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Chapter 9:
Assessment of the Flathead Sole Stock

in the Bering Sea and Aleutian Islands

by
William T. Stockhausen and Daniel Nichol

Executive Summary

The following changes have been made to this assessment relative to the November 2010 SAFE:

Changes to the Input Data

1)
2)
3)
4)
5)

6)

The 2010 fishery catch data was updated and the 2011 catch through Sept. 24, 2011 was
added to the assessment.

Sex-specific size compositions from the 2011 fishery, based on observer data, were added to
the assessment. Fishery size compositions from 2010 were updated.

The estimated survey biomass and standard error from the 2011 EBS Trawl Survey were
added to the assessment.

Sex-specific size compositions from the 2011 EBS Trawl Survey were added to the
assessment.

Sex-specific age compositions from the 2010 EBS Trawl Survey were added to the
assessment.

The mean bottom temperature from the 2011 EBS trawl survey was added to the assessment.

Changes in the Assessment Model

The preferred model is identical to that selected in last year’s assessment.

Changes in Assessment Results

1) The recommended ABC, based on an F4qq, (0.279) harvest level, is 70,377 t for 2012 and 69,180 t for

2013.

2) The OFL, based on an F3sy, (0.340) harvest level, is 84,535 t for 2012 and 83,079 t for 2013.
3) Projected female spawning biomass is 250,224 t for 2012 and 244,283 t for 2013.
4) Projected total biomass (age 3+) is 810,936 t for 2012 and 814,898 t in 2013.

The recommendations for 2012 and 2013 from this assessment (2011) are summarized and compared with
the recommendations from the 2010 assessment in the following table:
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. As estimated or specified last year (2010) | As estimated or specified this year (2011)
Quantity

2011 2012 2012 2013
M (natural mortality) 0.2 0.2 0.2 0.2
Specified/recommended tier 3a 3a 3a 3a
Total biomass (Age 3+; t) 791,018 785,891 810,936 814,898
Female Spawning Biomass (t) 240,796 237,489 250,224 244,283
B 100% 336,027 336,027 333,610 333,610
B 40w 134,411 134,411 133,444 133,444
B 359 117,609 117,609 116,763 116,763
For = Fasu 0.342 0.342 0.340 0.340
max F asc = F a0 0.280 0.280 0.279 0.279
recommended F pgc 0.280 0.280 0.279 0.279
OFL (t) 83,300 82,100 84,535 83,079
max ABC (t) 69,348 68,334 70,377 69,180
ABC (1) 69,300 68,300 70,377 69,180

Status As determined last year (2010) for: As determined this year (2011) for:

2009 2010 2010 2011
Overfishing no n/a no n/a
Overfished n/a no n/a no
Approaching overfished n/a no n/a no

SSC Comments Specific to the Flathead Sole Assessment

SSC Comment (Dec. 2006): The mixed stock fishery for Hippoglossoides is a good candidate for a
management strategy evaluation to determine whether the current management approach, which focuses
on the dynamics of the much larger stock of flathead sole, provides adequate protection of Bering
flounder.

Author response: Basic biological information (e.g., age/size-at-maturity) has been lacking to
parameterize the Bering flounder model. Maturity samples for Bering flounder collected during the 2006
and 2007 EBS shelf groundfish surveys have been processed by J. Stark (RACE, AFSC) and a manuscript
based on this work has recently been published in Marine Biology Research (Stark, 2011). The principal
author looks forward to working with Jim Stark to develop a Bering flounder model based on this
research. Samples were also collected in 2010 in the northern Bering Sea; these samples, when processed
and analyzed, will provide a latitudinal contrast with results from the previous sampling. Recent
biological, fishery, and survey information for Bering flounder was discussed in Appendix C of this
chapter in the 2010 SAFE (Stockhausen et al., 2010); an update for 2011 is provided in this chapter.

SSC Comments on Assessments in General

SSC Comment (Dec., 2009): "The SSC also recommends a research topic to flatfish assessment scientists.
A meta-analysis of stock-recruit relationships for flatfish stocks may be very useful to evaluate
productivity of these stocks, similar to one previously conducted for rockfish. This could help inform
decisions about when a flatfish assessment using Tier 3 may qualify for Tier 1. "

Author response: Although the flatfish assessment authors did not address this recommendation directly,
we (T. Wilderbuer and W. Stockhausen) revisited the stock-recruit analyses discussed by Wilderbuer et
al. (2002) and conducted a re-analysis of environmental effects on eastern Bering Sea flatfish stocks with
10 years of additional stock-recruit data. This work is currently in peer review.
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Introduction

"Flathead sole" as currently managed by the North Pacific Fishery Management Council (NPFMC) in the
Bering Sea and Aleutian Islands (BSAI) represents a two-species complex consisting of true flathead sole
(Hippoglossoides elassodon) and its morphologically-similar congener Bering flounder (H. robustus).
"Flathead sole" was formerly a constituent of the "other flatfish" SAFE chapter. Based on changes in the
directed fishing standards to allow increased retention of flatfish, in June 1994 the Council requested the
BSAI Plan Team to assign a separate Acceptable Biological Catch (ABC) and Overfishing Limit (OFL)
to "flathead sole" in the BSALI, rather than combining them into the "other flatfish” recommendations as in
past assessments. Subsequent to this request, stock assessments for "flathead sole™ have been generated
annually to provide updated recommendations for ABC and OFL.

Flathead sole are distributed from northern California off Point Reyes northward along the west coast of
North America and throughout Alaska (Hart 1973). In the northern part of its range, this species overlaps
with Bering flounder, whose range extends north to the Chukchi Sea and into the western Bering Sea.
The two species are very similar morphologically, but differ in demographic characteristics and spatial
distribution. Differences between the two species were described by Walters and Wilderbuer (1997), who
illustrated the possible ramifications of combining demographic information from the two species.

Bering flounder exhibit slower growth and smaller maximum size when compared with flathead sole, and
fish of the same size could possibly be 3 years different in age for the two species. Although Bering
flounder typically represent less than 3% of the combined survey biomass for the two species, combining
them increases the uncertainty in estimates of life-history and population parameters. Accurate
identification of the two species occurs in the annual EBS trawl survey. The fisheries observer program
also provides information on Bering flounder in haul and port sampling for fishery catch composition,
although the accuracy of species identification by observers is unknown. In addition, more information
concerning the biology of Bering flounder is becoming available. Maturity samples collected during the
2006 and 2007 EBS shelf groundfish surveys have been processed and a manuscript based on the results
has been accepted for publication in Marine Biology Research (J. Stark, pers. comm.). This work
includes determination of the maturity schedule for Bering flounder in the EBS--a critical component in
development of an age-structured model for Bering flounder. Thus, it may be possible in the near future
to consider developing species-specific components for ABC and OFL for this complex. Current
biological, fishery, and survey information for Bering flounder was discussed in Appendix C of last
year’s assessment (Stockhausen et al., 2010).

For the purposes of this report, however, Bering flounder and flathead sole are combined under the
heading “Hippoglossoides spp.” and, where necessary, flathead sole (H. elassodon) is used as an indicator
species for the complex. Where the fishery is discussed, the term "flathead sole” will generally refer to
the two-species complex rather than to the individual species.

