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Executive Summary

This document is the initial analysis to describe the stock status of Kamchatka flounder using Tier 3 age
and length structured modeling. The assessment is presently a Tier 5 assessment reliant upon trawl
survey biomass from the Bering Sea shelf, slope and the Aleutian Islands and an estimate of natural
mortality. Kamchatka flounder have been distinguished from arrowtooth flounder in survey catches since
1991 and in the fishery since 2007 allowing that information to be utilized with recent age determinations
and a maturity study to develop an age-structured model. Initial model runs apportioned biomass to the
shelf, slope and Aleutian Islands based on the proportions from their relative survey estimates. Model
evaluations resulted in reasonable fits to biomass estimates and size composition from the three surveys
and a stable estimate of slope survey selectivity. A natural mortality value of 0.13 was obtained from
direct estimation as a free parameter in the model and from profiling.

Introduction

This document is the initial analysis to describe the stock status of Kamchatka flounder using Tier 3 age
and length structured modeling. The assessment is presently a Tier 5 assessment reliant upon trawl
survey biomass from the Bering Sea shelf, slope and the Aleutian Islands and an estimate of natural
mortality. ABC and OFL are determined from a 7-year averaging technique of survey biomass.

The Kamchatka flounder (Atheresthes evermanni) is a relatively large flatfish which is distributed from
Northern Japan through the Sea of Okhotsk to the Western Bering Sea north to Anadyr Gulf (Wilimovsky
et al. 1967) and east to the eastern Bering Sea shelf and south of the Alaska Peninsula (there is also a
catch record from California). In U.S. waters they are found in commercial concentrations in the Aleutian
Islands where they generally decrease in abundance from west to east (Zimmerman and Goddard 1996).
They are also present in Bering Sea slope waters but are absent in survey catches east of Chirikof Island.

In the eastern part of their range, Kamchatka flounder overlap with arrowtooth flounder (Atheresthes
stomias) which are very similar in appearance and were not routinely distinguished in the commercial
catches until 2007. Until about 1992, these species were also not consistently separated in trawl survey
catches (Fig. 7-1) and were combined in the arrowtooth flounder stock assessment (Wilderbuer et al.
2009). However, managing the two species as a complex became undesirable in 2010 due to the
emergence of a directed fishery for Kamchatka flounder in the BSAI management area. Since the ABC
was determined by the large amount of arrowtooth flounder relative to Kamchatka flounder (complex is
about 93% arrowtooth flounder) the possibility arose of an overharvest of Kamchatka flounder as the
Atheresthes sp. ABC exceeded the Kamchatka flounder biomass. Arrowtooth and Kamchatka flounder
have been managed separately since 2011.
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Catch History

Historical Kamchatka flounder catch is combined in catch records of arrowtooth flounder and Greenland
turbot from the 1960s. The fisheries for Greenland turbot intensified during the 1970s and the bycatch of
arrowtooth flounder and Kamchatka flounder is assumed to have also increased. Catches of these species
decreased after implementation of the MFCMA and the Kamchatka flounder resource has remained
lightly exploited with the combined catches with arrowtooth flounder averaging 12,831 t from 1977-2008
(Table 7-1). It is estimated that only a small fraction (<10%) of this catch was Kamchatka flounder. This
decline resulted from catch restrictions placed on the fishery for Greenland turbot and phasing out of the
foreign fishery in the U.S. EEZ. Catches in Table 7-1 through 2006 are for arrowtooth flounder and
Kamchatka flounder combined, catches thereafter are those estimated for Kamchatka flounder only. The
total combined catch estimated for arrowtooth and Kamchatka flounder reported by the Alaska Regional
Office (catches were not differentiated by species until 2011), is a blend of vessel reported catch and
observer at-sea sampling of the catch. However, observers have separately identified the two species
from catches aboard trawl vessels since 2007 and their sampling has indicated that the proportion of
Kamchatka flounder in the combined catch has steadily increased from 10% in 2007 to 55% in 2010.

