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Section 7
FLATHEAD SOLE
by
Paul D. Spencer, Gary E. Walters, and Thomas K. Wilderbuer

Executive Summary

The following changes have been made to this assessment relative to the November 1998 SAFE:

Changes_in the input data

1) 1999 total catch and discards through 2 October, 199

2) 1999 trawl survey biomass estimate and standard error.

3) 1999 length compostion of the survey abundance.

4) 1998 length compostion of the fishery catch.

5) Edimate of the retaned and discarded portions of the 1998 catch.

Changes to assessment methodologv -

1) Use of F;sy as the overfishing fishing rate, in accordance with Amendment 56 of the fishery
management plan for the groundfish fishery of the Bering Sea/Aleutian Idlands.

Modd  results

1) Estimated 3+ totd biomass for 1999 is 611,432 t.

2) Projected femae spawning biomass for 2000 is 261,342 t.

3) Recommended ABC for 2000 is 73537 t based on an Fau, (0.28) harvest leve.
4) 2000 overfishing level is 89,958 t based on a Fssy, (0.35) harvest level.

Thefollowing summarizes our recommendetions for flathead sole fisheries conservation measures.

1998  Assessment 1999  Assessment
recommendations recommendations
for the 1999 harvest for the 2000 harvest
ABC 77,300 t 73,537t
Ovefishing 117,500t 89,958 t
FABC Fo_4o =025 Foa = 0.28

cherﬁshing Fo_gg = 0.39 Fo,gs =035
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Introduction

The flathead Sole (Hippoglossoides elassodon) is distributed from northern California, off Point Reyes,

northward along the west coast of North America and throughout Alaska (Hart 1973). In the northern

pat of its range it overlgps with the rdated and morphologicaly smilar Bering FHounder
(Hippoglossoides robustus) whose range extends north to the Chukchi Sea and into the western Bering
Sea. The two species are very smilar morphologicaly and at-sea identification is extremdy difficult on
the production schedule of the annual trawl survey. However, we feel there has been increasing accuracy

during recent years. The growth and distribution differences between the species were described in
Wadlters and Wilderbuer (1997), which illudrated the possble ramifications of combining information.
For the purposes of this section, these two species are combined under the heading, Hippoglossoides sp.

Hippoglossoides 0. are managed as a unit stock in the Bering Sea and Aleutian Idands and were
formerly a congdtituent of the “other flaffish” SAFE chapter. In June 1994, the Council requested the Plan
Team to assign a separate ABC for flathead sole (Hippoglossoides p.) in the BSAI, rather than
combining flathead sole (Hippoglossoides $p.) with other flatfish as in past assessments. This request was
based on a change in the directed fishing standards to alow increased retention of flaffish.

Catch History

Prior to 1977, catches of Hippoglossoides §p. were combined with the species of the “other flatfish"
category, which increased from around 25,000 t in the 1960s to a peak of 52000 t in 1971. At least part
of this apparent increase was due to better species identification and reporting of catches in the 1970s.

After 197 1, catches declined to lessthan 20,000t in 1975.  Catches from 1977-89 averaged 5,286 t
increasing to an annual average of 17,706 t from 1990-98 (Table 1). The resource remains lightly

harvested as the 1999 catch through 2 October is only 26% of the 1999 TAC of 65,705 t. Cach locations
in 1998 where flatfish comprised > 50% of the catch and flathead sole where the most abundant flaffish in

the catch are shown, by quarter, in the Appendix.

Although flathead sole (Hippoglossoides sp.) receive a separate ABC and TAC they are dtill managed in

the same PSC classification as rock sole and “ other flatfish" and receive the same apportionments and

seasond  dlowances of bycaught prohibited species. In recent years, the flathead sole fishery has been
closed prior to atainment of the TAC due to the bycaich of halibut (‘Table 2).

Subgtantid amounts of flathead sole are discarded overboard in various eastern Bering Sea target
fisheries. Retained and discarded amounts are estimated for recent years using observer estimates of
discard rate gpplied to the “blend” estimate of observer and industry reported retained catch (including

flathead sole prior to 1995) (Table 3).

Data

Fishery Catch and Catch-at-age Data

This assessment uses fishery catches from 1977 through 2 October, 1999 (Table I), and estimates of
number caught by length group and sex for the years 1977-1998 (Tables 4-5).

Survey Data

Because Hippoglossoides . are usudly taken incidentaly in target fisheries for other-species, CPUE
from commercid fisheries seldom reflect trends in abundance for these species. It is therefore necessary
to use research vessel survey data to assess the condition of these stocks.
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Large-scde bottom trawl surveys of the Eastern Bering Sea continental shelf have been conducted in
1975 and 1979-1999 by NMFS. Survey edtimates of total biomass and numbers by length group and sex
for the years 1982- 1999 are shown in Tables 6-8 and Figure 1. The survey gear changed after 198 1, and
as in previous assessments (Waters and Wilderbuer 1998) only the data from 1982 to the present are
used. Since the early 1980s, estimated Hippoglossoides Sp. biomass has approximately quadrupled to the
1997 pesk estimate of 807,800 t (Figure 1). However, estimated biomass declined in the 1999 survey, as
the biomass estimate of 394,806 t is a 43% decline from the 1998 value and the lowest estimate since

1986.

Information on length a age for flathead sole and Bering flounder are available from aging a carefully
controlled age-structure collection in 1985 The estimated von Bertalanffy parameters are

Lidcm) Kk L
H. edassodon males 376 0.173 1 -0.3536
females 472 0.1322 -0.2102

H. robustus males 304 02111  0.3210
females 425 0.1298 02231

A comparison of these functions (Walters and= Wilderbuer 1997) shows the dower growth rate and
gndler maximum sze of Bering flounder. Fish of a given sSze are possbly 3 years different in age
between the two species. Although Bering flounder represent less than 2% of the totd (in 1997), these

erors contribute to the overal uncertainty of the estimates.

