3

V.

For the best experience, open this PDF portfolio in
Acrobat 9 or Adobe Reader 9, or later.

Get Adobe Reader Now!



http://www.adobe.com/go/reader


CIE Independent Peer Review Report

Eastern Bering Sea Crab and Groundfish Bottom Trawl Surveys

Prepared by

Yong Chen

Professor of Fisheries Population Dynamics
School of Marine Sciences
University of Maine
Orono, ME 04469

May 24,2012





Contents

SECTION Page
I, EX@CULIVE SUMMATY ...\ttt ittt e e e e e e et e eaaeeeeeennaas 3
IL. Back@round.........c.cooiiiiii e 5
III. Description of the Individual Reviewer’s Role in the Review Activities....... 6
IV. Summary of FINdings.........coviiiiiiiii e e 7
V. Conclusions and Recommendations...............ooeeviiiiiiiiiiiiiiiiniiiiean, 12
VL REICIENCES. ...ttt 15
Y BN 5755 516 o7 17
VII-1. Bibliography of Materials Provided for Review ....................... ... 17
VII-2. Statement of Work for Dr. Yong Chen..............oooiiiiiiiiiii .. 20
VII-3. Panel Membership ........oouviiiiiiii e, 29





I. Executive Summary

The CIE review for the Eastern Bering Sea (EBS) crab and groundfish bottom trawl
surveys, held in Seattle, WA from April 10-12, 2012, is aimed to evaluate survey design and
sampling protocol for yielding consistent and reliable abundance index and biological
information for the assessment of crab and groundfish species in the survey area and make
recommendations for possible improvement. This review is the first CIE review for this survey
program. The Alaska Fisheries Science Center (AFSC) provided all the necessary logistic
support, documentation, data, and background information I requested. The scientists involved in
the process were open to suggestions and provided additional information upon request. The
whole process was very open and constructive and all the materials were sent to me in a timely
manner. As a CIE reviewer, | am charged to evaluate the EBS crab and groundfish bottom trawl
surveys with respect to the Terms of Reference.

I would like to commend the continuing effort of the AFSC scientists for improving the
survey. [ was impressed by the breadth of expertise and experience, the amount of effort spent to
standardize sampling protocol and data collection process, the openness of discussion for
considering alternative approaches/suggestions, and the constructive dialogue between the CIE
reviewers and other participants throughout the review.

Overall I believe that the EBS crab and groundfish bottom trawl surveys provide
consistent time series of abundance indices and relevant biological information on many key
crab and finfish populations, which are critical to the assessment of these populations. The
survey design and sampling protocol are scientifically sound and robust, and adequately address
assessment and management needs. However, | believe that some important questions still need
to be addressed and there is still room for improvement.

I have made the following recommendations: (1) Experiments be conducted to evaluate if
it is feasible to reduce the tow duration from 30 minutes to 15-20 minutes; (2) impacts of any
change/modification of sampling gear and protocol on survey catchability be carefully evaluated
and necessary corrections/adjustments be done for the whole time series to ensure the
consistency and comparability of data before and after the change/modification; (3) the historical
data be used for a Monte Carlo simulation study to evaluate and identify an optimal (cost-
effective) subsampling size for measuring size composition at each sampling station for each
species; (4) data collected from the hotspots and two high density areas be analyzed for
evaluating their effectiveness in achieving the goal of setting these sampling stations in the first
place and an adaptive survey design be developed to deal with patchy distributions of key crab
and finfish species; (5) experiments to improve understanding of impacts of different variables
on survey catchability be designed and conducted in a systematic way; (6) variance of abundance
index be estimated based on systematic design or a bootstrap type of approach, which mimics
how sampling stations are surveyed in a systematic design, be developed for estimating variance;
(7) I support the research effort of complementing the bottom trawl surveys with the acoustic
surveys to improve our understanding of fish vertical distribution and its impacts on survey
catchability; (8) for a given species, in-depth analysis of historical data be conducted to quantify
spatial variability among the strata and determine if such variability is consistent over time,
which can help evaluate if the current allocation of sampling effort among the strata is effective





in improving the precision of abundance index estimates and if it is necessary to adjust sampling
effort among the strata; (9) an official policy and/or protocol be developed for data distributions
and utilizations to ensure proper interpretation of the data; (10) survey abundance index be
standardized using a general linear model (GLM) and/or general additive model (GAM)
including variables that are considered to be important in influencing survey catchability (e.g.,
boat, temperature, bottom type, location, depth etc.); (11) a habitat suitability modeling approach
be used to quantify the relationship between fish/crab abundance and environmental variables,
which can then be used to identify suitable habitats for the fish/crab, based on the environmental
variables (e.g., substrates and ocean observatory or model data); and (12) an extensive computer
simulation study be done based on the data collected in the past to evaluate the performance of
the current survey design in capturing temporal and spatial variability for some key species.





I1. Background

The eastern Bering Sea (EBS) crab and groundfish bottom trawl survey provides
information critical to more than 25 groundfish and crab stock assessments conducted by the
Alaska Fisheries Science Center (AFSC), the State of Alaska, and the International Pacific
Halibut Commission. The annual survey started in 1971 in the EBS and was extended to cover
the EBS shelf in 1975 to collect baseline data for evaluating possible impacts of proposed
offshore oil exploration on fisheries resources. The survey intensity was reduced between 1976
and1979, but essentially repeated the stations identified in the 1975 survey after 1979. Some
major target crab species of great commercial importance include Tanner crab (Chionoecetes
bairdi), snow crab (C. opilio), blue king crab (Paralithodes platypus), red king crab (P.
camtschaticus), and hair crab (Erimacrus isenbeckii) (Chilton et al. 2009). Some target
groundfish species include walleye pollock (Theragra chalcogramma), yellowfin sole (Limanda
aspera), and Pacific cod (Gadus macrocephalus) (Thompson et al. 2010, Ianelli et al. 2011;
Wilderbuer et al. 2011).

Prior to 1982, survey gears were not standardized. After 1982, surveys became consistent
in sampling gear and protocol. The EBS survey program covers Bristol Bay and a majority of
the Bering Sea continental shelf and follows systematic design with a fixed sampling station at
the center of each grid square (20 x 20 nautical miles; Lauth 2010). There is no random start
station. The survey program includes two geographic strata: NW (arctic area) and SE (sub-arctic
area); and three depth strata: inner shelf < 50 m, mid-shelf between 50 and 200 m, and outer
shelf > 200 m. Highly patchy distribution of blue king crab calls for a further division of high-
dependent and standard density sampling strata, resulting in 12 strata in total. Such a
stratification design considers differences in oceanographic conditions, which is critical to stock
structure. There are 376 survey stations, with a target tow duration of 30 minutes at a speed of 3
knots. The survey begins in the northeast section of Bristol Bay and progresses from east to west
to respond to movements by yellowfin sole and other species that tend to move eastward during
the survey. The survey has been conducted by two charter fishing boats. The balance of spatial
coverage by the two boats is considered in determining the sampling route. Because of the large
area it needs to cover, the survey usually lasts for two months, typically from June to July.