year Percent of
combined catch
2007 10%
2008 31%
2009 45%
2010 55%

The increased harvest was the result of a recently developed foreign market for Kamchatka flounder
which has now become a fishery target. Based on the above observer derived percentages, the 2010
estimated catch of Kamchatka flounder was 21,153 t, taken primarily in area 514 and to a lesser extent in
area 518. The 2011 catch of 9,935 is less than half of the 2010 combined total (TAC and ABC = 17,700,
OFL = 23,600) and was evenly split between area 541 in the central Aleutian Islands (51%) and area 524
in the northern Bering Sea (34%). Based on this result in 2011, area apportionment has not been pursued
in the assessment. The Kamchatka catch by week in 2011 (Fig. 7-2) shows that targeting for Kamchatka
flounder began May 1 when about one third of the annual total was taken in one week, and then continued
in lesser amounts through mid-October.

Data

The data used in this assessment includes estimates of total fishery catch, bottom trawl survey biomass
estimates and length composition from the Bering Sea shelf, slope and Aleutian Islands surveys. Age
data are available from the 2010 Aleutian Islands survey and all survey length-weight observations were
included.

Fishery catch

Fishery catch from 2007-2011 were included in the model as listed above. Catches from 1991-2006,
years when Kamchatka and arrowtooth flounder were not identified to species were calculated by
assuming that Kamchatka flounder comprised 10% of the catch during that time period.

Absolute Abundance from Trawl Surveys

Biomass estimates (t) for Kamchatka flounder from the standard shelf survey area in the eastern Bering
Sea, slope surveys and the Aleutian Islands region are shown in Table 7-2. Reliable estimates of
Kamchatka flounder became available in 1991 and they were estimated at an average biomass of 45,500 t
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through 1994 on the Bering Sea shelf (Fig. 7-1). During the following 11 years the biomass was
estimated at a lower level (26,800 t average) before increasing to high and stable levels the past 7 years
(53,200 t average). On the continental shelf they are usually found in highest concentrations at depths
greater than 200 meters around the Pribilof Islands and also in the large shelf area west of St. Matthew
Island. Trends of abundance from the slope and Aleutian Islands surveys also indicate an increasing
resource. They are common in the deeper waters of the slope area (500 to 800 meters, Zimmerman and
Goddard 1996) in both the Aleutian Islands and the eastern Bering Sea slope (Figs. 7-3 and 7-4).

An estimate of total BSAI biomass for the years in which Aleutian Islands and slope surveys were not
conducted was calculated by averaging the years in closest temporal (before and after) proximity.
Population length composition estimates for the three trawl surveys are shown by year and sex in Fig. 7-5.

Length-weight, length and weight at age, maturity and natural mortality

All length-weight measurements collected during RACE surveys (1,074 total, 483 males and 591
females) were used to describe the Kamchatka flounder length (cm)-weight (g) relationship (Fig 7.6) by
the equation:

Males: W =4.73x10°L 3™
Females W =2.08 x 103 L 3%

Length at age calculations from the ageing of 450 otoliths from the 2010 Aleutian Islands survey were fit
to a von Bertalanffy growth model to obtain male and female length at age. These data were then
multiplied by the sex-specific length-weight data to obtain estimates of weight-at-age for the assessment
model. Weight-at-age data indicate that females and males grow at a similar rate until about the age of
maturation after which females continue to grow to a larger size (Fig 7.7). Maturity was determined in a
study by Stark (in press) from a histological examination of ovary samples collected in the Bering Sea.

Both sexes have been found in relatively equal numbers and the oldest fish have been aged at 33 years
indicating that Kamchatka flounder are similar in life history to other Bering Sea flatfish. The assessment
model was used to explore estimates of natural mortality

Analytic Approach

Model Structure

This stock assessment utilizes the AD Model Builder software to model the population dynamics of
Bering Sea and Aleutian Islands Kamchatka flounder since 1991. The model is a sex-specific length-
based approach where survey and fishery length composition observations are used to calculate estimates
of population numbers-at-age by the use of a length-age (growth) matrix. The model simulates the
dynamics of the population and compares the expected values of the population characteristics to those
observed from surveys and fishery sampling programs. This is accomplished by the simultaneous
estimation of the parameters in the model using the maximum likelihood estimation procedure. The fit of
the simulation values to the observed characteristics is optimized by maximizing the log(likelihood)
function given the following distributional assumptions about the observed data (see Tables 7-3 and 7-4).