A length (cm) - weight (g) relationship of the form W = aL® was also fit to Hippoglossoides sp., with the
estimated parameters of a = 0003965 and b = 325912 goplying to both sexes.

In summary, the data available for flathead sole are:

I) Tota catch weight, 1977-99;

2) Proportiona catch numbers by length group, 1977-98;

3) Survey biomass and standard error, 1982-99;

4) Survey age compostion 1982, 1985, 1992, and 1995;

5) Proportional survey numbers by lensth group. 1982-99.

Analytical Approach

Model Structure

To better understand the stock dynamics of the flathead sole resource since 1977 and to provide improved
future estimates of recruitment, biomass and target fishir. - mortality for management, al available fishery
and survey data were andyzed usng a split sex length - based stock synthesis model (Methot 1990). In
this assessment we did not attempt to incorporate the Aleutian Idands biomass estimate. Using the
gynthess modd dlows esimation of fishing and survey sdectivity, and recruitment variability. The
model was configured to consider ages 3 - 2 1+ and lengths 6-60 cm for the period 1977- 1999.

Parameter estimation is facilitated by comparing the model output to several observed quantities, such as
the compostions of the fishery caich and survey abundance by length group, the survey biomass, and the
fishery caiches. The genera approach is to assume that deviations between model estimates and observed
quantities are atributable to observation error and can be described with Statistical distributions.  Each
data component provides a contribution to a total log-likelihood function, and parameter vaues that
maximize the log-likelihood are selected. The didributions of survey abundance and fishery catch by
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length group are assumed to follow multinomia didributions, wheress the trawl survey biomass is
assumed to follow the lognormd digtribution. The emphass on the survey biomass estimates is five
times that of the other data components; this resulted in a better fit to the abundance trend without
degrading the fit to the other data components.

Parameters  Estimated  Independently

We assume a naturad mortality rate (M) of 0.20 on the basis of the longevity of this species. Flathead sole
have been aged as high as 22 years from a recently aged sample collected in 1994.
Parameters  Edtimated  Conditionally

The population smulation esimates the number a age in the beginning year of the smulation, the
number of recruits in each subsequent year, and the surviva rate of each cohort as it moves through the
population using the basic population dynamics equations given in Methot (1998). Trawl capture
sectivity was fixed as asymptotic for the older fish in the survey and fishery data, but the modd was
dlowed to edtimate the selectivity of the younger fish. Selectivitiesfor the foreign and domestic fisheries
were esimated as one fishery to dlow for a sngle estimate of fishery sdectivity by sex.  The fishing
mortaity rates (F) for each age and year are caculated to exactly match the catch weight by solving the
following equation for F:

. S s N
Z NayWa[L](l_e( 55 M)) - anyWa =0
z S8+ M p
where Fy, = £,S,, N isthe number of fish of ageainyeary, W,, isthe average weight a age, A4 isthe
naturd mortdity, C,, is the catch numbers by age and year, S, is the fishery selectivity a age, and f; is the
fully-sdlected fishing mortdlity rate in year y.

Model Results

The model results show that estimated total biomass (ages 3+) increased from a low of 172,842 t in 1977

to a pesk of 795199 t in 1992 (Figure 2, Table 9). Since 1992, estimated total biomass has declined to an
edimated vaue of 611,432 t for 1999. Femae spawning biomass shows a smilar trend, dthough the
pesk vaue (329,354 t) occurred in 1995. The estimated survey biomass shows an increase from 1982 to

the peak level of 572,915 t in 1993, and a subsequent decline to 466,380 t in 1999 (Figure 3). The model

fits the survey hiomass time-series well during the period of increasing biomass, but provides a poor fit to
the 1994, 1997 and 1998 estimates, when it indicates a population decline while survey biomass estimates
remain high and reativey stable. The continued trend of declining estimated biomass since the early
1990s results in the estimated 1999 survey biomass matching the observed biomass fairly closely (Figure
3). The mode provided a good fit to the survey size compositions for the past 10 years for males and
females as shown Figure 4. Reasonable fits dso resulted for fishery sze composition observetions
(Figure 5).

The changes in sock biomass are primarily a function of recruitment, as fishing pressure has been
relaively light. The fully sdlected fishing mortality estimates remain small, and have averaged 0.05 from
1990 to 1999 (Figure 6), and the fishery shows little sdectivity for flathead sole less that 30 cm (Figure
7). Age compostions for five age collections determined for Hippogiossoides sp. from the trawl surveys
do not show recruitment of any particularly large year classes, but rather a series of strong ones. (Figure
8). Age compositions for other years, such as 1979, 1981, and 1993, are not shown here because of small
sample sizes. Estimated recruitment at age 3 has generaly been higher during the early potion of the data
series, averaging 7.9 x 10® for the 1975-1988 year classes, and 3.9 x 10® for the 1989-96 year classes
(Figure 9) The magnitude, but not the pattern, of these numbers differs from the estimated recruitment
in the 1998 assessment; this is due to a change (in the assessment modd) in the length-weight
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relationship. The survey size composition from 1994-1999 indicates that the proportion of fish at lower
Sizes is reduced from the high recruitment years of the 1980s, leading to the decline in estimated biomass.

