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WORKSHOP THEME

This workshop was recommended at the International PoIlock
Symposiun held in April L990 at Khabarovsk, USSR. It was agreed
that the United States would hold the stock assessment workshop
in Seattle to address the wide differences in esti¡nates of
biomass and potential yield of Èhe pollock resources in the
Bering Sea.

The theme of the workshop was to gather scientists from all
countries having pollock fisheries in the Bering Sea and bring
together all available data for analyses at a single forum. The
scientists reviewed all pertinent data on pollock biology and
populat,ion dynamics in order to construct working models of the
dynamics of Bering Sea pollock.

The results frorn the modelling exercise contributed
irnportant new information on the status of pollock stocks and
impacts of exploitation by comnercial fisheries.
Data was found sufficient to perform a Bering sea catch-at-age
analysis and to develop a working rnodel of the dynarnics of Bering
sea pollock. The working nodel will be used to estirnate the
abundance trend of pollock throughout the Bering Sea and to
evaluate the sensitivity of the results to input parameters and
to identify critical data needs.



The workshop consisted of a series of modules which examÍned
the available data and identified the data appropriate for the
entire Bering Sea population or sub-components. In cases where
data did not-suppoit a single solution, a range of alternative
parameters was devel-oped for evaluation. ScienÈists from the
ÀtasXa Fisheries scieñce Center $tere asked to prepare material
for each nodule and facilitate discussions. The body of this
report consists of the material presented in each module and
reèulting discussions where appropriate.
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Monday, February {
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lfodule A -- Reproduction anô Recluitnent
(Facilitator: Bernard MegreY)

Tuesday, FebruarY 5
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(Facilitator: Dick Bakkala)
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Seasonality
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Distribution of eggs, J.arvae, juveniles, adults by age
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Module A: Recruitment and Reproduction

Facilitator: Bernard A. Megrey

INTRODUCTION

The purpose of this paper is to present a summary of available information on
aspects of reproduction and recruitment for walleye pollock lTheragra chalcogrammal
stocks in the Bering Sea. Since the focus of this workshop is the entire Bering Sea
ecosystem, information availability is classified into western Bering Sea, Aleutian Basin
(the international zone), and the eastern Bering Sea. Data availability and the present
state of knowledge is summarized in the information matrix (Fig, 1) should help guide
future research and field work effortsl. Much of the information herein builds upon an
earlier synopsis (Megrey 1989c).

1.0 REPRODUCTION

1 .1 Spawning

1 .1 .1 Location and Timing

Based on U.S. Foreign Fisheries Observer coverage of the eastern Bering Sea
commercial f ishing fleet in 1 984, Hinckley (1 987) presents information which indicates
that spawning pollock can be found in just about every month (Fig. 2). Time of peak
spawning depends on specific locations, but generally spawning occurs from February
to May at depths of between 100 and 200 m and at temperatures ranging between 1 .8
and 6.0"C.

ln the eastern Bering Sea, two distinct spawning locations seem to be evident.
ln the Aleutian Basin spawning peaks during February. Spawning groups then seem to
move onto the shelf where spawning peaks in March or April. Based on the evidence
from the U.S. Foreign Fisheries Observers, Hinckley (t987) suggested that there may
be three distinct spawning groups in the Bering Sea: One in the Aleutian Basin, one on
the northwest slope and southeast shelf, and one on the southeastern slope and
northwest shelf.

1 Delegates from the Soviet Union were not present at the workshop on the
day this module was discussed. Therefore blank cells in Figure 1 for the Western
Bering Sea do not necessarily indicate a lack of information.



U.S. Foreign Fisheries Observer data from the Bering Sea in 1985 shows a

similar spawning pattern when compared to 1 984 with respect to intra-annual variation.
Of interest in 1985 was the observed spawning in the Donut Hole area during Jan-Mar
(Fig. 3) (Mulligan et al. 1989).

A generalized map of spawning locations in the Bering Sea (Fig. 4), including the
western Bering Sea, is provided by Bulatov (1989). Spawning distributions in the
eastern Bering Sea from Figure 4are consistent with the earliertwo figures. lt appears
that winter and spring spawning occurs in the eastern Beríng Sea and only spring
spawning occurs in the western Bering Sea. Zver'kova (1969) also shows spawning
locations along the west coast of Kamchatka (Fig. 5). and indicated that spawning
occurred during the winter-spring period, peaking in March.

Several points were made by workshop part¡cipants during the discussion. The
southeast Bering Sea basin is an important spawning location since at least 1983. Time
of peakspawning is Jan-Mar. The U.S. has little data prior to 1988. There were
Soviet reports of spawning in this area as inferred from egg distributions as far back
as summer of 1965 (Serobaba 1968) (Fig. 6). Spawning in the Bogoslof area occurs
during Feb-April and the period of peak spawning is rather narrow, being about one
week in duration. Spawning on the eastern Bering Sea shelf and slope occurs about
one month later, peaking in about March and April and is much more protracted in
duration. Based on egg and larval surveys, approximately 90% of the spawning in the
Bering Sea occurs in the Bogoslof area and the remaining 10% occurs in the western
Bering Sea. Poland observed spawning pollock in the SE corner of the doughnut hole
during Feb of 1988-90, but only 3-5o/" of the catch were spawning. Mostly males were
mature. There was an observation that it appeared that the spawning distribution was
contract¡ng. No spawning has been observed along the Aleut¡an chain west of Bowers
ridge.

1.1.2 Timing Relative to Environmental Conditions

Not much is known regarding t¡m¡ng of spawning relative to environmental
conditions; however, we do know that water temperature plays an important role in
determining the geographic extent of adult distributions. Data from Bakkala and Alton
(1986) show that in cold years, the distribution of adult pollock in the eastern Bering
Sea is quite restricted compared to adult distributions in warm years. Zver'kova (1969)
also suggested that water temperature played an important role in cuing the onset of
spawning.

1.1.3 Vertical Distribution

During spawning, pollock appear to separate into distinct layers (Takakura
1954; Saito 1957). Females are found in the deeper layers, while males prefer the
midlayers of the water column. Maeda (1986) hypothesized that the two-layered



distribution of the sexes was a characteristic spawning behavior. Presumably eggs
spawned by females at the bottom layer would be fertilized as they floated to the
surface and passed through the layer of spermatophore released by the males at
midlayers. Similar two-layered sex-stratified distributions have been observed in the
Gulf of Alaska Shelikof Strait spawning aggregations (Nelson and Nunnallee 198S,
1 986).

1.1.4 Spawning Biomass

Estimates of spawning biomass/abundance (Fig. 7l are available from eastern
Kamchatka (Zolotov and Antonov 1989), the western Bering Sea (Balykin, 1gg9), and
the eastern Bering Sea (Wespestad et al. 1990). Spawning biomass estimates from the
Kamchatka area are calculated from application of VPA techniques to catch data as
well as application of egg production methods to egg surveys. tnter-area comparisons
are difficult because spawning is reported in units of bíomass and numbers. Despite this
differences, Figure 7 does show that trends between the western Bering Sea and
eastern Bering Sea area agree while the trends between the eastern Kamchatka area
and the western Bering sea/eastern Bering sea areas do not agree.

No spawning biomass estimate was available from the Aleutian Basín, lt was also
noted that spawníng biomass estimates from the eastern Bering Sea may depend on
more than one stock of pollock.

1.2 Maturity

1.2.1 Maturity-at-length Relationships

Few maturity studies have been carried out. Smith (19g1) presented
information on eastern Bering Sea pollock maturity-length relationships (Fig. B) based
on the National Marine Fisheries Service (NMFS) five point maturity scale. Maturity
was recorded by direct visual inspection of gonads by either U.S. Foreign Fisheries
Observers or NMFS Research Fisheries Biologists. These data indicate that females
mature at a larger size than males do. ln the Bering Sea, lengths at 50% maturity for
males and females are 31"0 and 34.2 cm, respectively. Maturity-length data are also
available from the eastern Bering Sea from 1989 (Fadeev 1989) which shows length
atSOo/o maturity was 34.8 and 37.2 cm for males and females respectively (F¡g. 9).
This is in agreement with data from Megrey (1g8gb) on Gulf of Alaska pollock.

Parameter est¡mates from different empirical maturity-length relationships and
estimates of the length at 50% maturity are presented in Table 1.

1 "2.2 Spatial/Temporal Difference

Okada (1983) presented data from the eastern Bering Sea and Aleutian Basin



during the time of pollock spawning (18 January to 20 March 1983) which shows
substantial temporal and geographic variation in male and female pollock maturity (Fig.

10). Traynor (199O) also presented data on pollock maturity from the eastern Bering
Sea which showed both temporal and spatial differences. Presented were maturity
distributions from aggregations near Bogoslof lsland in 1988 and 1989 and the
southern eastern Bering Sea shelf north of Unimak lsland (Fig. 11). Data from the
Aleutian Basin during 1988 (Teshima and Sasak¡ 1990) also show spatial variation in

pollock maturity for both males and females (Fig. 12).

Maturity condition is not constant from year-to-year. Maturity, measured as
gonadal somatic index (GSl), show well defined seasonal variation for both males and
females in the eastern Bering Sea (Maeda 1986) and eastern Bering Sea and Aleutian
Basin (Teshima and Sasaki 1990) (Figs. 13 and 14). The Korean delegation presented

GSI data from the international waters of the Aleutian Basin (Fig. 15) which also show
seasonal variation. Data from pollock in the Gulf of Alaska (Megrey 1989a) show that
the length at 50% matur¡ty varies substantially overthe 1983-88 period (Fig. 16) for
both males and females. The range for female pollock is almost I cm. This type of
analysis has not been carried out for the eastern Bering Sea however the data have
been collected by U.S. surveys. When th¡s new data become available, a closer look
at interannual variation in eastern Bering Sea pollock maturity-length relationships will
be possible.

1 .2.3 Vertical Distribution

Data presented by Sasaki (1990) for the ¡nternational zone in the Aleutian Basin

shows that mature females pollock are typically found in the deeper layers, while less

mature females prefer the midlayers of the water column (Fig. 17). This pattern is
consistent with observations on vertical distribution of spawning pollock.

1.2.4 Factors lnfluencing Maturation Rates

Not much is known regarding factors that influence maturity rates. Maturity
may be related to environmental conditions or, alternatively, it could be solely a

function of body weight or growth rate characteristics.

1.3 Fecundity

1 .3. 1 Fecundity-at-length Relationships

Teshima et al (1989) show fecundity-length relationship for pollock from the
internationalzone of the Aleutian Basin (Fig. 18). Comparison of pollock fecundity from
different systems (Miller et al. 1986) shows that the fecundity-length relationship can
be quite variable (Fí9. 19). Fecundity of pollock from the Aleutian Basin differed from
shelf and slope pollock in 1986, with Aleutian Basin pollock being less fecund,



especially for pollock greater than 50 cm. Reduced food supply may produce slower
growth and lower fecundity of the Aleutian Basin pollock. lnterannual variability does
not seem to be significant as demonstrated by a comparison of shelf and slope pollock
fecundity in 1978 versus 1986. Pollock from the Bering Sea were less fecund over all
length ranges compared to pollock from other systems. These intersystem differences
are probably due to different underlying system productivity characteristics.

Parameter estimates of pollock empirical fecundity-length relationships from
different areas are presented in Table 2.

1 .3.2 Spatial/Temporal Differences

There is little evidence for spatial or temporal differences in fecundity.

1.3.3 Factors lnfluencing Egg Production Rates

Not much is known regarding factors that influence egg productivity rate,
although nutritional status should be an important factor.

1.3.4 Egg Size, Energy Gontent, and Viability

ln the eastern Bering Sea, egg size ranges from 1.3 to 1.9 mm with a mean of
1.5 mm (lncze et al. 1984). These compare well with the Gulf of Alaska where egg
size has been estimated to be 1.2 to 1.85 mm with a mean of 1.4 mm (Kendall and
Kim 1989). Development time of eggs from spawning to hatching ranges from about
14 days at 5"C to about 25 days at2C (Hamai et al. 1971). Kendail and Kim (1ggg)
also estimate incubation times for Shelikof Strait pollock eggs to be about 14 days at
soC. Based on an average temperature for the southeastern Bering Sea of 3.0-3.S"C,
time to hatching should be about 22 days (lncze et al. 1gg4).

1.4 Sex Ratios

In discussions at the workshop it was mentioned that estimation of sex ratios
during the spawning period are highly variable due to the fact that pollock aggregate
by size and sex. At other times of the year the sex ratio is often observed to be 1 :1 .

It was suggested by several delegates that using a 1 :1 ratio would be the best way to
deal with the problem.

1 .4.1 Spatial/Temporal Differences

Maeda (1986) presented evidence from the eastern Bering Sea in 1973
demonstrating that pollock sex ratios exhibit intra-annual variations (Fig. 20\.
Throughoutthe winter¡ng and feeding periodsof the yeat, the sex ratio for mature and
immature pollock is approximately 1:1. During the spawning period (1 April to 30



Mry), the female ratio for both mature and immature pollock drops. Data presented by
Okada (1983) from the eastern Bering Sea during the time of pollock spawning (18
January to 20 March 1983) shows that sex ratios exhibit substantial temporal and
geographic variation (Fig. 21). Data presented from the Korean (Fig. 22], and Polish
delegation (Fig. 23) shows seasonal variation in sex ratio in the international zone of
the Aleutian Basin.

2.0 RECRUITMENT

2.1 Observed Trends in Year Glass Strength

Trends in pollock year class strength are available from all areas of the Bering
Sea. Strong year classes are indirectly demonstrated from annual age composition
estimates (Fig. 24) from eastern Kamchatka (Zolotov and Antonov 1989). These data
show the strong 1 978 year class showing up in the fishery as 3-year-olds in 1 981 and
this year class contributed to the catch unt¡l 1985" Also the 1982 year class appeared
above average, showing up in 1984 as 2-year-olds. Application of age-structured
stock assessment models to commercial catch-at-age data provide estimates of year
class strength (Fig. 25) from both the western Beríng Sea (Balykin 1989) and the
eastern Bering Sea (Wespestad et al. 1990). These data both show the 1978 and 1982
yearclasses as strong and the 1981 and 1983 yearclasses as weak" Data provided by
the Polish delegates (Fig. 26) from 1990 catches in the international zone also shows
the strong 1978 and 1982 year classes. A quarterly breakdown of the Polish data (Fig.
27) shows the 1977 year class strong in the first quarter and the 1979 year class
strong in the last quarter. ln all quarters the 1978 and 1982 year class appeared
strong. Age composition data from Polish catches in the international zone from 1985-
1989 (Kowalewska-Pahlke 1990) shows a consistent showing of the 1977-78 and the
1972-73 year classes in the carch (Fig. 28).

The available data on year class strength show remarkable consistency in the
strong 1978 year class and the weak 1981 and 1983 year classes despite the fact that
the data come form wide geographic areas of the Bering Sea. The apparent coherence
in strong and weak year classes implies that possibly something on the climate scale
might be playing a role in determining year. class strength.

3.0 Spawner-Recruit Data

Plotting the paired data points for recruitment and spawner abundance after
accounting for the recruitment time lag is one method of revealing the existence of any
relationship between spawners and recruits. The relationship between spawners and
recruits was quantified for the western Bering Sea and eastern Bering Sea using a

Ricker spawner-recruit model. The curves fit to the data are presented in Figure 29 and
they show the typical wide scatter of data po¡nts. For the western Bering Sea, the
curve appears to describe the data well except for the two weak 1981 and 1983 year



classes. Data from the eastern Bering Sea are not described well by the spawner-recruit
model. Of interest is the fact that three strong year classes (1965, 1972, and 197g)
which were very similar in magnitude were produced from spawning populations that
differed significantly in their abundance" This indicates that pre-recruit mortality during
these 3 years was highly variable. lf the 1978 year class was removed from the
analysis, it appears that a straight line (i.e. an average) would describe the data fairly
well. Mito (1990) also constructed similar cures for the eastern Bering Sea which again
showed the strong 1978 and 1982 year classes (Fig. 30).

The lack of range in recruitment values in the eastern Bering Sea case might be
due to the fact that the spawning area is very broad and the spawning period is iather
protracted.

The use of spawner-recruit models ignores the fact that recruitment and spawner
data are highly time-structured. Nonetheless, these types of analyses might prove
useful in a modeling exercise as they would provide a means of allowing a-model to
predict future recruitment.

3. 1 Density-dependent/Density-independent effects

Currently there is insufficient data to determine the role that density-dependent
and density-independent factors play in determining year class strength.

3.2 Environmental correlates

The relation of year class strength to environmental conditions has not received
much attention. An analysis carried out by Wespestad (unpublished) (Fig.31)does
suggest a relationship between year class strength and water temperature for the
eastern Bering Sea. His data indicate that above average year classes occur when
water temperature is warm and below average year classes appear when water
temperature is average or cold.

3.3 Biological correlates

The relationship of biological correlates to year class strength has not been
looked at in great detail. There are no studies relating recruitment to food density or
quality. The role of cannibalism in the Bering Sea has been demonstrated, yet it is
difficult to quantify the role of predation mortality in determining year class strength.
A point of interest is the fact that one of the underlying biologicâl mechanisms of the
Ricker spawner recruit curve is canníbalism of young by aduÍts (Ricker 1975) and in
fact high levels of pollock cannibalism have been demonstrated in the Bering Sea
(Dwyer et al. 1987; Livingston et al. 19g6)
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Tabtel. Pãrameterestimatesf-romenpiricatmaturity-lengthretationshipsonralteyepotl,ockfromdifferentareas
in the Gutf of Ataska and Bering Se6. P is proportion môture and L ie'fork tengtñ ('cm).