The sampling process follows national and regional protocols (Stauffer 2004). Possible
differences in gear between the two survey boats were minimized. Subsamples have been taken
from these surveys for size measurement and age determination. The nominal survey abundance
index is standardized with the swept area. The mean and standard deviation of survey abundance
index were estimated under the assumption that the survey followed stratified random design.
Various experiments have been conducted to evaluate factors that may influence survey
catchability (e.g., Lauth et al. 1998, Somerton et al. 2002, Kotwicki et al. 2006, Weinberg and
Kotwicki 2008). Fish vertical distribution has also been studied to evaluate their availability to
survey trawl (e.g., Nichol et al. 2007, von Szalay et al. 2007, Somerton et al. 2011).

Although extensive research efforts have been focused on the standardization of survey
protocol to reduce temporal variability in survey catchability, it is important to note that the
survey takes about two months to complete and survey abundance has not been standardized to
remove the possible impact of temporally-variant vessels, temperature and other environmental





variables, and equipment on survey catchability. Abundance index standardizations are usually
not necessary for a fishery-independent survey program. However, for the EBS surveys, there
are too many factors varying over time and within a survey season, which calls for thorough
studies to evaluate their impacts on survey abundance.

Although all AFSC bottom trawl surveys, as well as those conducted by other NMFS
science centers, were examined closely during the development of the NOAA Bottom Trawl
Protocols in 2004 (Stauffer 2004), the AFSC surveys have never been formally reviewed by a
CIE panel. The AFSC has conducted considerable research on factors affecting trawl
performance and catchability and their impacts on resulting survey estimates of distribution and
abundance. However, in recent years the trawl and survey performance and results of this multi-
species survey have come under scrutiny by industry, particularly with respect to Bering Sea red
king crab, snow crab, and Pacific cod. Considering the importance of the data produced by the
EBS bottom trawl surveys, a CIE review in 2012 is timely and beneficial.

As a CIE reviewer, | am charged to evaluate the EBS crab and groundfish bottom trawl
surveys with respect to the Terms of Reference. This report includes an executive summary
(Section 1), a background introduction (Section II), a description of my role in the review
activities (Section III), my comments on each item listed in the Terms of Reference (ToRs,
Section V), a summary of my comments and recommendations (Section V), and references
(Section VI). The final part of this report (Section VII) includes a collection of appendices
including the Statement of Work (SoW).

III. Description of the Individual Reviewer’s Role in the Review Activities

My role as a CIE independent reviewer is to conduct an impartial and independent peer
review of the EBS crab and groundfish bottom trawl survey with respect to the pre-defined
Terms of Reference.

Two weeks prior to the review in the AFSC in Seattle, I received the EBS crab and
groundfish bottom trawl survey reports and relevant documents (see Appendix I for the list of
documents received). I read all the documents I received prior to the review. I also collected
and read references relevant to the topics covered in the reports and the SoW prior to my trip to
the ASFC.

The CIE review was held from April 10 to 12, 2012 in the AFSC in Seattle, WA (see
Appendix II for the schedule). The review was chaired by Dr. David Somerton and attended by
the AFSC scientists who are involved in the EBS bottom trawl survey, two stock assessment
scientists who used the data for stock assessment, and industrial representatives, in addition to
the three CIE reviewers (see the List of Participants in Appendix III).

A series of presentations were given during the review to provide the CIE reviewers with
background information on the evolution of the EBS bottom trawl survey program (see the list of
presentations in Appendix I). I was actively involved in the discussion during the presentation by
(1) questioning and asking for clarification on monitoring/sampling program design, data





collection operation, statistical analysis, and interpretations; (2) making observations of the
process; and (3) making comments and suggestions for alternative approaches and more
analyses. I interacted with the relevant scientists who presented the talks and asked for further
clarifications and references during the review. I also discussed relevant issues with the fellow
CIE reviewers.

IV. Summary of Findings

My detailed comments on each item of the ToRs are provided under their respective
subtitles from the ToRs (see below).

IV-1. Evaluate the data collection operations and sampling design of the survey in term of their
adequacy for producing consistent and precise estimates of relative abundance for the various
fishes and invertebrates of concern.

Great effort has been devoted to the standardization of survey operational and data
collection protocols to yield temporally consistent and precise estimates of abundance index for
the important crab and finfish species. I believe that the abundance indices derived in the survey
are adequate in quantifying temporal variability of stock sizes for the key crab and finfish
species. However, there is room for further improvement.

Ideally, a fishery-independent survey program should not have a temporal trend in
selectivity, catchability, vulnerability, and availability (but these four processes are often
combined and are referred to as selectivity and/or catchability in this report). This allows catch
derived from such a survey to be used as an unbiased abundance index to monitor changes in
stock biomass over time. The EBS survey follows a systematic design. However, unlike a
common systematic design, its start sampling station is not selected randomly, although the start
time varies from year to year. The survey duration is long and usually lasts for 2 months. Survey
catches are standardized by swept area. Thus, any systematic change over the time, which may
influence area swept and selectivity/catchability for the species in the survey area, can introduce
systematic biases in derived abundance index.

The EBS bottom trawl survey program has experienced some substantial changes and
modifications since its inception including changes in survey vessels, trawling gears, sampling
protocol, and monitoring devices for gear performance and towing speed. These changes have
been made in an effort to standardize fishing operation and sampling protocol of the survey. For
example, length of towing cable was standardized by depth in 1989; standard setting and
retrieval procedures were implemented in 1993; standard wire marking was instituted in 1997;
real-time monitoring of vessel speed started in 2001, and national sampling protocols were
published in 2004. These continuous changes/modifications have improved temporal consistency
of catchability/selectivity and accuracy and precision in measuring effective areas swept by the
sampling gears. However, for some changes/modifications, limited experiments were done to
compare before and after the changes, which might result in inconsistency in developing
abundance indices for some species. It is important to note that the most important issue here is





temporal consistency, which makes the derived abundance indices comparable over time for a
given species. Any significant change in fishing operation and sampling protocol without a good
understanding of its impacts on factors influencing catchability/selectivity may introduce biases
in abundance index. Thus, although I would like to commend great effort for continuing to
improve data collection and sampling protocol, large changes to the current protocol should be
avoided. If such changes have to be made, a well deigned experiment and analysis should be
conducted to adjust the abundance index for the whole time series, including both before and
after the change, to ensure temporal consistency.

