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Eastern Bering Sea 2016 Report Card

e The eastern Bering Sea in 2016 was characterized by warm conditions that began in late
2013. The PDO remained positive with neutral to weak La Nina conditions predicted for
the winter of 2016-17.

e The extent of sea ice during winter and spring continued to be reduced and the cold pool
was retracted over the northern shelf.

e Zooplankton Rapid Assessments in spring and fall 2016 show euphausiids were rare over the EBS
shelf and acoustic estimates of euphausiids from the summer trawl survey have declined since 2009
with 2016 being the lowest in the time series.

e Jellyfish abundances (principally Chrysaora melanaster) declined 79% from 2015 to 2016 to
one of the lowest observed levels since 1989.

e Survey biomass of motile epifauna has been above its long-term mean since 2010, with no
noted trend in the past 6 years. There has been a unimodal increase in brittle stars since 1989, with
a with a particularly large 34% increase between 2015 and 2016. Sea urchins, sea cucumbers, and
sand dollars doubled between 2004-2005 and have stayed at those high levels since then.

e Survey biomass of benthic foragers showed a dip in 2015, but have returned to near-
average levels in 2016. The decline in 2015 was due to a 25% decline in northern rock sole, which
remain at lower levels in 2016 (lowest since 1990). The return of the guild to average was due to a
50% increase in yellowfin sole between 2015 and 2016.

e Survey biomass of pelagic foragers decreased to its 34-year mean after increasing steadily
from 2009 to 2015. While this is primarily driven by the increase in walleye pollock from its
historical low in the 2009 survey and dip downward in 2015-20186, it is also a result of fluctuations
in capelin, which increased during the cold years between 2010-2013, then dropped back to pre-
2010 levels in 2016.

e Fish apex predator survey biomass is currently above its 30-year mean, although the in-
creasing trend seen from 2009-2014 has leveled. The increase from below average values in 2009
back towards the long term mean is driven primarily by increases in Pacific cod from low levels in the
early 2000s.

e The multivariate seabird breeding index is well below the long term mean, indicating that
seabirds bred later and less successfully in 2016. This suggests that foraging conditions were not
favorable for piscivorous seabirds.

e Northern fur seal pup production for St. Paul Island remained low. Preliminary estimates
show a decrease between 10.0 and 15.0% on St. Paul compared to the 2014 estimates.

¢ A new method for estimating seafloor habitat disturbance due to fishing gear (pelagic and
non-pelagic trawl, longline, and pot) shows interactions have decreased steadily from 2008
through December 2014.
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Figure 1: Eastern Bering Sea ecosystem assessment indicators; see text for descriptions. * indicates
time series updated in 2016.

NPFMCEcosystenConsiderations



DecembeR016 EBSEcosystentConsideration

Executive Summary of Recent Trends
in the eastern Bering Sea

This section contains links to all new and updated information contained in this report. The links
are organized within three sections: Physical and Environmental Trends, Ecosystem Trends, and
Fishing and Fisheries Trends.

Physical and Environmental Trends

North Pacific Trends

e 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, with some changes
in the pattern (p. 48).

e A strong El Nino developed during winter 2015-2016 (p. 53)

e However, the climate models used for seasonal weather predictions are indicating borderline to weak
La Nina conditions for the winter of 2016-17 (p. 55).

e The Pacific Decadal Oscillation (PDO) remained positive during the past year (p. 53).

e The North Pacific Index (NPI) was strongly negative, implying a deeper than normal Aleutian Low,
which was accompanied by anomalous winds from the south and relatively warm air along the west
coast of North America (p. 53).

e The North Pacific Gyre Oscillation (NPGO) transitioned from negative in 2015 to near-neutral in
2016, implying that flows in the Alaska Current portion of the Subarctic Gyre and the California
Current strengthened to normal (p. 53).

e Anomalously positive sea surface temperatures are predicted throughout much of the north east Pacific
during the upcoming winter. The magnitude of the anomalies is projected to be greatest in the GOA
and eastern Bering Sea (p. 55).

e The North Pacific climate may be in a state of rather low predictability, yet is unlikely that the
upcoming winter in Alaska will be as mild as those of the last three years (p. 55).

e Model projections of a muted atmospheric response in the mid-latitudes to the equatorial Pacific
during the next two seasons could be a reflection of the enormous amount of extra heat in the upper
ocean now present along most of the west coast of North America (p. 55).
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Eastern Bering Sea Trends

e A warm year for 2016 followed the warm years of 2014 and 2015 in response to warm sea temperatures
in the northeastern Gulf of Alaska (return of the positive Pacific Decadal Oscillation, PDO) and related
higher pressures (p. 57).

e Reduced springtime sea ice extent (p. 48) and reduced summer cold pool extent continued from 2014
through 2016 (p. 57).

e Spring 2016 had the lowest sea ice cover over the Bering Sea shelf in the timeseries and the cold pool
was retracted over the northern shelf (p. 57).

e Both surface and bottom temperature means for the 2016 eastern Bering Sea shelf were the highest
on record in the 35 year bottom trawl survey time-series (p. 63).