Area l{odet

EBS P=exp(-a*exp(-bL))
EBs P=exp(-arcxp(-bL))

EBS P=exp(a+bL)/(1+exp(a+bL))
EBs P=exp(a+bL)/(1+exp(a+bL))

GoA P=exp(a+bf)/(î+exp(â+bt))
coA P=ç¡p(6+bL)/(1+exp(a+bL))

ParanËter Estimetcg
ab

-725.947 -0.224
-8ó7.088 -0"209

-17.2t 0.50-18.02 0.4E

-18"29 0.52-1ó.0f 0.44

Sex

tl
F

H

F

il
F

Source

smith 1981
smith 1981

Fadcev 1989r
Fadeev 1989.

llegrey 1989b
llegrey 1989b

150

31.0
34.2

34.8
37.2

34.9
36.6

. - curyc fit to Fsdeev¡g data by author rith nontinear regrcssion
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Tabl'c 2. Parameter estimates fron enpirical, fecundity-tength and fecundity-reight rel,ationships on watteyepottock from different areas in the Gul,f of Ataska and Éering Sea. F is fecunåity,-L is fork tengifi ¡-ml, ena'wis Height (gm).

Parsllleter Estimåtes
llodel a b

F=aL*rb 0.29 3.462

F=aL**b 10.1719 3"6046

F=aLt*b 0.,l92ó 3.5439
F=atlr*b 91.7096 1.14?3
F=aL*rb 4.6528 2.8066
F=alJ*ib 906.4315 0.8534
F=åLr*b 0.0872 3.7ú9
F=all**b 118.6879 1.1439
F=alrtb 469.2?82 1.5575
F=alJ**b 9119.3100 0.4170

F=aLrrb 1.2604 3.2169
F=alJ**b 387.4551 1.01ó0

F=aLr*b10e-ó 8.05 4.45

t=ALftb 0.0875 2.3082

F=âLr*b 1.08849 3.21203

Area

EBS

EBS

EBS-Southeast shetf

EBS-Southeast sIope

EBS-Northrest stope

AB

GoA-Shel,ikof Strait

tJ8S-Sea of Okhotsk

IJBS-Ses of okhotsk

ÂB-Donut Hote

r - Fccundity in 1000s of oocytes

Source

Sher (1978), Smith (1981)

Fadeev 1989

Hincktey 198it
Hincktey 1987t
Hincktey 198?t
Hincktey 1987t
Hincktey 1987r
l{incktey 1987t
Hincktey 1987r
Hinckl,ey 1987t

l{egrey 1989b
ilegrey 1989b

Sergeeva 1981

Fadeev ¡nd Smirnov 1987

TeshinE et .1,. 1989
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Figure 1 . -- Recruitment and reproduction information matrix.



JANUARY 1984

Figure 2.-- Observed distribution of spawning pollock in the Bering Sea by month,
1984. Shaded areas indicate effort distribution of the ãommerc¡al fleet.
Triangles indicate observed spawning locations (from Hinckley 1gg7l.
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Figure2.-- (continuedl.
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Spawning distributions of walleye pollock in the
1985 (from Multigan et at. lggg).

Figure 3.-- eastern Bering Sea,



KÌ

r\- Norton Sound\> t/

Legend: I = Uni¡¡ak grounds, II = Pribilof grounds, III= St.
tlattheu grounds, IV = Olyutorsliy-llavarin groundr,
\f = Korfa-Karagin grounds. I r uinter spannlng, 2

= spring spanning.

Figure 4.-- The ma¡n spawn¡ng grounds of walleye pollock in the Bering Sea
(generalized) (from Bulatov 1989).
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Distribution of spawning shoals of pollock in the western Bering Sea,
March 1965 (upper left panell; distribution of pollock spawn in the
western_Bering Sea at the end of second 10 days of March 1965 (eggs
per 1 m2 of surface) (upper right panell; and d¡stribut¡on of polloct in ine
western Bering Sea in May (data for lgG3- 1965) (lower right panet)
(from Zver'kova 19691.

Figure 5.--
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Fígure 6.-- Distribution of walleye pollock eggs at devetopment stages lll and lV in
March-May 1965 (number beneath I mr). 1) t-S0; 2l 51-tOO; 3) t01-
200; 41 201-500" (from Serobaba 19681
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Figure 8.-- Length-matur¡ty relat¡onship for Bering Sea pollock taken during April-
June, 1976 (from Smith lg8ll.
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EASTERN BERING SEA
1989 MATURITY OGIVES

PERCENT MATURE

OIo
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LENGTH (cm)

Figure 9.-- Length-matur¡ty relationship for eastern Beríng Sea pollock, 1989 (from Fadeev 1989).
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Figure 10.-- Maturitycompositionof maleandfemale pollockcaughtbymidwatertrawl
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1983).
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MARCH 1-2, 1988

MARCH 4-6, 1989 FEB.26-MAR. 1, 1989

Figure 1 1.-- Maturity distributions of females from walleye pollock aggregat¡ons near
Bogoslof lsland in 1988 (A,Bl and in 1989 (c) and from waileye pollock
aggregations in the southern eastern Bering Sea shelf north of Unimak
lsland (D) (from Traynor 1989).
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Figure 12.-- composition of maturity stages of pollock gonads by sampling station
observed during the Japan-u.s. joint acoustic/midwater trawl survey by
Kaiyo maru in the Aleutian Basin from December of 1999 to March of
1989 (from Teshima and Sasak¡ 1g9O).
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Figure 14.-- Changes of gonadosomatib index (GSl)
during the period from December of
Teshima and Sasak¡ 1990).
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Figure 15.-- Time series of monthly gonadosomatic index (GSl=GW/BW x 10OO) of
walleye pollock sampled from Korean trawlers in the high seas of the
Bering Sea for 1988-1989. Bar represents a range of lst to 3rd quartile
and cross 50th percentile value (from Korean delegation this meeting).
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Figure 16.-- lnterannual variation in estimates of length at 50% maturity for male and
female pollock from the Gulf of Alaska (from Megrey 1999a).
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Figure 17.-- Frequency d¡str¡bution of matur¡ty stage of female pollock caught in midwater trawl survey by Kaivo maru
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in g and BW is body weight in g. (from Sasaki 199O.
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Figure 23.-- Male-to-female ratio of pollock caught in the international waters of the
Bering Sea in 1989 {from Kowalewska-Pahlke 1990}.
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Figure 24." Age composition est¡mates of walleye pollock from eastern Kamchatka,
1978-1987 (from Zolotov and Antonov 1989).
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Figure 26.-- Age compos¡tion of male and female pollock from the international waters
of the Bering Sea, 1990 (from Polish delegation this meeting).
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Figure 28.-- Age composition of pollock from Polish catches in international waters of
the Bering Sea in 1985-1989 (from Kowalewska-Pahlke lgg0).
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Figure 29.-- Comparison of spawner-recruit relationships for eastern and western
Bering Sea walleye pollock.
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Module B: Físhery Statistics
Facilitator: Richard Bakkala

INTRODUCTION
This module of the workshop reviews the fishery statistics forBering Sea walleye poIlock. rnforrnation is prLsented on theavaílability and detail of catch and effort and èatch at age dataald catch-per-unit effort estimates by year and for each of thethree major regions of the Bering Sea. these catch and effort andcltch and age data will be made available on cornputer disk to eachof the national deregations attending the worksnop.

EASTERN BERING SEA--ÀLEUTIAN ISLANDS REGION

Catch and Effort Statistics
There have been three sources of catch and effort data sincethe target fishery for poJ-lock began in this region in 1964. Theyvtere from statist,ics r€ported by the foreign f iéneries in 19 64-7g',from u.s. observer and foreign reported aáta in 19g0-g6, and fromthe Pacific coast Fisheries Infòrnation Network (pAcFIN) since

L987.
available for the eastern Bering

Sea a during the years 1964 to L979 aréliste ears most of tfre catch and effortdata
Le6B-72 catch data from rhe i%ttJi"ü=..t::
frorn U.S. surveillance over Korean fishingvessels by U.S. surveillanc

_ Throughout this period, the most cornplete and detailed catchand effort data was.from Japanese fisheries (Table 1). This detailwas not usually available from other nationts fisheries until j-g77
when detailed reporting of catch and effort data was required bythe United States through the Magnuson conservation .nd ri=n"ry
Management Àct.

1. ;' ":;
thes 1 theseas - t llythroughout this period. All nat,: s 1.9nillion t in t97Z and then begin e onsv/9re pLaced on the fisheries through bilateral agreements betr¡eenthe united states and the varioué fishing natíons. Àfter theinplernentation of the Magnuson conseríation and FisheriesManagement Àct in L977 and the united states assumed managernent



authority over the fisheries in their 200-nile exclusive economic
zone, catches of poltock were reduced Èo less than f.O ¡nillion t.

Starting in L980, catch and effort data begin to be estinated
by the U"S. Observer Program at the Àlaska Fisheries Science
Center. These srere a blend of obserl¡er estimates and foreign
reported data. When the observer coverage for a week-area-vessel
class exceeded 20t and the observer catch estimate differed by more
than l.Ot fron the foreign reported catch, the observer estimate was
used. When the observer coverage vtas less than 2OZ, foreign
reporÈed data was used. These observer generated rrbest blendrl
catch data vtere used in the years L980-86. They also include
effort, daÈa and detailed information on location of catches and
vessel and gear type.

Joint ventures also begin operating in 1980 in the eastern
Bering Sea--ÀIeutians regions. These fisheries involved U.S.
catcher boats delivering catches to foreign processing vessels.
Catches were estinated in the joint venture fisheries in the same
manner as on foreign fishing vessels.

Figure 2 illustrates the seasonaliÈy of catches in 1980-86
when rrbest blend'r caÈch data were used and the nagnitude of cat,ches
each year. This figure also illustrates the rapid transition of
the fishery in this period. In 1980, only Lt of the catch was
taken by joint venture fisheries, but by 1986 7OZ of the total
catch was taken by joint ventures.

In 1987, catch data began to be estimated by PACFIN (Pacific
Coast Fisheries Information Network). These estimates were derived
by integrating weekly catch reports from three sources: U.S.
observer reports from foreign and joint venture vessels, State of
Àlaska reports from fish tickets collected at port,s of landings
from the dornestic fishery, and radio reports (through the NMFS
Regional Office in Juneau) from domestic catcher-processors which
remained at sea for extended periods of tirne. The years since L987
have been another period of rapid transition in the pollock fishery
(FÍ9. 3). In L987, 83t of the catch was taken by joint venture
fisheries, but by 1990 the U.S. domestic fishery took 98å of the
catch. In 1991 all of the pollock catch was allocated to U.S.
donestic fisheries.

United States domestÍc fisheries have not been required to
report catch data in as much area detail as has been available from
the obsen/er progran. They have reported catches by the management
areas shov¡n in Figure 4. Domestic fisheries have also not reported
effort data.

Catch-Per-Unit Effort
Catch-per-unit effort (CPUE) based on Japanese catch and

effort data lrere used until 1985 to examine trends in abundance of
eastern Bering Sea poIlock. Three measures of CPUE $¡ere developed:
a U.S. ¡nethod (Àlton and Fredln L974), a Japanese method (Okada et
al. 1-982), and a joint U.S.-Japanese nethod referred to as the
INPFC ¡nethod (Low and Ikeda 1980). The Japanese and U.S. methods
used data frorn Japanese pair trawl vessels. The rnain difference



between these ¡nethods was that the Japanese method only used data
where pollock was the dorninant species in the catch, ùhereas theU.S. nethod used aI1 data where pollock vrere caught. The INpFC
¡nethod used data from the five Japanese vessel-geai types known totarget on pollock and the area-time periods wnicf¡ -ðonsistently
accounted for most pollock catches.

The three neasures of CPUE show sinilar trends in abundance ofpollo_ck. (Fig. 5). fncreasing abundance during the late 1960s witha peak in the late 1960s or early 1970s follolwed by a decline andthen fairry stable abundance between about tbls and 19g1.
Àbundance then increased again during the 1980s. These trends havebeen found to correlate welÌ with iesults from cohort analysis.
More recent series of CPUE data have not been developed becauËe ofthe rapid transition in the fishery since 1985 (Figúres 2 and 3).
Catch at Age Data

Cafch at age data for eastern nering Sea pollock in 1964-g9are available on conput,er f iles at thê l¡orthwest and ÀIaskaFisheries cent,er. They consist of the following data. catch data
{9r the years L964 to Lg?g are those reported by the foreignfisheries. Those for 1980-86 are from u.s. observer rbest blenãr,estirnates, and those for 1987-89 frorn PACFIN estimates. Length-frequency data used to derive the cat,ch aÈ age estimates ú.recollected by Japanese fisheries in Lg64-72 and by the U.S. observer

age data vrere also available from
ased on age readings from scales
cepted readings from otolÍths.
key based on otolith collections

rapanese rensrh dara rrom 1e64 t" ,::l: ¿".å33i#T.;åf:ï:#.:l:
_i_n those years. rn alr rater. years, annuar agè-rength kefs fromU.s. observer otolith collections were used. Ín est-imatini catcfr

fror¡ the fishery were expanded to
and summed within nation-vessel

rter. For nation-vessel classes
' the'ï 

:n:-i'"Ë?i'i:i:'" *lill;
to the qúartefty tength-frequencies to produce quarterly ïatches at age by area and sexwhich v¡ere then sunrn.gd to provide- annual estimatäs. Àverage weightat age data from smith (1981) were used to convert numbeís-at-ágeto weight at age.

ALEUTTAN BASTN

Catch and Effort Statistics
Tr¿o fisheries. have operated in the Areutian Basin, a u.s.fishery in the vicinity.of Bogosrof rsland (see area 515, Fig. 4)and a non-U.s. fishery in the international zone or rdonut trõte,,.The U.S. fishery has operated in the Bogostof rsland area since



1987 in early months of the year when pollock concentrate in this
area for spawning. All of the catch taken by U.S. catcher boats in
L987 and L988 were delivered to non-U.S. processors in joint
venture operations. fn 1990, aIl of the catch hlas taken and
processed by U.S. vessels (Fig. 6). A U.s. fishery may have
operated in the BogosJ.of area early in the year in L989 although
rnethods of reporting catches may not have allowed separation of the
Bogoslof Island catches from those in the eastern Bering Sea. No
effort data is available from the Bogoslof Island físhery in L987-
89, but is available from the L990 fishery through a domestic
fishery obsetl¡er program.

Japanese and Republic of Korea fisheries began to operate on
a linited scale in the Aleutian Basin in 1980. They operated in
both the U.S. EEZ waters of the Basin and the international zone
initially, but increasingly in the inÈernational zone in later
years. In 1985, fisheries from Poland and the Peoplets Republic of
China and in 1986 the U.S.S.R joined these other nations in the
Basin fisheries. In 1986, all nation catches in the international
zone began to reach najor proportions exceeding L.0 million t
(Table 2). They have contÍnued to increase reaching 1,.5 nitlion t
in 1989.

Catch and effort data available from non-U.S. fisheries
operating in the Àleutian Basin are listed in Table 3. Complete
and detaiLed catch and effort data has been provided for all years
of fishing by Japan, Poland, and the Peoplers Republic of China.
The Republ"ic of Korea has províded this detailed data for L988 and
l-989. Korea has provided annual catches for 1980-82 and annual
catch and effort data by month for L983-87. The U.S.S.R. has
provided annual catches by L/2'lat. and 1'Iong. blocks for L986-90.
Horlèver, only 60 to 708 of the Soviet, fishing vessels have provided
catch data in this detail so the catches are not cornplete.

Catch-Per-Unit Effort

Relative abundance of pollock in the international zone from
catch and effort data provided by the fishing nations is
illustrated in Figure 7. The longest series of data is from the
Japanese fisheries. These data show a sharp increase in CPUE from
l-983 to 1986. However, this increase has been attributed entirely
to improvements in rnidwater fishing gear and knowledge of the
distribution of pollock in the international zone rather to an
increase on abundance of pollock (Sasaki and Yoshinura l-987).
These authors, in a later report (Yoshirnura and Sasaki 1-990), state
that these inprovements in fishing techniques continued to occur
after 1986. Thus, the decLine in CPUE from Japanese fishery data
after 1986 is strong evidence of a decline in abundance of pollock
in the international zone. This decline is also reflected by CPUE
data from other nation's fisheries.



Catch at Age Data

catch at age data have been developed for potlock in theinternational zone for the years 1985-88 baled on polish length and
age dat,a (Horbowy and Janusz 1990) . Data r¡ere made avaitJ¡Ie atthe current workshop which rnay allow improved estinates of catch at
age for the overalr fishery. Japan has provided annuar rength
frequency data frorn their fishery and from their various researchvessel surveys in the Basin. Age and rength frequency data arealso available from U.s. research vessel - surveyJ in the Basinduring 1988 and 1989.

YIESTERN BERING SEA

Catch and Effort Statistics
Ànnua1 catch data for the western Bering Sea have beenprovided by the u.s.s.R. as shown Ín Tabre 2. At the current

workshop, the Soviet delegation provided estimates of total annualcatch and effort by three rnajor regions of the western Bering Seafor. the years 1986-90. The three major regions are the weãtern
Bering Sea shelf and slope west of L7i"E, the northwestern Bering
sea shelf and slope (east of 17408), and the Àleutian Basin. rheyaddition3lly provided catch data by t/2olat. and lolong. blocks foiall of these areas, although the catches are not cornplete becauseonly 60-70t of the fishing vessels reported catches in tnis detail.

They wiII provide similar information for the years 19go to
1986 when they return to the U.S.S.R.

Catch at Age

To deveLop cltch at age data for the western Bering seafisheries, the soviet deregation suggested it would be approp-riut.to use the age data presented by Batykin (1988) as shot¡ñ- in Tabte
4.
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Table 1.--Catch and effort data available
east,ern Bering Sea and Aleutian
1964-79.

for pollock in the
Islands regions,

Fishing nation Years Data available

Japan L964-79

U.S.S.R L967 -72

L97 3-7 6

L977 -7 9

Republic of Korea 1969-25

L97 6-79

PoIand L979

Catch and effort data by L/2'LaE.
and 1-'Iong. statistical blocks
and by nonth, vessel cl-ass, and
gear type.

Annual catches by the rnaj or
regions eastern Bering Sea and
Aleutians.

Catch and effort data by nonth,
vessel class, and gear type by
the major regions eastern Bering
Sea and Aleutians.