The survey follows a systematic design without a random start station. Although this
seems to be an issue, start time varies from year to year because of logistic reasons and weather,
which may act as a random start.

Two high density sampling areas are defined around St. Matthew Island and the Pribilof
Islands, mainly targeting for blue king crab. The addition of these two areas may complicate
population estimation, and an analysis of historical data with and without inclusion of these two
areas of data may help evaluate and understand effects of adding these two areas. These two
areas may need to be considered as separate strata. Blue king crabs prefer rocky habitats which
are not suitable for trawling. Thus, setting two high density sampling areas does not achieve the
goal of sampling blue king crab. Crab pots/traps may be more appropriate if the target species is
blue king crab.

Resampling was conducted at the end of survey mainly for red king crab in Bristol Bay in
eight cold years (i.e., 1999-2000, 2006-2011) to account for temperature-dependent movement
by spawning female red king crab. Analyses show clear differences in the condition of females
captured at the beginning and end of the survey. Although it may be necessary to resample the
Bristol Bay in a cold year to account for the temperature-dependent movement, this may
complicate the analysis. Unusually low temperature may also affect the movement and
distribution of other species. For a systematic design with fixed station, it may be more
appropriate to determine the start time based on temperature (or equivalent indicators such as ice
coverage). An in-depth analysis of historical data might reveal some patterns of suitable
temperature (or ice coverage) at which the survey can start.

A sampling site with 100 or more king crab or tanner crab was considered as a crab
hotspot. A crab hotspot was sampled 5 nm in four cardinal directions to reduce variance and
effect of single large tow. This was done 7 times in 8 years, but was discontinued in 2011
because of potential issues of affecting mean estimates of crab abundance. An adaptive survey,
which includes rules of more intensive sampling in an area with high abundance, may be a more
effective way to improve the population estimation of patchily distributed crab and fish species.

The survey has been conducted using charter fishing boats, rather than NOAA survey
boats. This has been considered as one of the key factors for the success of this survey program.
The charter boats are preferred because of collaboration between the AFSC scientists and
industry members, fishermen’s work experience, and efficiency. I strongly support this approach
as long as differences in fishing power between the charter boats are kept minimal.





IV-2. Evaluate the analytical methodology.

The analytical methodology has not been thoroughly developed. This may result from the
fact that most effort has been allocated to the improvement of field survey and sampling
protocols. More effort is needed for developing methods to quantify uncertainty associated with
abundance indices and for conducting more in-depth analyses of data collected in the past to
evaluate the performance of current survey design and sampling protocols.

Although the survey design is a stratified system design, the analysis was done as if the
survey follows stratified random survey design. This may create some issues for estimating

variances. For a given stratum /4 in a systematic design, sampling variance of mean v(.X') can be
estimated using the following equation:

v()g )= l_f < (xi_xi+l)2
! & 2(n-1)

where f'is finite population correction term f = N (N is the population size and n is sample size,

and f can be set as 0 because of small sample size here), x; is catch at station 1, and x;+, is catch at
the next surveyed station. This method can be used to estimate sampling variance of mean for

H -
each stratum. The overall standard error can then be estimated as /Z W (X 1) , where Wy, is
=1

the proportion of area for stratum /4 over the total survey area. Alternatively, I believe a
computation-intensive method can also be developed to mimic the sampling design for
estimating variance (e.g., Smith 1990, 1997).

Some species can only be found in a small proportion of tows in the survey. Methods
such as delta estimator may need to be used. Geometric means may also be more appropriate for
the species with a few large tows, which may skew the estimation of arithmetic means
(Hutchings 1996).

Survey catchability/selectivity may change over the time because of changes in fish
availability to the survey, long survey durations, large areas covered by survey programs,
systematic survey design (for BS), and large variations in environmental variables over the
survey area and duration. It may be necessary to standardize the survey abundance index to
remove the temporal trend in selectivity/catchability/availability. The temporal trend in
selectivity/catchability/availability identified in the standardization can also be compared with
the temporal trend derived in stock assessment models (e.g., SS3) to identify possible
differences.

I suggest conducting an analysis of historical data for some key fish species to evaluate
the performance of the sampling design (i.e., allocation of sampling efforts among sampling
strata). For a given species, | suggest doing the Neyman allocation of sample sizes among strata
according to the following equation:
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where # is the total sample size, S;, is variance of samples for stratum /4, and n,, is sample size for
stratum /4. The newly estimated sample size for each stratum can then be compared with the
current allocation of sampling stations. This can be done for some key species to evaluate if
current allocation of sampling efforts needs to be adjusted.

n,

To evaluate the effects of stratifications, I suggest evaluating design effect (d°) for the
historical data which can be calculated as

V(X)
Vsrs ()_( )

where vg,.(X)1s sampling variance of mean for simple sampling without stratification (i.e.,

d’ =

assuming there is no stratum in the calculation) and v(X)is sampling variance of mean for

designed survey (i.e., current design). Again, this can be done for each year and for each
species.

|V-3. Evaluate the procedures used for data quality control and archiving

The procedures used for data quality control and archiving are adequate.

I would like to commend the effort by the AFSC staff for developing and implementing
relevant procedures for data quality control and archiving. This is reflected by good
documentations and independently developed scripts to retrieve and summarize the data for cross
validations.

The EBS bottom trawl survey program provides the most comprehensive set of the data
for monitoring the dynamics of many fish species in the EBS. The data have been used by
groups/individuals who are interested in the EBS ecosystem. Because of a lack of background in
understanding potential issues related to this data set, the data may be mis-interpreted. Currently
there is no formal policy/protocol for distributing data to other groups/individuals. I recommend
that a formal policy/protocol be developed for distributing data to make sure that the data are
used and interpreted properly.

V-4. Evaluate the research approaches to evaluate gear performance and estimate survey
catchability.

The research approaches that have been used and proposed are appropriate for
evaluating gear performance and estimating survey catchability.

Trawl capture process can be divided into different components, and experiments can be
conducted to evaluate each component and subsequently gear performance and survey
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catchability. Various experiments have been conducted or will be conducted in the near future
for evaluating impacts of different gear settings on survey catchabilty. Most experiments are,
however, focused on side herding effects and fish/crab escaping from bottom lines, although
more recent studies also evaluate impacts of fish vertical distributions on survey catchability.
More studies (e.g., tagging, acoustic survey to identify vertical distribution, and comparing catch
from varying headlines) are needed to improve our understanding of survey catchability.
Although the interpretation of the results may rely on some assumptions, such experiments can
improve our understanding of how gear formations, fish behavior and environmental variables
(e.g., depth and bottom type) may influence sampling efficiency and survey catchability. In
general, I support developing and conducting various experiments to evaluate factors influencing
survey catchability. However, I believe that relevant constraints/assumptions associated with the
experiments should be made explicit and the results need to be interpreted and applied carefully.
For example, in the Pacific cod stock assessment, the trawl-survey catchability coefficient for
recent years was constrained so that the average product of q and S over the 60-81 cm size range
equals the point estimate in Nichol et al. (2007). However, the study by Nichol et al. (2007) was
effectively based on 11 fish mainly from the Gulf of Alaska, and the estimate is associated with a
large variation. This creates large uncertainty associated with the current approach.