e CTD data collected from EBS slope in 2012 and 2016 showed that 2016 was a much warmer year
than 2012 throughout the slope, salinity was generally highest in 2016 and was fairly uniform over the
slope, and oxygen concentrations were lower in 2016 than in 2012 (p. 64).

e Temperatures above the MLD were warmer than average for all regions in 2014, but only in 2 regions
(Alaska Peninsula and south outer shelf) in 2015 due to fall mixing and deepening of the MLD (p.
69).

e Temperatures below the MLD were warmer than average over the southern shelf in 2014 and 2015 (p.
69).

e The 2016 springtime drift patterns on the southern Eastern Bering Sea shelf appear to be consis-
tent with years of below-average recruitment for winter-spawning flatfish (NRS, ATF, Flathead sole)
following a year of above-average recruitment (2015) (p. 72).

Ecosystem Trends

e In 2016, the relative catch rates for both sponges and sea anemones were significantly lower (p. 74).

e The abundance of corals caught in the EBS slope environment is highly variable: lowest abundance
in 2012 and highest abundance in 2016. Sponge abundance was high in 2008 and 2010, significantly
decreased in 2012, and increased slightly in 2016 (still below long-term mean). Sea whips had very
high abundance in 2010 and 2012 with a significant drop in 2016 to slightly below long-term mean (p.
74).

e In 2016, corals were primarily distributed in the NBS with highest abundance between Zhemchug and
Pribilof Canyons. Sponges were abundant and widely distributed along the EBS slope habitat. Sea
whips are patchy throughout the slope habitat (p. 77).

e Between 2003-2012, phytoplankton biomass was greatest over the southern outer shelf with large
phytoplankton over the inner shelf and near the Pribilof Islands and small phytoplankton over the
south middle and outer shelf (p. 81).

e Surface silicate (silicic acid) levels are positively correlated with age-0 Walleye pollock weight; silicic
acid and age-0 pollock weights were above-average for 2014 and 2015 relative to 2006-2015 (p. 85).

e Higher coccolithophore levels (>10%) were observed in 2007, 2009, 2011, and 2014 for the middle shelf
and in 2011 and 2014 for the inner shelf (p. 87).

e Zooplankton Rapid Assessment (ZRA) in Fall 2015 showed the zooplankton community was dominated
by small copepods. Large copepods were seen near M5 and Unimak Pass while euphausiids were rare
over the shelf (p. 91).
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e 7ZRA in Spring 2016 showed the zooplankton community still dominated by small copepods over the
shelf with large copepods near the outer shelf and some inner domain stations. High percentages of
large copepods occurred near M4. Euphausiid juveniles occurred in the inner and middle domains (p.
91).

e ZRA in Early Fall 2016 showed small copepods comprised 99% of the zooplankton community in all
samples across all domains while overall sample volumes appeared qualitatively low, relative to past
sampling (p. 91).

e ZRA in Late Fall 2016 showed small copepods made up the majority of zooplankton at all stations
sampled, with large copepods comprising as much as 20% of the zooplankton at the northern stations
on the 70m isobath (p. 91).

e A time series hindcast based on ZRA categories showed agreement with the OCH with warm periods
characterized by small copepods and cold periods by large copepods (p. 97).

e Summertime euphausiid density increased on the eastern Bering from 2004-2009, but subsequently
declined 2010 through 2016 (2016 is the lowest value in the time series) (p. 98).

e The relative CPUE for jellyfishes in 2016 was a 79% decrease from 2015, and one of the lowest observed
since 1989 (p. 103).

e In 2015 in the northern Bering Sea, jellyfish biomass decreased compared to previous years and the
dominant species was Chrysaora melanaster (p. 104).

e Pacific herring occur in higher abundances during warm years over the EBS shelf, while in cold years
they are contracted over a smaller area to the north and nearshore (p. 111).

e Chinook salmon abundance in the Arctic-Yukon-Kuskokwim region has been declining since 2007 and
in 2015 Chinook salmon harvests continued to be low (p. 115).

e The 2014 harvest of coho salmon in Bristol Bay was the largest in the last 20 years, while the 2015
catch was considerably less (p. 115).

e The 2014 Bristol Bay sockeye salmon run was 55% above the preseason forecast and was 19% above
the previous 20-year average (1994-2013). The 2015 run was 70% above the recent 20-year average
and 12% above the preseason forecast (p. 115).

e The 2015 estimate of Canadian-origin juvenile Chinook salmon in the northern Bering Sea was above-
average, a continuing trend since 2013 (p. 118).

e The current age-0 pollock energetics model indicates that the 2015 year-class is predicted to have
intermediate overwinter survival to age-1 and recruitment success to age-3. In 2015, age-0 pollock
may have utilized the cold pool as a refuge which could buffer against recruitment declines (p. 122).

e The energetic content of age-0 pollock diets was lower during the warm years of 2003-2005, intermediate
during 2006, and reached higher levels during the cold years of 2007-2012. Diet energy density was
intermediate during the warm years of 2014-2015 (p. 124).