Catch and effort data by L/2.IaE.
and 1'Iong. statistical block and
by month, vessel c1ass, and gear
type

Catches estinated from U.S.
surveillance over flights and
boardings by U.S. surveillance
personnel.

Catch and effort data by I/2.Lat.
and 1'long. statistical blocks
and by nonth, vessel class, and
gear type.

Catch and effort data by L/2"laE.
and 1'Iong. statistical blocks
and by nonth, vessel class, and
gear type.

Catch and effort data by 1,/2,LaE.
and 1-'Iong. statistical blocks
and by month, vessel class, and
gear type.

Peoplers
Republic of China L977-79



Table 2.--Walleye poLlock catches in the Bering Sea in thousands
of netric tons.

Donut Hole Zone u. s. u. s. s.R.
Donut EEZ EEZ
hole AIIYear P.R.o.c. JÀPA¡I R.o.K. p.p.R. u.s.s.R. total nations

1980 2.4 L2.5 958.3

1981 .2 0 973.5

1982 r.2 2.9 955.9

1983 4.1 66.6 982.4

1984 100.9 80.3 181.2 1,098.8 756

1985 1.6 r36.s 82.4 115.8 336.3 11 178.8 662

1986 3.1 698.0 164.0 t63.2 41.0 1,069.3 1,189.4 838

L987 16.5 803.5 23L.0 230.3 158.0 1,439.3 L,2S3.S 6g9

1988 18.4 750.0 268.6 298.7 135. O L,47o.7 L,229 L,ZS3

1989 31.1 654.9 342.3 268.6 2t9.o 1,515.9 1,386.0 961

P.R.O.C. - Peoplers Republic of China.
R.O.K. - Republic of Korea.
P.P.R Po1ish Peoplers Republic.
EEZ - Exclusive Economic Zone.



Table 3.--Pollock catch and effort data from the International
Zone, 1980-1990.

Fishing nation Years Data available

Japan

Republic of Korea

Poland

People I s
of China

u. s. s. R.

1980-82
1983 -87
1988-89

1985-90

Republic 1985-89

1986-90

catch and effort by 1/2o1at. and
lolong. blocks, month, vessel
type and gear type

annual catchesr no effort
catch and effort by ¡nonth
catch and effort by L/2oLaE. and
lolong. blocks, month, vessel
type, and gear type

catch and effort by L/2oIaE. and
lolong. blocks, month, vessel
type and gear type

catch and effort by L/2oIaE. and
loof China long. blocks, neek,
vessel type, and gear type

annuaL catches by L/2oLaE. and
1o1ong. blocks

1980-89
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Figure 1.--Japanese catches of pollock by month in the eastern
Bering Sea and Aleutians, L964-79 "
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Figure 6.--Catches of pollock in the vicinity of Bogoslof Island
U.S. joint venture and do¡nestic fisheries.
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Figure 7.--Catch-per-unit effort (CPUE) for pollock in international waters of the Àleutian
Basin as shown by catch and effort data from the four najor fisheries in this
area. The CPUE values are in terms of metric tons per hour for the Japanese,
Korean, and People's Republ-ic of China fisheries and metric tons per day for the
Polish fishery.
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Module C: ltortality Rates

Sacilitator: Dr. Ànne Babcock Hollowed

1.0 TNTRODUCTION

l{orkshop discussions regarding estination of natural nortality
focused on several subjects. The session began with a review of
current methods for estimating natural mortality. Following this
discussion, naturar rnortarity rates for porrock derived -using
different methods r¡/ere compared. Several ne$¡ estimates werã
introduced to provide examples of the range of coefficients that
could be generated using methods based on catch analysis or life
history parameters. The session ended with a discussion of
atternpts to distinguish the influence of predators as a separate
source of natural mortality.
2.O REVIEIT OF I,TETHODOLOGY

Three nethods are currently used to estimate natural mortality
rates (M) of fish popurations: catch analysis, life history co-
variates, and estimation of predat,ion lvetter, 1989). The
advantages and disadvantages of each method were discussed.

2.t Catch Analvsis Methods

Estination of natural nortality from catch data are based on
measures of the decline in abundance of groups of fish over two or
more time intervals. Two types of catch analysis methods were
reviewed,' methods based on trends in catch-atl"g., and tagging
studies.

Catch analysis techniques based on catch-at-age data include
catch curve analysis, and rnonitoring a single cohort through time.
Catch curve analysis is based on the assumption that abundance
decreases exponentiaJ.ly with age. Logarithrnic conversion of catch-
at-age data results in a relatively linear decrease during mostexploited ages, after an initial inciease in vulnerabifity (ietter
1988). The slope of the best fit line of the descending limb ofthe logarithm of catch-at-age provides and esti¡nate bt totalmortality. rf fishing rnortatity (F) is snaIl., then F is
approxirnatery zero and total mortality (z') is assumed. to be due to
naturar mortality alone. rf F is non-triviar, M can be estimated
by deterrnining Z aE various levels of fishing effort. Then using



the relationship between Z and efforÈ, the value of Z at zero
effort (M) can be approxinated (Sillman 1943, Beverton and Holt
L957, Paloheimo 1961, Lander 1962, Chaprnan and Murphy 1965, Paulik
and Robson 1969, Gulland 1983, Butler and MacDonald L979).

If auxiliary abundance data is available from surveys, the
total rnortality (Z) of a cohort can be calculated. Tota1 rnortality
can be partitioned inÈo components of fishing and natural mortality
in the following manner. Let N,(t) be the estinat,e of the total
population of cohort i in year t.' Tota1 nortality is estimated as:

zi(E, È+1) = - In (N, (t+1) / Ni (t) )

. The exploitation rate (Ei (t, t+1) ) can be estimated from the
ratio of the catch (C¡ (t, t+1) ) taken from year after the esti¡nate
of N,(t) and prior to.the estimate of N,(t+1) as:

Ei(È, t+1) = C,(t, t+1) / Ni(t)

The exploitation rate can be equated to Baronovrs catch equation:

ci (t, t+1) / Ni (t) = F, (t,t+1) t1 - exp(-2, (t,t+1) I / Zi(t,t+1)
which can be solv-e! for F, (trt+1) . Natural nortality Mi (t,t+1) can
then be estimated by subËracting F from Z.

The advantage cat,ch analysis techniques which utilize catch-
at-age data for estinating nortality is that data is readil-y
accessible from the fishery. The najor disadvantages of this
nethod are: a) that fish ¡nust aged without error, b) popurations
rnust, be closed to migration, c) natural nortality must be
reratively constant between age groups, and d) compensatory
relationships between stock abundance and M, and F and M must noL
be present (Table 1).

The second type of catch analysis method for estinating
natural nortarity is mark recapture (Jones L979, Brownie et, al.
1985). The najor advantages of mark recapture nethods are: a) the
studies focus on rerative rather than absolute changes in
abundance, b) innigration is ress of a probrem, c) if rarge number
of fish can be marked, differences between groups (i.e. açtes,
sexes, or areas) can be studied (TabLe 1). The rnajor disadvantages
of mark recapture studies are: a) ¡nark induced effects on
nortarity, behavior and vurnerability to capture must be
considered, and b) some narks may be lost (Tabre il. rn the case
of Bering sea pollock, it may be difficurt to bring fish to the
surface without harning the fish.



2.2 Life Historv Methods

Lif e history rnethods f or estirnating M are based on the
theoretical relationships between life history parameters and 14

(Table 2). The major advantage of these rnethods are: a) the data
requirernents are minimal, and b) they are useful- for demonstrating
broad trends across species (TabJ-e 1) . The rnajor disadvantages of
using this type of technique are: a) the estimates of M are
irnprecise, and b) the nethod can not be used to detect age specific
differences in mortality (Table 1).

2.3 Predation Methods

When trophic interactions between species are known, the
components of natural rnortality attributed to predation can be
deterrnined. Natural rnortality is estirnated as the sum of a
constant rate of non-predatory, non-fishing mortality plus the
total estirnated f lux of prey relative to each of the rnajor
predators (Majkowski 1981, Pope and Knights 1992, Laevastu et ar.
le82).

Predation rnethods that incorporate trophic interactions are
useful because age specific and year specific differences in
rnortality can be studied. The disadvantages of predation
methodology are: a) it is often difficult to define vulnerabifity
and prey preference functions, b) tine series of abundance may not
be available for species that, are not commerciarry exptoited, and
c) the technique is most applicable when trophic interactions are
simple (i.e. predators have few alternative prey) and predation is
the najor factor controlling prey abundance (Table 1).

3.0 ESTII.Í,ATES OF NATT'RAL ¡,TORTALITY FOR POÍ,LOCK

3.1 Publíshed Estinates of Natural Mortalitv Rate

Several different estimates of age specific natural rnortality
have been presented for Bering sea polrock (Bakkala et. ar. ),9a7,
Horbowy and Janusz 1990, Míto 1999, Mito 1990, zolotov and Àntonov
1989) (Tab1e 3). The largest differences between each of these
estirnates occurs at younger ages. The high esti¡rates of natural
mortality at age three presented by Mito (1989, 1990) resulted from
the inclusion of mortality due t,o cannibalism.

Dr. Mito described the methods he eurployed to esti¡nate M.
Mito (1989) assumed that there rrrere three stócks of porlock; a
western continental shelf stock, an eastern continental shelf stock



and a basin stock (Figure 1). He assumed that the eastern and
western continental shelf stocks spawned, developed, grew and
nigrated on the shelf and slope areas, whereas, it was assumed that
the Basin stock spawned in the Aleutian Basin, çtre$¡ on the
continental shelf and slope areas and returned to the basin at age
5 or 6 (Figure 1).

Mito (1989) calculated the 1989 esti¡nate of M for fish aqe 4+
as follows" The decline in abundance of fish age 6 and older nas
monitored using estinates of total abundance frorn the L979, L982,
and 1984 joint U.S. / Japan cooperative groundfish surveys. Based
on this analysis total rnortality (Z) was estimated to be 0.45. An
esti¡nate of f ishing rnortality was derived from the population
number and the catch in nurnber using Japanese multivessel trawl
survey results and Japanese catch data. Mito estiurated natural
nortality was 0.35 by subtracting F from Z.

Dr. Mito explained that the natural mortaliÈy for age 3 fish
was much higher than 0.35 because of the influence of cannibalisrn.
He calculated the number of age 4 fish in the eastern continental
shelf stock by back calculating frorn the abundance of age 6 fish
assuming z waè equar to 0.45. The nurnber of age 4 tián in the
Basin stock was estímated as the difference between the abundance
of age 4 fish from the nulti-vessel trawl surveys and the back
calculated abundance of age 4 fish in the eastern contÍnental shelf
stock. The number of age 3 and younger fish was back-calculated by
estimating the number of fish consuned by cannibarism and bi
assuming natural nortality hras 0.35. The eitirnate of cannibalisln
depended on the abundance of older fish in the population (Figure
2). Based on this data Mito (1990) assumed that natural rnortality
of 3-year-ord fish due to cannibalis¡n was on average 0.65 (0.5 iñ
Mito 1990).

Mito (1990) presented two series of age specific natural
rnortality. The nethods used to esti¡nate M for ãges 4+ lrere sinilar
to those described above. The first estimate (0.38) was obtained
by estinating fishing mortarity (0.07) on the Lg72-L976 year
classes based on Japanese catch-at-age data. Natural rnortatity(0.?8) was estimated by subtracting fishing nortarity from the
estinaÈe of total nrortarity (0.45) used eãrlier. ine second
estimate of natural mortality (0.29) was calculated in a si¡nilar
Inanner, however, F (0.16) was estirnated using catch-at-age data
from age determination conducted in the U.S and the results of
U.S.- Japan cooperative surveys.

Dr. wespestad briefly described the technique he used toestinate naturar mortality. His estimates were derived by
iteratively changing natural mortality and fishÍng rnortality
coefficients to obtain the best fit to the survey abunaance-at-agé
estimaÈes and the observed catch-at-age data.



Horbowy and Janusz (1990) estinated natural nortaJ-ity of
pollock in the Àleutian Basin of the Bering Sea using catch curve
analysis. The analysis was based on 1985 catch-at-age data when
the exproitation rate was low. The srope of the catch curve -o.37provided an estimate of total rnortality (Figure 3). The authors
assumed that M would range from o.2 0.3 and suggested that a
value of 0.2 should be applied to the Aleutian Basin pollock stock
(Tabte 3).

¡1.0 ÀPPI¡ICATION OF CATCE ANÀIJY8f S AlfD ['IAE HISTORY l,fETUODg

Àpplications of catch analysis and life history nethods for
estinating Il were presented.

{.1 Application of Catch Analvsis Met-hods

Natural nortality v/as calcuLated by subtracting fishing
nortality fron total nortality. Estinates of F and f weie deriveá
by rnonitoring the decay of a cohort over time as described insection 2.1. Values of M derived from estimates of popu)-ation andexploitation rates were made using abundance estimãtLs from theL979, 1982, 1985, and 1988 u.s. / Japan boÈto¡n trawl and
hydroacoustic surveys. To avoid problerns associated with gear
selectivity, only data for fully recruited age groups (age 4 tó 9)
stere used. Catch estimates were made by assuming that the catch
stas evenly divided into the first and Èecond natr of the year.
AnnuaL tine steps vtere Ínitiated in the niddle of the year since
the surveys were conducted in tt e sunmer. Esti¡nates óf naturalnortality for different cohorts had mean values from 0.346 to O.42gwith an average of 0.375 (Table 4).

1.2 Àpplicat,ion of Lif e Historv Methods

Estinates of natural mortality were calculated using the
methods of Alverson and carney (r97s) and pauly (1990). Àrvêrson
and carney (].975) suggested that a first approxiriation of naturalnortality rate (M) could be based on the ti¡re a cohort maxinizesit: qggregate weight and the theoreticar age maximum. Therelationship between these factors is mathenatióally described as:

M = 3K / [exp(0.38 * T*, * K) 1]

Wher_e T*r.l= the ¡naximum observed age in an unfished population,
and K is the von Bertalanffy growth parameter.
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Pauly (1980) not,ed that the growth parameter K is directJ.y
related to longevity and that ternperature should influence natural
rnortality. Using rnultiple regression techniques he related von
Bertalanffy growth paraneters and arnbient water temperature to M.

Iog,o(M) = -Q.0066-0 .279 (logro(L") ) +0.6s43 (1o9ro(K) ) +0 .4634 (log,,o(T) )

where L. is the asyrnptotic tength parameter of the von Bertalanffy
growth equation, and T is the mean a¡nbient temperature.

Estimates of Bering Sea pollock natural mortality were derived
using the techniques described and parameters from various sources.
Growth parameters were obtained from the analysis of length at age
data collected from surveys in 1979, 1981, L982, 1995, 1986, 1989,
and 1989. Temperature was assu¡ned to be 3oC which corresponds to
the temperature at which CPUE (nurnber / hectare) was maxinized
(Figure 4). The ¡naximum theoretical age v¡as assumed to be L4.

Estimates of naturaL nortality based on the Alverson and
carney (1975) nethod ranged from o.23 to 0.45 (Table 5). The mean
value of M for males and fenales vras 0.33 and 0.36 respectively
(Table 5) .

There was some concern that the esti¡nate of rnaxinum acre lT =
14 ) was not representative of the old f ish observed in the af erìtHtt
Basin. For comparison, the analysis was repeated using a rnaximum
age of 25. The estimates of M from this analysis srere much lower
ranging from 0.06 to 0.21 (Table 6). The mean value of M for males
and females was O.t2 and 0.14 respectively (Tabte 6).

The average estinates of natural rnortality for males and
femaLes calcurated using the Paury method vrere o.17 and o.15
respectively (Table 7). These estimates lrere sinilar to vaLues
derived using the Àlverson and carney (Lg7s) rnethod when T*, was 25
years (Table 6).

{.3 Sunrnary of Estimates of Natural Mortalitv

Estinates of natural ¡nortality for walleye pollock range from
0.06 to 0.59 (Tab1e 8). fn general-, nost estinates were between
o.25 and 0.35. Based on this infornation the estimate of M = 0.3
presented by l{espestad et. aI. (1990) appears to be reasonable forfish age 4 and above. The Korean delegãtion suggested that given
the uncertainty in the true esti¡nate of natural rrortality, a iangeof values should be utilized in stock assessments.

Sone participants advocated using 0.3 for the sheLf stocks and
0.2 for the basin stock. Several scientist questioned the validityof this.assumption. If pollock in the Basin represent a separatã
stock with distinct growth patterns and longevity then applying a



Iower natural ¡nortality to these fish nay be justified. However,if Pollock in the_.Basin rep.resent sorne rråctioñ of the shelf stock,or if the Basin fish are migrating through the basin then a singfånatural- nortality coefficient should be ernployed. Additioñalinforrnation on the stock structure of aering sea porlock is
necessary to resolve this issue.

5.0 ÀPPIJTCAÎION OF PREDATION T-IETHODS

Considerable effort has been devoted to the study of trophicinteractions between najor fish species in the Bering s-ea. À totalof 81r007 stomachs v/ere examined at the Al-aska fisheries Sciencecenter since 1983. (Table 9). of these, over 32,ooo polrock
stomachs v/ere examined (Table 9). The availability of infoimation
on the feeding habits of marine fish in the Bering-Sea provides anopportunity for. identifying the components of naiural mortality.Bax and Laevastu. (1990) provided an example of this type õrcompartmentalization of mortality. These authors estimatea-eo.Stof the predation mortality of pollock was attributed to cannibalisrn(Figure 5).

fn order incorporate inforrnation on predation rnortality,estimates of the predation pressure at aõe or size nust beevaluated. Gorbatenko and Dolganova (19g9), Livingston (1989), andMitg (198e) atr studied the feeding' 'behaviór of poiiocr.
Gorbatenko and DoÌganova (L989) studíed the feeing behãvior ofsexually mature walleye pollock in various regions of the okhotsksea Ín auÈumn. These authors found the adult polrock preyed on awide range of food itens. Euphausiids were the main jroup ofzooplankton consumed and juvenile fishes and squids were þroUãnfysecondary food iterns. Gorbatenko and Dolganovà (1999) aléo noteãthlt the prinary prey item consumed varied consideraUiy by region(Figure 6). The- size range of juvenile pollock consurnãd Ëy aáuftpollock in the Okhotsk Sea ranged from ¡-O-f¿Onn.

