 0.11 0.39 
1993 1.05 1.56 0.62 0.49 0.88 0.78 0.50 0.32 0.36 0.89 0.17 0.78 0.22 0.22 0.09 0.11 0.14 0.09 0.12 0.41 
1994 0.89 0.93 1.38 0.55 0.44 0.78 0.69 0.44 0.28 0.31 0.77 0.14 0.66 0.18 0.19 0.08 0.09 0.12 0.08 0.45 
1995 0.90 0.79 0.83 1.22 0.49 0.39 0.68 0.60 0.38 0.24 0.26 0.64 0.12 0.55 0.15 0.16 0.06 0.08 0.10 0.44 
1996 2.24 0.80 0.70 0.73 1.09 0.43 0.34 0.60 0.51 0.32 0.20 0.22 0.53 0.10 0.46 0.13 0.13 0.05 0.07 0.45 
1997 0.97 1.98 0.71 0.62 0.65 0.96 0.38 0.29 0.51 0.43 0.27 0.17 0.18 0.44 0.08 0.38 0.11 0.11 0.04 0.43 


 


 


  







 


 


Table 4.18. Model estimates of yellowfin sole population numbers at age (billions) for 1954-2017 
(continued). 


 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
1998 0.80 0.86 1.76 0.63 0.55 0.57 0.84 0.33 0.25 0.42 0.35 0.22 0.13 0.15 0.36 0.07 0.31 0.09 0.09 0.38 
1999 1.00 0.71 0.76 1.56 0.56 0.49 0.51 0.74 0.28 0.21 0.35 0.30 0.18 0.11 0.12 0.30 0.06 0.26 0.07 0.40 
2000 1.41 0.89 0.63 0.68 1.38 0.49 0.43 0.45 0.65 0.25 0.19 0.31 0.25 0.16 0.10 0.11 0.26 0.05 0.22 0.40 
2001 0.90 1.25 0.79 0.56 0.60 1.23 0.44 0.38 0.40 0.57 0.21 0.16 0.26 0.21 0.13 0.08 0.09 0.22 0.04 0.52 
2002 1.25 0.80 1.11 0.70 0.50 0.53 1.09 0.39 0.34 0.35 0.50 0.19 0.14 0.22 0.18 0.11 0.07 0.08 0.19 0.48 
2003 1.21 1.11 0.71 0.98 0.62 0.44 0.47 0.96 0.34 0.29 0.30 0.42 0.16 0.12 0.19 0.16 0.10 0.06 0.06 0.57 
2004 1.98 1.08 0.98 0.63 0.87 0.55 0.39 0.42 0.84 0.29 0.25 0.25 0.36 0.13 0.10 0.16 0.13 0.08 0.05 0.54 
2005 0.91 1.76 0.96 0.87 0.56 0.77 0.49 0.34 0.36 0.73 0.25 0.21 0.22 0.31 0.12 0.08 0.14 0.11 0.07 0.50 
2006 1.12 0.80 1.56 0.85 0.77 0.49 0.68 0.43 0.30 0.31 0.62 0.21 0.18 0.18 0.26 0.10 0.07 0.12 0.10 0.48 
2007 1.44 1.00 0.71 1.38 0.75 0.68 0.43 0.59 0.36 0.25 0.26 0.52 0.18 0.15 0.16 0.22 0.08 0.06 0.10 0.49 
2008 1.33 1.28 0.88 0.63 1.22 0.67 0.60 0.38 0.50 0.30 0.21 0.22 0.44 0.15 0.13 0.13 0.18 0.07 0.05 0.49 
2009 1.47 1.18 1.13 0.78 0.56 1.08 0.59 0.52 0.32 0.42 0.25 0.17 0.18 0.36 0.12 0.11 0.11 0.15 0.06 0.45 
2010 1.73 1.30 1.05 1.00 0.70 0.50 0.96 0.52 0.46 0.28 0.35 0.21 0.15 0.15 0.30 0.10 0.09 0.09 0.13 0.42 
2011 0.62 1.53 1.16 0.93 0.89 0.62 0.44 0.84 0.44 0.39 0.23 0.30 0.18 0.12 0.13 0.25 0.09 0.07 0.07 0.46 
2012 0.47 0.55 1.36 1.03 0.82 0.79 0.54 0.38 0.72 0.37 0.32 0.19 0.24 0.15 0.10 0.10 0.21 0.07 0.06 0.44 
2013 1.05 0.42 0.48 1.20 0.91 0.73 0.69 0.47 0.33 0.60 0.31 0.26 0.16 0.20 0.12 0.08 0.09 0.17 0.06 0.41 
2014 1.31 0.93 0.37 0.43 1.07 0.81 0.64 0.61 0.41 0.28 0.49 0.25 0.21 0.13 0.16 0.10 0.07 0.07 0.14 0.38 
2015 1.13 1.16 0.83 0.33 0.38 0.95 0.71 0.57 0.53 0.35 0.23 0.40 0.20 0.17 0.10 0.13 0.08 0.05 0.06 0.42 
2016 1.20 1.00 1.03 0.73 0.29 0.34 0.84 0.63 0.50 0.46 0.30 0.19 0.33 0.17 0.14 0.08 0.11 0.06 0.04 0.39 
2017 1.21 1.06 0.89 0.91 0.65 0.26 0.30 0.74 0.55 0.43 0.39 0.25 0.16 0.27 0.13 0.11 0.07 0.09 0.05 0.35 
 


 


 


  







 


 


Table 4.19. Model estimates of the number of female spawners (millions) 1964-2017. 


 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
1964 8.9 41.8 112.8 49.8 89.4 141.7 110.9 41.0 14.9 2.5 0.1 0.0 0.0 0.0 0.0 
1965 6.0 26.6 86.8 184.1 65.4 90.5 115.4 78.4 27.3 9.6 1.6 0.1 0.0 0.0 0.0 
1966 3.1 18.3 59.2 162.1 282.3 75.0 81.8 90.0 57.6 19.4 6.8 1.1 0.0 0.0 0.0 
1967 5.7 9.5 40.6 109.5 242.3 298.8 58.4 52.8 53.9 33.2 11.1 3.8 0.6 0.0 0.0 
1968 2.8 17.5 20.8 73.3 155.0 233.8 206.0 32.9 27.4 26.9 16.4 5.4 1.9 0.3 0.0 
1969 2.5 8.6 39.1 39.5 118.3 188.8 210.8 146.7 20.7 16.1 15.4 9.2 3.0 1.1 0.2 
1970 3.5 7.7 18.2 62.1 43.6 92.0 115.4 111.5 73.1 10.0 7.7 7.3 4.4 1.4 0.6 
1971 3.6 10.2 12.3 19.4 55.7 31.4 54.1 59.3 54.1 34.3 4.6 3.6 3.4 2.0 0.9 
1972 7.5 10.5 15.7 13.4 18.2 42.1 19.4 29.2 30.2 26.6 16.8 2.2 1.7 1.6 1.4 
1973 11.5 23.2 23.7 30.7 23.0 25.2 47.7 19.2 27.2 27.0 23.1 13.4 1.6 1.2 2.1 
1974 11.8 35.4 51.3 43.4 44.1 23.2 19.2 31.0 11.7 16.0 15.8 13.4 7.8 0.9 1.9 
1975 15.6 36.3 79.3 98.8 71.8 56.5 23.4 16.6 25.1 9.1 12.4 12.1 10.3 6.0 2.2 
1976 17.3 47.8 80.3 146.4 153.4 88.0 56.2 20.3 13.6 19.9 7.2 9.7 9.4 8.0 6.3 
1977 13.6 53.1 106.3 152.3 237.3 194.2 89.2 49.3 16.8 10.8 15.7 5.6 7.6 7.4 11.2 
1978 9.3 41.2 116.5 200.1 250.0 312.2 208.1 83.2 43.4 14.3 9.2 13.2 4.7 6.3 15.5 
1979 12.6 28.4 89.8 213.5 313.8 311.3 316.0 183.4 69.2 34.9 11.4 7.3 10.4 3.7 17.3 
1980 14.8 38.4 62.7 168.9 347.9 408.9 330.4 292.3 160.1 58.5 29.3 9.5 6.0 8.6 17.4 
1981 9.7 45.2 85.2 119.4 279.5 458.0 435.4 304.9 253.6 134.2 48.6 24.1 7.8 5.0 21.4 
1982 12.3 29.8 100.4 162.2 197.9 369.7 492.1 406.7 268.4 216.0 113.4 40.7 20.2 6.5 22.0 
1983 8.0 37.5 66.1 190.9 269.0 263.3 401.2 465.5 363.1 232.0 185.2 96.4 34.6 17.1 24.2 
1984 5.1 24.5 82.6 124.6 314.6 356.6 285.0 378.9 415.0 313.4 198.6 157.3 81.8 29.3 35.0 
1985 9.8 15.6 54.2 155.8 203.2 409.2 377.3 262.7 329.5 349.2 261.6 164.5 130.1 67.6 53.1 
1986 7.3 30.1 34.5 101.5 250.3 257.9 420.0 336.3 220.7 267.8 281.5 209.2 131.4 103.8 96.3 
1987 21.1 22.3 66.0 63.6 160.2 315.6 265.2 376.6 284.6 180.8 217.6 227.0 168.5 105.7 160.9 
1988 3.9 64.8 49.8 126.1 104.7 208.0 329.3 239.4 319.8 233.7 147.2 175.7 183.1 135.7 214.7 


 


 


 


  







 


 


 


Table 4.19—Model estimates of the number of female spawners (millions) 1964-2017 (CONTINUED) 
year/age 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 


1989 17.4 12.0 144.2 94.1 202.5 131.3 210.0 288.6 197.8 255.7 185.3 115.8 138.1 143.7 275.0 
1990 6.0 53.6 26.9 277.7 156.1 263.2 137.1 189.9 245.9 163.1 209.1 150.4 93.8 111.8 338.8 
1991 4.6 18.5 120.3 51.9 465.6 209.1 287.0 130.3 170.4 213.5 140.4 178.7 128.3 80.0 384.0 
1992 6.3 14.2 41.4 231.5 87.0 623.1 227.4 271.7 116.3 147.2 183.0 119.4 151.7 108.8 393.4 
1993 8.6 19.3 31.6 78.9 380.8 113.6 659.7 209.3 235.8 97.6 122.6 151.2 98.5 125.0 413.8 
1994 8.5 26.3 43.0 60.8 132.5 511.0 123.5 622.0 185.6 201.9 82.9 103.2 127.1 82.7 452.2 
1995 4.3 26.2 58.4 81.4 99.4 172.9 543.0 114.4 543.5 156.9 169.5 69.0 85.8 105.5 444.1 
1996 4.8 13.0 58.0 110.3 133.5 130.5 185.1 506.9 100.8 463.6 132.8 142.2 57.9 71.8 460.2 
1997 10.5 14.5 28.9 110.0 181.8 175.7 139.6 172.4 444.9 85.6 390.5 111.0 118.7 48.2 443.4 
1998 6.3 32.1 32.0 54.3 178.7 234.5 183.3 126.4 146.8 366.4 69.9 316.2 89.8 95.9 397.1 
1999 5.3 19.3 71.2 60.7 89.6 236.1 252.4 171.9 111.8 125.8 311.3 58.9 266.3 75.5 414.4 
2000 5.4 16.4 43.3 138.0 102.7 120.8 258.1 239.9 154.1 97.0 108.2 265.6 50.2 226.6 416.9 
2001 13.5 16.7 36.9 83.7 232.6 137.7 131.1 243.3 213.0 132.4 82.6 91.5 224.4 42.3 542.7 
2002 5.8 41.4 37.4 71.1 140.6 312.5 150.6 124.9 218.7 185.4 114.3 70.8 78.2 191.6 499.7 
2003 4.8 18.0 93.0 72.5 120.0 189.1 341.0 143.0 111.9 189.5 159.4 97.5 60.3 66.6 588.1 
2004 6.0 14.9 40.3 179.4 121.8 161.1 206.5 324.2 128.3 97.1 163.2 136.2 83.2 51.4 557.8 
2005 8.5 18.6 33.4 77.6 301.4 163.7 176.3 196.8 291.6 111.7 83.9 139.9 116.5 71.1 520.7 
2006 5.4 26.0 41.4 63.9 129.5 401.9 177.5 166.3 175.0 250.9 95.3 71.0 118.2 98.4 499.5 
2007 7.5 16.4 56.7 77.4 104.9 171.3 434.7 167.5 148.1 150.9 214.7 80.9 60.2 100.1 506.2 
2008 7.3 23.0 36.5 107.7 127.5 137.8 182.9 403.9 146.8 125.6 127.0 179.1 67.4 50.1 504.7 
2009 11.9 22.4 50.9 68.8 175.4 165.7 145.6 168.4 350.9 123.4 104.8 105.1 148.1 55.6 457.9 
2010 5.5 36.6 49.9 96.9 113.3 231.0 177.8 136.3 148.8 300.1 104.7 88.2 88.4 124.3 431.2 
2011 6.8 16.7 81.5 95.1 160.2 149.4 247.6 166.0 120.1 126.8 253.8 87.8 73.9 73.9 464.8 
2012 8.7 20.8 37.2 154.6 155.7 208.1 157.5 227.2 143.6 100.5 105.3 209.1 72.3 60.7 442.7 
2013 8.0 26.6 46.2 70.8 253.9 203.1 220.2 144.9 197.0 120.5 83.7 86.9 172.4 59.5 414.6 
2014 8.9 24.6 59.5 88.6 116.3 327.4 211.2 198.8 123.4 162.3 98.5 67.8 70.4 139.5 383.5 
2015 10.4 27.3 55.1 114.1 146.3 150.9 341.6 190.9 169.4 101.6 132.7 79.9 54.9 57.0 423.0 
2016 3.7 32.0 61.2 106.5 192.2 195.1 161.1 313.3 163.9 140.2 83.3 107.9 64.9 44.5 389.0 
2017 2.9 11.4 71.5 117.6 177.9 254.5 207.6 147.7 269.2 135.8 115.0 67.8 87.6 52.6 351.6 







 


 


Table 4.20. Model estimates of yellowfin sole age 5 recruitment (millions) from the 2016 and 2017 stock assessments.   
Year 2017 2016 Year 2017 2016 
class assessment assessment class assessment assessment 
1964 733 694 1988 1,646 1,673 
1965 734 742 1989 817 831 
1966 1,520 1,533 1990 908 925 
1967 2,316 2,331 1991 2,004 2,045 
1968 2,361 2,380 1992 1,191 1,217 
1969 3,100 3,126 1993 1,002 1,027 
1970 3,432 3,461 1994 1,010 1,037 
1971 2,691 2,716 1995 2,489 2,560 
1972 1,862 1,878 1996 1,076 1,104 
1973 2,496 2,519 1997 910 926 
1974 2,932 2,958 1998 1,103 1,131 
1975 1,929 1,947 1999 1,553 1,603 
1976 2,424 2,447 2000 1,013 1,040 
1977 1,584 1,599 2001 1,419 1,457 
1978 1,008 1,018 2002 1,401 1,410 
1979 1,937 1,956 2003 2,431 2,373 
1980 1,435 1,450 2004 1,201 1,124 
1981 4,138 4,182 2005 1,352 1,374 
1982 765 774 2006 1,726 1,732 
1983 3,407 3,448 2007 1,414 1,478 
1984 1,173 1,187 2008 1,529 1,510 
1985 897 909 2009 1,662 1,767 
1986 1,219 1,236 2010 618 802 
1987 1,659 1,684    


 


  







 


 


Table 4.21. Selected parameter estimates and their standard deviation from the preferred stock assessment model. 
 parameter value std dev   parameter value std dev 


 alpha (q-temp model) 0.11 0.04  1976 total biomass 2,091,300 56,204 
 beta (q-temp model) 0.10 0.01  1977 total biomass 2,400,400 63,225 
 mean_log_rec 0.88 0.09  1978 total biomass 2,694,400 69,811 
 mean sel_slope_fsh (females) 1.15 0.08  1979 total biomass 2,853,500 75,286 
 mean sel50_fsh (females) 8.80 0.25  1980 total biomass 3,034,900 80,233 
 mean sel_slope_fsh_males 1.35 0.10  1981 total biomass 3,200,300 84,440 
 mean sel50_fsh_males 8.10 0.24  1982 total biomass 3,312,100 86,507 
 sel_slope_srv (females) 1.63 0.09  1983 total biomass 3,289,100 87,202 
 sel50_srv (females) 5.03 0.07  1984 total biomass 3,509,800 92,839 
 sel_slope_srv_males -0.07 0.08  1985 total biomass 3,516,700 95,769 
 sel50_srv_males 0.02 0.02  1986 total biomass 3,228,100 92,811 
 Ricker SR logalpha -4.31 0.52  1987 total biomass 3,183,200 95,063 
 Ricker SR logbeta -6.30 0.32  1988 total biomass 3,082,600 94,948 
 Fmsy 0.11 0.04  1989 total biomass 3,131,000 99,488 
 log (Fmsy) -1.44 0.50  1990 total biomass 2,993,900 97,766 
 ABC_biomass 2017 2,557,000 144,000  1991 total biomass 3,106,100 100,820 
 ABC_biomass 2018 2,465,000 160,000  1992 total biomass 3,303,500 106,140 
 msy 404,500 146,700  1993 total biomass 3,328,100 108,860 
 Bmsy 456,200 83,946  1994 total biomass 3,362,300 110,410 


1954 total biomass 1,995,500 112,580  1995 total biomass 3,135,500 106,550 
1955 total biomass 1,975,200 101,780  1996 total biomass 3,047,400 105,130 
1956 total biomass 1,952,900 91,398  1997 total biomass 3,056,200 106,830 
1957 total biomass 1,934,000 82,116  1998 total biomass 2,782,500 101,640 
1958 total biomass 1,948,700 73,518  1999 total biomass 2,599,500 97,406 
1959 total biomass 1,986,000 64,547  2000 total biomass 2,645,900 98,153 
1960 total biomass 1,915,100 54,498  2001 total biomass 2,571,100 96,456 
1961 total biomass 1,594,900 41,437  2002 total biomass 2,612,300 97,314 
1962 total biomass 1,206,600 24,553  2003 total biomass 2,820,600 103,810 
1963 total biomass 906,560 18,470  2004 total biomass 3,028,200 110,740 
1964 total biomass 926,620 18,621  2005 total biomass 3,138,200 114,760 
1965 total biomass 901,170 18,555  2006 total biomass 3,121,300 115,760 
1966 total biomass 936,830 19,341  2007 total biomass 3,131,800 118,000 
1967 total biomass 911,250 19,602  2008 total biomass 3,002,500 116,170 
1968 total biomass 823,840 19,079  2009 total biomass 2,834,300 113,680 
1969 total biomass 850,300 20,485  2010 total biomass 2,903,400 116,550 
1970 total biomass 813,650 21,815  2011 total biomass 2,936,000 119,650 
1971 total biomass 862,710 24,803  2012 total biomass 2,927,800 122,440 
1972 total biomass 936,840 28,696  2013 total biomass 2,883,100 124,240 
1973 total biomass 1,188,600 34,496  2014 total biomass 2,680,400 121,130 
1974 total biomass 1,433,900 40,835  2015 total biomass 2,699,400 127,400 
1975 total biomass 1,786,100 48,903  2016 total biomass 2,852,600 146,360 


     2017 total biomass 2,878,200 162,720 







 


 


Table 4.22. Projections of yellowfin sole female spawning biomass (1,000s t), catch (1,000s t) and full selection fishing mortality rate for seven 
future harvest scenarios.   


 


Scenarios 1 and 2 Scenario 4
Maximum Tier 3 ABC harvest permissible Maximum Tier 3 ABC harvest permissible set at F60


Female Female
Year spawning biomass catch       F Year spawning biomass catch       F
2017 872.648 143.093 0.07 2017 872.648 143.093 0.07
2018 872.377 228.409 0.12 2018 884.502 145.995 0.07
2019 844.954 212.064 0.12 2019 890.139 149.873 0.08
2020 793.190 229.442 0.14 2020 870.836 141.006 0.08
2021 721.945 211.323 0.14 2021 835.775 135.962 0.08
2022 664.625 195.463 0.13 2022 804.738 134.927 0.08
2023 632.540 181.232 0.13 2023 790.202 134.842 0.08
2024 615.882 174.126 0.12 2024 784.202 135.041 0.08
2025 609.235 171.959 0.12 2025 784.782 135.805 0.08
2026 607.575 173.433 0.12 2026 787.834 137.642 0.08
2027 610.905 177.186 0.12 2027 794.830 139.832 0.08
2028 618.306 181.607 0.12 2028 806.787 141.935 0.08
2029 626.624 185.758 0.13 2029 820.842 144.020 0.08
2030 632.742 188.606 0.13 2030 832.341 145.736 0.08


Scenario 3 Scenario 5
Harvest at average F over the past 5 years No fishing


Female Female
Year spawning biomass catch       F Year spawning biomass catch       F
2017 872.648 143.093 0.07 2017 775.899 130.497 0.08
2018 883.837 150.570 0.08 2018 805.239 0 0
2019 887.644 153.257 0.08 2019 869.301 0 0
2020 866.878 143.954 0.08 2020 929.637 0 0
2021 830.620 138.617 0.08 2021 970.871 0 0
2022 798.650 137.418 0.08 2022 995.493 0 0
2023 783.345 137.213 0.08 2023 1018.59 0 0
2024 776.705 137.318 0.08 2024 1049.43 0 0
2025 776.723 138.021 0.08 2025 1082.95 0 0
2026 779.310 139.833 0.08 2026 1121.4 0 0
2027 785.911 142.014 0.08 2027 1162.29 0 0
2028 797.485 144.113 0.08 2028 1203.18 0 0
2029 811.164 146.197 0.08 2029 1246.29 0 0
2030 822.360 147.910 0.08 2030 1288.69 0 0







 


 


Table 4.22—continued. 
Scenario 6    Scenario 7    
Determination of whether yellowfin sole are   Determination of whether the stock is approaching  
currently overfished B35=601.8  an overfished condition  B35=601.8 


 Female     Female    
Year spawning biomass catch       F  Year spawning biomass catch       F  


2017 872.648 143.093 0.072055  2017 872.648 143.093 0.072055  
2018 865.966 271.152 0.139932  2018 872.377 228.409 0.116667  
2019 821.097 246.624 0.139936  2019 844.954 212.064 0.116679  
2020 760.904 220.596 0.139936  2020 793.19 229.442 0.139936  
2021 694.424 204.082 0.139936  2021 721.945 211.323 0.139936  
2022 642.696 183.566 0.130276  2022 664.625 195.463 0.134973  
2023 616.917 173.173 0.124755  2023 632.54 181.232 0.128101  
2024 605.026 168.701 0.122208  2024 615.882 174.126 0.124533  
2025 601.876 168.354 0.121533  2025 609.235 171.959 0.12311  
2026 602.741 171.081 0.121719  2026 607.575 173.433 0.122754  
2027 607.842 175.708 0.122789  2027 610.905 177.186 0.123439  
2028 616.436 180.737 0.124382  2028 618.306 181.607 0.124763  
2029 625.533 185.267 0.125918  2029 626.624 185.758 0.126129  
2030 632.152 188.352 0.126934   2030 632.742 188.606 0.127043  


 


 
 







 


 


Table 4-23. Catch and bycatch (t) of other BSAI target species in the yellowfin sole directed fishery 
from 1992-2016 estimated from a combination of regional office reported catch and 
observer sampling of the catch. 


Species 1992 1993 1994 1995 1996 1997 1998 1999 2000 
Pollock 13,100 15,253 33,200 27,041 22,254 24,100 15,335 8,701 13,425 
Arrowtooth Flounder 366 1,017 1,595 346 820 386 2,382 1,627 1,998 
Pacific Cod 8,700 8,723 16,415 13,181 8,684 12,825 10,224 4,380 5,192 
Groundfish, General 7,990 3,847 3,983 2,904 2,565 4,755 3,580 2,524 3,541 
Rock Sole 14,646 7,301 8,097 7,486 12,903 16,693 9,825 10,773 7,345 
Flathead Sole  1,198 2,491 3,929 3,166 3,896 5,328 2,303 2,644 
Sablefish 0 0  0 0 0 0 4 0 
Atka Mackerel 1 0   0 0 1 33 0 
Pacific ocean Perch 0 5  0  0 1 12 1 
Rex Sole   1 1  0 20 36 1 
Flounder, General 16,826 6,615 7,080 11,092 10,372 10,743 6,362 8,812 7,913 
Squid 0  5 0 11 0 2 1 0 
Dover Sole   35       
Thornyhead     0  1   
Shortraker/Rougheye 0    1 0 1 15  
Butter Sole   0   3 3  2 
Eulachon smelt        0  
Starry Flounder  227 106 16 37 124 35 48 71 
Northern Rockfish      1 0 0  
Dusky Rockfish        0  
Yellowfin Sole 136,804 91,931 126,163 108,493 112,818 169,661 90,062 62,941 71,479 
English Sole  1        
Unsp.demersal rockfish      12 0   
Greenland Turbot 1 5 5 67 8 4 103 70 24 
Alaska Plaice  1,579 2,709 1,130 553 6,351 2,758 2,530 2,299 
Sculpin, General        215 97 
Skate, General        26 4 
Sharpchin Rockfish        1  
Bocaccio 0         
Rockfish, General 0  0 3 23 0 1 3 4 
Octopus        0  
Smelt, general        0 0 
Chilipepper  1        
Eels        1 1 
Lingcod          
Jellyfish (unspecified)         127 
Snails        12 4 
Sea cucumber        0 56 
Korean horsehair crab        0 0 
Greenling, General         0 


 







 


 


Table 4-23. (continued). 


Species 2001 2002 2003 2004 2005 2006 2007 2008 2009 
Pollock 16,502 14,489 11,396 10,382 10,312 6,084 4,041 9,867 7,024 
Arrowtooth Flounder 1,845 998 1,125 279 645 352 216 1,969 1,858 
Pacific Cod 6,531 6,259 4,621 3,606 3,767 2,588 2,529 5,769 10,849 
Groundfish, General 3,936 2,678 3,133 1,612 2,134 2,333 4003 


  


Rock Sole 5,810 10,665 8,419 10,068 10,086 8,113 8,218 10,487 9,109 
Flathead Sole 3,231 2,190 2,899 1,102 1,246 2,039 1,744 5,581 3,525 
Sablefish 0  


 
 1 


  
<1 <1 


Atka Mackerel 0 0 17  110 17 
 


<1 <1 
Pacific ocean Perch 1 1 11  15 


  
<1 <1 


Rex Sole 2 0 
 


 
   


2 
 


Other flatfish                 
 


Squid 0 0 1  
   


<1 
 


Dover Sole   
 


 
     


Thornyhead   
 


 
     


Shortraker/Rougheye 1  
 


 
     


Butter Sole  7 
 


 
     


Starry Flounder 82 133 
 


 
     


Northern Rockfish 1 
 


 3 
    


Dusky Rockfish 0 
 


 
     


Yellowfin Sole 54,722 66,178 68,954 65,604 82,420 84,178 108,254 131,000 98,194 
English Sole  1 


 
 


     


Unsp.demersal rockfish  
 


 
     


Greenland Turbot 32 2 
 


1 7 8 1 <1 4 
Alaska Plaice 1,905 10,396 365 5,891 8,707 14,043 16,389 13,519 10,748 
Sculpin, General 12 1,226 


 
 


   
2,891 1,438 


Skate, General 21 1,042 
 


 
   


1,301 1,481 
Sharpchin Rockfish  


 
 


     


Bocaccio   
 


 
     


Rockfish, General 1  1 3 1 1 
 


<1 
 


Octopus   
 


 
     


Smelt, general 0  
 


 
     


Chilipepper   
 


 
     


Eels 0 0 
 


 
     


Lingcod 2  
 


 
     


Jellyfish (unspecified) 173 161 
 


 
     


Snails 0 4 
 


 
     


Sea cucumber  0 
 


 
     


Korean horsehair crab 0  
 


 
     


Kamchatka flounder                 
 


 


 
 


  







 


 


Table 4.23 (continued). 


 
Species  2010 2011 2012 2013 2014 2015 2016 


Pollock  3,749 8,685 11,226 20,246 24,712 21,282 22,324 


Arrowtooth Flounder 868 2,338 995 2,012 2,216 1,686 
 


3,252  
Pacific Cod  8,649 16,300 19,230 24,382 15,217 12,169 11,988 
Groundfish, General 3,048 


      
Rock Sole  9,030 9,762 8,959 7,737 7,031 9,773 7,948 
Flathead Sole  1,895 3,236 2,109 4,191 3,999 3,337 4,105 
Sablefish   


<1 
  


<1 <1 <1 
Atka Mackerel   


<1 <1  <1  <1 <1 <1 
Pacific ocean Perch 


 
<1 


 
17 <1 <1 3 


Rex Sole         
Other flatfish    


 
1,201 388 2,887 1,041 1,136 


Squid   
<1 


     
Northern Rockfish 


  
<1 


    
Dusky Rockfish 


       
Yellowfin Sole  90,008 136,905 133,719 147,777 139,480 107,955 107,505 
English Sole  


       
Unsp.demersal rockfish 


       
Bocaccio  


 
1,808 1,924 1,922 1,261   


Rockfish, General 
 


1,969 2,270 2,686 1,969   
Octopus  


       
Smelt, general         
Chilipepper  


   
<1    


Eels    
1.3 


    
Lingcod         
Jellyfish (unspecified) 


       
Snails         
Sea cucumber  


       
Korean horsehair crab 


       
Kamchatka flounder   110 147  427 285 
Sharks             1 11 


 







 


 


Table 4-24. Estimated non-target species catch (t) in the yellowfin sole fishery, 2003-2015 (PSC not 
included). 


Row Labels 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
Benthic urochordata 1671.6 1701.5 674.5 520.1 114.5 347.6 204.7 156.0 133.0 140.8 197.4 116.1 230.1 
Birds              
Bivalves 1.5 1.1 1.3 0.3 0.5 1.5 1.3 1.8 1.7 0.7 1.2 0.9 1.4 
Brittle star unidentified 34.3 32.3 28.7 20.0 7.6 19.0 5.2 4.2 14.0 13.1 5.9 11.6 2.9 
Capelin 0.0 4.5 0.0 0.1 0.3 0.2 0.3 0.7 3.8 2.3 0.2 1.3 1.8 
Corals Bryozoans 0.2 0.0 1.2 9.4 0.2 8.3 0.3 0.5 0.9 0.7 3.0 0.8 0.1 
Eelpouts 19.1 12.3 7.7 4.5 2.3 5.6 5.2 5.1 29.3 14.3 51.6 69.8 21.1 
Eulachon 0.0 0.3 0.0 0.1 5.1 0.0 0.1 0.1 0.5 0.1 0.0 0.7 0.2 
Greenlings 0.6 0.7 0.3 0.7 0.5 0.2 0.0 0.1 0.0 0.1  0.0 0.2 
Grenadier     0.3  0.4       
Gunnels     0.0      0.0  0.0 
Hermit crab unidentified 87.9 52.0 83.6 26.9 35.8 36.6 15.4 17.0 15.9 9.9 6.3 8.6 4.1 
Invertebrate unidentified 556.5 625.8 421.2 177.2 40.0 70.4 30.6 25.9 65.4 121.3 25.2 44.4 6.2 
Misc crabs 14.4 21.6 11.9 10.6 28.0 14.1 11.0 11.7 20.2 18.2 39.7 19.8 18.8 
Misc crustaceans 0.0 0.2 0.2 2.3 1.4 0.7 1.3 0.9 0.5 0.4 0.6 0.2 0.6 
Misc fish 95.8 91.2 66.2 42.5 71.2 66.3 48.8 29.2 40.0 86.2 48.2 69.3 34.8 
Misc inverts (worms etc) 0.0 0.1 0.0 0.0 0.0 0.2 0.2 0.1 0.2 0.1 0.2 0.1 0.0 
Other osmerids 4.2 4.3 0.5 0.6 35.8 9.8 0.8 2.8 2.1 4.7 1.0 9.2 4.8 
Pacific Sand lance 0.0 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.4 0.2 0.0 0.0 0.1 
Pacific Sandfish        0.0 0.0 0.0 0.0 0.1 0.1 
Pandalid shrimp 0.2 0.9 0.1 0.8 0.1 0.3 0.5 0.7 2.3 0.6 2.1 1.0 0.2 
Polychaete unidentified 0.0 0.1 0.0 0.4 0.1 0.2 0.1 0.1 0.2 0.1 2.0 0.1 0.1 
Scypho jellies 111.9 298.7 115.6 46.8 42.4 145.8 223.2 152.4 307.2 179.3 463.2 805.0 352.0 
Sea anemone unidentified 6.3 6.2 2.6 4.9 8.8 24.8 25.5 20.5 14.7 6.2 23.4 5.7 4.2 
Sea pens whips 0.0 0.0 0.2 0.0 0.0 0.3 0.2 0.6 0.0 0.1 0.1 0.0 0.0 
Sea star 1941.3 1868.0 1611.8 1308.6 1462.0 1829.0 683.7 795.6 1674.0 1732.7 1372.4 2106.5 1816.7 
Snails 118.3 191.1 69.7 141.5 95.3 139.6 57.7 57.7 74.7 33.7 46.4 33.7 30.0 
Sponge unidentified 11.3 6.8 12.2 3.1 0.4 6.8 69.4 16.5 15.1 14.1 16.6 1.5 2.2 
Stichaeidae 0.1 0.0  0.0 0.8 0.2 0.0 0.2 0.4 0.1 0.1 0.4 0.5 
Surf smelt      0.0        
urchins dollars cucumbers 2.3 0.3 2.5 0.8 3.4 4.9 7.5 1.3 1.0 0.7 0.8 0.5 0.4 
Grand Total 4678 4920 3112 2322 1957 2732 1393 1302 2417 2381 2308 3307 2534 







 


 


Table 4.25--Yellowfin sole TAC and ABC levels, 1980- 2017. 


Year TAC ABC Total 
catch 


1980 117,000 169,000 87,391 
1981 117,000 214,500 97,301 
1982 117,000 214,500 95,712 
1983 117,000 214,500 108,385 
1984 230,000 310,000 159,526 
1985 229,900 310,000 227,107 
1986 209,500 230,000 208,597 
1987 187,000 187,000 181,428 
1988 254,000 254,000 223,156 
1989 182,675 241,000 153,170 
1990 207,650 278,900 80,584 
1991 135,000 250,600 95,000 
1992 235,000 372,000 159,038 
1993 220,000 238,000 106,101 
1994 150,325 230,000 144,544 
1995 190,000 277,000 124,740 
1996 200,000 278,000 129,659 
1997 230,000 233,000 181,389 
1998 220,000 220,000 101,201 
1999 207,980 212,000 67,320 
2000 123,262 191,000 83,850 
2001 113,000 176,000 63,395 
2002 86,000 115,000 72,999 
2003 83,750 114,000 74,418 
2004 86,075 114,000 69,046 
2005 90,686 124,000 94,683 
2006 95,701 121,000 99,068 
2007 136,000 225,000 121,029 
2008 225,000 248,000 148,894 
2009 210,000 210,000 107,528 
2010 219,000 219,000 118,624 
2011 196,000 239,000 151,164 
2012 202,000 203,000 147,183 
2013 198,000 206,000 164,944 
2014 184,000 239,800 156,778 
2015 149,000 248,800 126,933 
2016 144,000 211,700 130,500 
2017 154,000 260,800 143,000 


 


 







 


 


 
 
 
 
 


Figure 4.1—Yellowfin sole annual catch (1,000s t) in the Eastern Bering Sea from 1954-20167 (top 
panel) and catch by week (non CDQ) from 2010 – September 2017 (bottom panel). 
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Figure 4.2--Size composition of the yellowfin sole catch in 2017 (through mid-September), by subarea 


and total.   
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Figure 4.3 Yellowfin sole catch by month and area in the Eastern Bering Sea in 2017.  
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Figure 4.4 (Fishery locations by month). 







 


 


 


  


 
 
Figure 4.5. Yellowfin sole CPUE (catch per unit effort in kg/ha) from the annual Bering Sea shelf 


trawl surveys, 1982-2017. 


 
 
 


 
Figure 4.6. Annual bottom trawl survey biomass point-estimates and 95% confidence intervals for 


yellowfin sole, 1982-2017. 
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Figure 4.7. Difference between the 1985-2016 average trawl survey CPUE for yellowfin sole and the 


2017 survey CPUE.  Open circles indicate that the magnitude of the catch was greater in 
2017 than the long-term average, closed circles indicate the catch was greater in the long-
term average than in 2017. 


 







 


 


 
 


 
Figure 4.8 Estimates of average yellowfin sole weight-at-age (g) from trawl survey observations. 


 


 
Figure 4.9. Master chronology for yellowfin sole and time series of mean summer bottom 


temperature and May sea surface temperature for the southeastern Bering Sea (Panel A).  
All data re normalized to a mean of 0 and standard deviation of 1.  Correlations of 
chronologies with bottom temperature  and sea surface temperature are shown in panels 
B and C, respectively.  From Matta et al. 2010. 
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Figure 4.10. Yellowfin sole length-at-age anomalies, for males and females, and bottom temperature 


anomalies.  Correspondence in these residuals is apparent with a 2-3 year lag effect from 
the mid-1990s to 2009.  Late 1980s and early 1990s pattern may be a density-dependent 
response in growth from the large 1981 and 1983 year-classes.  
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Figure 4.11. Results show the temperature anomalies (second row at top as bars) and observed values 


by age and year. Shadings within the matrix reflects relative weight-at-age (within a row) 
with darker red being heavier than average. 


 


 
Figure 4.12. Average bottom water temperature from stations less than or equal to 100 m in the Bering 


Sea trawl survey (bars) and the stock assessment model estimate of q for each year 1982-
2017.  


1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014


Age
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.0 0.0 0.0
6 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
7 0.1 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
8 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
9 0.2 0.2 0.2 0.3 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3


10 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.3 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.2 0.3 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
11 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.4
12 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.3 0.3 0.4 0.3 0.3 0.4 0.3 0.4 0.4 0.4 0.4 0.3 0.4 0.3 0.4 0.4
13 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.3 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
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Figure 4.13. Fit of the Ricker (1958) stock recruitment model to two distinct stock recruitment time-


series data sets (top panel), and the fit to the assessment preferred model (model B, lower 
panel). 
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Figure 4.14. Posterior distributions of Fmsy for the two models considered in the stock productivity 


analysis. 
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Figure 4.15a Estimated male fishery selectivity by age and year. 


 


19541955195619571958195919601961196219631964196519661967196819691970197119721973197419751976197719781979198019811982198319841985198619871988198919901991199219931994199519961997199819992000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017


0.00E+00


1.00E+00


1 3 5 7 9 11 13 15 17 19


males







 


 


 
Figure 4.15b. Estimated female fishery selectivity by age and year. 
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Figure 4.16. Model fit to the survey biomass estimates (top left panel), model estimate of the full 


selection fishing mortality rate throughout the time-series (top right panel), model 
estimate of total biomass (middle left panel), the model estimate of survey selectivity 
(middle right panel) and the estimate of female spawning biomass (bottom left panel). 
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Figure 4.17. Stock  assessment model fit to the time-series of fishery and survey age composition, by 


sex. 
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Figure 4.17 (continued). 
 
 


 
 
Figure 4.17 (continued). 
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Figure 4.17 (continued). 
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Figure 4.18.--Comparison of the fit to the survey biomass using a fixed q and the q-bottom temperature 


relationship.  


 


Figure 4.19--Year class strength of age 5 yellowfin sole estimated by the stock 
assessment model. The dotted line is the average of the estimates from 62 years of 
recruitment.  
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Figure 4.20.--Posterior distributions of some important parameters estimated by the preferred stock 


assessment model (from mcmc integration). 
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Figure 4.21—Retrospective plot of yellowfin sole female spawning biomass estimates (1,000s t), 2008-


2016, from the recommended assessment model. 


 


 
 


Figure 4.22. Projection of yellowfin sole female spawning biomass (1,000s t) at the average full- 
selection F from the past 5 years (0.104) through 2030 with B40% and Bmsy levels 
indicated. 
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Figure 4.23. Phase plane figure of the time-series of yellowfin sole female spawning biomass relative 


to the harvest control rule with 1975 and 2018 indicated. 
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Appendix 
 


 IPHC research catch of yellowfin sole 


 number weight (kg) 


2007 707 502 
2008 0 0 
2009 0 0 
2010 898 741 
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Executive Summary


This is a three species stock assessment for walleye pollock (Gadus chalcogrammus), Pacific cod (Gadus
macrocephalus) and arrowtooth flounder (Atheresthes stomias), from the Eastern Bering Sea (EBS), Alaska
updated from Holsman et al.(2016). Results are presented from models estimated and projected without
trophic interactions (single-species mode, SSM) and with trophic interactions (multi-species mode, MSM).
The main features and settings for this multispecies model include:


• Predation natural mortality is age specific and annually varying (M2). Residual (non-predation) natu-
ral mortality (M1) is age specific but not-annually varying and differs slightly from current assessments
for each species (see Table 3 below).


• Predator overlap index is set to 1 for all species (i.e., all prey are available to all predators).
• A Ricker stock recruitment curve is fit internally to recruitment estimates without environmental


covariates.
• Weights at age for pollock are based on values from the 2017 SAFE report; for Pacific cod and ar-


rowtooth, they are calculated outside of the model using a temperature-dependent von Bertalanffy
for 1979-2012 and assume 2012 weight at ages for 2013-2017. For projections, all three species use
temperature-specfic weights at age using the temperature-dependent von Bertalanffy for 1979-2012.


• Acoustic trawl survey selectivity was set equal to the SAFE report model estimates.
• Fisheries selectivity and survey selectivity are age specific but constant over time.
• Predator-prey suitability is age-specific but constant over time.
• Arrowtooth flounder stock is treated as sexes combined (weight at age is calculated separately for males


and females and combined using a mortality-based mean).
• Maturity schedules are based on 2012 assessments and differ slightly from SAFE assessments.


Key updates from the 2016 assessment:


• Survey biomass and age composition from the NMFS bottom trawl survey and fishery observer database
was updated through 2017. Acoustic trawl survey estimates were update to 2017 for pollock. Bottom
temperature from the survey was updated through 2017.


• Pacific cod residual natural mortality (M1ij was set to 0.47 to match the current Pacific cod assess-
ment).


• Projections to derive ABC include a sequential method for determining universal B0, and include the
constraint that SSBF > 0.35SSB0 for all years in the projection.
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Key updates from the original Holsman et al. 2016 paper include:


• For single species mode, the residual mortality matches that of current single species assessment models
for pollock, Pacific cod, and arrowtooth flounder. The multi-species mode uses the same residual
mortality vectors except for the ages 1 and 2 mortality rates for pollock, which were adjusted downward
to 0.01 and 0.30, respectively.


• A universal B0 approach for estimating ABC for single- and multi-species modes.
• Pacific cod fishery composition data is based on lengths rather than model estimates of catch at age.
• Bottom temperature is based on average survey bottom temperatures (observed) for the Bering Sea


and are updated through 2015.
• Only one harvest control rule is presented here; find the harvest rate that results in spawning biomass


at 40% of unfished biomass (for all three species simultaneously) given that SSBF > 0.35SSB0 for all
years in the projection.


Summary of assessment results for 2017:


Results from model runs show that pollock total and spawning biomass remains relatively high and similar
to the past 4 years; there is a slight increase in estimates of 2017 spawning biomass for pollock. Pacific
cod total biomass remains relatively high, but may be declining relative to 2015 and 2016, driven in part
by low survey indices in 2017 which declined 35 % from 2016 values. Total biomass of Pacific cod in the
model declined 13 % between 2016 and 2017; female spawning biomass continues to increase moderately but
steadily after a low in 2008. Arrowtooth total and spawning biomass estimates suggest continued declines
after a peak in 2008.


Pollock recruitment is down in 2017 for the third year in a row and is lower than estimates for the past ten
years (i.e., since 2006). Pacific cod recruitment has also been low for three years, and the 2017 estimate of
age 1 recruitment (2016 year class) is at the lowest estimated point in the 39 year timeseries. Estimates of
Arrowtooth flounder recruitment are below average.


For ABC estimates the model was projected through the year 2104 (to attain relative equilibrium). This
allowed estimating a proxy for B40% using the approach of Holsman et al. (2016) and Moffitt et al. (2016)
where the model is projected under no fishing (simultaneously for pollock and Pacific cod, then for arrow-
tooth), and then projected under fishing to iteratively solve for the harvest rate that results in and average of
40% of unfished biomass in the last 5 years of the projection (2098-2103), with the constraint that spawning
biomass under fishing is always greater than 35% unfished biomass during the projection years.


This method for estimating ABC resulted in a harvest rate that corresponds to about 59% B0 for pollock,
50% for Pacific cod, and 40% for arrowtooth flounder for single species models, and about 81%, 52%, and
40% for pollock, Pacific cod, and arrowtooth flounder using the multispecies model.
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As estimated or recommended this year (2017) for:


Quantity
Walleye
pollock


Pacific
cod


Arrowtooth
flounder


SSM MSM SSM MSM SSM MSM


2017 M (age 1) 0.9 1.692 0.38 0.801 0.269 0.746
2017 Average 3+ M 0.3 0.311 0.38 0.38 0.226 0.227
Projected (age 3+) B2018 (t) 13,464,854 12,313,165 869,106 842,670 495,141 486,705
Projected SSB2018(t) 5,831,610 5,852,470 231,702 226,771 395,277 391,310
*Projected SSB0,target(t) 5,354,407 3,833,194 394,392 368,614 445,020 417,477
*Projected SSBtarget(t) 3,173,340 3,101,376 197,965 190,330 178,019 167,000
**Target 2100 B/B0 0.593 0.809 0.502 0.516 0.4 0.4
Ftarget 0.329 0.366 0.263 0.268 0.107 0.117
FABC,2018 0.161 0.168 0.202 0.202 0.053 0.055
ABCtarget 3,657,230 3,978,190 185,006 184,317 55,944 59,904
ABC 1,954,180 2,034,666 147,374 144,210 28,695 29,398


* SSB is based on the projected SSB at 2100 (equilibrium)
** Target biomass ratios at year 2100 are based on Fmsy proxy of B/B0=0.4, given the constraint
that B/B0 > 0.35 for every projection year.


As estimated or recommended in 2016 for:


Walleye
pollock Pacific cod


Arrowtooth
flounder


SSM MSM SSM MSM SSM MSM


2016 M (natural
mortality age 1)


0.900 1.790 0.340 0.960 0.269 0.825


2016 Average 3+ M
(across ages)


0.300 0.315 0.340 0.340 0.226 0.228


2016 total (age 3+)
biomass (t)


14,646,800 15,039,635 1,313,105 1,308,217 517,976 513,564


2016 SSB (female
spawning biomass; t)


5,418,040 5,568,810 241,631 239,855 375,576 372,527


*Projected SSB0 (t) 5,332,960 3,961,210 435,039 415,105 482,457 447,489
*Projected SSB40% (t) 2,135,160 1,584,430 174,503 166,030 192,974 178,986
**Projected SSBmMSY 3,016,420 3,665,360 160,413 153,413 3,858 7,902
ABC2100 (t) 2,364,920 2,425,890 172,224 174,966 30,941 33,190
**mMSY2100 (t) 2,075,700 2,749,000 172,208 176,166 1,658 3,529
F40% 0.772 1.353 0.334 0.359 0.106 0.121
FmMSY 0.385 0.443 0.367 0.396 0.279 0.287


* SSB is based on the projected SSB at 2100 (equilibrium)
** mMSY is aggregate multi-species yield


Response to SSC and Plan Team comments


General comments:
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Comments specific the Multi-species stock assessment model (CEATTLE)


SSC: CEATTLE (Climate-Enhanced, Age-based model with Temperature-specific Trophic Link-
ages and Energetics, Holsman et al.): Ongoing work on a multispecies, age-structured population
work is presented in a supplement to the SAFE. It is being developed as a strategic approach
to examine trophic linkages and environmental drivers among walleye pollock, Pacific cod, and
arrowtooth flounder. It is not meant as an operational replacement for the main single-species
models for these stocks, but rather to help explain some of the mechanisms driving the results
from the single-species models. Results from CEATTLE agree reasonably well with single-species
models and offer additional insights into stock dynamics. For example, the predicted high preda-
tion mortality on pollock of the 2015 year class is noteworthy, which is presumably a combination
of changes in abundance of the three species and temperature effects on consumption/metabolism.
The SSC encourages further work on model development in CEATTLE, including the addition
of other species (Pacific halibut, fur seals, Steller sea lions) and investigating its potential use in
management strategy evaluation


We appreciate the Council’s support for the CEATTLE model and are continuing to develop
methods to incorporate Pacific halibut and Northern fur seals into the model. The model is also
a core method being used in the Alaska Climate Change Integrated Modeling project (ACLIM)
to evaluate management strategy performance under future climate conditions. Initial results
from that project were presented to the Council and AP in October 2017.
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Introduction


MSCAA models for evaluating annually varying M


Multi-species statistical catch-at-age models (MSCAA) are an example of a class of multi-species ‘Models
with Intermediate Complexity for Ecosystem assessments’ (i.e., MICE; Plagányi et al., 2014), which have
particular utility in addressing both strategic and tactical EBFM questions (Hollowed et al. 2013; Fogarty
2014; Link and Browman 2014; Plagányi et al., 2014). MSCAA models may increase forecast accuracy, may
be used to evaluate propagating effects of observation and process error on biomass estimates (e.g., Curti
2013; Ianelli et al., 2016), and can quantify climate and trophic interactions on species productivity. As such
MSCAA models can address long recognized limitations of prevailing single species management, notably
non-stationarity in mortality and biological reference points, and may help reduce risk of overharvest (Link
2010; Plagányi et al., 2014; Fogarty 2014). Because multispecies biological reference points (MBRPs) from
MSCAA model are conditioned on the abundance of other species in the model (Collie and Gislason 2001;
Plagányi et al., 2014; Fogarty 2014), they may also have utility in setting harvest limits for multi-species
fleets, evaluating population dynamics in marine reserves or non-fishing areas, and quantifying trade-offs
that emerge among fisheries that impact multiple species in a food web (see reviews in Pikitch et al., 2004;
Link 2010; Levin et al., 2013; Link and Browman 2014; Fogarty 2014).


Depending on their structure, MSCAAmodels can be used to evaluate climate- and fisheries-driven changes to
trophodynamic processes, recruitment, and species abundance (Plagányi et al., 2014). MSCAA models differ
somewhat among systems and species, but most use abundance and diet data to estimate fishing mortality,
recruitment, stock size, and predation mortality simultaneously for multiple species in a statistical framework.
Similar to age structured single species stock assessment models widely used to set harvest limits, MSCAA
models are based on a population dynamics model, the parameters of which are estimated using survey and
fishery data and maximum likelihood methods (e.g., Jurado-Molina et al., 2005; Kinzey and Punt, 2009;
Van Kirk et al., 2010; Kempf 2010; Curti et al., 2013; Tsehaye et al., 2014). Unlike most single-species
models (but see Hollowed et al. 2000b; Spencer et al. 2016), MSCAA models additionally separate natural
mortality into residual and annually varying predation mortality, and model the latter as a series of predator-
prey functional responses. Thus, natural mortality rates for each species in MSCAA models depend on the
abundance of predators in a given year and vary annually with changes in recruitment and harvest of each
species in the model.


MSCAA models have specific utility in quantifying direct and indirect effects of fisheries harvest on species
abundance and size distributions (see reviews in Hollowed et al., 2000a, 2013; Link 2010; Fogarty 2014; Link
and Browman 2014; Plagányi et al., 2014), which is important for EBFM and trade-off analyses of various
management strategies. Rapidly shifting climate conditions are also of growing concern in fisheries manage-
ment as changes in physical processes are known to influence individual growth, survival, and reproductive
success of fish and shellfish (Hanson et al., 1997; Kitchell et al., 1977; Morita et al., 2010; Hollowed et al.,
2013, Cheung et al., 2015). Climate-driven changes in water temperature can directly impact metabolic
costs, prey consumption, and somatic or gonadal tissue growth, with attendant indirect effects on survival,
production, and sustainable harvest rates (e.g., Hanson et al., 1997; Morita et al., 2010, Cheung et al.,
2015). Temperature-dependent predation, foraging, metabolic, and growth rates are common in more com-
plex spatially-explicit food web or whole of ecosystem models such as GADGET (e.g., Howell and Bogstad
2010; Taylor et al., 2007), Atlantis (e.g., Fulton et al., 2011; Kaplan et al., 2012; 2013), and FEAST (Ortiz et
al., 2016). Temperature functions for growth and predation can also be incorporated into MSCAA models,
allowing this class of models to be used to evaluate interacting climate, trophodynamic, and fishery influences
on recommended fishing mortality rates.


Numerous studies point to the importance of using multi-species models for EBFM (see review in Link 2010).
Multi-species production models produced different estimates of abundances and harvest rates than single
species models for Northeast US marine ecosystems (Gamble and Link, 2009; Tyrrell et al., 2011), and MSY
of commercial groundfish stocks estimated from aggregated production models are different than the sum of
MSY estimates from single-species assessments (Mueter and Megrey, 2006; Gaichas et al., 2012; Smith et al.,
2015). Multi-species models have been used to demonstrate long-term increases in yield of Icelandic stocks of


5







Atlantic cod (Gadus morhua) and reductions in capelin (Mallotus villosus) and Northern shrimp (Pandalus
borealis) catch associated with short-term decreases in cod harvest (Danielsson et al., 1997). Kaplan et al.
(2013) demonstrated the disproportionately large ecosystem impacts of applying the same Fx% (e.g., Fx%,
or the harvest rate that reduces spawning stock biomass to x% of unfished spawning stock biomass, SSB0;
Caddy and Mahon, 1995; Collie and Gislason, 2001) harvest control rule approach to forage fish as is used
for groundfish in the northeast Pacific, and trophodynamics in a southern Benguela ecosystem resulted in
higher carrying capacity for small pelagic species under fishing (versus no-fishing) scenarios (Smith et al.,
2015).


Since natural mortality and recruitment rates in a MSCAA model are conditioned on harvest rates of
predators in the model, an ongoing area of research is evaluating MSCAA model analogs to single-species
biological reference points (see Moffitt et al., 2016), such as harvest rates that correspond to maximum yield
(FMSY) or proxies thereof (e.g., Fx%). Other multi-species models have been used to derive and evaluate
MBRPs, although these have largely focused on MSY (e.g., Kaplan et al., 2013; Smith et al., 2015). A
notable exception is Collie and Gislason (2001), who evaluated a variety of MBRPs using a multi-species,
virtual population analysis and found MBRPs to be sensitive to variation in natural mortality (much less
so to variability in growth), and as such proposed that fishing mortality reference levels for prey species
with high mortality be conditioned on the level of predation mortality. Building on this approach, Moffitt et
al. (2016) recently demonstrated a projection approach for using multi-species models to derive a variety of
MBRPs for EBFM. This provides a basis for the application of MSCAA models for increased use in tactical
and strategic EBFM decision-making across a diversity of management frameworks worldwide.


MSCAA for EBM in Alaska


The eastern Bering Sea (Alaska), is defined by large, climate-driven changes to trophodynamics and species
productivity that can vary on annual and multi-annual timescales (see reviews in Aydin and Mueter 2007;
Hunt et al., 2011; Stabeno et al., 2012; Baker et al., 2014). Accordingly, fisheries management in Alaska
has a long history of using ecosystem information and multi-species models for strategic management advice
(e.g., multi-species model-based indices, such as mean trophic level, are regularly reported in the annual
Ecosystem Considerations chapter of Alaska Stock Assessment and Fishery Evaluation (SAFE) reports; see
review in Livingston et al., 2011). Development of multiple MSCAA models in the region (Jurado-Molina et
al., 2005; Kinzey and Punt , 2009; Van Kirk, 2010) has advanced regional EBFM, facilitating use of estimates
from MSCAA models in single-species models used for tactical decisions in the region. For instance, Dorn
et al. (2014) recently evaluated predation mortality estimates from a regional MSCAA model developed by
Van Kirk (2010) to inform natural mortality for the Gulf of Alaska walleye pollock (Gadus chalcogrammus,
hereafter “pollock”) stock assessment.


MSCAA models may be most useful for species that exhibit strong trophic interactions (predator and prey
species) or contrasting management or biological constraints that require simultaneous evaluation (Link
2010). In the eastern Bering Sea, pollock support one of the largest fisheries worldwide, with over 1.2 million
metric tons (t) harvested per year (representing ~99% of the annual quota; Ianelli et al., 2014). Pollock are
both predators (adults) and prey (i.e., ages <2; Dunn and Matarese, 1987; Nishiyama et al., 1986) for a
variety of species including cannibalistic conspecifics (e.g., Boldt et al., 2012). Variable climate conditions,
particularly the spatial extent of winter sea ice, the timing of sea ice spring melt, and subsequent summer
bottom temperatures, can differentially promote survival of pollock and their predators and/or modulate
predator and prey overlap in the region (e.g., Baily 1989; Zador et al., 2011; Boldt et. al 2012; Hunsicker et
al. 2013; Baker and Hollowed 2014). Diet analyses suggest Pacific cod (Gadus macrocephalus), cannibalistic
conspecifics, and arrowtooth flounder (Atheresthes stomias), amongst others, are important predators of
pollock populations in the eastern Bering Sea (Livingston 1993; Aydin and Mueter 2007; Mueter et al.,
2007).
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Multispecies model


Here we present a three species MSCAA model for the Bering Sea (hereafter CEATTLE, for Climate-
Enhanced, Age-based model with Temperature-specific Trophic Linkages and Energetics) that includes
temperature-dependent von Bertalanffy weight-at-age functions (VBGF; von Bertalanffy, 1938) and
temperature-specific, bioenergetics-based predation interactions. CEATTLE, is an example of an
“environmentally-enhanced” stock assessment model (sensu Link 2010), where temperature-specific al-
gorithms predict size-at-age and predation mortality. CEATTLE is programmed in AD model builder
(Fournier et al., 2012), and builds on earlier models that combine catch-at-age assessment models with
multi-species virtual population analysis (MSVPA) in a statistical framework (i.e., Jurado-Molina et al.,
2005). Abundance and biomass of each cohort is modeled using standard population dynamics equations,
accounting for a plus age group (Table 1, Eqs. 1, 2). The initial age-structure is assumed to correspond to
unfished equilibrium, and the numbers of each species i at age j in year 1 (N0,ij) are treated as estimable
parameters (Eq.1 ), such that:


Eq. 1


Nij,1 =
R0,ie


(−j M1ij)N0,ij y = 1 1 < j < Ai


R0,ie
(−j M1i,Ai)N0,i,Ai


/
(


1 − e(−M1i,Ai)
)


y = 1 j ≥ Ai


The number of each species i, age a each year y is then:


Eq. 2


Ni,j+1,y+1 = Ni,j,ye−Zij,y 1 ≤ y ≤ ny 1 ≤ j < Ai − 1
Ni,Ai,y+1 = Ni,Ai−1,ye−Zi,Ai−1,y + Ni,Ai,ye−Zi,Ai,y 1 ≤ y ≤ ny j ≥ Ai


Total mortality of each prey species i, age j (or predator species p age a) in each year y is the sum of mortality
due to predators in the model (M2ij,y), fishing mortality (Fij,y), and residual mortality (M1ij), Eq. T1.6).
Predation mortality (Eq. T2.1) is based on the assumption that the annual age-specific ration of a predator
is allocated to prey species of a given age according to predator selectivity (Table 2, Eq. T.2.2). Predator
selectivity is based on the suitability function derived by Jurado-Molina et al. (2005) and fit to available data
from 1981-2015, while annual ration is a function of temperature-specific allometric relationships between
ration and fish weight based on bioenergetics models for each species (Eqs. T2.4 and T2.5; see Holsman et
al. 2016, and Holsman and Aydin, 2015 for more detail).


The length-to-weight relationships, predator size and species diet preference, bioenergetics-based,
temperature-specific predator rations, and maturity are based on previous studies (Tables 1 and 2; Table 5;
Holsman et al. Holsman and Aydin, 2015, Holsman et al. 2016). Size-specific diet compositions for each
species were assumed known based on diet data collected during the AFSC bottom trawl survey (i.e., diet
data are not included in the objective function) and trophic patterns in survey and fishery-based diet data
were used to calculate mean (across years and stations) predator-prey suitability (Eq. T2.2).


Temperature specific weight at age


Water temperature is known to directly impact growth through influencing metabolic and digestion rates,
which often scale exponentially with body weight and temperature (see Hanson et al., 1997 for an overview).
Thus we modified the generalized formulation of the von Bertalanffy growth function (VBGF; von Bertalanffy
1938; Pauly 1981; Temming 1994) to predict temperature-dependent growth by allowing the allometric scaling
parameter d to increase with temperature. Essington et al. (2010) and Holsman and Aydin (2015), and
Holsman et al. (2016) describe the derivation and application of the VBGF towards bioenergetics modeling
in great detail, so we do not repeat it here. Essentially, in this formulation d represents the realized allometric
slope of consumption, which integrates both the direct effect of temperature on consumption and indirect
ecological interactions that scale with temperature and influence relative foraging rates (see Essington et
al., 2010; Holsman and Aydin, 2015). We fit the VBGF to otolith-based length- and weight-at-age data (n
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Figure 1: Mean summer bottom temperature for the Eastern Bering Sea (oC); blue and red represent tem-
peratures below or above (respectively) 1 standard deviation of the 1979-2015 mean; dashed lines represent
95% confidence intervals; ∗ represent survey replicated temperature estimates from the Bering 10K regional
ocean model.


= 21388, 14362, and 772, for pollock, Pacific cod, and arrowtooth flounder, respectively) collected during
AFSC Bering Sea surveys and analyzed at the AFSC such that:


Eq. 2 Wij,y = W∞,iy(1 − e(−Ki(1−di,y)(j−t0,i)))1/(1−di,y)eε, where ε N(0, 2
d,i)


where t0,i is the age at which Wij,y = 0, W∞,iy is the asymptotic mass which can vary by species i and year y
(i.e., W∞,iy = (Hi/Ki)1(1−di,y)), Hi is the assimilation constant Ki is the energy loss constant (Essington et
al., 2010), and ε is a normally and independently distributed random variable with mean 0 and variance σ2


d,i.
Essington et al. (2010) and Holsman and Aydin, (2015) statistically estimated the d, K and H parameters
for various species to estimate consumption rates. In particular, Holsman and Aydin (2015) found that the
d parameter varied between species and regions in Alaska (USA). We further modified this approach to
estimate d annually for each year y in the dataset, as a linear function of temperature Ty such that:


Eq. 3 di,y = e(αd,i,y+α0d,i+βd,iTy)


where α0d,i and αd,i,y represent the mean d intercept and βd,i is the coefficient for the residual effect of
temperature on the d consumption parameter. We chose this formulation based on the empirical relationship
between temperature and consumption, assuming that d would capture the differential effects of temperature
on growth, and that waste rates scale proportionally with weight but do not vary over time with diet or
temperature (i.e. K is constant but d can vary with temperature). This formulation allows both the
slope and asymptotic limit of growth to vary with temperature. Similar approaches, with slightly different
modifications to the VBGF, including temperature and prey specific terms for d and K, respectively, have
been used elsewhere to evaluate climate impacts on fish growth (e.g., Cheung et al., 2015; Hamre, 2003).
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Table 1. Population dynamics equations for species i and age j in each simulation year y. BT
indicates the AFSC bottom trawl survey and EIT represents the echo-integrated acoustic-trawl
survey. For all other parameter definitions see Table 3.


Definition Equation
Recruitment Ni,1,y = Ri,y = R0,ie


τi,y τi,y ~ N(0, σ2) T1.1
Catch (numbers) Cij,y = Fij,y


Zij,y


(
1 − e−Zij,y


)
Nij,y T1.2


Total yield (kg) Yi,y =
∑Ai


j


(
Fij,y


Zij,y


(
1 − e−Zij,y


)
Nij,yWij,y


)
T1.3


Biomass at age (kg) Bij,y = Nij,yWij,y T1.4
Spawning biomass at
age (kg)


SSBij,y = Bij,yρij T1.5


Total mortality at
age


Zij,y = M1ij + M2ij + Fij T1.6


Total mortality at
age


Fij,y = F0,ie
ϵi,ySf


ij ϵi,y ∼ N
(
0, σ2


F,i


)
T1.7


Weight at age (kg) Wij,y = W∞,iy


(
1 − e(−Ki(1−di,y)(j−t0,i))) 1


1−di,y T1.8a
di,y = e(αd,i,y+α0,d,i+βd,iTy) T1.8b


W∞,iy =
(


Hi


Ki


)1/(1−di,y)
T1.8c


Bottom trawl survey
biomass (kg)


β̂s
i,y =


∑Ai


j


(
Nij,ye−0.5Zij,y Wij,ySS


ij


)
T1.9


Acoustic survey
biomass (kg)


β̂eit
y =


∑Ai


j


(
N1j,ye−0.5Z1j,y W1j,ySeit


1j qeit
1,j


)
(pollock only) T1.10


Fishery age
composition


Ôf
ij,y = Cij,y∑


j
Cij,y


T1.11


Bottom trawl age
composition


Ôs
ij,y = Nij,ye


0.5(−Zij,y)SS
ij∑


j


(
Nij,ye


0.5(−Zij,y)SS
ij


) T1.12


Acoustic trawl age
composition


Ôeit
1j,y = N1j,ye−0.5Z1j,y Seit


1j qeit
1,j∑


j
(N1j,ye−0.5Z1j,y Seit


1j
qeit


1,j) (pollock only) T1.13


Bottom trawl
selectivity


Ss
ij = 1


1+e(−bS
i


·j−aS
i ) T1.14


Fishery selectivity Sf
ij = eηij j ≤ Aη,i ηij ∼ N


(
0, σ2


f,i


)
T1.15


Sf
ij = eηijAη,i j > Aη,i


Proportion female ωij = e−jMfem


e−jMfem +e−jMmale T1.16
Proportion of mature
females


ρij = ωijϕij T1.17


Adjusted weight at
age (kg)


Wij,y = W fem
ij,y ωij + (1 − ωij)W male


ij,y T1.18


Adjusted residual
natural mortality
(kg)


M1ij = M1fem
ij ωij + (1 − ωij)M1male


ij,y T1.19


We used this approach to derive annual temperature-specific coefficients of d for pollock and Pacific cod
(combined sexes) and separately for male and female arrowtooth flounder (Table 3; Table 5). For arrowtooth
flounder, we then used the age-specific proportions of mature females (ρij) and males (1 − ρij) to derive
the mean weight-at-age for both sexes combined (Eq. T1.18 and Table 5). Lastly, male and female natural
mortality rates (Mmale and Mfem , respectively) and age-specific maturity proportions (ϕij) from the 2012
stock assessments for eastern Bering Sea pollock (Ianelli et al., 2012), and Bering Sea and Aleutian Islands
Pacific cod (Thompson and Lauth, 2012) and arrowtooth flounder (Spies et al., 2012), were used to derive
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estimates of the proportion of mature females at age (ρij ; Eq. T1.17).


Table 2. Predation mortality (M2) equations for predators p of age a, and prey i of age j.


Definition Equation


Predation mortality M2ij,y =
∑


pa


(
Npa,yδpa,yS̄paij(∑


ij
S̄paijBij,y


)
+Bother


p


(
1−


∑
ij


(S̄paij)
))


T2.1


Predator-pery suitability S̄paij = 1
ny


∑
y


 Ūpaij
Bij,y∑


ij


(
Ūpaij
Bij,y


)
+


1+
∑


ij
Ūpaij


Bother
p


 T2.2


Mean gravimetric diet
proportion


Ūpaij = Upaij


ny
T2.3


Individual specific ration
(kg kg−1yr−1)


δpa,y = φ̂pαδW
(1+βδ)
pa,y f (Ty)p T2.3


Temperature scaling
consumption algorithm


f (Ty)p = V Xe(X(1−V )) T2.5


V =
(
T cm


p − Ty


)
/


(
T cm


p − T co
p


)
T2.5a


X =
(


Z2
(


1 + (1 + 40/Y )0.5
)2


)
/400 T2.5b


Z = ln
(
Qc


p


) (
T cm


p − T co
p


)
T2.5c


Y = ln
(
Qc


p


) (
T cm


p − T co
p + 2


)
T2.5d


Parameter estimation & data


The parameters of the model are either pre-specified or estimated by selecting parameters that minimize the
log-likelihood function (Table 3) and include fishing mortality rates (Fij,y), fishery and survey selectivity
(sf


ij and ss
ij , respectively), initial (pre-harvest) abundance in year 1979 (N0,ij), and annual recruitment


(Ri,y), while the estimable parameter of the likelihood function is the catchability coefficient for the acoustic
survey (qeit


1 ; Table 3; Table 4). We fit the model to available survey and fishery data for the eastern Bering
Sea including biomass estimates and age-composition data from the annual AFSC summer bottom trawl
survey (Eqs. T4.1 and T4.2), biomass and age-composition data from the AFSC Acoustic-trawl (AT) survey
(pollock only) (Eqs. T4.3 and T4.4), and the total fishery catch and fishery age-composition data collected
by AFSC observers and analyzed at AFSC (Eqs. T4.5 and T4.6; Hilborn and Walters, 1992; Quinn and
Deriso, 1999). Penalties were imposed on the changes over age in fishery selectivity (Eq. T4.7). Likelihood
priors were applied to normalize the log of annual recruitment and the fisheries mortality deviations, as well
as initial abundances (Eqs. T4.8-T4.10). Selectivity for the AT survey was set to previously reported values
(Table 3; Honkalehto et al., 2011; Ianelli et al., 2012).


Table 3. Parameter definition (n is the number of parameters for estimated parameters only,
value (Plk: Pollock; Cod: Pacific cod; Atf: Arrowtooth flounder both sexes; AtfM: Arrowtooth
flounder males; AtfF: Arrowtooth flounder females), and source. I: Input parameter (assigned);
M: model index; E: Estimated parameter; F: fixed parameter P: Derived quantity; D: Data.


Parameter Definition Type Value Source
y Year M [1, 2, 3 . . . ny] e
p Predator M [1, 2, 3 . . . np] e
a Predator age (years) M [1, 2, 3Ap] e
i Prey M [1, 2, 3ni] e
j Prey age (years) M [1, 2, 3Ai] e
ni Number of prey species I 3 e
np Number of predator species I 3 e
R0,i Mean Recruitment; n = [1, 1, 1] E �0 e
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Parameter Definition Type Value Source


i,y Annual recruitment deviation; n = [34, 34, 34] E number e
N0,ij Initial abundance; n = [11, 11, 20] E ≥ 0 e
F0,i Mean fishing mortality; n = [1, 1, 1] E ≥ 0 e
ϵi,y Annual fishing mort. deviation; n = [34, 11, 20] E number e
ij Fishery age selectivity coef. ; n = [8, 8, 8] E number e
bs


i Survey age selectivity slope; n = [1, 1, 1] E number e
as


i Survey age selectivity limit ; n = [1, 1, 1] E number e
di,y VBGF allometric slope of consumption P ≥ 0 e
W,iy VBGF max asymptotic weight (kg) P > 0 e
ρij Proportion of mature females at age P ∈ [0, 1] e
M1ij Residual natural mortality F ≥ 0 e, h
ny Number of estimation years I 39 e
y0 Start year I 1979 e
ωij Female proportion of population F ∈ [0, 1] c
ϕij Age-specific maturity proportions F ∈ [0, 1] c
C∗


i,y Observed total yield (kg) D ≥ 0 f
Of


ij,y Observed fishery age comp. D ∈ [0, 1] f
Os


ij,y Observed BT age comp. D ∈ [0, 1] b
Oeit


1j,y Observed AT age comp. D ∈ [0, 1] g
βs


i,y Observed BT survey biomass (kg) D number b
βeit


y Observed AT survey biomass (kg) D number g
Ty Bottom temperature ( ^oC) D number b
Upaij,y Gravimetric proportion of prey in predator stomach D ∈ [0, 1] b
Bother


p Biomass of other prey (kg) D 0 ≥ h
Seit


1j AT survey selectivity F ∈ [0, 1] c


Table 3 (continued). Parameter definition (n is the number of parameters for estimated
parameters only, value (Plk: Pollock; Cod: Pacific cod; Atf: Arrowtooth flounder both sexes;
AtfM: Arrowtooth flounder males; AtfF: Arrowtooth flounder females), and source. I: Input
parameter (assigned); M: model index; E: Estimated parameter; F: fixed parameter P: Derived
quantity; D: Data.


Parameter Definition Type Pollock Cod ATF Source
Ai Number of prey ages I 12 12 21 e
Ap Number of predator ages I 12 12 21 e
φ̂p Annual relative foraging rate (d yr−1) I d
αδ Intercept of the allometric maximum


consumption function (g g−1 yr−1)
I 0.119 0.041 0.125 a


βδ Allometric slope of maximum
consumption


I -0.460 -0.122 -0.245 a


T cm
p Consumption maximum physiological


temperature (oC)
I 15.00 21.00 34.13 a


T co
p Consumption optimum physiological


temperature (oC)
I 10.00 13.70 19.60 a


Qc
p Max consumption parameter I 2.60 2.41 2.18 a


α0d,i Intercept for VBGF d parameter F -0.817 -0.375 M: -0.213 d
F: -0.340


αd,i,y Annual intercept for VBGF d F
βd,i Temperature covariate for VBGF d F 0.009 0.004 M: -0.0057 d


F: -0.0115
Ki VBGF energy loss (kg kg−1 yr−1) F 0.22 0.45 M: 1.08 d
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Parameter Definition Type Pollock Cod ATF Source
F: 0.38


Hi VBGF assimilation (kg kg−d yr−1) F 16.34 9.30 M: 5.19 d
F: 5.90


t0,i VBGF age when Wij,y= 0 (years) F 0.53 -0.16 M: -1.00 d
F: -0.28


M fem
i Female natural mortality F NA* 0.37 0.35 c


Mmale
i Male natural mortality F NA* 0.37 0.20 c


* pollock age-specific M1 residual mortalities from the assessment were used (same values for
male and females).
a. Holsman and Aydin 2015
b. Alaska Fisheries Science Center eastern Bering Sea bottom trawl survey
c. Stock assessments (Ianelli et al., 2012; Thompson and Lauth, 2012; Spies et al., 2012)
d. Tables 5 & 6
e. This assessment
f. Fishery observer data
g. Alaska Fisheries Science Center echo-integrated acoustic trawl survey
h. Juarado Molina et al., 2005


Harvest scenarios and reference points


For all future scenarios, we set the bottom temperature in the model to the mean of the historical observed
temperatures (Fig. 1). We used the approach for deriving biological reference points (BRPs) proposed
by Moffitt et al. (2016) and implemented by Holsman et al. (2016). All projections use a Ricker stock
recruitment curve without environmental covariates that was fit to model estimates of recruitment and
spawning stock biomass. Here we adopted the current over fishing limit (OFL) for Tier 3 acceptable biological
catch ABC and MSY proxies for Bering Sea groundfish stocks; 40% of unfished biomass as the proxy target
biomass for the ABC, and 35% as the proxy for BMSY (female spawning biomass corresponding to maximum
sustainable yield, MSY, i.e., 35% of ; Punt et al., 2014; NPMFC, 2013; Clark et al., 1991; Brooks et al.,
2010).


The species-specific, acceptable biological catch (ABCx,i,y) for each harvest scenario was calculated as the
fishery yield for each year y of the projection period [1, nfut


y ] given a constant fishing mortality rate for the
projection period that satisfies each harvest scenario objective (F ∗


ABC,x,i), such that:


Eq. 4 ABCx,i,y =
∑Ai


j ((F ∗
ABC,x,is


f
ij/Zx,ij,y)(1 − e−Zx,ij,y )Nx,ij,yWij,y)


where Zx,ij,y is the control-rule specific total annual mortality for species i age j in the set [1, 2, . . . Ai], sf
ij


is fishery age selectivity, and Nx,ij,y and Wij,y are the annual species-specific abundance and weight-at-age
for each projection year y. Using this approach, we found the species-specific fishing mortality rate (F ∗


x,i)
that results in mean female spawning biomass (SSBF,i) in the target projection period (i.e., last 5 years;
2046-2050) under fishing that is equal to the target proxy percentage (i.e., 40%) of mean unfished female
spawning biomass (SSB0,i; Table 5). To find F ∗


ABC,x,i, we iteratively project the model to find the SSBF,i


that corresponds to a given harvest rate F ∗
x,i, adjusting F ∗


x,i downwards if SSBF,i is below the target or
upwards if SSBF,i is above the target, until we achieve SSBF,i near or at the proxy of 40% of SSB0,i. We
ran this harvest scenario with the following variations:


• Find the ABC proxy biomass of 40% of unfished spawning biomass, where unfished biomass (SSB0,i)
is determined from projections where F is set to 0 for pollock and Pacific cod simultaneously, and then
arrowtooth.


• Iterate (i.e., eight iterations of the optimization algorithm) to find the species-specific fishing mortality
rates that maximize the total combined yield (i.e., sum of yield for all three species) over the last 5
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years of the projection period and where female spawning biomass for each species is not permitted to
drop below 35% of the corresponding unfished female spawning biomass.


• 2016 model: Find the ABC proxy biomass of 40% of unfished spawning biomass, where unfished
biomass (SSB0,i) is determined from projections where F is set to 0 for all species simultaneously.


Results


Model parameterization


The multi-species mode of the model achieved a slightly higher over-all fit to the data (i.e., lower negative
log-likelihood with the same number of estimated parameters for both models) for pollock and similar fits
to the data for P. cod and arrowtooth. Both models fit annual total catch for all three species closely (
0.996734; Fig. 2). We observed similar fits to survey biomass and age composition data from the single-
species (i.e.,M2ij,y set to 0, hereafter “single-species model”) and multi-species modes of CEATTLE (Figs.
3,9-14 ). Although both models predicted similar historical total and female spawning biomass, inclusion
of trophic interactions in the multi-species model resulted in slightly higher estimates of total biomass for
pollock (Fig. 3).


Inclusion of predation interactions in CEATTLE improved model fit to observations of survey age composition
for pollock, with average annual Pearson correlation coefficient (i.e., R2) values from CEATTLE model in
multi-species mode of 0.85 versus single-species version of CEATTLE model values of 0.82. The single-
and multi-species models performed similarly well for the annual Pacific cod and arrowtooth survey age
composition data ( 0.77 for P. cod and 0.67 for arrowtooth, respectively), and fishery age composition data
for all three species ( 0.81, 0.96, and 0.89 for pollock, Pacific cod, and arrowtooth flounder, respectively).
The single- and multi-species models fit the survey estimates of biomass with similar accuracy (single- and
multi-species , R2 respectively, of 0.52 and 0.52 for pollock, 0.8 for both models for Pacific cod, and 0.66 and
0.65 for arrowtooth), although the multi-species model fit the survey age data slightly better for pollock and
slightly less for P. cod and arrowtooth (negative log-likelihood = 421.92, 532.35, 559.11 and 364.18, 543.04,
565.5 for the single- and multi-species models, respectively). Survey and fishery age selectivity curves were
similar for single- and multi-species models for each species (Fig. 4).


Table 4. Correlation coefficients for survey biomass and age composition data from the model
run in single-species mode (SSM) and multi-species mode (MSM).


Table 4. SSM MSM
Total survey biomass
Pollock 0.52 0.52
P. cod 0.8 0.81
Arrowtooth 0.66 0.65
Survey age composition
Pollock 0.86 0.85
P. cod 0.9 0.88
Arrowtooth 0.54 0.56


Predation mortality varied considerably with changes in predator abundance over time (Fig. 5). Cannibalism
was the largest source of predation mortality for pollock (Figs. 6, 7) with older conspecifics exhibiting a
high preference (i.e., total pollock suitability >0.75; Fig. 4) for juvenile pollock (ages 1-3; Fig. 4.g). Larger
pollock also appear to target small arrowtooth flounder, as evidenced by a slight increase in total suitability
of arrowtooth for pollock ages 6-10 (Fig. 4.g). Similarly, younger Pacific cod (ages 2-6) also target arrowtooth
flounder (Fig. 4.h). Pacific cod increasingly target pollock prey as they age, and larger, older Pacific cod
diets are dominated by age 1 pollock prey. Pacific cod also appear to be cannibalistic from ages 4 through 9.
In contrast arrowtooth flounder prefer pollock throughout their lives, with total suitability coefficients (for
all pollock ages) between 0.5 and 1.0 for arrowtooth flounder ages 1 through 18 (Fig. 13.i).
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Natural mortality (M1ij+M2ij,y) was highest for age 1 fish of all three species (Fig. 5), and greatest for
pollock (relative to Pacific cod or arrowtooth flounder). Combined annual predation demand (annual ration)
of pollock, Pacific cod, and arrowtooth flounder in 2017 was 6.07 million t, down slightly from the 7.65
million t annual average during the warm years of 2014-2016. Walleye pollock represent approximately 78
% of the model estimates of combined prey consumed with 4.84 consumed annually by all three predators in
the model (Fig. 6). At 1.69 yr−1 age 1 mortality estimated by the model was greatest for pollock relative to
Pacific cod or arrowtooth flounder. Age 1 mortality was lower for Pacific cod and arrowtooth flounder, with
total age 1 natural mortality stable at around 0.69 and 0.65 yr−1, respectively, although both were above
long–term means in 2015-2017.


Temporal patterns in natural mortality reflect annually varying changes in predation mortality that primarily
impact age 1 fish (but also impact ages 2 and 3 fish in the model). Pollock are primarily consumed by older
conspecifics, and pollock cannibalism accounted for 55% (on average) of total predation mortality for age
1 pollock except for 2006-2008 when predation by arrowtooth flounder exceeded cannibalism as the largest
source of predation mortality of age 1 pollock; Fig. 7).


We find evidence for recent elevated rates of predation mortality on age 1 pollock, pacific cod, and arrowtooth
flounder. This pattern may reflect higher metabolic (and energetic) demand of predators under warm
conditions combined with maturing large 2010-2012 age classes of pollock and pacific cod that have increased
predator demand in the EBS (Holsman et al. 2015, Spencer et al. 2016, Hunsicker et al., 2013, Zador et al.
2011). This pattern may also explain low model estimates of recruitment of EBS pollock and Pacfic cod in
recent years.


Between 1980 and 1993, the relatively high natural mortality rates reflect patterns in combined annual
demand for prey by all three predators that was highest in the mid 1980’s (collectively 7.84 million t per
year), and in recent years (collectively 7.25 million t per year; Fig. 6a). The peak in predation mortality of
age 1 pollock in 2006 corresponds to the maturation of a large age class of 5-7 year old pollock and 2 year old
Pacific cod that dominated the age composition of the two species in 2006 (Fig. 10). Similarly, the recent
peaks in mortality in 2016 reflect maturation of the large 2012 year class of pollock.


Pollock are both the dominant predator and a primary prey species in the multi-species model, second only to
the ‘other prey’ category (Fig. 5a,b). After ‘other prey’ and pollock, the next most dominant prey category
consumed is Pacific cod, followed by arrowtooth flounder (Fig. 5b). Pollock are primarily consumed by older
conspecifics, and pollock cannibalism accounted for 56% (on average) of total predation mortality for age
1 pollock except for 2006-2008 when predation by arrowtooth flounder exceeded cannibalism as the largest
source of predation mortality of age 1 pollock; Fig. 7).


The multi-species version of CEATTLE compensates for elevated predation mortality on younger age classes
by increasing estimates of recruitment. Thus, recruitment is higher in the multi-species model than in
the single-species model for all three species, especially those with high predation rates (i.e., pollock). The
direction of change in annual recruitment estimates from year-to-year was generally the same for both models
(i.e., both models increased or decreased recruitment in the same year; Fig. 8a). Pollock recruitment from
the single-species version of CEATTLE was positively correlated with Pacific cod recruitment (R2 = 0.7 )
and slightly inversely correlated with arrowtooth recruitment ( R2 = -0.19 ). Correlations between pollock
recruitment and Pacific cod or arrowtooth recruitment were similar between the single- and multispecies
versions, although correlations were weaker in the multi-species model for Pacific cod (R2 = 0.62).


The single- and multi-species models estimate similar fishing mortality rates for pollock that have remained
relatively stable at around 0.15 since the early 1980’s (Fig. 9). Both models also estimate low and relatively
steady fishing mortality rates for arrowtooth flounder (i.e., ~ 0.04). The adjustment of residual mortality for
Pacific cod from 0.37 to 0.38, to match the recent stock assessment (Thompson et al. 2017), results in slightly
higher estimates of fishing mortality over time (0.4-0.6) as compared to the 2016 assessment (0.24-0.45), with
indications of declines in fishing mortality in recent years (Fig.9).
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Harvest scenarios and reference points


Projecting CEATTLE forward under mean recruitment produces trajectories of female spawning stock
biomass that can be used to derive multi-species biological reference points and attendant fishing mor-
tality rates (Holsman et al. 2016). Projections under the Ricker spawner-recruitment model lead to some
over-compensation recruitment dynamics in the first years of the projection (especially for single-species
models; Fig. 14; sensu Botsford, 1986). However, a >70 year projection period was sufficient to allow such
dynamics to reach a relative equilibrium (Figs. 14,15).


In general, unfished and harvested female spawning stock biomass (SSB0,iy and SSBtarget,iy , respectively)
were lower for projections of the multi- than the single-species model (Fig. 14). Unfished female spawning
biomass from the multi-species version of CEATTLE was higher than historical female spawning biomass for
pollock and Pacific cod, and approximately equal to recent female spawning biomass for arrowtooth flounder
(Fig. 15).


Application of MBRPs toward EBFM


Development of diverse multi-species biological reference points (MBRPs) from multi-species models is a
necessary step in moving forward with EBFM (Link, 2010; Link and Browman, 2014). Projecting CEATTLE
provides proxies for MBRPs that can readily be implemented in current OFL control rules for Alaska
fisheries management and demonstrates the range of possible considerations as well as individual strengths
and weaknesses of each control rule approach. Like previous authors, we found that ABC proxies were lower
than the single-species CEATTLE model estimates (e.g., Gaichas et al., 2012). That said, Holsman et al.
(2016) found that MBRPs do not inherently result in lower harvest recommendations than single-species
corollaries (i.e., BRPs); comparative risk of over- or under-harvest depends on the degree of inter-specific
predation and cannibalism. They also found that recommended harvest rates were relatively consistent
between harvest scenarios, especially if target minimum biomasses are included for individual species. They
also found that climate and trophic drivers can interact to affect MBRPs, but for prey species with high
predation rates, trophic and management-driven changes may exceed direct effects of temperature on growth
and predation. Given this, MSCAA models can readily be used for tactical EBFM decisions under changing
climate conditions, if, as suggested by Holsman et al. (2016) and by various authors previously, harvest
scenarios used for deriving MBRPs combined a minimum biomass threshold with yield targets to meet
biodiversity and yield objectives (Worm et al., 2009; Gaichas et al., 2012). Biomass thresholds will require
development of criteria for minimum limits in order represents a necessary advancement of the current
approach.


Short-term utility: potential application within current single species assess-
ments


This work demonstrates some alternative applications of multispecies trophic models within a management
setting and there may be immediate relevance for current stock assessment models. For example, the
estimated historical time series of natural mortality at age over time (M1 + M2) could be used directly
within the assessment or used as priors in alternative assessment models with estimated annually varying
natural mortality. Similarly, for the case of EBS pollock, the stock recruitment relationship may provide
a basis for better estimates or prior distribution specification. It may be that by adding the time series
of estimated total natural mortality at age that the estimated stock recruitment relationship may differ
substantially given the relative differences in age 1 abundances. Further research on applying alternative
stock recruitment relationships is needed as well, especially since the application of the Ricker curve has
traditionally been justified due to cannibalistic nature of pollock—a situation that is partially accounted for
in this application.
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Long-term utility: climate- and trophic-specific biological reference points


Because the natural mortality and growth functions are temperature dependent, long-term applications of
the CEATTLE model could also include recruitment functions with climate-covariates. In this, the model
could be combined with short-term forecasts of physical and lower trophic conditions in the Bering Sea,
and used to refine estimates of recruitment and spawning stock biomass under changing conditions (note
that extensive model validation would be needed to evaluate predictive performance and potential utility).
Incorporating additional species into the model, such as northern fur seals and Pacific halibut could help
provide quantitative estimates of changes in juvenile pollock forage resources associated with different harvest
rates of groundfish species in the EBS, as well as refined estimates of predation mortality for prey species
in the model under changing conditions. Finally, ongoing incorporation of harvest scenarios into the model
will add realism to projections both for assessment purposes and for research applications.
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Figures & Tables


Table 5. Temperature-dependent Von Bertalanffy parameter (parm) estimates, standard de-
viation in parameter estimates (stdev), and confidence intervals (CI).


Age 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
ρij


plk 0.00 0.01 0.29 0.64 0.84 0.90 0.95 0.96 0.97 1.00 1.00 1.00
pcod 0.00 0.02 0.06 0.14 0.30 0.53 0.75 0.89 0.95 0.98 0.99 1.00
atf 0.00 0.00 0.01 0.02 0.06 0.16 0.34 0.59 0.80 0.92 0.97 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
SSM
M1ij


plk 0.90 0.45 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
pcod 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34
atf 0.27 0.26 0.26 0.25 0.25 0.24 0.24 0.23 0.23 0.23 0.22 0.22 0.22 0.22 0.21 0.21 0.21 0.21 0.21 0.21 0.21
MSM
M1ij


plk 0.01 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
pcod 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34
atf 0.27 0.26 0.26 0.25 0.25 0.24 0.24 0.23 0.23 0.23 0.22 0.22 0.22 0.22 0.21 0.21 0.21 0.21 0.21 0.21 0.21
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Figure 2: Total observed catch (circles) and model estimates of annual catch (lines) for single- and multi-
species models (note that single species lines may not be visible as they overlap with multi-species estimates).
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Figure 3: Single- (orange lines) and multi-species (blue lines) retrospective model estimates of total (thick
solid lines), female spawning (dashed lines), and bottom-trawl survey biomass (thin solid lines). Filled circles
represent mean observed groundfish survey biomass and standard errors of the mean (error bars).
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Figure 4: Single-species and multi-species fishery (first row; a-c) or survey selectivity (second row; d-f). Total
suitability (across all prey species) for each predator age (third row; g-i).
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Figure 5: Annual variation in total mortality (M1ij +M2ij,y for age 1 pollock (a), Pacific cod (b), and
arrowtooth flounder (c) from the single-species models (dashed line), multi-species models with temperature
(black line).
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Figure 6: a) Combined total predator ration (all three predators combined) over time grouped by predator.
b) Total prey consumed by all three predators combined (note the log scale). c) Pollock predation mortality
(M2 ; age 1 only) consumed by each predator species.
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Figure 7: Proportion of total predation mortality for age 1 pollock from pollock (solid), Pacific cod (dashed),
and arrowtooth flounder (dotted) predators across years.
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Figure 8: Annual single- and multi-species CEATTLE model estimates of recruitment (age 1) for pollock (a),
Pacific cod (b), and arrowtooth flounder (c). Lighter shading represents the 95% CI around mean estimates.
Darker shading represents +/- 1 standard error of the mean estimate.
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Figure 9: Timeseries of single- and multi-species (gray and black, respectively) CEATTLE model estimates
of fishing mortality rate for eastern Being Sea walleye pollock (solid lines), Pacific cod (dashed lines), and
arrowtooth flounder (dotted lines). Note that the single- and multi-species lines for arrowtooth flounder
overlap.
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Figure 10: Survey age compostitions for walleye pollock. Colored bars represent observed values, black and
gray points represent single- and multi-species fits to the data, respectively.
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Figure 11: Fishery age compostitions for walleye pollock. Colored bars represent observed values, black and
gray points represent single- and multi-species fits to the data, respectively.
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Figure 12: Survey length compostitions for Pacific cod Colored bars represent observed values, black and
gray points represent single- and multi-species fits to the data, respectively.
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Figure 13: Survey length compostitions for arrowtooth flounder Colored bars represent observed values,
black and gray points represent single- and multi-species fits to the data, respectively.
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Figure 14: Single-species CEATTLE model projections of unfished (SSB0; light shading) and fished spawning
stock biomass at the harvest rate corresponding with the ABC proxy (SSB40%; darker shading) for each
species. The lines represent different climate scenarios which impact weight at age and predation in the
model.Only the constant scenario was used for ABC estimates.
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Figure 15: Multi-species CEATTLE model projections of unfished (SSB0; light shading) and fished spawning
stock biomass at the harvest rate corresponding with the ABC proxy (SSB40%; darker shading) for each
species. The lines represent different climate scenarios which impact weight at age and predation in the
model. Only the constant scenario was used for ABC estimates.


35







7980


81


82


83


84


85


86
87
88


89


90


91


92


93
94


95


96


9798


99


00


01


02


03 04


05


06


07


08


09


10
11


12


13


14 15
16


0 1 2 3 4 5 6


0


20


40


60


80


single-species
A


ge
 1


 re
cr


ui
tm


en
t (


bi
lli


on
s)


Spawning biomass (million t)


W
al


le
ye


 p
ol


lo
ck


79
80


81


82


83


84


85


86 87


88


89


9091


92


93
94


95


96


97


98


99


0001
02 03


04


05


06


07


08


09


10
11


12


13


1415
16


0 0.1 0.2 0.3


0


0.2


0.4


0.6


0.8


1


P
ac


ifi
c 


co
d


79


80


81
82
83
84
85


86


87


8889


90
91


92
93


94
9596


97


98
9900


01


02


03


04


05


06
07


08


09
10


11
12


13


14


15
16


0 0.1 0.2 0.3 0.4


0


0.1


0.2


0.3


A
rr


ow
to


ot
h 


flo
un


de
r


Figure 16: Stock-recruit curves for the single-species model. Red and blue text indicates years where bottom
temperature was + or – 1 standard deviation from the mean (respectively).
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Figure 17: Stock-recruit curves for the multi-species model. Red and blue text indicates years where bottom
temperature was + or – 1 standard deviation from the mean (respectively).
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Figure 18: Proportion mature (ρij) and residual natural mortality (M1ij) for each species i and age j in
the single-species (ssm) or multi-species model (msm) for wallleye pollock (plk), Pacific cod (pcod), and
Arrowtooth flounder (atf).
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EXECUTIVE SUMMARY 


Summary of Changes in Assessment Inputs 
Relative to the November edition of last year’s BSAI SAFE report, the following substantive changes 
have been made in the eastern Bering Sea (EBS) Pacific cod stock assessment. 


Changes in the Input Data 
1) Catch data for 1991-2016 were updated, and preliminary catch data for 2017 were incorporated. 


2) Commercial fishery size composition data for 1991-2016 were updated, and preliminary size 
composition data from the 2017 commercial fishery were incorporated. 


3) Size composition data from the 2017 EBS shelf bottom trawl survey were incorporated. 


4) The numeric abundance estimate from the 2017 EBS shelf bottom trawl survey was incorporated 
(the 2017 estimate of 347 million fish was down about 46% from the 2016 estimate). 


5) Age composition data from the 2016 EBS shelf bottom trawl survey were incorporated. 


6) Age composition data from the 2013-2016 fisheries were incorporated into some of the models. 


Changes in the Assessment Methodology 
Many changes have been made or considered in the stock assessment model since the 2016 assessment 
(Thompson 2016).  Ten models were reviewed by the BSAI Plan Team Subcommittee on Pacific Cod 
Models (“Subcommittee”) at its June meeting (https://www.npfmc.org/wp-
content/PDFdocuments/membership/PlanTeam/Groundfish/BSAIPcod_subcommittee617minutes.pdf), 
and seven models were presented in this year’s preliminary assessment (Appendix 2.1), as requested at 
the conclusion of the June Subcommittee meeting.  After reviewing the preliminary assessment, the BSAI 
Plan Team and SSC requested that a number of models from the preliminary assessment and one new 
model be presented in this final assessment.  The requested models are as follow: 


• Model 16.6:  The current base model, exhibiting the following features: 
o One fishery, one gear type, one season per year. 
o Input sample sizes average 300, with season×gear catch-weighted sizecomps. 
o Logistic age-based selectivity for both the fishery and survey. 
o External estimation of time-varying weight-at-length parameters and the standard 


deviations of ageing error at ages 1 and 20. 
o All parameters constant over time except for recruitment and fishing mortality. 
o Internal estimation of all natural mortality, fishing mortality, length-at-age (including 


ageing bias), recruitment (conditional on Beverton-Holt recruitment steepness fixed at 
1.0), catchability, and selectivity parameters. 



https://www.npfmc.org/wp-content/PDFdocuments/membership/PlanTeam/Groundfish/BSAIPcod_subcommittee617minutes.pdf

https://www.npfmc.org/wp-content/PDFdocuments/membership/PlanTeam/Groundfish/BSAIPcod_subcommittee617minutes.pdf





• Model 17.1:  Same as Model 16.6, but with the following features added: 
o Adjust timing of the fishery and survey in SS. 
o Switch to haul-based input sample size and week×gear×area catch-weighted sizecomps. 
o Do not use old (poorly sampled) fishery agecomps, but do add new fishery agecomps. 
o Develop a prior distribution for natural mortality based on previous estimates. 
o Switch to age-based, flat-topped, double normal selectivity. 
o Allow randomly time-varying selectivity for the fishery and survey, with σs fixed at the 


restricted MLEs. 
• Model 17.2:  Same as Model 17.1, but with the following features added: 


o Use harmonic mean weighting of composition data. 
o Allow randomly time-varying selectivity for the fishery but not the survey. 


• Model 17.3:  Same as Model 17.1, but with the following features added: 
o Use harmonic mean weighting of composition data. 
o Estimate survey index standard error internally (‘extra SD’ option in SS). 


• Model 17.6:  Same as Model 17.1, but with the following features added: 
o Use harmonic mean weighting of composition data. 
o Allow randomly time-varying length at age 1.5, with σ fixed at the restricted MLE. 
o Allow randomly time-varying trawl survey catchability 


• Model 17.7:  Same as Model 17.6, but with the following feature added: 
o All sizecomp and agecomp multipliers capped at a value of 1.0. 


The author recommends using Model 17.2 to set harvest specifications for 2018 and 2019.   


Summary of Results 
The principal results of the present assessment, based on the author’s new recommended model, are 
listed in the table below (biomass and catch figures are in units of t) and compared with the corresponding 
quantities from last year’s assessment as specified by the SSC: 







Quantity 
As estimated or 


specified last year for: 
As estimated or 


recommended this year for: 
2017 2018 2018* 2019* 


 
M (natural mortality rate) 0.36 0.36 0.38 0.38 
Tier 3a 3a 3b 3b 
Projected total (age 0+) biomass (t) 1,260,000 1,110,000 807,000 690,000 
Projected female spawning biomass (t) 327,000 340,000 217,000 211,000 
     B100% 620,000 620,000 548,000 548,000 
     B40% 248,000 248,000 219,000 219,000 
     B35% 217,000 217,000 192,000 192,000 
FOFL 0.38 0.38 0.38 0.37 
maxFABC 0.31 0.31 0.31 0.30 
FABC 0.31 0.31 0.31 0.30 
OFL (t) 284,000 302,000 202,000 173,000 
maxABC (t) 239,000 255,000 172,000 148,000 
ABC (t) 239,000 255,000 172,000 148,000 


Status 
As determined last year for: As determined this year for: 


2015 2016 2016 2017 
Overfishing No n/a No n/a 
Overfished n/a No n/a No 
Approaching overfished n/a No n/a No 


*Projections are based on assumed catches of 224,000 t, 162,000 t, and 148,000 t in 2017, 2018, and 
2019, respectively. 


Responses to SSC and Plan Team Comments on Assessments in General 
Since last year’s assessment was completed, the SSC has made the following comments on assessments 
in general (note that numbering of comments here is continuous with numbering of comments in the 
preliminary assessment; note also that SSC comments directed to the Plan Teams rather than the 
assessment authors are not included here): 
 
SSC13 (12/16 minutes): “In an effort improve record keeping as assessment authors formulate various 
stock status evaluation models, the Plan Team has recommended a systematic cataloging convention....   
The SSC recommends this method of model naming and notes that it should reduce confusion and simplify 
issues associated with tracking model development over time.”  The prescribed model naming convention 
is used in this assessment. 
 
SSC14 (10/17 minutes): “The SSC recommends that, for those sets of environmental and fisheries 
observations that support the inference of an impending severe decline in stock biomass, the issue of 
concern be brought to the SSC, with an integrated analysis of the indices involved.  To be of greatest 
value, to the extent possible this information should be presented at the October Council meeting so that 
there is sufficient time for the Plan Teams and industry to react to the possible reduction in fishing 
opportunity. The SSC also recommends explicit consideration and documentation of ecosystem and stock 
assessment status for each stock... during the December Council meeting to aid in identifying areas of 
concern.”  Once the processes for producing the integrated analysis of indices and explicit consideration 
and documentation of ecosystem and stock assessment status have been developed, any features of those 
processes identified for inclusion in the assessment will be added to future assessments. 
 







Responses to SSC and Plan Team Comments Specific to this Assessment 
Twenty-five comments specific to this assessment, including 7 comments from the Subcommittee, were 
addressed either in the minutes of the June 2017 Subcommittee meeting or in the preliminary assessment 
(Appendix 2.1).  In the interest of efficiency, they are not repeated in this section.  The two Subcommittee 
(Sub) comments from the June 2017 meeting that pertained only to the final assessment, along with the 
BSAI Plan Team (BPT) and SSC comments that were developed following completion of the preliminary 
assessment, are shown below (as above, numbering of comments here is continuous with numbering of 
comments in the preliminary assessment; note also that BPT comments are numbered separately from 
Subcommittee comments). 


Sub8 (6/17 minutes): “Although the Subcommittee feels that it will not be possible to incorporate feature 
Sub2 (“Examine survey data from the northern Bering Sea”) into this year’s preliminary EBS assessment 
due to the fact that there is currently only a single year’s worth of data in the modern NBS survey time 
series and the results from this year’s NBS survey will likely not be ready for inclusion until after the 
preliminary assessment is due, it may be possible to include this feature as a non-model analysis in the 
final assessment.”  Non-model analyses of results from the northern Bering Sea (NBS) and Norton Sound 
surveys are presented in the “Data” section.   


Sub9 (6/17 minutes): “Although the Subcommittee also feels that features BPT3 (“Continue to compare 
empirical weight at age with the traditional approach”) and GT10 (“Include EBS survey strata 82 and 90 
(NW corner of EBS) in the data”) should not be included as non-model analyses in this year’s 
preliminary EBS assessment, it may be appropriate to include them as non-model analyses in the final 
assessment....”  See comment SSC23 regarding empirical weight at age.  The background document 
provided to the Subcommittee in advance of the June meeting (attached to the minutes of that meeting as 
Appendix A) included a brief comparison of survey indices between the “standard” survey area and the 
standard area plus strata 82 and 90.  An expanded comparison, updated to include this year’s survey 
estimates, is provided in the “Data” section.   


BPT7 (9/17 minutes): “The Team was pleased with the work done on model averaging, but recommends 
to not use model averaging in the final 2017 Pacific cod assessment.”  See comments SSC17, SSC19, 
SSC20, SSC21, SSC22, and SSC25.  In brief, at its October meeting, the SSC advocated multiple times 
for inclusion of model averaging in this final assessment. 


BPT8 (9/17 minutes): “The Team recommends considering only models 16.6 and 17.6 for the final 
Pacific cod assessment.”  See comments SSC17 and SSC19. 


BPT9 (9/17 minutes): “The Team would like to better understand the effects of the individual changes 
bridging from Model 16.6 to Model 17.6 and recommends that the analyst present a bridging analysis at 
the November meeting.”  See comment SSC22. 


BPT10 (9/17 minutes): “The Team leaves it up to the analyst to determine the best order of 
changes/elements to investigate, and will be happy with a linear analysis of sequentially adding in 
elements. Recompiling existing data or making ‘housekeeping’ changes in the control file so as to keep 
Model 16.6 compliant with SS V3.30 do not necessarily constitute substantive changes in Model 16.6 and 
so do not need to be included as separate steps in the bridging analysis if the impacts of those changes 
are negligible.”  See comment SSC22 


SSC16 (10/17 minutes): “The SSC supported the Plan Team’s recommendation to use the lognormal 
prior distribution from this review, and further recommended removing all estimates from the prior that 
contained an appreciable amount of the data that is currently used in the stock assessment model, and 
would therefore be included in the likelihood function.”  The prior distribution for the natural mortality 







rate has been revised along the lines suggested by this comment, and is described in the “Description of 
Alternative Models” section. 


SSC17 (10/17 minutes): “The SSC disagreed with the Plan Team recommendations to bring forward only 
models 16.6 and 17.6, and not use model averaging for 2017.”  Models 16.6 and 17.6 are not the only 
models brought forward in this final assessment (see also comments SSC19, SSC21, and SSC26), and 
model averaging is the subject of Appendix 2.5. 


SSC18 (10/17 minutes): “Drop models 17.4 and 17.5 from the set under consideration.”  Models 17.4 
and 17.5 are not included in this final assessment. 


SSC19 (10/17 minutes): “Perform further diagnostics and evaluation on models 16.6, 17.1-17.3, and 17.6 
in order to determine whether all five may be candidates for inclusion in a model averaged result in 
December.”  All of the requested models are included in this final assessment, along with a new model 
(Model 17.7; see comment SSC26).  Diagnostics that were not provided in the preliminary assessment but 
which are provided in this final assessment include: mean normalized residuals, standard deviation of 
normalized residuals, and correlation between observed and expected values (for survey index data); input 
sample size and effective sample size for each fleet/year age composition record; figures showing fits to 
all sizecomp and agecomp data (along with time-aggregated fits to those data); retrospective plots of 
spawning biomass in both absolute and relative terms; and quantitative adjustments to model weightings 
based on retrospective performance, model convergence behavior and general plausibility (see also 
comment SSC20).  In order to allow the SSC complete flexibility in determining which models to include 
in the ensemble to be averaged, Appendix 2.5 includes results for every possible subset of models. 


SSC20 (10/17 minutes): “The SSC encourages the author to consider a broader method for model 
weighting (perhaps subjective in nature) that includes model fit and also retrospective performance, 
model convergence behavior and general plausibility.”  The approaches to model weighting described in 
Appendix 2.5 (except for the equal weighting approach) account for retrospective performance, model 
convergence behavior, and general plausibility. 


SSC21 (10/17 minutes): “Bring forward for consideration in December one or more alternatives for 
model averaged results (based on models 16.6, 17.1-17.3 , and 17.6), which may include equal weighting, 
individual model averaged results using some other weighting developed per above, and a distribution fit 
to the model results (similar to the preliminary approach).”  Appendix 2.5 provides a total of 504 
alternatives (each) for model-averaged 2018 ABC, 2018 OFL, 2019 ABC, and 2019 OFL.  These are 
based on the models listed above and also Model 17.7, along with all possible subsets of that set (see 
comments SSC19 and SSC26).  Approaches include equal weighting and three weighting systems based 
on the response to comment SSC20.  Sample means, medians, and standard deviations are provided for 
each alternative and approach, which can be used to fit two-parameter distributions, as in the preliminary 
assessment (see also comment SSC25). 


SSC22 (10/17 minutes): “The SSC did not support the Plan Team’s recommendation to provide further 
bridging analysis between models 16.6 and 17.6, but instead suggested a focus on model evaluation and 
diagnosis of 16.6, 17.1-17.3 and 17.6 for potential inclusion in a model-averaged approach in 
December.”  See also comments BPT8, BPT9, and BPT10.  Given the Team’s request for a bridging 
analysis between Models 16.6 and 17.6, preliminary steps toward developing such an analysis were 
undertaken during the time period between the September Team meeting and the October SSC meeting.  
The results of this exercise are reported in the “Description of Alternative Models” section.  In keeping 
with the SSC’s request, however, a full bridging analysis is not provided. 







SSC23 (10/17 minutes): “Following on the December 2016 recommendation, continue exploration of the 
treatment of weight-at-age using both internally and externally estimated values, and the treatment of 
ageing bias in the stock assessment.”  As with all comments from last year’s November Team and 
December SSC meetings, the SSC’s recommendations from December 2016 regarding continued 
exploration of empirical weight at age and the treatment of ageing bias were vetted at the June 2016 
Subcommittee meeting.  Appendices A and B of the minutes from that meeting included a summary of 
recent work that may bear upon the issue of ageing bias and further exploration of empirical weight at 
age, particularly with respect to empirical weights at age from the survey.  With respect to these two SSC 
recommendations, the Subcommittee recommended that: 1) the requested exploration of empirical weight 
at age should wait until the final assessment when more data would be available, and 2) the requested 
exploration of ageing bias does not have to be done this year at all.  Noting that the SSC agreed in June 
2016 that Subcommittee recommendations would no longer be subject to SSC review, this year’s 
preliminary and final assessments were prepared accordingly.  The potential use of empirical weight at 
age is further addressed in this final assessment in the “Model Evaluation” section.   


SSC24 (10/17 minutes): “Further, conduct an exploratory analysis of recent weight-at-age data for 
evidence of patterns resembling those seen for GOA Pacific cod.”  An analysis of condition factor is 
provided in the “Data” section, and an analysis of weight at age (including both data and model estimates) 
is provided in the “Model Evaluation” section. 


SSC25 (10/17 minutes): “Clarify, with the joint Plan Teams, the preferred measure of central tendency 
(e.g., median or mean) for assessments reporting probabilistic results either via Bayesian posteriors or 
model-averaged distributions.”  This item is on the agenda for the November meeting of the Joint Plan 
Teams.  Because this final assessment was prepared prior to the November meeting, there was no way to 
know which measure of central tendency would be preferred by the Teams.  Therefore, full sets of results 
for both the mean and median are presented in Appendix 2.5 (see also comment SSC21). 


SSC26 (10/17 minutes): “For models where iterative reweighting is applied, if the initial input sample 
sizes have been derived based on a boot strapping approach or using the number of hauls, strongly 
consider tuning these inputs only in a downward direction in order to avoid placing implausibly high 
weights on certain data sets to the effective exclusion of others.”  Of the five models requested by the 
SSC (Models 16.6, 17.1, 17.2, 17.3, and 17.6), only Models 17.2, 17.3, and 17.6 use iterative reweighting.  
When reweighting for these three models was completed, there were only two instances of multipliers 
exceeding a value of 1.0, both of which happened to apply to the survey sizecomp component:  This 
multiplier had values of 1.0237 and 1.5903 in Models 17.3 and 17.6, respectively.  The appropriate 
response to the SSC’s comment hinges on whether the SSC intended to replace any models with at least 
one multiplier in excess of 1.0 with new models where all multipliers are capped at a value of 1.0, or to 
add new models where all multipliers are capped at a value of 1.0.  Given that comments SSC19, SSC21, 
and SSC22 all seem to imply that Models 17.2, 17.3, and 17.6 are to be included in the final assessment, 
the second interpretation was adopted, except that, because the multiplier in Model 17.3 was so close to 
1.0, this model was considered to satisfy the spirit of the SSC’s recommendation, so a modified version of 
Model 17.3 was not added.  However, because the multiplier in Model 17.6 was well above 1.0, an 
additional model (17.7) was developed in order to address the SSC’s recommendation.  Specifically, 
Model 17.7 was the same as Model 17.6, except that the compositional multipliers and the standard 
deviations of all dev vectors were re-tuned subject to the constraint that no multiplier could exceed a 
value of 1.0. 







INTRODUCTION 


General 
Pacific cod (Gadus macrocephalus) is a transoceanic species, occurring at depths from shoreline to 500 
m.  The southern limit of the species’ distribution is about 34° N latitude, with a northern limit of about 
65° N latitude (Lauth 2011).  Pacific cod is distributed widely over the eastern Bering Sea (EBS) as well 
as in the Aleutian Islands (AI) area.  Tagging studies (e.g., Shimada and Kimura 1994) have demonstrated 
significant migration both within and between the EBS, AI, and Gulf of Alaska (GOA).  However, recent 
research indicates the existence of discrete stocks in the EBS and AI (Canino et al. 2005, Cunningham et 
al. 2009, Canino et al. 2010, Spies 2012).  Although the resource in the combined EBS and AI (BSAI) 
region had been managed as a single unit from 1977 through 2013, separate harvest specifications have 
been set for the two areas since the 2014 season. 


Pacific cod is not known to exhibit any special life history characteristics that would require it to be 
assessed or managed differently from other groundfish stocks in the EBS. 


Review of Life History 
Pacific cod eggs are demersal and adhesive.  Eggs hatch in about 15 to 20 days.  Spawning takes place in 
the sublittoral-bathyal zone (40 to 290 m) near bottom.  Eggs sink to the bottom after fertilization and are 
somewhat adhesive.  Optimal temperature for incubation is 3° to 6°C, optimal salinity is 13 to 23 parts 
per thousand (ppt), and optimal oxygen concentration is from 2 to 3 ppm to saturation.  Little is known 
about the optimal substrate type for egg incubation. 


Little is known about the distribution of Pacific cod larvae, which undergo metamorphosis at about 25 to 
35 mm.  Larvae are epipelagic, occurring primarily in the upper 45 m of the water column shortly after 
hatching, moving downward in the water column as they grow. 


Juveniles occur mostly over the inner continental shelf at depths of 60 to 150 m.  Adults occur in depths 
from the shoreline to 500 m, although occurrence in depths greater than 300 m is fairly rare.  Preferred 
substrate is soft sediment, from mud and clay to sand.  Average depth of occurrence tends to vary directly 
with age for at least the first few years of life.  Neidetcher et al. (2014) have identified spawning locations 
throughout the Bering Sea and Aleutian Islands. 


It is conceivable that mortality rates, both fishing and natural, may vary with age in Pacific cod.  In 
particular, very young fish likely have higher natural mortality rates than older fish (note that this may not 
be particularly important from the perspective of single-species stock assessment, so long as these higher 
natural mortality rates do not occur at ages or sizes that are present in substantial numbers in the data).  
For example, Leslie matrix analysis of a Pacific cod stock occurring off Korea estimated the 
instantaneous natural mortality rate of 0-year-olds at 2.49% per day (Jung et al. 2009).  This may be 
compared to a mean estimate for age 0 Atlantic cod (Gadus morhua) in Newfoundland of 4.17% per day, 
with a 95% confidence interval ranging from about 3.31% to 5.03% (Robert Gregory, DFO, pers. 
commun.); and age 0 Greenland cod (Gadus ogac) of 2.12% per day, with a 95% confidence interval 
ranging from about 1.56% to 2.68% (Robert Gregory and Corey Morris, DFO, pers. commun.). 


Although little is known about the likelihood of age-dependent natural mortality in adult Pacific cod, it 
has been suggested that Atlantic cod may exhibit increasing natural mortality with age (Greer-Walker 
1970). 


At least one study (Ueda et al. 2006) indicates that age 2 Pacific cod may congregate more, relative to age 
1 Pacific cod, in areas where trawling efficiency is reduced (e.g., areas of rough substrate), causing their 







selectivity to decrease.  Also, Atlantic cod have been shown to dive in response to a passing vessel (Ona 
and Godø 1990, Handegard and Tjøstheim 2005), which may complicate attempts to estimate catchability 
(Q) or selectivity.  It is not known whether Pacific cod exhibit a similar response. 


As noted above, Pacific cod are known to undertake seasonal migrations, the timing and duration of 
which may be variable (Savin 2008). 


FISHERY 


Description of the Directed Fishery 
During the early 1960s, a Japanese longline fishery harvested EBS Pacific cod for the frozen fish market.  
Beginning in 1964, the Japanese trawl fishery for walleye pollock (Gadus chalcogrammus) expanded and 
cod became an important bycatch species and an occasional target species when high concentrations were 
detected during pollock operations.  By the time that the Magnuson Fishery Conservation and 
Management Act went into effect in 1977, foreign catches of Pacific cod had consistently been in the 
30,000-70,000 t range for a full decade.  In 1981, a U.S. domestic trawl fishery and several joint venture 
fisheries began operations in the EBS.  The foreign and joint venture sectors dominated catches through 
1988, but by 1989 the domestic sector was dominant and by 1991 the foreign and joint venture sectors 
had been displaced entirely. 


Presently, the Pacific cod stock is exploited by a multiple-gear fishery, including trawl, longline, pot, and 
jig components (although catches by jig gear are very small in comparison to the other three main gear 
types, with an average annual catch of less than 200 t since 1992).  The breakdown of catch by gear 
during the most recent complete five-year period (2012-2016) is as follows: longline gear accounted for 
an average of 54% of the catch, trawl gear accounted for an average of 31%, and pot gear accounted for 
an average of 15%. 


In the EBS, Pacific cod are caught throughout much of the continental shelf, with National Marine 
Fisheries Service (NMFS) statistical areas 509, 513, 517, 519, and 521 each accounting for at least 5% of 
the average catch over the most recent 5-year period (2012-2016). 


Catches of Pacific cod taken in the EBS for the periods 1964-1980, 1981-1990, and 1991-2017 are shown 
in Tables 2.1a, 2.1b, and 2.1c, respectively.  The catches in Tables 2.1a and 2.1b are broken down by fleet 
sector (foreign, joint venture, domestic annual processing).  The catches in Table 2.1b are also broken 
down by gear to the extent possible.  The catches in Table 2.1c are broken down by gear. 


Appendix 2.2 contains an economic performance report on the BSAI Pacific cod fishery. 


Effort and CPUE 
Catch-per-unit-effort (CPUE) data from the 1991-2017 longline fishery were analyzed, after rescaling the 
data relative to the time series average, using a model that estimates a time series of year and month 
effects.  This enables the average (across months) CPUE for 2017 to be estimated even though data for 
the last few months of the year are not yet available.  The estimated year and month effects are shown in 
the two upper panels of Figure 2.1 and the overall fit to the time series (inverse-variance-weighted R2 = 
0.92) is shown in the lower panel.  The CPUE for 2017 is estimated to be about 14% below average for 
the time series, and about 8% below the CPUE for 2016. 


Discards 
The catches shown in Tables 2.1b and 2.1c include estimated discards.  Discards of Pacific cod in the 
EBS Pacific cod fisheries are shown for each year 1991-2017 in Table 2.2.  Amendment 49, which 







mandated increased retention and utilization of Pacific cod, was implemented in 1998.  From 1991-1997, 
discard rates in the Pacific cod fishery averaged about 4.9%.  Since then, they have averaged about 1.4%. 


Management History 
The history of acceptable biological catch (ABC), overfishing level (OFL), and total allowable catch 
(TAC) levels is summarized and compared with the time series of aggregate (i.e., all-gear, combined area) 
commercial catches in Table 2.3.  Note that, prior to 2014, this time series pertains to the combined BSAI 
region, so the catch time series differs from that shown in Table 2.1, which pertains to the EBS only. 