e Increased availability of large zooplankton prey is favorable for age-0 pollock survival and recruitment
to age-1 (p. 125).

e The Temperature Change (TC) index for the 2014 year class of pollock was below the long-term
average, therefore lower than average recruitment to age-1 is expected. The TC index for the 2015
year class was above the long-term average, therefore slightly above average recruitment to age-1 is
expected in 2016 (p. 129).

e Below average age-1 pollock recruitment is expected for the 2013-2015 year classes based on 2016
biophysical indices indicating below average ocean productivity (chum salmon growth), warm spring
sea temperatures in 2016 (less favorable), and high predator abundances (pink salmon) (p. 131).

e Estimated age-1 natural mortality (based on the CEATTLE model) for Walleye pollock, Pacific cod,
and Arrowtooth flounder is high in 2016 (highest in the timeseries since 1979) (p. 132).
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e Length-weight residuals (measure of groundfish condition) for all groundfish species (except Arrow-
tooth flounder) were less in 2015 than in 2016, indicating larger weight at length in the most recent
year (p. 135).

e The 2016 CPUE of eelpouts increased by 26% and CPUE of sea stars increased by 6%. Similar trends
occurred for both taxa since 2003, suggesting there may be a relationship between bottom temperature
and catch rate (p. 140).

e Biomass of commercial crab stocks is highly variable over the time series with negative trends in 2016
(p- 140).

e Capelin occur in higher abundances during cold years over the EBS shelf, while in the recent warm
year of 2014 they are contracted over a smaller area to the north (p. 107).

e A multivariate seabird index indicates later hatch dates for all species and lower reproductive success
for cormorants and common murres in 2016. The dominant temporal trend among kittiwake reproduc-
tive success data continues to be an alternating biennial pattern with decreased reproductive success
in 2016 (p. 144).

e The preliminary 2016 pup production estimates for St. Paul and St. George Islands indicate a change
between -5.0 and 16.0% on St. George, and a decrease between 10.0 and 15.0% on St. Paul, compared
to the 2014 estimates (p. 147).

e Dynamic Factor Analysis using 16 biological time series suggests the eastern Bering Sea has experienced
multiple regime shifts, including the well-documented late 1970’s regime shift as well as a subsequent
shift in 2008 (p. 149).

e Human population of the eastern Bering Sea increased 10.3% between 1990 and 2015, and northern
Bering Sea 29.0%, which was lower than State trends (34.1%). However, 41% of eastern Bering Sea
communities and 19% of northern Bering Sea communities experienced population decline during this
time period because of out-migration (p. 187).

e Alaska maintains high rates of population turnover because of migration; overall population increase
has occurred mainly in urban areas such as Anchorage and the Matanuska-Susitna Borough (p. 187).

e Between 2010 and 2014, eastern Bering Sea and northern Bering Sea communities had among the
highest rates of intrinsic population increase (1.0-3.0%) yet lowest net migration (<0) in the State,
with populations largely comprised of Alaska Natives (p. 187).

e Between 1995 and 2015, unemployment rates of northern Bering Sea communities were consistent
with, yet higher, than State and National levels, whereas eastern Bering Sea rates were lower. The
unemployment rate of eastern Bering Sea communities increased from 1.60 in 1990 to 3.29 in 2015,
and northern Bering Sea from 6.89 in 1990 to 12.77 in 2015 (p. 187).

e Total CPUE from the EBS trawl survey shows a long-term increase from 1982-2005, followed by a
decrease from 2005 to 2009, increased CPUE in 2010-2013, and a substantial increase in 2014 to the
highest observed value in the time series. The increase in total CPUE in 2014 was largely due to an
increase in Walleye pollock catches in the bottom trawl survey (p. 154).

e Species richness and diversity on the EBS shelf have undergone significant variations from 1982 to
2016. Both richness and diversity decreased through 2014 with a moderate increase in 2015/2016 and
a large and significant increase in Shannon diversity in 2016. Richness tends to be highest along the
100 m isobath, while diversity tends to be highest on the middle shelf (p. 156).

e Both the latitudinal and depth distribution of the demersal community on the eastern Bering Sea shelf
show significant distributional shifts to the north and into shallower waters. There was a gradual shift
to the north from 2001 to 2005, which reversed only slightly as temperatures cooled after 2006. From
2009 through 2015, the average center of gravity has shifted between deeper and shallower waters
along a SW-NE axis and was further NE and shallower in 2015/2016 than in any previous year and, in
2016, was considerably further North than in any previous year since the survey has been standardized
(p. 158).
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Fishing and Fisheries Trends

e Discard rates in the Bering Sea pollock trawl sector declined to 1% in 1998 and have remained low;
in the fixed gear sector, discard rates have fluctuated between 10% and 14% since 1996 (p. 161).

e Non-target species catch has been highest in the EBS compared to GOA and AI ecosystems. The
catch of jellyfish peaked in 2014 then dropped by more than half in 2015. Years of high jellyfish catch
are typically followed by sharp drops the following year. The catch of assorted invertebrates decreased
between 2003-2009 and has generally increased between 2010-2015 (p. 163).

