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7. Gulf of Alaska Flathead Sole Stock Assessment

By
William T. Stockhausen, Benjamin J. Turnock, Mark E. Wilkins and Michael E. Martin

Executive Summary
Changes in the Input Data

1) The 2005 fishery catch and length compositions through Sept. 10, 2005 were incorporated in the
model.

2) The 2004 fishery catch and length compositions were updated.

3) The 2005 GOA groundfish survey biomass estimate and length composition data were added to
the model. Survey biomass decreased from 257,294 t in 2003 to 213,221 t in 2005. Survey
biomass estimates and length compositions were recalculated for all survey years.

4) Survey age compositions for 2003 were added to the model and the corresponding survey length
compositions were removed. The 2003 survey age compositions were based on otolith-based
ages read from 499 individuals collected during the 2003 GOA groundfish survey. Survey age
compositions were recalculated for all other available years (1984, 1993 and 1996).

5) Maturity parameters were updated based on Stark (2004).

Changes in the Assessment Model

No changes were made to the structure of the assessment model.

Changes in the Assessment Results

1. The recommended ABC, based on an Fay, harvest level of 0.359, is 37,820 t for 2006 and
39,196 t for 2007.

2. The OFL, based on an F3s¢, harvest level of 0.463, is 47,003 t for 2006 and 48,763 t for 2007.

3. Projected female spawning biomass is estimated at 93,128 t for 2006 and 96,618 t for 2007.

4. Total biomass (age 3+) is estimated at 291,441 t for 2006 and 298,035 t for 2007.

SSC Comments Specific to the Flathead Sole Assessments

The SSC made no comments specific to the GOA flathead sole assessment at its December 2004 meeting.

SSC Comments on Assessments in General

SSC comment: The SSC requested that “stock assessment authors exert more effort to address each item
contained in” a previously-defined list of items to be included in each SAFE chapter at its December 2004
meeting
Author response: We have endeavored to incorporate the list of requested items in the current
SAFE chapter.

SSC comment: The SSC encouraged authors to consider adding more detailed ecosystem consideration

information in the flatfish chapters and exploring survey catchability and temperature relationships.
Author response: This was not feasible because a new principal author assumed responsibility for
the SAFE chapter this year. However, the author will make every endeavor to do so during the
next year.
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Introduction

Flathead sole (Hippoglossoides elassodon) are distributed from northern California, off Point Reyes,
northward along the west coast of North America and throughout the GOA and the BS, the Kuril Islands,
and possibly the Okhotsk Sea (Hart 1973). They occur primarily on mixed mud and sand bottoms
(Norcross et al., 1997; McConnaughey and Smith, 2000) in depths < 300 m (Stark and Clausen, 1995).
The flathead sole distribution overlaps with the similar-appearing Bering flounder (Hippoglossoides
robustus) in the northern half of the Bering Sea and the Sea of Okhotsk (Hart, 1973), but not in the Gulf
of Alaska.

Adults exhibit a benthic lifestyle and occupy separate winter spawning and summertime feeding
distributions on the EBS shelf and in the GOA. From over-winter grounds near the shelf margins, adults
begin a migration onto the mid and outer continental shelf in April or May each year for feeding. The
spawning period may range from as early as January but is known to occur in March and April, primarily
in deeper waters near the margins of the continental shelf. Eggs are large (2.75 to 3.75 mm) and females
have egg counts ranging from about 72,000 (20 cm fish) to almost 600,000 (38 cm fish). Eggs hatch in 9
to 20 days depending on incubation temperatures within the range of 2.4 to 9.8°C and have been found in
ichthyoplankton sampling on the southern portion of the BS shelf in April and May (Waldron 1981).
Larvae absorb the yolk sac in 6 to 17 days, but the extent of their distribution is unknown. Nearshore
sampling indicates that newly settled larvae are in the 40 to 50 mm size range (Norcross et al. 1996).
Fifty percent of flathead sole females in the GOA are mature at 8.7 years, or at about 33 cm (Stark, 2004).
Juveniles less than age 2 have not been found with the adult population, remaining in shallow areas.

Fishery

Flathead sole in the Gulf of Alaska are caught in a directed fishery using bottom trawl gear. Typically 25
or fewer shore-based catcher vessels from 58-125’ participate in this fishery, as do 5 catcher-processor
vessels (90-130’). Fishing seasons are driven by seasonal halibut PSC apportionments, with
approximately 7 months of fishing occurring between January and November. Catches of flathead sole
occur only in the Western and Central management areas in the gulf (statistical areas 610 and 620 + 630,
respectively). Recruitment to the fishery begins at about age 3.

Flathead sole are also caught in the pursuit of other species as bycatch. They are caught as bycatch in
Pacific cod, bottom pollock and other flatfish fisheries and are caught with these species in the flathead
sole-directed fishery. The gross discard rate for flathead sole over all fisheries in 2004 was 20%, an
increase from 12% in 2003.

Prohibited species such as halibut, salmon, and crab are also taken to some extent in the flathead sole-
directed fishery. In 2004, the overall halibut PSC rate for the directed fishery was 33.4 kg halibut/t
groundfish—a decrease from the 2003 rate of 52.5. PSC rates for salmon and crab in 2004 directed
fishery were 0.54 salmon/t groundfish and 3.5 crabs/t groundfish, respectively. PSC rates for salmon and
crab were similar in 2003.

Historically, catches of flathead sole have exhibited decadal-scale trends (Table 7.1). From a high of
~2000 t in 1980, annual catches declined steadily to a low of ~150 t in 1986 but thereupon increased
steadily, reaching a high of ~3100 t in 1996. Catches subsequently declined over the next three years,
reaching a low of ~900 t in 1999, followed by an increasing trend until 2003. Since 2003, catch rates
have been remarkably stable at ~2400 t.

Annual catches of flathead sole have been well below TACs in recent years, although the population
appears to be capable of supporting higher exploitation rates (Table 7.2). Limits on flathead sole catches
are driven by within-season closures of the directed fishery due to restrictions on halibut PSC, not by
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attainment of the TAC. Recognizing this, TACs have been typically set much less than the recommended
ABC. Prior to 2003, flathead sole were a Tier 5 species and ABC’s were based on natural mortality rates.
Following the development and adoption of an age-structured assessment model in 2003, ABCs for
flathead sole in the Gulf of Alaska almost doubled from 2002 to 2003, from ~23000 to 42000 t.

However, TACs increased only moderately as a result.

Data

Fishery Data

This assessment uses fishery catches from 1984 through 10 September, 2005 (Table 7.1), as well as
estimates of the proportion of individuals caught by length group and sex for the years 1985-2005 (as of
Sept. 10; Tables 7.3a, b). Sample sizes for the size compositions are shown in Table 7.4a.

Survey Data

Because flathead sole is often taken incidentally in target fisheries for other species, CPUE from
commercial fisheries seldom reflects trends in abundance for this species. It is therefore necessary to use
fishery-independent survey data to assess the condition of this stock.

This assessment used estimates of total biomass for flathead sole in the Gulf of Alaska from triennial
(1984-1999) and biennial (2001-2005) groundfish surveys conducted by the Alaska Fisheries Science
Center’s Resource Assessment and Conservation Engineering (RACE) division to provide an index of
population abundance (Table 7.5). Since 1984, survey estimates of total biomass have fluctuated about a
mean of ~220,000 t, with no apparent trend. Estimated total biomass was ~210,000 t in 2005, somewhat
smaller than the 2003 estimate of ~260,000 t.