NPFMCBering Seaand AleutianlslandsSAFE
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The suite of parameters estimated by the base model are classified by the following likelihood
components:

Data Component | Distribution assumption
Trawl fishery size composition Multinomial
Shelf survey population size composition Multinomial
Slope survey population size composition Multinomial
Shelf survey age composition (2010) Multinomial
Trawl survey biomass estimates and S.E. Log normal

The total log likelihood is the sum of the likelihoods for each data component. The model allows for the
individual likelihood components to be weighted by an emphasis factor. Equal emphasis was placed on
fitting all data components for this assessment and the relationship between annual bottom water
temperature (Temp) and shelf survey catchability (q) was modeled to improve the fit to the shelf survey
biomass estimates. The number of parameters estimated in the base configuration of the model are
presented below:

Fishing mortality Selectivity Temp-q Year class strength Total
22 16 2 45 85

The recruitment parameters are comprised of the 24 initial ages in 1991 (ages 2-25), the 20 subsequent
recruitment deviation estimates from 1976-2007 and the mean log of all recruitment. Fishing mortality
(F) parameters include the log of average F and the 21 annual fishing mortality deviations. Selectivity
parameters are from the logistic model for 3 surveys and a single fishery, for each sex. In addition, two
more parameters are estimated in a later stage to estimate the annual relationship between bottom water
temperature and shelf survey catchability and bottom water temperature and the overall value of
catchability which relates to the capture process and availability of the stock (discussed in the next
section).

It was assumed that the shelf, slope and Aleutian Islands surveys measure non-overlapping segments of
the Kamchatka flounder stock. Biomass was apportioned between the three areas by calculating the
average of the annual proportions estimated from the trawl surveys (Fig 7-8). The resulting proportions
are 37% shelf, 18% slope and 45% in the Aleutian Islands. The length-age conversion matrices (sex-
specific) were constructed using fitted von Bertalanffy growth curves to the available age data. The
variability in length at age was estimated to reflect a CV of about 8% (in cm). This provided the variance
in growth for the length-age conversions.

Parameters Estimated Independently

Catchability

Examination of Bering Sea shelf survey biomass estimates indicate that some of the annual variability
seemed to positively co-vary with bottom water temperature. Variations in shelf survey biomass were
particularly evident during the coldest year (1999) and the warm trend that occurred from 2001-2005.
The relationship between average annual bottom water temperature collected during the survey and
annual survey biomass estimates can be better understood by modeling survey catchability as:

q — e—a+ﬁT

where q is catchability, a and  are a parameters estimated by the model, and T, is the average annual
bottom water temperature. The catchability equation has two parts. The e term is a constant or time-
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independent estimate of q. The second term, ¢ is a time-varying (annual) q which relates to the

metabolic aspect of herding or distribution (availability) which can vary annually with bottom water
temperature.

Year class strengths

The population simulation specifies the number-at-age in the beginning year of the simulation, the
number of recruits in subsequent years as deviations from overall mean log recruitment, and the survival
rate for each cohort as it moves through the population calculated from the population dynamics
equations (see Table 7-3 and Table 7-4).

Fishing Mortality

The fishing mortality rates for each age and year are calculated to approximate the catch weight by
solving for F while still allowing for observation error in catch measurement. A large emphasis (300) was
placed on the catch likelihood component.

Selectivity

Survey results indicate that fish less than about 4 years old (< 30 cm) are found mostly on the Bering Sea
shelf and to a lesser extent in the Aleutian Islands. Males and females from 30-50 cm are found on the
shelf and in deeper waters of the Aleutian Islands and Bering Sea slope waters, and males and females >
50 cm are mainly found at depths below 200 meters. Sex specific "domed-shaped" selectivity was freely
estimated for males and females in the shelf survey due to the lack of larger fish there. We assumed an
asymptotic selectivity pattern for both sexes in the slope surveys and the Aleutian Islands surveys.
Selectivity was assumed constant over all survey years.