From 1980 through 2016, TAC averaged about 84% of ABC (ABC was not specified prior to 1980), and 
from 1980 through 2016, commercial catch averaged about 92% of TAC.  In 10 of these 37 years, TAC 
equaled ABC exactly, and in 9 of these 37 years, catch exceeded TAC (by an average of 3%).  However, 
four of those overages occurred in 2007, 2008, 2010, and 2016, when TAC was reduced by various 
proportions to account for a small, State-managed fishery inside State of Alaska waters within the AI 
subarea (such reductions have been made in all years since 2006; see text table below for recent 
formulae); thus, while the combined Federal and State catch exceeded the Federal TAC in 2007, 2008, 
2010 and 2016 by up to 4%, the overall target catch (Federal TAC plus State GHL) was not exceeded.   


Total catch has been less than OFL in every year since 1993. 


Changes in ABC over time are typically attributable to three factors:  1) changes in resource abundance, 
2) changes in management strategy, and 3) changes in the stock assessment model.  Assessments 
conducted prior to 1985 consisted of simple projections of current survey numbers at age.  In 1985, the 
assessment was expanded to consider all survey numbers at age from 1979-1985.  From 1985-1991, the 
assessment was conducted using an ad hoc separable age-structured model.  In 1992, the assessment was 
conducted using the Stock Synthesis modeling software (Methot 1986, 1990) with age-based data.  All 
assessments from 1993 through 2003 continued to use the Stock Synthesis modeling software, but with 
length-based data.  Age data based on a revised ageing protocol were added to the model in the 2004 
assessment.  At about that time, a major upgrade in the Stock Synthesis architecture resulted in a 
substantially new product, at that time labeled “SS2” (Methot 2005).  The assessment was migrated to 
SS2 in 2005.  Changes to model structure were made annually through 2011, and then the base model 
remained constant since through 2015, and a new base model was adopted in 2016 (see Appendix 2.3).  A 
note on software nomenclature:  The label “SS2” was dropped in 2008.  Since then, the program has been 
known simply as “Stock Synthesis” or “SS,” with several versions typically produced each year, each 
given a numeric or alpha-numeric label.  


Beginning with the 2014 fishery, the Board of Fisheries for the State of Alaska has established guideline 
harvest levels (GHLs) in State waters between 164 and 167 degrees west longitude in the EBS subarea 
(these have supplemented GHLs that had been set aside for the Aleutian Islands subarea since 2006).  The 
table below shows the formulas that have been used to set the State GHL for the EBS (including the 
formula anticipated for setting the 2018 GHL): 


Year Formula 
2014 0.03 × (EBS ABC + AI ABC) 
2015 0.03 × (EBS ABC + AI ABC) 
2016 0.064 × EBS ABC 
2017 0.064 × EBS ABC 
2018 0.064 × EBS ABC 







Table 2.4 lists all implemented amendments to the BSAI Groundfish FMP that reference Pacific cod 
explicitly.   


DATA 
The first two subsections below describe fishery and survey data that are used in the current stock 
assessment models.  The third subsection describes survey data that are not used in the current stock 
assessment models, but that may help to provide some context for the survey data that are used. 


The following table summarizes the sources, types, and years of data included in the data file for at least 
one of the stock assessment models: 


Source Type Years 
Fishery Catch biomass 1977-2017 
Fishery Catch size composition 1977-2017 
Fishery Catch age composition 2013-2016 
EBS shelf bottom trawl survey Numerical abundance 1982-2017 
EBS shelf bottom trawl survey Size composition 1982-2017 
EBS shelf bottom trawl survey Age composition 1994-2016 


Fishery 


Catch Biomass 
Catch estimates for the period 1977-2017 are shown Tables 2.1a, 2.1b, and 2.1c.  However, the estimate 
for 2017 is complete only through October 18.  To obtain an estimate of the year-end catch for 2017, the 
method developed in the 2014 assessment was used (Thompson 2014).  After comparing 12 alternative 
estimators in that assessment, it turned out that the best choice was simply to set the current year’s catch 
during August-December equal to the previous year’s catch during those same months, unless this would 
cause the catch to exceed the TAC, in which case the year-end catch was set equal to the TAC.  This 
procedure resulted in an estimated year-end 2017 catch of 223,704 t, equal to the 2017 TAC.   


The catches shown in Tables 2.1a, 2.1b, and 2.1c consist of “official” data from the NMFS Alaska 
Region.  However, other removals of Pacific cod are known to have occurred over the years, including 
removals due to subsistence fishing, sport fishing, scientific research, and fisheries managed under other 
FMPs.  Estimates of such other removals are shown in Appendix 2.4. 


Catches for the years 1977-1980 may or may not include discards.   


Size and Age Composition 
Fishery size compositions are presently available from 1977 through the first part of 2017, and are parsed 
into 1-cm bins for use in the assessment models.   


The size composition in data in Model 16.6 are based on the data used in Model 11.5, which was the base 
model from 2011-2015.  Model 11.5 was structured with respect to both gear and season, whereas Model 
16.6 is structured with only a single gear and a single season.  When Model 16.6 was being developed 
during the 2016 assessment (Thompson 2016), the gear-and-season-specific catch proportions in each 
year were used to create a weighted average size composition from the size composition data used in 
Model 11.5, in an attempt to make the data files for the two models as comparable as possible.  The same 
procedure was retained for the size composition data used in Model 16.6 for this year’s assessment, 
resulting in the values shown in Table 2.5a, where the units for sample size and the remaining columns 
are number of fish actually sampled. 







The size composition data used in the remaining models were completely recompiled, with each year’s 
record computed by using the week/gear/area catch proportions to create a weighted average, as described 
in Appendix A of the minutes from the June 2017 Subcommittee meeting and again in this year’s 
preliminary assessment (Appendix 2.1), resulting in the values shown in Table 2.5b, where both the 
specified sample sizes shown in the second column and the values shown in the remaining columns are in 
units of sampled hauls (rather than individual fish). 


A possible concern with using a week/gear/area structure for compiling each year’s size composition data 
is that it is too finely grained, so that, conceivably, a cell that accounts for a large proportion of the catch 
in a particular year might be sampled poorly for size composition, in which case the sampling error of the 
size composition from that cell would be magnified in the weighted average.  However, this outcome 
appears to be infrequent in the actual data.  For example, a catch proportion greater than 1% in a 
week/gear/area cell with fewer than 100 length samples occurs in less than 1% of the cases.  Overall, 
catch proportion and length sample size across week/gear/area cells tend to be highly correlated (range 
across years = 0.64-0.85, mean=0.76). 


SSC10: “The SSC recommends that including existing fishery ages in the assessment and ageing 
additional fishery otoliths for this assessment should be priorities….”   


At its December 2016 meeting, the SSC recommended both: 1) using any existing fishery age data and 2) 
obtaining additional fishery age data.  However, the Subcommittee advised against following the first part 
of this recommendation, because the very early fishery age data were based on age reading methods that 
have since been invalidated and the more recent fishery age data were considered to be unrepresentative, 
having been collected from a single gear type and single season.  However, the Subcommittee agreed that 
obtaining additional fishery age data that did not suffer from either of these shortcomings should be a 
priority.  Therefore, approximately 1000 otoliths that were carefully sub-sampled from the fishery were 
aged for each year between 2013 and 2016.  Selection of otoliths for the fishery age composition data 
proceeded as follows:  Given a desired total annual sample size of 1000 otoliths, the objectives were, first, 
to distribute the sample so as to reflect the proportion of the total catch in each gear/area/week 
combination as closely as possible, and second, conditional on achieving the first objective, to maximize 
the number of hauls sampled.  The resulting age compositions were as follow, where “Nage” represents 
the number of otoliths read, “Nhaul” represents the number of hauls (or sets) sampled for length (rows 
sum to unity; note that ages 0 and 1 were both unrepresented in the otolith collections for all four years): 


Year Nage Nhaul 2 3 4 5 6 7 8 9 10 11 12+ 
2013 988 11126 0.012 0.147 0.111 0.489 0.179 0.050 0.012 0.001 0.000 0.000 0.000 
2014 987 12165 0.009 0.120 0.292 0.190 0.278 0.083 0.028 0.001 0.001 0.000 0.001 
2015 999 11309 0.006 0.067 0.329 0.344 0.132 0.087 0.023 0.009 0.000 0.002 0.002 
2016 995 9773 0.002 0.085 0.204 0.409 0.216 0.058 0.026 0.000 0.001 0.000 0.000 


 


EBS Shelf Bottom Trawl Survey 


Abundance 
Strata 1-6 of the EBS shelf bottom trawl survey have been sampled annually since 1982, and comprise the 
standard survey area used in this assessment.  Area-swept estimates of abundance (in numbers of fish) 
obtained from the trawl survey are shown in Table 2.6, together with their respective standard errors, log-
scale standard deviations (“Sigma”), and lower and upper bounds of the 95% confidence intervals.  
Abundance estimates, 95% confidence intervals, and the long-term average abundance are shown in 
Figure 2.2. 







The all-time high estimate of 1.232 billion fish occurred in 1994.  The 2014 estimate of 1.122 billion fish 
was the second highest in the time series, but the next three surveys showed decreases of 12%, 35%, and 
46%, respectively.  The decrease from 2016 to 2017 is the largest proportional decrease in the history of 
the survey, and the 2017 estimate of 346 million fish is the second lowest value in the time series.  A 
decrease in abundance from 2016 to 2017 was observed in all six strata, with changes ranging from -63% 
to -17%. 


Size and Age Composition 
The size compositions from the EBS shelf bottom trawl survey for the years 1982-2017 as used in Model 
16.6 and Models 17.x are shown in in Tables 2.7a and 2.7b, respectively.  Data are shown in 1-cm bins, 
and the sample sizes specified in the respective model’s data files are shown in the second column (see 
“Use of Size Composition Data in Parameter Estimation” section for procedure used to obtain the 
specified sample sizes for Model 16.6; for Models 17.x, the specified sample sizes are equal to the 
number of hauls sampled for length).  In Table 2.7a, the units for the remaining columns are number of 
fish actually sampled.  In Table 2.7b, the units for the remaining columns are number of hauls sampled 
for length. 


The size compositions from the six most recent surveys are shown in Figure 2.3, illustrating the difference 
between this year’s survey and those from recent history. 


Age compositions from the 1994-2016 surveys are currently available.  The number of otoliths read, the 
number of hauls from which lengths were sampled, and the age compositions (as proportions) are shown 
in Table 2.8.  For Model 16.6, the specified sample size is equal to the number of otoliths read, rescaled 
so that the mean is 300.  For Models 17.x, the specified sample size is equal to the number of hauls from 
which lengths were sampled. 


Survey Data Provided for Context Only 
Results from several other surveys, or additional survey areas, may provide some helpful context for the 
results provided in the previous section.  These include the two “northwest” strata of the EBS shelf survey 
(strata 82 and 90), the NBS bottom trawl survey, the Norton Sound bottom trawl survey, the NMFS 
longline survey, and the International Pacific Halibut Commission (IPHC) longline survey.  The areas 
covered by these surveys are shown in Figures 2.4a (EBS shelf bottom trawl survey standard area, EBS 
shelf bottom trawl survey strata 82 and 90, and the NBS bottom trawl survey), 2.4b (Norton Sound 
bottom trawl survey), 2.4c (NMFS longline survey), and 2.4d (IPHC longline survey). 


EBS Shelf Bottom Trawl Survey: Standard Area Biomass 
Standard area biomass estimates from the EBS shelf bottom trawl survey have been positively correlated 
with the corresponding abundance time series over the years (correlation = 0.64).   


Area-swept estimates of biomass obtained from the trawl survey are shown in Table 2.9, together with 
their respective standard errors, log-scale standard deviations (“Sigma”), and lower and upper bounds of 
the 95% confidence intervals.  Biomass estimates, 95% confidence intervals, and the long-term average 
biomass are shown in Figure 2.5.  The highest biomass ever observed by the survey was the 1994 
estimate of 1,368,120 t.  Following the high observation in 1994, the survey biomass estimate declined 
steadily through 1998.  The survey biomass estimates remained in the 596,000-619,000 t range from 2002 
through 2005.  However, the survey biomass estimates dropped after 2005, producing an all-time low in 
2007 and again in 2008.  Estimated biomass more than doubled between 2009 and 2010, then remained 
relatively stable for the next three years, followed by another large increase (36%) in 2014, which was 
sustained through 2015.  The 2016 estimate represented a 14% drop relative to 2015, and the 2017 
estimate of 598,260 t represents a 37% drop relative to 2016, which is the largest proportional decrease in 
the time series.  A decrease in biomass from 2016 to 2017 was observed in five of the six strata, with 







changes ranging from -54% to -7%.  The remaining stratum, which accounted for only 2-4% of the total 
biomass in 2016 and 2017, showed an increase of 21%. 


Occasionally, the direction of change in survey biomass estimates tends to be fairly constant across 
species that are considered to be well sampled by the survey.  For example, in 2010 and 2014, of the FMP 
species whose assessments use the EBS survey as a primary index, the survey biomass estimates for all 
but one increased relative to those of the previous year, which might be interpreted as reflecting some sort 
of sampling “year effect” in addition to, or instead of, actual changes in the biomass of the species.  Thus, 
it may be helpful to consider whether this year’s very substantial decrease in estimated Pacific cod 
biomass might be due in part to an across-the-board year effect.  Figure 2.6 shows the proportional 
change in survey biomass from 2016 to 2017 for the 10 species that were present in at least 50% of the 
hauls in both years.  While 8 of the 10 species showed a decrease, none was nearly as large as the 
decrease in Pacific cod biomass (the decrease in Pacific cod biomass was almost exactly twice as large as 
the next largest decrease). 


EBS Shelf Bottom Trawl Survey: Standard Area Plus Strata 82 and 90 
As noted above, the EBS shelf bottom trawl survey has maintained a consistent time series since 1982 in 
the standard area.  Since 1987, strata 82 and 90, located to the northwest of the standard survey area, have 
also been sampled annually.   


Abundance and Biomass 
Abundance (1000s of fish) and biomass (t) estimated for strata 82 and 90 are shown below: 


 


Ratios of abundance and biomass between estimates that include strata 82 and 90 and those that include 
the standard area only are shown below (minimum, median, mean, and maximum values are shown at the 
right-hand side of the bottom row). 


Index 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 
Abundance 1.030 1.009 1.033 1.034 1.016 1.014 1.004 1.019 1.005 1.012 1.017 1.016 
Biomass 1.036 1.016 1.042 1.055 1.031 1.019 1.009 1.012 1.005 1.022 1.038 1.031 
Index 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Abundance 1.110 1.010 1.014 1.015 1.035 1.017 1.031 1.034 1.028 1.033 1.007 1.010 
Biomass 1.086 1.012 1.019 1.023 1.059 1.028 1.054 1.051 1.063 1.060 1.021 1.012 
Index 2011 2012 2013 2014 2015 2016 2017 min. med. mean max.  


Abundance 1.009 1.003 1.012 1.006 1.003 1.032 1.050 1.003 1.016 1.022 1.110 
 


Biomass 1.017 1.006 1.025 1.014 1.006 1.044 1.076 1.005 1.025 1.032 1.086 
 


 


Index 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Abundance 20,021 4,535 9,502 14,272 7,873 7,876 3,579 23,370 3,771 7,295 8,017
Biomass 37,081 15,191 35,331 37,740 16,081 9,813 5,997 16,305 5,332 19,767 22,712


Index 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Abundance 8,247 53,892 4,797 13,099 8,260 17,596 6,739 13,942 13,560 20,418 15,946
Biomass 16,354 48,914 6,392 15,360 13,378 34,686 15,755 32,714 26,337 26,633 24,378


Index 2009 2010 2011 2012 2013 2014 2015 2016 2017
Abundance 5,175 8,465 7,642 3,369 9,336 7,111 3,228 20,636 17,435
Biomass 8,793 10,428 15,043 5,736 19,709 15,558 6,854 41,392 45,693







Condition Factor 
Fulton’s condition factor (Ricker 1975), defined as the ratio of weight to length cubed, was computed for 
fish from the EBS shelf bottom trawl survey, including strata 82 and 90.  The results, after averaging 
across age and converting to z-scores, are plotted for the years 2000-2017 in Figure 2.7.  The 2016 and 
2017 values are virtually identical (reflecting less than a 0.1% relative change in Fulton’s condition 
factor), and are both higher than any other point in the time series except for 2003.  However, the z-scores 
for 7 of the previous 8 years were negative. 


Table 2.10 shows condition factor z-scores by both age (1-10) and year (2000-2016; ages for 2017 are not 
yet available).  Negative values are shaded red in the upper part of the figure.  The lower part of the table 
highlights five cohorts that have previously been identified as being exceptionally strong. 


NBS Bottom Trawl Survey 


Biomass and Abundance 
Trawl surveys of the NBS have been conducted in 2010 and 2017.  Biomass and abundance estimates, 
along with coefficients of variation and upper and lower bounds of 95% confidence intervals, are shown 
below: 


  Biomass (t) Abundance (number of fish) 
Year Estimate CV L95%CI U95%CI Estimate CV L95%CI U95%CI 
2010 28,425 0.23 15,520 41,330 8,881,464 0.20 5,402,268 12,360,661 
2017 286,310 0.13 211,479 361,140 135,064,549 0.13 100,794,138 169,334,960 


 
The differences in the estimates between years are enormous.  Biomass increased by 907% and 
abundance increased by 1421%.  Although the origin of the fish in the NBS is unknown (and potentially 
mixed), as a point of comparison, it may be noted that the 2017 estimate of biomass in the NBS is equal 
to 83% of the decrease in biomass estimated in the EBS standard area. 


Size composition 
Size compositions from the two years of the NBS survey, binned into 5-cm intervals, are shown in Figure 
2.8.  The upper panel shows size composition in terms of estimated abundance, while the lower panel 
shows size composition in terms of within-year proportions.  The two most dominant modes occurred at 
the 10-15 and 75-80 cm bins in 2010 and the 30-35 and 55-60 cm bins in 2017.  In comparison, the two 
most dominant modes from the EBS shelf bottom trawl survey (standard area) in those same years 
occurred at the 30-35 and 45-50 cm bins in 2010 and the 20-25 cm and 55-60 cm bins in 2017. 


Norton Sound Bottom Trawl Survey 


Catch Per Unit Effort 
Bottom trawl surveys of Norton Sound were conducted by NMFS in 1976-1991 (3-year intervals); and by 
the Alaska Department of Fish and Game in 1996, 1999, 2002, 2006, 2008, 2010, 2011, 2014, and 2017. 


Area-swept estimates of biomass or abundance are not available for the Norton Sound survey.  However, 
the time series of CPUE (with catch measured in units of biomass) for the “core” and “tier 1” areas (see 
Figure 2.4b), which are the areas that have been the most consistently sampled, are shown in Figure 2.9.  
The 1985-2014 average values were 102 and 174 kg/km2 for the core and tier 1 areas, respectively, with 
the 2017 values jumping all the way to 854 and 1199 kg/km2, respectively.  For comparison, the mean 
CPUE from the EBS shelf bottom trawl survey, across all years and strata within the standard area, is 
1774 kg/km2. 







Size composition 
Because density of Pacific cod in the Norton Sound survey is comparatively low in most years, sample 
sizes have usually been too small to compute meaningful estimates of size composition.  Only three years 
resulted in length sample sizes greater than 100: 2006 (n=133), 2008 (n=157), and 2017 (n=170).  Figure 
2.10 shows size compositions for these three years along with the long-term average size composition, 
with lengths binned into 5-cm intervals.  For this small sample of years, modal lengths have consistently 
fallen within the 60-70 cm size range. 


NMFS Longline Survey 
The NMFS longline survey time series (1982-2017, 2-year intervals after 1997) of relative population 
number (RPN) and relative population weight (RPW) are shown, after rescaling relative to the respective 
mean, in Figure 2.11.  RPN for 2017 was down 11% from 2015, and RPW was up 2%.  Both are 26-30% 
below the long-term average.  


IPHC Longline Survey 
The IPHC longline survey time series (1997-2016; 2017 data not yet available) of RPN is shown in 
Figure 2.12.  RPN for 2016 was down 27% from 2015, and is about 11% below the long-term average. 


ANALYTIC APPROACH 


General Model Structure 
Although Pacific cod in the EBS and AI were managed on a BSAI-wide basis through 2013, the stock 
assessment model has always been configured for the EBS stock only.  Since 1992, the assessment model 
has always been developed under some version of the SS modeling framework (technical details given in 
Methot and Wetzel 2013; see especially Appendix A to that paper).  Beginning with the 2005 assessment, 
the EBS Pacific cod models have all used versions of SS based on the ADMB software package (Fournier 
et al. 2012).  A history of previous model structures, including details of the model used to set harvest 
specifications for this year, is given in Appendix 2.3. 


Version 3.30.08.03 of SS (compiled on 9/29/2017 using ADMB 11.6) was used to run the models in this 
assessment.   


Description of Alternative Models 


List of Models 
Beginning with the final 2015 assessment, model numbering has followed the protocol given by Option A 
in the SAFE chapter guidelines.  The goal of this protocol is to make it easy to distinguish between major 
and minor changes in models and to identify the years in which major model changes were introduced.  
Names of models constituting major changes get linked to the year that they are introduced (e.g., Model 
16.6 is one of several models introduced in 2016 that constituted a major change from the then-current 
base model), while names of models constituting minor changes from the current base model get linked to 
the name of the current base model (e.g., Model 16.6a would refer to a model that constituted a minor 
change from Model 16.6, regardless of the year in which it was introduced, so long as Model 16.6 was 
still the current base model).  Names of all final models adopted between the 2005 assessment (when an 
ADMB-based version of SS was first used) and the 2015 assessment were translated according to the 
current naming convention in Table 2.11 of the 2015 assessment (Thompson 2015). 


This year’s preliminary assessment included Model 16.6, which was newly adopted as the base model in 
2016 (it replaced Model 11.5, which had been the base model since 2011), and six new models (Models 
17.1-17.6).  For this year’s final assessment, the Team and SSC provided conflicting recommendations: 
The Team requested inclusion of only Models 16.6 and 17.6 (comment BPT8), accompanied by a 







“bridging analysis” (comments BPT9 and BPT10), whereas the SSC requested inclusion of those two 
models plus Models 17.1, 17.2, and 17.3 (comments SSC19, SSC21, and SSC22) and perhaps others 
(depending on the interpretation of comment SSC26), and recommended against including the Team’s 
requested bridging analysis (comment SSC22).  Erring on the side of inclusion, the five models requested 
explicitly by the SSC are included here and, as discussed in the “Responses to SSC and Plan Team 
Comments Specific to this Assessment” section, comment SSC26 was interpreted as requiring the 
addition of a six model, which was designated Model 17.7. 


• Model 16.6:  The current base model, exhibiting the following features: 
o One fishery, one gear type, one season per year. 
o Input sample sizes average 300, with season×gear catch-weighted sizecomps. 
o Logistic age-based selectivity for both the fishery and survey. 
o External estimation of time-varying weight-at-length parameters and the standard 


deviations of ageing error at ages 1 and 20. 
o All parameters constant over time except for recruitment and fishing mortality. 
o Internal estimation of all natural mortality, fishing mortality, length-at-age (including 


ageing bias), recruitment (conditional on Beverton-Holt recruitment steepness fixed at 
1.0), catchability, and selectivity parameters. 


• Model 17.1:  Same as Model 16.6, but with the following features added: 
o Adjust timing of the fishery and survey in SS. 
o Switch to haul-based input sample size and week×gear×area catch-weighted sizecomps. 
o Do not use old (poorly sampled) fishery agecomps, but do add new fishery agecomps. 
o Develop a prior distribution for natural mortality based on previous estimates. 
o Switch to age-based, flat-topped, double normal selectivity. 
o Allow randomly time-varying selectivity for the fishery and survey, with σs fixed at the 


restricted MLEs. 
• Model 17.2:  Same as Model 17.1, but with the following features added: 


o Use harmonic mean weighting of composition data. 
o Allow randomly time-varying selectivity for the fishery but not the survey. 


• Model 17.3:  Same as Model 17.1, but with the following features added: 
o Use harmonic mean weighting of composition data. 
o Estimate survey index standard error internally (‘extra SD’ option in SS). 


• Model 17.6:  Same as Model 17.1, but with the following features added: 
o Use harmonic mean weighting of composition data. 
o Allow randomly time-varying length at age 1.5, with σ fixed at the restricted MLE. 
o Allow randomly time-varying trawl survey catchability 


• Model 17.7:  Same as Model 17.6, but with the following feature added: 
o All sizecomp and agecomp multipliers capped at a value of 1.0. 


Selectivity 
Models 17.x all feature “age-based, flat-topped, double normal selectivity.”  There are multiple ways to 
configure double normal selectivity so as to achieve a flat-topped functional form.  As described in the 
preliminary assessment, the parameter governing the point at which the flat-topped portion of the function 
begins (parameter “P1”) and the “ascending width” parameter (parameter “P2”) were the only two 
parameters estimated internally in the approach adopted here.  The others were fixed as follows: 


• The parameter defining the length of the flat-topped portion of the curve (as a logit transform 
between the beginning of the flat-topped portion and the maximum age) was fixed at a value of 
10.0, thereby eliminating any descending limb. 







• Given the above, the parameters defining the “descending width” and selectivity at the maximum 
age are rendered essentially superfluous, and were both fixed at a value of 10.0. 


• The parameter defining the selectivity at age 0 was fixed at a value of -10.0, corresponding to a 
selectivity indistinguishable from 0.0. 


Initial Steps toward a Bridging Analysis between Models 16.6 and 17.6 
As discussed in the response to comment SSC22, given the Team’s request for a bridging analysis 
between Models 16.6 and 17.6, preliminary steps toward developing such an analysis were undertaken 
during the time period between the September Team meeting and the October SSC meeting.  Although a 
full bridging analysis was not attempted (in keeping with comment SSC22), results of these preliminary 
steps are presented here.   


In principle, the steps consisted of examining each feature distinguishing Model 17.6 from Model 16.6 
one at a time (not cumulatively), using the data files from the preliminary assessment (Appendix 2.1), 
with the objective of determining the impact of each on model results.  However, the following 
exceptions and clarifications should be noted: 


• The sizecomp and agecomp multipliers were borrowed from the version of Model 17.6 that was 
presented in the preliminary assessment, rather than computing them from scratch.  Because the 
multipliers in Model 17.6 were based on using number of hauls as the initial sample size, it did 
not make sense to apply the same multipliers to the initial sample sizes used in Model 16.6 
(which were based on number of length samples); so, for the run in which multipliers were 
reweighted (relative to the value of 1.0 used for all multipliers in Model 16.6), the switch to haul-
based input sample sizes was included also.  Note that use of haul-based initial sample sizes is 
also considered on its own, in a separate run. 


• The sigmas for the time-varying selectivity parameters were borrowed from the version of Model 
17.6 that was presented in the preliminary assessment.  Because those sigmas were estimated 
under the assumption of double normal selectivity, it did not make sense to assume that the same 
sigmas would apply to the logistic selectivity used in Model 16.6, so all of the runs involving 
time-varying selectivity also assumed that selectivity followed the double normal form. 


Two measures were chosen to measure the impact of adding any given feature of Model 17.6 to Model 
16.6:  The first was the average difference in spawning biomass (“ADSB”), defined as the root-mean-
squared-proportional-difference in spawning biomass between “Model 16.6 plus the given feature from 
Model 17.6” and Model 16.6.  The second was the absolute value of the relative change in 2016 spawning 
biomass (“∆SB16”). 


The results of this analysis are shown in Table 2.11.  However, the feature labeled “Adjust timing of the 
fishery and survey in SS” listed above under Model 17.1 turned out to of negligible importance, as the 
ADSB was only 0.0086, so this feature is not presented in the table and, instead, all data files were 
modified to include it.  Results in Table 2.11 are sorted in increasing order of impact.  The same four 
features had the lowest impact under either measure (ADSB < 0.05 and ∆SB16<0.03 for all four): 


• Use of the prior distribution for natural mortality (as specified in the preliminary assessment)  
• Switching from logistic selectivity to flat-topped, time-invariant, double normal selectivity  
• Including random time variability in length at age 1.5  
• Including random time variability in survey catchability 







The feature exhibiting the greatest impact, under either measure, was switching from input sample sizes 
based on number of sampled fish and rescaled to a mean of 300 to haul-based input sample sizes without 
subsequent reweighting, which gave ADSB=0.3705 and ∆SB16=0.5197. 


However, a word of caution about Table 2.11 is in order, insofar as the rankings based on adding one 
feature from Model 17.6 at a time (but not cumulatively) to Model 16.6 are not necessarily the same as 
the rankings based on removing one feature at a time from Model 17.6.  For example, in Table 2.11, 
allowing time variability in survey catchability had the least impact of any of the features as measured by 
∆SB16.  However, in other exploratory runs (not presented here), removing time variability in survey 
catchability had a bigger impact on ∆SB16 than removing time variability in any of the selectivity 
parameters other than survey selectivity parameter P1. 


Prior Distribution for the Natural Mortality Rate 
At its December 2016 meeting, the SSC requested that a prior distribution for the natural mortality (M) 
rate be developed, using “the variety of estimates referenced” in the 2016 EBS, AI, and GOA Pacific cod 
assessments (comment SSC6, listed in Appendix 2.1).  In response, a prior distribution based on all such 
estimates, including the estimates of M derived in the 2016 EBS and GOA Pacific cod assessments 
themselves, was developed and applied to Models 17.1-17.6 in the preliminary assessment. 


At its October 2017 meeting, the SSC clarified that only a subset of the referenced estimates should be 
used; specifically, those remaining after removing all estimates from studies “that contained an 
appreciable amount of the data that is currently used in the stock assessment model.”  The table below 
lists all values of M referenced in the 2016 EBS, AI, and GOA Pacific cod assessments, including the 
estimates of M derived in the 2016 EBS and GOA Pacific cod assessments themselves.  The final column 
indicates whether the respective value was used in developing the prior distribution that was applied to 
Models 17.x in this final assessment. 


Area Author Year Value Use? 
EBS Low 1974 0.30-0.45 1 
EBS Wespestad et al. 1982 0.7 0 
EBS Bakkala and Wespestad 1985 0.45 0 
EBS Thompson and Shimada 1990 0.29 0 
EBS Thompson and Methot 1993 0.37 0 
EBS Shimada and Kimura 1994 0.96 1 
EBS Shi et al. 2007 0.40-0.50 1 
EBS Thompson et al. 2007 0.34 0 
EBS Thompson 2016 0.36 0 
GOA Thompson and Zenger 1993 0.27 0 
GOA Thompson and Zenger 1995 0.50 0 
GOA Thompson et al. 2007 0.38 0 
GOA Barbeaux et al. 2016 0.47 1 
BC Ketchen 1964 0.56-0.63 1 
BC Fournier 1983 0.65 1 
Korea Jung et al. 2009 0.82 1 
Japan Ueda et al. 2004 0.20 1 


 
Given the data listed above (using only those values with a “1” in the final column, and taking the 
midpoint of any estimate identified as a range), and assuming a lognormal distribution (see comment 







SSC16), the maximum likelihood estimates of µ and σ are -0.6666 and 0.4930, respectively.  The 
resulting distribution has an arithmetic mean of 0.5798, a geometric mean of 0.5134, a harmonic mean of 
0.4547, a mode of 0.4027, and a 95% credibility interval extending from 0.1954 to 1.3493 (Figure 2.13). 


Time-Varying Parameters 
The procedures for tuning the “sigma” terms that constrain time-varying parameters was described in the 
preliminary assessment (Appendix 2.1, “Model structures” section).  Briefly, except for time-varying 
catchability, the procedure is one that produces the restricted maximum likelihood estimates of the sigma 
terms in a linear-normal model.  For time-varying catchability, the procedure was to choose the sigma 
value that sets the root-mean-squared-error of the estimated survey abundance equal to the average log-
scale standard error specified in the data file. 


The deviation “type” (additive or multiplicative), range of years, and models using each of the various 
time-varying parameters other than recruitment is shown below: 


Parameter Type Year range M16.6 M17.1 M17.2 M17.3 M17.6 M17.7 
Fishery selectivity P1 mult. 1977-2017  x x x x x 
Fishery selectivity P3 add. 1977-2017  x x x x x 
Survey selectivity P1 mult. 1982-2017  x  x x x 
Survey selectivity P3 add. 1982-2017  x  x x x 
Length at age 1.5 mult. 1981-2015     x x 
Catchability add. 1982-2017         x x 


 
Note that, for the mean length at age 1.5, each dev becomes “active” in the year for which it is estimated, 
meaning that it governs the parameters of the mean-length-at-age relationship for fish recruiting at age 0 
in that year.  However, its impact on the mean length of age 1.5 fish does not occur until the following 
year.  Thus, the impacts of the deviations estimated for the years 1981-2016 are manifested at age 1.5 in 
the years 1982-2017, which are the years spanned by the survey data. 


Convergence Behavior 
As in previous assessments, development of the final versions of all models included calculation of the 
Hessian matrix and a requirement that all models pass a “jitter” test of 50 runs.  Following the procedure 
established in the 2016 assessment, when running a jitter test, the bounds for each parameter in the model 
were adjusted to match the 99.9% confidence interval (based on the normal approximation obtained by 
inverting the Hessian matrix).  A jitter rate (equal to half the standard deviation of the logit-scale 
distribution from which “jittered” parameter values are drawn) was set at 1.0 for all models.  
Standardizing the jittering process in this manner will not explore parameter space as thoroughly as 
possible; however, it makes the jitter rate more interpretable, and shows the extent to which the identified 
minimum (local or otherwise) is well behaved. 


In the event that a jitter run produced a better value for the objective function than the base run, then: 


1. The model was re-run starting from the final parameter file from the best jitter run. 
2. The resulting new control file, with the parameter estimates from the best jitter run incorporated 


as starting values, became the new base run. 
3. The entire process (starting with a new set of jitter runs) was repeated until no jitter run produced 


a better value for the objective function than the most recent base run. 







Parameters Estimated Outside the Assessment Model 


Variability in Estimated Age 
Variability in estimated age in the assessment models is based on the standard deviation of estimated age 
between “reader” and “tester” age determinations (note that this is not the same as ageing bias, which is 
estimated internally).  Weighted least squares regression, without an intercept, has been used in the past 
several assessments to estimate a proportional relationship between standard deviation and age.  The 
regression has traditionally been computed over ages 1 through 13, yielding a slope parameter that is used 
to estimate standard deviation at age as the product of slope and age.  


Because Model 16.6 does not use the fishery age data but Models 17.x do use the fishery age data, two 
versions of the regression were made: 


• For the survey-only data, the estimated slope was 0.085, giving a weighted R2 of 0.98.  This 
regression corresponds to a standard deviation at age 1 of 0.085 and a standard deviation at age 
20 of 1.695.  These parameters were used for Model 16.6. 


• For the combined survey and fishery data, the estimated slope was 0.082, giving a weighted R2 of 
0.97.  This regression corresponds to a standard deviation at age 1 of 0.085 and a standard 
deviation at age 20 of 1.632.  These parameters were used for Models 17.x. 


Weight at Length 
Using the functional form weight = α×lengthβ, where weight is measured in kg and length is measured in 
cm, the long-term base values for the parameters were estimated this year (using fishery data from 1974 
through 2017) as α = 5.66004E-06 and β = 3.185682.   


All of the models allow inter-annual, externally estimated, variability in weight-length parameters.  
Values of annual additive offsets from the base α and β values are shown in Table 2.12.  Although values 
were calculated for 1977 (the initial year in the model), they were not used in the data files, because SS 
computes B100% on the basis of the biology in the initial year, and it seemed more important to have B100% 
represent a long-term average than to get the weight-length relationship in 1977 exactly right.  Schedules 
of weight at length (up to 100 cm) are shown for the base parameter values and the offset-adjusted 
parameter values for each year in Figure 2.14. 


Maturity 
A detailed history and evaluation of parameter values used to describe the maturity schedule for BSAI 
Pacific cod was presented in the 2005 assessment (Thompson and Dorn 2005).  A length-based maturity 
schedule was used for many years.  The parameter values used for the length-based maturity schedule in 
the 2005 and 2006 assessments were set on the basis of a study by Stark (2007) at the following values:  
length at 50% maturity = 58 cm and slope of linearized logistic equation = −0.132.  However, in 2007, 
changes in SS allowed for use of either a length-based or an age-based maturity schedule.  Beginning with 
the 2007 assessment, the accepted model has used an age-based schedule with intercept = 4.88 years and 
slope = −0.965 (Stark 2007).  The use of an age-based rather than a length-based schedule follows a 
recommendation from the maturity study’s author (James Stark, Alaska Fisheries Science Center, pers. 
commun.).  The age-based parameters were retained for the models in the present assessment. 


Stock-Recruitment “Steepness” 
Following the standard Tier 3 approach, all models assume that there is no relationship between stock and 
recruitment, so the “steepness” parameter is set at 1.0 in each. 


 







Parameters Estimated Inside the Assessment Model 
A total of 78 parameters were estimated inside SS for Model 16.6.  These consist of the following: 


1. instantaneous natural mortality rate (M) 
2. all three von Bertalanffy growth parameters, plus the Richards growth parameter 
3. standard deviation of length at ages 1 and 20 
4. mean ageing bias at ages 1 and 20 
5. log mean recruitment since the 1976-1977 regime shift 
6. offset for log-scale mean recruitment before the 1976-1977 regime shift 
7. standard deviation of the log-scale recruitment deviations (σR) 
8. initial (equilibrium) fishing mortality  
9. log catchability for the trawl survey 
10. deviations for log-scale initial (i.e., 1977) abundance, ages 1-20 
11. log-scale recruitment deviations, 1977-2016 
12. base values of both selectivity parameters for both the fishery and survey 


Parameter counts for Models 17.x were as follow: 


Model 17.1 Model 17.2 Model 17.3 Model 17.6 Model 17.7 
231 159 232 304 304 


All parameters estimated internally in Model 16.6 were also estimated internally in Models 17.x except: 


• In Models 17.x, σR was estimated by the tuning procedure described in the preliminary assessment 
(Appendix 2.1, “Model Structures” section).   


• The definitions of the selectivity parameters differ (logistic in Model 16.6, flat-topped double 
normal in Models 17.x), although the number of base values remain the same (4). 


In addition, the following parameters were also estimated internally by one or more models in the 17.x 
series: 


• deviations for fishery selectivity parameters, 1977-2017 (Models 17.1, 17.2, 17.3, 17.6, 17.7) 
• deviations for survey selectivity parameters, 1982-2017 (Models 17.1, 17.3, 17.6, 17.7) 
• “extra” standard error for the log-scale survey standard error (Model 17.3) 
• deviations for length at age 1.5, 1981-2016 (Models 17.6, 17.7) 
• deviations for log catchability, 1982-2017 (Models 17.6, 17.7) 


In all models, uniform prior distributions were used for all parameters except for M in Models 17.x.  It 
should also be noted that vectors of deviations were constrained by input standard deviations, which are 
somewhat analogous to a joint prior distribution.  


For all parameters estimated within individual SS runs, the estimator used was the mode of the logarithm 
of the joint posterior distribution, which was in turn calculated as the sum of the logarithms of the 
parameter-specific prior distributions and the logarithm of the likelihood function. 


In addition to the above, the full set of fishing mortality rates were also estimated internally, but not in the 
same sense as the above parameters.  The fishing mortality rates are determined (almost) exactly as 
functions of other model parameters, because SS assumes that the input total catch data are true values 
rather than estimates, so the fishing mortality rates can be computed algebraically given the other 
parameter values and the input catch data.  An option does exist in SS for treating the fishing mortality 







rates as full parameters, but previous explorations have indicated that adding these parameters has almost 
no effect on other model output (Methot and Wetzel 2013). 


Objective Function Components 
All models in this assessment include likelihood components for catch, initial (equilibrium) catch, trawl 
survey relative abundance, recruitment, “softbounds” (analogous to a very weak prior distribution 
designed to keep parameters from hitting bounds), fishery and survey size composition, and survey age 
composition.  In addition, Models 17.x include components for the prior distribution on M, non-
recruitment parameter deviations, and fishery age composition. 


In SS, emphasis factors are specified to determine which likelihood components receive the greatest 
attention during the parameter estimation process.  As in previous assessments, all likelihood components 
were given an emphasis of 1.0 here. 


Use of Size Composition Data in Parameter Estimation 
Size composition data are assumed to be drawn from a multinomial distribution specific to a particular 
year and fleet (fishery or survey).  In the parameter estimation process, SS weights a given size 
composition observation according to the emphasis associated with the respective likelihood component 
and the sample size specified (and perhaps adjusted by a multiplier) for the multinomial distribution from 
which the data are assumed to be drawn.  In developing the model upon which SS was originally based, 
Fournier and Archibald (1982) suggested truncating the multinomial sample size at a value of 400 in 
order to compensate for contingencies which cause the sampling process to depart from the process that 
gives rise to the multinomial distribution.  For many years, the Pacific cod assessments assumed a 
multinomial sample size equal to the square root of the true length sample size, rather than the true length 
sample size itself.  Given the true length sample sizes observed in the EBS Pacific cod data, this 
procedure tended to give values somewhat below 400 while still providing SS with usable information 
regarding the appropriate effort to devote to fitting individual length samples. 


Although the “square root rule” for specifying multinomial sample sizes gave reasonable values, the rule 
itself was largely ad hoc.  In an attempt to move toward a more statistically based specification, the 2007 
assessment used the harmonic means from a bootstrap analysis of the available fishery length data from 
1990-2006 (Thompson et al. 2007).  The harmonic means were smaller than the actual sample sizes, but 
still ranged well into the thousands.  A multinomial sample size in the thousands would likely 
overemphasize the size composition data.  As a compromise, the harmonic means were rescaled 
proportionally in the 2007 assessment so that the average value (across all samples) was 300.  However, 
the question then remained of what to do about years not covered by the bootstrap analysis (2007 and pre-
1990) and what to do about the survey samples.  The solution adopted in the 2007 assessment was based 
on an observed consistency in the ratios between the harmonic means (the raw harmonic means, not the 
rescaled harmonic means) and the actual sample sizes:  Whenever the actual sample size exceeded about 
400 fish, for the years prior to 1999 the ratio was very consistently close to 0.16, and for the years after 
1998 the ratio was very consistently close to 0.34.   


This consistency was used to specify the missing values as follows:  For fishery data, records with actual 
sample sizes less than 400 were omitted.  Then, the sample sizes for fishery length compositions from 
years prior to 1999 were tentatively set at 16% of the actual sample size, and the sample sizes for fishery 
length compositions from 2007 were tentatively set at 34% of the actual sample size.  For the pre-1982 
trawl survey, length compositions were tentatively set at 16% of an assumed sample size of 10,000.  For 
the post-1981 trawl survey length compositions, sample sizes were tentatively set at 34% of the actual 
sample size.  Then, with sample sizes for fishery length compositions from 1990-2007 tentatively set at 
their bootstrap harmonic means (not rescaled), all sample sizes were adjusted proportionally so that the 
average was 300.   







The same procedure was used in the 2008 and 2009 assessments.  For the 2010 assessment, however, this 
procedure had to be modified somewhat, because the bootstrap values for the 1990-2006 size composition 
data did not match the new bin and seasonal structures.  To be as consistent as possible with the approach 
used to set sample sizes in the 2008 and 2009 assessments, the 2010 and 2011 assessments set sample 
sizes by applying the 16/34% rule for all size composition records with actual sample sizes greater than 
400 (not just those lying outside the set of 1990-2006 fishery data), then rescaling proportionally to 
achieve an average sample size of 300.  The same procedure was used for the 2012-2016 assessments, 
except the pre-1982 trawl survey data were no longer used.  Model 16.6 in this year’s assessment uses the 
same procedure as the 2012-2016 assessments.  Models 17.x, on the other hand, simply set the input 
sample size equal to the number of hauls (or sets) sampled for length. 


Input sample sizes for size composition data are shown for Model 16.6 and the 17.x series in Table 2.13. 


Use of Age Composition Data in Parameter Estimation 
Like the size composition data, the age composition data are assumed to be drawn from a multinomial 
distribution specific to a particular year and fleet (fishery or survey).  In Model 16.6, input sample sizes 
were specified by scaling the number of otoliths read in each year such that the average across all years 
was equal to 300.  In Models 17.x, the input sample sizes were set equal to the number of hauls (or sets) 
sampled for length (see comment SSC3, listed in Appendix 2.1). 


Input sample sizes for fishery age composition data (used only in Models 17.x) are shown below: 


Year: 2013 2014 2015 2016 
Nhaul: 11126 12165 11309 9773 


 
Input sample sizes for survey age composition data (used in all models) are shown below: 


Year: 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 
Nhaul: 346 335 341 351 344 320 343 348 344 345 345 344 


             
Year: 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016  
Nhaul: 344 348 330 347 328 350 343 343 355 341 356  


 
Note that the age compositions for both the fishery and the survey are used in the marginal forms, not in 
conditional-age-at-length form. 


Use of Survey Relative Abundance Data in Parameter Estimation 
For the survey, each year’s survey abundance estimate is assumed to be drawn from a lognormal 
distribution specific to that year.  The model’s estimate of survey abundance in a given year serves as the 
geometric mean for that year’s lognormal distribution, and the ratio of the survey abundance estimate’s 
standard error to the survey abundance estimate itself serves as the distribution’s coefficient of variation, 
which is then transformed into the “sigma” parameter of the lognormal distribution. 


The “sigma” parameters are shown in the fourth column of table 2.6. 


Use of Recruitment Deviation “Data” in Parameter Estimation 
The likelihood component for recruitment is different from traditional likelihoods because it does not 
involve “data” in the same sense that traditional likelihoods do.  Instead, the log-scale recruitment 
deviation plays the role of the datum in a normal distribution with mean zero and specified (or estimated) 
standard deviation; but, of course, the deviations are parameters, not data. 







RESULTS 


Model Evaluation 
The models used in this assessment are described under “Model Structure” above. 


Goodness of Fit, Parameter Estimates, and Derived Quantities 


Goodness of Fit 
Table 2.14 shows the objective function value for each data component in each model, along with the 
number of parameters in each model, broken down into “free” parameters, parameters with prior 
distributions, and constrained deviations.  Models 17.x all use the same data file, which is different than 
the data file used by Model 16.6.  However, the data are weighted differently by the various models in the 
17.x series, meaning that none of the objective function values are truly comparable. 


The table below provides alternative measures of how well the models fit the survey abundance data: 


Model σave RMSE MNR SDNR Corr. 
16.6 0.107 0.189 0.118 1.801 0.815 
17.1 0.107 0.197 0.135 1.992 0.800 
17.2 0.107 0.207 0.206 1.959 0.796 
17.3 0.107 0.196 -0.017 1.959 0.792 
17.6 0.107 0.108 0.071 0.968 0.939 
17.7 0.107 0.107 0.071 0.971 0.940 


 
The column labeled “σave” shows the average of the log-scale standard errors arising from the sampling 
variability in the survey data (the same value for all six models).   The four right-hand columns show root 
mean squared errors (RMSE; values closer to σave are better), mean normalized residuals (MNR; values 
closer to zero are better), standard deviations of normalized residuals (SDNR; values closer to unity are 
better), and correlations between observed and estimated values (values to unity are better).   


Models 17.6 and 17.7 do the best job of matching the RMSE with σave and achieving a value of SDNR 
close to unity, and they also give the highest correlations with the data.  Model 17.3 does the best at 
achieving a value of MNR close to zero.   


Figure 2.15 shows the models’ fits to the trawl survey abundance data.  The proportions of years in which 
each model’s estimate falls within the respective 95% confidence interval are shown below: 
 


Model 16.6 Model 17.1 Model 17.2 Model 17.3 Model 17.6 Model 17.7 
0.78 0.72 0.78 0.72 0.97 0.97 


 
Except for Model 16.6, the models’ fits to the fishery age composition data are shown in Figure 2.16.  
The models’ fits to the survey age composition data are shown in Figure 2.17, and the models’ time-
aggregated fits to the fishery and survey age composition data are shown in Figure 2.18. 


The models’ fits to the fishery size composition data are shown in Figure 2.19.  The models’ fits to the 
survey size composition data are shown in Figure 2.20, and the models’ time-aggregated fits to the fishery 
and survey size composition data are shown in Figure 2.21. 







Table 2.15 shows effective sample sizes and input and output weights, using the same concepts and 
methods introduced in the preliminary assessment (Appendix 2.1, “Goodness of Fit” section): 


• Cells shaded gray represent data (Note that the data file used for Models 17.x differs from Model 
16.6’s data file).  The quantities in this category consist of: 


o The number of years represented in the particular data type (“Yrs”). 
o The average sample size for the particular data type as specified in the data file (“N”), 


which, in the case of survey index data, consists of the average number of stations (hauls) 
sampled over the time series. 


o The average standard error of the survey abundance index (“SEave”). 
• Cells shaded tan represent values that are specified by the modeler, or that show results computed 


by SS.  The quantities in this category consist of: 
o The multiplier (“Mult”) that is used to modify sample sizes for the particular data type 


that are specified in the data file. 
o The product of the multiplier and the average specified sample size (“N×Mult”). 
o The harmonic mean of the effective sample size (“Har”). 
o The “extra” standard error (if any) estimated by SS for the survey index data (“SEextra”). 
o The root-mean-squared-error of the model’s survey index estimates (“RMSE”). 


• Cells shaded green represent a pair of aggregate sample sizes computed outside of SS. 
o For composition data, the quantities in this category consist of: 


 The aggregate effective sample size assigned to the particular data type 
(“ΣNeff1”), computed as Yrs×N×Mult. 


 The aggregate effective sample size achieved for the particular data type 
(“ΣNeff2”), computed as Yrs×Har. 


o For survey index data, this category consists of the same two quantities (ΣNeff1 and 
ΣNeff2), and ΣNeff1 is computed just as in the case of composition data, but ΣNeff2 is 
computed as: 
 Yrs×N×((SEave+SEextra)/RMSE)2. 


By expressing ΣNeff1 and ΣNeff2 in units of hauls for both composition data and index data, the values 
for the two data types are comparable, and the average across data types is a meaningful statistic (see last 
row under each model). 


The ratio ΣNeff2/ΣNeff1 for a given data component provides a measure of how well the model is tuned 
with respect to that component (specifically, the ratio should equal unity).  Only Models 17.3, 17.6, and 
17.6 achieve ratios equal (approximately) to unity for all components.  Note that these three models 
achieve a ratio of unity for the survey index by two different methods: Model 17.3 achieves this result by 
inflating the standard error of the observations, while Models 17.6 and 17.7 achieve the same result by 
allowing time variability in survey catchability.  However, in the process of setting all of the component-
specific ratios equal to unity, Models 17.6 and 17.7 achieve a higher average (across components) 
aggregate effective sample size than Model 17.3 (ΣNeff2=14,217 for Model 17.6 and ΣNeff2=14,029 for 
Model 17.7, versus ΣNeff2=12,772 for Model 17.3). 


Table 2.16 breaks down the effective sample sizes for the age composition data, by providing a value for 
each year of age composition data and each model rather than just an aggregate value across years for 
each model.  Results for the fishery age composition data are shown in the upper part of the table and 
results for the survey age composition data are shown in the lower part.  Below each part of the table, the 
row labeled “Arith.” gives the arithmetic mean for the input sample sizes, and the row labeled “Harm.” 
gives the harmonic mean for the output effective sample sizes.  Ideally, those two values should be 
approximately equal.  







Parameter Estimates 
Table 2.17 displays all of the parameters (except fishing mortality rates, because these are functions of 
other parameters) estimated internally in the model, along with the standard deviations of those estimates.  
Table 2.17 consists of the following parts: 


• Table 2.17a shows scalar parameters for all models 
• Table 2.17b shows initial (1977) age composition deviations for all models 
• Table 2.17c shows annual log-scale recruitment deviations for all models 


o These are plotted in Figure 2.22 
• Table 2.17d shows fishery selectivity parameter P1 deviations for Models 17.x 
• Table 2.17e shows fishery selectivity parameter P3 deviations for Models 17.x 
• Table 2.17f shows survey selectivity parameter P1 deviations for Models 17.x, except 17.2 
• Table 2.17g shows survey selectivity parameter P3 deviations for Models 17.x, except 17.2 
• Table 2.17h shows length at age 1.5 and catchability deviations for Models 17.6 and 17.7 


The log-scale trawl survey catchability estimates shown in Table 2.17a (base values in the cases of 
Models 17.6 and 17.7) imply the following values of survey catchability on the back-transformed 
(natural) scale: 


  Model 16.6 Model 17.1 Model 17.2 Model 17.3 Model 17.6 Model 17.7 
Scale Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD 
Log -0.074 0.061 0.177 0.039 0.023 0.059 0.196 0.064 0.169 0.057 0.193 0.061 
Natural 0.929 0.057 1.194 0.046 1.023 0.060 1.217 0.078 1.185 0.068 1.213 0.074 


Table 2.18 shows estimates of fishing mortality for all models and years. 


The final values of the sigma terms that constrain the vectors of parameter deviations are shown below: 


Deviation vector M16.6 M17.1 M17.2 M17.3 M17.6 M17.7 
Recruitment 0.6445 0.4910 0.5687 0.5149 0.5792 0.5544 
Selectivity begin peak (fishery)  0.1285 0.1121 0.1130 0.1189 0.1177 
Selectivity ascend width (fishery)  0.4539 0.3907 0.3672 0.4297 0.4115 
Selectivity begin peak (survey)  0.0566  0.0545 0.0545 0.0567 
Selectivity ascend width (survey)  0.1594  0.1593 0.1594 0.1594 
Length at age 1.5     0.0967 0.0977 
ln(Catchability)     0.0892 0.0879 


 


Derived Quantities 
Figure 2.23 shows the time series of female spawning biomass relative to B100% as estimated by each 
model, and Figure 2.24 shows the time series of total biomass as estimated by each model, along with the 
time series of observed survey biomass.  Average (across years) ratios of total biomass (as estimated by 
the models) to survey biomass (as specified in the data) are shown below: 


Model 16.6 Model 17.1 Model 17.2 Model 17.3 Model 17.6 Model 17.7 
1.19 0.96 1.08 0.93 0.95 0.93 


Figures 2.25 and 2.26 show fishery selectivity and survey selectivity as estimated by the models. 







Figure 2.27 shows the schedules of mid-year length at age implied by the growth parameters as estimated 
by the models.  The upper panel shows the time-invariant schedules corresponding to the growth 
parameters estimated by Models 16.6, 17.1, 17.2, and 17.3, along with the schedules corresponding to the 
base values of the growth parameters as estimated by Models 17.6 and 17.7.  The middle and lower 
panels show the time-varying schedules corresponding to the growth parameters (including annual 
deviations of length at age 1.5) as estimated by Models 17.6 and 17.7, respectively. 


Figure 2.28 shows the time series of length at age 1.5 estimated by Models 17.6 and 17.7, together with 
the time series of mean length at age 1 from the survey age data (collected at mid-year).   The correlations 
with the data for Models 17.6 and 17.7 are 0.83 and 0.84, respectively.  Note that these data are not 
included in the data file used by Models 17.6 and 17.7; the fits arise from the models’ attempts to fit the 
survey compositional data only. 


Figure 2.29 shows the time series of survey catchability estimated by Models 17.6 and 17.7.  The 
coefficients of variation for the two time series are 0.107 and 0.104, respectively. 


Table 2.19 contains selected output from the standard projection model, based on SS parameter estimates 
from the models, along with the probability that the maximum permissible ABC in each of the next two 
years will exceed the corresponding true-but-unknown OFL and the probability that the stock will fall 
below B20% in each of the next four years (probabilities are given by SS rather than the standard projection 
model).  Note that some of the quantities in Table 2.19 are conditional on catches estimated under 
Scenario 2 (“author’s F”) in the “Harvest Recommendations” section. 


Retrospective Performance 
Retrospective analyses for all of the models are shown in Figure 2.30.  Values of ρ (Mohn 1999, equation 
corrected in the 2013 Retrospective Working Group report) are shown below for spawning biomass, 
together with lower and upper bounds on acceptable levels defined as a function of M, based on results 
reported by Hurtado-Ferro et al. (2015): 


Model: 16.6 17.1 17.2 17.3 17.6 17.7 
ρ: 0.243 0.040 0.255 0.113 0.028 0.079 
M: 0.359 0.324 0.385 0.328 0.322 0.317 
Min: -0.206 -0.193 -0.215 -0.195 -0.193 -0.191 
Max: 0.279 0.262 0.292 0.264 0.261 0.258 


Model 17.6 has the lowest value of ρ (0.028), and Model 17.2 has the highest (0.255), but none are 
outside the acceptable ranges implied by Hurtado-Ferro et al. (2015). 


Choice of Final Model 


Model Weighting 
(Note: For all tables in this subsection, color shading extends from red = lowest value across models to 
green = highest value across models.) 


Appendix 2.5 describes an attempt to address the SSC’s various requests related to model averaging, 
including the development of multiple sets of model weightings.  That analysis begins by updating the 
model weightings that were developed in the preliminary assessment (Appendix 2.1) and extending them 
to Model 17.7 (which was not included in the preliminary assessment).  The model weightings in the 
preliminary assessment were based in part on the arithmetic, geometric, and harmonic means of the vector 
of ΣNeff2 values for each model (Table 2.15).  Geometric and harmonic means were provided as 
alternatives to the arithmetic mean, so as to allow for the possibility of penalizing models that achieved 
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nearly all their success by focusing on a single component while essentially ignoring the others.  This first 
step resulted in the following values, expressed in units of effective sample size per effective parameter: 


Model: 16.6 17.1 17.2 17.3 17.6 17.7 
Arithmetic: 170.56 335.53 230.37 250.44 171.29 163.13 
Geometric: 104.51 123.43 88.20 153.49 104.50 101.46 
Harmonic: 61.40 69.56 43.08 93.14 60.63 59.89 


   
At its October 2017 meeting, the SSC requested that model weightings also incorporate three additional 
factors: retrospective performance, model convergence behavior, and general plausibility (see comment 
SSC20).  Multiplicative adjustments were computed for each of these in Appendix 2.5, resulting in the 
following adjustment values: 


Model: 16.6 17.1 17.2 17.3 17.6 17.7 
Retrospective: 0.784 0.960 0.775 0.893 0.972 0.924 
Convergence: 1.000 0.895 0.957 0.935 0.880 0.822 
Plausibility: 1.000 0.414 0.897 0.223 0.218 0.207 


 
Adjusting the initial weightings by the above and rescaling so that the weightings sum to unity gave the 
following final weightings: 


Model: 16.6 17.1 17.2 17.3 17.6 17.7 
Arithmetic: 0.2619 0.2337 0.3001 0.0914 0.0626 0.0503 
Geometric: 0.3296 0.1766 0.2360 0.1150 0.0785 0.0642 
Harmonic: 0.3447 0.1772 0.2052 0.1243 0.0811 0.0675 


 


Qualitative Considerations 
In addition to the development of quantitative of model weights described above, three qualitative 
considerations may also be noted: 


1. Does the given model address shortcomings that have been identified by the Team or SSC?   
2. Is the reduction in the maximum permissible ABC (relative to the specified 2017 ABC) resulting 


from the given model roughly commensurate with the change in survey biomass observed 
between 2016 and 2017? 


3. Given that the cause of the decline in EBS shelf survey biomass from 2016 to 2017 is unknown, 
but that one plausible hypothesis is that a substantial portion of the biomass simply moved 
(perhaps temporarily) to the NBS survey area while remaining part of the same spawning 
population as the fish in the EBS shelf survey area, does the given model impose drastic 
reductions in ABC that have a significant probability of later being shown to have been 
unnecessary? 


Final Model: Conclusion 
From the standpoint of the quantitative model weighting developed in Appendix 2.5, including the SSC’s 
model weighting factors and the additional factor of effective number of parameters, the “best” model 
depends on whether the arithmetic, geometric, or harmonic mean of the model-specific SNeff2 values is 
chosen.  If the arithmetic mean is chosen, then Model 17.2 is the best model by this criterion (with Model 
16.6 as the second best model); but if either the geometric or harmonic mean is chosen, then Model 16.6 
is the best model by this criterion (with Model 17.2 as the second best model). 







All of the models in the 17.x series address shortcomings that the Team or SSC has identified in Model 
16.6.  For example, as listed in Appendix 2.1, the Team has recommended allowing time-varying fishery 
selectivity (comment BPT5), the SSC has recommended allowing for time varying selectivity in the 
survey and/or the fishery (comment SSC9), the SSC has recommended switching to haul-based initial 
sample sizes (comment SSC3), the SSC has recommended adoption of a prior distribution for M 
(comment SSC6, see also comment SSC16 in this final assessment), and the SSC has recommended 
including fishery age data in the model (comment SSC10).  All of the models in the 17.x series address all 
of these recommendations, but Model 16.6 addresses none of them. 


Estimated biomass from the 2017 EBS shelf bottom trawl survey in the standard area was 37% less than 
estimated biomass in 2016.  The specified ABC for 2017 was 239,000 t.  The percentage reductions in 
ABC for 2018 implied by this year’s models (assuming that 2018 ABC is set at the maximum permissible 
level) are shown below: 


Model: 16.6 17.1 17.2 17.3 17.6 17.7 
2018 ABC: 201,000 75,500 172,000 59,100 57,300 57,600 
% change: -16% -68% -28% -75% -76% -76% 


 
The reduction in ABC from 2017 to 2018 implied by Model 17.2 comes the closest to matching the 
change in survey biomass from 2016 to 2017.   


Models 16.6 and 17.2 are the only models that would not require drastic cuts in the ABC.  It is possible, 
of course, that the other models are more accurate reflections of the true state of the stock, and if 
subsequent investigations reveal this to be the case, then drastic reductions in future ABCs would appear 
necessary. 


Final Parameter Estimates and Associated Schedules 
As noted previously, estimates of all statistically estimated parameters (except fishing mortality rates) are 
shown for all models in Table 2.17.  Estimates of annual fishing mortality rates are shown for all models 
in Table 2.18. 


Schedules of begin-year length at age and mid-year length at age from Model 17.2 are shown in Table 
2.20.  Schedules of selectivity at age (both fishery and trawl survey) from Model 17.2 are shown in Table 
2.21. 


Time-Varying Weight at Age 
Schedules of time-varying weight at age from Model 17.2 are shown in Table 2.22.  Note that model-
estimated weights at ages 1-6 are lower than average for 2013-2017, although ages 1 and 2 are rarely 
encountered in the fishery.  For ages 3-6, the decreases are all less than 10%.  By way of comparison, 
Fulton’s condition factor is mostly positive at ages 1-3 for 2013-2016 (2017 age data are not yet 
available), and mostly negative at ages 4-6 for those same years (Table 2.10), and the most recent strong 
year class (2013) does not appear to have experienced a below-average condition factor in any year 
through the end of the time series (2016, Table 2.10). 


The Team and SSC have both expressed interest in comparing model estimates of weight at age against 
the mean weights at age obtained from the fishery and survey (comments Sub9 and SSC23 in this final 
assessment; see also comments BPT3 and SSC11 from Appendix 2.1).  As noted in the Executive 
Summary, some issues regarding empirical weights at age from the survey were already addressed in 
Appendix B of the minutes from the June Subcommittee meeting, so attention here will be focused on 
empirical weights at age from the fishery (note also that weight at age from the survey is not a particularly 







relevant factor for the models in this assessment per se, because the survey index is measured in numbers 
of fish rather than biomass; however, weight at age from the survey could become relevant in future 
models if it were used as a proxy for weight at age from the fishery in years for which empirical weight at 
age data from the fishery do not exist). 


Fishery age data that are well-distributed across time within the year, across gear types, and across areas 
are currently available for only four years: 2013, 2014, 2015, and 2016.  Table 2.23 shows the number of 
otoliths (“N”) that were read, the average weight from the fish from which otoliths were taken and read 
(“Sample”), the average weight obtained by applying the age-length key to the length composition in 
order to obtain mean lengths at age and standard deviations of length at age and then integrating weight at 
length across the distribution of length at age (“ALK-int.”), and the average weight from Model 17.2.  
The average weight at age 2 from Model 17.2 is clearly lower than the other two measures of average 
weight at age 2, although it should be remembered that age 2 fish are relatively rare in fishery catches.  At 
ages 4-6, which make up 79% of the samples in Table 2.23, the average weights at age from Model 17.2 
compare quite favorably to the other two measures of average weights at age. 


Last year’s assessment included a summary of arguments for and against switching from the traditional 
method of computing weight at age (i.e., by applying externally estimated and annually varying weight-
at-length relationships to an internally estimated and constant length-at-age relationship) to using 
empirical weight at age.  Some of the arguments against switching are still relevant, and are paraphrased 
below (year ranges have been updated): 


1. Weight-at-age data exist for only 19 of the 36 years in the survey time series and only 4 of the 40 
years in the fishery time series, which raises the question of what values to use in years with no 
data. 


2. Because the trawl survey takes place during the summer, it is necessary to find an accurate 
method for determining beginning-of-year weights at age from mid-year weights at age. 


3. Consistent with the last several assessments, all of the models in this year’s assessment estimate a 
positive ageing bias for the younger ages at least (Table 2.17a), a finding which was recently 
confirmed by Kastelle et al. (2017) on the basis of stable isotope analysis, meaning that the 
empirical weights at age are likely biased downward. 


Regarding item #3 in the above list, it may be noted that the estimates of ageing error at age 1 have been 
remarkably consistent over time (with values ranging from 0.32-0.36 in all 7 assessments where this 
parameter has been estimated internally).  The estimates of ageing error at age 20 have been a bit less 
consistent, but have always been positive up until this year, when all models in the 17.x series estimated a 
negative bias at age 20.  The ages at which the bias switches from positive to negative in Models 17.x 
range from 6.8 (Model 17.1) to 9.3 (Model 17.3). 


Time Series Results 


Definitions 
The biomass estimates presented here will be defined in three ways: 1) age 0+ biomass, consisting of the 
biomass of all fish aged 0 years or greater in January of a given year; 2) age 3+ biomass, consisting of the 
biomass of all fish aged 3 years or greater in January of a given year; and 3) spawning biomass, consisting 
of the biomass of all spawning females in a given year.  The recruitment estimates presented here will be 
defined as numbers of age 0 fish in a given year.  To supplement the full-selection fishing mortality rates 
already shown in Table 2.18, an alternative “effective” fishing mortality rate will be provided here, 
defined for each age and time as –ln(Na+1,t+1/Na,t)−M, where N = number of fish, a = age measured in 
years, t = time measured in years, and M = instantaneous natural mortality rate.  In addition, the ratio of 
full-selection fishing mortality to F35% will be provided. 







Biomass 
Table 2.24 shows the time series of age 0+, age 3+, and female spawning biomass since 1977 as estimated 
last year and this year (projections through 2018 are also shown for this year’s assessment).  The 
estimated spawning biomass time series are accompanied by their respective standard deviations.   


The estimated time series of age 0+ and female spawning biomass are shown, together with the observed 
time series of trawl survey biomass, in Figure 2.31.  Confidence intervals are shown for estimates of 
female spawning biomass and for the trawl survey biomass estimates.   


Recruitment and Numbers at Age 
Table 2.25 shows the time series of age 0 recruitment (1000s of fish) for the years since 1977 as estimated 
last year and this year.  Both estimated time series are accompanied by their respective standard 
deviations.  The correlation between last year’s estimated recruitment time series and this year’s is 0.97. 


For the time series as a whole, the largest year class appears to have been the 2008 cohort, and the year 
classes since 2008 include the top three year classes of all time (2008, 2011, and 2013).  The set of year 
classes comprising the top ten is the same this year as last year, except that the 1978 cohort has replaced 
the 1977 cohort and the 1999 cohort has replaced the 1996 cohort.   


Last year, the 2014 and 2015 cohorts were estimated to be two of the five smallest in the time series.  This 
year, the 2014, 2015, and 2016 cohorts are estimated to be three of the five smallest in the time series. 


Recruitment estimates for the entire time series (1977-2015) are shown in Figure 2.32, along with their 
respective 95% confidence intervals.  


The coefficient of autocorrelation for this year’s estimated recruitment time series is −0.02. 


To date, it has not been possible to estimate a reliable stock-recruitment relationship for this stock.  A 
possible relationship between recruitment and an environmental index is discussed in the “Ecosystem 
Considerations” section, under “Ecosystem Effects on the Stock.” 


The estimated time series of numbers at age is shown in Table 2.26. 


Fishing Mortality 
Table 2.27 shows “effective” fishing mortality by age and year for ages 1-19 and years since 1977. 


Figure 2.33 plots the estimated/projected trajectory of relative fishing mortality (F/F35%) and relative 
female spawning biomass (B/B35%) from 1977 through 2019 based on full-selection fishing mortality, 
overlaid with the current harvest control rules.  Projected values for 2018 and 2019 are from Scenario 2 
under “Harvest Recommendations,” below.  It should be noted that, except for the projection years, these 
trajectories are based on SS output, which may not match the estimates obtained by the standard 
projection program exactly.  Last year, the base model changed from Model 11.5 (which had served as the 
base model from 2011-2015) to Model 16.6, which generally gave lower estimates of relative spawning 
biomass than Model 11.5.  Model 17.2, which is the author’s recommendation for the new base model, 
generally gives even lower estimates of relative spawning biomass than Model 16.6, to the extent that, in 
hindsight, the stock was being subjected to fishing mortality rates in excess of the retroactively calculated 
FOFL values (but not the official FOFL values that were calculated at the time) in all years from 1994-2017. 







Harvest Recommendations 
The results presented in this section are based on Model 17.2.  Because the structure of this model differs 
substantively from Model 16.6 (the model adopted as the base model last year by the SSC), a set of 
parallel results for the items in this section, based on Model 17.2, is provided in Appendix 2.6. 


Amendment 56 Reference Points 
Amendment 56 to the BSAI Groundfish Fishery Management Plan (FMP) defines the “overfishing level” 
(OFL), the fishing mortality rate used to set OFL (FOFL), the maximum permissible ABC, and the fishing 
mortality rate used to set the maximum permissible ABC.  The fishing mortality rate used to set ABC 
(FABC) may be less than this maximum permissible level, but not greater.  Because reliable estimates of 
reference points related to maximum sustainable yield (MSY) are currently not available but reliable 
estimates of reference points related to spawning per recruit are available, Pacific cod in the EBS have 
generally been managed under Tier 3 of Amendment 56.  Tier 3 uses the following reference points:  
B40%, equal to 40% of the equilibrium spawning biomass that would be obtained in the absence of fishing; 
F35%, equal to the fishing mortality rate that reduces the equilibrium level of spawning per recruit to 35% 
of the level that would be obtained in the absence of fishing; and F40%, equal to the fishing mortality rate 
that reduces the equilibrium level of spawning per recruit to 40% of the level that would be obtained in 
the absence of fishing.  The following formulae apply under Tier 3: 


3a) Stock status:  B/B40% > 1 
FOFL = F35% 
FABC < F40% 


3b) Stock status:  0.05 < B/B40% < 1 
FOFL = F35% × (B/B40% - 0.05) × 1/0.95 
FABC < F40% × (B/B40% - 0.05) × 1/0.95 


3c) Stock status:  B/B40% < 0.05 
FOFL = 0 
FABC = 0 


Model 17.2’s estimates F35% and F40% are 0.38 and 0.32, respectively. 


Model 17.2’s estimates of B100%, B40%, and B35% are 548,000 t, 219,000 t, and 192,000 t, respectively. 


Specification of OFL and Maximum Permissible ABC 
Given the assumptions of Scenario 2 (below), female spawning biomass for 2018 and 2019 is estimated 
by Model 17.2 to be 217,000 t and 211,000 t, respectively, both of which are below the B40% value of 
219,000 t, thereby placing Pacific cod in sub-tier “b” of Tier 3 for both 2018 and 2019.  Given this, 
Model 17.2 estimates OFL, maximum permissible ABC, and the associated fishing mortality rates for 
2018 and 2019 as follows: 
 


Year Overfishing Level Maximum Permissible ABC 
2018 OFL = 202,000 t maxABC = 172,000 t 
2019 OFL = 173,000 t maxABC = 148,000 t 
2018 FOFL = 0.38 maxFABC = 0.31 
2019 FOFL = 0.37 maxFABC = 0.30 


 
The age 0+ biomass projections for 2018 and 2019 from Model 17.2 (using SS rather than the standard 
projection model) are 807,000 t and 690,000 t. 







For comparison, the age 3+ biomass projections for 2018 and 2019 from Model 17.2 (again using SS) are 
790,000 t and 644,000 t. 


Standard Harvest Scenarios, Projection Methodology, and Projection Results 
A standard set of projections is required for each stock managed under Tiers 1, 2, or 3 of Amendment 56.  
This set of projections encompasses seven harvest scenarios designed to satisfy the requirements of 
Amendment 56, the National Environmental Policy Act, and the Magnuson-Stevens Fishery Conservation 
and Management Act (MSFCMA). 


For each scenario, the projections begin with an estimated vector of numbers at age for January 1, 2018.  
This requires an appropriate estimate of total catch for 2017.  Because each year’s stock assessment is 
finalized before complete (i.e., year-long) catch data are available for that year, it is necessary to 
extrapolate the available catch data through the end of the year.  Year-end catch for 2017 was estimated to 
equal the ABC, at a value of 224,000 t, using the method described under “Catch Biomass” in the “Data” 
section. 


In each subsequent year, the fishing mortality rate is prescribed on the basis of the spawning biomass in 
that year and the respective harvest scenario.  In each year, recruitment is drawn from an inverse Gaussian 
distribution whose parameters consist of maximum likelihood estimates determined from recruitments 
estimated in the assessment.  Spawning biomass is computed in each year based on the time of peak 
spawning and the maturity and weight schedules described in the assessment.  Except for the first 
projection year under Scenario 2 (see paragraph below), total catch is assumed to equal the catch 
associated with the respective harvest scenario in all years.  This projection scheme is run 1000 times to 
obtain distributions of possible future stock sizes, fishing mortality rates, and catches. 


For predicting future catches under Scenario 2, the 2014 assessment (Thompson 2014) described the 
development of the following estimator for future total catch as a function of future ABC:  For 
ABC≥148,000 t, catch = 59,200 t + 0.6×ABC; for ABC<148,000 t, catch = ABC.  This estimator was 
used again in the present assessment, giving catches of 162,000 t, and 148,000 t in 2018 and 2019, 
respectively. 


Five of the seven standard scenarios are sometimes used in an Environmental Assessment prepared in 
conjunction with the final SAFE.  These five scenarios, which are designed to provide a range of harvest 
alternatives that are likely to bracket the final TACs for 2018 and 2019, are as follow (“max FABC” refers 
to the maximum permissible value of FABC under Amendment 56): 


Scenario 1:  In all future years, F is set equal to max FABC.  (Rationale:  Historically, TAC has 
been constrained by ABC, so this scenario provides a likely upper limit on future TACs.) 


Scenario 2:  In all future years, F is set equal to a constant fraction (“author’s F”) of max FABC, 
where this fraction is equal to the ratio of the FABC value for 2018 recommended in the assessment 
to the max FABC for 2018, and where catches for 2018 and 2019 are estimated at their most likely 
values given the 2018 and 2019 maximum permissible ABCs under this scenario.  (Rationale:  
When FABC is set at a value below max FABC, it is often set at the value recommended in the stock 
assessment; also, catch tends not to equal ABC exactly.) 


Scenario 3:  In all future years, F is set equal to the 2012-2016 average F.  (Rationale:  For some 
stocks, TAC can be well below ABC, and recent average F may provide a better indicator of FTAC 
than FABC.) 







Scenario 4:  In all future years, the upper bound on FABC is set at F60%.  (Rationale:  This scenario 
provides a likely lower bound on FABC that still allows future harvest rates to be adjusted 
downward when stocks fall below reference levels.) 


Scenario 5:  In all future years, F is set equal to zero.  (Rationale:  In extreme cases, TAC may be 
set at a level close to zero.) 


Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether a stock is 
currently in an overfished condition or is approaching an overfished condition.  These two scenarios are 
as follow (for Tier 3 stocks, the MSY level is defined as B35%): 


Scenario 6:  In all future years, F is set equal to FOFL.  (Rationale:  This scenario determines 
whether a stock is overfished.  If the stock is 1) above its MSY level in 2017 or 2) above 1/2 of its 
MSY level in 2017 and expected to be above its MSY level in 2027 under this scenario, then the 
stock is not overfished.) 


Scenario 7:  In 2018 and 2019, F is set equal to max FABC, and in all subsequent years, F is set 
equal to FOFL.  (Rationale:  This scenario determines whether a stock is approaching an overfished 
condition.  If the stock is 1) above its MSY level in 2019 or 2) above 1/2 of its MSY level in 2019 
and expected to be above its MSY level in 2029 under this scenario, then the stock is not 
approaching an overfished condition.) 


Projections corresponding to the standard scenarios are shown for Model 17.2 in Tables 2.28-2.34. 


In addition to the seven standard harvest scenarios, Amendments 48/48 to the BSAI and GOA Groundfish 
Fishery Management Plans require projections of the likely OFL two years into the future.  While 
Scenario 6 gives the best estimate of OFL for 2018, it does not provide the best estimate of OFL for 2019, 
because the mean 2018 catch under Scenario 6 is predicated on the 2018 catch being equal to the 2018 
OFL, whereas the actual 2018 catch will likely be less than the 2018 OFL.  Table 2.19 contains the 
appropriate one- and two-year ahead projections for both ABC and OFL under Model 17.2. 


ABC Recommendation 
Since 2005, the SSC has set ABC at the maximum permissible level every year with the exceptions of the 
2007, 2014, and 2015 assessment cycles, when, in each case, the SSC held the ABCs for the next two 
years constant at the then-current level.  Specifications for 2006-2011 were set under Tier 3b, and 
specifications for 2012-2017 (and preliminary specifications for 2018) were set under Tier 3a. 


The recommended ABCs for 2018 and 2019 are 172,000 t and 148,000 t, respectively, representing the 
maximum permissible levels under Model 17.2.  However, see Appendix 2.5 for several alternatives 
based on model averaging. 


Area Allocation of Harvests 
No recommendations are made regarding area allocation of harvests. 


Status Determination 
Under the MSFCMA, the Secretary of Commerce is required to report on the status of each U.S. fishery 
with respect to overfishing.  This report involves the answers to three questions:  1) Is the stock being 
subjected to overfishing?  2) Is the stock currently overfished?  3) Is the stock approaching an overfished 
condition? 







Is the stock being subjected to overfishing?  The official catch estimate for the most recent complete year 
(2016) is 247,605 t.  This is less than the 2016 OFL of 390,000 t.  Therefore, the EBS Pacific cod stock is 
not being subjected to overfishing. 


Harvest Scenarios #6 and #7 are intended to permit determination of the status of a stock with respect to 
its minimum stock size threshold (MSST).  Any stock that is below its MSST is defined to be overfished.  
Any stock that is expected to fall below its MSST in the next two years is defined to be approaching an 
overfished condition.  Harvest Scenarios #6 and #7 are used in these determinations as follows: 


Is the stock currently overfished?  This depends on the stock’s estimated spawning biomass in 2017: 


a. If spawning biomass for 2017 is estimated to be below ½ B35%, the stock is below its MSST. 


b. If spawning biomass for 2017 is estimated to be above B35%, the stock is above its MSST. 


c. If spawning biomass for 2017 is estimated to be above ½ B35% but below B35%, the stock’s 
status relative to MSST is determined by referring to harvest Scenario #6 (Table 2.33).  If 
the mean spawning biomass for 2027 is below B35%, the stock is below its MSST.  
Otherwise, the stock is above its MSST. 


Is the stock approaching an overfished condition?  This is determined by referring to harvest Scenario #7 
(Table 2.34): 


a. If the mean spawning biomass for 2019 is below ½ B35%, the stock is approaching an 
overfished condition. 


b. If the mean spawning biomass for 2019 is above B35%, the stock is not approaching an 
overfished condition. 


c. If the mean spawning biomass for 2019 is above 1/2 B35% but below B35%, the determination 
depends on the mean spawning biomass for 2029.  If the mean spawning biomass for 2029 is 
below B35%, the stock is approaching an overfished condition.  Otherwise, the stock is not 
approaching an overfished condition. 


Based on the above criteria and Tables 2.33 and 2.34, the stock is not overfished and is not approaching 
an overfished condition. 


ECOSYSTEM CONSIDERATIONS 


Ecosystem Effects on the Stock 
A primary ecosystem phenomenon affecting the Pacific cod stock seems to be the occurrence of periodic 
“regime shifts,” in which central tendencies of key variables in the physical environment change on a 
scale spanning several years to a few decades (Zador, 2011).  One well-documented example of such a 
regime shift occurred in 1977, and shifts occurring in 1989 and 1999 have also been suggested (e.g., Hare 
and Mantua 2000).  As in previous assessments, an attempt was made in the present assessment to 
estimate the change in mean recruitment of EBS Pacific cod associated with the 1977 regime shift.  
According to Model 17.2, pre-1977 mean recruitment was only about 23% of post-1976 mean 
recruitment.  Establishing a link between environment and recruitment within a particular regime is more 
difficult.  In the 2004 assessment (Thompson and Dorn 2004), for example, the correlations between age 
1 recruits spawned since 1977 and monthly values of the Pacific Decadal Oscillation (Mantua et al. 1997) 
were computed and found to be very weak. 







In the 2012 assessment, annual log-scale recruitment deviations estimated by the assessment model were 
regressed against each of several environmental indices summarized by Zador (2011).  The highest 
univariate correlation was obtained for the spring-summer North Pacific Index (NPI), which was 
developed by Trenberth and Hurrell (1994).  The NPI is the area-weighted sea level pressure over the 
region 30°N-65°N, 160°E-140°W.  Further investigations were conducted with monthly NPI data from 
the Climate Analysis Section of the National Center for Atmospheric Research.  The best univariate 
model obtained in the 2012 analysis was a linear regression of recruitment deviations from 1977-2011 
against the October-December average NPI (from the same year).  Vestfals et al. (2014) have also noted a 
positive correlation between Pacific cod recruitment and the NPI, although not the October-December 
average NPI in particular. 


In each assessment since 2012, the regression analysis has been updated.  This year’s regression resulted 
in a correlation of 0.53 (R2=0.28).  The time series, regression line, and 95% confidence interval from this 
year’s regression are shown in the upper panel of Figure 2.34.  According to this regression, the 
probability of the 2016 year class being higher than the median for the time series is 56%.  However, the 
datum for 2016 (magenta diamond in the upper panel) falls quite a bit below the predicted value from the 
regression; in fact, the error for 2016 is the largest (in absolute value) in the time series. 


In each assessment since 2013, the main regression analysis has been accompanied by a cross-validation 
analysis involving creation of 100,000 “training” data sets, each one obtained by randomly sub-sampling 
50% of the data without replacement.  A regression was performed on each of the training sets, and then 
the performance of each regression was computed against the corresponding “test” (i.e., non-training) 
data set.  When the NPI was not included as an explanatory variable (i.e., only the intercept of the 
regression was estimated), the RMSE (computed across all 100,000 test data sets) was 0.59, but when the 
NPI was included as an explanatory variable, the RMSE was reduced to 0.52.  The distribution of slope 
parameter estimates from the cross-validation is shown in the middle panel of Figure 2.34.  Note that the 
entire distribution is well above zero, indicating that the observed correlation is very unlikely to be 
entirely spurious.  Two years, 1990 and 2002 (yellow and green diamonds in the upper panel), turned out 
to be far more influential than any other year in determining the magnitude of the estimated slope, and 
both of these influences were negative (lower panel of Figure 2.34).  In other words, the positive slope is 
not due to the influence of outliers; if anything, the outliers are making the relationship appear less strong 
than would be the case without them. 


The prey and predators of Pacific cod have been described or reviewed by Albers and Anderson (1985), 
Livingston (1989, 1991), Lang et al. (2003), Westrheim (1996), and Yang (2004).  The composition of 
Pacific cod prey varies to some extent by time and area.  In terms of percent occurrence, some of the most 
important items in the diet of Pacific cod in the BSAI and GOA have been polychaetes, amphipods, and 
crangonid shrimp.  In terms of numbers of individual organisms consumed, some of the most important 
dietary items have been euphausids, miscellaneous fishes, and amphipods.  In terms of weight of 
organisms consumed, some of the most important dietary items have been walleye pollock, fishery offal, 
yellowfin sole, and crustaceans.  Small Pacific cod feed mostly on invertebrates, while large Pacific cod 
are mainly piscivorous.  Predators of Pacific cod include Pacific cod, halibut, salmon shark, northern fur 
seals, Steller sea lions, harbor porpoises, various whale species, and tufted puffin.  Major trends in the 
most important prey or predator species could be expected to affect the dynamics of Pacific cod to some 
extent. 


Fishery Effects on the Ecosystem 
Potentially, fisheries for Pacific cod can have effects on other species in the ecosystem through a variety 
of mechanisms, for example by relieving predation pressure on shared prey species (i.e., species which 







serve as prey for both Pacific cod and other species), by reducing prey availability for predators of Pacific 
cod, by altering habitat, by imposing bycatch mortality, or by “ghost fishing” caused by lost fishing gear. 


Incidental Catch Taken in the Pacific Cod Fisheries 
Incidental catches taken in the Pacific cod fisheries, expressed as proportions of total incidental EBS 
catches (i.e., across all targets) for the respective species, are summarized in Tables 2.35-2.38.  Catches 
for 2017 in each of these tables are incomplete.  Table 2.35 shows incidental catch of FMP species taken 
from 1991-2017 by each of the three main gear types.  Table 2.36 shows incidental catch of certain 
species of squid and members of the former “other species” complex taken from 2003-2017, aggregated 
across gear types.  Table 2.37 shows incidental catch of prohibited species taken from 1991-2017, 
aggregated across gear types.  Note that all entries for 2003 are marked “n/a” in Table 2.37 due to 
problems in the database for that year, which are under investigation.  Table 2.38 shows incidental catch 
of non-target species groups taken from 2003-2017, aggregated across gear types.   
 


Steller Sea Lions 
Sinclair and Zeppelin (2002) showed that Pacific cod was one of the four most important prey items of 
Steller sea lions in terms of frequency of occurrence averaged over years, seasons, and sites, and was 
especially important in winter.  Pitcher (1981) and Calkins (1998) also showed Pacific cod to be an 
important winter prey item in the GOA and BSAI, respectively.  Furthermore, the size ranges of Pacific 
cod harvested by the fisheries and consumed by Steller sea lions overlap, and the fishery has operated to 
some extent in the same areas used by Steller sea lion as foraging grounds (Livingston (ed.), 2002). 


One of the main research emphases of the AFSC Fisheries Interaction Team (now disbanded) was to 
determine the effectiveness of management measures designed to mitigate the impacts of the Pacific cod 
fisheries (among others) on Steller sea lions.  A study conducted in 2002-2005 using pot fishing gear 
demonstrated that the local concentration of cod in the Unimak Pass area is very dynamic, so that fishery 
removals did not create a measurable decline in fish abundance (Conners and Munro 2008).  A 
preliminary tagging study in 2003–2004 showed some cod remaining in the vicinity of the release area in 
the southeast Bering Sea for several months, while other fish moved distances of 150 km or more north-
northwest along the shelf, some within a matter of two weeks (Rand et al. 2015). 


Seabirds 
The following is a summary of information provided by Livingston (ed., 2002):  In both the BSAI and 
GOA, the northern fulmar (Fulmarus glacialis) comprises the majority of seabird bycatch, which occurs 
primarily in the longline fisheries, including the hook and line fishery for Pacific cod.  Shearwater 
(Puffinus spp.) distribution overlaps with the Pacific cod longline fishery in the Bering Sea, and with 
trawl fisheries in general in both the Bering Sea and GOA.  Black-footed albatross (Phoebastria nigripes) 
is taken in much greater numbers in the GOA longline fisheries than the Bering Sea longline fisheries, but 
is not taken in the trawl fisheries.  The distribution of Laysan albatross (Phoebastria immutabilis) appears 
to overlap with the longline fisheries in the central and western Aleutians.  The distribution of short-tailed 
albatross (Phoebastria albatrus) also overlaps with the Pacific cod longline fishery along the Aleutian 
chain, although the majority of the bycatch has taken place along the northern portion of the Bering Sea 
shelf edge (in contrast, only two takes have been recorded in the GOA).  Some success has been obtained 
in devising measures to mitigate fishery-seabird interactions.  For example, on vessels larger than 60 ft. 
LOA, paired streamer lines of specified performance and material standards have been found to reduce 
seabird incidental take significantly. 


Fishery Usage of Habitat 
The following is a summary of information provided by Livingston (ed., 2002):  The longline and trawl 
fisheries for Pacific cod each comprise an important component of the combined fisheries associated with 







the respective gear type in each of the three major management regions (BS, AI, and GOA).  Looking at 
each gear type in each region as a whole (i.e., aggregating across all target species) during the period 
1998-2001, the total number of observed hauls/sets was as follows: 


Gear BS AI GOA 
Trawl 240,347 43,585 68,436 
Longline 65,286 13,462 7,139 


 
In the BS, both longline and trawl effort was concentrated north of False Pass (Unimak Island) and along 
the shelf edge represented by the boundary of areas 513, 517 (in addition, longline effort was 
concentrated along the shelf edge represented by the boundary of areas 521-533).  In the AI, both longline 
and trawl effort were dispersed over a wide area along the shelf edge.  The catcher vessel longline fishery 
in the AI occurred primarily over mud bottoms.  Longline catcher-processors in the AI tended to fish 
more over rocky bottoms.  In the GOA, fishing effort was also dispersed over a wide area along the shelf, 
though pockets of trawl effort were located near Chirikof, Cape Barnabus, Cape Chiniak and Marmot 
Flats.  The GOA longline fishery for Pacific cod generally took place over gravel, cobble, mud, sand, and 
rocky bottoms, in depths of 25 fathoms to 140 fathoms. 


Impacts of the Pacific cod fisheries on essential fish habitat were further analyzed in an environmental 
impact statement by NMFS (2005), followed by “5-year reviews” in 2010 and 2017 (NMFS 2010 and 
2017, respectively). 


DATA GAPS AND RESEARCH PRIORITIES 
Significant improvements in the quality of this assessment could be made if future research were directed 
toward closing certain data gaps.  At this point, the most critical needs pertain to trawl survey catchability 
and selectivity and movement of Pacific cod, specifically: 1) to understand the factors determining these 
features, 2) to understand whether/how these features change over time, and 3) to obtain accurate 
estimates of these features.  These needs were highlighted in 2017 when the EBS shelf bottom trawl 
survey showed a 37% drop in estimated biomass relative to 2016 and the NBS bottom trawl survey 
showed a nearly commensurate increase in estimated biomass relative to the most recent survey in 2010.  
Additional surveys of the NBS are strongly encouraged, as are genetic analyses and tagging studies.  
Ageing also continues to be an issue, as the assessment models consistently estimate a positive ageing 
bias, at least for the first several ages.  Longer-term research needs include improved understanding of: 1) 
the ecology of Pacific cod in the EBS, including spatial dynamics, trophic and other interspecific 
relationships, and the relationship between climate and recruitment; 2) ecology of species taken as 
bycatch in the Pacific cod fisheries, including estimation of biomass, carrying capacity, and resilience; 
and 3) ecology of species that interact with Pacific cod, including estimation of interaction strengths, 
biomass, carrying capacity, and resilience. 
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TABLES 
Table 2.1a—Summary of 1964-1980 catches (t) of Pacific cod in the EBS by fleet sector.  “For.” = 
foreign, “JV” = joint venture processing, “Dom.” = domestic annual processing.  Catches by gear are not 
available for these years.  Catches may not always include discards.  


 


Table 2.1b—Summary of 1981-1990 catches (t) of Pacific cod in the EBS by fleet sector, and gear type.  
All catches include discards.  “LLine” = longline, “Subt.” = sector subtotal.  Breakdown of domestic 
annual processing by gear is not available prior to 1988. 


 


Year For. JV Dom. Total
1964 13,408 0 0 13,408
1965 14,719 0 0 14,719
1966 18,200 0 0 18,200
1967 32,064 0 0 32,064
1968 57,902 0 0 57,902
1969 50,351 0 0 50,351
1970 70,094 0 0 70,094
1971 43,054 0 0 43,054
1972 42,905 0 0 42,905
1973 53,386 0 0 53,386
1974 62,462 0 0 62,462
1975 51,551 0 0 51,551
1976 50,481 0 0 50,481
1977 33,335 0 0 33,335
1978 42,512 0 31 42,543
1979 32,981 0 780 33,761
1980 35,058 8,370 2,433 45,861


Year Trawl LLine Subt. Trawl Subt. Trawl LLine Pot Subt. Total
1981 30,347 5,851 36,198 7,410 7,410 n/a n/a n/a 12,899 56,507
1982 23,037 3,142 26,179 9,312 9,312 n/a n/a n/a 25,613 61,104
1983 32,790 6,445 39,235 9,662 9,662 n/a n/a n/a 45,904 94,801
1984 30,592 26,642 57,234 24,382 24,382 n/a n/a n/a 43,487 125,103
1985 19,596 36,742 56,338 35,634 35,634 n/a n/a n/a 51,475 143,447
1986 13,292 26,563 39,855 57,827 57,827 n/a n/a n/a 37,923 135,605
1987 7,718 47,028 54,746 47,722 47,722 n/a n/a n/a 47,435 149,903
1988 0 0 0 106,592 106,592 93,706 2,474 299 96,479 203,071
1989 0 0 0 44,612 44,612 119,631 13,935 145 133,711 178,323
1990 0 0 0 8,078 8,078 115,493 47,114 1,382 163,989 172,067


Foreign Joint Venture Domestic Annual Processing







Table 2.1c—Summary of 1991-2017 catches (t) of Pacific cod in the EBS by gear type.  The small 
catches taken by “other” gear types have been merged proportionally with the catches of the gear types 
shown.  Pot catches for 2014-2017 include the State-managed fishery.  Catches for 2017 are through 
October 8. 


 
  


Year Trawl Longline Pot Total
1991 129,393 77,505 3,343 210,241
1992 77,276 79,420 7,514 164,210
1993 81,792 49,296 2,098 133,186
1994 85,294 78,898 8,071 172,263
1995 111,250 97,923 19,326 228,498
1996 92,029 88,996 28,042 209,067
1997 93,995 117,097 21,509 232,601
1998 60,855 84,426 13,249 158,529
1999 51,939 81,520 12,408 145,867
2000 53,841 81,678 15,856 151,376
2001 35,670 90,394 16,478 142,542
2002 51,118 100,371 15,067 166,555
2003 46,717 108,769 19,957 175,443
2004 57,866 108,618 17,264 183,748
2005 52,638 113,190 17,112 182,940
2006 53,236 96,613 18,969 168,818
2007 45,700 77,181 17,248 140,129
2008 33,497 88,936 17,368 139,802
2009 36,959 96,606 13,609 147,174
2010 41,298 81,841 19,723 142,861
2011 64,086 117,075 28,063 209,224
2012 75,534 128,513 28,737 232,784
2013 81,615 124,794 30,261 236,671
2014 72,260 127,216 39,193 238,669
2015 66,677 128,189 37,938 232,803
2016 72,596 127,927 47,082 247,605
2017 67,901 93,654 38,092 199,646







Table 2.2—Discards (t) and discard rates (%) of Pacific cod in the Pacific cod fishery, by area, gear, and 
year for the period 1991-2017 (2017 data are current through October 8).  The small amounts of discards 
taken by other gear types have been merged proportionally into the gear types shown.  Note that 
Amendment 49, which mandated increased retention and utilization, was implemented in 1998.   


 


  


Year Trawl Longline Pot Total Trawl Longline Pot All
1991 1,278 1,493 4 2,774 4.11 2.62 0.26 3.10
1992 3,314 1,768 59 5,141 8.68 2.23 0.78 4.12
1993 5,449 2,234 25 7,708 12.89 4.54 1.21 8.24
1994 4,599 2,917 161 7,677 9.98 3.71 2.01 5.79
1995 7,987 3,669 222 11,877 12.24 3.77 1.15 6.54
1996 2,971 2,833 391 6,194 5.12 3.19 1.39 3.54
1997 3,327 3,183 79 6,590 5.42 2.72 0.37 3.30
1998 102 2,456 52 2,610 0.27 2.92 0.39 1.94
1999 353 1,285 52 1,691 0.95 1.58 0.42 1.29
2000 207 2,267 71 2,546 0.56 2.78 0.45 1.90
2001 142 1,531 52 1,726 0.76 1.70 0.32 1.38
2002 557 2,066 91 2,715 1.73 2.06 0.61 1.84
2003 240 1,771 159 2,170 0.79 1.63 0.80 1.36
2004 158 1,814 48 2,019 0.41 1.67 0.28 1.23
2005 86 2,599 61 2,747 0.26 2.30 0.36 1.68
2006 193 1,528 63 1,784 0.54 1.58 0.33 1.18
2007 238 1,373 45 1,656 0.74 1.78 0.26 1.31
2008 13 1,280 156 1,449 0.09 1.44 0.90 1.20
2009 126 1,503 16 1,645 1.02 1.56 0.12 1.34
2010 154 1,402 20 1,576 1.08 1.72 0.10 1.37
2011 121 1,860 32 2,013 0.42 1.59 0.11 1.16
2012 136 1,759 40 1,934 0.38 1.37 0.14 1.01
2013 220 3,066 90 3,376 0.58 2.46 0.30 1.75
2014 192 2,893 155 3,241 0.50 2.28 0.40 1.59
2015 141 2,374 104 2,618 0.43 1.85 0.27 1.32
2016 119 2,547 86 2,751 0.29 1.99 0.18 1.28
2017 257 1,478 60 1,796 0.67 1.58 0.16 1.06


Discard amount (t) Discard rate (%)







Table 2.3—History of BSAI (1977-2013) and EBS (2014-2017) Pacific cod catch, TAC, ABC, and OFL 
(t).  Catch for 2017 is through October 1.  Note that specifications through 2013 were for the combined 
BSAI region, so BSAI catch is shown rather than the EBS catches from Table 2.1 for the period 1977-
2013.  Source for historical specifications: NPFMC staff. 


 


Year Catch TAC ABC OFL
1977 36,597 58,000 - -
1978 45,838 70,500 - -
1979 39,354 70,500 - -
1980 51,649 70,700 148,000 -
1981 63,941 78,700 160,000 -
1982 69,501 78,700 168,000 -
1983 103,231 120,000 298,200 -
1984 133,084 210,000 291,300 -
1985 150,384 220,000 347,400 -
1986 142,511 229,000 249,300 -
1987 163,110 280,000 400,000 -
1988 208,236 200,000 385,300 -
1989 182,865 230,681 370,600 -
1990 179,608 227,000 417,000 -
1991 220,038 229,000 229,000 -
1992 207,278 182,000 182,000 188,000
1993 167,391 164,500 164,500 192,000
1994 193,802 191,000 191,000 228,000
1995 245,033 250,000 328,000 390,000
1996 240,676 270,000 305,000 420,000
1997 257,765 270,000 306,000 418,000
1998 193,256 210,000 210,000 336,000
1999 173,998 177,000 177,000 264,000
2000 191,060 193,000 193,000 240,000
2001 176,749 188,000 188,000 248,000
2002 197,356 200,000 223,000 294,000
2003 207,907 207,500 223,000 324,000
2004 212,618 215,500 223,000 350,000
2005 205,635 206,000 206,000 265,000
2006 193,025 194,000 194,000 230,000
2007 174,486 170,720 176,000 207,000
2008 171,277 170,720 176,000 207,000
2009 175,756 176,540 182,000 212,000
2010 171,875 168,780 174,000 205,000
2011 220,109 227,950 235,000 272,000
2012 250,899 261,000 314,000 369,000
2013 250,274 260,000 307,000 359,000
2014 238,669 246,897 255,000 299,000
2015 232,803 240,000 255,000 346,000
2016 247,605 238,680 255,000 390,000
2017 207,791 223,704 239,000 284,000







Table 2.4 (page 1 of 2)—Amendments to the BSAI Fishery Management Plan (FMP) that reference 
Pacific cod explicitly (excerpted from Appendix A of the FMP). 


  


Amendment 2, implemented January 12, 1982: 
For Pacific cod, decreased maximum sustainable yield to 55,000 t from 58,700 t, increased 
equilibrium yield to 160,000 t from 58,700 t, increased acceptable biological catch to 160,000 t from 
58,700 t, increased optimum yield to 78,700 t from 58,700 t, increased reserves to 3,935 t from 2,935 
t, increased domestic annual processing (DAP) to 26,000 t from 7,000 t, and increased DAH to 
43,265 t from 24,265 t. 


Amendment 4, implemented May 9, 1983, supersedes Amendment 2: 
For Pacific Cod, increased equilibrium yield and acceptable biological catch to 168,000 t from 
160,000 t, increased optimum yield to 120,000 t from 78,700 t, increased reserves to 6,000 t from 
3,935 t, and increased TALFF to 70,735 t from 31,500 t. 


Amendment 10, implemented March 16, 1987: 
Established Bycatch Limitation Zones for domestic and foreign fisheries for yellowfin sole and other 
flatfish (including rock sole); an area closed to all trawling within Zone 1; red king crab, C. bairdi 
Tanner crab, and Pacific halibut PSC limits for DAH yellowfin sole and other flatfish fisheries; a C. 
bairdi PSC limit for foreign fisheries; and a red king crab PSC limit and scientific data collection 
requirement for U.S. vessels fishing for Pacific cod in Zone 1 waters shallower than 25 fathoms. 


Amendment 24, implemented February 28, 1994, and effective through December 31, 1996: 
1. Established the following gear allocations of BSAI Pacific cod TAC as follows: 2 percent to 


vessels using jig gear; 44.1 percent to vessels using hook-and-line or pot gear, and 53.9 percent 
to vessels using trawl gear. 


2. Authorized the seasonal apportionment of the amount of Pacific cod allocated to gear groups. 
Criteria for seasonal apportionments and the seasons authorized to receive separate 
apportionments will be set forth in regulations. 


Amendment 46, implemented January 1, 1997, superseded Amendment 24: 
Replaced the three year Pacific cod allocation established with Amendment 24, with the following 
gear allocations in BSAI Pacific cod: 2 percent to vessels using jig gear; 51 percent to vessels using 
hook-and-line or pot gear; and 47 percent to vessels using trawl gear. The trawl apportionment will 
be divided 50 percent to catcher vessels and 50 percent to catcher processors. These allocations as 
well as the seasonal apportionment authority established in Amendment 24 will remain in effect until 
amended. 


Amendment 49, implemented January 3, 1998: 
Implemented an Increased Retention/Increased Utilization Program for pollock and Pacific cod 
beginning January 1, 1998 and rock sole and yellowfin sole beginning January 1, 2003. 


Amendment 64, implemented September 1, 2000, revised Amendment 46: 
Allocated the Pacific cod Total Allowable Catch to the jig gear (2 percent), fixed gear (51 percent), 
and trawl gear (47 percent) sectors. 


Amendment 67, implemented May 15, 2002, revised Amendment 39: 
Established participation and harvest requirements to qualify for a BSAI Pacific cod fishery 
endorsement for fixed gear vessels. 


Amendment 77, implemented January 1, 2004, revised Amendment 64: 
Implemented a Pacific cod fixed gear allocation between hook and line catcher processors (80 
percent), hook and line catcher vessels (0.3 percent), pot catcher processors (3.3 percent), pot catcher 
vessels (15 percent), and catcher vessels (pot or hook and line) less than 60 feet (1.4 percent). 


 
(Continued on next page.) 







 
Table 2.4 (page 2 of 2)—Amendments to the BSAI Fishery Management Plan (FMP) that reference 
Pacific cod explicitly (excerpted from Appendix A of the FMP). 


 


Amendment 85, partially implemented March 5, 2007, superseded Amendments 46 and 77: 
Implemented a gear allocation among all non-CDQ fishery sectors participating in the directed 
fishery for Pacific cod. After deduction of the CDQ allocation, the Pacific cod TAC is apportioned to 
vessels using jig gear (1.4 percent); catcher processors using trawl gear listed in Section 208(e)(1)-
(20) of the AFA (2.3 percent); catcher processors using trawl gear as defined in Section 219(a)(7) of 
the Consolidated Appropriations Act, 2005 (Public Law 108-447) (13.4 percent); catcher vessels 
using trawl gear (22.1 percent); catcher processors using hook-and-line gear (48.7 percent); catcher 
vessels ≥60’ LOA using hook-and-line gear (0.2 percent); catcher processors using pot gear (1.5 
percent); catcher vessels ≥60’ LOA using pot gear (8.4 percent); and catcher vessels <60’ LOA that 
use either hook-and-line gear or pot gear (2.0 percent). 


Amendment 99, implemented January 6, 2014 (effective February 6, 2014): 
Allows holders of license limitation program (LLP) licenses endorsed to catch and process Pacific 
cod in the Bering Sea/Aleutian Islands hook-and-line fisheries to use their LLP license on larger 
newly built or existing vessels by: 
1. Increasing the maximum vessel length limits of the LLP license, and 
2. Waiving vessel length, weight, and horsepower limits of the American Fisheries Act. 


Amendment 103, implemented November 14, 2014: 
Revise the Pribilof Islands Habitat Conservation Zone to close to fishing for Pacific cod with pot 
gear (in addition to the closure to all trawling). 


Amendment 109, implemented May 4, 2016: 
Revised provisions regarding the Western Alaska CDQ Program to update information and to 
facilitate increased participation in the groundfish CDQ fisheries (primarily Pacific cod) by: 


1. Exempting CDQ group-authorized catcher vessels greater than 32 ft LOA and less than or equal 
to 46 ft LOA using hook-and-line gear from License Limitation Program license requirements 
while groundfish CDQ fishing, 


2. Modifying observer coverage category language to allow for the placement of catcher vessels less 
than or equal to 46 ft LOA using hook-and-line gear into the partial observer coverage category 
while groundfish CDQ fishing, and 


3. Updating CDQ community population information, and making other miscellaneous editorial 
revisions to CDQ Program-related text in the FMP. 


Amendment 113, implemented November 23, 2016: 
1. Reserves up to 5,000 mt of TAC in the AI non-CDQ Pacific cod fishery exclusively for harvest 


by vessels directed fishing for AI Pacific cod for processing by Aleutian Islands shoreplants from 
January 1 until March 15. 


2. Limits the amount of the trawl CV sector’s BSAI Pacific cod A-season allocation that can be 
caught in the Bering Sea subarea before March 21 


3. Imposes the Aleutian Islands Catcher Vessel Harvest Set-Aside if NMFS is notified in advance as 
specified in regulations implementing the FMP amendment and certain performance measures are 
met. 







Table 2.5a (page 1 of 5)—Fishery survey size composition as used in Model 16.6, by year and cm (number of fish measured in column 2). 
 


  


Year N 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
1977 2090 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 5 9 14 9 24
1978 11558 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 6 2 6 9 39 46 39 39 25 18 16 6 7
1979 17072 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 9 24 44 32 71 105 149 178
1980 14963 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 15 13 31 35 33 54 87 110
1981 10729 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 2 2 2 3 2 9 7 21 46 56 125 230 320 356 420
1982 13423 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 3 1 2 2 4 10 29 56 66 56
1983 56692 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 8 12 14 4 18 28 25 47 88 120 131 114 87 84
1984 138445 0 0 0 0 0 0 0 0 2 0 2 0 3 6 8 13 47 77 86 95 112 83 109 179 246 375 475 518 499 494 480 502 515 528
1985 204686 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 4 4 0 0 1 0 1 2 13 30 36 50 72 140 165 170
1986 178623 0 0 0 0 0 0 0 0 2 2 5 5 12 21 4 6 12 26 24 35 45 59 47 89 129 147 179 306 437 606 723 762 852 820
1987 340561 0 0 0 0 0 0 0 0 0 0 2 1 2 8 18 21 15 15 33 14 23 36 77 84 131 222 309 380 391 431 504 513 507 536
1988 105626 0 1 0 0 0 1 0 0 0 0 0 0 1 1 2 2 1 3 1 4 13 11 7 14 27 59 113 218 303 436 527 648 727 678
1989 70009 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 0 4 6 3 3 2 1 1 2 9 22 58 113 96 190 203 266 339 322
1990 260939 0 0 0 0 0 0 0 0 0 0 0 0 0 7 4 2 1 6 2 15 49 36 66 132 166 343 363 595 485 574 545 554 547 529
1991 358383 0 0 0 0 0 0 0 0 0 2 0 2 2 6 1 6 6 10 8 11 14 40 86 153 281 424 619 808 904 875 836 808 827 797
1992 371204 0 0 0 0 0 0 0 0 2 0 3 5 6 3 12 2 13 8 16 16 29 28 68 76 117 167 306 379 463 669 784 921 1001 1040
1993 233591 0 0 0 0 1 0 0 0 0 0 0 1 3 4 1 4 5 10 13 9 21 20 37 63 100 179 375 536 642 747 754 782 783 828
1994 373943 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 6 7 17 9 19 45 75 128 220 416 620 948 1167 1473 1687 1740 1743 1459
1995 370204 0 0 0 0 0 0 0 0 0 0 0 0 9 12 14 16 22 23 22 28 40 46 80 77 111 119 151 167 213 239 222 288 344 450
1996 465413 0 0 0 0 0 2 0 0 3 3 3 5 11 5 16 16 8 23 12 5 14 11 53 81 199 289 443 582 684 716 724 729 693 663
1997 504780 0 2 2 0 8 0 2 0 2 5 0 2 8 17 29 50 49 59 47 53 23 42 55 78 154 266 393 665 902 1136 1236 1443 1432 1362
1998 448236 0 0 0 0 0 1 0 0 0 1 0 3 3 4 4 1 1 11 11 15 9 55 107 212 316 474 613 637 685 699 659 625 603 701
1999 191044 0 2 3 2 0 1 1 2 0 0 0 0 1 0 2 5 3 4 0 4 2 4 4 24 43 76 144 204 211 182 197 206 181 253
2000 200868 0 1 2 1 2 1 0 2 0 9 0 0 0 0 1 0 1 1 1 0 2 3 1 4 18 31 51 51 68 60 59 85 106 143
2001 211995 0 1 6 0 1 0 0 0 0 0 0 0 1 1 0 0 2 3 4 2 2 1 3 6 4 9 11 21 37 45 73 102 152 233
2002 232141 0 4 5 4 0 4 0 0 0 0 2 2 0 4 2 3 6 8 5 8 10 10 21 18 38 45 92 134 196 226 294 342 399 490
2003 289554 0 4 7 7 0 0 1 0 0 0 0 3 1 0 0 1 1 3 2 0 1 1 2 3 3 11 13 40 66 121 162 226 291 331
2004 235106 0 0 1 1 1 1 0 0 0 1 1 0 0 0 0 0 2 0 0 4 2 0 4 5 8 9 25 31 40 70 104 125 172 192
2005 230240 0 4 2 5 0 1 0 0 0 0 0 0 1 1 2 2 0 4 3 3 5 3 8 10 5 15 35 55 63 78 126 156 185 205
2006 181719 0 0 2 4 1 0 0 0 0 0 0 0 0 0 2 0 1 4 4 6 1 1 3 2 7 2 10 20 37 54 78 98 107 168
2007 141530 0 0 2 1 1 1 0 0 0 0 1 2 1 0 3 3 2 4 2 6 6 7 11 6 19 20 34 65 57 72 94 103 114 111
2008 168001 0 3 0 0 0 0 0 0 0 0 0 0 1 1 0 3 2 1 4 3 6 18 27 26 45 42 49 43 45 49 65 68 107 146
2009 148728 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 2 1 2 4 4 14 9 9 18 26 43 54
2010 131119 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 3 4 3 5 12 13 15 23 10 20 26 32 57 76
2011 171418 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 3 2 4 19 24 28 0 41 39 39 64 100
2012 188917 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 2 0 1 3 24 29 42 38 48 60 52 80 83 77 97
2013 237857 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 3 0 0 0 1 8 4 9 28 39 59 82 76 127 149 156 236 256 355
2014 234761 0 0 0 0 0 0 0 0 0 0 0 0 1 1 4 0 1 0 2 0 0 0 5 10 18 32 40 47 93 106 109 104 96 131
2015 215764 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 1 3 3 5 18 28 52 81 96 103 154 143 157
2016 187683 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 4 3 4 17 21 20 39 49 69
2017 101220 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 1 0 1 1 2 4 0 0 0 0 0 1 1 4 4 11 11 30







Table 2.5a (page 2 of 5)—Fishery survey size composition as used in Model 16.6, by year and cm. 
 


 
 


Year 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
1977 25 28 20 15 27 20 10 14 10 6 14 21 35 54 94 80 95 91 77 73 69 62 72
1978 22 19 15 9 13 20 30 46 68 88 124 155 197 274 321 390 505 587 670 759 709 737 724
1979 281 388 380 495 566 560 495 490 472 409 383 284 265 257 307 322 351 372 392 432 482 483 509
1980 182 214 374 451 526 582 545 575 526 561 470 466 384 425 401 373 378 407 404 372 357 394 354
1981 363 277 266 177 167 212 256 305 364 456 421 410 405 392 400 396 358 298 306 263 248 241 224
1982 73 66 42 30 43 81 104 153 123 175 155 155 198 156 257 234 342 344 329 308 339 374 350
1983 73 102 99 161 250 320 380 386 449 435 469 459 414 512 580 677 866 1176 1251 1470 1507 1757 1818
1984 613 547 507 508 532 640 730 875 858 807 841 867 926 957 1040 1028 1350 1568 1861 2341 2448 2764 3150
1985 297 349 553 814 1144 1549 1782 1829 1994 2249 2384 2816 3143 3428 3799 4000 4120 3936 3616 3478 3218 2995 3030
1986 766 735 821 718 776 910 1098 1383 1376 1639 1864 2084 2333 2733 3020 3122 3822 4008 4318 4724 4923 5037 5280
1987 583 705 963 1244 1526 1969 2203 2461 3040 3266 3450 3864 4497 4863 5769 6518 7352 8110 8385 8803 9046 9110 9390
1988 745 667 808 895 1170 1496 1979 2220 2432 2588 2537 2378 2395 2168 2338 2396 2435 2331 2345 2294 2272 2099 2190
1989 411 379 309 344 340 383 495 549 677 778 783 948 1028 973 1095 1125 1164 1162 1162 1186 1203 1225 1282
1990 420 467 443 398 359 389 387 386 506 639 657 951 1091 1662 1787 2081 2300 2682 3137 3553 4006 4604 5057
1991 802 846 872 1017 1127 1423 1782 2148 2805 3162 3446 4116 3862 3821 4129 3971 4053 4106 4392 4428 4905 5206 5906
1992 1248 1445 1974 2584 3480 4098 5186 6016 6236 6613 7094 7309 7687 7506 7760 7670 7535 7703 7387 7599 7546 7671 8136
1993 1052 1657 2406 3230 4071 4489 4941 4973 5205 5038 4940 5282 5574 6022 6632 7078 7476 7720 7867 7797 7538 7180 7198
1994 1214 1098 1037 1189 1565 2087 2615 3673 3995 4805 5622 6408 7799 8180 9370 9922 10571 11707 11662 12491 12553 12456 14184
1995 705 1251 2202 3227 4486 5539 6571 6618 6785 6507 6124 5989 6248 6181 6746 7423 8288 9013 9707 10160 10881 11531 12136
1996 614 674 809 1048 1504 2044 2882 3832 4625 5611 6770 8236 9810 10937 12031 12968 13520 14183 14219 14293 14292 14216 14156
1997 1279 1230 1240 1416 1633 2096 2839 3874 4501 5348 5836 6577 7136 7552 8159 9096 10485 11672 12372 13731 14636 16243 17601
1998 664 843 1217 1607 2095 2585 3207 3948 4342 4655 5178 5569 6089 6624 6992 7612 8152 9143 9411 10132 10689 11163 12626
1999 365 608 1061 1547 2320 2876 3247 3716 3851 3977 4108 4047 4199 4084 4240 4396 4228 4596 4605 4410 4615 4640 5067
2000 216 305 505 749 980 1323 1523 1916 2271 2741 3181 3631 4119 4725 5206 5598 6014 6293 6725 6818 6946 7187 7472
2001 279 441 531 833 1036 1271 1557 1817 2196 2620 2851 3342 3620 4052 4667 5193 5838 6438 6817 7368 7518 7820 8310
2002 518 739 1002 1382 1865 2378 2662 3141 3458 4019 4298 4796 5163 5416 5747 6002 6370 6619 6750 7092 7420 7491 8020
2003 411 564 800 1124 1591 2203 2848 3635 3985 4790 5421 5968 6823 7324 8599 8858 9525 9734 10056 10132 9933 9785 10164
2004 240 251 369 439 621 821 1102 1492 1931 2400 2759 3372 4028 4620 5114 5898 6414 7098 7739 8288 8455 9132 9869
2005 236 309 376 649 727 940 1236 1648 2026 2309 2632 3047 3291 3643 4127 4423 4855 5278 5835 6087 6328 6547 7162
2006 198 221 275 373 467 605 693 969 1273 1577 1967 2324 2820 3178 3667 4033 4398 4813 5038 5203 5274 5199 5551
2007 145 193 219 245 310 424 481 697 870 1055 1315 1538 1949 2129 2465 2741 3024 3351 3590 3837 4128 4249 5015
2008 209 355 556 722 884 1125 1181 1490 1603 1806 1955 2257 2671 2866 3376 3811 4052 4515 4741 5027 5244 5477 5935
2009 151 233 443 638 737 1017 1232 1641 2039 2474 3294 3794 4683 5172 5444 5682 5225 4930 4779 4412 4206 4080 4385
2010 125 199 335 436 552 638 779 871 998 1226 1547 2012 2544 3016 3516 4057 4276 4758 4791 5078 5313 5378 5747
2011 168 314 564 791 1061 1428 1709 2096 2398 2847 3490 4074 4440 4686 4747 4877 4810 4857 4810 5135 5392 5758 6331
2012 106 129 207 383 527 693 817 1139 1221 1444 1822 2559 3648 4571 5428 6162 7003 7609 7791 7961 7930 8278 8833
2013 366 499 663 941 1242 1599 1962 2316 2536 2866 3185 3353 4126 4823 5403 5905 6378 6919 7299 7580 7868 8489 9308
2014 232 377 689 1070 1514 1962 2221 2418 2563 2701 3026 3541 4573 4831 5350 5871 6369 6717 6926 7317 7461 7697 8488
2015 176 194 239 360 489 787 966 1327 1622 2004 2419 2712 3442 4189 4872 5675 6529 7177 8002 8373 8826 8836 9107
2016 72 101 173 309 503 785 1153 1585 2024 2404 2717 2929 3317 3580 3683 3948 4103 4474 4792 5114 5481 5976 6693
2017 47 40 62 70 97 132 151 262 301 448 624 875 1222 1603 1977 2383 2846 3199 3467 3498 3735 3580 3743







Table 2.5a (page 3 of 5)—Fishery survey size composition as used in Model 16.6, by year and cm. 
 