Estimates of total population numbers-at-age from the RACE surveys were also incorporated in the
assessment model, where available (1984, 1993, 1996 and 2003; Table 7.6). Estimates of the total
number of individuals by length group from the RACE surveys (Table 7.7) were used for survey years
when age composition data was not available (1987, 1990, 1999, 2001 and 2005). Sample sizes for the
age and size compositions are shown in Table 7.4.

Data on individual growth was incorporated in the assessment using sex-specific age-length transition
matrices (Table 7.8a, b). These matrices were also used in the 2003 assessment (Turnock et al., 2003a).
The sex-specific weight-at-age relationships used in the 2003 assessment (Turnock et al., 2003a) were
also used in this assessment (Table 7.9).

Analytic Approach

Model structure

The assessment was conducted using a split-sex, age-structured model with parameters evaluated in a
maximum likelihood context. The model structure (Appendix A) was developed following Fournier and
Archibald’s (1982) methods, with many similarities to Methot (1990). We implemented the model using
automatic differentiation software developed as a set of libraries under C++ (ADModel Builder).
ADModel Builder can estimate a large number of parameters in a non-linear model using automatic
differentiation software extended from Greiwank and Corliss (1991) and developed into C++ class
libraries. This software provides the derivative calculations needed for finding the minimum of an
objective function via a quasi-Newton function minimization routine (e.g., Press et al. 1992). It also
gives simple and rapid access to these routines and provides the ability to estimate the variance-
covariance matrix for all parameters of interest.
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Age classes included in the model run from age 3 to 20. Age at recruitment was set at 3 years in the
model due to the small number of fish caught at younger ages. The oldest age class in the model, age 20,
serves as a plus group in the model; the maximum age of flathead sole based on otolith age
determinations has been estimated at 25 years (Turnock et al., 2003a). Details of the population dynamics
and estimation equations, description of variables and likelihood components are presented in Appendix
A (Tables A.1, A.2, and A.3). Model parameters that are typically fixed are presented in Table A.4. A
total of 72 parameters were estimated in the final model (Table A.5).

Parameters estimated independently

Model parameters related to natural mortality, growth, weight, maturity and survey catchability were
fixed in the final model (Table A.4).

Natural mortality

As in the previous assessment (Turnock et al., 2003a), natural mortality (M) was fixed at 0.2 yr'' for both
sexes in all age classes. This value was based on maximum observed age for flathead sole (Spencer et al.,
1999).

Growth

Individual growth was incorporated in the model using sex-specific age-length transition matrices. These
were identical to those used in the previous assessment (Turnock et al., 2003a). In terms of the von
Bertalanffy growth equation, L;,s was estimated at 44.37 cm for females and 37.36 cm for males (Figure
7.1). The length at age 2 (L,) was estimated at 10.17 cm for males and 13.25 cm for females. The growth
parameter K was estimated at 0.157 for females and 0.204 for males. Length at age t was modeled as:

Lt = Linf + (I—z - Linf)e_k(t_Z)

Weight at length

The weight-length relationship used for flathead sole was identical to that used in the previous assessment
(Turnock et al., 2003a): W = 0.00428 L ****® for both sexes combined (weight in grams and length in
centimeters). Weight-at-age (Table 7.9) was estimated using the mean length-at-age and the weight-length
relationship.

Maturity

The maturity schedule for Gulf of Alaska flathead sole was estimated using histological analysis of
ovaries collected in January 1999 (Stark, 2004; Table 7.10). A total of 180 samples were analyzed for
estimation of age at maturity. Size at 50% mature was estimated to be 33.3 cm with a slope of 0.52 cm™
from a sample of 208 fish. Age at 50% mature was 8.74 years with a slope of 0.773 yr''. Size at 50%
mature was estimated at 32.0 cm for Bering Sea flathead sole (not significantly different from the GOA
results), however, age at 50% mature was 9.7 due to slower growth in the Bering sea.

Survey catchability
For the assessment, survey catchability (Q in Table A.1) was fixed at 1. An alternative model with Q
allowed to vary was explored, but, as in the previous assessment, estimability was poor (see below).

Parameters estimated conditionally

A total of 72 parameters were estimated in the final model (Table A.5). These consist primarily of
parameters on the recruitment of flathead sole to the population (41 parameters total, including ones
determining the initial age composition) and values related to annual fishing mortality (23 parameters
total). The separable age-component of fishing mortality was modeled using a two parameter ascending
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logistic function estimated separately for males and females (4 parameters total). The same form of curve
was also used to estimate relative age-specific survey catchability (4 parameters total).

Annual recruitment to the age 3 year class was parameterized in the model using one parameter for the
log-scale mean recruitment and 40 parameters for the annual log-scale deviation from the mean.
Recruitments were estimated back to 1967 to provide an initial age distribution for the model in its
starting year (1984). In an analogous fashion, fully-recruited fishing mortality was parameterized in the
model using one parameter for the log-scale mean and 22 parameters for the annual log-scale deviation
from the mean.

Parameters in the model were selected based on minimizing an objective function equivalent to a negative
log-likelihood function, hence the parameter estimates are maximum likelihood estimates. Components
that contribute to the overall (-log) likelihood include those related to observed fishery catches, fishery
size compositions, survey biomass estimates, survey size compositions, survey age composition, and
recruitment deviations (Table A.3). The observed fishery catch was assumed to have a lognormal error
structure, as was estimated survey biomass. The size and age compositions were assumed to be drawn
from different sex-specific multinomial distributions. The recruitment deviation parameters were
incorporated directly into the overall likelihood via three components: “early” recruitment, “ordinary”
recruitment and “late” recruitment (Table A.3). The “early” recruitment component incorporated
deviations from 1967 to 1983 (i.e., prior to the modeled age structure), “ordinary” recruitment
incorporated deviations from 1984-2002 and “late” recruitment incorporated deviations from 2003-2005.
All three components were formulated assuming a lognormal error structure.

Different weights can be assigned to each likelihood component to increase or decrease the relative
degree of model fit to the data underlying the respective component; a larger weight induces a closer fit to
a given likelihood component. Typically, a relatively large weight (e.g., 30) is applied to the catch
component while smaller weights (e.g., 1) are applied to the survey biomass, recruitment, and size and
age composition components. This reflects a belief that total catch data are reasonably well known
(smaller variance) than the other types of data. For the recruitment components, larger weights applied to
a component force the deviations contributing to that component closer to zero (and thus force
recruitment closer to the geometric mean over the years that contribute to the component).

Model evaluation

In performing this assessment, we considered several alternative model configurations. For the base
model configuration, we assigned a weight of 30 to the catch-specific likelihood component and weights
of 1 to all other likelihood components (Table 7.11). Based on results from the 2003 assessment which
indicated that estimating survey catchability was problematic, we also fixed survey catchability as a
constant in the model (Q =1). Initial values for the remaining parameters were set as listed in Table 7.12.
To test whether the resulting model solution (Table 7.13) was indeed a global, rather than local,
maximum on the likelihood surface, we conducted a Markov Chain Monte Carlo (MCMC) study using
ADModel Builder’s built-in MCMC capability in which we evaluated the likelihood at 1000 different
parameter combinations and compared the resulting values with that from the model solution. The results
of this study indicated that the model solution was in fact a global maximum. We further tested the
convergence of the solution by starting the model with several different parameter sets (Table 7.12). All
model runs converged to the same final solution, providing additional evidence that the original solution
was indeed the global maximum.