e The number of seabirds caught incidentally in EBS fisheries in 2015 increased from 2014, but remained
below the 2007-2014 average. No short-tailed albatross and few black-footed albatross were caught.
The estimated numbers of birds caught incidentally in the EBS exceeded that in the GOA and AI (p.
166).

e Habitat impacts due to fishing gear (pelagic and non-pelagic trawl, longline, and pot) interactions
have decreased steadily from 2008 through December 2014 in the Bering Sea (p. 169).

e As of 2016, with the Arctic FMP closure included, almost 65% of the U.S. EEZ of Alaska is closed to
bottom trawling (p. 170).

e As of June 30, 2016, no BSAI or GOA groundfish stock or stock complex is subjected to overfishing or
is considered to be overfished or approaching an overfished condition. The only crab stock considered
to be overfished is the Pribilof Islands blue king crab stock, which is in year 2 of a rebuilding plan (p.
175).

e Annual Surplus Production levels were low in 2004-2007 and relatively high in more recent years,
largely driven by fluctuations in walleye pollock. Excluding walleye pollock, non-pollock surplus
production has also been moderately high in the most recent time period (p. 182).

e The number of vessels participating in federally-managed fisheries off Alaska has generally decreased
since 1992, though participation has remained relatively stable in recent years. Participating vessels
are largely those using hook and line or jig gear ( 600 such vessels in 2015). The number of trawl-gear
vessels has decreased steadily to around 180 in each of the last 5 years. Pot-gear activity has steadily
declined, with 154 pot vessels active in 2015 (p. 186).
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Responses to Comments from the
Scientific and Statistical Committee

(SSC)

December 2015 SSC Comments

As in the past, the Ecosystem Considerations Chapter of the SAFE documents is well written,
informative, and continues to improve. The Editor and authors are to be congratulated on an
excellent presentation covering a great deal of complex and important information. Perhaps most
exciting are the efforts to develop prediction capacity. The Chapter is moving toward providing
the sort of information that will allow the use of environmental information to predict future fish
recruitment. The predictions may still be preliminary and qualitative, but it is great to see the
attempt to go beyond recounting what has passed.

Thank you. This year, the ecosystem reporting efforts have benefited from the assistance of Eliza-
beth Siddon with the eastern Bering Sea report and Ellen Yasumiishi coordinating Auke Bay Lab’s
contributions.

The SSC was very pleased to see the first edition of the GOA report card. We commended the
effort to develop a broader base for the process for selecting the list of indicators and we support
the effort to continue to refine this list. The SSC appreciates having a Mobile Epifauna Biomass
Indezx for the GOA. However, given the use of survey trawls with roller gear in the GOA that do
not track as close to the bottom as the EBS trawl gear, consideration should be given as to whether
this index is reliable. For instance, GOA trawl catches of crabs and scallops have been used as
indices of presence/absence but generally not as a quantitative index of abundance. If the Mobile
Epifauna Biomass Index is deemed reliable in the GOA, the SSC supports its continued inclusion
i the report card.

Stephani Zador held a workshop session with the principal investigators of the GOA TERP project
in early 2016 to refine the list of indicators. First, the majority of the group agreed that the
differences between the western and eastern Gulf of Alaska warranted having two separate report
cards. Thus, we present two report cards. While the general indicator categories are similar between
the two report cards, some individual indicators differ. For example, the PDO was selected to be
best climate indicator in the western, and the MEI (multivariate ENSO index) was selected to
be the most appropriate in the east. However, as with the Aleutian Islands report card, the
division highlights data gaps. For example, comparable forage fish indicators are not available for
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both regions. Also, while fresh water input was considered informative for the west, a comparable
oceanographic indicator remains to be selected for the east. The version of the report card continues
to include the motile epifauna trawl survey index until we find a more suitable index. However, it
is only included for the west, as is the apex fish foraging guild, because summarizing these values
for the eastern region, where survey efforts vary among years, was not finalized in time for this
edition.

The SSC' looks forward to continued development of the Arctic assessment and report card, as
this will be critical to our overall understanding of the resources there and how they may best be
managed.

We also look forward to continued development and hope to make plans for a workshop and/or
report card development soon. This year we had very little to update in our preliminary Arctic
assessment, and so have decided not to produce an annual update but rather focus of producing
separate LME-based reports for the other areas (see below). We plan to have a complete and
separate Arctic Ecosystem Considerations report next year.

The Editor and authors have been very responsive to the past comments of the SSC. The SSC
notes the welcome addition of the section on Disease Ecology and the expanded information on the
status of zooplankton in the EBS and GOA. The SSC found the ongoing effort to develop alternate
sampling methods or platforms to provide information on forage fish trends very helpful. The SSC
echoes the concerns of the PT regarding the ecosystem indicator that describes the trawl disturbance
area. As currently estimated, there is potential for underestimating reductions in trawl effort and
the SSC supports the PT recommendation that alternatives to this index be investigated.