Livingston (1989) studied the food habits of poJ-lock from 1981L997. she observed that porlock 4ocm and abõve had a higherfrequency of cannibalism than smaLler polIock. The incidencã ofcannibalism was nost prevaLent, in the autumn season followed by
summer, winter _and. spring. Because of the patchiness of sanpriniit r.¡as difficult to define geographical trLnds in cannibalisn. -
However, cannibalisrn was observed most frequently in the niddleshelf area with b-ottom depths between 5o-1oon lrigüres 7-11). Thesize range of. pollock fouñd in the stomachs or åauit pollock varied
by, season (Figure 12). The nodal size of pollock cãnnibalized in
autumn_ yas app_rox.irnatery 75mm; the size range of age o and 1 yearold pollock. Estirnat,es of the nunber of pollock canñiuaLízed sirowsappears to be rerated to year cÌass stréngth (Figure 13).



Míto (1990) presented data that conflicts with the results of
Livingston (1990). Based on an analysis of approximately 32r000
stomachs, Mito examined year, season and size effects on the
incidence of cannibalism of Bering Sea pollock. The results of
this analysis indicated that in addition to 0 and 1 year o1d fish,
age 2 and 3 year old fish were also observed in the diet (Figure
L4). Mito estimated age specific rates of nortality by cannibalism
for shelf and basin populations (Table 10). These results show
nortality due to cannibalism remains high at ages 2 and 3.

Honkalehto (1989) atternpted to account for three important
sources of natural mortality among fish populationsi cannibalism,
predation by marÍne mammals and other natural rnortalities. The
results of this study show the mean biomass at length would may be
underestinated when cannibalisn and marine nammal predation are not
incorporated into assessment models.

Honkalehto (1989) applied a theoretical technique to estímate
the critical size range of prey consumed by adult pollock. The
critical size raÈio technique $ras developed by Ursin (1973). The
critical size ratio describes the prey size preference of predators
as a log-normal frequency distribution of predator-weight divided
by prey-weight. Honkalehto (1989) utilized the mean predator:prey
weight rat,io for cannibalistic silver hake (Merluccius bilinearis)
estimated by Hahn and Langton (1980). Silver hake nere assumed to
exhibiÈ feeding capabilities si¡nilar to walleye pollock. Using
this relationship the mean size and the size at, plus or ninus one
standard deviation (c) could be estimated. Assurning that the
Iogarithm of the predator to prey ratio was 7.2 and the standard
deviat,ion lras 2.LI (i.e. estimated values for silver hake), the
najority of pollock cannibal-ized would be age 0 and 1 (Table 11).

6.0 suto,tÂRY

Estirnates of natural rnortality of pollock derived from catch
analysis or life history methods were generally between O.25 and
0.35. Therefore, the estimate of M = 0.3 presented by Wespestad
et. al. (L990) appears to be reasonabl-e for fish age 4 and above.
The presence of old fish in the ÀIeutian Basin presented a dilenrna
for the workshop participants. Some participants advocated using
a lower natural mortality rate for fish in the Basin. Other
participants suggested that a single rate nust be used until there
is clear evidence that the Basin fish belong to a separate stock.
Conflicting data regarding cannibalisn of two and three year old
fish was also presented. Mito (1990) found that in addition to 0
and 1 year o1d fish, 2 and 3 year old fish were cannibalized.
Livingston (1989) and Gorbatenko and Dolganova (1989) found only 0
and 1 year old fish were consumed. Further studies are necessary
to provide answers to these problems. Considering the uncertainty
associated with the current estimaÈes of natural mortality, a



prudent approach may be to conducÈ stock assessments using a rangeof natural mortality coefficients.
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Table 1. Àdvantages and disadvantages of different methods of
estinating natural mortality.

l. Catdr lnat¡cir

Grolping by Age:
Adrmtagcss data readity acccssibtc fron fishcry.

D i radvantagcc:
r. cro(po m¡st be âdêquatêLy identifiebtc.
b. PoF¡tatioß m.¡st bc ctosed to migration.
c. H tn¡st b. retativcty constant bcttcen !9e groupo.
d. Colçcneatory rctatimships bctreen stock ebt¡nd¡rro and ll and fishing mrtâlity and l{ trust
not b. present.

Hark Recapture:

^dyanteges:a. Coræcntr¡tion on tpasuring retative rather than ¡bsotutc diffcrenccs in ah¡ndance.
b. lmigration is not e probtem.
c. lJith targc salrptc slzes analysis of diffcrences bêtrcén groupc can be examined (inctuding
diffcrences et å9e, betreen sexes or bet¡een area¡).

D i saórantagee:
a. l{ark índuced effects on mortality. behavior, wtnerabitity to capture m¿st be considered.
b. Hark [oss"
c. Difficutty of tagging pottock in thc Bering Sca.

2. Estiætiqr Fra Lifc History paræterr:

AdylntâEe¡:
!. llinimt date reqr¡ircænts.
b. Uscfut in demonstrating broad trcnds across spccics.

D i sadvantrges:
r. Estimåtes arc inprccisc.
b. C.n not dctect egc specific diffcre¡rces in nnrtatity.

3. Preôticr tlodct¡:

Advantagcs:
a. Age spccific and ycar specific differences in rærtetity can bc str¡died.

Disadrrantagcs:
!. Difficutties in dcfíning wlnerabitity an preì, prcfcrcncc fr¡rctionc.
b. Rcquircs ti¡n seric¡ of ah¡ndance for many spccies thet ¡rc rrct cq¡prcial,ty exptoited.c) The techn-iqre is most appticabtc rlrcn trophic interactions are rirple (i.c. piedaiors havefer.[têrnåtive prey) and prcdation is the major fsctor controtting þrey ahndãnce.



Table 2. Studies relating instantaneous rate of natural mortality to life history traits
in fish. From Vetter (L988).

Life History Traits Species Source

'T*,, 'K, tIæ, ¡netabolic rater vêìrious Beverton and HoIt LgSg
reproduction

T*,, K, Ic,, Iå,., fishing clupeids, ençtraulids Beverton L963
'Vü" general Ursin Lg67
T-,, 6TBxb, K, general Atverson and Carney L975
growth rate young fish f{are L975
L..., gonad size, conditon gadoids Jones and Johnston 1977
T*, general Blinov t977
gonad/body weight index, general Gunderson 1980, andtÀSM, T-,, Iæ Gunderson and Dygert l-988
f$o, Tør,, K, water temperature L75 stocks Pauly 1980
enerçry cost of reproduction general Myers and Doyle 1983
T*, various Hoenig 1983
weight various Peterson and $Iroblewski 1983
K, Iæ, I+,. various Roff l-986

'Maximum açfe. l"Iaximum weight.zvon Bertalanffy growth parameter. uAge at occurrence of cohortts maximum bíomass.
'Maximum length. 'Age of sexual rnaturity.
'Length at age of sexual maturity.



Table 3.

Àge

Estimates of age specific naturaL mortality.

Bakkalat Mito 89'z Mito 90 r' Mito 90 rr' Zolotov' Horbowy

2
3
4
5
6
7
I
9

0.45
o. 30
o.30
0.30
0.30
0.30
0"30
0.30

1. OO

o. 3s
0.35
0. 35
0. 35
o. 35
o.35

0.8;
0.38
o.38
o.38
o. 38
o. 38
o. 38

o.7;
o.29
o.29
o.29
o.29
o.29
o.29

L. O;
o. 65
o.37
0.t5
0. 16
o.2L
0.30

0.2;
0.20
0.20
0.20
0.20
o.20
o. 20

l.

a

3.

Bakkala, R.G., V.G" \ilespestad and L.L. Low. 1987. Historical trends in abundance and current condition of walleye pollock in
the eastern Bering Sea. Fisheries Res. 5:199-215.

Mito, K.. 1989. Stock assessment of walleye pollock in the Bering Sea in 1989. (Document submitted to the Annual Meeting of
the International North Pacific Fisheries Commission, Seattle, Washington, 1989 October.) 30p. Fisheries Agency of Japan,
National Research lnstitute of Far Seas Fisheries, 7-l Orido 5 chome, Shimizu, Shizuoka, Japan 424.

Mito, K.. 1990. Stock assessment of walleye pollock in the Bering Sea in 1990. (Document submitted to the Annual Meeting of
the International North Pacific Fisheries Commission, Vancouver, Canada, 1990 October.) 48p. Fisheries Agency of Japan,
National Research Institute of Far Seas Fisheries, T-l Orido 5 chome, Shimizu, Shizuoka, Japan 424.

4. Zolotov, O.G. and N.P. Antonov. 1989. Condition of the walleye pollock stock in the Pacific waters of Kamchatka and the
northern Kuril Islands. In Proceedings of the International Symposium on the Biology and Management of Walleye Pollock.
Lowell Wakefield Fisheries Symposium. AK Sea Grant Rpt. 89-1, pp.549 - 557.

5. Horbowy, J. and J. Janusz. t990. Assessment of walleye pollock biomass in the Aleutian Basin based on cohort analysis and Polish
fisheries data. In. Compilation of papers presented at the lnternational Symposium on Bering Sea Fisheries. April 2-5, 1990.
Khabarovosk, U.S.S.R.. p. ll3-182.



Table 4. Estimates of, natural mortality based catch analysis methods for rnonitoring the
abundance of a cohort through time. The analysis was conducted by nonitoring abundance and
catch of fish over a three year interval using data frorn the 1979, 1982, L985, and L988 U.S.-
Japan cooperative hydroacoustic and trawl surveys of the eastern Bering Sea and commercial
catch data from the eastern Bering Sea.

Period Àges
Catch

(miIIions)
1u

c/N
2r
3 yrs

3z
3 yrs

4M

annual

4-7
5-8
6-9

4-7
58
6-9

4-7
5-8
69

4-7
58
6-9

82-85
82-85
82-85

85-88
85-88
85-88

79-82
79-82
79-82

Mean
Mean
Mean

655.035
480.948
236.56L

2 ,434.561
588.611
L25.LL9

577.OL2
821. 059
568 .473

0.410
0.366
0.468

o.203
o. 164
o.2t6

o -367
o, 175
o.17 4

0.883
o.720
0.858

0.406
o.402
0.456

0.387
o.350
0.360

L.794
1. 553
L.367

L.599
2.181
L.7 44

o. 105
L.597
1 . 681_

0.304
o.278
o. 170

0.398
0.593
o .429

unr
0.416
o .440

0.351
o.429
o -346

t
3

Exploitation rate
Total mortality

Fishing mortality rate
Natural mortality

2
4



Table 5. Parameters used to estinate natural rnortality based on
the Alverson and Carney nethod.

Year Class Nation Gear Sex Trnax M

L979
L979
1981
1981
L982
L982
]-982
1985
1985
1986
1988

US
Japan

us
Japan

US
us

Japan
uslJPN

US
US
US

o.2t
0. 08
0.21
o.27
0. 16
o.28
0. 18
0.14
0.30
0. 13
0.20

0.31
0.45
0.31_
0.25
0.36
o.24
0.34
0.38
o.23
0. 39
o .32

Btn Trw
Midwater

Btm Trw
Midwater
Btm Trw
Btm Trw

M
M
M
M
u
M
M
M
M
M
M

14
l4
L4
T4
14
L4
L4
14
T4
I4
L4

Mean

Year Class Nation Gear

r979
]-979
198 1
1981
1982
L982
L982
1985
1985
1986
r.988

US
Japan

US
Japan

US
US

Japan
uslJPN

US
US
US

o.2L
o.t2
0.2L
0. 1_8

0. 15
o.2L
o.L2
0.14
0. 18
0. 1r_
0. 15

0.33

M

0.31
0.40
0.31
0.34
0 .37
0.31-
0.40
0.38
0.34
0.4L
o.37

M

Sex Tmax

Btn Trw
Midwater

Btn Trs¡
Midwat,er
Btn Trw
Btm Trw

F
F
F
F
F
F
F
F
F
F
F

I4
t4
t4
L4
L4
L4
1,4
t4
L4
t4
L4

Mean 0.36



Table 6. Parameters used to estimate natural mortality based on
the Alverson and Carney method.

Year Class Nation Gear Sex Tmax M

r979
I979
1981
19 81
L982
L982
1982
1985
1985
1986
1988

US
Japan

US
Japan

US
US

Japan
uslJPN

US
us
US

o.2I
0. 08
o.2I
o.27
0. 16
0.28
0. L8
0. 14
0.30
0. 13
o.20

0. 1_0

o,2I
0. L0
0. 07
0. L3
0. 06
o.L2
0. 15
0. 06
0.t6
0. t_t_

Btm Trw
Midwater

Btm Trw
Midwater
Btm Trv¡
Btm Trw

M
M
M
M
M
M
M
M
IÌ{
M
M

25
25
25
25
25
25
25
25
25
25
25

Mean

Year Class Nation

L979
r979
1981
1981
1 982
]-982
1982
1985
1985
1986
1988

US
Japan

US
Japan

US
US

Japan
USlJPN

US
US
US

0.2r
0.t2
o.2L
0. 18
0.15
0.21
o.L2
0. 14
0. 1.8
0.11
0. r-5

o.12

M

0. 10
o.L7
0. 10
o.L2
0. 14
0. l_0
o.L7
0. L5
o.L2
0. L8
0. 14

Gear

M

Sex Tmax

25
25
25
25
25
25
25
25
25
25
25

Btm Trw
Midwater

Btn Trw
Midwater
Btn Trw
Btm Trw

F
F
F
F
F
F
F
F
F
F
F

Mean 0. 14



Tab1e 7. Pararneters used to estimate natural mortality based on the
Pauly method.

Year Class Nation Gear Sex TEMP MIæ

L979
L979
1981
1981
1982
L982
L982
1985
1985
1986
r_988

US
Japan

US
Japan

US
us

Japan
USIJPN

US
us
US

Btm Trv¡
Midwater

Btn Trw
Midwater
Btm Trw
Btn Trw

M
M
M
M
M
M
M
M
M
M
M

3
3
3
3
3
3
3
3
3
3
3

o.2I 66.90 0. 1,8
0.08 118.40 0. 08
o.2t 72. OO 0. 18
o.27 59.90 0.22
0.t6 78.50 0.t5
o.28 53 .70 0.23
0. 18 67.00 0.17
0.14 82.L0 0.t3
0.30 52 .60 0 .25
0. 1_3 81.81 0. t 3
o.20 63.60 0.l_8

Mean

Year Class Nation Gear

M

Sex TEMP Iæ

o.L7

M

I979
r979
1981
198 1
L982
t982
L982
1985
1985
r_986
1988

US
Japan

US
Japan

US
US

Japan
uslJPN

US
US
US

Btn Trw
Midwater

Btm Trw
MidwaÈer
Btm Trw
Btm Trw

F
F
F
F
F
F
F
F
F
F
F

3
3
3
3
3
3
3
3
3
3
3

o.2L 69.51 0. 18
0. 12 l_05. 64 0. 1.L
0.2t 75.80 0.18
0.18 74.30 0.1_6
0.1"5 85.00 0.L4
o.2L 63 .20 0. 19
0.),2 86. r.0 0,L2
0. 14 89.80 0. r-3
0. 18 63 . 50 0. r-7
0.t1 93.05 0.11
0.15 74.50 0.r.4

Mean 0. 1,5



Table 8.

Ìlethod

Comparison of natural mortality estimates for fish age 4 and above.

Hethodology Loc¡tlon Scx Rango Hcm

Alvcrcou ud Cemoy (1975)

Alvcrson md Camcy (1975)

P¡uly (1980)

Prcrcnt Study

t{Lto (1989,1990)

Eorbory end Juusz (1990)

llekebeyeshl 3rowth p¡,r¡ætcr

Eolloved end N.grey (1990)

Zolotov and Antonov (1989)

Bakkala ct. aI. (1987)

Llfc Elatort P8reêtar!
Toax cqul to 14 ycerr

Llfc Et:tory P¡r@tcr!
Toax cqual to 25 yeers

Ll,fc Ebtory PeruÈ.rr

Cotch Ârnlyrlr

C¡Èch Anslysls

Cetch Ân¿Lyslt

Llfe Elstory Prr¡æt.¡s

Llfa Etstory Paruetcrs

Unknosrr

Catch Ânalysls

E8¡tcm Bcrlng Scr
E¡¡tcm BcrLng Sea

E¡:tcm Berlng Sca
E¡sten Berlng Sea

E¡stcrn Berlng Scr
E¡rtcrn Bcrlrrg Sea

E¡¡tcn 8crlng Sca

E¿stcn Berlng Sea

^lGutle¡l 
Basln

Eoklcaldo, Japm

Gulf of Alask¿

Kmchatka & Kurll Is.

Eastem Berl.ng Sea

FcuL¡
Halo

Fcoalc
HaIc

FæLc
H¿lc

0.31 - 0.a1
0.23 - 0.45

0.10 - 0.18
0.06 - 0.21

o.11 - 0.19
0.08 - 0.22

0.17 - 0.59

0.29 - 0.38

0.36
0.33

0.14
o.L2

0.15
0. 17

0.38

- 0.20

0.20 - o-32

o.22 - O.32

0.15 - 0.65

0.30



Table 9. Number
Fisheries Science

Species

of sfomachs scanned and analyzed by the Alaksa
Center from L983 L990.

Scanned Analyzed TotaI

Yellowfin sole
Walleye pollock
Pacific cod
Arrowtooth flounder
Greenland turbot
Flathead sole
Pacific halibut
Rock sole
Alaska plaice
other species

683
25,L94

545
174
435

t_, 059
0

660
643

6 ,44r

L2,Ll.5
7 ,5OO

ro,]-25
4,974
2 | 1-92
6 ,436

624
584
430
193

12 t798
32 ,694
10, 670
5,L48
2 ,627
7,495

624
L t244
L,073
6t634

Total 35 r 834 45,173 81,007





Table l-1- GeomeÈric mean weight at length form Bering Sea walleye poltock and estimates of
mean size of prey based on the critical sÍze ratio technique.