Catch History

Prior to 1977, catches of flathead sole (Hippoglossoides spp.) were combined with several other flatfish
species in an "other flatfish" management category. These catches increased from around 25,000 t in the
1960s to a peak of 52,000 t in 1971. At least part of this apparent increase was due to better species
identification and reporting of catches in the 1970s. After 1971, catches declined to less than 20,000 t in
1975. Catches during 1977-89 averaged 5,286 t. Since 1990, annual catches have averaged 17,988 t
(Table 9.1, Figure 9.1). The catch in 2008 (24,539 t) was the highest since 1998. The 2011 catch
(11,553 t as of Sept. 24) was substantially smaller than the average catch from 2006-2010 (20,181 t). The
majority of the catch is taken by non-pelagic trawl gear (78% in 2010, 62% in 2011; Figure 9.2), with a
substantial fraction also taken by pelagic trawl gear (21% in 2010, 36% in 2011). Other gear types (hook
and line, pot) account for a very small fraction of the total catch (<2% in both 2010 and 2011). The
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majority of the catch in 2010 and 2011 was taken in NMFS Statistical Area 521 (37% and 28%,
respectively; Figure 9.2). Substantial fractions (> 10%) of the total catch are also taken in areas 509, 513,
and 517. Using observed species-specific catches within each statistical area and extrapolating to the total
Hippoglossoides spp. catch within each area yields disaggregated estimates of total catch of flathead sole
and Bering flounder in 2010 and 2011 (Figure 9.3). The majority of catches of both species occurred in
area 521 in both 2010 and 2011. In 2010, area 521 accounted for 25.5% of the total catch of flathead sole
(H. elassodon) while it accounted for 91.4% of the catch of Bering flounder. However, Bering flounder
constituted only 3.2% of the total catch in area 521 in 2010 while flathead sole constituted 96.8% of the
catch. Overall, Bering flounder accounted for only 0.9% of the total Hippoglossoides spp. catch in 2010.
Patterns in 2011 appear to be similar to 2010, but (at the time this document was compiled) the observer
data for 2011 is preliminary and incomplete.

Although flathead sole receives a separate ABC and TAC, until 2008 it was managed in the same
Prohibited Species Catch (PSC) classification as rock sole and "other flatfish" and it received the same
apportionments and seasonal allowances of incidental catch of prohibited species as these other stocks. In
July, 2007, however, the NPFMC adopted Amendment 80 to the BSAI Fishery Management Plan (FMP).
The purpose of this amendment was, among other things, to: 1) improve retention and utilization of
fishery resources by the non-American Fisheries Act (non-AFA) trawl catcher/processor fleet by
extending the AFA’s Groundfish Retention Standards to all vessels and 2) establish a limited access
privilege program for the non-AFA trawl catcher/processors and authorize the allocation of groundfish
species to cooperatives to encourage lower discard rates and increased value of harvested fish while
lowering costs. In addition, Amendment 80 also mandated additional monitoring requirements which
include observer coverage on all hauls, motion-compensating scales for weighing samples, flow scales to
obtain accurate catch weight estimates for the entire catch, no mixing of hauls and no on-deck sorting.
Amendment 80 applies to catcher/processors and creates three designations for flatfish trawlers:
Amendment 80 cooperatives, Amendment 80 limited access, and BSAI limited access (i.e., all others not
covered by Amendment 80). Under Amendment 80, allocations of target species and PSC are based on
individual fishing history. Vessels may form cooperatives, with each cooperative being assigned
cooperative-level allocations of target species and PSC. Catcher/processors that do not participate in a
cooperative fall under the Amendment 80 limited access designation. Target species and PSC allocations
are made to the limited access sub-sector, not to individual vessels within it. Thus, vessels within the
Amendment 80 limited access sub-sector function as in a traditional TAC-based fishery (i.e., they
compete amongst each other for limited harvests). Additionally, PSC in the Amendment 80 limited
access sector is managed in the same manner as it was managed prior to 2008: the Amendment 80 limited
access flathead sole fishery is managed in the same PSC classification as Amendment 80 limited access
fisheries for rock sole and “other flatfish” and it receives the same apportionments and seasonal allocation
as these fisheries. Once TAC and PSC have been allocated to the two Amendment 80 sectors, any
remaining allocations of target species and PSC are made to the (non-Amendment 80) BSAI limited
access sector. At present, flathead sole is 100% allocated to the Amendment 80 cooperative and limited
access sectors, so directed fishing for flathead sole is prohibited in the BSAI limited access sector.

Prior to the implementation of Amendment 80 in 2008, the flathead sole directed fishery was often
suspended or closed prior to attainment of the TAC for exceeding halibut bycatch limits (Table 9.2).
Since the implementation of Amendment 80, the Amendment 80 Cooperative sector has never reached its
in-season halibut bycatch limits. The Amendment 80 Limited Access sector reached its halibut bycatch
limit in May in 2010 but remained open as of Sept. 24 in 2011.

Substantial amounts of flathead sole have been discarded in various eastern Bering Sea target fisheries,
although retention standards have improved since the implementation of Amendment 80 in 2008 (Table
9.3). Based on data from the NMFS Regional Office Catch Accounting System, about 30% of flathead
sole catch was discarded prior to 2008, while approximately 10% has been discarded since 2008
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(although the preliminary estimate for 2011 is somewhat higher at 14%). In 2007, the directed fishery
caught a little over 7,000 t and discarded 17%. In 2010, the directed fishery caught almost 8,500 t and
discarded only 1%. The yellowfin sole, bottom pollock, and midwater pollock fisheries also caught
substantial amounts of flathead sole (2,988, 2,465 and 2,159 t, respectively). Retention was high in the
yellowfin sole fishery (89%) and bottom pollock fishery (97%), while the midwater pollock fishery
retained only 44% of flathead sole caught.

The annual spatial distribution of observed catches of flathead sole and Bering flounder by trawl (non-
pelagic and pelagic) gear in the Bering Sea is shown in Figure 9.4a for 2009-2011 and for flathead sole
(only) by quarter for 2010 and 2011 in Figure 9.4b. Catches of flathead sole occurred primarily in three
areas on the continental shelf: a band starting northwest of Unimak Island and extending northwestward
across the shelf toward the Pribilof Islands, an area west of the Pribilof Islands to the shelf edge, and an
area ~200 km southeast of St. Matthew Island—although little to no catches were made in this latter area
in 2011. Bering flounder were caught in this latter area in 2009, but not in 2010 or 2011. Bering flounder
were consistently caught near the Pribilof Islands in all three years and were caught in the area to the
southeast of St. Matthew Island in 2009 but not in 2010 or 2011. Although still quite small (< 300 t),
observer-extrapolated catches of Bering flounder were greater than 10 times larger than extrapolated
annual catches during 1995-2008 (~10 t). The extent to which this increase is a consequence of increased
precision due to changes in observer coverage and sampling procedures or to changes in fishing patterns,
both of which occurred under Amendment 80, is unclear.

Data

Fishery Catch, Catch-at-Length and Catch-at-Age Data

This assessment used fishery catches from 1977 through Sept. 24, 2011 (Table 9.1, Figure 9.1), estimates
of the fraction of animals caught annually by age class and sex (i.e., age compositions) for several years,
and estimates of the fraction of animals caught annually by size class and sex (i.e., size compaositions).
Fishery age compositions for 2000, 2001, 2004-2007 and 2009 were included in the assessment model
(Table 9.4, Figure 9.5). Although age compositions were available for 1994, 1995, and 1998, the sample
sizes for these age compositions are small and they have been excluded. Size compositions were
available for 1977-2011 (Table 9.5, Figure 9.6). However, to avoid over-weighting data used to estimate
the parameters for the assessment model, fishery size compositions from the same year that age
composition data was used were not included in the model optimization. Thus, only the fishery size
compositions for 19877-1999, 2002-2003, 2008 and 2010-2011 were included in the assessment model.
Associated sample sizes are given in Table 9.6.