Both depth and bottom type are important factors in influencing survey catchability. The
possible range of depth and bottom type for survey stations should be considered in an
experiment for estimating survey catchability. Because the sampling stations are fixed, bottom
type for each station can be identified and mapped, which can be used for improving estimates of
survey catchability.

For walleye pollock and Pacific cod, I support the research effort to complement the
bottom trawl survey with the acoustic survey to improve our understanding of impacts of fish
vertical distribution on the estimation of survey catchability.

1V-5. Evaluate the collection of ancillary biological and environmental data in support of an
ecosystem approach to fisheries management.

The procedure of collecting ancillary biological and environmental data is outlined.
However, limited analyses have been done for the data collected in the past to demonstrate the
use of the data in support of an ecosystem approach to fisheries management. I also did not see
evidence of conducting any analysis to evaluate the adequacy of the data collected for
quantifying ecosystem dynamics.

Information on some key environmental variables (e.g., depth and temperature) has been
collected in the survey. However, collection of other variables such as bottom type, which may
play a key role in defining habitats of some fish and crab species and influencing survey
catchability, tends to be limited. Stomach samples were not taken in a systematic way, and no
stratification was considered. Given possible large spatial variability in food availability for
many species, large spatial variability of prey compositions can be expected. Without following
the survey design, the spatial coverage of stomach content samples is not consistent with that of
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the survey. If the data were used in estimating prey consumption and/or prey composition for a
fish population, the results would be biased.

1V-6. Evaluate whether the survey data could be collected more cost effectively.

The survey data could be collected more cost effectively.

The target towing duration is 30 minutes in the EBS bottom trawl survey. Considering
the large quantity of catch in each tow (i.e., about 2 mt/tow on average), this may be too long.
The large quantity of catch also complicates subsampling fish for their biological information
(e.g., size/age composition, stomach content analysis, and maturation). I recommend that the tow
duration be reduced to 15 - 20 minutes. Tow duration may affect species and size composition of
catch because of patchiness of invertebrate species’ distribution and differences in swimming
ability among different size/species of fish (Somerton et al. 2002). Thus, it is necessary to
evaluate impacts of tow duration on species and size composition. I suggest selecting some
stations randomly by strata (e.g., 33% or 50% stations in a stratum) for 15 or 20 minute tows.
The results can be compared with 30 minute tows in the same year and with the historical data
which were collected in 30-minute tows to evaluate possible impacts of reducing the tow
duration from 30 minutes to 15 or 20 minutes.

A large number of fish/crabs are measured at each sampling station to estimate size
composition. This large sample size does not necessarily increase effective sample sizes used to
weigh size composition data in stock assessment. I suggest using the historical data to conduct a
Monte Carlo simulation study to evaluate and identify an optimal (cost-effective) sampling size
for measuring size composition at each sampling station for each species (e.g., Andrew and Chen
1997, Muffett et al.2011).

It has been proposed that the survey be conducted every two years. This will result in a
lack of abundance index and size/age composition data for some years. Although a simulation
study may help evaluate potential impacts of having only one year of data every two years and
some studies may indicate the impacts are small, I believe that the survey should be conducted
annually because of its importance to the assessment of so many important fisheries stocks.

IV-7. Provide recommendations for further improvements

There are a lot of discussions about needs of research for further improvements among
participants. The participating AFSC scientists also presented their research plan to further
improve the survey design and understand factors that may influence the quality of the data
collected in the survey. My detailed recommendations are presented in the next section of this
report.
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V. Conclusions and Recommendations

I would like to commend the effort of all the participants in the CIE review for a very
constructive and informative discussion on the EBS crab and groundfish bottom trawl surveys. I
was impressed by the breadth of expertise and experience of the participants, the amount of
effort spent to improve the survey design and data collection protocol, the openness of discussion
for considering alternative approaches/suggestions, and the constructive dialogs between the CIE
reviewers and other participants throughout the review. I observed on many occasions
constructive interactions and dialogs between scientists and the representatives of the industry in
the review. All materials were sent to me in a timely manner and almost all my requests for extra
information were addressed promptly.

Overall I believe that the EBS crab and groundfish bottom trawl surveys provide a
comprehensive and consistent time series of abundance indices and relevant biological
information on many key crab and finfish populations, which are critical to the stock assessment
of these populations. The survey design and sampling protocol appear to be scientifically sound
and robust, and adequately addresses management needs. However, I believe there is still room
for improving the current design and more in-depth analyses can be done. I have made the
following recommendations.

* I recommend that an experiment be conducted to evaluate if it is feasible to reduce the
tow duration from 30 minutes to 15-20 minutes. I suggest that stations be selected
randomly within each stratum (e.g., 33% or 50% stations in a stratum) for 15 or 20
minutes tow. The results are compared with those for the 30 minutes tow in the same year
and with the historical data to evaluate possible impacts of reducing the tow duration
from 30 minutes to 15 or 20 minutes on the estimation of species composition and size
composition.

* Various modifications have been made to gear configurations and operational procedures
since the inception of this survey program in the hope that the effective sampling effort
can be measured more accurately and sampling efficiency can be standardized. I support
all the standardization effort of sampling procedures and gear configurations. |
recommend that impacts of any change/modification on survey catchability should be
carefully evaluated and necessary corrections/adjustments should be done for the whole
time series to ensure the consistency and comparability of data before and after a
change/modification.

* A large number of fish/crabs are measured at each sampling station to estimate size
composition. This large sample size does not necessarily increase the precision of fish
size compositions estimates. I suggest using the historical data to conduct a Monte Carlo
simulation study to evaluate and identify an optimal (cost-effective) sampling size for
measuring size composition at each sampling station for each species.

* I suggest analyzing the historical data collected from the survey stations in the hotspots
and high density areas to evaluate their effectiveness in achieving the goal of setting these
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sampling stations in the first place. I believe incorporation of an adaptive survey design
may be more effective.

I support to continue conducting more experiments to improve understanding of impacts
of different variables on survey catchability. I suggest that such experiments should be
designed and conducted in a systematic way.

Variances associated with mean estimates should be estimated in a way that is consistent
with the survey design. I recommend that variance of abundance index within a stratum
be estimated based on systematic design. Alternatively, I suggest developing a bootstrap
type of approach, which mimics how sampling stations are surveyed in a systematic
design, to estimating variance.