Length
(cn)

Predator'
I{eight range

(g) (g)
Mean Weight

(s)
Mean

(g)

Prey2
-c
(E)

+a
(g)

o-5
6-1,0

t_1-15
L6-20
2L-25
26-30
3 1-35
3 6-40
4I-45
4 6-50
51-55
56-60
61-65
66-70
7L-75
76-80
81-85

o. oo7
1. 55
9.45

28.80
64.76

I22.30
206.46
322.24
47 4.59
668.48
908.86

L200.70
1-548.80
L958.10
2433 .60
2940.20
3602.60

0.90
7.LL

23.78
56. OO

108.82
L87.26
296.3L
440.96
626.L5
856.83

LL37.94
L47 4 .4L
1871_. 13

- 2333.02
2864.96
347L.84

- 4158.55

o. 16
2.65

14.60
40. oo
84. OO

L51. OO

256. OO

374.OO
543. OO
755. OO
997.OO

1298. OO
1658. OO
2076.OO
2530. OO
3043. OO
3677.OO

o. ã,.,
o.030
o. 063
o. Lt-3
0.191-
o.279
o.405
o.564
o.7 44
0.969
L.238
L.550
1.889
2.272
2.7 45

-
o. ool
o. oo4
o. oo8
o"014
o.023
o. 034
o. 049
o. 068
o. 090
o. 117
o.150
o. L88
o.229
o.275
0.333

o. ãeg
o.246
0.51 7
o.930
L.57 6
2.303
3.344
4 .649
6. L40
7.993

10.210
t2.784
15.580
L4.739
22.643

1.

a

Length - weight rerationship L : a I{Þ a=0. oo7s, b:2.g27 fromSmith (Ls81).

Estimated prey weight from critical size ratio where the critical-size (CZ) equals ln (lro,.o / vtr,,rl : CZ.
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Figure 1. sche¡natic distribution of the assumedpolJ.ock in the Bering Sea. From Mito (1990).
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Figure 5. Estimated sources of predation mortality for pollock inthe Bering Sea. From Bax and Laevastu (l-990).
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Figure 6. Conposition of the food of the sexua).Iy mature walleye
poLlock (t by veight) in the varior¡s regions of the Okhotsk Sea
lsee TabLe 1 for the designation of the regions). 1) Euphausiids;
2l anphipods; 3) chaetognaths; 4) sgr¡ids; 5) fishes; 6) copepods;
7) coelenterates; 8) pteropods; 9) crab larvae; 10) rnysids; 11)
ctenophores; 1,2) decapods t L3) rníscellaneous. The area of each
circle corresponds to the stomach content index: 80-130?o for a
radius of 5mm, 130-1809 for 10nm, 180-230 for 15m¡n. From
Gorbatenko and Dolganova (1989).
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Figure 7. Pe¡cent frequency of occurrence of cannibalisrn bywalleye pollock, Theragra charcoqramrna, by geographic rocatioñ
during sunmer, autumn, and winter of l-981- in-thé eãstèrn Bering Sea
using stomach collection data. From Livingston (1989).
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Figure 8. Percent frequency of occurrence of cannibalis¡n by
walleye porrock, Theragra chalcosrarnma, by geographic rocation
during sunmer, autumn, and winter of L982 in the eástern Bering Sea
using stomach collection data. Fro¡n Livingston (1989).
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Figure 9. Percent frequency of occurrence of cannibarism bywalreye porlock, Theraqra çhalcoqramma, by geographic rocatioiduring sunmer, autumn, and winter o-r rge5 initrã eãstårn Bering seausing stomach collection data. Fron Livingston (L989).
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Figure 10. Percent frequency of occurrence of cannibalisrn by
walleye pollock, Theraqra chalcoqramma, by geographic location
during sunmer, autumn, and winter of 1986 in the eastern Bering Sea
using stomach colLection data. From Livingston (1989).
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Figure 1L.- Percent freguency of occurrence of cannibalism by
walleye poJ.lock, Theraqra charcograrnma, by geographic rocation
during sunmer, autumnr. and winter of 19BZ in-thã eãstãrn Bering sea
using sto¡nach collection data. From Livingston (1989).
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MODULE D



Modu1e D: Age and Growth

FacilitaÈor: Dan Kimura

The facilitator revj-ewed the rrReport from the workshop on
ageing nethodology of walleye pollock (iheraqra chalcocrramma) heldat the sea Fj.sheries rnstitute in Gdynia, poland, septelnber ío-ta,1990.rr (supplenent D.1) This workshop was held at the directrequest of the participants at the Khabarovsk Symposium held Àpril2-1, 1990, in the soviet union. The participãting countriei atthis workshop, canada, Japan, p.R.c., polandr- ana the u.s. !/ereable to agree on two substantive rnatters:

1. Considering both the tine preparing structures, and the qualityof-resulting age data, the participants unanimously agreeã thalu¡der our prese_nt_ knowledge that the break and burn netnoã providesthe best ¡nethod for ageing wa1J_eye po11ock.

2. The participants unanimously agreed that scale ages seriously
underage walleye pollock.

Two areas of needed research were also idenÈified:
1. the identificat,ion of the first annulus appears to be aproblen. For example, were the dorninant year-c1assèi L972 or 1973,and 1977 or L97Br oF both?

2. The break and burn method for warJ.eye porlock needs to bevaLidated.

Dr. Fadeev raised several q the break andburn otolith method of ageing v/a sked if therevrere any differences in the left and when ringfornation occurred. B. Goetz res both otolithéwere examined before one is selected for ageing. She also notedthat there is no known differences in the Lwo Átructures for theDurposes of ageing. J. Lyons indicated that the tining of annulusformation is dependent on the age of the fish, and forrni from Marchto JuIy. rt was aLso asked if the existence ót strong year-classesdid not contradict older ages. The facilitator cornm.itle¿ that thisniøht have been so at one time, but probably nor.r rnost fisheriesbiologists can 3cc_ept the possibility of the existence of strongyear-classes and older ages.
It was pointed out that we used to think pollock lived to be15-16yr old, and few fish rive beyond 1o-11yi, but no$¡ we havedoubts. Dr. Fadeev then summarizea tne resulÉs'of several ageingnethod studies perforrned in the soviet union, ât TrNRo. These



studies showed scales age ranges were consistently lower than
otol-ith age ranges. Size at age differed greatly by ageing rnethod
and even by reader. ft was thought that growth increment, analysis
did not completely support either the scale or otolith method of
ageing.

Dr. Fadeev went on to summarize his thoughts on this maÈter.
First, he concLuded that there is no consistency in counting or
elininating rings (i.e. ageing criteria) for either the scale or
otolith rnethod of ageing. There have been descrepancies in the
dorninant year-classes when otoliths have been used (this was also
noted at the workshop in Poland). He felt that the growth
increment data suggested that the scale method undercounted the
annular rings, while the otolith nethod added additional rings that
!'¡ere not annular. FinaIly, Dr. Fadeev suggested that age structure
cannot be used to delineate stocks, and he suggested that the
current ages must be used cautiously in any stock assessments.

Dr. Horbowy raised a question as to the validity of using
growth increments in length frequencies to validate an ageing
method. He pointed out that a length category will generally
consist of several ages. A suggestion was nade that an analysis
using distribution mixtures would be more vaIid, but still very
approxirnate.

Dr. SasakÍ noted that age-Iength keys lrere available for the
Bogoslof, She1f, and Doughnut HoIe areas, but what about the
lrlestern Bering Sea?

Because scale data appears
Bering Sea, Dr. Methot described
be used to interpret, scale ages
with otolith ages.

Dr. Lee noted that the Republic of Korea has been ageing
eastern Bering sea pollock since L977 using scales. since 1995,
both scales and otoliths have been collected from the Doughnut
Hole. Korea plans to age the Doughnut, Hole polrock using the
methods recommended by the ageing workshop.

The facilitator not,ed that the AFSC had changed ageing
criteria innediately before the workshop on ageing held in poland.
The criteria change nas to count ages on the r.foott area of the
otorith (see McFarlane and Beanish 1990, p5o). This will provide
older ages for some of the fish over lOyr of age. The correctness
of this procedure is under sone debate in the literature (Gauldie
and Nelson 1990), but this is AFSCTs current ageing method.

References:

McFarlane, G.4., and R.J. Beamish. 1990. Àn examination of age
deterrnination structures of walleye pollock (Theraqra chalcogramrná)
from five stocks in the northeast pacific ocèan. r.N.p.F.c
BulLetin Nunber 50"

Gaurdier R.w., and D.G.A. Nelson. 1990. otolith growth in fishes.
Comp. Biochem. Physiot. Vol g7A, No. 2, p119-135-
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At the Khabarovsk Syrnposium, held April 2-5, 1990, a research plan
for Donut Hole pollock in the Bering Sea was adopted. The first
itern in this plan $/as that a workshop on ageing methodology be
convened in Poland during 1990 to standardize age determination
techniques for walleye pollock. Such a meeting v¡as held from Sept.
1O-l-4, 1,990, ât the Sea Fisheries Institute, Gdynia, Poland. The
participants $¡ere:

L. Canada, DE. Richard J. Beanish, Pacific Biological Station.

2. Japan, DE. Akira Nishimura, Mr. Taku Yoshimura, Institute For
Far Seas Fisheries, Shinizu.

3. Peoples Republic of China, Mr. Ren Shengrmin, Yellow Sea
Fisheries Institute, Qingdao.

4. Poland, Dt. Tomasz B. Linkowski, Dr. Jerzy Janusz, Ms.
Magdalena Kowalewska-Pahlke, Ms. Barbara Szostakiewicz, Sea
Fisheries fnstitute, Gdynia.

5. United States, DE. Daniel K. Kimura, Ms. Julie Lyons, Alaska
Fisheries Scj-ence Center, Seattle.

Dr. R"J. Beamish presented prelininary data to show that accurate
estimates of strong year classes are important in the understanding
of the effects of clirnaÈe changes on recruitrnent. Mr. R. Shengrnin
presented a paper tit,led: Age deterninatíons of walleye pollock
based on otoliths in the eastern Bering Sea. The Japanese
participants gave a presentation titled: Scanning electron
microscope observations of the polished surface of the otolith of
adult walleye pollock in the Aleutian Basin. And the U.S.
partícipants presented three working papers (Appendix 1). In
addition, ageing criteria for walleye pollock were discussed using
photographic prints and slides provided by the Sea Fisheries
fnstitute.

Two otolith reference sarnples $tere prepared for this meeting:

l-. The Alaska Fisheries Science Center (ÀFSC) prepared a sample of
125 otolith pairs collected frorn 4 areas of the Bering Sea and the
GuIf of A1aska. These were either whole otoliths or break and burn
otoliths.

2. The Sea Fisheries Institute (SFI) prepared a sanple of L44
otolith thin sections, collected frorn areas of the Berinq Sea, and
the north Pacific.

the AFSC reference sarnple vtas aged prior to the rneeting by age
readers from Canada, Poland, and the U.S. prior to the rneeting.
This sanple was aged during the ¡neeting by the P.R.C. reader during
the rneeting. The SFI reference sample was aged prior to the
rneeting by three Polish age readers, and $¡ere aged during the
meeting by age readers from the other participating countrj-es. In
addition, the Donut Hole subsanple from the SFI reference sample
was also aged using the break and burn method.
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The results from the ÀFSC reference sanples vJere very encouraging
(Tab1e 1). These results v¡ere judged to be very good consideiing
that age readers came from distant countries and generally have not
had opportunities to work together.

The results from ageing the SFI reference sample was also thought
to be good (Tab1e 2) . AgaÍn, considering that readers r¡¡ere fromdistant countries and did not have the opportunity to worktogether, reader agreement was thought to be quite good. The Donut
Hole subsample of the SFf reference sample was also aged using the
break and burn rnethod (Table 3). The comparison of thin section
and break and bur¡ ages from this sample showed that ages comparedguite welI, but with the thin section rnethod, on average, providing
ages slight,Iy older than the break and burn method.

considering both the tirne preparing structures, and the quality ofresultínq age data¡ the participants at this workshop unanimoüsly

methgd,provides the best method for ageincr walleye pollock. Theparticipants al-so unanimously agreed that- scaÌé ãgêIng seriously
underage walleye pollock.

ft was noted that pollock ageing methodology in the participating
countries could be nade more sinilar by- exchangiig refärencã
sampJ-es on an annual basis. canada, poland, p.R.c., jnd the u.s.
agreed to begin this exchange during the first harf of 1991, with
an exchange of 125 otolith pairs that would be aged using the break
and burn rnethod. It v/as agreed that Poland would initiate the
sample, with the sanple being subsequentry passed to the u.s.,
canada, and P.R.c., in that order. Japan declined to be involvedin the exchange at this tine becausè no production ageing ofwalleye pollock is currentl_y being ptanned.

Several research issues surfaced during the workshop:

1-. It was felt that identification of the first annul-us in walleyepollock should be investigated. Identification of the firètalnulus night be a rnajor factor causing uncertainty in the exacttiming of two dominant year crasses çlslz or Lg7]-, and j.g77 or1978). Exact tining of year classes is critical when attempts arebeing made to correlate year cl ass strength with enviroinental
events.

2- The break and burn ¡nethod for ageing walleye pollock has neverbg.l properly validated. Validation is a aitficuft problem, butwithout vaJ-idation, pollock age data wiII depend on our working
hypotheses concerning what annurL are in this-species, and may iñfact be incorrect.

3. . Participants at this workshop agreed that, an interchange ofscientific information and mañusðripts concerning the agedetermination for ¡¡aLleye pollock woulã be nutually -¡enericiai.
The AFSC agreed to be the clearing house for passing information onto workshop participants.
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Table 1. Results from ageing the A1aska Fisheries Science Center
reference sanple using the break and burn ¡nethod. Reader L=Julie
Lyons, 2=Betty eoeEz, 3=Shayne MacLellan,  =Barbara Szostakiewicz,
sluagdalena Kówalewska-Pahlke, 6=Jetzy Janusz, 7=Ren Shengmin.

specimen sex length
l=m nm
2=f,

U.S. Can Poland P.R. c.

SHELIKOF AREA
5
5
5
3

L1-
6
6
6

1,0
5

13
5
6
5
5
5

11
5
4
3
5
6

10
L4

3

4554
4544
5664
2222

1011L29
5695
6685
7665

t213139
4554

10 11 11 L0
4564
5877
4444
4444
4444

13 13 13 L2
5555
3333
2222
4544
6666
910L08

11 13 12 12
2222

45
55
55
22

11 t2
55
66
66

13 lL
55

11 11
55

11 9
45
44
55

11 12
55
34
22
45
97
99

L7 L6
22

7
I
9

1_0

11
T2
13
I4
15
16
T7
18
L9
20
2L
22
23
24
25

2 410
1 390
2 430
2 260
1 510
t 470
2 470
2 440
1 530
2 4rO
2 620
1 440
2 460
2 380
1 380
2 370
2 530
2 4rO
2 340
1 230
2 420
1 470
2 540
2 640
2 230

1
2
3
4
5
6

CONTINUED



SOUTHEÀST SHELF AREÀ
8987876
7778776

lL 15 L3 l_5 15 L4 1t_
11 989989
71.088886

r_0999999
5556656
9999999
9867779
6555555

11 1,1 910 1088
7788778

14 12 11 1.1 L2 Lt t4
8778778
5556566
55556s5
7778778
6667666
7788778
6777667
6788766
7777977
7778877
8988885
7778878

6
6
7
6
6
6
6
5
6
7
5
6
6
7
6
5
5
6
I
6
6
5
6
6
6

NORTHT{EST SHELF AREA

1, 470
1 460
2 530
l_ 5L0
1 460
2 560
1 440
1 s30
1 560
2 400
1 430
2 550
1 590
1 460
2 460
2 480
1 450
1 430
2 430
1 460
1 400
1 470
1 440
1 380
1 460

1 370
2 400
1 460
2 440
2 390
2 420
2 380
2 370
1 420
1 440
2 430
1 450
2 470
1 450
2 390
2 370
1 360
2 4tO
2 450
2 430
1 380
1 350
I 390
1 400
2 400

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4I
42
43
44
45
46
47
48
49
50

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
7L
72
73
74
75

655
65s
877
556
655
776
655
655
666
876
565
877
786
887
655
654
655
665
877
666
65s
545
655
655
555

R

6
7
5
5
7
5
6
5
7
5
7
7
7
5
5
5
5
7
6
5
4
6
5
5

5
6
7
6
5
7
5
5
5
7
5
7
7
7
5
5
5
5
7
6
5
4
5
5
5

5
5
7
5
5
7
5
5
5
7
5
7
8
7
5
5
5
5
7
5
5
4
5
5
5

CONTTNUED



DONUT HOLE AREA

BOGOSI,OF AREA
101
IO2
103
104
105
r_06
LO7
108
109
110
111
LL2
113
114
115
116
IL7
118
119
120
T2L
t22
L23
L24
]-25

1 480
1 470
1 490
1 470
1 500
2 460
2 480
2 450
2 490
2 460
2 510
2 470
2 470
2 550
1 460
1 500
1 500
1 490
2 520
2 520
1 480
1 450
2 490
2 480
2 470

2 430
2 530
2 520
2 480
1 490
1 470
1 490
2 490
1 490
1 470
1 460
2 sLO
2 470
1 470
2 530
1 480
1 440
2 440
2 440
2 520
1 470
1 460
1 460
1 500
1 460

76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
9L
92
93
94
95
96
97
98
99

r.00

I
9
I

10
L0

5
9
6
I
7

Ll_
10

9
18

5
l-0
10
L0
L3
1.4

5
I
9

7

r-0 11 L0
t0 10 l-0
10 10 11
1099
24 23 23
55s
888

1099
10 10 10
777

10 L2 10
10 10 11
10108
16 16 13
L0 10 l-0
16 t4 L4
1_3 L2 11
16 r.0 10
L2 L2 lL
16 15 15
775

10109
10 t0 9
665
999

6
t_L
L1
1L

9
9

l_0
9

L1
t_0

9
11_

I
10

9
9
9
6
5

t1
L4
10
L9
t6
10

665
t1 11 11
11 11 11
11 L1 11
888
778

11 10 t0
877

L7 L2 11
11 11 11
L7 16 t4
11 11 11
777

11 L2 11
898

11 12 10
999
4s4
454

11 12 10
13 13 11_

11109
11119
L7 16 15
L7 16 16

10 L0 11
L2 r-1 11
10 11 10
10109
2L 21 2L
666
799
999

10 11 11
886

12 L2 LL
10]-29
10 10 l-1
16 1,6 L6
11 11 Ll
L4 15 13
13 L2 L2
10 L0 L2
10 12 1L
15 15 13
676

10 lL r_0
10 10 10
777
998

776
t1 11 10
11 12 L0
Ll 11 L2
987
877

11 11 10
887

I2L29
11 L2 10
17 16 15
11 t1 10
877

11 12 11
889

10 12 L2
1099
575
575

L2 L1 11
L3 L2 13
1099
10911
L7 1.6 r"3
15 15 15



Tab1e 2.