Survey Data

Because Hippoglossoides spp. are often taken incidentally in target fisheries for other species, CPUE
from commercial fisheries seldom reflects trends in abundance for flathead sole and Bering flounder. It is
therefore necessary to use fishery-independent survey data to assess the condition of these stocks. Bottom
trawl surveys are conducted annually by the Resource Assessment and Conservation Engineering (RACE)
Division of the Alaska Fisheries Science Center on the continental shelf in the Eastern Bering Sea (EBS).
These surveys are conducted using a fixed grid of stations and have used the same standardized research
trawl gear since 1982. The "standard" survey area has been sampled annually since 1982, while the
"northwest extension™ has been sampled since 1987 (Figure 9.7). In 2010, RACE extended the
groundfish survey into the northern Bering Sea (Figure 9.7) and conducted standardized bottom trawls at
142 new stations. The data generated by this new survey may have important implications for the future
management of Bering flounder, in particular. Unfortunately, only the standard and northwest extension
areas were sampled in 2011. RACE also conducts bottom trawl surveys in the Aleutian Islands (Al) on a
triennial basis from 1980 to 2000 (1980, 1983, 1986, 1991, 1994, 1997, 2000) and on a biennial basis
(2002, 2004, 2006, 2010) since, although no survey was conducted in 2008.
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This assessment used survey estimates of "total” Hippoglossoides spp. biomass for the years 1982-2011
(Table 9.7, Figure 9.8) as inputs to the assessment model. Survey-based estimates of total biomass use an
“area-swept” approach and implicitly assume a catchability of 1. Following Spencer et al. (2004),
surveys conducted prior to 1982 were not included in the assessment because the survey gear changed
after 1981. In order to maintain consistent spatial coverage across time, only survey strata that have been
consistently sampled since 1982 (i.e., those comprising the "standard" area) are included in the EBS
biomass estimates. A linear regression between EBS and Al survey biomass in years when both surveys
were conducted is used to predict the Aleutian Islands biomass in years in which an Al survey was not
conducted. Based on the surveys, Hippoglossoides spp. biomass approximately quadrupled from the
early 1980s to a maximum in 1997 (807,825 t). Estimated biomass then declined to 398,095 t in 2000
before increasing to a recent high of 635,755t in 2006. The 2011 survey estimate was 583,300 t, a 17%
increase from the 2010 survey estimate of 495,215 t.

Although survey-based estimates of total biomass assume a catchability (and size-independent selectivity)
of 1, previous assessments for flathead sole and other BSAI flatfish have identified a relationship between
bottom temperature and survey catchability (Wilderbuer et al. 2002; Spencer et al., 2004; Stockhausen et
al., 2010). Bottom temperatures are hypothesized to affect survey catchability by affecting the stock
distribution and/or the activity level of flatfish. The spatial distribution of flathead sole has been shown
to shift location in conjunction with shifts in the location of the so-called cold pool on the EBS shelf.

This relationship was investigated in a previous assessment for flathead sole (Spencer et al., 2004) by
using annual temperature anomalies from data collected at all survey stations as a covariate of survey
catchability. Model results from that assessment indicated the utility of this approach and it has been used
subsequently (e.g., Stockhausen et al., 2009). Mean bottom temperatures have been particularly cold
since 2006, although the temperature in 2010 was similar to the long-term mean (2.44 °C; Table 9.8,
Figure 9.9). During this period, the cold pool has extended well to the south along the so-called “middle
domain” of the continental shelf (Figure 9.10), which would be expected to have a substantial effect on
survey catchability for these years. Flathead sole appear to have been constrained to the outer domain of
the shelf in response to the extended cold pools in 2006-2010. Although the mean bottom temperature in
2011 was warmer in 2011 than in the previous five years, the distribution of flathead sole in the 2011
groundfish survey remained concentrated in the outer domain and did not appear to expand into the
middle or inner domains, to any extent.

Areas of high survey abundance appear to be remarkably similar over this time period (Figure 9.11). For
the most part, the survey results indicate little spatial overlap between flathead sole and Bering flounder
(Figure 9.11), although some occurs in the area west of St. Matthew Island. Interestingly, survey
abundance patterns for flathead sole appear to correspond fairly closely with the spatial distribution of
observer-reported fishery catches for this species (Figure 9.4a), whereas this does not appear to be the
case for Bering flounder. For example, the majority of the Bering flounder catch occurred to the west of
the Pribilof Islands in 2009-2011, but there is little indication in the survey results of a substantial
abundance there. Given the high abundance of flathead sole found in this area by the surveys and the
fishery, the mismatch for Bering flounder could possibly result from misidentification by observers of
some flathead sole as Bering flounder in this area. However, the mismatch may also reflect differences in
timing between the survey and the fishery in this area, confounded with seasonal movement of Bering
flounder.

In 2010, as noted previously, RACE extended the groundfish survey into the northern Bering Sea (Figure
9.7; also, compare the distribution of survey stations in Figure 9.11 for 2009 and 2010). No flathead sole
were found in the northern Bering Sea area, but a substantial abundance of Bering flounder was found.

Bering flounder biomass in the northern Bering Sea area was estimated at 12,761 t, larger than that in the
standard survey area (12,360 t). This is consistent with the view that Bering flounder in the BSAI fishery
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are a marginal stock on the edge of their species range in the eastern Bering Sea. Unfortunately, this area
was not re-surveyed in 2011. Potential management implications of the northern Bering Sea survey for
Bering flounder were discussed in more detail in Appendix C of this chapter in the 2010 SAFE document
(Stockhausen et al., 2010).

Survey age compositions, the fraction of animals caught by age class and sex, were included in the
assessment for 1982, 1985, 1992-1995, 2000-2010 (Table 9.9, Figure 9.12). Survey size compositions,
the fraction of animals by sex caught by 2 cm size bin, were available for 1982-2011 (Table 9.10, Figure
9.13). However, as with the fishery size compositions, survey size compositions from the same year that
survey age composition data was available were not included in the model optimization. Thus, only the
survey size compositions for 1984-91, 1996-99, and 2011 were included in the model fitting. Associated
sample sizes are given in Table 9.11.

In summary, the data for Hippoglossoides spp. used in the assessment model are:

Data source Temporal coverage
fishery catch 1977-2011

fishery size 1977-2011
compositions

fishery age 2000, 2001, 2004-2007,
compositions 2009

survey biomass and 1982-2011

standard error

survey length 1982-2011
compositions

survey age 1982, 1985, 1992-95,
compositions 2000-2010

survey bottom 1982-2011
temperatures

Analytical Approach

Model Structure

The assessment for flathead sole is conducted using a split-sex, age-based model with length-based
formulations for fishery and survey selectivity. The model structure (see Appendix A for details) was
developed following Fournier and Archibald’s (1982) methods for separable catch-at-age analysis, with
many similarities to Methot (1990). The assessment model simulates the dynamics of the stock and
compares expected values of stock characteristics with observed values from survey and fishery sampling
programs in a likelihood framework, based on distributional assumptions regarding the observed data.
Model parameters are estimated by minimizing an associated objective function (the negative total log-
likelihood plus imposed penalty functions) that describes the error structure between model estimates and
observed quantities.

The model was implemented AD Model Builder, automatic differentiation software developed as a set of
C++ libraries. AD Model Builder can estimate a large number of parameters in a non-linear model using
automatic differentiation software extended from Greiwank and Corliss (1991). 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
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routines and provides the ability to estimate the variance-covariance matrix for all parameters of interest,
as well as to perform Markov Chain Monte Carlo (MCMC) analysis.

Age classes included in the model run from age 3 to 21. Age at recruitment was set at 3 years in the
model because few fish are caught at younger ages in either the survey or the fishery. The oldest age
class in the model (21 years) serves as a plus group in the model; the maximum age of flathead sole in the
BSAI, based on otolith age determinations, is 32 years. Details of the population dynamics and
estimation equations, description of variables and likelihood components are presented in Appendix A.
Model parameters that are typically fixed (estimated outside the model) are described in Tables A.2 and
A.10 and discussed below. A total of 79 parameters were estimated in the preferred model.

Changes from last year

No changes were made to the model structure. Two models (Table 9.12) were evaluated. The base
model was identical to the preferred model from the 2010 assessment and incorporated the standard
model options, a stock-recruit function where recruitment was independent of stock size (“no SRF”, i.e.,
no stock-recruit function), and temperature-dependent catchability with no time lag (“TDQ”). The base
model is also referred to as the “no SRF, TDQ” model. The alternative model differed from the base
model by incorporating a Ricker-type stock-recruit function and is referred to as the “Ricker SRF, TDQ
model”. After model evaluation, the preferred model was the base model, i.e. identical to the preferred
model structure in 2010 (Stockhausen et al., 2010).