In addition to the baseline case, we reconsidered the case in which Q was allowed to vary (between 0.1
and 10), rather than being fixed at 1. All other settings were identical to the baseline case. In the 2003
assessment, this resulted in Q being driven to its lower limit—an unacceptable result indicating that Q
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was not estimable given the data. Using the data for this assessment, the model was able to find an
estimate for Q within its bounds (0.35147) but the associated standard deviation (0.785) indicated that the
parameter was still very poorly estimated. Consequently, we have chosen to follow previous assessments
and use the baseline case with Q fixed at 1.

Final parameter estimates

The parameter estimates considered final for this assessment are given in Table 7.13 for all model
parameters.

Schedules implied by parameter estimates

The estimated selectivity curves for the fishery and survey indicate that the fishery generally catches older
flathead sole than the survey (Figure 7.2). For the fishery, age at 95% selection is 12.8 for females and
12.4 for males. For the survey, the ages at 95% selection are younger: 9.7 for females and 9.2 for males.

Results

Given the large relative weight assigned to the catch-specific likelihood component, it was not surprising
that the model estimates of fishery catch closely matched the observed values (Table 7.14 and Figure 7.3).
The model did not fit the fishery size compositions nearly as well, although its performance appeared to
be reasonably good in most years (Figures 7.4 and 7.5 for females and males, respectively). Fits to the
fishery size compositions were poorest when the observed size composition was dominated by a single
size class and thus sharply peaked (e.g., 1987 in Figure 7.4). The smoothing inherent in using an age-
length transition matrix to convert age classes to size classes precludes close fits to peaked size
compositions.

The model does not fit observed survey biomass values as closely as it does the catch (Table 7.14 and
Figure 7.6), but model estimates of survey biomass fall outside the 95% confidence intervals of the actual
surveys for only two out of nine survey years (1984 and 2003) so the fit is deemed satisfactory. As with
the fishery size compositions, model fits to the survey size compositions were poorest when the observed
size compositions were sharply peaked, but still generally reasonable (Figures 7.7 and 7.8). Finally, the
model also fits the survey age composition reasonably well (Figures 7.9 and 7.10), although more so
when the observed age distributions are similar between the sexes (e.g., for 1984). One may observe,
however, that estimated age compositions tend to have higher values than the observed ones for older
ages (greater than 12, say). Conversely, the estimated age compositions tend to have lower values than
the observed ones at the youngest ages (<5). This could indicate that older animals are less available to
the survey than middle-aged animals; thus a dome-shaped selectivity function may be more appropriate
than the 2-parameter logistic used here as a description of survey selectivity.

The model also estimates other population variables of interest, such as time series of total biomass,
spawning biomass, recruitment and fully-selected fishing mortality. In this assessment, total biomass is
represented by age 3+ biomass whereas spawning biomass is female spawning biomass. Model estimates
of age 3+ biomass increased moderately from 248,000 t in 1984 to 274,000 t in 1992, then declined
slowly to a low of 258,000 t in 1999 and subsequently have been steadily rising in recent years to achieve
their highest level in 2005 at 292,000 t (Table 7.15 and Figure 7.11). The estimated age 3+ biomass in
this assessment is consistently lower than that estimated in the 2003 assessment, on average by 6% (Table
7.15). Similarly, the estimated female spawning biomass is lower, on average by 16%, than that
estimated in the 2003 assessment. The difference between assessments is larger for female spawning
biomass because different maturity schedules were used in the two assessments.

Model estimates of annual recruitment (age 3 numbers) ranged from a low of 121,000,000 in 1999 to a
high of 359,000,000 in 2002 (Table 7.16 and Figure 7.12). Prior to 2000, recruitment was generally
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below the long-term average (116,000,000), while it was at its highest between 2000-2003. In 2005,
recruitment was quite close to the long-term average. Results from the current assessment are reasonably
similar to those estimated in the 2003 assessment (Table 7.16), although recruitment in 2003 is now
estimated to be 75% larger than it was in the older assessment.

A control rule plot showing the temporal trajectory of estimated fishing mortality and spawning biomass
indicates that the GOA flathead sole stock has not been overfished nor has overfishing occurred (Figure

7.13). Based on the trajectory, the stock does not appear to have been overfished or to have experienced
overfishing in the past.

Projections and Harvest Alternatives

The reference fishing mortality 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 Sea/Aleutian Islands). Estimates of Fjoy, Fasy, and SPR4qy, were obtained from a spawner-per-
recruit analysis. Assuming that the average recruitment from the 1984-2005 year classes estimated in this
assessment represents a reliable estimate of equilibrium recruitment, then an estimate of B4, is calculated
as the product of SPRygq times the equilibrium number of recruits, and this quantity is 42,250 t. The year
2006 spawning stock biomass is estimated as 93,128 t and that for 2007 is 96,618 t. Since reliable
estimates of the 2006 spawning biomass (B), Bsge, Faoe, and Fsse, exist and B>Byge, (93,128 t > 42,2501,
the flathead sole reference fishing mortality is defined in Tier 3a. For this tier, Fagc is constrained to be <
Fa0%, and For is defined to be Fssy,. The values of these quantities are:

2006 SSB estimate (B) = 93,128 t
B40% = 42,250 t
F40% = 0359
Faec =< 0.359
835% = 36,969 t
F35% = 0.463
FOFL = 0.463

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 Fagc downward from its upper bound; thus, the year 2006
recommended ABC associated with Fagc of 0.359 is 37,820 t.

The fishing mortality for year 2006 associated with overfishing (For.) is 0.463. The OFL, is 47,003 t.

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

For each scenario, the projections begin with the vector of 2005 numbers at age estimated in the
assessment. This vector is then projected forward to the beginning of 2006 using the schedules of natural
mortality and selectivity described in the assessment and the best available estimate of total (year-end)
catch for 2005. In each subsequent year, the fishing mortality rate is prescribed on the basis of the
spawning biomass in that year and the respective harvest scenario. In each year, recruitment is drawn
from an inverse Gaussian distribution whose parameters consist of maximum likelihood estimates
determined from recruitments estimated in the assessment. Spawning biomass is computed in each year
based on the time of peak spawning and the maturity and weight schedules described in the assessment.
Total catch is assumed to equal the catch associated with the respective harvest scenario in all years. This
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projection scheme is run 1000 times to obtain distributions of possible future stock sizes, fishing mortality
rates, and catches.

Five of the seven standard scenarios will be used in an Environmental Assessment prepared in
conjunction with the final SAFE. These five scenarios, which are designed to provide a range of harvest
alternatives that are likely to bracket the final TAC for 2006, are as follow (“max Fagc” refers to the
maximum permissible value of Fagc under Amendment 56):

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

Scenario 2: In all future years, F is set equal to a constant fraction of max Fagc, where this
fraction is equal to the ratio of the Fpgc value for 2006 recommended in the assessment to the max
Fasc for 2006. (Rationale: When Fagc is set at a value below max Fagc, it is often set at the value
recommended in the stock assessment.)

Scenario 3: In all future years, F is set equal to 50% of max Fagc. (Rationale: This scenario
provides a likely lower bound on Fagc that still allows future harvest rates to be adjusted
downward when stocks fall below reference levels.)

Scenario 4: In all future years, F is set equal to the 2001-2005 average F. (Rationale: For some
stocks, TAC can be well below ABC, and recent average F may provide a better indicator of Fyac
than FABC-)

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

The recommended Fpgc and the maximum Fagc are equivalent in this assessment, so scenarios 1 and 2
yield identical results. The 12-year projections of the mean harvest and spawning stock biomass for the
five scenarios are shown in Table 7.17.