Based on positive feedback for the Zooplankton Rapid Assessment, that indicator has been ex-
panded to include seasonal updates from Fall 2015 through late Fall 2016. In addition, we received
a new indicator based on the Zooplankton Rapid Assessment categories that developed a hindcast
time-series of zooplankton abundance from 1997 - 2012. There are a few new forage fish indicators
presented this year. Yasumiishi et al contributed new spatial analyses of capelin and herring trends
in the eastern Bering Sea, and Zador and Frandsen present new multivariate capelin and sand lance
indicators for the Gulf of Alaska. There has been a great deal of effort over the past year in develop-
ing new habitat disturbance indicators to replace the previous estimates of trawl disturbance. We
present a new indicator based on the Fishing Effects model for the eastern Bering Sea, which has
also replaced the previous one in the report card. We also replaced the previous trawl disturbance
indicator in the Aleutian Islands report card. We anticipate several more indicators of this type,
including for the Gulf of Alaska and updated to the previous calendar year, in next year’s reports.

The EBS bottom temperature information and the OSCURS model results for 2014 and 2015 cor-
roborate the BSAI stock authors and GPTs concerns/ discussions regarding the impacts of tem-
peratures and advection on flatfish migration and behavioral responses to the survey trawl, both of
which impact Q.

The SSC notes that there is a lack of attention to humans in the Ecosystem Considerations chapter.
While there are historical reasons that partially explain this — the ecosystem SAFFE was conceived
after the treatment of some economic and social issues had been assigned to a separate economic
SAFE — the SSC believes this separation should not continue. At a fundamental level, the subject
of interest is how humans are contributing to changes in the ecosystems of which they are part,
and how they are reacting to these changes. The SSC suggests that it is time to rethink how the
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human component is incorporated into the SAFE process. As a specific example of how the current
approach is deficient, the SSC notes that fisheries policy stands virtually alone, compared to other
industry/policy settings, in the total absence of attention to the carbon footprint of commercial
fishing and the influence of policy on that footprint.

We agree that evaluating the carbon footprint of commercial fisheries would be a valuable research
area and would support this analysis in these reports. This year, after consultation with AFSC’s
economists, we include new human dimensions indicators for all LMEs that focus on population and
unemployment trends. As human dimensions in fisheries is an active area of research, we anticipate
modifying and expanding this section in the future.

The document has grown over the years and the increasing length in some ways makes it difficult for
the reader, despite the useful Report Card and Hot Topics sections. Not all parts are of equal value.
It would be nice if the meat of the document were tightened up so that the important parts totaled
100 to 150 pages. That might help the reader to absorb more of the critical material. It might be
useful to have a sub-committee try to sort out which, if any, indices might be dropped. For example,
there are a number of indices or reports on herring. We recognize the importance of information
on the status of the Togiak Bay (Bering Sea) spawning run, but perhaps the considerable set of
reports on herring in Southeast Alaska (Gulf of Alaska) could consolidated into a broader overview
of southeast regional trends.

As of this year, the Ecosystem Considerations report has been divided by LME into three separate
documents. Within each LME, we have organized indicators by trophic level (Primary Production,
Zooplankton, Groundfish, Benthic Communities and Non-target Fish Species, Ecosystem or Com-
munity Indicators, Disease Ecology Indicators). This accomplishes several objectives. First, the
ecosystem status of each LME is more cohesively represented by report card, summary, assessment,
and detailed contribution in a separate document. This makes it easier for the reader (and editors)
to integrate across the broad scope of indicators available in each LME. Second, the arrangement
highlights data gaps and research needs, which vary by LME. Third, this framework more easily
allows for ecosystem experts to participate in the indicator curation and synthesis in their area of
expertise. Fourth, each report is shorter and hopefully easier to absorb for those readers that may
have more specific, regional interests. While many indicators and sections have developed over the
past few years to allow for this restructuring, we acknowledge that there are some redundancies
among reports that we will address in next year’s editions. We welcome SSC and GPT feedback
on the new structure.

Many of the individual Index Reports miss the opportunity to draw comparisons among regions
(EBS, GOA, etc.), species, and other indices. Such integration would help the authors and readers
see the “big picture”. The Editor attempts to do this in the introductory portions of the Chapter,
but if the Index Reports come in at the last moment, it is hard for the Editor to integrate them.
It would be helpful to group indices by region- EBS, AI, GOA, then, within region by species or
species group. Again, that would aid the reader in seeing the connections among indices.

As stated above, the indices have now been fully grouped be LME into separate reports. We
understand that this might make inter-regions (i.e., Alaska-wide) comparisons more difficult, but
we hope that the synthesis in the assessments allows for these comparisons when informative.

As in the past, a number of indices were not updated for this years Ecosystem Considerations
Chapter. If these indices are important for management, then they should be updated in a timely
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fashion. If not important, they can be dropped. For example, the EBS Sea Ice Index analysis was
not updated, nor were the indices on the western sub-population of the Steller Sea Lion. Both would
seem important.

We acknowledge the importance of timely updates to indicators and that the SSC and GPT rely
on this information annually. We will continue to make every effort to include updated indicator
information. The Ice Retreat Index was updated this year.