I support the research effort of complementing the bottom trawl surveys with the acoustic
surveys to improve our understanding of fish vertical distribution and its impacts on
survey catchability.

For a given species, in-depth analysis of historical data should be conducted to quantify
spatial variability among the strata and determine if such variability is consistent over
time. The results of such an analysis can help evaluate if the current allocation of
sampling effort among the strata is effective in improving the precision of abundance
index estimates and if it is necessary to adjust sampling effort among the strata.

I recommend developing an official policy/protocol for data distributions and utilizations
to ensure proper interpretation of the data.

I suggest standardizing survey abundance index using a general linear model (GLM)
and/or general additive model (GAM) including variables that are considered to be
important in influencing survey catchability (e.g., boat, temperature, bottom type,
location, depth, etc.).

Because the survey follows a systematic design and lasts for 2 months in a season when
many species are experiencing migrations, uncertainty associated with the abundance
index derived from the survey may also include biases (i.e., not all errors are random
from year to year), it is necessary to standardize survey abundance index to improve data
quality BEFORE the data are used in the stock assessment model. Trying to resolve all
uncertainties, especially biased errors, within stock assessment models (e.g., SS3) may
complicate parameter estimation, resulting in difficulty in the model convergence.

Effective sample size has been determined rather arbitrarily for size composition in the
stock assessment. For example, annual effective sample sizes of 100, 200, and 300 were
used for snow crab, walleye pollock, and Pacific cod, respectively, in their stock
assessment. The choice of effective sample size can have large impacts on the stock
assessment. [ suggest more studies be done to re-scale actual sample sizes to effective
sample sizes used in the stock assessment. Such re-scaling should reflect temporal
differences in data quality among years (rather than current practice of using the same
number for all the years).
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* A habitat suitability modeling approach (e.g., Chang et al. 2010) can be used to quantify
the relationship between fish/crab abundance and environmental variables. The
developed model can then be used to identify suitable habitats for the fish/crab, based on
the environmental variables (e.g., substrates and ocean observatory or model data). This
can lead to the development of potential habitat maps in the EBS for the fish/crab species.
For a given species, the map can be used to evaluate whether survey sampling stations
cover all the effective habitats. Such an approach can also be used to project possible
changes in fish/crab spatial distribution if key habitat variables (e.g., temperature)
change. The estimated spatial distribution from such a study can help evaluate and
improve survey designs.
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the SoW in advance of the panel review meeting. Any changes to the SOW or ToRs must be
made through the COTR prior to the commencement of the peer review.

Foreign National Security Clearance: When CIE reviewers participate during a panel review
meeting at a government facility, the NMFS Project Contact is responsible for obtaining the
Foreign National Security Clearance approval for CIE reviewers who are non-US citizens. For
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Lead Coordinator. Each CIE reviewer shall actively participate in a professional and respectful
manner as a member of the meeting review panel, and their peer review tasks shall be focused on
the ToRs as specified herein. The NMFS Project Contact is responsible for any facility
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arrangements (e.g., conference room for panel review meetings or teleconference arrangements).
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role of the CIE reviewers as specified herein. The CIE Lead Coordinator can contact the Project
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Contract Deliverables - Independent CIE Peer Review Reports: Each CIE reviewer shall
complete an independent peer review report in accordance with the SoOW. Each CIE reviewer
shall complete the independent peer review according to required format and content as
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addressing each ToR as described in Annex 2.

Other Tasks — Contribution to Summary Report: Each CIE reviewer may assist the Chair of the
panel review meeting with contributions to the Summary Report, based on the terms of reference
of the review. Each CIE reviewer is not required to reach a consensus, and should provide a
brief summary of the reviewer’s views on the summary of findings and conclusions reached by
the review panel in accordance with the ToRs.

Specific Tasks for CIE Reviewers: The following chronological list of tasks shall be
completed by each CIE reviewer in a timely manner as specified in the Schedule of Milestones
and Deliverables.

1) Conduct necessary pre-review preparations, including the review of background material
and reports provided by the NMFS Project Contact in advance of the peer review.

2) Participate in the panel review meeting in Seattle, Washington during April 10-12, 2012.

3) In Seattle, Washington during April 10-12, 2012 as specified herein, conduct an
independent peer review in accordance with the ToRs (Annex 2).

4) No later than April 26, 2012, each CIE reviewer shall submit an independent peer review
report addressed to the “Center for Independent Experts,” and sent to Manoj Shivlani,
CIE Lead Coordinator, via email to shivlanim@bellsouth.net, and CIE Regional
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CIE reviewers submit draft CIE independent peer review reports to the CIE

April 26,2012 Lead Coordinator and CIE Regional Coordinator

May 10, 2012 | CIE submits CIE independent peer review reports to the COTR
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role and ability of the CIE reviewers to complete the deliverable in accordance with the SoW is
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Acceptance of Deliverables: Upon review and acceptance of the CIE independent peer review
reports by the CIE Lead Coordinator, Regional Coordinator, and Steering Committee, these
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COTR (William Michaels, via William.Michaels@noaa.gov).

Applicable Performance Standards: The contract is successfully completed when the COTR
provides final approval of the contract deliverables. The acceptance of the contract deliverables
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milestones and deliverables.
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Coordinator shall send via e-mail the final CIE reports in *.PDF format to the COTR. The
COTR will distribute the CIE reports to the NMFS Project Contact and Center Director.
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Annex 1: Format and Contents of CIE Independent Peer Review Report

1. The CIE independent report shall be prefaced with an Executive Summary providing a concise
summary of the findings and recommendations, and specify whether the science reviewed is
the best scientific information available.

2. The main body of the reviewer report shall consist of a Background, Description of the
Individual Reviewer’s Role in the Review Activities, Summary of Findings for each ToR in
which the weaknesses and strengths are described, and Conclusions and Recommendations in
accordance with the ToRs.

a. Reviewers should describe in their own words the review activities completed during the
panel review meeting, including providing a brief summary of findings, of the science,
conclusions, and recommendations.

b. Reviewers should discuss their independent views on each ToR even if these were
consistent with those of other panelists, and especially where there were divergent views.

c. Reviewers should elaborate on any points raised in the Summary Report that they feel might
require further clarification.

d. Reviewers shall provide a critique of the NMFS review process, including suggestions for
improvements of both process and products.

e. The CIE independent report shall be a stand-alone document for others to understand the
weaknesses and strengths of the science reviewed, regardless of whether or not they read the
summary report. The CIE independent report shall be an independent peer review of each
ToRs, and shall not simply repeat the contents of the summary report.