Projections and Harvest Alternatives

The reference fishing mortdity rate for flathead sole is determined by the amount of reliable population
information available (Amendment 56 of the Fishery Management Plan for the groundfish fishery of the

Bering SealAleutian 1dands). Estimates of Fos, Foss, and SPRy 4, Were obtained from a spawner-per-
recruit  analysis. Assuming that the average recruitment from the 1977- 199 year classes estimated in this

assessment represents a relisble estimate of equilibrium recruitment, then an estimate of By IS calculated
as the product of SPR; 4, * equilibrium recruits, and this quantity is 133,810 t. The year 2000 spawning
stock biomass is estimated as 261,342 t. Since relible estimates of the 2000 spawning biomass (B), By,
Foq0, and F, ;5 exist and B>B, 4, (261,342 t > 133,810 t ), flathead Sole reference fishing mortdity is
defined in tier 3a. For this tier, Fage IS condtrained to be ¢ Fp 4, and For is defined to be F, ;5. The
vaues of these quantities are

2000 SSB edtimate (B) = 261,342 t
Bosw = 133,810t
F0,4a = 0.280
Fipe < 0.280
Fo_35 = 0.351
Fom = 0351

The estimated catch leve for year 2000 associated with the overfishing leve of F = 0.351 is 89,958 t.
Because the flathead sole stock has not been overfished in recent years and the stock biomass is relatively
high, it is not recommended to adjust F.sc downward from it upper bound; thus, the year 2000
recommended ABC associated with Fge of 0280 is 73537 t.

This year, a standard set of projections is required for each stock managed under Tiers |, 2, or 3 of
Amendment 56. This set of projections encompasses seven harvest scenarios designed to satisfy the
requirements of Amendment 56, the Nationa Environmental Protection Act, and the Magnuson-Stevens
Fishery Conservation and Management Act (MSFCMA).

For each scenario, the projections begin with the vector of 1999 numbers at age edtimated in the
assessment.  This vector is then projected forward to the beginning of 2000 using the schedules of natural
mortality and selectivity described in the assessment and the best available estimate of total (year-end)
cach for 1999. In each subsequent year, the fishing mortdity rate is prescribed on the bass of the
gpawning biomass in that year and the respective harvest scenario.  In each year, recruitment is drawn
from an inverse Gaussan digribution whose parameters consst of maximum likelihood estimates
determined from recruitments estimated in the assessment. Spawning biomass is computed in each year
based on the time of peak spawning and the maturity and weight schedules described in the assessment.
Total caich is assumed to equal the caich associated with the respective harvest scenario in al years. This
projection scheme is run 1000 times to obtan ditributions of possble future stock sizes, fishing mortality

rates, and catches.

Five of the seven gandard scenarios will be used in an Environmenta Assessment prepared in
conjunction with the final SAFE. These five scenarios, which are designed to provide arange of harvest
dternatives that are likely to bracket the find TAC for 2000, are as follow (“max E,z.” refers to the
maximum permissble value of Fysc under Amendment 56):

Scenario /: In all future years, F is set equa to max Fysc. (Rationale: Historicdly, TAC has
been congtrained by ABC, o this scenario provides a likely upper limit on future TACs.)
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Senario 22 In dl future years, F is set equd to a congtant fraction of max Fusc, where this
fraction is egual to the ratio of the Fusc value for 2000 recommended in the assessment to the max
F 5 for 2000. (Rationale: When F5c is set at a value below max Fpc, it is often set a the value
recommended in the stock assessment.)

Scenario 3: In dl future years, F is sat equd to 50% of rax Fzc. (Rationde This scenario
provides a likely lower bound on Fusc that ill dlows future harvest rates to be adjusted
downward when stocks fill below reference levels)

Scenario 4. In all future years, F is set equal to the 1994-1998 average F. (Rationde: For some
stocks, TAC can be well below ABC, and recent average F may provide a better indicator of Frye

than Fusc.)

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

The recommended F,5c and the maximum Fyse are equivdent in this assessment, and five-year
projections of the mean harvest and spawning stock biomass for the remaining four scenarios are shown
in Tables 10 and 11, respectively. The projections of future harvest levels have smal confidence intervals
due to smdl fishery sdectivity vaues for ages 3-7 (the fird five ages in the modd).  Smilarly, the
confidence intervals on projected biomass are zero for the first two projection years because the
proportion mature a ages 3 and 4 is zero.

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

Scenario 6. In all future years, F is s&t equa to Fpr. (Retionde This scenario determines
whether a stock is overfished. If the stock is expected to be above}; of itsMSY level in 2000
and above its MSY level in 2010 under this scenario, then the stock is not overfished.)

Scenario 7: 1n 2000 and 2001, F is set equa to max Fygc, and in dl subsequent years, F is st
equa to Fog . (Rationae This scenario determines whether a stock is gpproaching an overfished
condition. If the stock is expected to be above its MSY level in 2012 under this scenario, then the
stock is not approaching an overfished condition.)

The results of these two scenarios indicate that the flathead sole are neither overfished or approaching an
overfished condition. With regard to assessing the current stock level, the expected stock size in the year
2000 of scenario 6 is 2.21 times itS Bss, vaue of 117,084 t. With regard to whether the stock is likely to
be in an overfished condition in the near future, the expected stock size in the year 20 12 of scenaio 7 is
1.04 times its Bsse Value.

Other considerations

The catch of flathead sole taken in research survey will be included in the caich totds in future
assessments; these catch levels are shown from 1979 -1998 in Table 12.

Trophic studies indicate that flathead sole feed mainly on ophiuroids, tanner crab, osmerids, bivalves and
polychaetes. Groundfish predators include Pecific cod, Pacific haibut, arrowtootb flounder and dso

cannibaism by large flathead sole, mostly on fish less than 20 cm standard length.
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Summary

In summary, severa quantities pertinent to the management of the flathead sole are listed below.