In the discussion of jellyfish (Page 141), we learn for the first time that the BASIS Surveys have
been shifted to alternate years. Since the BASIS survey has been of considerable importance in
developing and testing of our understanding of the EBS, it would seem that this important change
ought to be highlighted up front. The SSC' is surprised and disappointed that this was not discussed
with the Council before being implemented.

We acknowledge the importance of the BASIS survey and the numerous Ecosystem Indicators that
result from that time series. The decision to transition to alternate years was based on budgetary
constraints, although we note that special funds were acquired to execute a 2015 survey thereby
augmenting the time series.
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Introduction

The goal of the Ecosystem Considerations report is to provide stronger links between ecosys-
tem research and fishery management and to spur new understanding of the connections between
ecosystem components by bringing together the results of many diverse research efforts into one
document. However, this year the report has been split into four separate documents, one for the
Gulf of Alaska, Aleutian Islands, eastern Bering Sea, and the Arctic!. This new presentation allows
for a more cohesive focus on each large marine ecosystem (LME). While this simplifies navigation
for the reader, it also better highlights data gaps and research needs within each LME. As before,
each report contains four main sections:

e Report Cards
e Executive Summary
e Ecosystem Assessment

e Ecosystem Status and Management Indicators

The purpose of the first section, the Report Cards, is to summarize the status of the top indicators
selected by teams of ecosystem experts to best represent each ecosystem. Time series of indicators
are presented in figures formatted similarly to enable comparisons across indicators. Recent trends
in climate and the physical environment, ecosystems, and fishing and fisheries are highlighted in
bulleted lists.

The purpose of the second section, the Executive Summary, is to provide a concise summary of the
status of marine ecosystems in Alaska for stock assessment scientists, fishery managers, and the
public. Page links to sections with more detail are provided.

The purpose of the third section, the Ecosystem Assessment, is to synthesize historical climate
and fishing effects on Alaskan marine ecosystems using information from the Ecosystem Status and
Management Indicators section and stock assessment reports. Notable items, called “Hot Topics”,
that capture unique occurrences, changes in trend direction, or patterns across indicators are high-
lighted at the beginning. An ongoing goal is to produce ecosystem assessments utilizing a blend
of data analysis and modeling to clearly communicate the current status and possible future direc-
tions of ecosystems. This assessment originally provided a short list of key indicators to track in
the EBS, AI, and GOA, using a stepwise framework, the DPSIR (Drivers, Pressure, Status, Indica-
tors, Response) approach (Elliott, 2002). In applying this framework we initially determined four

The Arctic report is under development
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objectives based, in part, on stated ecosystem-based management goals of the NPFMC: maintain
predator-prey relationships, maintain diversity, maintain habitat, and incorporate/monitor effects
of climate change. Drivers and pressures pertaining to those objectives were identified and a list of
candidate indicators were selected that address each objective based on qualities such as, availabil-
ity, sensitivity, reliability, ease of interpretation, and pertinence for addressing the objectives (Table
1). Use of this DPSIR approach allows the Ecosystem Assessment to be in line with NOAA’s vision
of Integrated Ecosystem Assessments (IEA)(Figure 2).

Table 1: Objectives, drivers, pressures and effects, significance thresholds and indicators for fishery and
climate induced effects on ecosystem attributes. Indicators in italics are currently unavailable

Pressures/Effects

Significance Threshold

Indicators

Objective: Maintain predator-prey relationships and energy flow
Drivers: Need for fishing; per capita seafood demand

Availability,
removal, or shift in
ratio between
critical functional
guilds

Energy redirection

Spatial /temporal
concentration of
fishery impact on
forage

Introduction of
nonnative species

Fishery induced changes outside the natural
level of abundance or variability, taking into
account ecosystem services and system-level
characteristics and catch levels high enough
to cause the biomass of one or more guilds
to fall below minimum biologically acceptable
limits. Long-term changes in system function
outside the range of natural variability due to
fishery discarding and offal production prac-
tices

Fishery concentration levels high enough to
impair long term viability of ecologically im-
portant, nonresource species such as marine
mammals and birds

Fishery vessel ballast water and hull foul-
ing organism exchange levels high enough to
cause viable introduction of one or more non-
native species, invasive species

Trends in catch, bycatch, discards,
and offal production by guild and for
entire ecosystem

Trophic level of the catch

Sensitive species catch levels
Population status and trends of each
guild and within each guild
Production rates and between-guild
production ratios (“balance”)
Scavenger population trends relative to
discard and offal production levels
Bottom gear effort (proxy for unob-
served gear mortality on bottom or-
ganisms)

Discards and discard rates
Total catch levels

Degree of spatial/temporal concentra-
tion of fishery on pollock, Atka mack-
erel, herring, squid and forage species
(qualitative)

Total catch levels
Invasive species observations

Objective: Maintain diversity
Drivers: Need for fishing; per capita seafood demand