 
 


Year 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81
1977 74 79 79 87 86 99 72 59 55 48 46 35 25 18 28 21 20 20 11 12 8
1978 655 604 506 452 364 266 210 212 193 179 146 119 135 122 92 91 75 69 48 40 25
1979 540 578 569 601 593 578 518 493 372 373 347 254 230 208 154 116 122 84 57 44 48
1980 364 288 255 244 227 178 192 215 205 252 236 225 240 216 209 196 192 152 130 107 90
1981 211 176 178 133 143 136 107 105 93 92 76 72 63 56 49 50 35 25 24 14 17
1982 391 440 443 466 517 503 483 503 476 519 482 512 404 374 338 284 289 198 198 150 169
1983 2022 2157 1931 2064 2147 2228 2022 2008 2058 1958 1791 1722 1601 1550 1443 1300 1294 1236 1154 1060 912
1984 3530 3898 4142 4662 4730 4782 5030 5250 5148 5105 4997 4921 4802 4519 4215 4103 3772 3462 3243 2872 2589
1985 2966 3117 3620 4129 4872 5353 6162 6694 7257 7928 7753 8034 7786 7471 7099 6625 6201 5544 4910 4668 3919
1986 5373 5681 5652 5836 5687 5381 5546 4977 4473 4102 3989 3928 3892 4017 4077 3766 3866 3750 3680 3522 3227
1987 8970 9075 9318 9746 9626 10088 10242 10313 9949 10298 9905 9665 9720 9205 9010 8061 7867 7265 6348 6167 5208
1988 2135 1935 1903 2017 2135 2125 2143 2451 2358 2629 2628 2651 2698 2590 2758 2320 2296 2092 1877 1728 1504
1989 1386 1356 1496 1571 1622 1635 1647 1772 1870 2008 1963 1933 2065 2028 2157 1864 1903 1811 1741 1668 1541
1990 5616 6618 6885 7328 8015 8401 8516 8576 9101 8913 8845 9097 8656 8773 8567 8258 7802 7310 7000 6290 6013
1991 6331 7227 7937 8735 9464 9865 10601 11000 11416 11644 11314 11903 11148 11422 11459 10707 9878 9570 9045 8551 7700
1992 8081 8769 8721 9306 9994 9599 9976 10170 9912 9981 8789 9055 8219 8085 8097 7129 6853 6653 6136 6318 5252
1993 6611 6333 5941 5371 5014 4629 4491 4231 3972 3957 3584 3614 3422 3291 3171 2998 2711 2728 2503 2448 2164
1994 13134 13285 13223 13298 13378 12484 12655 12002 10739 10961 8449 7744 7138 6205 5913 4678 4344 3794 3144 3338 2647
1995 12354 13073 13374 12997 13854 13029 13192 12691 11914 11667 9681 8940 7894 7100 6388 5378 4789 4160 3644 3282 2640
1996 13776 13773 13961 13948 14225 13818 13699 13352 13133 13690 11934 11601 10765 10453 9858 8704 8035 7300 6571 6212 5336
1997 17907 19064 19352 19804 19896 19353 18877 18329 17416 16958 14269 13415 12175 10942 10341 8909 8026 7127 6520 5705 4660
1998 13107 14087 15017 15734 16331 16696 17257 16947 16647 17092 15108 14732 13818 12526 11319 10119 8929 7889 6906 6209 5107
1999 4884 5314 5598 5319 5620 5549 5621 5645 5345 5666 5067 5261 4595 4341 4007 3690 3134 2981 2626 2535 2107
2000 7557 7655 7612 7331 6791 6575 6350 5794 5403 5170 4314 4245 3891 3642 3270 2966 2690 2544 2298 2091 1870
2001 8324 8395 8693 8447 8440 8033 7913 7531 7240 7075 5977 5247 4588 4086 3505 2921 2413 2052 1849 1644 1397
2002 8193 8400 8426 8462 8161 8068 7955 7931 7263 6971 6159 5640 4753 4410 3703 3296 2833 2501 2122 1764 1560
2003 9786 9728 9893 9362 9428 9048 8768 8807 7942 8359 6967 6593 5965 5587 5023 4452 3905 3460 3035 2895 2371
2004 9817 9822 9937 9724 9319 8820 8333 7954 7367 7209 6113 5429 4806 4505 3855 3564 2990 2820 2459 2336 2036
2005 7314 7552 7866 8039 8118 8013 8285 8294 7912 8395 7086 6742 6282 5813 5434 4943 4394 4238 3574 3504 3066
2006 5298 5488 5443 5457 5350 5303 5347 5347 5051 5605 4635 4631 4424 4439 4068 3843 3549 3513 3211 3137 2778
2007 4732 4904 4804 4956 4789 4504 4512 4509 3969 4316 3591 3331 3123 2930 2908 2507 2450 2285 2069 2229 2014
2008 5870 5731 6142 6046 5971 6195 5947 5813 5243 5287 4557 4161 3848 3440 2950 2640 2291 2099 1802 1836 1529
2009 4360 4487 4689 4756 4775 4615 4670 4652 4335 4506 3649 3435 3164 2813 2400 2178 1797 1741 1362 1197 1086
2010 5737 5922 5892 5666 5273 4835 4481 4088 3530 3524 2800 2619 2333 2139 1916 1757 1375 1263 1085 1053 868
2011 6505 6894 7259 7275 7444 6684 6417 6043 5600 5255 4056 3558 3024 2739 2372 1921 1508 1384 1185 1155 923
2012 8156 8018 8145 7697 7589 6843 6592 6213 5778 6123 4688 3924 3594 3095 2765 2130 1753 1548 1236 1106 849
2013 9582 10016 10248 10584 10589 10150 9834 9035 8521 8248 6722 6170 5366 4561 3896 3156 2561 2195 1688 1415 1157
2014 8183 8320 8820 8760 9107 8904 9015 8770 8487 8425 7270 6592 6153 5455 4772 3990 3276 2856 2389 2061 1582
2015 8930 8949 8812 8887 8510 7966 7868 7529 6762 6894 5544 5125 4753 4219 3739 3247 2822 2411 2100 1924 1516
2016 6632 7299 7870 8027 8314 8235 8051 7753 7080 7076 5946 5227 4804 4534 3763 3249 2703 2531 2077 1734 1420
2017 3694 3665 3693 3699 3821 3971 3812 3960 3925 4061 3386 3235 3031 2802 2429 2288 1873 1618 1284 1174 874







Table 2.5a (page 4 of 5)—Fishery survey size composition as used in Model 16.6, by year and cm. 
 


 
  


Year 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107
1977 7 2 7 1 5 2 0 0 1 0 3 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0
1978 46 36 27 25 16 15 14 9 5 2 4 3 4 4 1 0 0 1 1 0 0 0 0 0 0 0
1979 41 22 22 25 11 13 9 9 6 8 8 4 8 2 2 2 3 0 2 1 1 0 2 0 0 2
1980 74 54 39 36 38 33 34 14 29 17 18 15 5 10 8 5 3 2 2 2 0 2 3 2 0 0
1981 6 12 5 7 7 6 4 2 5 2 2 0 3 0 0 1 0 2 0 0 0 0 0 0 0 0
1982 87 86 75 42 31 43 30 31 37 18 25 12 20 26 12 12 7 10 1 6 0 6 0 1 3 0
1983 714 628 550 490 437 352 296 212 202 159 137 112 62 53 46 37 36 24 24 19 17 5 6 7 4 0
1984 2366 2199 1899 1655 1307 1230 1053 784 689 504 437 318 258 196 130 122 76 54 47 42 33 22 10 10 6 3
1985 3638 3155 2803 2608 2161 1782 1607 1406 1235 929 805 697 596 469 327 265 210 197 114 101 66 63 27 33 23 9
1986 2890 2827 2411 2200 1885 1579 1347 1084 968 750 612 556 444 391 284 240 175 152 148 113 76 56 39 44 25 17
1987 4814 4675 4025 3786 3417 3130 2758 2484 2338 1980 1703 1562 1194 1135 746 731 551 461 398 283 260 200 134 132 64 42
1988 1198 1054 921 890 783 623 557 477 534 406 321 323 245 304 191 141 126 112 103 99 79 49 40 28 23 18
1989 1456 1291 1227 1090 944 903 807 669 593 485 378 413 321 310 197 211 190 177 133 131 73 70 61 49 35 23
1990 5461 5035 4599 4342 3915 3448 3149 3102 2434 2352 2206 2075 1704 1675 1367 1234 1067 891 606 557 463 466 313 233 166 139
1991 7487 6817 6402 6014 5336 4767 4393 4216 3686 3020 2851 2403 2123 1936 1702 1480 1342 1125 898 733 654 569 436 371 252 183
1992 5035 4772 4461 4209 3541 3382 3238 3032 2776 2187 2110 1879 1648 1580 1368 1199 1048 1008 867 662 507 519 386 318 189 169
1993 1969 1935 1726 1553 1460 1234 1155 1023 1019 762 764 677 564 530 448 357 393 322 236 201 184 151 117 90 59 41
1994 2468 2201 2003 1930 1707 1517 1365 1266 1379 916 904 770 715 644 550 498 429 342 369 254 237 182 168 136 110 70
1995 2509 2212 1980 1795 1508 1353 1221 1159 1114 718 757 736 623 538 495 375 358 302 293 231 201 143 128 103 76 47
1996 4850 4313 4032 3498 3097 2746 2442 2233 2139 1587 1545 1347 1216 1109 954 783 621 601 588 428 354 326 241 209 157 142
1997 4275 4055 3675 3383 3073 2756 2539 2352 2055 1672 1477 1271 1073 1067 889 695 610 495 447 335 290 248 219 175 116 112
1998 4621 4189 3541 3034 2591 2199 2011 1669 1760 1315 1166 1101 956 900 741 678 590 507 435 297 267 210 222 150 109 95
1999 1881 1663 1413 1277 1047 854 765 673 640 533 429 379 301 239 234 180 152 161 170 101 95 68 52 61 45 32
2000 1637 1533 1287 1195 1052 971 829 726 696 537 491 410 367 314 295 232 209 156 147 111 103 73 60 53 31 17
2001 1159 974 913 774 703 556 501 436 453 353 335 271 252 225 210 185 147 105 110 93 67 65 40 39 32 22
2002 1299 1120 950 779 673 591 466 420 398 289 270 234 235 216 146 159 113 95 74 67 57 38 35 36 33 13
2003 2001 1731 1428 1290 985 879 756 592 518 418 334 297 241 206 166 156 117 96 83 75 63 43 31 26 18 15
2004 1732 1567 1375 1176 1067 862 792 681 579 502 394 346 272 261 213 154 124 107 104 81 60 53 31 28 16 16
2005 2673 2342 2188 1879 1560 1452 1331 1137 1151 838 756 630 553 463 383 290 263 179 154 99 106 64 74 36 30 13
2006 2737 2551 2391 2012 1891 1733 1504 1443 1375 1045 957 852 768 655 508 481 439 367 308 228 186 140 123 88 79 67
2007 1831 1825 1750 1625 1474 1466 1396 1286 1232 1049 880 871 753 690 592 473 428 366 333 257 185 152 135 92 60 54
2008 1393 1359 1222 1132 1051 952 1023 851 910 795 765 646 592 568 478 441 374 293 297 190 175 138 110 84 36 37
2009 926 707 678 529 493 454 389 370 353 283 266 219 214 194 177 165 137 113 109 83 68 62 47 39 28 20
2010 639 608 514 448 378 299 268 189 207 128 123 101 101 63 48 56 45 35 46 38 25 21 26 15 11 8
2011 759 638 590 486 382 371 308 241 230 174 142 111 99 93 63 76 59 44 49 30 28 24 10 19 13 8
2012 731 566 508 383 349 236 213 223 175 130 111 81 93 59 43 70 36 32 32 23 20 15 10 14 6 5
2013 993 719 558 502 376 323 248 218 192 129 111 103 113 70 51 37 38 28 39 19 20 12 9 11 7 4
2014 1257 1055 843 683 535 457 374 292 277 207 162 147 108 100 74 62 57 50 20 27 19 16 15 5 5 3
2015 1398 1161 979 836 708 593 467 416 343 232 178 168 142 105 69 69 52 42 45 21 20 16 9 2 3 6
2016 1243 987 867 703 637 471 436 347 309 221 203 154 138 120 85 79 39 41 39 24 20 9 14 7 4 3
2017 735 638 593 453 341 307 257 231 185 149 110 101 71 56 61 46 29 33 15 13 23 18 3 5 4 8







Table 2.5a (page 5 of 5)—Fishery survey size composition as used in Model 16.6, by year and cm. 
 


 
 


Year 108 109 110 111 112 113 114 115 116 117 118 119 120+
1977 0 0 0 0 0 0 0 0 0 0 0 0 0
1978 0 0 0 0 0 0 0 0 0 0 0 0 0
1979 0 0 0 0 0 0 0 0 0 0 0 0 0
1980 0 0 0 2 0 0 0 0 0 0 0 0 0
1981 0 0 0 0 0 0 0 0 0 0 0 0 0
1982 0 0 1 0 0 0 0 0 0 0 0 0 0
1983 6 0 4 0 0 2 0 0 0 0 0 0 0
1984 1 3 2 0 3 1 0 1 0 0 0 0 0
1985 8 5 5 3 2 4 4 4 0 0 2 0 0
1986 7 9 11 2 1 0 2 1 1 0 2 2 5
1987 25 23 26 14 9 5 7 6 1 3 3 0 0
1988 8 8 7 3 5 0 0 1 0 0 0 0 0
1989 12 21 12 7 7 5 1 1 0 3 0 2 19
1990 114 71 68 39 17 23 18 12 8 5 0 2 0
1991 149 74 64 40 39 17 17 8 2 0 4 1 4
1992 98 88 76 55 26 21 15 14 3 3 0 1 2
1993 36 42 28 5 10 3 5 5 6 7 2 0 4
1994 53 42 62 27 21 15 12 15 8 0 7 1 11
1995 35 24 44 11 16 8 7 10 7 0 2 1 12
1996 90 66 75 54 46 23 22 15 10 3 6 7 27
1997 79 66 62 19 25 12 6 9 5 8 2 1 13
1998 71 59 57 22 21 28 18 3 6 9 6 2 10
1999 28 20 27 12 10 4 1 3 4 2 1 2 16
2000 29 16 26 10 8 6 13 4 1 2 0 2 12
2001 19 14 11 4 5 7 5 3 1 0 0 1 0
2002 10 4 14 3 2 6 0 4 0 1 0 0 0
2003 14 4 9 4 4 0 1 2 1 0 0 1 1
2004 11 9 13 4 4 1 0 1 0 0 1 0 3
2005 10 12 6 4 4 4 0 2 0 0 2 0 0
2006 33 26 26 16 12 11 3 7 3 5 3 0 1
2007 33 25 22 8 10 7 7 5 2 2 0 0 4
2008 30 15 12 9 7 1 0 0 0 0 1 0 4
2009 12 13 10 9 8 0 4 0 0 1 0 0 0
2010 3 9 8 2 0 1 1 1 0 0 0 1 2
2011 6 2 1 2 3 2 0 0 0 0 0 0 3
2012 4 2 2 1 1 2 0 0 0 0 0 0 0
2013 8 3 0 0 1 0 1 1 0 1 0 0 0
2014 1 5 1 0 0 0 0 2 0 0 0 0 1
2015 4 0 0 0 0 0 0 0 0 0 0 0 1
2016 6 4 2 0 0 0 0 0 1 0 0 0 0
2017 2 0 0 0 2 0 0 0 0 0 0 0 0







Table 2.5b (page 1 of 6)—Fishery survey size composition as used in Models 17.x, by year and cm (number of hauls sampled in column 2). 
 


 
  


Year N 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
1977 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1978 160 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.08 0.03 0.08 0.12 0.54
1979 235 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00
1980 208 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03
1981 148 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.03 0.03 0.03 0.04 0.03 0.12 0.10
1982 187 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.04 0.01
1983 782 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.11 0.17 0.19 0.06 0.25 0.39
1984 1913 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.04 0.08 0.11 0.18 0.65 1.06 1.19 1.31 1.55 1.15 1.51 2.47 3.40 5.18
1985 2825 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.00 0.00 0.01 0.00 0.01 0.03
1986 2496 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.07 0.07 0.17 0.29 0.06 0.08 0.17 0.36 0.34 0.49 0.63 0.82 0.66 1.24 1.80 2.05
1987 4726 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.03 0.11 0.25 0.29 0.21 0.21 0.46 0.19 0.32 0.50 1.07 1.17 1.82 3.08
1988 1458 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.03 0.03 0.01 0.04 0.01 0.06 0.18 0.15 0.10 0.19 0.37 0.81
1989 966 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.01 0.00 0.06 0.08 0.04 0.04 0.03 0.01 0.01 0.03 0.12 0.30
1990 3601 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.06 0.03 0.01 0.08 0.03 0.21 0.68 0.50 0.91 1.82 2.29 4.73
1991 5188 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.04 0.05 0.01 0.04 0.00 0.15 0.07 0.21 0.38 0.37 0.82 1.46 2.26 3.59
1992 5322 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.10 0.10 0.02 0.20 0.00 0.11 0.07 0.14 0.06 0.21 0.15 0.52 0.84 1.22 2.15
1993 2993 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.07 0.02 0.08 0.03 0.13 0.09 0.06 0.11 0.16 0.26 0.53 0.92 1.94
1994 4687 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.04 0.01 0.00 0.00 0.04 0.10 0.15 0.36 0.21 0.45 0.88 1.74 3.05 4.95 9.30
1995 5215 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.37 0.43 0.48 0.59 0.69 0.63 0.70 1.13 1.24 2.09 1.83 2.61 2.53
1996 6618 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.08 0.07 0.07 0.13 0.30 0.11 0.40 0.41 0.20 0.54 0.31 0.17 0.26 0.38 1.17 1.97 4.60 6.75
1997 7278 0.00 0.03 0.02 0.00 0.16 0.00 0.03 0.00 0.03 0.07 0.00 0.01 0.13 0.32 0.64 1.16 1.05 1.22 0.97 1.06 0.44 0.84 1.17 1.64 2.99 5.45
1998 6838 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.02 0.00 0.11 0.07 0.16 0.11 0.00 0.02 0.16 0.21 0.26 0.26 1.45 2.98 5.51 7.70 11.75
1999 9231 0.00 0.00 0.09 0.05 0.13 0.05 0.09 0.07 0.00 0.00 0.00 0.00 0.06 0.00 0.17 0.14 0.09 0.21 0.00 0.15 0.09 0.20 0.34 1.57 2.95 3.88
2000 9731 0.00 0.08 0.12 0.04 0.06 0.04 0.00 0.01 0.00 0.17 0.00 0.00 0.00 0.00 0.06 0.00 0.12 0.02 0.09 0.00 0.10 0.16 0.13 0.36 1.19 2.17
2001 10364 0.00 0.13 0.32 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.10 0.05 0.09 0.20 0.17 0.19 0.07 0.12 0.11 0.32 0.35 0.06 0.12
2002 11472 0.00 0.16 0.24 0.07 0.00 0.15 0.00 0.00 0.00 0.00 0.01 0.08 0.00 0.09 0.21 0.12 0.49 0.53 0.44 0.42 0.79 0.76 0.97 1.35 2.42 2.94
2003 14341 0.00 0.06 0.14 0.49 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.23 0.13 0.00 0.01 0.16 0.26 0.04 0.08 0.00 0.09 0.01 0.19 0.07 0.25 0.61
2004 12242 0.00 0.00 0.17 0.06 0.09 0.04 0.00 0.00 0.00 0.17 0.09 0.01 0.00 0.01 0.00 0.01 0.07 0.00 0.02 0.25 0.03 0.01 0.13 0.26 0.45 0.35
2005 11568 0.00 0.15 0.04 0.29 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.16 0.06 0.00 0.03 0.03 0.10 0.41 0.06 0.32 0.35 0.25 1.02
2006 8849 0.00 0.00 0.08 0.17 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.11 0.00 0.12 0.20 0.15 0.18 0.07 0.01 0.01 0.10 0.26 0.08
2007 6901 0.00 0.00 0.12 0.08 0.01 0.01 0.00 0.00 0.00 0.00 0.10 0.21 0.01 0.00 0.29 0.24 0.17 0.40 0.24 0.41 0.58 0.74 0.98 0.90 1.60 1.50
2008 8320 0.00 0.07 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.14 0.17 0.00 0.26 0.24 0.08 0.14 0.37 0.97 1.65 2.97 2.40 4.71 3.64
2009 7482 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.00 0.00 0.01 0.06 0.03 0.03 0.10 0.07 0.31 0.42
2010 6514 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.27 0.09 0.09 0.15 0.24 0.18 0.42 1.09 1.12
2011 8804 0.05 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.03 0.26 0.33 0.16 0.63
2012 9287 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.28 0.32 0.01 0.05 0.44 1.23 2.05 2.53
2013 11126 0.00 0.01 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16 0.00 0.00 0.00 0.14 0.23 0.12 0.32 0.59 1.14 1.21
2014 12165 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.18 0.05 0.38 0.09 0.02 0.00 0.09 0.00 0.00 0.01 0.49 0.64 2.30 1.95
2015 11309 0.00 0.00 0.00 0.18 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.11 0.00 0.00 0.11 0.42 0.36 1.26
2016 9773 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.00 0.02 0.51
2017 5334 0.00 0.00 0.00 0.09 0.00 0.00 0.03 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.09 0.01 0.11 0.45 0.00 0.00 0.00 0.00







Table 2.5b (page 2 of 6)—Fishery survey size composition as used in Models 17.x, by year and cm. 
 


 


Year 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
1977 0.00 0.03 0.03 0.07 0.13 0.20 0.13 0.34 0.36 0.40 0.29 0.22 0.39 0.29 0.14 0.20 0.14 0.09 0.20 0.30 0.50
1978 0.64 0.54 0.54 0.35 0.25 0.22 0.08 0.10 0.30 0.26 0.21 0.12 0.18 0.28 0.42 0.64 0.94 1.22 1.72 2.15 2.73
1979 0.12 0.33 0.61 0.44 0.98 1.45 2.05 2.45 3.87 5.34 5.23 6.81 7.79 7.71 6.81 6.74 6.50 5.63 5.27 3.91 3.65
1980 0.21 0.18 0.43 0.49 0.46 0.75 1.21 1.53 2.53 2.97 5.20 6.27 7.31 8.09 7.58 7.99 7.31 7.80 6.53 6.48 5.34
1981 0.29 0.63 0.77 1.72 3.17 4.41 4.91 5.79 5.01 3.82 3.67 2.44 2.30 2.92 3.53 4.21 5.02 6.29 5.81 5.66 5.59
1982 0.03 0.03 0.06 0.14 0.40 0.78 0.92 0.78 1.02 0.92 0.59 0.42 0.60 1.13 1.45 2.13 1.71 2.44 2.16 2.16 2.76
1983 0.34 0.65 1.21 1.66 1.81 1.57 1.20 1.16 1.01 1.41 1.37 2.22 3.45 4.41 5.24 5.32 6.19 6.00 6.47 6.33 5.71
1984 6.56 7.16 6.90 6.83 6.63 6.94 7.12 7.30 8.47 7.56 7.01 7.02 7.35 8.84 10.09 12.09 11.86 11.15 11.62 11.98 12.80
1985 0.18 0.41 0.50 0.69 0.99 1.93 2.28 2.35 4.10 4.82 7.63 11.23 15.79 21.38 24.59 25.24 27.52 31.04 32.90 38.87 43.38
1986 2.50 4.28 6.11 8.47 10.10 10.65 11.91 11.46 10.70 10.27 11.47 10.03 10.84 12.72 15.34 19.33 19.23 22.90 26.05 29.12 32.60
1987 4.29 5.27 5.43 5.98 6.99 7.12 7.04 7.44 8.09 9.78 13.36 17.26 21.18 27.32 30.57 34.15 42.19 45.32 47.88 53.62 62.41
1988 1.56 3.01 4.18 6.02 7.27 8.94 10.04 9.36 10.28 9.21 11.15 12.35 16.15 20.65 27.32 30.64 33.57 35.72 35.02 32.82 33.06
1989 0.80 1.56 1.32 2.62 2.80 3.67 4.68 4.44 5.67 5.23 4.26 4.75 4.69 5.28 6.83 7.58 9.34 10.74 10.80 13.08 14.18
1990 5.01 8.21 6.69 7.92 7.52 7.65 7.55 7.30 5.80 6.44 6.11 5.49 4.95 5.37 5.34 5.33 6.98 8.82 9.07 13.12 15.06
1991 4.94 6.98 8.95 8.56 9.62 9.60 9.97 9.43 11.76 12.61 14.06 16.42 18.46 22.00 25.73 29.95 40.03 47.34 51.12 61.17 58.24
1992 3.78 4.93 6.18 8.80 9.93 11.72 11.83 11.95 13.70 15.80 22.17 29.85 40.37 49.41 60.86 72.63 76.74 82.00 90.51 94.35 102.85
1993 4.03 6.66 8.14 9.51 9.54 10.05 9.20 9.16 12.13 20.28 29.78 40.63 52.22 56.44 61.17 62.56 64.95 64.72 62.73 64.95 70.41
1994 12.61 19.31 23.13 27.93 32.67 31.64 31.35 25.64 19.77 17.29 15.08 16.78 20.00 28.04 37.11 46.24 54.52 65.70 72.01 84.19 99.41
1995 3.23 3.42 3.97 4.26 3.85 5.08 5.95 7.55 11.51 21.10 34.53 52.16 73.61 89.35 105.87 105.09 108.65 99.33 91.02 84.15 83.69
1996 10.24 12.85 15.04 15.80 15.84 14.48 13.54 13.15 11.23 10.77 12.71 15.93 22.96 29.73 42.82 56.78 68.40 80.38 96.55 116.41 137.50
1997 7.53 12.60 16.72 21.47 22.78 25.46 24.90 24.00 22.33 20.69 19.46 20.96 22.27 27.18 36.87 51.72 59.93 71.88 79.84 87.91 95.79
1998 14.47 14.01 15.65 14.71 13.93 11.83 11.10 11.85 11.43 12.60 16.30 19.79 24.75 30.68 40.14 50.68 56.96 62.87 73.08 80.22 85.08
1999 8.69 12.55 13.95 10.45 12.43 11.08 10.69 12.29 17.00 27.43 45.10 71.26 107.39 135.54 154.86 174.77 180.19 182.36 190.27 185.38 184.80
2000 3.33 3.12 5.40 4.15 3.93 5.81 5.59 9.02 11.74 15.36 25.41 34.81 46.84 62.11 66.88 90.26 107.09 129.40 149.31 175.93 198.36
2001 0.62 0.95 1.78 2.15 3.25 4.83 6.96 10.81 11.06 16.50 19.82 31.61 38.16 49.08 61.27 72.69 91.59 111.92 125.27 148.19 168.33
2002 5.54 8.86 13.98 14.84 20.19 20.86 22.86 27.59 27.79 35.15 42.90 59.00 76.24 96.67 113.41 129.20 146.85 169.54 192.78 209.83 226.43
2003 0.71 2.31 4.57 7.62 9.49 13.60 14.18 16.41 19.40 25.90 38.45 51.80 69.18 96.91 115.84 144.67 158.09 201.38 230.24 257.54 296.59
2004 1.07 1.56 2.42 4.51 6.70 8.16 9.91 9.92 12.47 14.05 19.37 21.18 27.04 34.24 42.13 60.27 79.46 100.86 118.79 153.56 195.83
2005 2.94 3.45 4.19 5.05 8.01 10.29 12.10 10.66 14.84 17.41 23.64 36.77 37.31 46.06 57.37 72.65 89.44 103.64 116.61 139.71 151.72
2006 0.36 1.72 2.22 3.56 4.26 5.63 5.76 8.87 9.76 10.82 12.82 16.02 19.25 26.51 30.01 40.39 55.00 67.17 87.84 106.29 128.64
2007 2.34 4.04 3.63 4.09 5.06 5.60 6.02 6.24 7.53 9.91 10.92 12.50 15.49 17.16 19.40 24.53 34.63 40.67 51.63 62.15 80.90
2008 3.72 2.96 3.01 3.58 4.16 3.78 5.11 6.15 6.68 10.65 15.29 22.05 27.87 32.12 35.45 48.23 57.58 66.38 76.12 90.73 106.13
2009 0.48 0.71 0.74 0.68 1.28 1.46 2.10 2.85 6.28 10.84 17.02 25.81 30.43 38.35 47.20 61.62 72.92 90.39 117.69 133.41 160.14
2010 1.14 1.70 0.58 1.43 1.43 1.92 3.16 3.80 6.16 8.41 15.84 18.22 26.48 27.54 32.96 39.46 48.48 58.41 76.27 90.43 116.01
2011 1.71 1.58 1.90 2.55 2.21 2.21 3.93 7.12 10.69 18.96 32.38 45.01 55.86 74.59 82.73 97.15 108.28 125.27 147.79 167.17 179.59
2012 2.71 3.29 4.27 4.91 6.45 5.68 6.18 6.37 5.13 6.27 9.36 14.77 23.24 27.41 35.42 51.72 55.11 67.90 86.58 119.72 169.69
2013 2.21 1.89 3.56 3.94 4.82 7.52 8.47 11.32 10.84 16.25 23.90 36.51 49.73 67.03 85.88 98.55 109.08 116.65 122.80 126.98 142.18
2014 3.65 4.25 6.30 7.50 8.13 6.55 5.71 7.45 13.63 19.63 38.13 58.62 79.17 99.12 109.06 113.08 117.79 116.40 123.10 136.53 172.56
2015 2.29 4.86 5.64 9.73 6.24 12.49 10.58 11.97 10.75 10.66 10.00 14.24 17.80 35.65 41.66 59.41 80.09 94.32 113.33 127.89 164.41
2016 0.10 0.47 1.60 1.84 1.27 2.20 3.13 4.56 4.66 5.65 9.76 16.07 24.83 39.27 58.11 76.57 102.44 119.29 131.54 142.89 150.15
2017 0.00 0.11 0.21 0.19 0.34 0.51 0.59 1.41 1.86 2.26 3.14 2.43 4.39 5.73 6.62 11.37 13.28 19.92 25.13 37.56 52.77







Table 2.5b (page 3 of 6)—Fishery survey size composition as used in Models 17.x, by year and cm. 
 


 
  


Year 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69
1977 0.78 1.35 1.15 1.36 1.31 1.11 1.05 0.99 0.89 1.03 1.06 1.13 1.13 1.25 1.23 1.42 1.03 0.85 0.79
1978 3.79 4.44 5.40 6.99 8.13 9.27 10.51 9.81 10.20 10.02 9.07 8.36 7.00 6.26 5.04 3.68 2.91 2.93 2.67
1979 3.54 4.23 4.43 4.83 5.12 5.40 5.95 6.63 6.65 7.01 7.43 7.96 7.83 8.27 8.16 7.96 7.13 6.79 5.12
1980 5.91 5.57 5.19 5.25 5.66 5.62 5.17 4.96 5.48 4.92 5.06 4.00 3.54 3.39 3.16 2.47 2.67 2.99 2.85
1981 5.41 5.52 5.46 4.94 4.11 4.22 3.63 3.42 3.32 3.09 2.91 2.43 2.46 1.83 1.97 1.88 1.48 1.45 1.28
1982 2.17 3.58 3.26 4.76 4.79 4.58 4.29 4.72 5.21 4.88 5.45 6.13 6.17 6.49 7.20 7.01 6.73 7.01 6.63
1983 7.06 8.00 9.34 11.95 16.22 17.26 20.28 20.79 24.24 25.08 27.89 29.75 26.64 28.47 29.62 30.73 27.89 27.70 28.39
1984 13.22 14.37 14.20 18.65 21.67 25.71 32.35 33.83 38.19 43.53 48.78 53.86 57.23 64.42 65.36 66.08 69.50 72.54 71.13
1985 47.31 52.43 55.21 56.86 54.32 49.91 48.00 44.41 41.34 41.82 40.94 43.02 49.96 56.99 67.24 73.88 85.05 92.39 100.16
1986 38.19 42.20 43.63 53.41 56.01 60.34 66.01 68.79 70.38 73.78 75.08 79.38 78.98 81.55 79.47 75.19 77.50 69.55 62.50
1987 67.48 80.06 90.45 102.02 112.54 116.36 122.16 125.53 126.42 130.31 124.48 125.93 129.31 135.25 133.58 139.99 142.13 143.11 138.06
1988 29.93 32.27 33.07 33.61 32.18 32.37 31.67 31.36 28.97 30.23 29.47 26.71 26.27 27.84 29.47 29.33 29.58 33.83 32.55
1989 13.43 15.11 15.52 16.06 16.03 16.03 16.36 16.60 16.90 17.69 19.12 18.71 20.64 21.68 22.38 22.56 22.73 24.45 25.80
1990 22.94 24.66 28.72 31.74 37.01 43.29 49.03 55.28 63.54 69.79 77.50 91.33 95.01 101.13 110.61 115.94 117.52 118.35 125.60
1991 60.84 62.69 61.34 60.94 62.57 65.72 68.35 75.87 81.56 90.74 97.08 111.78 123.51 131.34 143.08 148.42 161.97 162.09 168.83
1992 103.79 109.98 106.57 109.30 110.06 102.56 106.83 105.81 108.69 117.62 116.55 126.41 129.99 137.57 148.25 141.29 148.87 154.21 146.87
1993 75.38 83.75 89.16 93.02 98.60 100.25 100.07 97.99 93.19 91.60 87.17 82.78 77.28 70.12 65.57 60.60 58.00 55.17 52.09
1994 104.78 116.14 127.14 135.39 143.80 146.49 154.13 152.56 156.19 169.17 159.60 158.03 161.25 159.40 158.79 151.69 150.17 143.40 130.10
1995 82.39 85.66 93.00 101.49 109.80 122.16 127.09 135.65 141.46 151.03 153.90 165.64 173.55 169.22 180.12 174.94 179.08 175.24 167.89
1996 156.03 171.01 184.78 192.77 201.30 203.73 200.18 198.03 194.69 192.06 184.00 185.31 185.41 187.40 189.46 184.21 185.25 184.27 183.92
1997 100.79 108.70 121.57 140.64 159.32 169.49 193.59 208.69 232.98 251.96 263.33 280.82 286.64 292.84 297.57 286.51 279.41 272.90 259.95
1998 94.78 100.55 107.41 116.56 129.82 135.46 146.75 155.60 169.54 188.52 200.92 217.61 232.29 245.01 257.76 264.61 272.59 266.76 262.93
1999 185.96 187.47 193.62 183.60 201.18 201.49 194.66 200.44 204.18 231.93 228.93 239.98 258.99 249.73 274.99 271.24 276.39 281.42 269.39
2000 227.34 250.35 269.34 283.62 300.30 318.73 323.63 326.60 339.17 347.47 352.25 355.16 351.59 341.48 319.08 310.70 303.10 277.75 261.88
2001 190.28 222.42 248.13 282.45 307.29 332.06 366.41 382.41 399.35 428.72 431.15 434.91 454.27 437.64 438.28 415.47 397.42 378.74 363.60
2002 244.55 267.37 278.10 298.11 310.28 319.04 337.10 354.27 361.29 387.97 409.09 429.43 437.30 437.82 431.42 423.74 417.67 418.70 384.85
2003 330.80 398.71 412.04 446.18 468.12 487.49 511.33 492.10 488.26 511.82 494.82 498.10 512.63 491.80 496.13 480.18 464.37 462.34 421.45
2004 223.65 252.61 298.02 325.18 372.23 410.28 439.19 461.74 497.42 556.14 550.99 549.41 566.12 532.49 513.49 485.64 451.15 430.37 392.98
2005 164.66 187.87 196.25 221.40 245.03 263.22 278.99 295.47 310.13 352.82 356.27 388.24 414.70 436.76 442.24 443.68 470.05 449.30 436.75
2006 147.43 169.59 184.15 205.64 224.92 239.90 247.49 249.57 250.26 259.40 251.33 263.23 255.86 258.88 255.11 259.92 264.55 261.27 254.24
2007 84.78 101.03 116.35 129.78 147.49 161.87 172.15 197.14 203.08 248.13 237.85 242.82 243.07 246.97 240.07 222.55 223.81 229.43 197.63
2008 114.60 138.50 156.43 165.31 186.99 196.35 223.08 231.56 248.49 285.13 293.84 293.92 329.84 330.38 325.89 335.94 327.40 329.11 296.82
2009 181.64 192.87 198.53 181.92 174.74 175.84 175.00 177.98 181.03 199.96 205.82 227.87 243.56 259.70 272.97 268.10 278.42 291.08 274.31
2010 132.81 154.55 178.05 193.77 225.13 218.67 229.10 235.01 243.15 249.93 254.74 258.53 264.75 261.50 248.47 231.36 233.22 210.98 197.82
2011 186.54 188.79 204.80 207.16 221.94 229.53 255.67 279.49 301.37 329.81 345.49 368.45 397.99 394.45 407.04 366.96 358.08 334.55 307.28
2012 216.65 244.32 274.13 306.26 316.25 325.87 324.69 336.83 349.27 377.79 366.16 378.40 396.40 390.35 396.36 368.97 363.36 350.48 330.56
2013 168.39 189.47 214.60 245.81 273.69 310.01 334.56 362.56 403.98 460.39 469.14 501.51 518.06 528.07 512.56 493.43 469.93 439.07 415.49
2014 183.29 209.98 238.57 271.86 308.21 332.97 358.44 370.71 374.29 415.30 396.02 395.75 434.19 430.29 453.26 456.40 474.56 479.28 487.95
2015 201.91 235.28 275.82 327.57 362.42 397.00 413.26 432.30 426.50 437.17 435.05 443.16 456.39 469.37 465.04 445.11 445.20 422.78 386.15
2016 163.55 168.64 180.20 194.20 213.93 241.27 264.01 281.98 321.84 358.11 352.12 389.37 430.60 435.33 453.80 440.52 433.55 411.47 378.80
2017 70.00 87.21 107.51 128.62 148.01 164.87 164.27 172.35 168.93 174.44 178.06 176.84 183.75 184.13 194.16 205.09 195.74 215.97 215.80







Table 2.5b (page 4 of 6)—Fishery survey size composition as used in Models 17.x, by year and cm. 
 


 
  


Year 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88
1977 0.69 0.66 0.50 0.36 0.26 0.40 0.30 0.29 0.29 0.16 0.17 0.11 0.10 0.03 0.10 0.01 0.07 0.03 0.00
1978 2.48 2.02 1.65 1.87 1.69 1.27 1.26 1.04 0.96 0.66 0.55 0.35 0.64 0.50 0.37 0.35 0.22 0.21 0.19
1979 5.13 4.78 3.50 3.17 2.86 2.12 1.60 1.68 1.16 0.78 0.61 0.66 0.56 0.30 0.30 0.34 0.15 0.18 0.12
1980 3.50 3.28 3.13 3.34 3.00 2.91 2.72 2.67 2.11 1.81 1.49 1.25 1.03 0.75 0.54 0.50 0.53 0.46 0.47
1981 1.27 1.05 0.99 0.87 0.77 0.68 0.69 0.48 0.34 0.33 0.19 0.23 0.08 0.17 0.07 0.10 0.10 0.08 0.06
1982 7.23 6.71 7.13 5.63 5.21 4.71 3.96 4.03 2.76 2.76 2.09 2.35 1.21 1.20 1.04 0.59 0.43 0.60 0.42
1983 27.01 24.70 23.75 22.08 21.38 19.90 17.93 17.85 17.05 15.92 14.62 12.58 9.85 8.66 7.59 6.76 6.03 4.86 4.08
1984 70.54 69.05 68.00 66.35 62.44 58.24 56.69 52.12 47.84 44.81 39.68 35.77 32.69 30.39 26.24 22.87 18.06 17.00 14.55
1985 109.42 107.00 110.88 107.46 103.11 97.98 91.44 85.58 76.52 67.77 64.43 54.09 50.21 43.54 38.69 35.99 29.83 24.59 22.18
1986 57.32 55.74 54.89 54.39 56.13 56.97 52.62 54.02 52.40 51.42 49.21 45.09 40.38 39.50 33.69 30.74 26.34 22.06 18.82
1987 142.91 137.45 134.12 134.89 127.74 125.03 111.86 109.17 100.82 88.09 85.58 72.27 66.80 64.88 55.86 52.54 47.42 43.44 38.27
1988 36.29 36.28 36.59 37.24 35.75 38.07 32.02 31.69 28.88 25.91 23.85 20.76 16.54 14.55 12.71 12.29 10.81 8.60 7.69
1989 27.71 27.09 26.67 28.49 27.98 29.76 25.72 26.26 24.99 24.02 23.02 21.26 20.09 17.81 16.93 15.04 13.03 12.46 11.14
1990 123.00 122.06 125.54 119.45 121.07 118.23 113.96 107.67 100.88 96.60 86.80 82.98 75.36 69.48 63.47 59.92 54.03 47.58 43.46
1991 169.37 164.29 170.71 160.49 163.10 157.50 152.61 142.28 136.31 125.80 120.95 109.67 104.75 95.44 89.34 83.01 75.82 66.89 61.41
1992 152.80 129.37 136.40 126.20 120.34 121.51 103.74 102.69 99.40 93.01 98.32 81.89 76.81 71.28 69.41 64.19 53.14 53.04 50.36
1993 51.98 45.86 46.66 44.41 43.41 41.47 39.29 35.95 35.68 32.73 31.74 28.14 26.51 24.92 22.75 20.14 18.51 16.38 15.04
1994 130.52 101.94 92.22 85.22 74.08 71.30 56.73 52.92 44.00 38.00 39.40 32.78 28.87 26.98 24.55 23.74 20.32 17.60 16.54
1995 164.40 138.94 131.31 116.27 105.18 96.17 83.02 75.39 67.45 59.46 54.77 43.25 41.90 38.16 34.99 31.31 26.93 24.53 21.84
1996 192.91 172.02 167.14 154.81 150.44 141.19 126.33 117.51 105.14 95.21 90.85 78.98 72.11 62.93 60.90 52.01 46.68 41.93 36.13
1997 250.20 212.43 197.76 179.33 159.45 148.14 129.25 115.83 102.78 95.79 82.30 66.10 61.32 57.21 51.76 46.74 41.65 38.19 34.99
1998 270.39 242.64 234.06 220.55 199.43 178.92 158.57 139.59 122.37 105.09 92.67 77.18 70.75 62.28 53.14 45.16 39.07 31.83 29.74
1999 290.65 261.56 267.48 235.47 233.97 205.93 198.43 166.67 162.76 139.39 134.35 110.67 100.83 89.59 75.66 69.84 54.77 49.70 39.46
2000 256.69 217.47 215.87 196.43 184.14 169.46 152.48 139.61 131.25 113.52 109.69 97.19 85.67 82.48 68.89 64.44 55.22 49.04 44.35
2001 342.68 289.96 250.45 221.99 191.16 168.29 134.76 109.86 97.64 86.42 78.10 65.98 53.88 46.82 44.55 36.39 34.10 26.12 25.28
2002 370.66 334.56 301.05 254.68 240.38 193.83 173.11 144.12 126.59 109.07 88.51 79.06 64.69 52.14 45.30 37.16 32.25 29.52 21.44
2003 451.41 372.41 353.53 318.40 300.24 263.45 234.06 201.05 179.22 160.29 149.10 116.81 102.30 86.55 71.01 60.50 44.55 39.52 33.55
2004 383.03 317.24 272.89 249.16 223.29 198.81 179.09 147.49 143.33 120.43 112.81 94.97 77.90 70.47 64.09 50.36 48.08 37.98 32.52
2005 468.47 387.43 373.29 344.34 302.10 286.19 249.74 214.42 208.36 167.47 166.82 145.02 123.74 107.62 100.54 85.81 71.39 64.35 59.92
2006 276.15 231.36 234.64 225.24 222.78 212.33 197.08 185.69 183.85 166.48 164.13 143.67 141.98 134.12 123.87 101.43 95.54 88.23 75.67
2007 221.12 180.60 164.99 157.52 146.60 145.38 128.89 128.54 116.32 108.44 116.66 108.44 94.88 95.69 93.21 87.13 75.14 76.98 73.48
2008 299.01 259.07 235.56 217.41 190.53 158.12 145.32 126.07 113.52 100.75 103.66 82.01 73.44 74.32 66.54 56.89 55.03 50.74 53.70
2009 295.64 248.89 244.12 225.34 194.68 180.73 160.03 125.42 128.44 102.04 86.17 74.93 59.74 45.97 41.15 31.15 29.64 25.42 24.32
2010 210.44 166.99 160.38 143.03 136.70 127.35 117.19 90.43 85.39 71.93 69.91 59.15 43.07 38.91 33.16 25.66 23.25 17.72 15.09
2011 283.02 226.10 193.36 167.54 151.71 130.48 106.31 87.50 83.21 71.80 69.46 56.57 49.25 39.36 36.48 30.78 24.04 23.66 19.53
2012 339.60 270.52 234.01 215.02 188.05 166.22 130.13 105.85 94.77 70.05 63.64 48.86 41.40 32.16 27.47 20.88 17.69 12.39 11.03
2013 410.06 337.74 320.49 274.81 242.33 203.74 175.06 139.00 134.19 92.53 85.32 68.44 59.37 40.89 32.25 30.85 21.04 17.60 13.78
2014 489.59 433.56 404.52 385.53 339.81 305.80 261.55 211.82 178.47 146.85 132.90 100.42 82.44 70.67 55.06 47.45 34.39 31.08 23.21
2015 394.01 312.27 291.13 273.63 232.75 204.84 180.93 160.99 137.26 119.08 112.68 90.38 81.74 70.34 60.05 47.79 41.27 36.76 27.07
2016 368.02 312.63 270.76 243.16 231.76 197.60 169.83 143.03 137.01 112.37 93.06 78.40 67.89 54.71 46.38 39.77 37.80 28.41 23.80
2017 220.73 194.12 189.10 186.96 171.15 154.35 142.15 119.80 102.91 81.13 77.93 61.42 49.94 44.30 37.79 30.42 23.89 20.72 17.30







Table 2.5b (page 5 of 6)—Fishery survey size composition as used in Models 17.x, by year and cm. 
 


 
  


Year 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112
1977 0.00 0.01 0.00 0.04 0.00 0.00 0.03 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1978 0.12 0.07 0.03 0.06 0.04 0.06 0.06 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1979 0.12 0.08 0.11 0.11 0.06 0.11 0.03 0.03 0.03 0.04 0.00 0.03 0.01 0.01 0.00 0.03 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00
1980 0.19 0.40 0.24 0.25 0.21 0.07 0.14 0.11 0.07 0.04 0.03 0.03 0.03 0.00 0.03 0.04 0.03 0.00 0.00 0.00 0.00 0.00 0.03 0.00
1981 0.03 0.07 0.03 0.03 0.00 0.04 0.00 0.00 0.01 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1982 0.43 0.52 0.25 0.35 0.17 0.28 0.36 0.17 0.17 0.10 0.14 0.01 0.08 0.00 0.08 0.00 0.01 0.04 0.00 0.00 0.00 0.01 0.00 0.00
1983 2.92 2.79 2.19 1.89 1.54 0.86 0.73 0.63 0.51 0.50 0.33 0.33 0.26 0.23 0.07 0.08 0.10 0.06 0.00 0.08 0.00 0.06 0.00 0.00
1984 10.83 9.52 6.96 6.04 4.39 3.56 2.71 1.80 1.69 1.05 0.75 0.65 0.58 0.46 0.30 0.14 0.14 0.08 0.04 0.01 0.04 0.03 0.00 0.04
1985 19.41 17.05 12.82 11.11 9.62 8.23 6.47 4.51 3.66 2.90 2.72 1.57 1.39 0.91 0.87 0.37 0.46 0.32 0.12 0.11 0.07 0.07 0.04 0.03
1986 15.15 13.53 10.48 8.55 7.77 6.20 5.46 3.97 3.35 2.45 2.12 2.07 1.58 1.06 0.78 0.54 0.61 0.35 0.24 0.10 0.13 0.15 0.03 0.01
1987 34.47 32.44 27.48 23.63 21.68 16.57 15.75 10.35 10.14 7.65 6.40 5.52 3.93 3.61 2.78 1.86 1.83 0.89 0.58 0.35 0.32 0.36 0.19 0.12
1988 6.58 7.37 5.60 4.43 4.46 3.38 4.20 2.64 1.95 1.74 1.55 1.42 1.37 1.09 0.68 0.55 0.39 0.32 0.25 0.11 0.11 0.10 0.04 0.07
1989 9.23 8.18 6.69 5.22 5.70 4.43 4.28 2.72 2.91 2.62 2.44 1.84 1.81 1.01 0.97 0.84 0.68 0.48 0.32 0.17 0.29 0.17 0.10 0.10
1990 42.81 33.59 32.46 30.44 28.64 23.52 23.12 18.86 17.03 14.72 12.30 8.36 7.69 6.39 6.43 4.32 3.22 2.29 1.92 1.57 0.98 0.94 0.54 0.23
1991 57.58 51.49 40.10 38.15 32.02 26.76 25.85 23.73 21.28 18.06 16.14 12.14 10.24 8.66 7.90 5.91 4.96 3.30 2.55 2.26 1.08 1.06 0.67 0.47
1992 46.46 42.35 32.71 31.58 28.53 25.34 24.59 19.87 18.23 15.34 15.07 13.29 9.57 8.07 7.76 5.89 4.65 2.67 2.52 1.45 1.31 1.25 0.73 0.42
1993 13.73 13.08 10.13 10.03 9.16 7.42 6.96 5.86 4.86 4.72 4.10 3.02 2.66 2.41 2.04 1.46 1.20 0.79 0.48 0.40 0.50 0.27 0.04 0.15
1994 15.66 15.67 11.21 10.77 10.09 9.13 8.30 7.04 6.45 5.67 4.72 4.73 3.62 3.14 2.48 2.27 1.87 1.57 1.06 0.76 0.72 0.79 0.35 0.33
1995 21.19 20.64 12.17 14.01 14.96 12.04 9.58 9.32 6.58 6.83 5.28 5.34 4.23 3.48 2.76 2.22 1.95 1.34 0.72 0.54 0.46 0.66 0.16 0.25
1996 34.00 32.18 23.99 22.80 20.93 18.37 16.04 14.69 12.18 9.34 9.32 9.22 6.76 5.42 4.95 3.65 3.11 2.45 1.95 1.38 1.01 1.01 0.84 0.65
1997 31.24 27.55 22.16 19.59 16.08 13.89 14.01 11.56 8.77 7.92 6.24 5.38 4.20 3.74 3.22 2.92 2.27 1.57 1.13 1.09 0.77 0.88 0.25 0.35
1998 25.41 25.39 18.74 17.31 16.24 14.60 13.47 11.04 10.16 8.38 7.16 6.10 4.34 3.53 2.92 3.06 2.11 1.36 1.14 0.88 0.75 0.71 0.27 0.21
1999 35.89 35.29 30.09 23.61 20.09 15.85 12.94 12.41 10.16 8.44 8.56 8.03 5.71 4.54 2.78 2.44 2.79 2.71 1.25 0.95 1.27 1.31 0.60 0.51
2000 38.72 38.45 27.26 26.51 22.05 19.54 16.85 15.55 13.30 11.91 9.21 8.46 6.24 5.27 3.89 3.15 3.05 1.66 1.13 1.50 0.79 1.46 0.58 0.39
2001 21.16 21.52 17.11 15.08 13.98 12.80 10.67 8.65 8.91 6.74 5.10 5.44 5.20 2.93 3.18 2.41 2.18 1.43 1.24 1.13 0.77 0.68 0.12 0.17
2002 20.18 19.17 15.53 13.98 12.30 12.68 10.43 7.87 8.37 6.37 4.86 4.18 3.52 2.57 2.15 1.85 2.05 1.83 0.81 0.50 0.26 0.50 0.17 0.24
2003 26.16 23.36 18.63 12.91 13.52 9.94 9.59 8.07 5.90 5.10 4.10 4.01 3.58 2.71 2.14 1.72 1.11 1.00 0.83 0.88 0.11 0.40 0.23 0.20
2004 30.70 26.05 19.95 17.59 15.64 11.47 11.39 9.14 7.99 5.06 5.07 4.81 4.96 2.73 2.32 1.66 1.54 0.86 1.22 0.63 0.59 0.91 0.21 0.14
2005 49.85 50.99 37.37 33.51 26.56 23.93 21.16 16.35 13.31 10.40 7.92 6.80 4.76 4.99 3.61 3.22 1.29 1.46 0.57 0.73 0.47 0.14 0.15 0.15
2006 74.33 69.63 52.46 46.86 42.67 34.83 30.95 23.87 24.29 21.11 15.77 14.91 9.09 8.38 6.96 5.18 4.11 3.91 3.10 1.13 0.80 1.06 0.57 0.36
2007 65.65 66.97 52.89 45.82 44.01 37.68 33.38 29.68 23.48 21.83 16.59 15.65 13.48 7.19 7.33 5.78 3.83 3.11 2.05 1.49 0.88 1.24 0.45 0.38
2008 45.87 47.79 43.00 39.17 32.36 30.39 29.18 24.27 20.88 18.87 13.68 14.67 10.18 8.79 6.49 5.73 4.00 1.71 1.74 1.56 1.11 0.64 0.36 0.39
2009 19.02 21.43 17.66 16.28 13.10 13.47 11.83 10.95 9.19 7.51 5.48 5.17 5.72 3.67 3.12 2.56 1.86 2.35 0.44 0.52 0.53 0.39 0.55 0.34
2010 10.69 14.67 7.35 6.74 5.34 4.96 3.87 2.88 2.43 2.72 1.53 1.93 2.09 1.39 0.70 1.08 0.81 0.50 0.38 0.19 0.39 0.27 0.10 0.01
2011 14.95 15.11 10.91 10.27 6.65 6.85 6.13 4.02 4.68 4.41 2.63 3.19 1.43 1.72 0.99 0.62 1.00 0.74 0.41 0.56 0.06 0.09 0.23 0.26
2012 12.87 9.69 7.30 5.73 3.75 4.65 3.18 2.51 4.12 1.90 1.82 1.93 1.12 1.21 0.59 0.43 1.30 0.18 0.21 0.07 0.11 0.26 0.03 0.03
2013 10.46 9.89 6.67 5.95 5.94 6.11 3.25 2.41 1.73 1.84 1.35 1.67 0.78 1.11 0.68 0.27 0.41 0.29 0.11 0.42 0.12 0.00 0.00 0.02
2014 18.65 17.69 13.32 11.62 9.93 6.40 5.85 4.50 3.98 3.29 2.92 1.61 1.88 1.15 0.85 0.79 0.33 0.21 0.22 0.12 0.26 0.05 0.03 0.00
2015 24.33 20.68 12.27 9.08 8.90 7.95 5.70 3.76 3.46 3.60 2.58 2.55 1.13 0.91 1.08 0.55 0.04 0.17 0.29 0.26 0.00 0.01 0.01 0.00
2016 19.43 17.52 12.13 11.66 9.13 8.49 6.97 4.10 4.74 2.32 1.76 2.07 1.56 1.01 0.48 1.12 0.32 0.20 0.13 0.57 0.27 0.04 0.00 0.00
2017 15.62 14.38 10.12 6.91 6.61 4.87 3.82 4.32 2.77 2.40 2.31 1.66 0.79 2.00 1.09 0.26 0.37 0.29 0.52 0.19 0.00 0.00 0.00 0.21







Table 2.5b (page 6 of 6)—Fishery survey size composition as used in Models 17.x, by year and cm. 
 


 


Year 113 114 115 116 117 118 119 120+
1977 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1978 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1979 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1980 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1981 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1982 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1983 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1984 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00
1985 0.06 0.06 0.06 0.00 0.00 0.03 0.00 0.00
1986 0.00 0.03 0.01 0.01 0.00 0.03 0.03 0.07
1987 0.07 0.10 0.08 0.01 0.04 0.04 0.00 0.00
1988 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
1989 0.07 0.01 0.01 0.00 0.04 0.00 0.03 0.26
1990 0.32 0.25 0.17 0.11 0.07 0.00 0.03 0.00
1991 0.25 0.23 0.13 0.01 0.00 0.00 0.01 0.07
1992 0.37 0.24 0.18 0.04 0.04 0.00 0.01 0.03
1993 0.00 0.09 0.07 0.09 0.11 0.03 0.00 0.05
1994 0.27 0.20 0.16 0.08 0.00 0.15 0.00 0.08
1995 0.14 0.15 0.15 0.14 0.00 0.04 0.02 0.15
1996 0.31 0.33 0.19 0.11 0.05 0.12 0.08 0.42
1997 0.12 0.08 0.09 0.05 0.06 0.02 0.01 0.15
1998 0.42 0.19 0.03 0.07 0.08 0.06 0.05 0.07
1999 0.14 0.10 0.12 0.32 0.08 0.00 0.09 0.30
2000 0.33 0.50 0.29 0.01 0.09 0.00 0.17 0.54
2001 0.27 0.15 0.03 0.06 0.01 0.00 0.08 0.00
2002 0.34 0.00 0.14 0.02 0.09 0.00 0.00 0.07
2003 0.00 0.04 0.07 0.03 0.08 0.00 0.10 0.08
2004 0.11 0.03 0.06 0.00 0.01 0.11 0.00 0.25
2005 0.06 0.02 0.09 0.00 0.01 0.06 0.00 0.01
2006 0.44 0.02 0.22 0.13 0.15 0.07 0.00 0.09
2007 0.24 0.25 0.27 0.10 0.17 0.00 0.01 0.14
2008 0.18 0.00 0.02 0.00 0.00 0.01 0.00 0.08
2009 0.00 0.21 0.00 0.00 0.03 0.00 0.00 0.00
2010 0.01 0.01 0.05 0.00 0.00 0.00 0.09 0.06
2011 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.16
2012 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2013 0.01 0.07 0.08 0.00 0.02 0.00 0.00 0.02
2014 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.16
2015 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.57
2016 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00
2017 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00







Table 2.6—Total abundance estimates, with standard errors, log-scale standard errors (“Sigma”), and 
bounds of 95% confidence intervals, as estimated by EBS shelf bottom trawl surveys, 1982-2017. 


   


 


Year Estimate Std. error Sigma L95% CI U95% CI
1982 583,781 38,064 0.065 508,414 659,149
1983 752,456 80,566 0.107 589,632 915,281
1984 651,058 47,126 0.072 557,748 744,369
1985 841,108 113,438 0.134 616,501 1,065,715
1986 838,217 83,855 0.100 672,184 1,004,251
1987 677,054 44,120 0.065 589,697 764,411
1988 507,560 35,581 0.070 437,109 578,011
1989 292,247 19,986 0.068 252,675 331,818
1990 423,835 36,466 0.086 351,632 496,038
1991 488,892 51,108 0.104 387,697 590,087
1992 577,560 68,603 0.118 441,726 713,395
1993 810,608 99,259 0.122 614,075 1,007,141
1994 1,232,175 152,212 0.123 927,751 1,536,598
1995 757,910 75,473 0.099 608,473 907,346
1996 607,198 88,384 0.145 432,198 782,198
1997 485,643 70,802 0.145 344,039 627,247
1998 514,339 46,852 0.091 421,572 607,106
1999 488,337 45,289 0.093 398,665 578,008
2000 483,808 44,188 0.091 396,315 571,301
2001 960,917 91,898 0.095 777,122 1,144,712
2002 536,342 53,802 0.100 428,738 643,946
2003 498,873 62,220 0.124 374,432 623,313
2004 397,948 34,332 0.086 329,970 465,926
2005 450,705 63,363 0.140 325,247 576,164
2006 394,024 23,785 0.060 346,928 441,119
2007 733,402 195,956 0.263 341,489 1,125,315
2008 476,697 49,413 0.103 378,859 574,535
2009 716,637 62,705 0.087 592,481 840,793
2010 887,836 117,022 0.131 656,132 1,119,540
2011 836,822 79,207 0.094 679,992 993,653
2012 987,973 91,589 0.093 804,796 1,171,150
2013 750,889 124,917 0.165 501,055 1,000,723
2014 1,122,144 143,618 0.127 831,892 1,412,397
2015 982,470 113,501 0.115 755,469 1,209,471
2016 640,359 61,639 0.096 413,358 867,361
2017 346,693 31,334 0.090 223,415 469,971


Abundance (1000s of fish)







Table 2.7a (page 1 of 4)—Trawl survey size composition as used in Model 16.6, by year and cm (number of fish measured in column 2). 
 


 
 


Year N 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
1977 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1978 160 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.08 0.03 0.08 0.12 0.54
1979 235 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00
1980 208 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03
1981 148 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.03 0.03 0.03 0.04 0.03 0.12 0.10
1982 187 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.04 0.01
1983 782 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.11 0.17 0.19 0.06 0.25 0.39
1984 1913 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.04 0.08 0.11 0.18 0.65 1.06 1.19 1.31 1.55 1.15 1.51 2.47 3.40 5.18
1985 2825 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.00 0.00 0.01 0.00 0.01 0.03
1986 2496 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.07 0.07 0.17 0.29 0.06 0.08 0.17 0.36 0.34 0.49 0.63 0.82 0.66 1.24 1.80 2.05
1987 4726 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.03 0.11 0.25 0.29 0.21 0.21 0.46 0.19 0.32 0.50 1.07 1.17 1.82 3.08
1988 1458 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.03 0.03 0.01 0.04 0.01 0.06 0.18 0.15 0.10 0.19 0.37 0.81
1989 966 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.01 0.00 0.06 0.08 0.04 0.04 0.03 0.01 0.01 0.03 0.12 0.30
1990 3601 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.06 0.03 0.01 0.08 0.03 0.21 0.68 0.50 0.91 1.82 2.29 4.73
1991 5188 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.04 0.05 0.01 0.04 0.00 0.15 0.07 0.21 0.38 0.37 0.82 1.46 2.26 3.59
1992 5322 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.10 0.10 0.02 0.20 0.00 0.11 0.07 0.14 0.06 0.21 0.15 0.52 0.84 1.22 2.15
1993 2993 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.07 0.02 0.08 0.03 0.13 0.09 0.06 0.11 0.16 0.26 0.53 0.92 1.94
1994 4687 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.04 0.01 0.00 0.00 0.04 0.10 0.15 0.36 0.21 0.45 0.88 1.74 3.05 4.95 9.30
1995 5215 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.37 0.43 0.48 0.59 0.69 0.63 0.70 1.13 1.24 2.09 1.83 2.61 2.53
1996 6618 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.08 0.07 0.07 0.13 0.30 0.11 0.40 0.41 0.20 0.54 0.31 0.17 0.26 0.38 1.17 1.97 4.60 6.75
1997 7278 0.00 0.03 0.02 0.00 0.16 0.00 0.03 0.00 0.03 0.07 0.00 0.01 0.13 0.32 0.64 1.16 1.05 1.22 0.97 1.06 0.44 0.84 1.17 1.64 2.99 5.45
1998 6838 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.02 0.00 0.11 0.07 0.16 0.11 0.00 0.02 0.16 0.21 0.26 0.26 1.45 2.98 5.51 7.70 11.75
1999 9231 0.00 0.00 0.09 0.05 0.13 0.05 0.09 0.07 0.00 0.00 0.00 0.00 0.06 0.00 0.17 0.14 0.09 0.21 0.00 0.15 0.09 0.20 0.34 1.57 2.95 3.88
2000 9731 0.00 0.08 0.12 0.04 0.06 0.04 0.00 0.01 0.00 0.17 0.00 0.00 0.00 0.00 0.06 0.00 0.12 0.02 0.09 0.00 0.10 0.16 0.13 0.36 1.19 2.17
2001 10364 0.00 0.13 0.32 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.10 0.05 0.09 0.20 0.17 0.19 0.07 0.12 0.11 0.32 0.35 0.06 0.12
2002 11472 0.00 0.16 0.24 0.07 0.00 0.15 0.00 0.00 0.00 0.00 0.01 0.08 0.00 0.09 0.21 0.12 0.49 0.53 0.44 0.42 0.79 0.76 0.97 1.35 2.42 2.94
2003 14341 0.00 0.06 0.14 0.49 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.23 0.13 0.00 0.01 0.16 0.26 0.04 0.08 0.00 0.09 0.01 0.19 0.07 0.25 0.61
2004 12242 0.00 0.00 0.17 0.06 0.09 0.04 0.00 0.00 0.00 0.17 0.09 0.01 0.00 0.01 0.00 0.01 0.07 0.00 0.02 0.25 0.03 0.01 0.13 0.26 0.45 0.35
2005 11568 0.00 0.15 0.04 0.29 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.16 0.06 0.00 0.03 0.03 0.10 0.41 0.06 0.32 0.35 0.25 1.02
2006 8849 0.00 0.00 0.08 0.17 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.11 0.00 0.12 0.20 0.15 0.18 0.07 0.01 0.01 0.10 0.26 0.08
2007 6901 0.00 0.00 0.12 0.08 0.01 0.01 0.00 0.00 0.00 0.00 0.10 0.21 0.01 0.00 0.29 0.24 0.17 0.40 0.24 0.41 0.58 0.74 0.98 0.90 1.60 1.50
2008 8320 0.00 0.07 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.14 0.17 0.00 0.26 0.24 0.08 0.14 0.37 0.97 1.65 2.97 2.40 4.71 3.64
2009 7482 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.03 0.00 0.00 0.01 0.06 0.03 0.03 0.10 0.07 0.31 0.42
2010 6514 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.27 0.09 0.09 0.15 0.24 0.18 0.42 1.09 1.12
2011 8804 0.05 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.03 0.26 0.33 0.16 0.63
2012 9287 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.28 0.32 0.01 0.05 0.44 1.23 2.05 2.53
2013 11126 0.00 0.01 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16 0.00 0.00 0.00 0.14 0.23 0.12 0.32 0.59 1.14 1.21
2014 12165 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.18 0.05 0.38 0.09 0.02 0.00 0.09 0.00 0.00 0.01 0.49 0.64 2.30 1.95
2015 11309 0.00 0.00 0.00 0.18 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.11 0.00 0.00 0.11 0.42 0.36 1.26
2016 9773 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.00 0.02 0.51
2017 5334 0.00 0.00 0.00 0.09 0.00 0.00 0.03 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.09 0.01 0.11 0.45 0.00 0.00 0.00 0.00







Table 2.7a (page 2 of 4)—Trawl survey size composition as used in Model 16.6, by year and cm. 
 


 
  


Year 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
1982 240 305 317 237 197 144 146 126 137 180 203 282 302 272 328 329 280 284 270 254 239 278 258 267 225 260 264 261 225 227
1983 165 213 145 127 107 61 62 86 94 143 157 212 269 301 288 298 316 254 248 246 225 298 277 258 262 245 262 245 201 224
1984 345 295 220 155 107 102 88 59 94 75 91 94 96 108 134 106 109 95 109 142 129 156 167 197 198 154 215 169 200 202
1985 300 309 312 288 343 351 389 413 514 500 514 482 470 359 323 244 192 168 128 96 93 103 101 104 85 87 90 85 148 110
1986 557 448 402 349 332 220 194 138 126 136 163 185 216 205 246 218 248 269 258 275 288 299 226 252 251 175 171 120 146 111
1987 280 207 235 201 172 186 221 210 293 327 330 330 322 323 252 251 266 157 159 133 120 146 140 98 123 92 139 136 123 131
1988 190 269 216 195 211 141 184 165 239 222 197 319 277 294 277 247 308 266 229 250 250 260 220 214 227 194 199 166 207 165
1989 70 33 107 109 134 115 125 101 115 115 139 176 165 176 183 176 200 253 236 260 247 234 326 293 219 222 197 290 186 228
1990 124 80 113 96 67 57 67 51 47 38 38 31 35 48 39 41 25 51 31 62 53 66 58 74 72 75 85 89 89 78
1991 308 251 261 195 173 143 118 84 68 64 61 51 61 53 61 74 49 61 42 71 89 58 75 40 34 42 41 34 52 44
1992 304 241 215 176 149 125 180 146 216 188 220 242 186 186 160 143 154 119 107 89 78 57 63 29 42 51 50 66 45 35
1993 315 239 246 227 196 153 161 182 183 221 221 234 270 207 185 193 159 151 129 113 118 108 88 64 66 79 66 57 58 52
1994 673 643 472 362 288 196 115 133 114 221 188 164 233 256 264 299 172 189 230 188 181 175 219 251 252 162 219 153 204 163
1995 198 155 217 249 239 314 378 371 417 421 394 342 335 293 199 189 153 142 115 98 108 95 88 93 86 72 93 99 104 100
1996 251 191 200 168 157 168 154 176 214 238 288 261 292 320 301 297 323 272 282 282 244 254 206 167 152 132 141 99 94 86
1997 222 174 159 155 138 145 136 125 127 135 135 171 194 228 152 172 134 150 180 187 160 167 124 213 164 173 123 130 107 111
1998 537 346 260 228 166 147 134 101 119 117 134 127 169 119 115 133 112 94 89 82 82 72 61 79 89 75 66 77 87 85
1999 227 197 191 240 290 308 382 486 509 584 558 505 395 408 311 233 199 165 142 144 117 117 93 104 92 85 71 117 86 94
2000 197 184 188 174 199 223 256 267 303 306 347 308 355 321 391 342 351 262 315 239 256 194 202 183 159 159 149 112 101 90
2001 921 806 700 512 409 301 218 189 176 152 157 186 229 280 230 266 250 230 262 273 257 235 219 225 189 208 184 149 197 131
2002 520 381 400 312 295 250 289 259 407 359 453 393 389 278 330 188 227 183 166 137 162 129 155 89 109 121 125 101 111 107
2003 316 216 319 240 275 291 318 361 342 389 456 425 461 415 390 277 276 234 246 260 198 185 166 148 124 144 138 116 96 70
2004 317 310 335 313 325 254 242 211 208 188 181 155 148 151 174 170 205 198 162 182 171 186 167 189 143 156 167 148 143 139
2005 197 197 207 231 288 252 204 194 203 207 216 167 205 168 193 131 171 126 144 129 135 111 111 101 98 100 117 84 118 82
2006 264 245 303 263 298 252 244 209 200 161 171 145 151 127 157 147 191 169 175 145 174 137 182 105 128 90 97 105 95 106
2007 124 114 93 93 76 60 73 77 74 68 82 76 85 79 80 60 75 74 82 68 72 59 54 48 52 47 61 50 60 49
2008 341 282 200 161 151 133 130 117 143 129 138 138 139 113 135 121 124 127 134 114 108 101 112 91 113 103 113 91 81 81
2009 306 221 214 215 225 302 304 362 380 379 347 334 280 289 247 181 147 144 117 103 93 82 75 78 85 88 72 85 77 53
2010 269 183 165 106 95 64 75 78 124 132 232 154 165 160 157 124 135 106 147 114 156 151 140 95 140 112 101 71 90 58
2011 164 232 229 272 287 403 457 673 801 859 925 872 790 634 511 347 349 278 265 185 230 225 265 184 276 241 301 228 294 184
2012 279 309 190 158 98 81 61 46 63 59 85 81 130 111 196 188 239 285 379 323 408 309 316 218 198 168 164 97 120 86
2013 310 240 180 174 145 126 184 153 230 292 361 431 519 407 386 349 325 258 259 195 210 136 192 142 214 193 234 192 212 203
2014 460 498 349 311 184 190 145 203 282 444 458 655 675 608 559 492 425 285 216 203 206 182 165 192 249 247 198 191 203 135
2015 1055 1114 987 939 766 575 498 286 267 200 377 373 500 474 469 426 454 320 352 347 318 337 389 337 433 331 300 219 245 158
2016 180 164 230 251 299 283 333 388 471 577 611 812 892 863 883 761 685 538 409 422 295 293 277 267 248 264 247 226 232 228
2017 126 139 145 178 163 174 187 205 184 216 257 214 279 257 267 298 361 335 376 383 440 457 415 418 350 282 264 257 206 248







Table 2.7a (page 3 of 4)—Trawl survey size composition as used in Model 16.6, by year and cm. 
 


 
  


Year 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98
1982 202 193 190 198 122 172 124 132 73 73 72 64 45 34 37 30 20 27 24 12 8 7 9 3 6 4 1 2 3 0 2 0 1 2 1
1983 196 200 191 166 188 176 145 181 126 122 78 81 79 68 59 39 48 32 29 24 18 12 1 7 8 3 11 1 1 2 4 0 3 0 1
1984 188 161 197 183 181 171 153 145 83 119 98 104 75 82 56 68 46 40 32 33 27 22 28 12 16 19 12 9 4 7 6 0 4 3 2
1985 110 113 171 123 134 146 147 135 135 120 138 107 135 99 95 59 75 59 50 48 21 37 22 22 16 14 10 8 7 8 4 1 3 7 2
1986 81 99 76 84 70 87 105 99 89 70 90 86 69 81 71 62 84 56 53 43 29 26 35 18 21 18 30 10 16 13 5 4 6 3 7
1987 121 132 124 133 132 110 116 94 60 91 53 56 55 23 43 33 33 44 28 29 29 29 9 7 15 9 10 13 6 10 10 2 4 6 3
1988 116 124 99 138 106 106 81 116 84 84 56 79 71 48 41 55 71 62 53 31 30 11 27 15 6 15 2 15 2 6 6 6 5 1 4
1989 242 184 167 241 213 136 201 105 184 198 167 154 143 107 151 107 63 53 85 61 74 88 43 60 41 14 43 30 19 24 28 32 14 10 21
1990 78 54 80 55 60 34 64 43 53 52 53 49 33 38 38 25 37 39 10 24 19 23 19 10 11 18 11 6 5 5 7 11 10 3 1
1991 43 26 45 41 47 46 48 32 31 25 40 32 27 14 16 19 22 33 24 21 12 13 8 13 7 8 6 3 5 4 1 6 8 3 2
1992 25 31 30 47 35 32 24 14 21 22 21 15 24 15 18 24 28 14 17 14 11 13 14 7 10 7 13 5 7 7 4 7 8 3 9
1993 36 66 37 37 61 28 28 14 15 15 14 16 12 12 11 12 12 11 9 5 12 10 4 7 8 8 4 3 4 7 3 7 5 5 4
1994 180 160 126 84 133 62 102 49 67 30 40 20 30 13 21 9 9 10 12 5 9 8 9 7 4 6 35 13 9 3 1 3 6 4 2
1995 87 70 54 60 72 71 69 50 54 45 36 28 22 37 20 25 21 20 18 12 13 10 7 8 7 7 4 11 3 4 4 10 1 3 2
1996 79 57 60 60 56 56 45 56 62 32 44 36 28 29 35 22 21 24 25 15 25 10 13 22 17 9 3 3 7 10 3 5 5 3 2
1997 115 101 99 92 80 69 56 61 53 29 18 31 20 28 16 11 10 9 12 17 12 10 8 9 9 4 3 8 7 2 6 3 2 4 0
1998 74 65 97 58 63 47 46 52 55 37 52 29 36 21 21 25 13 16 9 15 11 8 10 7 4 3 5 5 10 3 6 3 1 2 2
1999 80 95 63 70 49 62 70 49 45 51 37 28 28 23 26 27 24 19 13 17 15 12 11 17 16 6 16 6 5 5 5 2 5 6 6
2000 85 54 65 58 52 36 50 33 38 31 34 29 22 12 14 22 22 12 18 19 8 9 5 9 26 7 7 7 4 4 10 2 8 5 3
2001 155 151 107 83 106 67 78 57 51 33 38 26 20 27 20 31 17 17 12 11 13 5 10 6 6 5 7 5 4 2 4 6 1 2 0
2002 99 56 106 72 64 66 58 47 35 35 32 24 31 24 13 10 20 14 6 6 2 7 2 4 5 2 2 4 5 5 1 3 2 3 6
2003 95 64 72 69 66 67 76 47 56 40 40 36 35 26 28 16 18 21 22 11 14 7 9 6 7 5 4 4 3 2 1 0 1 1 0
2004 120 103 101 86 105 82 64 73 59 58 34 50 45 43 46 32 27 24 23 16 22 11 26 12 19 15 13 6 4 8 4 3 4 4 2
2005 127 104 112 101 101 77 83 74 70 59 72 51 72 54 65 49 44 40 40 32 25 17 28 20 23 14 10 14 10 8 4 9 5 3 4
2006 90 88 98 61 96 51 71 60 58 64 67 57 59 42 57 44 58 50 51 37 42 39 34 20 35 16 23 15 18 10 10 6 11 9 1
2007 49 45 46 32 43 40 31 24 32 23 38 21 19 14 12 17 17 18 10 10 9 25 11 8 9 15 10 13 8 3 8 4 6 2 3
2008 88 62 71 64 71 44 53 35 39 23 43 19 23 21 23 13 16 12 16 14 12 8 20 11 10 8 12 5 10 10 10 9 3 8 9
2009 65 71 52 38 48 30 40 29 21 24 13 17 14 15 14 4 13 6 8 4 4 7 6 6 3 4 5 1 1 1 2 3 5 2 3
2010 67 40 42 29 22 16 19 17 9 6 7 8 10 3 7 2 2 4 2 2 1 3 4 0 2 1 2 1 1 2 0 0 2 1 0
2011 249 172 205 152 159 115 126 61 78 51 50 27 25 21 15 14 18 7 14 10 7 3 4 4 4 4 1 5 3 4 7 2 1 0 1
2012 104 78 79 63 66 46 72 37 47 24 29 21 20 19 18 6 10 4 7 6 6 4 4 4 1 1 2 2 1 3 3 2 0 0 1
2013 234 213 193 163 141 136 109 104 92 51 63 44 31 44 29 31 8 29 12 24 12 10 7 7 4 3 5 4 4 5 1 2 0 1 0
2014 140 110 106 62 62 52 66 56 53 66 49 43 40 29 28 20 15 16 8 8 8 4 4 6 3 1 6 2 3 2 0 0 3 1 2
2015 168 113 107 111 98 81 65 61 62 57 45 55 43 35 24 24 20 23 14 7 12 7 17 9 6 3 4 1 2 2 0 2 1 1 1
2016 212 225 245 190 172 158 168 135 95 85 69 51 46 47 36 24 24 35 16 19 21 16 10 9 8 8 5 6 5 3 2 3 2 2 2
2017 182 176 155 144 119 152 128 105 89 112 84 95 90 81 66 71 70 21 40 35 22 13 10 16 11 16 4 8 9 1 7 6 1 4 1







Table 2.7a (page 4 of 4)—Trawl survey size composition as used in Model 16.6, by year and cm. 
 


 
  


Year 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120+
1982 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1983 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1984 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1985 4 2 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1986 2 4 3 0 4 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 1 1 3 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1988 8 3 1 3 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0
1989 11 10 22 1 22 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1990 1 5 0 6 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1991 3 0 1 0 6 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1992 1 4 3 3 3 3 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0
1993 4 1 2 2 1 8 2 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0
1994 1 2 9 6 3 1 7 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0
1995 3 5 1 3 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0
1996 2 4 1 2 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0
1997 1 2 0 0 1 2 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
1998 1 1 1 8 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1999 3 2 1 0 2 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
2000 1 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2001 5 1 1 0 2 1 3 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
2002 1 1 0 0 1 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
2003 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2004 2 0 1 0 5 0 1 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0
2005 0 4 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2006 7 5 3 2 3 2 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0
2007 3 3 2 8 1 2 1 2 0 1 0 0 0 1 0 0 0 0 0 0 0 0
2008 2 4 3 7 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
2009 1 2 1 1 0 1 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
2010 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2011 0 2 2 1 0 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2012 2 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2013 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2014 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2015 2 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2016 0 1 3 2 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2017 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0







Table 2.7b (page 1 of 6)—Trawl survey size composition as used in Models 17.x, by year and cm (number of sampled hauls in column 2). 
 


 
  


Year N 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
1982 313 0 0 0 0 0 0.02 0.23 0.27 0.57 0.77 1.55 1.76 3.24 1.97 1.5 1.54 1.36 0.58 0.25 0.26 0.06
1983 255 0 0 0 0 0 0.14 1.86 5.63 8.82 8.88 9.38 8.95 8.41 7.65 4.89 4.84 2.32 1.43 0.86 0.55 0.17
1984 264 0 0 0 0 0 0.14 0.54 0.78 1.19 0.95 0.59 0.55 0.56 0.65 1 0.69 1.39 1.56 1.96 2.71 5.01
1985 345 0 0 0 0 0 0.09 1.14 2.08 3.67 2.96 4.41 5.87 6.22 7.6 10.28 10.36 10.75 13.21 11.43 11.34 6.57
1986 349 0 0 0 0 0.01 0.51 0.86 2.11 3.03 2.95 4.57 3.96 4.01 3.4 2.1 0.78 0.6 0.46 0.5 1.63 2.59
1987 338 0 0 0 0 0 0 0.43 0.12 0.23 0.77 1.21 1.92 2.58 3.45 3.85 3.84 4.89 3.95 2.56 1.95 1.51
1988 334 0 0 0 0 0 0 0.02 0.26 0.25 0.94 0.45 0.9 0.88 0.76 1.4 0.91 0.6 0.88 1.16 1.59 2.28
1989 316 0 0 0 0 0 0.08 0.08 0.6 1.49 1.16 2.2 2.72 3.41 3.32 3.19 2.07 1.24 0.61 0.68 0.95 0.11
1990 328 0 0 0 0 0 1.5 4.16 6.06 8.95 8.74 10.76 13.74 15.08 11.92 8.68 6.81 5.2 3.32 2.01 2.41 2.46
1991 324 0 0 0 0 0 0.29 1.39 4.21 5.04 6.29 6.13 7.33 5.96 6.11 5.74 4.8 6.06 3.85 3.21 3.24 3.52
1992 322 0 0 0 0 0 0 0.02 0.56 2.72 6.15 6.39 5.86 5.04 6.65 7.42 7.82 8.3 7.22 7.6 3.73 3.98
1993 351 0 0 0 0 0.02 0.08 0.98 2.72 6.43 14.28 9.88 13.61 11.94 10.82 10.74 11.57 10.5 10.84 7.27 4.53 3.27
1994 346 0 0 0 0 0 0.08 0.25 0.14 0.66 1.04 1.9 2.27 2.47 2.48 2.87 3.38 2.76 2.56 2.26 3.27 2.99
1995 335 0 0 0 0 0.01 0.12 0.42 0.54 0.48 0.69 1.5 1.35 1.53 2.03 2.15 2.93 2.48 1.25 0.87 0.69 1.34
1996 341 0 0 0 0 0 0.04 0.06 0.41 0.34 0.83 1.21 1.75 2.33 1.93 2.42 2.51 2.32 1.98 1.31 0.73 0.8
1997 351 0 0 0 0 0 0.32 0.67 2.49 4.37 6.4 7.38 7.36 7.51 8.12 10.85 8.65 8.35 8.64 6.79 4 2.2
1998 344 0 0 0 0 0 0.05 0.16 0.84 1.91 3.02 4.2 3.75 4.89 3.27 1.63 0.8 0.22 0.15 0.62 0.88 2.06
1999 320 0 0 0 0 0 0.02 0.41 1.46 2.74 2.99 3.33 2.56 3.1 2.14 1.15 0.81 1.13 1.34 1.06 1.45 2.99
2000 343 0 0 0 0.11 0.28 0.63 1.4 2.7 3.73 8.14 13.06 15.9 12.08 7.6 7.48 3.87 2.38 0.89 0.25 0.33 0.67
2001 348 0 0 0 0 0.08 0.11 0.47 1.11 2.24 3.6 5.49 7.92 11.6 12.51 13.49 11.95 11.67 7.76 6.16 3.86 2.4
2002 344 0 0 0 0 0.02 0.08 0.16 0.59 1.22 1.77 2.24 2.85 4.46 3.14 4.65 3.11 2 1.45 0.98 0.49 1.18
2003 345 0 0 0.03 0 0.02 0.08 0.15 0.32 1.56 2.58 3.84 5.73 6.48 5.74 6.96 7.09 7.86 7.04 6.62 5.56 6.1
2004 345 0 0.05 0 0 0 0.02 0.12 0.62 1.43 2.75 4.86 3.37 6.18 5.96 6.86 6.72 4.3 4.58 3.54 2.07 1.78
2005 344 0 0 0 0 0 0 0.03 0.12 0.68 1.31 2.65 4.2 6.12 7.57 9.27 8.66 9.18 8.82 11.02 11.02 11.8
2006 344 0 0.02 0 0.12 0.21 1.14 2.86 9.53 11.48 12.1 12.84 11.38 9.72 9.35 10.17 7.95 6.9 4.15 2.98 1.85 1.52
2007 348 0 0 0 0 0.2 0.2 3.51 13.06 31.59 38.7 37.96 30.98 19.84 19.42 13.89 8.85 10.87 6.24 3.29 3.31 1.14
2008 330 0 0 0.02 0 0 0.14 1.38 4.3 8.89 9.65 9.91 8.91 7.93 5.77 3.83 1.91 1.02 0.53 1.01 1.78 4.12
2009 347 0.01 0 0.01 0.15 0.75 2.2 8.34 20.21 22.01 22.61 18.27 15.48 13.53 10.1 9.57 6.61 4.56 2.38 0.72 0.58 0.69
2010 328 0 0 0 0 0 0.03 0.21 0.76 1.04 1.26 2.17 2.17 2.44 2.01 1.33 0.65 0.72 0.4 0.58 1.36 2.61
2011 350 0 0 0 0 0 0.13 0.33 1.28 2.4 4.34 5.16 6.5 6.96 10.07 10.57 15.26 14.95 14.36 9.04 4.83 1.85
2012 343 0 0 0.15 0 0.01 1.93 9.94 18 19.2 14.76 11.11 10.94 8.13 10.75 10.38 5.45 3.37 1.25 0.82 0.27 0.74
2013 343 0 0 0 0 0.01 0.17 0.91 2.13 2.69 3.8 4.07 5.19 4.39 3.25 2.32 0.64 0.39 1.16 1.58 4.91 7.31
2014 355 0 0 0 0.03 0 0.01 0.19 1.77 2.31 4.72 6.73 9.22 10.27 13 9.85 12.02 9.69 10.3 6.09 4.32 2.19
2015 341 0 0 0 0 0 0 0.19 0.74 0.74 1.51 1.36 0.92 0.84 1.01 1.01 1.06 1.3 1.5 1.22 1.37 1.33
2016 356 0 0 0 0 0.02 0 0.11 0.35 0.55 1.12 1.26 0.83 0.46 1.08 1.37 2.06 3.15 4.73 5.73 5.41 4.75
2017 353 0 0 0 0 0 0 0.06 0.06 0.41 1.11 1.45 1.45 1.93 1.78 2.2 2.66 3.02 3.89 4.17 4.9 5.44







Table 2.7b (page 2 of 6)—Trawl survey size composition as used in Models 17.x, by year and cm. 
 


  
  


Year 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44
1982 0.24 0.53 0.74 1.18 1.99 2.57 3.65 5.73 6.55 7.12 9.06 9.4 7.03 5.83 4.28 4.33 3.73 4.07 5.35 6.01
1983 0.1 0.35 0.66 0.89 1.08 1.95 2.43 2.83 3.36 3.21 4.13 2.82 2.46 2.08 1.18 1.2 1.67 1.83 2.76 3.05
1984 6.78 8.24 10.01 12.49 13.04 14.06 12.38 10.37 8.56 7.5 6.42 4.79 3.36 2.32 2.21 1.91 1.27 2.04 1.63 1.99
1985 4.34 2.66 1.86 2.05 2.18 3.25 4.49 4.41 5.56 6.12 6.31 6.37 5.88 7 7.18 7.95 8.45 10.51 10.22 10.5
1986 4.95 8.17 10.19 15.82 14.27 13.99 14.49 14.83 13.16 12.64 10.17 9.12 7.92 7.54 5 4.41 3.13 2.85 3.09 3.7
1987 2.01 2.42 3.73 3.95 6.39 8.74 9.62 10.37 9.29 8.92 6.61 7.49 6.4 5.48 5.94 7.06 6.7 9.35 10.41 10.52
1988 2.58 2.93 2.89 3.66 2.79 4.13 4.08 4.57 5.99 6.36 8.99 7.21 6.53 7.05 4.71 6.14 5.51 7.97 7.41 6.58
1989 0.48 0.49 1.12 0.42 1.06 0.96 0.76 1.04 1.17 2.2 1.04 3.37 3.45 4.25 3.63 3.96 3.2 3.63 3.62 4.4
1990 1.91 2.73 4.45 4.48 5.57 5.98 5.66 5.37 6.87 7.23 4.64 6.58 5.59 3.92 3.33 3.89 2.98 2.72 2.22 2.2
1991 4.49 4.34 7.44 8.63 11.89 12.78 14.59 12.95 16.7 13.8 11.26 11.72 8.77 7.76 6.4 5.3 3.77 3.04 2.85 2.71
1992 4.54 6.11 8.85 9.65 10.11 11.72 12.52 11.66 10.38 10.21 8.07 7.21 5.9 5 4.18 6.04 4.89 7.24 6.31 7.37
1993 2.07 1.84 2.24 2.88 3.18 5.83 6.96 7.78 9.78 10.61 8.07 8.29 7.66 6.6 5.15 5.43 6.15 6.19 7.45 7.45
1994 4.24 3.83 5.1 7.97 10.7 13.73 15.88 18.19 19.06 16.71 15.99 11.72 9.01 7.15 4.87 2.87 3.29 2.83 5.49 4.68
1995 1.7 3.24 3.91 5.75 7.04 8.3 7.92 8.9 8.2 7.21 5.65 7.89 9.05 8.7 11.43 13.75 13.51 15.17 15.33 14.33
1996 0.86 2.11 2.35 4.72 5.95 7.08 8.35 10.05 8.65 9.14 6.97 7.3 6.12 5.73 6.11 5.6 6.42 7.8 8.68 10.51
1997 1.57 1.56 1.3 2.69 4.17 3.94 5.88 8.52 8.84 8.5 6.67 6.07 5.94 5.27 5.54 5.2 4.77 4.86 5.18 5.17
1998 2.6 6.55 9.91 13.67 17.75 21.53 22.55 22.07 18.42 19.31 12.43 9.35 8.2 5.96 5.27 4.82 3.63 4.27 4.2 4.82
1999 3.01 5.37 6.24 6.07 8.49 7.34 8.07 8.42 6.57 6.22 5.39 5.23 6.56 7.94 8.42 10.45 13.29 13.92 15.98 15.25
2000 1.06 2.12 3.25 4.65 5.39 6.02 7.07 8.34 6.06 5.39 5.04 5.15 4.76 5.45 6.09 7.01 7.29 8.27 8.37 9.49
2001 1.98 2.82 3.98 5.53 6.44 8.93 11.57 14.66 14.55 16.23 14.21 12.33 9.02 7.21 5.3 3.84 3.33 3.11 2.67 2.76
2002 1.78 2.98 4.51 6.76 7.52 12.2 13.32 15.59 15.53 14.61 10.71 11.25 8.77 8.29 7.03 8.13 7.27 11.44 10.08 12.72
2003 4.31 3.35 1.85 1.6 1.63 2.2 1.6 3.2 4.03 8.82 6.03 8.91 6.71 7.66 8.12 8.89 10.07 9.56 10.87 12.73
2004 2.31 2.94 3.31 6.01 6.25 6.99 7.59 8.73 9.61 10.12 9.91 10.7 9.99 10.38 8.12 7.73 6.75 6.63 6.01 5.77
2005 11.46 8.8 6.39 4.16 4.12 4.31 3.5 4.83 5.43 6 5.99 6.31 7.03 8.79 7.68 6.21 5.92 6.19 6.3 6.58
2006 1.6 1.56 1.83 2.43 3.26 4.76 5.37 6.99 6.88 7.47 6.95 8.59 7.47 8.46 7.16 6.91 5.91 5.67 4.55 4.85
2007 1.19 1.77 2.34 3.36 3.17 4.19 3.32 3.8 4 3.36 3.09 2.51 2.53 2.07 1.64 1.99 2.1 2.02 1.86 2.23
2008 7.8 12.18 13.98 17.97 18.93 18.28 17.33 14.21 11.73 8.67 7.16 5.09 4.09 3.84 3.38 3.31 2.97 3.63 3.27 3.5
2009 1.71 1.95 3.6 5.27 7 8.25 9.73 9.08 7.06 6.36 4.59 4.45 4.47 4.69 6.28 6.32 7.53 7.91 7.89 7.22
2010 5.48 8.37 10.46 15.38 18.66 18.07 17.06 17.08 14 11.64 7.94 7.15 4.59 4.13 2.79 3.26 3.39 5.37 5.72 10.04
2011 0.58 0.62 0.92 0.82 0.95 1.22 2.05 2.3 3.17 2.77 3.92 3.86 4.59 4.85 6.8 7.72 11.35 13.51 14.5 15.61
2012 0.98 1.54 2.21 4.67 6.79 7.06 9.38 9.24 10.23 7.33 8.11 4.98 4.14 2.56 2.12 1.6 1.2 1.66 1.55 2.24
2013 11.99 14.41 18.02 19.77 15.41 16.66 11.95 12.08 7.62 5.69 4.41 3.31 3.19 2.67 2.3 3.37 2.8 4.22 5.35 6.63
2014 2.03 1.8 1.42 1.9 4.38 4.88 8.29 6.54 9.57 9.1 9.85 6.9 6.15 3.64 3.77 2.88 4.01 5.58 8.78 9.06
2015 1.38 1.43 2.15 3.12 4.88 6.8 9.25 12.74 15.98 18.62 19.67 17.42 16.57 13.53 10.16 8.79 5.05 4.72 3.53 6.65
2016 3.2 2.27 1.2 0.73 0.83 1.41 1.81 2.18 2.72 3.73 3.39 4.77 5.21 6.2 5.86 6.9 8.03 9.76 11.96 12.66
2017 5.62 5.03 4.21 3 2.88 2.8 3.52 2.72 3.4 3.52 3.88 4.04 4.98 4.55 4.85 5.22 5.71 5.13 6.02 7.19







Table 2.7b (page 3 of 6)—Trawl survey size composition as used in Models 17.x, by year and cm. 
 


 
  


Year 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66
1982 8.36 8.97 8.07 9.74 9.75 8.32 8.44 8.01 7.54 7.09 8.25 7.66 7.93 6.67 7.72 7.84 7.75 6.67 6.74 6 5.74 5.63
1983 4.11 5.22 5.84 5.58 5.78 6.13 4.92 4.81 4.78 4.36 5.79 5.36 5 5.09 4.76 5.08 4.76 3.89 4.34 3.8 3.88 3.7
1984 2.04 2.1 2.35 2.91 2.3 2.38 2.06 2.37 3.08 2.8 3.4 3.62 4.28 4.31 3.35 4.68 3.67 4.34 4.4 4.1 3.51 4.29
1985 9.86 9.61 7.34 6.6 4.98 3.93 3.43 2.63 1.97 1.91 2.1 2.07 2.12 1.74 1.78 1.85 1.73 3.03 2.24 2.24 2.3 3.49
1986 4.2 4.9 4.65 5.57 4.94 5.63 6.1 5.86 6.25 6.54 6.8 5.13 5.71 5.69 3.98 3.87 2.71 3.31 2.52 1.83 2.24 1.72
1987 10.52 10.27 10.29 8.04 7.99 8.47 5 5.06 4.24 3.82 4.66 4.46 3.14 3.93 2.92 4.42 4.33 3.93 4.18 3.86 4.22 3.96
1988 10.65 9.26 9.83 9.26 8.24 10.3 8.89 7.67 8.37 8.36 8.69 7.35 7.14 7.57 6.47 6.64 5.54 6.91 5.5 3.89 4.13 3.32
1989 5.56 5.23 5.56 5.78 5.55 6.31 8.01 7.45 8.23 7.81 7.4 10.29 9.25 6.92 7.03 6.22 9.15 5.86 7.2 7.66 5.81 5.29
1990 1.81 2.03 2.82 2.25 2.36 1.47 2.99 1.8 3.63 3.12 3.87 3.4 4.31 4.22 4.39 4.95 5.19 5.18 4.52 4.56 3.12 4.66
1991 2.3 2.74 2.36 2.73 3.32 2.19 2.76 1.87 3.2 4.01 2.58 3.35 1.8 1.51 1.88 1.84 1.53 2.32 1.97 1.92 1.18 2.01
1992 8.11 6.25 6.23 5.38 4.78 5.17 4.01 3.59 2.98 2.63 1.91 2.12 0.96 1.42 1.71 1.69 2.23 1.51 1.18 0.85 1.05 1.01
1993 7.9 9.12 6.98 6.24 6.51 5.36 5.09 4.37 3.82 3.98 3.64 2.98 2.16 2.22 2.65 2.22 1.91 1.95 1.77 1.21 2.23 1.24
1994 4.08 5.78 6.36 6.56 7.44 4.29 4.7 5.72 4.68 4.51 4.35 5.45 6.23 6.27 4.02 5.44 3.8 5.06 4.06 4.46 3.97 3.14
1995 12.46 12.18 10.67 7.22 6.88 5.57 5.15 4.16 3.57 3.94 3.47 3.18 3.37 3.14 2.63 3.36 3.62 3.79 3.64 3.17 2.55 1.95
1996 9.52 10.67 11.69 10.99 10.83 11.77 9.94 10.29 10.28 8.91 9.26 7.52 6.08 5.55 4.82 5.14 3.6 3.44 3.12 2.86 2.09 2.19
1997 6.53 7.43 8.74 5.81 6.57 5.14 5.73 6.88 7.15 6.12 6.38 4.74 8.17 6.29 6.61 4.69 4.96 4.09 4.24 4.39 3.85 3.79
1998 4.57 6.08 4.28 4.12 4.78 4.03 3.37 3.18 2.95 2.95 2.59 2.19 2.82 3.21 2.71 2.36 2.78 3.12 3.05 2.65 2.32 3.49
1999 13.82 10.8 11.16 8.52 6.38 5.43 4.51 3.87 3.94 3.19 3.19 2.54 2.85 2.51 2.34 1.95 3.2 2.35 2.56 2.19 2.61 1.71
2000 8.42 9.71 8.78 10.7 9.35 9.6 7.15 8.61 6.54 6.99 5.29 5.51 5.01 4.35 4.35 4.06 3.06 2.77 2.46 2.33 1.48 1.78
2001 3.28 4.03 4.94 4.05 4.68 4.41 4.05 4.63 4.82 4.52 4.14 3.85 3.96 3.33 3.67 3.25 2.63 3.48 2.32 2.73 2.65 1.88
2002 11.05 10.93 7.82 9.29 5.28 6.38 5.14 4.68 3.85 4.56 3.62 4.37 2.51 3.07 3.4 3.5 2.84 3.13 3.01 2.79 1.59 2.97
2003 11.87 12.87 11.58 10.89 7.74 7.7 6.54 6.87 7.25 5.53 5.16 4.65 4.14 3.47 4.02 3.84 3.24 2.68 1.97 2.64 1.78 2.01
2004 4.94 4.71 4.83 5.55 5.44 6.54 6.33 5.17 5.8 5.45 5.94 5.34 6.04 4.56 4.99 5.33 4.74 4.56 4.44 3.84 3.29 3.21
2005 5.09 6.25 5.13 5.88 4 5.2 3.85 4.4 3.93 4.1 3.38 3.38 3.07 3 3.04 3.57 2.55 3.6 2.51 3.86 3.17 3.41
2006 4.11 4.29 3.6 4.45 4.16 5.41 4.79 4.96 4.12 4.94 3.88 5.16 2.99 3.63 2.56 2.75 2.96 2.7 3.02 2.55 2.5 2.79
2007 2.06 2.31 2.15 2.17 1.64 2.04 2.01 2.21 1.84 1.95 1.61 1.47 1.31 1.41 1.27 1.65 1.35 1.64 1.33 1.34 1.23 1.25
2008 3.51 3.53 2.86 3.43 3.07 3.16 3.23 3.42 2.89 2.74 2.56 2.84 2.3 2.88 2.62 2.87 2.32 2.06 2.05 2.24 1.57 1.8
2009 6.96 5.83 6.02 5.15 3.76 3.05 3 2.43 2.13 1.94 1.71 1.56 1.63 1.77 1.83 1.49 1.76 1.6 1.1 1.34 1.47 1.09
2010 6.68 7.17 6.91 6.8 5.37 5.83 4.61 6.37 4.96 6.74 6.54 6.05 4.12 6.06 4.86 4.37 3.09 3.91 2.53 2.91 1.75 1.81
2011 14.72 13.33 10.7 8.62 5.86 5.89 4.69 4.47 3.12 3.88 3.8 4.48 3.11 4.66 4.07 5.08 3.84 4.96 3.1 4.2 2.9 3.46
2012 2.12 3.42 2.91 5.14 4.92 6.28 7.48 9.94 8.46 10.7 8.11 8.29 5.72 5.18 4.41 4.3 2.54 3.15 2.26 2.72 2.03 2.07
2013 7.91 9.53 7.46 7.08 6.4 5.97 4.73 4.75 3.57 3.85 2.49 3.53 2.6 3.93 3.54 4.29 3.53 3.89 3.72 4.29 3.91 3.55
2014 12.97 13.36 12.03 11.06 9.73 8.41 5.64 4.27 4.01 4.08 3.61 3.27 3.79 4.92 4.89 3.93 3.78 4.01 2.67 2.76 2.18 2.1
2015 6.59 8.83 8.36 8.28 7.52 8.01 5.66 6.22 6.13 5.61 5.94 6.86 5.95 7.65 5.84 5.29 3.86 4.32 2.8 2.96 2 1.89
2016 16.83 18.5 17.89 18.3 15.78 14.2 11.15 8.48 8.75 6.12 6.08 5.75 5.54 5.14 5.47 5.12 4.68 4.81 4.73 4.39 4.67 5.08
2017 5.96 7.79 7.18 7.44 8.31 10.07 9.36 10.5 10.68 12.28 12.75 11.59 11.7 9.77 7.87 7.36 7.16 5.75 6.91 5.07 4.91 4.31







Table 2.7b (page 4 of 6)—Trawl survey size composition as used in Models 17.x, by year and cm. 
 


 
  


Year 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90
1982 5.87 3.62 5.11 3.69 3.91 2.17 2.16 2.14 1.91 1.32 1.02 1.09 0.88 0.59 0.79 0.71 0.37 0.22 0.19 0.27 0.08 0.18 0.12 0.02
1983 3.22 3.65 3.42 2.81 3.5 2.44 2.36 1.51 1.56 1.53 1.31 1.14 0.76 0.94 0.62 0.56 0.46 0.34 0.23 0.02 0.13 0.16 0.06 0.22
1984 3.97 3.93 3.71 3.32 3.14 1.81 2.6 2.12 2.27 1.63 1.79 1.22 1.48 1 0.87 0.69 0.71 0.59 0.47 0.61 0.26 0.35 0.41 0.27
1985 2.51 2.75 2.99 3 2.76 2.75 2.44 2.81 2.19 2.76 2.03 1.95 1.2 1.54 1.21 1.02 0.98 0.43 0.76 0.45 0.45 0.33 0.28 0.21
1986 1.92 1.6 1.97 2.38 2.24 2.03 1.6 2.04 1.95 1.57 1.84 1.61 1.41 1.9 1.26 1.21 0.97 0.65 0.6 0.79 0.42 0.48 0.41 0.68
1987 4.25 4.2 3.52 3.7 3 1.9 2.89 1.68 1.79 1.76 0.75 1.38 1.06 1.05 1.41 0.9 0.94 0.93 0.94 0.27 0.23 0.48 0.3 0.32
1988 4.62 3.54 3.53 2.72 3.89 2.82 2.81 1.87 2.64 2.37 1.61 1.38 1.85 2.37 2.09 1.78 1.02 0.99 0.37 0.9 0.5 0.2 0.51 0.08
1989 7.6 6.72 4.3 6.34 3.31 5.81 6.26 5.27 4.86 4.52 3.38 4.77 3.4 2 1.67 2.69 1.93 2.35 2.79 1.35 1.89 1.31 0.45 1.35
1990 3.19 3.52 1.98 3.71 2.52 3.12 3.04 3.1 2.84 1.92 2.19 2.21 1.44 2.16 2.27 0.59 1.37 1.08 1.36 1.13 0.57 0.63 1.08 0.67
1991 1.84 2.13 2.05 2.15 1.46 1.38 1.14 1.8 1.45 1.23 0.63 0.72 0.84 0.96 1.49 1.07 0.96 0.54 0.57 0.38 0.56 0.33 0.35 0.27
1992 1.58 1.17 1.07 0.8 0.47 0.72 0.75 0.69 0.51 0.81 0.5 0.6 0.82 0.95 0.48 0.56 0.49 0.38 0.42 0.47 0.22 0.32 0.25 0.42
1993 1.23 2.06 0.95 0.94 0.48 0.5 0.52 0.48 0.55 0.41 0.39 0.36 0.4 0.42 0.37 0.31 0.16 0.39 0.35 0.15 0.24 0.26 0.25 0.14
1994 2.08 3.3 1.54 2.53 1.21 1.66 0.74 1.01 0.49 0.73 0.33 0.53 0.22 0.22 0.26 0.31 0.13 0.22 0.2 0.23 0.16 0.1 0.15 0.86
1995 2.18 2.6 2.57 2.5 1.83 1.97 1.63 1.3 1.03 0.81 1.34 0.73 0.89 0.78 0.72 0.65 0.43 0.47 0.37 0.27 0.28 0.27 0.27 0.16
1996 2.18 2.05 2.04 1.65 2.06 2.26 1.16 1.61 1.31 1.01 1.06 1.26 0.8 0.78 0.88 0.9 0.54 0.9 0.36 0.49 0.81 0.63 0.33 0.12
1997 3.51 3.04 2.63 2.13 2.35 2.04 1.11 0.69 1.17 0.78 1.06 0.61 0.42 0.38 0.33 0.47 0.65 0.47 0.37 0.31 0.35 0.36 0.16 0.11
1998 2.08 2.27 1.7 1.64 1.87 1.97 1.35 1.86 1.04 1.3 0.76 0.74 0.89 0.45 0.58 0.33 0.54 0.38 0.3 0.35 0.26 0.14 0.11 0.18
1999 1.91 1.33 1.69 1.91 1.35 1.24 1.39 1.01 0.76 0.77 0.63 0.7 0.74 0.67 0.53 0.35 0.47 0.41 0.33 0.31 0.46 0.43 0.17 0.44
2000 1.59 1.43 0.97 1.35 0.91 1.04 0.84 0.93 0.79 0.6 0.33 0.37 0.59 0.61 0.33 0.49 0.52 0.23 0.26 0.14 0.24 0.72 0.18 0.2
2001 1.46 1.86 1.19 1.37 1.01 0.9 0.58 0.67 0.45 0.34 0.47 0.35 0.55 0.31 0.3 0.22 0.2 0.22 0.1 0.18 0.11 0.11 0.1 0.12
2002 2.03 1.8 1.85 1.62 1.33 0.99 1 0.89 0.69 0.87 0.67 0.37 0.29 0.56 0.4 0.17 0.18 0.07 0.2 0.05 0.1 0.14 0.04 0.06
2003 1.93 1.84 1.88 2.13 1.32 1.57 1.11 1.12 1 0.97 0.74 0.78 0.45 0.5 0.58 0.6 0.32 0.39 0.21 0.26 0.16 0.19 0.15 0.11
2004 2.76 3.35 2.6 2.04 2.32 1.87 1.84 1.08 1.6 1.44 1.36 1.46 1.01 0.88 0.76 0.75 0.5 0.71 0.35 0.82 0.39 0.62 0.48 0.41
2005 3.07 3.06 2.35 2.54 2.26 2.13 1.78 2.2 1.57 2.19 1.64 1.97 1.49 1.35 1.23 1.23 0.98 0.75 0.53 0.85 0.62 0.71 0.43 0.31
2006 1.72 2.72 1.45 2.02 1.7 1.65 1.8 1.9 1.6 1.67 1.2 1.61 1.25 1.63 1.42 1.46 1.04 1.19 1.11 0.96 0.56 1 0.44 0.65
2007 0.88 1.17 1.08 0.85 0.64 0.87 0.63 1.03 0.58 0.51 0.37 0.33 0.47 0.45 0.49 0.27 0.28 0.24 0.68 0.29 0.22 0.24 0.4 0.28
2008 1.62 1.81 1.13 1.34 0.88 0.99 0.58 1.1 0.47 0.59 0.55 0.57 0.32 0.4 0.3 0.41 0.35 0.31 0.21 0.5 0.29 0.26 0.21 0.3
2009 0.79 0.99 0.63 0.83 0.6 0.44 0.5 0.26 0.35 0.28 0.31 0.29 0.09 0.28 0.13 0.16 0.09 0.08 0.15 0.12 0.12 0.07 0.08 0.1
2010 1.26 0.94 0.71 0.83 0.72 0.4 0.27 0.29 0.36 0.43 0.11 0.32 0.1 0.07 0.18 0.1 0.1 0.03 0.13 0.19 0.01 0.1 0.02 0.09
2011 2.57 2.69 1.94 2.13 1.03 1.31 0.86 0.85 0.45 0.42 0.35 0.26 0.24 0.3 0.11 0.24 0.17 0.12 0.05 0.06 0.07 0.07 0.06 0.02
2012 1.65 1.72 1.2 1.9 0.97 1.24 0.62 0.75 0.56 0.52 0.5 0.46 0.16 0.27 0.11 0.19 0.16 0.17 0.1 0.11 0.11 0.02 0.03 0.07
2013 3 2.59 2.49 2 1.91 1.69 0.94 1.15 0.8 0.57 0.8 0.54 0.56 0.15 0.54 0.23 0.44 0.21 0.19 0.13 0.14 0.08 0.06 0.09
2014 1.23 1.23 1.02 1.3 1.1 1.05 1.3 0.98 0.84 0.79 0.57 0.56 0.4 0.3 0.32 0.16 0.15 0.16 0.07 0.08 0.11 0.07 0.02 0.12
2015 1.96 1.72 1.44 1.16 1.08 1.09 1 0.8 0.97 0.77 0.63 0.42 0.43 0.35 0.4 0.25 0.13 0.21 0.13 0.31 0.17 0.1 0.05 0.08
2016 3.94 3.56 3.28 3.48 2.8 1.97 1.77 1.43 1.06 0.95 0.98 0.75 0.5 0.5 0.73 0.33 0.39 0.44 0.34 0.2 0.19 0.16 0.16 0.11
2017 4.03 3.31 4.24 3.57 2.92 2.49 3.11 2.34 2.64 2.52 2.27 1.85 1.97 1.94 0.57 1.11 0.97 0.63 0.35 0.29 0.44 0.3 0.44 0.11







Table 2.7b (page 5 of 6)—Trawl survey size composition as used in Models 17.x, by year and cm. 
 


 
  


Year 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114
1982 0.07 0.1 0 0.07 0 0.03 0.06 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1983 0.01 0.01 0.04 0.08 0 0.05 0 0.02 0 0 0 0 0 0.02 0 0 0 0 0 0 0 0 0 0
1984 0.2 0.09 0.16 0.13 0 0.08 0.06 0.05 0.01 0.01 0 0 0 0.02 0 0 0 0 0 0 0 0 0 0
1985 0.16 0.15 0.17 0.09 0.02 0.07 0.14 0.04 0.07 0.04 0 0.07 0 0 0 0 0 0 0 0 0 0 0 0
1986 0.22 0.37 0.3 0.1 0.09 0.13 0.06 0.16 0.04 0.09 0.06 0 0.09 0.05 0 0 0 0 0 0 0 0 0 0
1987 0.41 0.19 0.33 0.32 0.05 0.13 0.19 0.1 0.04 0.02 0.08 0.09 0 0.03 0 0 0 0 0 0.01 0 0 0 0
1988 0.52 0.08 0.19 0.22 0.22 0.17 0.03 0.14 0.26 0.11 0.02 0.09 0 0 0.01 0 0 0 0 0.13 0 0 0 0
1989 0.96 0.59 0.75 0.9 1.02 0.45 0.33 0.65 0.36 0.31 0.7 0.02 0.71 0.21 0 0 0 0 0 0 0 0 0 0
1990 0.32 0.27 0.27 0.39 0.63 0.58 0.15 0.09 0.07 0.27 0 0.34 0.02 0 0.06 0.07 0.03 0 0 0 0 0 0 0
1991 0.13 0.24 0.18 0.07 0.26 0.34 0.14 0.09 0.12 0 0.02 0.01 0.25 0.04 0.02 0.06 0 0 0 0 0 0 0 0
1992 0.18 0.23 0.23 0.15 0.23 0.27 0.09 0.3 0.05 0.14 0.1 0.09 0.09 0.09 0.04 0.02 0.02 0 0.02 0 0.02 0 0 0
1993 0.11 0.12 0.25 0.09 0.24 0.17 0.16 0.12 0.12 0.04 0.07 0.06 0.02 0.29 0.08 0 0.03 0.01 0 0.01 0 0.01 0 0
1994 0.33 0.23 0.07 0.01 0.08 0.16 0.09 0.04 0.02 0.06 0.24 0.15 0.08 0.02 0.17 0 0 0.02 0 0.02 0 0 0 0
1995 0.41 0.12 0.15 0.13 0.36 0.04 0.12 0.07 0.1 0.18 0.03 0.12 0.01 0 0.05 0 0.02 0 0.01 0 0.03 0 0 0
1996 0.09 0.24 0.36 0.11 0.17 0.17 0.1 0.08 0.07 0.14 0.05 0.06 0 0.02 0 0 0 0.11 0 0 0 0 0 0
1997 0.31 0.28 0.07 0.21 0.13 0.09 0.14 0 0.04 0.07 0 0 0.03 0.06 0 0 0.01 0 0 0 0 0.01 0 0.02
1998 0.19 0.35 0.11 0.22 0.09 0.05 0.07 0.07 0.02 0.02 0.03 0.3 0 0 0 0.02 0 0.02 0 0.02 0 0 0 0
1999 0.17 0.14 0.14 0.15 0.06 0.15 0.17 0.18 0.09 0.07 0.04 0 0.06 0.02 0 0.02 0.04 0 0 0 0 0 0 0
2000 0.2 0.1 0.12 0.27 0.07 0.21 0.13 0.09 0.03 0.01 0.08 0 0 0 0 0 0 0 0 0 0 0 0 0
2001 0.08 0.07 0.04 0.07 0.1 0.01 0.04 0.01 0.08 0.01 0.02 0 0.03 0.02 0.05 0.01 0 0.02 0 0 0 0 0 0
2002 0.1 0.14 0.14 0.03 0.1 0.05 0.09 0.17 0.03 0.04 0 0 0.03 0 0.05 0 0 0 0 0 0 0 0.02 0
2003 0.12 0.08 0.05 0.03 0 0.03 0.02 0.01 0 0 0.02 0 0.01 0 0 0 0 0 0 0 0 0 0 0
2004 0.19 0.12 0.24 0.12 0.09 0.14 0.13 0.07 0.05 0 0.02 0 0.16 0 0.04 0 0 0.05 0 0.03 0 0 0 0
2005 0.44 0.3 0.23 0.11 0.28 0.16 0.09 0.11 0.01 0.11 0.06 0.01 0.02 0.01 0 0 0 0 0 0 0 0 0 0
2006 0.43 0.51 0.29 0.27 0.18 0.31 0.25 0.04 0.21 0.14 0.07 0.07 0.07 0.04 0 0.03 0 0 0.06 0 0 0 0 0
2007 0.36 0.23 0.09 0.21 0.1 0.15 0.06 0.08 0.07 0.08 0.05 0.21 0.04 0.06 0.03 0.05 0 0.01 0.01 0 0 0.01 0 0
2008 0.13 0.25 0.26 0.25 0.23 0.08 0.22 0.22 0.06 0.11 0.08 0.18 0.03 0.03 0 0 0.01 0 0 0.02 0 0 0 0
2009 0.01 0.02 0.02 0.04 0.07 0.1 0.05 0.06 0.01 0.04 0.03 0.02 0 0.01 0.04 0 0 0.01 0 0 0 0 0 0
2010 0.04 0.03 0.08 0.02 0 0.08 0.04 0.02 0.06 0.05 0 0 0 0 0.02 0 0 0.02 0 0.01 0 0 0 0
2011 0.09 0.06 0.08 0.12 0.03 0.01 0 0.02 0 0.04 0.03 0.02 0 0.03 0.01 0 0 0 0 0 0 0 0 0
2012 0.05 0.03 0.08 0.07 0.04 0.01 0 0.04 0.04 0.03 0.01 0 0.01 0.02 0 0.01 0 0.01 0 0.01 0 0 0 0
2013 0.07 0.08 0.09 0.03 0.03 0.01 0.03 0.01 0.02 0.01 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0
2014 0.04 0.06 0.04 0.01 0 0.06 0.02 0.04 0 0.03 0 0 0.03 0 0 0 0.01 0 0 0 0 0 0 0
2015 0.02 0.03 0.03 0.01 0.03 0.01 0.02 0.02 0.03 0.02 0 0 0.01 0.01 0.02 0 0 0 0 0 0 0 0 0
2016 0.13 0.1 0.07 0.03 0.06 0.03 0.05 0.04 0 0.03 0.06 0.03 0.02 0.04 0 0 0 0 0 0 0 0 0 0
2017 0.23 0.25 0.04 0.18 0.16 0.02 0.12 0.02 0 0.02 0 0 0 0 0.02 0 0 0 0 0 0 0 0 0







Table 2.7b (page 6 of 6)—Trawl survey size composition as used in Models 17.x, by year and cm. 
 


 
 


Year 115 116 117 118 119 120+
1982 0 0 0 0 0 0
1983 0 0 0 0 0 0
1984 0 0 0 0 0 0
1985 0 0 0 0 0 0
1986 0 0 0 0 0 0
1987 0 0 0 0 0 0
1988 0 0 0 0 0 0
1989 0 0 0 0 0 0
1990 0 0 0 0 0 0
1991 0 0 0 0 0 0
1992 0 0 0 0 0 0
1993 0.1 0 0 0 0 0
1994 0 0 0 0 0 0
1995 0 0 0 0 0 0
1996 0 0 0 0 0 0
1997 0 0 0 0 0 0
1998 0 0 0 0 0 0
1999 0 0 0 0 0 0
2000 0 0 0 0 0 0
2001 0 0 0 0 0 0
2002 0 0 0 0 0 0
2003 0 0 0 0 0 0
2004 0 0 0 0 0 0
2005 0 0 0 0 0 0
2006 0 0 0 0 0 0
2007 0 0 0 0 0 0
2008 0 0 0 0 0 0
2009 0 0 0 0 0 0
2010 0 0 0 0 0 0
2011 0 0 0 0 0 0
2012 0 0 0 0 0 0
2013 0 0 0 0 0 0
2014 0 0 0 0 0 0
2015 0 0 0 0 0 0
2016 0 0 0 0 0 0
2017 0 0 0 0 0 0







Table 2.8—Trawl survey age compositions, as within-year proportions by age (Nage = number of otoliths, Nhaul = number of sampled hauls). 
 