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 approaching an overfished condition. These two
scenarios are as follows (for Tier 3 stocks, the MSY level is defined as Bzs):

Scenario 6: In all future years, F is set equal to For.. (Rationale: This scenario determines
whether a stock is overfished. If the stock is expected to be above its MSY level in 2006, then the
stock is not overfished.)

Scenario 7: In 2006 and 2007, F is set equal to max Fagc, and in all subsequent years, F is set
equal to For.. (Rationale: This scenario determines whether a stock is approaching an overfished
condition. If the stock is expected to be above its MSY level in 2018 under this scenario, then the
stock is not approaching an overfished condition.)

The results of these two scenarios indicate that the flathead sole are not overfished and is not approaching
an overfished condition. With regard to assessing the current stock level, the expected stock size in the
year 2006 of scenario 6 is 2.5 times its Bsse, value of 36,9609 t, thus the stock is not currently overfished.
With regard to whether the stock is approaching an overfished condition, the expected spawning stock
size in the year 2018 of scenario 7 (38,878 t) is greater than its Bsse, value; thus, the stock is not expected
to fall below MSY within two years.
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Estimating an ABC and OFL for 2007 is somewhat problematic as these values depend on the catch that
will be taken in 2006. The actual catch taken in the GOA flathead sole fishery has been substantially
smaller than the TAC for the past several years, but the 2005 catch was the largest in recent years. Thus,
we assumed that a reasonable estimate of the catch to be taken in 2006 is the catch taken in 2005 (2,403
t). Using this value and the estimated population size at the start of 2006 from the model, we projected
the stock ahead through 2006 and calculated the ABC and OFL for 2007. The ABC for 2007 is
estimated to be 39,196 t while the OFL is estimated to be 48,763. Total biomass for 2007 is estimated at
298,035 t, while female spawning biomass is estimated at 96,618.

ABC allocation by management area

TAC’s for flathead sole in the Gulf of Alaska are divided among four smaller management areas
(Western, Central, West Yakutat and Southeast Outside). As in the 2003 assessment, the area-specific
ABC’s for flathead sole in the GOA are divided up over the four management areas by applying the
fraction of 2005 survey biomass estimated for each area (relative to the total over all areas) to the 2006
and 2007 ABC’s. The area-specific allocations for 2006 and 2007 are:

ABC Allocation by Management Area (t)

West Southeast Total
Year Western Central Yakutat Outside ABC
2006 10,548 25,195 2,022 55 37,820
2007 10,932 26,111 2,096 57 39,196

Ecosystem Considerations

Ecosystem effects on the stock

Based on food habits studies conducted during the 1990s, pandalid shrimp and brittle stars were the most
important prey for flathead sole in the Gulf of Alaska (64% by weight in sampled stomachs; Yang and
Nelson, 2000). Other major prey items included polychaetes, mollusks, bivalves, hermit crabs and
euphausids. Commercially important species that were consumed included age-0 Tanner crab (3%) and
age-0 walleye pollock (< 0.5% by weight). Trends in abundance are not available for important prey
items.

Important predators include arrowtooth flounder, walleye pollock, Pacific cod, and other groundfish.
Arrowtooth flounder are currently the most abundant groundfish in the Gulf of Alaska, and have steadily
increased in abundance since the early 1970’s (Turnock et al., 2003b). The abundance of walleye
pollock has declined rather steadily since the early 1990’s, but recent evidence suggests the stock may be
starting to increase again (Dorn et al., 2004). Pacific cod abundance in the Gulf of Alaska has been
declining since 1990 (Thompson et al., 2004). Although the continued increase in abundance of
arrowtooth flounder is cause for some concern, the abundance of flathead sole has actually increased in
recent years, as well. Predation by arrowtooth may be limiting the potential rate of increase of flathead
sole under current conditions, but it does not appear to represent a threat to the stock.

Fishery effects on ecosystem

Prohibited species such as halibut, salmon, and crab are taken to some extent in the flathead sole-directed
fishery. In 2004, the overall halibut PSC rate for the directed fishery was 33.4 kg halibut/t groundfish—a
decrease from the 2003 rate of 52.5. PSC rates for salmon and crab in 2004 directed fishery were 0.54
salmon/t groundfish and 3.5 crabs/t groundfish, respectively. PSC rates for salmon and crab were similar
in 2003.
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Catches of flathead sole have been concentrated in several areas in the Gulf of Alaska over the past few
years (Figure 7.14). These areas include the Shelikof Straight, Portlock Bank and Davidson Bank. The
ecosystem effects of this spatial concentration of fishing activity are unknown.

Effects of discards and offal production on the ecosystem are unknown for the flathead sole fishery.

Data gaps and research priorities

The amount of age data for flathead sole in the Gulf of Alaska is minimal, at best, from either the fishery
or the groundfish survey. Additional age data should improve future stock assessments by allowing
improved estimates of individual growth and age-length transition matrices, and by filling in missing
years with age composition data.

Further modeling research should address the use of length-based approaches to fishery and survey
selectivity in the assessment model, as well as alternative forms for the selectivity function. The utility of
potential environmental predictors of recruitment (e.g., temperature) should also be investigated.
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Summary
Tier 3a
Reference mortality rates
M 0.2 yr'
Fas0 0.463
Fa0% 0.359
Equilibrium female spawning biomass
B10oo% 105,625 t
Baos 42,250 t
Basos 36,969 t
Fishing rates
ForL 0.463
Fasc (maximum permissible) 0.359
Fagc (recommended) 0.359
Projected biomass 2006 2007
Age 3+ biomass 291,441t 298,035t
Female spawning biomass 93,128 t 96,618 t
Harvest limits 2006 2007
OFL 47,003 t 48,763 t
ABC (maximum permissible) 37,820t 39,196 t
ABC (recommended) 37,820 t 39,196 t
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Tables

Table 7.1. Annual catch of flathead sole in the Gulf of Alaska from 1978. 2005 catch is through Sept. 10.

year catch (1)

1978 451.6
1979 165.4
1980 2,068.4
1981 1,070.2
1982 1,368.2
1983 1,079.5
1984 548.7
1985 319.5
1986 147.3
1987 150.9
1988 520.3
1989 747.4
1990 1,447
1991 1,717
1992 2,034
1993 2,366
1994 2,580
1995 2,181
1996 3,107
1997 2,446
1998 1,742
1999 900
2000 1,547
2001 1,911
2002 2,145
2003 2,425
2004 2,390
2005 2,403
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Table 7.2. Time series of recent ABC, TAC and total catch for flathead sole.