Up to the present, the low level of length measurements collected from the fishery may not provide
sufficient information for the model to reliably estimate fishery selectivity. The input sample size for
fitting this data was set at a low level (25) and may be overemphasized. This results in sample size
problems which make estimates of fishery selectivity unreliable. The shape of the selectivity curve was
fixed asymptotic for older fish in the fishery since the directed fishery for Kamchatka flounder
presumably targets the larger fish.

Model Evaluation

1)  Started with q’s (catchability) apportioned by their relative survey biomass estimates for the three
survey areas.

2)  Examination of the results from the initial model run indicated that fishery selectivity is poorly
determined (presumably due to the low sample sizes) and that there are males present in the length
records that are larger than those observed in any survey data. It is suspected that this is the result of
some mis-sexing of Kamchatka flounder in the commercial fishery sampling. This was resolved by
fixing the slope of the logistic curve (age at 50% selection is still estimated for each sex) which
produced more sensible results (Fig. 7-9) and estimated reference F values similar to other Bering
Sea flatfish species.

3)  Based on selectivity patterns, the shelf survey showed big differences in the ages of fish available to
these different surveys (Fig. 7-10). The slope survey selectivity estimates seemed most stable
hence: Alternative values of q were fixed for the slope survey and freely estimated the g values for
the shelf and Aleutian Islands surveys.

4)  Since g is confounded with natural mortality, M was estimated as a free parameter and returned
estimates similar to that obtained from profiling over M with catchability fixed for the three surveys
(~.13, Fig 7.11). M was fixed at 0.13 for subsequent model runs.

NPFMCBering Seaand AleutianlslandsSAFE
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Estimates of q from the slope survey profile and the associated likelihood indicated that slope g is less
than 0.3, but flat from about 0.2-0.05. Estimates of female spawning biomass derived from slope g =0.1
and g = 0.18 are shown in figure 7-12. The difference in total likelihood between these models was only
1.95, with the g=0.1 model being favored since the best fit to the overall likelihood is a low slope q (Fig.
7-13). Since the likelihood surface was so flat between q=0.1 and 0.18, the fixed value of 0.18 was
retained for slope g. With the model configured in this way (slope survey q=0.18, M = 0.13 and fishery
selectivity logistic slope fixed) the model was run to estimate the status and the population dynamics of
the Kamchatka flounder stock over the period 1991-2011.

Model results

Model results estimate that the total biomass of Kamchatka flounder steadily increased from 1991 to 2009
to over 160,000 t and has since declined by nearly 20,000 t (Fig. 7-14). The female spawning biomass
trend mirrors the total biomass with a parallel trend that peaks at 54,000 t in 2009 and has declined by
2,000 t to the 2011 estimate (Fig. 7-15). The model estimates of shelf, slope and Aleutian Islands surveys
fit the trends estimated by those data sources reasonably well (Fig. 7-16). Selectivities, as previously
discussed, were constrained for the fishery and were freely estimated for the surveys. It is clear that the
shelf survey samples a younger portion of the population than those surveys conducted on the Bering Sea
slope and in the Aleutian Islands (Fig. 7-10).

Model estimates of fishing mortality indicate that the stock was lightly harvested from 1991 to 2008 with
an average annual full selection F of 0.15 (Fig 7-17). As the fishery developed for Kamchatka flounder in
2008 the fishing mortality was much higher in 2009-2011 with the 2010 F estimated at 0.17.

Examination of the model fit to the survey length composition data was made by comparing the average
observed proportion at length from the time-series to the average predicted proportion at length from the
model (Fig. 7-18). Overall the model fits the general shape of the length compositions but has some
residual trends for large fish on the slope and the Aleutian Islands. Fits to the individual annual length
compositions, by sex, are shown in Fig last.

Ecosystem Considerations

Predators of Kamchatka flounder

Kamchatka flounder have rarely been found in the stomachs of other groundfish species in samples
collected by the Alaska Fisheries Science Center. Their presence has only been documented in 17

stomach samples from the BSAI where the predators included Pacific cod, pollock, Pacific halibut,
arrowtooth flounder and two sculpin species.