 


Year Nage Nhaul 0 1 2 3 4 5 6 7 8 9 10 11 12+
1994 715 346 0.00000 0.08906 0.38238 0.17148 0.12309 0.11848 0.08011 0.02056 0.00707 0.00462 0.00136 0.00098 0.00081
1995 571 335 0.00001 0.05279 0.26401 0.42067 0.09969 0.07898 0.04932 0.01601 0.00894 0.00593 0.00158 0.00087 0.00120
1996 711 341 0.00001 0.05640 0.20763 0.20268 0.29306 0.13575 0.05768 0.02868 0.01003 0.00433 0.00180 0.00106 0.00088
1997 719 351 0.00000 0.25632 0.16894 0.18349 0.15669 0.12022 0.07696 0.02179 0.01005 0.00309 0.00128 0.00082 0.00036
1998 635 344 0.00000 0.07696 0.44068 0.20395 0.11228 0.05666 0.05960 0.02830 0.01593 0.00403 0.00080 0.00060 0.00021
1999 860 320 0.00000 0.07942 0.19952 0.30277 0.23182 0.08061 0.05778 0.02725 0.01208 0.00532 0.00131 0.00152 0.00059
2000 860 343 0.00002 0.23424 0.12709 0.14999 0.24191 0.14755 0.06156 0.01389 0.01374 0.00546 0.00288 0.00126 0.00043
2001 920 348 0.00001 0.28936 0.23550 0.19364 0.09085 0.08354 0.06818 0.02635 0.00779 0.00217 0.00150 0.00082 0.00029
2002 870 344 0.00006 0.08001 0.18794 0.31779 0.23342 0.07199 0.05884 0.03382 0.01028 0.00379 0.00106 0.00054 0.00047
2003 1263 345 0.00001 0.17500 0.15625 0.25057 0.20941 0.11888 0.04105 0.03010 0.01359 0.00363 0.00052 0.00052 0.00046
2004 995 345 0.00002 0.14384 0.16568 0.27088 0.12814 0.12790 0.09067 0.04002 0.01897 0.00853 0.00218 0.00256 0.00062
2005 1279 344 0.00000 0.18328 0.24443 0.20926 0.12113 0.06528 0.07945 0.05496 0.02383 0.01045 0.00363 0.00365 0.00064
2006 1300 344 0.00000 0.32441 0.14277 0.16496 0.12141 0.09299 0.06330 0.04644 0.02848 0.00988 0.00303 0.00144 0.00087
2007 1441 348 0.00000 0.70042 0.09556 0.06713 0.04138 0.04597 0.01760 0.01430 0.00839 0.00504 0.00174 0.00151 0.00097
2008 1213 330 0.00014 0.21331 0.44525 0.14489 0.08267 0.04860 0.03297 0.01026 0.01026 0.00574 0.00275 0.00141 0.00175
2009 1412 347 0.00068 0.45428 0.18941 0.23091 0.06415 0.02879 0.01464 0.00945 0.00393 0.00204 0.00083 0.00057 0.00033
2010 1292 328 0.00000 0.04651 0.47939 0.17932 0.20324 0.06443 0.01457 0.00770 0.00255 0.00126 0.00038 0.00053 0.00013
2011 1253 350 0.00003 0.29047 0.07300 0.38813 0.11109 0.09557 0.02785 0.00693 0.00334 0.00162 0.00097 0.00056 0.00044
2012 1301 343 0.00005 0.36601 0.23426 0.05829 0.23722 0.06172 0.03065 0.00743 0.00205 0.00154 0.00047 0.00016 0.00016
2013 1418 343 0.00000 0.10724 0.42699 0.17804 0.10837 0.11291 0.05040 0.01093 0.00360 0.00081 0.00019 0.00029 0.00022
2014 1223 355 0.00005 0.27877 0.18778 0.23806 0.19721 0.04780 0.03584 0.01019 0.00225 0.00090 0.00072 0.00014 0.00028
2015 856 341 0.00000 0.06386 0.42549 0.20207 0.19335 0.08190 0.01858 0.01123 0.00242 0.00055 0.00025 0.00016 0.00014
2016 854 356 0.00000 0.11203 0.09418 0.36104 0.22136 0.14502 0.04871 0.01150 0.00406 0.00128 0.00043 0.00030 0.00011







Table 2.9—Total biomass estimates, with standard errors, log-scale standard errors (“Sigma”), and 
bounds of 95% confidence intervals, as estimated by EBS shelf bottom trawl surveys, 1982-2017. 


 


  


Year Estimate Std. error Sigma L95% CI U95% CI
1982 1,013,061 73,621 0.073 867,292 1,158,831
1983 1,187,096 120,958 0.102 942,640 1,431,553
1984 1,013,558 62,513 0.062 889,782 1,137,334
1985 1,001,112 55,845 0.056 890,540 1,111,684
1986 1,118,006 69,626 0.062 980,146 1,255,866
1987 1,027,518 63,670 0.062 734,927 1,320,109
1988 960,962 76,961 0.080 610,794 1,311,129
1989 833,473 62,713 0.075 566,551 1,100,394
1990 691,256 51,455 0.074 479,036 903,477
1991 514,407 38,039 0.074 343,890 684,925
1992 529,049 44,616 0.084 325,394 732,704
1993 663,308 53,143 0.080 447,603 879,013
1994 1,360,790 247,737 0.181 605,977 2,134,392
1995 1,002,961 91,622 0.091 603,798 1,403,635
1996 889,366 87,521 0.098 533,064 1,245,669
1997 604,439 68,120 0.112 356,002 852,876
1998 534,150 42,937 0.080 362,747 705,554
1999 569,765 49,471 0.087 372,590 766,939
2000 531,171 43,160 0.081 356,851 705,491
2001 811,816 73,211 0.090 536,531 1,087,102
2002 584,565 63,820 0.109 358,740 810,391
2003 590,973 62,121 0.105 379,743 802,203
2004 562,309 33,739 0.060 420,139 704,479
2005 606,050 43,056 0.071 435,833 776,267
2006 517,698 28,341 0.055 399,142 636,254
2007 423,704 34,811 0.082 282,682 564,725
2008 403,125 26,822 0.066 281,887 524,364
2009 421,291 34,969 0.083 261,797 582,541
2010 860,210 102,307 0.119 451,575 1,268,846
2011 896,039 66,843 0.074 594,847 1,197,231
2012 890,665 100,473 0.112 530,407 1,250,924
2013 791,958 73,952 0.093 512,056 1,071,860
2014 1,079,712 153,299 0.141 537,183 1,622,240
2015 1,102,261 150,981 0.136 605,174 1,599,347
2016 944,621 76,948 0.081 649,624 1,239,617
2017 598,260 46,278 0.077 409,985 786,535


Biomass (t)







Table 2.10—Fulton’s condition factor (as z-score) by year and age with negative values highlighted 
(upper panel), and with recent strong cohorts highlighted (lower panel). 


 


  


Year 1 2 3 4 5 6 7 8 9 10 Mean
2000 -1.64 -0.90 0.34 0.08 0.01 0.12 -1.39 -1.49 -0.13 -0.60 -0.44
2001 0.28 0.46 -0.40 -0.48 -0.72 -0.28 -0.62 -0.49 -1.03 -1.26 -0.94
2002 0.24 -0.51 -1.70 -1.49 -0.28 0.33 1.00 0.46 1.27 -0.12 -0.40
2003 0.71 1.40 1.79 0.55 2.30 2.61 2.08 2.15 0.57 0.54 2.47
2004 0.92 -0.03 -0.04 -1.11 0.40 1.51 1.23 0.47 1.43 2.56 0.84
2005 0.51 -1.27 0.01 -1.06 -0.68 -0.13 1.19 1.09 1.30 1.85 0.72
2006 -0.58 -0.13 -1.22 -0.90 -1.02 -0.84 0.51 0.79 0.66 0.59 0.10
2007 -0.33 0.13 -0.24 0.41 0.78 1.10 0.26 0.53 1.55 -0.03 0.52
2008 -0.61 -0.56 0.08 0.93 0.74 0.01 -0.32 -0.78 -0.61 -0.28 -0.54
2009 -0.95 -1.13 -0.50 0.42 0.76 -0.69 -0.75 -1.59 -1.45 -0.46 -1.59
2010 -1.10 0.04 0.79 1.47 -0.39 -1.14 -0.16 0.70 -0.32 -1.40 -0.43
2011 0.11 0.15 1.18 1.98 1.43 0.20 -0.45 0.66 -0.34 -0.16 0.42
2012 -0.26 -0.91 -1.68 0.44 -1.38 -1.30 -1.64 -0.60 -0.95 0.17 -1.21
2013 -0.88 -0.83 0.02 -0.38 0.07 -0.12 0.25 0.31 -0.29 -0.18 -0.24
2014 0.24 0.67 0.41 0.83 -0.13 -0.19 -1.00 -1.01 -1.57 -0.35 -0.20
2015 0.64 0.78 -0.45 -1.25 -1.58 -1.11 -0.54 -0.85 0.35 -0.97 -0.54
2016 2.70 2.63 1.62 -0.45 -0.33 -0.06 0.37 -0.34 -0.43 0.08 1.45


Year 1 2 3 4 5 6 7 8 9 10
2006 -0.58 -0.13 -1.22 -0.90 -1.02 -0.84 0.51 0.79 0.66 0.59
2007 -0.33 0.13 -0.24 0.41 0.78 1.10 0.26 0.53 1.55 -0.03
2008 -0.61 -0.56 0.08 0.93 0.74 0.01 -0.32 -0.78 -0.61 -0.28
2009 -0.95 -1.13 -0.50 0.42 0.76 -0.69 -0.75 -1.59 -1.45 -0.46
2010 -1.10 0.04 0.79 1.47 -0.39 -1.14 -0.16 0.70 -0.32 -1.40
2011 0.11 0.15 1.18 1.98 1.43 0.20 -0.45 0.66 -0.34 -0.16
2012 -0.26 -0.91 -1.68 0.44 -1.38 -1.30 -1.64 -0.60 -0.95 0.17
2013 -0.88 -0.83 0.02 -0.38 0.07 -0.12 0.25 0.31 -0.29 -0.18
2014 0.24 0.67 0.41 0.83 -0.13 -0.19 -1.00 -1.01 -1.57 -0.35
2015 0.64 0.78 -0.45 -1.25 -1.58 -1.11 -0.54 -0.85 0.35 -0.97
2016 2.70 2.63 1.62 -0.45 -0.33 -0.06 0.37 -0.34 -0.43 0.08







Table 2.11—Initial steps toward a bridging analysis between Models 16.6 and 17.6.  See text for details. 
 


  


 Feature ADSB
 Prior distribution for natural mortality 0.0067
 Flat-topped, time-invariant, double normal selectivity 0.0146
 Random time variability in length at age 1.5 0.0178
 Random time variability in survey catchability 0.0444
 New fishery agecomps 0.0474
 Gear/week/area-catch-weighted sizecomp data 0.0605
 Double normal selectivity with variability in survey selparm P1 0.0699
 Double normal selectivity with variability in survey selparm P3 0.1080
 Double normal selectivity with variability in fishery selparm P3 0.1091
 Double normal selectivity with variability in fishery selparm P1 0.1818
 Haul-based sample sizes with harmonic mean reweighting 0.2420
 Haul-based sample sizes without reweighting 0.3705


 Feature ∆SB16
 Random time variability in survey catchability 0.0101
 Prior distribution for natural mortality 0.0114
 Flat-topped, time-invariant, double normal selectivity 0.0126
 Random time variability in length at age 1.5 0.0272
 Double normal selectivity with variability in survey selparm P3 0.0379
 Gear/week/area-catch-weighted sizecomp data 0.0414
 New fishery agecomps 0.0587
 Double normal selectivity with variability in fishery selparm P3 0.0967
 Double normal selectivity with variability in fishery selparm P1 0.1142
 Haul-based sample sizes with harmonic mean reweighting 0.2016
 Double normal selectivity with variability in survey selparm P1 0.2116
 Haul-based sample sizes without reweighting 0.5197


Sorted in order of increasing average difference in spawning biomass ("ADSB")


Sorted in order of increasing change in 2016 spawning biomass ("∆SB16")







Table 2.12—Annual offsets to the base values of the α and β weight-at-length parameters. 
 
Year: 1977 1978 1979 1980 1981 1982 1983 1984
α offset: 2.17E-06 -2.43E-06 1.42E-06 -2.04E-07 7.55E-07 2.78E-06 3.91E-07 1.16E-05
β offset: -7.41E-02 1.38E-01 -5.06E-02 4.89E-03 -3.52E-02 -8.81E-02 -6.32E-03 -2.80E-01


Year: 1985 1986 1987 1988 1989 1990 1991 1992
α offset: -9.74E-07 -2.21E-06 -1.59E-07 -2.14E-06 -1.22E-06 1.25E-06 1.73E-06 2.80E-07
β offset: 5.51E-02 1.28E-01 1.36E-02 1.31E-01 7.83E-02 -3.29E-02 -6.44E-02 -2.05E-02


Year: 1993 1994 1995 1996 1997 1998 1999 2000
α offset: 2.72E-06 5.41E-07 -9.26E-07 7.68E-06 1.18E-06 1.66E-06 1.92E-06 2.17E-06
β offset: -7.58E-02 -2.03E-02 4.58E-02 -2.03E-01 -5.60E-02 -7.37E-02 -7.18E-02 -6.71E-02


Year: 2001 2002 2003 2004 2005 2006 2007 2008
α offset: 4.05E-06 1.44E-06 -2.81E-07 2.12E-06 5.44E-08 9.98E-07 5.26E-07 4.28E-06
β offset: -1.25E-01 -5.18E-02 1.26E-02 -7.52E-02 1.58E-03 -3.65E-02 -1.52E-02 -1.33E-01


Year: 2009 2010 2011 2012 2013 2014 2015 2016
α offset: -6.64E-07 1.18E-06 6.51E-07 2.96E-06 -7.01E-07 -1.89E-06 -2.12E-06 -1.85E-06
β offset: 3.45E-02 -4.61E-02 -3.13E-02 -1.08E-01 2.71E-02 8.88E-02 9.87E-02 8.63E-02







Table 2.13—Input multinomial sample sizes for length composition data as specified in Model 16.6 and 
Models 17.x. 


 


  


Year Fishery Survey Fishery Survey
1977 2 30
1978 11 160
1979 17 235
1980 15 208
1981 11 148
1982 13 251 187 313
1983 56 312 782 255
1984 137 289 1913 264
1985 203 401 2825 345
1986 177 366 2496 349
1987 337 252 4726 338
1988 105 238 1458 334
1989 69 238 966 316
1990 259 134 3601 328
1991 355 172 5188 324
1992 368 228 5322 322
1993 231 247 2993 351
1994 371 331 4687 346
1995 367 219 5215 335
1996 461 222 6618 341
1997 500 218 7278 351
1998 444 228 6838 344
1999 402 278 9231 320
2000 423 298 9731 343
2001 446 469 10364 348
2002 489 291 11472 344
2003 610 294 14341 345
2004 495 257 12242 345
2005 485 268 11568 344
2006 383 288 8849 344
2007 298 305 6901 348
2008 354 309 8320 330
2009 313 396 7482 347
2010 276 180 6514 328
2011 361 493 8804 350
2012 398 311 9287 343
2013 501 444 11126 343
2014 494 426 12165 355
2015 454 459 11309 341
2016 395 408 9773 356
2017 213 280 5334 353


Model 16.6 Models 17.x







Table 2.14—Objective function components and parameter counts.   
 


 


Component M16.6 M17.1 M17.2 M17.3 M17.6 M17.7
Catch 0.00 0.00 0.00 0.00 0.00 0.00
Equilibrium catch 0.00 0.12 0.02 0.07 0.05 0.06
Survey abundance index -23.31 -9.30 -11.44 -40.39 -64.68 -64.61
Recruitment 5.14 12.34 3.93 -2.95 2.44 -0.82
Priors 0.00 0.44 0.17 0.41 0.45 0.48
"Softbounds" 0.01 0.00 0.00 0.00 0.00 0.00
Deviations 0.00 -240.88 -94.79 -267.46 -398.01 -401.84
Size composition (fishery) 376.60 1586.83 491.42 323.16 365.70 325.80
Size composition (survey) 1030.55 1119.77 1015.71 984.28 1017.45 670.06
Age composition (fishery) 0.00 440.15 40.17 31.75 37.78 37.78
Age composition (survey) 293.08 275.90 54.33 62.24 61.48 61.07
Total 1682.06 3185.37 1499.53 1091.11 1022.66 627.97


Parameter type M16.6 M17.1 M17.2 M17.3 M17.6 M17.7
Free parameters 18 16 16 17 17 17
Parameters with priors 0 1 1 1 1 1
Constrained deviations 60 214 142 214 286 286
Total 78 231 159 232 304 304







Table 2.15—Input and output effective sample sizes.  See text for details. 


 


 


 


  


Type Fleet Yrs N Mult N×Mult Har ΣNeff1 ΣNeff2
Size Fish. 41 300 1.0000 300 582 12299 23850
Size Surv. 36 300 1.0000 300 308 10798 11086
Age Fish. _ _ _ _ _ _ _
Age Surv. 23 300 1.0000 300 61 6898 1395


SEave SEextra RMSE
Index Surv. 36 336 0.1074 0 0.1886 12083 3921


Ave: 10519 10063
0.96


Type Fleet Yrs N Mult N×Mult Har ΣNeff1 ΣNeff2 Mult N×Mult Har ΣNeff1 ΣNeff2
Size Fish. 41 5522 1.0000 5522 1826 226402 74884 0.2425 1339 1365 54902 55964
Size Surv. 36 336 1.0000 336 290 12083 10438 0.8480 285 284 10246 10217
Age Fish. 4 11093 1.0000 11093 839 44373 3357 0.0836 927 844 3710 3375
Age Surv. 23 343 1.0000 343 73 7891 1670 0.1155 40 40 911 915


SEave SEextra RMSE SEave SEextra RMSE
Index Surv. 36 336 0.1074 0 0.1968 12083 3601 0.1074 0 0.2072 12083 3247


Ave: 60566 18790 Ave: 16371 14744


Type Fleet Yrs N Mult N×Mult Har ΣNeff1 ΣNeff2
Size Fish. 41 5522 0.1525 842 827 34526 33901
Size Surv. 36 336 1.0237 344 345 12369 12428
Age Fish. 4 11093 0.0599 664 662 2658 2646
Age Surv. 23 343 0.2561 88 89 2021 2054


SEave SEextra RMSE
Index Surv. 36 336 0.1074 0.0944 0.1959 12083 12832


Ave: 12732 12772


Type Fleet Yrs N Mult N×Mult Har ΣNeff1 ΣNeff2 Mult N×Mult Har ΣNeff1 ΣNeff2
Size Fish. 41 5522 0.1611 890 846 36473 34686 0.1554 858 840 35183 34425
Size Surv. 36 336 1.5903 534 536 19216 19290 1.0000 336 507 12083 18242
Age Fish. 4 11093 0.0690 765 765 3062 3060 0.0736 816 841 3266 3363
Age Surv. 23 343 0.2502 86 86 1974 1988 0.2499 86 86 1972 1972


SEave SEextra RMSE SEave SEextra RMSE
Index Surv. 36 336 0.1074 0 0.1075 12083 12062 0.1074 0 0.1071 12083 12145


Ave: 14562 14217 Ave: 12917 14029


Model 17.6


Model 17.3


Model 17.7


Model 16.6


Model 17.1 Model 17.2







Table 2.16—Input and output effective sample sizes for each age composition.  Last two rows for each fleet show arithmetic and harmonic means. 
 


 
  


Fleet Year Ninp Neff Ninp Neff Ninp Neff Ninp Neff Ninp Neff Ninp Neff
Fishery 2013 11126 536 930 625 666 363 768 725 819 642
Fishery 2014 12165 663 1017 648 729 452 839 470 895 540
Fishery 2015 11309 888 945 979 677 1412 780 963 832 1132
Fishery 2016 9773 3773 817 1736 585 2730 674 1466 719 2152
Fishery Arith. 11093 927 664 765 816
Fishery Harm. 839 844 662 765 841
Survey 1994 346 205 346 145 40 131 89 139 87 166 86 175
Survey 1995 335 33 335 111 39 63 86 98 84 90 84 91
Survey 1996 341 94 341 690 39 118 87 1115 85 1363 85 1312
Survey 1997 351 64 351 144 41 115 90 233 88 214 88 192
Survey 1998 344 108 344 1048 40 40 88 459 86 362 86 517
Survey 1999 320 61 320 25 37 22 82 29 80 39 80 39
Survey 2000 343 58 343 20 40 24 88 28 86 44 86 39
Survey 2001 348 38 348 67 40 23 89 60 87 66 87 72
Survey 2002 344 40 344 75 40 44 88 57 86 47 86 54
Survey 2003 345 804 345 326 40 272 88 410 86 276 86 292
Survey 2004 345 36 345 30 40 26 88 31 86 23 86 24
Survey 2005 344 164 344 255 40 151 88 288 86 174 86 184
Survey 2006 344 47 344 93 40 25 88 132 86 110 86 107
Survey 2007 348 10 348 14 40 5 89 23 87 19 87 17
Survey 2008 330 123 330 235 38 340 85 623 83 235 82 209
Survey 2009 347 104 347 331 40 47 89 771 87 193 87 208
Survey 2010 328 310 328 214 38 271 84 406 82 2460 82 1502
Survey 2011 350 105 350 177 40 152 90 157 88 264 87 253
Survey 2012 343 73 343 103 40 54 88 143 86 153 86 147
Survey 2013 343 113 343 73 40 70 88 100 86 82 86 81
Survey 2014 355 397 355 200 41 132 91 207 89 272 89 304
Survey 2015 341 252 341 387 39 752 87 388 85 499 85 563
Survey 2016 356 309 356 1243 41 211 91 399 89 337 89 374
Survey Arith. 343 343 40 88 86 86
Survey Harm. 61 73 40 89 86 86


Model 16.6 Model 17.1 Model 17.2 Model 17.3 Model 17.6 Model 17.7







Table 2.17a—Scalar parameters estimated by the models (a blank under “Est.” means that the parameter was not used in the respective model, and 
a blank under “SD” means that the parameter was not estimated internally in the respective model). 
 


 


Parameter Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
Natural mortality 0.359 0.012 0.324 0.009 0.385 0.017 0.328 0.015 0.322 0.012 0.317 0.014
Length at age 1.5 (cm) 16.418 0.088 16.601 0.084 16.451 0.093 16.411 0.084 16.909 0.286 16.872 0.293
Asymptotic length (cm) 99.636 1.921 113.727 1.290 108.676 1.845 109.146 2.134 106.534 1.866 107.172 2.096
Brody growth coefficient 0.198 0.012 0.148 0.005 0.176 0.009 0.173 0.010 0.181 0.009 0.180 0.010
Richards growth coefficient 1.038 0.048 1.195 0.023 1.056 0.038 1.055 0.039 0.983 0.037 0.988 0.043
SD of length at age 1 (cm) 3.438 0.058 3.526 0.050 3.488 0.059 3.488 0.055 3.119 0.039 3.133 0.049
SD of length at age 20 (cm) 9.789 0.277 8.060 0.135 8.753 0.223 8.662 0.254 9.556 0.217 9.311 0.239
Ageing bias at age 1 0.332 0.012 0.351 0.010 0.360 0.025 0.345 0.019 0.365 0.017 0.358 0.018
Ageing bias at age 20 0.281 0.142 -0.804 0.060 -0.803 0.175 -0.441 0.150 -0.578 0.140 -0.553 0.142
SD of ageing error at age 1 0.085 0.082 0.082 0.082 0.082 0.082
SD of ageing error at age 20 1.695 _ 1.632 _ 1.632 _ 1.632 _ 1.632 _ 1.632 _
SD of L at age 1.5 devs 0.097 0.098
ln(mean post-1976 recruitment) 13.123 0.100 12.760 0.065 13.170 0.122 12.782 0.101 12.782 0.087 12.744 0.098
SD of ln(recruitment) devs 0.644 0.066 0.492 _ 0.569 _ 0.515 0.579 0.554
ln(pre-1977 recruitment offset) -1.122 0.212 -1.459 0.034 -1.449 0.136 -0.986 0.193 -1.024 0.210 -0.950 0.197
Initial fishing mortality rate 0.180 0.069 1.029 0.358 0.470 0.302 1.632 0.779 1.674 0.903 1.697 0.842
ln(trawl survey catchability) -0.074 0.061 0.177 0.039 0.023 0.059 0.196 0.064 0.169 0.057 0.193 0.061
"Extra" survey index std. error 0.094 0.024
SD of lnQ devs 0.089 _ 0.088 _
Autocorrelation of lnQ devs 0.482 0.126 0.472 0.127
Fishery selectivity A50% 4.349 0.045
Fishery selectivity A95%-A50% 1.164 0.032
Survey selecivity A50% 1.009 0.006
Survey selectivity A95%-A50% 0.287 0.052
Fishery selectivity P1 5.796 0.123 5.721 0.119 5.722 0.123 5.850 0.130 5.842 0.131
Fishery selectivity P3 0.996 0.075 0.886 0.072 0.927 0.072 0.952 0.080 0.971 0.079
Survey selectivity P1 1.037 0.011 2.563 0.147 1.056 0.015 1.041 0.013 1.042 0.014
Survey selectivity P3 -8.179 1.202 1.243 0.210 -6.394 0.699 -7.182 0.941 -7.081 0.966
SD of fishery selectivity P1 devs 0.129 _ 0.112 _ 0.113 _ 0.119 _ 0.118 _
SD of fishery selectivity P3 devs 0.454 _ 0.391 _ 0.367 _ 0.430 _ 0.412 _
SD of survey selectivity P1 devs 0.057 0.055 0.055 0.057
SD of survey selectivity P3 devs 0.159 0.159 _ 0.159 _ 0.159 _


Model 17.7Model 16.6 Model 17.1 Model 17.2 Model 17.3 Model 17.6







Table 2.17b—Initial age composition deviations estimated by the stock assessment models.   
 


 


Parameter Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
Initial age 20 ln(abundance) dev -0.004 0.643 0.000 0.492 0.000 0.569 0.000 0.515 0.000 0.579 0.000 0.554
Initial age 19 ln(abundance) dev -0.003 0.644 0.000 0.492 0.000 0.569 0.000 0.515 0.000 0.579 0.000 0.554
Initial age 18 ln(abundance) dev -0.004 0.643 0.000 0.492 0.000 0.569 0.000 0.515 0.000 0.579 0.000 0.554
Initial age 17 ln(abundance) dev -0.008 0.642 0.000 0.492 0.000 0.569 0.000 0.515 0.000 0.579 0.000 0.554
Initial age 16 ln(abundance) dev -0.013 0.641 0.000 0.492 0.000 0.569 0.000 0.515 0.000 0.579 0.000 0.554
Initial age 15 ln(abundance) dev -0.021 0.638 0.000 0.492 -0.001 0.568 0.000 0.515 0.000 0.579 0.000 0.554
Initial age 14 ln(abundance) dev -0.035 0.634 0.000 0.492 -0.002 0.568 0.000 0.515 0.000 0.579 0.000 0.554
Initial age 13 ln(abundance) dev -0.057 0.628 0.000 0.492 -0.005 0.568 0.000 0.515 0.000 0.579 0.000 0.554
Initial age 12 ln(abundance) dev -0.091 0.620 0.000 0.492 -0.010 0.566 0.000 0.515 0.000 0.579 0.000 0.554
Initial age 11 ln(abundance) dev -0.142 0.608 0.000 0.492 -0.023 0.565 0.000 0.515 0.000 0.579 0.000 0.554
Initial age 10 ln(abundance) dev -0.214 0.593 0.001 0.492 -0.049 0.564 0.000 0.515 0.000 0.579 0.000 0.554
Initial age 9 ln(abundance) dev -0.309 0.575 0.002 0.492 -0.098 0.566 0.001 0.515 0.001 0.579 0.001 0.555
Initial age 8 ln(abundance) dev -0.423 0.555 0.006 0.494 -0.180 0.573 0.005 0.516 0.006 0.581 0.005 0.556
Initial age 7 ln(abundance) dev -0.544 0.533 0.015 0.502 -0.294 0.576 0.025 0.521 0.029 0.588 0.027 0.562
Initial age 6 ln(abundance) dev -0.639 0.513 0.017 0.516 -0.408 0.556 0.103 0.539 0.126 0.613 0.115 0.584
Initial age 5 ln(abundance) dev -0.624 0.501 -0.140 0.394 -0.435 0.497 0.324 0.582 0.415 0.668 0.372 0.635
Initial age 4 ln(abundance) dev -0.262 0.484 0.184 0.212 -0.016 0.402 1.211 0.483 1.309 0.509 1.357 0.473
Initial age 3 ln(abundance) dev -0.096 0.469 0.779 0.125 0.596 0.276 0.574 0.330 0.411 0.370 0.455 0.363
Initial age 2 ln(abundance) dev -0.139 0.520 -0.801 0.280 -0.397 0.409 -0.379 0.377 -0.416 0.418 -0.419 0.400
Initial age 1 ln(abundance) dev 0.755 0.519 1.150 0.119 1.165 0.259 0.683 0.302 0.879 0.313 0.758 0.306


Model 17.7Model 16.6 Model 17.1 Model 17.2 Model 17.3 Model 17.6







Table 2.17c—Annual log-scale recruitment deviations estimated by the stock assessment models.   
 


 
  


Year Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
1977 0.959 0.210 0.242 0.085 0.464 0.151 0.416 0.163 0.521 0.159 0.448 0.171
1978 0.503 0.252 0.278 0.080 0.505 0.138 0.373 0.145 0.483 0.136 0.428 0.154
1979 0.515 0.143 0.434 0.060 0.502 0.101 0.372 0.104 0.454 0.090 0.412 0.104
1980 -0.256 0.138 -0.678 0.100 -0.270 0.119 -0.463 0.122 -0.760 0.157 -0.700 0.172
1981 -0.851 0.142 0.150 0.050 -0.377 0.103 -0.444 0.114 -0.596 0.117 -0.463 0.126
1982 0.819 0.051 0.410 0.042 0.722 0.053 0.638 0.061 0.764 0.051 0.707 0.058
1983 -0.545 0.126 -0.039 0.054 -0.322 0.102 -0.265 0.104 -0.356 0.103 -0.316 0.116
1984 0.808 0.050 0.360 0.040 0.663 0.049 0.585 0.057 0.657 0.053 0.598 0.062
1985 -0.159 0.090 0.166 0.042 0.095 0.064 0.126 0.070 0.115 0.066 0.102 0.076
1986 -0.563 0.102 -0.433 0.055 -0.388 0.076 -0.421 0.087 -0.437 0.081 -0.433 0.093
1987 -1.436 0.180 -0.641 0.053 -0.957 0.101 -1.029 0.122 -1.242 0.134 -1.082 0.138
1988 -0.414 0.095 -0.127 0.041 -0.354 0.067 -0.188 0.074 -0.207 0.073 -0.212 0.083
1989 0.578 0.057 0.348 0.031 0.440 0.044 0.409 0.054 0.482 0.048 0.455 0.054
1990 0.378 0.063 0.365 0.030 0.343 0.046 0.401 0.053 0.402 0.052 0.377 0.058
1991 -0.069 0.076 -0.271 0.043 -0.172 0.062 -0.238 0.076 -0.252 0.075 -0.271 0.085
1992 0.783 0.038 0.645 0.023 0.686 0.034 0.666 0.039 0.708 0.038 0.689 0.041
1993 -0.099 0.057 -0.241 0.035 -0.219 0.059 -0.160 0.062 -0.165 0.062 -0.189 0.068
1994 -0.302 0.062 -0.421 0.031 -0.427 0.054 -0.405 0.060 -0.355 0.058 -0.370 0.063
1995 -0.391 0.069 -0.360 0.031 -0.498 0.057 -0.432 0.062 -0.384 0.062 -0.361 0.067
1996 0.627 0.037 0.381 0.023 0.429 0.036 0.461 0.041 0.595 0.039 0.542 0.042
1997 -0.177 0.059 0.110 0.026 0.082 0.045 0.080 0.052 0.010 0.058 0.009 0.063
1998 -0.212 0.063 0.079 0.027 -0.016 0.048 -0.021 0.057 -0.145 0.068 -0.100 0.071
1999 0.523 0.039 0.536 0.022 0.536 0.035 0.568 0.040 0.569 0.040 0.549 0.044
2000 0.255 0.043 0.016 0.030 0.175 0.045 0.111 0.052 0.181 0.049 0.133 0.054
2001 -0.542 0.066 -0.639 0.037 -0.747 0.067 -0.579 0.068 -0.732 0.078 -0.715 0.083
2002 -0.263 0.052 -0.237 0.029 -0.222 0.047 -0.217 0.053 -0.048 0.047 -0.091 0.051
2003 -0.431 0.056 -0.190 0.029 -0.303 0.050 -0.226 0.056 -0.085 0.051 -0.089 0.055
2004 -0.604 0.061 -0.524 0.037 -0.511 0.058 -0.521 0.070 -0.568 0.073 -0.566 0.082
2005 -0.306 0.055 -0.247 0.032 -0.305 0.052 -0.361 0.063 -0.171 0.060 -0.148 0.064
2006 0.827 0.034 0.455 0.023 0.563 0.038 0.582 0.040 0.715 0.038 0.656 0.042
2007 -0.003 0.056 0.149 0.031 0.123 0.054 0.095 0.063 -0.147 0.077 -0.127 0.083
2008 1.138 0.031 0.921 0.019 0.954 0.032 0.943 0.035 1.006 0.032 0.981 0.034
2009 -0.927 0.114 -0.923 0.044 -0.989 0.107 -0.908 0.116 -1.033 0.121 -0.965 0.121
2010 0.607 0.044 0.585 0.025 0.572 0.044 0.497 0.048 0.556 0.044 0.557 0.046
2011 0.986 0.043 0.782 0.033 0.885 0.047 0.782 0.050 0.826 0.045 0.806 0.049
2012 0.132 0.066 0.280 0.045 0.262 0.067 0.210 0.078 0.056 0.076 0.102 0.081
2013 0.933 0.051 0.712 0.053 0.855 0.059 0.691 0.085 0.743 0.074 0.741 0.080
2014 -0.943 0.107 -0.997 0.109 -0.894 0.137 -0.949 0.151 -0.785 0.129 -0.763 0.144
2015 -0.662 0.105 -0.862 0.140 -0.751 0.127 -0.844 0.163 -1.058 0.147 -1.036 0.168
2016 -1.220 0.225 -0.573 0.390 -1.133 0.206 -0.338 0.438 -0.319 0.465 -0.297 0.460
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Table 2.17d—Annual deviations in fishery selectivity parameter P1 as estimated by the models. 
 


 
  


Year Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
1977 -0.249 0.614 -0.247 0.762 -1.452 0.972 -1.137 0.997 -1.277 0.995
1978 -0.358 0.502 -0.341 0.693 0.178 0.772 0.155 0.788 0.179 0.787
1979 -1.998 0.461 -1.013 0.695 -0.464 0.735 -0.516 0.737 -0.476 0.741
1980 -0.562 0.543 -0.241 0.716 -0.055 0.733 0.051 0.733 0.007 0.740
1981 -2.072 0.687 -1.239 0.788 -1.129 0.826 -1.000 0.858 -1.026 0.851
1982 1.065 0.490 0.664 0.632 0.552 0.653 0.629 0.675 0.589 0.673
1983 1.705 0.358 1.153 0.559 0.926 0.575 1.129 0.606 1.043 0.601
1984 2.401 0.308 1.795 0.465 1.499 0.540 1.761 0.500 1.670 0.490
1985 0.342 0.264 -0.308 0.466 -0.256 0.480 -0.557 0.500 -0.359 0.481
1986 0.481 0.226 0.358 0.332 0.368 0.373 0.298 0.346 0.288 0.359
1987 0.291 0.234 0.413 0.352 0.565 0.372 0.565 0.344 0.513 0.363
1988 -0.251 0.386 -0.139 0.525 -0.411 0.577 -0.257 0.563 -0.335 0.573
1989 1.952 0.326 1.400 0.530 0.855 0.580 1.024 0.571 0.967 0.578
1990 1.798 0.209 1.956 0.341 1.849 0.379 2.003 0.372 1.888 0.377
1991 0.405 0.223 -0.023 0.338 0.078 0.386 0.063 0.376 0.130 0.377
1992 -0.337 0.201 -0.822 0.281 -0.579 0.314 -0.720 0.305 -0.617 0.316
1993 -0.728 0.241 -0.324 0.350 -0.372 0.416 -0.271 0.391 -0.314 0.406
1994 -0.424 0.207 -0.093 0.332 -0.132 0.375 0.029 0.366 -0.072 0.373
1995 -0.695 0.224 -0.464 0.351 -0.560 0.404 -0.422 0.398 -0.476 0.403
1996 0.717 0.196 1.038 0.301 0.782 0.330 0.809 0.331 0.765 0.333
1997 0.644 0.191 0.904 0.295 0.822 0.322 0.845 0.311 0.768 0.319
1998 0.127 0.186 0.176 0.269 0.336 0.305 0.369 0.300 0.299 0.299
1999 -0.140 0.186 -0.385 0.272 -0.156 0.305 -0.161 0.299 -0.133 0.300
2000 -0.097 0.179 -0.176 0.242 -0.038 0.272 -0.164 0.277 -0.095 0.277
2001 -0.438 0.189 -0.402 0.279 -0.207 0.313 0.117 0.301 0.039 0.309
2002 -0.530 0.185 -0.766 0.258 -0.691 0.294 -0.555 0.295 -0.498 0.298
2003 -0.545 0.179 -0.690 0.235 -0.613 0.258 -0.720 0.258 -0.653 0.264
2004 -1.562 0.183 -1.157 0.232 -1.148 0.256 -1.147 0.248 -1.225 0.253
2005 -1.428 0.189 -1.325 0.291 -1.038 0.288 -1.165 0.299 -1.240 0.292
2006 -1.047 0.183 -1.006 0.252 -0.843 0.286 -0.998 0.267 -1.021 0.269
2007 0.410 0.183 0.469 0.259 0.525 0.293 0.392 0.286 0.384 0.289
2008 0.182 0.186 0.148 0.259 0.225 0.292 0.307 0.284 0.335 0.293
2009 -0.325 0.192 -0.279 0.283 -0.366 0.322 -0.443 0.310 -0.357 0.316
2010 -0.121 0.185 0.003 0.278 -0.046 0.305 -0.357 0.319 -0.194 0.332
2011 0.576 0.195 0.882 0.330 0.885 0.356 1.280 0.321 1.225 0.332
2012 0.291 0.184 0.230 0.271 0.360 0.313 0.407 0.342 0.422 0.334
2013 -0.883 0.219 -0.985 0.432 -1.019 0.443 -1.304 0.396 -1.203 0.432
2014 0.072 0.179 0.038 0.283 -0.111 0.309 -0.261 0.292 -0.208 0.292
2015 0.401 0.188 0.436 0.322 0.218 0.352 0.018 0.338 0.056 0.340
2016 0.441 0.212 0.397 0.407 0.164 0.431 -0.490 0.452 -0.329 0.440
2017 0.488 0.293 -0.037 0.378 0.497 0.407 0.392 0.403 0.539 0.428
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Table 2.17e—Annual deviations in fishery selectivity parameter P3 as estimated by the models. 
 


 
  


Year Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
1977 -0.241 0.734 0.005 0.859 1.963 0.874 1.752 0.860 1.916 0.835
1978 -0.405 0.471 -0.304 0.667 -0.234 0.728 -0.182 0.676 -0.210 0.691
1979 -1.627 0.564 -0.472 0.704 -0.166 0.721 -0.218 0.673 -0.192 0.686
1980 -0.079 0.508 0.130 0.662 0.171 0.713 0.178 0.655 0.170 0.673
1981 0.193 0.702 0.889 0.749 0.864 0.813 0.832 0.777 0.830 0.790
1982 0.679 0.473 0.207 0.689 0.063 0.758 0.043 0.713 0.036 0.728
1983 1.427 0.320 0.998 0.573 0.722 0.666 0.756 0.633 0.726 0.639
1984 2.303 0.249 2.168 0.390 1.985 0.484 2.054 0.398 1.996 0.410
1985 0.316 0.288 -0.260 0.575 -0.320 0.634 -0.515 0.619 -0.346 0.595
1986 0.909 0.224 0.849 0.357 0.769 0.437 0.636 0.384 0.633 0.403
1987 0.519 0.236 0.609 0.367 0.677 0.412 0.591 0.353 0.566 0.380
1988 1.290 0.386 1.502 0.551 1.222 0.662 1.227 0.599 1.187 0.620
1989 2.425 0.299 2.093 0.517 1.584 0.625 1.575 0.568 1.550 0.585
1990 1.629 0.205 1.960 0.330 1.869 0.397 1.834 0.353 1.752 0.369
1991 0.512 0.222 0.251 0.354 0.276 0.433 0.308 0.382 0.327 0.393
1992 -0.306 0.212 -0.957 0.346 -0.796 0.408 -0.824 0.373 -0.729 0.386
1993 0.069 0.246 0.381 0.364 0.341 0.465 0.392 0.399 0.388 0.421
1994 0.374 0.203 0.695 0.314 0.700 0.380 0.793 0.333 0.733 0.349
1995 -0.206 0.244 0.029 0.394 -0.080 0.494 0.142 0.425 0.087 0.445
1996 0.963 0.200 1.237 0.314 1.001 0.385 0.976 0.345 0.964 0.356
1997 0.975 0.187 1.298 0.278 1.202 0.329 1.083 0.291 1.048 0.305
1998 0.184 0.189 0.318 0.281 0.393 0.338 0.389 0.301 0.305 0.312
1999 -0.083 0.190 -0.319 0.299 -0.167 0.354 -0.178 0.323 -0.179 0.330
2000 -0.666 0.192 -0.949 0.308 -0.931 0.373 -1.104 0.381 -1.021 0.376
2001 -0.945 0.203 -0.971 0.329 -0.878 0.387 -0.448 0.336 -0.558 0.352
2002 -0.535 0.195 -0.848 0.306 -0.884 0.377 -0.455 0.333 -0.438 0.342
2003 -0.591 0.194 -1.015 0.302 -1.056 0.365 -0.935 0.338 -0.838 0.346
2004 -1.938 0.226 -1.476 0.329 -1.667 0.401 -1.331 0.346 -1.431 0.358
2005 -1.754 0.226 -1.583 0.404 -1.400 0.412 -1.269 0.385 -1.429 0.389
2006 -1.882 0.223 -1.887 0.382 -1.813 0.463 -1.836 0.395 -1.948 0.407
2007 -0.203 0.198 -0.202 0.316 -0.219 0.392 -0.449 0.369 -0.510 0.380
2008 -0.319 0.191 -0.475 0.288 -0.423 0.345 -0.419 0.319 -0.439 0.332
2009 -1.090 0.211 -1.265 0.349 -1.471 0.438 -1.630 0.419 -1.585 0.429
2010 -1.176 0.208 -1.406 0.391 -1.656 0.483 -2.292 0.532 -2.032 0.550
2011 0.032 0.193 0.282 0.313 0.198 0.361 0.487 0.293 0.452 0.309
2012 -0.458 0.202 -0.568 0.348 -0.670 0.453 -0.515 0.444 -0.542 0.436
2013 -0.510 0.225 -0.460 0.475 -0.489 0.526 -0.605 0.449 -0.579 0.489
2014 0.039 0.181 0.084 0.311 -0.034 0.366 0.004 0.319 -0.012 0.324
2015 0.226 0.186 0.346 0.323 0.153 0.385 0.190 0.335 0.149 0.343
2016 0.378 0.207 0.456 0.410 0.186 0.480 -0.275 0.489 -0.201 0.476
2017 -0.428 0.350 -1.369 0.630 -0.987 0.642 -0.760 0.575 -0.595 0.586
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Table 2.17f—Annual deviations in survey selectivity parameter P1 as estimated by the models. 
 


 
  


Year Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
1982 1.254 0.320 0.533 0.301 0.523 0.329 0.607 0.366
1983 -0.333 0.198 -0.079 0.205 0.007 0.209 -0.035 0.211
1984 0.933 0.370 0.686 0.370 0.499 0.357 0.494 0.386
1985 -0.933 0.336 -0.220 0.198 -0.142 0.200 -0.170 0.200
1986 0.394 0.292 0.286 0.230 0.333 0.237 0.305 0.249
1987 -0.137 0.236 0.001 0.228 -0.029 0.221 -0.015 0.230
1988 1.076 0.389 0.560 0.362 0.472 0.377 0.563 0.424
1989 1.136 0.292 0.675 0.289 0.883 0.304 0.834 0.332
1990 -0.275 0.207 -0.208 0.197 -0.122 0.201 -0.127 0.202
1991 -0.087 0.217 0.027 0.208 0.010 0.210 0.004 0.214
1992 -0.775 0.255 -0.596 0.250 -0.554 0.239 -0.544 0.259
1993 -1.053 0.437 -0.320 0.193 -0.252 0.187 -0.250 0.190
1994 0.028 0.231 0.243 0.228 0.193 0.223 0.137 0.230
1995 0.555 0.272 0.437 0.253 0.548 0.290 0.481 0.297
1996 0.853 0.263 0.574 0.270 0.731 0.303 0.696 0.322
1997 -0.090 0.203 0.073 0.201 0.155 0.199 0.113 0.206
1998 0.959 0.243 0.676 0.267 0.719 0.285 0.682 0.302
1999 0.866 0.247 0.549 0.250 0.582 0.285 0.589 0.302
2000 -0.055 0.198 0.052 0.201 0.082 0.204 0.073 0.208
2001 -0.631 0.205 -0.651 0.240 -0.515 0.203 -0.580 0.252
2002 -0.136 0.221 -0.007 0.218 -0.118 0.211 -0.091 0.217
2003 -0.294 0.203 -0.254 0.198 -0.182 0.196 -0.184 0.197
2004 -0.030 0.203 0.010 0.207 0.036 0.210 0.054 0.213
2005 -0.400 0.184 -0.465 0.213 -0.627 0.288 -0.553 0.257
2006 -0.448 0.177 -0.760 0.290 -0.433 0.189 -0.394 0.191
2007 -0.637 0.186 -0.991 0.267 -0.734 0.227 -0.727 0.235
2008 -0.212 0.214 -0.167 0.200 -0.291 0.192 -0.257 0.196
2009 -0.373 0.186 -0.402 0.191 -0.287 0.183 -0.279 0.185
2010 -0.152 0.232 -0.029 0.243 -0.103 0.229 -0.059 0.240
2011 -0.305 0.200 -0.323 0.192 -0.241 0.189 -0.231 0.190
2012 -0.399 0.183 -0.403 0.194 -0.315 0.183 -0.320 0.185
2013 0.166 0.242 0.169 0.218 0.069 0.218 0.095 0.224
2014 -0.309 0.200 -0.232 0.196 -0.162 0.197 -0.168 0.198
2015 -0.238 0.224 0.063 0.255 0.094 0.244 0.071 0.253
2016 -0.318 0.207 -0.092 0.230 -1.189 0.438 -1.166 0.445
2017 0.402 0.545 0.585 0.474 0.360 0.520 0.353 0.490


Model 17.7Model 16.6 Model 17.1 Model 17.2 Model 17.3 Model 17.6







Table 2.17g—Annual deviations in survey selectivity parameter P3 as estimated by the models. 
 


 
  


Year Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
1982 0.000 1.000 -0.017 0.997 -0.003 0.999 -0.002 0.999
1983 0.007 1.000 0.004 0.999 0.000 0.999 0.001 0.999
1984 0.000 1.000 -0.014 0.997 -0.004 0.999 -0.004 0.999
1985 -0.027 0.999 0.011 0.999 0.005 0.999 0.006 1.000
1986 0.000 1.000 -0.015 0.998 -0.007 0.999 -0.007 0.999
1987 0.003 1.000 0.000 0.999 0.001 0.999 0.001 0.999
1988 0.000 1.000 -0.017 0.997 -0.004 0.999 -0.003 0.999
1989 0.000 1.000 -0.014 0.997 0.000 1.000 0.000 1.000
1990 0.007 1.000 0.011 0.999 0.005 0.999 0.005 0.999
1991 0.002 1.000 -0.001 0.998 0.000 0.999 0.000 0.999
1992 -0.009 1.000 0.017 1.000 0.008 1.000 0.008 1.000
1993 -0.061 0.999 0.014 0.999 0.008 1.000 0.008 1.000
1994 0.000 1.000 -0.013 0.998 -0.006 0.999 -0.005 0.999
1995 0.000 1.000 -0.018 0.997 -0.003 0.999 -0.005 0.999
1996 0.000 1.000 -0.017 0.997 -0.001 1.000 -0.001 0.999
1997 0.002 1.000 -0.004 0.998 -0.005 0.999 -0.004 0.999
1998 0.000 1.000 -0.014 0.997 -0.001 1.000 -0.001 0.999
1999 0.000 1.000 -0.017 0.997 -0.002 0.999 -0.002 0.999
2000 0.001 1.000 -0.003 0.998 -0.003 0.999 -0.003 0.999
2001 0.000 1.000 0.017 1.000 0.009 1.000 0.007 1.000
2002 0.003 1.000 0.000 0.999 0.005 0.999 0.004 0.999
2003 0.007 1.000 0.012 0.999 0.007 1.000 0.007 1.000
2004 0.001 1.000 0.000 0.998 -0.002 0.999 -0.002 0.999
2005 0.007 1.000 0.017 1.000 0.005 1.000 0.007 1.000
2006 0.006 1.000 0.014 1.000 0.010 1.000 0.010 1.000
2007 0.000 1.000 0.001 1.000 0.000 1.000 0.000 1.000
2008 0.005 1.000 0.009 0.999 0.009 1.000 0.008 1.000
2009 0.007 1.000 0.016 1.000 0.009 1.000 0.008 1.000
2010 0.004 1.000 0.002 0.999 0.004 0.999 0.002 0.999
2011 0.007 1.000 0.015 0.999 0.008 1.000 0.008 1.000
2012 0.007 1.000 0.016 1.000 0.009 1.000 0.009 1.000
2013 0.000 1.000 -0.009 0.998 -0.003 0.999 -0.004 0.999
2014 0.007 1.000 0.011 0.999 0.006 1.000 0.006 1.000
2015 0.006 1.000 -0.004 0.998 -0.004 0.999 -0.003 0.999
2016 0.007 1.000 0.005 0.999 -0.055 0.998 -0.052 0.998
2017 0.000 1.000 -0.016 0.997 -0.006 0.999 -0.007 0.999


Model 17.7Model 16.6 Model 17.1 Model 17.2 Model 17.3 Model 17.6







Table 2.17h—Annual deviations in length at age 1.5 and ln(Q) as estimated by Models 17.6 and 17.7. 
 


 
 
   


Year Est. SD Est. SD Year Est. SD Est. SD
1981 -0.697 0.410 -0.454 0.465 1982 0.919 0.665 1.026 0.683
1982 -0.822 0.254 -0.721 0.286 1983 1.084 0.787 1.059 0.800
1983 0.894 0.410 0.869 0.466 1984 0.331 0.709 0.401 0.724
1984 0.360 0.217 0.381 0.237 1985 0.629 0.815 0.669 0.826
1985 -1.287 0.359 -1.154 0.414 1986 0.723 0.763 0.829 0.772
1986 0.189 0.239 0.168 0.268 1987 -0.012 0.657 0.090 0.670
1987 -0.043 0.325 -0.029 0.369 1988 -0.591 0.678 -0.565 0.688
1988 -0.168 0.305 -0.101 0.350 1989 -2.241 0.660 -2.368 0.670
1989 -0.840 0.236 -0.780 0.264 1990 -1.907 0.735 -2.004 0.750
1990 -0.024 0.246 0.004 0.276 1991 -1.473 0.766 -1.502 0.777
1991 0.498 0.220 0.511 0.241 1992 -0.800 0.789 -0.794 0.797
1992 -0.029 0.211 0.002 0.229 1993 0.704 0.800 0.707 0.810
1993 0.641 0.297 0.673 0.339 1994 2.517 0.800 2.523 0.805
1994 0.380 0.230 0.451 0.248 1995 2.214 0.751 2.229 0.758
1995 0.431 0.290 0.422 0.329 1996 1.473 0.828 1.479 0.835
1996 0.272 0.223 0.283 0.246 1997 0.481 0.830 0.488 0.839
1997 -0.294 0.292 -0.301 0.331 1998 -0.110 0.729 -0.023 0.737
1998 -0.175 0.228 -0.160 0.248 1999 -0.392 0.729 -0.350 0.737
1999 -0.912 0.234 -0.859 0.259 2000 -0.683 0.730 -0.726 0.740
2000 0.616 0.219 0.636 0.241 2001 0.457 0.773 0.433 0.780
2001 0.738 0.233 0.697 0.255 2002 -0.476 0.750 -0.438 0.758
2002 0.980 0.217 0.978 0.236 2003 -0.709 0.802 -0.655 0.809
2003 0.541 0.261 0.513 0.298 2004 -1.269 0.727 -1.180 0.737
2004 1.349 0.221 1.260 0.243 2005 -1.209 0.832 -1.137 0.841
2005 -1.062 0.234 -0.972 0.259 2006 -1.705 0.664 -1.673 0.681
2006 -1.210 0.206 -1.155 0.223 2007 -1.364 0.918 -1.279 0.926
2007 -1.365 0.259 -1.290 0.290 2008 -1.888 0.770 -1.776 0.779
2008 -1.614 0.210 -1.552 0.228 2009 -1.354 0.740 -1.277 0.755
2009 -0.624 0.323 -0.641 0.369 2010 0.040 0.816 0.086 0.823
2010 0.346 0.205 0.376 0.220 2011 0.454 0.747 0.441 0.758
2011 -1.864 0.236 -1.784 0.264 2012 0.435 0.749 0.379 0.761
2012 0.190 0.263 0.194 0.299 2013 0.492 0.864 0.423 0.869
2013 -0.246 0.215 -0.238 0.235 2014 1.363 0.830 1.241 0.839
2014 0.307 0.340 0.325 0.393 2015 1.589 0.837 1.442 0.848
2015 1.953 0.211 1.878 0.231 2016 0.959 0.858 0.768 0.872
2016 1.857 0.267 1.791 0.321 2017 -0.173 0.904 -0.372 0.917


Model 17.6 Model 17.7 Model 17.6 Model 17.7
Length at age 1.5 ln(survey catchability)







Table 2.18—Annual fishing mortality rates as estimated by the models.   
 


   


Year Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
1977 0.284 0.109 0.813 0.209 0.575 0.273 0.494 0.137 0.501 0.160 0.491 0.143
1978 0.370 0.148 0.708 0.168 0.620 0.296 1.266 0.708 1.197 0.673 1.261 0.724
1979 0.290 0.113 0.320 0.041 0.328 0.108 0.522 0.180 0.527 0.180 0.534 0.189
1980 0.321 0.106 0.367 0.066 0.368 0.133 0.509 0.183 0.552 0.207 0.541 0.205
1981 0.201 0.039 0.151 0.015 0.140 0.027 0.179 0.037 0.173 0.039 0.182 0.041
1982 0.104 0.013 0.275 0.050 0.192 0.050 0.222 0.060 0.231 0.071 0.235 0.071
1983 0.118 0.011 0.314 0.039 0.200 0.037 0.229 0.041 0.237 0.049 0.241 0.049
1984 0.160 0.013 0.407 0.043 0.251 0.035 0.286 0.042 0.286 0.041 0.296 0.042
1985 0.177 0.014 0.272 0.016 0.209 0.019 0.254 0.025 0.241 0.020 0.252 0.023
1986 0.180 0.013 0.239 0.014 0.204 0.017 0.247 0.025 0.242 0.021 0.247 0.024
1987 0.191 0.012 0.249 0.013 0.224 0.019 0.272 0.028 0.272 0.026 0.272 0.027
1988 0.255 0.016 0.267 0.013 0.240 0.018 0.273 0.023 0.271 0.021 0.274 0.022
1989 0.214 0.012 0.326 0.020 0.265 0.024 0.283 0.029 0.287 0.028 0.290 0.030
1990 0.239 0.012 0.369 0.017 0.321 0.024 0.352 0.031 0.363 0.032 0.363 0.033
1991 0.421 0.023 0.473 0.018 0.425 0.024 0.467 0.031 0.456 0.027 0.467 0.030
1992 0.513 0.035 0.463 0.018 0.460 0.028 0.502 0.037 0.503 0.033 0.505 0.036
1993 0.393 0.027 0.283 0.013 0.324 0.026 0.336 0.031 0.353 0.032 0.346 0.032
1994 0.420 0.025 0.361 0.013 0.390 0.028 0.404 0.032 0.426 0.035 0.417 0.034
1995 0.532 0.031 0.487 0.015 0.507 0.029 0.524 0.032 0.540 0.033 0.538 0.034
1996 0.497 0.031 0.621 0.021 0.654 0.045 0.662 0.047 0.690 0.050 0.683 0.050
1997 0.540 0.033 0.770 0.028 0.752 0.058 0.814 0.066 0.859 0.071 0.844 0.071
1998 0.429 0.028 0.606 0.018 0.560 0.033 0.631 0.039 0.638 0.041 0.642 0.041
1999 0.438 0.030 0.620 0.020 0.567 0.036 0.637 0.043 0.636 0.042 0.649 0.044
2000 0.424 0.030 0.702 0.028 0.681 0.053 0.756 0.063 0.766 0.062 0.776 0.065
2001 0.338 0.021 0.485 0.022 0.459 0.041 0.515 0.051 0.559 0.058 0.558 0.059
2002 0.409 0.024 0.465 0.017 0.439 0.028 0.475 0.033 0.479 0.032 0.492 0.035
2003 0.445 0.026 0.445 0.015 0.445 0.027 0.483 0.032 0.491 0.031 0.493 0.033
2004 0.422 0.023 0.383 0.010 0.384 0.018 0.414 0.020 0.418 0.020 0.417 0.020
2005 0.430 0.022 0.445 0.010 0.423 0.017 0.459 0.020 0.454 0.019 0.461 0.019
2006 0.494 0.026 0.560 0.013 0.545 0.023 0.571 0.027 0.568 0.026 0.579 0.028
2007 0.483 0.028 0.675 0.020 0.662 0.039 0.676 0.044 0.669 0.045 0.687 0.048
2008 0.599 0.038 0.713 0.025 0.726 0.048 0.725 0.054 0.704 0.052 0.730 0.057
2009 0.747 0.056 0.793 0.026 0.858 0.062 0.844 0.064 0.804 0.056 0.830 0.060
2010 0.580 0.043 0.856 0.031 0.963 0.082 1.015 0.092 0.980 0.086 0.995 0.091
2011 0.594 0.040 1.116 0.054 1.100 0.146 1.233 0.175 1.507 0.218 1.465 0.211
2012 0.567 0.041 1.051 0.036 0.875 0.082 1.084 0.099 1.149 0.105 1.186 0.112
2013 0.468 0.033 0.564 0.014 0.486 0.031 0.559 0.030 0.535 0.022 0.553 0.027
2014 0.546 0.045 0.818 0.023 0.691 0.055 0.804 0.056 0.766 0.049 0.793 0.053
2015 0.483 0.042 0.863 0.046 0.702 0.089 0.853 0.100 0.798 0.087 0.822 0.094
2016 0.430 0.039 0.755 0.064 0.582 0.082 0.773 0.105 0.684 0.079 0.712 0.091
2017 0.365 0.036 0.745 0.100 0.528 0.076 0.940 0.177 0.968 0.159 0.973 0.189


Model 17.7Model 16.6 Model 17.1 Model 17.2 Model 17.3 Model 17.6







Table 2.19—Summary of key management reference points from the standard projection model, except 
that the last six rows are from SS).  All biomass figures are in t.  Color scale: red = row minimum, green 
= row maximum. 


 


Quantity M16.6 M17.1 M17.2 M17.3 M17.6 M17.7
B100% 593,000 644,000 548,000 622,000 633,000 644,000
B40% 237,000 258,000 219,000 249,000 253,000 258,000
B35% 207,000 226,000 192,000 218,000 221,000 225,000
B(2018) 264,000 173,000 217,000 146,000 142,000 145,000
B(2019) 248,000 200,000 211,000 179,000 177,000 181,000
B(2018)/B100% 0.45 0.27 0.40 0.24 0.22 0.23
B(2019)/B100% 0.42 0.31 0.39 0.29 0.28 0.28
F40% 0.31 0.25 0.32 0.26 0.26 0.26
F35% 0.38 0.31 0.38 0.31 0.32 0.31
maxFABC(2018) 0.31 0.16 0.31 0.15 0.14 0.14
maxFABC(2019) 0.31 0.19 0.30 0.18 0.18 0.18
maxABC(2018) 201,000 75,500 172,000 59,100 57,300 57,600
maxABC(2019) 170,000 92,400 148,000 79,900 79,200 80,300
FOFL(2018) 0.38 0.20 0.38 0.18 0.17 0.17
FOFL(2019) 0.38 0.23 0.37 0.22 0.22 0.21
OFL(2018) 238,000 89,600 202,000 70,300 68,400 68,700
OFL(2019) 201,000 109,000 173,000 94,500 93,900 95,100
Pr(maxABC(2018)>truOFL(2018)) 0.03 0.11 0.05 0.21 0.14 0.17
Pr(maxABC(2019)>truOFL(2019)) 0.09 0.12 0.23 0.22 0.13 0.15
Pr(B(2018)<B20%) 0.00 0.00 0.00 0.13 0.09 0.11
Pr(B(2019)<B20%) 0.00 0.00 0.00 0.00 0.00 0.00
Pr(B(2020)<B20%) 0.00 0.00 0.00 0.00 0.00 0.00
Pr(B(2021)<B20%) 0.00 0.00 0.00 0.00 0.00 0.00


Legend:
B100% = equilibrium unfished spawning biomass
B40% = 40% of B100% (the inflection point of the harvest control rules in Tier 3)
B35% = 35% of B100% (the BMSY proxy for Tier 3)
B(year) = projected spawning biomass for year
B(year)/B100% = ratio of spawning biomass to B100%
F40% = fishing mortality that reduces equilibrium spawning per recruit to 40% of unfished
F35% = fishing mortality that reduces equilibrium spawning per recruit to 35% of unfished
maxFABC(year) = maximum permissible ABC fishing mortality rate under Tier 3
maxABC(year) = maximum permissible ABC under Tier 3
FOFL(year) = OFL fishing mortality rate under Tier 3
OFL(year) = OFL under Tier 3
Pr(maxABC(year)>truOFL(year)) = probability that maxABC is greater than the "true" OFL
Pr(B(year)<B20%) = probability that spawning biomass is less than 20% of unfished







Table 2.20—Schedules of length (cm) at age as defined by parameter estimates from Model 17.2.   


 


  


Age Mean SD Mean SD
0 0.001 3.488 5.484 3.488
1 10.968 3.488 16.451 3.488
2 24.660 3.956 32.043 4.378
3 38.721 4.759 44.780 5.105
4 50.290 5.420 55.307 5.706
5 59.880 5.967 64.051 6.205
6 67.859 6.423 71.335 6.621
7 74.511 6.802 77.413 6.968
8 80.066 7.120 82.491 7.258
9 84.709 7.385 86.738 7.500


10 88.593 7.606 90.291 7.703
11 91.845 7.792 93.266 7.873
12 94.567 7.947 95.758 8.015
13 96.848 8.078 97.845 8.135
14 98.758 8.187 99.594 8.234
15 100.360 8.278 101.060 8.318
16 101.702 8.355 102.289 8.388
17 102.827 8.419 103.320 8.447
18 103.771 8.473 104.183 8.496
19 104.562 8.518 104.908 8.538
20 105.949 8.753 106.179 8.753


Begin-year length Mid-year length







Table 2.21—Schedules of selectivity by fleet, year, and age as estimated by Model 17.2. 


 


 


Fleet Year 0 1 2 3 4 5 6 7 8 9 10 11 12
Fish. 1977 0.000 0.000 0.005 0.067 0.365 0.877 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1978 0.000 0.000 0.003 0.054 0.349 0.888 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1979 0.000 0.000 0.008 0.111 0.545 0.995 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1980 0.000 0.000 0.007 0.075 0.381 0.881 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1981 0.000 0.009 0.075 0.319 0.756 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1982 0.000 0.000 0.001 0.022 0.169 0.598 0.991 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1983 0.000 0.000 0.003 0.032 0.172 0.529 0.930 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1984 0.000 0.002 0.012 0.059 0.205 0.494 0.839 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1985 0.000 0.000 0.003 0.054 0.345 0.881 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1986 0.000 0.001 0.010 0.076 0.323 0.764 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1987 0.000 0.000 0.006 0.055 0.275 0.726 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1988 0.000 0.007 0.048 0.204 0.543 0.912 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1989 0.000 0.003 0.018 0.083 0.267 0.594 0.916 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1990 0.000 0.001 0.007 0.038 0.154 0.421 0.785 0.997 1.000 1.000 1.000 1.000 1.000
Fish. 1991 0.000 0.000 0.006 0.065 0.337 0.830 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1992 0.000 0.000 0.002 0.053 0.412 0.973 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1993 0.000 0.001 0.012 0.105 0.442 0.910 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1994 0.000 0.001 0.015 0.108 0.420 0.872 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1995 0.000 0.000 0.008 0.090 0.434 0.927 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1996 0.000 0.001 0.007 0.051 0.224 0.596 0.955 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1997 0.000 0.001 0.009 0.064 0.260 0.644 0.973 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1998 0.000 0.000 0.005 0.054 0.294 0.776 0.999 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 1999 0.000 0.000 0.004 0.057 0.360 0.899 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2000 0.000 0.000 0.000 0.017 0.213 0.801 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2001 0.000 0.000 0.001 0.025 0.273 0.876 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2002 0.000 0.000 0.002 0.055 0.408 0.965 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2003 0.000 0.000 0.001 0.040 0.358 0.949 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2004 0.000 0.000 0.001 0.049 0.463 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2005 0.000 0.000 0.001 0.058 0.515 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2006 0.000 0.000 0.000 0.022 0.345 0.991 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2007 0.000 0.000 0.001 0.017 0.159 0.623 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2008 0.000 0.000 0.001 0.020 0.194 0.718 0.999 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2009 0.000 0.000 0.000 0.013 0.199 0.819 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2010 0.000 0.000 0.000 0.005 0.120 0.689 0.999 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2011 0.000 0.000 0.001 0.017 0.138 0.528 0.964 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2012 0.000 0.000 0.000 0.014 0.165 0.678 0.999 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2013 0.000 0.000 0.008 0.108 0.537 0.993 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2014 0.000 0.000 0.004 0.049 0.297 0.801 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2015 0.000 0.000 0.003 0.039 0.234 0.694 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2016 0.000 0.000 0.004 0.047 0.258 0.717 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fish. 2017 0.000 0.000 0.000 0.006 0.132 0.711 0.999 1.000 1.000 1.000 1.000 1.000 1.000
Surv. All 0.000 0.405 0.897 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000







Table 2.22—Mid-year weight (kg) at age as defined by input weight-at-length parameters and length-at-age parameters estimated by Model 17.2. 


 


Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1977 0.05 0.38 1.08 2.09 3.33 4.67 6.05 7.40 8.68 9.86 10.92 11.87 12.71 13.44 14.07 14.61 15.06 15.45 15.77 16.35
1978 0.04 0.35 1.04 2.09 3.38 4.83 6.32 7.79 9.20 10.51 11.69 12.76 13.70 14.52 15.22 15.83 16.35 16.79 17.15 17.81
1979 0.05 0.40 1.11 2.13 3.37 4.71 6.07 7.40 8.65 9.81 10.85 11.78 12.60 13.31 13.92 14.45 14.89 15.27 15.58 16.14
1980 0.05 0.37 1.06 2.06 3.27 4.60 5.96 7.29 8.55 9.72 10.77 11.71 12.53 13.25 13.87 14.40 14.85 15.24 15.56 16.13
1981 0.05 0.38 1.07 2.06 3.25 4.56 5.88 7.18 8.40 9.53 10.55 11.45 12.25 12.95 13.55 14.06 14.49 14.86 15.17 15.72
1982 0.06 0.41 1.14 2.18 3.43 4.77 6.14 7.47 8.72 9.86 10.90 11.82 12.63 13.33 13.94 14.46 14.90 15.27 15.58 16.14
1983 0.05 0.39 1.12 2.18 3.46 4.86 6.30 7.70 9.02 10.24 11.35 12.33 13.20 13.95 14.61 15.16 15.64 16.04 16.37 16.97
1984 0.07 0.43 1.13 2.07 3.15 4.30 5.45 6.55 7.57 8.50 9.34 10.08 10.73 11.29 11.77 12.18 12.52 12.82 13.07 13.50
1985 0.05 0.38 1.10 2.16 3.47 4.90 6.38 7.83 9.20 10.47 11.62 12.65 13.56 14.35 15.03 15.62 16.12 16.54 16.89 17.52
1986 0.04 0.36 1.07 2.14 3.46 4.93 6.45 7.95 9.38 10.70 11.91 12.99 13.94 14.77 15.49 16.11 16.63 17.08 17.45 18.11
1987 0.05 0.38 1.10 2.15 3.42 4.82 6.24 7.64 8.97 10.19 11.29 12.28 13.15 13.91 14.56 15.12 15.59 16.00 16.33 16.93
1988 0.04 0.37 1.10 2.21 3.57 5.09 6.66 8.21 9.69 11.06 12.31 13.43 14.42 15.28 16.02 16.66 17.20 17.66 18.05 18.73
1989 0.05 0.39 1.14 2.25 3.62 5.13 6.69 8.22 9.68 11.02 12.25 13.34 14.30 15.14 15.87 16.49 17.02 17.46 17.84 18.51
1990 0.05 0.41 1.16 2.24 3.54 4.95 6.40 7.81 9.14 10.37 11.48 12.47 13.34 14.09 14.74 15.30 15.78 16.18 16.51 17.11
1991 0.05 0.39 1.10 2.11 3.32 4.63 5.97 7.27 8.49 9.62 10.64 11.55 12.35 13.04 13.64 14.15 14.58 14.95 15.25 15.80
1992 0.05 0.37 1.04 2.02 3.20 4.49 5.81 7.10 8.31 9.43 10.44 11.35 12.14 12.83 13.43 13.94 14.37 14.74 15.05 15.59
1993 0.06 0.43 1.19 2.28 3.59 5.00 6.44 7.83 9.15 10.36 11.45 12.43 13.28 14.02 14.66 15.21 15.67 16.07 16.40 16.98
1994 0.05 0.39 1.09 2.11 3.35 4.69 6.07 7.41 8.68 9.85 10.91 11.86 12.69 13.41 14.03 14.56 15.02 15.40 15.72 16.29
1995 0.05 0.37 1.07 2.11 3.37 4.76 6.19 7.59 8.91 10.14 11.25 12.25 13.12 13.89 14.55 15.11 15.59 15.99 16.34 16.94
1996 0.06 0.44 1.17 2.18 3.36 4.62 5.89 7.11 8.25 9.30 10.24 11.07 11.80 12.43 12.97 13.44 13.83 14.16 14.44 14.94
1997 0.05 0.37 1.05 2.02 3.18 4.44 5.73 6.98 8.16 9.25 10.23 11.11 11.88 12.55 13.12 13.61 14.03 14.39 14.68 15.21
1998 0.05 0.38 1.05 2.01 3.16 4.41 5.68 6.91 8.07 9.14 10.10 10.96 11.72 12.37 12.94 13.42 13.83 14.18 14.47 14.98
1999 0.05 0.39 1.09 2.10 3.30 4.60 5.93 7.21 8.43 9.54 10.55 11.45 12.24 12.92 13.51 14.02 14.45 14.81 15.11 15.65
2000 0.06 0.41 1.15 2.21 3.47 4.85 6.24 7.60 8.88 10.06 11.12 12.07 12.90 13.63 14.25 14.78 15.24 15.62 15.94 16.51
2001 0.06 0.42 1.14 2.16 3.38 4.68 6.01 7.29 8.49 9.59 10.59 11.47 12.25 12.92 13.50 14.00 14.42 14.77 15.07 15.60
2002 0.05 0.39 1.11 2.13 3.36 4.69 6.06 7.38 8.63 9.78 10.82 11.75 12.56 13.27 13.88 14.40 14.85 15.22 15.54 16.09
2003 0.05 0.38 1.07 2.09 3.33 4.69 6.08 7.44 8.73 9.92 10.99 11.95 12.80 13.54 14.17 14.71 15.18 15.57 15.90 16.48
2004 0.05 0.40 1.11 2.12 3.34 4.65 5.99 7.29 8.51 9.64 10.66 11.56 12.36 13.05 13.64 14.15 14.58 14.95 15.26 15.80
2005 0.05 0.38 1.09 2.13 3.38 4.75 6.16 7.53 8.83 10.02 11.11 12.08 12.93 13.67 14.31 14.85 15.32 15.71 16.04 16.63
2006 0.05 0.39 1.10 2.12 3.36 4.70 6.07 7.41 8.67 9.83 10.88 11.82 12.64 13.36 13.98 14.50 14.95 15.33 15.65 16.21
2007 0.05 0.39 1.11 2.15 3.41 4.79 6.19 7.56 8.86 10.06 11.14 12.10 12.95 13.69 14.33 14.87 15.34 15.73 16.06 16.64
2008 0.06 0.42 1.14 2.15 3.35 4.65 5.96 7.22 8.41 9.51 10.49 11.36 12.13 12.80 13.37 13.86 14.27 14.63 14.92 15.44
2009 0.05 0.38 1.08 2.12 3.39 4.78 6.21 7.62 8.94 10.17 11.28 12.28 13.15 13.91 14.57 15.13 15.61 16.02 16.36 16.96
2010 0.05 0.39 1.09 2.10 3.31 4.63 5.98 7.29 8.53 9.67 10.70 11.62 12.42 13.12 13.73 14.25 14.68 15.06 15.37 15.92
2011 0.05 0.38 1.06 2.06 3.25 4.56 5.89 7.18 8.41 9.54 10.56 11.47 12.27 12.97 13.57 14.08 14.52 14.89 15.20 15.74
2012 0.05 0.39 1.08 2.06 3.22 4.47 5.74 6.97 8.13 9.20 10.16 11.01 11.76 12.41 12.97 13.45 13.85 14.20 14.49 15.00
2013 0.05 0.36 1.05 2.04 3.26 4.60 5.97 7.31 8.59 9.76 10.83 11.78 12.61 13.34 13.97 14.51 14.97 15.35 15.68 16.26
2014 0.04 0.34 1.01 2.00 3.22 4.56 5.95 7.32 8.62 9.82 10.92 11.89 12.76 13.51 14.16 14.71 15.19 15.59 15.92 16.52
2015 0.04 0.33 0.98 1.95 3.14 4.47 5.83 7.18 8.45 9.64 10.71 11.68 12.53 13.27 13.91 14.45 14.92 15.31 15.65 16.24
2016 0.04 0.34 1.01 1.99 3.21 4.55 5.94 7.30 8.59 9.79 10.88 11.85 12.71 13.46 14.11 14.66 15.13 15.53 15.87 16.46
2017 0.05 0.38 1.08 2.09 3.33 4.67 6.05 7.40 8.68 9.86 10.92 11.87 12.71 13.44 14.07 14.61 15.06 15.45 15.77 16.35







Table 2.23—Sample, age-length key integrated, and model weights (kg) at age for the fishery, 2013-2016.  See text for details. 


 


 


 


Age N Sample ALK-int. M17.2 N Sample ALK-int. M17.2 N Sample ALK-int. M17.2 N Sample ALK-int. M17.2
2 14 0.69 0.81 0.36 11 0.55 0.59 0.34 3 0.62 0.59 0.33 3 0.83 0.84 0.34
3 157 1.50 1.51 1.05 139 1.35 1.38 1.01 69 1.42 1.40 0.98 90 1.41 1.34 1.01
4 115 2.21 2.20 2.04 306 2.32 2.39 2.00 323 2.25 2.23 1.95 196 2.03 2.14 1.99
5 487 3.23 3.27 3.26 186 3.28 3.24 3.22 347 3.19 3.22 3.14 397 3.19 3.21 3.21
6 161 4.40 4.42 4.60 251 4.45 4.40 4.56 128 4.31 4.36 4.47 199 4.46 4.42 4.55
7 42 5.19 5.37 5.97 70 5.39 5.52 5.95 88 5.32 5.41 5.83 52 5.62 5.85 5.94
8 8 6.97 6.57 7.31 21 6.77 6.41 7.32 24 6.11 5.97 7.18 27 6.59 6.37 7.30
9 3 7.60 10.03 8.59 1 6.62 8.62 9 8.71 7.21 8.45 8.59


10 9.76 1 11.00 9.28 9.82 9.64 1 12.06 9.75 9.79
11 10.83 10.92 2 7.82 7.87 10.71 10.88
12 1 10.06 12.78 11.78 1 14.82 12.43 11.89 1 7.76 7.97 11.68 11.85


2013 2014 2015 2016







Table 2.24—Time series of EBS Pacific cod age 0+ biomass, age 3+ biomass, female spawning biomass 
(t), and standard deviation of spawning biomass (“SB SD”) as estimated by the final models in last year’s 
and this year’s assessments.  Spawning biomasses listed for 2017 under last year’s assessment and for 
2018 under this year’s assessment represent output from the standard projection model. 


 


Year Age 0+ Age 3+ Spawn. SB SD Age 0+ Age 3+ Spawn. SB SD
1977 238,614 223,326 70,865 24,355 141,375 132,096 29,341 11,232
1978 256,462 223,849 69,420 24,426 168,018 138,198 32,826 10,402
1979 370,312 265,037 70,557 23,663 256,991 189,601 39,601 10,596
1980 570,378 505,965 92,073 24,019 402,847 338,764 58,551 11,810
1981 827,796 765,577 145,981 25,966 606,904 545,185 98,042 14,413
1982 1,106,220 1,073,460 247,693 31,990 842,699 808,946 172,778 19,847
1983 1,237,100 1,210,540 350,393 36,843 976,294 940,915 250,527 24,792
1984 1,190,670 1,090,430 371,180 33,482 985,062 892,040 276,388 24,278
1985 1,276,680 1,246,900 420,649 35,009 1,077,610 1,043,670 323,008 26,773
1986 1,269,260 1,194,720 406,577 31,529 1,098,950 1,032,120 326,245 25,131
1987 1,291,840 1,259,500 395,026 27,811 1,145,050 1,102,990 330,965 22,809
1988 1,315,560 1,296,100 417,063 26,771 1,190,340 1,166,230 358,690 22,310
1989 1,200,380 1,189,160 402,900 24,351 1,108,230 1,091,340 355,509 20,446
1990 1,016,270 982,785 365,345 20,398 962,763 927,552 325,846 17,126
1991 833,926 762,154 292,052 15,778 807,681 743,141 266,739 13,030
1992 719,402 665,888 207,754 12,834 697,177 644,971 197,288 10,337
1993 830,487 780,122 192,784 12,988 790,695 745,228 187,507 10,186
1994 859,959 780,070 200,617 12,101 801,243 726,559 192,052 9,083
1995 913,253 881,497 222,817 12,672 830,061 799,990 205,390 8,795
1996 912,478 876,930 223,066 13,106 800,727 768,872 195,193 8,439
1997 785,469 753,258 214,083 12,595 668,675 639,633 176,697 7,662
1998 685,519 616,558 188,334 12,288 558,275 498,456 146,132 7,059
1999 717,289 681,281 182,377 12,549 576,823 531,473 134,749 7,098
2000 777,932 737,965 189,306 13,136 642,192 594,614 136,950 7,837
2001 792,518 719,162 196,919 12,876 688,964 614,335 144,505 8,494
2002 826,840 777,016 210,966 12,865 747,388 701,027 165,986 9,198
2003 825,474 802,516 211,567 12,515 756,937 736,814 180,102 9,381
2004 801,338 769,480 215,587 11,985 732,691 698,749 191,654 8,985
2005 727,157 701,947 213,810 11,370 660,547 631,542 190,519 7,944
2006 629,130 605,741 189,101 10,217 572,235 546,501 164,038 6,468
2007 556,424 518,554 160,504 9,330 509,888 474,325 135,900 5,501
2008 566,147 466,989 137,495 8,453 514,677 438,183 117,192 4,785
2009 635,332 585,479 127,669 8,726 557,345 506,521 110,754 4,748
2010 785,604 665,880 139,011 9,933 666,310 570,634 116,703 5,430
2011 949,486 925,047 185,652 12,560 784,432 762,403 146,886 6,966
2012 1,033,000 944,495 224,467 15,964 828,447 749,234 170,669 8,773
2013 1,080,380 978,122 258,446 19,443 842,213 755,706 186,310 10,468
2014 1,136,650 1,088,360 273,303 22,390 869,052 819,349 191,217 11,903
2015 1,185,890 1,101,870 284,191 25,368 898,681 826,612 191,663 14,245
2016 1,324,040 1,308,360 337,455 31,215 949,989 935,410 217,782 18,300
2017 1,255,550 1,233,720 326,592 35,425 927,325 909,280 240,537 22,752
2018 806,562 789,609 217,174 25,229


Last year's assessment This year's assessment







Table 2.25—Time series of age 0 recruitment (1000s of fish), with standard deviations, as estimated by 
the final models in last year’s and this year’s assessments.   


 


 


Year Recruits Std. dev. Recruits Std. dev.
1977 1,144,750 291,512 709,009 151,161
1978 728,494 206,031 738,647 151,564
1979 727,199 136,045 736,481 128,330
1980 338,565 59,776 340,380 62,839
1981 185,901 34,070 305,836 52,610
1982 982,656 119,243 917,716 133,642
1983 251,708 42,442 323,258 55,644
1984 966,891 112,849 865,802 120,769
1985 367,518 50,174 490,326 69,675
1986 243,353 34,115 302,598 43,117
1987 101,666 20,766 171,289 26,816
1988 277,455 37,886 313,127 41,811
1989 763,595 86,361 692,334 84,659
1990 625,925 71,589 628,247 76,276
1991 415,703 51,114 375,651 47,980
1992 928,333 95,226 885,614 102,624
1993 368,560 43,036 358,291 45,439
1994 319,622 37,706 290,895 36,100
1995 289,947 35,339 270,908 34,219
1996 798,434 85,113 684,958 82,954
1997 375,721 43,067 483,957 60,553
1998 348,699 38,932 438,919 54,715
1999 727,777 72,993 762,005 89,577
2000 556,135 56,753 531,465 63,638
2001 246,470 27,034 211,212 26,847
2002 332,437 34,816 357,273 41,552
2003 279,904 29,449 329,435 38,619
2004 234,562 25,592 267,521 31,910
2005 317,928 34,223 328,612 39,058
2006 1,023,420 106,295 782,694 92,272
2007 447,919 51,147 504,369 64,781
2008 1,420,070 153,244 1,157,520 137,463
2009 183,956 27,608 165,891 26,195
2010 856,424 96,804 790,473 100,603
2011 1,269,710 147,292 1,080,040 143,033
2012 528,928 66,385 579,628 82,919
2013 1,200,650 141,608 1,048,440 143,827
2014 168,227 29,891 182,381 34,259
2015 197,947 44,945 210,383 37,817
2016 143,660 35,239


Average 552,389 518,931


Last year's values This year's values







Table 2.26—Numbers (1000s) at age as estimated by Model 17.2. 


 


Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1977 709009 228662 32617 59826 21390 8069 3734 1779 848 392 175 76 33 14 6 3 1 0 0 0 0
1978 738647 482657 155644 22136 39191 11802 3317 1431 682 325 150 67 29 13 5 2 1 0 0 0 0
1979 736481 502832 328550 105736 14571 21491 4633 1215 524 250 119 55 25 11 5 2 1 0 0 0 0
1980 340380 501364 342279 223049 69408 8294 10552 2271 595 257 122 58 27 12 5 2 1 0 0 0 0
1981 305836 231715 341271 232426 147692 41068 4084 4974 1071 281 121 58 27 13 6 2 1 0 0 0 0
1982 917716 208201 157540 229914 151335 90471 24316 2418 2945 634 166 72 34 16 8 3 1 1 0 0 0
1983 323258 624744 141734 107219 155849 99742 54918 13690 1359 1655 356 93 40 19 9 4 2 1 0 0 0
1984 865802 220061 425283 96421 72523 102500 61078 31037 7629 757 922 199 52 22 11 5 2 1 0 0 0
1985 490326 589401 149749 288646 64669 46898 61625 33674 16433 4040 401 488 105 28 12 6 3 1 1 0 0
1986 302598 333794 401233 101870 194281 40958 26555 34040 18600 9077 2231 221 270 58 15 7 3 1 1 0 0
1987 171289 205996 227202 272600 68288 123819 23856 14738 18891 10322 5038 1238 123 150 32 8 4 2 1 0 0
1988 313127 116606 140224 154475 183320 43702 71611 12975 8016 10275 5614 2740 674 67 81 18 5 2 1 0 0
1989 692334 213164 79255 94369 100149 109576 23906 38362 6950 4294 5504 3007 1468 361 36 44 9 2 1 1 0
1990 628247 471311 145019 53699 62841 63526 63754 12771 20046 3632 2244 2876 1571 767 189 19 23 5 1 1 0
1991 375651 427683 320776 98518 36108 40715 37775 33732 6312 9899 1793 1108 1420 776 379 93 9 11 2 1 1
1992 885614 255726 291115 217823 65244 21301 19479 16817 15015 2810 4406 798 493 632 345 169 41 4 5 1 1
1993 358291 602883 174084 197993 144740 36752 9266 8369 7225 6451 1207 1893 343 212 272 148 72 18 2 2 1
1994 290895 243909 410324 118036 130260 85392 18631 4562 4120 3557 3176 594 932 169 104 134 73 36 9 1 1
1995 270908 198028 165974 277723 77036 75263 41367 8585 2102 1898 1639 1463 274 429 78 48 62 34 16 4 1
1996 684958 184421 134785 112516 180628 42077 32008 16957 3519 862 778 672 600 112 176 32 20 25 14 7 2
1997 483957 466282 125500 91345 74106 106218 19395 11667 6001 1245 305 275 238 212 40 62 11 7 9 5 3
1998 438919 329450 317223 84828 59279 41505 44548 6351 3745 1926 400 98 88 76 68 13 20 4 2 3 3
1999 762005 298793 224248 215379 56040 34238 18297 17328 2469 1456 749 155 38 34 30 26 5 8 1 1 2
2000 531465 518733 203393 152353 141977 31099 13998 7063 6688 953 562 289 60 15 13 11 10 2 3 1 1
2001 211212 361792 353124 138420 102510 83606 12268 4824 2434 2305 328 194 100 21 5 5 4 4 1 1 1
2002 357273 143783 246290 240311 93134 61564 38050 5275 2074 1046 991 141 83 43 9 2 2 2 2 0 1
2003 329435 243215 97879 167492 159719 53020 27444 16707 2316 911 459 435 62 37 19 4 1 1 1 1 0
2004 267521 224263 165568 66593 112027 92719 23659 11970 7287 1010 397 200 190 27 16 8 2 0 0 0 0
2005 328612 182116 152668 112659 44484 63862 43018 10976 5553 3380 469 184 93 88 13 7 4 1 0 0 0
2006 782694 223704 123976 103868 74847 24357 28493 19187 4896 2477 1508 209 82 41 39 6 3 2 0 0 0
2007 504369 532818 152286 84385 69884 42217 9668 11253 7578 1933 978 595 83 32 16 16 2 1 1 0 0
2008 1157520 343347 362710 103619 56814 42809 19016 3394 3950 2660 679 343 209 29 11 6 5 1 0 0 0
2009 165891 787974 233729 246783 69546 33584 17298 6265 1118 1301 876 223 113 69 10 4 2 2 0 0 0
2010 790473 112929 536404 159081 166190 39893 11323 4992 1808 322 375 253 64 33 20 3 1 1 1 0 0
2011 1080040 538103 76875 365132 107769 100773 13992 2945 1298 470 84 98 66 17 8 5 1 0 0 0 0
2012 579628 735219 366292 52272 243882 63025 38389 3298 668 294 106 19 22 15 4 2 1 0 0 0 0
2013 1048440 394575 500490 249251 35138 143668 23723 10906 936 190 83 30 5 6 4 1 1 0 0 0 0
2014 182381 713723 268578 339365 160980 18424 60337 9931 4566 392 79 35 13 2 3 2 0 0 0 0 0
2015 210383 124154 485821 182365 223261 89269 7207 20578 3386 1557 134 27 12 4 1 1 1 0 0 0 0
2016 143660 143217 84510 330006 120830 128909 37321 2431 6940 1142 525 45 9 4 1 0 0 0 0 0 0
2017 524218 97796 97484 57390 218645 70786 57817 14202 925 2641 435 200 17 3 2 1 0 0 0 0 0







Table 2.27—Model 17.2 estimates of “effective” fishing mortality (= -ln(Na+1,t+1/Na,t)-M) at age and year. 


 


Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
1977 0.000 0.003 0.038 0.210 0.505 0.575 0.575 0.575 0.575 0.575 0.575 0.575 0.575 0.575 0.575 0.575 0.575 0.575 0.575
1978 0.000 0.002 0.034 0.216 0.551 0.620 0.620 0.620 0.620 0.620 0.620 0.620 0.620 0.620 0.620 0.620 0.620 0.620 0.620
1979 0.000 0.003 0.036 0.179 0.327 0.328 0.328 0.328 0.328 0.328 0.328 0.328 0.328 0.328 0.328 0.328 0.328 0.328 0.328
1980 0.000 0.003 0.028 0.140 0.324 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368
1981 0.001 0.010 0.045 0.106 0.140 0.140 0.140 0.140 0.140 0.140 0.140 0.140 0.140 0.140 0.140 0.140 0.140 0.140 0.140
1982 0.000 0.000 0.004 0.032 0.115 0.190 0.192 0.192 0.192 0.192 0.192 0.192 0.192 0.192 0.192 0.192 0.192 0.192 0.192
1983 0.000 0.001 0.006 0.034 0.106 0.186 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200
1984 0.000 0.003 0.015 0.051 0.124 0.211 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251 0.251
1985 0.000 0.001 0.011 0.072 0.184 0.209 0.209 0.209 0.209 0.209 0.209 0.209 0.209 0.209 0.209 0.209 0.209 0.209 0.209
1986 0.000 0.002 0.015 0.066 0.156 0.204 0.204 0.204 0.204 0.204 0.204 0.204 0.204 0.204 0.204 0.204 0.204 0.204 0.204
1987 0.000 0.001 0.012 0.062 0.163 0.224 0.224 0.224 0.224 0.224 0.224 0.224 0.224 0.224 0.224 0.224 0.224 0.224 0.224
1988 0.002 0.011 0.049 0.130 0.219 0.240 0.240 0.240 0.240 0.240 0.240 0.240 0.240 0.240 0.240 0.240 0.240 0.240 0.240
1989 0.001 0.005 0.022 0.071 0.157 0.242 0.265 0.265 0.265 0.265 0.265 0.265 0.265 0.265 0.265 0.265 0.265 0.265 0.265
1990 0.000 0.002 0.012 0.049 0.135 0.252 0.320 0.321 0.321 0.321 0.321 0.321 0.321 0.321 0.321 0.321 0.321 0.321 0.321
1991 0.000 0.003 0.028 0.143 0.353 0.425 0.425 0.425 0.425 0.425 0.425 0.425 0.425 0.425 0.425 0.425 0.425 0.425 0.425
1992 0.000 0.001 0.024 0.189 0.448 0.460 0.460 0.460 0.460 0.460 0.460 0.460 0.460 0.460 0.460 0.460 0.460 0.460 0.460
1993 0.000 0.004 0.034 0.143 0.295 0.324 0.324 0.324 0.324 0.324 0.324 0.324 0.324 0.324 0.324 0.324 0.324 0.324 0.324
1994 0.000 0.006 0.042 0.164 0.340 0.390 0.390 0.390 0.390 0.390 0.390 0.390 0.390 0.390 0.390 0.390 0.390 0.390 0.390
1995 0.000 0.004 0.046 0.220 0.470 0.507 0.507 0.507 0.507 0.507 0.507 0.507 0.507 0.507 0.507 0.507 0.507 0.507 0.507
1996 0.000 0.004 0.033 0.146 0.390 0.625 0.654 0.654 0.654 0.654 0.654 0.654 0.654 0.654 0.654 0.654 0.654 0.654 0.654
1997 0.001 0.007 0.048 0.195 0.484 0.732 0.752 0.752 0.752 0.752 0.752 0.752 0.752 0.752 0.752 0.752 0.752 0.752 0.752
1998 0.000 0.003 0.030 0.164 0.435 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560
1999 0.000 0.002 0.032 0.204 0.510 0.567 0.567 0.567 0.567 0.567 0.567 0.567 0.567 0.567 0.567 0.567 0.567 0.567 0.567
2000 0.000 0.000 0.012 0.145 0.546 0.681 0.681 0.681 0.681 0.681 0.681 0.681 0.681 0.681 0.681 0.681 0.681 0.681 0.681
2001 0.000 0.000 0.012 0.125 0.403 0.459 0.459 0.459 0.459 0.459 0.459 0.459 0.459 0.459 0.459 0.459 0.459 0.459 0.459
2002 0.000 0.001 0.024 0.179 0.423 0.439 0.439 0.439 0.439 0.439 0.439 0.439 0.439 0.439 0.439 0.439 0.439 0.439 0.439
2003 0.000 0.001 0.018 0.159 0.422 0.445 0.445 0.445 0.445 0.445 0.445 0.445 0.445 0.445 0.445 0.445 0.445 0.445 0.445
2004 0.000 0.000 0.019 0.177 0.383 0.384 0.384 0.384 0.384 0.384 0.384 0.384 0.384 0.384 0.384 0.384 0.384 0.384 0.384
2005 0.000 0.001 0.024 0.218 0.423 0.423 0.423 0.423 0.423 0.423 0.423 0.423 0.423 0.423 0.423 0.423 0.423 0.423 0.423
2006 0.000 0.000 0.012 0.188 0.539 0.545 0.545 0.545 0.545 0.545 0.545 0.545 0.545 0.545 0.545 0.545 0.545 0.545 0.545
2007 0.000 0.001 0.011 0.106 0.413 0.662 0.662 0.662 0.662 0.662 0.662 0.662 0.662 0.662 0.662 0.662 0.662 0.662 0.662
2008 0.000 0.001 0.014 0.141 0.522 0.726 0.726 0.726 0.726 0.726 0.726 0.726 0.726 0.726 0.726 0.726 0.726 0.726 0.726
2009 0.000 0.000 0.011 0.171 0.703 0.858 0.858 0.858 0.858 0.858 0.858 0.858 0.858 0.858 0.858 0.858 0.858 0.858 0.858
2010 0.000 0.000 0.005 0.116 0.663 0.962 0.963 0.963 0.963 0.963 0.963 0.963 0.963 0.963 0.963 0.963 0.963 0.963 0.963
2011 0.000 0.001 0.019 0.152 0.581 1.060 1.100 1.100 1.100 1.100 1.100 1.100 1.100 1.100 1.100 1.100 1.100 1.100 1.100
2012 0.000 0.000 0.013 0.145 0.593 0.874 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875 0.875
2013 0.000 0.004 0.053 0.261 0.483 0.486 0.486 0.486 0.486 0.486 0.486 0.486 0.486 0.486 0.486 0.486 0.486 0.486 0.486
2014 0.000 0.003 0.034 0.205 0.554 0.691 0.691 0.691 0.691 0.691 0.691 0.691 0.691 0.691 0.691 0.691 0.691 0.691 0.691
2015 0.000 0.002 0.027 0.165 0.488 0.702 0.702 0.702 0.702 0.702 0.702 0.702 0.702 0.702 0.702 0.702 0.702 0.702 0.702
2016 0.000 0.002 0.027 0.150 0.417 0.582 0.582 0.582 0.582 0.582 0.582 0.582 0.582 0.582 0.582 0.582 0.582 0.582 0.582
2017 0.000 0.000 0.003 0.070 0.375 0.528 0.528 0.528 0.528 0.528 0.528 0.528 0.528 0.528 0.528 0.528 0.528 0.528 0.528







Table 2.28—Model 17.2 projections for catch (t), spawning biomass (t), and fishing mortality under the 
assumption that F = max FABC in 2018-2030 (Scenario 1), with random variability in future recruitment. 


 


Catch projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 172,000 172,000 172,000 172,000 0
2019 144,000 144,000 144,000 144,000 0
2020 101,000 101,000 101,000 101,000 19
2021 85,100 85,400 85,500 86,200 380
2022 97,500 101,000 101,000 108,000 3,541
2023 108,000 123,000 127,000 161,000 16,301
2024 100,000 136,000 142,000 198,000 32,024
2025 93,400 145,000 148,000 218,000 39,548
2026 86,600 149,000 151,000 222,000 43,235
2027 87,100 151,000 154,000 233,000 44,959
2028 88,300 152,000 154,000 230,000 44,882
2029 87,300 152,000 153,000 226,000 43,616
2030 89,400 153,000 152,000 225,000 42,570


Biomass projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 217,000 217,000 217,000 217,000 0
2019 208,000 208,000 208,000 208,000 0
2020 183,000 183,000 183,000 183,000 34
2021 169,000 169,000 169,000 170,000 618
2022 172,000 176,000 177,000 184,000 4,054
2023 179,000 191,000 194,000 218,000 13,083
2024 177,000 202,000 208,000 259,000 25,775
2025 172,000 210,000 216,000 287,000 35,750
2026 166,000 213,000 221,000 296,000 41,692
2027 168,000 215,000 224,000 310,000 44,813
2028 167,000 215,000 225,000 312,000 45,553
2029 167,000 216,000 224,000 308,000 44,328
2030 168,000 216,000 224,000 304,000 42,746


Fishing mortality projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0.31 0.31 0.31 0.31 0.00
2019 0.30 0.30 0.30 0.30 0.00
2020 0.26 0.26 0.26 0.26 0.00
2021 0.24 0.24 0.24 0.24 0.00
2022 0.24 0.25 0.25 0.26 0.01
2023 0.25 0.27 0.28 0.31 0.02
2024 0.25 0.29 0.29 0.32 0.02
2025 0.24 0.30 0.29 0.32 0.03
2026 0.24 0.31 0.29 0.32 0.03
2027 0.24 0.31 0.29 0.32 0.03
2028 0.24 0.31 0.29 0.32 0.03
2029 0.24 0.31 0.29 0.32 0.03
2030 0.24 0.31 0.29 0.32 0.03







Table 2.29—Model 17.2 projections for catch (t), spawning biomass (t), and fishing mortality under the 
assumption that catches in 2018-2019 are less than ABC by amounts predicted from past performance, 
but that F = max FABC in 2020-2030 (Scenario 2), with random variability in future recruitment. 


  


Catch projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 162,000 162,000 162,000 162,000 0
2019 148,000 148,000 148,000 148,000 0
2020 103,000 103,000 103,000 103,000 20
2021 85,900 86,200 86,300 87,000 381
2022 97,800 101,000 102,000 108,000 3,545
2023 108,000 123,000 127,000 161,000 16,294
2024 100,000 136,000 142,000 198,000 32,020
2025 93,400 145,000 148,000 218,000 39,551
2026 86,600 149,000 151,000 222,000 43,237
2027 87,100 151,000 154,000 233,000 44,960
2028 88,300 152,000 154,000 230,000 44,883
2029 87,300 152,000 153,000 226,000 43,616
2030 89,400 153,000 152,000 225,000 42,570


Biomass projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 217,000 217,000 217,000 217,000 0
2019 211,000 211,000 211,000 211,000 0
2020 184,000 184,000 184,000 184,000 34
2021 169,000 170,000 170,000 171,000 618
2022 172,000 176,000 177,000 185,000 4,053
2023 179,000 191,000 194,000 218,000 13,082
2024 177,000 202,000 208,000 259,000 25,776
2025 172,000 210,000 216,000 287,000 35,751
2026 166,000 213,000 221,000 296,000 41,692
2027 168,000 215,000 224,000 310,000 44,813
2028 167,000 215,000 225,000 312,000 45,552
2029 167,000 216,000 224,000 308,000 44,327
2030 168,000 216,000 224,000 304,000 42,745


Fishing mortality projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0.29 0.29 0.29 0.29 0.00
2019 0.30 0.30 0.30 0.30 0.00
2020 0.26 0.26 0.26 0.26 0.00
2021 0.24 0.24 0.24 0.24 0.00
2022 0.25 0.25 0.25 0.26 0.01
2023 0.25 0.27 0.28 0.31 0.02
2024 0.25 0.29 0.29 0.32 0.02
2025 0.24 0.30 0.29 0.32 0.03
2026 0.24 0.31 0.29 0.32 0.03
2027 0.24 0.31 0.29 0.32 0.03
2028 0.24 0.31 0.29 0.32 0.03
2029 0.24 0.31 0.29 0.32 0.03
2030 0.24 0.31 0.29 0.32 0.03







Table 2.30—Model 17.2 projections for catch (t), spawning biomass (t), and fishing mortality under the 
assumption that the upper bound on FABC is set the most recent five-year average fishing mortality rate in 
2018-2030 (Scenario 3), with random variability in future recruitment. 


 


Catch projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 304,000 304,000 304,000 304,000 0
2019 207,000 207,000 207,000 207,000 0
2020 136,000 136,000 136,000 136,000 4
2021 118,000 118,000 118,000 118,000 204
2022 141,000 144,000 145,000 150,000 3,175
2023 145,000 163,000 167,000 205,000 19,830
2024 125,000 168,000 177,000 256,000 42,804
2025 116,000 173,000 181,000 276,000 50,571
2026 114,000 176,000 185,000 280,000 53,691
2027 114,000 177,000 187,000 292,000 55,056
2028 114,000 178,000 186,000 282,000 53,865
2029 115,000 179,000 185,000 277,000 51,387
2030 115,000 177,000 184,000 277,000 50,613


Biomass projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 207,000 207,000 207,000 207,000 0
2019 156,000 156,000 156,000 156,000 0
2020 110,000 110,000 110,000 111,000 35
2021 92,800 93,300 93,500 94,700 646
2022 97,000 101,000 102,000 110,000 4,281
2023 99,000 112,000 115,000 141,000 13,794
2024 92,300 118,000 124,000 174,000 25,454
2025 86,000 123,000 128,000 188,000 31,717
2026 83,200 126,000 131,000 191,000 34,376
2027 84,900 127,000 132,000 198,000 35,323
2028 84,000 127,000 132,000 197,000 34,728
2029 84,500 127,000 131,000 192,000 33,278
2030 86,000 127,000 131,000 191,000 32,550


Fishing mortality projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0.62 0.62 0.62 0.62 0.00
2019 0.62 0.62 0.62 0.62 0.00
2020 0.62 0.62 0.62 0.62 0.00
2021 0.62 0.62 0.62 0.62 0.00
2022 0.62 0.62 0.62 0.62 0.00
2023 0.62 0.62 0.62 0.62 0.00
2024 0.62 0.62 0.62 0.62 0.00
2025 0.62 0.62 0.62 0.62 0.00
2026 0.62 0.62 0.62 0.62 0.00
2027 0.62 0.62 0.62 0.62 0.00
2028 0.62 0.62 0.62 0.62 0.00
2029 0.62 0.62 0.62 0.62 0.00
2030 0.62 0.62 0.62 0.62 0.00







Table 2.31—Model 17.2 projections for catch (t), spawning biomass (t), and fishing mortality under the 
assumption that the upper bound on FABC is set at F60% in 2018-2030 (Scenario 4), with random variability 
in future recruitment. 


 


Catch projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 50,600 50,600 50,600 50,600 0
2019 56,800 56,800 56,800 56,800 0
2020 57,000 57,000 57,000 57,000 1
2021 60,800 60,800 60,800 60,900 46
2022 68,500 69,000 69,100 70,100 557
2023 73,700 77,000 77,700 84,200 3,456
2024 72,800 82,700 84,500 103,000 9,495
2025 71,800 87,500 89,600 117,000 13,848
2026 70,700 91,900 93,700 123,000 16,456
2027 70,900 94,400 96,900 130,000 18,177
2028 71,900 96,300 99,000 134,000 19,180
2029 72,600 97,800 100,000 136,000 19,469
2030 73,100 98,600 101,000 136,000 19,188


Biomass projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 147,000 147,000 147,000 147,000 0
2019 184,000 184,000 184,000 184,000 0
2020 203,000 203,000 203,000 203,000 23
2021 217,000 218,000 218,000 218,000 439
2022 235,000 238,000 239,000 245,000 3,082
2023 252,000 263,000 266,000 286,000 10,955
2024 260,000 287,000 291,000 338,000 24,650
2025 262,000 306,000 313,000 387,000 39,108
2026 260,000 323,000 329,000 424,000 50,399
2027 258,000 335,000 342,000 445,000 58,164
2028 262,000 344,000 352,000 470,000 62,989
2029 264,000 350,000 358,000 477,000 65,207
2030 265,000 354,000 361,000 481,000 65,269


Fishing mortality projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0.12 0.12 0.12 0.12 0.00
2019 0.12 0.12 0.12 0.12 0.00
2020 0.12 0.12 0.12 0.12 0.00
2021 0.12 0.12 0.12 0.12 0.00
2022 0.12 0.12 0.12 0.12 0.00
2023 0.12 0.12 0.12 0.12 0.00
2024 0.12 0.12 0.12 0.12 0.00
2025 0.12 0.12 0.12 0.12 0.00
2026 0.12 0.12 0.12 0.12 0.00
2027 0.12 0.12 0.12 0.12 0.00
2028 0.12 0.12 0.12 0.12 0.00
2029 0.12 0.12 0.12 0.12 0.00
2030 0.12 0.12 0.12 0.12 0.00







Table 2.32—Model 17.2 projections for catch (t), spawning biomass (t), and fishing mortality under the 
assumption that F = 0 in 2018-2030 (Scenario 5), with random variability in future recruitment. 


 


Catch projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0 0 0 0 0
2019 0 0 0 0 0
2020 0 0 0 0 0
2021 0 0 0 0 0
2022 0 0 0 0 0
2023 0 0 0 0 0
2024 0 0 0 0 0
2025 0 0 0 0 0
2026 0 0 0 0 0
2027 0 0 0 0 0
2028 0 0 0 0 0
2029 0 0 0 0 0
2030 0 0 0 0 0


Biomass projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 149,000 149,000 149,000 149,000 0
2019 206,000 206,000 206,000 206,000 0
2020 249,000 249,000 249,000 249,000 23
2021 285,000 285,000 286,000 286,000 439
2022 322,000 325,000 325,000 331,000 3,092
2023 357,000 368,000 370,000 391,000 11,136
2024 383,000 411,000 415,000 465,000 26,116
2025 399,000 449,000 456,000 543,000 44,401
2026 408,000 483,000 491,000 609,000 61,186
2027 417,000 511,000 521,000 655,000 74,566
2028 424,000 536,000 544,000 698,000 84,382
2029 430,000 552,000 562,000 734,000 90,689
2030 437,000 566,000 576,000 751,000 93,708


Fishing mortality projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0.00 0.00 0.00 0.00 0.00
2019 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00
2021 0.00 0.00 0.00 0.00 0.00
2022 0.00 0.00 0.00 0.00 0.00
2023 0.00 0.00 0.00 0.00 0.00
2024 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00
2026 0.00 0.00 0.00 0.00 0.00
2027 0.00 0.00 0.00 0.00 0.00
2028 0.00 0.00 0.00 0.00 0.00
2029 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00







Table 2.33—Model 17.2 projections for catch (t), spawning biomass (t), and fishing mortality under the 
assumption that F = FOFL in 2018-2030 (Scenario 6), with random variability in future recruitment. 


 


Catch projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 70,300 70,300 70,300 70,300 0
2019 90,500 90,500 90,500 90,500 0
2020 87,800 87,800 87,800 87,800 13
2021 91,600 91,800 91,900 92,400 289
2022 106,000 108,000 109,000 114,000 2,620
2023 114,000 125,000 128,000 153,000 12,671
2024 106,000 135,000 141,000 195,000 27,791
2025 98,400 141,000 146,000 209,000 35,038
2026 93,100 144,000 148,000 211,000 38,226
2027 92,700 145,000 150,000 219,000 39,829
2028 91,700 145,000 150,000 222,000 40,378
2029 90,400 145,000 150,000 215,000 40,056
2030 93,200 145,000 149,000 218,000 39,251


Biomass projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 146,000 146,000 146,000 146,000 0
2019 174,000 174,000 174,000 174,000 0
2020 179,000 179,000 179,000 180,000 22
2021 183,000 183,000 183,000 184,000 420
2022 192,000 194,000 195,000 200,000 2,890
2023 198,000 208,000 210,000 228,000 9,771
2024 195,000 217,000 220,000 259,000 19,930
2025 190,000 223,000 226,000 280,000 27,837
2026 185,000 225,000 229,000 286,000 32,518
2027 183,000 226,000 231,000 296,000 35,175
2028 183,000 226,000 232,000 303,000 36,437
2029 182,000 227,000 232,000 296,000 36,326
2030 183,000 226,000 231,000 297,000 35,274


Fishing mortality projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0.18 0.18 0.18 0.18 0.00
2019 0.21 0.21 0.21 0.21 0.00
2020 0.22 0.22 0.22 0.22 0.00
2021 0.22 0.22 0.22 0.23 0.00
2022 0.24 0.24 0.24 0.25 0.00
2023 0.24 0.26 0.26 0.28 0.01
2024 0.24 0.27 0.27 0.31 0.02
2025 0.23 0.28 0.28 0.31 0.03
2026 0.23 0.28 0.28 0.31 0.03
2027 0.22 0.28 0.28 0.31 0.03
2028 0.22 0.28 0.28 0.31 0.03
2029 0.22 0.28 0.28 0.31 0.03
2030 0.22 0.28 0.28 0.31 0.03







Table 2.34—Model 17.2 projections for catch (t), spawning biomass (t), and fishing mortality under the 
assumption that F = max FABC in each year 2018-2019 and F = FOFL thereafter (Scenario 7), with random 
variability in future recruitment. 


 


Catch projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 59,100 59,100 59,100 59,100 0
2019 79,900 79,900 79,900 79,900 0
2020 95,600 95,600 95,600 95,600 13
2021 96,100 96,400 96,400 97,000 294
2022 108,000 111,000 111,000 116,000 2,643
2023 115,000 126,000 129,000 154,000 12,690
2024 106,000 136,000 141,000 195,000 27,754
2025 98,400 141,000 146,000 209,000 35,027
2026 93,000 143,000 148,000 211,000 38,230
2027 92,700 145,000 150,000 219,000 39,835
2028 91,700 144,000 150,000 222,000 40,381
2029 90,400 145,000 150,000 215,000 40,057
2030 93,200 145,000 149,000 218,000 39,251


Biomass projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 146,000 146,000 146,000 146,000 0
2019 179,000 179,000 179,000 179,000 0
2020 187,000 187,000 187,000 187,000 22
2021 188,000 188,000 188,000 189,000 420
2022 194,000 197,000 198,000 203,000 2,886
2023 199,000 209,000 211,000 229,000 9,762
2024 196,000 217,000 221,000 259,000 19,917
2025 190,000 223,000 226,000 280,000 27,835
2026 185,000 225,000 229,000 286,000 32,518
2027 183,000 226,000 231,000 296,000 35,173
2028 183,000 226,000 232,000 303,000 36,434
2029 182,000 227,000 232,000 296,000 36,322
2030 183,000 226,000 231,000 297,000 35,272


Fishing mortality projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0.15 0.15 0.15 0.15 0.00
2019 0.18 0.18 0.18 0.18 0.00
2020 0.23 0.23 0.23 0.23 0.00
2021 0.23 0.23 0.23 0.23 0.00
2022 0.24 0.24 0.24 0.25 0.00
2023 0.25 0.26 0.26 0.28 0.01
2024 0.24 0.27 0.27 0.31 0.02
2025 0.23 0.28 0.28 0.31 0.03
2026 0.23 0.28 0.28 0.31 0.03
2027 0.22 0.28 0.28 0.31 0.03
2028 0.22 0.28 0.28 0.31 0.03
2029 0.22 0.28 0.28 0.31 0.03
2030 0.22 0.28 0.28 0.31 0.03







Table 2.35a (page 1 of 2)—Incidental catch (t) of FMP species taken in the EBS trawl fishery for Pacific cod, expressed as a proportion of the 
incidental catch of that species taken in all FMP EBS fisheries, 1991-2017 (2017 data current through October 8).  Color shading: red = row 
minimum, green = row maximum (minima and maxima computed across both pages of the table). 
 


 


Species/group 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Alaska Plaice 0.03 0.03 0.05
Arrowtooth Flounder 0.06 0.24 0.21 0.16 0.20 0.26 0.24 0.11 0.12 0.11 0.19 0.38 0.43 0.52
Atka Mackerel 0.12 0.20 0.01 0.02 0.01 0.11 0.22 0.82 0.11 0.19 0.27 0.35 0.75 0.76
Flathead Sole 0.32 0.30 0.29 0.16 0.21 0.19 0.11 0.22 0.23 0.33
Flounder 0.02 0.07 0.13 0.14
Greenland Turbot 0.02 0.03 0.04 0.02 0.06 0.06 0.02 0.09 0.01 0.05 0.03 0.04 0.11 0.17
Kamchatka Flounder
Northern Rockfish 0.40 0.24 0.59
Octopus
Other Flatfish 0.06 0.07 0.06 0.04 0.03 0.05 0.05 0.14 0.33 0.49
Other Rockfish 0.04 0.28 0.23 0.05 0.14 0.11 0.07 0.35 0.14 0.19 0.02 0.11 0.28 0.33
Other Species 0.12 0.12
Pacific Cod 0.08 0.14 0.17 0.16 0.20 0.12 0.17 0.03 0.12 0.06 0.06 0.16 0.09 0.07
Pacific Ocean Perch 0.21 0.24 0.27 0.23 0.29 0.19 0.39 0.27 0.14 0.53 0.04 0.02 0.04 0.26
Pollock 0.05 0.12 0.24 0.20 0.21 0.25 0.30 0.23 0.45 0.30 0.18 0.27 0.38 0.39
Rock Sole 0.04 0.08 0.12 0.18 0.34 0.31 0.30 0.22 0.31 0.19 0.27 0.22 0.27 0.30
Rougheye Rockfish 0.12
Sablefish 0.01 0.01 conf 0.01 0.00 0.04 0.00 0.03 0.06 0.08 0.04 0.10 0.19 0.32
Sculpin
Shark
Sharpchin/Northern Rockfish 0.29 0.30 0.12
Shortraker Rockfish conf
Shortraker/Rougheye Rockfish 0.02 conf conf 0.05 0.05
Short/Rough/Sharp/North Rockfish 0.26 0.58 0.18 0.12 0.17 0.13 0.45 0.27 0.16 0.28 0.46
Skate
Squid 0.01 0.03 0.00 0.28 0.00 conf 0.00 0.01 0.00 0.00 0.01 0.00 0.02 0.01
Yellowfin Sole 0.00 0.01 0.03 0.04 0.01 0.05 0.02 0.02 0.03 0.07 0.05 0.09 0.06 0.11







Table 2.35a (page 2 of 2)—Incidental catch (t) of FMP species taken in the EBS trawl fishery for Pacific cod, expressed as a proportion of the 
incidental catch of that species taken in all FMP EBS fisheries, 1991-2017 (2017 data current through October 8).  Color shading: red = row 
minimum, green = row maximum (minima and maxima computed across both pages of the table). 
 


 


Species/group 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Alaska Plaice 0.04 0.02 0.03 0.00 0.01 0.00 0.01 0.01 0.05 0.02 0.00 0.00 0.00
Arrowtooth Flounder 0.41 0.45 0.23 0.08 0.08 0.07 0.06 0.07 0.07 0.08 0.08 0.08 0.07
Atka Mackerel 0.36 0.24 0.17 0.10 0.40 0.39 0.35 0.27 0.06 0.09 0.03 0.84 0.00
Flathead Sole 0.23 0.41 0.39 0.11 0.07 0.06 0.09 0.08 0.08 0.08 0.08 0.08 0.08
Flounder
Greenland Turbot 0.05 0.11 0.21 0.01 0.00 0.03 0.00 0.02 0.01 0.01 0.02 0.00 conf
Kamchatka Flounder 0.01 0.01 0.02 0.04 0.02 0.02 0.01
Northern Rockfish 0.31 0.28 0.08 0.05 0.03 0.20 0.06 0.11 0.01 0.01 0.00 conf 0.24
Octopus 0.03 0.01 0.02 0.02 0.01 0.00 0.10
Other Flatfish 0.35 0.20 0.07 0.03 0.03 0.04 0.03 0.03 0.03 0.01 0.07 0.12 0.04
Other Rockfish 0.32 0.24 0.06 0.06 0.02 0.03 0.03 0.32 0.03 0.03 0.07 0.04 0.01
Other Species 0.07 0.11 0.17 0.04 0.03 0.03
Pacific Cod 0.03 0.08 0.12 0.01 0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.04 0.10
Pacific Ocean Perch 0.22 0.08 0.04 0.01 0.01 0.00 0.01 0.07 0.00 conf 0.00 0.00 0.00
Pollock 0.36 0.53 0.75 0.43 0.37 0.32 0.42 0.29 0.22 0.17 0.05 0.10 0.05
Rock Sole 0.37 0.35 0.27 0.14 0.07 0.12 0.18 0.16 0.07 0.21 0.30 0.25 0.14
Rougheye Rockfish 0.05 conf conf conf conf
Sablefish 0.09 0.00 0.00 0.00 conf conf conf conf 0.02 0.01 0.00 0.01
Sculpin 0.07 0.07 0.07 0.07 0.07 0.12 0.06
Shark 0.00 0.00 0.01 conf 0.01
Sharpchin/Northern Rockfish
Shortraker Rockfish conf conf conf conf conf conf
Shortraker/Rougheye Rockfish
Short/Rough/Sharp/North Rockfish
Skate 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Squid 0.00 conf 0.00 conf 0.00 0.00 0.00 0.00 0.00 0.00 conf conf
Yellowfin Sole 0.11 0.08 0.03 0.01 0.00 0.01 0.01 0.01 0.06 0.02 0.00 0.00 0.01







Table 2.35b (page 1 of 2)—Incidental catch (t) of FMP species taken in the EBS longline fishery for Pacific cod, expressed as a proportion of the 
incidental catch of that species taken in all FMP EBS fisheries, 1991-2017 (2017 data current through October 8).  Color shading: red = row 
minimum, green = row maximum (minima and maxima computed across both pages of the table). 
 