3. The reviewer report shall include the following appendices:
Appendix 1: Bibliography of materials provided for review

Appendix 2: A copy of the CIE Statement of Work
Appendix 3: Panel Membership or other pertinent information from the panel review meeting.

25





Annex 2: Tentative Terms of Reference for the Peer Review

Eastern Bering Sea Crab and Groundfish Bottom Trawl Surveys

1. Evaluate the data collection operations and sampling design of the survey in term of their
adequacy for producing consistent and precise estimates of relative abundance for the
various fishes and invertebrates of concemn.

Evaluate the analytical methodology.
Evaluate the procedures used for data quality control and archiving.

4. Evaluate the research approaches to evaluate gear performance and estimate survey
catchability.

5. Evaluate the collection of ancillary biological and environmental data in support of an
ecosystem approach to fisheries management.

6. Evaluate whether the survey data could be collected more cost effectively.

Provide recommendations for further improvements

Note — CIE reviewers typically address scientific subjects, hence ToRs usually do not involve
CIE reviewers with regulatory and management issues unless this expertise is specifically
requested in the SoW.
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Annex 3: Tentative Agenda

CIE Review of the Eastern Bering Sea Crab and Groundfish Bottom Trawl Surveys
Alaska Fisheries Science Center
7600 Sand Point Way NE, Seattle, WA 98115
Building 4; Room 2076 (April 10-12, 2012)

Review panel chair: David Somerton, david.somerton@noaa.gov

Survey group leaders: Robert Lauth, bob.lauth@noaa.gov (groundfish) and Robert Foy,
robert.foy(@noaa.gov (crab)

Security and check-in: Ron Erickson, ron.erickson@noaa.gov

Sessions will run from 9 a.m. to 5 p.m. each day, with time for lunch and morning and afternoon
breaks.

Discussion will be open to everyone, with priority given to the panel, presenters, and survey
group leaders.

Tuesday, April 10th
0900 Welcome and Introductions. The EBS environment and commercial fisheries (Somerton)

0930 The EBS survey (Lauth & Foy)

History of the EBS survey, current sampling design including the use of charter vessels.
Description of the trawl pre- and post- 1982. Wheelhouse activities and catch processing
procedures — i.e. how we do a tow. Area swept estimation — how we do it and why.

10:30 break

11:00 The EBS survey (continued; Lauth & Foy)

11:30 Database, data editing and QA (Vijgen)

12:00 Lunch

13:00 Survey standardization (Weinberg)

14:00 Tour of net shed

1530 Analytic methodologies used for the estimation of relative abundance (Lauth & Foy)

Area swept estimation: new approaches. Biomass and variance calculation.

The fishing power correction. Post hoc sampling for crab — hot spots and retows.

Wednesday, April 11th
0900 Q research - demersal fish and crabs (Somerton)
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Snow crab selectivity. Escapement and herding of flatfish. Vertical availability of Pcod.
Light and vertical distribution

10:15 Break

10:30 Use of acoustics on the EBS survey (Kotwicki)
AVO project (collect acoustics for others). Acoustic and bottom trawl blind zones
(combining acoustic and bottom trawl survey for pollock). Using acoustics to estimate
Pollock between stations to improve biomass estimate.

12:00 Lunch

1300 Presentations on the survey estimates and uncertainty relative to model
assumptions and structure: introduction (Somerton)

13:15 Snow crab (Turnock)

13:45 Pollock (Ianelli)

14:15 Break

14:30 Discussion between CIE committee and survey scientists

Thursday, April 12th

0900 -1200  Presentations on the survey estimates and uncertainty relative to model
assumptions and structure (continued)

noon -1300 Lunch

1300 -1700  Discussion and wrap-up
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1. Executive Summary

1. Together with Dr Jon Velstad and Professor Yong Chen, the author participated in
a review of the eastern Bering Sea crab and groundfish bottom trawl surveys,
which was held at Seattle from April 10-12, 2012.

2. The survey approaches that are being explored by the AFSC are “state-of-the-art”.
The research on factors affecting trawl performance and efficiency and on
integration of acoustic and bottom trawling that has been undertaken by the AFSC
is of high quality and innovative, as is demonstrated by the fact that papers
describing much of this research have been published in fishery journals with high
impact factors.

3. The eastern Bering Sea bottom trawl survey employs a fixed grid of trawling
stations, but, to maintain consistency among annual surveys, the grid lacks a
random starting point and is thus potentially subject to systematic bias. The
variance estimate for the mean abundance of each species is currently calculated
using the formula applicable for a random rather than systematic survey. The true
values of variance estimates obtained from the systematic survey are likely to be
less than the current estimates, and should be determined, noting that, because
only one trawl is made within each grid cell, it will only be possible to obtain
approximate estimates of these true values.

4. The precision of abundance estimates is adequate for most stock assessments, but
the estimates for the stocks of red king crabs and Pribilof Islands blue king crabs
would benefit from increased precision.

5. For consistency, it is recommended that the current survey design remains
unchanged, but that simulation studies are undertaken to assess the benefits of
additional random sampling to take into account any systematic bias and to
improve the precision of abundance estimates for crabs at the Pribilof Islands.

6. The current approach to collecting reproductive data for female red king crabs in
Bristol Bay is of an ad hoc rather than structured nature. It is recommended that
an appropriate annual survey, which would supplement the standard EBS survey,
is designed to collect time-varying reproductive data for female red king crabs in
the Bristol Bay region and that this survey is then undertaken annually thereby
providing a consistent time series of data on the reproductive characteristics of the
crabs.

7. It is recommended that further exploration of migration patterns and rates of
movement is undertaken, such that the effect of migration can be taken into
account when calculating survey estimates of abundance for walleye pollock and
other species.

8. Itis recommended that a (statistically) well-defined process is developed to ensure
that subsamples of fish for length measurement and otolith collection are
randomly selected, that appropriate sample sizes are determined following
calculation of effective sample size, and that the methods used to construct the
age-length key for each stratum are reviewed to ensure that the non-random nature
of the collection of otoliths is recognised and that this aspect of the analysis is
sound.
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9. The desire to maintain consistency in survey abundance estimates should not
inhibit those changes to the survey that would improve the accuracy and precision
of estimates or accommodate changing research and management needs. It is
recommended that strategies for facilitating the introduction of change in survey
design, operations and analytical procedures be developed, such that the bottom
trawl survey can be modified to respond to changing needs and improved
knowledge, while minimising the impact of data inconsistency resulting from such
change through appropriate transition strategies that have been determined
through simulation.

10. It is recommended that simulation studies are undertaken to investigate the
impacts on stock assessments for the different species of a change from 30 to 15
minute survey trawl duration when employing each of a range of alternative
implementation strategies, and thereby to determine which of the alternative
implementation strategies would have the least overall impact, and the magnitude
of that impact. Such analysis would provide the data necessary for an informed
decision regarding whether a transition to 15 minute tows should be made.