Kamchatka flounder predation

The prey of Kamchatka flounder can be discerned from 152 stomachs collected in 1983 (Yang and
Livingston 1986). The principle diet was composed of walleye pollock, shrimp (mostly Crangonidae)
and euphausids. Pollock was the most important prey item for all sizes of fish, ranging from 56 to 86% of
the total stomach content weight. An examination of diet overlap with arrowtooth flounder indicated that
these two congeneric species basically consume the same resources. Therefore the following sections are
from the arrowtooth flounder assessment but pertain to Kamchatka flounder.

NPFMCBering Seaand AleutianlslandsSAFE
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Ecosystem Effects on the stock

1) Prey availability/abundance trends

Arrowtooth flounder diet varies by life stage as indicated in the previous section. Regarding juvenile prey
and its associated habitat, information is not available to assess the abundance trends of the benthic
infauna of the Bering Sea shelf. The original description of infaunal distribution and abundance by
Haflinger (1981) resulted from sampling conducted in 1975 and 1976 and has not be re-sampled since.
Information on pollock abundance is available in Chapter 1 of this SAFE report. It has been hypothesized
that predators on pollock, such as adult arrowtooth flounder, may be important species which control
(with other factors) the variation in year-class strength of juvenile pollock (Hunt et al. 2002). The
populations of arrowtooth flounder which have occupied the outer shelf and slope areas of the Bering Sea
over the past twenty years for summertime feeding do not appear food-limited. These populations have
fluctuated due to the variability in recruitment success which suggests that the primary infaunal food
source has been at an adequate level to sustain the arrowtooth flounder resource.

2) Predator population trends

As juveniles, it is well-documented from studies in other parts of the world that flatfish are prey for
shrimp species in near shore areas. This has not been reported for Bering Sea arrowtooth flounder due to
a lack of juvenile sampling and collections in near shore areas, but is thought to occur. As late juveniles
they are found in stomachs of pollock and Pacific cod, mostly on small arrowtooth flounder ranging from
5 to 15 cm standard length..

Past, present and projected future population trends of these predator species can be found in their
respective SAFE chapters in this volume. Encounters between arrowtooth flounder and their predators
may be limited as their distributions do not completely overlap in space and time.

3) Changes in habitat quality

Changes in the physical environment which may affect Kamchatka flounder distribution patterns,
recruitment success, migration timing and patterns are catalogued in the Ecosystem Considerations
Appendix of this SAFE report. Habitat quality may be enhanced during years and warmer bottom water
temperatures with reduced ice cover (higher metabolism with more active feeding). Environmental
factors important to juvenile survival are presently not well known.

NPFMCBering Seaand AleutianlslandsSAFE
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Ecosystem effects on Kamchatka flounder

Indicator Observation Interpretation Evaluation

Prey availability or abundance trends
Benthic infauna

Stomach contents Stable, data limited Unknown

Predator population trends
Fish (Pollock, Pacific cod) Stable
Changes in habitat quality

Possible increases to
Kamchatka mortality

Temperature regime Cold years Kamchatka Deeper water species so less  No concern (dealt
catchability and herding may likely to affect surveyed stock with in model)
decrease

Winter-spring Affects pre-recruit survival Causes natural

environmental conditions Probably a number of factors variability

Arrowtooth flounder effects on ecosystem
Indicator Observation Interpretation Evaluation
Fishery contribution to bycatch

Minor contribution to

Prohibited species Stable, heavily monitored mortality No concern

Forage (including Pollock, Bycatch levels small relative to

shrimp and euphausids) Stable, heavily monitored forage biomass No concern
Bycatch levels small relative to

HAPC biota Low bycatch levels of (spp) HAPC biota No concern

Marine mammals and birds Very minor direct-take Safe No concern

Sensitive non-target species |jkely minor impact No concern

Data limited, likely to be safe

Fishery concentration in  Recent high exploitation rate

space and time Little detrimental effect No concern
Flsher)_/ effects on_amount of Recent high exploitation rate, Natural fluctuation No concern
large size target fish but unknown effect

Fishery contribution to discards . L .

and offal production Stable trend Improving, but data limited ~ Possible concern
Fishery effects on age-at- Unknown NA Possible concern

maturity and fecundity
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Table 7-1.