7

ResulÈs from ageing the Sea FÍsheries fnstitute
reference sample using thin sections. Reader l-Barbara
SzosÈakiewícz, 2-Magdalena Kowalewska-Pahlke, 3-Jerzy Janusz,
4-Richard Beanish, S-Julie Lyons, 6-Akira Nishimura,
7-Taku Yoshirnura, 8-Ren Shengmin.

No. Lenqth 7

I
2
3
4
5
6
7
I
9

10
1L
L2
13
14
15
L6
17
18
19
20
2I
22
23
24

cm

Sample No. 1
40. 0
43.0
45. 0
47.O
49.O
51. 0
52.O
54.0
38.0
41. 0
42.O
44.O
46.0
48.0
49.O
50. 0
51. 0
52.O
53.0
54.0
55.0
56. 0
57.O
58.0

DONUT HOLE
776
898

12 r_3

L3 13 t2
13 L3
13 13 L2
20 t9 13
19 18
666
886
87
99
9L06

11 1r_ 11
13 14
t2 13 11
r.3 13 11_

L2 L4 L2
13 t3 t2
2L 21 22
14 1_5

11 L2 11
L7 18 16
14 13 11

CONTINUED

7
I

T2
13
13
L3
19
19

6
I
7
I
9

11
13
L2
13
L2
13
22
15
L2
18
I4

5
6
9

1L
11
11
19
18

4
6
5
6
7

10
l_L
1t
1L
t1
L2
2T
13
10
1_6

14

6
6

11
L2
13
13
19
L7

4
8
5
7

67
68
98

]-29
1_0 L2
13 12
2T

I
1L
L2
1_1

11
11
11
2I
L3
10
18
11

10
5
7
5
I
7
7
7
9
9
I

t_1
t_1
13

11
T4

1-7

5
6
6
6
7

t0
L3

9
10
1L
t_0

20
Ll_
l2
1,6
1_0



54445
4445

45546
45546
44545

]-76
44445
45456
44445

5566
7678

67567
56667
57867
66677
77878
57778
66668
67667
67667

L7 L4 15 17
810 10 11-9

10 10 L2 11 12
L2 T2 12 L2 T2

4
4
6
6

1
2
3
4
5
6
7
I
9

10
1.1
L2
t3
L4
L5
l_6
L7
18
19
20
2T
22
23
24

4444
4334
5556
6466

567
6467
7668

12 L2 r-0 ),2
810810
6576
8778
7566
9 Ll 1l- L2

11 L2 l_L 1,2
769L0

13 t2 L3 13
11 t2 L2 1,3
8512

18 I7 18 1,4
91313

13 t2 L2 13
11 11 12 1_3

L2 12 13 13
12 12 13 L4

1
2
3
4
5
6
7
I
9

10
l_1
L2
L3
L4
15
t6
L7
18
19
20
2L
22
23
24

I

EASTERN BERING SEASamp1e No. 2
36.0
37.0
38. 0
39.0
40"0
49.O L
41. 0
42.O
43.0
44.O
45.0
46. 0
47.O
48.0
49.0
50.0
50. 0
51. 0
51. 0
52.O
53.0 1
56. 0
57.O 1
58.0 1

Sanple No. 3
37 "O
40.0
42.O
44.O
46 .0
48.0
50. 0
51. 0
52.0
43.0
45.0
47.0
49.0
53.0
54.0
55.0
56.0
57.O
58.0
59.0
61.0
62.O
64.0
65.0

55
55
66
66
55
918
55
65
55
66
77
77
77
87
77
78
99
77
77
78
919
99
2L2
314

ALEUTIAN

5
l_8

4
5
4
6
7
7
7
I
I
7
9
7
6
7

18
I

L2
L2

4
4
5
6
7
6
6

13
9
5
7
6
9

11
6

L2
L2

6
L7
10
L2
11
L2
t3

-¡

:i

-!

11
4

11
6

15
I

L2

!?
L2

44
44
66
76
88
77
77

L3 13
910
66
88
66
99

T2 L2
77

13 13
13 13
77

L7 L7
10 11
L2 L2
11 11
T2 L2
L2 13

CONTINUED



9

233
334
344
344
334
344
366
668
568
871_0
568
81010
88L0
81010
9 L4 t_l
56
98
889
699
57
559
9 10 1_1_

I I t0
45t-0

2
3
3
3
3
5
6
7
6
9
5

10
I
9
9
6
6
7
6
6
6
9

-:

3
3

_1

7
5

5
I
7

4
4
5
6
I
9

L0
I
9

10
4
5
5
7
9

9
10
11

33
44
33
65
57
45
67
65
86
67
34
44
44
66
86
5 r.0
56
78
47
910
9L0
67
87
99

3
4
3
5
6

4
5
4
7
8
5
7
6
9
7
4
5
5
7
7
6
7
9
7
7
7
8
8

10

3
5
3
5
7
5
6
6
7
7
3
5
5
7
7
6
7
I
5
7
6
I
9
9

?

E

4

5

7

9

6
6
9
3
5
3

_2
6
6

-:
7
7
I
I
9

L2
L0
13

6
I
6

-:
I
7
4

3

-:

CHIRIKOF
322
333
333
333
333
333
55s
777
666
777
666
91010
888
988
9109
554
777
998
778
777
666

10 10 t0
988
555

1
2
3
4
5
6
7
I
9

10
L1
L2
13
T4
15
16
L7
18
19
20
2L
22
23
24

1
2
3
4
5
6
7
I
9

l_0
11
L2
t3
L4
L5
16
L7
t_8
19
20
2t
22
23
24

Sanple No. 4
35. 0
36. 0
37.0
40. 0
42.O
44.O
45. 0
47.O
48.0
49.0
50.0
52.O
53.0
53.0
54.0
50.0
51.0
51.0
52.O
52.0
52.O
53.0
54.0
54.0

Sanple No. 5
43.0
44.O
46.0
47.O
48.0
49.0
50.0
51.0
52.O
57.0
43.0
44.O
45.0
47.O
49.0
50. 0
51. 0
52.0
53.0
54.0
54.0
56. O

54.0
59.0

KODTÀK
4
5
4
5
I
5
6
6
I
7
4
5
5
7
7
6
7
9
6
7
7
9
9

10
CONTTNUED
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2233
2243
2233
2233
4345
4465
7365

11 777
444--
2433
44s5
4444

445
6465
9898
8589
577

118710
5566
8679
991-0 10

10 12 L2 10
8--89

13 L1

-;
6
7
7
I

1
2
3
4
5
6
7
I
9

10
l_1
t2
13
14
L5
16
L7
18
19
20
2L
22
23
24

Sample No. 6
36.0
37 "O
38.0
40. 0
43.0
44.O
45. 0
46.0
47.O
42 "O
45.0
46. 0
47.O
48.0
49.0
50. 0
50. 0
51.0
52.0
52.O
53.0
53.0
54.0
58.0

VÀNCOIIVER
2
2
2
2
4
5
4
7
4
2
5
4
4
5
I
I
5
I
5
6
I
7
7
9

2
2
2
2
4
5
6
7
4
2
E

4
5
5
I
I
5
7
6
7
7
7
7
9

2
2
2
2
4
5
4
7
4
2
4
4
4
E

I
I
5
9
5
6
7
7
7
9

2

-?
2
3

_1
6
4

4

-:
7

-:



Tab1e 3. Results from ageing
Fi-sheries Inst,itute reference
nethod. These results can be
thin sections in Table 2.

No.

11

the DonuÈ Hole subsample of the Sea
sample using the break and burn
compared with the results using

5
6

6
6

I2
t1
1L
t2
L7
20

5
7
5
7

11
L0
LL
LL
l_t
1-1
t_ t_

I
L2
L4
L4
l-3
1B
L9

4
7
5
6
7

11
T2
10
L2
10
1_0

21,
13
T2
16
L3

6
6

Ll_
I2
tL
I2
19
L7

3
7
5
7
7

L2
L2
L2
11

6
6

11
1,4

L1
L2
L7
18

3
7
7
7
9

10
L2
11
11
LL
11
22
13
L2
19
15

6
6

11
I2
I2
),2
L8
18

4
6
6
7
9

10
13
LL
LL
L2
L2

6
6

1L
L2
I2
T2
t9
L7

4
7
7
7

1
2
3
4
5
6
7
I
9

l_0
11
L2
13
I4
t_5
L6
t7
18
L9
20
2t
22
23
24

Length
cm

40.0
43 .0
45.0
47 .0
49.O
51. 0
52.O
54.0
38.0
4l_. 0
42.O
44.O
46.0
48. 0
49.O
50. 0
51. 0
52.O
53 .0
54.0
55.0
56.0
57.0
58.0

9
10
I2
11
L1
1L
L2
2I
I4
L2
18
l_3

22
14
L2
T7
13

11
22
I2
L3
L7
1t_

2L
15
13
16
1,6

t2
T2
t-1
11
20
l_6

E

I
7

t_0
I
I

10
1L
11
1_1

1l_
2L
14
L4
L6
I2





Appendix 1

Infor¡nation Concerning the Reference Samp1e
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In accordance with agreements reached at the Kt¡abarovsk

Symposiurn (April 2-5, 1990), the Alaska Fisheries Science Center

has prepared a reference sample of L25 specimens sanpled from

various areas of the Bering Sea and the Gulf of Alaska. Twenty-

five otolith pairs are provided frorn each of five areas (Fig.l):

1. Shelikof, specimen 1-25, collecbed 3/15/89

2. Southeast She1f, speciurens 26-50, collected 2/28/89

3. Northwest She1f, specimens 51-75, collecEed 2/I7/89

4. DonuÈ HoIe, specimens 76-100, collecEed L2/22/88

5. Bogoslof, specimens L01-125, collecLed 2/23/89

Àn effort was made to provide sanples frorn surveys made

during nearly the same ti¡ne period so that the structures and

data would be most comparable. The sanples from the Northwest

Shelf, Southeast She1f, Bogoslof, and Shelikof were collect by

the R.V. Miller Freeman during the first çrarter of 1989. Ànd

the Donut HoIe sanples v¡ere collected by the Japanese vessel

Kaiyo Maru during Decenber 1988 and sent to us for ageing.

Since the larger survey of which Èhe reference coLlection is

a part has been aged at the Al-aska Fisheries Science CenÈerr wê

provide age distributions and size at, age distributions based on

these broader samples (Table 1). For the Donut HoIe samples,

which were collected late in L988, one year was added to the ages

so that these ages would be directly comparable with ages from

the other areas. Alsor trrê did not plot the broader sanple from

the Northwest She1f because only one haul was made ín that area.

Fig. 2 (Tab1e 1) shows the age distributions collected from
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four areas. This figure shows that age compositions were rnuch

younger in the Southeast Shelf Area of the Bering Sea cornpared

with the deeper Bogoslof and Donut HoIe areas. It is interest,ing
to note that although the age ranges found in the Southeast Shelf

area is sirnilar to that found in the Shellkof area, the doninant

year-c1ass appeared to be different in the two areas.

Fig. 3 (Table 1) shows the average length at age

distributions carculated from these sanples. Evidently, the

shelikof rength at age is greater than in the Bering sea sampres.

rn the Bering sea, the greater rength at açte seen in the older
fish collected from the Southeast Shelf conpared to the Bogoslof

and Donut Hore areas, rây be partiatry due to the relativery
snall samples for fish 7yr-old and older.

Because only a very smarl sample was avairabre frorn the

survey of the Donut Hole, additional samples collected fron 1985

through 1989 by u.s. observers aboard fishíng vessels nere

examined. Arthough sarnpre sizes v¡ere smarl (Table 2), the r97B

year-class vras clearly visible in these data. The rength at age

data from all of the years courbined (Table 3) indicate Èhe length
at age in the Donut Hole is not dramatically different from other
areas in the Central and Eastern Bering Sea.
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Table 1. Length at age (c¡n) and sample size for walleye pollock
sampled fron four different areas.

Àge Males
Southeast Shelf

Females Sexes Co¡rbined

4
5
6
7
I
9

10
11
1_3

41.5 11
41.0 106
42 .6 31
44.8 L22
45.4 18
50.3 I
53.0 2
52.6 5

.0 0

Males

41.5 I
41.9 7L
43.2 33
45.9 L28
46.L 27
49.8 2L
53.5 2
53.3 t2
57.0 1

Bogosloff
Females

41.5 19
4L.4 L77
42.9 64
45.3 250
45.8 45
49.9 29
53.3 4
53.1 L7
57.0 1

Sexes CombinedÀge

4
5
6
7
I
9

10
11
L2
13
14
15
16
L7

42.O 1
40"7 3
45.3 6
44.8 32
47.O L4
47.6 27
47.O 10
47.6 104
47.8 19
49.9 16
49.1 7
48.6 9
48.8 5
47.6 5

Males

.0 0
44.O 2
46.8 10
46.6 65
48.4 2L
49.0 20
48.8 L2
49.7 L57
50.3 33
50.0 32
50.8 12
51"8 11
50.0 2
51.1 I

Donut HoIe
Fernales

42.O 1
42.O 5
46.3 16
46.0 97
47.9 35
49.1 47
48.0 22
48.9 26L
49.4 52
50.0 48
50.2 19
50" 3 20
49.1 7
49.8 13

Sexes CourbinedAge

5
6
7
I
9

10
11
L2
13
L4
15
16

39.0
.0

44 .6
46.5
45.0
47.8
47 "3
49 "5
48.8
48. 0
48.2

.0

1
0
I
2
3
9

20
4
4
1
5
0

.0
43.O
46.8
47.O
47.2
48.8
49.9
50.0
52.7

.0
53.2
54.0

0
2
I
5
5
5

22
2
3
0
6
2

39. 0
43.0
45.7
46.9
46.4
48.1
48.6
49 "7
50.4
48. 0
50.9
54.0

1
2

16
7
8

L4
42

6
7
1

11
2



Age Males Sexes Combined

2
3
4
5
6
7

23.5 31
31.5 60
38.3 194
39.3 23L
44.8 68
48.4 35
51.6 19
50.2 9
53.3 3
5L.7 29
52.5 2

.0 0

23.8 35
32.2 50
39.1 L7L
4L.4 232
4',1 .o 70
50.6 55
52.8 L6
54,7 11
54.8 6
55.8 56
54.5 6
55.0 1

23.7 66
31.8 110
38.7 365
40.4 463
45.9 138
49.7 g0
52.1 35
52.7 2A
54.3 9
54.4 85
54.O g

55.0 1

I
9

10
11
L2
13
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Table 2. Àge distributions fro¡¡ commercial catches of fish
caught in the Donut HoIe and sanpled by U.S. Observers.

Age Years
85 86 87 88 89

04
4L7
211
46
47

Ll 44
37
28
16
1L4
25
02
00
01
00
00
00
00
00

4
5
6
7
I
9

10
1L
T2
t3
14
15
16
L7
18
L9
20
2T
22

4
9

35
L26

64
65
62
55
47
25
L7
15

4
4
2
1
0
0
0

06
123

T2 L7
24 45
23 36
33 23

130 20
25 r57
30 9
L06
163
96
10
02
20
00
00
00
10



Table 3. Length at age
sampled from the Donut

Age Males

7

(cm) and sample size for walleye pollock
HoIe during 1985-1989.

Donut HoIe
Females Sexes Conbined

4
5
6
7
I
9

1-0
11
L2
13
L4
15
16
17
18
19
22

40.2 5
40.5 28
42.O 32
43.8 100
45.5 57
47.0 87
47.4 101
48.8 IO7
50.2 43
50.4 25
5L.5 16
51.3 10
50.7 3
51.8 4
54.0 1

.0 0

.0 0

41.1 9
42.7 26
43.2 45
44.7 105
46.5 77
48.3 89
49.3 I2L
50.2 140
52.I 50
52.3 31
52.9 27
52.5 22
53.5 2
55.0 3
52.7 3
53.0 L
51.0 1

40.8 L4
4L.6 54
42.7 77
44.2 205
46.L 134
47.6 L76
48.4 222
49.6 247
5r.2 93
51.5 56
52.4 43
52.2 32
51.8 5
53.1 7
53.0 4
53.0 1
51.0 1
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Sca1es and otol-iths have long been the favorite structures

for the ageing of fishes. Walleye pollock (Theragra

chalcograrnma) from the North Pacific appear to have been first

aged using scales (Ogata L956). SonetÍme later (LaLanne L975,

L977), proposed using otoliths. For some unknown reason pollock

otoliths collected from ALaskan waters during the 197Ors appeared

clearer than those collected today, so LaLanne proposed surface

readings. LaLanne examj.ned transverse cuts of the otolith for

the purpose of val.idatíng the surface readings. Beanish (L981)

and McFarlane and Beamish (1990) found pectoral and dorsal fin-

ray sections useful in the ageing of slow growing pollock fron

the Strait of Georgia.