Additional alternative models, variously incorporating no temperature-dependent catchability and a
Beverton-Holt stock-recruit function, that have been evaluated in recent assessments were not evaluated
this year due to time constraints. The experimental option added to the model in 2008 that incorporated a
time-lagged version of bottom temperature in the model for temperature-dependent survey catchability
(TDQ) was also not re-tested this year.

Parameters Estimated Independently

Parameters estimated independently include the log-scale mean survey catchability o, natural mortality
rates (M,), the age-based maturity ogive, the ageing error matrix, sex-specific length-at-age conversion

matrices (®, , , ), weights-at-length (W, | ), and individual weights-at-age for the survey (foa) and the

x,l,a
fishery (Wx’fa) (see Appendix A for definitions of coefficients). The log-scale mean survey catchability

parameter o was fixed at 0.0, producing a mean survey selectivity of 1.0. The natural mortality rates My
were fixed at 0.2 for both sexes, consistent with previous assessments. The maturity ogive for flathead
sole was based on Stark (2004), who found a length at 50% maturity of 320.2 mm using a logistic curve.
The ageing error matrix was taken directly from the Stock Synthesis model used in assessments prior to
2004 (Spencer et al., 2004).

Sex-specific length-at-age curves were previously estimated from survey data using a procedure designed
to reduce potential sampling-induced biases (Spencer et al., 2004). Mean lengths-at-age did not exhibit
consistent temporal trends, so sex-specific von Bertalanffy growth curves were fit to mean length-at-age
data using all years available at the time (1982, *85, 92, *94, 95 and 2000). The parameters values are
given in the following table:

von Bertalanffy growth

parameters
Sex to L, K
Male -0.27 37.03 0.19
Female -1.24 50.35 0.10
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The L., estimates of 37 cm and 50 cm for males and females, respectively, are somewhat lower than those
obtained using a potentially biased approach in previous assessments (40 cm and 55 cm, respectively;
Spencer et al., 2003). The resulting growth curves are illustrated in Figure 9.14 (top graph). Age is
converted to size in the model assuming that size-at-age is normally-distributed with sex-specific mean
size-at-age given by the von Bertalanffy equation using the parameters given above and a constant cv of
0.13 (Figure 9.14, bottom graphs).

A length—-weight relationship of the form W = a L” was fit to survey data from 1982-2004, with parameter
estimates a = 0.00326 and b = 3.3 applying to both sexes (weight in g, length in cm). Application of the
length-weight relationship to the predicted size-at-age from the von Bertalanffy relationships yielded
weight-at-age relationships for the fishery and survey (Figure 9.15).

Parameters Estimated Conditionally

A total of 77 parameters were estimated in the base model. The majority of parameters were associated
with annual estimates of fishing mortality or recruitment. The number of estimable parameters associated
with different model components is summarized in the following table:

Parameter type Number
mean fishing mortality 1
fishing mortality deviations 35
mean recruitment 1
recruitment deviations 35
historic fishing mortality 1
historic mean recruitment 1
fishery length selectivity parameters 2
survey length selectivity parameters 2
survey catchability parameters 1
Total parameters 79

The alternative model considered in this assessment (the “Ricker SRF, TDQ” model) had two more
parameters than the base model because the Ricker stock-recruit function used in that model required two
additional parameters (In(Ro) and h).

A Markov Chain Monte Carlo (MCMC) algorithm was used to obtain estimates of parameter uncertainty
for all the models (Gelman et al. 1995). Ten million MCMC simulations were conducted for each model,
with every 2,000th sample saved, to sample the joint posterior distribution. Marginal posterior densities
for several model parameters and other quantities of interest were estimated from the MCMC simulations
using the “density” function in R (R Development Core Team, 2010). Ninety-five percent credibility
intervals were produced using the values corresponding to the 2.5" and 97.5™ percentiles of the MCMC
evaluation. For this assessment, MCMC credibility intervals are presented from the preferred model for
total biomass, spawning biomass, and recruitment strength.

Model evaluation

Two models were evaluated for this assessment (Table 9.12), the base model (“TDQ, no SRF”) and an
alternative model (“TDQ, Ricker SRF”). Both models were run using the same input data set, model
constants, and likelihood multipliers. Both models converged successfully without arriving at the bounds
of any of the parameters.
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The posterior densities, based on MCMC integration, for estimates of the logistic function slope and size
at 50%-selectability parameters for the fishery and the survey, as well as the temperature-dependent
catchability parameter, are shown for the two models in Figure 9.16. The posterior distributions for the
survey-related parameters are quite similar in location and shape for all four models. The posterior
distributions for the fishery selectivity are somewhat more variable among the models and the “TDQ,
Ricker SRF” posterior density for the B parameter displays a slight bi-modality, but the medians are quite
similar for both models. The resulting survey and fishery selectivity curves are, thus, essentially identical
for both models (Figure 9.17).

Posterior densities based on MCMC integration are compared in Figure 9.18 for the two models for
estimates of Fo%, Fase, final (2011) spawning biomass, final (2012) total biomass, and final (2011)
recruitment. The two models again result in rather similar distributions and median values, with the
“TDQ, Ricker SRF” model having slightly smaller median values in comparison with the base (“TDQ, no
SRF”) model for all these quantities.

Both models fit the fishery catch data and survey biomass trends almost equally well (Figures 9.19 and
9.20). Although the early values in the estimated time series for fully-selected fishing mortality are
slightly lower for the “TDQ, Ricker SRF” model when compared with the base model, the estimates are
nearly identical for both models after 1982 (Figure 9.21). Both models also give extremely similar
estimates for time series of total (age 3+) biomass, spawning biomass, and recruitment (Figure 9.22).

Although the model with the Ricker stock-recruit function appears to fit the stock-recruit time series
reasonably well (Figure 9.23), the base model with constant recruitment fits better (by more than 1
likelihood unit). This result gives qualified support to preferring the base model over the Ricker model in
pure model selection terms. However, selection of the Ricker model would allow use of a Tier 1
approach to determine management reference points based on direct estimation of Fys, and MSY, rather
than the current Tier 3 approach that uses proxies (e.g., Fase) for these quantities. This has been a
recurrent issue in assessments of this stock. Unfortunately, it remains unclear whether the change from
low spawning stock/high recruitment prior to 1989 to high spawning stock/low recruitment following
1989 was driven by density-dependent factors or by changes in density-independent, environmental
factors known to have occurred in 1989 (Wilderbuer et al., 2002; Rodionov and Overland, 2005). The
precautionary approach in this case is to assume the change was driven by density-independent factors
and select the base model as preferable. This is based on the observation that, if stock size declined
through an intermediate range from the current large size (in the event of sustained overfishing or
recruitment failure, for example), the Ricker model would suggest that recruitment would be expected to
increase in a compensatory response (the stock becomes more productive at lower stock sizes), thereby
reducing the possible need to reduce or curtail fishing activity. The assumption of constant recruitment,
on the other hand, would suggest no change in productivity as stock size declined and would require a
more active response on the part of management. The dilemma outlined here is not new for BSAI
flathead sole: the past solution has been to select a model with constant recruitment over one with a
Ricker stock-recruit function (e.g., Stockhausen et al., 2010).

Statistical comparisons of model performance were made using Akaike’s Information Criterion (AIC;
Akaike 1973; Table 9.12), which provides a means of ranking models based on overall fit to the data and
parameter parsimony. The AIC statistic for each model was calculated as

AIC =-2In(L£)+2K
where .£is the model likelihood and Jis the number of fitted model parameters. The model that “best”
represents the data is the one with the smallest AIC. Because AIC is an information-based criteria for
model selection, it also provides a scaling (the “evidence ratio”) for the relative likelihood that one model
is closer to reality, vis-a-vis a second model. The evidence ratio for model 1 vis-a-vis model 2 is given by
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ER =exp[-0.5- (AIC, — AIC,)]
and represents the odds of model 1 being the "correct” model for the two being compared. Using this
approach, the base model is over 10 times more likely to be correct than the “TDQ, Ricker SRF” model.
Given the overall similarity in the results from the two models, together with the more precautionary
approach embodied in assuming constant recruitment for this stock, the author’s preferred model for 2011
remains the “TDQ, no SRF” model (i.e., the previously accepted base model). Thus, this year’s preferred
model is identical in structure to that from last year.