 


Species/group 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Alaska Plaice 0.00 0.00 0.00
Arrowtooth Flounder 0.11 0.15 0.08 0.10 0.20 0.15 0.23 0.11 0.08 0.14 0.14 0.11 0.11 0.09
Atka Mackerel 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01
Flathead Sole conf 0.03 0.03 0.03 0.05 0.06 0.06 0.08 0.09 0.09 0.11
Flounder 0.01 0.01 0.01 0.01
Greenland Turbot 0.10 0.20 0.05 0.09 0.14 0.19 0.19 0.07 0.04 0.12 0.05 0.08 0.17 0.11
Kamchatka Flounder
Northern Rockfish 0.08 0.09 0.05
Octopus
Other Flatfish 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.06 0.04 0.06
Other Rockfish 0.03 0.12 0.14 0.08 0.06 0.20 0.11 0.08 0.20 0.12 0.35 0.25 0.11 0.23
Other Species 0.56 0.65
Pacific Cod 0.09 0.08 0.07 0.10 0.09 0.11 0.16 0.70 0.42 0.69 0.62 0.58 0.65 0.75
Pacific Ocean Perch 0.00 0.01 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Pollock 0.01 0.02 0.02 0.02 0.03 0.03 0.04 0.04 0.02 0.05 0.06 0.04 0.05 0.03
Rock Sole 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rougheye Rockfish 0.14
Sablefish 0.05 0.73 0.07 0.08 0.12 0.13 0.12 0.08 0.08 0.39 0.32 0.20 0.30 0.16
Sculpin
Shark
Sharpchin/Northern Rockfish 0.01 0.01 0.05
Shortraker Rockfish 0.12
Shortraker/Rougheye Rockfish 0.10 0.19 0.74 0.19 0.20
Short/Rough/Sharp/North Rockfish 0.03 0.05 0.04 0.11 0.18 0.18 0.05 0.14 0.03 0.19 0.05
Skate
Squid 0.00 conf conf conf
Yellowfin Sole 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.07 0.05 0.05 0.04







Table 2.35b (page 2 of 2)—Incidental catch (t) of FMP species taken in the EBS longline fishery for Pacific cod, expressed as a proportion of the 
incidental catch of that species taken in all FMP EBS fisheries, 1991-2017 (2017 data current through October 8).  Color shading: red = row 
minimum, green = row maximum (minima and maxima computed across both pages of the table). 
 


 


Species/group 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Alaska Plaice 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Arrowtooth Flounder 0.14 0.12 0.16 0.18 0.20 0.16 0.22 0.28 0.14 0.21 0.33 0.25 0.37
Atka Mackerel 0.00 0.00 0.01 0.01 0.01 0.02 0.01 0.01 0.13 0.17 0.02 0.04 0.08
Flathead Sole 0.14 0.11 0.06 0.14 0.12 0.14 0.18 0.17 0.24 0.39 0.39 0.35 0.49
Flounder
Greenland Turbot 0.12 0.13 0.15 0.11 0.15 0.15 0.15 0.11 0.01 0.02 0.13 0.43 0.31
Kamchatka Flounder 0.13 0.11 0.07 0.09 0.13 0.19 0.10
Northern Rockfish 0.08 0.04 0.11 0.30 0.56 0.68 0.39 0.16 0.39 0.43 0.48 0.34 0.45
Octopus 0.05 0.12 0.11 0.06 0.08 0.08 0.15
Other Flatfish 0.09 0.07 0.01 0.01 0.06 0.07 0.02 0.03 0.01 0.01 0.04 0.02 0.01
Other Rockfish 0.26 0.24 0.24 0.19 0.16 0.58 0.38 0.21 0.38 0.49 0.51 0.23 0.37
Other Species 0.68 0.56 0.44 0.51 0.51 0.53
Pacific Cod 0.82 0.63 0.68 0.63 0.73 0.51 0.78 0.66 0.63 0.78 0.79 0.81 0.59
Pacific Ocean Perch 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Pollock 0.03 0.03 0.03 0.11 0.10 0.22 0.17 0.09 0.11 0.04 0.06 0.08 0.07
Rock Sole 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.03 0.05 0.02 0.02
Rougheye Rockfish 0.33 0.68 0.48 0.39 0.31 0.18 0.27 0.19 0.18 0.25 0.45 0.38 0.09
Sablefish 0.22 0.21 0.16 0.03 0.04 0.04 0.16 0.02 0.10 0.06 0.24 0.71 0.17
Sculpin 0.25 0.25 0.17 0.31 0.38 0.35 0.35
Shark 0.31 0.33 0.40 0.42 0.44 0.38 0.15
Sharpchin/Northern Rockfish
Shortraker Rockfish 0.31 0.20 0.63 0.12 0.64 0.31 0.28 0.22 0.09 0.22 0.23 0.14 0.16
Shortraker/Rougheye Rockfish
Short/Rough/Sharp/North Rockfish
Skate 0.76 0.76 0.78 0.84 0.89 0.91 0.89
Squid conf conf conf conf 0.00 0.00 0.00 0.00 conf
Yellowfin Sole 0.07 0.05 0.02 0.06 0.09 0.03 0.14 0.20 0.23 0.39 0.47 0.36 0.35







Table 2.35c (page 1 of 2)—Incidental catch (t) of FMP species taken in the EBS pot fishery for Pacific cod, expressed as a proportion of the 
incidental catch of that species taken in all FMP EBS fisheries, 1991-2017 (2017 data current through October 8).  Color shading: red = row 
minimum, green = row maximum (minima and maxima computed across both pages of the table). 
 


 


Species/group 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Alaska Plaice conf conf conf
Arrowtooth Flounder 0.00 0.00 conf conf 0.00 0.00 0.00 0.00 conf conf conf 0.02 0.00 0.00
Atka Mackerel 0.00 0.03 conf 0.05 0.23 0.11 0.29 0.03 conf conf conf conf 0.06 0.03
Flathead Sole conf 0.00 conf conf 0.00 conf conf conf 0.00 0.00
Flounder conf 0.00 conf conf
Greenland Turbot conf conf conf 0.00 0.00 conf conf conf conf conf 0.00
Kamchatka Flounder
Northern Rockfish conf 0.02 0.01
Octopus
Other Flatfish conf 0.00 0.00 conf conf conf conf conf 0.00 0.00
Other Rockfish 0.00 0.00 conf 0.01 0.02 0.04 0.06 0.03 conf conf conf conf 0.07 0.04
Other Species 0.02 0.01
Pacific Cod 0.00 0.00 0.00 0.01 0.01 0.02 0.00 0.01 0.02 0.02 0.02 0.03 0.06 0.02
Pacific Ocean Perch conf conf conf conf 0.00 0.00 conf conf conf conf conf conf 0.00 0.00
Pollock 0.00 0.00 conf 0.00 0.00 0.00 0.00 0.00 0.00 0.00 conf 0.00 0.00 0.00
Rock Sole 0.00 0.00 conf 0.00 0.00 0.00 0.00 0.00 0.00 0.00 conf conf 0.00 0.00
Rougheye Rockfish 0.00
Sablefish conf conf conf conf conf conf conf conf conf conf 0.00 0.01
Sculpin
Shark
Sharpchin/Northern Rockfish conf conf conf
Shortraker Rockfish
Shortraker/Rougheye Rockfish conf conf conf conf 0.00
Short/Rough/Sharp/North Rockfish 0.00 conf 0.01 0.00 0.00 conf conf conf conf
Skate
Squid conf conf conf conf conf
Yellowfin Sole 0.00 0.00 conf conf 0.00 0.01 0.00 0.00 0.00 0.00 conf 0.00 0.01 0.01







Table 2.35c (page 2 of 2)—Incidental catch (t) of FMP species taken in the EBS pot fishery for Pacific cod, expressed as a proportion of the 
incidental catch of that species taken in all FMP EBS fisheries, 1991-2017 (2017 data current through October 8).  Color shading: red = row 
minimum, green = row maximum (minima and maxima computed across both pages of the table). 
 


  


Species/group 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Alaska Plaice conf conf conf 0.00 conf conf conf conf conf
Arrowtooth Flounder 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Atka Mackerel 0.17 0.29 0.11 0.68 0.03 0.56 0.11 0.05 0.19 0.35 0.07 0.08 0.01
Flathead Sole 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Flounder
Greenland Turbot conf 0.00 conf conf conf 0.00 conf conf conf conf
Kamchatka Flounder 0.00 0.00 0.00 conf 0.00 0.00 conf
Northern Rockfish 0.02 0.01 0.02 0.11 0.06 0.02 0.02 0.01 0.00 0.01 0.01 0.00 conf
Octopus 0.88 0.81 0.85 0.91 0.86 0.87 0.67
Other Flatfish 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Other Rockfish 0.10 0.12 0.01 0.02 0.00 0.02 0.04 0.02 0.12 0.06 0.05 0.04 0.02
Other Species 0.01 0.02 0.01 0.02 0.01 0.01
Pacific Cod 0.02 0.03 0.02 0.08 0.01 0.01 0.01 0.01 0.02 0.04 0.03 0.03 0.02
Pacific Ocean Perch 0.00 0.00 conf 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pollock 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rock Sole 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rougheye Rockfish 0.01
Sablefish 0.00 0.08 conf 0.00 0.01 0.01
Sculpin 0.03 0.02 0.06 0.07 0.06 0.07 0.02
Shark conf 0.00
Sharpchin/Northern Rockfish
Shortraker Rockfish 0.00 conf
Shortraker/Rougheye Rockfish
Short/Rough/Sharp/North Rockfish
Skate 0.00 conf 0.00 conf conf conf
Squid conf conf conf conf 0.00
Yellowfin Sole 0.01 0.01 0.02 0.02 0.01 0.00 0.01 0.01 0.05 0.08 0.08 0.03 0.03







Table 2.36—Incidental catch (t) of selected members of the former “Other Species” complex taken in the EBS fisheries for Pacific cod (all gears), 
expressed as a proportion of the incidental catch of that species taken in all FMP EBS fisheries, 1991-2017 (2017 data current through October 8).  
Color shading: red = row minimum, green = row maximum (minima and maxima computed across both panels of the table). 
 


  


Species Common Name 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
octopus, North Pacific conf conf conf 0.73 0.81 0.82
shark, other conf conf 0.05 0.09 0.50 0.56
shark, Pacific sleeper conf 0.66 0.35
shark, salmon conf conf conf
shark, spiny dogfish 0.91 0.42 0.92 0.99 0.97
skate, Alaska
skate, big 0.84
skate, longnose conf 0.71 0.55
skate, other 0.16 0.04 conf 0.43 0.81 0.85
squid, majestic 0.01 0.03 0.00 0.28 0.00 conf 0.00 0.01 0.00 0.00 0.01 0.00 0.02 0.01


Species Common Name 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
octopus, North Pacific 0.88 0.94 0.89 0.90 0.66 0.84 0.97 0.94 0.98 0.98 0.95 0.95 0.92
shark, other 0.60 0.41 0.20 0.17 0.30 0.59 0.50 0.22 0.39 0.61 0.61 0.57 0.46
shark, Pacific sleeper 0.52 0.01 0.16 0.42 0.72 0.48 0.75 0.41 0.79 0.79 0.61 0.43 0.64
shark, salmon 0.07 0.02 0.01 conf conf
shark, spiny dogfish 0.98 0.97 0.83 0.63 0.95 0.93 0.93 0.98 0.82 0.90 0.89 0.87 0.91
skate, Alaska 0.26
skate, big 0.72 0.92 0.73 0.71 0.51 0.73
skate, longnose 0.97 0.67 0.37 1.00 0.67 0.49
skate, other 0.85 0.78 0.75 0.70 0.67 0.93 0.77 0.77 0.80 0.85 0.90 0.93 0.91
squid, majestic 0.00 conf 0.00 conf conf 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00







Table 2.37—Incidental catch (herring and halibut in t, salmon and crab in number of individuals) of prohibited species taken in the EBS fisheries 
for Pacific cod (all gears), expressed as a proportion of the incidental catch of that species taken in all FMP EBS fisheries, 1991-2017 (2017 data 
current through October 8).  Color shading: red = row minimum, green = row maximum (minima and maxima computed across both panels of the 
table).  Note that all entries for 2003 are marked “n/a”, due to problems in the database for that year, which are under investigation. 
 


 


Species Group Name 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Bairdi Tanner Crab 0.20 0.10 0.07 0.13 0.14 0.22 0.15 0.10 0.17 0.16 0.14 0.29 n/a 0.30
Blue King Crab n/a 0.94
Chinook Salmon 0.09 0.12 0.13 0.18 0.34 0.09 0.09 0.04 0.14 0.20 0.08 0.04 n/a 0.08
Golden (Brown) King Crab n/a 0.00
Halibut 0.52 0.64 0.49 0.67 0.71 0.74 0.71 0.68 0.66 0.69 0.63 0.67 n/a 0.73
Herring conf 0.01 0.03 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.02 0.02 n/a 0.01
Non-Chinook Salmon 0.00 0.00 0.00 0.01 0.04 0.00 0.01 0.01 0.00 0.00 0.03 0.01 n/a 0.01
Opilio Tanner (Snow) Crab 0.02 0.02 0.02 0.04 0.05 0.10 0.17 0.17 0.33 0.12 0.12 0.34 n/a 0.14
Other King Crab 0.02 0.12 0.01 0.08 0.16 0.66 0.54 0.73 0.35 0.33 0.58 0.69 n/a
Red King Crab 0.31 0.07 0.01 0.01 0.17 0.78 0.36 0.23 0.18 0.38 0.26 0.32 n/a 0.14


Species Group Name 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Bairdi Tanner Crab 0.19 0.40 0.57 0.66 0.53 0.45 0.27 0.22 0.26 0.50 0.61 0.61 0.51
Blue King Crab 0.95 0.70 1.00 0.87 0.89 1.00 0.60 0.80 0.37 0.73 0.84 0.83 0.99
Chinook Salmon 0.04 0.03 0.04 0.03 0.01 0.04 0.00 0.05 0.04 0.05 0.05 0.08 0.05
Golden (Brown) King Crab 0.21 0.01 0.00 0.00 0.01 0.03 0.00 0.02 0.03 0.03 0.02 0.02 0.78
Halibut 0.72 0.68 0.63 0.65 0.63 0.65 0.68 0.69 0.67 0.63 0.66 0.56 0.55
Herring 0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Non-Chinook Salmon 0.00 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Opilio Tanner (Snow) Crab 0.08 0.34 0.53 0.47 0.52 0.31 0.20 0.08 0.06 0.19 0.23 0.21 0.43
Other King Crab
Red King Crab 0.16 0.14 0.32 0.29 0.10 0.06 0.35 0.26 0.76 0.82 0.90 0.40 0.43







Table 2.38a (page 1 of 2)—Incidental catch (t) of non-target species groups—other than birds—taken in the EBS fisheries for Pacific cod (all 
gears), expressed as a proportion of the incidental catch of that species group taken in all FMP EBS fisheries, 2003-2017 (2017 data are current 
through October 8).  Color shading: red = row minimum, green = row maximum. 
 


 


Species Group Name 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Benthic urochordata 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.04 0.20 0.28 0.20 0.29 0.27 0.05 0.08
Bivalves 0.42 0.85 0.74 0.77 0.62 0.85 0.85 0.47 0.82 0.92 0.88 0.79 0.81 0.79 0.87
Brittle star unidentified 0.02 0.02 0.01 0.02 0.04 0.01 0.05 0.01 0.07 0.06 0.09 0.04 0.08 0.05 0.46
Capelin 0.02 0.00 0.00 0.00 0.00 0.00 0.10 0.02 0.00 0.00
Corals Bryozoans - Corals Bryozoans Unidentified 0.51 0.48 0.40 0.10 0.88 0.15 0.85 0.24 0.50 0.92 0.25 0.50 0.61 0.39 0.83
Corals Bryozoans - Red Tree Coral 0.90 0.66 0.46 0.01 0.99 0.02 0.09 conf
Dark Rockfish 0.98 0.96 0.79
Eelpouts 0.23 0.37 0.47 0.30 0.11 0.09 0.04 0.05 0.05 0.14 0.16 0.28 0.58 0.49 0.43
Eulachon 0.00 0.00 0.00 0.00 0.00 conf 0.00 0.00 conf
Giant Grenadier 0.03 0.08 0.12 0.06 0.07 0.08 0.07 0.12 0.28 0.21 0.13 0.20 0.04 0.16 0.10
Greenlings 0.75 0.66 0.58 0.65 0.20 0.73 0.74 0.78 0.64 0.77 1.00 0.85 0.69 0.62 0.45
Grenadier - Pacific Grenadier 0.70 0.00 0.05
Grenadier - Ratail Grenadier Unidentified 0.09 0.11 0.14 0.10 0.23 0.40 0.08
Grenadier - Rattail Grenadier Unidentified 0.19 0.04 0.04 0.78 0.07 0.61 0.10 0.00
Gunnels 1.00 1.00 0.03 conf
Hermit crab unidentified 0.05 0.05 0.02 0.04 0.03 0.03 0.06 0.02 0.03 0.06 0.08 0.06 0.15 0.17 0.19
Invertebrate unidentified 0.03 0.01 0.01 0.08 0.22 0.02 0.24 0.41 0.38 0.21 0.25 0.30 0.27 0.42 0.41
Lanternfishes (myctophidae) conf
Large Sculpins 0.62 0.60 0.50 0.45 0.37
Large Sculpins - Bigmouth Sculpin 0.35 0.46 0.58
Large Sculpins - Brown Irish Lord 1.00 1.00
Large Sculpins - Great Sculpin 0.19 0.16 0.23
Large Sculpins - Hemilepidotus Unidentified 0.90 0.99 0.99
Large Sculpins - Myoxocephalus Unidentified 0.24 0.62 0.96
Large Sculpins - Plain Sculpin 0.01 0.01 0.03
Large Sculpins - Red Irish Lord 0.11 0.64 1.00
Large Sculpins - Warty Sculpin 0.22 0.15 0.09
Large Sculpins - Yellow Irish Lord 0.52 0.33 0.64
Misc crabs 0.15 0.12 0.16 0.46 0.38 0.18 0.12 0.19 0.12 0.16 0.20 0.22 0.20 0.16 0.38
Misc crustaceans 0.26 0.21 0.51 0.17 0.21 0.03 0.02 0.05 0.04 0.03 0.10 0.08 0.05 0.14 0.02
Misc fish 0.48 0.43 0.40 0.28 0.19 0.15 0.19 0.20 0.24 0.33 0.24 0.61 0.45 0.52 0.27
Misc inverts (worms etc) 0.07 0.02 0.01 0.06 0.33 0.01 0.02 0.00 0.01 0.00 0.00 conf 0.03 conf
Other Sculpins 0.49 0.65 0.56 0.57 0.41 0.70 0.59 0.75







Table 2.38a (page 2 of 2)—Incidental catch (t) of non-target species groups—other than birds—taken in the EBS fisheries for Pacific cod (all 
gears), expressed as a proportion of the incidental catch of that species group taken in all FMP EBS fisheries, 2003-2017 (2017 data are current 
through October 8).  Color shading: red = row minimum, green = row maximum. 
 


 
 
  


Species Group Name 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Other osmerids 0.01 0.06 0.00 0.01 0.00 0.00 0.00 0.00 0.00 conf 0.00 conf
Pacific Sand lance 0.45 0.34 0.60 0.04 0.12 0.21 0.01 0.01 0.00 0.02 conf 0.09 0.21
Pacific Sandfish 0.28 0.07 0.19 0.32 0.84
Pandalid shrimp 0.09 0.17 0.01 0.02 0.09 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polychaete unidentified 0.13 0.02 0.73 0.00 0.01 0.00 0.10 0.04 0.08 0.37 0.04 0.28 0.43 0.47 0.01
Scypho jellies 0.10 0.09 0.07 0.02 0.04 0.01 0.01 0.01 0.02 0.02 0.05 0.01 0.02 0.01 0.01
Sea anemone unidentified 0.68 0.62 0.86 0.79 0.35 0.51 0.74 0.62 0.76 0.86 0.76 0.81 0.86 0.88 0.78
Sea pens whips 0.87 0.90 0.93 0.87 0.63 0.86 0.92 0.87 0.90 0.91 0.96 0.96 0.96 0.96 0.95
Sea star 0.11 0.14 0.16 0.12 0.09 0.07 0.15 0.11 0.09 0.20 0.15 0.22 0.20 0.19 0.28
Snails 0.13 0.07 0.10 0.08 0.10 0.09 0.25 0.17 0.17 0.25 0.31 0.43 0.46 0.69 0.54
Sponge unidentified 0.03 0.10 0.07 0.15 0.08 0.08 0.07 0.03 0.06 0.15 0.09 0.09 0.17 0.15 0.27
State-managed Rockfish 0.96 0.98 0.98 0.37 0.77 0.25 0.51
Stichaeidae 0.17 0.06 0.14 0.07 0.01 0.04 0.00 conf 0.03
urchins dollars cucumbers 0.37 0.49 0.50 0.43 0.26 0.17 0.08 0.15 0.35 0.41 0.26 0.40 0.49 0.60 0.19







Table 2.38b—Incidental catch (t) of  bird species groups taken in the EBS fisheries for Pacific cod (all gears), expressed as a proportion of the 
incidental catch of that species group taken in all FMP EBS fisheries, 2003-2017 (2017 data are current through October 8). 
 


 
  


Species Group Name 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Auklets 1.00 0.33 1.00 1.00
Black-footed Albatross 1.00 1.00 0.95 1.00 1.00 1.00 1.00
Cormorant 1.00
Gull 1.00 1.00 0.97 0.60 0.99 0.90 0.89 1.00 1.00 0.96 1.00 1.00 0.96
Kittiwake 0.31 0.44 0.34 1.00 1.00 1.00 1.00 1.00 1.00
Laysan Albatross 0.76 0.37 0.01 0.00 0.68 0.00 0.31 0.94 0.71 0.20 0.75 0.17 0.67
Murre 0.41 0.01 0.65 0.73 1.00 1.00 1.00 0.22
Northern Fulmar 0.91 0.86 0.57 0.74 0.75 0.86 0.85 0.86 0.79 0.87 0.82 0.84 0.93
Other Alcid 1.00
Other
Puffin 1.00
Shearwaters 0.99 0.37 0.95 0.94 0.99 0.87 0.85 0.72 0.90 0.69 0.36 0.66 0.93
Short-tailed Albatross 1.00 1.00 0.32
Storm Petrels 0.33
Unidentified Albatross 1.00 0.92
Unidentified 0.96 0.98 0.97 0.96 1.00 0.92 0.94 1.00 0.95 0.94 1.00 0.94 0.99







FIGURES 


 


Figure 2.1—Longline fishery CPUE.  Upper left panel: year effects, upper right panel: month effects: lower panel: monthly data and model fit. 
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Figure 2.2—EBS trawl survey numerical abundance estimates with 95% confidence intervals (standard area).  Red line = long-term average. 
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Figure 2.3—Comparison of recent size compositions from the EBS shelf bottom trawl survey. 
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Figure 2.4a—Map of EBS shelf trawl survey standard area, EBS shelf trawl survey northwest strata, and NBS trawl survey area. 







 
 
Figure 2.4b—Map of Norton Sound trawl survey area. 


N


EW


S


123456789
171819202122232425


303132333435363738394041424344


484950515253545556575859606162


68697071727374757677787980818283848586


93949596979899100101102103104105106107108109110111


120121122123124125126127128129130131132133134135136137138


147148149150151152153154155156157158159160161162163164165


174175176177178179180181182183184185186187188189190191


200201
202203


204205206207208209210


219220221


222223224225226 234235236237238
245246247248


. .
.


Nome


Seward Peninsula


Stations not sampled during 
ADF&G triennial trawl 
surveys.


Dark line delineates standardized 
zone.







 
 
Figure 2.4c—Map of NMFS longline survey area in the EBS and AI.  







 
 
Figure 2.4d—Map of IPHC longline survey area in the EBS and AI. 
  







 


Figure 2.5—EBS trawl survey biomass estimates with 95% confidence intervals (standard area).  Red line = long-term average. 
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Figure 2.6—Changes in EBS shelf bottom trawl survey biomass estimates from 2016-2017, looking only 
at species that were present in at least 50% of the stations in both years. 
 


 
 
Figure 2.7—Fulton’s condition factor by year, 2000-2017, expressed as z-scores. 
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Figure 2.8—Size compositions from the NBS survey by 5-cm bins, 2010 and 2017.  Upper panel: 
population size at length; lower panel: proportion at length.  
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Figure 2.9—Norton Sound survey CPUE time series (see Figure 2.4b for “Core” and “Tier1” areas). 
 


 
 
Figure 2.10—Norton Sound survey size compositions (all years with n>100; plus long-term average). 
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Figure 2.11—NMFS longline survey RPN and RPW, rescaled so that the average of each is 1.0. 


 


Figure 2.12—IPHC longline survey RPN.  Orange line = long-term average. 
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Figure 2.13—Prior distribution for the natural mortality rate.  Upper panel: cumulative distribution 
function; lower panel: probability density function.
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Figure 2.14—Weight-at-length relationships for each year from 1978-2016.  Solid black curve represents base parameter values.  The curve that is 
noticeably lower than the others at lengths greater than about 70 cm represents the 1984 relationship. 
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Figure 2.15—Model fits to the EBS shelf bottom trawl survey abundance time series.  
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Figure 2.16—Model fits to the fishery age composition data. 
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Figure 2.17a (page 1 of 2)—Model 16.6 fits to the survey age composition data. 







 


Figure 2.17a (page 2 of 2)—Model 16.6 fits to the survey age composition data. 







 


Figure 2.17b (page 1 of 2)—Model 17.1 fits to the survey age composition data. 







 


Figure 2.17b (page 2 of 2)—Model 17.1 fits to the survey age composition data. 







 


Figure 2.17c (page 1 of 2)—Model 17.2 fits to the survey age composition data. 







 


Figure 2.17c (page 2 of 2)—Model 17.2 fits to the survey age composition data. 







 


Figure 2.17d (page 1 of 2)—Model 17.3 fits to the survey age composition data. 







 


Figure 2.17d (page 2 of 2)—Model 17.3 fits to the survey age composition data. 







 


Figure 2.17e (page 1 of 2)—Model 17.6 fits to the survey age composition data. 







 


Figure 2.17e (page 2 of 2)—Model 17.6 fits to the survey age composition data. 







 


Figure 2.17f (page 1 of 2)—Model 17.7 fits to the survey age composition data. 







 


Figure 2.17f (page 2 of 2)—Model 17.7 fits to the survey age composition data.







 


 


Figure 2.18—Time-aggregated age composition fits. 
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Figure 2.19a (page 1 of 3)—Model 16.6 fits to the fishery size composition data. 







 


Figure 2.19a (page 2 of 3)—Model 16.6 fits to the fishery size composition data. 







 


Figure 2.19a (page 3 of 3)—Model 16.6 fits to the fishery size composition data. 







 


Figure 2.19b (page 1 of 3)—Model 17.1 fits to the fishery size composition data. 







 


Figure 2.19b (page 2 of 3)—Model 17.1 fits to the fishery size composition data. 







 


Figure 2.19b (page 3 of 3)—Model 17.1 fits to the fishery size composition data. 







 


Figure 2.19c (page 1 of 3)—Model 17.2 fits to the fishery size composition data. 







 


Figure 2.19c (page 2 of 3)—Model 17.2 fits to the fishery size composition data. 







 


Figure 2.19c (page 3 of 3)—Model 17.2 fits to the fishery size composition data. 







 


Figure 2.19d (page 1 of 3)—Model 17.3 fits to the fishery size composition data. 







 


Figure 2.19d (page 2 of 3)—Model 17.3 fits to the fishery size composition data. 







 


Figure 2.19d (page 3 of 3)—Model 17.3 fits to the fishery size composition data. 







 


Figure 2.19e (page 1 of 3)—Model 17.6 fits to the fishery size composition data. 







 


Figure 2.19e (page 2 of 3)—Model 17.6 fits to the fishery size composition data. 







 


Figure 2.19e (page 3 of 3)—Model 17.6 fits to the fishery size composition data. 







 


Figure 2.19f (page 1 of 3)—Model 17.7 fits to the fishery size composition data. 







 


Figure 2.19f (page 2 of 3)—Model 17.7 fits to the fishery size composition data. 







 


Figure 2.19f (page 3 of 3)—Model 17.7 fits to the fishery size composition data. 







 


Figure 2.20a (page 1 of 3)—Model 16.6 fits to the survey size composition data. 







 


Figure 2.20a (page 2 of 3)—Model 16.6 fits to the survey size composition data. 







 


Figure 2.20a (page 3 of 3)—Model 16.6 fits to the survey size composition data. 







 


Figure 2.20b (page 1 of 3)—Model 17.1 fits to the survey size composition data. 







 


Figure 2.20b (page 2 of 3)—Model 17.1 fits to the survey size composition data. 







 


Figure 2.20b (page 3 of 3)—Model 17.1 fits to the survey size composition data. 







 


Figure 2.20c (page 1 of 3)—Model 17.2 fits to the survey size composition data. 







 


Figure 2.20c (page 2 of 3)—Model 17.2 fits to the survey size composition data. 







 


Figure 2.20c (page 3 of 3)—Model 17.2 fits to the survey size composition data. 







 


Figure 2.20d (page 1 of 3)—Model 17.3 fits to the survey size composition data. 







 


Figure 2.20d (page 2 of 3)—Model 17.3 fits to the survey size composition data. 







 


Figure 2.20d (page 3 of 3)—Model 17.3 fits to the survey size composition data. 







 


Figure 2.20e (page 1 of 3)—Model 17.6 fits to the survey size composition data. 







 


Figure 2.20e (page 2 of 3)—Model 17.6 fits to the survey size composition data. 







 


Figure 2.20e (page 3 of 3)—Model 17.6 fits to the survey size composition data. 







 


Figure 2.20f (page 1 of 3)—Model 17.7 fits to the survey size composition data. 







 


Figure 2.20f (page 2 of 3)—Model 17.7 fits to the survey size composition data. 







 


Figure 2.20f (page 3 of 3)—Model 17.7 fits to the survey size composition data.







 


Figure 2.21—Time-aggregated fits to the size composition data. 
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Figure 2.22—Recruitment deviations as estimated by the models.  Series have been offset along the 
vertical axis by small amounts to prevent over-plotting. 
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Figure 2.23—Spawning biomass relative to B100% as estimated by the models. 


 


Figure 2.24—Total biomass as estimated by the models.  Survey biomass shown for comparison. 
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Figure 2.25—Fishery selectivity as estimated by the models. 
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Figure 2.26—Survey selectivity as estimated by the models. 
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Figure 2.27—Mean length at age as estimated by the models.  Top panel: base values for all six models 
(the curve for Model 16.6 is noticeably lower than the others at ages greater than about 6 years).  Middle 
panel and bottom panels: annual curves (1977-2016) for Models 17.6 and 17.7, respectively.  
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Figure 2.28—Length at age 1.5 as estimated by the ageing data (filtered through the survey age-length 
keys and the survey size compositions) and Models 17.6 and 17.7. 
 


 
 
Figure 2.29—EBS shelf bottom trawl survey catchability as estimated by Models 17.6 and 17.7.  
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Figure 2.30a—Retrospective analysis of spawning biomass estimates from Model 16.6.  Top panel: 
spawning biomass time series with 95% confidence intervals from the current version of Model 16.6 
(2017) and 10 retrospective runs (2007-2016) obtained by dropping one year of data at a time.  Bottom 
panel: change in spawning biomass relative to the current version of Model 16.6 for each of 10 
retrospective runs.  Mohn’s ρ = 0.243. 
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Figure 2.30b—Retrospective analysis of spawning biomass estimates from Model 17.1.  Top panel: 
spawning biomass time series with 95% confidence intervals from the current version of Model 17.1 
(2017) and 10 retrospective runs (2007-2016) obtained by dropping one year of data at a time.  Bottom 
panel: change in spawning biomass relative to the current version of Model 17.1 for each of 10 
retrospective runs.  Mohn’s ρ = 0.040. 
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Figure 2.30c—Retrospective analysis of spawning biomass estimates from Model 17.2.  Top panel: 
spawning biomass time series with 95% confidence intervals from the current version of Model 17.2 
(2017) and 10 retrospective runs (2007-2016) obtained by dropping one year of data at a time.  Bottom 
panel: change in spawning biomass relative to the current version of Model 17.2 for each of 10 
retrospective runs.  Mohn’s ρ = 0.255. 
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Figure 2.30d—Retrospective analysis of spawning biomass estimates from Model 17.3.  Top panel: 
spawning biomass time series with 95% confidence intervals from the current version of Model 17.3 
(2017) and 10 retrospective runs (2007-2016) obtained by dropping one year of data at a time.  Bottom 
panel: change in spawning biomass relative to the current version of Model 17.3 for each of 10 
retrospective runs.  Mohn’s ρ = 0.113. 
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Figure 2.30e—Retrospective analysis of spawning biomass estimates from Model 17.6.  Top panel: 
spawning biomass time series with 95% confidence intervals from the current version of Model 17.6 
(2017) and 10 retrospective runs (2007-2016) obtained by dropping one year of data at a time.  Bottom 
panel: change in spawning biomass relative to the current version of Model 17.6 for each of 10 
retrospective runs.  Mohn’s ρ = 0.028. 
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Figure 2.30f—Retrospective analysis of spawning biomass estimates from Model 17.7.  Top panel: 
spawning biomass time series with 95% confidence intervals from the current version of Model 17.7 
(2017) and 10 retrospective runs (2007-2016) obtained by dropping one year of data at a time.  Bottom 
panel: change in spawning biomass relative to the current version of Model 17.7 for each of 10 
retrospective runs.  Mohn’s ρ = 0.079. 
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Figure 2.31—Time series of age 0+ and female spawning biomass as estimated by Model 17.2.  Survey 
biomass is shown for comparison. 
 


 
Figure 2.32—Time series of recruitment at age 0 as estimated Model 17.2. 
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Figure 2.33—Trajectory of Pacific cod fishing mortality and female spawning biomass as estimated by 
Model 17.2, 1977-2019 (yellow square = current year, magenta squares = first two projection years). 
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Figure 2.34—Environmental effects on recruitment.  Upper panel: Estimated log recruitment deviations 
(age 0) versus same-year October-December average of the NPI, with regression line and 95% confidence 
interval.  Middle panel: Distribution of the regression slope, as generated by a cross-validation analysis.  
Lower panel: Correlation between individual data points and regression slope.  See text for details. 
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Introduction 
This document represents an effort to respond to comments made by the BSAI Plan Team (“Team”), the 
Scientific and Statistical Committee (“SSC”), and the Subcommittee on Pacific Cod Models 
(“Subcommittee,” which was a subcommittee of the Joint Teams in 2016 but a subcommittee of just the 
BSAI Team in 2017) on last year’s assessment of the Pacific cod (Gadus macrocephalus) stock in the 
eastern Bering Sea (EBS, Thompson 2016a).  The comments listed below from the May 2016 
Subcommittee meeting, the September and November 2016 Team meetings, and the October and 
December 2016 SSC meetings were all considered by the Subcommittee during its June 2017 meeting 
(https://www.npfmc.org/wp-
content/PDFdocuments/membership/PlanTeam/Groundfish/BSAIPcod_subcommittee617minutes.pdf), 
and so are not responded to here.  Responses are provided here only for the comments from the June 2017 
Subcommittee meeting. 


Comments from the May 2016 Subcommittee meeting 
During its May 2016 meeting, in addition to making several recommendations for the 2016 assessment, 
the Subcommittee listed some recommendations that it designated as having “medium” priority, defined 
as recommendations that the Subcommittee felt should be considered in either the 2017 or 2018 
assessments.   


Sub1 (originally from the 2016 review by CIE member Jean-Jacques Maguire, labeled as comment 2e.06 
in the minutes of the May 2016 Subcommittee meeting): “Only those parameters where there is external 
information suggesting that changes are occurring should be allowed to vary, probably one at a time to 
avoid incorrect interpretation.”   


Sub2 (originally from the December 2015 SSC minutes, labeled as comment SSC2 in the minutes of the 
May 2016 Subcommittee meeting): “The SSC was encouraged by the author’s explanation that dome-
shaped selectivity may, in part, be explained by the possibility that some of older fish may be residing in 
the northern Bering Sea (NBS) at the time of the survey. This is supported by the size composition of the 
fish in the 2010 NBS trawl survey, which suggested that up to 40% of the fish in some larger size classes 
reside in this area, although the overall proportion in the NBS was small. The SSC encourages the author 
to further examine Pacific cod catches from trawl surveys conducted triennially by the National Marine 
Fisheries Service (NMFS) (1976-1991) and by the Alaska Department of Fish & Game (1996 to the 
present) to monitor the distribution and abundance of red king crab and demersal fish (see: Hamazaki, T., 
Fair, L., Watson, L., Brennan, E., 2005. Analyses of Bering Sea bottom-trawl surveys in Norton Sound: 
absence of regime shift effect on epifauna and demersal fish. ICES Journal of Marine Science 62, 1597-
1602). While the 2010 bottom trawl survey in the NBS found relatively few Pacific cod (3% of total 
biomass), it is possible that the proportion of Pacific cod that are outside the standard survey area was 
higher in other years. A second possibility is that older Pacific cod migrate to nearshore areas to feed in 
the summer, making them unavailable to the survey.”  



https://www.npfmc.org/wp-content/PDFdocuments/membership/PlanTeam/Groundfish/BSAIPcod_subcommittee617minutes.pdf
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Sub3 (developed by the Subcommittee during its May 2016 meeting, where it was labeled JTS5): “Use 
reasonably time-varying, double normal selectivity (Bering Sea only).  CIE comments 2e.01 and 2e.09 
suggested that some amount of time-variability in fishery selectivity is appropriate, CIE comment 2e.12 
cautioned against allowing ‘too much’ time-variability in selectivity, and CIE comment 2b.07 suggested 
use of the double normal selectivity function.”   


Comments from the September 2016 Team meeting 
BPT1: “The Team recommends that the mid-year meetings cease unless exceptional circumstances 
necessitate such a meeting.”   


Comments from the October 2016 SSC meeting 
SSC1: “The observed discrepancies among different models in these assessments are a good—if perhaps 
extreme—example of the model uncertainty that pervades most assessments. This uncertainty is largely 
ignored once a model is approved for specifications. We encourage the authors and Plan Teams to 
consider approaches such as multi-model inference to account for at least some of the structural 
uncertainty. We recommend that a working group be formed to address such approaches.”   


SSC2: “Regarding the mid-year model vetting process, the SSC re-iterates its recommendation from June 
to continue for now. The process has proven useful for the industry as an avenue to provide formal input 
and for the author to prioritize the range of model options to consider.”   


SSC3: “With regard to data weighting, the SSC recommends that the authors consider computing 
effective sample sizes based on the number of hauls that were sampled for lengths and weights, rather 
than the number of individual fish.”   


SSC4: “Although there is genetic evidence for stock structuring within the Pacific cod population among 
regions, the uncertainty in model scale for all three regions seems to suggest that some sharing of 
information among the three assessments might be helpful. Over the long term, authors could consider 
whether a joint assessment recognizing the population structuring, but simultaneously estimating key 
population parameters (e.g., natural mortality, catchability or others) might lend more stability and 
consistency of assumptions for this species.”   


SSC5: “The SSC notes that, in spite of the concerns over dome-shaped survey selectivity in the survey, 
there are many potential mechanisms relating to the availability of larger fish to the survey gear that could 
result in these patterns, regardless of the efficiency of the trawl gear to capture large fish in its path. For 
example, in the Bering Sea the patterns could be due to larger Pacific cod being distributed in deeper 
waters or in the northern Bering Sea at the time of the survey. The northern Bering Sea survey planned for 
2017 should provide additional information on the latter possibility.”   


Comments from the November 2016 Team meeting 
BPT3: “The Team recommends comparing model predicted weight-at-age in Models 16.6 and 16.7 to the 
empirical weight-at-age used in Model 16.1.”   


BPT4: “The Team recommends weighting (tuning) composition data using the Francis method or the 
harmonic mean of the effective sample size (McAllister & Ianelli approach).” 


BPT5: “The Team believes that time-varying selectivity is important and recommends continued 
investigation of time-varying fishery selectivity for use in future models. In addition, the Team 
recommends investigating methods to determine the variance of the penalty function applied to the 
deviations (i.e., tuning the deviates).”   







BPT6: “The Team recommends comparing the estimated recruitment variability (σR) to the root mean 
squared error (RMSE) of the estimated recruitment deviations over a period of years that is well informed 
(i.e., when the variance of the estimated recruitment deviation is small).”   


Comments from the December 2016 SSC meeting 
SSC7: “The SSC supports the author’s observation that ageing bias needs to be further investigated for 
cod, with results potentially applicable to all three assessments.”  Summary: Investigate ageing bias 
further. 


SSC8: “The SSC continues to support the spring Pacific cod workshop to review and plan for model 
development each year, and also supports all of the technical PT recommendations for future model 
development.”   


SSC9: “The SSC recommended discarding Model 11.5 for future analyses after one or more 16.x models 
incorporating time-varying selectivity in some reasonable manner (for the survey and/or fishery) are 
developed to take its place in this set of models.  Depending on staff availability, this could be presented 
at the spring meeting; however, if that is not possible, it should be brought forward for the September 
2017 PT meeting.”   


SSC10: “The SSC recommends that including existing fishery ages in the assessment and ageing 
additional fishery otoliths for this assessment should be priorities….”   


SSC11: “The SSC recommends continued exploration of the treatment of weight-at-age using both 
internally and externally estimated values.”   


SSC12: “The SSC [recommended] further considering model averaging based on the outcome of the SSC 
workshop during the February 2017 meeting” (term in square brackets added).   


Comments from the June 2017 Subcommittee meeting 
The comments shown below pertain to this preliminary assessment.  The minutes of the June 2017 
Subcommittee meeting also reached some conclusions pertaining to this year’s final assessment, which 
will be addressed when the final assessment is produced. 


Sub4: “The Subcommittee recommends that the following models be included in this year’s preliminary 
EBS Pacific cod assessment (note that model labels shown here are temporary placeholders; actual model 
labels for September will be established during the analysis, except for Model A, which corresponds to 
Model 16.6): 


• Model A:  Model 16.6 (last year’s final model), after translating from SS V3.24u to V3.30. 
• Model B:  Same as Model A, but with the following features added: 


1. Adjust timing of the fishery and survey in SS. 
2. Do not use currently available fishery agecomp data, but do add new fishery agecomps. 
3. Switch to haul-based input sample size and catch-weighted sizecomp data. 
4. Develop a prior distribution for natural mortality based on previous estimates. 
5. Switch to age-based, flat-topped, double normal selectivity. 
6. Allow random time variability in selectivity, with σs fixed at the restricted MLEs. 


• Model C:  Same as Model B, but with the following features added: 
1. Use harmonic mean weighting of composition data. 
2. Allow time-varying selectivity for the fishery but not the survey. 


• Model D:  Same as Model B, but with the following features added: 
1. Use harmonic mean weighting of composition data. 







2. Estimate survey index standard error internally (‘extra SD’ option in SS). 
• Model E:  Same as Model B, but with the following feature added: 


1. Use Francis weighting. 
• Model F:  Same as Model B, but with the following feature added: 


1. Give less weight to fishery comps than survey comps, less to sizecomps than agecomps.” 


Response:  All six of the recommended models are included in this preliminary assessment.  As noted 
above, Model A corresponds to Model 16.6, which was last year’s final model.  Once the parameters of 
Models B-F had been estimated, these models were all found to exhibit an average difference in spawning 
biomass (relative to Model 16.6) in excess of 10%, meaning that they all constitute major changes from 
Model 16.6 under Option “A” of the convention form model numbering described in the SAFE chapter 
guidelines, and so are designated Models 17.1-17.5 respectively.  In addition to the above six models, a 
seventh model is also included in this preliminary assessment.  Like Models 17.1-17.5, the seventh model 
also constitutes a major change from Model 16.6, and so is designated Model 17.6.  It is similar to Model 
17.2 (formerly “C”), except that it includes annually time-varying length at age 1.5, trawl survey 
catchability, and survey selectivity. 


Sub5:  “The Subcommittee recommends that the following non-model analyses be conducted for the 
preliminary 2017 EBS assessment: 


• Compare σR to the RMSE of estimated recruitment deviations. 
• Report Francis weights from the terminal run if harmonic mean is used and vice-versa.” 


Response:  The above quantities are reported for all models. 


Sub6: “With respect to implementation of the above recommendations, the Subcommittee reached the 
following conclusions: 


• For feature GT5 (‘Switch to haul-based input sample size and catch-weighted sizecomp data’), 
the Subcommittee understands that the author will likely set initial input sample sizes equal to the 
number of hauls (or sets), rather than a more complicated haul-based approach such as that 
described by Stewart and Hamel (2014). 


• For feature SSC6 (‘Develop a prior distribution for natural mortality based on previous 
estimates’), if faced with a choice between the lognormal and normal examples given in the 
background document..., the Subcommittee prefers the lognormal. 


• For feature New4 (‘Give less weight to fishery comps than survey comps, less to sizecomps than 
agecomps’), which is used in Model F, if the Francis weightings obtained in Model E accomplish 
the same thing, then Model F does not need to be included.  Also, the Subcommittee’s preferred 
method for implementing feature New4 is to begin with the weightings obtained in Model E and 
then adjust them as little as possible subject to the constraints described by this feature. 


• For feature New6 (‘Report Francis weights from the terminal run if harmonic mean is used and 
vice-versa’), the confidence intervals surrounding the Francis weights should also be reported.” 


Response:  All of the above conclusions were implemented. 


Sub7: “The Subcommittee concluded that the EBS Pacific cod assessment is not a good candidate for 
model averaging at this time.” 


Response:  Given the SSC’s repeated interest in seeing model averaging explored, this preliminary 
assessment offers an initial attempt at model averaging. 







Data 
For Model 16.6, the data file used in this preliminary assessment was identical to the one used in last 
year’s assessment (Thompson 2016a).  For Models 17.1-17.6, the following changes were made to the 
data file: 


Size composition sample size measured as number of hauls 
For the years 1991-2016, the numbers of hauls sampled for fishery lengths were taken from the domestic 
observer database.  For years prior to 1990, the numbers of sampled hauls in the fishery sizecomp data 
were approximated by using the regression shown in Figure 2.1.13 of the 2015 EBS assessment to 
convert last year’s Model 11.5 input fishery sample sizes into haul equivalents.  Table 2.1.1 compares 
input sample sizes used in Model 16.6 with those used in Models 17.1-17.6. 


The 1991-2016 fishery size composition data from each year/week/gear/area cell were weighted 
proportionally to the official estimate of catch taken in that cell.   


Figure 2.1.1 compares the 1991-2016 fishery size composition data used in Model 16.6 with those used in 
Models 17.1-17.6.  In general, there is little difference between the two sets of sizecomp data.  The 
effective sample sizes (treating the catch-weighted data as “true”) range from 1,732 to 37,958, with a 
mean of 12,357.   


Inclusion of fishery age composition for 2015 and 2016 
Selection of otoliths for the fishery age composition data proceeded as follows:  Given a desired total 
annual sample size of 1000 otoliths, the objectives were, first, to distribute the sample so as to reflect the 
proportion of the total catch in each gear/area/week combination as closely as possible, and second, 
conditional on achieving the first objective, to maximize the number of hauls sampled. 


Totals of 999 and 995 otoliths were aged from the 2015 and 2016 fisheries, respectively.  These otoliths 
were chosen randomly and in proportion to the catch taken in each 3-digit area, in each week, by each 
gear type.  The resulting age compositions were as follow (rows sum to unity; note that ages 0 and 1 were 
both unrepresented in the otolith collections for both years): 


 


When expressing input sample sizes in terms of the number of sampled hauls, age composition data pose 
a question, because it is necessary to choose between the number of hauls sampled for age (to construct 
the age-length key) and the number of hauls sampled for length (by which the age-length key is pre-
multiplied in order to obtain an estimate of the age composition).  For this preliminary assessment, input 
sample sizes for age composition data were set equal to the number of hauls sampled for length, per 
comment SSC3. 


Fishery age composition data for 2013 and 2014 are also scheduled to be available in time for use in this 
year’s final assessment. 


Model structures 


Software 
As with all assessments of the EBS Pacific cod stock since 1992, the Stock Synthesis (SS) software 
package (Methot and Wetzel 2013) was used to develop and run the models.  Since 2005, new versions of 
SS have been programmed in ADMB (Fournier et al. 2012).  SS V3.30.05.03 was used to run all of the 


Year 2 3 4 5 6 7 8 9 10 11 12+
2015 0.0092 0.0764 0.3354 0.3349 0.1266 0.0838 0.0222 0.0081 0 0.0018 0.0016
2016 0.0037 0.1026 0.2147 0.3992 0.2034 0.0522 0.0237 0 0.0004 0 0







models in this preliminary assessment.  SS V3.30 is a major upgrade from V3.24, which had been used 
for the 2013-2016 assessments. 


Base model 
Model 16.6 was adopted by the SSC last year as the new base model.  In contrast to the previous base 
model (Model 11.5, which had been in use since 2011), Model 16.6 is a very simple model.  Its main 
structural features are as follow: 


• One fishery, one gear type, one season per year. 
• Logistic age-based selectivity for both the fishery and survey. 
• External estimation of time-varying weight-at-length parameters and the standard deviations of 


ageing error at ages 1 and 20. 
• All parameters constant over time except for recruitment and fishing mortality. 
• Internal estimation of all natural mortality, fishing mortality, length-at-age (including ageing 


bias), recruitment (conditional on Beverton-Holt recruitment fixed at 1.0), catchability, and 
selectivity parameters. 


Alternative models 
The five alternative models suggested by the Subcommittee (Models 17.1-17.5) and one additional 
alternative model (17.6) are presented.  These were described in the Introduction, under “Comments from 
the June 2017 Subcommittee meeting,” comment Sub4.  Most of the features of the alternative models are 
fairly self-explanatory, but the following merit some further elaboration: 


Prior distribution for natural mortality 
Comment SSC6 requests that a prior distribution for the natural mortality rate (M) be developed on the 
basis of the previous studies referenced with respect to estimation of M in the Pacific cod assessments for 
the EBS, AI, and Gulf of Alaska (GOA); and comment Sub4 likewise requests that Models 17.1-17.5 
include a prior distribution for M.  The list of previous studies in the 2016 GOA assessment 
(https://www.afsc.noaa.gov/REFM/Docs/2016/GOApcod.pdf) is the longest of the three, providing 15 
point estimates of M from the EBS, GOA, British Columbia, Korea, and Japan.  The lists in the 2016 EBS 
and AI assessments are subsets of the list in the GOA assessment.  If the estimates of M obtained in the 
2016 EBS and GOA assessments (0.36 and 0.47) are added to the list in the GOA assessment, a total of 
17 estimates are available.  If a lognormal distribution is assumed (see comment Sub6), the log-scale 
sample mean and standard deviation are −0.811 and 0.410, respectively (coefficient of variation = 0.435, 
95% confidence interval spans 0.199-0.993).  Figure 2.1.2 shows the cumulative distribution function and 
probability density function for both the normal and lognormal cases, along with the point estimate from 
the 2016 EBS assessment, which comes very close to matching the mode of the distribution. 


Selectivity 
All of the alternative models feature “age-based, flat-topped, double normal selectivity.”  There are 
multiple ways to configure double normal selectivity so as to achieve a flat-topped functional form.  The 
one adopted here is the one presented for consideration at the June 2017 Subcommittee meeting.  The 
parameter governing the point at which the flat-topped portion of the function begins and the “ascending 
width” parameter are the only two parameters estimated internally.  The others are fixed as follows: 


• The parameter defining the length of the flat-topped portion of the curve (as a logit transform 
between the beginning of the flat-topped portion and the maximum age) was fixed at a value of 
10.0, thereby eliminating any descending limb. 


• Given the above, the parameters defining the “descending width” and selectivity at the maximum 
age are rendered essentially superfluous, and were both fixed at a value of 10.0. 



https://www.afsc.noaa.gov/REFM/Docs/2016/GOApcod.pdf





• The parameter defining the selectivity at age 0 was fixed at a value of -10.0, corresponding to a 
selectivity indistinguishable from 0.0. 


All of the alternative models also feature random annual time variability in selectivity (fishery only in the 
case of Model 17.2; both fishery and survey in all of the other alternative models).  In all cases, 
development of the model began with both parameters of the relevant selectivity curve(s) being allowed 
to vary over time.  However, in the case of Model 17.4, the process of tuning the input standard 
deviations of the time-varying parameters (see subsection below) began converging on a configuration 
that did not result in a positive definite Hessian matrix.  This configuration included extremely small 
estimated deviations for the “ascending width” survey selectivity parameter.  However, when this 
parameter was forced to remain constant, the tuning process converged on a model with a positive 
definite Hessian.  This was therefore accepted as the final version of Model 17.4 (two time-varying 
fishery selectivity parameters, but only one time-varying survey selectivity parameter).  Because Model 
17.5 was requested to be based on Model 17.4 (comment Sub6), Model 17.5 also features time-invariant 
“ascending width” for the survey selectivity.  The configurations of the models with respect to time-
varying selectivity is therefore as follows (an “x” indicates that the parameter is time-varying; note that no 
selectivity parameters are time-varying in Model 16.6): 


 


The devs pertaining to the parameter defining the beginning of the flat top were of the multiplicative type, 
because this parameter is logically constrained to be positive; while the devs pertaining to the “ascending 
width” parameter were of the additive type, because this parameter is expressed on a log scale and so can 
take either positive or negative values. 


The ranges of years for which selectivity devs were estimated were 1977-2016 for the fishery and 1982-
2016 for the survey, corresponding to the full ranges of years spanned by the fishery data and survey data 
used in the model, respectively.  However, it should be noted that including survey selectivity devs for 
2015 or 2016 may result in confounding with the recruitment dev for 2015.  


Tuning the input standard deviations of annually time-varying parameters 
Deriving statistically valid estimates of the standard deviations that are used to constrain annually time-
varying parameters (“dev” vectors) is a perennial problem in stock assessments that use a penalized 
likelihood approach.  SS V3.30 includes, as a new feature, the ability treat these standard deviations as 
additional parameters to be estimated internally.  Unfortunately, the maximum likelihood estimates based 
on the penalized likelihood tend to be biased (Thompson 2016b).  An alternative procedure was 
introduced in the 2015 assessment (Thompson 2015), which constituted a multivariate generalization of 
one of the methods mentioned by Methot and Taylor (2011), viz., the third method listed on p. 1749), and 
proceeded as follows: 


1. Set initial guesses for the σdevs. 
2. Run SS. 
3. Compute the covariance matrix (V1) of the set of dev vectors (e.g., element {i,j} is equal to the 


covariance between the subsets of the ith dev vector and the jth dev vector consisting of years that 
those two vectors have in common). 


4. Compute the covariance matrix of the parameters (the negative inverse of the Hessian matrix). 


Fleet Parameter M17.1 M17.2 M17.3 M17.4 M17.5 M17.6
Fishery Beginning of flat top x x x x x x
Fishery Ascending width x x x x x x
Survey Beginning of flat top x x x x x
Survey Ascending width x x x







5. Extract the part of the covariance matrix of the parameters corresponding to the dev vectors, using 
only those years common to all dev vectors. 


6. Average the values in the matrix obtained in step 5 across years to obtain an “average” covariance 
matrix (V2). 


7. Compute the vector of σdevs corresponding to V1+V2. 
8. Return to step 2 and repeat until the σdevs converge. 


However, this method will not work in SS V3.30, because the functional form of the penalty term has 
been changed.  In previous versions of SS, the penalty term was 
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and the dev-adjusted parameter for year i (for the case of additive devs) took the form parameteri = 
base_value + devi . 


In SS V3.30, on the other hand, σdev is removed from the denominator in the summation, so the penalty 
term is now 
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and the dev-adjusted parameter for year i takes the form parameteri = base_value + σdev⋅ devi . 


Note that, once the appropriate constant was added, the old form of the penalty term took the form of a 
sum of logged N(0,σdev) probability density functions.  However, the new form of the penalty term takes 
the form of a sum of logged N(0,1) probability density functions minus the quantity n⋅ln(σdev), meaning 
that the exponentiated penalty term no longer integrates to unity. 


Further complicating matters is the fact that the new form of the penalty term in V3.30 does not apply to 
recruitment devs, which still use the old form of the penalty term. 


However, the most significant problem posed by the new form of the penalty term with respect to the 
above algorithm for estimating the σdevs is that, with the exception of σR, none of the σdevs appears in 
either V1 or V2.  To remedy this situation, the following changes were made to the algorithm (note that 
these changes assume implicitly that the dev vectors are all independent, which is not the case in the 
original algorithm): 


• To obtain a covariance matrix analogous to the one in step #3 above: 
o Form a diagonal matrix consisting of the variances of the dev vectors. 


• To obtain a covariance matrix analogous to the one in step #4 above: 
o Let ndev represent the number of non-recruitment dev vectors in the model, indexed 


k=1,...,ndev. 
o Read the Hessian matrix H returned by ADMB. 
o For each row i in H, set dveci=k if the parameter represented by row i is an element of the 


kth dev vector; otherwise, set dveci=0. 
o For each row i and column j in H, if dveci>0, then multiply Hi,j by dveci, and if dvecj>0, 


then multiply Hi,j by dvecj. 
o Invert H. 







• Because (given the above changes) it is now assumed implicitly that the dev vectors are all 
independent, it is no longer necessary to use only those years common to all dev vectors. 


The above changes to the algorithm for estimating the σdevs should be considered experimental at this 
point. 


Another new feature of randomly time-varying parameters in SS V3.30 is the requirement either to 
specify or to estimate the degree of autocorrelation among the devs in the log likelihood.  Except as 
specified otherwise in the next subsection, all autocorrelation terms in all models were fixed at zero.  
Initial explorations allowing the recruitment autocorrelation term to be estimated internally resulted in 
values close to zero. 


Data weighting in Model 17.5 
Model 17.5 is supposed to “give less weight to fishery comps than survey comps, less to sizecomps than 
agecomps” (comment Sub4).  This begs two questions: 


1. How should “weight” be measured?  Lacking explicit guidance from the Subcommittee, the 
weight assigned to a component or data type is defined here as the sum (across years) of the 
nominal sample sizes specified in the data file and the multiplier (“Francis weight”) derived 
during the process of tuning Model 17.4. 


2. How much less is “less?”  Lacking explicit guidance from the Subcommittee, Model 17.5 was 
developed so as to give half as much weight to fishery comps as to survey comps and half as 
much weight to sizecomps as to agecomps. 


Comment Sub6 requests that the Subcommittee’s preferred method for implementing Model 17.5 is to 
begin with the weightings obtained in Model 17.4 and then “adjust them as little as possible subject to the 
constraints described by this feature.”  It turns out that there is a closed-form solution for the multipliers 
needed in order to achieve the criteria listed above, conditional on the sum of the multipliers in the two 
models being equal: 


• For composition type i (letting size=1 and age=2) and fleet j (letting fishery=1 and survey=2), let 
Ai,j represent the sum (across years) of the nominal sample sizes specified in the data, let Bi,j 
represent the multiplier (“Francis weight”) derived during the process of tuning Model 17.4, and 
let Ci,j represent the multiplier needed for Model 17.5. 


• Let ∆ represent a single proportion by which both: 
o the weight given to fishery comps is less than the weight given to survey comps and  
o the weight given to sizecomps is less than the weight the weight given to agecomps. 


• Let: 
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Additional time variability in Model 17.6 
In addition to random annual variability in recruitment and the fishery and survey selectivity parameters, 
Model 17.6 includes also includes random annual variability in two other parameters: the mean length at 
age 1.5 (i.e., age 1 measured at mid-year, to coincide with the timing of the EBS shelf bottom trawl 
survey) and the catchability coefficient (Q) for the EBS shelf bottom trawl survey. 


For the mean length at age 1.5, multiplicative devs were estimated for the years 1981-2015.  Care needs to 
be taken when interpreting the years for which these devs were estimated.  Each dev becomes “active” in 
the year for which it is estimated, meaning that it governs the parameters of the mean-length-at-age 
relationship for fish recruiting at age 0 in that year.  However, its impact on the mean length of age 1.5 
fish does not occur until the following year.  Thus, the impacts of the devs estimated for the years 1981-
2015 are manifested at age 1.5 in the years 1982-2016, which are the years spanned by the survey data. 


Catchability is expressed on a log scale in SS, so additive devs were estimated for this parameter.  Devs 
were estimated for the years 1982-2016.   


Tuning of the σdev parameter for the Q devs followed a different procedure than the one described in the 
previous subsection.  The procedure for tuning the σdev parameter for the Q devs was analogous to a 
procedure that was often used historically (in assessment models for other stocks developed under certain 
older versions of SS) to estimate the amount of survey index measurement error, which was to inflate the 
standard errors specified in the data file by adding a constant chosen so as to equate the root-mean-
squared-error (model estimates versus data) with the mean (across years) standard error specified in the 
data file.  Here, however, the equivalence was achieved by tuning σdev rather than the standard errors.  
The reasons for using this procedure rather than the one described in the previous section were twofold: 
1) it maintains consistency with historical precedents for dealing with survey index data; and 2) Q has a 
direct (proportional) relationship to the survey index data, for which estimates of the amount of 
observation error are available due to the statistical design of the survey. 


Unlike the other parameters for which random annual variability was allowed, the autocorrelation 
coefficient for Q was allowed to be estimated freely rather than fixed at zero, because early explorations 
indicated that the amount of autocorrelation was likely to be substantial and because internal estimation of 
the autocorrelation coefficient would not complicate the estimation of σdev. 


Results 
Note:  In all tables with color scales, red and green correspond to the minimum and maximum values 
across models, respectively. 


Overview 
Some highlights from the set of models are shown below (FSB(2017) represents female spawning 
biomass in 2017 (in units of t), and Bratio(2017) represents the ratio of FSB(2017) to B100%,: 


 


The results for FSB(2017) and Bratio(2017) span fairly wide ranges, with the ratio of the maximum to 
minimum value for these two quantities equaling 3.28 and 2.92, respectively.  The ranges spanned by the 
estimates of M and Q are not so broad, with maximum/minimum ratios of 1.19 and 1.32, respectively. 


Model: 16.6 17.1 17.2 17.3 17.4 17.5 17.6
FSB (2017): 359,766 187,677 298,746 161,672 430,949 131,546 174,282
Bratio (2017): 0.546 0.279 0.465 0.267 0.510 0.187 0.268
M : 0.363 0.333 0.369 0.372 0.320 0.313 0.345
Q : 0.876 1.113 0.948 0.982 1.153 1.106 1.012







Note that Model 17.5 suggests that Bratio(2017) is less than 0.2, which is the cutoff for allowing a 
directed fishery. 


Goodness of fit 
Table 2.1.2 shows objective function values and numbers of nominal parameters for all models.  The 
upper part of the table shows objective function values by component and overall.  The middle part of the 
table breaks down the size composition and age composition values by fleet.  Blank cells under Model 
16.6 in the first two parts of the table indicate that certain components are not included in that model.  The 
bottom part of the table shows the numbers of nominal parameters for all models, with the numbers of 
devs and scalar parameters indicated separately.  Note that the numbers of effective parameters are 
smaller than the totals shown, because the devs are constrained and thus do not represent completely free 
parameters.  In general, it is difficult to compare objective function values across models, because either 
the data sets, σdev values, multipliers, or number of parameters differ. 


Table 2.1.3 shows effective sample sizes and input and output weights. 


• Cells shaded gray represent data (Note that the data file used for Models 17.1-17.6 differs from 
Model 16.6's data file).  The quantities in this category consist of: 


o The number of years represented in the particular data type (“Yrs”). 
o The average sample size for the particular data type as specified in the data file (“N”), 


which, in the case of survey index data, consists of the average number of stations (hauls) 
sampled over the time series. 


o The average standard error of the survey abundance index (“SEave”). 
• Cells shaded tan represent values that are specified by the modeler, or that show results computed 


by SS.  The quantities in this category consist of: 
o The multiplier (“Mult”) that is used to modify sample sizes for the particular data type 


that are specified in the data file. 
o The product of the multiplier and the average specified sample size (“N×Mult”). 
o The harmonic mean of the effective sample size (“Har”). 
o The “extra” standard error (if any) estimated by SS for the survey index data (“SEextra”). 
o The root-mean-squared-error of the model’s survey index estimates (“RMSE”). 


• Cells shaded green represent a pair of aggregate sample sizes computed outside of SS. 
o For composition data, the quantities in this category consist of: 


 The aggregate effective sample size assigned to the particular data type 
(“ΣNeff1”), computed as Yrs×N×Mult. 


 The aggregate effective sample size achieved for the particular data type 
(“ΣNeff2”), computed as Yrs×Har. 


o For survey index data, this category consists of the same two quantities (ΣNeff1 and 
ΣNeff2), and ΣNeff1 is computed just as in the case of composition data, but ΣNeff2 is 
computed as: 
 Yrs×N×((SEave+SEextra)/RMSE)2. 


By expressing ΣNeff1 and ΣNeff2 in units of hauls for both composition data and index data, the values 
for the two data types are comparable, and the average across data types is a meaningful statistic (see last 
row under each model). 


The ratio ΣNeff2/ΣNeff1 for a given data component provides a measure of how well the model is tuned 
with respect to that component (specifically, the ratio should equal unity), except in the cases of Model 
17.4, where the Francis approach rather than the harmonic mean approach is used to tune the input sample 
sizes for composition data, and Model 17.5, where an ad hoc modification of the Francis approach is 







used.  Of the remaining models, only Models 17.3 and 17.6 achieve ratios equal (approximately) to unity 
for all components.  Note that these two models achieve a ratio of unity for the survey index by two 
different methods: Model 17.3 achieves this result by inflating the standard error of the observations, 
while Model 17.6 achieves the same result by allowing time variability in survey catchability.  However, 
in the process of setting all of the component-specific ratios equal to unity, Model 17.6 also achieves a 
higher average (across components) aggregate effective sample size than Model 17.3 (ΣNeff2=16,265 
versus ΣNeff2=14,465). 


Figure 2.1.3 shows the fit of each model to the survey abundance data.  Most of the models show 
qualitatively similar trends, except that Model 17.4 shows an immense spike in 2012-2014 that is not 
reflected in either the data or by any of the other models.  This is likely due to the extremely low weight 
that Model 17.4 places on the survey sizecomp and agecomp data (multipliers of 0.0448 and 0.0406, 
respectively). 


Figure 2.1.4 shows the fit of Model 17.6 to the length at age 1.5 time series (none of the other models 
allows time variability in this parameter).  The correlation between the data and the model estimates is 
0.809.  In the past, it has been suggested that variability in survey start date might account for most of the 
observed variability in length at age 1.5.  However, this does not appear to be the case, as the correlation 
between the length at age data and survey start date (1994-2015) is only −0.008, and the correlation 
between the SS estimates (lagged appropriately) and survey start date (1982-2016) is only −0.021. 


Parameter estimates, derived time series, and retrospective analysis 
The σdev values for all dev vectors in all models are shown below (all of which were estimated iteratively 
by the procedures described previously, except that σR in Model 16.6 was estimated internally): 


 


Note that Model 17.4 has the highest σdev value of any model for every dev vector that it includes. 


As requested by the Subcommittee (see comment Sub5), σdev for recruitment is compared with the 
standard deviation of the estimated recruitment devs for each model below: 


 


Also as requested by the Subcommittee (see comment Sub5), Table 2.1.4 shows various multipliers and 
related quantities for each model (column 1), composition data type (column 2) and fleet (column 3): 


• Column 4, labeled “Model Multiplier,” shows the multiplier that is actually used in the final 
version of the respective model. 


• Columns 5 and 6, labeled “Multiplier” and “Adjust” under the heading “Harmonic mean,” show: 


Dev vector M16.6 M17.1 M17.2 M17.3 M17.4 M17.5 M17.6
Recruitment 0.6377 0.4693 0.5602 0.4958 0.9708 0.6551 0.5730
Selectivity begin peak (fishery) 0.1222 0.1078 0.0993 0.2595 0.1261 0.1037
Selectivity ascend width (fishery) 0.3619 0.2564 0.2287 0.9773 0.4366 0.2573
Selectivity begin peak (survey) 0.0524 0.0545 0.1703 0.0554 0.0535
Selectivity ascend width (survey) 0.1597 0.1593 0.1595
Length at age 1.5 0.0936
ln(Catchability) 0.0898


Model: 16.6 17.1 17.2 17.3 17.4 17.5 17.6
σR: 0.6377 0.4693 0.5602 0.4958 0.9708 0.6551 0.5730
SD(Rdevs): 0.6631 0.4758 0.5672 0.5036 0.9836 0.6670 0.5807







o The multiplier that would be suggested by the harmonic mean approach (column 5). 
o The amount by which the amount in column 4 would need to be adjusted 


(multiplicatively) in order to match the suggested value in column 5 (column 6).  Note 
that the adjustments for Models 17.2, 17.3, and 17.6 (cells shaded gray in column 6) are 
all close to unity, because those models were tuned by the harmonic mean approach. 


• Columns 7-10, labeled “Multiplier, “Adjust,” “Adj.(L95%),” and “Adj.(U95%)” under the 
heading “Francis (2011, Equation TA1.8)” show: 


o The multiplier that would be suggested by the Francis approach (column 7). 
o The amount by which the amount in column 4 would need to be adjusted 


(multiplicatively) in order to match the suggested value in column 7 (column 8).  Note 
that the adjustments for Model 17.4 (cells shaded gray in column 8) are all close to unity, 
because that model was tuned by the Francis approach. 


o The lower limit of the 95% confidence interval for the quantity shown in column 8 
(column 9). 


o The upper limit of the 95% confidence interval for the quantity shown in column 8 
(column 10). 


Table 2.1.5 shows the values of some selected constants as well as all estimated parameters (with standard 
deviations) for all models (note that fishing mortality is a derived quantity in SS rather than a parameter): 


• Table 2.1.5a shows selected constants and all scalar parameters except for base values of 
selectivity parameters. 


• Table 2.1.5b shows base values of selectivity parameters. 
• Table 2.1.5c shows “early” recruitment devs, which determine the numbers at age in the initial 


year of the model. 
• Table 2.1.5d shows recruitment devs. 
• Table 2.1.5e shows selectivity devs. 
• Table 2.1.5f shows devs for mean length at age 1.5 and log catchability (Model 17.6 only). 


Table 2.1.6 shows the time series of instantaneous fishing mortality rates, with standard deviations, for all 
models. 


Figure 2.1.5 shows selectivity for all models.  Fisher selectivity is shown in Figure 2.1.5a and survey 
selectivity is shown in Figure 2.1.5b.  Solid blue lines indicate median values, dashed green lines show 
the 80% concentration (determined empirically by sorting the time series at each age), and dotted red 
lines show the full range of estimated values.  The age range is truncated at age 9 because all curves in all 
models for both the fishery and survey reached a value of 0.95 by that age. 


Figure 2.1.6 shows the time series of EBS bottom trawl survey catchability as estimated by Model 17.6. 


Figure 2.1.7 shows the time series of estimated recruitment deviations for all models.  The time series 
estimated by the various models are all highly correlated with each other, with the exception of the time 
series estimated by Model 17.4.  Correlations between the time series estimated by Model 17.4 and those 
estimated by the other models range from 0.24 to 0.39, whereas all other between-model correlations 
range from 0.86 to 0.98. 


Figure 2.1.8 shows the time series of estimated total (age 0+) biomass for all models, along with the 
survey biomass time series for comparison (note that the models attempt to fit survey abundance rather 
than survey biomass).  The estimates from Model 17.4 are higher than those from the other models for the 
last four years, while the estimates from Model 17.5 are lower than those from the other models for the 







last four years.  The estimates from Models 17.1, 17.3, and 17.6 tend to be very similar from about 1990 
onward. 


Figure 2.1.9 shows the time series of estimated relative spawning biomass (female spawning boimass 
divided by B100%) for all models.  The estimates from Model 16.6 are higher than those from the other 
models from 2007 onward.  The estimates from Model 17.4 are lower than those from the other models 
prior to 2015, but increased sharply in recent years, such that the 2016 estimate is higher than the 
estimates from all other models except Model 16.6 and 17.2. 


Mohn’s rho, along with boundaries on acceptable values thereof as suggested by regressions against M 
based on the results of Hurtado-Ferro et al. (2015), are shown below: 


 


Note that only Model 17.2 and Model 17.5 have rho values that fall outside the acceptable range, with 
Model 17.2’s value being with 0.003 of the acceptable range. 


Model averaging 
As noted in the Introduction, the SSC has expressed repeated interest in use of a model averaging 
approach.  Stewart and Martell (2015) discuss various issues related to model averaging in the context of 
stock assessment.  Two problems to be addressed when moving toward a model averaging approach are 
deciding: 1) which models to average, and 2) how to weight the models.  These problems are related, 
because once the set of models is determined, this decision automatically assigns as weight of zero to all 
models not included in the set.  For the purposes of this preliminary assessment, Models 16.6 and 17.1-
17.6 will be considered to constitute the set of models needing to be averaged. 


The simplest weighting system is to weight all models equally.  An alternative is to weight better-
performing models more heavily than poorer-performing models, but this obviously begs the question of 
how to measure performance.  As an initial step toward a model averaging approach, the measure that 
will be adopted here begins with the average (across components) of the aggregate effective sample sizes 
represented by ΣNeff2 in Table 2.1.3.  For convenience, these are summarized below: 


 


Model 17.4 gives the highest average value in the above table.  However, this is due almost entirely to the 
value for the fishery sizecomp component.  It may be advisable to consider alternatives to the arithmetic 
mean, for example the geometric and harmonic means, so as to penalize models that achieve nearly all 
their success by focusing on a single component while essentially ignoring the others.  The table below 


Model: 16.6 17.1 17.2 17.3 17.4 17.5 17.6
Rho: 0.148 0.101 0.287 0.094 0.122 0.313 0.074
M: 0.363 0.333 0.369 0.372 0.320 0.313 0.345
Min: -0.207 -0.197 -0.209 -0.210 -0.192 -0.190 -0.201
Max: 0.281 0.267 0.284 0.286 0.260 0.256 0.272


Type Fleet M16.6 M17.1 M17.2 M17.3 M17.4 M17.5 M17.6
Sizecomp Fishery 22,747 67,315 42,558 42,295 85,151 29,746 41,911
Sizecomp Survey 10,587 10,014 10,033 11,737 3,646 12,377 18,213
Agecomp Fishery 3,459 7,752 3,472 13,552 4,775 7,136
Agecomp Survey 1,298 1,654 893 1,955 141 3,617 1,753
Index Survey 4,137 3,870 3,549 12,868 2,248 3,057 12,312


Average: 9,692 17,263 12,957 14,465 20,948 10,715 16,265







shows the arithmetic, geometric, and harmonic means of the ΣNeff2 values, both in raw form (“Mean”) 
and normalized so as to sum to unity (“Weight”). 


 


Note that when either the geometric or harmonic mean is used, Model 17.6 is given the highest weight 
and Model 17.4 is given the lowest. 


By themselves, however, the averages in the final row of the above table are insufficient as measures of 
model performance, because they ignore the fact that the models tend to have different numbers of 
parameters.  Unfortunately, determining the effective number of parameters in a model with constrained 
devs is not entirely straightforward.  The method adopted here, for each dev vector, was to estimate the 
effective number of parameters as the minimum number of truly free parameters that would give the same 
fit to the data as that given by the dev vector.  A linear-normal approximation was involved, similar in 
some ways to what was done in order to develop the algorithm for tuning the σdev parameters described 
above in the “Model structures” section.  Table 2.1.7 shows the effective number of parameters for all 
models.  The cells shaded gray indicate the two cases where the algorithm failed to result in a positive 
value for the observation error variance.  In these two cases, the effective number of parameters was 
simply set to the nominal number of parameters (i.e., the length of the dev vector).  The method should be 
considered experimental at this point. 


Given the average aggregate effective sample size and the effective number of parameters for each model, 
model performance was defined as the ratio of the two (effective sample size divided by effective number 
of parameters).  The table below shows the arithmetic, geometric, and harmonic means of the 
performance measures, both in raw form (“Mean”) and normalized so as to sum to unity (“Weight”). 


 


The projected 2018 ABC was chosen as an example of a quantity to be averaged across models.  The 
means and standard deviations of this quantity (using the normal approximation obtained by inverting the 


Model Mean Weight Mean Weight Mean Weight
16.6 9692 0.0947 5997 0.1213 3477 0.1274
17.1 17262 0.1687 6836 0.1383 3947 0.1447
17.2 12957 0.1267 6370 0.1289 3023 0.1108
17.3 14465 0.1414 8461 0.1712 5071 0.1858
17.4 20948 0.2048 4217 0.0853 633 0.0232
17.5 10715 0.1047 7208 0.1459 5392 0.1976
17.6 16265 0.1590 10329 0.2090 5743 0.2105
Sum: 102304 1 49417 1 27286 1


Arithmetic Geometric Harmonic


Model Mean Weight Mean Weight Mean Weight
16.6 162 0.0920 100 0.1278 58 0.1405
17.1 308 0.1756 122 0.1560 70 0.1709
17.2 216 0.1230 106 0.1357 50 0.1222
17.3 268 0.1526 157 0.2003 94 0.2277
17.4 499 0.2841 100 0.1283 15 0.0366
17.5 116 0.0663 78 0.1001 59 0.1421
17.6 187 0.1065 119 0.1518 66 0.1601
Sum: 1756 1 782 1 412 1


Arithmetic Geometric Harmonic







Hessian matrix) were as follow (values are in units of t; note that this is the 2018 ABC as computed by 
SS, not the standard projection model): 


 


The four weighting systems were indexed as follows: 


1. Arithmetic 
2. Geometric 
3. Harmonic 
4. Equal 


The model-averaged mean for a given weighting system is given by 
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where nmod represents the number of models (in this case, seven), i indexes model, j indexes weighting 
system, W represents the matrix of weights, and µ represents the vector of 2018 ABC means. 


The model-averaged standard deviation for a given weighting system is given by 


( )( )( ) ,
1


22
,∑


=


+−⋅=
nmod


i
ijijij mWs σµ  


where σ represents the vector of 2018 ABC standard deviations. 


Some statistics relating to the distribution of the 2018 ABC, depending on which weighting scheme is 
used, are shown below: 


 


Figure 2.1.10 shows a pair of probability density functions (PDFs) and cumulative distribution functions 
(CDFs) for each weighting scheme.  The blue curves represent the weighted averages of the model-


Model Mean SD
16.6 258031 23900
17.1 150324 18403
17.2 236527 23211
17.3 121543 28344
17.4 236901 26178
17.5 73343 5545
17.6 130064 22732


2018 ABC


Weight Mean Sdev L90% U90% L95% U95% L99% U99%
Arithmetic 183,794 64,088 78,378 289,210 58,183 309,405 18,714 348,875
Geometric 170,348 66,351 61,212 279,485 40,304 300,393 -559 341,256
Harmonic 158,439 65,896 50,050 266,827 29,286 287,591 -11,297 328,174
Equal 172,390 69,456 58,146 286,635 36,260 308,521 -6,515 351,296







specific functions, and the tan curves represent normal distributions with the same means and standard 
deviations as the blue curves. 
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Tables 
Table 2.1.1—Comparison of input sample sizes in Model 16.6 (“old”) and Models 17.1-17.6 (“new”). 


 


Year N(old) N(new) N(old) N(new) N(old) N(new)
1977 2 30 n/a n/a n/a n/a
1978 12 160 n/a n/a n/a n/a
1979 17 235 n/a n/a n/a n/a
1980 15 208 n/a n/a n/a n/a
1981 11 148 n/a n/a n/a n/a
1982 13 187 250 313 n/a n/a
1983 56 782 312 255 n/a n/a
1984 138 1913 288 264 n/a n/a
1985 204 2825 400 345 n/a n/a
1986 178 2496 365 349 n/a n/a
1987 339 4726 251 339 n/a n/a
1988 105 1458 237 339 n/a n/a
1989 70 966 237 293 n/a n/a
1990 260 3601 134 329 n/a n/a
1991 357 5188 171 313 n/a n/a
1992 369 5322 228 332 n/a n/a
1993 232 2993 247 363 n/a n/a
1994 372 4687 330 364 204 364
1995 368 5215 218 347 163 347
1996 463 6618 222 359 203 359
1997 502 7278 218 369 205 369
1998 446 6838 227 362 181 362
1999 404 9231 277 336 246 336
2000 425 9731 298 355 246 355
2001 448 10364 469 366 263 366
2002 491 11472 290 364 248 364
2003 612 14341 293 363 361 363
2004 497 12242 257 361 284 361
2005 487 11568 268 360 365 360
2006 384 8849 288 354 371 354
2007 299 6901 304 368 412 368
2008 355 8320 308 338 346 338
2009 315 7482 396 360 403 360
2010 277 6514 179 342 369 342
2011 363 8804 492 368 358 368
2012 400 9287 310 356 372 356
2013 503 11126 443 354 405 354
2014 497 12165 426 373 349 373
2015 456 11309 458 354 244 354
2016 257 9553 407 376 n/a n/a


Fishery sizecomp Survey sizecomp Survey agecomp







Table 2.1.2—Objective function values and counts of nominal parameters. 


 


  


Component M16.6 M17.1 M17.2 M17.3 M17.4 M17.5 M17.6
Equilibrium catch 0.00 0.14 0.01 0.01 0.01 0.05 0.02
Survey index -25.21 -14.65 -15.76 -36.31 6.20 -1.69 -62.35
Size composition 1372.94 2947.78 1454.99 1393.99 3729.21 7437.48 1453.89
Age composition 241.40 456.28 120.43 94.29 3434.03 3505.39 125.06
Recruitment 4.25 14.29 1.13 -5.09 32.25 12.76 5.07
Priors 0.25 0.11 0.09 0.33 0.37 0.19
"Softbounds" 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Non-recruit devs -245.56 -115.84 -286.45 -72.94 -178.40 -417.90
Total 1593.39 3158.53 1445.07 1160.54 7129.10 10776.00 1103.97


Sub-component M16.6 M17.1 M17.2 M17.3 M17.4 M17.5 M17.6
Sizecomp (fishery) 364.60 1819.35 470.08 437.71 3531.12 767.73 469.32
Sizecomp (survey) 1008.34 1128.43 984.91 956.28 198.10 6669.75 984.57
Sizecomp (total) 1372.94 2947.78 1454.99 1393.99 3729.21 7437.48 1453.89
Agecomp (fishery) 205.72 68.86 38.75 2923.14 855.24 69.67
Agecomp (survey) 241.40 250.57 51.57 55.54 510.89 2650.15 55.38
Agecomp (total) 241.40 456.28 120.43 94.29 3434.03 3505.39 125.06


Parameter type M16.6 M17.1 M17.2 M17.3 M17.4 M17.5 M17.6
Devs 39 189 119 189 154 154 259
Scalars 38 37 37 38 36 36 38
Total 77 226 156 227 190 190 297







Table 2.1.3—Input and output sample sizes.  See text for details. 


 


  


Type Fleet Yrs N Mult N×Mult Har ΣNeff1 ΣNeff2
Size Fish. 40 300 1.0000 300 569 11999 22747
Size Surv. 35 300 1.0000 300 302 10498 10587
Age Fish. _ _ _ _ _ _ _
Age Surv. 22 300 1.0000 300 59 6598 1298


SEave SEextra RMSE
Index Surv. 35 353 0.1079 0 0.1865 12355 4137


Ave: 10363 9692
0.94


Type Fleet Yrs N Mult N×Mult Har ΣNeff1 ΣNeff2 Mult N×Mult Har ΣNeff1 ΣNeff2
Size Fish. 38 5849 1.0000 5849 1771 222271 67315 0.1910 1117 1120 42454 42558
Size Surv. 35 345 1.0000 345 286 12083 10014 0.8303 287 287 10033 10033
Age Fish. 2 10410 1.0000 10410 1730 20820 3459 0.3718 3870 3876 7741 7752
Age Surv. 22 358 1.0000 358 75 7873 1654 0.1135 41 41 894 893


SEave SEextra RMSE SEave SEextra RMSE
Index Surv. 35 353 0.1079 0 0.1928 12355 3870 0.1079 0 0.2013 12355 3549


Ave: 55080 17263 Ave: 14695 12957


Type Fleet Yrs N Mult N×Mult Har ΣNeff1 ΣNeff2 Mult N×Mult Har ΣNeff1 ΣNeff2
Size Fish. 38 5849 0.1910 1117 1113 42454 42295 2.3684 13853 2241 526425 85151
Size Surv. 35 345 0.9716 335 335 11740 11737 0.0448 15 104 541 3646
Age Fish. 2 10410 0.1660 1728 1736 3456 3472 30.5489 318014 6776 636027 13552
Age Surv. 22 358 0.2474 89 89 1948 1955 0.0406 15 6 320 141


SEave SEextra RMSE SEave SEextra RMSE
Index Surv. 35 353 0.1079 0.1105 0.2140 12355 12868 0.1079 0 0.2530 12355 2248


Ave: 14390 14465 Ave: 235134 20948


Type Fleet Yrs N Mult N×Mult Har ΣNeff1 ΣNeff2 Mult N×Mult Har ΣNeff1 ΣNeff2
Size Fish. 38 5849 0.1919 1122 783 42654 29746 0.1881 1100 1103 41809 41911
Size Surv. 35 345 7.0648 2439 354 85364 12377 1.5068 520 520 18207 18213
Age Fish. 2 10410 4.0977 42657 2388 85314 4775 0.3425 3565 3568 7131 7136
Age Surv. 22 358 21.6483 7747 164 170437 3617 0.2225 80 80 1752 1753


SEave SEextra RMSE SEave SEextra RMSE
Index Surv. 35 353 0.1079 0 0.2169 12355 3057 0.1079 0 0.1081 12355 12312


Ave: 79225 10715 Ave: 16251 16265


Model 17.5 Model 17.6


Model 16.6


Model 17.1 Model 17.2


Model 17.3 Model 17.4







Table 2.1.4—Multipliers for sizecomp and agecomp data.  See text for details. 


 


Model
Model Type Fleet Multiplier Multiplier Adjust Multiplier Adjust Adj.(L95%) Adj.(U95%)
M16.6 Length Fishery 1.0000 1.8958 1.8958 0.2105 0.2105 0.1429 0.3615
M16.6 Length Survey 1.0000 1.0084 1.0084 0.2217 0.2217 0.1412 0.4569
M16.6 Age Survey 1.0000 0.1967 0.1967 0.2040 0.2040 0.1198 0.4664
M17.1 Length Fishery 1.0000 0.3029 0.3029 1.5692 1.5692 1.0823 2.7426
M17.1 Length Survey 1.0000 0.8288 0.8288 0.2311 0.2311 0.1560 0.4466
M17.1 Age Fishery 1.0000 0.1661 0.1661 0.8157 0.8157 0.8157 infinity
M17.1 Age Survey 1.0000 0.2101 0.2101 0.2522 0.2522 0.1470 0.6707
M17.2 Length Fishery 0.1910 0.1915 1.0025 0.2639 1.3815 1.0132 2.0883
M17.2 Length Survey 0.8303 0.8303 1.0001 0.1190 0.1434 0.0859 0.2897
M17.2 Age Fishery 0.3718 0.3724 1.0015 0.5203 1.3994 1.3994 infinity
M17.2 Age Survey 0.1135 0.1135 0.9997 0.1079 0.9509 0.5252 2.4545
M17.3 Length Fishery 0.1910 0.1903 0.9963 0.3823 2.0017 1.5552 2.9672
M17.3 Length Survey 0.9716 0.9714 0.9997 0.3761 0.3871 0.2533 0.7052
M17.3 Age Fishery 0.1660 0.1667 1.0045 0.7397 4.4560 4.4560 infinity
M17.3 Age Survey 0.2474 0.2483 1.0036 0.2992 1.2095 0.7393 2.9756
M17.4 Length Fishery 2.3684 0.3831 0.1618 2.3701 1.0007 0.6725 1.9112
M17.4 Length Survey 0.0448 0.3018 6.7358 0.0448 1.0003 0.6530 2.1189
M17.4 Age Fishery 30.5489 0.6509 0.0213 30.5448 0.9999 0.9999 infinity
M17.4 Age Survey 0.0406 0.0179 0.4398 0.0406 0.9995 0.5590 3.5087
M17.5 Length Fishery 0.1919 0.1338 0.6974 0.0317 0.1654 0.1063 0.3409
M17.5 Length Survey 7.0648 1.0244 0.1450 0.4062 0.0575 0.0411 0.1013
M17.5 Age Fishery 4.0977 0.2294 0.0560 1.0813 0.2639 0.2639 infinity
M17.5 Age Survey 21.6483 0.4595 0.0212 0.6903 0.0319 0.0181 0.0850
M17.6 Length Fishery 0.1881 0.1886 1.0024 0.2636 1.4016 1.0417 2.1257
M17.6 Length Survey 1.5068 1.5073 1.0004 0.4446 0.2951 0.2017 0.5300
M17.6 Age Fishery 0.3425 0.3427 1.0007 0.6991 2.0413 2.0413 infinity
M17.6 Age Survey 0.2225 0.2226 1.0006 0.2857 1.2840 0.8316 2.8291


Harmonic mean Francis (2011, Equation TA1.8)







Table 2.1.5a—Selected constants and base values of non-selectivity parameters. 


 


  


Parameter/constant Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
Weight-length multiplier 5.6E-06 _ 5.6E-06 _ 5.6E-06 _ 5.6E-06 _ 5.6E-06 _ 5.6E-06 _ 5.6E-06 _
Weight-length exponent 3.18315 _ 3.18315 _ 3.18315 _ 3.18315 _ 3.18315 _ 3.18315 _ 3.18315 _
Age at 50% maturity 4.8832 _ 4.8832 _ 4.8832 _ 4.8832 _ 4.8832 _ 4.8832 _ 4.8832 _
Logistic maturity slope -0.9654 _ -0.9654 _ -0.9654 _ -0.9654 _ -0.9654 _ -0.9654 _ -0.9654 _
Ageing error SD at a=1 0.085 _ 0.085 _ 0.085 _ 0.085 _ 0.085 _ 0.085 _ 0.085 _
Ageing error SD at a=20 1.705 _ 1.705 _ 1.705 _ 1.705 _ 1.705 _ 1.705 _ 1.705 _
Proportion female 0.5 _ 0.5 _ 0.5 _ 0.5 _ 0.5 _ 0.5 _ 0.5 _
Beverton-Holt steepness 1 _ 1 _ 1 _ 1 _ 1 _ 1 _ 1 _
Natural mortality 0.3625 0.013 0.3331 0.009 0.3686 0.016 0.3723 0.013 0.3196 0.021 0.3128 0.004 0.3449 0.011
Initial fishing mortality 0.1554 0.056 0.8505 0.310 0.1942 0.074 0.1751 0.058 0.5725 0.183 1.3134 0.842 0.2339 0.099
Length at a=1.5 mean 16.4011 0.088 16.5445 0.082 16.3720 0.091 16.3727 0.084 35.4975 0.156 16.3104 0.031 16.7850 0.277
Length at a=1.5 dev SD 0.0936 _
Asymptotic length 99.3869 1.901 109.9040 1.058 104.9930 1.727 106.1030 1.742 120.5450 1.174 107.1690 1.135 104.5350 1.636
Brody growth coefficient 0.1974 0.012 0.1563 0.005 0.1761 0.009 0.1739 0.009 0.0995 0.003 0.1576 0.005 0.1770 0.008
Richards growth coef. 1.0499 0.048 1.1975 0.023 1.1075 0.040 1.1057 0.037 1.5910 0.037 1.1600 0.019 1.0432 0.035
Length at a=1 SD 3.4251 0.058 3.4983 0.050 3.4223 0.058 3.4554 0.055 4.8030 0.078 3.3943 0.021 3.0796 0.039
Length at a=20 SD 9.7171 0.282 8.3603 0.136 9.2442 0.225 8.8043 0.236 7.4946 0.184 9.6703 0.137 9.6923 0.205
Ageing bias at a=1 0.3210 0.013 0.3365 0.011 0.3370 0.034 0.3419 0.019 0.7846 0.005 0.3383 0.003 0.3520 0.020
Ageing bias at a=20 0.3513 0.154 -0.3884 0.113 -1.1456 0.251 -0.2301 0.190 0.9732 0.066 -0.2466 0.031 -0.8161 0.187
ln(mean post-76 recruits) 13.2195 0.104 12.8790 0.067 13.1953 0.110 13.1578 0.095 12.7959 0.132 12.8103 0.031 13.0273 0.083
σ(recruitment) 0.6377 0.066 0.4693 _ 0.5602 _ 0.4958 _ 0.9708 _ 0.6551 _ 0.5730 _
ln(pre-77 recruits offset) -1.0990 0.216 -1.5149 0.030 -1.2066 0.177 -1.1067 0.164 -1.8085 0.046 -1.2602 0.235 -1.2416 0.168
ln(catchability) -0.1328 0.065 0.1068 0.040 -0.0537 0.055 -0.0181 0.066 0.1425 0.081 0.1006 0.025 0.0122 0.057
ln(catchability) dev SD 0.0898 _
ln(catchability) dev corr. 0.4959 0.126
Survey index "extra SE" 0.1105 0.031


Model 17.6Model 16.6 Model 17.1 Model 17.2 Model 17.3 Model 17.4 Model 17.5







Table 2.1.5b—Base values of selectivity parameters. 


 


  


Parameter Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
A50% (fishery) 4.3240 0.046
A95%-A50% (fishery) 1.1583 0.032
A50% (survey) 1.0055 0.006
A95%-A50% (survey) 0.2892 0.050
Begin peak (fishery) 5.7421 0.119 5.7698 0.122 5.6960 0.113 5.1712 0.204 5.9552 0.132 5.9545 0.119
Plateau width (fishery) 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _
Ascend. width (fishery) 1.0418 0.063 0.9991 0.057 0.9768 0.053 1.5322 0.160 1.0741 0.078 1.0700 0.055
Descend. width (fishery) 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _
Select. at a=0 (fishery) -10.0000 _ -10.0000 _ -10.0000 _ -10.0000 _ -10.0000 _ -10.0000 _
Select. at a=20 (fishery) 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _
Begin peak (survey) 1.0414 0.012 2.4144 0.161 1.0550 0.013 0.0615 0.008 1.0259 0.010 1.0472 0.014
Plateau width (survey) 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _
Ascend. width (survey) -7.5611 1.105 1.0855 0.254 -6.5731 0.705 -10.0000 _ -10.0000 _ -6.7770 0.864
Descend. width (survey) 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _
Select. at a=0 (survey) -10.0000 _ -10.0000 _ -10.0000 _ -10.0000 _ -10.0000 _ -10.0000 _
Select. at a=20 (survey) 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _ 10.0000 _
P1 dev SD (fishery) 0.1225 _ 0.1078 _ 0.0993 _ 0.2595 _ 0.1261 _ 0.1037 _
P3 dev SD (fishery) 0.3634 _ 0.2564 _ 0.2287 _ 0.9773 _ 0.4366 _ 0.2573 _
P1 dev SD (survey) 0.0568 _ 0.0545 _ 0.1703 _ 0.0554 _ 0.0535 _
P3 dev SD (survey) 0.1588 _ 0.1593 _ 0.1595 _


Model 17.5Model 16.6 Model 17.1 Model 17.2 Model 17.3 Model 17.4 Model 17.6







Table 2.1.5c—“Early” recruitment devs (used to define the numbers at age in the initial year of the model). 


 


  


Parameter Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
Recruit dev for age=20 -0.0051 0.636 0.0000 0.469 -0.0030 0.559 -0.0032 0.495 0.0000 0.971 0.0000 0.655 -0.0026 0.572
Recruit dev for age=19 -0.0034 0.637 0.0000 0.469 -0.0023 0.560 -0.0023 0.495 0.0000 0.971 0.0000 0.655 -0.0020 0.572
Recruit dev for age=18 -0.0057 0.636 0.0000 0.469 -0.0039 0.559 -0.0040 0.495 -0.0001 0.971 0.0000 0.655 -0.0036 0.572
Recruit dev for age=17 -0.0094 0.635 0.0000 0.469 -0.0068 0.558 -0.0069 0.494 -0.0003 0.971 0.0000 0.655 -0.0063 0.571
Recruit dev for age=16 -0.0156 0.633 0.0000 0.469 -0.0117 0.557 -0.0116 0.493 -0.0006 0.971 0.0000 0.655 -0.0110 0.570
Recruit dev for age=15 -0.0255 0.630 0.0000 0.469 -0.0200 0.555 -0.0197 0.491 -0.0013 0.970 0.0000 0.655 -0.0191 0.568
Recruit dev for age=14 -0.0413 0.626 -0.0001 0.469 -0.0338 0.552 -0.0329 0.488 -0.0030 0.969 0.0000 0.655 -0.0328 0.565
Recruit dev for age=13 -0.0659 0.619 -0.0002 0.469 -0.0565 0.547 -0.0543 0.484 -0.0064 0.968 0.0000 0.655 -0.0556 0.560
Recruit dev for age=12 -0.1032 0.610 -0.0006 0.469 -0.0923 0.539 -0.0877 0.477 -0.0134 0.965 0.0000 0.655 -0.0919 0.554
Recruit dev for age=11 -0.1574 0.597 -0.0018 0.469 -0.1465 0.529 -0.1380 0.469 -0.0269 0.959 0.0002 0.655 -0.1473 0.545
Recruit dev for age=10 -0.2322 0.582 -0.0053 0.468 -0.2237 0.517 -0.2094 0.457 -0.0548 0.950 0.0011 0.655 -0.2264 0.534
Recruit dev for age=9 -0.3284 0.563 -0.0149 0.468 -0.3247 0.501 -0.3033 0.444 -0.0999 0.939 0.0048 0.657 -0.3301 0.521
Recruit dev for age=8 -0.4421 0.543 -0.0379 0.470 -0.4434 0.484 -0.4146 0.429 -0.1594 0.928 0.0194 0.661 -0.4511 0.505
Recruit dev for age=7 -0.5599 0.523 -0.0822 0.481 -0.5612 0.466 -0.5268 0.413 -0.2039 0.910 0.0705 0.677 -0.5692 0.485
Recruit dev for age=6 -0.6497 0.505 -0.1449 0.481 -0.6370 0.448 -0.6027 0.399 -0.1726 0.871 0.2226 0.713 -0.6411 0.464
Recruit dev for age=5 -0.6281 0.495 -0.2426 0.383 -0.5810 0.435 -0.5601 0.388 -0.0262 0.723 0.4901 0.799 -0.5717 0.450
Recruit dev for age=4 -0.2461 0.478 0.2250 0.223 -0.0372 0.402 -0.0899 0.365 0.0337 0.446 1.1736 0.644 0.1081 0.392
Recruit dev for age=3 -0.0920 0.463 0.8426 0.134 0.3756 0.327 0.3132 0.302 0.4695 0.236 0.3478 0.408 0.2785 0.353
Recruit dev for age=2 -0.1529 0.516 -0.7300 0.290 -0.3781 0.430 -0.3459 0.381 1.5464 0.105 -0.3301 0.488 -0.3362 0.446
Recruit dev for age=1 0.7444 0.513 1.2691 0.124 1.0392 0.305 0.9186 0.284 -1.4057 0.555 1.4168 0.292 1.2446 0.297
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Table 2.1.5d—Recruitment devs (page 1 of 2). 


 


Parameter Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
Recruit dev for 1977 0.9345 0.212 0.3023 0.091 0.5613 0.178 0.5772 0.169 -0.1046 0.105 0.6748 0.112 0.6608 0.164
Recruit dev for 1978 0.4826 0.253 0.3410 0.088 0.5623 0.162 0.5502 0.155 0.4268 0.083 0.4441 0.094 0.5566 0.150
Recruit dev for 1979 0.4808 0.144 0.4549 0.066 0.4070 0.124 0.4613 0.113 0.2409 0.090 0.4161 0.055 0.4822 0.098
Recruit dev for 1980 -0.2837 0.137 -0.7048 0.109 -0.2923 0.130 -0.3828 0.129 0.6875 0.065 -0.5355 0.063 -0.6862 0.158
Recruit dev for 1981 -0.8832 0.142 0.1523 0.054 -0.5380 0.121 -0.2929 0.115 -1.3449 0.250 -0.9306 0.073 -0.5088 0.121
Recruit dev for 1982 0.7818 0.051 0.4421 0.044 0.7461 0.054 0.7097 0.065 0.4590 0.050 0.8080 0.027 0.8141 0.052
Recruit dev for 1983 -0.5802 0.125 -0.0936 0.060 -0.4909 0.121 -0.2352 0.109 0.3910 0.045 -0.3938 0.056 -0.3651 0.109
Recruit dev for 1984 0.7657 0.050 0.3466 0.042 0.6601 0.052 0.5918 0.060 0.0162 0.056 0.7428 0.026 0.6653 0.055
Recruit dev for 1985 -0.2017 0.090 0.1359 0.044 -0.0295 0.074 0.1101 0.074 0.2443 0.039 0.0794 0.036 0.0745 0.069
Recruit dev for 1986 -0.6139 0.102 -0.5440 0.061 -0.5106 0.086 -0.4745 0.091 0.1999 0.037 -0.4351 0.043 -0.5038 0.086
Recruit dev for 1987 -1.4867 0.179 -0.6779 0.057 -1.1286 0.124 -0.9911 0.122 -0.4387 0.055 -1.5581 0.093 -1.1982 0.137
Recruit dev for 1988 -0.4828 0.097 -0.1047 0.043 -0.3565 0.073 -0.1486 0.075 -0.5239 0.048 0.0349 0.034 -0.1606 0.074
Recruit dev for 1989 0.5296 0.058 0.3002 0.032 0.4268 0.048 0.3797 0.055 0.0418 0.033 0.5663 0.024 0.4717 0.050
Recruit dev for 1990 0.3308 0.065 0.3775 0.030 0.3109 0.051 0.3982 0.053 0.3332 0.026 0.4136 0.024 0.4006 0.055
Recruit dev for 1991 -0.0785 0.078 -0.2867 0.044 -0.1569 0.067 -0.2894 0.078 0.4474 0.027 -0.1936 0.030 -0.2787 0.092
Recruit dev for 1992 0.7250 0.041 0.6233 0.023 0.6827 0.037 0.6388 0.040 -0.3824 0.044 0.8152 0.015 0.6968 0.039
Recruit dev for 1993 -0.1988 0.067 -0.2224 0.037 -0.2608 0.067 -0.1836 0.063 0.7406 0.025 0.0648 0.018 -0.1977 0.063
Recruit dev for 1994 -0.3413 0.069 -0.3627 0.032 -0.3902 0.061 -0.3692 0.061 -0.2615 0.036 -0.1633 0.019 -0.3198 0.059
Recruit dev for 1995 -0.4387 0.077 -0.3529 0.035 -0.4627 0.066 -0.3899 0.065 -0.2432 0.028 -0.1265 0.021 -0.3169 0.065
Recruit dev for 1996 0.5742 0.040 0.4469 0.025 0.5329 0.040 0.5353 0.044 -0.3311 0.030 0.7173 0.016 0.6672 0.039
Recruit dev for 1997 -0.1796 0.063 0.1476 0.027 0.0336 0.054 0.1151 0.053 0.5393 0.020 -0.1432 0.020 0.0083 0.059
Recruit dev for 1998 -0.2542 0.067 -0.0625 0.029 -0.1787 0.058 -0.1252 0.059 0.2538 0.022 -0.0122 0.021 -0.2211 0.070
Recruit dev for 1999 0.4816 0.041 0.3623 0.024 0.3796 0.040 0.4202 0.042 -0.0123 0.024 0.6034 0.016 0.4486 0.043
Recruit dev for 2000 0.2126 0.044 0.0300 0.030 0.1128 0.046 0.0597 0.051 0.3417 0.023 0.0643 0.015 0.1134 0.048
Recruit dev for 2001 -0.6012 0.067 -0.6360 0.036 -0.7778 0.073 -0.6297 0.068 0.1272 0.029 -0.1989 0.019 -0.7777 0.079
Recruit dev for 2002 -0.3020 0.052 -0.3397 0.030 -0.2988 0.051 -0.3198 0.054 -0.7013 0.036 -0.2935 0.019 -0.1208 0.047
Recruit dev for 2003 -0.4740 0.055 -0.3011 0.030 -0.4451 0.056 -0.3543 0.057 -0.2059 0.030 -0.2406 0.019 -0.2078 0.052
Recruit dev for 2004 -0.6507 0.060 -0.6606 0.039 -0.6384 0.064 -0.6725 0.073 -0.1542 0.029 -0.6949 0.023 -0.6426 0.074
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Table 2.1.5d—Recruittment devs (page 2 of 2). 


 


  


Parameter Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
Recruit dev for 2005 -0.3466 0.054 -0.2166 0.034 -0.2997 0.056 -0.3258 0.062 -0.4484 0.035 -0.4482 0.019 -0.0683 0.056
Recruit dev for 2006 0.8225 0.034 0.3819 0.024 0.5128 0.038 0.4656 0.040 -0.2252 0.041 0.8349 0.014 0.6183 0.039
Recruit dev for 2007 -0.0038 0.056 0.0587 0.033 -0.0774 0.059 -0.0019 0.060 0.4019 0.033 -0.0614 0.023 -0.1670 0.075
Recruit dev for 2008 1.1500 0.033 0.8045 0.023 0.9342 0.033 0.8273 0.038 0.0173 0.035 1.0425 0.013 0.9393 0.033
Recruit dev for 2009 -0.8937 0.111 -0.2201 0.045 -0.5159 0.089 -0.4425 0.098 0.9612 0.023 -0.8555 0.032 -0.6749 0.099
Recruit dev for 2010 0.6443 0.048 0.2752 0.039 0.5579 0.053 0.2233 0.065 0.3281 0.025 0.2836 0.019 0.3517 0.053
Recruit dev for 2011 1.0381 0.049 0.7546 0.045 0.9180 0.051 0.6468 0.075 1.3840 0.039 0.7571 0.021 0.6978 0.057
Recruit dev for 2012 0.1624 0.073 0.3057 0.055 0.3776 0.066 0.0954 0.103 1.5733 0.044 0.2148 0.028 0.1289 0.077
Recruit dev for 2013 0.9822 0.061 0.7317 0.063 0.8996 0.067 0.5250 0.120 0.3933 0.052 0.6222 0.033 0.6757 0.087
Recruit dev for 2014 -0.9831 0.143 -0.9719 0.144 -0.9685 0.159 -1.2450 0.202 -0.1730 0.063 -1.2617 0.075 -1.3641 0.176
Recruit dev for 2015 -0.8204 0.198 -1.0170 0.351 -0.7994 0.210 -0.4568 0.404 -4.9990 0.011 -1.6538 0.168 -0.6916 0.451


Model 16.6 Model 17.1 Model 17.2 Model 17.3 Model 17.4 Model 17.5 Model 17.6







Table 2.1.5e—Selectivity parameter devs (page 1 of 5). 