Quantitv Value
Ad 0.20
Year 2000 Spawning stock biomass 261,342 t
For 0.351
Maximum Fysc 0.280
Recommended  Fjzc 0.280
OFL 89,958 t

Recommended ABC 73.5371t
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Table 1. Harvest (t) of flathead sole from 1977- 1999

Catch
Year Biomass
1977 7909
1978 6957
1979 4351
1980 5247
1981 5218
1982 4509
1983 5240
1984 4458
1985 5636
1986 5208
1987 3595
1988 6783
1989 3604
1990 20245
1991 15602
1992 14239
1993 13664
1994 18455
1995 14707
1996 17344
1997 20704
1998 24397
1999 17385*

*NMFS Regional Office Report through October 2, 1999




Table 2.
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Restrictions on the flathead sole fishery from 1994 to 1999 in the Bering

Sea - Aleutian Istands management area. Unless otherwise indicated, the closures were applied to the
entire BSAI management area. Zone 1 consists of areas 508509, 5 12, and 5 16, whereas zone 2 consists

of areas 513,517, and 521.

Y ear Dates Bvcatch  Closure

1994 2/28-12/31 Red King crab cap (Zone 1 closed)
5/7 - 1231 Bairdi Tannner crab (Zone 2 closed)
7/5 - 12/31 Annud hdibut dlowance

1995 2/21 - 3/30 First Seasond halibut cap
4/17 - 7/1 Second seasonal halibut cap
8/1 - 12/31 Annud hdibut dlowance

1996 2126 - 4/1 First Seasond halibut cap
4/13 - 7/1 Second seasonal  halibut cap
7/31 - 12/31 Annual hdibut dlowance

1997 2/20 - 4/1 Firs Seasond halibut cap
4/12 - 7/1 Second Seasonal halibut cap
7125 - 12/31] Annud hdibut dlowance

1998 3/5-3/30 First Seasond halibut cap
4/21 -7/1 Second seasondl  halibut cap
8/16 - 12/31 Annud hdibut dlowance

1999 2/26 - 3/30 First Seasona halibut cap
4/27 - 7/04 Second seasonal halibut cap
8/31 - 12/31] Annud hdibut dlowance

Table 3. Totd retained and discarded flathead sole, 1995-1999.

Year Tota Catch Retained Discarded Percent  Retained
1995 14707 7521 7186 51
1996 17344 8964 8380 52
1997 20704 10871 9833 53
1998 24397 17208 7189 70
1999" 17385 12982 4403 75

"NMFS regiond office report through October 2, 1999
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Table 3. Total retained and discarded flathead sole, 1995- 1999.

Year Total Catch Retained Discarded Percent Retained
1995 14707 7521 7186 51
1996 17344 8964 8380 52
1997 20704 10871 9833 53
1998 24397 17208 7189 70
1999" 17385 12982 4403 75

"NMFS regiona office report through October 2, 1999




Table 4. Eastern Bering Sea flathead sole mole catch atlength group (millions)

Year

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
000
0.00
0.00
0.00
0.w
0.w
ow
0.00
0.00
0.00
0.00

0.00
0.00
0.w
0.w
0w
0.00
0.00
0.w
0.00
0.00
0.w
0.w
0.00
0.00
000
0.00
0.w
o.w
000
0.w
0.w
0.00

10

0w
0w
0.00
0.00
0.00
0.00
0.00
0.00
0w
0.00
0w
0.w
0.00
0.w
0.w
0.00
0.w
0.w
0.00
0.00
0.00
0.w

12

0.04

0.02
0.62
0.00
0.02
O.w
0.w
0.01
0.00
O.w
0.w

O.w
0.00
0.00
0.w
0.00
0.w
ow
0.00
0.w
0.00

0.w

14

0.12
0.10
0.13
0.00
0.08
O.w
0.w
0.02
0.01
0.03
0.00
001
0.00
0.01
0.00
000
001
0.00
0.00
0.00
0.00
0.00

Length Group (cm)

0.w
0.00
0.04
000
0.03
0.01
0.11
0.02
0.01
0.w
0.00
0.01
0.w

088
0.47
0.32
0.18
0.43
0.01
0.w
0.07
0.05
0.22
0.01
0.13
0.04
000
0.02
0.04
0.02
0.04
0.01
0.00
0.03
0.02

20

0.84
0.70
0.82
0.46
0.11
0.06
0.00
0.28
0.22
0.31
0.01
0.19
0.13
012
0.08
0.46
0.01
0.08
0.03
0.01
0.00
0.04

22

0.80
1.00
0.70

0.98
0.10

0.08

0.02
0.33
0.34
0.59
0.04
0.29
02
0.18

0.12

066
0.08

0.15
0.08
0.04
0.15
0.10

24

1.10
0.44
1.20
0.35
0.22
0.09
0.28
0.44
1.28
0.10
0.83
0.23
027
0.23
0.70
0.18
0.43
0.14
0.09
0.41
021