Total
A(%C Té)c O('t:)l‘ Catch  Closures and other measures

Year (1)

1995 28,790 9,740 31,557 2,181

1996 52,270 9,740 31,557 3,107

1997 26,110 9,040 34,010 2,446

1998 26,110 9,040 34,010 1,742

1999 26,010 9,040 34,010 900

2000 26,270 9,060 34,210 1,547

2001 26,270 9,060 34,210 1,911

2002 22,690 9,280 29,530 2,145
Open Jan 20, bycatch status Jun 19; Open Jun 29,

2003 41,390 11,150 51,560 2,425 byecatch status Sep 12; Open Oct 1, bycatch status
Oct 15;

2004 51270 10,880 64,750 2,390 Open Jan 20, bycatch status Sep 10; Open Oct 1,
bycatch status Oct 1;

2005 45100 10390 56,500 2,403 Open Jan 20, bycatch status Aug 19; Open Sep 1,

bycatch status Sep 4;

NPFMC Gulf of AlaskaSAFE
Page487



Decembef005

GOAFlatheadSole

TI00  ¥I0'0 TTO0 0SO0 8LOO €800 6L00 8Y0'0 SE€00 <TELOO +I0O0 1100 8000 <000 0000 0000 0000 0000 |$00C
0€0'0  LTO0 9¥0°0 TL0'0 LLO'O 0LO0 0900 1SO0 1€0°0 9200 I100 +I0'0 9000 <TO00 1000 0000 0000 0000 ]+00C
6100 1200 1€00 1SO0 LSOO €900 S¥O'0O 8200 €200 €100 S000 #0000 €000 0000 0000 0000 0000 0000 | <£00C
9100 0100 LTOO LYOO 7900 €L0°0 9L00 9S00 6¥00 TFO'O 0200 CTIOO #000 <000 1000 <TOO0 1000 0000 | 00T
700 $€0°0 8€00 €SO0 8500 1L00 #SO0 +¥0O'0 8TO'0 9200 OO0 <TOO0 <TOO0 1000 0000 0000 0000 0000 ] 100C
L000 TIOO 6100 O0¥00 €¥0'0 L900 6L00 +L00 8¥00 8TOO LIOO 8000 %000 1000 T000 T000 0000 0000 |000C
9100 0¥0'0 8000 9S00 0800 9€1'0 +OI'0 8700 OFO'0 +¥TO0 0000 8000 0000 0000 0000 0000 0000 0000 | 666!
€200 9100 STOO LEOO 9900 8800 <T8O0 LSOO TEOO <TTOO <TIOO SO00 €000 1000 0000 0000 0000 0000 | 8661
0100 T100 LIOO 9200 9¥0°0 6L00 8800 L900 €SO0 8TO0 €200 TI100 8000 S000 <TO00 1000 0000 0000 | L66I
LEO'0 6100 8TO0 €¥00 S90°0 0800 SLOO 6S00 +€00 OO0 1100 S00'0 9000 S000 €000 <TOOO 0000 0000 | 9661
6200 TIO0 TIO0 $C00 SE00 6L00 €600 800 0900 +¥0'0 €100 9000 <TO00 <TO00 0000 0000 0000 0000|5661
8200 ¥I00 STO0 0€00 LSOO 0LO0 9L0°0 9900 6900 100 LE£OO 920°0 0100 LOOO €000 0000 0000 0000 | ¥o66l
ST0'0  0€0°0 LEOO €¥O0 €500 8SO0 6500 O¥00 1200 CTIOO 9000 €000 9000 #0000 1000 1000 1000 1000 | £661
€100 SI00 +T00 €200 THOO 0900 TLOO €900 9%¥0°0 9€0°0 LTOO 1100 8000 S000 1000 1000 0000 0000 ] C661
2000 €000 8000 LTOO 6SO00 €600 L600 0900 <TKOO +€00 <TTOO 1100 €000 1000 0000 0000 0000 0000 | 661
0000 0000 0000 L¥0'0 0vO0O %600 +600 I¥I'0 0TOO 0000 0000 0000 0000 0000 0000 0000 0000 0000 | 0661
2000 6000 ¥I00 P00 8600 9600 S90°0 €200 9200 0000 0000 0000 0000 0000 0000 0000 0000 0000 | 686l
€000 ¥I00 TYO'0 ¥80°0 ¥II'0 €€I'0 LTI'O 6600 SE€O'0 LOOO $000 €000 10000 0000 0000 0000 0000 0000 | 836l
0000 0000 0000 0000 0000 S€00 0L00 9STO OVI'0 SOI'0 LPO'O CTIOO 9000 0000 9000 0000 0000 0000 | L86l
0000 0000 €100 €100 6100 8S00 $900 0600 +800 LLOO 9000 €100 0000 0000 0000 0000 0000 0000|986l
0000 T000 9000 TTO0 8¥0°0 +80°0 +¥IT'0 T80 9900 9S00 OI00 0000 0000 0000 0000 0000 0000 0000 ] S86l

VN VN VN VN VN VN VN VN VN VN VN VN VN VN VN VN VN VN | v861
0000 0000 SO00 8O0 8S00 TG00 0010 <T600 LSOO 8700 TTOO 0100 <TO00 0000 0000 0000 0000 0000 | €861
1000 S000 0€0°0 9L00 L600 1800 €L00 S900 7900 SEO0 #I00 CTIOO €000 TOO'0 €000 10000 0000 0000 | <861
8y o 144 v ov 8¢ 9¢ ve 43 0€ 8¢ 9C 144 44 0c 8T 9T Vi Jeah

(w9) sjutodino Yibus]
‘01 3dag y3noayy yojes uo paseq st uonisodwod 07 [0S pedaylel) d[ewd 10y suonisoduwiod I3ud] AIQysy [enuuy B¢/ J[qQRL

NPFMC Gulf of AlaskaSAFE

Page488



GOAFlatheadSole

Decembel005

€000 ¥00°0 <C000 €000 9100 000 1600 9600 90I'0 9800 800 LIOO SO00 €000 0000 1000 0000 0000 fS00C
10000 0000 LOO0O 6000 S€00 0S00 SLOO LBOO 6L00 0900 €£€00 6200 6000 +000 1000 0000 0000 0000 J1+00C
10000 1000 €000 8I0O0 LcOO O0L0O0 LITO ¢TI0 9600 +L00 <TYO0O 200 1100 8000 <000 0000 0000 0000 ) <€00C
¢00'0 <2000 8000 9000 9¢00 O0¥00 L9900 LOI'O <COI'0O SLOO S€00 SI0OO 9000 +000 €000 0000 <000 0000 ) 00T
2000 9000 LOOO OIOO <TEO0 S900 L600 €0I'0 LOI'O 1900 €200 TI00 LOOO <TOO0 €000 1000 <000 0000 ] 100C
10000 €000 ¥000 LIOO LCOO ©¢TKO0O ¥LOO SOI'0 #600 0L00 9500 0€00 8100 LOOO #000 0000 1000 0000 J000C
0000 0000 0000 8000 8700 <CE00 <TLOO +OI'0 8800 9S00 9100 9100 0000 0000 0000 0000 0000 0000 6661
¥00°0 +00'0 LO0OO0 %100 9100 8¢00 1800 SIT'0O CIT'O L9900 6£00 9100 8000 +000 €000 1000 0000 0000 8661
9000 0000 1000 €000 €100 9¢00 8L00 ¢€0I'0 T[IT°0O 0800 <¢TFO0O 6100 9100 LOOO SO00 <000 1000 0000 | L661
0000 0000 S000 <IOO 8200 9100 6900 60I'0 ¥OI'0 9900 6200 TI00 8000 9000 9000 <000 1000 0000 9661
¢00'0 €000 LOOO ¥IOO 9I00 9200 €900 ¢€0I'0 LOI'O <800 800 SI00 OI00 S000 <000 <000 0000 0000 ) S661
10’0 1000 +000 LOOO %000 LIOO 1I+00 6800 <CII'0O €L00 <00 <TCO0 9100 8000 1000 0000 0000 0000 Jtvo66l
200'0 0000 1000 €000 8I0OO0 ¥e00 600 O9YI'0 6CI'0 S800 800 HCO0 €100 LOOO €000 1000 1000 T000 €661
0000 0000 0000 %000 8000 0T00 0SO0 6600 8IT'0 SOI'0 0900 ¢<€00 €200 +IOO 6000 €000 ¥000 T000 | 661
0000 0000 1000 <2000 9000 SIOO 9S00 9¢I'0 ISI'0O 0800 6£00 0€00 €100 LOOO 0000 1000 0000 0000 | 1661
0000 0000 0000 0000 0000 LZOO L¥POO 89I'0 S€CO ¥SO0 +E€0'0 0000 0000 0000 0000 0000 0000 0000 0661
0000 0000 <000 ¥I0O0O 8200 O0¥00 LEOO OIT'0 SOCTO ¢S900 €600 [200 LOOO 0000 0000 0000 0000 0000 6861
0000 0000 1000 <000 LOOO €200 8¥O0 1800 9600 9S00 +100 #000 0000 0000 0000 0000 0000 0000 8861
000'0 0000 0000 0000 0000 0000 0000 <CIOO €600 SOI'0 +900 €200 €200 0000 9000 0000 0000 0000 L8861
000'0 0000 0000 0000 9200 ¢TSO0 ¢SPOO S900 SSI'0O SET'0 S900 €100 0000 0000 9000 0000 0000 0000 9861
0000 0000 0000 0000 <000 8000 9200 <T600 S9T0 €€10 8900 ¥IOO 0000 <TOO0O <COO0O 0000 0000 0000 ) S861
VN VN VN VN VN VN VN VN VN VN VN VN VN VN VN VN VN VN | ¥861
100°0 0000 1000 TO00 8000 S000 8IOO TIL00 9600 <CEI'0 L600 ¥¥0O0 8000 <000 T000 0000 0000 0000 €861
0000 0000 0000 <000 <TO00 6000 €€00 9600 SIT'0 T0I'0 TSO0 €200 SO000 <2000 1000 1000 0000 0000 ) T861
8y 14 4% a4 oy 8¢ 9¢ 143 [43 0€ 8¢ 92 ve (44 0¢ 8T 91 14" Jeak