Effects of fishing on
diversity

Effects on
functional (trophic,
structural habitat)
diversity

Catch removals high enough to cause the
biomass of one or more species (target, non-
target) to fall below or to be kept from recov-
ering from levels below minimum biologically
acceptable limits

Catch removals high enough to cause a
change in functional diversity outside the
range of natural variability observed for the
system
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Species richness and diversity

Groundfish status
Number of ESA listed marine species

Trends for key protected species

Size diversity

e Bottom gear effort (measure of benthic

guild disturbance)
HAPC biota bycatch
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Effects on genetic Catch removals high enough to cause a loss e Size diversity

diversity or change in one or more genetic components e Degree of fishing on spawning aggre-
of a stock that would cause the stock biomass gations or larger fish (qualitative)
to fall below minimum biologically acceptable ¢ Older age group abundances of target
limits groundfish stocks

Objective: Maintain habitat
Drivers: Need for fishing; per capita seafood demand

Habitat loss/ Catch removals high enough or damage e Areas closed to bottom trawling
degradation due to  caused by fishing gear high enough to cause e Fishing effort (bottom trawl, longline,
fishing gear effects a loss or change in HAPC biota that would pot)

on benthic habitat, cause a stock biomass to fall below minimum e Area disturbed

e HAPC biota catch

HAPC biota, and biologically acceptable limits « HAPC biota survey CPUE

other species

Objective: Incorporate/ monitor effects of climate change
Drivers: Concern about climate change

Change in Changes in climate that result in changes in e North Pacific climate and SST indices
atmospheric forcing  productivity and/or recruitment of stocks (PDO, AO, NPT, and NINO 3.4)
resulting in changes e Combined standardized indices _of

groundfish recruitment and survival

in the ocean e Ice indices (retreat index, extent)

temperatlllres, e Volume of cold pool

currents, ice extent e Summer zooplankton biomass in the
and resulting EBS

effects on

production and
recruitment

We initiated a regional approach to ecosystem assessments in 2010 and presented a new ecosystem
assessment for the eastern Bering Sea. In 2011, we followed the same approach and presented a
new assessment for the Aleutian Islands based upon a similar format to that of the eastern Bering
Sea. In 2012, we provided a preliminary ecosystem assessment on the Arctic. Our intent was to
provide an overview of general Arctic ecosystem information that may form the basis for more
comprehensive future Arctic ecosystem assessments. In 2015, we presented a new Gulf of Alaska
report card and assessment, that has been divided into Western and Eastern Gulf of Alaska report
cards this year.

While all sections follow the DPSIR approach in general, the eastern Bering Sea and Aleutian
Islands assessments are based on additional refinements contributed by Ecosystem Synthesis Teams.
For these assessments, the teams focused on a subset of broad, community-level indicators to
determine the current state and likely future trends of ecosystem productivity in the EBS and
ecosystem variability in the Aleutian Islands. The teams also selected indicators that reflect trends
in non-fishery apex predators and maintaining a sustainable species mix in the harvest as well as
changes to catch diversity and variability. Future assessments will address additional ecosystem
objectives identified above. Indicators for the Gulf of Alaska report card and assessment were also
selected by a team of experts, via an online survey instead of an in-person workshop. We plan to
convene teams of experts to produce a report card and full assessment for the Arctic in the near
future.

The purpose of the fourth section, FEcosystem Status and Management Indicators, is to provide
detailed information and updates on the status and trends of ecosystem components as well as to
provide either early signals of direct human effects on ecosystem components that might warrant
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Implement Evaluate
L?&ﬁﬁ" Management and Assess

Acticn Outcomes

Monitoring
of Ecosystem
Indicators

Figure 2: The IEA (integrated ecosystem assessment) process.

management intervention or evidence of the efficacy of previous management actions. Ecosystem-
based management indicators should also track performance in meeting the stated ecosystem-based
management goals of the NPFMC, which are:

1. Maintain biodiversity consistent with natural evolutionary and ecological processes, including
dynamic change and variability

2. Maintain and restore habitats essential for fish and their prey

3. Maintain system sustainability and sustainable yields for human consumption and nonextrac-
tive uses

4. Maintain the concept that humans are components of the ecosystem

Since 1995, the North Pacific Fishery Management Councils (NPFMC) Groundfish Plan Teams have
prepared a separate Ecosystem Considerations report within the annual SAFE report. Each new
FEcosystem Considerations report provides updates and new information to supplement the original
report. The original 1995 report presented a compendium of general information on the Bering Sea,
Aleutian Island, and Gulf of Alaska ecosystems as well as a general discussion of ecosystem-based
management. The 1996 edition provided additional information on biological features of the North
Pacific, and highlighted the effects of bycatch and discards on the ecosystem. The 1997 edition
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provided a review of ecosystem-based management literature and ongoing ecosystem research, and
provided supplemental information on seabirds and marine mammals. The 1998 edition provided
information on the precautionary approach, essential fish habitat, effects of fishing gear on habitat,
El Nino, local knowledge, and other ecosystem information. The 1999 edition again gave updates
on new trends in ecosystem-based management, essential fish habitat, research on effect of fishing
gear on seafloor habitat, marine protected areas, seabirds and marine mammals, oceanographic
changes in 1997/98, and local knowledge.