26

1.18
0.45

0.91

0.42
0.14
0.40
057
162
018
11
0.45
0.39
0.30
1.05
0.53
0.86
0.28
0.28
117
048

28

4.04
2.17
0.68

2.29

0.44
0.74
0.66
1.21
0.31
151
068
0.72
0.87
126
1.12
1.62
0.68
0.53
1.88
0.99

30

3.17
1.15
1.95
2.59

196

0.52
0.88
1.37
0.50
2 45
0.89
128
1.39
1.96
128
2.69
1.32
1.40
315
2.13

274
1.04
2.34
2.08

2.71

328

NE

2.98
4.88
3.98

36

0.41
0.51
0.22
018
0.30
1.15
0.74
1.18
0.50
0.84
0.63
0.58
4.85
4.14
3.08

325
3 55
4.29
4.75
5.94

0.59

0.40
0.22
015

343
289
2.w
1.98
185

260
2.00
4.3

40

0.05
0.01

0.01
0.05
004

0.14
0.07

0.00
0.02
o.w
0.11

43

0.04

0.01

0.01
0.04
0.00
0.w
0.01
0.02
0.73
0.27
0.04
0.37
0.50
0.43
0.32
0.13
0.39

46

0.00
0.00
0.w
0.w
0.00
0.00
0.02
0.w
0.02
O.w
0.00
0.00
0.00
0.40
0.08
O.w
0.06

041

0.14
ow

0.09

43

0.00
0.01

0.00
0.00
0.w
ow
0.01

0.00
0.03

0.w

0.00
0.00
0.00
0.14

0.w
ow
0.32

0.04
0.07

000
001

52

0.00
0.01

0.w

0.00
000
0.00
0.01
0.00
0.03
0.00
0.00
ow

.00
0.03
002
000
ow
020
0.00
0.04

ow

ow

ow
0.00
O.w
s w
000
ow
0.00
ow
004
000
001
0.w

o w

58

0.w
0.w
0.w
ow
000
0.w
0.01
0.w
0.02
ow
0.00
ow
0.w
000
ow
0.00
ow
0.01
0.00
0.01
ow
ow

[44) 4



Table 5. EasternBering Sea flathead sole female catch at length group (millions)

Year

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

0.w
o.w
0.00
000
0.00
o.w
0.w
0.w
0.00
0.00
0.w
0.00
0.00
0.00
0.00
0.00
0.w
0.w
0.w
000
0.00
0.00

000
0.00
0.00
ow
000
0.00
0.w

000
0.00
0.w

0.00
0.w

000
000
0.00
0.00

0.00

0.00

0.00
0.00
0.00
0.00

10

0w
0.00
000
a.00
0.00
0.00
0.00
0.00
900
0.w
0.00
0.00
0.00
0w
0.00
0w
0.w
0w
0.00
0.00

000
0w

12

004
0.01
0.01
0.00
001
0.w
0.w
0.01
0.01
0.00
0.00
0.w
0.w
0.00
0.w
0.00
0.00
0.00
2.0
0.00
0.00
0.00

14

011

0.03
0.04
0.01
0.01
0.00
0.00
0.02

0.01

0.02

000
0.01

000
0.W
0.00
000
0.w

0.w
0.00
0.00
0.00

0.w

Length Group (em)

-16

0.26
0.09
0.08
0.08
0.12
0.00
0.00
003
0.03
0.11
0.00
0.02
0.00
0.01
0.w
000
0.00
0.00
0.00
0.00
0.00
0.00

18

0.67
0.22
0.18
0.22
021
0.00
0.00
008
0.03
0.39
0w
0.07
001
0.00
0.01
0.w
0.w
0.01
0.w
0.00
0.00
0.w

20

0.52
0.45
0.3
048
0.08
0.01
0.01
0.18
0.09
0.35
002
009
005
0.04
0.01
000
0.01
0.01
0.03
0.01
0.01
0.00

22

0.66
0.53
0.43
085
0.05
0.04
o.w
0.17
0.18
0.50
0.01
0.13
0.10
0w
0.03
0w
0.01
0.01
0.04
0.01
0.04
0.01

24

0.76

0.57
0.32
1.23
0.09
0.13
0.02

0.12

0.16

0.36
0.04
0.26
0.10
008
0.08
0w
0.10

0.04
0.04
0.03
0.10
0.05

26

1.16
0.53
0.26
0.80
0.29
0.35
000
016
0.19
0.45
008
0.27
0.11
0.19
0.8
0.06
0.14
0.08
0.07
0.05
0.15
0.09

28

1.36
0.60
0.30
0.01
0.07
0.71
0.02
0.25
022
0.65
0.15
0.52
0.21
0.23
0.36
0.21
0.22
0.14
0.18
008
0.31
0.21

30

Lm
088
0.30
0.60
0.00
1.15
0.05
026
0.26
0.66
0.22
0.86
0.28
0.47
0.52
0.21
0.46
032
0.25
0.16
0.53
0.43

32

1.60
1.8
031
0.67
1.12
1.02
0.12
0.36
0.36
060
0.35
1.10
0.40
068
0.79
0.80
0.88
0.53
046

*0.43

0.77
0.77

34

1.52
1.43
0.46
0.60
0.86
0.72
0.23
0.68
051
0.63
0.63
1.2
046

128
1.07

1.31
0.87
073
0.w
0.93
1.16
1.23

36

1.2
1.18
0.60
0.66
0.81
0.37
0.34
060
0.12
0.80
0.67
1.12
0.55
19}
1.31
1.63
1.2
1.53
Lw
137
1.72
1.62

38

0.61
0.63
0.62
085
0.54
0.39
0.56
0.72
0.81
0.88
0.01
0.00
052
264
2.02
1.80
1.39
210
147
1.55
2.16
2.19

40

0.42
0.73
0.68
0.55
0.56
0.52
1.02
0.61
108
0.58
0.47
0.77
0.45
3.56
2.75
262
2.63
321
2.25
2.53
2.67
3.39

43

0.06
0.20
0.32
0.15
0.26
0.24
0.71
0.25
0.41
0.24
009
0.30
025
259
1.64
1.57
2.10
227
2.41
2.51
2.61
3.17

46

0.02
0.04
0.11
0.02
0.07
0.w
0.30
0.08
012
0.03
0.02
010
012
123
0.72
0.59
0.57
109
122
1.4
1.65
2.24

49

001
0.01
0.01
0.01
0.01
0.00
0.11
0.01
0.08
0.w
0w
0.02
0.04
025
627
0.27
0.14
0.5
02
031
0.45
081

S1

ow
0.00
Ow
0.00
0.00
Ow
0.03
o.w
0.02
0.00
0.00
0.00
0.w
0.03
0.05
ow
002
013
0.04
0.08
0.08
0.1

55

0w
(v
0w
0w
0w
ow
003
0.w
003
0.00
0.00
0.00
0.00
.01
0.02
0w
000
002
0w
001
0.w
001

58

001
0.00
Q.00
a0
0.0¢
0.w
ow
000
o0
0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.W
0.00
0.00
O.w

cob



Table 6. Estimated biomass of flathead sole from the EBS and
Aleutian Islands Trawl survey.