Model Results

Model parameters from the preferred model are listed in Table 9.13. The marginal posterior distributions,
from MCMC sampling, and estimated values for several parameters are illustrated in Figure 9.24. The
fishery and survey selectivity curves corresponding to the maximum likelihood parameter estimates are
illustrated in Figure 9.25. The fishery shows relatively little selection of flathead sole less that 30 cm,
while those larger than 40 cm are well-selected. Selection in the trawl survey extends to smaller sizes
than in the fishery, but it increases with size more gradually than in the fishery.

The model fit to reported catches is shown in Figure 9.26 (see also Table 9.14). The fit is nearly exact
because a high relative weight was applied to the catch likelihood in the model optimization to assure this.
The model generally provides a good fit to the survey size compositions included in the likelihood, as
shown in Figure 9.27. Reasonable fits generally resulted for fishery size composition observations
(Figure 9.28), with the worst fits occurring early in the time series (1977, 1978 and 1983). The model
also provides reasonable fits to the survey age compositions (Figure 9.29) and fishery age compositions
(Figure 9.30). The best fit to the size and age composition data was achieved with the survey age
compositions, which resulted in an average effective n of 299 and 199 for females and males,
respectively, corresponding to input weights of 200. The male fishery size compositions produced the
smallest effective sample size: 95. Effective sample sizes for the remaining data types ranged between 97
and 193.

Estimated total biomass (ages 3+) increased from a low of 122,381 t in 1977 to a peak of 984,279 t in
1994 (Table 9.15, Figure 9.31). Total biomass then declined to 806,091 t in 2003, rose briefly to
834,788 t in 2006 and subsequently declined again to 776,443 in 2010. This was the lowest total biomass
since 1988. Estimated total biomass for 2011 (777,995) was slightly larger than for 2010. Estimated
female spawning biomass followed a similar trend, although the peak value (327,522 t) occurred in 1997
(Table 9.15, Figure 9.31). Spawning biomass in 2009 (242,813 t) was the lowest since 1991, but it was
slightly higher in 2010 and 2011 (243,639 and 246,877 t, respectively). The results from this year’s
preferred model are extremely similar to results from the previous two assessments for both total biomass
and spawning biomass for years where the models overlap (Figure 9.31).

The changes in stock biomass are primarily a function of recruitment, as fishing pressure has been
relatively light. The estimated recruitment at age 3 was generally higher during the early portion of the
data series, averaging 1.1 billion for the 1974-1989 year classes, but only 0.83 billion since the 1994 year
class (Table 9.15, Figure 9.32). The model suggests that recent age 3 recruitment (2004-2007 year
classes) has been particularly weak but that higher-than-average recruitment of age 3 fish occurred this
year (2008 year class). Note, however, that the uncertainty associated with the 2008 year class estimate is
quite large. It may also be worth noting that the previous two assessments have also had a tendency to
estimate higher recruitment corresponding to the final model year, but that the following assessment has
estimated a much smaller value for the same year.

Although relatively large at the start of the model time period (1977), estimated fully-selected fishing
mortality has been small since the fishery became completely domestic in 1990, averaging 0.051 yr™ from
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2001 to 2011 (Figure 9.33). Estimated fishing mortality is plotted against spawning stock biomass relative
to the harvest control rule in Figure 9.34. The flathead sole stock has been below its estimated Fso, level
and has been above its Base, level since 1987. Marginal posterior distributions for estimates of Fzsy, and
Fa00 (For. and max Fagc for Tier 3a status determination, see below) are shown in Figure 9.35, as well as
2011 recruitment (2008 year class), 2012 spawning biomass, and 2011 total (age 3+) biomass estimates.

Projections and Harvest Alternatives

The projection model used for this assessment requires "best estimates™ of the fishery catch for 2011 and
2012 in order to estimate population numbers-at-age at the beginning of 2012 and 2013. We assumed that
the relative within-year progression of the fishery would be similar in 2011 to that in 2010. Since the
most recent catch value available in 2011 was from the week of Sept. 24, we calculated an inflation factor
based on the ratio of the final catch in 2010 to the weekly catch corresponding to Sept 24 of that year
(1.45). We then multiplied the Sept. 24, 2011 catch by this inflation factor to arrive at a “best” estimate
for the total catch in 2011 (16,792 t). We further assumed that this would also be a reasonable estimate
for the catch taken in 2012.

Tier determination and reference fishing mortality rates

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). In recent years, flathead sole has been assigned a Tier 3 designation. Tier
3 requires reliable point estimates of Bags, Fase, and Fage, derived from a spawner-per-recruit analysis, as
well as a reliable point estimate of 2011 spawning biomass B. A Tier 2 designation additionally requires
reliable point estimates of Fysy and Bysy while a Tier 1 designation further requires a reliable probability
density function for Fysy. In order to derive estimates of Fysy and Bysy for a stock, a valid stock-recruit
relationship must be identified for the stock in question. However, recruitment is independent of stock
size in the preferred model for this assessment. Consequently, a valid stock-recruit relationship has
not been identified for this assessment, while reliable point estimates of B, Bge, Fasy, and Fag are
available. Thus, the flathead sole stock remains in Tier 3 for computing OFLs and max ABCs, as well as
for harvest scenario evaluation and status determination.

Estimates of Fso0, Fas0, and SPRyg9, Were obtained using a spawner-per-recruit analysis from the preferred
assessment model. Assuming that the average recruitment from the 1977-2008 year classes estimated in
this assessment represents a reliable estimate of equilibrium recruitment, then an estimate of Bygq, IS
calculated as the product of SPR4o¢, (145.26 g) times the equilibrium number of recruits (919 million);
thus Bage is 133,444 t. The year 2011 spawning stock biomass is estimated at 246,877 t. Because
estimated 2011 B > By, the flathead sole reference fishing mortality is defined in Tier 3a. For this tier,
Fagc IS constrained to be < F4g, and For, is defined to be Fzsy. The values of these quantities are:

Quantity Value
2011 SSB (1) 246,877
B 109 (1) 133,444
F 400 = 0.279
F e <= 0.279
Fase = 0.340
For = 0.340

The estimated catch level for 2012 associated with the maximum allowed Fagc 0f 0.279 is 70,377 t. Even
though the rate of change in spawning stock biomass has been slightly negative since 1998, stock biomass
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is high relative to Bagy and the stock is only lightly fished. Consequently, we do not see a need to adjust
Fasc downward from its upper bound. Thus, the recommended ABC for 2012 is 70,377 t with an
associated Fagc 0f 0.279. The OFL for year 2012 is 84,535 t, associated with a fishing mortality of

For. = 0.340. Total biomass for 2012 is predicted to be 810,936 t, while female spawning biomass is
predicted to be 250,224 t.

Stock projections

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 2011 numbers-at-age estimated in the
assessment. This vector is then projected forward to the beginning of 2012 using the schedules of natural
mortality and selectivity described in the assessment and the best available estimate of total (year-end)
catch for 2011. 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
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 2012, are as follows (“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 Fagc value for 2012 recommended in the assessment to the max
Fagc for 2012. [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 Fgc. [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 2005-2010 average F. [Rationale: For some
stocks, TAC can be well below ABC, and recent average F may provide a better indicator of Frac
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 Fagc and the maximum Fagc are equivalent in this assessment, so results from
Scenarios 1 and 2 are identical. Fourteen-year projections of the mean harvest, spawning stock biomass
and fishing mortality are shown in Table 9.16 for these five scenarios.
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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 Basy):

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 1) above its MSY level in 2012 or 2)
above 1/2 of its MSY level in 2012 and above its MSY level in 2021 under this scenario, then the
stock is not overfished.]