The discrepancy betv¡een scale ages and otolith ages has long

been a concern at Alaska Fisheries Science Center. fn L977 a

study was perfomed cornparÍng scale ages read at the Japanese Far

Seas Fisheries Research Laboratory, with otolíth surface ages

read at the U.S. Alaska Fisheries Science Center on the same

fish. The results of this study (Bakkala et al. L985) are

sumrnarized in Fig. 1. CJ.earIy scale ages differed greatly frorn

otolith surface ages at ages 6yr and older.

During June and July, L99Or wê had the good fortune of
having Ms. MarÍna Raklistova and Dr. VaIery Paschenko of the

Pacific Scientific Research Institute of Fisheries and

Oceanography (TINRO) visit the Alaska Fisheries Science Center.

They were particularly interested in comparing their scale ages

with the otolith ageing nethod we currently use. Their sample
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consisted of fish for which both scales and otoliths had been

collected. Since 198L, the Àlaska Fisheries Science Centerrs

nethod of ageing walleye pollock has been to read a surface age

if the fish is young and the otorith relativery clear, and use

the break and burn nethod (Beamish and Chilton 1982) if the

otolith is uncrear and/or old. Às the sampred otoriths became

more difficult to age (i.e. more unclear and older), we have

progressivery used the break and burn nethod (generally using an

isomet saw for the transverse cut) on a greater percentage of
otoliths. A conparison of the age distributlon of ages read by

Marina Raklistova and Julie Lyons is presented in Fig. 2.

It is apparent that by age 7yr there were serious

discrepancies between scare and otolith ages. rn addition, a

plot was prepared showing the deviation of the average scale age

for all fish of a given otolith age (Fig. 3). It is apparent

from this figure that the deviation between scal.e and otolith
ages increase with otoLíth age.

Because of studies such as these there is little doubt that
scale and otolith ages can differ significantly for walreye

pollock. However, to say that one is lrrong and one is right is
more difficult. From 1980-1989 we have aged over lz3rooo pollock

otoriths, so it shourd be apparent which structure we favor.
other researchers (Janusz 1986, Lai and yeh 1986, McFarlane

and Beamish, 1990) appear also to favor otollths. They appear to
do so on the basis of precision and the probable correctness of
the order ages than on actuar validation data. McFarrane and
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Bea¡nish (1990) concluded that, the geographic location and age

structure of a population will affect the choice of ageing

structure and preferred urethod of ageing walleye pollock. This

would iurply that the older populat,ion structure which has been

observed in the internat,ional Donut Hole should be aged using the

break and burn ¡nethod.

From our point of view, we favor otolith ages because they

allow us to follow strong year-classes to older ages. Fig. 4

shows how the strong L978 year-class appeared in catch at age

data from 1980 through L987. From Fig. 4, it can be seen that at

every âgê, conpared with other year-classes, the L978 year-class

made up the largest percentage of the annual catch of that age.

AIso, by generalization, the older ages attributed to some

rockfish species using the otolith break and burn rnethod (Beamish

L979), appear to have been validated using radioisotopes (Bennett,

et aI. 1987, Canpana 1990). Therefore, we expect the older break

and burn otolith ages for pollock to prove to be correct.
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Figure 1. À comparison of age distributions when the same fish
are aged using scales and otoriths. scare ages lrere read by the
Japanese Far seas Fisheries Research Laboratory and surface
otorith ages were read by the u.s. Àraska Fisheries science
Center.
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Figure 2. A coruparison of age distributions when the same fish
Te.ag"q u?ilg scares and otótiths. scale ages r.i"-r..d by thesoviet Pacific scientific Research rnstitute-of risr¡eiiã= fil¡läõland otolith ages $tere read by the U.s. Alaska Fisheries sciencecenter using åurface or breaÈ and burn ,àtnoa" as reguired.
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Following the f.N.P.F.C. Meeting held in Seattle during

L989, Dr. Jerzy Janusz of the Sea Fisheries InstiÈute visited the

Alaska Fisheries Science Center. During this visit he met with

Ms. Julie Lyons and discussed the ageing of I{alleye Pollock

through the use of otolith thin sections. During this meeting

Dr. Janusz and Ms. Lyons examined a sarnple of several thin

sectioned otoliths that Dr. Janusz had prepared. The clarity of

these thin sections hrere impressive to us, and we felt that we

should further examine thin sections, particularly to see whether

ages obtained from thin sect,ions compared weII with ages obtained

using our standard break and burn or whole otolith nethods.

For this study, $re prepared 42 otoliths collected by U.S.

Observers aboard com¡nercial fishing vessels. The otoliths that

vrere selected lrere from previously aged sanples for which we

already had producÈion ages. The selected otoliths were

collected from the Donut HoIe and the Southeast Shelf areas in
the first quarter of 1989:

Break Donut HoIe S. E. Shelf
& burn (nuùer) (nunber)

Age

60
78
80
93

11 11
130
L4 1
r7 1

2
6 L982 year-class
1
0
8 L978 year-class
1
0
0
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these specinens using thin sections areResults

shown below.

break &

burn age

from ageing

Section Ages (yr)
89101112 1413

6
7
I
9

L0
L1
1,2
l_3
T4
15
1"6
17

1 :
1L

Results comparing

I.,
J

the

Ia¿aa

1a4

aaaa

3

l-

L

burn

1_

11
.1

.1
aa

. -1_3. 1 1

...a

.1
1a¡

aa

aa

thin section ages with break and

ages were disappointing. otoliths sections v/ere overaged

compared to break and burn ages. Àrso, the L982 year-class (i.e.
7 yr-olds), which was thought to be strong fron break and burn

ages, was entirely missed by the otolith thin sections.

Therefore, based on this very li¡nited study, we have some doubts

concerning the usefulness of otolith thin sections.
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Module E: Distribution, Migration and stock structure
Facilitator: Pierre Dawson

Tagging

Tagging of pollock carried out in the Bering Sea in the 1960rs and70fs yielded rerativery few returns (yoshidã L97g Figure 1) . Twopollock tagged on the western Bering Sea shelf were recovered onthe eastern Bering sea she1f, approxinately 6oo niÌes av/ay.Another 2 pollock from the western shelf were recaptured in theAleutian Basin, one of thern after 7.s years. one pbttoc:< taggedoff Hokkaido fsl-and, Japan v/as also recovered in the eleuúianBgsilt. Apparently the vessel that reported that tag had just beenfishing off Hokkaido (Sasaki L987 perêonal cornmunicátion¡ so it ispossible that the tagged fish nigtrt actualÌy have been caught inthe Hokkaido area.

Fleet novement

There is a general movement of the fishing fleet in the donut holefrom the western portion in the fall to the southeastern quadrantby February and March when catches are at their rninimum (Sasaki1989, sasaki and yoshimura 1987). The freet typicarly again
encounters concentrations of pollock in the southeaõtern cõrnei inMarch and April and moves generally northwestward (Figure 2).During February. and March pòtlocx are found spawnini í., tarqeconcentrations in the Bogoslof rsland area, 2-40 rniles to túesoutheast of the donut hole.

This movement of the fleet and the change in catch levels suggestthat pollock are migrating. across the donut hole and continuiá! tothe southeast to spawn in the Bogosrof rsrand area and tnendispersing back throughout the donut hore after spawning iscompleted.

Distribution

the distr s in the Bering Sea is portrayed
i1t figure istribution oí eggs is shown infigure 4 encentrations ,"rã found in thesoutheast gosrof rsland area, over thesoutheastern Bering Sea she1f, and in the GuIf of olyutorski in thewestern Bering Sea. The distribution of larvae is åhown in figure5. Major concentrations were reported over the eastern Beri.g-s"usherf and in the oryutorski-Karaginskiy area in the west. rnseptember and october, L987, young of €ne year were distributed



broadly over the eastern shelf and in Korfa-Karaginskiy area in the
west (Figure 6). In the same tirne period, one year old pollock
vrere found over the northeastern and northern shelves and the
Olyutorski rcgion in the west (Figure 7). The distribution of
juvenile polJ.ock in the US EEZ is shown in Figure 8.
Concentrations end at the shelf edge with just traces found in the
deep water of the Aleutian Basin.

Age Composition

Conparisons of age composition data from commercial fisheries and
research surveys in the central and eastern Aleutian Basin and on
the eastern Bering Sea shelf have shown that the population of fish
in the Basin is much older than that sampled on the eastern Bering
Sea shelf, with few fish younger than 5 found in the Basin (Figure
9) . The L978 year class $/as a dominant year class on the eastern
shelf and has been the dorninant year class in the basin since 1984.
Within different areas in the basin and between sunmer and winter
within a year, the age composition in the Basin has varied little
(Figure 10 and 11). On the eastern Bering Sea shelf, the region to
the north of the Pribilof Islands typically has a greater
percentage of younger ages than the shelf t,o the south (Traynor et,
aI. 1990, Figure L2). fn 1989 the abundance of each age class
north and south of the Pribilof Islands as measured by the annual
botton trawl survey is shown in figure 13. In addition to the
Iarger percentage of younger ages in the north, the overall bio¡nass
is greater in the north. With the strata shown in figure L4,
figure 15 shows the biomass by subarea on the eastern Bering Sea
shelf measured by the annual bottom trawl survey. À continually
growing percentage of the biomass has been found in the subarea 6,
the outer shelf northwest of the pribilof IsLands until that
subarea has come to contain the largest fraction of Èhe rneasured
biomass.
The age composition in the basin and shelf sarnpled in 1989 is shown
in figure 16. The abundance of each age class for the Bogoslof
Island area in the winter and the eastern Bering Sea shelf in the
summer is shown in . figure L7 . The shelf abundance at, age only
represents the portion of the popuLation sanpled by the bottom
trawl survey and so does not include midwater pollock.

In 1990 an age sample vras coll-ected on a cooperative Soviet-US
botton trawl survey that sarnpled strata 1401150 and 160 in the
western Bering Sea shown in figure 18. The age composition shows
the same basic yearclasses that are important in the eastern shelf,
namely the L978, L982, and 1984. The 1985 yearclass shown as
important in the western Bering Sea sample also showed up
significantly in portions of the eastern Bering Sea.

Size at Age

The typical size at age of pollock on the eastern Bering Sea shelf
and in the Bogoslof area is shown in figure 19. The data presented



in the figure comes from a summer 1988 cornbined botton trawl andacoustic/midwater surveys on the eastern shelf and fro¡n anacoustic/rnidwater survey in the Bogoslof area in the winter of 1988but the results are similar to that reported by other researchers(Lynde et al. 1986' Dawson 1989). The northern shelf pollock aretypically smal-Ier at age than f ish from the south-ern sherf .Pollock frorn the basin at age 5 or 6 have a si¡nilar size at age topollock on the shelf but at older ages their size at age doeã notincrease at the rate that it does oñ tne sherf. consequentry, byage 10 in 1988 the size at age of basin pollock was less than thatof the shelf pollock from either area.

The size at age sample frorn the western Bering Sea in 1990 s/assimilar to that from the ea.stern Bering Sea sneif in 19g9 (Figure20, Honkalehto 1990, for winter Bogosrof and shelf size-at-aée).
The size at age of eastern shelf pollock lras stable between-thewinter and summer of 1989 (Figure ão).

Typica1ly the size at age of samples from the basin shows litt1edifference between areas and seasõns. 1999 data is shown in figuiã20. fn 1988, however, there was a strong seasonal differencé in
:ize at age between winter and summer iri tne basin (riqure )rl.The age composition between thes: samples in 1988 in tire ¡asin aiAnot change.

Length Composition

The length composition of the northern and southern portions of theeastern Bering Sea shelf and the basin in 1988 is sñown in tijurãs10, 11 and L2. The length composition is rnarkedly diffárentbetween the north and soutfr snelt with the size distributionextending to smaller lengths in the north than in the south. Thebasin .sanpre .however rèpresents a very narrow size range incomparison to the shelf samples. In the bäsin the vast rnaioríty ãithe pollock are between 40 and 55 cm in fork 1ength whilé fisñ onthe shelf are found between 20 and 60 cm from the 1998 data. Datafrom the commercial fishery in the donut hole has shown a simiLarsize distribution each yeai with a steady increase in-lnean size ofapproxirnately .5 to 1 cln per year (Figufe 221 .

Dr. Fadeev reported that, there was a similar difference in 1engthconpositÍon beÈween pollock on the western Bering s"u shelf andwestern basin areas, with a broader size range founá over the shelf
?ld a. very narrow size range over the western basin. The sizedistribution in the western basin û/as very sinilar lo ln"t found tothe east (Figure 23r.

Length-weight

The length-weight relationship is not very different between theshelf and the basin (Hinckley 1982, figure 24,).



Fecundity

Hinckley (1987) found a different fecundity-weight relationship for
pollock from the basin than pollock on the shelf (Figure ZS)
although a study by Teshima et al. (1989) found a more sinilar
reLationship between the shelf and basin pollock (Figure ZS).

Genetic Studies

À recent genetic study looking at mitochondrial DNÀ by Mulligan et
a1. (In press) found Bogoslof Island poltock to be sirnilar to
pollock sanpled in the donut hole with sna1l differences seen
between that grouping and Shelikof SÈrait in the Gutf of A1aska.
A much larger genetic difference vras found between the Aleutian
Basin samples and the sample from the Aleutian Islands area (Figure
26)-. Unfortunately no samples from either shelf were included in
this study.

Egg and Larval drift
Satellite-tracked drifter buoys placed in the Bogoslof Island area
either drifted up onto the sheLf or along the shelf break (Reed et
al. 1988, Reed and Stabeno 1989, Figures 27 and 2gl. The drift
pattern suggests that larvae frorn the Bogoslof fsland may drift up
onto the eastern Bering sherf or drift along it possibly ending up
on the northern Bering Sea shelf.
Larval hatch dates

Dr. sasaki presented resurt,s of a study that found a sinilar
distribuÈion of larval hatch dates for samples from the central and
eastern Bering Sea (Table 1). The hatch date distribution more
closely natched the period of shelf spawning which is approxirnately
one month later than spawning in the basin.

Conclusions

After discussing the above data the group reached a consensus on a
working hypothesis to describe the stock structure of Bering Seapollock. Three stocks were described, one on the western Bering
Sea shelf, another over the eastern Bering Sea shelf and a third in
the Aleutian Basin. The recruits to tfre basin populaÈion are
hypothesized to cone from the eastern and western Bering Sea
sherves. spawning occurs in arr three areas but the spawning in
the Aleutian Basin may contribute to the biomass on the shelves.
one possible irnplenentation of this hypothesis was presented by Dr.
{ito in figure 29. A1r of the detairs need to ue filLed in by
further research, of which it lras agreed a basin-wide tagging study
was an important, part,.
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Table L.--Collecting data and results of
in the eastern Bering Sea, 1989

birth date esti¡nation of juvenile walleye pollock
summer survey.
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Figure 1.--Movement of Japanese-tagged pollock in the Bering Sea (frorn Yoshida L979, Sasaki
L987 pers. conmun. ) .
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Modu1e F: Survey Abundance Estimates

Facilitator: Jim Traynor

SURVEY DATÀ ÀND SCHEDULES

Díscussions regarding historical sur:\¡ey data and surrrey
plans vrere discussed in the morning of February 7. Surveys
that have been carried out by Japan, the USSR, and the USÀ
were presented (Table f.). It was agreed that each nation
with historical survey information would provide the survey
information presented in Table 2. The ínformation wiII be
forwarded to the Al-aska Fisheries science center by February 1,
1,992. It was mentioned that the needs for some of this
inforrnation by the modeling group nay be more in¡nediate and
some information rnay be required earlier.

Plans for the 199L international survey by the USSR, Japan,
and the USÀ were presented by each nation (Table 3). The need
for close cooperation between the nations to ensure that all data
will be comparable and present the best possible information
regarding surnmer distribution of portock in the Bering sea was
stressed. The need for intercaLibration of bottom trawl vessel-s
as well as the acoustic systems on the midwater vessers that
will be conducting echo integration surveys was emphasized.
It was tentatively decided that the intercalibration exercises
should take place in Àugust L99L, but details must be worked out
between now and the tine of the surnrey this su¡nmer.

Prelininary plans for a cooperative survey of spawning
porlock throughout the Bering sea in the wi¡rt,er of 1993 was
discussed. Japan indicated that, a Japanese vessel would probably
be available for about three months and the US also in¿icáted
that a us vessel wourd be avaiÌabre for about three months toparticipate in this survey. The ussR indicated that they would
probably be able to provide vessel tine for such a survey.
other nations expressed interest but were not sure about the
availability of vessels at this ti¡ne.



Table 1. Summary of surveys in Bering Sea.

HISTORICAL SURVEYS, BERING SEA
USSR

WESTERN BERTNG SEA

1980-1990 BOTTOM TRATL SURVEYS
MIDWATER TRAWL STJRVEYS

]-980-1990 TCHTHYOPLANKTON SURVEYS

ALEUTIAN BASÏN

1987 MÏDWATER TRAWL SURVEY

EASTERN BERING SEA

1980-1990 BOTTOM TRAVüL/MIDI^IATER TRAI^IL
1980-1990 ICHTHYOPLANKTON

JAPAN

ALEUTIAN BASTN

L977 HANDLINE
L978-L979 MIDWATER TRAWL
1983, 1985 MIDWATER TRAV'IL
Le87 ECHO INTEGRATION/ MIDWATER TRÀWL
1988-L990 ECHO INTEGRÀTION/ MIDVùATER TRå,WL

EASTERN BERING SEA

L967-I978 | 1981 BOTTOM TR.Ah¡L
L979, t982, 1985, 1982 PARTTCIPATE IN EBS TRIENNIAL SURVEY
L979-1984 MULTI-VESSEL DANISH SEINE SURVEY
l-989-1990 ECHO INTEGRATION/ MIDWATER TRÀI^IL

USA

ALEUTIAN BASTN

1988, 1989 ECHO INTEGRATION/ MID!,IATER TRAWL

EASTERN BERING SEA

L979-L990 BOTTOM TRAWL
1,979, L982, 1985, 1988 ECHO INTEGRATION/ MIDVûATER TRÀWL

(TRIENNIAL)



Table 2. Summary of requested inforrnation for Bering Sea Surveys.