Biomass
Year Area Estimate
1975 EBS 100,700
1979 EBS 104,900
1980 EBS 117,500
Aleut. 3,300
1981 EBS 162,900
1982 EBS 192,200
1983 BEBS 269,000
Aleut. 1,500
1984 EBS 285,900
1985 EBS 276,300
1986 EBS 357,900
Aleut. -9,000
1987 EBS 394,800
1988 EBS 549,500
1989 EBS 5 19,600
1990 EBS 593,500
1991 EBS 570,300
Aleut. 10,700
1992 EBS 618,100
1993 EBS 6 10,200
1994 EBS 725,100
Aleut. 15,400
1995 EBS 593,400
1996 EBS 6 16,400
1997 EBS 807,800
Aleut. 16,240
1998 EBS 692,200

1999 EBS 394.806




Table 7. Eastern Bering Sea flathead sole male numbers at length group (millions) estimated from the NMFS trawl surveys

Year

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
199s
1996
1997
1998
1999

0.21
0.47
0.12
0.03
0.47
o.w
0.54
000
0.00
0.10
0.00
0.W
060
0.00
0.07
0.08
0.08
0.00
0.w
0.w
0.w
0.00
0.00

0.30
1.38
150
2.70
0.83
0.21
1.63
1.54
1.30
0.70
0.02
0.91
0.69
0.12
0.63
048
1.26
0.46
0.00
0.00
0.00
0.w
0.00

10

1.42
10.16
1041

4.26

7.25

7.51

5.23
17.31

4.75
12.03

3.46

6.95

4.81

1.01

3.16

3.01
17.16

2.61

0.w

000

0.w

0.00

000

12

19.37
47.9
3120
6.63
23.71
24.00
30.89
7004
17.32
6.60
44.65
13.50
20.10
7.66
19.70
10.40
34.48
7.34
0.w
0w
0.00
0.00
0.00

14

30.56
20.14
57.55
23.65
17.42
21.07
77.10
40.33
74.03
1032
74.64
19.31
43.45
19.00
36.02
12.46
16.23
20.22
0.w
0.00
0.00
0.00
0.w

Length Group

16

21.61
49.w
9449
39.66
22.63
44.09
101.69
4344
76.17
4757
45.93
5626
6578
34.32
35.65
24.23
26.35
10.06
0.00
0.00
0.00
0.00
000

18

33.81
65.83
72.03
81.01
36.52
43.9
73.97
21711
64.41
91.91
49.46
6441
67.74
43.99
5.73
30.26
2.3
17.74
0.00
0.00
0.00
0.00
0.00

(cm)
20

46.44
56.18
60.62
88.03
65.07
53.56
78.37
102.70
94.99
125.65
91.69
61.04
15.73
60.15
60.11
40.34
31.45
29.29
0.w
0.00
0.w
0.00
0.00

22

64.95
49.68
79.63
75.21
74.06
03.01
64.69
102.99
114.40
119.07
126.61
72.45
86.50
70.06
74.66
53.39
46.65
31.16
0.00
0.00
0.w
0.00
0.00

24

63.50
57.29
79.91
57.16
62.94
79.70
70.67
72.9
9989
112.65
160.59
109.60
82.69
65.63
7.9
66.34
69.57
46.06
0.00
0.00
000
0.00
0.00

26

64.46
7120
67.22
70.29
84.31
76.04
75.16
74.62
98.77
111.63
144.34
139.13
126.66
106.64
6921
73.61
7.3
59.45
0.w
o.w
0.00
0.00
0.w

28

00.10
65.44
9403
74.92
89.95
0.66
88.13
76.26
97.66
92.10
118.W
136.74
142.66
133.01
1He.17
91.47
04.44
65.46
0.w
0.00
0.w
000
000

30

72.52
az41
9224
60.93
8756
99.30
115.83
76.47
109.67
101.79
124.41
121.69
157.12
152.53
139.29
14320
135.44
78.45
0.00
0w
0.00
0.00
0.w

32

3155
5861
70.67
0.9
66.62
o764
137.93
126.41
13.15
%.91
135.70
126.75
153.69
136.54
145,65
152.03
161.06
9603
000
1000
0.00
000
0.w

34

1041
2363
3405
Jaee
49.43
55.07
120.56
121.712
132.40
107.64
136.54
117.63
144.32
119.62
135.79
145.64
167.74
62.37
0.w
0.00
0.00
0.00
0.00

36

3.08
6 70
159
14.36
20.70
28.65
51.74
58.91
69.94
72.53
68.97
66.64
95.41
72.88
85.00
102.15
w.w
45.35
000
0w
0.00
o.w
0.00

38

0.59
137
3.57
3.33
4.0
14.99
17.67
16.03
27.55
21.38
32.19
26.74
3.
31.93
33.76
53.45
59.75
21.04
0.00
000
0.w
000
0.00

40

042
012
012
0.76
1.66
3.62
5.16
3.02
5.46
4.m
6.56
7.10
637
10.52
12.36
23.64
14.97
10.86
ow
0.00
0.00
0.w

0.00

43

0.00
000
0.00
0.00
0.11
0.00
026
0.00
0.50
0.45
0.32
0.24
0.39
0.50
101
237
264
1.04
0.00
0.00
0.00
000
0.00