Scenario 7: In 2012 and 2013, 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 2023 under this scenario, then the
stock is not approaching an overfished condition.]

The results of these two scenarios indicate that the BSAI flathead sole stock is neither overfished nor
approaching an overfished condition (Table 9.16). With regard to assessing the current stock level, the
expected spawning stock size in 2012 of scenario 6 is 242,991 t, over two times larger than Base, (116,763
t), so the stock is not overfished. With regard to whether the stock is approaching an overfished
condition, the expected stock size in the year 2024 of scenario 7 is 125,594, somewhat larger than Bzsy.
Thus, the stock is not approaching an overfished condition.

We used our “best” estimate of 2012 year-end catch (see above) to estimate an ABC and OFL for 2013.
Using these values and the estimated population size at the start of 2011 from the assessment model, the
stock was projected ahead through 2012 to calculate the ABC and OFL for 2013. The ABC for 2013 is
69,180 t while the OFL is 83,079 t. Total biomass for 2012 is predicted to be 814,898 t, while female
spawning biomass is predicted to be 244,283 t.

Ecosystem Considerations

Ecosystem effects on the stock

Prey availability/abundance trends

Results from an Ecopath-like model (Aydin et al., 2007) based on stomach content data collected in the
early 1990’s indicate that flathead sole occupy an intermediate trophic level in the eastern Bering Sea
ecosystem (Figure 9.36). They feed upon a variety of species, including juvenile walleye pollock and
other miscellaneous fish, brittlestars, polychaetes, and crustaceans (Figure 9.37). The proportion of the
diet composed of fish appears to increase with flathead sole size (Lang et al., 2003). The population of
walleye pollock has fluctuated but has remained relatively stable over the past twenty years. 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 been re-sampled since.

Over the past 20 years, many of the flatfish populations that occupy the middle shelf of the eastern Bering
Sea have increased substantially in abundance, leading to concern regarding the action of potential
density-dependent factors. Walters and Wilderbuer (2000) found density-dependent changes in mean
length for age-3 northern rock sole during part of that stock’s period of expansion, but similar trends in
size have not been observed for flathead sole (Spencer et al., 2004). These populations have fluctuated
primarily due to variability in recruitment success, in which climatic factors or pre-recruitment density
dependence may play important roles (Wilderbuer et al., 2002). Evidence for post-recruitment density
dependent effects on flathead sole is lacking, which suggests that food limitation has not occurred and
thus the primary infaunal food source has been at an adequate level to sustain the flathead sole resource.
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Comparison of maps of survey biomass for flathead sole and Bering flounder (Figure 9.11) suggest little
spatial overlap between the two species, at least within the area covered by the standard EBS trawl
survey, although fishery observer data indicates that both species are taken together in an area to the west
of the Pribilof Islands (Figure 9.4). The southern spatial extent of Bering flounder appears to expand with
the cold pool. In 2005, Bering flounder were concentrated north of St. Matthew Island in the middle of
the continental shelf while the nearest concentrations of flathead sole were to the south and west closer to
the edge of the continental shelf (Stockhausen et al., 2007). In 2006-2008, Bering flounder were found
west and southeast of St. Matthew, perhaps as a result of the extensive cold pools in these years (Fig. 8.7;
Stockhausen et al., 2008). In 2006, there appeared to have been substantial overlap of Bering flounder by
flathead sole, with a high concentration of flathead sole coincident with that of Bering flounder to the
west of St. Matthew. In 2007-2009 and in 2011 there was little overlap between the two species as
flathead sole were not found immediately to the west of St. Matthew Island. In 2010, flathead sole were
again found in moderate abundance west of St. Matthew Island and appear to have overlapped with the
southern extent of Bering flounder. In 2010, the EBS shelf groundfish survey also surveyed the northern
Bering Sea for the first time, extending sampling from the US-Russia border and the shelf edge east and
north to Norton Sound and the Bering Strait (Figure 9.7). While no flathead sole were found in this area,
the abundance of Bering flounder in the northern Bering Sea was estimated to be similar to that in the
annually-surveyed area (see Appendix C of this chapter). Thus, these results suggest that the potential for
competition between the two morphologically-similar species exists, but that it may be infrequent and
involve only small fractions of either population.

McConnaughy and Smith (2000) compared the diet between areas with high survey CPUE to that in areas
with low survey CPUE for a variety of flatfish species. For flathead sole, the diet in high CPUE areas
consisted largely of echinoderms (59% by weight; mostly ophiuroids), whereas 60% of the diet in the low
CPUE areas consisted of fish, mostly pollock. These areas also differed in sediment types, with the high
CPUE areas consisting of relatively more mud than the low CPUE areas. McConnaughy and Smith
(2000) hypothesized that the substrate-mediated food habits of flathead sole were influenced by energetic
foraging costs.

Predator population trends

The dominant predators of adult flathead sole are Pacific cod and walleye pollock (Figure 9.38). Pacific
cod, along with skates, also account for most of the predation upon flathead sole less than 5 cm (Lang et
al. 2003). Arrowtooth flounder, Greenland turbot, walleye pollock, and Pacific halibut comprised other
predators. Flathead sole contributed a relatively minor portion of the diet of skates from 1993-1996, on
average less than 2% by weight, although flatfish in general comprised a more substantial portion of
skates greater than 40 cm. A similar pattern was seen with Pacific cod, where flathead sole generally
contribute less than 1% of the cod diet by weight, although flatfish in general comprised up to 5% of the
diet of cod greater than 60 cm. Based upon recent stock assessments, both Pacific cod and skate
abundance have been relatively stable since the early 1990s. However, there is a good deal of uncertainty
concerning predation on flathead sole given that, according to the model, almost 80% of the mortality that
flathead sole experience is from unexplained sources.

There is some evidence of cannibalism for flathead sole. Stomach content data collected from 1990
indicate that flathead sole were the most dominant predator, and cannibalism was also noted in 1988
(Livingston et al. 1993).

Changes in habitat quality

The habitats occupied by flathead sole are influenced by temperature, which has shown considerable
variation in the eastern Bering Sea in recent years. For example, the timing of spawning and advection to
nursery areas are expected to be affected by environmental variation. Flathead sole spawn in deeper
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waters near the margin of the continental shelf in late winter/early spring and migrate to their summer
distribution of the mid and outer shelf in April/May. The distribution of flathead sole, as inferred by
summer trawl survey data, has been variable. In 1999, one of the coldest years in the eastern Bering Sea,
the distribution was shifted further to the southeast than it was during 1998-2002. Bottom temperatures
during the 2006-2010 summertime EBS Trawl Surveys have also been remarkably cold, although 2011
marked a return to an average condition (Table 9.8, Figures 9.9 and 9.10). Visual inspection of the spatial
distributions of flathead sole from the 2008-2010 trawl surveys (Figure 9.11) suggests that, in response to
the expanded cold pools, flathead sole may have reduced the extent of their on-shelf summertime feeding
migration and remained concentrated along the continental margin. This pattern appears to have
continued in 2011, despite the warmer bottom temperatures. Whether this exclusion has had any impacts
beyond spatial distribution, such as reducing summertime foraging success, is unknown.

Fishery effects on the ecosystem

Prohibited species catches (PSC) in the flathead sole target fishery since 2008, the first year of fishing
under Amendment 80, have typically been smaller than in years prior to Amendment 80 (Tables 9.17a-c).
The “target fishery” comprises those hauls that the NMFS Alaska Region has identified as targeting
flathead sole. The annual halibut bycatch in the flathead sole directed fishery was smaller in 2008-2011
than in the four years prior to Amendment 80 (Table 9.17a) and has constituted 3% or less of the total
halibut PSC in the Bering Sea groundfish fisheries.