(w9) syutodino Yibus]

‘01 3dag y3noayy yoed uo paseq st uonisodwod gooz “9[0s pedyrelJ orewt 10§ suonisodwod yISud[ AIyYsyy [enuuy ‘q¢/ 9[qeL

NPFMC Gulf of AlaskaSAFE

Page489



Decembef005

GOAFlatheadSole

LT1 0TL1 $00T
6L 10%°1 ¥00¢
891 60S°C £00C
98 88CT°1 200¢
8L 61T°1 100¢
[48! €8¢°l 000¢
9 sl 6661
Siy “ 6¢8 $00¢ L11 Sov's 8661
LEYy S10°1 L8 661 608 £00T 19 6£0Y L661
5S¢4 vL8 68% 100T L LIV 9661
€6¢ LS9 oL 6661 187 185°C S661
oty LT9 S¢ 8CS LO8 9661 w S01°‘T ¥661
6SY 0€e 9¢ [483% SLL €661 (1% $96°¢ €661
9ty 9% 80L 0661 6S $89°¢ 7661
8LY 9G¢€°T €8L L3861 43 1€9°C 1661
(474 P8Il 676 7861 I 61 0661
sineH  s|enplAlpul  sjneH  sfenplAlpul - sjneH Teak € (Y474 6861
# # # # #
sa|dwes yibua sa|dwes aby ssewold m_:MI m_m:cﬂﬂ_cc_ 1eof
‘sKoans ysypunoi3 vOO '(q 'suonisodwos yy3uoy A1oysiq (e

‘KoAImns ysypunoid yOO 9y} woyg suonisodwod 9z1s
pue o3e ‘sseworq pajewnss 10y sazis ordwes (q pue A19ysy o1nsawop Ay} woy suonisodwod yP3ud) 103 sozis ojdwes (e :sozis ojdweg 4/ 9[qeL

Page490

NPFMC Gulf of AlaskaSAFE



Decembel005 GOAFlatheadSole

Table 7.5. Biomass estimates and standard errors from NMFS bottom trawl surveys. Note that in 2001
the eastern GOA was not surveyed. The estimated eastern survey biomass based on previous surveys was
added to the 2001 biomass (153,747 t), which increased the total by about 11%.

Survey
year Biomass (t) std. dev.
1978 250,000 30,000
1984 249,341 30,355
1987 177,546 18,956
1990 243,055 28,877
1993 188,690 24,486
1996 205,521 18,430
1999 207,590 24,404
2001 170,745 18,300
2003 257,294 19,913
2005 213,221 16,944
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Table 7.9. Weight-at-age for flathead sole in the Gulf of Alaska.

weight at age (kg)
age female male
3 0.0467 0.0297
4 0.0882 0.0633
5 0.1396 0.1049
6 0.1974 0.1502
7 0.2583 0.1959
8 0.3198 0.2396
9 0.3797 0.2798
10 0.4367 0.3157
11 0.4899 0.3473
12 0.5387 0.3746
13 0.583 0.3978
14 0.6228 0.4175
15 0.6582 0.4341
16 0.6896 0.4479
17 0.7172 0.4594
18 0.7414 0.4689
19 0.7624 0.4767
20 0.8278 0.48

Table 7.10. Maturity-at-age for female flathead sole in the Gulf of Alaska (based on Stark, 2004).

age

fraction
mature

0O N kW

11
12
13
14
15
16
17
18
19
20

0.011728
0.025063

0.05275
0.107647
0.207181
0.361468
0.550824
0.726513
0.851953
0.925739
0.964291
0.983193
0.992171

0.99637
0.998321
0.999224
0.999642
0.999835
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Table 7.11. Baseline model settings.

Likelihood Component Multipliers

Fishery Survey Recruitment
length length age
Case Q catch compositions biomass compositions compositions early  ordinary late
base 1 30 1 1 1 1 1 1 1

Table 7.12. Initial parameter values. Values not listed are identical to the corresponding values in the
base case.

Fishery Survey
Case slope Asg slope Asg
lnRO % InF & female male female male female male female male

base 17 0 -6 0.001 2.505 2.505 13 13 2.505 2.505 13

1 18 0.5 0.5 5 5

2 4.5 4.5 20

3 -2

NPFMC Gulf of AlaskaSAFE
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Table 7.13. Final parameter estimates.

InR, 18.32215
1967-2005: -1.3927 -0.6667 -0.7356 -0.8071
-0.8757 -0.8512 -0.7671 -0.8800 -0.2676 -0.1100 0.0208 0.6541 0.9917 0.5602
Tt 0.2424 0.1630 0.1684 -0.1071 0.2848 0.2501 -0.0330 0.3562 0.1047 0.1579

0.2047 0.5219 -0.0348 0.0996 0.3334 0.1535 0.0618 -0.2553 -0.4003 0.5695
0.5888 0.6840 0.6645 0.0590 0.2892

InF -4.59177
1984-2005: -0.3435 -1.0498 -1.9539 -2.0351 -0.8915 -0.5625 0.0792
& 0.2511 0.4197 0.5740 0.6625 0.5045 0.8432 0.6162 0.2885 -0.3545 0.1643
0.3739 0.4927 0.6266 0.6353 0.6589

Fishery Selectivity
females males
slope 0.943703 1.006904
Asg 9.642523 9.489847

Survey Selectivity

females males
slope 0.774951 0.855028
Asp 5.880134 5.742077

NPFMC Gulf of AlaskaSAFE
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Table 7.14. Model-estimated catch and survey biomass.