 


  


Parameter Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
P1 dev. for 1977 (fishery) -0.0725 0.594 -0.2904 0.769 -0.3550 0.784 -0.4860 0.459 -0.8887 1.001 -0.3081 0.800
P1 dev. for 1978 (fishery) -0.2799 0.506 -0.4363 0.610 -0.4707 0.609 -0.5684 0.323 0.1591 0.778 -0.3503 0.637
P1 dev. for 1979 (fishery) -1.8104 0.466 -0.8390 0.604 -0.8718 0.598 -1.7472 0.322 -0.4978 0.681 -0.7254 0.633
P1 dev. for 1980 (fishery) -0.5189 0.541 -0.3998 0.634 -0.4591 0.630 -0.2987 0.434 0.2145 0.660 -0.2227 0.647
P1 dev. for 1981 (fishery) -2.0296 0.653 -1.3845 0.716 -1.4406 0.714 -2.2838 0.653 -1.0794 0.861 -1.3123 0.778
P1 dev. for 1982 (fishery) 1.1306 0.489 0.6559 0.613 0.6796 0.613 0.7526 0.300 0.7442 0.667 0.7278 0.647
P1 dev. for 1983 (fishery) 1.7866 0.363 0.8516 0.524 0.8638 0.512 1.1526 0.245 1.3979 0.524 0.9868 0.551
P1 dev. for 1984 (fishery) 2.4849 0.321 1.2895 0.508 1.2167 0.511 1.5831 0.209 2.1484 0.500 1.4994 0.526
P1 dev. for 1985 (fishery) 0.3072 0.258 -0.2222 0.436 -0.1569 0.422 0.5044 0.204 -0.5062 0.488 -0.4399 0.440
P1 dev. for 1986 (fishery) 0.5030 0.233 0.2877 0.352 0.3353 0.365 0.2942 0.176 0.3696 0.322 0.1931 0.348
P1 dev. for 1987 (fishery) 0.2789 0.249 0.4372 0.350 0.5411 0.369 -0.1511 0.183 0.7347 0.287 0.5078 0.344
P1 dev. for 1988 (fishery) -0.5187 0.412 -0.6357 0.502 -0.7814 0.521 0.8001 0.281 -0.7485 0.540 -0.7011 0.513
P1 dev. for 1989 (fishery) 1.8586 0.328 0.6777 0.545 0.5809 0.545 1.7456 0.241 0.4612 0.523 0.6661 0.543
P1 dev. for 1990 (fishery) 1.8542 0.215 1.8652 0.366 1.9249 0.376 0.8650 0.162 2.1399 0.321 2.0372 0.370
P1 dev. for 1991 (fishery) 0.0968 0.224 -0.5077 0.400 -0.2768 0.393 0.3805 0.172 0.5055 0.403 -0.4212 0.398
P1 dev. for 1992 (fishery) -0.2333 0.208 -0.7322 0.303 -0.4352 0.315 -0.0885 0.162 -0.1321 0.282 -0.6914 0.314
P1 dev. for 1993 (fishery) -1.4130 0.246 -0.7493 0.399 -0.9804 0.427 0.3679 0.252 -0.1162 0.456 -0.8651 0.423
P1 dev. for 1994 (fishery) -0.1572 0.209 0.2121 0.344 0.1260 0.353 -0.5188 0.164 -0.3707 0.299 0.1724 0.336
P1 dev. for 1995 (fishery) -1.1341 0.220 -0.6948 0.362 -0.9335 0.371 -0.8705 0.168 -0.2839 0.338 -0.8971 0.392
P1 dev. for 1996 (fishery) 0.3556 0.196 0.6557 0.316 0.4930 0.308 0.0337 0.160 0.9786 0.313 0.3807 0.326
P1 dev. for 1997 (fishery) 0.5175 0.201 0.7692 0.333 0.7297 0.328 0.2544 0.162 -0.1933 0.257 0.7151 0.324
P1 dev. for 1998 (fishery) -0.0346 0.193 0.0550 0.299 0.2039 0.306 -0.3862 0.158 0.2112 0.242 0.1677 0.306
P1 dev. for 1999 (fishery) -0.3974 0.195 -0.5402 0.300 -0.3251 0.305 -0.4784 0.160 0.6539 0.257 -0.3870 0.305
P1 dev. for 2000 (fishery) -0.1430 0.184 -0.1353 0.264 0.0451 0.272 -0.3409 0.155 0.1961 0.269 -0.0920 0.278
P1 dev. for 2001 (fishery) -0.0541 0.193 0.0515 0.298 0.2032 0.307 -0.3584 0.158 -0.3164 0.251 0.4146 0.298
P1 dev. for 2002 (fishery) -0.8078 0.187 -0.9522 0.271 -0.8630 0.282 -0.8137 0.157 -0.3749 0.245 -0.8494 0.295
P1 dev. for 2003 (fishery) -0.7231 0.185 -0.7154 0.258 -0.6175 0.266 -0.7961 0.158 -0.3604 0.236 -0.7573 0.270
P1 dev. for 2004 (fishery) -1.0672 0.185 -0.6069 0.267 -0.7494 0.278 -1.1410 0.156 -1.6163 0.274 -0.7730 0.278
P1 dev. for 2005 (fishery) -1.1549 0.192 -0.7939 0.303 -0.8443 0.295 -1.1489 0.158 -0.9150 0.239 -1.0250 0.308
P1 dev. for 2006 (fishery) -0.6248 0.191 -0.3796 0.280 -0.3531 0.288 -0.6104 0.156 -0.4704 0.261 -0.6433 0.282
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Parameter Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
P1 dev. for 2007 (fishery) 0.4869 0.187 0.5733 0.279 0.6674 0.287 0.1548 0.156 0.3600 0.252 0.4769 0.284
P1 dev. for 2008 (fishery) 0.3396 0.192 0.3831 0.285 0.4300 0.294 0.1036 0.159 0.2801 0.245 0.4419 0.297
P1 dev. for 2009 (fishery) -0.1553 0.196 -0.1014 0.303 -0.1376 0.310 -0.4157 0.163 -1.5077 0.254 -0.3144 0.307
P1 dev. for 2010 (fishery) 0.1647 0.189 0.4033 0.271 0.4920 0.283 -0.5525 0.155 -0.4600 0.233 0.4373 0.286
P1 dev. for 2011 (fishery) 0.2594 0.210 0.3811 0.335 0.6474 0.345 -0.5578 0.157 -1.6938 0.299 0.8929 0.340
P1 dev. for 2012 (fishery) 0.3852 0.186 0.4936 0.263 0.6857 0.286 -0.3010 0.153 -0.2759 0.314 0.5580 0.289
P1 dev. for 2013 (fishery) -0.3008 0.217 -0.1360 0.353 -0.0621 0.380 -0.0622 0.154 0.5530 0.219 0.3127 0.319
P1 dev. for 2014 (fishery) -0.0646 0.183 0.0049 0.251 -0.0054 0.266 0.8007 0.157 0.6362 0.238 -0.0377 0.263
P1 dev. for 2015 (fishery) 0.3760 0.204 0.6926 0.274 0.2518 0.317 2.3912 0.172 0.0152 0.183 0.1380 0.276
P1 dev. for 2016 (fishery) 0.5096 0.293 0.5126 0.357 0.0012 0.433 2.7917 0.391 0.0483 0.209 0.0869 0.386
P3 dev. for 1977 (fishery) -0.3464 0.784 0.0457 0.939 0.0743 0.950 -0.8005 0.447 1.1429 1.034 0.0721 0.940
P3 dev. for 1978 (fishery) -0.5997 0.544 -0.3830 0.811 -0.3551 0.834 -0.6379 0.261 -0.2835 0.660 -0.4013 0.798
P3 dev. for 1979 (fishery) -1.8265 0.636 -0.3816 0.809 -0.3226 0.825 -1.2781 0.309 -0.4121 0.670 -0.3736 0.793
P3 dev. for 1980 (fishery) -0.2160 0.590 0.0009 0.819 0.0163 0.839 0.0240 0.356 0.1499 0.638 0.0448 0.801
P3 dev. for 1981 (fishery) 0.2447 0.769 0.7729 0.879 0.8052 0.888 -0.3893 0.704 0.8533 0.791 0.8190 0.884
P3 dev. for 1982 (fishery) 0.6571 0.557 0.0264 0.848 0.0154 0.862 0.2655 0.250 0.0441 0.706 -0.0267 0.840
P3 dev. for 1983 (fishery) 1.6078 0.376 0.7051 0.777 0.6846 0.794 0.6018 0.206 0.8588 0.557 0.6728 0.789
P3 dev. for 1984 (fishery) 2.7116 0.291 2.3411 0.601 2.3179 0.636 0.9697 0.183 2.2084 0.396 2.5605 0.586
P3 dev. for 1985 (fishery) 0.1366 0.326 -0.4573 0.742 -0.5187 0.747 0.2351 0.195 -0.5871 0.611 -0.6724 0.728
P3 dev. for 1986 (fishery) 0.9767 0.257 0.8545 0.535 0.8901 0.572 0.3642 0.178 0.5554 0.368 0.6553 0.528
P3 dev. for 1987 (fishery) 0.4438 0.283 0.5636 0.514 0.7025 0.558 -0.1078 0.183 0.5436 0.311 0.5636 0.488
P3 dev. for 1988 (fishery) 1.1764 0.489 1.2648 0.757 1.1947 0.802 1.7275 0.286 0.7331 0.628 1.1988 0.761
P3 dev. for 1989 (fishery) 2.7020 0.350 1.7609 0.746 1.6431 0.778 1.5441 0.216 1.0452 0.569 1.6126 0.742
P3 dev. for 1990 (fishery) 1.8268 0.230 2.3645 0.490 2.4000 0.528 0.4096 0.170 1.7660 0.318 2.3826 0.483
P3 dev. for 1991 (fishery) 0.3525 0.245 -0.2225 0.579 0.0301 0.588 0.2539 0.173 0.7397 0.387 -0.0230 0.550
P3 dev. for 1992 (fishery) -0.2575 0.236 -1.2902 0.502 -0.8282 0.518 -0.1389 0.169 -0.2665 0.332 -1.0306 0.495
P3 dev. for 1993 (fishery) -0.4121 0.283 0.2906 0.547 0.2308 0.621 1.1227 0.241 0.8210 0.413 0.3698 0.559
P3 dev. for 1994 (fishery) 0.3601 0.222 0.7729 0.449 0.8512 0.481 -0.2394 0.170 0.1126 0.304 0.8891 0.424
P3 dev. for 1995 (fishery) -0.7704 0.279 -0.2636 0.574 -0.5152 0.628 -0.4874 0.178 0.1602 0.366 -0.2461 0.587
P3 dev. for 1996 (fishery) 0.3177 0.227 0.6069 0.502 0.3603 0.528 -0.0485 0.169 0.8338 0.334 0.3094 0.510
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Parameter Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
P3 dev. for 1997 (fishery) 0.9210 0.208 1.4725 0.419 1.4305 0.440 0.3113 0.169 0.0090 0.280 1.2712 0.401
P3 dev. for 1998 (fishery) -0.2269 0.212 -0.1261 0.432 -0.0465 0.456 -0.4710 0.167 -0.0703 0.269 -0.0500 0.424
P3 dev. for 1999 (fishery) -0.6039 0.218 -0.9952 0.472 -0.7961 0.483 -0.5061 0.169 0.6131 0.267 -0.8013 0.455
P3 dev. for 2000 (fishery) -0.6351 0.208 -0.9690 0.438 -0.8240 0.455 -0.4830 0.166 -0.0200 0.314 -1.0421 0.466
P3 dev. for 2001 (fishery) -0.3749 0.211 -0.3571 0.422 -0.2428 0.449 -0.4492 0.167 -0.5807 0.283 0.1055 0.396
P3 dev. for 2002 (fishery) -0.6798 0.211 -1.1442 0.432 -1.0307 0.465 -0.5398 0.167 -0.2460 0.280 -0.6605 0.440
P3 dev. for 2003 (fishery) -0.7179 0.213 -1.2063 0.442 -0.9921 0.460 -0.5363 0.169 -0.3551 0.286 -0.9093 0.439
P3 dev. for 2004 (fishery) -1.2388 0.220 -0.9336 0.438 -1.1631 0.480 -0.9175 0.168 -2.0561 0.435 -0.8576 0.426
P3 dev. for 2005 (fishery) -1.5032 0.236 -1.2023 0.505 -1.3949 0.511 -1.0479 0.170 -1.0393 0.309 -1.3416 0.485
P3 dev. for 2006 (fishery) -1.3189 0.238 -1.2209 0.502 -1.3157 0.532 -0.7848 0.168 -0.7227 0.339 -1.6568 0.492
P3 dev. for 2007 (fishery) 0.1188 0.205 0.1972 0.414 0.2802 0.447 -0.1666 0.166 0.1349 0.290 -0.1592 0.425
P3 dev. for 2008 (fishery) -0.0164 0.203 -0.0831 0.388 -0.0221 0.413 -0.1726 0.167 0.0878 0.252 -0.1601 0.394
P3 dev. for 2009 (fishery) -0.8238 0.220 -1.1907 0.469 -1.3516 0.500 -0.5529 0.170 -2.4241 0.363 -1.7701 0.501
P3 dev. for 2010 (fishery) -0.6524 0.207 -0.8068 0.406 -0.8236 0.439 -0.7770 0.165 -1.2762 0.316 -1.0479 0.456
P3 dev. for 2011 (fishery) -0.2553 0.227 -0.2837 0.458 -0.0120 0.478 -0.7677 0.167 -2.6260 0.462 0.3280 0.421
P3 dev. for 2012 (fishery) -0.1758 0.203 -0.2596 0.395 -0.0162 0.440 -0.7062 0.165 -1.1704 0.525 -0.1380 0.422
P3 dev. for 2013 (fishery) -0.5406 0.235 -0.5443 0.472 -0.3436 0.526 -0.5226 0.164 0.3094 0.221 0.1356 0.388
P3 dev. for 2014 (fishery) -0.9180 0.203 -1.2247 0.398 -1.3271 0.434 -0.0054 0.165 0.0824 0.251 -1.1369 0.412
P3 dev. for 2015 (fishery) 0.0823 0.207 0.6343 0.319 0.2055 0.420 1.1556 0.168 0.0673 0.183 0.1880 0.323
P3 dev. for 2016 (fishery) 0.4743 0.289 0.8710 0.426 0.1091 0.594 4.5494 0.471 0.2641 0.203 0.3264 0.467
P1 dev. for 1982 (survey) 1.2210 0.326 0.6272 0.344 0.0315 0.963 0.2329 0.239 0.5194 0.306
P1 dev. for 1983 (survey) -0.2959 0.210 -0.0941 0.212 -0.4158 0.953 0.0104 0.191 0.0196 0.206
P1 dev. for 1984 (survey) 0.8641 0.377 0.6900 0.400 0.1564 0.991 1.0437 0.239 0.4211 0.314
P1 dev. for 1985 (survey) -1.1390 0.428 -0.2498 0.203 -0.4961 0.954 -0.2675 0.171 -0.1590 0.197
P1 dev. for 1986 (survey) 0.3194 0.283 0.2623 0.240 -0.2812 0.972 0.4085 0.201 0.2781 0.223
P1 dev. for 1987 (survey) -0.1405 0.240 -0.0389 0.235 -0.1711 0.979 -0.1273 0.215 -0.0472 0.218
P1 dev. for 1988 (survey) 1.0153 0.392 0.6458 0.408 0.1183 0.993 0.3563 0.276 0.5155 0.357
P1 dev. for 1989 (survey) 1.1435 0.303 0.7954 0.330 1.7426 0.963 1.3620 0.199 0.9031 0.328
P1 dev. for 1990 (survey) -0.2536 0.213 -0.2224 0.202 0.1015 0.942 -0.2772 0.171 -0.1163 0.198
P1 dev. for 1991 (survey) -0.0233 0.226 0.0295 0.216 0.1779 0.965 -0.1066 0.192 0.0314 0.208
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Parameter Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
P1 dev. for 1992 (survey) -0.9238 0.305 -1.3847 0.426 -0.2528 0.969 -0.5165 0.171 -1.0450 0.523
P1 dev. for 1993 (survey) -0.3335 0.200 -0.3013 0.196 -0.7884 0.926 -0.3155 0.171 -0.2493 0.188
P1 dev. for 1994 (survey) 0.0758 0.220 0.2617 0.237 -0.2166 0.983 0.4422 0.178 0.2037 0.221
P1 dev. for 1995 (survey) 0.5923 0.275 0.5426 0.289 -0.1169 0.984 0.9321 0.180 0.5789 0.280
P1 dev. for 1996 (survey) 0.8061 0.268 0.7002 0.310 0.0929 0.992 1.1075 0.179 0.7755 0.312
P1 dev. for 1997 (survey) -0.0178 0.214 0.1192 0.206 0.2006 0.959 0.1208 0.175 0.2112 0.198
P1 dev. for 1998 (survey) 0.9070 0.250 0.7271 0.289 0.5312 0.984 0.4941 0.178 0.6127 0.270
P1 dev. for 1999 (survey) 0.6051 0.256 0.4537 0.254 0.4442 0.991 0.7556 0.178 0.4268 0.240
P1 dev. for 2000 (survey) -0.1245 0.223 -0.0410 0.206 0.3684 0.957 -0.0522 0.175 0.0229 0.202
P1 dev. for 2001 (survey) -0.5915 0.200 -0.5761 0.210 -0.7809 0.940 -0.4612 0.171 -0.5719 0.220
P1 dev. for 2002 (survey) -0.0594 0.229 0.0028 0.224 0.0467 0.988 0.3930 0.178 -0.0938 0.211
P1 dev. for 2003 (survey) -0.2851 0.207 -0.2591 0.202 -0.0879 0.970 -0.3437 0.170 -0.1775 0.195
P1 dev. for 2004 (survey) -0.0451 0.222 -0.0198 0.213 0.2474 0.972 -0.1891 0.174 0.0207 0.206
P1 dev. for 2005 (survey) -1.0933 0.396 -0.4726 0.208 -0.1495 0.970 -0.5321 0.171 -0.6852 0.297
P1 dev. for 2006 (survey) -0.3977 0.188 -0.5176 0.203 -0.4826 0.929 -0.4612 0.171 -0.3208 0.189
P1 dev. for 2007 (survey) -0.7135 0.199 -0.9735 0.246 -0.7847 0.916 -0.4613 0.170 -0.8573 0.261
P1 dev. for 2008 (survey) -0.1818 0.221 -0.1686 0.205 0.0640 0.967 -0.3578 0.171 -0.2715 0.196
P1 dev. for 2009 (survey) -0.3820 0.189 -0.3912 0.191 -0.7131 0.897 -0.3558 0.170 -0.2961 0.185
P1 dev. for 2010 (survey) 0.6507 0.284 0.3657 0.276 0.1726 0.993 -0.1453 0.188 0.1777 0.240
P1 dev. for 2011 (survey) -0.4213 0.186 -0.4503 0.198 0.4895 0.925 -0.3864 0.170 -0.3389 0.188
P1 dev. for 2012 (survey) -0.3544 0.194 -0.3784 0.194 0.7889 0.932 -0.3528 0.170 -0.3470 0.187
P1 dev. for 2013 (survey) 0.2616 0.230 0.1952 0.225 0.1892 0.990 0.3472 0.177 0.2229 0.214
P1 dev. for 2014 (survey) -0.2468 0.213 -0.2407 0.201 -0.3694 0.959 -0.3157 0.170 -0.1518 0.195
P1 dev. for 2015 (survey) -0.1961 0.238 -0.0387 0.263 -0.0474 0.996 -0.5875 0.172 -0.1852 0.237
P1 dev. for 2016 (survey) -0.2419 0.279 0.3999 0.438 0.1905 0.977 -1.3939 0.601 -0.0274 0.337
P3 dev. for 1982 (survey) 0.0000 1.000 -0.0083 0.998 -0.0102 0.998
P3 dev. for 1983 (survey) 0.0084 1.000 0.0049 0.999 -0.0009 0.999
P3 dev. for 1984 (survey) 0.0000 1.000 -0.0066 0.998 -0.0121 0.998
P3 dev. for 1985 (survey) -0.0522 0.998 0.0117 0.999 0.0072 0.999
P3 dev. for 1986 (survey) -0.0012 1.000 -0.0113 0.998 -0.0113 0.998
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Parameter Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD Est. SD
P3 dev. for 1987 (survey) 0.0046 1.000 0.0021 0.999 0.0023 0.999
P3 dev. for 1988 (survey) 0.0000 1.000 -0.0078 0.998 -0.0104 0.998
P3 dev. for 1989 (survey) 0.0000 1.000 -0.0040 0.998 -0.0016 0.999
P3 dev. for 1990 (survey) 0.0077 1.000 0.0107 0.999 0.0055 0.999
P3 dev. for 1991 (survey) 0.0007 1.000 -0.0015 0.999 -0.0015 0.999
P3 dev. for 1992 (survey) -0.0168 0.999 -0.0530 0.999 -0.0163 1.001
P3 dev. for 1993 (survey) 0.0088 1.000 0.0134 0.999 0.0102 1.000
P3 dev. for 1994 (survey) -0.0017 1.000 -0.0113 0.998 -0.0091 0.999
P3 dev. for 1995 (survey) -0.0001 1.000 -0.0106 0.997 -0.0087 0.998
P3 dev. for 1996 (survey) 0.0000 1.000 -0.0063 0.998 -0.0036 0.998
P3 dev. for 1997 (survey) 0.0007 1.000 -0.0058 0.999 -0.0092 0.999
P3 dev. for 1998 (survey) 0.0000 1.000 -0.0056 0.998 -0.0078 0.998
P3 dev. for 1999 (survey) 0.0000 1.000 -0.0122 0.998 -0.0119 0.998
P3 dev. for 2000 (survey) 0.0042 1.000 0.0023 0.999 -0.0010 0.999
P3 dev. for 2001 (survey) 0.0056 1.000 0.0168 1.000 0.0122 1.000
P3 dev. for 2002 (survey) 0.0019 1.000 -0.0001 0.999 0.0044 0.999
P3 dev. for 2003 (survey) 0.0083 1.000 0.0121 0.999 0.0078 0.999
P3 dev. for 2004 (survey) 0.0015 1.000 0.0011 0.999 -0.0012 0.999
P3 dev. for 2005 (survey) -0.0416 0.998 0.0168 1.000 0.0093 1.000
P3 dev. for 2006 (survey) 0.0092 1.000 0.0171 1.000 0.0121 1.000
P3 dev. for 2007 (survey) 0.0001 1.000 0.0007 1.000 0.0003 1.000
P3 dev. for 2008 (survey) 0.0059 1.000 0.0085 0.999 0.0110 1.000
P3 dev. for 2009 (survey) 0.0083 1.000 0.0154 1.000 0.0111 1.000
P3 dev. for 2010 (survey) 0.0000 1.000 -0.0127 0.998 -0.0080 0.999
P3 dev. for 2011 (survey) 0.0091 1.000 0.0167 1.000 0.0124 1.000
P3 dev. for 2012 (survey) 0.0089 1.000 0.0154 1.000 0.0124 1.000
P3 dev. for 2013 (survey) -0.0017 0.999 -0.0091 0.998 -0.0097 0.999
P3 dev. for 2014 (survey) 0.0075 1.000 0.0113 0.999 0.0068 0.999
P3 dev. for 2015 (survey) 0.0063 1.000 0.0021 0.999 0.0081 0.999
P3 dev. for 2016 (survey) 0.0075 1.000 -0.0127 0.998 0.0013 0.999
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Table 2.1.5f—Length at age 1.5 devs and log catchability devs (Model 17.6 only). 


 


Parameter Est. SD Parameter Est. SD
Length at a=1.5 dev 1981 -0.5359 0.427 ln(catchability) dev 1982 0.1614 0.666
Length at a=1.5 dev 1982 -0.7982 0.261 ln(catchability) dev 1983 0.3407 0.795
Length at a=1.5 dev 1983 0.9574 0.439 ln(catchability) dev 1984 -0.4004 0.707
Length at a=1.5 dev 1984 0.5102 0.221 ln(catchability) dev 1985 0.0997 0.819
Length at a=1.5 dev 1985 -1.2744 0.369 ln(catchability) dev 1986 0.3132 0.771
Length at a=1.5 dev 1986 0.2554 0.248 ln(catchability) dev 1987 -0.2777 0.664
Length at a=1.5 dev 1987 -0.0492 0.350 ln(catchability) dev 1988 -0.7361 0.689
Length at a=1.5 dev 1988 -0.1767 0.327 ln(catchability) dev 1989 -2.3785 0.662
Length at a=1.5 dev 1989 -0.8144 0.242 ln(catchability) dev 1990 -2.1423 0.737
Length at a=1.5 dev 1990 0.0477 0.255 ln(catchability) dev 1991 -1.6903 0.767
Length at a=1.5 dev 1991 0.6069 0.226 ln(catchability) dev 1992 -0.9912 0.792
Length at a=1.5 dev 1992 0.0186 0.215 ln(catchability) dev 1993 0.5942 0.797
Length at a=1.5 dev 1993 0.6623 0.308 ln(catchability) dev 1994 2.3997 0.806
Length at a=1.5 dev 1994 0.4413 0.239 ln(catchability) dev 1995 2.1028 0.749
Length at a=1.5 dev 1995 0.3926 0.305 ln(catchability) dev 1996 1.2757 0.820
Length at a=1.5 dev 1996 0.3147 0.228 ln(catchability) dev 1997 0.1150 0.822
Length at a=1.5 dev 1997 -0.2994 0.302 ln(catchability) dev 1998 -0.7125 0.728
Length at a=1.5 dev 1998 -0.0665 0.234 ln(catchability) dev 1999 -0.9142 0.728
Length at a=1.5 dev 1999 -0.8790 0.239 ln(catchability) dev 2000 -0.9479 0.728
Length at a=1.5 dev 2000 0.6728 0.223 ln(catchability) dev 2001 0.5164 0.783
Length at a=1.5 dev 2001 0.7261 0.240 ln(catchability) dev 2002 -0.2599 0.750
Length at a=1.5 dev 2002 1.0125 0.221 ln(catchability) dev 2003 -0.4486 0.797
Length at a=1.5 dev 2003 0.6251 0.266 ln(catchability) dev 2004 -0.9435 0.725
Length at a=1.5 dev 2004 1.5300 0.224 ln(catchability) dev 2005 -0.8328 0.821
Length at a=1.5 dev 2005 -1.0112 0.238 ln(catchability) dev 2006 -1.1889 0.668
Length at a=1.5 dev 2006 -1.2023 0.208 ln(catchability) dev 2007 -1.0712 0.894
Length at a=1.5 dev 2007 -1.3981 0.264 ln(catchability) dev 2008 -1.5917 0.765
Length at a=1.5 dev 2008 -1.5726 0.214 ln(catchability) dev 2009 -1.0510 0.738
Length at a=1.5 dev 2009 -0.7864 0.338 ln(catchability) dev 2010 0.3033 0.806
Length at a=1.5 dev 2010 0.4275 0.208 ln(catchability) dev 2011 0.6953 0.747
Length at a=1.5 dev 2011 -1.8848 0.240 ln(catchability) dev 2012 0.9390 0.762
Length at a=1.5 dev 2012 0.2161 0.270 ln(catchability) dev 2013 0.9669 0.900
Length at a=1.5 dev 2013 -0.1111 0.217 ln(catchability) dev 2014 1.7532 0.878
Length at a=1.5 dev 2014 0.3076 0.353 ln(catchability) dev 2015 2.0610 0.897
Length at a=1.5 dev 2015 2.0145 0.213 ln(catchability) dev 2016 1.8283 0.907


Model 17.6 Model 17.6







Table 2.1.6—Instantaneous fishing mortality rates (page 1 of 2). 


 


Year Est SD Est SD Est SD Est SD Est SD Est SD Est SD
1977 0.2443 0.090 0.7355 0.195 0.2734 0.098 0.2324 0.074 0.6410 0.134 0.4674 0.184 0.3312 0.123
1978 0.3135 0.120 0.6202 0.150 0.3108 0.110 0.2689 0.085 0.4392 0.088 0.9461 0.468 0.3939 0.150
1979 0.2447 0.091 0.2801 0.039 0.1975 0.060 0.1768 0.049 0.1927 0.023 0.4499 0.116 0.2512 0.081
1980 0.2739 0.087 0.3099 0.055 0.2209 0.067 0.1997 0.056 0.2179 0.031 0.4832 0.141 0.2794 0.089
1981 0.1781 0.034 0.1294 0.013 0.1087 0.020 0.1071 0.020 0.0967 0.010 0.1372 0.024 0.1220 0.025
1982 0.0958 0.012 0.2276 0.040 0.1439 0.037 0.1358 0.033 0.2117 0.032 0.2041 0.061 0.1642 0.046
1983 0.1107 0.011 0.2584 0.031 0.1499 0.024 0.1447 0.023 0.2601 0.033 0.2305 0.038 0.1683 0.029
1984 0.1509 0.013 0.3326 0.034 0.1906 0.023 0.1843 0.024 0.3575 0.041 0.2914 0.038 0.2077 0.026
1985 0.1677 0.014 0.2330 0.013 0.1807 0.015 0.1811 0.018 0.2321 0.020 0.2230 0.009 0.1918 0.016
1986 0.1696 0.013 0.2065 0.012 0.1775 0.014 0.1752 0.017 0.1891 0.014 0.2336 0.010 0.1916 0.016
1987 0.1814 0.012 0.2172 0.012 0.2001 0.016 0.1965 0.019 0.1928 0.013 0.2804 0.015 0.2186 0.019
1988 0.2421 0.016 0.2357 0.011 0.2105 0.014 0.2057 0.017 0.2384 0.016 0.2519 0.012 0.2217 0.016
1989 0.2046 0.012 0.2821 0.016 0.2207 0.019 0.2136 0.019 0.3044 0.023 0.2613 0.018 0.2328 0.021
1990 0.2293 0.013 0.3300 0.015 0.2843 0.021 0.2746 0.023 0.3184 0.018 0.3791 0.023 0.3033 0.024
1991 0.4036 0.023 0.4219 0.016 0.3788 0.021 0.3702 0.025 0.4298 0.025 0.4621 0.019 0.3837 0.022
1992 0.4874 0.035 0.4259 0.018 0.4222 0.026 0.3990 0.030 0.3973 0.023 0.5137 0.017 0.4235 0.028
1993 0.3732 0.028 0.2340 0.010 0.2679 0.021 0.2382 0.019 0.2349 0.015 0.3183 0.026 0.2650 0.022
1994 0.4021 0.026 0.3559 0.014 0.3933 0.030 0.3524 0.027 0.3022 0.015 0.3835 0.018 0.3921 0.029
1995 0.5087 0.032 0.4293 0.012 0.4434 0.025 0.4128 0.023 0.3862 0.017 0.5183 0.021 0.4415 0.025
1996 0.4701 0.031 0.5465 0.018 0.5613 0.038 0.5233 0.034 0.4801 0.021 0.6999 0.038 0.5637 0.036
1997 0.5183 0.034 0.6619 0.026 0.6302 0.052 0.6231 0.048 0.6034 0.030 0.6135 0.026 0.6952 0.054
1998 0.4160 0.029 0.5181 0.018 0.4638 0.030 0.4824 0.033 0.4525 0.023 0.5164 0.017 0.5119 0.033
1999 0.4245 0.031 0.4969 0.018 0.4444 0.031 0.4623 0.033 0.4349 0.024 0.5184 0.020 0.4885 0.033
2000 0.4082 0.031 0.5093 0.022 0.4758 0.038 0.4852 0.040 0.4296 0.025 0.4709 0.020 0.5240 0.041
2001 0.3265 0.022 0.3943 0.018 0.3677 0.032 0.3699 0.033 0.3342 0.020 0.3391 0.015 0.4210 0.039
2002 0.3917 0.025 0.3546 0.012 0.3383 0.019 0.3320 0.020 0.3072 0.017 0.3733 0.010 0.3537 0.020
2003 0.4225 0.027 0.3705 0.012 0.3737 0.021 0.3603 0.021 0.3213 0.016 0.4021 0.011 0.3880 0.021
2004 0.4008 0.023 0.3718 0.010 0.3795 0.020 0.3600 0.019 0.3347 0.015 0.3496 0.007 0.3876 0.020


Model 17.6Model 16.6 Model 17.1 Model 17.2 Model 17.3 Model 17.4 Model 17.5







Table 2.1.6—Instantaneous fishing mortality rates (page 2 of 2). 


 


Year Est SD Est SD Est SD Est SD Est SD Est SD Est SD
2005 0.4099 0.022 0.4241 0.010 0.4089 0.018 0.4005 0.018 0.3931 0.016 0.4026 0.008 0.4153 0.018
2006 0.4686 0.027 0.5403 0.013 0.5246 0.024 0.5088 0.025 0.5028 0.019 0.4761 0.012 0.5251 0.024
2007 0.4547 0.028 0.6167 0.019 0.5918 0.036 0.5669 0.035 0.5658 0.022 0.5159 0.017 0.5827 0.037
2008 0.5608 0.038 0.7083 0.024 0.6979 0.047 0.6575 0.044 0.6161 0.026 0.6220 0.023 0.6583 0.047
2009 0.6879 0.056 0.8032 0.029 0.8246 0.064 0.7813 0.058 0.5891 0.023 0.6761 0.018 0.7586 0.052
2010 0.5254 0.043 0.8195 0.035 0.8866 0.083 0.8799 0.080 0.5359 0.017 0.7789 0.035 0.9112 0.081
2011 0.5332 0.041 0.9522 0.046 0.8791 0.091 0.9592 0.100 0.6899 0.022 0.6013 0.015 1.0693 0.121
2012 0.4964 0.040 1.0083 0.038 0.8987 0.072 0.9694 0.080 0.8225 0.024 0.9295 0.032 1.0030 0.077
2013 0.4044 0.033 0.6811 0.028 0.5780 0.054 0.6568 0.058 0.6997 0.024 0.9000 0.044 0.7597 0.063
2014 0.4534 0.042 0.9242 0.034 0.7112 0.054 0.8946 0.064 0.9311 0.043 1.1662 0.044 0.9126 0.048
2015 0.3915 0.038 0.9133 0.072 0.6444 0.073 0.8397 0.109 1.4220 0.096 1.0274 0.035 0.8692 0.086
2016 0.3433 0.034 0.7756 0.106 0.4695 0.061 0.7358 0.144 0.2555 0.028 0.9690 0.064 0.7815 0.119


Model 16.6 Model 17.1 Model 17.2 Model 17.3 Model 17.4 Model 17.5 Model 17.6







Table 2.1.7—Effective number of parameters (nyrs = length of dev vector, npar = effective parameters). 


 


Vector nyrs npar nyrs npar nyrs npar nyrs npar nyrs npar nyrs npar nyrs npar
Recruitment 39 22 39 11 39 20 39 11 39 1 39 17 39 8
Length at a=1.5 35 35
ln(Catchability) 35 1
Sel_fish_P1 40 3 40 2 40 2 40 3 40 1 40 2
Sel_fish_P3 40 3 40 1 40 1 40 1 40 3 40 1
Sel_surv_P1 35 1 35 1 35 1 35 35 35 1
Sel_surv_P3 35 1 35 1 35 1
Sum 39 22 189 19 119 23 189 16 154 6 154 56 259 49
Nominal parms 77 226 156 227 190 190 297
Effective parms 60 56 60 54 42 92 87


M17.6M16.6 M17.1 M17.2 M17.3 M17.4 M17.5
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Figure 2.1.1 (page 1 of 3).  Comparison of sizecomp data used in last year’s assessment (orange) with catch-weighted sizecomp data (blue). 
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Figure 2.1.1 (page 2 of 3).  Comparison of sizecomp data used in last year’s assessment (orange) with catch-weighted sizecomp data (blue). 
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Figure 2.1.1 (page 3 of 3).  Comparison of sizecomp data used in last year’s assessment (orange) with catch-weighted sizecomp data (blue).
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Figure 2.1.2.  Prior distribution of the instantaneous natural mortality rate. 
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Figure 2.1.3.  Model fits to survey abundance. 


 


Figure 2.1.4.  Model 17.6 fit to mean length at age 1.5 data. 
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Figure 2.1.5a—Model estimates of fishery selectivity. 
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Figure 2.1.5b—Model estimates of survey selectivity. 
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Figure 2.1.6.  Trawl survey catchability time series as estimated by Model 17.6. 


 


 


Figure 2.1.7.  Recruitment devs estimated by the models. 
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Figure 2.1.8.  Model estimates of total (age 0+) biomass, with survey biomass for comparison. 


 


 


Figure 2.1.9.  Model estimates of female spawning biomass relative to B100%. 
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Figure 2.1.10.  Distributions of the 2018 ABC based on model averaging. 
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APPENDIX 2.2: BSAI PACIFIC COD ECONOMIC PERFORMANCE 
REPORT FOR 2016 


Ben Fissel 


Resource Ecology and Fisheries Management Division 
Alaska Fisheries Science Center 


National Marine Fisheries Service 
National Oceanic and Atmospheric Administration 


7600 Sand Point Way NE., Seattle, WA 98115-6349 
 


Pacific cod is the second largest species in terms of catch in the Bering Sea & Aleutian Island (BSAI) 
region.  Pacific cod accounted for 13% of the BSAI’s FMP groundfish harvest and 80% of the total 
Pacific cod harvest in Alaska. Retained catch of Pacific cod increased 8% to 257.5 thousand t in 2016 and 
was 43% higher than the 2007-2011 average (Table 2.2.1). The products made from BSAI Pacific cod 
had a first-wholesale value of $387 million in 2016, which was up from $365 million in 2015 and above 
the 2007-2011 average of $307 million (Table 2.2.2). The higher revenue is the result of increased catch 
and production levels and strong first-wholesale fillet price for Pacific cod products. 


Cod is an iconic fishery with a long history of production across much of the globe. Global catch was 
consistently over 2 million t through the 1980s, but began to taper off in the 1990s as cod stocks began to 
collapse in the northwest Atlantic Ocean. Over roughly the same period, the U.S. catch of Pacific cod 
(caught in Alaska) grew to approximately 250 thousand tons where it remained throughout the early to 
mid-2000s. European catch of Atlantic cod in the Barents Sea (conducted mostly by Russia, Norway, and 
Iceland) slowed and global catch hit a low in 2007 at 1.13 million t. U.S. Pacific cod’s share of global 
catch was at a high at just over 20% in the early 2000s. Since 2007 global catch has grown to 1.85 million 
t in 2014 as catch in the Barents Sea has rebounded and U.S. catch has remained strong at over 300 
thousand t since 2011. European Atlantic cod and U.S. Pacific cod remain the two major sources 
supplying the cod market over the past decade accounting for roughly 75% and 20%, respectively. 
Atlantic cod and Pacific cod are substitutes in the global market. Because of cod’s long history global 
demand is present in a number of geographical regions, but Europe, China, Japan, and the U.S. are the 
primary markets for many Pacific cod products. The market for cod is also indirectly affected by activity 
in the pollock fisheries which experienced a similar period of decline in 2008-2010 before rebounding. 
Cod and pollock are commonly used to produce breaded fish portions. Alaska caught Pacific cod in the 
BSAI became certified by the Marine Stewardship Council (MSC) in 2010, a NGO based third-party 
sustainability certification, which some buyers seek. 


The Pacific cod total allowable catch (TAC) is allocated to multiple sectors (fleets). CDQ entities receive 
10% of the total BSAI quota. The largest sectoral allocation goes to the Freezer longline CPs which 
receive roughly 44% of the total BSAI cod quota (48.7% non-CDQ quota). While not an official catch 
share program, the Freezer longline CPs have formed a voluntary cooperative that allows them to form 
private contracts among members to distribute the sectoral allocation. The remaining large sectors are the 
trawl CPs, trawl CVs, the pot gear CVs and some smaller sideboard limits to cover the catch of Pacific 
cod while targeting other species. The CVs (collectively referred to as the inshore sector) make deliveries 
to shore-based processors, and catcher/processors process catch at-sea before going directly to the 
wholesale markets. Among the at-sea CPs, catch is distributed approximately three-quarters to the hook-
and-line and one quarter to trawl. The inshore sector accounts for 25%-30% of the total BSAI Pacific cod 
catch of which approximately two-thirds is caught by the trawl and one-third by the pot gear sectors. The 
retained catch of the inshore sector increased 26% increase to 86 thousand t. The value of these deliveries 
(shoreside ex-vessel value) totaled $44.6 million in 2016, which was up 31% from 2015, as ex-vessel 
prices also increased 6% to $0.26 per pound. Changes in ex-vessel prices over time generally reflect 







 


changes in the corresponding wholesale prices. Catch from the fixed gear vessels (which includes hook-
and-line and pot gear) typically receive a slightly higher price from processors because they incur less 
damage when caught. The fixed gear price premium has varied over time but recently has been about 
$0.03 per pound. 


The first-wholesale value of Pacific cod products was up 6% to $386.8 million in 2016, and revenues in 
recent years remain high as result of strong catch levels (Table 2.2.2). The average price of Pacific cod 
products in 2016 increased 1% to $1.39. Head and gut (H&G) production is the focus of the BSAI 
processors but a significant amount of fillets are produced as well. H&G typically constitutes 
approximately 80% of value and fillets approximately 10% of value. Shoreside processors produce the 
majority of the fillets. Almost all of the at-sea sector’s catch is processed into H&G. Other product types 
are not produced in significant quantities. At-sea head and gut prices tend to be about 20%-30% higher, in 
part because of the shorter period of time between catch and freezing, and in part because the at-sea sector 
is disproportionately caught by hook-and-line which yields a better price. Head & gut prices bottomed out 
at $1.05 per pound in 2013, a year in which Barents Sea cod catch increased roughly 240 thousand t (an 
increase that is approximately the size of Alaska’s cod total catch) but rebounded to $1.37 in 2015. The 
H&G price was down 5% at $1.30 per pound in 2016. Fillet prices steady declined from over $3 in 2011 
to $2.67 in 2015, but prices increased 23% in 2016 to $3.29. Changes in global catch and production 
account for much the trends in the cod markets. In particular, the average first-wholesale prices peaked at 
over $1.80 per pound in 2007-2008 and subsequent declined precipitously in 2009 to $1.20 per pound as 
markets priced in consecutive years of approximately 100 thousand t increases in the Barents Sea cod 
catch in 2009-2011; coupled with reduced demand from the recession. Average first-wholesale prices 
since have fluctuated between approximately $1.20 and $1.55 per pound. Media reports indicate that 
Pacific cod prices were soft in early 2016 with weak demand from Japan, an important consumer market 
for Pacific cod. By the middle of the year prices had begun to rise with strong demand from the U.S., 
Japan, and other markets. High prices of common fish protein substitutes such as salmon were also cited 
as contributing to the strong cod demand. Strong demand globally coupled with tight supply have resulted 
in high prices continuing throughout 2017. The market for H&G products was comparatively weaker than 
the market for fillets which is reflected in decreased H&G price and increased fillet price which affected 
the BSAI Pacific cod fisheries which produce a higher proportion of H&G. 


U.S. exports of cod are roughly proportional to U.S. cod production. More than 90% of the exports are 
H&G, much of which goes to China for secondary processing and re-export (Table 2.2.3). China’s rise as 
re-processor is fairly recent. Between 2001 and 2011 exports to China have increased nearly 10 fold. 
Japan and Europe (mostly Germany and the Netherlands) are also important export destinations. 
Approximately 30% of Alaska’s cod production is estimated to remain in the U.S.. Because U.S. cod 
production is approximately 20% of global production and the BSAI is approximately 75-80% of U.S. 
production, the BSAI Pacific cod is a significant component of the broader global cod market. However, 
strong demand and tight supply in 2017 from the U.S. and globally have contributed to high prices. With 
the Barents Sea quota reduced by 13% 2018 the global cod supply is expected to remain constrained 
relative to recent levels which could result in continued high price levels through 2018. 


  







 


Table 2.2.1. Bering Sea & Aleutian Islands Pacific cod catch and ex-vessel data. Total and retained catch 
(thousand metric tons), number of vessel, catcher/processor (CP) hook-and-line (H&L) share of catch, CP 
trawl share of catch, Shoreside retained catch (thousand metric tons), shoreside number of vessel, 
shoreside pot gear share of catch, shoreside trawl share of catch, shoreside ex-vessel value and price 
(million US$), and fixed gear to trawl price premium (US$ per pound); 2007-2011 average and 2012-
2016. 


 
Source: NMFS Alaska Region Blend and Catch-accounting System estimates; NMFS Alaska Region At-sea 
Production Reports; and ADF&G Commercial Operators Annual Reports (COAR). Data compiled and provided by 
the Alaska Fisheries Information Network (AKFIN). 
 
Table 2.2.2. Bering Sea & Aleutian Islands Pacific cod first-wholesale market data. First-wholesale 
production (thousand metric tons), value (million US$), price (US$ per pound); fillet and head and gut 
volume (thousand metric tons), value share, and price (US$ per pound); At-sea share of value and at-sea 
shoreside price difference (US$ per pound); 2007-2011 average and 2012-2016. 


 
Source: NMFS Alaska Region Blend and Catch-accounting System estimates; NMFS Alaska Region At-sea 
Production Reports; and ADF&G Commercial Operators Annual Reports (COAR). Data compiled and provided by 
the Alaska Fisheries Information Network (AKFIN). 


  


Avg 07-11 2012 2013 2014 2015 2016
Total catch K mt 182.7 251 250.2 249.3 242 260.8
Retained catch K mt 179.8 246.5 243.5 244.4 238.9 257.5
Vessels # 189 175 175 156 149 162


53% 52% 50% 50% 54% 49%
CP trawl share of BSAI catch 17% 15% 18% 14% 15% 14%


51.0 75.2 71.1 79.0 68.3 85.9
Shoreside catcher vessels # 131 121 125 109 100 110


9% 11% 11% 14% 12% 15%
CV trawl share of BSAI catch 18% 20% 18% 17% 16% 18%


Shoreside ex-vessel value M $ $36.6 $49.0 $37.0 $44.7 $34.1 $44.6
Shoreside ex-vessel price lb $ $0.326 $0.323 $0.244 $0.274 $0.248 $0.264


$0.06 $0.03 $0.01 $0.03 $0.03 $0.03


CP H&L share of BSAI catch


CV pot gear share of BSAI catch


Shoreside retained catch K mt


Shoreside fixed gear ex-vessel 
price premium


Avg 07-11 2012 2013 2014 2015 2016
All products volume K mt 88.96 122.67 121.70 123.51 120.47 126.36
All products Value M $ 306.6$    380.9$    303.7$    353.8$    365.1$       386.8$       
All products price lb $ 1.56$       1.41$       1.13$       1.30$       1.37$         1.39$         
Fillets volume K mt 4.72 6.76 8.79 8.42 6.28 10.03
Fillets value share 11% 12% 18% 14% 10% 19%
Fillets price lb $ 3.14$       3.10$       2.84$       2.68$       2.67$         3.29$         
Head & Gut volume K mt 73.29 104.24 97.76 100.56 100.82 98.65
Head & Gut value share 82% 82% 74% 79% 83% 73%
Head & Gut price lb $ 1.56$       1.37$       1.05$       1.26$       1.36$         1.30$         
At-sea value share 74% 71% 69% 69% 76% 70%
At-sea     price premium ($/lb) -$0.03 -$0.13 -$0.28 -$0.01 $0.07 -$0.29







 


Table 2.2.3. Cod U.S. trade and global market data. Global production (thousand metric tons), U.S. share 
of global production, and Europe’s share of global production; U.S. export volume (thousand metric 
tons), value (million US$), and price (US$ per pound); U.S. cod consumption (estimated), and share of 
domestic production remaining in the U.S. (estimated); and the share of U.S. export volume and value for 
head and gut (H&G), fillets, China, Japan, and Germany and Netherlands; 2007-2011 average and 2012-
2017. 


 
Notes: Pacific cod in this table is for all U.S. Unless noted, `cod’ in this table refers to Atlantic and Pacific cod. 
Russia, Norway, and Iceland account for the majority of Europe’s cod catch which is largely focused in the 
Barents Sea. 
Source: FAO Fisheries & Aquaculture Dept. Statistics http://www.fao.org/fishery/statistics/en. NOAA Fisheries, 
Fisheries Statistics Division, Foreign Trade Division of the U.S. Census Bureau, 
http://www.st.nmfs.noaa.gov/commercial-fisheries/foreign-trade/index. U.S. Department of Agriculture 
http://www.ers.usda.gov/data-products/agricultural-exchange-rate-data-set.aspx. 


  


Avg 07-11 2012 2013 2014 2015 2016
2017      


(thru July)


1,272 1,600 1,831 1,853 1,764 - -
19.7% 20.7% 17.0% 17.7% 18.1% - -
72.3% 73.2% 76.7% 75.9% 74.8% - -


Pacific cod share of U.S. catch 96.7% 98.6% 99.3% 99.3% 99.5% - -
U.S. cod consumption K mt (est.) 80 97 104 114 107 113 -
Share of U.S. cod not exported 25% 30% 31% 31% 26% 29% -


90.3 111.1 101.8 107.3 113.2 105.2 67.7
$286.3 $363.6 $308.0 $314.2 $335.0 $311.7 $208.0
$1.439 $1.485 $1.373 $1.328 $1.342 $1.344 $1.393


volume Share 68% 80% 91% 92% 91% 94% 94%
value share 68% 80% 89% 91% 90% 92% 92%
volume Share 13% 9% 4% 2% 3% 3% 5%
value share 16% 11% 5% 4% 4% 4% 6%
volume Share 27% 46% 51% 54% 53% 55% 59%
value share 25% 43% 48% 51% 51% 52% 57%
volume Share 18% 16% 13% 16% 13% 14% 12%
value share 18% 16% 13% 16% 14% 15% 13%
volume Share 11% 8% 8% 9% 8% 5% 3%
value share 12% 9% 9% 10% 8% 5% 3%


Export value M US$


Frozen 
(H&G)


Netherlands 
& Germany


Fillets


China


Japan


Export price lb US$


Global cod catch K mt
U.S. P. cod share of global catch
Europe share of global catch


Export volume K mt



http://www.fao.org/fishery/statistics/en

http://www.st.nmfs.noaa.gov/commercial-fisheries/foreign-trade/index

http://www.ers.usda.gov/data-products/agricultural-exchange-rate-data-set.aspx





 


APPENDIX 2.3: HISTORY OF PREVIOUS EBS PACIFIC COD MODEL 
STRUCTURES DEVELOPED UNDER STOCK SYNTHESIS 


For 2005 and beyond, the SSC’s accepted model from the final assessment is shown in bold red. 


Pre-2005 


Timeline 
• Pre-1985: Simple projections of current survey numbers at age 
• 1985: Projections based on 1979-1985 survey numbers at age  
• 1986-1991: ad hoc separable age-structured FORTRAN model 
• 1992: FORTRAN-based Stock Synthesis (SS), with age-based data 


o Strong 1989 cohort “disappears;” production ageing ceased 
• 1993-2003: Models continued to be developed using SS, with length-based data only 
• 2001: CIE review of code for proposed “ALASKA” (Age-, Length-, and Area-Structured Kalman 


Assessment) model and methodology for decision-theoretic estimation of OFL and ABC 
o Although review was favorable, use of ALASKA was postponed “temporarily” 


• 2004: Models continued to be developed using SS, with length- and age-based data  
o New age data, based on revised ageing protocol 
o Agecomp data used in “marginal” form 


 


Main features of the early Stock Synthesis EBS Pacific cod models 
• Start year = 1977 
• Three seasons (Jan-May, Jun-Aug, Sep-Dec) 
• Four fisheries (Jan-May trawl, Jun-Dec trawl, longline, pot) 
• M constant at 0.37 
• Q constant at 1.00 
• Efforts at internal estimation of M, Q unsuccessful 
• Double-logistic selectivity for all fleets (fisheries and survey) 
• No fleets constrained to exhibit asymptotic selectivity 
• Sizecomp input sample size = square root of true sample size 
• Survey index standard deviations set to values reported by RACE Division 
 


2005 
This assessment marked the first application of ADMB-based Stock Synthesis to EBS Pacific cod 


Three models were included: 


• Model 1 was identical to the 2004 final model (configured under FORTRAN-based SS), except for 
use of new maturity schedule developed by Stark 


• Model 2 was configured under ADMB-based SS, and was designed to be as close as possible to 
Model 1 given the limitations of the respective software packages, except: 


o Nonuniform priors used throughout 
o M fixed at 0.37, Q fixed at 1.00 


• Model 3 was identical to Model 2 except that M and Q were estimated internally 


Weight-length and length-age data examined for evidence of sexual dimorphism; none found. 







 


2006 
Nine models were included, consisting of 2005 final model and a 3-way factorial design of alternative 
models (the factorial models all differed from the 2005 final model in that they estimated trawl survey Q 
internally—in the 2005 final model, it was fixed at 1.0; and they estimated all selectivity parameters 
except for selectivity at the minimum size bin internally—in the 2005 final model, a few selectivity 
parameters were fixed externally): 


• Model 0 was identical to 2005 final model 
• Model A1 was identical to Model 0 except as noted above, with: 


o NMFS longline survey data omitted 
o Double logistic selectivity 
o Prior emphasis = 1.0 


• Model A2 was identical to Model 0 except as noted above, with:  
o NMFS longline survey data omitted 
o Double logistic selectivity 
o Prior emphasis = 0.5 


• Model B1 was identical to Model 0 except as noted above, with:  
o NMFS longline survey data omitted 
o Double normal (four parameter) selectivity 
o Prior emphasis = 1.0 


• Model B2 was identical to Model 0 except as noted above, with:  
o NMFS longline survey data omitted 
o Double normal (four parameter) selectivity 
o Prior emphasis = 0.5 


• Model C1 was identical to Model 0 except as noted above, with:  
o NMFS longline survey data included 
o Double logistic selectivity 
o Prior emphasis = 1.0 


• Model C2 was identical to Model 0 except as noted above, with:  
o NMFS longline survey data included 
o Double logistic selectivity 
o Prior emphasis = 0.5 


• Model D1 was identical to Model 0 except as noted above, with:  
o NMFS longline survey data included 
o Double normal (four parameter) selectivity 
o Prior emphasis = 1.0 


• Model D2 was identical to Model 0 except as noted above, with:  
o NMFS longline survey data included 
o Double normal (four parameter) selectivity 
o Prior emphasis = 0.5 


2007 


Technical workshop 
SS introduced a six-parameter form of the double normal selectivity curve (the previous version used only 
four parameters).  This functional form is constructed from two underlying and linearly rescaled normal 
distributions, with a horizontal line segment joining the two peaks.  As configured in SS, the equation 
uses the following six parameters: 


1. beginning_of_peak_region (where the curve first reaches a value of 1.0) 
2. width_of_peak_region (where the curve first departs from a value of 1.0) 







 


3. ascending_width (equal to twice the variance of the underlying normal distribution) 
4. descending_width (equal to twice the variance of the underlying normal distribution) 
5. initial_selectivity (at minimum length/age) 
6. final_selectivity (at maximum length/age) 


All but beginning_of_peak_region are transformed:  The ascending_width and descending_width are log-
transformed and the other three parameters are logit-transformed. 


Model 0 was prepared ahead of workshop: 


• M estimated internally 
• Length-at-age parameters estimated internally 
• Disequilibrium initial age structure 
• Regime shift recruitment offset estimated internally 
• Start year changed from 1964 to 1976 
• New six-parameter double normal selectivity function used 
• Prior distributions reflect 50% CV for most parameters 


Twenty-one other models were prepared ahead of workshop, each of which was based on Model 0: 


• Two models to examine inside/outside growth estimation: 
o Model 1 was identical to Model 0 except length-at-age parameters estimated outside the 


model 
o Model 2 was identical to Model 0 except standard deviation of length at age 12 estimated 


internally 
• Two models to examine M conditional on Q, vice-versa: 


o Model 3 was identical to Model 0 except M fixed at 0.37 and Q free 
o Model 4 was identical to Model 0 except Q fixed at 0.75 and M free 


• Six models to examine effects of prior distributions: 
o Model 5 was identical to Model 0 except 30% CV instead of 50% 
o Model 6 was identical to Model 0 except 40% CV instead of 50% 
o Model 7 was identical to Model 0 except emphasis = 0.2 instead of 1.0 
o Model 8 was identical to Model 0 except emphasis = 0.4 instead of 1.0 
o Model 9 was identical to Model 0 except emphasis = 0.6 instead of 1.0 
o Model 10 was identical to Model 0 except emphasis = 0.8 instead of 1.0 


• Four models to examine effects of asymptotic selectivity: 
o Model 11 was identical to Model 0 except Jan-May trawl fishery selectivity forced 


asymptotic 
o Model 12 was identical to Model 0 except longline fishery selectivity forced asymptotic 
o Model 13 was identical to Model 0 except pot fishery selectivity forced asymptotic 
o Model 14 was identical to Model 0 except shelf trawl survey selectivity forced asymptotic 


• One model to examine estimation of stock-recruit relationship: 
o Model 15 was identical to Model 0 except parameters of a Ricker stock-recruitment 


relationship estimated internally 
• Six models to address EBS-specific comments from the public: 


o Model 16 was identical to Model 0 except input N determined by iterative re-weighting 
o Model 17 was identical to Model 0 except input N for mean-size-at-age data decreased by an 


order of magnitude 
o Model 18 was identical to Model 0 except standard error from the shelf trawl survey doubled 
o Model 19 was identical to Model 0 except all age data removed 
o Model 20 was identical to Model 0 except slope survey data removed 







 


o Model 21 was identical to Model 0 except start year changed to 1982 


An immense factorial grid of fixed M×Q models also prepared ahead of workshop, for which only partial 
results were presented 


Eight models were developed during the workshop itself: 


• Model 22 was identical to Model 0 except “old” (pre-Stark) maturity schedule used 
• Model 23 was identical to Model 0 except priors turned off and separate M estimated for ages 1-2 
• Model 24 was identical to Model 0 except priors turned off and longline fishery CPUE included as an 


index of abundance 
• Model 25 was identical to Model 0 except priors turned off and Pcod bycatch from IPHC survey 


included as an index of abundance 
• Model 26 was identical to Model 0 except priors turned off and either Q (=0.75) or M (=0.37) fixed 
• Model 27 was identical to Model 0 except all priors turned off other than that for Jan-May trawl 


selectivity in largest size bin 
• Model 28 was identical to Model 0 except survey selectivity forced asymptotic and Q fixed at 0.5 
• Model 29 was identical to Model 0 except separate M estimated for ages 9+ 


Preliminary assessment 
In general: 


• Agecomp data presented as “age conditioned on length” (i.e., not marginals) 
• Length-at-age SD a linear function of age 
• Annual devs for length at age 1, sigma=0.11 
• Annual devs for recruitment, sigma=0.6, 1973-2005 
• Annual devs for ascending selectivity, sigma=0.4 
• All parameters estimated internally 
• Except selectivity parameters pinned against bounds 
• Uniform priors used exclusively 
• Monotone selectivity for Jan-May trawl fishery 
• All other selectivities new “double normal” 


Four models were included, all of which were identical to the 2006 final model except as specified above 
and below: 


• Model 1: 
o Estimated effect of 1976 regime shift on median recruitment 
o Added a  large constant to fishery CPUE sigmas 


• Model 2 was identical to Model 1 except age-dependent M estimated for ages 8+ 
• Model 3 was identical to Model 1 except that it did not add the large constant to longline CPUE 


sigmas 
• Model 4 was identical to Model 1 except: 


o Effect of regime shift assumed to be zero 
o Did not add large constant to longline CPUE sigmas 
o Zero emphasis placed on initial catch and age composition 
o Iteratively re-weighted input sigmas and input N 


Also attempted but not included: 


• Simplified model with only a single fishery and no seasons 







 


Final assessment 
Four models were included: 
 
• Model 1 (comparisons to 2006 final model in parentheses): 


o M fixed at 0.34 (M fixed at 0.37 in 2006) 
o Length-at-age parameters estimated internally (fixed at point estimates from data in 2006) 
o Start year set at 1977 (start year set at 1964 in 2006) 
o Three age groups in initial state vector estimated (initial state vector assumed to be in 


equilibrium in 2006) 
o 6-parameter double normal selectivity (4-parameter version used in 2006) 
o Uniform priors used exclusively (informative normal priors used for many parameters in 


2006) 
o Fishery selectivities constant across all years (approximately decadal “time blocks” used in 


2006) 
o Ascending limb of survey selectivity varies annually with σ=0.2 (survey selectivity assumed 


to be constant in 2006) 
o Survey selectivity based on age (length-based selectivity used in 2006) 
o Some fishery selectivities forced asymptotic (all selectivities free in 2006) 
o Fishery CPUE data included for comparison (not included in 2006) 
o Age-based maturity schedule (length-based schedule used in 2006) 
o All fisheries seasonally structured (trawl partially seasonal, other gears non-seasonal in 2006) 
o Trawl survey abundance measured in numbers (abundance measured in biomass in 2006) 
o Multinomial N based on rescaled bootstrap (sample size set equal to square root of actual N in 


2006) 
• Model 2 was identical to Model 1 except M fixed at 0.37 
• Model 3 was identical to Model 1 except M estimated internally 
• Model 4 was identical to Model 1 except: 


o M estimated internally 
o Survey selectivities forced to be asymptotic 
o Age data ignored 
o Start year set at 1982; 1977 regime shift ignored 
o Length-based maturity used 
o Length-based survey selectivity used 
o Sigma=0.4 for annual deviations in selectivity parameters 
o Initial catch ignored in estimating initial fishing mortality 


 


2008 


Preliminary assessment 
Five models were included: 
 
• Model 1 was identical to the 2007 final model 
• Model 2 was identical to Model 1 except growth parameter L2 estimated externally 
• Model 3 was identical to Model 1 except exponential-logistic selectivity used instead of double 


normal 
• Model 4 was identical to 2007 Model 4 
• Model 5 was identical to Model 1 except: 


o Fishery selectivity blocks (5 yr, 10 yr, 20 yr, or no blocks) chosen by AIC 
o Lower bound of descending “width” = 5.0 
o Regime-specific recruitment “dev” vectors 







 


o “SigmaR” set equal (iteratively) to stdev(dev) from current regime 
o Seasonal weight-length, based on fishery data 
o Number of free initial ages chosen by AIC 
o Size-at-age data used if modes ambiguous 


 


Final assessment 
Eight models were included: 
 
• Model A1 was identical to Model 5 from September except lower bound on selectivity descending 


“width” parameter relaxed so as not to be constraining 
• Model A2 was identical to Model A1, except without age data 
• Model B1 was identical to Model A1, except: 


o “Asymptotic algorithm” used to determine which fisheries will be forced to exhibit 
asymptotic selectivity 


o “Constant-parameters-across-blocks algorithm” used to determine which selectivity 
parameters can be held constant across blocks 


• Model B2 was identical to Model B1, except without age data 
• Model C1 was identical to Model B1, except with M estimated internally 
• Model D2 was identical to Model B1, except: 


o No age data 
o Maturity modeled as function of length rather than age 
o M estimated iteratively, based on mat. at len and len. at age 


• Model E2 was identical to Model B1, except: 
o No age data 
o Post-1981 trawl survey selectivity forced to be asymptotic 
o M estimated internally 


• Model F2 was identical to Model 4 from the final assessment for 2007, except start year = 1977 
 


2009 


Preliminary assessment 
Eight models were included, based on factorial design of the following: 
 
• Selectivity functional form: double normal or exponential-logistic? 
• Catchability: free or fixed at 1.0? 
• Survey selectivity estimation: free or forced asymptotic? 
 
Partial results were presented for a model with a prior distribution for Q based on archival tags (the prior 
had virtually no impact, which was why only partial results were presented) 
 
Other features explored but not included in the above models: 
 
• Fixing trawl survey catchability at the mean of the above normal prior distribution 
• Allowing trawl survey catchability to vary as a random walk 
• Fixing trawl survey catchability at a value of 1.00 for the pre-1982 portion of the time series, but 


allowing it to be estimated freely for the post-1981 portion of the time series 
• Reducing the number of survey selectivity parameters subject to annual deviations 
• Use of additive, rather than multiplicative, deviations for certain survey selectivity parameters 
• Decreasing the value of the σ parameter used to constrain annual survey selectivity deviations 







 


• Turning off annual deviations in survey selectivity parameters for the three most recent years 
• Turning off all annual deviations in survey selectivity parameters 
• Forcing trawl survey selectivity to peak at age 6.5, the approximate mid-point of the size range of 60-


81 cm spanned by the results of Nichol et al. (2007) 
• Imposing a beta prior distribution on the shape parameter of the exponential-logistic selectivity 


function in the trawl survey. 
 


Final assessment 
Fourteen models were included (all new since the preliminary assessment except for Model A1): 
 
• Models without mean-size-at-age data: 


o Model A1 was identical to the 2008 final model, with the addition of new data, including the 
first available fishery agecomp data (from the 2008 Jan-May longline fishery) 


o Model A2 was identical to Model A1, except all agecomp data omitted 
o Model A3 was identical to Model A1, except 2008 Jan-May longline fishery agecomp data 


omitted 
o Model F2 was identical to Model F2 from the final assessment for 2008 


• Models with mean-size-at-age data and agecomp data: 
o Model B1 was identical to Model A1 except: 


 Survey selectivity held constant for most recent two years 
 Cohort-specific growth included 
 Input standard deviations of all “dev” vectors were set iteratively by matching the 


standard deviations of the set of estimated devs 
 Standard deviation of length at age was estimated outside the model as a linear 


function of mean length at age 
 Selectivity at maximum size or age was treated as a controllable parameter 
 Q for the post-1981 trawl survey was fixed at the value that sets the average 


(weighted by numbers at length) of the product of Q and selectivity for the 60-81 cm 
size range equal to the point estimate of 0.47 obtained by Nichol et al. (2007) 


 Potential ageing bias was accounted for in the ageing error matrix by examining 
alternative bias values in increments of 0.1 for ages 2 and above (age-specific bias 
values were also examined, but did not improve the fit significantly). 


o Model C1 was identical to Model B1 except: 
 Input standard deviations for all “dev” vectors and the amount of ageing bias fixed at 


the values obtained iteratively in Model B1 
 Catchability itself (rather than the average product of catchability and selectivity for 


the 60-81 cm size range) set equal to 0.47 
o Model D1 was identical to Model B1 except: 


 Input standard deviations for all “dev” vectors and the amount of ageing bias fixed at 
the values obtained iteratively in Model B1 


 Selectivity at maximum size or age was removed from the set of controllable 
parameters (instead, selectivity at maximum size or age becomes a function of other 
selectivity parameters) 


o Model E1 was identical to Model B1 except: 
 Input standard deviations for all “dev” vectors and the amount of ageing bias fixed at 


the values obtained iteratively in Model B1 
 Selectivity at maximum size or age for all non-asymptotic fleets was set equal to a 


single value that was constant across fleets 
o Model G1 was identical to Model B1 except: 







 


 Input standard deviations for all “dev” vectors and the amount of ageing bias fixed at 
the values obtained iteratively in Model B1 


 Survey selectivity was held constant across all years (i.e., no selectivity devs are 
estimated for any years) 


• Models with mean-size-at-age data and without agecomp data: 
o Models B2, C2, D2, E2, and G2 were identical to their B1, C1, D1, E1, and G1 counterparts 


except that agecomp data were ignored and the corresponding sizecomp data were active. 


2010 


Preliminary assessment 
Six models were included: 


• Model 1 was identical to the 2009 final model 
• Model 2 was identical to Model 1 except: 


o Input standard deviations for all “dev” vectors fixed at the values obtained iteratively in 
Model 1 


o IPHC survey data omitted 
o Fishery age data omitted 
o Traditional 3-or-5 cm size bins replaced with 1 cm size bins 
o Traditional 3-season structure replaced with new, 5-season structure 
o Spawn time changed from beginning of season 1 to beginning of season 2 


• Model 3 was identical to Model 2 except: 
o Non-uniform prior distributions used for selectivity parameters and Q 


• Model 4 was identical to Model 2 except: 
o All age data omitted 
o Maturity schedule was length-based rather than age-based 


• Model 5 was identical to Model 4 except: 
o Parameters governing spread of lengths at age around mean length at age estimated internally 


• Model 6 was identical to Model 5 except: 
o Cohort-specific growth replaced by annual variability in each of the three von Bertalanffy 


parameters 


Final assessment 
Three models were included: 


• Model A was identical to Model 1 from the preliminary assessment 
• Model B was identical Model 2 from the preliminary assessment, except cohort-specific growth 


replaced by constant growth 
• Model C: same as Model 4 from the preliminary assessment, except cohort-specific growth replaced 


by constant growth 


2011 


CIE review 
Exploratory model developed prior to review, which was the same as the 2010 final model, except: 


o All sizecomp data turned on 
o Nine season × gear fisheries consolidated into five seasonal fisheries 
o Pre-1982 trawl survey data omitted 
o Mean-size-at-age data omitted 
o Fishery CPUE data omitted 







 


o Average input N set to 100 for all fisheries and the survey 
o First reference age for length-at-age relationship set at 0.833333 
o Richards growth implemented 
o Ageing bias estimated internally 
o Selectivities modeled as random walks with age (constant for ages 8+) 


Twelve new models were developed during the review itself: 


• Model 1 was identical to the 2010 final model except: 
o Length at age 0 constrained to be positive 
o Richards growth implemented 


• Model 2 was identical to the 2010 final model except length at age 0 constrained to be positive 
• Model 3 was identical to the 2010 final model except: 


o All time blocks removed 
o All selectivity parameters freed except fishery selectivity at initial age 
o All selectivity parameters initialized at mid-point of bounds 


• Model 4 was identical to the 2010 final model except: 
o All time blocks removed 
o Emphasis on fishery sizecomps set to 0.001 


• Model 5 was identical to the 2010 final model except: 
o Richards growth implemented 
o Ageing bias estimated internally 


• Model 6 was identical to Model 4 except time blocks included 
• Model 7 was identical to the 2010 final model except Q estimated internally 
• Model 8 was identical to the 2010 final model except M estimated internally with an informative prior 
• Model 9 was identical to the 2010 final model except tail compression increased 
• Model 10 was identical to the 2010 final model except mean-size-at-age data turned off 
• Model 11 was the same the “exploratory” model except: 


o Pre-1982 trawl survey data included 
o All time blocks removed 
o Fishery CPUE data included (but not used for estimation) 
o Input N set as in the 2010 final model 
o First reference age for length-at-age relationship set at as in the 2010 final model 


• Model 12 was identical to Model 11 except two iterations of survey variance and input N re-
weighting added 


Preliminary assessment 
Seven models were included: 


• Model 1 was identical to the 2010 final model 
• Model 2a was identical to Model 1 except for use of spline-based selectivity 
• Model 2b was identical to Model 1 except for omission of pre-1982 survey data 
• Model 3 was identical to Model 2b except: 


o Ageing bias estimated internally rather than by trial and error 
o First reference age for length-at-age relationship (amin) set at 1.0 
o Standard deviation of length at age amin tuned iteratively to match the value predicted 


externally by regression 
• Model 4 was identical to Model 2b except: 


o All agecomp data turned off 
o All sizecomp data turned on 
o First reference age for length-at-age relationship (amin) set at 1.0 







 


o Parameters governing standard deviation of length at age estimated internally 
• Model A was identical to Model 2b except: 


o First reference age in the mean length-at-age relationship was set at 1.41667, to coincide with  
age 1 at the time of year when the survey takes place (in Models 1-2b, first reference age was 
set at 0; in Models 3-4, it was set at 1) 


o Richards growth equation was used (in Models 1-4, von Bertalanffy was used) 
o Ageing bias was estimated internally (as in Model 3; in Models 1-2 and 4, ageing bias was 


left at the values specified in the 2009 and 2010 assessments—although this was irrelevant 
for Model 4, which did not attempt to fit the age data)  


o σR was estimated internally (in Models 1-4, this parameter was left at the value used in the 
2009 and 2010 assessments) 


o Fishery selectivity curves were defined for each of the five seasons, but were not stratified by 
gear type (in Models 1-4, seasons 1-2 and 4-5 were lumped into a pair of “super” seasons, 
and fisheries were also gear-specific) 


o Selectivity curve for the fishery that came closest to being asymptotic on its own (in this case, 
the season 4 fishery) was forced to be asymptotic by fixing both width_of_peak_region and 
final_selectivity at a value of 10.0 and descending_width at a value of 0.0 (in Models 1-4, the 
Jan-Apr trawl fishery was forced to exhibit asymptotic selectivity) 


o Survey selectivity was modeled as a function of length (in Models 1-4, survey selectivity was 
modeled as a function of age) 


o Number of estimated year class strengths in the initial numbers-at-age vector was set at 10 (in 
Models 1-4, only 3 elements were estimated) 


o The following parameters were tuned iteratively: 
 Standard deviation of length at the first reference age was tuned iteratively to match 


the value from the regression of standard deviation against length at age presented in 
the final assessment for 2010 (as in Model 3; in Models 1-2, this parameter was set at 
0.01 because the first reference age was 0; in Model 4, it was estimated internally) 


 Base value for Q was tuned iteratively to set the average of the product of Q and 
survey selectivity across the 60-81 cm range equal to 0.47, corresponding to the 
Nichol et al. (2007) estimate (in Models 1-4, the base value was left at the value used 
in the 2009 and 2010 assessments) 


 Q was given annual (but not random walk) devs, with σdev tuned iteratively to set the 
root-mean-squared-standardized-residual of the survey abundance estimates equal to 
1.0 (in Models 1-4, Q was constant) 


 All estimated selectivity parameters were given annual random walk devs with σdev 
tuned iteratively to match the standard deviation of the estimated devs, except that the 
devs for any selectivity parameter with a tuned σdev less than 0.005 were removed 
(in Models 1-4, certain fishery selectivity parameters were estimated independently 
in pre-specified blocks of years; the only time-varying selectivity parameter for the 
survey was ascending_width, which had annual—but not random walk—devs with 
σdev set at the value used in the 2009 and 2010 assessments) 


 Age composition “variance adjustment” multiplier was tuned iteratively to set the 
mean effective sample size equal to the mean input sample size (in Models 1-4, this 
multiplier was fixed at 1.0) 


• Model 5 was identical to Model A except that it used the time series of selectivity parameters 
estimated (using random walk devs) in Model A to identify appropriate breakpoints for defining 
block-specific selectivity parameters 


Other model features explored but not included in any of the above: 


• Annually varying Brody growth parameter 







 


• Annually varying length at the first reference age  
• Internal estimation of standard deviation of length at age  
• Ordinary (not random walk) devs for annually varying selectivity parameters  
• One selectivity parameter for each age (up to some age-plus group) and fleet, either with ordinary or 


random walk devs or constant  
• Not forcing any fleet to exhibit asymptotic selectivity  
• Internal estimation of survey catchability  
• Iterative re-weighting of size composition likelihood components  
• Internal estimation of the natural mortality rate  
• Changing the SS parameter comp_tail_compression (the tails of each age or size composition record 


are compressed until the specified amount was reached; sometimes referred to as “dynamic binning”)  
• Changing the SS parameter add_to_comp (this amount was added to each element of each age or size 


composition vector—both observed and expected, which avoids taking the logarithm of zero and may 
also have robustness-related attributes)  


• Internal estimation of ageing error variances  


Final assessment 
Five models were included: 


• Model 1 was identical to the 2010 final model (and Model 1 from the preliminary assessment) 
• Model 2b was identical to Model 2b from the preliminary assessment 
• Model 3 was identical to Model 3 from the preliminary assessment 
• Model 4 was identical to Model 4 from the preliminary assessment 
• Model 3b was identical to Model 3 from the preliminary assessment except: 


o Parameters governing variability in length at age estimated internally 
o All sizecomp data turned on 
o Mean-size-at-age data turned off 


2012 


Preliminary assessment 
Five primary and nine secondary models were included (names of secondary models have decimal points; 
full results presented for primary models only): 


• Model 1 was identical to the 2011 final model 
o Model 1.1: Same as Model 1, except survey catchability estimated internally  
o Model 1.2: Same as Model 1, except ageing bias parameters fixed at GOA values  
o Model 1.3 Same as Model 1, except with revised weight-length representation  


• Model 2 was identical to Model 1, except survey catchability re-tuned to match archival tag data 
• Model 3 was identical to Model 1, except new fishery selectivity period beginning in 2008  
• Model 4 was identical to Model 4 from the final assessment for 2011 


o Model Pre5.1: Same as Model 1.3, except for three minor changes to the data file  
o Model Pre5.2: Same as Model Pre5.1, except ages 1-10 in the initial vector estimated 


individually  
o Model Pre5.3: Same as Model Pre5.2, except Richards growth curve used  
o Model Pre5.4: Same as Model Pre5.3, except σ for recruitment devs estimated internally as a 


free parameter  
o Model Pre5.5: Same as Model Pre5.4, except survey selectivity modeled as a function of 


length  
o Model Pre5.6: Same as Model Pre5.5, except fisheries defined by season only (not season-


and-gear)  







 


• Model 5: Same as Model Pre5.6, except four quantities estimated iteratively: 
o Survey catchability tuned to match archival tag data 
o Agecomp N tuned to set the mean ratio of effective N to input N equal to 1 
o Selectivity dev sigmas tuned according to the new method described in Annex 2.1.1 of the 


SAFE chapter 


Final assessment 
Four models were included: 


• Model 1 was identical to the 2011 final model 
• Model 2 was identical to Model 1 except Q was estimated freely 
• Model 3 was identical to Model 1 except: 


o Ageing bias was not estimated 
o All agecomp data are ignored 


• Model 4 was identical to Model 5 from the the preliminary assessment 


2013 


Preliminary assessment 
Four models were included: 


• Model 1 was identical to the 2012 final model 
• Model 2 was identical to Model 4 from the final 2012 assessment except Q estimated internally using 


a non-constraining uniform prior distribution 
• Model 3 was identical to Model 4 from the final 2012 assessment except: 


o Q estimated internally using a prior distribution based on archival tagging data 
o Survey selectivity forced asymptotic 


• Model 4 was identical to Model 4 from the final 2012 assessment 


Final assessment 
Due to a protracted government shutdown during the peak of the final assessment season, only one model 
was presented: 


• The unnumbered model was identical to the 2012 final model 


2014 


Preliminary assessment 
Six models were included: 


• Model 1 was identical to the 2011-2013 final models 
• Model 2 was the identical to Model 5 from the 2012 preliminary assessment (also identical to Model 


4 in the 2012 final assessment and the 2013 preliminary assessment) 
• Model 3 was identical to Model 2, except that survey catchability Q was fixed at 1.0 
• Model 4 was identical to Model 2, except that Q was estimated with a uniform prior and with an 


internally estimated constant added to each year’s log-scale survey abundance standard deviation 
• Model 5 was identical to Model 2, except that Q was fixed at 1.0, survey selectivity was forced to be 


asymptotic, and the natural mortality rate M was estimated freely 
• Model 6 was a substantially new model, with the following differences from Model 1: 


o Each year consisted of a single season instead of five 
o A single fishery was defined instead of nine season-and-gear-specific fisheries 
o The survey was assumed to sample age 1 fish at true age 1.5 instead of 1.41667 







 


o Initial abundances were estimated for the first ten age groups instead of the first three 
o The natural mortality rate was estimated internally 
o The base value of survey catchability was estimated internally 
o Length at age 1.5 was allowed to vary annually 
o Survey catchability was allowed to vary annually 
o Selectivity for both the fishery and the survey were allowed to vary annually 
o Selectivity for both the fishery and survey was modeled using a random walk with respect to 


age (SS selectivity-at-age pattern #17) instead of the usual double normal 
o Several quantities were tuned iteratively: prior distributions for selectivity parameters, 


catchability, and time-varying parameters other than catchability 


Final assessment 
Two models were included: 


• Model 1 was identical to the 2011-2013 final models 
• Model 2 was identical to Model 2 from the preliminary assessment, except that the L1 growth 


parameter was not allowed to vary with time 


2015 


Preliminary assessment 
Eight models were included. 
 
Group A: 
 


• Model 0 was the same as Model 1 from the 2014 final assessment. 
• Model 7 was the same as Model 0, but with composition data weighted by Equation TA1.8 of 


Francis (2011). 
• Model 8 was the same as Model 0, but with Richards growth (Model 0 used von Bertalanffy 


growth, which is a special case of Richards growth). 
 
Subgroup B1: 
 


• Model 2 was the same as Model 2 from the 2014 final assessment.   
• Model 3 was the same as Model 2, but with composition data weighted by tuning the mean input 


sample size to the harmonic mean of the effective sample size, and with time-varying survey 
catchability (Q) turned off.   


• Model 4 was the same as Model 2, but with 20 age groups estimated in the initial numbers-at-age 
vector (Model 2 estimated 10 age groups in the initial numbers-at-age vector).   


 
For all models in Subgroup B1, selectivity prior distributions and the parameters governing time-
variability in recruitment, selectivity, and survey catchability were not re-tuned.  That is, they were left at 
the values estimated for Model 2 during the 2014 assessment, except that time variability in survey 
catchability was turned off in Model 3.  Note that the tuning for Model 2 was performed during the 2014 
preliminary assessment (where it was labeled Model 6), and was not updated during the final 2014 
assessment. 
 







 


Subgroup B2: 
 


• Model 5 was based on Model 2, but had a number of differences (described below), one of which 
was that SS runs were accepted even if the gradient was large, so long as the estimated covariance 
matrix of the parameters appeared reasonable.   


• Model 6 was the same as Model 5, except that SS runs were accepted only if the gradient was 
small.  In the event that a large gradient was obtained, age-specific selectivity dev vectors were 
removed, one at a time, until the large gradient disappeared. 


 
Except for some procedures related to iterative tuning (see next set paragraph), the differences between 
Model 5 and Model 2 were as follow: 


• Composition data were given a weight of unity if the harmonic mean of the effective sample size 
was greater than the mean input sample size of 300; otherwise, composition data were weighted 
by tuning the mean input sample size to the harmonic mean of the effective sample size. 


• 20 age groups were estimated in the initial numbers-at-age vector. 
• Selectivity at ages 9+ was constrained to equal selectivity at age 8 for both the fishery and the 


survey. 
• A superfluous selectivity parameter was fixed at the mean of the prior (in Model 2, the estimate 


of this parameter automatically went to the mean of the prior). 
• The SS feature known as “Fballpark” was turned off (this feature, which functions something like 


a very weak prior distribution on the fishing mortality rate in some specified year, did not appear 
to be providing any benefit in terms of model performance, and what little impact it had on 
resulting estimates was not easily justified). 


• SS runs were accepted even if the gradient was large, so long as the estimated covariance matrix 
of the parameters appeared reasonable (i.e., all values were numeric, no values were unbelievably 
large). 


 
Iterative tuning of prior distributions for selectivity parameters and time-varying catchability in Model 5 
proceeded as in Model 2, except that all iterative tuning procedures were undertaken simultaneously, 
rather than in the phased approach used for Model 2.  For time-varying recruitment and selectivity, the 
approach used in Model 2, which was based on the method of Thompson and Lauth (2012), was not 
retained in Model 5.  For a univariate model, if the method of Thompson and Lauth (2012) returns a non-
zero estimate of σ, there is reason to believe that this estimate will be unbiased.  However, the method 
carries a fairly high probability of returning a “false negative;” that is, returning a zero estimate for σ 
when the true value is non-zero (Thompson in prep.).  To reduce this bias toward under-parameterization, 
the following algorithm was used in Model 5 (Thompson in prep.; note that this is a multivariate 
generalization of one of the methods mentioned by Methot and Taylor (2011, viz., the third method listed 
on p. 1749)): 


1. Set initial guesses for the σs. 
2. Run SS. 
3. Compute the covariance matrix (V1) of the set of dev vectors (e.g., element {i,j} is equal to the 


covariance between the subsets of the ith dev vector and the jth dev vector consisting of years that 
those two vectors have in common). 


4. Compute the covariance matrix of the parameters (the negative inverse of the Hessian matrix). 
5. Extract the part of the covariance matrix of the parameters corresponding to the dev vectors, using 


only those years common to all dev vectors. 
6. Average the values in the matrix obtained in step 5 across years to obtain an “average” covariance 


matrix (V2). 







 


7. Compute the vector of σs corresponding to V1+V2. 
8. Return to step 2 and repeat until the σs converge. 


 
To speed the above algorithm, the σs obtained in step 7 were sometimes substituted with values obtained 
by extrapolation or interpolation based on previous runs. 


As noted above, the procedure used in Model 5 for iterative tuning of time-varying Q was the same as that 
used in Model 2.  However, unlike Model 2, this procedure resulted in time-varying Q being “tuned out” 
in Model 5.  Model 6, which also used this procedure, ended up retaining time-varying Q. 


Final assessment 
The final assessment included the same two models that were featured in the 2014 final assessment: 


• Model 11.5 was identical to the 2011-2014 final models 
• Model 14.2 was identical to Model 2 from the 2014 final assessment 


2016 


Preliminary assessment 
Six models were presented in this preliminary assessment, including Model 11.5 and five variants of 
Model 15.6, which was introduced in the 2015 preliminary assessment (where it was labeled “Model 6”).  
As described by the Joint Team Subcommittee (with subsequent re-numbering to adhere to the established 
model numbering convention), the full set of models consisted of the following: 


  







 


 


• Model 11.5: BS Model 11.5, the final model from 2015 
• Model 16.1: Like BS Model 15.6, but simplified as follows: 


o Weight abundance indices more heavily than sizecomps. 
o Use the simplest selectivity form that gives a reasonable fit. 
o Do not allow survey selectivity to vary with time. 
o Do not allow survey catchability to vary with time. 
o Force trawl survey selectivity to be asymptotic. 
o Do not allow strange selectivity patterns. 
o Use empirical weight at age. 


• Model 16.2: Like Model 15.6, but including the IPHC longline survey data and other features, 
specifically: 


o Do not allow strange selectivity patterns. 
o Estimate catchability of new surveys internally with non-restrictive priors. 
o Include additional data sets to increase confidence in model results. 
o Include IPHC longline survey, with ‘extra SD.’ 


• Model 16.3: Like Model 16.2 above, but including the NMFS longline survey instead of the 
IPHC longline survey. 


• Model 16.4: Like Models 16.2 and 16.3 above, but including both the IPHC and NMFS longline 
survey data and two features not included in either Model 16.2 or 16.3, specifically: 


o Start including fishery agecomp data. 
o Use empirical weight at age. 


• Model 16.5: Like Model 16.4 above, but including two features not included in Model 16.4, 
specifically: 


o Use either Francis or harmonic mean weighting. 
o Explore age-specific M (e.g., using Lorenzen function).” 


Note that some points in the above lists of features may be somewhat duplicative, but were included by 
the JTS in order to address specific comments made by CIE reviewers.  For Model 6, harmonic mean 
weighting (Punt in press) and the age-specific natural mortality function proposed by Lorenzen (1996, 
2011) were used.   


In the minutes of its May 2016 meeting, the JTS recognized that some of the terms used in the 
descriptions of its requested models were somewhat subjective and that, in making those requests, the 
assessment author would need to determine:  


1. How to measure the “weight” assigned to abundance indices and size composition data in the 
same units (Model 16.1). 


2. What constitutes a “reasonable fit” to the size/age composition data (Model 16.1). 
3. What constitutes a “strange” selectivity pattern (Models 16.1-16.5). 


These issues were addressed as follows: 
 


1. The relative “weight” assigned to abundance indices and size composition data was determined 
by comparing the average spawning biomasses from three models: 


A. a model with a specified set of likelihood “emphasis” (λ) values, with each λ ≥ 1.0; 
B. a model in which λ for the abundance data was set equal to 0.01 while each λ for the size 


composition data (fishery and survey) was left at the value specified in model A; and 







 


C. a model in which each λ for the size composition data (fishery and survey) was set equal 
to 0.01 while each λ for the abundance data was left at the value specified in model B. 


Model B was taken to represent model A with the abundance data “turned off,” while model C 
was taken to represent model A with the size composition data “turned off” (a λ value of 0.01 
rather than 0 was used for to represent “turning off” a data component because some parameters 
might prove inestimable if that data component were removed entirely).  The abundance data in 
model A were determined to receive greater weight than the size composition data in that model 
if the absolute value of the proportional change in spawning biomass between models B and A 
exceeded the analogous value between models C and A.  The JTS requested that this criterion 
(giving greater weight to abundance data than size composition data) be included in Model 16.1 
only.  As it turned out, the default λ value of 1.0 for all data components was sufficient to satisfy 
this criterion, so no adjustments to any of the λ values were necessary. 


2. To focus on the ability of a particular functional form to fit the data, independent of the absolute 
values of the sample sizes specified for the associated multinomial distribution or λ values, 
weighted coefficients of determination (R2), computed on both the raw and logit scales, were used 
to measure goodness of fit (the equations below are written in terms of age composition; the 
equations for size compositions are analogous): 
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Pobsa,y represents the observed proportion at age a in year y, Pobsave,y represents the average 
(across ages) observed proportion in year y, Pesta,y represents the estimated proportion at age a in 
year y, and ny represents the specified multinomial sample size in year y.  To guard against the 
possibility of achieving misleadingly high R2 values by extending the size or age range beyond 
the sizes or ages actually observed, the data were filtered by removing all records with Pobsa,y  < 
0.001 prior to computing the R2 values.  A fit was determined to be “reasonable” if it yielded both 
an R2 value of at least 0.99 on the raw scale and an R2 value of at least 0.70 on the logit scale.  As 
with #1 above, the JTS requested that this criterion (simplest selectivity function that gives a 
reasonable fit) be included in Model 16.1 only.  Because the “random walk with respect to age” 
selectivity function gave a reasonable fit, the function was simplified in successive steps first by 







 


removing all time-variability, then by switching to a double-normal function, and finally by 
switching to a logistic function.  The logistic function (for both the fishery and the survey) gave a 
reasonable fit to the fishery size composition data, the survey size composition data, and the 
survey age composition data, so it was retained as the final functional form. 


3. In general, a “strange” selectivity pattern was defined here as one which was non-monotonic (i.e., 
where the signs of adjacent first differences changed), particularly if the first differences 
associated with sign changes were large (in absolute value), and particularly if sign changes in 
first differences occurred at relatively early ages.  Specifically, an index of “strangeness” was 
defined as follows: 


A. Age-specific weighting factors Pa were calculated as the equilibrium unfished numbers at 
age expressed as a proportion of equilibrium unfished numbers. 


B. For each year, age-specific first differences in selectivity ∆a,y were calculated. 
C. “Strangeness” was then calculated as: 
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where the expression ( ) ( )yaya signsign ,1, −∆≠∆  returned a value of 1 if the sign of ∆a,y 


differed from the sign of ∆a−1,y and a value of 0 otherwise.  This index attains a minimum 
of 0 when selectivity is constant across age (or varies monotonically) and a maximum of 
1 if selectivity alternates between values of 0 and 1 at all pairs of adjacent ages. 


A time series of selectivity at age (for a given fleet) was determined to be “strange” if the index 
described above exceeded a value of 0.05.  If a model produced a “strange” selectivity pattern, 
the standard deviations of the prior distributions for the selectivity parameters and the standard 
deviations of any selectivity dev vectors were decreased proportionally relative to the values 
estimated for Model 15.6 in last year’s assessment until the threshold value of 0.05 was satisfied. 


Final assessment 
The final assessment included Models 11.5 and Model 16.1 from the preliminary assessment, and four 
variants of Model 16.1: 


• Model 16.6: Model 16.1 without empirical weight at age 
• Model 16.7: Model 16.1 without empirical weight at age and including the NMFS LL survey 
• Model 16.8: Model 16.1 with time-varying survey selectivity 
• Model 16.9: Model 16.1 with time-varying fishery selectivity 


 
Empirical weight at age was first explored for the EBS Pacific cod stock in this year’s preliminary 
assessment.  Some key similarities and differences between the models without empirical weight at age 
(Models 11.5, 16.6, and 16.7) and those with empirical weight at age (Models 16.1, 16.8, and 16.9) are as 
follow:  All six models estimate (internally) a time-invariant relationship between mean length and age, 
which is used for fitting the size composition data, among other things.  Models without empirical weight 
at age use externally estimated parameters describing a weight-at-length relationship (seasonally varying 
but constant across years in the case of Model 11.5, annually varying in the cases of Models 16.6 and 
16.7) in combination with the internally estimated length-at-age relationship to compute weight at age.  
Models with empirical weight at age bypass the link between weight at age and length at age, and instead 
use externally estimated, time-varying schedules of weight at age directly. 


In Model 16.7, logistic selectivity was assumed for the NMFS longline survey, just as for fishery and 
trawl survey selectivity. 







 


Time-varying selectivity in Models 16.8 and 16.9 was implemented in the form of annual deviations from 
a base selectivity function.  The “sigma” parameters governing the extent to which selectivity devs can 
vary from zero (specified as inputs to the model, not estimated internally) in Models 16.8 and 16.9 were 
set at large values to maximize those models’ ability to fit the data, essentially treating each dev as an 
unconstrained parameter.  Values of the sigma parameters were increased across several trial runs of each 
model until the resulting estimate of 2016 spawning biomass did not change (to 3 significant digits) with 
further increases. 


  







 


APPENDIX 2.4: SUPPLEMENTAL CATCH DATA 
NMFS Alaska Region has made substantial progress in developing a database documenting many of the 
removals of FMP species that have resulted from activities outside of fisheries prosecuted under the BSAI 
Groundfish FMP, including removals resulting from scientific research, subsistence fishing, personal use, 
recreational fishing, exempted fishing permit activities, and commercial fisheries other than those 
managed under the BSAI groundfish FMP.  Estimates for EBS Pacific cod from this dataset are shown in 
Table 2.4.1. 


Although many sources of removal are documented in Table 2.4.1, the time series is highly incomplete 
for many of these.  Cells shaded gray represent data contained in the NMFS database.  Other entries 
represent extrapolations for years in which the respective activity was known or presumed to have taken 
place, where each extrapolated value consists of the time series average of the official data for the 
corresponding activity.  In the case of surveys, years with missing values were identified from the 
literature or by contacting individuals knowledgeable about the survey (the NMFS database contains 
names of contact persons for most activities); in the case of fisheries, it was assumed that the activity 
occurred every year. 


In the 2012 analysis (Attachment 2.4 of Thompson and Lauth 2012), the supplemental catch data were 
used to provide estimates of potential impacts of these data in the event that they were included in the 
catch time series used in the assessment model.  The results of that analysis indicated that F40% increased 
by about 0.01 and that the one-year-ahead catch corresponding to harvesting at F40% decreased by about 
4,000 t.  Note that this is a separate issue from the effects of taking other removals “off the top” when 
specifying an ABC for the groundfish fishery; the former accounts for the impact on reference points, 
while the latter accounts for the fact that “other” removals will continue to occur. 


The average of the total removals in Table 2.4.1 for the last three complete years (2014-2016) is 9,497 t. 


It should be emphasized that these calculations are provided purely for purposes of comparison and 
discussion, as NMFS and the Council continue to refine policy pertaining to treatment of removals from 
sources other than the directed groundfish fishery. 


Reference 


Thompson, G. G., and R. R. Lauth.  2012.  Assessment of the Pacific cod stock in the Eastern Bering Sea 
and Aleutian Islands Area.  In Plan Team for the Groundfish Fisheries of the Bering Sea/Aleutian 
Islands (compiler), Stock assessment and fishery evaluation report for the groundfish resources of 
the Bering Sea/Aleutian Islands regions, p. 245-544.  North Pacific Fishery Management Council, 
605 W. 4th Avenue Suite 306, Anchorage, AK 99501. 


 







 


Table 2.4.1—Total removals of Pacific cod (t) from activities not related to directed fishing.  Cells shaded gray represent data contained in the 
NMFS database.  Other entries represent extrapolations for years in which the respective activity was known or presumed to have taken place.  


 


Activity 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
Aleutian Island Trawl Survey 2 2 2 2 2
Annual Longline Survey 28 28 28 28 28 28 28 28 28 28 28 28 28
Bait for Crab Fishery 6823 6823 6823 6823 6823 6823 6823 6823 6823 6823 6823 6823 6823 6823 6823 6823 6823 6823 6823 6823
Bering Sea Acoustic Survey 0 0 0 0 0 0 0
Bering Sea Slope Survey 1 1 1 1 1 1
Eastern Bering Sea Trawl Survey 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
Gulf of Alaska Trawl Survey 0 0 0 0 0
IPHC Annual Longline Survey
Large-Mesh Trawl Survey 1 1 1 1
Northern Bering Sea Trawl Survey 1 1 1 1 1 1
Pollock EFP 11-01
Pribilof Islands Crab Survey
Sport fishery 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
St. Mathews Crab Survey 9
Subsistence Fishery 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 0 2 5 2 2
Summer EBS Survey with Russia 0


Activity 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Aleutian Island Trawl Survey 2 2 2 2 2 2 1 2 2
Annual Longline Survey 38 30 36 30 23 25 20 24 27 32
Bait for Crab Fishery 6823 6823 6823 6823 6823 6823 6823 6823 6823 6823 6823 6823 6823 1737 4544 6697 6618 9452 10233 8481
Bering Sea Acoustic Survey 0 0 0 0 0 0 0 0 0 0 0 0 0
Bering Sea Slope Survey 1 1 1 1 2 1 1 1 1
Eastern Bering Sea Trawl Survey 40 40 40 40 40 40 40 40 40 40 40 40 40 38 42 52 33 39 39 36
Gulf of Alaska Trawl Survey 0 0 0 0 0 0 0 0 0
IPHC Annual Longline Survey 37 37 37 37 37 37 37 37 37 37 37 37 32 20 17 29 52 59 47
Large-Mesh Trawl Survey 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1
Northern Bering Sea Trawl Survey 1
Pollock EFP 11-01 11 307
Pribilof Islands Crab Survey 5 5 5 5 5
Sport fishery 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
St. Mathews Crab Survey 9 9 9 9 9 9
Subsistence Fishery 2 1 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Summer EBS Survey with Russia 0 0 0 0 0 0 0







 


APPENDIX 2.5: MODEL AVERAGING 
This appendix develops responses to various suggestions by the SSC that encourage exploration of model 
averaging in the EBS Pacific cod assessment, including comments SSC17, SSC19, SSC20, SSC21, 
SSC22, and SSC25 from the October 2017 meeting.  For all tables in this appendix, color shading extends 
from red = lowest value across models to green = highest value across models). 


Model Weighting Method Used in the Preliminary Assessment 
In the preliminary assessment (Appendix 2.1), development of model weights (for approaches other than 
equal weighting) began by considering the vector of ΣNeff2 values for each model, such as are shown for 
this final assessment in Table 2.15 and reproduced for convenience below: 


Type Fleet M16.6 M17.1 M17.2 M17.3 M17.6 M17.7 
Sizecomp Fishery 23,850 74,884 55,964 33,901 34,686 34,425 
Sizecomp Survey 11,086 10,438 10,217 12,428 19,290 18,242 
Agecomp Fishery  3,357 3,375 2,646 3,060 3,363 
Agecomp Survey 1,395 1,670 915 2,054 1,988 1,972 
Index Survey 3,921 3,601 3,247 12,832 12,062 12,145 


 
One way to combine the scores from each column into a single value for the respective model would be to 
compute the arithmetic mean.  However, the preliminary assessment suggested that it may be advisable to 
consider alternatives to the arithmetic mean as well, for example the geometric and harmonic means, so as 
to allow for the possibility of penalizing models that achieve nearly all their success by focusing on a 
single component while essentially ignoring the others.  The arithmetic, geometric, and harmonic means 
of the columns in the above table are as follow: 


Model: 16.6 17.1 17.2 17.3 17.6 17.7 
Arithmetic: 10,063 18,790 14,744 12,772 14,217 14,029 
Geometric: 6,166 6,912 5,645 7,828 8,673 8,726 
Harmonic: 3,622 3,895 2,757 4,750 5,033 5,151 


 
In the preliminary assessment, it was suggested that the quantities shown in the above table are 
insufficient as measures of model performance, because they ignore the fact that the models tend to have 
different numbers of parameters.  Unfortunately, determining the effective number of parameters in a 
model with constrained deviations is not entirely straightforward.  The method adopted in the preliminary 
assessment was to estimate the effective number of parameters corresponding to a vector of deviations as 
the minimum number of truly free parameters that would give the same fit to the data as that given by the 
vector of constrained deviations.  A linear-normal approximation was involved, similar in some ways to 
what was done in order to develop the algorithm for tuning the input “sigma” values for vectors of 
deviations described in the “Model structures” section of Appendix 2.1.  Table 2.5.1 shows the effective 
number of parameters for all models in this final assessment.  The cells shaded gray indicate the three 
cases (out of 28) where the algorithm failed to result in a positive value for the observation error variance.  
In those three cases, the effective number of parameters was set equal to the average value from all other 
models that include deviations for that same base parameter and where the algorithm was successful. 


Estimates of the effective number of parameters (“P_effective”) for each model and each vector of 
deviations from the last row of Table 2.5.1 are reproduced below for ease of reference: 







 


Model: 16.6 17.1 17.2 17.3 17.6 17.7 
P_effective: 59 56 64 51 83 86 


 
In the preliminary assessment, the effective number of parameters was used to adjust the goodness of fit 
(measured by an order mean of ΣNeff2) by forming a ratio of the two, with P_effective as the 
denominator.  Applying this method to the models in this final assessment gives the following results: 


Model: 16.6 17.1 17.2 17.3 17.6 17.7 
Arithmetic: 170.56 335.53 230.37 250.44 171.29 163.13 
Geometric: 104.51 123.43 88.20 153.49 104.50 101.46 
Harmonic: 61.40 69.56 43.08 93.14 60.63 59.89 


   


Additional Weighting Factors Requested by the SSC 
The SSC has recommended use of model weighting that includes: 1) model fit, 2) retrospective 
performance, 3) model convergence behavior, and 4) general plausibility” (comment SSC21).  Although 
the effective number of parameters was not included in the SSC’s recommendation, neither was it 
explicitly excluded.  Because penalizing model fit by the number of parameters is a common practice, for 
example in the Akaike Information Criterion (Akaike 1974), use of the effective number of parameters to 
scale ΣNeff2 (as above) shall be retained here. 


Retrospective Performance 
Retrospective analyses for all of the models are shown in Figure 2.28.  In an attempt to address the SSC’s 
recommendation, Mohn’s ρ was used to form the basis of a multiplicative adjustment factor for model 
weighting, defined as exp(−|ρ|), giving the following values: 


Model: 16.6 17.1 17.2 17.3 17.6 17.7 
ρ: 0.243 0.040 0.255 0.113 0.028 0.079 
Adjustment: 0.784 0.960 0.775 0.893 0.972 0.924 


 


Model Convergence Behavior 
Model convergence behavior was measured on the basis of the RMSE from each model’s “jitter” test (see 
“Description of Alternative Models” section), where the squared error for each jitter run was defined as 
the squared proportional difference between the 2017 spawning biomass estimated in that run and the 
2017 spawning biomass estimated in the final (converged) run).  In an attempt to address the SSC’s 
recommendation, the RMSE was used to create a multiplicative adjustment factor for model weighting, 
defined as exp(−RMSE), giving the following values: 


Model: 16.6 17.1 17.2 17.3 17.6 17.7 
RMSE: 0.000 0.110 0.044 0.067 0.128 0.196 
Adjustment: 1.000 0.895 0.957 0.935 0.880 0.822 


General Plausibility 


Two quantities were used to measure “general plausibility:”  First, because conventional wisdom is that 
the EBS Pacific cod stock was not heavily exploited prior to the rapid increase in biomass resulting from 
the 1977 regime shift (Wespestad et al. 1982), estimates of the initial (pre-1977) fishing mortality rate 
Finit that exceed the natural mortality rate were penalized.  Second, because field studies to date provide 
little, if any, evidence that catchability in the EBS bottom trawl survey exceeds unity (Weinberg et al. 







 


2016), estimates of catchability that exceed unity were penalized.  In an attempt to address the SSC’s 
recommendation, two multiplicative adjustments were defined as exp(−max(0,Finit−M)) and 
exp(−max(0,ln(Q))), giving the following values (the final row gives the total adjustment for “general 
plausibility,” equal to the product of the two quantity-specific adjustments): 


Model: 16.6 17.1 17.2 17.3 17.6 17.7 
Finit: 0.180 1.029 0.470 1.632 1.674 1.697 
M: 0.359 0.324 0.385 0.328 0.322 0.317 
Adjustment: 1.000 0.494 0.918 0.271 0.259 0.252 
ln(Q): -0.074 0.177 0.023 0.196 0.169 0.193 
Adjustment: 1.000 0.838 0.978 0.822 0.844 0.824 
Total adj.: 1.000 0.414 0.897 0.223 0.218 0.207 


 


Final Model Weights 
Multiplying the ratio of ΣNeff2 to the effective number of parameters by the product of the adjustment 
factors for retrospective performance, model convergence behavior, and general plausibility gives the 
following values: 


Model: 16.6 17.1 17.2 17.3 17.6 17.7 
Arithmetic: 133.77 119.40 153.28 46.67 31.99 25.69 
Geometric: 81.97 43.92 58.69 28.60 19.52 15.98 
Harmonic: 48.15 24.75 28.67 17.36 11.32 9.43 


 
Rescaling the above so that each row sums to unity gives the final model weights shown below: 


Model: 16.6 17.1 17.2 17.3 17.6 17.7 
Arithmetic: 0.2619 0.2337 0.3001 0.0914 0.0626 0.0503 
Geometric: 0.3296 0.1766 0.2360 0.1150 0.0785 0.0642 
Harmonic: 0.3447 0.1772 0.2052 0.1243 0.0811 0.0675 


 


Model-Specific Distributions of 2018 and 2019 ABC and OFL 
Based on the Hessian approximations from the SS projections, the 2018 ABC, 2018 OFL, 2019 ABC, and 
2019 OFL are normally distributed with the following means and standard deviations (in t): 


Quantity Statistic 16.6 17.1 17.2 17.3 17.6 17.7 
2018 ABC Mean 214,025 82,395 185,835 64,324 65,464 65,379 
2018 ABC SD 24,473 15,640 24,532 19,096 16,848 18,520 
2018 OFL Mean 255,042 98,618 221,189 77,116 78,848 78,659 
2018 OFL SD 29,266 18,592 29,228 22,762 20,184 22,170 
2019 ABC Mean 172,137 98,163 151,408 84,652 89,824 90,593 
2019 ABC SD 15,614 12,146 25,754 17,255 15,303 16,887 
2019 OFL Mean 204,853 117,028 180,040 101,027 107,588 108,404 
2019 OFL SD 25,833 20,728 43,394 27,967 24,754 27,223 


 







 


Results 
A full factorial design of alternative model-averaged values for the 2018 ABC, 2018 OFL, 2019 ABC, 
and 2019 OFL are provided in this appendix, based on the following factors: 


1. Weighting approach:  Results using an equal weighting approach, along with results using each of 
the three sets of final weights listed above, are included. 


2. Models to include:  Comment SSC19 suggests that the diagnostics and evaluation provided in this 
final assessment are needed “in order to determine” which models “may be candidates for 
inclusion in a model averaged result in December.”  For nmod models, the number of possible 
subsets is equal to 2nmod−1 (the “−1” is necessary because the empty set is not a logical option for 
averaging).  Given that six models are presented here, this yields a total of 63 possible subsets. 


3. Measure of central tendency:  Comment SSC25 requested the author to “clarify, with the Joint 
Plan Teams, the preferred measure of central tendency (e.g., median or mean) for assessments 
reporting probabilistic results either via Bayesian posteriors or model-averaged distributions.”  
This item is on the agenda for the November meeting of the Joint Plan Teams.  Because this final 
assessment was prepared prior to the November meeting, there was no way to know which 
measure of central tendency would be preferred by the Teams.  Therefore, results using both the 
mean and median are included. 


 
Therefore, a total of 504 alternative values (= 4 weighting approaches × 63 possible subsets of models to 
include, × 2 measures of central tendency) are provided for each harvest quantity to be specified.  The 
alternative values for the 2018 ABC, 2018 OFL, 2019 ABC, and 2019 OFL are shown in Tables 2.5.2, 
2.5.3, 2.5.4, and 2.5.5, respectively.  Note that these are based on SS projections, not the AFSC’s standard 
projection model. 


Population Distributions versus Sample Distributions 
Advocates of model averaging have noted, correctly, that choosing a single model to the exclusion of the 
other models in a sample implicitly assigns a weight of unity to the chosen model and a weight of zero to 
each of the others in the sample (e.g., Stewart and Martell 2015).  A generalization of this criticism was 
explored to a very limited extent in the preliminary assessment, viz., that choosing a single sample of 
models implicitly assigns a weight of zero to each model not included in the sample.  If the chosen 
ensemble of models represents a random sample of the universe of all possible models, then it would be 
appropriate to attempt to infer the population distribution of a particular result (e.g., a harvest 
specification) based on the statistics of the sample.  For example, if the population distribution is normal, 
then the model-averaged mean and standard deviation could be used to parameterize the population 
distribution. 


On the other hand, to the extent that the chosen ensemble of models does not represent a random sample 
of all possible models, inferring the population distribution of a particular model-averaged result will be 
problematic.  However, this also implies that drawing other inferences from the model-averaged sample 
distribution will also be problematic; for example, the model-averaged ABC for a particular year will be 
biased. 


As described in the preliminary assessment, the model-averaged mean for a given harvest quantity and a 
given weighting approach is given by 
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where nmod represents the number of models, i indexes model, j indexes weighting approach, W 
represents the matrix of weights, and µ represents the vector of model-specific means for the given 
harvest quantity.  There is no closed-form solution for the model-averaged median, which must be 
computed numerically instead. 


The corresponding model-averaged standard deviation for the given harvest quantity and weighting 
approach is given by 
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where σ represents the vector of model-specific standard deviations for the given harvest quantity. 


Model-averaged standard deviations are provided along with model-averaged means and medians for 
each alternative in Tables 2.5.2, 2.5.3, 2.5.4, and 2.5.5 so that readers can use them to fit any two-
parameter parametric population distribution desired (assuming that the standard deviation and either the 
mean or median exist in the desired distribution). 


Figure 2.5.1 provides examples of sample distributions and (assumed normal) population distributions, 
expressed as both probability density functions (PDFs) and cumulative distribution functions (CDFs), for 
the case where all six models are included in the ensemble.  Examples are shown for all four weighting 
approaches (equal, adjusted arithmetic mean, adjusted geometric mean, and adjusted harmonic mean), and 
both measures of central tendency (mean and median).  Note that, for the CDFs, the population 
distributions parametrized by the mean tend to run approximately through the middle of the respective 
sample distributions, whereas the populations parameterized by the median tend to lie almost entirely 
above or almost entirely below the respective sample distributions. 
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Tables 
Table 2.5.1—Effective number of parameters. 


 


  


Vector nyrs npar nyrs npar nyrs npar nyrs npar nyrs npar nyrs npar
Recruitment 40 21 40 9 40 21 40 7 40 13 40 15
Length at a=1.5 36 26 36 26
ln(Catchability) 36 1 36 1
Sel_fish_P1 41 3 41 3 41 1 41 1 41 1
Sel_fish_P3 41 5 41 3 41 3 41 2 41 3
Sel_surv_P1 36 1 36 1 36 1 36 1
Sel_surv_P3 36 1 36 1 36 1 36 1
Sum 40 21 194 19 122 27 194 13 266 45 266 48
Nominal parms 78 231 159 232 304 304
Effective parms 59 56 64 51 83 86


M17.7M16.6 M17.1 M17.2 M17.3 M17.6







 


Table 2.5.2—Model averaging results (2018 ABC).  Mean, median, and standard deviation in 1000s of t. 


 
  


16.6 17.1 17.2 17.3 17.6 17.7 Equ. Ari. Geo. Har. Equ. Ari. Geo. Har. Equ. Ari. Geo. Har.
1 0 0 0 0 0 214 214 214 214 214 214 214 214 24.5 24.5 24.5 24.5
0 1 0 0 0 0 82 82 82 82 82 82 82 82 15.6 15.6 15.6 15.6
0 0 1 0 0 0 186 186 186 186 186 186 186 186 24.5 24.5 24.5 24.5
0 0 0 1 0 0 64 64 64 64 64 64 64 64 19.1 19.1 19.1 19.1
0 0 0 0 1 0 65 65 65 65 65 65 65 65 16.8 16.8 16.8 16.8
0 0 0 0 0 1 65 65 65 65 65 65 65 65 18.5 18.5 18.5 18.5
1 1 0 0 0 0 148 152 168 169 134 175 196 197 68.9 68.9 66.4 66.1
1 0 1 0 0 0 200 199 202 204 200 199 203 204 28.3 28.3 28.2 28.0
1 0 0 1 0 0 139 175 175 174 130 203 203 203 78.0 69.5 69.5 70.0
1 0 0 0 1 0 140 185 185 186 126 207 207 207 77.2 63.1 63.0 62.8
1 0 0 0 0 1 140 190 190 190 129 208 208 208 77.4 59.5 59.8 59.9
0 1 1 0 0 0 134 141 142 138 123 156 158 149 55.7 55.5 55.4 55.6
0 1 0 1 0 0 73 77 75 75 74 78 76 76 19.7 18.6 19.2 19.3
0 1 0 0 1 0 74 79 77 77 74 79 78 78 18.3 17.3 17.8 17.9
0 1 0 0 0 1 74 79 78 78 75 80 79 78 19.1 17.4 18.1 18.2
0 0 1 1 0 0 125 157 146 140 118 176 170 165 64.6 56.5 61.5 63.1
0 0 1 0 1 0 126 165 156 152 114 179 175 173 63.8 51.2 56.9 58.8
0 0 1 0 0 1 126 169 160 156 117 181 177 175 64.0 48.5 54.7 56.9
0 0 0 1 1 0 65 65 65 65 65 65 65 65 18.0 18.2 18.2 18.2
0 0 0 1 0 1 65 65 65 65 65 65 65 65 18.8 18.9 18.9 18.9
0 0 0 0 1 1 65 65 65 65 65 65 65 65 17.7 17.6 17.6 17.6
1 1 1 0 0 0 161 165 174 174 181 183 191 192 60.7 58.8 57.2 57.9
1 1 0 1 0 0 120 138 149 149 87 100 175 177 69.7 71.2 72.7 72.9
1 1 0 0 1 0 121 142 154 155 87 105 184 186 69.2 70.7 71.3 71.2
1 1 0 0 0 1 121 144 157 157 87 109 187 188 69.3 70.5 70.8 70.7
1 0 1 1 0 0 155 180 179 178 181 193 195 196 68.9 54.0 58.2 60.2
1 0 1 0 1 0 155 186 186 186 181 195 198 199 68.2 48.5 52.3 53.4
1 0 1 0 0 1 155 188 188 188 181 196 198 199 68.3 45.9 49.6 50.9
1 0 0 1 1 0 115 159 159 158 77 194 194 194 73.2 75.5 75.4 75.6
1 0 0 1 0 1 115 162 161 161 78 196 196 195 73.4 74.8 74.8 75.1
1 0 0 0 1 1 115 169 169 169 77 200 200 200 72.9 71.8 71.9 71.8
0 1 1 1 0 0 111 129 125 120 87 108 100 94 57.2 58.4 59.1 58.6
0 1 1 0 1 0 111 133 129 125 87 127 108 99 56.6 57.6 58.3 58.0
0 1 1 0 0 1 111 134 131 127 87 139 116 102 56.8 57.3 58.1 57.9
0 1 0 1 1 0 71 75 73 73 71 76 74 74 19.1 18.8 19.2 19.2
0 1 0 1 0 1 71 76 73 73 71 77 74 74 19.6 19.0 19.5 19.5
0 1 0 0 1 1 71 77 75 75 71 78 75 75 18.8 18.1 18.6 18.6
0 0 1 1 1 0 105 145 131 125 77 169 153 116 60.6 61.6 64.1 64.3
0 0 1 1 0 1 105 147 134 127 78 170 157 141 60.7 61.0 64.0 64.4
0 0 1 0 1 1 106 153 140 135 77 174 165 159 60.3 58.3 62.4 63.3
0 0 0 1 1 1 65 65 65 65 65 65 65 65 18.2 18.3 18.3 18.3
1 1 1 1 0 0 137 154 159 158 123 176 182 182 67.8 63.8 65.3 66.5
1 1 1 0 1 0 137 157 163 163 123 178 185 186 67.4 62.4 63.2 64.1
1 1 1 0 0 1 137 159 165 165 123 179 186 187 67.5 61.8 62.4 63.4
1 1 0 1 1 0 107 131 140 140 79 94 103 104 65.4 71.2 73.6 73.8
1 1 0 1 0 1 107 133 141 141 80 95 107 107 65.5 71.3 73.6 73.7
1 1 0 0 1 1 107 136 146 146 79 98 161 167 65.2 71.1 72.9 73.0
1 0 1 1 1 0 132 170 167 166 119 189 190 190 71.6 61.1 65.3 66.9
1 0 1 1 0 1 132 172 169 168 120 190 191 191 71.7 60.1 64.4 66.1
1 0 1 0 1 1 133 177 175 174 118 192 193 194 71.3 56.6 60.9 62.3
1 0 0 1 1 1 102 149 149 148 73 184 184 183 67.5 77.2 77.2 77.2
0 1 1 1 1 0 100 124 117 112 79 98 91 87 53.9 58.8 59.0 57.9
0 1 1 1 0 1 99 125 118 113 80 99 92 88 54.1 58.8 59.1 58.1
0 1 1 0 1 1 100 127 122 118 79 103 96 91 53.7 58.4 58.9 58.1
0 1 0 1 1 1 69 74 72 72 70 75 73 72 19.1 19.0 19.3 19.3
0 0 1 1 1 1 95 137 123 117 73 161 96 86 56.0 63.4 64.1 63.5
1 1 1 1 1 0 122 149 151 150 89 170 175 174 67.4 65.6 67.9 68.8
1 1 1 1 0 1 122 150 153 151 90 171 177 176 67.5 65.3 67.6 68.6
1 1 1 0 1 1 123 152 156 156 89 174 180 180 67.2 64.3 66.2 67.1
1 1 0 1 1 1 98 127 133 133 76 90 94 95 61.3 70.9 73.6 73.7
1 0 1 1 1 1 119 163 159 158 83 185 185 185 69.9 64.7 68.6 70.0
0 1 1 1 1 1 93 120 112 108 76 93 87 84 50.8 58.9 58.4 56.9
1 1 1 1 1 1 113 144 146 144 83 164 168 166 65.6 66.6 69.1 70.0


Include in ensemble (1=yes, 0=no)? Mean Median Standard deviation







 


Table 2.5.3—Model averaging results (2018 OFL).  Mean, median, and standard deviation in 1000s of t. 


  


16.6 17.1 17.2 17.3 17.6 17.7 Equ. Ari. Geo. Har. Equ. Ari. Geo. Har. Equ. Ari. Geo. Har.
1 0 0 0 0 0 255 255 255 255 255 255 255 255 29.3 29.3 29.3 29.3
0 1 0 0 0 0 99 99 99 99 99 99 99 99 18.6 18.6 18.6 18.6
0 0 1 0 0 0 221 221 221 221 221 221 221 221 29.2 29.2 29.2 29.2
0 0 0 1 0 0 77 77 77 77 77 77 77 77 22.8 22.8 22.8 22.8
0 0 0 0 1 0 79 79 79 79 79 79 79 79 20.2 20.2 20.2 20.2
0 0 0 0 0 1 79 79 79 79 79 79 79 79 22.2 22.2 22.2 22.2
1 1 0 0 0 0 177 181 200 202 159 208 234 235 82.0 81.9 79.0 78.5
1 0 1 0 0 0 238 237 241 242 238 237 241 243 33.8 33.8 33.7 33.5
1 0 0 1 0 0 166 209 209 208 155 242 242 241 92.7 82.7 82.7 83.3
1 0 0 0 1 0 167 221 221 221 151 246 246 246 91.6 74.9 74.8 74.5
1 0 0 0 0 1 167 227 226 226 155 248 248 248 91.9 70.7 71.0 71.1
0 1 1 0 0 0 160 168 169 164 146 185 188 178 66.0 65.8 65.7 66.0
0 1 0 1 0 0 88 93 90 90 89 94 91 91 23.4 22.1 22.9 23.0
0 1 0 0 1 0 89 94 93 92 89 95 93 93 21.8 20.6 21.2 21.2
0 1 0 0 0 1 89 95 93 93 90 96 94 94 22.8 20.7 21.5 21.6
0 0 1 1 0 0 149 188 174 167 140 210 202 196 76.7 67.0 72.9 74.9
0 0 1 0 1 0 150 197 186 181 137 213 209 206 75.5 60.6 67.4 69.6
0 0 1 0 0 1 150 201 191 186 140 215 211 209 75.8 57.4 64.8 67.4
0 0 0 1 1 0 78 78 78 78 78 78 78 78 21.5 21.8 21.8 21.8
0 0 0 1 0 1 78 78 78 78 78 78 78 78 22.5 22.6 22.6 22.6
0 0 0 0 1 1 79 79 79 79 79 79 79 79 21.2 21.1 21.1 21.1
1 1 1 0 0 0 192 196 207 207 215 218 227 229 72.1 69.8 68.0 68.9
1 1 0 1 0 0 144 165 178 178 104 120 209 210 82.8 84.7 86.4 86.6
1 1 0 0 1 0 144 170 184 185 104 126 220 221 82.1 84.0 84.7 84.6
1 1 0 0 0 1 144 172 187 188 104 130 223 224 82.4 83.8 84.1 84.0
1 0 1 1 0 0 184 215 213 212 215 230 232 233 81.8 64.2 69.3 71.6
1 0 1 0 1 0 185 221 221 221 215 232 235 237 80.8 57.6 62.1 63.5
1 0 1 0 0 1 185 224 224 225 215 233 236 238 81.1 54.6 59.0 60.5
1 0 0 1 1 0 137 189 189 189 92 231 231 231 87.0 89.7 89.6 89.8
1 0 0 1 0 1 137 193 193 192 93 233 233 233 87.2 88.9 89.0 89.2
1 0 0 0 1 1 138 202 202 202 93 238 238 238 86.6 85.3 85.3 85.3
0 1 1 1 0 0 132 154 149 143 104 129 119 112 67.8 69.2 70.1 69.5
0 1 1 0 1 0 133 158 154 149 104 151 129 119 67.1 68.2 69.1 68.7
0 1 1 0 0 1 133 160 157 152 104 165 139 122 67.3 68.0 68.9 68.6
0 1 0 1 1 0 85 90 88 87 85 91 89 88 22.8 22.4 22.8 22.9
0 1 0 1 0 1 85 91 88 88 85 92 89 89 23.4 22.6 23.2 23.2
0 1 0 0 1 1 85 92 90 90 86 93 90 90 22.4 21.6 22.1 22.1
0 0 1 1 1 0 126 173 157 149 92 201 182 139 71.8 73.0 76.0 76.2
0 0 1 1 0 1 126 175 159 152 93 203 187 167 72.0 72.3 75.9 76.4
0 0 1 0 1 1 126 182 168 161 93 207 196 189 71.4 69.1 73.9 75.0
0 0 0 1 1 1 78 78 78 78 78 78 78 78 21.7 21.9 21.9 21.9
1 1 1 1 0 0 163 184 190 188 147 209 217 217 80.6 75.8 77.7 79.0
1 1 1 0 1 0 163 188 195 194 146 212 221 221 79.9 74.1 75.1 76.2
1 1 1 0 0 1 163 189 197 196 147 213 222 223 80.1 73.4 74.2 75.3
1 1 0 1 1 0 127 157 167 167 95 112 123 124 77.7 84.7 87.5 87.7
1 1 0 1 0 1 127 158 168 169 95 114 127 128 77.8 84.8 87.5 87.7
1 1 0 0 1 1 128 162 174 175 95 117 192 199 77.4 84.5 86.6 86.7
1 0 1 1 1 0 158 203 199 198 142 225 226 226 84.9 72.6 77.6 79.4
1 0 1 1 0 1 158 205 202 200 143 226 227 227 85.1 71.4 76.5 78.5
1 0 1 0 1 1 158 210 208 208 141 228 230 231 84.5 67.2 72.3 73.9
1 0 0 1 1 1 122 177 177 177 88 219 219 218 80.2 91.7 91.7 91.8
0 1 1 1 1 0 119 147 140 134 95 117 109 105 63.9 69.7 69.9 68.6
0 1 1 1 0 1 119 149 141 135 95 119 110 106 64.1 69.8 70.1 68.9
0 1 1 0 1 1 119 152 146 140 95 123 114 109 63.6 69.2 69.8 68.8
0 1 0 1 1 1 83 89 86 86 84 90 87 87 22.8 22.7 23.0 23.0
0 0 1 1 1 1 114 163 146 139 88 192 116 103 66.3 75.1 76.0 75.3
1 1 1 1 1 0 146 177 180 179 107 202 209 208 80.0 77.9 80.6 81.8
1 1 1 1 0 1 146 178 182 180 108 204 210 209 80.2 77.6 80.3 81.5
1 1 1 0 1 1 146 182 186 186 107 207 214 214 79.7 76.4 78.6 79.7
1 1 0 1 1 1 118 151 159 159 91 108 113 113 72.8 84.2 87.4 87.6
1 0 1 1 1 1 142 195 190 188 99 221 220 220 82.9 76.8 81.5 83.1
0 1 1 1 1 1 111 143 134 128 91 112 104 101 60.2 69.8 69.2 67.5
1 1 1 1 1 1 135 172 174 172 99 195 200 197 77.8 79.1 82.1 83.1


Include in ensemble (1=yes, 0=no)? Mean Median Standard deviation







 


Table 2.5.4—Model averaging results (2019 ABC).  Mean, median, and standard deviation in 1000s of t. 


  


16.6 17.1 17.2 17.3 17.6 17.7 Equ. Ari. Geo. Har. Equ. Ari. Geo. Har. Equ. Ari. Geo. Har.
1 0 0 0 0 0 172 172 172 172 172 172 172 172 15.6 15.6 15.6 15.6
0 1 0 0 0 0 98 98 98 98 98 98 98 98 12.1 12.1 12.1 12.1
0 0 1 0 0 0 151 151 151 151 151 151 151 151 25.8 25.8 25.8 25.8
0 0 0 1 0 0 85 85 85 85 85 85 85 85 17.3 17.3 17.3 17.3
0 0 0 0 1 0 90 90 90 90 90 90 90 90 15.3 15.3 15.3 15.3
0 0 0 0 0 1 91 91 91 91 91 91 91 91 16.9 16.9 16.9 16.9
1 1 0 0 0 0 135 137 146 147 131 147 161 161 39.5 39.5 38.1 37.9
1 0 1 0 0 0 162 161 163 164 164 164 166 167 23.7 24.0 22.9 22.4
1 0 0 1 0 0 128 150 150 149 131 165 165 165 46.7 41.5 41.5 41.8
1 0 0 0 1 0 131 156 156 156 131 167 167 167 44.0 36.0 36.0 35.9
1 0 0 0 0 1 131 159 159 159 133 168 168 168 43.9 33.9 34.0 34.1
0 1 1 0 0 0 125 128 129 127 115 122 124 119 33.4 33.7 33.7 33.6
0 1 0 1 0 0 91 94 93 93 93 95 94 94 16.4 15.1 15.8 15.9
0 1 0 0 1 0 94 96 96 96 94 97 96 96 14.4 13.3 13.7 13.8
0 1 0 0 0 1 94 97 96 96 95 97 97 97 15.2 13.4 14.0 14.0
0 0 1 1 0 0 118 136 130 126 111 141 135 130 39.9 37.1 39.1 39.7
0 0 1 0 1 0 121 141 136 134 113 145 140 138 37.4 33.6 35.6 36.2
0 0 1 0 0 1 121 143 138 136 115 146 142 141 37.4 32.6 34.7 35.5
0 0 0 1 1 0 87 87 87 87 87 87 87 87 16.5 16.7 16.7 16.7
0 0 0 1 0 1 88 87 87 87 88 87 87 87 17.3 17.4 17.4 17.4
0 0 0 0 1 1 90 90 90 90 90 90 90 90 16.1 16.0 16.0 16.0
1 1 1 0 0 0 141 143 148 148 148 150 157 158 36.4 35.6 34.8 35.0
1 1 0 1 0 0 118 129 135 135 103 113 148 148 41.3 41.6 42.6 42.7
1 1 0 0 1 0 120 132 139 139 104 117 153 154 39.7 40.5 40.8 40.7
1 1 0 0 0 1 120 133 140 141 105 120 155 156 39.7 40.3 40.4 40.4
1 0 1 1 0 0 136 150 150 150 148 159 160 161 42.4 35.2 36.9 37.7
1 0 1 0 1 0 138 154 155 155 148 160 162 163 40.0 31.6 32.7 33.0
1 0 1 0 0 1 138 155 156 156 148 161 163 164 39.9 30.4 31.4 31.7
1 0 0 1 1 0 116 141 141 140 98 159 159 159 43.2 44.2 44.2 44.3
1 0 0 1 0 1 116 142 142 142 99 161 161 160 43.2 43.9 43.9 44.0
1 0 0 0 1 1 118 147 147 147 101 163 163 163 41.8 40.8 40.8 40.8
0 1 1 1 0 0 111 122 119 116 102 113 109 106 34.6 35.3 35.8 35.4
0 1 1 0 1 0 113 124 122 120 103 115 113 110 33.1 34.3 34.6 34.2
0 1 1 0 0 1 113 125 123 121 104 117 115 111 33.1 34.2 34.5 34.2
0 1 0 1 1 0 91 94 92 92 92 95 93 93 16.0 15.2 15.8 15.8
0 1 0 1 0 1 91 94 92 92 92 95 93 93 16.6 15.4 16.0 16.1
0 1 0 0 1 1 93 96 95 95 93 96 95 95 15.4 14.0 14.6 14.6
0 0 1 1 1 0 109 129 122 119 98 134 120 112 36.3 38.3 39.0 39.0
0 0 1 1 0 1 109 131 124 120 99 135 123 115 36.4 38.2 39.1 39.1
0 0 1 0 1 1 111 135 128 126 100 139 130 125 35.0 36.0 37.3 37.5
0 0 0 1 1 1 88 88 88 88 88 88 88 88 16.7 16.8 16.8 16.8
1 1 1 1 0 0 127 137 139 139 117 143 150 150 40.7 38.5 39.4 39.9
1 1 1 0 1 0 128 139 142 142 117 145 152 153 39.2 37.2 37.5 37.8
1 1 1 0 0 1 128 139 143 143 118 146 153 154 39.1 36.9 37.1 37.4
1 1 0 1 1 0 111 125 130 130 98 108 116 116 38.6 41.5 42.9 43.0
1 1 0 1 0 1 111 126 131 131 99 109 119 120 38.7 41.5 42.9 43.0
1 1 0 0 1 1 113 129 134 134 100 111 139 142 37.6 40.7 41.6 41.6
1 0 1 1 1 0 125 145 144 143 116 155 156 156 42.5 38.0 39.7 40.4
1 0 1 1 0 1 125 146 145 144 117 156 157 157 42.5 37.5 39.3 40.1
1 0 1 0 1 1 126 149 149 149 117 158 159 160 41.1 35.0 36.5 37.0
1 0 0 1 1 1 109 135 135 135 96 153 153 153 39.8 44.9 44.9 45.0
0 1 1 1 1 0 106 119 115 113 98 109 105 103 32.3 35.2 35.3 34.6
0 1 1 1 0 1 106 119 116 113 98 110 106 104 32.4 35.3 35.4 34.8
0 1 1 0 1 1 107 121 119 117 99 112 108 106 31.4 34.5 34.5 34.0
0 1 0 1 1 1 91 93 92 92 91 94 93 93 16.3 15.4 15.9 16.0
0 0 1 1 1 1 104 126 118 115 95 126 110 105 33.5 38.6 38.4 38.0
1 1 1 1 1 0 119 134 135 135 106 137 143 142 39.8 39.2 40.4 40.8
1 1 1 1 0 1 119 134 136 135 106 138 144 144 39.8 39.0 40.2 40.7
1 1 1 0 1 1 120 136 139 138 107 141 148 148 38.8 38.0 38.8 39.2
1 1 0 1 1 1 107 123 127 127 96 106 110 110 36.3 41.2 42.7 42.9
1 0 1 1 1 1 118 142 140 139 104 152 152 152 41.1 39.4 41.0 41.6
0 1 1 1 1 1 103 117 113 110 96 107 103 101 30.5 35.0 34.7 33.9
1 1 1 1 1 1 114 131 132 132 102 131 135 133 38.5 39.5 40.8 41.2


Include in ensemble (1=yes, 0=no)? Mean Median Standard deviation







 


Table 2.5.5—Model averaging results (2019 OFL).  Mean, median, and standard deviation in 1000s of t. 