Blue and red king crab PSC in the target fishery tends to be fairly variable over time (Table 9.17b). In
2009, the target fishery accounted for 7.9% of the blue king crab PSC but only 0.2% in 2010 and none in
2011. The fishery also took 3.1% of the total red king crab PSC in 2011 (although this is based on
incomplete and preliminary data) but only 1.1% in 2010. In contrast, PSC of golden king crab in the
target fishery has always been small: 0.2% or less of the total PSC for this species by year since 2003.
The target fishery takes substantially more tanner crab than king crab, both in absolute numbers and as
fractions of the species-specific total PSC. The PSC for Bairdi crab in the target fishery was larger in
2010 than 2009 or 2011in both absolute (82,764 vs. 46,532 and 34,853 crabs, respectively) and relative
(9,1% vs. 4.8% and 4.4%) terms. For Opilio, the PSC in the directed fishery was larger in 2009 in both
absolute and relative terms than in 2010 or 2011 (201,926 vs. 98,783 or 54,005 crabs; 16.5% vs. 4.8% or
7.1%).

The target fishery accounts for very little salmon PSC, either in absolute or relative terms—Iess than 200
individuals and less than 1% of total salmon PSC per year in both Chinook and non-Chinook categories
since 2008 (Table 9.17c). Numbers for 2011 were not available at the time this document was compiled.

Over the last 5 years, pollock has been the largest non-prohibited incidental catch species in the flathead
sole-directed fishery, followed variously by yellowfin sole, arrowtooth flounder, Pacific cod and rock sole
(Table 9.18). In 2011, 2,904 t of pollock were caught in the directed flathead sole fishery, similar to that
in recent years.

The flathead sole fishery is not likely to diminish the amount of flathead sole available as prey due to its
low selectivity for fish less than 30 cm. Additionally, the fishery is not suspected of affecting the size-
structure of the population due to its relatively light fishing mortality, averaging 0.051 yr™ over the last 5
years. It is not known what effects the fishery may have on the maturity-at-age of flathead sole, although
these are also be expected to be small.

It seems unlikely that the flathead sole fishery presents a substantial risk to the Bering flounder population
in the Bering Sea. The survey conducted last year in the northern Bering Sea suggests that a substantial
fraction (> 50%) of the stock in federally-managed waters in the Bering Sea is outside the current extent
of fishing operations (see Appendix C in Stockhausen et al., 2010). In addition, the NPFMC has formally
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closed a significant fraction of this area (the Northern Bering Sea Research Area) to bottom trawling
pending scientific assessment of the effect of bottom trawling on this region
(http://www.fakr.noaa.qgov/npfmc/current _issues/ecosystem/NBSRA.htm).

Data gaps and research priorities

A number of data gaps and research priorities have been identified for the flathead sole assessment.

The amount of age data available for the fishery is marginal (7 years: 2000, 2001, 2004-2007, 2009), and
future assessments would undoubtedly benefit from more fishery age compositions. Several hundred
individuals have generally been sampled by fishery observers each year for the past decade, but reading
flathead otoliths has not been a high priority task for the age readers at the Alaska Fisheries Science
Center. However, progress is being made: ages were read in 2009 from otoliths collected by observers in
2006 and 2007 and first incorporated as age compositions into the 2010 assessment and otoliths from the
2009 fishery were read this year and incorporated into this assessment. Although more survey age
compositions are available (15 years of data), it is desirable to continue processing survey age data.
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.

The parameters estimated outside the assessment model (e.g., natural mortality, size-at-age) have not been
updated for several years. In particular, newer age data is available to update the size-at-age conversion
matrices used in the assessment model. We continue to develop a new stock assessment model that will
have the potential to estimate growth and natural mortality parameters directly within the model and we
look forward to testing its application soon.

A concerted effort has been underway to acquire more data on Bering flounder. Current models for
Bering flounder length-at-age and weight-at-age are based on data collected in 1985. During the 2006
and 2007 EBS Trawl Surveys, several hundred Bering flounder otoliths were collected to update length-
at-age and length-at-weight models for this species. Maturity samples were also collected off St.
Matthew Island during the 2006 EBS Trawl Survey, in October 2007 during a special RACE cruise
aboard the Miller Freeman, and in the northern Bering Sea during the 2010 EBS Trawl Survey. Much of
this data has been processed and analyzed, and a manuscript based on this work has just been published
(Stark, 2011). Sample processing for the 2010 survey awaits a funding source. In conjunction with a
two-species population model being developed for flathead sole and Bering flounder, this new data will
better allow us to determine the effects of “lumping” Bering flounder together with flathead sole in the
current assessment model.

Finally, although Wilderbuer et al. (2002) found that a valid stock-recruit model (a Ricker model) was
statistically-significant for flathead sole in the Bering Sea when they fit stock-recruit models that included
environmental terms, they also found that wind-driven advection to favorable nursery grounds
corresponded to years of above average recruitment, and these years coincided with years of low
spawning stock biomass. Thus, potential physical mechanisms influencing recruitment strength were
confounded with potential density dependent mechanisms in the time series data they analyzed for
flathead sole. As such, we have always recommended against attempts to move flathead sole into Tier 1.
However, ten years more data are now available to re-assess this issue. T. Wilderbuer and W.
Stockhausen have re-applied Wilderbuer et al.’s (2002) analysis to flathead sole during the past year to re-
evaluate their conclusions and try to resolve this issue of confounding effects. A manuscript based on this
analysis is currently undergoing peer review.
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Summary

Biological reference points and other quantities pertinent to the management of the BSAI flathead sole
stock, as determined by the preferred model in this assessment, are summarized in the following table:

Tier 3a

Reference mortality rates

M 0.2
F aros 0.340
F 400 0.279

Equilibrium female spawning biomass

B 1000 333,610 t
B 400 133,444 t
B 2500 116,763 t

Fishing rates

Fom 0.340
F are (maximum allowable) 0.279
F arc (recommended) 0.279

2011 biomass

Total biomass (age 3+) 777,995 t

Female spawning biomass 246,877 t
Projected biomass 2012 2013
Age 3+ biomass (t) 810,936 814,898

Female spawning biomass (t) 250,224 244,283

Harvest limits 2012 2013

OFL (t) 84,535 83,079
ABC (maximum allowable; t) 70,377 69,180
ABC (recommended; t) 70,377 69,180
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Tables
Table 9.1. Harvest (t) of Hippoglossoides spp. from 1977-2011 (as of Sept. 24, 2011).

Year total non-CDQ CDQ
1977 7,909 7,909
1978 6,957 6,957
1979 4,351 4,351
1980 5,247 5,247
1981 5,218 5,218
1982 4,509 4,509
1983 5,240 5,240
1984 4,458 4,458
1985 5,636 5,636
1986 5,208 5,208
1987 3,595 3,595
1988 6,783 6,783
1989 3,604 3,604

1990 20,245 20,245
1991 14,197 14,197
1992 14,407 14,407
1993 13,574 13,574
1994 17,006 17,006
1995 14,713 14,713
1996 17,344 17,344
1997 20,681 20,681
1998 24,597 24,597
1999 18,555 18,555