catch (t)------------- - survey biomass (t)-----
year estimated stddev observed estimated stddev observed
1984 557 71 549 189,890 11,802 249,341
1985 332 42 320 202,610 11,641
1986 157 20 147 210,580 11,337
1987 162 21 151 215,130 10,979 177,546
1988 537 68 520 217,830 10,623
1989 764 97 747 219,130 10,282
1990 1,455 186 1,447 219,660 9,952 243,055
1991 1,716 219 1,717 219,250 9,630
1992 2,014 257 2,034 218,830 9,322
1993 2,330 297 2,366 218,310 9,028 188,690
1994 2,521 320 2,580 218,030 8,767
1995 2,140 272 2,181 218,130 8,555
1996 2,986 377 3,107 218,430 8,387 205,521
1997 2,370 299 2,446 217,180 8,256
1998 1,714 217 1,742 216,000 8,170
1999 908 115 900 214,560 8,131 207,590
2000 1,531 194 1,547 212,890 8,133
2001 1,881 239 1,911 209,880 8,180 170,745
2002 2,101 266 2,145 207,970 8,315
2003 2,366 300 2,425 209,550 8,680 257,294
2004 2,336 297 2,390 215,000 9,540
2005 2,350 299 2,403 223,360 11,088 213,221
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Table 7.15. Estimated age 3+ population biomass and female spawning biomass.

————————————— 2005 SAFE------------- -------------2003 SAFE-------------
Female Spawning Female Spawning
Age 3+ Biomass Biomass Age 3+ Biomass Biomass
(1000's t) (1000's t) (1000's t) (1000's t)

year mean  std dev mean std dev mean mean
1984 248 13 65 4 257 78
1985 256 13 76 4 265 93
1986 263 13 85 5 272 103
1987 266 12 91 5 274 109
1988 270 12 95 5 278 111
1989 271 12 97 5 282 111
1990 271 11 97 5 285 110
1991 271 11 97 4 287 110
1992 274 11 97 4 292 110
1993 273 11 96 4 292 110
1994 272 11 95 4 293 111
1995 272 11 95 4 297 112
1996 272 11 95 4 299 114
1997 269 11 95 4 296 114
1998 265 11 95 4 292 114
1999 258 11 95 4 288 115
2000 259 11 95 4 287 116
2001 262 12 94 4 287 116
2002 269 14 93 4 291 114
2003 280 16 92 4 291 112
2004 286 18 91 4

2005 292 20 91 5
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Table 7.16. Estimated age 3 recruitment.
————————————— 2005 SAFE------------- 2003 SAFE
Mean Recruitment std dev Mean Recruitment
Year (millions) (millions) (millions)

1984 163 35 139
1985 241 42 241
1986 233 38 250
1987 175 32 162
1988 259 38 275
1989 201 33 277
1990 212 33 251
1991 222 34 249
1992 305 40 308
1993 175 31 165
1994 200 36 261
1995 253 39 356
1996 211 36 199
1997 193 36 149
1998 140 31 198
1999 121 29 181
2000 320 52 294
2001 327 57 285
2002 359 73 318
2003 352 86 201
2004 192 96

2005 242 105
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Table 7.17. Projected catch (t) for the seven projection scenarios. The values of Bagy and Bassy, are 42,250
t and 36,969 t, respectively.

Catch (t)
scenario scenario scenario scenario scenario  scenario  scenario
year 1 2 3 4 5 6 7
2005 2,400 2,400 2,400 2,400 2,400 2,400 2,400
2006 37,823 37,823 20,248 2,143 0.000 47,006 37,823
2007 30,978 30,978 18,692 2,216 0.000 36,020 30,978
2008 27,325 27,325 17,965 2,332 0.000 30,439 34,103
2009 24,956 24,956 17,486 2,448 0.000 27,030 29,313
2010 22,792 22,792 16,834 2,522 0.000 24,164 25,542
2011 20,711 20,711 15,971 2,547 0.000 21,629 22,435
2012 19,055 19,055 15,106 2,539 0.000 19,304 19,927
2013 17,902 17,902 14,389 2,518 0.000 17,790 18,093
2014 17,074 17,074 13,842 2,494 0.000 17,141 17,262
2015 16,564 16,564 13,435 2,469 0.000 16,902 16,940
2016 16,276 16,276 13,136 2,447 0.000 16,810 16,816
2017 16,113 16,113 12,920 2,428 0.000 16,773 16,770
2018 16,023 16,023 12,763 2,411 0.000 16,766 16,763
NPFMC Gulf of AlaskaSAFE
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Table 7.18. Female spawning biomass (t) for the seven projection scenarios. The values of Bsgy, and Bgsy,
are 42,250 t and 36,969 t, respectively.

Female spawning biomass (t)

year  scenario 1 scenario 2 scenario 3 scenario 4 scenario 5 scenario 6 scenario 7
2005 91,225 91,225 91,225 91,225 91,225 91,225 91,225
2006 93,160 93,160 93,160 93,160 93,160 93,160 93,160
2007 78,207 78,207 87,286 96,753 97,881 73,514 78,207
2008 69,399 69,399 83,714 100,719 102,889 62,739 69,399
2009 63,083 63,083 80,596 103,902 107,065 55,612 59,736
2010 57,536 57,536 76,955 105,522 109,619 49,826 52,307
2011 52,747 52,747 73,084 105,894 110,851 45,168 46,616
2012 49,110 49,110 69,556 105,534 111,246 41,909 42,731
2013 46,636 46,636 66,665 104,784 111,123 40,131 40,508
2014 45,060 45,060 64,439 103,908 110,755 39,358 39,509
2015 44,121 44,121 62,762 102,998 110,245 39,047 39,097
2016 43,578 43,578 61,521 102,141 109,703 38,924 38,934
2017 43272 43272 60,644 101,510 109,342 38,881 38,880
2018 43,110 43,110 60,014 100,928 108,964 38,881 38,878

Page503
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Table 7.19. Fishing mortality for the seven projection scenarios.

Fishing mortality

year  scenario 1 scenario 2 scenario 3 scenario 4 scenario 5 scenario 6 scenario 7
2005 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200
2006 0.3585 0.3585 0.1793 0.0178 0.0200 0.4631 0.3585
2007 0.3585 0.3585 0.1793 0.0178 0.0200 0.4631 0.3585
2008 0.3585 0.3585 0.1793 0.0178 0.0200 0.4631 0.4631
2009 0.3585 0.3585 0.1793 0.0178 0.0200 0.4631 0.4631
2010 0.3585 0.3585 0.1793 0.0178 0.0200 0.4631 0.4631
2011 0.3585 0.3585 0.1793 0.0178 0.0200 0.4631 0.4631
2012 0.3585 0.3585 0.1793 0.0178 0.0200 0.4491 0.4540
2013 0.3577 0.3577 0.1793 0.0178 0.0200 0.4329 0.4359
2014 0.3544 0.3544 0.1793 0.0178 0.0200 0.4255 0.4267
2015 0.3517 0.3517 0.1793 0.0178 0.0200 0.4229 0.4233
2016 0.3503 0.3503 0.1793 0.0178 0.0200 0.4220 0.4220
2017 0.3497 0.3497 0.1793 0.0178 0.0200 0.4216 0.4216
2018 0.3493 0.3493 0.1793 0.0178 0.0200 0.4216 0.4215
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Figure 7.1. Growth for GOA flathead sole: females solid line, males dotted line.
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Figure 7.2. Selectivities for GOA flathead sole for the survey (red, dotted line) and fishery (solid line).
Male curve with + symbol, female curve without symbol.
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Figure 7.3. Predicted and observed annual catches for GOA flathead sole. Predicted catch = solid line,