2. Background
2.1.  Overview

The Center for Independent Experts (CIE) contracted for an independent peer
review of the eastern Bering Sea crab and groundfish bottom trawl surveys,
which was scheduled to be undertaken from April 10-12, 2012.

On March 24, 2012, the address of the AFSC FTP site, from which the
documents containing the required and general background reading for the
meeting could be downloaded, was provided. A list of papers describing
research on issues pertinent to trawl surveys was also included in the set of
files available on the FTP site. A list of these documents is presented in
Appendix 1.

The Statement of Work provided to Dr Norm Hall by the CIE is attached as
Appendix 2. This report documents the findings of the independent review that
was undertaken by Dr Hall in accordance with this CIE Statement of Work.

2.2.  Terms of Reference

The terms of reference for this independent peer review of the eastern Bering
Sea crab and groundfish bottom trawl surveys are presented in Annex 2 of
Appendix 2. Note that, although referred to in the heading of this Annex as
“tentative”, these were the actual terms of reference required to be addressed
in the review.
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2.3.  Date and place

The Review Meeting was held in Seattle, from April 10-12, 2012, and was
chaired by Dr David Somerton, AFSC. The names of the CIE Panel Members
who undertook the review are listed in Appendix 3

3. Description of Reviewer’s role in review activities

As required under the CIE’s statement of work, the reviewer familiarised himself with
the documents that had been provided and then participated in the review meeting
which was held at Seattle from April 10-12. As listed in the tentative Agenda (Annex
3 of the Statement of Work, Appendix 2), but with timing that was modified to
accommodate the questions raised by the various members of the CIE Panel and the
resulting discussions, scientists of the AFSC Survey Group gave detailed
presentations describing different aspects of the eastern Bering Sea bottom trawl
survey. Note that Dr Robert Foy, who was not physically present, viewed the
presentations through video conferencing software and participated fully in
discussions via telephone. All members of the CIE panel actively participated in the
review by asking for more detailed explanation and by commenting and discussing
different aspects of the survey, the methods of analysis, and the results of research.
The members of the CIE Panel also visited the net shed and viewed a bottom trawl net
of the type used in the survey, which had been hung in the shed in a manner that
reflected its physical appearance during trawling operations.

In discussing findings from the review, it should be noted that (1) the 376 stations that
are trawled in the annual eastern Bering Sea survey are the fixed sampling stations
that were used in 1987, 356 of which had been sampled from 1982 onwards (Lauth,
2010); (2) the survey is conducted strictly in accordance with the trawl survey
protocol specified by NOAA (Stauffer, 2004; Chilton et al., 2009; Lauth, 2010), much
of which was apparently based on standards that were already being applied by the
AFSC in the eastern Bering Sea survey; (3) monitoring of trawling operations has
progressively improved with developments and innovation in technology, particularly
in respect to measurement of the width between the wings, height of headrope, and
the distance of the footrope and bridles from the bottom; (4) area swept calculations
from 2009 employ the mean width between the wings, as measured or, if
measurements are unavailable, calculated from the inverse of the scope (Chilton et al.,
2009; Lauth, 2010); and (5) area swept calculations for the 2009 survey used distance
trawled while the footrope was in contact with the bottom between endpoints
determined from GPS (Chilton ef al., 2009).

Changes to the design and operation of the EBS trawl survey are constrained by the
fact that, to provide information to stock assessment models on population dynamics
and response of the population to fishing, fishery scientists seek to ensure that the
relative abundance indices within the time series maintain consistency and thus
possess a constant catchability across years. In theory, the analytical methods used to
derive abundance indices from the resulting survey data have greater flexibility and
may be more readily modified than the survey’s design or the trawling that is
undertaken. Although change to the analytical methods would result in a new time
series with different indices, if applied consistently to the data for all annual surveys,
those new indices would possess a constant catchability across time, although the
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value of that constant catchability would differ from the catchability of the original
time series of abundance estimates.

In practice, changes do occur in the design and operation of a survey, and in the
eastern Bering Sea, this is evident in, for example, the expansion to the northwest of
the survey area by 20 additional sampling stations in 1987 (Lauth, 2010), and
refinements to consistency of trawling to improve conformity to the NOAA protocol
for trawl surveys (Stauffer, 2004). Refinements to analytical approaches are also
warranted, particularly when stock assessment employs survey estimates of
abundance as estimates of absolute abundance or when the precision of the abundance
estimates is improved, for example, through the use of auxiliary data collected during
the survey to take into account the effect of factors, such as wing width, that influence
the estimate of swept area at each station. Although, through lack of auxiliary data for
earlier years, it may not be possible to apply such refinements to all years of data in
the time series of abundance estimates, it is possible to produce alternative time series,
i.e., with and without application of the alternative method of analysis, for use in
stock assessment, thereby allowing investigation of the implications of the alternative
analytical approaches and thus providing continuity between the use of the alternative
time series if the new method is adopted for use in future stock assessments.

Given the extent and high quality of the research on bottom and acoustic trawling that
is being undertaken by the AFSC, there will inevitably be continued improvement in
the understanding of factors that affect the magnitude and composition of the catches
obtained in survey trawls, the efficiency of the trawl in catching different sizes of
animals, the effect of bottom temperature on the spatial distribution and migration of
the animals, and the factors affecting the vertical distribution of fish species and the
accessibility of those fish to the trawl gear. The challenge for the AFSC is to develop
implementation strategies that will allow the improved understanding to be employed
in the analytical techniques that are applied to the survey data, thereby gaining the
benefits to stock assessment that should result from the improved accuracy and
precision of future abundance estimates while minimising any adverse impact on
stock assessment resulting from loss of data consistency.

Details of the information derived from the review and the resulting recommendations
are presented below in the comments relating to the various terms of reference.

Terminology used in this report

Although the term “catchability” is used by fisheries scientists in several slightly
different ways, it has been assumed in this report that it is the constant of
proportionality that relates either a biomass index to absolute biomass or an
abundance index to absolute abundance (Francis ef al., 2003), noting that different
values of catchability will be associated with different indices of abundance. In its
report on approaches to improve the collection, management, and use of marine
fisheries data, the National Research Council (2000) noted that catchability was
associated with the availability, accessibility, and vulnerability of the fish to the gear.
Fish are considered to be available if they are in the area fished by the gear,
accessible if their behaviour makes it possible for them to encounter the fishing gear,
and vulnerable if, when encountering the gear, they are caught. Thus vulnerability
may be considered to be equivalent to the efficiency of the fishing gear in capturing
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those fish that encounter that fishing gear (Arreguin-Sanchez. 1996). In stock
assessment, length-dependent differences in relative vulnerability are typically
represented by a selectivity function.