  


16.6 17.1 17.2 17.3 17.6 17.7 Equ. Ari. Geo. Har. Equ. Ari. Geo. Har. Equ. Ari. Geo. Har.
1 0 0 0 0 0 205 205 205 205 205 205 205 205 25.8 25.8 25.8 25.8
0 1 0 0 0 0 117 117 117 117 117 117 117 117 20.7 20.7 20.7 20.7
0 0 1 0 0 0 180 180 180 180 180 180 180 180 43.4 43.4 43.4 43.4
0 0 0 1 0 0 101 101 101 101 101 101 101 101 28.0 28.0 28.0 28.0
0 0 0 0 1 0 108 108 108 108 108 108 108 108 24.8 24.8 24.8 24.8
0 0 0 0 0 1 108 108 108 108 108 108 108 108 27.2 27.2 27.2 27.2
1 1 0 0 0 0 161 163 174 175 156 165 186 187 49.8 49.8 48.3 48.1
1 0 1 0 0 0 192 192 195 196 196 195 198 198 37.8 38.3 36.4 35.6
1 0 0 1 0 0 153 178 178 177 155 193 193 193 58.5 52.6 52.6 52.9
1 0 0 0 1 0 156 186 186 186 155 197 197 197 54.8 46.2 46.1 46.0
1 0 0 0 0 1 157 189 189 189 158 199 198 198 55.0 44.0 44.1 44.2
0 1 1 0 0 0 149 152 153 151 137 143 144 140 46.4 47.2 47.3 46.9
0 1 0 1 0 0 109 113 111 110 110 114 112 112 25.9 24.1 25.1 25.2
0 1 0 0 1 0 112 115 114 114 113 115 114 114 23.3 22.0 22.5 22.5
0 1 0 0 0 1 113 116 115 115 113 116 115 115 24.6 22.3 23.0 23.0
0 0 1 1 0 0 141 162 154 150 132 164 154 147 53.8 52.4 53.8 54.2
0 0 1 0 1 0 144 168 162 160 134 169 162 159 50.6 49.1 50.5 50.9
0 0 1 0 0 1 144 170 165 162 136 171 166 163 50.9 48.5 50.0 50.6
0 0 0 1 1 0 104 104 104 104 105 104 104 104 26.6 26.9 26.9 26.9
0 0 0 1 0 1 105 104 104 104 105 104 104 104 27.8 27.9 27.9 27.9
0 0 0 0 1 1 108 108 108 108 108 108 108 108 26.0 25.9 25.9 25.9
1 1 1 0 0 0 167 170 176 176 171 174 184 185 48.6 48.1 46.9 46.9
1 1 0 1 0 0 141 154 161 161 127 142 166 167 52.1 52.2 53.4 53.6
1 1 0 0 1 0 143 157 165 166 128 147 174 175 49.9 50.8 51.2 51.2
1 1 0 0 0 1 143 158 167 167 129 150 177 178 50.1 50.7 50.9 50.9
1 0 1 1 0 0 162 179 179 178 171 187 189 189 55.4 48.6 49.6 50.2
1 0 1 0 1 0 164 183 184 184 171 190 192 192 52.5 45.0 45.2 45.3
1 0 1 0 0 1 164 185 186 186 171 191 193 193 52.6 44.0 44.1 44.1
1 0 0 1 1 0 138 167 167 167 122 184 184 183 54.2 55.4 55.4 55.6
1 0 0 1 0 1 138 169 169 169 123 186 186 185 54.5 55.1 55.2 55.3
1 0 0 0 1 1 140 176 176 176 125 190 190 190 52.5 51.4 51.5 51.4
0 1 1 1 0 0 133 145 142 139 123 135 131 128 46.8 48.4 48.8 48.1
0 1 1 0 1 0 135 148 146 143 125 137 135 132 44.8 47.4 47.5 46.8
0 1 1 0 0 1 135 149 147 144 126 138 137 134 45.1 47.4 47.6 47.0
0 1 0 1 1 0 109 112 110 110 109 113 111 111 25.5 24.3 25.1 25.2
0 1 0 1 0 1 109 112 110 110 110 113 111 111 26.3 24.6 25.5 25.6
0 1 0 0 1 1 111 114 113 113 111 115 113 113 24.8 22.9 23.6 23.7
0 0 1 1 1 0 130 154 146 142 119 152 138 133 48.7 52.9 53.0 52.6
0 0 1 1 0 1 130 156 147 143 120 155 141 135 49.0 52.9 53.3 53.0
0 0 1 0 1 1 132 160 153 150 122 160 148 143 47.2 50.8 51.4 51.4
0 0 0 1 1 1 106 105 105 105 106 105 105 105 26.9 27.1 27.1 27.1
1 1 1 1 0 0 151 163 166 165 141 164 173 173 52.8 50.9 51.6 52.0
1 1 1 0 1 0 152 165 170 170 142 167 177 177 50.9 49.5 49.5 49.7
1 1 1 0 0 1 153 166 171 171 143 169 178 179 51.0 49.3 49.2 49.3
1 1 0 1 1 0 133 149 155 155 120 135 147 147 48.9 52.0 53.7 53.9
1 1 0 1 0 1 133 150 156 156 121 136 150 151 49.2 52.1 53.8 53.9
1 1 0 0 1 1 134 153 160 160 122 140 159 161 47.7 51.1 52.2 52.2
1 0 1 1 1 0 148 173 171 171 140 182 182 182 54.9 51.1 52.3 52.8
1 0 1 1 0 1 149 174 173 172 141 183 184 183 55.0 50.7 52.0 52.5
1 0 1 0 1 1 150 178 177 177 142 186 187 187 53.3 48.1 49.0 49.2
1 0 0 1 1 1 130 161 161 161 117 174 174 173 50.5 56.2 56.2 56.3
0 1 1 1 1 0 126 142 137 134 118 131 127 124 43.8 48.0 47.8 46.8
0 1 1 1 0 1 127 142 138 135 119 132 128 125 44.1 48.1 48.0 47.1
0 1 1 0 1 1 128 145 141 139 120 134 131 128 42.7 47.3 47.1 46.3
0 1 0 1 1 1 109 111 110 110 109 112 111 110 26.0 24.6 25.4 25.5
0 0 1 1 1 1 124 150 141 137 116 145 131 127 45.3 52.7 51.9 51.1
1 1 1 1 1 0 142 159 161 160 129 157 164 163 51.5 51.5 52.5 52.8
1 1 1 1 0 1 142 160 162 161 130 158 166 165 51.6 51.4 52.4 52.7
1 1 1 0 1 1 144 162 165 165 131 162 170 170 50.3 50.3 50.8 51.0
1 1 0 1 1 1 128 146 151 151 117 132 138 139 46.4 51.7 53.6 53.7
1 0 1 1 1 1 140 168 166 165 128 177 176 176 53.0 52.4 53.5 54.0
0 1 1 1 1 1 123 139 135 132 116 129 125 122 41.6 47.6 47.0 45.9
1 1 1 1 1 1 136 156 158 157 124 151 156 154 49.9 51.7 52.8 53.1


Include in ensemble (1=yes, 0=no)? Mean Median Standard deviation







 


Figure 


 


Figure 2.5.1.  PDFs and CDFs for distributions of the 2018 ABC based on all six models.  Blue = sample 
distribution, orange = normal distribution with the same mean and standard deviation (SD) as the sample 
distribution; green = normal distribution with the same median and SD as the sample distribution. 
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APPENDIX 2.6: PARALLEL RESULTS FOR THE “HARVEST 
RECOMMENDATIONS” SECTION, BASED ON MODEL 16.6 


The results presented in the “Harvest Recommendations” section of the main text are based on Model 
17.2.  Because the structure of this model differs substantively from Model 16.6 (the current base model), 
a set of parallel results for the items in that section, based on Model 16.6, is provided here. 


Amendment 56 Reference Points 
Model 16.6’s estimates of B100%, B40%, and B35% are 593,000 t, 237,000 t, and 207,000 t, respectively. 


Specification of OFL and Maximum Permissible ABC 
Given the assumptions of Scenario 2 (below), female spawning biomass for 2018 and 2019 is estimated 
by Model 16.6 to be above the B40% value of 237,000 t, thereby placing Pacific cod in sub-tier “a” of Tier 
3 for both 2018 and 2019.  Given this, Model 16.6 estimates OFL, maximum permissible ABC, and the 
associated fishing mortality rates for 2018 and 2098 as follows: 
 


Year Overfishing Level Maximum Permissible ABC 
2018 OFL = 238,000 t maxABC = 201,000 t 
2019 OFL = 201,000 t maxABC = 170,000 t 
2018 FOFL = 0.38 maxFABC = 0.31 
2019 FOFL = 0.38 maxFABC = 0.31 


 
The age 0+ biomass projections for 2018 and 2019 from Model 16.6 (using SS rather than the standard 
projection model) are 918,000 t and 762,000 t.  For comparison, the age 3+ biomass projections for 2018 
and 2019 from Model 16.6 (again using SS) are 903,000 t and 716,000 t. 


Standard Harvest Scenarios, Projection Methodology, and Projection Results 
The standard harvest scenarios and projection methodology were the same as described for Model 17.2 in 
the main text.  Projections corresponding to the standard scenarios are shown for Model 16.6 in Tables 
2.6.28-2.6.34 (table numbering is kept the same as in the main text, so as to facilitate comparisons). 


Status Determination 
Methodology for status determination is as described in the main text.  The status with respect to 
overfishing is independent of model choice for next year’s specifications, as it depends entirely on the 
previous year’s catch and OFL. 


Based on the criteria described in the main text and Tables 2.6.28 and 2.6.34, the stock is not overfished 
and is not approaching an overfished condition. 







 


Table 2.6.28—Model 16.6 projections for catch (t), spawning biomass (t), and fishing mortality under the 
assumption that F = max FABC in 2018-2030 (Scenario 1), with random variability in future recruitment. 


 


Catch projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 201,000 201,000 201,000 201,000 0
2019 165,000 165,000 165,000 165,000 0
2020 110,000 110,000 110,000 110,000 21
2021 87,400 87,700 87,800 88,500 384
2022 100,000 103,000 104,000 110,000 3,489
2023 109,000 124,000 129,000 168,000 18,500
2024 97,400 137,000 146,000 219,000 40,567
2025 87,900 147,000 153,000 246,000 49,951
2026 81,700 152,000 157,000 245,000 53,868
2027 80,000 156,000 160,000 257,000 56,349
2028 80,500 157,000 161,000 258,000 56,469
2029 80,300 156,000 160,000 255,000 55,256
2030 82,300 155,000 159,000 254,000 54,198


Biomass projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 263,000 263,000 263,000 263,000 0
2019 240,000 240,000 240,000 240,000 0
2020 202,000 202,000 202,000 202,000 40
2021 183,000 183,000 183,000 185,000 762
2022 184,000 188,000 189,000 199,000 5,093
2023 189,000 203,000 207,000 239,000 16,801
2024 185,000 215,000 223,000 286,000 33,739
2025 178,000 224,000 233,000 328,000 46,742
2026 172,000 228,000 239,000 338,000 53,990
2027 170,000 230,000 243,000 345,000 57,911
2028 171,000 232,000 244,000 352,000 59,172
2029 170,000 231,000 244,000 357,000 58,152
2030 171,000 231,000 243,000 355,000 56,680


Fishing mortality projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0.31 0.31 0.31 0.31 0.00
2019 0.31 0.31 0.31 0.31 0.00
2020 0.26 0.26 0.26 0.26 0.00
2021 0.23 0.23 0.23 0.24 0.00
2022 0.24 0.24 0.24 0.26 0.01
2023 0.24 0.26 0.27 0.31 0.02
2024 0.24 0.28 0.28 0.31 0.03
2025 0.23 0.29 0.28 0.31 0.03
2026 0.22 0.30 0.28 0.31 0.03
2027 0.22 0.30 0.28 0.31 0.03
2028 0.22 0.30 0.28 0.31 0.03
2029 0.22 0.30 0.28 0.31 0.03
2030 0.22 0.30 0.28 0.31 0.03







 


Table 2.6.29—Model 16.6 projections for catch (t), spawning biomass (t), and fishing mortality under the 
assumption that 2018-19 catches are less than ABC by amounts predicted from past performance, but F = 
max FABC in 2020-2030 (Scenario 2), with random variability in future recruitment. 


  


Catch projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 180,000 180,000 180,000 180,000 0
2019 161,000 161,000 161,000 161,000 0
2020 119,000 119,000 119,000 119,000 22
2021 91,200 91,500 91,600 92,300 390
2022 102,000 105,000 105,000 112,000 3,509
2023 110,000 125,000 130,000 168,000 18,451
2024 97,500 137,000 146,000 219,000 40,539
2025 87,800 147,000 153,000 246,000 49,960
2026 81,700 152,000 157,000 245,000 53,879
2027 80,000 156,000 160,000 257,000 56,355
2028 80,500 156,000 161,000 258,000 56,472
2029 80,300 156,000 160,000 255,000 55,257
2030 82,300 155,000 159,000 254,000 54,198


Biomass projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 264,000 264,000 264,000 264,000 0
2019 248,000 248,000 248,000 248,000 0
2020 211,000 211,000 211,000 211,000 40
2021 187,000 187,000 187,000 189,000 761
2022 186,000 190,000 191,000 201,000 5,089
2023 190,000 204,000 208,000 240,000 16,796
2024 185,000 215,000 223,000 286,000 33,753
2025 178,000 224,000 233,000 328,000 46,761
2026 172,000 228,000 239,000 338,000 54,001
2027 170,000 230,000 243,000 345,000 57,915
2028 171,000 232,000 244,000 352,000 59,172
2029 170,000 231,000 244,000 357,000 58,150
2030 171,000 231,000 243,000 355,000 56,679


Fishing mortality projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0.27 0.27 0.27 0.27 0.00
2019 0.29 0.29 0.29 0.29 0.00
2020 0.27 0.27 0.27 0.27 0.00
2021 0.24 0.24 0.24 0.24 0.00
2022 0.24 0.24 0.25 0.26 0.01
2023 0.24 0.26 0.27 0.31 0.02
2024 0.24 0.28 0.28 0.31 0.03
2025 0.23 0.29 0.28 0.31 0.03
2026 0.22 0.30 0.28 0.31 0.03
2027 0.22 0.30 0.28 0.31 0.03
2028 0.22 0.30 0.28 0.31 0.03
2029 0.22 0.30 0.28 0.31 0.03
2030 0.22 0.30 0.28 0.31 0.03







 


Table 2.6.30—Model 16.6 projections for catch (t), spawning biomass (t), and fishing mortality under the 
assumption that the upper bound on FABC is set the most recent five-year average fishing mortality rate in 
2018-2030 (Scenario 3), with random variability in future recruitment. 


 


Catch projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 284,000 284,000 284,000 284,000 0
2019 205,000 205,000 205,000 205,000 0
2020 143,000 143,000 143,000 143,000 1
2021 118,000 118,000 118,000 118,000 66
2022 137,000 138,000 139,000 142,000 1,573
2023 141,000 155,000 160,000 193,000 17,979
2024 120,000 160,000 172,000 261,000 47,142
2025 110,000 167,000 178,000 289,000 57,254
2026 105,000 171,000 182,000 287,000 60,483
2027 103,000 173,000 186,000 303,000 63,281
2028 104,000 174,000 186,000 302,000 62,673
2029 104,000 175,000 185,000 301,000 60,589
2030 106,000 173,000 183,000 296,000 59,445


Biomass projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 257,000 257,000 257,000 257,000 0
2019 206,000 206,000 206,000 206,000 0
2020 155,000 155,000 155,000 155,000 42
2021 129,000 129,000 129,000 131,000 797
2022 127,000 132,000 133,000 143,000 5,396
2023 128,000 143,000 148,000 182,000 18,047
2024 120,000 152,000 160,000 227,000 35,309
2025 111,000 160,000 168,000 259,000 45,994
2026 105,000 164,000 173,000 263,000 50,742
2027 104,000 167,000 175,000 270,000 53,003
2028 105,000 168,000 176,000 274,000 53,044
2029 106,000 167,000 176,000 275,000 51,608
2030 107,000 167,000 175,000 274,000 50,486


Fishing mortality projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0.46 0.46 0.46 0.46 0.00
2019 0.46 0.46 0.46 0.46 0.00
2020 0.46 0.46 0.46 0.46 0.00
2021 0.46 0.46 0.46 0.46 0.00
2022 0.46 0.46 0.46 0.46 0.00
2023 0.46 0.46 0.46 0.46 0.00
2024 0.46 0.46 0.46 0.46 0.00
2025 0.46 0.46 0.46 0.46 0.00
2026 0.46 0.46 0.46 0.46 0.00
2027 0.46 0.46 0.46 0.46 0.00
2028 0.46 0.46 0.46 0.46 0.00
2029 0.46 0.46 0.46 0.46 0.00
2030 0.46 0.46 0.46 0.46 0.00







 


Table 2.6.31—Model 16.6 projections for catch (t), spawning biomass (t), and fishing mortality under the 
assumption that the upper bound on FABC is set at F60% in 2018-2030 (Scenario 4), with random variability 
in future recruitment. 


 


Catch projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 101,000 101,000 101,000 101,000 0
2019 95,200 95,200 95,200 95,200 0
2020 82,700 82,700 82,700 82,700 0
2021 74,600 74,700 74,700 74,700 21
2022 80,300 80,600 80,800 81,700 495
2023 83,700 88,200 89,800 101,000 5,940
2024 77,400 92,800 97,200 132,000 18,079
2025 73,400 97,500 103,000 151,000 24,805
2026 70,800 102,000 107,000 157,000 28,274
2027 69,300 106,000 110,000 162,000 30,651
2028 70,100 107,000 112,000 169,000 31,509
2029 70,200 108,000 113,000 168,000 31,123
2030 71,500 109,000 113,000 168,000 30,517


Biomass projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 269,000 269,000 269,000 269,000 0
2019 282,000 282,000 282,000 282,000 0
2020 267,000 267,000 267,000 267,000 42
2021 249,000 250,000 250,000 252,000 797
2022 245,000 249,000 250,000 261,000 5,409
2023 247,000 262,000 267,000 302,000 18,494
2024 243,000 278,000 288,000 364,000 39,775
2025 234,000 296,000 307,000 429,000 60,022
2026 227,000 310,000 322,000 461,000 74,106
2027 221,000 320,000 333,000 476,000 82,722
2028 223,000 328,000 341,000 498,000 87,055
2029 224,000 332,000 345,000 502,000 87,772
2030 223,000 335,000 347,000 507,000 86,635


Fishing mortality projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0.15 0.15 0.15 0.15 0.00
2019 0.15 0.15 0.15 0.15 0.00
2020 0.15 0.15 0.15 0.15 0.00
2021 0.15 0.15 0.15 0.15 0.00
2022 0.15 0.15 0.15 0.15 0.00
2023 0.15 0.15 0.15 0.15 0.00
2024 0.15 0.15 0.15 0.15 0.00
2025 0.15 0.15 0.15 0.15 0.00
2026 0.15 0.15 0.15 0.15 0.00
2027 0.15 0.15 0.15 0.15 0.00
2028 0.15 0.15 0.15 0.15 0.00
2029 0.15 0.15 0.15 0.15 0.00
2030 0.15 0.15 0.15 0.15 0.00







 


Table 2.6.32—Model 16.6 projections for catch (t), spawning biomass (t), and fishing mortality under the 
assumption that F = 0 in 2018-2030 (Scenario 5), with random variability in future recruitment. 


 


Catch projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0 0 0 0 0
2019 0 0 0 0 0
2020 0 0 0 0 0
2021 0 0 0 0 0
2022 0 0 0 0 0
2023 0 0 0 0 0
2024 0 0 0 0 0
2025 0 0 0 0 0
2026 0 0 0 0 0
2027 0 0 0 0 0
2028 0 0 0 0 0
2029 0 0 0 0 0
2030 0 0 0 0 0


Biomass projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 275,000 275,000 275,000 275,000 0
2019 326,000 326,000 326,000 326,000 0
2020 347,000 347,000 347,000 347,000 42
2021 353,000 354,000 354,000 355,000 797
2022 362,000 366,000 367,000 378,000 5,416
2023 374,000 390,000 394,000 430,000 18,702
2024 381,000 418,000 429,000 509,000 42,069
2025 381,000 449,000 462,000 601,000 68,830
2026 377,000 477,000 492,000 670,000 91,584
2027 372,000 500,000 516,000 713,000 108,239
2028 375,000 518,000 536,000 745,000 119,186
2029 378,000 533,000 550,000 771,000 124,828
2030 383,000 545,000 559,000 786,000 126,515


Fishing mortality projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0.00 0.00 0.00 0.00 0.00
2019 0.00 0.00 0.00 0.00 0.00
2020 0.00 0.00 0.00 0.00 0.00
2021 0.00 0.00 0.00 0.00 0.00
2022 0.00 0.00 0.00 0.00 0.00
2023 0.00 0.00 0.00 0.00 0.00
2024 0.00 0.00 0.00 0.00 0.00
2025 0.00 0.00 0.00 0.00 0.00
2026 0.00 0.00 0.00 0.00 0.00
2027 0.00 0.00 0.00 0.00 0.00
2028 0.00 0.00 0.00 0.00 0.00
2029 0.00 0.00 0.00 0.00 0.00
2030 0.00 0.00 0.00 0.00 0.00







 


Table 2.6.33—Model 16.6 projections for catch (t), spawning biomass (t), and fishing mortality under the 
assumption that F = FOFL in 2018-2030 (Scenario 6), with random variability in future recruitment. 


 


Catch projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 238,000 238,000 238,000 238,000 0
2019 176,000 176,000 176,000 176,000 0
2020 110,000 110,000 110,000 110,000 23
2021 88,300 88,600 88,700 89,500 422
2022 105,000 108,000 109,000 116,000 3,896
2023 115,000 132,000 138,000 183,000 22,149
2024 102,000 145,000 158,000 248,000 48,642
2025 90,800 155,000 165,000 273,000 58,311
2026 84,600 158,000 168,000 268,000 61,851
2027 83,400 160,000 170,000 281,000 64,174
2028 83,800 160,000 170,000 282,000 63,984
2029 83,000 160,000 169,000 280,000 62,500
2030 85,800 159,000 168,000 279,000 61,407


Biomass projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 260,000 260,000 260,000 260,000 0
2019 225,000 225,000 225,000 225,000 0
2020 185,000 185,000 185,000 185,000 40
2021 167,000 167,000 168,000 169,000 759
2022 170,000 174,000 176,000 185,000 5,062
2023 176,000 190,000 194,000 225,000 16,514
2024 172,000 201,000 208,000 270,000 32,115
2025 165,000 209,000 216,000 301,000 42,608
2026 159,000 211,000 220,000 304,000 47,846
2027 158,000 212,000 222,000 314,000 50,626
2028 158,000 213,000 222,000 317,000 51,176
2029 157,000 212,000 221,000 317,000 49,817
2030 159,000 212,000 220,000 317,000 48,465


Fishing mortality projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0.38 0.38 0.38 0.38 0.00
2019 0.36 0.36 0.36 0.36 0.00
2020 0.29 0.29 0.29 0.29 0.00
2021 0.26 0.26 0.26 0.26 0.00
2022 0.26 0.27 0.27 0.29 0.01
2023 0.27 0.30 0.30 0.36 0.02
2024 0.27 0.32 0.32 0.38 0.04
2025 0.26 0.33 0.33 0.38 0.04
2026 0.25 0.33 0.33 0.38 0.05
2027 0.24 0.33 0.33 0.38 0.05
2028 0.24 0.33 0.33 0.38 0.05
2029 0.24 0.33 0.33 0.38 0.05
2030 0.25 0.33 0.33 0.38 0.05







 


Table 2.6.34—Model 16.6 projections for catch (t), spawning biomass (t), and fishing mortality under the 
assumption that F = max FABC in each year 2018-2019 and F = FOFL thereafter (Scenario 7), with random 
variability in future recruitment. 


 


Catch projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 201,000 201,000 201,000 201,000 0
2019 165,000 165,000 165,000 165,000 0
2020 130,000 130,000 130,000 130,000 25
2021 95,900 96,200 96,400 97,100 434
2022 108,000 111,000 112,000 119,000 3,933
2023 117,000 133,000 139,000 184,000 22,116
2024 102,000 145,000 158,000 248,000 48,608
2025 90,700 155,000 164,000 273,000 58,321
2026 84,500 158,000 168,000 268,000 61,866
2027 83,400 160,000 170,000 281,000 64,181
2028 83,800 160,000 170,000 282,000 63,986
2029 82,900 160,000 169,000 280,000 62,500
2030 85,800 159,000 168,000 279,000 61,406


Biomass projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 263,000 263,000 263,000 263,000 0
2019 240,000 240,000 240,000 240,000 0
2020 201,000 201,000 201,000 201,000 40
2021 174,000 175,000 175,000 176,000 757
2022 174,000 178,000 179,000 188,000 5,053
2023 177,000 191,000 195,000 227,000 16,499
2024 172,000 201,000 209,000 270,000 32,117
2025 165,000 209,000 216,000 301,000 42,618
2026 159,000 211,000 220,000 304,000 47,850
2027 158,000 212,000 222,000 314,000 50,625
2028 158,000 213,000 222,000 317,000 51,172
2029 157,000 212,000 221,000 317,000 49,814
2030 159,000 212,000 220,000 317,000 48,463


Fishing mortality projections:
Year L90%CI Median Mean U90%CI Std. Dev.
2018 0.31 0.31 0.31 0.31 0.00
2019 0.31 0.31 0.31 0.31 0.00
2020 0.32 0.32 0.32 0.32 0.00
2021 0.27 0.27 0.27 0.27 0.00
2022 0.27 0.28 0.28 0.29 0.01
2023 0.28 0.30 0.30 0.36 0.02
2024 0.27 0.32 0.32 0.38 0.04
2025 0.26 0.33 0.33 0.38 0.04
2026 0.24 0.33 0.33 0.38 0.05
2027 0.24 0.33 0.33 0.38 0.05
2028 0.24 0.33 0.33 0.38 0.05
2029 0.24 0.33 0.33 0.38 0.05
2030 0.25 0.33 0.33 0.38 0.05
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Executive summary


This chapter covers the Eastern Bering Sea (EBS) region—the Aleutian Islands region (Chapter 1A)
and the Bogoslof Island area (Chapter 1B) are presented separately (this year only updates–“full”
assessments expected in 2018).


Summary of changes in assessment inputs


Relative to last year’s BSAI SAFE report, the following substantive changes have been made in
the EBS pollock stock assessment.


Changes in the data


1. The 2017 NMFS bottom-trawl survey (BTS) biomass and abundance at age estimates were
included.


2. The 2016 NMFS acoustic-trawl survey (ATS) biomass and abundance at age estimates were
updated based on age data collected from the ATS sampling (in 2016 the BTS age-length key
was used).


3. The ATS age data from 1994-2016 that includes the bottom layer analysis (0.5-3m from
bottom) was completed and used in the base/reference model (last year the accompanying
biomass time series for these data were evaluated but the full set of age data was unavailable).


4. Two additional years of opportunistic acoustic data from vessels transiting the EBS shelf
region were processed and the time series now extends from 2006-2017. This provides an
alternative index of pollock biomass in mid-water.


5. Observer data for catch-at-age and average weight-at-age from the 2016 fishery were finalized
and included.







6. Total catch as reported by NMFS Alaska Regional office was updated and included through
2017.


Changes in the assessment methods


There were no changes to the assessment methods.


Summary of EBS pollock results


As estimated or specified As estimated or recommended
last year for: this year for:


Quantity 2017 2018 2018 2019
M (natural mortality rate, ages 3+) 0.3 0.3 0.3 0.3
Tier 1a 1a 1a 1a
Projected total (age 3+) biomass (t) 13,000,000 t 12,100,000 t 10,965,000 t 10,117,000 t
Projected female spawning biomass (t) 4,600,000 t 4,500,000 t 3,678,000 t 3,365,000 t
B0 5,700,000 t 5,700,000 t 5,394,000 t 5,394,000 t
Bmsy 2,165,000 t 2,165,000 t 2,042,000 t 2,042,000 t
FOFL 0.465 0.465 0.621 0.621
maxFABC 0.398 0.398 0.466 0.466
FABC 0.36 0.37 0.336 0.336
OFL 3,640,000 t 4,360,000 t 4,795,000 t 4,589,000 t
maxABC 3,120,000 t 3,740,000 t 3,603,000 t 3,448,000 t
ABC 2,800,000 t 2,979,000 t 2,592,000 t 2,467,000 t
Status 2015 2016 2016 2017
Overfishing No n/a No n/a
Overfished n/a No n/a No
Approaching overfished n/a No n/a No


Response to SSC and Plan Team comments


General comments


The Plan Teams noted that a compilation of responses to CIE reviews be included in order to
maximise their benefit and to promote transparency.
A table summarizing key aspects from the three reviews conducted in 2016 and responses is provided.


Comments specific to this assessment


In the September 2016 minutes, the BSAI Plan Team recommended: " . . . that the authors develop
a better prior for steepness, or at least a better rationale, and perhaps consider a meta-analytic
approach.
. . . In the long term, the Team recommends evaluating the sample sizes used for the data weighting
and pursuing other CIE suggestions.







Input sample size estimates for fishery and surveys were re-evaluated in 2016 and used in the
recommended model below (treated as changes to the input data specification).


Introduction


General


Walleye pollock (Gadus chalcogrammus; hereafter referred to as pollock) are broadly distributed
throughout the North Pacific with the largest concentrations found in the Eastern Bering Sea.
Also known as Alaska pollock, this species continues to play important roles ecologically and
economically.


Review of Life History


In the EBS pollock spawn generally in the period March-May and in relatively localized regions
during specific periods (Bailey 2000). Generally spawning begins nearshore north of Unimak Island
in March and April and later near the Pribilof Islands (Jung et al. 2006, Bacheler et al. 2010).
Females are “iterative” spawners with up to 10 batches of eggs per female per year. Eggs and
larvae of EBS pollock are planktonic for a period of about 90 days and appear to be sensitive to
environmental conditions. These conditions likely affect their dispersal into favorable areas (for
subsequent separation from predators) and also affect general food requirements for over-wintering
survival (Gann et al. 2015, Heintz et al., 2013, Hunt et al. 2011). Pollock as feeders in the
ecosystem have been considered to impact their forage with relatively high consumption rates as
young-of-the year (e.g., Ciannelli et al. 2004). Duffy-Anderson et al. (2015) provide a review of
the early life history of EBS pollock.
Throughout their range juvenile pollock feed on a variety of planktonic crustaceans, including
calanoid copepods and euphausiids. In the EBS shelf region, one-year-old pollock are found
throughout the water column, but also commonly occur in the NMFS bottom trawl survey. Ages
2 and 3 year old pollock are rarely caught in summer bottom trawl survey gear and are more
common in the midwater zone as detected by mid-water acoustic trawl surveys. Younger pollock
are generally found in the more northern parts of the survey area and a pattern of movement to the
southeast occurs as they age (Buckley et al. 2009). Euphausiids, principally Thysanoessa inermis
and T. raschii, are among the most important prey items for pollock in the Bering Sea (Livingston,
1991; Lang et al., 2000; Brodeur et al., 2002; Cianelli et al., 2004; Lang et al., 2005). Their diets
with age become more piscivorous and cannibalism has been commonly observed for this region.
However, Buckley et al. (2016) showed spatial patterns of pollock foraging by size of predators.
For example, the northern part of the the shelf region between the 100 and 200 m isobaths (closest
to the shelf break) tends to be more piscivorous than counterparts in other areas.


Stock structure


New information available from ecosystem survey work in the Northern Bering Sea (NBS) region
(north of Nunivak Island to the Russian convention line and into Norton Sound) suggests consid-
erably more pollock present there compared to the 2010 survey (1.3 million t in 2017 compared to
11 kt in 2010). Although the 2017 bottom temperatures were colder than recent years, the warm
conditions in 2016 may have caused a portion of the pollock stock to move into this region. A loose







relationship was determined (R2 of 0.43) between mean bottom temperature in the US zone on the
EBS shelf and subsequent biomass estimates in the Navarin basin (the Russian area adjacent to
the Convention Line; Ianelli et al. 2011). However, the extent that this may occur between years is
unknown and more detailed evaluation of the NBS data will be forthcoming. Fortunately, genetic
samples were taken from pollock and pending funding availability, should help to ascertain the
extent that these fish are related to those observed in the normal EBS shelf survey area. Genetic
samples taken from 2017 RACE summer survey from the Northern Bering Sea can be compared
with samples from the standard Bering Sea Unimak, Pribilof, and Zhemchug, to ascertain the
extent that these fish are related.


Fishery


Description of the directed fishery


Since the late 1970s, the average EBS pollock catch has been about 1.2 million t, ranging from
0.815 million t in 2009 to nearly 1.5 million t during 2003-2006 (Table 1). During a 10-year
period, catches by foreign vessels operating in the “Donut Hole” region of the Aleutian Basin were
substantial totaling nearly 7 million t (Table 1). A fishing moratorium was enacted in 1993 and
only trace amounts of pollock have been harvested from the Aleutian Basin region since then.
United States vessels began fishing for pollock in 1980 and by 1987 they were able to take 99% of
the quota. Since 1988, only U.S. vessels have been operating in this fishery. Observers collected
data aboard the foreign vessels since the late 1970s. The current observer program for the domestic
fishery formally began in 1991 and has since then regularly re- evaluated the sampling protocol
and making adjustments where needed to improve efficiency. Since 2011, regulations require that
all vessels participating in the pollock fishery carry at least one observer. Prior to this time about
70-80% of the catch was observed at sea or during dockside offloading. Historically, EBS pollock
catches were low until directed foreign fisheries began in 1964. Catches increased rapidly during
the late 1960s and reached a peak in 1970-75 when they ranged from 1.3 to 1.9 million t annually.
Following the peak catch in 1972, bilateral agreements with Japan and the USSR resulted in
reductions. Historical catch estimates used in the assessment, along with management measures
(i.e., ABCs and TACs) are shown in Table 2.


Catch patterns


The “A-season” for directed EBS pollock fishing opens on January 20th and extends into early-mid
April. During this season, the fishery produces highly valued roe that, under optimal conditions,
can comprise over 4% of the catch in weight. The second, or “B-season” presently opens on June
10th and extends through noon on November 1st. The A-season fishery concentrates primarily
north and west of Unimak Island depending on ice conditions and fish distribution. There has also
been effort along the 100m depth contour (and deeper) between Unimak Island and the Pribilof
Islands. The general pattern by season (and area) has varied over time with recent B-season
catches occuring in the southeast portion of the shelf (east of 170◦W longitude; Fig. 1). Since
2011, regulations and industry-based measures to reduce salmon bycatch have affected the spatial
distribution of the fishery and to some degree, the way individual vessel operators fish (Stram and
Ianelli, 2014).
The catch estimates by sex for the seasons indicate that over time, the number of males and







females has been fairly equal (Fig. 2). The 2017 A-season fishery spatial pattern had relatively
high concentrations of fishing on the shelf north of Unimak Island, especially compared to the
pattern observed in 2015 when most fishing activity occurred farther north (Fig. 3). The 2017
A-season catch rates continued to be high following the good conditions observed in the 2016
summer-fall period (Fig. 4). Also of note for this year was that, due to a regulatory change, up
to 45% of the TAC could be taken in the A-season. This conservation measure was made to allow
greater flexibility to avoid Chinook salmon in the B-season. To date, it appears that the pollock
fleet as a whole took advantage of this added flexibility (Fig. 5).
The 2017 summer and fall (B-season) fishing had a pattern that seems intermediate to 2016 and
2015 (Fig. 6). The fleet-wide catch per hour fished was lower than that observed in 2016 for the
B-season but was still quite good compared to other recent years (Fig. 7). Since 1979 the catch of
EBS pollock has averaged 1.19 million t with the lowest catches occurring in 2009 and 2010 when
the limits were set to 0.81 million t due to stock declines (Table 2). Pollock retained and discarded
catch (based on NMFS observer estimates) in the Eastern Bering Sea and Aleutian Islands for 1991-
2017 are shown in (Table 3). Since 1991, estimates of discarded pollock have ranged from a high
of 9.1% of total pollock catch in 1992 to recent lows of around 0.6%. These low values reflect the
implementation of the Council’s Improved Retention /Improved Utilization program. Prior to the
implementation of the American Fisheries Act (AFA) in 1999, higher discards may have occurred
under the “race for fish” and incidental catch of pollock that were below marketable sizes. Since
implementation of the AFA, the vessel operators have more time to pursue optimal sizes of pollock
for market since the quota is allocated to vessels (via cooperative arrangements). In addition,
several vessels have made gear modifications to avoid retention of smaller pollock. In all cases, the
magnitude of discards counts as part of the total catch for management (to ensure the TAC is not
exceeded) and within the assessment. Bycatch of other non-target, target, and prohibited species is
presented in the section titled Ecosystem Considerations below. In that section it is noted that the
bycatch of pollock in other target fisheries is more than double the bycatch of other target species
(e.g., Pacific cod) in the pollock fishery.


Management measures


The EBS pollock stock is managed by NMFS regulations that provide limits on seasonal catch. The
NMFS observer program data provide near real-time statistics during the season and vessels operate
within well-defined limits. TACs have commonly been set well below the ABC value and catches
have usually stayed within these constraints (Table 2). Allocations of the TAC split first with 10%
to western Alaska communities as part of the Community Development Quota (CDQ) program
and the remainder between at-sea processors and shore-based sectors. For a characterization of the
CDQ program see Haynie (2014). Seung and Ianelli (2016) combined a fish population dynamics
model with an economic model to evaluate regional impacts.
Due to concerns that groundfish fisheries may impact the rebuilding of the Steller sea lion popu-
lation, a number of management measures have been implemented over the years. Some measures
were designed to reduce the possibility of competitive interactions between fisheries and Steller
sea lions. For the pollock fisheries, seasonal fishery catch and pollock biomass distributions (from
surveys) indicated that the apparent disproportionately high seasonal harvest rates within Steller
sea lion critical habitat could lead to reduced sea lion prey densities. Consequently, management
measures redistributed the fishery both temporally and spatially according to pollock biomass distri-
butions. This was intended to disperse fishing so that localized harvest rates were more consistent







with annual exploitation rates. The measures include establishing: 1) pollock fishery exclusion
zones around sea lion rookery or haulout sites; 2) phased-in reductions in the seasonal proportions
of TAC that can be taken from critical habitat; and 3) additional seasonal TAC releases to disperse
the fishery in time.
Prior to adoption of the above management measures, the pollock fishery occurred in each of the
three major NMFS management regions of the North Pacific Ocean: the Aleutian Islands (1,001,780
km2 inside the EEZ), the Eastern Bering Sea (968,600 km2), and the Gulf of Alaska (1,156,100
km2). The marine portion of Steller sea lion critical habitat in Alaska west of 150 ◦ W encompasses
386,770 km2 of ocean surface, or 12% of the fishery management regions.
Prior to 1999, 84,100 km2, or 22% of critical habitat was closed to the pollock fishery. Most of
this closure consisted of the 10 and 20 nm radius all-trawl fishery exclusion zones around sea lion
rookeries (48,920 km2, or 13% of critical habitat). The remainder was largely management area
518 (35,180 km2, or 9% of critical habitat) that was closed pursuant to an international agreement
to protect spawning stocks of central Bering Sea pollock.
In 1999, an additional 83,080 km2 (21%) of critical habitat in the Aleutian Islands was closed to
pollock fishing along with 43,170 km2 (11%) around sea lion haulouts in the GOA and Eastern
Bering Sea. In 1998, over 22,000 t of pollock were caught in the Aleutian Island region, with over
17,000 t taken within critical habitat region. Between 1999 and 2004 a directed fishery for pollock
was prohibited in this region. Subsequently, 210,350 km2 (54%) of critical habitat was closed to
the pollock fishery. In 2000 the remaining phased-in reductions in the proportions of seasonal TAC
that could be caught within the BSAI Steller sea lion Conservation Area (SCA) were implemented.
On the EBS shelf, an estimate (based on observer at-sea data) of the proportion of pollock caught
in the SCA has averaged about 38% annually. During the A-season, the average is about 42% (in
part because pre-spawning pollock are more concentrated in this area during this period). The
proportion of pollock caught within the SCA varies considerably, presumably due to temperature
regimes and population age structure. The annual proportion of catch within the SCA varies and
has ranged from an annual low of 11% in 2010 to high of 60% in 1998 followed by a preliminary
value of 53% in 2017 (Table 4). The high values in recent years was likely due to good fishing
conditions close to the main port.
The AFA reduced the capacity of the catcher/processor fleet and permitted the formation of coop-
eratives in each industry sector by the year 2000. Because of some of its provisions, the AFA gave
the industry the ability to respond efficiently to changes mandated for sea lion conservation and
salmon bycatch measures. Without such a catch-share program, these additional measures would
likely have been less effective and less economical (Strong and Criddle 2014).
An additional strategy to minimize potential adverse effects on sea lion populations is to disperse
the fishery throughout more of the pollock range on the Eastern Bering Sea shelf. While the
distribution of fishing during the A-season is limited due to ice and weather conditions, there
appears to be some dispersion to the northwest area (Fig. 3).
The majority (~56%) of Chinook salmon caught as bycatch in the pollock fishery originate from
western Alaskan rivers. An Environmental Impact Statement (EIS) was completed in 2009 in con-
junction with the Council’s recommended management approach. This EIS evaluated the relative
impacts of different bycatch management approaches as well as estimated the impact of bycatch
levels on adult equivalent salmon (AEQ) returning to river systems (NMFS/NPFMC 2009). As a
result, revised salmon bycatch management measures went into effect in 2011 which imposed new
prohibited species catch (PSC) limits. These limits, when reached, close the fishery by sector and







season (Amendment 91 to the Groundfish FMP resulting from the NPFMC’s 2009 action). Pre-
viously, all measures for salmon bycatch imposed seasonal area closures when PSC levels reached
the limit (fishing could continue outside of the closed areas). The current program imposes a dual
cap system by fishing sector and season. A goal of this system was to maintain incentives to avoid
bycatch at a broad range of relative salmon abundance. Participants are also required to take
part in an incentive program agreement (IPA). These IPAs are approved and reviewed annually by
NMFS to ensure individual vessel accountability. The fishery has been operating under rules to
implement this program since January 2011.
Further measures to reduce salmon bycatch in the pollock fishery were developed and the Council
took action on Amendment 110 to the BSAI Groundfish FMP in April 2015. These additional
measures were designed to add protection for Chinook salmon by imposing more restrictive PSC
limits in times of low western Alaskan Chinook salmon abundance. This included provisions within
the IPAs that reduce fishing in months of higher bycatch encounters and mandate the use of salmon
excluders in trawl nets. These provisions were also included to manage chum salmon bycatch within
the IPAs rather than through Amendment 84 to the FMP. The new measure also included additional
seasonal flexibility in pollock fishing so that more pollock (proportionally) could be caught during
seasons when salmon bycatch rates were low. Specifically, an additional 5% of the pollock can be
caught in the A-season (effectively changing the seasonal allocation from 40% to 45% (as noted
above in Fig. 5). These measures are all part of Amendment 110 and a summary of this and other
key management measures is provided in Table 5.


Economic conditions as of 2016


Alaska pollock is the dominant species in terms of catch in the Bering Sea & Aleutian Island (BSAI)
region. In 2016 they accounted for 69% of the BSAI’s FMP groundfish harvest and 88% of the
total pollock harvest in Alaska. Retained catch of pollock increased 2.4% to 1.35 million t in 2016.
BSAI pollock first-wholesale value was $1.35 billion 2016, which was up from $1.27 billion in 2015
and above the 2005-2007 average of $1.25 billion. The higher revenue in recent years is largely
the result of increased catch and production levels as the average first-wholesale price of pollock
products have declined since peaking in 2008-2010 and since 2013 have been close to the 2005-2007
average, though this varies across products types.
Pollock is targeted exclusively with pelagic trawl gear. The catch of pollock in the BSAI was ratio-
nalized with the passage of the AFA in 1998,1 which, among other things, established a proportional
allocation of the total allowable catch (TAC) among vessels in sectors which were allowed to form
into cooperatives.2 Alaska caught pollock in the BSAI became certified by the Marine Stewardship
Council (MSC) in 2005, an NGO based third-party sustainability certification, which some buyers
seek. In 2015 the official U.S. market name changed from “Alaska pollock” to “pollock” enabling
U.S. retailers to differentiate between pollock caught in Alaska and Russia.
Prior to 2008 pollock catches were high at approximately 1.4 million t in the BSAI for an extended
period (Table 6). The U.S. accounted for over 50% of the global pollock catch (Table 7). Between
2008-2010 conservation reductions in the pollock total allowable catch (TAC) trimmed catches to
an average 867 kt. The supply reduction resulted in price increases for most pollock products,


1The AFA was implemented in 1999 for catcher/processors, and in 2000 for catcher vessel and motherships.
2The BSAI pollock TAC is divided between Community Development Program (10% off the top), with the


remaining amount split among shore-based catcher vessels (50%), at-sea catcher/processors (40%) and motherships
(10%).







which mitigated the short-term revenue loss (Table 8). Over this same period, the pollock catch
in Russia increased from an average of 1 million t in 2005-2007 to 1.4 million t in 2008-2010 and
Russia’s share of global catch increased to over 50% and the U.S. share decreased to 35%. Russia
lacks the primary processing capacity of the U.S. and much of their catch is exported to China
and is re-processed as twice-frozen fillets. Around the mid- to late- 2000s, buyers in Europe, an
important segment of the fillet market, started to source fish products with the MSC sustainability
certification, and retailers in the U.S. later began to follow suit. Asian markets, an important
export destination for a number of pollock products, have shown less interest in requiring MSC
certification. The U.S. was the only producer of MSC certified pollock until 2013 when roughly
50% of the Russian catch became MSC certified. Since 2010 the U.S. pollock stock rebounded with
catches in the BSAI ranging from 1.2-1.3 million t and Russia’s catch has stabilized at 1.5 to 1.6
million t. The majority of pollock is exported; consequently exchange rates can have a significant
impact on market dynamics, particularly the Dollar-Yen and Dollar-Euro.3 Additionally, pollock
more broadly competes with other whitefish that, to varying degrees, can serve as substitutes
depending on the product.
This market environment accounts for some of the major trends in prices and production across
product types. Fillet prices peaked in 2008-2010 but declined afterwards because of the greater
supply from U.S. and Russia. The 2013 MSC certification of Russian-caught pollock enabled access
to segments of European and U.S. fillet markets, which has put continued downward pressure on
prices. Pollock roe prices and production have declined steadily over the last decade as international
demand has waned with changing consumer preferences in Asia. Additionally, the supply of pollock
roe from Russia has increased with catch. The net effect has been not only a reduction in the supply
of roe from the U.S. industry, but also a significant reduction in roe prices which are roughly half
pre-2008 levels. Prior to 2008, roe comprised 23% of the U.S. wholesale value share, and since 2011 it
has been roughly 10%. With the U.S. supply reduction in 2008-2010, surimi production from pollock
came under increased pressure as U.S. pollock prices rose and markets sought cheaper sources of raw
materials (see Guenneugues and Ianelli 2013 for a global review of surimi resources and market).
This contributed to a growth in surimi from warm- water fish of southeast Asia. Surimi prices
spiked in 2008-2010 and have since tapered off as production from warm-water species increased
(as has pollock). A relatively small fraction of pollock caught in Russian waters is processed as
surimi. Surimi is consumed globally, but Asian markets dominate the demand for surimi and
demand has remained strong.
The catch of pollock can be broadly divided between the shore-based sector where catcher vessels
make deliveries to inshore processors, and the at-sea sector where catch is processed at-sea by
catcher/processors and motherships before going directly to the wholesale markets. The retained
catch of the shore-based sector increased 2.5% increase to 704 kt. The value of these deliveries
(shore-based ex-vessel value) totaled $209.4 million in 2016, which was down 7.9% from the ex-
vessel value in 2015, as the increased catch was offset by a 9.7% decrease in the ex-vessel price
(Table 6). The first-wholesale value of pollock products was $808 million for the at-sea sector and
$543 million for the shore-based sector (Table 7). The higher revenue in recent years is largely the
result of increased catch levels as the average price of pollock products has declined since peaking
in 2008-2010 and since 2013 has been close to the 2005-2007 average, though this varies across
products types. The average price of pollock products in 2016 increased for the at-sea sector and
shore-based sectors, which was largely attributable to an increase in the price of roe products,
though prices increased for fillets and surimi products as well.


3Aggregate exports in Table 8 may not fully account for all pollock exports as products such as meal, minced fish
and other ancillary product may be coded as generic fish type for export purposes.







The portfolios of products shore-based and at-sea processors produce are similar. In both sectors
the primary products processed from pollock are fillets, surimi and roe, with each accounting
for approximately 40%, 35%, and 10% of first-wholesale value (Table 7). The price of products
produced at-sea tend to be higher than comparable products produced shore-based because of the
shorter time span between catch, processing and freezing. The price of fillets produced at-sea tend
to be about 6% higher, surimi prices tend to be about 20% higher and the price of roe about
45% higher. Average prices for fillets produced at-sea also tend to be higher because they produce
proportionally more higher-priced fillet types (like deep-skin fillets). The at-sea price first wholesale
premium averaged roughly $0.30 per pound between 2005-2010 but has decreased to an average of
$0.20 per pound since 2011, in part, because the shore-based sector increased their relative share
of surimi production.4


Pollock fillets


A variety of different fillets are produced from pollock, with pin-bone-out (PBO) and deep-skin
fillets accounting for approximately 70% and 30% of production in the BSAI, respectively. Total
fillet production decreased 3.4% to 161 kt in 2016, but since 2010 has increased with aggregate
production and catch and has been higher than the 2005-2007 average (Table 7). The average
price of fillet products in the BSAI increased 4% to $1.41 per pound and is below the inflation
adjusted average price of fillets in 2005-2007 of $1.46 per pound. Media reports indicate that
headed-and-gutted (H&G) and fillet prices tended to be low throughout the year. The small size
of fish in the catch, significant inventories, and insolvency of a major international pollock trader
were cited as contributing factors. Low H&G prices incentivize Russia producers to upgrade their
fillet production capacity in the near future, though fillets are a small portion of their primary
production. Much of the Russian catch already goes to China for secondary processing into fillets
so this would do little to increase the overall volume, however, increased primary fillet processing in
Russia could increase competition with U.S. produced single-frozen fillet products. Approximately
30% of the fillets produced in Alaska are estimated to remain in the domestic market, which
accounts for roughly 45% of domestic pollock fillet consumption.5 As recent fillet markets have
become increasingly tight, the industry has tried to maintain value by increasing domestic marketing
for fillet based product and creating product types that are better suited to the American palette,
in addition to increased utilization of by-products.


Surimi seafood


Surimi production continued an increasing trend through 2016, but at a more moderate rate of 1.6%
to 190.8 kt which is above the 2005-2007 average. Prices have increased since 2013 to $1.19 per
pound in the BSAI in 2016 (Table 7). Because surimi and fillets are both made from pollock meat,
activity in the fillet market can influence the decision of processors to produce surimi. Industry
news indicated the average size of fish caught is down, which incentivizes surimi production because
it yields a higher value than fillets. Additionally, the supply of raw surimi material continues to be


4The at-sea price premium is the difference between the average price of first-wholesale products at-sea and the
average price of first-wholesale products shore-based.


5Additionally, roughly 10% of the at-sea BSAI production is processed as H&G which is mostly exported, primarily
to China, where is reprocessed as fillets and some share of which returns to the U.S.. China also processes H&G from
Russia into fillets which are also imported into the domestic market. Current data collection does not allow us to
estimate the share of U.S. returning imports.







constrained in Japan. The high volume of surimi production has raised concerns that prices may
begin to plateau or fall, but the more favorable exchange rate with Japan in 2016 may have helped
to shore up prices.


Pollock roe


Roe is a high priced product that is the focus of the A season catch destined primarily for Asian
markets. Roe production in the BSAI tapered off in the late-2000s and since has generally fluctuated
at under 20 kt annually, production averaged 27 kt in 2005-2007 and was 14.3 kt in 2016, which
is 24% below production in 2015 (Fig. 8). Prices peaked in the mid-2000s and have followed a
decreasing trend over the last decade which continued until 2015. In 2016 roe production from the
U.S. and Russia were low as a result of a smaller average size of fish caught, which also reduced
average grade of roe sold. Lower production and tight inventories put upward pressure on roe
prices. Additionally, the Yen to U.S. Dollar exchange rate was more favorable in the 2016 than
2015. The net result in the BSAI was a 24% price increase in 2016 to $2.84 per pound, and value
was down only 6% to $89 million (Table 7).


Fish oil


Using oil production per 100 tons as a basic index (tons of oil per ton retained catch) shows increases
for the at-sea sector. In 2005-2007 it was 0.3% and starting in 2008 it increased and leveled off
after 2010 with over 1.5% of the catch being converted to fish oil (Table 9). This represents about a
5-fold increase in recorded oil production during this period. Oil production from the shore-based
fleet was somewhat higher than the at-sea processors prior to 2008 but has been relatively stable
according to available records. Oil production estimates from the shore-based fleet may be biased
low because some production occurs at secondary processors (fishmeal plants) in Alaska. The
increased production of oil beginning in 2008 can be attributed to the steady trend to add more
value per ton of fish landed.


Data


The following lists the data used in this assessment:


Source Type Years
Fishery Catch biomass 1964-2017
Fishery Catch age composition 1964-2016
Fishery Japanese trawl CPUE 1965-1976
EBS bottom trawl Area-swept biomass and


age-specific proportions
1982-2017


Acoustic trawl survey Biomass index and age-
specific proportions


1994, 1996, 1997, 1999, 2000, 2002, 2004,
2006-2010, 2012, 2014, 2016


Acoustic vessels of op-
portunity (AVO)


Biomass index 2006-2017







Fishery


Catch


The catch-at-age composition was estimated using the methods described by Kimura (1989) and
modified by Dorn (1992). Length-stratified age data are used to construct age-length keys for
each stratum and sex. These keys are then applied to randomly sampled catch length frequency
data. The stratum-specific age composition estimates are then weighted by the catch within each
stratum to arrive at an overall age composition for each year. Data were collected through shore-
side sampling and at-sea observers. The three strata for the EBS were: i) January–June (all areas,
but mainly east of 170◦W); ii) INPFC area 51 (east of 170◦W) from July–December; and iii) INPFC
area 52 (west of 170◦W) from July–December. This method was used to derive the age compositions
from 1991-2016 (the period for which all the necessary information is readily available). Prior to
1991, we used the same catch-at-age composition estimates as presented in Wespestad et al. (1996).
The catch-at-age estimation method uses a two-stage bootstrap re-sampling of the data. Observed
tows were first selected with replacement, followed by re- sampling actual lengths and age specimens
given that set of tows. This method allows an objective way to specify the effective sample size for
fitting fishery age composition data within the assessment model. In addition, estimates of stratum-
specific fishery mean weights-at-age (and variances) are provided which are useful for evaluating
general patterns in growth and growth variability. For example, Ianelli et al. (2007) showed that
seasonal aspects of pollock condition factor could affect estimates of mean weight-at-age. They
showed that within a year, the condition factor for pollock varies by more than 15%, with the
heaviest pollock caught late in the year from October- December (although most fishing occurs
during other times of the year) and the thinnest fish at length tending to occur in late winter.
They also showed that spatial patterns in the fishery affect mean weights, particularly when the
fishery is shifted more towards the northwest where pollock tend to be smaller at age. In 2011 the
winter fishery catch consisted primarily of age 5 pollock (the 2006 year class) and later in that year
age 3 pollock (the 2008 year class) were present. In 2012 - 2016 the 2008 year class was prominent
in the catches with 2015 showing the first signs of the 2012 year-class as three year-olds in the catch
(Fig. 9; Table 10). The sampling effort for age determinations, weight-length measurements, and
length frequencies is shown in Tables 11, 12, and 13. Sampling for pollock lengths and ages by area
has been shown to be relatively proportional to catches (e.g., Fig. 1.8 in Ianelli et al. 2004). The
precision of total pollock catch biomass is considered high with estimated CVs to be on the order
of 1% (Miller 2005).
Scientific research catches are reported to fulfill requirements of the Magnuson-Stevens Fisheries
Conservation and Management Act. The annual estimated research catches (1963 - 2016) from
NMFS surveys in the Bering Sea and Aleutian Islands Region are given in (Table 14). Since these
values represent extremely small fractions of the total removals (~0.02%) they are ignored as a
contributor to the catches as modeled for assessment purposes.


Surveys


Bottom trawl survey (BTS)


Trawl surveys have been conducted annually by the AFSC to assess the abundance of crab and
groundfish in the Eastern Bering Sea since 1979 and since 1982 using standardized gear and meth-







ods. For pollock, this survey has been instrumental in providing an abundance index and infor-
mation on the population age structure. This survey is complemented by the acoustic trawl (AT)
surveys that sample mid-water components of the pollock stock. Between 1991 and 2017 the BTS
biomass estimates ranged from 2.28 to 8.39 million t (Table 15; Fig. 10). In the mid-1980s and early
1990s several years resulted in above-average biomass estimates. The stock appeared to be at lower
levels during 1996-1999 then increased moderately until about 2003 and since then has averaged just
over 4 million t. These surveys provide consistent measurements of environmental conditions, such
as the sea surface and bottom temperatures. Large-scale zoogeographic shifts in the EBS shelf doc-
umented during a warming trend in the early 2000s were attributed to temperature changes (e.g.,
Mueter and Litzow 2008). However, after the period of relatively warm conditions ended in 2005,
the next eight years were mainly below average, indicating that the zoogeographic responses may
be less temperature-dependent than they initially appeared (Kotwicki and Lauth 2013). Bottom
temperatures increased in 2011 to about average from the low value in 2010 but declined again in
2012-2013. However, in 2014-2015 bottom temperatures increased along with surface temperatures
reached a new high in 2016 and dropped to more average values this year (Fig. 11) 6.
Beginning in 1987 NMFS expanded the standard survey area farther to the northwest. The pollock
biomass levels found in the two northern strata were highly variable, ranging from 1% to 22% of
the total biomass; whereas the 2014 estimate was 12%, 2015 was 7%, and in the past two years is
slightly below the average (5%) at 4% and 3% (Table 16). In some years (e.g., 1997 and 1998) some
stations had high catches of pollock in that region and this resulted in high estimates of sampling
uncertainty (CVs of 95% and 65% for 1997 and 1998 respectively). This region is contiguous with
the Russian border and these strata seem to improve coverage over the range of the exploited
pollock stock.
The 2017 biomass estimate (design-based, area swept) was 4.81 million t, slightly below the average
for this survey (4.84 million t). Pollock were distributed more widely in 2017 compared to recent
years and were abundant in locales cooler than 2◦C bottom temperatures (Fig. 12). The extent of
distribution within the middle domain is more apparent in Figure 13 which shows that the split in
densities observed in the 2016 survey was absent in 2017.
The BTS abundance-at-age estimates show variability in year-class strengths with substantial con-
sistency over time (Fig. 14). Pollock above 40 cm in length generally appear to be fully selected
and in some years many 1-year olds occur on or near the bottom (with modal lengths around 10-19
cm). Age 2 or 3 pollock (lengths around 20-29 cm and 30-39 cm, respectively) are relatively rare in
this survey presumably because they are more pelagic as juveniles. Observed fluctuations in survey
estimates may be attributed to a variety of sources including unaccounted-for variability in natural
mortality, survey catchability, and migrations. As an example, some strong year classes appear in
the surveys over several ages (e.g., the 1989 year class) while others appear only at older ages (e.g.,
the 1992 and 2008 year class). Sometimes initially strong year classes appear to wane in successive
assessments (e.g., the 1996 year class estimate (at age 1) dropped from 43 billion fish in 2003 to 32
billion in 2007 (Ianelli et al. 2007). Retrospective analyses (e.g., Parma 1993) have also highlighted
these patterns, as presented in Ianelli et al. (2006, 2011). Kotwicki et al. (2013) also found that
the catchability of either the BTS or AT survey for pollock is variable in space and time because
it depends on environmental variables, and is density-dependent in the case of the BTS survey.
The 2017 survey age compositions were developed from age-structures collected during the survey
(June-July) and processed at the AFSC labs within a few weeks after the survey was completed.


6The traditional area-swept design-based index is reported in some tables along with the density-dependent cor-
rected index (Kotwicki et al. 2014) presented in past assessments used here.







The level of sampling for lengths and ages in the BTS is shown in (Table 17). The estimated
numbers-at-age from the BTS for strata (1-9 except for 1982-84 and 1986, when only strata 1-6
were surveyed) are presented in Table 18 and contains the values used for the index which accounts
for density-dependence in bottom trawl tows (Kotwicki et al. 2014). Mean body mass at ages from
the survey are shown in (Table 19).
As in previous assessments, a descriptive evaluation of the BTS data alone was conducted to
examine mortality patterns similar to those proposed in Cotter et al. (2004). The idea is to
evaluate survey data independently from the assessment model for trends. The log-abundance
of age 5 and older pollock was regressed against age by cohort. The negative values estimated
for the slope are estimates of total annual mortality. Age-5 was selected because younger pollock
appear to still be recruiting to the bottom trawl survey gear (based on qualitative evaluation of age
composition patterns). A key assumption of this analysis is that all ages are equally available to
the gear. Total mortality by cohort seems to be variable (unlike the example in Cotter et al., 2004).
Cohorts from the early 1990s appear to have lower total mortality than cohorts since the mid-1990s,
which average around 0.4. Total mortality estimates by cohort represent lifetime averages since
harvest rates (and actual natural mortality) vary from year to year. The low values estimated for
some year classes (e.g., the 1991 cohort) could be because these age groups only become available
to the survey at a later age (i.e., that the availability/selectivity to the survey gear changed for
these cohorts). Alternatively, it may suggest some net immigration into the survey area or a period
of lower natural mortality. In general, these values are consistent with the values obtained within
the assessment models.
As described in the 2015 assessment, an alternative index that accounts for the efficiency of bottom-
trawl gear for estimating pollock densities was used (Kotwicki et al. 2014). Based on comments
from the CIE review, this index was provided in biomass units in this assessment (previously the
index was for abundance). This biomass index was shown in Table 15 as noted above (the column
labelled “DDC”).


Other time series used in the assessment


Acoustic trawl (AT) surveys


The AT surveys are conducted biennially (most recently in 2016) and are designed to estimate the
off- bottom component of the pollock stock (compared to the BTS which are conducted annually
and provide an abundance index of the near-bottom pollock). The number of trawl hauls, lengths,
and ages sampled from the AT survey are presented in (Table 20). Estimated midwater pollock
biomass (to 3m from bottom) for the shelf was above 4 million tons in the early years of the
time series (Table 15). It dipped below 2 million t in 1991, and then increased and remained
between 2.5 and 4 million t for about a decade (1994-2004). The early 2000s (the ‘warm’ period
mentioned above) were characterized by low pollock recruitment, which was subsequently reflected
in lower midwater biomass estimates between 2006 and 2012 (the recent ‘cold’ period; Honkalehto
and McCarthy 2015). The midwater pollock biomass estimate from the 2016 AT survey of 4.06
million is above the average (2.76 million t; Table 21). Relative estimation errors for the total
biomass were derived from a one-dimensional (1D) geostatistical method (Petitgas 1993, Walline
2007, Williamson and Traynor 1996) and account for observed spatial structure for sampling along
transects. As in previous assessments, the other sources of error (e.g., target strength, trawl
sampling) were accounted for by inflating the annual error estimates to have an overall average CV







of 25% for application within the assessment model (based on judgement relative to other indices).
The portion of shelf-wide biomass (from surface to 3m off-bottom) estimated to be east of 170◦W
was 37%, compared to an average of 24% since 1994 (Table 21). Also, the distribution of pollock
biomass within the SCA was similar to that found in 2014 at 13% compared to the 2007-2012
average of 7% (and 1994-2016 average of 10%).
The 2016 EBS acoustic-trawl survey estimates of population numbers at age were updated based
on age-length keys from the AT survey (Fig. 15). Additionally, historical data were updated to
account for the layer of pollock detected between 0.5 and 3m from the bottom (previous estimates
had use pollock estimates between the surface down to 3m from the bottom only). This affected
the age compositions but differences were relatively minor (Fig. 16). As noted last year, the 2016
survey observed relatively few age 1 pollock whereas age 3 (the 2013 year class) was the most
abundant age group followed by four year olds (Table 22).


Biomass index from Acoustic-Vessels-of-Opportunity (AVO)


The details of how acoustic backscatter data from the two commercial fishing vessels chartered for
the eastern Bering Sea bottom trawl survey (BTS) are used to compute a midwater abundance
index for pollock can be found in Honkalehto et al. (2011). This index was updated this year since
there was no directed acoustic-trawl survey in the EBS. This biomass series shows a steady increase
for the period 2009-2015 with a slight drop in 2016 that continues in 2017 (Table 23).
A spatial comparison between the BTS data and AVO survey transects in 2016 and 2017 shows
differences in the locales and densities of pollock both between years and in their vertical densities
within years (Fig. 17). This figure also shows that in both years the AVO survey detects densities
that were less apparent in the BTS data.


Analytic approach


General model structure


A statistical age-structured assessment model conceptually outlined in Fournier and Archibald
(1982) and like Methot’s (1990) stock synthesis model was applied over the period 1964-2017. A
technical description is presented in the Model Details section attached. The analysis was first
introduced in the 1996 SAFE report and compared to the cohort analyses that had been used
previously and was document Ianelli and Fournier 1998). The model was implemented using auto-
matic differentiation software developed as a set of libraries under the C++ language (“ADMB,”
Fournier et al. 2012). The data updated from last year’s analyses include:


• The 2017 EBS bottom trawl survey estimates of population numbers-at- age and biomass
were added.


• The 2016 EBS acoustic-trawl survey estimate of population numbers- at-age based on the
actual age data (and age-length keys) from the AT survey


• The 2016 fishery age composition data were added.


A simplified version of the assessment (with mainly the same data and likelihood-fitting method)
is included as a supplemental multi-species assessment model. As presented in 2016, it allows for







trophic interactions among key prey and predator species and for pollock, and it can be used to
evaluate age and time-varying natural mortality estimates in addition to alternative catch scenarios
and management targets (see this volume: EBS multi-species model).


Description of alternative models


Based on recent reviews and feedback from the SSC and Plan Team, a few model configuration
options were developed and implemented in 2016 and the main model proposed here is based on
the accepted model from last year.
At the September 2016 Plan Team meetings and subsequent SSC, presentations were made de-
scribing preliminary results using the ATS data that covered the water column down to 0.5m from
the bottom. Due to issues with compiling the age compositions for the new series, the plan was to
incorporate and present these results in the 2017 assessment. This was completed and now, based
on SSC, Plan Team, and CIE review recommendations, the time series where the acoustic return
covers the bottom layer between 0.5 and 3m from bottom is included in the ATS data.


Input sample size


In 2016 we reevaluated specified sample sizes and the trade-offs with flexibility in time and age
varying selectivity. This resulted in tuning the recent era (1991-present year) to average sample
sizes of 350 and then estimated values for the intermediate and earliest period (Table 24). We
assumed average values of 100 and 50 for the BTS and ATS data, respectively with inter-annual
variability reflecting the variability in the number of hauls sampled for ages. The tuning aspects for
these effective sample size weights were estimated following Francis 2011 (equation TA1.8, hereafter
referred to as Francis weights).


Parameters estimated outside of the assessment model


Natural mortality and maturity at age


The baseline 16.0 model specification has been to use constant natural mortality rates at age
(M=0.9, 0.45, and 0.3 for ages 1, 2, and 3+ respectively based on earlier work of Wespestad
and Terry 1984). These values have been applied to catch-age models and forecasts since 1982
and appear reasonable for pollock. When predation was explicitly considered estimates tend to be
higher and more variable (Holsman et al. 2015; Livingston and Methot 1998; Hollowed et al. 2000).
Clark (1999) noted that specifying a conservative (lower) natural mortality rate may be advisable
when natural mortality rates are uncertain. More recent studies confirm this (e.g., Johnson et
al. 2015). In the 2014 assessment different natural mortality vectors were evaluated in which the
“Lorenzen” approach and that of Gislason et al (2010) were tested. The values assumed for pollock
natural mortality-at-age and maturity-at-age (for all models; Smith 1981) consistent with previous
assessments were:


Age 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
M 0.90 0.45 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30


Pmat 0.00 0.008 0.29 0.64 0.84 0.90 0.95 0.96 0.97 1.00 1.00 1.00 1.00 1.00 1.00


In the supplemental multi-species assessment model alternative values of age and time-varying



http://www.afsc.noaa.gov/refm/stocks/plan_team/EBSmultispp.pdf





natural mortality are presented. Those estimates indicate higher values than used here. In last
year’s evaluation of natural mortality it was noted that the survey age compositions favored lower
values of M while the fishery age composition favored higher values. This is consistent with the
patterns seen in the BTS survey data as they show increased abundances of “fully selected” cohorts.
Hence, given the model specification (asymptotic selectivity for the BTS age composition data),
lower natural mortality rates would be consistent with those data. Given these trade-offs, structural
model assumptions were held to be the same as previous years for consistency (i.e., the mortality
schedule presented above).
Maturity-at-age values used for the EBS pollock assessment are originally based on Smith (1981)
and were reevaluated (e.g., Stahl 2004; Stahl and Kruse 2008a; and Ianelli et al. 2005). These
studies found inter-annual variability but general consistency with the current assumed schedule of
proportion mature at age.


Length and Weight at Age


Age determination methods have been validated for pollock (Kimura et al. 1992; Kimura et al.
2006, and Kastelle and Kimura 2006). EBS pollock size-at-age show important differences in growth
with differences by area, year, and year class. Pollock in the northwest area are typically smaller
at age than pollock in the southeast area. The differences in average weight-at-age are taken into
account by stratifying estimates of catch-at-age by year, area, season, and weighting estimates
proportional to catch.
The assessment model for EBS pollock accounts for numbers of individuals in the population. As
noted above, management recommendations are based on allowable catch levels expressed as tons
of fish. While estimates of pollock catch-at-age are based on large data sets, the data are only
available up until the most recent completed calendar year of fishing (e.g., 2015 for the assessment
conducted in 2016). Consequently, estimates of weight-at-age in the current year are required to
map total catch biomass (typically equal to the quota) to numbers of fish caught (in the current
year). Therefore, these estimates can have large impacts on recommendations (e.g., ABC and
OFL).
The mean weight at age in the fishery can vary due to environmental conditions in addition to
spatial and temporal patterns of the fishery. Bootstrap distributions of the within-year sampling
variability indicate it is relatively small compared to between-year variability in mean weights-at-
age. This implies that processes determining mean weights in the fishery cause more variability
than sampling (Table 25). The coefficients of variation between years are on the order of 6% to 9%
(for the ages that are targeted) whereas the sampling variability is generally around 1% or 2%. The
approach to account for the identified mean weight-at-age having clear year and cohort effects was
continued (e.g., Fig. 18). Details were provided in appendix 1A of Ianelli et al. (2016). The results
from this method showed the relative variability between years and cohorts and provide estimates
(and uncertainty) for 2017-2019 (Table 25).


Parameters estimated within the assessment model


For the selected model, 929 parameters were estimated conditioned on data and model assumptions.
Initial age composition, subsequent recruitment, and stock- recruitment parameters account for 77
parameters. This includes vectors describing the initial age composition (and deviation from the
equilibrium expectation) in the first year (as ages 2-15 in 1964) and the recruitment mean and







deviations (at age 1) from 1964-2016 and projected recruitment variability (using the variance
of past recruitments) for five years (2018-2022). The two- parameter stock-recruitment curve is
included in addition to a term that allows the average recruitment before 1964 (that comprises
the initial age composition in that year) to have a mean value different from subsequent years.
Note that the stock-recruit relationship is fit only to stock and recruitment estimates from 1978
year-class through to the 2014 year-class.
Fishing mortality is parameterized to be semi-separable with year and age (selectivity) components.
The age component is allowed to vary over time; changes are allowed in each year. The mean value
of the age component is constrained to equal one and the last 5 age groups (ages 11-15) are specified
to be equal. This latter specification feature is intended to reduce the number of parameters while
acknowledging that pollock in this age-range are likely to exhibit similar life-history characteristics
(i.e., unlikely to change their relative availability to the fishery with age). The annual components
of fishing mortality result in 55 parameters and the age-time selectivity schedule forms a 10x54
matrix of 540 parameters bringing the total fishing mortality parameters to 595. The rationale for
including time- varying selectivity has recently been supported as a means to improve retrospective
patterns (Szuwalksi, Ianelli, and Punt 2017) and as best practice (Martell and Stewart, 2013).
For surveys and indices, the treatment of the catchability coefficient, and interactions with age-
specific selectivity require consideration. For the BTS index, selectivity-at-age is estimated with
a logistic curve in which year specific deviations in the parameters is allowed. Such time-varying
survey selectivity is estimated to account for changes in the availability of pollock to the survey
gear and is constrained by pre-specified variance terms. For the AT survey, which originally began
in 1979 (the current series including data down to 0.5m from bottom begins in 1994), optional
parameters to allow for age and time-varying patterns exist but for this assessment and other
recent assessments, ATS selectivity is constant over time. Overall, five catchability coefficients
were estimated: one each for the early fishery catch-per-unit effort (CPUE) data (from Low and
Ikeda, 1980), the early bottom trawl survey data (where only 6 strata were surveyed), the main
bottom trawl survey data (including all strata surveyed), the AT survey data, and the AVO data.
An uninformative prior distribution is used for all of the indices. The selectivity parameters for the
2 main indices total 135 (the CPUE and AVO data mirror the fishery and AT survey selectivities,
respectively).
Additional fishing mortality rates used for recommending harvest levels are estimated conditionally
on other outputs from the model. For example, the values corresponding to the F40% F35% and
FMSY harvest rates are found by satisfying the constraint that, given age-specific population pa-
rameters (e.g., selectivity, maturity, mortality, weight-at-age), unique values exist that correspond
to these fishing mortality rates. The likelihood components that are used to fit the model can be
categorized as:


• Total catch biomass (log-normal, σ = 0.05)


• Log-normal indices of pollock biomass; bottom trawl surveys assume annual estimates of
sampling error, as represented in Fig. 10; for the AT index the annual errors were specified to
have a mean of 0.25; while for the AVO data, a value relative to the AT index was estimated
and gave a mean of about 0.30).


• Fishery and survey proportions-at-age estimates (multinomial with effective sample sizes pre-
sented Table 24).







• Age 1 index from the AT survey (CV set equal to 30% as in prior assessments).


• Selectivity constraints: penalties/priors on age-age variability, time changes, and decreasing
(with age) patterns.


• Stock-recruitment: penalties/priors involved with fitting a stochastic stock-recruitment rela-
tionship within the integrated model.


• “Fixed effects” terms accounting for cohort and year sources of variability in fishery mean
weights-at-age estimated based on available data from 1991-2016 and externally estimated
variance terms as described in Appendix 1A of Ianelli et al. (2016).


Work evaluating temperature and predation-dependent effects on the stock- recruitment estimates
continues (Spencer et al. 2016). This approach modified the estimation of the stock-recruitment re-
lationship by including the effect of temperature and predation mortality. A relationship between
recruitment residuals and temperature was noted (similar to that found in Mueter et al., 2011)
and lower pollock recruitment during warmer conditions might be expected. Similar results relat-
ing summer temperature conditions to subsequent pollock recruitment for recent years were also
found by Yasumiishi et al. (2015). The extent that such relationships affect the stock-recruitment
estimates (and future productivity) is a continuing area of research.


Results


Model evaluation


The limited models presented (with and without the revised acoustic survey biomass estimates and
age compositions compared to last year’s selected model, here denoted 16.0) shows a slight drop in
spawning biomass estimates relative to last year (Fig. 19). The recent recruitment pattern (at age
1) shows an increase in the 2014 value (representing the 2013 year-class) but was otherwise quite
similar (Fig. 20). Based on past recommendations by the CIE, SSC, and Plan Team, the model
using the acoustic trawl survey data extending from the surface to 0.5m from the bottom (16.0a)
was selected for this year’s reference/base model.
The fits to the bottom-trawl survey biomass (the density-dependent corrected series) appears to
be reasonable (Fig. 21). Similarly, the fits to the acoustic-trawl survey biomass series is consistent
with the specified observation uncertainty (Fig. 22).
The estimated parameters and standard errors are provided online and summary model results are
given in Table 26. The code for the model (with dimensions and links to parameter names) and
input files are available upon request.
The input sample size (as tuned in 2016 using “Francis Weights”) can be evaluated visually for
consistency with expectations of mean annual age for the different gear types (Fig. 23; Francis
2011). The estimated selectivity pattern changes over time and reflects to some degree the extent
to which the fishery is focused on particularly prominent year- classes (Fig. 24). The model fits
the fishery age- composition data quite well under this form of selectivity (Fig. 25). The fit to the
early Japanese fishery CPUE data (Low and Ikeda 1980) is consistent with the population trends
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for this period (Fig. 26). The fit to the fishery- independent index from the 2006-2017 AVO data
shows a relatively stable trend in recent years (Fig. 27).
Bottom-trawl survey selectivity (Fig. 28) and fits to the numbers of age 2 and older pollock indicate
that the model predicts fewer pollock than observed in the 2014 and 2015 survey but slightly more
than observed in the 2012, 2013 and in 2016-17 (Fig. 21). The pattern of bottom trawl survey
age composition data in recent years shows a decline in the abundance of older pollock since 2011.
The 2006 year-class observations are below model expectations in 2012 and 2013, partly due to
the fact that in 2010 the survey estimates are greater than the model predictions (Fig. 29). In
2017 the model predicted higher proportions of age 5 and age 9 than observed whereas the survey
observations indicated a higher-than-expected proportion of 4-year olds (the 2013 year class).
The fit to the numbers of age 2 and older pollock in the AT survey generally falls within the
confidence bounds of the survey sampling distributions (here assumed to have an average CV of
25%) with a reasonable pattern of residuals (Fig. 22). The AT age compositions consistently track
large year classes through the population and the model fits these patterns reasonably well (Fig.
30).
As in past assessments, an evaluation of the multivariate posterior distribution was performed by
running a chain of 3 million Monte-Carlo Markov chain (MCMC) simulations and saving every
600th iteration (final posterior draws totalled 5,000). A pairwise comparison for some key pa-
rameters could be evaluated (along with their marginal distributions; Fig. 31). To compare the
point estimates (highest posterior density) with the mean of the posterior marginal distribution,
overplotting the former on the latter for the 2017 spawning biomass estimate were nearly identical
(Fig. 32).


Time series results


The time series of begin-year biomass estimates (ages 3 and older) suggests that the abundance
of Eastern Bering Sea pollock remained at a high level from 1981-88, with estimates ranging from
8 to 12 million t (Table 31). Historically, biomass levels increased from 1979 to the mid-1980s
due to the strong 1978 and relatively strong 1982 and 1984 year classes recruiting to the fishable
population. The stock is characterized by peaks in the mid-1980s, the mid-1990s and again appears
to be increasing to new highs over 13 million t following the low in 2008 of 4.9 million t.
The level of fishing relative to biomass estimates show that the spawning exploitation rate (SER,
defined as the percent removal of egg production in each spawning year) has been mostly below
20% since 1980 (Fig. 33). During 2006 and 2007 the rate averaged more than 20% and the average
fishing mortality for ages 3-8 increased during the period of stock decline. The estimate for 2009
through 2016 was below 20% due to the reductions in TACs relative to the maximum permissible
ABC values and increased in the spawning biomass. The average F (ages 3-8) increased in 2011
to above 0.25 when the TAC increased but has dropped since then and in 2016 is estimated at
about 0.16. Age specific fishing mortality rates reflect these patterns and show some increases in
the oldest ages from 2011-2013 but also indicate a decline in recent years (Fig. 34). The estimates
of age 3+ pollock biomass were mostly higher than the estimates from previous years (Fig. 35,
Table 31).
To evaluate past management and assessment performance it can be useful to examine estimated
fishing mortality relative to reference values. For EBS pollock, we computed the reference fishing
mortality from Tier 1 (unadjusted) and recalculated the historical values for FMSY (since selectivity







has changed over time). Since 1977 the current estimates of fishing mortality suggest that during
the early period, harvest rates were above FMSY until about 1980. Since that time, the levels of
fishing mortality have averaged about 35% of the FMSY level (Fig. 36).


Recruitment


Model estimates indicate that both the 2008 and 2012 year classes are well above average (Fig. 37).
The stock-recruitment curve as fit within the integrated model shows a fair amount of variability
both in the estimated recruitments and in the uncertainty of the curve (Fig. 38). Note that the 2015
and 2016 year classes (as age 1 recruits in 2016 and 2017) are excluded from the stock-recruitment
curve estimation. Separate from fitting the stock- recruit relationship within the model, examining
the estimated recruits-per-spawning biomass shows variability over time but seems to lack trend
and also is consistent with the Ricker stock- recruit relationship used within the model (Fig. 39).
Environmental factors affecting recruitment are considered important and contribute to the vari-
ability. Previous studies linked strong Bering Sea pollock recruitment to years with warm sea
temperatures and northward transport of pollock eggs and larvae (Wespestad et al. 2000; Mueter
et al. 2006). As part of the Bering-Aleutian Salmon International Survey (BASIS) project research
has also been directed toward the relative density and quality (in terms of condition for survival)
of young-of-year pollock. For example, Moss et al. (2009) found age-0 pollock were very abun-
dant and widely distributed to the north and east on the Bering Sea shelf during 2004 and 2005
(warm sea temperature; high water column stratification) indicating high northern transport of
pollock eggs and larvae during those years. Mueter et al. (2011) found that warmer conditions
tended to result in lower pollock recruitment in the EBS. This is consistent with the hypothesis
that when sea temperatures on the eastern Bering Sea shelf are warm and the water column is
highly stratified during summer, age-0 pollock appear to allocate more energy to growth than to
lipid storage (presumably due to a higher metabolic rate), leading to low energy density prior to
winter. This then may result in increased over-winter mortality (Swartzman et al. 2005, Winter
et al. 2005). Ianelli et al. (2011) evaluated the consequences of current harvest policies in the
face of warmer conditions with the link to potentially lower pollock recruitment and noted that the
current management system is likely to face higher chances of ABCs below the historical average
catches.


Retrospective analysis


Running the assessment model over a grid with progressively fewer years included (going back to
20 years, i.e., assuming the data extent ended in 1997) results in a fair amount of variability in
both spawning biomass and recruitment (Fig. 40) Although the variability is high, the average bias
appears to be low with Mohn’s ρ equal to -0.01 for the 10 year retrospective and 0.015 if extended
back 20-years.


Harvest recommendations


The estimate of BMSY is 2,042 kt (with a CV of 23%) which is less than the projected 2018
spawning biomass of 3,700 kt; (Table 26). For 2017, the Tier 1 levels of yield are 3,603,000 t from a
fishable biomass estimated at around 7,724 kt (Table 27). Estimated numbers-at-age are presented







in (Table 28) and estimated catch- at-age is presented in (Table 29). Estimated summary biomass
(age 3+), female spawning biomass, and age-1 recruitment are given in (Table 30).
Model results indicate that spawning biomass will be above B40% (3,700 kt) in 2018 and about
180% of the BMSY level. The probability that the current stock size is below 20% of B0 (based on
estimation uncertainty alone) is <0.1% for 2018 and 2019.
A diagnostic (see appendix on model details) on the impact of fishing shows that the 2017 spawning
stock size is about 68% of the predicted value had no fishing occurred since 1978 (Table 26). This
compares with the 63% of B100% (based on the SPR expansion using mean recruitment from 1978-
2015) and 190% of B0 (based on the estimated stock-recruitment curve). The latter two values
are based on expected recruitment from the mean value since 1978 or from the estimated stock
recruitment relationship.


Amendment 56 Reference Points


Amendment 56 to the BSAI Groundfish Fishery Management Plan (FMP) defines overfishing level
(OFL), the fishing mortality rate used to set OFL (FOFL), the maximum permissible ABC, and the
fishing mortality rate used to set the maximum permissible ABC. The fishing mortality rate used
to set ABC (FABC) may be less than this maximum permissible level, but not greater. Estimates
of reference points related to maximum sustainable yield (MSY) are currently available. However,
their reliability is questionable. We therefore present both reference points for pollock in the BSAI
to retain the option for classification in either Tier 1 or Tier 3 of Amendment 56. These Tiers require
reference point estimates for biomass level determinations. Consistent with other groundfish stocks,
the following values are based on recruitment estimates from post-1976 spawning events:


BMSY = 2,042 kt female spawning biomass
B0 = 5,394 kt female spawning biomass
B100% = 6,137 kt female spawning biomass
B40% = 2,455 kt female spawning biomass
B35% = 2,148 kt female spawning biomass


Specification of OFL and Maximum Permissible ABC


Assuming the stock-recruit relationship the 2018 spawning biomass is estimated to be 3,678,000
t (at the time of spawning, assuming the stock is fished at about recent catch levels). This is
above the BMSY value of 2,042,000 t. Under Amendment 56, this stock has qualified under Tier
1 and the harmonic mean value is considered a risk-averse policy since reliable estimates of FMSY


and its pdf are available (Thompson 1996). The exploitation- rate type value that corresponds to
the FMSY level was applied to the fishable biomass for computing ABC levels. For a future year,
the fishable biomass is defined as the sum over ages of predicted begin-year numbers multiplied
by age specific fishery selectivity (normalized to the value at age 6) and mean body mass. The
uncertainty in the average weights-at-age projected for the fishery and “future selectivity” has been
demonstrated to affect the buffer between ABC and OFL (computed as 1-ABC/OFL) for Tier 1
maximum permissible ABC (Ianelli et al. 2015). The uncertainty in future mean weights-at-age
had a relatively large impact as did the selectivity estimation.
Since the 2018 female spawning biomass is estimated to be above the BMSY level (2,042 kt) and
the B40% value (2,455 kt) in 2018 and if the 2017 catch is as specified above, then the OFL and







maximum permissible ABC values by the different Tiers would be:


Tier Year MaxABC OFL
1a 2018 3,603,000 4,795,000
1a 2019 3,448,000 4,589,000
3a 2018 2,592,000 3,189,000
3a 2019 2,467,000 3,028,000


Standard Harvest Scenarios and Projection Methodology


A standard set of projections is required for each stock managed under Tiers 1, 2, or 3 of Amendment
56. This set of projections encompasses seven harvest scenarios designed to satisfy the requirements
of Amendment 56, the National Environmental Policy Act, and the Magnuson-Stevens Fishery
Conservation and Management Act (MSFCMA). While EBS pollock is generally considered to fall
within Tier 1, the standard projection model requires knowledge of future uncertainty in FMSY .
Since this would require a number of additional assumptions that presume future knowledge about
stock-recruit uncertainty, the projections in this subsection are based on Tier 3.
For each scenario, the projections begin with the vector of 2017 numbers at age estimated in the
assessment. This vector is then projected forward to the beginning of 2018 using the schedules
of natural mortality and selectivity described in the assessment and the best available estimate of
total (year- end) catch assumed for 2017. In each subsequent year, the fishing mortality rate is
prescribed on the basis of the spawning biomass in that year and the respective harvest scenario.
Annual recruits are simulated from an inverse Gaussian distribution whose parameters consist of
maximum likelihood estimates determined from the estimated age-1 recruits. Spawning biomass is
computed in each year based on the time of peak spawning and the maturity and weight schedules
described in the assessment. Total catch is assumed to equal the catch associated with the respective
harvest scenario in all years. This projection scheme is run 1,000 times to obtain distributions of
possible future stock sizes and catches under alternative fishing mortality rate scenarios.
Five of the seven standard scenarios will be used in an Environmental Assessment prepared in
conjunction with the final SAFE. These five scenarios, which are designed to provide a range of
harvest alternatives that are likely to bracket the final TAC for 2018, are as follow (“maxFABC”
refers to the maximum permissible value of FABC under Amendment 56):


Scenario 1: In all future years, F is set equal to maxFABC . (Rationale: Historically, TAC has
been constrained by ABC, so this scenario provides a likely upper limit on future TACs).


Scenario 2: In 2019 the catch is set equal to 1.35 million t and in future years F is set equal to
the Tier 3 estimate (Rationale: this was has been about equal to the catch level in recent
years).


Scenario 3: In all future years, F is set equal to the 2016 average F . (Rationale: For some stocks,
TAC can be well below ABC, and recent average F may provide a better indicator of FTAC
than FABC .)


Scenario 4: Scenario 4: In all future years, F is set equal to F60%. (Rationale: This scenario
provides a likely lower bound on FABC that still allows future harvest rates to be adjusted
downward when stocks fall below reference levels.







Scenario 5: Scenario 5: In all future years, F is set equal to zero. (Rationale: In extreme cases,
TAC may be set at a level close to zero.)


Scenario 6: In all future years, F is set equal to FOFL. (Rationale: This scenario determines
whether a stock is overfished. If the stock is expected to be 1) below its MSY level in 2017
or 2) below half of its MSY level in 2017 or below its MSY level in 2027 under this scenario,
then the stock is overfished.)


Scenario 7: In 2018 and 2019, F is set equal to maxFABC, and in all subsequent years, F is
set equal to FOFL. (Rationale: This scenario determines whether a stock is approaching an
overfished condition. If the stock is 1) below its MSY level in 2019 or 2) below 1/2 of its
MSY level in 2019 and expected to be below its MSY level in 2029 under this scenario, then
the stock is approaching an overfished condition).


The latter two scenarios are needed to satisfy the MSFCMA’s requirement to determine whether a
stock is currently in an overfished condition or is approaching an overfished condition. These two
scenarios are as follow (for Tier 3 stocks, the MSY level is defined as B35%):


Projections and status determination


For the purposes of these projections, we present results based on selecting the F40% harvest rate as
the max FABC value and use F35% as a proxy for FMSY . Scenarios 1 through 7 were projected 14
years from 2017 (Tables 32 through 35). Under the maximum permissible catch level in Tier 3, the
expected spawning biomass will decline until 2020 and stabilize slightly above B40% (in expectation,
Fig. 41).
Any stock that is below its minimum stock size threshold (MSST) is defined to be overfished. Any
stock that is expected to fall below its MSST in the next two years is defined to be approaching an
overfished condition. Harvest scenarios 6 and 7 are used in these determinations as follows:
Is the stock overfished? This depends on the stock’s estimated spawning biomass in 2017:


• If spawning biomass for 2017 is estimated to be below 1/2 B35% the stock is below its MSST.


• If spawning biomass for 2017 is estimated to be above B35%, the stock is above its MSST.


• If spawning biomass for 2017 is estimated to be above 1/2 B35% but below B35%, the stock’s
status relative to MSST is determined by referring to harvest scenario 6 ((Tables 32 through
35). If the mean spawning biomass for 2027 is below B35%, the stock is below its MSST.
Otherwise, the stock is above its MSST.


Is the stock approaching an overfished condition? This is determined by referring to harvest Sce-
nario 7:


• If the mean spawning biomass for 2018 is below 1/2 B35%, the stock is approaching an
overfished condition.


• If the mean spawning biomass for 2018 is above B35%, the stock is not approaching an
overfished condition.







• If the mean spawning biomass for 2019 is above 1/2 B35% but below B35%, the determination
depends on the mean spawning biomass for 2028. If the mean spawning biomass for 2029 is
below B35%, the stock is approaching an overfished condition. Otherwise, the stock is not
approaching an overfished condition.


For scenarios 6 and 7, we conclude that pollock is above MSST for the year 2017, and it is not
expected to be approaching an overfished condition based on Scenario 7 (the mean spawning biomass
in 2017 is above the B35% level; (Table 35). Based on this, the EBS pollock stock is being fish
below the overfishing level and the stock size is above the overfished level and projected to stay
above based on the national status determination criteria.


ABC Recommendation


ABC levels are affected by estimates of FMSY which depends principally on the estimated stock-
recruitment steepness parameter, demographic schedules such as selectivity-at-age, maturity, and
growth. The current stock size (both spawning and fishable) is estimated to be at above-average
levels and projections indicate declines. Updated data and analysis result in an estimate of 2017
spawning biomass (3,870 kt) which is about 190% of BMSY (2,042 kt). The replacement yield—
defined as the catch next year that is expected to achieve a 2018 spawning biomass estimate equal
to that from 2017–is estimated to be about 560 t.
The EBS pollock stock appears to have rebounded from the 2008 low point and shows significant
increases due to two strong year classes (2008 and 2012). However, there remain several concerns
about the medium-term stock conditions. Namely,


1. The conditions in summer 2017 followed a warm period, precaution may be warranted since
warm conditions are thought to negatively affect the survival of larval and juvenile pollock.


2. The near-term prognosis for survey found very few one-year-old pollock in summer 2016 and
2017 (the BTS data show below average 1-year olds).


3. The recent BTS data continue to show low abundances of pollock aged 10 and older (Table
18). Historically there had been good representation of older fish in data from this survey.
This is somewhat expected given the poor year-classes observed during the period 2000-2005.


4. There is apparently a considerable amount of pollock showing up in the northern part of the
shelf beyond the traditional survey area (on the order of 1.3 million t). The extent that these
fish are related to those that might move back to the normal fishing areas is unknown (in
2010 the ecosystem survey of the NBS showed very few pollock).


5. The multispecies model suggests that the BMSY level is around 3.6 million t instead of the
~2 million t estimated in the current assessment (noting that the total natural mortality is
higher in the multispecies model).


6. Pollock are an important prey species for the ecosystem and apparent changes in the distri-
bution may shift their availability as prey.


7. Whilst outside of ABC considerations, it seems that maintaining the stock at relatively high
levels and achieving fishery catch rates observed since 2016 may help with keeping Chinook
and other salmon bycatch impacts at their esimated low levels.







8. Finally, given the same estimated aggregate fishing effort in 2017, the estimated stock trend is
downwards except at low catch levels (a replacement yield of 560 kt is the amount that would
maintain the spawning stock constant). Furthermore, the ability to catch the same amount
as in 2017 through to 2021 will require about 25% more effort with a decline in spawning
biomass of about 20% compared to the current level (based on expected average recruitment;
Fig. 42).


Given these factors, a 2018 ABC of 2,592,000 t is recommended based on the Tier 3 estimates
as conservatively selected by the SSC since 2014. We recognize that the actual catch will be
constrained by other factors (the 2 million t OY BSAI groundfish catch limit; bycatch avoidance
measures). The alternative maximum permissible Tier 1a ABC seems clearly risky. Such high
catches would result in unprecedented variability and removals from the stock (and considerably
more capacity and effort). Adopting a more stable catch system would also result in less spawning
stock variability.


Ecosystem considerations


In general, a number of key issues for ecosystem conservation and management can be highlighted.
These include:


• Preventing overfishing;


• Avoiding habitat degradation;


• Minimizing incidental bycatch;


• Monitoring bycatch and the level of discards; and


• Considering multi-species trophic interactions relative to harvest policies.


For the case of pollock in the Eastern Bering Sea, the NPFMC and NMFS continue to manage the
fishery on the basis of these issues in addition to the single- species harvest approach (Hollowed et
al. 2011). The prevention of overfishing is clearly set out as the main guideline for management.
Habitat degradation has been minimized in the pollock fishery by converting the industry to pelagic-
gear only. Bycatch in the pollock fleet is closely monitored by the NMFS observer program and
managed on that basis. Discard rates of many species have been reduced in this fishery and efforts
to minimize bycatch continue.
In comparisons of the Western Bering Sea (WBS) with the Eastern Bering Sea using mass-balance
food-web models based on 1980-85 summer diet data, Aydin et al. (2002) found that the production
in these two systems is quite different. On a per-unit-area measure, the western Bering Sea has
higher productivity than the EBS. Also, the pathways of this productivity are different with much
of the energy flowing through epifaunal species (e.g., sea urchins and brittlestars) in the WBS
whereas for the EBS, crab and flatfish species play a similar role. In both regions, the keystone
species in 1980-85 were pollock and Pacific cod. This study showed that the food web estimated
for the EBS ecosystem appears to be relatively mature due to the large number of interconnections
among species. In a more recent study based on 1990-93 diet data (see Appendix 1 of the Ecosystem
Considerations chapter for methods), pollock remain in a central role in the ecosystem. The diet







of pollock is similar between adults and juveniles with the exception that adults become more
piscivorous (with consumption of pollock by adult pollock representing their third largest prey
item).
Regarding specific small-scale ecosystems of the EBS, Ciannelli et al. (2004a, 2004b) presented
an application of an ecosystem model scaled to data available around the Pribilof Islands region.
They applied bioenergetics and foraging theory to characterize the spatial extent of this ecosystem.
They compared energy balance, from a food web model relevant to the foraging range of northern
fur seals and found that a range of 100 nautical mile radius encloses the area of highest energy
balance representing about 50% of the observed foraging range for lactating fur seals. This has led
to a hypothesis that fur seals depend on areas outside the energetic balance region. This study
develops a method for evaluating the shape and extent of a key ecosystem in the EBS (i.e., the
Pribilof Islands). Furthermore, the overlap of the pollock fishery and northern fur seal foraging
habitat (see Sterling and Ream 2004, Zeppelin and Ream 2006) will require careful monitoring and
evaluation.
A brief summary of these two perspectives (ecosystem effects on pollock stock and pollock fishery
effects on ecosystem) is given in (Table 39). Unlike the food-web models discussed above, examining
predators and prey in isolation may overly simplify relationships. This table serves to highlight the
main connections and the status of our understanding or lack thereof.


Ecosystem effects on the EBS pollock stock


The pollock stock condition appears to have benefitted substantially from the recent conditions in
the EBS. The conditions on the shelf during 2008 apparently affected age-0 northern rock sole due to
cold conditions and apparently unfavorable currents that retain them into the over- summer nursery
areas (Cooper et al. 2014). It may be that such conditions favor pollock recruitment. Hollowed et
al. (2012) provided an extensive review of habitat and density for age-0 and age-1 pollock based
on survey data. They noted that during cold years, age-0 pollock were distributed primarily in the
outer domain in waters greater than 1◦C and during warm years, age-0 pollock were distributed
mostly in the middle domain. This temperature relationship, along with interactions with available
food in early-life stages, appears to have important implications for pollock recruitment success
(Coyle et al. 2011). The fact that the 2012 year-class appears to be strong, as it ages that
contribution to the stock will diminish.
A separate section presented again this year updates a multispecies model with more recent data and
is presented as a supplement to the BSAI SAFE report. In this approach, a number of simplifications
for the individual species data and fisheries processes (e.g., constant fishery selectivity and the use
of design-based survey indices for biomass). However, that model mimics the biomass levels and
trends with the single species reasonably well. It also allows specific questions to be addressed
regarding pollock TACs. For example, since predation (and cannibalism) is explicitly modeled,
the impact of relative stock sizes on subsequent recruitment to the fishery can be now be directly
estimated and evaluated (in the model presented here, cannibalism is explicitly accounted for in
the assumed Ricker stock-recruit relationship).
Euphausiids make up a large component of the pollock diet. The euphausiid abundance on the
Bering Sea shelf is presented as a section of the 2017 Ecosystem Considerations Chapter of the
SAFE report and shows a continued decline in abudance since the peak in 2009 (for details see
De Robertis et al. (2010) and Ressler et al. (2012). The role that the apparent recent 2009 peak
abundance had in the survival of the 2008 year class of EBS pollock is interesting. Contrasting this







with how the feeding ecology of the 2012 year class (also apparently well above average) may differ
is something to evaluate in the future.


EBS pollock fishery effects on the ecosystem.


Since the pollock fishery is primarily pelagic in nature, the bycatch of non- target species is small
relative to the magnitude of the fishery (Table 37). Jellyfish represent the largest component of the
bycatch of non-target species and had averaged around 5-6 kt per year but more than doubled in
2014 but has dropped in 2015 and been about average since then. The data on non-target species
shows a high degree of inter-annual variability, which reflects the spatial variability of the fishery
and high observation error. This variability may reduce the ability to detect significant trends for
bycatch species.
The catch of other target species in the pollock fishery represent less than 1% of the total pollock
catch. Incidental catch of Pacific cod has increased since 1999 but remains below the 1997 levels
(Table 36). The incidental catch of flatfish was variable over time and has increased, particularly
for yellowfin sole. Proportionately, the incidental catch has decreased since the overall levels of
pollock catch have increased. In fact, the bycatch of pollock in other target fisheries is more than
double the bycatch of target species in the pollock fishery (Table 38).
The number of non-Chinook salmon (nearly all made up of chum salmon) taken incidentally has
steadily increased since 2014 with 2017 number in excess of 465 thousand fish (more than double
the 2003-2017 average of 227 thousand fish; Table 39). Chinook salmon bycatch has also increased
steadily since 2012 with the 2017 counts at just over 30,000 (which is 18% below the 2003-2017
mean value). However, this is the highest value since the implementation of Amendment 91 in 2011
(Table 39). Ianelli and Stram (2014) provided estimates of the bycatch impact on Chinook salmon
runs to the coastal west Alaska region and found that the peak bycatch levels exceeded 7% of the
total run return. Since 2011, the impact has been estimated to be below 2%. Updated estimates
given new genetic information and these levels of PSC will be provided in the future.


Data gaps and research priorities


The available data for EBS pollock are extensive yet many processes behind the observed patterns
are poorly understood. For example, the northern Bering Sea ecosystem survey conducted in 2017
found substantial amounts of pollock compared to the previous survey done in 2010. Research on
developing and testing plausible hypotheses about the underlying processes that cause such obser-
vations is needed. This should include examining potential effects of temporal changes in survey
stations and using spatial processes for estimation purposes (e.g., combining acoustic and bottom
trawl survey data). The application of the geostatistical methods (presented for comparative pur-
poses in the 2016 assessment) seems like a reasonable approach to statistically model disparate
data sources for generating better abundance indices.
More studies on spatial dynamics, including the relationship between climate and recruitment and
trophic interactions of pollock within the ecosystem would be useful for improving ways to evaluate
the current and alternative fishery management system. In particular, studies investigating the
processes affecting recruitment of pollock in the different regions of the EBS (including potential
for influx from the GOA) should be pursued.
Many studies have found inconclusive evidence for genetic population structure in walleye pollock.







Knowledge of stock structure is particularly important for this species, given its commercial im-
portance and continued questions about geographic extent into the Russian zone and the northern
Bering Sea. Therefore, funding for a large scale study using the highest resolution genetic
tools available is recommended. Samples have been coordinated and are continuing with plans
for samples from the February 2018 Bogoslof Island region survey. This study is occurring at a
criticul juncture and funding for processing these samples is needed.
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Table 1: Catch from the Eastern Bering Sea by area, the Aleutian Islands, the Donut Hole, and
the Bogoslof Island area, 1979-2017 (2017 values through October 25th 2017). The southeast area
refers to the EBS region east of 170W; the Northwest is west of 170W. Note: 1979-1989 data are
from Pacfin, 1990-2017 data are from NMFS Alaska Regional Office, and include discards. The
2017 EBS catch estimates are preliminary.


Eastern Bering Sea
Year Southeast Northwest Total Aleutians Donut Hole Bogoslof I.
1979 368,848 566,866 935,714 9,446
1980 437,253 521,027 958,280 58,157
1981 714,584 258,918 973,502 55,517
1982 713,912 242,052 955,964 57,753
1983 687,504 293,946 981,450 59,021
1984 442,733 649,322 1,092,055 77,595 181,200
1985 604,465 535,211 1,139,676 58,147 363,400
1986 594,997 546,996 1,141,993 45,439 1,039,800
1987 529,461 329,955 859,416 28,471 1,326,300 377,436
1988 931,812 296,909 1,228,721 41,203 1,395,900 87,813
1989 904,201 325,399 1,229,600 10,569 1,447,600 36,073
1990 640,511 814,682 1,455,193 79,025 917,400 151,672
1991 653,555 542,109 1,195,664 98,604 293,400 316,038
1992 830,559 559,741 1,390,299 52,362 10,000 241
1993 1,094,429 232,173 1,326,602 57,138 1,957 886
1994 1,152,575 176,777 1,329,352 58,659 556
1995 1,172,306 91,941 1,264,247 64,925 334
1996 1,086,843 105,939 1,192,781 29,062 499
1997 819,889 304,544 1,124,433 25,940 163
1998 971,388 132,515 1,103,903 22,054 8
1999 782,983 206,698 989,680 1,010 29
2000 839,177 293,532 1,132,710 1,244 29
2001 961,977 425,220 1,387,197 825 258
2002 1,160,334 320,442 1,480,776 1,177 1,042
2003 933,191 557,588 1,490,779 1,649 24
2004 1,090,008 390,544 1,480,552 1,158 0
2005 802,154 680,868 1,483,022 1,621 0
2006 827,207 660,824 1,488,031 1,745 0
2007 728,249 626,253 1,354,502 2,519 0
2008 482,698 507,880 990,578 1,278 9
2009 358,252 452,532 810,784 1,662 73
2010 255,131 555,075 810,206 1,235 176
2011 747,890 451,151 1,199,041 1,208 173
2012 618,869 586,343 1,205,212 975 71
2013 695,669 575,099 1,270,768 2,964 57
2014 858,240 439,180 1,297,420 2,375 427
2015 696,249 625,332 1,321,581 915 733
2016 1,167,140 185,567 1,352,707 1,257 1,005
2017 1,164,848 178,370 1,343,217 1,384 186
Avg. 782,618 416,552 1,199,169 26,084 697,696 31,484







Table 2: Time series of 1964-1976 catch (left) and ABC, TAC, and catch for EBS pollock, 1977-2017
in t. Source: compiled from NMFS Regional office web site and various NPFMC reports. Note
that the 2017 value is based on catch reported to October 25th 2017 plus an added component due
to bycatch of pollock in other fisheries.


Year Catch Year ABC TAC Catch
1964 174,792 1977 950,000 950,000 978,370
1965 230,551 1978 950,000 950,000 979,431
1966 261,678 1979 1,100,000 950,000 935,714
1967 550,362 1980 1,300,000 1,000,000 958,280
1968 702,181 1981 1,300,000 1,000,000 973,502
1969 862,789 1982 1,300,000 1,000,000 955,964
1970 1,256,565 1983 1,300,000 1,000,000 981,450
1971 1,743,763 1984 1,300,000 1,200,000 1,092,055
1972 1,874,534 1985 1,300,000 1,200,000 1,139,676
1973 1,758,919 1986 1,300,000 1,200,000 1,141,993
1974 1,588,390 1987 1,300,000 1,200,000 859,416
1975 1,356,736 1988 1,500,000 1,300,000 1,228,721
1976 1,177,822 1989 1,340,000 1,340,000 1,229,600


1990 1,450,000 1,280,000 1,455,193
1991 1,676,000 1,300,000 1,195,664
1992 1,490,000 1,300,000 1,390,299
1993 1,340,000 1,300,000 1,326,602
1994 1,330,000 1,330,000 1,329,352
1995 1,250,000 1,250,000 1,264,247
1996 1,190,000 1,190,000 1,192,781
1997 1,130,000 1,130,000 1,124,433
1998 1,110,000 1,110,000 1,102,159
1999 992,000 992,000 989,680
2000 1,139,000 1,139,000 1,132,710
2001 1,842,000 1,400,000 1,387,197
2002 2,110,000 1,485,000 1,480,776
2003 2,330,000 1,491,760 1,490,779
2004 2,560,000 1,492,000 1,480,552
2005 1,960,000 1,478,500 1,483,022
2006 1,930,000 1,485,000 1,488,031
2007 1,394,000 1,394,000 1,354,502
2008 1,000,000 1,000,000 990,578
2009 815,000 815,000 810,784
2010 813,000 813,000 810,206
2011 1,270,000 1,252,000 1,199,041
2012 1,220,000 1,200,000 1,205,212
2013 1,375,000 1,247,000 1,270,768
2014 1,369,000 1,267,000 1,297,420
2015 1,637,000 1,310,000 1,321,581
2016 2,090,000 1,340,000 1,352,707
2017 3,640,000 2,800,000 1,343,217


1977-2017 mean 1,455,902 1,241,006 1,188,382







Table 3: Estimates of discarded pollock (t), percent of total (in parentheses) and total catch for the
Aleutians, Bogoslof, Northwest and Southeastern Bering Sea, 1991-2017. SE represents the EBS
east of 170W, NW is the EBS west of 170W, source: NMFS Blend and catch-accounting system
database. 2017 data are preliminary. Note that the higher discard rates in the Aleutian Islands
and Bogoslof region reflect the lack of directed pollock fishing.


Discarded pollock Total (retained plus discard)
Aleut. Is. Bog. NW SE Total Aleut. Is. Bog. NW SE Total


1991 5,231 (5%) 20,327 (6%) 48,257 (9%) 66,792 (10%) 140,607 (9%) 98,604 316,038 542,109 653,555 1,610,306
1992 2,986 (6%) 240 (100%) 57,578 (10%) 71,194 (9%) 131,998 (9%) 52,362 241 559,741 830,559 1,442,902
1993 1,740 (3%) 308 (35%) 26,100 (11%) 83,986 (8%) 112,135 (8%) 57,138 886 232,173 1,094,429 1,384,627
1994 1,373 (2%) 11 (2%) 16,084 (9%) 88,098 (8%) 105,566 (8%) 58,659 556 176,777 1,152,575 1,388,567
1995 1,380 (2%) 267 (80%) 9,715 (11%) 87,492 (7%) 98,855 (7%) 64,925 334 91,941 1,172,306 1,329,506
1996 994 (3%) 7 (1%) 4,838 (5%) 71,368 (7%) 77,208 (6%) 29,062 499 105,939 1,086,843 1,222,342
1997 618 (2%) 13 (8%) 22,557 (7%) 71,032 (9%) 94,219 (8%) 25,940 163 304,544 819,889 1,150,536
1998 162 (1%) 3 (39%) 1,581 (1%) 14,291 (1%) 16,037 (1%) 22,054 8 132,515 971,388 1,125,965
1999 480 (48%) 11 (39%) 1,912 (1%) 26,912 (3%) 29,315 (3%) 1,010 29 206,698 782,983 990,719
2000 790 (63%) 20 (67%) 1,942 (1%) 19,678 (2%) 22,429 (2%) 1,244 29 293,532 839,177 1,133,984
2001 380 (46%) 28 (11%) 2,450 (1%) 14,874 (2%) 17,732 (1%) 825 258 425,220 961,977 1,388,280
2002 779 (66%) 12 (1%) 1,441 (%) 19,430 (2%) 21,661 (1%) 1,177 1,042 320,442 1,160,334 1,482,995
2003 468 (28%) 19 (79%) 2,959 (1%) 13,795 (1%) 17,242 (1%) 1,649 24 557,588 933,191 1,492,452
2004 287 (25%) (100%) 2,781 (1%) 20,380 (2%) 23,448 (2%) 1,158 0 390,544 1,090,008 1,481,710
2005 324 (20%) (89%) 2,586 (%) 14,838 (2%) 17,747 (1%) 1,621 0 680,868 802,154 1,484,643
2006 311 (18%) (50%) 3,677 (1%) 11,877 (1%) 15,865 (1%) 1,745 0 660,824 827,207 1,489,776
2007 425 (17%) (tr) 3,769 (1%) 12,334 (2%) 16,529 (1%) 2,519 0 626,253 728,249 1,357,021
2008 81 (6%) (tr) 1,643 (%) 5,968 (1%) 7,692 (1%) 1,278 9 507,880 482,698 991,865
2009 395 (24%) 6 (8%) 1,936 (%) 4,014 (1%) 6,351 (1%) 1,662 73 452,532 358,252 812,520
2010 142 (12%) 53 (30%) 1,197 (%) 2,510 (1%) 3,903 (tr) 1,235 176 555,075 255,131 811,618
2011 75 (6%) 23 (13%) 1,332 (%) 3,444 (tr) 4,873 (tr) 1,208 173 451,151 747,890 1,200,422
2012 95 (10%) (tr) 1,186 (%) 4,187 (1%) 5,468 (tr) 975 71 586,343 618,869 1,206,258
2013 108 (4%) (1%) 1,227 (%) 4,145 (1%) 5,480 (tr) 2,964 57 575,099 695,669 1,273,788
2014 138 (6%) 54 (13%) 1,787 (%) 12,568 (1%) 14,546 (1%) 2,375 427 439,180 858,240 1,300,222
2015 19 (2%) 138 (19%) 2,419 (%) 7,062 (1%) 9,639 (1%) 915 733 625,332 696,249 1,323,229
2016 59 (5%) 7 (1%) 993 (1%) 8,197 (1%) 9,256 (1%) 1,257 1,005 185,567 1,167,140 1,354,968
2017 17 (1%) 2 (1%) 1,083 (1%) 5,911 (1%) 7,013 (1%) 1,384 186 178,370 1,164,848 1,344,787







Table 4: Total EBS shelf pollock catch recorded by observers (rounded to nearest 100 t) by year and
season with percentages indicating the proportion of the catch that came from within the Steller
sea lion conservation area (SCA), 1998-2017. The 2017 data are preliminary.


Year A season B-season Total
1998 385,000 t (82%) 403,000 t (38%) 788,000 t (60%)
1999 339,000 t (54%) 468,000 t (23%) 807,000 t (36%)
2000 375,000 t (36%) 572,000 t ( 4%) 947,000 t (16%)
2001 490,000 t (27%) 674,000 t (46%) 1,164,000 t (38%)
2002 512,200 t (56%) 689,100 t (42%) 1,201,200 t (48%)
2003 532,400 t (47%) 737,400 t (40%) 1,269,800 t (43%)
2004 532,600 t (45%) 710,800 t (34%) 1,243,300 t (38%)
2005 530,300 t (45%) 673,200 t (17%) 1,203,500 t (29%)
2006 533,400 t (51%) 764,300 t (14%) 1,297,700 t (29%)
2007 479,500 t (57%) 663,200 t (11%) 1,142,700 t (30%)
2008 341,700 t (46%) 498,800 t (12%) 840,500 t (26%)
2009 282,700 t (39%) 388,800 t (13%) 671,500 t (24%)
2010 269,800 t (15%) 403,100 t ( 9%) 672,900 t (11%)
2011 477,600 t (54%) 666,600 t (32%) 1,144,200 t (41%)
2012 457,100 t (52%) 687,500 t (17%) 1,144,600 t (31%)
2013 472,200 t (22%) 708,100 t (19%) 1,180,300 t (20%)
2014 482,800 t (38%) 741,200 t (37%) 1,224,000 t (37%)
2015 490,400 t (15%) 765,900 t (45%) 1,256,300 t (33%)
2016 510,700 t (35%) 784,000 t (62%) 1,294,700 t (51%)
2017 555,300 t (51%) 750,800 t (54%) 1,306,100 t (53%)







Table 5: Highlights of some management measures affecting the pollock fishery.
Year Management
1977 Preliminary BSAI FMP implemented with several closure areas
1982 FMP implement for the BSAI
1982 Chinook salmon bycatch limits established for foreign trawlers
1984 2 million t groundfish OY limit established
1984 Limits on Chinook salmon bycatch reduced
1990 New observer program established along with data reporting
1992 Pollock CDQ program commences
1994 NMFS adopts minimum mesh size requirements for trawl codends
1994 Voluntary retention of salmon for foodbank donations
1994 NMFS publishes individual vessel bycatch rates on internet
1995 Trawl closures areas and trigger limits established for chum and Chinook salmon
1998 Improved utilization and retention in effect (reduced discarded pollock)
1998 American Fisheries Act (AFA) passed
1999 The AFA was implemented for catcher/processors
1999 Additional critical habitat areas around sea lion haulouts in the GOA and Eastern


Bering Sea are closed.
2000 AFA implemented for remaining sectors (catcher vessel and motherships)
2001 Pollock industry adopts voluntary rolling hotspot program for chum salmon
2002 Pollock industry adopts voluntary rolling hotspot program for Chinook salmon
2005 Rolling hotspot program adopted in regulations to exempt fleet from triggered


time/area closures for Chinook and chum salmon
2011 Amendment 91 enacted, Chinook salmon management under hard limits
2015 Amendment 110 (BSAI) Salmon prohibited species catch management in the Bering


Sea pollock fishery (additional measures that change limits depending on Chinook
salmon run-strength indices) and includes additional provisions for reporting re-
quirements (see https://alaskafisheries.noaa.gov/fisheries/chinook-salmon-bycatch-
management for update and general information)


2016 Measures of amendment 110 go into effect for 2017 fishing season; Chinook salmon
runs above the 3-run index value so bycatch limits stay the same


2017 Due to amendment 110 about 45% of the TAC is taken in the A-season (traditionally
only 40% was allowed).







Table 6: BSAI pollock catch and ex-vessel data showing the total and retained catch (in kt), the
number of vessels for all sectors and for trawl catcher vessels including ex-vessel value (million US$),
price (US$ per pound), and catcher vessel shares. Years covered include the 2005-2007 average, the
2008-2010 average, and annual from 2011-2016.