observed catch = dotted line with circles.
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Figure 7.4. Fit to female GOA flathead sole fishery length composition data. Dashed lines represent the

model prediction, solid lines represent the data.
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model prediction, solid lines represent the data.
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model prediction, solid lines represent the data.
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model prediction, solid lines represent the data.
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Figure 7.11. Estimated age 3+ biomass (circles) and female spawning biomass (triangles) for GOA
flathead sole. Error bars are approximate lognormal 95% confidence intervals.
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Figure 7.12. Estimated age 3 recruitments of GOA flathead sole with approximate 95% lognormal
confidence intervals. Horizontal line is mean recruitment.
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Figure 7.13. Control rule plot of estimated fishing mortality versus estimated female spawning biomass
for GOA flathead sole. Fop. = solid line, Fyax asc = dashed line.
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Figure 7.14. Annual patterns of flathead sole catch in the fishery for 2003-2005.
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Appendix A.
Table A.1. List of variables and their definitions used in the model.
Variable Definition
T number of years in the model
A number of age classes
L number of length classes
t time index (1984<t<2005)
a age index (1<a<A; a=1 corresponds to age 3)
X sex index (1=<x<2; 1=male, 2=female)
I length index (1<I<L)
{t%} set of years for which survey biomass data is available
{t™*} set of years for which fishery age composition data is available
{t™4 set of years for which fishery length composition data is available
{t%} set of years for which survey age composition data is available
{1 set of years for which survey length composition data is available
LX element of length-age matrix (proportion of sex X fish in age class a that are
la in length class I)
Wy a mean body weight (kg) of sex X fish in age group a.
P, proportion of females mature at age a
R: recruitment in year t
InR, mean value of log-transformed recruitment
7, recruitment deviation in year t
Nixa number of fish of sex X and age class a in year t
Cixa catch (number) of fish of sex X and age class a in year t
FA proportion of the total catch in year t
P ixa that is sex X and in age class a
FL proportion of the total catch in year t
Pt that is sex X and in length class |
SA proportion of the survey biomass in year t
P txa that is sex X and in age group a
SL proportion of the survey biomass in year t
P that is sex X and in age group a
C Total catch in year t (observed)
A total yield(tons) in year t
E instantaneous fishing mortality rate for
txa sex X and age group a in year t
M Instantananeous natural mortality rate
InF mean value of log-transformed fishing mortality
£, deviations in fishing mortality rate in year t
Z Instantantaneous total mortality for
txa sex X and age group a in year t
sha fishery selectivity for sex x and age group a
s survey selectivity for sex X and age group a
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Table A.2. Model equations describing the populations dynamics.

7~N(0,07)

N ., =R= exp(ﬁ + Tt)

N

_Zt,x,a

N e

t+1,x,a+1: t,x,a

F
C — t,x,a (1 —e_zt'x’a)N

t,x,a
Z

t,x,a
t,x,a

2 A
Ct = z Z Wx,act,x,a

x=1 a=l

FSBt = z Wl,a¢a N t.la
a=l

Z,,.=F

t,x,a

t,x,a +M

Fia= Sia . exp(ﬁ + &, )

& ~N(0,02)

Sy o= :
x,a _hF _AF
1+e( by (age—soAy )
1
S
Sx,a

_1 4 (b (age—s0AY)
S S
N t,x,a :Q Sx,a Nt,x,a

SB, :ZZ“ZA:WM N ®txa

x=1 a=l

2 A
F,A _
pt,x,a _Ct,x,a /cht,x,a

x=1 a=1
A
F.L _ X  F.A
pt,x,l _Z I‘I,a pt,x,a
a=1

2 A
S,A S S
pt,x,a =N t,x,a /ZZ N t,x,a

x=1 a=l

A
s,L X S,A
pt,x,l _z Ll,a ’ pt,x,a
a=1

— _Zr,x,Afl _Zr,x,A
Nt+1,><,A_Nt,x,A—1e + Nt,x,Ae

Recruitment (assumed equal for males and
females).

Numbers at age.

Numbers in “plus” group.

Catch at age (in numbers caught).

Total catch in tons (i.e., yield).

Female spawning biomass.

Total mortality.

Fishing mortality.

Random deviate associated with fishing
mortality.

Fishery selectivity- 2 parameter ascending
logistic - separate for males and females.

Survey selectivity- 2 parameter ascending
logistic - separate for males and females.

Survey numbers for sex X, age a at time t.

Total survey biomass.

Proportion at age in the catch.

Proportion at length in the catch.

Proportion at age in the survey.

Proportion at length in the survey.

Random deviate associated with recruitment.
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Table A.3. Likelihood components.

Component Description
T 2
Z [log((:tObs ) —log(C, )] Catch; uses a lognormal distribution.
t=1
S F,A0b F.A Fishery age composition; uses a multinomial
ner - pn™ o ™) - offset Y ; ;
te%;}xz_:‘ aZ::‘ o Pira &(Pixa) distribution. n**™ is the observed sample size.

2 L

samp F,L,obs
DI ILR
teltt | xel

-log( pfx’!‘l ) - offset

Fishery length composition; uses a multinomial

distribution. n**™* is the observed sample size.

samp S,A,obs
t,x pt,x,a

,.
m
’TT\I v
>
>
I
QD
il gt
>

log(pSh) - offset

t,x,a

Survey age composition; uses a multinomial

distribution. n s the observed sample size.

L
samp S,L,obs
Z znt,x pt,x,l
tet“}x:l

-log( pf;h ) - offset

Survey length composition; uses a multinomial
distribution. n**™ is the observed sample size.

2 A
offset=>" > > ni™ - pl¥, -log(pira))
t

The offset constants for age composition
components are calculated from the observed
proportions and the sample sizes. A similar
formula is used for length composition component
offsets.

t; V2 -5.d.(log(SB™))

Survey biomass; uses a lognormal distribution.

2020? (2.)? Recruitment; uses a lognormal distribution,
T . :
t since 7, is on a log scale.
t=1984
zi’s ()’ “Late” recruitment; uses a lognormal distribution,
T . .
t since 7, is on a log scale.
t=2003
1983 “Early” recruitment; uses a lognormal
2 . . . . . .
Z(Tt) distribution, since 7, is on a log scale. Determines
t=1967

age composition at starting year of model.
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Table A.4. Fixed parameters in the model.

Parameter Description
M=0.2 Natural mortality
Q=1.0 Survey catchability

Lin, Lage2 » k , cv of length at age 2 and age
20 for males and females

von Bertalanffy Growth parameters
estimated from the 1984-1996 survey
length and age data.

NPFMC Gulf of AlaskaSAFE
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Table A.5. Estimated parameters for the model. A total of 72 parameters were estimated in the
model.
Subscript Total no. of Description
Parameter
range Parameters
log(Ro) na 1 log of the geometric mean value of age 3
recruitment
7, 1984 <t<2005 40 (22 + 18 from Recruitment deviation in year t (log-
initial age composition) scale)
log(fy) Na 1 log of the geometric mean value of
fishing mortality
e 1984 <t <2003 22 deviations in fishing mortality rate in
t year t
1<x<2 4 selectivity parameters (slope and age at
be , 50A':X 50% selected) for the fishery for males
and females.
1<x<2 4 selectivity parameters (slope and age at
bSX s SOASX 50% selected) for the survey data, for
males and females.
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