In 1999, a proposal came forward to enhance the Ecosystem Considerations report by including
more information on ecosystem indicators of ecosystem status and trends and more ecosystem-
based management performance measures. The purpose of this enhancement was to accomplish
several goals:

1. Track ecosystem-based management efforts and their efficacy
2. Track changes in the ecosystem that are not easily incorporated into single-species assessments

3. Bring results from ecosystem research efforts to the attention of stock assessment scientists
and fishery managers,

4. Provide a stronger link between ecosystem research and fishery management

5. Provide an assessment of the past, present, and future role of climate and humans in influ-
encing ecosystem status and trends

Each year since then, the Ecosystem Considerations reports has included some new contributions
in this regard and will continue to evolve as new information becomes available. Evaluation of the
meaning of observed changes should be in the context of how each indicator relates to a particular
ecosystem component. For example, particular oceanographic conditions such as bottom tempera-
ture increases might be favorable to some species but not for others. Evaluations should follow an
analysis framework such as that provided in the draft Programmatic Groundfish Fishery Environ-
mental Impact Statement that links indicators to particular effects on ecosystem components.

In 2002, stock assessment scientists began using indicators contained in this report to systematically
assess ecosystem factors such as climate, predators, prey, and habitat that might affect a particular
stock. Information regarding a particular fishery’s catch, bycatch and temporal /spatial distribution
can be used to assess possible impacts of that fishery on the ecosystem. Indicators of concern can be
highlighted within each assessment and can be used by the Groundfish Plan Teams and the Council
to justify modification of allowable biological catch recommendations or time/space allocations of
catch.

In the past, contributors to the Ecosystem Considerations report were asked to provide a description
of their contributed index/information, summarize the historical trends and current status of the
index, and identify potential factors causing those trends. Beginning in 2009, contributors were also
asked to describe why the index is important to groundfish fishery management and implications
of index trends. In particular, contributors were asked to briefly address implications or impacts of
the observed trends on the ecosystem or ecosystem components, what the trends mean and why are
they important, and how the information can be used to inform groundfish management decisions.
Answers to these types of questions will help provide a “heads-up” for developing management
responses and research priorities.
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This report represents much of the first three steps in Alaska’s IEA: defining ecosystem goals,
developing indicators, and assessing the ecosystems. The primary stakeholders in this case are
the North Pacific Fisheries Management Council. Research and development of risk analyses and
management strategies is ongoing and will be referenced or included as possible.

It was requested that contributors to the ecosystem considerations report provide actual time series
data or make it available electronically. Many of the time series data for contributions are available
on the web, with permission from the authors. We are in the process of improving online access to
indicators and debuted a new webpage in early 2016.

The Ecosystem Considerations reports and data for many of the time series presented within are
available online at: http://access.afsc.noaa.gov/reem/ecoweb/index.php

Past reports and all groundfish stock assessments are available at: http://www.afsc.noaa.gov/
refm/stocks/assessments.htm

If you wish to obtain a copy of an Ecosystem Considerations report version prior to 2000, please
contact the Council office (907) 271-2809.
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Ecosystem Assessment

Stephani Zador!, Elizabeth Siddon?, Kerim Aydin'

1Resource Ecology and Fisheries Management Division, Alaska Fisheries Science Center, National
Marine Fisheries Service, NOAA

2 Auke Bay Laboratory, Alaska Fisheries Science Center, National Marine Fisheries Service, NOAA
Contact: stephani.zador@noaa.gov

Last updated: October 2016

Introduction

The primary intent of this assessment is to summarize and synthesize historical climate and fishing
effects on the shelf and slope regions of the eastern Bering Sea from an ecosystem perspective
and to provide an assessment of the possible future effects of climate and fishing on ecosystem
structure and function. The Ecosystem Considerations section of the Groundfish Stock Assessment
and Fishery Evaluation (SAFE) report provides the historical perspective of status and trends
of ecosystem components and ecosystem-level attributes using an indicator approach. For the
purposes of management, this information must be synthesized to provide a coherent view of the
ecosystem effects in order to clearly recommend precautionary thresholds, if any, required to protect
ecosystem integrity. The eventual goal of the synthesis is to provide succinct indicators of current
ecosystem conditions. In order to perform this synthesis, a blend of data analysis and modeling
is required annually to assess current ecosystem status in the context of past and future climate
conditions.

Hot Topics

We present items that are either new or otherwise noteworthy and of potential interest to fisheries
managers as Hot Topics.
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Mismatch Between Walleye Pollock Larvae and Lipid Rich Prey on the Eastern
Bering Sea Shelf?

The primary objective of the 2016 Eco-FOCI/EMA spring ichthyoplankton survey was to assess the
abundance and spatial distribution of Walleye Pollock Gadus chalcogrammus larvae over the eastern
Bering Sea shelf. A new sampling grid that included nearshore areas not previously surveyed for
pollock larvae was used (Figure 3). Zooplankton and ichthyoplankton were sampled using a pai<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>