Total combined catch (t) of arrowtooth and Kamchatka flounder in the eastern Bering Sea
and Aleutian Islands region® 2001-2006. Catches from 2007 to present, when the two
species were differentiated in commercial catches, is reported for Kamchatka flounder only

in this table
year catch
1991 22,052
1992 10,382
1993 9,338
1994 14,366
1995 9,280
1996 14,652
1997 10,054
1998 15,241
1999 10,573
2000 12,929
2001 13,908
2002 11,540
2003 12,834
2004 17,809
2005 13,685
2006 13,309
2007 1,183
2008 6,819
2009 12,802
2010 21,153
2011 9,160
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Table 7-2. Estimated Kamchatka flounder? biomass from the three BSAI bottom trawl surveys. Reliable
estimates of Kamchatka flounder biomass are only available after 1991 when Kamchatka and

arrowtooth flounder were differentiated.

Aleutian

shelf slope islands
1982 0
1983 17,299 1,034
1984 20,695
1985 31
1986 0 565
1987 40
1988 13,723
1989 17,108
1990 32,799
1991 37,152 16,255
1992 50,081
1993 38,376
1994 56,268 49,156
1995 28,393
1996 24,196
1997 18,282 37,664
1998 23,474
1999 18,974
2000 21,551 28,535
2001 31,120
2002 25,213 18,645 49,035
2003 27,531
2004 29,663 14,740 39,219
2005 46,084
2006 61,644 45,369
2007 65,191
2008 53,967 24,822
2009 47,252
2010 51,927 27,875 49,069
2011 46,094
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Table 7-3.  Key equations used in the population dynamics model.

N, =R =Rge", 7, ~N(0,57) Recruitment t=1969-1990
N, =R =Rge", 7, ~N (0, 55) Recruitment t=1991-2012
Ft,a ~Zi 4 . .
C.= 7 (1— e )Nt'a Catch in year t for age a fish
ta
7, Numbers of fish in year t+1
Nt+l,a+l = Nt,ae ’ at age a )
“Z s “Z Numbers of fish in the “plus
Nipa= Npas® ™"+ N e group” ’
S, = Z N, W .4, Spawning biomass
7 -FE +M Total mortality in year t at
t.a ta age a
F EF[
Foa=S.1 exp £~ N(0,6%) Fishing mortality
N Age-specific fishing
a7 14 (e*‘“ﬂa) selectivity
C = Z Cia Total catch in numbers
P.= C‘% Proportion at age in catch
SurB, = qz N, W, .V, Survey biomass
endyear _ 20 _—
reclike=2( > R—R)*+ > (R —Ria)? Recruitment likelihood
i=1965 a=1
endyear
catchlike =2 > (InC,,; —InC,,,;)* catch likelihood
i=startyear
o2
surveylike= 4 (InB—InB) survey biomass likelihood
20°

SurvAgelike =>"n.P, (In P1a+0.001) - > n,P,, (In R, +0.001) survey age comp likelihood
t,a t,a

ike = s a — survey length comp
SurvLengthlike gntPt’a(ln Pta+0.001) %ntpm(ln Ra+0001) 2 =
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Table 7-4.  Variables used in the population dynamics model.

Variables
R, Age 1 recruitment in year t
Ry Geometric mean value of age 1 recruitment, 1956-75
R, Geometric mean value of age 1 recruitment, 1976-96
T, Recruitment deviation in year t
Nia Number of fish in year t at age a
Cia Catch numbers of fish in year t at age a
Fa Proportion of the numbers of fish age a in year t
C Total catch numbers in year t
t
W . . )
ta Mean body weight (kg) of fish age a in year t
¢, Proportion of mature females at age a
F. Instantaneous annual fishing mortality of age a fish in year t
M Instantaneous natural mortality, assumed constant over all ages and years
Z., Instantaneous total mortality for age a fish in year t
S, Age-specific fishing gear selectivity
IuF Median year-effect of fishing mortality
gtF The residual year-effect of fishing mortality
v, Age-specific survey selectivity
a Slope parameter in the logistic selectivity equation
Jéj Age at 50% selectivity parameter in the logistic selectivity equation
o, Standard error of the survey biomass in year t
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Comparison of species identified during the EBS survey
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Figure 7.1—Number of hauls where arrowtooth flounder and Kamchatka flounder were identified during
the annual Bering Sea shelf surveys, 1982-2010.
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Figure 7-2 2011 arrowtooth and Kamchatka flounder catch (t) by week from Alaska Regional Office