2000 20,422 19,983 439
2001 17,809 17,586 223
2002 15,572 15,108 464
2003 14,184 13,792 392
2004 17,394 16,849 545
2005 16,151 15,260 891
2006 17,947 17,545 402
2007 18,744 17,673 1,071
2008 24,539 24,039 500
2009 19,549 19,041 508
2010 20,125 19,182 943
2011 11,553 11,025 528
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Table 9.2. Restrictions in the BSAI management area on the flathead sole fishery (1994-2011). Unless
otherwise indicated, the closures were applied to the entire BSAI management area. Zone 1 consists of
areas 508, 509, 512, and 516; zone 2 consists of areas 513, 517, and 521. "Incidental catch allowance":
stock allowed as incidental catch. "Open": directed fishery allowed. "Bycatch": directed fishery closed,
only incidental catch allowed.
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Year |Dates Bycatch Closure Year |Dates Bycatch Closure
1994 |2/28 — 12/31 |Red King crab cap (Zone 1 closed) 2004 [2/24 -3/31 |1% seasonal halibut cap
5/7 — 12/31 |Bairdi Tannner crab (Zone 2 closed) 4/16 — 6/30 |2" seasonal halibut cap
7/5-12/31 |Annual halibut allowance 7/31-9/3 Bycatch status
1995 2/21-3/30 |1% seasonal halibut cap 9/4 — 12/31 [Prohibited species status
4/17-7/1 2" seasonal halibut cap 2005 [3/1-3/31 |1% seasonal halibut cap
8/1-12/31 |Annual halibut allowance 4/22 —6/4 |2 seasonal halibut cap
1996 (2/26 - 4/1 1% seasonal halibut cap 8/18 — 12/31 | Annual halibut allowance
4/13-7/1 2" seasonal halibut cap 2006 [2/21-3/31 |1% seasonal halibut cap
7/31 —-12/31 |Annual halibut allowance 4/13 - 6/30 |2" seasonal halibut cap
1997 [2/20 - 4/1 1% seasonal halibut cap 8/8 —12/31 |Annual halibut allowance
4/12 -7/1 2" seasonal halibut cap 2007 |2/17-3/31 1% seasonal halibut cap
7/25—-12/31 |Annual halibut allowance 4/9-6/30 2" seasonal halibut cap
1998 |3/5-3/30 1% seasonal halibut cap 8/6- Annual halibut allowance
4/21-7/1 12" seasonal halibut cap 2008 |1/1- incidental catch allowance
8/16 —12/31 | Annual halibut allowance 1/20- Open: Amend. 80 cooperatives
1999 12/26 —3/30 |1 seasonal halibut cap 1/20-11/22 |Open: Amend. 80 limited access
41277104 12" seasonal halibut cap 1/20- Bycatch: BSAI trawl limited access
8/31-12/31 ]Annual halibut allowance 11/22- Bycatch: Amend. 80 limited access
2000 (3/4-3/31 1% seasonal halibut cap 2009 (1/1- incidental catch allowance
4130 -7/03 {2 seasonal halibut cap 1/20- Open: Amend. 80 cooperatives
8/25 -12/31 |Annual halibut allowance 1/20- Open: Amend. 80 limited access
2001 13/20 - 3/31  [1% seasonal halibut cap 1/20- Bycatch: BSAI trawl limited access
4/27=7/01 o seasonal halibut cap 2010 |1/1- incidental catch allowance
8/24 —12/31 Annual_ halibut allowance 1/20- Open: Amend. 80 cooperatives
2002 |2/22 - 12/31 |Red King crab cap (Zone 1 closed) 1/20-5/28 Open: Amend. 80 limited access
8/1-3/31 1% seasonal halibut cap 1/20- Bycatch: BSAI trawl limited access
4/20-6/29 — fon seasonal halibut cap 5/28- Bycatch: Amend. 80 limited access
5003 Zi: : ;Zil f:nual hahlb::t Iz_a:)lowance 2011 |1/1- incidental catch allowance
W61 Z”UZZZZZZZI hilli bL:tCC"’:; 1/20- Open: Amend. 80 cooperatives
° 1/20- Bycatch: BSAI trawl limited access
7/31-12/31 |Annual halibut allowance
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Table 9.3. ABC’s, TAC’s, OFL’s, and total, retained, and discarded Hippoglossoides spp. catch (1),

1995-2011 (through Sept. 24, 2011).

Year

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

ABC TAC  OFL g;’tt;'] Retained Discarded ::t:iiztd
138,000 30,000 167,000 14,713 7520 7.193 51
116,000 30,000 140,000 17,344 8,064 8,380 52
101,000 43,500 145000 20,681 10,859 9,822 53
132,000 100,000 190,000 24,597 17,438 7,159 71
77,300 77,300 118,000 18555 13,757 4,797 74
73,500 52,652 90,000 20,422 14,959 5,481 73
84,000 40,000 102,000 17,809 14,436 3,373 81
82,600 25000 101,000 15572 11,311 4,236 73
66,000 20,000 81,000 14184 9,926 3,866 72
61,900 19,000 75200 17,394 11,658 5,192 69
58,500 19,500 70,200 16,151 12,263 3,888 76
59,800 19,500 71,800 17,947 12,997 4255 76
79200 30,000 95300 18744 13349 5394 71
71,700 50,000 86,000 24,539 22209 2,330 91
71,400 60,000 83,800 19,549 17,523 2,026 90
69,200 60,000 83,100 20,125 18,311 1,814 91
69,300 41,548 83,300 11,553 9,068 1,585 86

Page9ll

NPFMCBering Seaand AleutianlslandsSAFE



BSAIlFlatheadsole Decembef011

Table 9.4a. Fishery age composition for flathead sole females. Age 21 is a plus group.

year

Age bin 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
3 -- -- -- 0.0000 0.0000 -- -- 0.0000 -- 0.0000
4 -- -- -- 0.0000 0.0000 -- -- 0.0000 -- 0.0000
5 -- -- -- 0.0000 0.0000 -- -- 0.0000 -- 0.0000
6 -- -- -- 0.0000 0.0048 -- -- 0.0000 -- 0.0108
7 -- -- -- 0.0000 0.0026 -- -- 0.0000 -- 0.0017
8 -- -- -- 0.0000 0.0228 -- -- 0.0140 -- 0.0245
9 -- -- -- 0.0188 0.0347 -- -- 0.0267 -- 0.0290
10 -- -- -- 0.0204 0.0563 -- -- 0.0190 -- 0.0350
11 -- - -- 0.0511 0.0362 -- - 0.0394 -- 0.0340
12 -- -- -- 0.0614 0.0215 -- -- 0.0705 -- 0.0382
13 -- -- -- 0.0901 0.0496 -- -- 0.0214 -- 0.0737
14 -- -- -- 0.0724 0.0819 -- -- 0.0879 -- 0.0335
15 -- -- -- 0.0561 0.0596 -- -- 0.0193 -- 0.0491
16 -- -- -- 0.0317 0.0330 -- -- 0.0089 - 0.0357
17 -- -- -- 0.0319 0.0147 -- -- 0.0297 -- 0.0437
18 -- -- -- 0.0207 0.0339 -- -- 0.0000 -- 0.0384
19 -- -- -- 0.0064 0.0127 -- -- 0.0652 -- 0.0417
20 -- -- -- 0.0252 0.0173 -- -- 0.0000 -- 0.0144
21 -- -- -- 0.0109 0.0414 -- -- 0.0196 -- 0.0297

year

Age bin 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
3 0.0000 -- -- 0.0000 0.0000 0.0000 0.0000 -- 0.0000 --
4 0.0000 -- -- 0.0030 0.0000 0.0024 0.0017 -- 0.0000 --
5 0.0000 -- -- 0.0137 0.0000 0.0029 0.0081 -- 0.0000 --
6 0.0006 -- -- 0.0351 0.0051 0.0076 0.0234 -- 0.0125 --
7 0.0189 -- - 0.0215 0.0233 0.0305 0.0156 - 0.0286 --
8 0.0117 -- -- 0.0289 0.0301 0.0235 0.0288 -- 0.0368 --
9 0.0167 -- -- 0.0439 0.0430 0.0443 0.0448 -- 0.0264 --
10 0.0311 -- -- 0.0342 0.0324 0.0314 0.0304 -- 0.0653 --
11 0.0544 -- -- 0.0387 0.0515 0.0342 0.0255 -- 0.0543 -
12 0.0471 -- -- 0.0332 0.0260 0.0252 0.0380 -- 0.0557 --
13 0.0398 -- -- 0.0445 0.0492 0.0372 0.0273 -- 0.0408 --
14 0.0538 -- -- 0.0474 0.0436 0.0372 0.0249 -- 0.0