46

ow
ow
0.14
0.00
0.00
0.00
0.00
0.w
0.w
0.08
0.02
0w
0.00
0.14
0.00
1.65
044
010
0.w
0w
0.w
0w
0.09

49

0.00
000

0.00
0w
000
0.00
0.w
0.00
0.00
0.16
0.00
0.00
0.00
0.w
0w
000
000
0.00
0.00
0.w
0w
0.00

52

000
ow

000
0.00
0w

0.00
ow
0.00
0.00
000
0.00
0.00
0.00
0.w

0.03
ow

0.00
0.00
0.00
0.00
0.w
0.w

55

000

0.00
ow
ow
0.60
0.00

0.00

0.00

0.w

0.00
0.w
0.00
0.00

0.00
0.00
0.00
0.00
000
0.00
0.00
ow
0.00
6.00

58

ow
000
ow
0.w
0.00
0.00
0.w
0.w
0.w
0.00
0.w
0.w
0.00
0.w
0.00
0.00
ow
0.06
0.00
0.00
0.00
O.w
0.00

SOv



Table 8. Eastern Bering Sea flathead sole female numbers at length group (millions) estimated from the NMFS

Year

1977
1978
1979
1980
1981

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991

1992
1993
1994
1995
1996
1997
1998
1999

0.00
0.00
0.00
o.w
0.06
0.00
o.w

0.90

0.00
0.00
000
0.04
0.00
0.00
0.w
0.00
0.00
0.00
0.00
0.00
0.00
0.27

0.47

0.00
0.48
0.81
1.18
0.47
000
0.00
0.14
0.20
0.84
0.00
0.53
0.41
o.w
0.18
0.49
0.58
0.14
0w
0.00
0.00
0.30
1.38

10

123
11.91
8.07
1.24
3.44
4.28
2.56
15.55
1.05
5.00
3.88
4.66
2.31
116
3.94
1.81
12.84
2.12
0.00
0.00
o.w
1.4
16.88

12

16.17
38.92
33.44
7.94
12.08
18.41
19.33
43.40
13.16
475
30.13
9.9
13.29
524
16.72
0.57
2.9
5.82
0.00
0.00
0.00
19.37
47.9

14

24.10
24.91
58.49
21.60
13.38
28.98
12.88
26.12
59.w
8.97
54.07
19.37
31.96
15.94
28.21
14.30
11.43
14.45
0.00
0.0
0w
30.56
28.14

Length Group {em)

16

19.75
4347
60.36
3.1
17.44
39.89
96.75
39.99
70.00
e
42.64
5020
47.10
30.57
43.66
21.96
20.99
15.77
0.00
0.00
0.00
21.61
49.w

18

29.37
55.95
62.89
52.72
30.88
40.57
92.24
10440
48.57
69.33
4854
50.06
88.62
38.90
4.9
29.35
2.2
14.66
0.00
000
0.00
33.61
85.83

20

4662
53.01
56.56
7633
46.66
46.66
114.64
103.79
67.66
95.63
75.78
46.11
58.17
54.44
61.57
36.26
4.4
19.89
0.00
0.w
0.00
46.44
56.18

22

46.32
45.10
71.60
67.73
64.65
45.24
80.83
199.92
91.46
94.66
102.93
70.67
47.42
50.61
81.11
41.09
45.34
26.42
0w
0.00
0.00
54.95
49.68

24

48.18
50.33
71.37
50.09
75.02
58.28
74.65
77.05
93.57
104.16
123.14
95.05
74.88
49.62
66.25
47.46
47.69
34.79
0.w
000
000
63.66
57.29

26

53.37
55.24
72.40
49.00
66.41
66.62
78.16
62.33
62.66
99.36
115.07
97.59
97.21
62.06
65.12
59.28
66.99
40.97
0.w
0.w
0.00
84.48
71.20

28

66.17
61.64
83.43
53.25
00.68
70.32
76.62
67.97
74.66
89.17
114.32
169.16
118.66
80.%6
64.30
63.51
72.37
40.77
0w
0.00
0.00
Be.19
65.44

trawl surveys

30

70.42
78.61
83.20
54.64
88.37
71.67
7920
76.15.
66.38
86.35
63.74
10675
12557
87.85
75.63
60 61
81.31
43.54
0.00
ow
0.00
72.52
82.41

32

55.20
78.66
64.64
56.40
7082
70.21

101.69
68.05
77.59
7735
8.0
85.77

11265
92.64
88.04
84.6,
76.22
4923

000
400

0.00
31.55
58.61

34

32.85
70.M
64.32
52.36
74.52
7662
194.46
65.35
72.16
a64a7
64.56
73.98
8.1
80.80
93.11
112.36
84.19
64.20
0.00
0.w
ow
10.41
23.63

36

13.46
32.20
56.W
34.41
55.19
60.34
97.65
91.01
03.78
76.63
85.11
87.04
71.67
6726
81.05
108.09
8904
59.79
0.00
000
0.00
3.08
670

38

675
15.53
28.95
23.56
40.46
46.75
69.76
67.13
80.79
107.67
61.45
58.95
78.94
59.77
52.62
9804
8086
45.34
0.w
0.w
ow
0.59
1.37

40

6.7,
907
12.30
1447
30.46
35.05
63.72
65.46
91.95
124.83
94.70
95.20
103.18
69.60
72.76
129.84
67.72
42.79
0.00
0.00
0.00
0.42
0.12

43

167
157
128
416
697
13.75
2.02
28.58
3908
4433
51.69
49.32
70.94
50.64
5134
108.43
57.65
21.76
000
ow
000
000
000

46

040
047
0.92
1.01
200
2.76
3.46
7.98
11.26
14.63
16.50
15.80
25.65
16.61
28.32
33.09
24.86
15.04
0.00
0.00
0.00
0.w
ow