catch reports.
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Figure 7-3. Distribution and relative of abundance of Kamchatka flounder from the 2010 slope survey.
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Figure 7-4. Distribution and relative abundance of Kamchatka flounder from the 2006 Aleutian Islands

survey.
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Figure 7-4 (continued).
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Figure 7-4 (continued).

NPFMCBering Seaand AleutianislandsSAFE



SeptembeR012Plan TeamDraft BSAlIKamchatké&loundet

shelf survey female length composition shelf survey male length composition
[
1991 [ 1991
m 1992 m1992
= 1993 m1993
5 10000000 mi99s | o w1994
£ 8000000 m1995 | ¢ 10000000 m1995
3 3
£ 6000000 1996 £ 1996
o o
& 73000000 m1997 | § 5000000 m1997
3 3
21:2000000 w1998 g w1998
o o ° o 0 *
= 1999 1999
15192327313539434751555963677175798387 151923 2731 35 3943 47 5155 59 6367 71 7579 83 87
slope survey female length composition slope survey male length composition
/
. m 2002 2002
8 1000000 & 1500000
= 2004 g 2004
5 800000 2 |
£ 600000 #2008 3 1000000 | /| \ 2008
% 400000 2010 s / \ 2010
3 200000 5 500000
o S
2 0 2
1519232731353943 47515559 63 677175798387 o 0
152025 30 35 40 45 50 55 60 65 70 75 80 85 90
Aleutian survey female length compositions Aleutian survey male length composition
m 1991 m1991
oG m1994 m1994
3 5000000 = 1997 < m1997
£ 4000000 = 2000 'E 2000
c 3 L
§ 3000000 2002 £ 4000000 2002
E= o
3 2
= 2000000 n 2 , L]
g 200 < 2000000 200
g 1000000 = 2006 & ! 2006
0 & 0 i
15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 15212733394551576369758187

Figure 7-5. Kamchatka flounder population length composition estimates from the shelf, slope and
Aleutian Islands survey for males and females.
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Figure 7-6 Kamchatka flounder length-weight plots for male and females.
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Figure 7-7 Estimated weight-at-age for male and female Kamchatka flounder from a 2010 age sample

from the Aleutian Islands.
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Figure 7-8 Area-specific catchability was assigned in the assessment model according to the proportion

of the average biomass from

the time-series of each trawl survey (shelf, slope and Aleutian Islands).
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Figure 7-9 Estimated fishery selectivity from two model runs, unconstrained (left panel) and estimated
with slope parameter fixed (right panel). Maturity curve is also plotted.
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Figure 7-10 Model estimates of survey selectivity, males and females, for the shelf, slope and Aleutian
Islands.
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Figure 7-12 Comparison of spawning biomass estimates with slope survey catchability fixed at 0.18
(solid line) and 0.1 (dotted line). The difference in total likelihood between these models was 1.95
(with the higher biomass model being favored).
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Figure 7-13 Plot of —log(likelihood) values for model components when profiling over values of
slope survey g ranging from 0.05 to 0.3.
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Figure 7-14 Assessment model estimate of total Kamchatka flounder biomass (t) from 1991-2011.
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Figure 7-15 Assessment model estimate of female spawning biomass (t).
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Figure 7-16 Assessment model fit (blue line) to the shelf, slope and Aleutian Islands surveys (shown with
95% confidence intervals).
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Figure 7-17. Assessment model estimate of full selection F for 1991-2011.
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shelf, slope and the Aleutian Islands.
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Figure 7-19 Assessment model fit (black dotted line) to the shelf, slope and Aleutian Islands survey size
compositions (red solid line).
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Figure 7-19 continued.
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Figure 7-19 continued.
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