1) METHODS, INCLUDING PARAMETERS USED IN ABUNDANCE ESTIMATION
PROCEDURES, AREA SURVEYED

2) DTSTRTBUTION OF POLLOCK

3) SURVEYS FOR POLLOCK GREATER THAN AcE ZERO:

BTOMASS SUMMARIZED BY
POPULATION ESTIMATES BY LENGTH REASONABLE AREAS
POPULÀTION ESTIMATES BY AGE (E.G. NORTH/SOUTH OF

PRÏBILOFS IN EBS)

4) TCHTHYOPLANKTON SURVEYS

DISTRTBUTTON/ ABUNDANCE OF EGGS/LARVAE
B r .MAS s u " i*il3l"åiYåi'^Á'il31"3 iäfi^ËË'i3iTl,o, iol' IHo;å'u

US VIILL ACT AS CLEARING HOUSE WITH DATA TO BE DISCUSSED AT A FUTURE
WORKSHOP.

REQUEST TNFORMATION BE PROVIDED BY FEBRUARY L, L992.



Table 3. Survey plans for 1991 Bering Sea surveys.

COUNTRY VESSEL LOCATTON SURVEY TYPE TIME

JAPAN HOKUTEN ALEUTTAN BASIN ECHO TNTEGRÀTION JULY.SEPT
TRÀ!{LER E. OF CONVENTION MIDüIÀTER TRAWL

LÌNE

ussR vüBs SHELF TCHTHYoPL.ANKTON/ ApRrL-MAy
MIDIiTATER TRAWL

EBS SHELF ICIHYOPLANKTON/ APRIL-MAY
BOTTOM TRAWL MAY-JUNE

I^TBS SHELF BOTTOM/MTDI^TATER JUNE-JULY
TRAWL

T^IBS SHELF ECHO INTEGRATION/ JULY-AUGUST
MIDWATER TRAWL

w. ALEUTTANS BOTTOM/MIDWATER AUTUMN/
TR.A,WL WINTER

USA MILLER EBS SHELF/ ECHO INTEGRÀTTON/ FEB-MARCH
FREEMAN BOGOSLOF MTDWATER TRAWL

CHARTER1 EBS SHELF ECHO TNTEGRATION/ JUNE-AUGUST
MIDVTAÎER TRAWL

CHARTER2 EBS SHELF BOTTOM TRAI^IL JUNE.AUGUST

CHARTER3 EBS SHELF BOTTOM TRAWL JUNE-AUGUST

MILLER EBS SLOPE BOTTOM TFå,WL SEPTEMBER
FREEMAN MTDIVATER TRÀ,WL

CHARTER3 ALEUTTÀN SHELF/ BOTTOM TRAhiL JULY-AUGUST
SLOPE



SYNTHESIS AND MODEL FORMULATION



Synthesis and Model For¡nulation

Catch-age nodels have been performed on portions of the
Bering Sea polJ.ock resource by several researchers (Figure 1.).
The greatest attention has been on the eastern Bering Sea where
several different rnodels have been used. Two analyses have been
done for the Àleutian Basin, and one for the western Bering Sea.

Estimates for the eastern Bering Sea by different modeLs are
in general agreement and are in line with estimates frorn resource
surveys (Figure 1.). The western Bering Sea estinate does noÈ
exhibit any trend. The two estimates for the ÀIeutian Basin show
a strong increase in abundance in the 1980rs to a high biomass
level and Èhen a sharp downward trend in recent years (Figure
1.). The Aleutian Basin catch-age model esti¡nates are higher
than resource survey estimates in the area, but survey estinates
vary over a broad range.

.A 
-+ B _x_ C _û_ O ._____ E -__o___ ¡

A. lJestern Eering Sea, Sal,ykin 1988

8. Eostern Beríng Sea, VPA, Age 2+

C. Erstêrn Bering Sea, C¡GEAI¡, Agc 2+

D. Esstern Bering Sea, Age 4+, Hito 1990

E. Ateutian 8asin, Horbony 1989

F. Atzutlan Basln, llito 1990 "v*¡
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tigure 1. Catch-Age modet estímates of Bering Sea po(lock biornass

Due to differences in methods, assumptions, and auxiliary
'rtuningrt information, it was difficult to reach a consensus anong
researchers as to the rrrightrt estimate of pollock abundance in
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the Bering Sea. FoLlowing the review of available data it was
concluded that a simple catch age model incorporating nigration
be developed to estimate the stock of pollock in the Bering Sea.

A schematic representation of the model deveÌoped in the
workshop is shown in Figure 2. Three rnajor areas: western Bering
Sea shelf, eastern Bering Sea shelf and Àleutian Basin are
included in the model. The rnodels are constructed on the
findings that fish in the Àleutian Basin prirnarily move to the
basin from the adjoining shelf areas. The origin and manner of
pollock recruitment to the Aleutian Basin is not, fully
understood; therefore a broad range of age specific migration
rates and area of origin mixtures will be examined. The nodels
will use data for age 4 and older pollock using natural rnortality
rates (M) = 0.2-0.3

Figure Z, Bering 5ea Poll0ck If igraLion Ì1 odels

Forvard lf odel tto t+1 BacTward Model tto t-l

Miqratory Cohort Analysis Model

Quinn, T. J., R. B. Deriso, and P. R. Neal. 1990. Migratory
Catch-Age Analysis. Can. J. Fish. Aquat. Sci. 4'7:Z3LS-2327.

A comprehensive model for the Bering Sea pollock populations
was conceptually outlined at the workshoi. Moèt of thã þreviousanalyses for the Bering Sea populations did not consider
interchange among the l{estern Bering Sea (WBS), the Àleutian
Basin (Basin), and the eastern Bering Sea (EBS). One exception
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was the work of Dr. Mito, who considered a model si¡nilar to the
one presented below. A suitable model for the Bering Sea has toconsider the interchange among the areas.

. À general framework for analysis of migratory populations ismigratory cohort analysis. The básic cohort, anatlsis procedure
is readily general-ized to include migration inforiratioir (euinn etal. 1990). À schematic presentation of the basic rnigration
equations are:

-il-a ) ffu.r : oa [ ff" e -M" - C.E --z-1

b, ) ¡f"-Oã1 ff"*1 eilu+Cae
where :

Mtt a-z-

:lÍtgratt-on :(e ,j)area J+ârea f
= aqe- a'bundance by age by regt_on=catch by age by area: l{aturaL nortaT'tty

Both a forward equation (a. ) from age a to age ar1 and a backwardequation (b. ) from age a+1 to age a are giveñ. The infornationneeded.for performing the anarysis is catch-at,-age, natura]-mortarity-at-age, terminar tisñing mortalities, ánå rnigrationrates among areas. The nigratory cohort analysis procádure canarso be generalized to migiatory catch-age anåtysi!, which usesleast squares estination and the assunption of èeparability of
age and year effects in fishing nortality, which ävoids thäproblen of deternining terminal fishing mortalities (euinn et al.lee0).

Using the rnigratory cohort analysis framework, a forward anda backward representation of the comþrehensive noder for theBering Sea are shown in Figure 2. gotn representations are basedon three populations for the Bering sea (wBs, Basin, and EBS),witÌr migration from the trlBS and EBé lsneir) iopurations to theBasin and recruitment from spawning in the-gäsin occurring in thetwo shelf areas. . Spawning frorn the EBS and I{BS populatioñs alsoresults in recruitment to those areasr âS shown. In the forwardnoder, which courd be used as a forecasting nodel, the linkages
among the areas are shown from year t to yãar t+t in the uppérpart of Figure Z.

The backward moder shown in the bottom part of Figure 2 isconceptually simprer, proceeding backward in tine from t,ime t totine t-1. starting with a particurar age a, fish at age a inyear t in the wBS or the EBs v/ere arso In the same areá at age a-1 and year t-1. To find abundance one age earlier, one adds in
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removaLs due to catch and natural mortality. However, in Èhe
Basin, fish at age a in year t could have been in any of the
three areas at age a-l in year t-1. To properly account for
these fish, some of them are allocated to each area based on the
rates of migrationr âs shown in the Lower part of Figure 2.

In either model, rates of nigration must either be
determined before doing the analysis or be estinated with the
model. The success of estinating the rates is dependent on the
utility of the survey data. The split of the Basin fish into
wBS, EBS, and Basin recruitment must also be modeled or
estirnated. Finally, natural ¡nortality nust be redeterrnined,
because many prior estinates include rnigration as well as
mortality.

Stock Svnthesis Model

Methot, Richard D. 1990. Synthesis model: an adaptable
framework for analysis of diverse stock assessment data. INPFC
BulI. 502 259-277.

The Stock Synthesis model v/as presented as another type of
catch-at-age analysis. This model is rnost accurately described
as a forward sirnulation of the stockrs dynamics, and of the
processes which influence our observations of the stock.
Synthesis is a conplex tool that forces us to be very explicit
about many assurnptions, but its output is equally explicit with
regard to the consequences of these assu¡nptions for the fit to a
wide variety of data.

Synthesis is designed to exactly match the observed catch
biomass but, like CAGEÀN, it produces only a statistical rrbest
fit" to the catch age composiÈion and CPUE. In addition,
synthesis can directly examine the fit, to survey abundance and
survey age composition data. While one can force the nodel to
assume that the surveys have knife-edge selectivity at a
particular age or that the surveys measure only fishable biomass,
the advantage of synthesis is that it can use the inforrnation in
the survey age cornposition data to estiurate the pattern of
selectivity for the survey. Because synthesis is a forward
simulation, it can adjust its estinates of sanpled numbers at age
to account for the effects of ageing imprecision and for the bias
associated with ages determined fro¡n scales. Thus, the range of
recruitnents estirnated by synthesÍs is likely to be greater than
the range estimated by other models because synthesis can account
for some of the apparent contribution of weak cohorts by leakage
from adjacent strong cohorts.

Synthesis can be structured with one area (stock) and
several competing fisheries within this arear or it can have
nultiple areas each with one or more fisheries and surveys. Some



aspects of the two-area Pacific whiting synthesis model vrere
described. This rnodel differs from the proposed Bering Sea
migration model in that it re-mixes the ltocf each yeai then
partit,ions the fish into two areas according to an estinated age-
specific function. However, the capability for a three-area
model with only migration between the areas is already built into
synthesis. When the Pacific hake modeÌ is run with only one
area, then the estimated selectivity pattern for the U.S. fishery
is dome-shaped with a peak near age 7 and the estinated
selectivity pattern for the Canadian fishery is done-shaped with
a peak near age 10-11. I,Ihen the model is run with two areas,
then the model estÍnates a three parameter function that places
none of the recruits and about 358 of the older fish in Canadian
waters during the fishing period. In this two area model, the
estirnated selectivity patterns for the two fisheries converge
because each is now estimated relative to the fish found within
the defined area. A simitar pattern for shelf versus basin
fisheries could emerge in the Bering Sea as we explore the
conseç[uences of one versus three area models.

The data reguirements for synthesis are:

For each fishery:

A. tine series of aggregate catch biomass
B. body weight-at-age for harvested fish
C. catch age composition for ages 2 through the maximum

' observed age. The upper tail of this distribution will be
accumulated down to an appropriate age (probably LO to 15
years old). The catch age cornposition can be expressed in
terms of expanded catch numbers at age for conpatibility
with other models, but synthesis will convert these data
inÈo catch proportions at age.
D. estirnated discarded catch, if available.
E. CPUE data, if available. Discontinuous time series are
acceptable.

For each sur:vey:

À. estimated bionass or total numbers
B. body weight-at-age (if abundance is in terrns of biomass)
C. survey age composition.

Note: seasonal patterns in fishery age composition shourd be
examined. rf the winter fisheries on spawning aggregations
differ much fro¡n the traditional sunmer fisheries, then the
fishery data should be segregated into these time periods.
Synthesis can accomodate up to four time periods añd can be made
sex-specific if the male patterns are found to differ
substantially fron the female patterns.

The following parameters must, be supplied, although in some



circumstances these can be estimated by the model:
A. natural urortality, rnay be age-specÍfic. L-3 parameters.
B. Àgeing precision, entered as age-specific values for
percentage reader agreement.

The following parameters will be estinated by the model:
À. Selectivity function for each fishery and survey. 4
parameters per function.
B. Tine series of recruitrnent for each area. The number of
parameters will be N years ti¡res N areas, but in some
scenarios the basin area nay be defined to have zero
recn¡itment because aII its fish come from irnrnigration.
C. Age composÍtion in each area at the beginning of the
tine series. This can take only 3 parameters if we assune
an equilibriun age composition at the beginning (same
assunption as ín the catch curve analysis).
D. For each CPUE tirne series, the scaling factor thaÈ
relates CPUE to fishable bionass (or equivaLently, relates
effort to fÍshing mortality).

DATA AVÀIT,ABILITY

Each natj.on fishing in the Bering Sea was asked to provide
fishery and research data for use in modeling from l-980 to the
present. The workshop assessed the guantity and quality of data
available from the three regions to be rnodeled. A surnmary of the
data is shown in Table 1. Table 1 divides the Aleutian Basin
into two parts, west and east. The west enco¡npasses the portion
of the Àleutian Basin west of the US-USSR Convention line and the
east that portion of the Basin east of the line. The workshop
participants found the data to be sufficient to accomplish a
catch-age analysis of Bering Sea pollock.

For the eastern Bering Sea detailed data of sufficient
guality exist fron L978 to present. DeÈailed data of sufficient
quality was found to exist for the Aleutian Basin frorn L985 to
present, and possibly back to 1980. For the western Bering Sea,
basic data exists but additional data are needed to facilitate
full ¡nodel developnent.



Table 1 . BERING SEA POLL

INFORMATION SU

OCK ASSESSMENT

MMARY

Western

Bering Sea

Aleutian Basin I Errt.rn
Bering sea

CATCH DATA

Distribution

Biologícal Data

CPUE

NATURAL MORTALITY

AUXILLIARY INFO

Survey Biomass

Aged Catch

Annual %x1 block

Monthly %xl block

Sub-Areas

Age-length keys

Length Frequency

Age-comp data

Length-we¡ght data

by area

by sex

by period

by area

by block

Trawl Survey

Egg Larvae

Hydroacoustic

1 978-90 1986-90 1 985-90 1 964-90

1986-90 1986-90 1985-90 1 977-90

1 986-90 1986-90 1985-90 1 977-90

1 964-90 1 985-90 1 985-90 1 964-90

1978-90 1 986-90 1978-90

1 970-90 R-77 F-85 1 964-90

1 978-90 1 985-90 1 964-90

R-70 R-77 F-85 R-79 F-78

Yes Yes Yes Yes

Yes Yes Yes Yes

month quarter month

1 978- by day 1 980- by hour I 978- by hour

1986 by block 1986 by block

0.2 - 0.3 0.2 - 0.3 0.2 - 0.3 0.2 - 0.3

1 985-90 78 to present 1 979-90

1 985-90 1 988-90 ' 1988-90' 1 976-90

No No 1989-90. 1979,82,85,89

SPAWNER.RECRUIT Maturity Data

Fecundity Data

Yes Yes Yes Yes

Yes Yes Yes Yes

' not every year R-research F-fisheries
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I^IORKSHOP CONCLUSIONS

Bering Sea Pollock resources shall be modelled. by three
najor areas: western Bering Sea she1f, eastein Bering
Sea shelf and Aleutian Basin.

Fish in the AleuÈian Basin primarily move to the basin from
the shelves.

a. ) source and manner of recruitment of Basin porrock not
fully understood.
i. Enigration from shelf
ii. Return of fish spawned in Basin

b. ) Further studies of recruitrnent and migration are needed.

Mode1s will use data for age 4 and o1der.
a.) Large differences of estimates of naturar mortarity

(M) for age 3 pollock.
b.

d.

M for age 4 and older to be nodelled using M = 0.2-0.3
M of pollock older than age 11 may be higher on the
shelf.
Different varues of M may be applied to different areas.

4. Found data to be sufficient to accomplish a catch-age
analysis of Bering Sea polLock.

a. ) Detailed data of sufficient quality exist for the
eastern Bering Sea from I97B to present.

b. ) Detailed data of sufficient quality exist for the
Areutian Basin from 198s to presenl, and possibly as far
back as 1980.

c. ) Basic data exists for the western Bering Sea, but
additional data needed to faciLitate tutl model
developrnent.

Two framework models incorporating rnigration v/ere developed,.
one based on forward calculation, and the other on
backward calculation.

a.) Models will examine a range of nigration rates.
b. ) Models will examine a range of area mixtures.
Data provided for meeting will be conpired in standard

format and distributed to atl participating nations.
a. ) The Alaska Fishery Center wi1l evaluate tne aata

received and contact each nation on additionar data
needs.

b. ) All nations have agreed to provide additional data by
June, 1-991-.

c. ) A database will be assembled by October, 1991 and
distributed to each nation



?. All nations agreed to utilize the standard fishery data form
agreed to at the April 1990 Khabarovsk neeting as
presented at this workshop.

a. ) It was agreed that 1991 and following years data will be
collected using the forrn.

b. ) The data must be submitted to the Àlaska Fisheries
Science Center by July 31 of the following year by aII
nat,ions for all fishing operations in the Bering Sea.

c. ) ÀlI data subnitted by the participating nations should
be distributed to each nation annually.

8. Age determination is a critical element in age-structured
nodelling; natÍons should take special care in methods of
aging and val-idaÈion.

9. Migration rate information j-s crucial for model development.
À synoptic (Bering Sea-wj.de) tagging study should be
conducted to provide this information.

10. The workshop recommends that the Àlaska Fisheries Science
Center develop the ¡nodels and data for age-structured
modeling; that, each nation be provided with these
materials prior to a rnodel workshop of specialists
from each nation.

L1. The next rneeting r¡ill be in Seattle following nodel
development and evaluation by specialists from each
nation.