49

ow

0.03
000
0.16
0.10
1.34
o.al
2.42
066
2.48
2.66
3.59
5.56
3.15
7.92
11.34
7.70
000
0.00
040
0.w
0.00

52

0.00
0.00
0.w
0.00
0.00
0.00
0.w
0.00
0.00
0w
0.13
0.08
0.32
0.25
0.28
0.61
1.39
0.95
0.00
0.00
0.00
0.00
000

0.00
0.17

0.00
ow
0.w

ow
ow

58

0.00
0.00
0.00
0.00
0.00
0.00
o.w
0.00
0.00
0.00
0.00
0.w
0.00
0.00
0.w
0.00
0.00
0.00
0.00
0.00
0.00
o.w
0.w

007
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Table 9. Estimated total biomass (ages 3+), femade spawner biomass, and recruitment (age 3), with
comparison to the 1998 SAFE estimates

Femae

Spawner Total

Biomass ) Biomass (t) Recruitment  (thousands)
Assessment Assessment Assessment

Year —TOUIGOR— 1060 [OO7——mmig9e— [998
1977 47244 40253 172842 144473

1978 43563 36596 197891 166378 147950 347641
1979 41110 34161 23 1379 196064 4745 15 789500
1980 41523 34719 276638 235698 819210 1226870
1981 49862 43273 3223 16 277545 738959 1242225
1982 71803  63%1 372011 322783 864262 1364029
1983 98942 88338 433637  379% | 1252783 2048367
1984 123024 109960 498628 440762 1194949 1952885
1985 145276 130558 550999  492072= 559821 1019668
1986 167303 151534 597844 537640 680215 1098748
1987 192011 175692 647057 585677 1029087 1684840
1988 220925 204273 698803 637345 11585371974244
1989 249369 232 172 739555 678717 856121 1445573
1990 272811 255154 781930 72276 1 990442 1717930
1991 28293 1 265402 78789 1 732278 269926 526088
1992 294334 277569 795 199 74288 1 637614 1085515
1993 307558 291811 791613 743783 430373 783359
1994 319928 305178 7826 12 738774 5 19882 875484
1995 329354 3 14840 761835 72228 1 262658 516830
1996 328618 3 15493 733991 699638 378272 662666
1997 320588 308956 696485 667594 190990 390009
1998 306801 298181 656047 6355 17 333926 856249

1999288826 611432 346270




Table 10. Projected future catch (t) of flathead sole under various harvest rates.

Year
Flevel 2000 2001 2002 2003 2004
Fas (F=0.351) 89,958 69,145 53,609 36,488 26,520

90% CI (89,949 - 89,975) (69,104 - 69,213) (53,474 - 53,820) (36,103 - 37,080) (25,413 - 28,266)
F.(F=0.280) 73,537 59,393 48,103 39,647 27,748

90% Cl (73,530 - 73,551) (59,359 - 59,447) (47,996 - 48,272) (38,292 - 39,196) (26,729 - 29,354)
F.o/2(F=0. 140) 38,647 34,477 30,576 26,993 24,084

90% CI (38,643 - 38,654) (34,459 - 34,504) (30,522 - 30,660) (26,847 - 27,2 11) (23,752 - 24,580)
Recent F level
(F=0.05358) 15,262 14,496 13,638 12,707 11,883

90% CI (15.261 - 15.2653 (14.489 - 14.506) (13.618 - 13.670)

(12651 - 12.7915

12 .074)

807



Table 11. Projections of future spawning biomass (t) under various harvest rates.

Year
F leve 2000 2001 2002 2003 2004
Fss
(F=0.351) 258,867 193,896 146,917 114,668 98,258
90% CI (258,867 - 258,867) (193,896 - 193,806) (146,906 - 146,936) (114,393 - 115,146) (96,215 - 101,685)
F40
(F=0280) 261,342 206,253 163,610 131,640 111,830
90% CI (261,342 - 261,342) (206,253 - 206,253) (163,599 - 163,630) (131,365 - 132,121) (109,774 - 115,279)
Fa/2
(F-_—O, 140) 266,289 233,265 203,438 177,378 158,391
90% CI (266,280 - 266,289) (233,265 - 233,265) (203,427 - 203,458)

Recent F leve

(F=0.05358) 269,393

90% CI

F=0
90% Cl

(269,393 - 269,393)

271,336
(271.336 - 271.336)

251,916
(251,916 - 251,916)

264,314
(264.3 14 - 264.314)

233,612
(233,601 - 233,632)

254,879
(254.868 - 254,898)

|g177,090 - 177,879)

215,331
(2 15042 - 2 15:834)

243,653
(243.364 - 244,157)

(156,205 - 162,066)

201,301
(199,100 - 205,004)

235,151
(232,940 - 238,872)

60Y
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Table 12. Research catches (t) of flathead sole in the BSAI area from 1979 to 1998.

Yex Research Catch (t)
1979 11.85
1980 6.19
1981 11.23
1982 20.36
1983 13.86
1984 135 1
1985 44.83
1986 13.79
1987 12.97
1988 29.86
1989 24.60
1990 26.76
1991 35.92
1992 18.92
1993 21.86
1994 30.23
1995 26.52
1996 20.87
1997 3031

1998 23.02
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Figure 1. Estimated survey biomass of Eastern Bering Sea flathead sole.
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Figure 2. Estimated beginning year (solid line) and spawning biomass (dashed line) for flathead sole
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Figure 3. Estimated survey biomass of flathead sole with observed survey biomass.
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Appendix
Figures showing the distribution of flathead sole hauls sampled by fishery observers in

1998, by quarters. Flathead sole hauls are defined as flatfish comprising greater than
50% of the catch, with flathead sole being the most abundant flatfish in the catch.
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Flathead sole 4th quarter hauls