Avg 05-07 Avg 08-10 2011 2012 2013 2014 2015 2016
All Sectors


Catch kt 1,444 872 1,200 1,206 1,274 1,300 1,323 1,355
Retained Catch kt 1,427 866 1,195 1,200 1,267 1,285 1,314 1,346
Vessels 110 121 118 122 121 121 120 121


Catcher Vessels (Trawl)
Retained Catch kt 768.67 459 630 632 661 668 687 704
Ex-vessel Value M $ $213.60 $183.80 $229.40 $241.30 $218.70 $226.50 $227.40 $209.40
Ex-vessel Price/lb $ $0.13 $0.18 $0.16 $0.17 $0.15 $0.16 $0.15 $0.14
CV ret. catch share 53.90% 53.00% 52.70% 52.70% 52.20% 52.00% 52.30% 52.30%
Vessels 89 89 86 90 87 87 87 88


Source: NMFS Alaska Region Blend and Catch-accounting System estimates; and ADF&G
Commercial Operators Annual Reports (COAR). Data compiled and provided by the Alaska


Fisheries Information Network (AKFIN).







Table 7: BSAI pollock first-wholesale market data including production (kt), value (million US$),
price (US$ per pound) for all products and then separately for other categories (head and gut, fillet,
surimi, and roe production). Years covered include the 2005-2007 average, the 2008-2010 average,
and annual from 2011-2016.


Avg 05-07 Avg 08-10 2011 2012 2013 2014 2015 2016
BSAI


All Products Volume kt 498.25 355.99 483.11 472.72 506.84 525.54 520.94 534.89
All Products Value M$ $1,246.4 $1,133.4 $1,351.1 $1,381.0 $1,242.1 $1,301.2 $1,272.5 $1,351.5
All Products Price lb $ $1.13 $1.44 $1.27 $1.33 $1.11 $1.12 $1.11 $1.15
Fillets Volume kt 162.70 113.90 161.22 146.55 170.87 175.78 167.01 161.29
Fillets Price lb $ $1.24 $1.73 $1.55 $1.55 $1.44 $1.37 $1.35 $1.41
Fillets Value share 36% 38% 41% 36% 44% 41% 39% 37%
Surimi Volume kt 173.05 100.99 141.00 157.15 161.66 171.33 187.74 190.82
Surimi Price lb $ $0.96 $1.63 $1.28 $1.43 $1.00 $1.10 $1.14 $1.19
Surimi Value share 29% 32% 29% 36% 29% 32% 37% 37%
Roe Volume kt 27.03 17.63 18.03 16.48 13.91 20.60 18.75 14.26
Roe Price lb $ $4.84 $4.14 $3.63 $4.32 $3.33 $2.92 $2.29 $2.84
Roe Value share 23% 14% 11% 11% 8% 10% 7% 7%
At-sea price premium ($/lb) $0.30 $0.32 $0.20 $0.25 $0.13 $0.15 $0.25 $0.25


Source: NMFS Alaska Region Blend and Catch-accounting System estimates; NMFS Alaska
Region At-sea Production Reports; and ADF&G Commercial Operators Annual Reports


(COAR). Data compiled and provided by the Alaska Fisheries Information Network (AKFIN).







Table 8: Alaska pollock U.S. trade and global market data showing global production (in kt) and
the U.S. and Russian shares followed by U.S. export volumes (kt), values (million US$), and export
prices (US$ per pound). Subsequent rows show the breakout of import shares (of U.S. pollock)
by country (Japan, China and Germany) and the share of U.S. export volume and value of fish
(i.e., H&G and fillets), and other product categories (surimi and roe). Years covered include the
2005-2007 average, the 2008-2010 average, and annual from 2011-2016.


Avg 05-07 Avg 08-10 2011 2012 2013 2014 2015 2016 2017
Global Pollock Catch kt 2,854 2,662 3,211 3,272 3,239 3,245 3,373 - -
US Share 52% 35% 40% 40% 42% 44% 44% - -
Russian 37% 53% 49% 50% 48% 47% 48% - -
Export Volume kt 278.9 192.2 303.5 314.7 360.4 395.0 377.8 378.6 222.5
Export Value M $ $867.4 $635.2 $924.3 $938.4 $968.1 $1,081.7 $1,038.2 $988.8 $594.5
Export Price/lb $ 1.41 1.50 $1.38 $1.35 $1.22 $1.24 $1.25 $1.18 $1.21
Japan Volume Share 34.4% 26.6% 20.6% 24.0% 18.2% 22.1% 25.0% 20.1% 23.0%
Japan Value share 38.1% 26.3% 18.7% 22.1% 17.2% 21.7% 25.5% 20.3% 25.6%
China Volume Share 3.1% 9.0% 13.1% 11.2% 14.7% 14.7% 12.7% 11.7% 15.0%
China Value share 2.2% 6.9% 10.8% 9.0% 11.8% 12.0% 10.5% 9.7% 12.5%
Germany Volume Share 16.7% 19.9% 20.6% 22.2% 22.8% 23.4% 21.4% 19.3% 11.1%
Germany Value share 14.5% 21.2% 21.1% 22.8% 24.2% 24.3% 21.3% 19.2% 11.0%
Fish Volume Share 32.7% 52.2% 50.5% 47.0% 51.2% 53.8% 49.2% 49.3% 45.3%
Fish Value share 27.2% 48.5% 48.8% 45.4% 50.8% 51.6% 46.2% 46.3% 41.9%
Surimi Volume Share 56.9% 45.7% 43.8% 48.0% 44.6% 40.7% 45.4% 47.0% 46.7%
Surimi Value share 37.5% 32.7% 34.1% 42.1% 37.4% 34.3% 39.2% 42.4% 39.8%
Roe Volume Share 10.4% 8.2% 5.8% 5.1% 4.2% 5.5% 5.4% 3.7% 8.0%
Roe Value share 35.3% 22.8% 17.1% 12.6% 11.8% 14.1% 14.6% 11.2% 18.2%
Notes: 2017 data thru July; Exports are from the US and are note specific to the BSAI region.


Source: FAO Fisheries & Aquaculture Dept. Statistics http://www.fao.org/fishery/statistics/en.
NOAA Fisheries, Fisheries Statistics Division, Foreign Trade Division of the U.S. Census Bureau,


http://www.st.nmfs.noaa.gov/commercial-fisheries/foreign-trade/index. U.S. Department of
Agriculture http://www.ers.usda.gov/data-products/agricultural-exchange-rate-data-set.aspx.


Table 9: BSAI pollock fish oil production index (tons of oil per 100 tons of retained catch); 2005-
2007 average, 2008-2010 average, and 2011-2016.


Avg 05-07 Avg 08-10 2011 2012 2013 2014 2015 2016
All Sectors 1.26 2.04 1.79 1.61 1.90 2.20 1.85 2.07
Shoreside 2.07 2.57 2.00 1.89 2.11 2.42 1.94 2.28
At-sea 0.31 1.42 1.55 1.31 1.67 1.96 1.74 1.84


Source: NMFS Alaska Region Blend and Catch-accounting System estimates; NMFS Alaska
Region At-sea Production Reports; and ADF&G Commercial Operators Annual Reports


(COAR). Data compiled and provided by the Alaska Fisheries Information Network (AKFIN).



http://www.fao.org/fishery/statistics/en

http://www.st.nmfs.noaa.gov/commercial-fisheries/foreign-trade/index

http://www.ers.usda.gov/data-products/agricultural-exchange-rate-data-set.aspx.





Table 10: Eastern Bering Sea pollock catch at age estimates based on observer data, 1979-2016.
Units are in millions of fish.


Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14+ Total
1979 101.4 543.0 719.8 420.1 392.5 215.5 56.3 25.7 35.9 27.5 17.6 7.9 3.0 1.1 2,567
1980 9.8 462.2 822.9 443.3 252.1 210.9 83.7 37.6 21.7 23.9 25.4 15.9 7.7 3.7 2,421
1981 0.6 72.2 1,012.7 637.9 227.0 102.9 51.7 29.6 16.1 9.3 7.5 4.6 1.5 1.0 2,175
1982 4.7 25.3 161.4 1,172.2 422.3 103.7 36.0 36.0 21.5 9.1 5.4 3.2 1.9 1.0 2,004
1983 5.1 118.6 157.8 312.9 816.8 218.2 41.4 24.7 19.8 11.1 7.6 4.9 3.5 2.1 1,745
1984 2.1 45.8 88.6 430.4 491.4 653.6 133.7 35.5 25.1 15.6 7.1 2.5 2.9 3.7 1,938
1985 2.6 55.2 381.2 121.7 365.7 321.5 443.2 112.5 36.6 25.8 24.8 10.7 9.4 9.1 1,920
1986 3.1 86.0 92.3 748.6 214.1 378.1 221.9 214.3 59.7 15.2 3.3 2.6 0.3 1.2 2,041
1987 - 19.8 111.5 77.6 413.4 138.8 122.4 90.6 247.2 54.1 38.7 21.4 28.9 14.1 1,379
1988 - 10.7 454.0 421.6 252.1 544.3 224.8 104.9 39.2 96.8 18.2 10.2 3.8 11.7 2,192
1989 - 4.8 55.1 149.0 451.1 166.7 572.2 96.3 103.8 32.4 129.0 10.9 4.0 8.5 1,784
1990 1.3 33.0 57.0 219.5 200.7 477.7 129.2 368.4 65.7 101.9 9.0 60.1 8.5 13.9 1,746
1991 0.4 113.2 44.4 88.9 151.8 181.9 509.7 81.5 292.9 29.5 143.9 18.2 88.3 71.8 1,816
1992 2.0 88.2 670.8 130.3 82.9 110.2 136.2 254.8 102.7 152.5 57.9 45.4 13.7 75.5 1,923
1993 0.1 6.9 243.6 1,144.4 108.0 73.9 68.5 53.1 91.6 20.5 35.2 10.9 13.5 23.3 1,894
1994 1.2 35.6 58.6 347.4 1,067.2 180.5 57.7 18.7 12.4 20.2 9.2 10.2 7.6 12.1 1,839
1995 - 0.4 77.1 148.5 406.8 767.1 121.9 32.0 11.2 8.1 17.7 5.2 6.7 10.4 1,613
1996 - 16.7 51.9 82.6 161.5 362.8 481.6 186.0 32.6 14.1 8.4 8.7 4.5 11.0 1,422
1997 1.6 77.9 39.2 107.6 472.7 282.6 252.6 200.1 65.4 14.0 5.9 5.3 3.3 14.4 1,543
1998 0.2 42.3 85.6 70.9 154.8 697.0 202.0 131.0 107.5 29.1 6.1 6.2 2.4 9.2 1,544
1999 0.2 9.6 294.4 224.6 102.3 159.7 470.8 130.7 56.3 34.1 3.7 2.3 0.8 2.2 1,492
2000 - 15.3 80.3 425.8 347.0 105.2 170.4 357.6 86.0 29.5 22.3 5.3 1.3 1.6 1,648
2001 - 3.1 46.9 154.7 582.6 410.5 135.9 127.0 157.3 59.0 34.4 16.0 5.4 5.7 1,738
2002 0.9 47.0 108.6 213.4 287.4 602.3 270.2 100.6 86.3 96.8 33.9 15.3 11.0 4.5 1,878
2003 - 14.1 408.6 323.5 367.2 307.1 331.2 158.8 49.5 38.4 36.1 22.7 6.8 6.7 2,071
2004 - 0.5 90.1 825.4 483.7 239.0 168.5 155.2 63.2 15.5 18.6 26.8 8.9 14.0 2,109
2005 - 4.1 51.1 399.4 859.1 483.5 157.6 68.7 68.3 30.8 9.6 8.9 3.0 5.0 2,149
2006 - 10.0 83.2 293.3 615.3 592.6 283.6 109.9 49.5 40.7 17.0 8.3 8.4 11.6 2,123
2007 1.6 16.9 60.5 137.5 388.6 508.7 300.1 139.5 47.6 27.4 24.2 9.5 6.1 14.2 1,683
2008 - 25.9 57.6 79.4 148.8 308.4 242.0 149.3 82.5 21.8 18.4 14.0 8.9 15.7 1,173
2009 - 1.3 175.9 199.9 82.4 112.9 123.4 104.0 65.9 40.5 23.9 7.6 8.2 12.3 958
2010 1.0 27.2 30.8 557.9 220.6 55.0 42.5 56.6 52.9 31.8 16.0 8.8 6.2 10.3 1,118
2011 0.4 11.4 192.8 115.6 809.5 284.4 64.1 37.7 38.3 40.2 25.3 12.8 1.8 8.3 1,643
2012 - 23.7 117.8 943.8 173.7 433.1 139.9 37.0 17.6 14.7 16.2 13.8 7.8 8.9 1,948
2013 1.7 0.8 65.3 342.1 955.5 195.2 155.9 69.1 20.1 13.3 12.5 12.0 7.9 10.4 1,862
2014 - 39.6 31.4 168.6 397.4 752.2 210.3 86.3 29.2 9.0 4.6 4.7 4.5 9.0 1,747
2015 - 15.7 633.2 194.8 229.1 385.2 509.4 88.2 43.0 17.2 3.2 2.2 3.3 4.0 2,128
2016 - 0.5 91.7 1,389.7 159.3 175.3 175.5 223.1 34.7 13.2 7.9 0.5 1.3 - 2,273
Avg. 3.7 55.9 210.7 375.4 376.7 323.6 207.8 114.0 64.7 33.8 23.8 12.0 8.3 11.7 1,822







Table 11: Numbers of pollock NMFS observer samples measured for fishery catch length frequency
(by sex and strata), 1977-2016.


Length Frequency samples
A Season B Season SE B Season NW


Year Males Females Males Females Males Females Total
1977 26,411 25,923 4,301 4,511 29,075 31,219 121,440
1978 25,110 31,653 9,829 9,524 46,349 46,072 168,537
1979 59,782 62,512 3,461 3,113 62,298 61,402 252,568
1980 42,726 42,577 3,380 3,464 47,030 49,037 188,214
1981 64,718 57,936 2,401 2,147 53,161 53,570 233,933
1982 74,172 70,073 16,265 14,885 181,606 163,272 520,273
1983 94,118 90,778 16,604 16,826 193,031 174,589 585,946
1984 158,329 161,876 106,654 105,234 243,877 217,362 993,332
1985 119,384 109,230 96,684 97,841 284,850 256,091 964,080
1986 186,505 189,497 135,444 123,413 164,546 131,322 930,727
1987 373,163 399,072 14,170 21,162 24,038 22,117 853,722
1991 160,491 148,236 166,117 150,261 141,085 139,852 906,042
1992 158,405 153,866 163,045 164,227 101,036 102,667 843,244
1993 143,296 133,711 148,299 140,402 27,262 28,522 621,490
1994 139,332 147,204 159,341 153,526 28,015 27,953 655,370
1995 131,287 128,389 179,312 154,520 16,170 16,356 626,032
1996 149,111 140,981 200,482 156,804 18,165 18,348 683,890
1997 124,953 104,115 116,448 107,630 60,192 53,191 566,527
1998 136,605 110,620 208,659 178,012 32,819 40,307 707,019
1999 36,258 32,630 38,840 35,695 16,282 18,339 178,044
2000 64,575 58,162 63,832 41,120 40,868 39,134 307,689
2001 79,333 75,633 54,119 51,268 44,295 45,836 350,483
2002 71,776 69,743 65,432 64,373 37,701 39,322 348,347
2003 74,995 77,612 49,469 53,053 51,799 53,463 360,390
2004 75,426 76,018 63,204 62,005 47,289 44,246 368,188
2005 76,627 69,543 43,205 33,886 68,878 63,088 355,225
2006 72,353 63,108 28,799 22,363 75,180 65,209 327,010
2007 62,827 60,522 32,945 25,518 75,128 69,116 326,054
2008 46,125 51,027 20,493 23,503 61,149 64,598 266,894
2009 46,051 44,080 19,877 18,579 50,451 53,344 232,379
2010 39,495 41,054 19,194 20,591 40,449 41,323 202,106
2011 58,822 62,617 60,254 65,057 51,137 48,084 345,971
2012 53,641 57,966 45,044 46,940 50,167 53,224 306,982
2013 52,303 62,336 37,434 44,709 49,484 49,903 296,168
2014 55,954 58,097 46,568 51,950 46,643 46,202 305,414
2015 55,646 56,507 45,074 41,218 46,237 43,084 287,766
2016 57,478 59,000 10,264 9,016 72,973 69,669 278,400







Table 12: Number of EBS pollock measured for weight and length by sex and strata as collected
by the NMFS observer program, 1977-2016


Weight-length samples
A Season B Season SE B Season NW


Males Females Males Females Males Females Total
1977 1,222 1,338 137 166 1,461 1,664 5,988
1978 1,991 2,686 409 516 2,200 2,623 10,425
1979 2,709 3,151 152 209 1,469 1,566 9,256
1980 1,849 2,156 99 144 612 681 5,541
1981 1,821 2,045 51 52 1,623 1,810 7,402
1982 2,030 2,208 181 176 2,852 3,043 10,490
1983 1,199 1,200 144 122 3,268 3,447 9,380
1984 980 1,046 117 136 1,273 1,378 4,930
1985 520 499 46 55 426 488 2,034
1986 689 794 518 501 286 286 3,074
1987 1,351 1,466 25 33 72 63 3,010
1991 2,712 2,781 2,339 2,496 1,065 1,169 12,562
1992 1,517 1,582 1,911 1,970 588 566 8,134
1993 1,201 1,270 1,448 1,406 435 450 6,210
1994 1,552 1,630 1,569 1,577 162 171 6,661
1995 1,215 1,259 1,320 1,343 223 232 5,592
1996 2,094 2,135 1,409 1,384 1 1 7,024
1997 628 627 616 665 511 523 3,570
1998 1,852 1,946 959 923 327 350 6,357
1999 5,318 4,798 7,797 7,054 3,532 3,768 32,267
2000 12,421 11,318 12,374 7,809 7,977 7,738 59,637
2001 14,882 14,369 10,778 10,378 8,777 9,079 68,263
2002 14,004 13,541 12,883 12,942 7,202 7,648 68,220
2003 14,780 15,495 9,401 10,092 9,994 10,261 70,023
2004 7,690 7,890 6,819 6,847 4,603 4,321 38,170
2005 7,390 7,033 5,109 4,115 6,927 6,424 36,998
2006 7,324 6,989 5,085 4,068 6,842 6,356 36,664
2007 6,681 6,635 4,278 3,203 7,745 7,094 35,636
2008 4,256 4,787 2,056 2,563 5,950 6,316 25,928
2009 4,470 4,199 2,273 2,034 5,004 5,187 23,167
2010 4,536 5,272 2,261 2,749 4,125 4,618 23,561
2011 6,772 6,388 6,906 6,455 5,809 4,634 36,964
2012 5,500 5,981 4,508 4,774 4,928 5,348 31,039
2013 6,525 5,690 4,313 3,613 4,920 4,849 29,910
2014 5,675 5,871 4,753 5,180 4,785 4,652 30,916
2015 5,310 5,323 4,645 4,188 4,337 4,011 27,766
2016 4,826 5,128 5,950 5,674 920 784 23,282







Table 13: Numbers of pollock fishery samples used for age determination estimates by sex and
strata, 1977-2016, as sampled by the NMFS observer program.


A Season B Season SE B Season NW
Males Females Males Females Males Females Total


1977 1,229 1,344 137 166 1,415 1,613 5,904
1978 1,992 2,686 407 514 2,188 2,611 10,398
1979 2,647 3,088 152 209 1,464 1,561 9,121
1980 1,854 2,158 93 138 606 675 5,524
1981 1,819 2,042 51 52 1,620 1,807 7,391
1982 2,030 2,210 181 176 2,865 3,062 10,524
1983 1,200 1,200 144 122 3,249 3,420 9,335
1984 980 1,046 117 136 1,272 1,379 4,930
1985 520 499 46 55 426 488 2,034
1986 689 794 518 501 286 286 3,074
1987 1,351 1,466 25 33 72 63 3,010
1991 420 423 272 265 320 341 2,041
1992 392 392 371 386 178 177 1,896
1993 444 473 503 493 124 122 2,159
1994 201 202 570 573 131 141 1,818
1995 298 316 436 417 123 131 1,721
1996 468 449 442 433 1 1 1,794
1997 433 436 284 311 326 326 2,116
1998 592 659 307 307 216 232 2,313
1999 540 500 730 727 306 298 3,100
2000 666 626 843 584 253 293 3,265
2001 598 560 724 688 178 205 2,951
2002 651 670 834 886 201 247 3,489
2003 583 644 652 680 260 274 3,092
2004 560 547 599 697 244 221 2,867
2005 611 597 613 489 419 421 3,149
2006 608 599 590 457 397 398 3,048
2007 639 627 586 482 583 570 3,485
2008 492 491 313 356 541 647 2,838
2009 488 416 285 325 400 434 2,346
2010 624 545 504 419 465 414 2,971
2011 581 808 579 659 404 396 3,427
2012 517 571 480 533 485 579 3,165
2013 703 666 517 402 568 526 3,381
2014 609 629 475 553 413 407 3,086
2015 653 642 502 509 511 491 3,308
2016 488 599 929 969 157 125 3,267







Table 14: NMFS total pollock research catch by year in t, 1964-2017.
Year Bering Sea Year Bering Sea Year Bering Sea
1964 0 1982 682 2000 313
1965 18 1983 508 2001 241
1966 17 1984 208 2002 440
1967 21 1985 435 2003 285
1968 7 1986 163 2004 363
1969 14 1987 174 2005 87
1970 9 1988 467 2006 251
1971 16 1989 393 2007 333
1972 11 1990 369 2008 168
1973 69 1991 465 2009 156
1974 83 1992 156 2010 226
1975 197 1993 221 2011 1322
1976 122 1994 267 2012 219
1977 35 1995 249 2013 183
1978 94 1996 206 2014 308
1979 458 1997 262 2015 256
1980 139 1998 121 2016 213
1981 466 1999 299







Table 15: Biomass (age 1+) of Eastern Bering Sea pollock as estimated by surveys 1979 - 2017
(millions of t). Note that the bottom-trawl survey data only represent biomass from the survey
strata (1-6) areas in 1982-1984, and 1986. For all other years the estimates include strata 8-9 (the
column labelled DDC contains the values obtained from the Kotwicki et al. density-dependence
correction method.


Bottom trawl survey AT AT % Near bottom
Year Design-based DDC Survey age 3+ Total biomass
1979 7.458 22%
1980
1981
1982 2.856 4.069 4.901 95% 7.757 37%
1983 6.258 8.409
1984 4.894 6.409
1985 5.955 8.250 4.799 97% 10.754 55%
1986 4.897 6.826
1987 5.498 7.892
1988 7.289 11.088 4.675 97% 11.964 61%
1989 6.55 9.796
1990 7.316 11.900
1991 5.13 7.390 1.454 46% 6.584 78%
1992 4.583 6.211
1993 5.631 7.089
1994 5.027 7.100 2.886 85% 7.913 64%
1995 5.478 9.107
1996 3.415 4.080 2.311 97% 5.726 60%
1997 3.8 5.019 2.591 70% 6.391 59%
1998 2.781 3.510
1999 3.798 5.455 3.285 95% 7.083 54%
2000 5.281 7.355 3.049 95% 8.33 63%
2001 4.197 5.440
2002 5.033 6.771 3.622 82% 8.655 58%
2003 8.392 13.508
2004 3.863 5.106 3.307 99% 7.17 54%
2005 5.321 6.696
2006 3.045 3.886 1.56 98% 4.605 66%
2007 4.338 6.145 1.769 89% 6.107 71%
2008 3.023 3.994 0.997 76% 4.02 75%
2009 2.282 2.990 0.924 78% 3.206 71%
2010 3.738 5.132 2.323 65% 6.061 62%
2011 3.112 3.949
2012 3.487 4.614 1.843 71% 5.33 65%
2013 4.575 6.115
2014 7.43 10.331 3.439 65% 10.869 68%
2015 6.394 8.587
2016 4.91 6.608 4.063 97% 8.973 55%
2017 4.814 6.256


Average 4.843 6.752 2.763 85% 7.14 62%







Table 16: Survey biomass estimates (age 1+, t) of Eastern Bering Sea pollock based on area-swept
expansion methods from NMFS bottom trawl surveys 1982 - 2017.


Survey biomass
Year Strata 1-6 Strata 8-9 Total %NW
1982 2,858,400 54,469 2,912,869 98%
1983 5,921,380
1984 4,542,405
1985 4,560,122 637,881 5,198,003 12%
1986 4,835,722
1987 5,111,645 386,788 5,498,433 7%
1988 7,003,983 179,980 7,183,963 3%
1989 5,906,477 643,938 6,550,415 10%
1990 7,107,218 189,435 7,296,653 3%
1991 5,067,092 62,446 5,129,538 1%
1992 4,316,660 209,493 4,526,153 5%
1993 5,196,453 98,363 5,294,816 2%
1994 4,977,639 49,686 5,027,325 1%
1995 5,409,297 68,541 5,477,838 1%
1996 2,981,680 143,573 3,125,253 5%
1997 2,868,734 693,429 3,562,163 19%
1998 2,137,049 550,706 2,687,755 20%
1999 3,598,688 199,786 3,798,474 5%
2000 4,985,064 118,565 5,103,629 2%
2001 4,145,746 51,108 4,196,854 1%
2002 4,755,668 197,770 4,953,438 4%
2003 8,106,358 285,902 8,392,261 3%
2004 3,744,501 118,473 3,862,974 3%
2005 4,731,068 137,547 4,868,616 3%
2006 2,845,553 199,827 3,045,380 7%
2007 4,158,234 179,986 4,338,220 4%
2008 2,834,093 189,174 3,023,267 6%
2009 2,231,225 51,185 2,282,410 2%
2010 3,550,981 186,898 3,737,878 5%
2011 2,945,641 166,672 3,112,312 5%
2012 3,281,223 206,005 3,487,229 6%
2013 4,297,970 277,433 4,575,403 6%
2014 6,552,849 877,104 7,429,952 12%
2015 5,944,325 450,034 6,394,359 7%
2016 4,698,430 211,650 4,910,080 4%
2017 4,688,500 125,873 4,814,373 3%
Avg. 4,524,947 248,476 4,721,160 5%







Table 17: Sampling effort for pollock in the EBS from the NMFS bottom trawl survey 1982-2017.
Year Number of Lengths Aged Year Number of Lengths Aged


Hauls Hauls
1982 329 40,001 1,611 1999 373 32,532 1,385
1983 354 78,033 1,931 2000 372 41,762 1,545
1984 355 40,530 1,806 2001 375 47,335 1,641
1985 434 48,642 1,913 2002 375 43,361 1,695
1986 354 41,101 1,344 2003 376 46,480 1,638
1987 356 40,144 1,607 2004 375 44,102 1,660
1988 373 40,408 1,173 2005 373 35,976 1,676
1989 373 38,926 1,227 2006 376 39,211 1,573
1990 371 34,814 1,257 2007 376 29,679 1,484
1991 371 43,406 1,083 2008 375 24,635 1,251
1992 356 34,024 1,263 2009 375 24,819 1,342
1993 375 43,278 1,385 2010 376 23,142 1,385
1994 375 38,901 1,141 2011 376 36,227 1,734
1995 376 25,673 1,156 2012 376 35,782 1,785
1996 375 40,789 1,387 2013 376 35,908 1,847
1997 376 35,536 1,193 2014 376 43,042 2,099
1998 375 37,673 1,261 2015 376 54,241 2,320


2016 376 50,857 1,766
2017 376 47,873 1,623







Table 18: Bottom-trawl survey estimated numbers millions at age used for the stock assessment
model. Note that in 1982-84 and 1986 only strata 1-6 were surveyed.


Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total
1982 1,281 2,986 3,356 4,377 1,505 206 143 68 43 27 17 10 3 1 0 14,024
1983 1,810 681 1,655 2,980 6,690 2,042 371 198 89 77 58 20 8 7 2 16,688
1984 431 348 537 1,535 1,905 4,451 853 189 88 31 21 8 5 6 3 10,411
1985 5,919 959 3,844 1,222 4,031 2,455 1,678 331 84 69 23 8 9 1 0 20,634
1986 2,690 428 499 1,875 1,135 1,889 1,653 1,501 470 72 33 15 1 4 - 12,266
1987 379 779 1,082 817 4,956 1,371 1,313 519 1,640 253 74 29 5 2 2 13,222
1988 1,225 715 1,943 3,692 1,606 5,209 1,544 1,169 673 1,596 150 89 18 24 10 19,662
1989 917 342 672 2,218 4,981 989 3,761 571 686 266 836 144 126 63 83 16,656
1990 2,335 354 120 924 1,847 6,193 1,243 3,058 310 549 84 789 68 51 67 17,992
1991 3,161 885 319 94 639 600 1,986 746 1,606 420 568 116 352 49 40 11,580
1992 1,512 416 2,361 398 445 745 655 939 418 798 280 349 149 118 93 9,675
1993 2,417 338 898 3,844 833 667 345 474 643 396 347 252 198 109 128 11,890
1994 1,404 508 552 1,631 4,413 774 201 173 192 366 220 309 113 109 165 11,129
1995 1,571 137 426 1,995 2,654 4,322 1,834 483 294 184 347 137 255 100 137 14,877
1996 1,552 369 175 348 964 1,363 1,245 424 105 113 76 143 47 84 110 7,119
1997 2,490 383 201 259 3,109 1,383 828 997 169 84 64 70 114 37 127 10,314
1998 727 639 336 240 468 2,674 680 429 332 83 37 13 28 31 73 6,789
1999 1,109 1,018 967 1,050 599 1,069 2,691 725 350 326 119 50 19 28 96 10,217
2000 1,120 410 535 1,825 1,814 932 783 2,564 999 523 221 150 46 20 86 12,027
2001 1,829 1,052 571 546 1,381 1,444 621 308 918 659 252 201 80 28 77 9,967
2002 811 408 851 1,231 1,272 1,656 862 417 565 1,060 528 234 137 42 45 10,118
2003 549 165 1,045 1,752 2,078 1,908 2,555 1,445 660 860 1,752 758 285 148 108 16,068
2004 395 286 182 1,372 1,338 1,018 598 648 321 200 200 361 154 37 28 7,137
2005 397 151 247 1,073 3,008 2,023 1,055 479 364 268 72 152 248 96 98 9,732
2006 872 45 61 381 1,016 1,298 831 400 228 196 94 59 85 114 111 5,790
2007 2,353 45 118 445 1,501 1,767 1,275 920 388 174 161 140 63 80 152 9,582
2008 516 97 85 169 548 1,131 889 618 392 154 128 98 44 24 152 5,045
2009 798 219 431 444 248 393 558 443 323 155 103 34 34 18 71 4,271
2010 511 130 249 2,966 1,332 416 359 380 399 272 234 85 50 29 63 7,475
2011 1,115 119 268 360 1,855 908 266 151 237 236 197 151 63 30 80 6,036
2012 1,170 235 442 3,254 761 1,228 421 168 127 176 144 127 106 38 67 8,465
2013 1,227 104 217 974 5,002 1,161 725 254 86 78 102 77 71 39 51 10,167
2014 2,256 580 272 366 1,705 6,257 3,255 693 381 139 53 75 76 36 93 16,237
2015 1,183 809 2,296 583 1,221 2,276 4,433 1,292 305 145 17 16 29 17 36 14,659
2016 749 437 630 3,323 1,364 922 1,301 1,919 376 147 48 10 11 3 5 11,244
2017 586 289 460 2,367 2,863 1,247 861 774 919 262 93 32 4 1 5 10,764
Avg 1,427 496 803 1,470 2,030 1,844 1,241 746 450 317 215 147 86 45 68 11,387







Table 19: Mean EBS pollock body mass (kg) at age as observed in the summer NMFS bottom
trawl survey, 1982-2017.


Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1982 0.031 0.072 0.164 0.343 0.420 0.652 1.019 1.123 1.192 1.334 1.571 1.582 1.766 1.588 2.458
1983 0.017 0.140 0.239 0.360 0.493 0.585 0.720 1.073 1.177 1.055 1.121 1.174 1.487 1.018 1.699
1984 0.015 0.063 0.249 0.358 0.476 0.615 0.754 1.003 1.213 1.390 1.507 1.664 1.346 1.422 2.117
1985 0.018 0.084 0.192 0.385 0.468 0.626 0.763 0.864 1.361 1.155 1.286 1.659 1.579 1.600 2.565
1986 0.012 0.091 0.184 0.348 0.465 0.636 0.714 0.857 1.005 1.258 1.281 1.084 2.164 2.090 2.408
1987 0.017 0.109 0.217 0.335 0.424 0.531 0.699 0.798 0.874 0.993 1.131 1.393 1.697 1.965 2.251
1988 0.017 0.098 0.276 0.344 0.437 0.512 0.588 0.735 0.829 0.995 1.135 1.227 1.643 0.860 1.573
1989 0.016 0.089 0.173 0.368 0.431 0.522 0.619 0.684 0.932 0.922 1.052 1.044 1.102 1.155 1.229
1990 0.014 0.099 0.153 0.382 0.493 0.569 0.592 0.713 0.737 1.039 1.046 1.108 1.175 1.241 1.399
1991 0.019 0.121 0.164 0.323 0.492 0.577 0.690 0.732 0.874 0.911 1.084 1.184 1.211 1.302 1.694
1992 0.014 0.114 0.283 0.365 0.509 0.616 0.764 0.850 0.899 0.975 1.082 1.231 1.302 1.331 1.292
1993 0.014 0.058 0.319 0.462 0.517 0.580 0.679 0.802 0.985 1.024 1.145 1.259 1.347 1.523 1.594
1994 0.013 0.069 0.227 0.473 0.566 0.638 0.720 0.915 1.155 1.122 1.189 1.293 1.373 1.534 1.522
1995 0.013 0.068 0.138 0.379 0.492 0.639 0.639 0.769 0.913 1.148 1.174 1.282 1.340 1.391 1.528
1996 0.017 0.070 0.140 0.298 0.498 0.600 0.742 0.806 0.970 1.021 1.335 1.387 1.427 1.540 1.539
1997 0.016 0.069 0.230 0.337 0.403 0.543 0.699 0.792 0.993 1.016 1.137 1.287 1.249 1.501 1.580
1998 0.016 0.069 0.184 0.337 0.473 0.515 0.671 0.797 0.882 0.918 1.091 1.311 1.290 1.721 1.759
1999 0.015 0.074 0.182 0.335 0.392 0.554 0.621 0.769 0.937 0.956 1.099 1.184 1.554 1.724 1.853
2000 0.011 0.062 0.208 0.357 0.444 0.518 0.637 0.703 0.776 0.919 1.135 1.177 1.347 1.396 1.818
2001 0.015 0.074 0.165 0.368 0.493 0.595 0.682 0.748 0.839 0.885 1.096 1.201 1.395 1.345 1.645
2002 0.012 0.075 0.231 0.365 0.512 0.626 0.653 0.798 0.879 0.905 0.934 1.076 1.145 1.409 1.809
2003 0.022 0.095 0.303 0.429 0.571 0.660 0.748 0.846 0.873 0.969 0.974 1.002 1.010 1.170 1.218
2004 0.020 0.092 0.270 0.470 0.547 0.676 0.757 0.785 0.937 0.938 1.043 1.044 1.103 1.351 1.402
2005 0.019 0.078 0.192 0.398 0.522 0.600 0.701 0.807 0.885 0.913 1.011 1.065 1.089 1.189 1.294
2006 0.009 0.078 0.135 0.368 0.517 0.605 0.726 0.804 0.912 1.039 1.097 1.174 1.265 1.242 1.343
2007 0.012 0.091 0.301 0.446 0.549 0.671 0.773 0.848 0.928 1.054 1.124 1.093 1.297 1.282 1.391
2008 0.014 0.050 0.225 0.421 0.527 0.638 0.759 0.859 0.929 1.060 1.214 1.190 1.336 1.506 1.563
2009 0.011 0.070 0.215 0.410 0.584 0.689 0.846 0.908 0.954 1.156 1.186 1.439 1.412 1.548 1.776
2010 0.019 0.072 0.244 0.402 0.541 0.675 0.908 0.975 1.012 1.110 1.141 1.267 1.423 1.529 1.927
2011 0.015 0.106 0.238 0.445 0.553 0.647 0.804 0.989 1.108 1.160 1.247 1.303 1.429 1.448 1.643
2012 0.014 0.075 0.214 0.357 0.530 0.669 0.812 0.885 1.212 1.246 1.302 1.333 1.424 1.636 1.860
2013 0.017 0.061 0.239 0.418 0.492 0.617 0.829 0.966 1.087 1.239 1.295 1.352 1.447 1.584 1.607
2014 0.016 0.097 0.264 0.352 0.476 0.603 0.660 0.891 0.981 1.121 1.280 1.308 1.397 1.459 1.656
2015 0.019 0.087 0.288 0.379 0.510 0.592 0.717 0.804 1.056 1.071 1.306 1.630 1.304 1.469 1.624
2016 0.022 0.080 0.225 0.437 0.513 0.606 0.694 0.774 0.842 0.915 1.039 0.911 1.328 1.564 1.540
2017 0.022 0.093 0.204 0.402 0.534 0.607 0.695 0.758 0.827 0.836 0.958 0.804 1.198 1.319 1.593







Table 20: Number of (age 1+) hauls and sample sizes for EBS pollock collected by the AT surveys.
Sub-headings E and W represent collections east and west of 170W (within the US EEZ) and US
represents the US sub-total and RU represents the collections from the Russian side of the surveyed
region.


Hauls Lengths Otoliths Number aged
Year E W US RU E W US RU E W US RU E W US RU
1979 25 7,722 0 2,610
1982 13 31 48 1,725 6,689 8,687 840 2,324 3,164 783 1,958 2,741
1985 73 19,872 2,739 2,739
1988 25 6,619 1,471 1,471
1991 62 16,343 2,062 1,663
1994 25 51 76 19 4,553 21,011 25,564 8,930 1,560 3,694 4,966 1,270 612 932 1,770 455
1996 15 42 57 3,551 13,273 16,824 669 1,280 1,949 815 1,111 1,926
1997 25 61 86 6,493 23,043 29,536 966 2,669 3,635 936 1,349 2,285
1999 41 77 118 13,841 28,521 42,362 1,945 3,001 4,946 946 1,500 2,446
2000 29 95 124 7,721 36,008 43,729 850 2,609 3,459 850 1,403 2,253
2002 47 79 126 14,601 25,633 40,234 1,424 1,883 3,307 1,000 1,200 2,200
2004 33 57 90 15 8,896 18,262 27,158 5,893 1,167 2,002 3,169 461 798 1,192 2,351 461
2006 27 56 83 4,939 19,326 24,265 822 1,871 2,693 822 1,870 2,692
2007 23 46 69 4 5,492 14,863 20,355 1,407 871 1,961 2,832 319 823 1,737 2,560 315
2008 9 53 62 6 2,394 15,354 17,748 1,754 341 1,698 2,039 177 338 1,381 1,719 176
2009 13 33 46 3 1,576 9,257 10,833 282 308 1,210 1,518 54 306 1,205 1,511 54
2010 11 48 59 9 2,432 20,263 22,695 3,502 653 1,868 2,521 381 652 1,598 2,250 379
2012 17 60 77 14 4,422 23,929 28,351 5,620 650 2,045 2,695 418 646 1,483 2,129 416
2014 52 87 139 3 28,857 8,645 37,502 747 1,739 849 2,588 72 845 1,735 2,580 72
2016 37 71 108 10,912 24,134 35,046 880 1,514 2,394 876 1,513 2,388







Table 21: Mid-water pollock biomass (near surface down to 3m from the bottom unless otherwise
noted) by area as estimated from summer acoustic-trawl surveys on the U.S. EEZ portion of the
Bering Sea shelf, 1994-2016 (Honkalehto et al. 2015). CVs for biomass estimates were assumed to
average 25% (inter-annual variability arises from the 1-dimensional variance estimation method).
Note last column reflects biomass to 0.5m from bottom (as used in the model).


Area Biomass
Year Date (nmi)2 SCA E170-SCA W170 3m total 0.5m total
1994 9 Jul - 19 Aug 78,251 0.312 0.399 2.176 2.886 3.640
1996 20 Jul - 30 Aug 93,810 0.215 0.269 1.826 2.311 2.955
1997 17 Jul - 4 Sept 102,770 0.246 0.527 1.818 2.592 3.591
1999 7 Jun - 5 Aug 103,670 0.299 0.579 2.408 3.285 4.202
2000 7 Jun - 2 Aug 106,140 0.393 0.498 2.158 3.049 3.614
2002 4 Jun - 30 Jul 99,526 0.647 0.797 2.178 3.622 4.330
2004 4 Jun - 29 Jul 99,659 0.498 0.516 2.293 3.307 4.016
2006 3 Jun - 25 Jul 89,550 0.131 0.254 1.175 1.560 1.887
2007 2 Jun - 30 Jul 92,944 0.084 0.168 1.517 1.769 2.288
2008 2 Jun - 31 Jul 95,374 0.085 0.029 0.883 0.997 1.407
2009 9 Jun - 7 Aug 91,414 0.070 0.018 0.835 0.924 1.323
2010 5 Jun - 7 Aug 92,849 0.067 0.113 2.143 2.323 2.651
2012 7 Jun - 10 Aug 96,852 0.142 0.138 1.563 1.843 2.299
2014 12 Jun - 13 Aug 94,361 0.426 1.000 2.014 3.439 4.727
2016 12 Jun - 17 Aug 100,053 0.516 1.005 2.542 4.063 4.829







Table 22: AT survey estimates of EBS pollock abundance-at-age (millions), 1979-2016. Age 2+
totals and age-1s were modeled as separate indices. CVs were based on relative error estimates and
assumed to average 20% (since 1982; note also that this applies to abundance totals, currently the
model is tuned to ATS biomass with CV assumption of 25% based on reviews and relative errors
compared to the BTS).


Age Age
Year 1 2 3 4 5 6 7 8 9 10+ 2+ CV Total
1979 69,110 41,132 3,884 413 534 128 30 4 28 161 46,314 250% 115,424
1982 108 3,401 4,108 7,637 1,790 283 141 178 90 177 17,805 20% 17,913
1985 2,076 929 8,149 898 2,186 1,510 1,127 130 21 15 14,965 20% 17,041
1988 11 1,112 3,586 3,864 739 1,882 403 151 130 414 12,280 20% 12,292
1991 639 5,942 967 215 224 133 120 39 37 53 7,730 20% 8,369
1994 983 4,094 1,216 1,833 2,262 386 107 97 54 193 10,242 18% 11,225
1996 1,800 567 552 2,741 915 634 585 142 39 140 6,314 15% 8,114
1997 13,251 2,879 440 536 2,327 546 313 291 75 178 7,584 14% 20,834
1999 607 1,780 3,717 1,810 652 398 1,548 526 180 233 10,844 22% 11,451
2000 460 1,322 1,230 2,588 1,012 327 308 950 278 246 8,260 12% 8,721
2002 723 4,281 3,931 1,435 839 772 389 149 184 641 12,621 12% 13,344
2004 83 313 1,216 3,118 1,637 568 291 281 121 265 7,809 14% 7,892
2006 525 217 291 654 783 659 390 145 75 166 3,380 15% 3,904
2007 5,775 1,041 345 478 794 729 407 241 98 126 4,258 17% 10,034
2008 71 2,915 1,047 166 161 288 235 136 102 107 5,156 30% 5,227
2009 5,197 816 1,733 277 68 84 117 93 65 89 3,341 34% 8,538
2010 2,568 6,404 984 2,295 446 73 33 37 38 85 10,395 24% 12,963
2012 177 1,989 1,693 2,710 280 367 113 36 25 98 7,309 24% 7,487
2014 4,751 8,655 969 1,161 1,119 1,770 740 170 79 87 14,750 24% 19,501
2016 353 1,185 4,546 4,439 1,194 487 557 650 130 119 13,307 24% 13,660
Avg. 2,488 2,564 1,594 1,749 966 539 409 263 103 185 8,371 20% 10,860
Med. 723 1,780 1,216 1,810 839 487 313 149 79 140 7,809 18% 10,034







Table 23: An abundance index derived from acoustic data collected opportunistically aboard
bottom-trawl survey vessels (AVO index; Honkalehto et al. 2014). Note values in parentheses
are the coefficients of variation from using 1-D geostatistical estimates of sampling variability (Pe-
titgas, 1993). See Honkalehto et al. (2011) for the derivation of these estimates. The column
“CVAV O” was assumed to have a mean value of 0.30 for model fitting purposes (scaling relative to
the AT and BTS indices).


Year AT scaled biomass index AVO index CVAV O
2006 1.560 (4%) 0.555 (5%) 25%
2007 1.769 (4%) 0.638 (9%) 43%
2008 0.997 (8%) 0.316 (6%) 32%
2009 0.924 (9%) 0.285 (12%) 60%
2010 2.323 (6%) 0.679 (9%) 43%
2011 −no survey− 0.543 (6%) 29%
2012 1.843 (4%) 0.661 (6%) 31%
2013 −no survey− 0.694 (4%) 19%
2014 3.439 (5%) 0.897 (4%) 21%
2015 −no survey− 0.953 (5%) 23%
2016 4.063 (2%) 0.750 (3%) 16%
2017 −no survey− 0.730 (3%) 17%







Table 24: Pollock sample sizes assumed for the age-composition data likelihoods from the fishery,
bottom-trawl survey, and AT surveys, 1964-2017. Note fishery sample size for 1964-1977 was fixed
at 10.


Year Fishery BTS ATS
1978 39
1979 39
1980 39
1981 39
1982 39 105
1983 39 126
1984 39 118
1985 39 125
1986 39 88
1987 39 105
1988 39 76
1989 39 80
1990 39 82
1991 134 71
1992 155 82
1993 211 90
1994 83 74 43
1995 107 75
1996 115 90 32
1997 198 78 49
1998 208 82
1999 730 90 67
2000 725 101 70
2001 467 107
2002 697 110 72
2003 623 107
2004 532 108 51
2005 638 109
2006 525 102 47
2007 654 97 39
2008 545 82 35
2009 371 87 26
2010 383 90 34
2011 716 113
2012 659 116 44
2013 624 120
2014 631 137 79
2015 539 151
2016 510 115 61
2017 105







Table 25: Mean weight-at-age (kg) estimates from the fishery (1991-2016) showing the between-
year variability (middle row) and sampling error (bottom panel) based on bootstrap resampling of
observer data.


Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1964-90 0.007 0.170 0.303 0.447 0.589 0.722 0.84 0.942 1.029 1.102 1.163 1.212 1.253 1.286 1.312


1991 0.007 0.150 0.286 0.476 0.604 0.728 0.839 0.873 1.014 1.127 1.129 1.251 1.240 1.308 1.249
1992 0.007 0.179 0.394 0.462 0.647 0.701 0.812 0.982 1.031 1.210 1.226 1.272 1.199 1.340 1.430
1993 0.007 0.331 0.497 0.610 0.650 0.754 0.904 1.039 1.211 1.232 1.391 1.538 1.610 1.646 1.584
1994 0.007 0.233 0.405 0.651 0.728 0.747 0.707 1.057 1.395 1.347 1.347 1.391 1.394 1.301 1.341
1995 0.007 0.153 0.377 0.498 0.735 0.840 0.856 0.986 1.220 1.315 1.388 1.477 1.390 1.297 1.341
1996 0.007 0.293 0.323 0.427 0.679 0.794 0.949 0.953 1.020 1.096 1.362 1.500 1.520 1.710 1.598
1997 0.007 0.187 0.315 0.471 0.559 0.747 0.893 1.072 1.091 1.243 1.346 1.443 1.668 1.423 1.383
1998 0.007 0.191 0.368 0.589 0.627 0.621 0.775 1.029 1.169 1.253 1.327 1.452 1.414 1.523 1.537
1999 0.007 0.188 0.405 0.507 0.643 0.701 0.728 0.891 1.037 1.250 1.248 1.431 0.990 0.516 1.236
2000 0.007 0.218 0.353 0.526 0.629 0.731 0.782 0.806 0.966 1.007 1.242 1.321 1.101 1.165 1.466
2001 0.007 0.227 0.327 0.503 0.669 0.788 0.958 0.987 1.063 1.115 1.314 1.435 1.563 1.433 1.467
2002 0.007 0.231 0.386 0.509 0.666 0.795 0.910 1.029 1.104 1.095 1.288 1.448 1.597 1.343 1.683
2003 0.007 0.276 0.489 0.547 0.649 0.767 0.862 0.953 1.081 1.200 1.200 1.206 1.362 1.377 1.699
2004 0.007 0.135 0.409 0.583 0.640 0.758 0.889 0.924 1.035 1.162 1.110 1.160 1.333 1.281 1.213
2005 0.007 0.283 0.346 0.508 0.642 0.741 0.882 0.954 1.062 1.096 1.225 1.276 1.251 1.174 1.373
2006 0.007 0.174 0.305 0.447 0.606 0.755 0.853 0.952 1.065 1.114 1.219 1.234 1.282 1.399 1.462
2007 0.007 0.155 0.346 0.506 0.641 0.781 0.962 1.098 1.182 1.275 1.304 1.477 1.500 1.738 1.520
2008 0.007 0.208 0.330 0.520 0.652 0.774 0.903 1.049 1.119 1.282 1.421 1.524 1.553 1.921 1.660
2009 0.007 0.136 0.340 0.526 0.704 0.879 1.002 1.125 1.399 1.490 1.563 1.614 1.814 1.996 2.230
2010 0.050 0.175 0.383 0.489 0.664 0.915 1.119 1.261 1.371 1.587 1.659 1.924 1.923 2.079 2.316
2011 0.031 0.205 0.290 0.509 0.665 0.808 0.976 1.225 1.346 1.518 1.585 1.621 2.176 1.754 2.287
2012 0.029 0.142 0.270 0.410 0.643 0.824 0.974 1.172 1.306 1.519 1.614 1.644 1.717 2.040 2.086
2013 0.095 0.144 0.289 0.442 0.564 0.782 1.131 1.284 1.426 1.692 1.834 1.806 1.960 2.187 2.207
2014 0.014 0.193 0.316 0.455 0.617 0.751 0.894 1.154 1.310 1.370 1.692 1.815 1.733 1.658 2.236
2015 0.025 0.181 0.403 0.463 0.571 0.690 0.786 0.887 1.145 1.201 1.378 1.892 1.452 1.603 2.627
2016 0.025 0.181 0.407 0.531 0.557 0.648 0.732 0.801 0.943 1.047 1.201 0.637 1.088 1.870 1.638
Avg 0.015 0.199 0.360 0.506 0.640 0.762 0.888 1.021 1.158 1.263 1.370 1.453 1.493 1.542 1.687
CV NA 26% 16% 11% 7% 8% 12% 13% 13% 14% 13% 18% 19% 23% 24%


Sampling CV (from bootstrap), ages 1 and 2 were excluded
1991 2% 2% 2% 2% 1% 4% 2% 7% 3% 7% 4% 7% 5%
1992 1% 2% 3% 2% 2% 2% 4% 3% 4% 5% 14% 8% 9%
1993 1% 0% 2% 3% 3% 4% 3% 5% 6% 10% 11% 16% 12%
1994 3% 1% 1% 2% 5% 13% 7% 7% 6% 7% 8% 15% 8%
1995 2% 2% 1% 1% 2% 4% 7% 8% 7% 14% 8% 53% 9%
1996 2% 4% 2% 1% 1% 2% 4% 6% 18% 11% 9% 12% 13%
1997 3% 1% 1% 1% 2% 2% 4% 8% 14% 14% 23% 9% 9%
1998 2% 3% 2% 1% 2% 3% 2% 6% 11% 13% 18% 24% 22%
1999 0% 1% 1% 1% 1% 2% 3% 5% 15% 27% 43% 57% 27%
2000 1% 1% 1% 2% 1% 1% 3% 6% 6% 13% 52% 76% 70%
2001 2% 1% 1% 1% 3% 3% 2% 5% 7% 9% 13% 14% 47%
2002 1% 1% 1% 1% 1% 3% 3% 3% 6% 7% 11% 34% 35%
2003 1% 1% 1% 1% 1% 2% 4% 6% 5% 7% 14% 36% 22%
2004 2% 1% 1% 2% 2% 2% 3% 8% 6% 6% 14% 18% 11%
2005 2% 1% 0% 1% 2% 3% 3% 5% 8% 8% 25% 37% 28%
2006 1% 1% 1% 1% 1% 3% 4% 4% 9% 14% 12% 19% 11%
2007 1% 1% 1% 1% 1% 2% 4% 5% 7% 13% 14% 12% 10%
2008 1% 1% 1% 1% 1% 2% 3% 6% 7% 7% 8% 22% 8%
2009 1% 1% 3% 2% 2% 3% 4% 6% 10% 12% 9% 30% 16%
2010 2% 0% 1% 3% 3% 4% 4% 5% 7% 10% 15% 13% 11%
2011 1% 1% 0% 1% 3% 4% 5% 5% 6% 9% 29% 16% 21%
2012 1% 0% 1% 1% 2% 5% 8% 11% 9% 10% 13% 21% 45%
2013 1% 0% 0% 2% 3% 4% 8% 9% 10% 12% 13% 18% 16%
2014 2% 1% 1% 1% 2% 3% 6% 14% 16% 19% 16% 22% 17%
2015 2% 1% 1% 0% 2% 3% 5% 13% 16% 20% 15% 23% 16%
2016 2% 1% 1% 0% 2% 3% 5% 13% 16% 20% 15% 23% 16%







Table 26: Summary model results showing the stock condition for EBS pollock. Values in paren-
theses are coefficients of variation (CVs) of values immediately above.


Biomass 2016 Assessment 2017 Assessment
Year 2018 spawning biomass 4,600,000 t 3,678,000 t
(CV) (14%) (13%)
2017 spawning biomass 4,070,000 t 3,870,000 t
BMSY 2,165,000 t 2,042,000 t
(CV) (20%) 23%
SPR%FMSY 30% 29%
B40% 2,643,000 t 2,455,000 t
B35% 2,313,000 t 2,148,000 t
B0 (stock-recruitment curve) 5,700,000 t 5,394,000 t
2017 Percent of BMSY spawning biomass 212% 190%
Estimated B2017 over B2017 without fishing mortality 0.66 0.68
Recruitment (millions of pollock at age 1)
Steepness parameter (h) 0.686 0.653
Average recruitment (all yrs) 24,350 23,840
2000 year class 35,844 34,900
2006 year class 25,928 25,600
2008 year class 56,100 53,800
2012 year class 63,900 60,200
Natural Mortality (age 3 and older) 0.3 0.3







Table 27: Summary results of Tier 1 2017 yield projections for EBS pollock.
Description Value
2018 fishable biomass (GM) 7,724,000 t
Equilibrium fishable biomass at MSY 4,016,000 t
MSY R (HM) 0.466
2018 Tier 1 ABC 3,603,000 t
OFL
MSY R (AM) 0.621
2018 Tier 1 OFL 4,795,000 t
Recommended FABC 0.336 t
Recommended ABC 2,592,000 t







Table 28: Estimated billions of EBS pollock at age (columns 2-11) from the 2017 model.
Year 1 2 3 4 5 6 7 8 9 10+
1964 6.43 3.46 2.19 0.47 0.20 0.39 0.18 0.06 0.04 0.22
1965 21.16 2.61 2.18 1.55 0.29 0.13 0.25 0.11 0.04 0.16
1966 15.16 8.59 1.64 1.53 0.96 0.18 0.08 0.16 0.07 0.13
1967 25.65 6.15 5.40 1.15 0.97 0.61 0.12 0.05 0.10 0.13
1968 22.19 10.39 3.81 3.52 0.67 0.56 0.36 0.07 0.03 0.14
1969 26.18 8.98 6.42 2.49 2.04 0.39 0.33 0.21 0.04 0.10
1970 23.52 10.59 5.52 4.06 1.46 1.21 0.23 0.20 0.12 0.08
1971 14.46 9.47 6.36 3.29 2.32 0.81 0.67 0.13 0.10 0.10
1972 11.83 5.80 5.55 3.57 1.73 1.15 0.40 0.33 0.06 0.09
1973 26.95 4.75 3.30 2.89 1.73 0.82 0.55 0.19 0.15 0.06
1974 19.77 10.85 2.62 1.59 1.29 0.76 0.36 0.24 0.08 0.08
1975 16.77 7.97 5.76 1.12 0.67 0.54 0.32 0.15 0.10 0.06
1976 12.90 6.78 4.49 2.59 0.51 0.31 0.25 0.15 0.07 0.07
1977 13.38 5.22 3.91 2.22 1.21 0.24 0.15 0.12 0.07 0.06
1978 24.61 5.42 3.05 2.13 1.12 0.60 0.12 0.07 0.06 0.06
1979 59.44 9.98 3.19 1.65 1.07 0.54 0.29 0.06 0.04 0.06
1980 26.54 24.11 6.02 1.82 0.85 0.49 0.24 0.13 0.03 0.04
1981 30.73 10.77 14.94 3.77 0.96 0.40 0.22 0.11 0.06 0.03
1982 16.90 12.48 6.77 10.15 2.22 0.50 0.20 0.12 0.06 0.05
1983 50.85 6.87 7.89 4.81 6.57 1.31 0.29 0.12 0.07 0.06
1984 14.31 20.67 4.35 5.67 3.24 4.13 0.79 0.17 0.07 0.08
1985 34.42 5.82 13.10 3.13 3.87 2.03 2.52 0.48 0.11 0.09
1986 14.22 13.99 3.69 9.40 2.15 2.51 1.22 1.52 0.29 0.11
1987 7.65 5.78 8.87 2.65 6.44 1.42 1.54 0.74 0.94 0.24
1988 5.75 3.11 3.67 6.41 1.86 4.39 0.93 1.00 0.47 0.75
1989 11.05 2.34 1.97 2.57 4.41 1.21 2.78 0.56 0.62 0.74
1990 48.53 4.49 1.48 1.40 1.74 2.86 0.76 1.66 0.34 0.83
1991 25.25 19.73 2.85 1.05 0.91 1.03 1.64 0.42 0.91 0.66
1992 22.23 10.26 12.50 2.04 0.70 0.56 0.59 0.85 0.23 0.82
1993 45.92 9.04 6.49 8.68 1.34 0.43 0.30 0.28 0.39 0.48
1994 15.39 18.67 5.74 4.63 5.52 0.87 0.25 0.16 0.15 0.47
1995 10.52 6.26 11.87 4.18 3.15 3.25 0.51 0.14 0.09 0.34
1996 22.66 4.28 3.98 8.69 2.97 2.00 1.77 0.29 0.08 0.24
1997 30.96 9.21 2.72 2.90 6.29 2.02 1.15 0.87 0.14 0.17
1998 15.26 12.59 5.84 1.97 2.07 4.27 1.25 0.63 0.45 0.16
1999 16.42 6.20 7.99 4.23 1.39 1.40 2.59 0.75 0.34 0.33
2000 25.51 6.67 3.95 5.69 2.94 0.94 0.90 1.52 0.44 0.40
2001 34.91 10.37 4.25 2.85 3.85 1.88 0.60 0.52 0.83 0.50
2002 23.45 14.19 6.60 3.09 1.97 2.33 1.04 0.33 0.29 0.76
2003 14.41 9.53 9.02 4.79 2.11 1.21 1.19 0.53 0.17 0.57
2004 6.57 5.86 6.07 6.36 3.25 1.25 0.63 0.59 0.26 0.41
2005 4.72 2.67 3.73 4.40 4.00 1.97 0.70 0.33 0.31 0.38
2006 11.90 1.92 1.70 2.71 2.91 2.21 1.06 0.39 0.18 0.40
2007 25.62 4.84 1.22 1.20 1.76 1.64 1.10 0.54 0.20 0.32
2008 14.01 10.42 3.08 0.86 0.77 0.98 0.79 0.55 0.28 0.28
2009 53.82 5.69 6.62 2.22 0.57 0.44 0.46 0.38 0.27 0.28
2010 21.63 21.88 3.62 4.76 1.47 0.34 0.23 0.24 0.20 0.29
2011 12.78 8.79 13.93 2.65 3.05 0.89 0.20 0.13 0.13 0.27
2012 11.06 5.20 5.60 10.14 1.84 1.54 0.43 0.10 0.06 0.20
2013 60.22 4.50 3.31 4.05 6.70 1.20 0.74 0.21 0.05 0.13
2014 39.88 24.48 2.86 2.39 2.70 4.13 0.72 0.40 0.10 0.09
2015 17.26 16.21 15.59 2.08 1.62 1.65 2.39 0.38 0.21 0.10
2016 18.24 7.02 10.32 11.02 1.37 1.00 0.90 1.31 0.20 0.16
2017 18.47 7.42 4.47 7.56 6.98 0.88 0.59 0.52 0.77 0.22







Table 29: Estimated millions of EBS pollock caught at age (columns 2-11) from the 2017 model.
Year 1 2 3 4 5 6 7 8 9 10+
1964 8.93 37.80 85.33 62.32 27.24 52.60 22.95 7.08 4.32 25.20
1965 28.96 29.34 98.54 214.65 39.58 16.30 30.53 13.40 4.21 18.43
1966 20.79 101.32 79.64 193.77 119.24 21.79 9.14 17.37 7.75 13.63
1967 65.21 139.80 556.37 215.18 182.93 113.22 21.55 9.28 18.07 23.01
1968 64.42 263.02 396.25 661.75 122.45 100.42 63.25 12.18 5.32 24.08
1969 91.54 256.42 809.68 447.69 361.32 67.77 57.37 38.21 7.51 18.49
1970 141.65 490.07 937.67 808.65 317.90 262.46 52.70 48.85 32.05 22.12
1971 122.39 619.64 1347.28 838.16 668.80 230.90 194.25 41.57 35.93 39.03
1972 89.84 513.47 1437.50 1072.60 540.00 359.44 127.79 117.54 22.04 36.09
1973 182.03 526.17 1004.02 1002.63 619.68 295.21 196.60 75.08 60.69 26.12
1974 116.63 1466.57 968.47 596.50 489.58 286.83 135.48 97.02 33.72 34.93
1975 65.81 746.37 1986.01 375.90 222.12 177.93 104.41 51.70 35.06 22.30
1976 36.63 523.15 1302.04 834.60 159.95 95.48 76.93 46.08 22.77 22.52
1977 27.47 358.99 904.18 614.24 350.62 69.32 42.20 34.36 21.52 19.06
1978 42.35 343.38 709.60 599.53 350.54 184.71 37.38 23.02 19.99 21.34
1979 84.00 429.88 634.96 443.52 351.27 181.06 95.71 19.31 12.47 19.98
1980 26.76 550.26 817.69 458.94 270.70 166.20 81.08 43.28 8.84 13.72
1981 18.34 131.31 1076.08 670.10 248.61 106.63 59.66 29.69 16.09 8.21
1982 5.62 86.11 234.51 1113.05 385.29 94.78 38.56 22.02 11.13 9.06
1983 12.07 42.11 204.74 377.79 856.59 214.44 46.93 19.51 11.42 10.45
1984 2.85 100.71 109.29 391.49 432.58 630.93 127.34 27.90 12.02 13.06
1985 5.88 28.98 357.19 191.94 415.50 335.08 409.98 77.76 17.83 15.45
1986 1.94 62.13 99.71 610.74 206.58 368.82 187.36 219.32 46.61 18.94
1987 0.65 17.17 193.04 114.60 448.26 141.07 162.37 89.33 119.03 30.00
1988 0.56 11.62 176.16 396.12 198.88 548.93 145.45 150.84 74.95 115.32
1989 0.92 8.21 69.08 187.33 478.69 162.64 471.85 90.78 94.55 113.10
1990 4.87 21.46 56.19 152.31 306.29 554.94 168.53 369.14 73.64 172.73
1991 2.36 96.06 84.38 90.03 137.54 198.18 426.51 98.24 236.95 166.26
1992 2.44 63.73 678.11 194.59 109.66 135.00 191.59 288.25 76.42 274.43
1993 2.99 25.73 216.11 1069.63 149.42 75.97 72.89 67.68 94.58 112.48
1994 0.81 45.45 90.93 321.96 980.64 150.44 55.45 34.81 32.27 99.64
1995 0.46 15.24 122.42 142.04 385.62 756.21 110.15 30.11 18.61 70.88
1996 0.99 15.23 53.49 170.04 207.65 389.07 517.11 82.30 20.14 58.04
1997 1.25 45.43 44.78 96.24 455.35 291.73 269.52 232.08 39.93 45.06
1998 0.47 39.71 112.80 79.70 155.46 674.47 210.60 140.34 109.02 36.88
1999 0.34 10.94 275.92 221.45 103.35 158.12 462.20 128.44 58.00 53.19
2000 0.52 11.44 81.50 425.25 349.41 112.63 168.19 346.32 83.39 67.85
2001 0.75 15.55 60.81 167.73 610.01 419.10 133.12 115.09 170.43 96.15
2002 0.55 34.10 121.70 215.65 296.64 625.95 279.46 90.58 72.61 164.23
2003 0.34 16.66 382.52 343.95 370.42 308.69 345.18 152.56 43.70 124.86
2004 0.13 7.49 109.45 834.74 508.45 256.17 164.22 150.59 60.12 80.71
2005 0.08 3.59 62.98 405.55 884.62 479.37 160.44 69.94 62.91 67.05
2006 0.24 3.91 66.52 290.25 610.26 627.75 287.03 102.08 44.71 89.38
2007 0.51 11.31 49.70 135.90 381.62 495.34 313.33 140.90 49.68 76.50
2008 0.27 21.87 69.09 84.48 154.79 309.80 239.97 157.33 77.24 71.91
2009 0.89 7.71 167.81 209.03 90.25 118.89 124.94 101.13 70.48 75.97
2010 0.29 25.54 41.53 557.45 225.62 63.79 48.62 55.15 45.69 65.12
2011 0.22 13.89 205.56 142.15 854.12 277.84 59.76 37.31 37.12 75.36
2012 0.19 10.46 113.79 950.47 193.65 464.43 130.36 29.55 18.25 56.74
2013 0.88 6.23 63.90 351.23 982.97 194.02 180.07 59.68 13.43 36.37
2014 0.53 33.07 46.95 179.27 405.78 780.85 184.57 97.47 25.41 22.89
2015 0.24 17.95 614.39 195.19 238.70 382.89 540.08 88.72 51.29 27.42
2016 0.17 3.48 100.13 1387.79 165.65 174.20 167.39 236.88 36.33 28.55
2017 0.16 3.50 41.28 909.28 802.93 146.54 105.07 90.33 130.69 36.35







Table 30: Estimated EBS pollock age 3+ biomass, female spawning biomass, and age 1 recruitment
for 1964-2017. Biomass units are thousands of t, age-1 recruitment is in millions of pollock.


Year SSB CV% Biomass 3+ CV% Rec CV%
1964 528 27 1,779 22 6,434 38
1965 625 23 2,165 20 21,164 25
1966 727 22 2,326 20 15,163 32
1967 916 20 3,566 17 25,647 26
1968 1,135 19 4,082 17 22,188 28
1969 1,390 19 5,174 16 26,178 26
1970 1,623 18 5,820 15 23,515 27
1971 1,714 17 6,260 13 14,457 33
1972 1,623 17 5,940 13 11,825 33
1973 1,360 19 4,765 14 26,950 19
1974 1,006 22 3,510 16 19,769 19
1975 853 20 3,611 12 16,771 18
1976 862 15 3,538 10 12,898 17
1977 890 13 3,446 9 13,383 15
1978 890 11 3,273 8 24,614 10
1979 844 11 3,116 8 59,440 6
1980 935 9 3,896 7 26,538 9
1981 1,543 6 7,453 5 30,727 8
1982 2,372 6 8,645 5 16,900 11
1983 2,981 6 9,849 5 50,853 6
1984 3,245 5 9,731 5 14,310 11
1985 3,545 5 11,887 4 34,423 7
1986 3,808 5 11,278 4 14,216 10
1987 3,966 4 11,922 3 7,654 13
1988 3,979 4 11,291 3 5,753 13
1989 3,590 4 9,568 3 11,046 10
1990 2,899 4 7,671 4 48,531 4
1991 2,177 5 6,054 4 25,245 6
1992 2,276 4 9,276 3 22,230 6
1993 3,125 3 11,427 3 45,919 4
1994 3,443 3 11,188 3 15,386 6
1995 3,626 3 12,757 3 10,520 7
1996 3,625 3 10,979 3 22,656 5
1997 3,432 3 9,603 3 30,960 4
1998 3,164 3 9,609 3 15,255 5
1999 3,189 3 10,561 3 16,418 5
2000 3,214 3 9,735 3 25,509 4
2001 3,237 3 9,479 3 34,907 3
2002 3,050 3 9,811 3 23,450 4
2003 3,208 3 11,750 2 14,414 5
2004 3,306 3 11,073 2 6,566 7
2005 3,036 3 9,272 3 4,718 8
2006 2,493 3 7,110 3 11,901 6
2007 2,072 3 5,762 3 25,621 4
2008 1,551 4 4,726 3 14,006 7
2009 1,650 4 5,943 3 53,821 5
2010 1,907 4 6,327 4 21,630 7
2011 2,325 4 9,107 4 12,784 11
2012 2,706 5 9,051 4 11,062 14
2013 3,004 5 8,873 5 60,223 12
2014 2,858 6 8,143 6 39,877 17
2015 2,973 8 11,913 9 17,259 17
2016 3,658 10 13,549 11 18,238 20
2017 3,870 12 12,049 11 18,465 22







Table 31: Estimates of begin-year age 3 and older biomass (thousands of tons) and coefficients of
variation (CV) for the current assessment compared to 2010-2017 assessments for EBS pollock.


Year Current CV 2016 CV 2015 CV 2014 CV 2013 CV 2012 CV 2011 CV
1964 1,779 22 1,834 22 1,869 24 1,622 21 1,602 21 1,608 21 1,601 21
1965 2,165 20 2,229 20 2,324 22 2,076 19 2,051 19 2,059 19 2,050 19
1966 2,326 19 2,404 19 2,563 22 2,186 19 2,149 19 2,157 19 2,158 20
1967 3,566 17 3,667 17 3,888 19 3,397 16 3,344 16 3,352 16 3,364 16
1968 4,082 17 4,198 17 4,495 18 3,870 16 3,800 16 3,808 16 3,838 16
1969 5,174 15 5,294 15 5,690 16 5,220 15 5,145 16 5,154 16 5,187 16
1970 5,820 14 5,936 14 6,424 15 6,252 15 6,178 15 6,187 15 6,221 15
1971 6,260 13 6,360 13 6,858 14 6,945 13 6,884 13 6,893 13 6,917 13
1972 5,940 12 6,024 12 6,431 13 6,353 13 6,299 13 6,308 13 6,328 13
1973 4,765 13 4,845 13 5,161 14 4,748 16 4,692 16 4,700 16 4,727 16
1974 3,510 16 3,589 16 3,846 17 3,348 19 3,291 20 3,298 20 3,329 19
1975 3,611 12 3,679 12 3,868 13 3,554 13 3,515 13 3,523 13 3,533 13
1976 3,538 10 3,608 10 3,872 11 3,609 10 3,577 10 3,587 10 3,580 10
1977 3,446 8 3,535 8 3,939 10 3,642 9 3,612 9 3,623 9 3,598 9
1978 3,273 8 3,375 8 3,888 9 3,556 9 3,524 9 3,537 9 3,496 8
1979 3,116 8 3,239 8 3,859 9 3,426 8 3,386 8 3,402 8 3,342 8
1980 3,896 6 4,068 6 4,887 8 4,372 7 4,307 7 4,332 7 4,229 7
1981 7,453 5 7,813 4 9,054 6 8,527 5 8,320 6 8,363 6 8,159 5
1982 8,645 5 9,056 4 10,289 5 9,766 5 9,496 5 9,548 5 9,313 5
1983 9,849 4 10,240 4 11,383 5 10,911 4 10,560 5 10,621 5 10,340 5
1984 9,731 4 10,033 4 11,040 5 10,601 4 10,239 5 10,300 5 10,031 5
1985 11,887 4 12,237 3 12,951 4 12,838 4 12,409 4 12,478 4 12,186 4
1986 11,278 4 11,531 3 12,019 4 12,036 4 11,621 4 11,685 4 11,426 4
1987 11,922 3 12,143 3 12,334 4 12,615 3 12,243 3 12,308 3 12,063 3
1988 11,291 3 11,497 3 11,536 4 11,906 3 11,583 3 11,642 3 11,424 3
1989 9,568 3 9,755 3 9,700 4 10,128 3 9,860 3 9,912 3 9,723 3
1990 7,671 3 7,812 3 7,701 4 8,101 3 7,891 4 7,935 4 7,764 4
1991 6,054 4 6,183 4 6,063 5 6,331 4 6,170 4 6,209 4 6,048 4
1992 9,276 3 9,476 3 9,472 3 9,704 3 9,561 3 9,601 3 9,411 3
1993 11,427 2 11,627 2 11,712 3 11,840 3 11,712 3 11,754 3 11,543 3
1994 11,188 2 11,313 2 11,418 3 11,402 3 11,306 3 11,341 3 11,146 3
1995 12,757 2 13,000 2 13,177 3 13,135 3 13,074 3 13,109 3 12,883 3
1996 10,979 2 11,239 2 11,358 3 11,235 3 11,198 3 11,229 3 11,019 3
1997 9,603 2 9,837 2 9,940 3 9,816 3 9,801 3 9,828 3 9,626 3
1998 9,609 2 9,908 2 9,990 3 9,906 3 9,902 3 9,929 3 9,721 3
1999 10,561 2 10,751 2 10,853 3 10,799 3 10,791 3 10,819 3 10,607 3
2000 9,735 2 9,955 2 10,068 3 10,031 3 10,020 3 10,044 3 9,840 3
2001 9,479 2 9,702 2 9,854 3 9,818 3 9,802 3 9,829 3 9,615 3
2002 9,811 2 10,025 2 10,276 3 10,221 3 10,182 3 10,230 3 9,987 3
2003 11,750 2 12,080 2 12,365 3 12,278 2 12,211 2 12,269 2 11,974 3
2004 11,073 2 11,401 2 11,591 3 11,493 2 11,416 2 11,491 2 11,178 3
2005 9,272 2 9,598 2 9,705 3 9,601 3 9,521 3 9,608 3 9,298 3
2006 7,110 2 7,390 2 7,446 3 7,343 3 7,261 3 7,348 3 7,059 3
2007 5,762 3 6,046 3 6,045 4 5,932 4 5,840 4 5,953 4 5,633 4
2008 4,726 3 4,945 3 4,849 4 4,721 4 4,607 4 4,724 4 4,392 5
2009 5,943 3 6,374 3 6,331 5 6,068 4 5,879 5 6,069 5 6,172 8
2010 6,327 3 6,657 3 6,680 5 5,936 5 5,622 6 5,768 6 6,094 9
2011 9,107 3 9,637 3 10,053 7 8,895 6 7,927 7 7,780 9 7,823 10
2012 9,051 4 9,626 4 10,164 8 8,822 7 7,853 9 7,866 10 8,340 12
2013 8,873 4 9,504 5 10,337 9 9,540 8 8,261 10 8,138 NA NA NA
2014 8,143 5 8,947 6 9,805 10 8,960 9 8,045 11 7,946 NA NA NA
2015 11,913 8 12,407 10 10,970 11 9,203 9 7,778 12 NA NA NA NA
2016 13,549 10 13,495 12 11,292 12 NA NA NA NA NA NA NA NA
2017 12,049 11 13,033 13 NA NA NA NA NA NA NA NA NA NA







Table 32: Tier 3 projections of EBS pollock catch for the 7 scenarios.
Catch Scenario.1 Scenario.2 Scenario.3 Scenario.4 Scenario.5 Scenario.6 Scenario.7


2017 1,350 1,350 1,350 1,350 1,350 1,350 1,350
2018 2,591 1,390 1,726 1,168 0 3,188 2,591
2019 2,154 1,390 1,589 1,144 0 2,456 2,154
2020 1,729 2,209 1,388 1,050 0 1,751 2,114
2021 1,540 1,879 1,330 1,034 0 1,590 1,727
2022 1,518 1,687 1,320 1,041 0 1,603 1,655
2023 1,555 1,636 1,343 1,069 0 1,657 1,676
2024 1,579 1,616 1,357 1,087 0 1,685 1,692
2025 1,593 1,611 1,369 1,100 0 1,697 1,699
2026 1,582 1,588 1,363 1,100 0 1,679 1,679
2027 1,586 1,589 1,364 1,105 0 1,680 1,680
2028 1,568 1,570 1,354 1,099 0 1,659 1,659
2029 1,560 1,561 1,350 1,097 0 1,652 1,652
2030 1,569 1,569 1,355 1,101 0 1,665 1,665


Table 33: Tier 3 projections of EBS pollock ABC (given catches in Table 32) for the 7 scenarios.
ABC Scenario.1 Scenario.2 Scenario.3 Scenario.4 Scenario.5 Scenario.6 Scenario.7
2017 2,443 2,443 1,616 1,089 0 3,021 3,021
2018 2,591 2,591 1,726 1,168 0 3,188 3,188
2019 2,154 2,467 1,589 1,144 0 2,456 2,645
2020 1,729 2,209 1,388 1,050 0 1,751 2,114
2021 1,540 1,879 1,330 1,034 0 1,590 1,727
2022 1,518 1,688 1,320 1,041 0 1,603 1,655
2023 1,555 1,637 1,343 1,069 0 1,657 1,676
2024 1,579 1,617 1,357 1,087 0 1,685 1,692
2025 1,593 1,612 1,369 1,100 0 1,697 1,699
2026 1,582 1,590 1,363 1,100 0 1,679 1,679
2027 1,586 1,590 1,364 1,105 0 1,680 1,680
2028 1,568 1,570 1,354 1,099 0 1,659 1,659
2029 1,560 1,561 1,350 1,097 0 1,652 1,652
2030 1,569 1,569 1,355 1,101 0 1,665 1,665







Table 34: Tier 3 projections of EBS pollock fishing mortality for the 7 scenarios.
F Scenario.1 Scenario.2 Scenario.3 Scenario.4 Scenario.5 Scenario.6 Scenario.7


2017 0.197 0.197 0.197 0.197 0.197 0.197 0.197
2018 0.380 0.189 0.240 0.157 0.000 0.487 0.380
2019 0.380 0.199 0.240 0.157 0.000 0.487 0.380
2020 0.377 0.380 0.240 0.157 0.000 0.444 0.479
2021 0.355 0.376 0.240 0.157 0.000 0.421 0.435
2022 0.350 0.362 0.240 0.157 0.000 0.420 0.425
2023 0.349 0.355 0.240 0.157 0.000 0.422 0.424
2024 0.350 0.352 0.240 0.157 0.000 0.424 0.425
2025 0.349 0.350 0.240 0.157 0.000 0.423 0.423
2026 0.349 0.349 0.240 0.157 0.000 0.422 0.422
2027 0.350 0.350 0.240 0.157 0.000 0.422 0.422
2028 0.348 0.349 0.240 0.157 0.000 0.420 0.420
2029 0.348 0.348 0.240 0.157 0.000 0.420 0.420
2030 0.347 0.347 0.240 0.157 0.000 0.419 0.419


Table 35: Tier 3 projections of EBS pollock spawning biomass (kt) for the 7 scenarios.
SSB Scenario.1 Scenario.2 Scenario.3 Scenario.4 Scenario.5 Scenario.6 Scenario.7
2017 3,888 3,888 3,888 3,888 3,888 3,888 3,888
2018 3,611 3,750 3,713 3,774 3,894 3,535 3,611
2019 2,967 3,485 3,343 3,592 4,132 2,716 2,967
2020 2,586 3,165 3,092 3,461 4,347 2,296 2,537
2021 2,505 2,840 3,056 3,502 4,679 2,243 2,343
2022 2,523 2,697 3,077 3,574 5,001 2,275 2,316
2023 2,549 2,636 3,098 3,630 5,263 2,303 2,319
2024 2,573 2,615 3,115 3,663 5,437 2,327 2,332
2025 2,575 2,593 3,112 3,669 5,541 2,326 2,327
2026 2,568 2,577 3,113 3,689 5,711 2,315 2,315
2027 2,563 2,568 3,113 3,707 5,873 2,308 2,309
2028 2,547 2,550 3,097 3,696 5,945 2,294 2,294
2029 2,548 2,550 3,094 3,693 5,982 2,297 2,297
2030 2,558 2,559 3,100 3,698 6,019 2,308 2,308







Table 36: Bycatch estimates (t) of FMP species caught in the BSAI directed pollock fishery,
1997-2017 based on then NMFS Alaska Regional Office reports from observers (2017 data are
preliminary).
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1997 8,262 2,350 1,522 606 985 428 83 2 123 1 NA NA NA NA 879 15,241
1998 6,559 2,118 779 1,762 1,762 682 91 2 178 14 NA NA NA NA 805 14,751
1999 3,220 1,885 1,058 350 273 121 161 7 30 3 NA NA NA NA 249 7,357
2000 3,432 2,510 2,688 1,466 979 22 2 12 52 147 NA NA NA NA 306 11,615
2001 3,878 2,199 1,673 594 529 574 41 21 68 14 NA NA NA NA 505 10,098
2002 5,925 1,843 1,885 768 606 544 221 34 70 50 NA NA NA NA 267 12,214
2003 5,968 1,706 1,419 210 618 935 762 48 40 7 571 1,226 294 81 327 14,213
2004 6,437 2,009 2,554 841 557 394 1,053 17 18 8 841 977 187 150 436 16,477
2005 7,413 2,319 1,125 63 651 653 678 11 31 45 732 1,150 169 131 490 15,661
2006 7,291 2,837 1,361 256 1,089 736 789 9 65 11 1,308 1,399 512 169 620 18,450
2007 5,630 4,203 510 86 2,795 625 315 12 107 3 1,287 1,169 245 190 726 17,902
2008 6,965 4,288 2,123 516 1,711 336 15 5 85 49 2,756 1,452 144 281 438 21,164
2009 7,878 4,602 7,602 271 2,203 114 25 3 44 176 3,856 209 100 292 305 27,682
2010 6,987 4,309 2,330 1,057 1,502 231 57 2 26 126 1,886 277 26 258 375 19,448
2011 10,041 4,886 8,481 1,083 1,600 660 894 1 29 74 2,353 178 66 315 560 31,219
2012 10,062 3,968 6,701 1,496 749 713 263 1 53 137 2,018 495 55 286 509 27,507
2013 8,958 3,147 6,320 2,088 965 611 70 0 21 148 1,751 117 43 219 241 24,698
2014 5,213 2,554 4,359 1,954 758 1,300 117 1 41 318 813 1,478 75 191 497 19,669
2015 8,303 2,260 1,709 863 403 2,519 195 0 41 99 824 2,206 52 187 342 20,002
2016 4,982 1,641 1,150 885 295 3,280 69 19 29 40 467 1,160 57 126 545 14,743







Table 37: Bycatch estimates (t) of non-target species caught in the BSAI directed pollock fish-
ery, 2003-2017, based on observer data as processed through the catch accounting system (NMFS
Regional Office, Juneau, Alaska).
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2,003 5,591 98 9 88 1 20 0 0 0 1
2,004 6,490 87 20 7 0 14 0 0 0 1
2,005 5,084 146 12 9 1 14 1 0 6 2
2,006 2,657 147 92 8 20 15 1 9 0 6
2,007 2,150 198 136 4 118 27 3 5 0 6
2,008 3,711 103 4 6 7 27 1 0 0 6
2,009 3,703 58 4 4 2 3 1 0 0 1
2,010 2,153 116 0 4 0 1 1 0 0 1
2,011 6,571 216 2 18 0 1 2 0 0 1
2,012 2,454 124 1 3 0 0 2 0 0 1
2,013 4,734 101 0 2 0 0 1 0 0 2
2,014 11,036 40 2 5 2 0 3 0 0 4
2,015 4,748 87 21 28 9 1 2 0 0 2
2,016 2,185 70 5 48 22 3 1 0 0 2
2,017 5,776 46 3 4 18 2 0 0 0 0


Table 38: Bycatch estimates (t) of pollock caught in the other non-pollock EBS directed fisheries,
2003-2017 based on then NMFS Alaska Regional Office reports from observers.
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2,003 5,591 98 9 88 1 20 0 0 0 1
2,004 6,490 87 20 7 0 14 0 0 0 1
2,005 5,084 146 12 9 1 14 1 0 6 2
2,006 2,657 147 92 8 20 15 1 9 0 6
2,007 2,150 198 136 4 118 27 3 5 0 6
2,008 3,711 103 4 6 7 27 1 0 0 6
2,009 3,703 58 4 4 2 3 1 0 0 1
2,010 2,153 116 0 4 0 1 1 0 0 1
2,011 6,571 216 2 18 0 1 2 0 0 1
2,012 2,454 124 1 3 0 0 2 0 0 1
2,013 4,734 101 0 2 0 0 1 0 0 2
2,014 11,036 40 2 5 2 0 3 0 0 4
2,015 4,748 87 21 28 9 1 2 0 0 2
2,016 2,185 70 5 48 22 3 1 0 0 2
2,017 5,776 46 3 4 18 2 0 0 0 0







Table 39: Bycatch estimates of prohibited species caught in the BSAI directed pollock fishery, 1997-
2017 based on the AKFIN (NMFS Regional Office) reports from observers. Herring and halibut
units are in t, all others represent numbers of individuals caught. Data for 2017 are preliminary.
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1991 1,398,112 0 40,906 0 2,159 0 3,159 28,951 4,380,025 33,431 17,777
1992 1,501,801 0 35,950 0 2,221 0 647 40,274 4,570,741 20,387 43,874
1993 1,649,104 0 38,516 0 1,326 0 527 242,191 738,260 1,926 58,140
1994 371,238 0 33,136 0 963 689 1,626 92,672 811,758 514 42,361
1995 153,995 0 14,984 0 492 398 904 19,264 206,654 941 4,646
1996 89,416 0 55,623 0 382 321 1,241 77,236 63,398 215 5,934
1997 17,248 0 44,909 0 260 203 1,134 65,988 216,152 393 137
1998 57,042 0 51,322 0 353 278 800 64,042 123,405 5,093 14,287
1999 2,397 0 10,381 0 153 125 799 44,610 15,830 7 91
2000 1,485 0 4,242 0 110 91 482 56,867 6,481 121 0
2001 5,061 0 30,937 0 265 200 225 53,904 5,653 5,139 106
2002 2,113 0 32,402 0 199 168 108 77,178 2,698 194 17
2003 733 9 43,021 0 113 96 909 180,782 609 0 52
2004 1,189 4 51,700 2 108 93 1,104 440,475 743 0 27
2005 659 0 67,362 1 146 113 610 704,587 2,300 0 0
2006 1,657 0 82,750 3 156 122 435 306,047 2,909 0 203
2007 1,522 0 122,255 3 360 292 353 93,201 3,220 0 8
2008 8,839 8 21,398 33 424 334 127 15,555 9,428 0 576
2009 6,120 20 12,743 0 588 458 64 46,893 7,428 0 1,137
2010 12,884 28 9,847 0 334 266 351 13,665 9,433 0 1,050
2011 10,964 25 25,499 0 458 377 376 193,753 6,471 0 577
2012 5,547 0 11,344 0 462 388 2,352 22,390 6,188 0 343
2013 12,424 34 13,109 107 333 271 958 125,525 8,587 316 315
2014 12,522 0 15,129 147 239 199 159 219,823 19,456 348 368
2015 8,872 0 18,329 0 152 130 1,488 237,802 8,339 0 0
2016 2,293 0 22,197 106 105 92 1,422 343,158 1,165 0 439
2017 331 0 30,058 0 80 80 964 467,666 334 0 23







Indicator Observation Interpretation Evaluation
Ecosystem effects on EBS pollock


Prey availability or abundance trends
Zooplankton Stomach contents, AT


and ichthyoplankton
surveys, changes mean
wt-at-age


Data improving, in-
dication of increases
from 2004-2009 and
subsequent decreasees
(for euphausiids in
2012 and 2014)


Variable abundan-
ceindicates important
recruitment (for prey)


Predator population trends
Marine mammals Fur seals declin-


ing, Steller sea lions
increasing slightly


Possibly lower mortal-
ity on pollock


Probably no concern


Birds Stable, some increas-
ing some decreasing


Affects young-of-year
mortality


Probably no concern


Fish (Pollock, Pacific
cod, halibut)


Stable to increasing Possible increases to
pollock mortality


Changes in habitat quality
Temperature regime Cold years pollock dis-


tribution towards NW
on average


Likely to affect sur-
veyed stock


Some concern, the dis-
tribution of pollock
availability to different
surveys may change
systematically


Winter-spring environ-
mental conditions


Affects pre-recruit sur-
vival


Probably a number of
factors


Causes natural vari-
ability


Production Fairly stable nutrient
flow from upwelled BS
Basin


Inter-annual variabil-
ity low


No concern


Fishery effects on ecosystem
Fishery contribution to bycatch
Prohibited species Stable, heavily moni-


tored
Likely to be safe No concern


Forage (including her-
ring, Atka mackerel,
cod, and pollock)


Stable, heavily moni-
tored


Likely to be safe No concern


HAPC biota Likely minor impact Likely to be safe No concern
Marine mammals and
birds


Very minor direct-take Safe No concern


Sensitive non-target
species


Likely minor impact Data limited, likely to
be safe


No concern


Fishery concentration
in space and time


Generally more diffuse Mixed potential im-
pact (fur seals vs
Steller sea lions)


Possible concern


Fishery effects on
amount of large size
target fish


Depends on highly
variable year-class
strength


Natural fluctuation Probably no concern


Fishery contribution
to discards and offal
production


Decreasing Improving, but data
limited


Possible concern


Fishery effects on age-
at-maturity and fecun-
dity


Maturity study (gonad
collection) underway


NA Possible concern







Table 40: Summary of 2016 CIE reviewer comments and responses to date
Issue Response
Natural mortality is assumed known exactly despite being quite uncertain. Prior has been applied, examined in ret-


rospective runs.
The stock recruitment relationship is very uncertain and although it is es-
timated it is done so with an artificial and very constraining prior.


2016 greater evaluation of unconstrained
prior used


Uncertain future fishery selectivity is not properly modelled. A well-
estimated average is used, whereas a random choice of previous estimated
selectivities could be modelled.


Untrue, miscommunication. Evaluations
of historical selectivities for projections
has been done


The pdf of FMSY is not well determined as FMSY depends strongly on the
stock recruitment relationship, fishery selectivity, and natural mortality


PDF is well determined, within alterna-
tive structural models uncertainty


Technically correct Bayesian model be developed with a view to replacing
the existing model.


Posterior distributions added across sev-
eral models created


Ultimately, a multi-species trophic interaction model may be used for stock
assessment, but this should wait until an improved single-species stock as-
sessment model is fully implemented. At that stage, the trophic interaction
model and the single-species model could be tested (using an operating
model) to see which is likely to provide better stock assessment estimates.


This work is ongoing


Ageing: perhaps 1 in 10 of surface-read otoliths should be broken and burnt
to confirm that the same reading is obtained.


underway


Investigate the trawl survey time series to see if vessel effects can be esti-
mated (using a multiple regression with other explanatory variables, e.g.,
year, stratum, time-of-day, weather conditions).


underway


The 3 m cutoff for the acoustic survey should be dispensed with and pollock
biomass should be estimated over most of the water column.


Done


An analysis of mark types should be undertaken to better understand the
length/age composition of pollock marks (which could perhaps lead to a
better survey design).


Research at MACE on multi-frequency
approach to help w/ species classification


More in situ target strength data should be collected for pollock to better
define the length-target strength relationship.


Research at MACE ongoing


It may not be appropriate to include the AVO index in the base model but
it should certainly be included in a sensitivity.


Done


It is probably better to fit to total biomass rather than total numbers for
the trawl survey.


Done


For ages 2 years and older, it is better to fit to total biomass rather than
total numbers for the acoustic survey.


Done


Annual mean weight-at-age: the shrinkage of fish should not be allowed to
occur, and this may be best achieved by modelling increments in mean fish
weight rather than the mean weights.


Done


Tighten the random walk and the parameterization on the fishery selectivi-
ties and then apply the data weighting methods of Francis (2011).


2017


Incorporate the uncertainty associated with unknown future selectivities
into the pdfs of quantities of interest (e.g., FMSY).


Done, revisited 2017


There is clearly some uncertainty associated with M and this needs to be
propagated through into the pdf of FMSY and other quantities of interest
(i.e., estimate M).


2017


The uncertainty associated with the stock-recruitment relationship needs to
be propagated through into the pdf of FMSY and other quantities of interest
(i.e., estimate h with a justifiable prior).


Done in 2016


Perform a detailed historical analysis of the length/age composition of the
catch in relationship to possible explanatory variables to enable the fishery
to be split fisheries into multiple components for the purposes of stock as-
sessment. The minimum split will be into A and B seasons with a processor
and catcher fleet to mimic the reality of the fishery.


Future project


The information that is known about the survey qs should be included in
the stock assessment model through informed priors.


Implemented via Kotwicki et al.


The objective function, for a Bayesian stock assessment, can and should be
derived purely from likelihood components (generated by statistical assump-
tions with regard to data), prior distributions, and an occasional penalty
function (if absolutely necessary).


Agreed


Incorporation of cannibalism explicitly in the modelling and in the forecast-
ing. Disentangling cannibalism from environmental and climate effects on
recruitment hold the most potential for improving knowledge of the stock
and the ecosystem functioning


CEATTLE 2016







Figures







Figure 1: Pollock catch estimates (t) from the Eastern Bering Sea by season and region (top) and in
proportion (bottom). The A-season is defined as from Jan-May and B-season from June-October.
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Figure 2: Estimate of EBS pollock catch numbers by sex for the A season (January-May) and B
seasons (June-October) and total.







Figure 3: EBS pollock catch distribution during A-season, 2015-2017. Column height is propor-
tional to total catch.







Figure 4: A-season EBS fleet-wide nominal pollock catch (kg) per hour of fishing recorded by NMFS
scientific observers.







Figure 5: Proportion of the annual EBS pollock catch by month during the A-season, 2012-2017.
The higher value observed in 2017 is due to Amendment 110 of the FMP to allow greater flexibility
to avoid Chinook salmon.







Figure 6: EBS pollock catch distribution during B-season, 2015-2017. Column height is propor-
tional to total catch.







Figure 7: B-season EBS fleet-wide nominal pollock catch (kg) per hour of fishing recorded by NMFS
scientific observers.
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Figure 8: EBS pollock roe production in A and B seasons compared to overall landed catch.







Figure 9: EBS pollock fishery estimated catch-at-age data (in number) for 1991-2016. Age 10
represents pollock age 10 and older. The 2008 year-class is shaded in green.







Figure 10: Bottom-trawl survey biomass estimates with error bars representing 1 standard deviation
(density-dependent correction method; DDC) for EBS pollock. Horizontal line represents the long-
term mean. Note these values differ from the design-based versions in Table 15.
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Figure 11: Bottom and surface temperatures for the Bering Sea from the NMFS summer bottom-
trawl surveys (1982-2017). Dashed lines represent mean values.







Figure 12: EBS pollock CPUE (shades = relative kg/hectare) and bottom temperature isotherms
in degrees C; 2010-2017.







Figure 13: Bottom trawl survey pollock catch in kg per hectare for 2015 - 2017. Height of vertical
lines are proportional to station-specific pollock densities by weight (kg per hectare) with constant
scales for all years.







Figure 14: Pollock abundance levels by age and year as estimated directly from the NMFS bottom-
trawl surveys (1990-2017). The 2006 and 2008 year-classes are shaded differently.







Figure 15: Pollock abundance at age estimates from the AT survey, 1979-2016.







Figure 16: Pollock abundance at age estimates from the AT survey showing revisions including the
bottom layer (0.5-3m) on log scale (left) and arithmetic scale (right) 1994-2016.







Figure 17: EBS pollock AVO transects (superimposed) over bottom-trawl survey stations and
density estimates (in both settings contoured in the yellow-red heat map) comparing 2017 (top)
and 2016 (bottom).
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Figure 18: Recent fishery average weight-at-age anomaly (relative to mean) for ages 3-10, 2010-
2016. Vertical shape reflects uncertainty in the data (wider shapes being more precise), colors are
consistent with cohorts.
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Figure 19: EBS pollock model evaluation results of female spawning biomass comparing last year’s
model and results with the same model using updated data and then with the updated acoustic-
trawl survey data extended to 0.5 m from bottom.
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Figure 20: EBS pollock model evaluation results of recruitment comparing last year’s model and
results with the same model using updated data and then with the updated acoustic-trawl survey
data extended to 0.5 m from bottom.
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Figure 21: EBS pollock model fit to the BTS biomass data, 1982-2017.
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Figure 22: EBS pollock model fit to the ATS biomass data, 1994-2016.
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Figure 23: EBS pollock model fits to observed mean age for the fishery (bottom) bottom trawl
survey (middle) and the Acoustic trawl survey (top) for EBS pollock.
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Figure 24: Selectivity at age estimates for the EBS pollock fishery.
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Figure 25: Model fit (dots) to the EBS pollock fishery proportion-at-age data (columns; 1964-2016).
The 2016 data are new to this year’s assessment. Colors coincide with cohorts progressing through
time.
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Figure 26: EBS pollock model fits to the Japanese fishery CPUE.
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Figure 27: Model results of predicted EBS pollock biomass following the AVO index (under model
1.0). Error bars represent assumed 95% confidence bounds.







2017


2016


2015


2014


2013


2012


2011


2010


2009


2008


2007


2006


2005


2004


2003


2002


2001


2000


1999


1998


1997


1996


1995


1994


1993


1992


1991


1990


1989


1988


1987


1986


1985


1984


1983


1982


4 8 12


Age (years)


Ye
ar


Figure 28: Model estimates of bottom-trawl survey selectivity, 1982-2017.
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Figure 29: Model fit (dots) to the bottom trawl survey proportion-at-age composition data
(columns) for EBS pollock. Colors correspond to cohorts over time. Data new to this assessment
are from 2017.
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Figure 30: Model fit (dots) to the acoustic-trawl survey proportion-at-age composition data
(columns) for EBS pollock. Colors correspond to cohorts over time (for years with consecutive
surveys).
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Figure 31: Pairwise plot of selected EBS pollock parameters and output from 3 million MCMC
iterations thinned such that 5 thousand draws were saved as an approximation to the multivariate
posterior distribution. Note that the figures on the diagonal represent the marginal posterior
distributions. Key: lnR0 is the parameter that scales the stock-recruit relationship, B_Bmsy is
estimated B2017/BMSY , DynB0 is the ratio of spawning biomass estimated for in 2017 over the
value estimated that would occur if there had been no fishing, B17 is the spawning biomass in 2017,
and B_Bmean is B2017/B̄.
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Figure 32: Integrated marginal posterior density (based on MCMC results) for the 2017 EBS
pollock female spawning biomass compared to the point estimate (dashed red line). The mean of
the posterior is shown in green (under the dashed line).
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Figure 33: Estimated spawning exploitation rate (defined as the percent removal of egg production
in a given spawning year).
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Figure 34: Estimated instantaneous age-specific fishing mortality rates for EBS pollock.







● ●


●


●


●


●


●


●


●
●


●


●


●


●


●


●


●


●


●


●


0


5000


10000


1964 1969 1974 1979 1984 1989 1994 1999 2004 2009 2014


Year


A
ge


 3
+


 b
io


m
as


s 
(k


t)


Figure 35: Comparison of the current assessment results with past assessments of begin-year EBS
age-3+ pollock biomass.
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Figure 36: Estimated spawning biomass relative to annually estimated FMSY values and fishing
mortality rates for EBS pollock.
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Figure 37: Recruitment estimates (age-1 recruits) for EBS pollock for all years since 1964 (1963-
2016 year classes) for Model 16.0. Error bars reflect 90% credible intervals based on model estimates
of uncertainty.
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Figure 38: Stock-recruitment estimates (shaded represnts structural uncertainty) and age-1 EBS
pollock estimates labeled by year-classes
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Figure 39: EBS pollock productivity as measured by logged recruits per spawning biomass,
log(R/S), as a function of spawning biomass with a linear fit (bottom) and over time, 1964-2017
(top).
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Figure 40: Retrospective patterns for EBS pollock spawning biomass showing the point estimates
relative to the terminal year (top panel) and approximate confidence bounds on absolute scale (+2
standard deviations).
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Figure 41: Projected EBS Tier 3 pollock yield (top) and female spawning biomass (bottom) relative
to the long-term expected values under F35% and F40% (horizontal lines). B40% is computed from
average recruitment from 1978-2014. Future harvest rates follow the guidelines specified under Tier
3 Scenario 1.
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Figure 42: Projected fishing mortality and spawning biomass relative to 2017 values under constant
catch of 1.35 million t, 2017-2022.







EBS Pollock Model Description


Dynamics


This assessment is based on a statistical age-structured model with the catch equation and popu-
lation dynamics model as described in Fournier and Archibald (1982) and elsewhere (e.g., Hilborn
and Walters 1992, Schnute and Richards 1995, McAllister and Ianelli 1997). The catch in numbers
at age in year t(Ct,a) and total catch biomass (Yt) can be described as:


Ct,a =
Ft,a
Zt,a


(
1− e−Zt,a


)
Nt,a, 1 ≤ t ≤ T, 1 ≤ a ≤ A (1)


Nt+1,a+1 = Nt,a−1e
−Zt,a−1 1 ≤ t ≤ T, 1 ≤ a < A (2)


Nt+1,A = Nt,A−1e
−Zt,A−1 +Nt,Ae


−Zt,A , 1 ≤ t ≤ T (3)
Zt,a = Ft,a +Mt,a (4)


Ct,. =
A∑
a=1


Ct,a (5)


pt,a =
Ct,a
Ct,.


(6)


Yt =


A∑
a=1


wt,aCt,a (7)


(8)


where
T is the number of years,
A is the number of age classes in the population,
Nt,a is the number of fish age a in year t,
Ct,a is the catch of age class a in year t,
pt,a is the proportion of the total catch in year t, that is in age class a,
Ct is the total catch in year t,
wa is the mean body weight (kg) of fish in age class a,
Yt is the total yield biomass in year t,
Ft,a is the instantaneous fishing mortality for age class a, in year t,
Mt,a is the instantaneous natural mortality in year t for age class a, and
Zt,a is the instantaneous total mortality for age class a, in year t.


Fishing mortality (Ft,a) is specified as being semi-separable and non-parametric in form with re-
strictions on the variability following Butterworth et al. (2003):


Ft,a = st,a µ
feϵt , ϵt ∼ N (0, σ2E) (9)


st+1,a = st,a µ
feγt , γt ∼ N (0, σ2s) (10)


where st,a is the selectivity for age class a in year t, and µf is the median fishing mortality rate
over time.







If the selectivities (st,a) are constant over time then fishing mortality rate decomposes into an age
component and a year component. A curvature penalty on the selectivity coefficients using the
squared second-differences to provide smoothness between ages.
Bottom-trawl survey selectivity was set to be asymptotic yet retain the properties desired for the
characteristics of this gear. Namely, that the function should allow flexibility in selecting age 1
pollock over time. The functional form of this selectivity was:


st,a =
[
1 + e−αta−βt


]−1
, a > 1 (11)


st,a = µse
−δµt , a = 1 (12)


αt = ᾱeδ
α
t , (13)


βt = β̄eδ
β
t , (14)


where the parameters of the selectivity function follow a random walk process as in Dorn et al.
(2000):


δµt − δµt+1 ∼ N (0, σ2δµ) (15)
αµt − αµt+1 ∼ N (0, σ2αµ) (16)
βµt − βµt+1 ∼ N (0, σ2βµ) (17)


The parameters to be estimated in this part of the model are thus for t=1982, 1983, 2016. The
variance terms for these process error parameters were specified to be 0.04.
In 2008 the AT survey selectivity approach was modified. As an option, the age one pollock observed
in this trawl can be treated as an index and are not considered part of the age composition (which
then ranges from age 2-15). This was done to improve some interaction with the flexible selectivity
smoother that is used for this gear and was compared. Additionally, the annual specification of
input observation variance terms was allowed for the AT data.
A diagnostic approach to evaluate input variance specifications (via sample size under multinomial
assumptions) was added in this assessment. This method uses residuals from mean ages together
with the concept that the sample variance of mean age (from a given annual data set) varies
inversely with input sample size. It can be shown that for a given set of input proportions at age
(up to the maximum age A) and sample size Nt for year t, an adjustment factor ν for input sample
size can be computed when compared with the assessment model predicted proportions at age (p̂ta)
and model predicted mean age ( ˆ̄at):


ν = var


(
rat


√
Nt


κt


)−1


(18)


rat = āt − ˆ̄at (19)


κt =


[
A∑
a


āt − ˆ̄at


]0.5
(20)


where rat is the residual of mean age and







ˆ̄at =


A∑
a


ap̂ta (21)


āt =


A∑
a


apta (22)


For this assessment, we use the above relationship as a diagnostic for evaluating input sample sizes
by comparing model predicted mean ages with observed mean ages and the implied 95% confidence
bands. This method provided support for modifying the frequency of allowing selectivity changes.


Recruitment


In these analyses, recruitment (Rt) represents numbers of age-1 individuals modeled as a stochastic
function of spawning stock biomass.


Rt = f (Bt−1) (23)


with mature spawning biomass during year t was defined as:


Bt =


A∑
a=1


wt,aϕaNt,a (24)


and, ϕa is the proportion of mature females at age is as shown in the sub-section titled Natural
mortality and maturity at age under “Parameters estimated independently” above.
A reparameterized form for the stock-recruitment relationship following Francis (1992) was used.
For the optional Beverton-Holt form (the Ricker form presented in Eq. 12 was adopted for this
assessment) we have:


Rt =
Bt−1e


εt


α+ βBt−1
(25)


where
Rt is recruitment at age 1 in year t,
Bt is the biomass of mature spawning females in year t,
εt is the recruitment anomaly for year t, (εt ∼ N (0, σ2R )
α, β are stock recruitment parameters.


Values for the stock-recruitment function parameters and are calculated from the values of (the
number of 0-year-olds in the absence of exploitation and recruitment variability) and the steepness
of the stock-recruit relationship (h). The steepness is the fraction of R0 to be expected (in the
absence of recruitment variability) when the mature biomass is reduced to 20% of its pristine level
(Francis 1992), so that:







α = B̃0
1− h


4h
(26)


β =
5h− 1


4hR0
(27)


where B̃0 is the total egg production (or proxy, e.g., female spawning biomass) in the absence of
exploitation (and recruitment variability) expressed as a fraction of R0.
Some interpretation and further explanation follows. For steepness equal 0.2, then recruits are
a linear function of spawning biomass (implying no surplus production). For steepness equal to
1.0, then recruitment is constant for all levels of spawning stock size. A value of h = 0.9 implies
that at 20% of the unfished spawning stock size will result in an expected value of 90% unfished
recruitment level. Steepness of 0.7 is a commonly assumed default value for the Beverton-Holt form
(e.g., Kimura 1988). The prior distribution for steepness used a beta distribution as in Ianelli et al.
(2016). The prior on steepness was specified to be a symmetric form of the Beta distribution with
α = β = 14.93 implying a prior mean of 0.5 and CV of 12% (implying that there is about a 14%
chance that the steepness is greater than 0.6). This conservative prior is consistent with previous
years’ application and serves to constrain the stock-recruitment curve from favoring steep slopes
(uninformative priors result in FMSY values near an FSPR of about F18% a value considerably higher
than the default proxy of F35%). The residual pattern for the post-1977 recruits used in fitting the
curve with a more diffuse prior resulted in all estimated recruits being below the curve for stock
sizes less than BMSY (except for the 1978 year class). We believe this to be driven primarily by
the apparent negative-slope for recruits relative to stock sizes above BMSY and as such, provides
a potentially unrealistic estimate of productivity at low stock sizes. This prior was elicited from
the rationale that residuals should be reasonably balanced throughout the range of spawning stock
sizes. Whereas this is somewhat circular (i.e., using data for prior elicitation), the point here is that
residual patterns (typically ignored in these types of models) are being qualitatively considered. As
in past years the value of was set at 0.9 to accommodate additional uncertainty in factors affecting
recruitment variability.
To have the critical value for the stock-recruitment function (steepness, h) on the same scale for
the Ricker model, we begin with the parameterization of Kimura (1990):


Rt =
Bt−1e


α
(
1−Bt−1


R0
ψ0


)
ψ0


(28)


It can be shown that the Ricker parameter a maps to steepness as:


h =
ea


ea + 4
(29)


so that the prior used on h can be implemented in both the Ricker and Beverton-Holt stock-
recruitment forms. Here the termrepresents the equilibrium unfished spawning biomass per-recruit.


Diagnostics


In 2006 a replay feature was added where the time series of recruitment estimates from a particular
model is used to compute the subsequent abundance expectation had no fishing occurred. These







recruitments are adjusted from the original estimates by the ratio of the expected recruitment given
spawning biomass (with and without fishing) and the estimated stock-recruitment curve. I.e., the
recruitment under no fishing is modified as:


R′
t = R̂t


f(B′
t−1)


f(Bt−1)


where Rtis the original recruitment estimate in year t with B′
t−1 and Bt−1 representing the stock-


recruitment function given spawning biomass under no fishing and under the estimated fishing
intensity, respectively.
The assessment model code allows retrospective analyses (e.g., Parma 1993, and Ianelli and Fournier
1998). This was designed to assist in specifying how spawning biomass patterns (and uncertainty)
have changed due to new data. The retrospective approach simply uses the current model to
evaluate how it may change over time with the addition of new data based on the evolution of data
collected over the past several years.


Parameter estimation


The objective function was simply the sum of the negative log-likelihood function and logs of the
prior distributions. To fit large numbers of parameters in nonlinear models it is useful to be able
to estimate certain parameters in different stages. The ability to estimate stages is also important
in using robust likelihood functions since it is often undesirable to use robust objective functions
when models are far from a solution. Consequently, in the early stages of estimation we use the
following log- likelihood function for the survey and fishery catch at age data (in numbers):


nll(i) = n
∑
t,a


pta ln p̂ta (30)


pta =
Ota∑
aOta


p̂ta =
Ĉta∑
a Ĉta


(31)


C = CE (32)


E =


b1,1 b1,2 . . . b1,15
b2,1 b2,2 b2,15
... . . . ...
b15,1 b15,2 . . . b15,15


(33)


where A, and T , represent the number of age classes and years, respectively, n is the sample size,
and represent the observed and predicted numbers at age in the catch. The elements bi,j represent
ageing mis-classification proportions are based on independent agreement rates between otolith age
readers. For the models presented this year, the option for including aging errors was re-evaluated.
Sample size values were revised and are shown in the main document. Strictly speaking, the amount
of data collected for this fishery indicates higher values might be warranted. However, the standard
multinomial sampling process is not robust to violations of assumptions (Fournier et al. 1990).
Consequently, as the model fit approached a solution, we invoke a robust likelihood function which
fit proportions at age as:







A∏
a=1


T∏
t=1


[(
exp


(
− (pta − p̂ta)


2


2 (ηta + 0.1/A) τ2t


)
+ 0.01


)
× 1√


2π (ηta + 0.1/A) τt


]
(34)


Taking the logarithm we obtain the log-likelihood function for the age composition data:


nll(i) = −0.5


A∑
a=1


T∑
t=1


ln 2π (ηta + 0.1/A)−
T∑
t


A ln τt +


A∑
a=1


T∑
t=1


ln


{
exp


(
− (pta − p̂ta)


2


(2ηta + 0.1/A) τ2t


)
+ 0.01


}
(35)


where


ηta = pta(1− pta) (36)
and (37)
τ2t = 1/nt (38)


which gives the variance for pta


(ηta + 0.1/A)τ2t (39)


Completing the estimation in this fashion reduces the model sensitivity to data that would otherwise
be considered outliers.
Within the model, predicted survey abundance accounted for within-year mortality since surveys
occur during the middle of the year. As in previous years, we assumed that removals by the survey
were insignificant (i.e., the mortality of pollock caused by the survey was considered insignificant).
Consequently, a set of analogous catchability and selectivity terms were estimated for fitting the
survey observations as:


N̂ s
ta = e−0.5ZtaNtaq


s
t s
S
ta (40)


where the superscript s indexes the type of survey (AT or BTS). For the option to use the survey
predictions in biomass terms instead of just abundance, the above was modified to include observed
survey biomass weights-at-age:


N̂ s
ta = e−0.5ZtawtaNtaq


s
t s
S
ta (41)


For the AVO index, the values for selectivity were assumed to be the same as for the AT survey
and the mean weights at age over time was also assumed to be equal to the values estimated for
the AT survey.
For these analyses we chose to keep survey catchabilities constant over time (though they are
estimated separately for the AVO index and for the AT and bottom trawl surveys). The contribution







to the negative log-likelihood function (ignoring constants) from the surveys is given by either the
lognormal distribution:


nll(i) =
∑
t


ln(ust/N̂
s
t )


2


2σ2s,t
(42)


where ust is the total (numerical abundance or optionally biomass) estimate with variance σs,t from
survey s in year t or optionally, the normal distribution can be selected:


nll(i) =
∑
t


(ust − N̂ s
t )


2


2σ2s,t
(43)


(44)


. The AT survey and AVO index is modeled using a lognormal distribution whereas for the BTS
survey, a normal distribution was applied.
For model configurations in which the BTS data are corrected for estimated efficiency, a multivariate
lognormal distribution was used. For the negative- log likelihood component this was modeled as


nlli = 0.5XΣ−1X
′ (45)


where is a vector of observed minus model predicted values for this index and Σ is the estimated
covariance matrix provided from the method provided in Kotwicki et al. 2014.
The contribution to the negative log-likelihood function for the observed total catch biomass
(Cobsb , Ĉb) by the fishery is given by


nlli = 0.5
∑
t


ln(Cobsb /Ĉb)
2


2σ2Cb,t
(46)


where σCb,t is pre-specified (set to 0.05) reflecting the accuracy of the overall observed catch in
biomass. Similarly, the contribution of prior distributions (in negative log-density) to the log-
likelihood function include λε


∑
t ε


2
t + λγ


∑
ta γ


2 + λδ
∑


t δ
2
t where the size of the ’s represent prior


assumptions about the variances of these random variables. Most of these parameters are associated
with year-to- year and age specific deviations in selectivity coefficients. For a presentation of this
type of Bayesian approach to modeling errors-in- variables, the reader is referred to Schnute (1994).
To facilitate estimating such a large number of parameters, automatic differentiation software
extended from Greiwank and Corliss (1991) and developed into C++ class libraries was used.
This software provided the derivative calculations needed for finding the posterior mode via a
quasi-Newton function minimization routine (e.g., Press et al. 1992). The model implementation
language (ADModel Builder) gave simple and rapid access to these routines and provided the ability
estimate the variance-covariance matrix for all dependent and independent parameters of interest.


Uncertainty in mean body mass


The approach we use to solve for FMSY and related quantities (e.g., BMSY MSY ) within a general
integrated model context was shown in Ianelli et al. (2001). In 2007 this was modified to include







uncertainty in weight-at-age as an explicit part of the uncertainty for FMSY calculations. This
involved estimating a vector of parameters (wfutureta ) on current (2017) and future mean weights
for each age i, i= (1, 2,. . . ,15), given actual observed mean and variances in weight-at-age over the
period 1991-2017. The values of based on available data and (if this option is selected) estimates
the parameters subject to the natural constraint:


wfutureta ∼ N (w̄a, σ
2
wa)


Note that this converges to the mean values over the time series of data (no other likelihood
component within the model is affected by future mean weights-at-age) while retaining the nat-
ural uncertainty that can propagate through estimates of FMSY uncertainty. This latter point is
essentially a requirement of the Tier 1 categorization.
Subsequently, this method was refined to account for current-year survey data and both cohort and
year effects. The model for this is:


ŵta = w̄ae
υ
t a = 1, t ≥ 1964 (47)


ŵta = ŵt−1,a−1 +∆ae
ψ
t a > 1, t > 1964 (48)


∆a = w̄a+1 − w̄a a < A (49)


w̄a = α


{
L1 + (L2 − L1)


(
1−Ka−1


1−KA−1


)}3


(50)


(51)


where the fixed effects parameters are L1, L2,K, and α while the random effects parameters are υt
and ψt.


Tier 1 projections


Tier 1 projections were calculated two ways. First, for 2017 and 2018 ABC and OFL levels, the
harmonic mean FMSY value was computed and the analogous harvest rate ( ¯uHM ) applied to the
estimated geometric mean fishable biomass at BMSY :


ABCt = Bf
GM,tûHMζt (52)


Bf
GM,t = e


ln B̂ft −0.5σ2
Bf (53)


ufHM,t = eln ûMSY,t−0.5σ2
uMSY (54)


ζt =
Bt/BMSY − 0.05


1− 0.05
Bt < BMSY (55)


ζt = 1.0 Bt ≥ BMSY (56)


where B̂f
t is the point estimate of the fishable biomass defined (for a given year):


∑
aNastawta with


Nta, sta, and wta the estimated population numbers (begin year), selectivity and weights-at-age,
respectively. BMSY and Bt are the point estimates spawning biomass levels at equilibrium FMSY


and in year t (at time of spawning). For these projections, catch must be specified (or solved for
if in the current year when Bt < BMSY ). For longer term projections a form of operating model
(as has been presented for the evaluation of B20%) with feedback (via future catch specifications)
using the control rule and assessment model would be required.
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