In this report, the following terminology has been adopted:

. Availability — Proportion of the stock within the surveyed area.

. Accessibility — Proportion of the available stock that the gear is able to access.
Note that, although AFSC scientists have used the term ‘“availability” when
referring to the proportion of the fish that, because of their vertical
distribution, lie between the bottom and the headrope of the survey trawl, and
are thus accessible to the trawl, I have preferred to use the term
“accessibility”.

. Vulnerability — Proportion of the accessible fish that is caught by the gear.

Availability is likely to be affected by migration or shifts in geographical distribution
in response to inter-annual changes in the distribution of bottom water temperature.
Accessibility represents the proportion of the available fish that can encounter or be
influenced by the gear and may be affected by environmental factors, e.g.
temperature, light, etc. Invertebrates or fish occupying areas of rough bottom may be
inaccessible to bottom trawlers, while fish with a vertical distribution, which are
situated in water that lies above the height of the headrope of the bottom trawl, may
be inaccessible unless they exhibit diving behaviour in response to the passage of the
trawl warps through the water. Vulnerability reflects the efficiency of the gear in
capturing accessible fish and invertebrates that lie in the path of the trawl.

Acknowledgement

Throughout the review, the CIE Panel was impressed by the shared commitment
towards improving the quality of the survey and the accuracy and precision of
abundance estimates that was exhibited by the scientists in the survey group at the
AFSC. I extend my thanks to Dr Somerton and his colleagues for the hospitality that
they extended during the course of the review, and for the excellent support they gave
in providing the information regarding the eastern Bering Sea bottom trawl survey
that the Panel required for its review.

4. Summary of findings

ToR 1. Evaluate the data collection operations and sampling design of the
survey in term of their adequacy for producing consistent and precise estimates
of relative abundance for the various fishes and invertebrates of concern.

Primary species

The primary species in the catch are walleye pollock, Pacific cod, yellowfin sole, rock
sole, king crab and snow crab (David Somerton, Presentation to Review Panel). In
2010, a total catch of approximately 1.9 million metric tonnes with an ex-vessel value
of approximately 1.3 billion dollars was taken from the eastern Bering Sea by
commercial fishers (David Somerton, Presentation to Review Panel).
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Survey design

Abundance and biological data for crabs and groundfish are collected using an annual
systematic bottom trawl survey that employs a fixed rectangular grid of 20 by 20 nmi
cells (i.e., quadrats) that extends over the continental shelf of the eastern Bering Sea
from the Alaska Peninsula to approximately the latitude of St Mathew Island. While
initially covering only 356 grid cells, which have been sampled annually since 1982,
the survey area was extended to the northwest in 1986 to include an additional 20 grid
cells. Sampling of the grid cells in the survey area occurs at two densities. A single
30-minute trawl is undertaken at the center of each standard- and high-density grid
cell. Additional 30-minute trawls are undertaken at the corners of the 20 by 20 nmi
grid cells in two high-density sampling areas, which are located in regions adjoining
the Pribilof Islands and St Mathew Island. Although not suggesting that the
rectangular grid used in the eastern Bering Sea bottom trawl survey should be
modified, Dr Velstad observed that use of a hexagonal grid might offer advantages
over use of a rectangular or square grid (e.g., Birch et al., 2007).

It is recommended that, in order to maintain design consistency, the EBS bottom
trawl survey should continue to trawl at the 376 standard trawl locations that
have been employed since 1986.

Randomness of survey design

The design of the eastern Bering Sea bottom trawl survey differs from that typically
used in systematic surveys, in that the starting point of the grid is not randomly
selected for each annual survey. This results in sampling at a set of fixed stations, i.e.
the center points of the grid cells, each year, potentially introducing systematic bias
resulting from the specific characteristics of those fixed stations. Use of a random
starting location for the grid rather than a fixed location would have ensured
probability-based selection of station locations and provided a better survey design.
The decision to employ a fixed rather than randomly positioned grid relates to a desire
to ensure consistency among inter-annual samples, and thus comparability of results.
It is argued in favour of the fixed grid that the trawls within a grid are not positioned
with such precision that they pass directly over the center of the grid nor do they
follow precisely the same trawl path in successive years. Nevertheless, they do pass
over roughly the same central region of the grid cell each year, and cannot be
considered to be randomly positioned within the grid. As the fixed grid has now been
employed in annual surveys since 1986, and a major subset of the grid since 1982, it
is appropriate that, as recommended above, the fixed grid should continue to be
employed for future annual surveys.

In the absence of a randomly-selected starting point for the grid, however, there
would potentially be value in supplementing the stations within the fixed grid with a
set of additional random sampling stations selected annually using a probability-based
approach. The combination of the fixed systematic stations and the probability-based
random stations would help to overcome any issue relating to systematic bias, assist in
improving survey precision, and facilitate calculation of the variance of the resulting
abundance estimates (e.g., Zinger, 1980). Simulation using kriged abundance data for
selected species would assist in assessing whether the benefits of the additional
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random samples would be justified given the additional survey cost. Consideration
should also be given, however, to the effect of the additional time required to
complete an extended survey on the consistency of abundance estimates with those
derived from previous surveys. If, as is considered later in this report, the duration of
survey tows was to be reduced from 30 to 15 minutes, the introduction of a set of
probability-based survey stations to supplement the fixed grid may then prove
possible without increasing overall survey duration.

It is recommended that simulations be undertaken to explore the feasibility and
benefit of supplementing the existing set of 376 trawl stations with an
appropriate set of survey stations with locations determined using a probability-
based rather than systematic approach, and thereby overcoming any systematic
bias present in the current survey design.

Hot spots

Although abandoned in 2011, since the mid-1990s, stations producing catches of 100
or more legal-sized male red king crabs or Tanner crabs were considered to be “hot
spots” and four additional trawls were made in each cardinal direction 5 nmi from the
center of the grid cell containing the “hot spot”, the intent being thereby to obtain
more precise data on the abundance of the various crab species. The average density
for all trawls at the “hot spot” was then calculated and used as the density estimate for
the station when calculating the total abundance of the crabs (Chilton et al., 2009), i.e.
the grid cell was treated as a separate stratum (Plan Team, 2011). This is a rather
atypical adaptive sampling approach (which would have benefited from further
research if it had not been dropped from further use) and appears to have had the
effect of reducing the influence of the initial high abundance observation that had
initiated the additional sampling. By dropping the “hot spot” protocol, inconsistency
has been introduced into the time series unless abundance estimates for earlier years
have been recalculated excluding the data for the additional tows.

It is recommended that, for those years when the “hot spot” approach was
employed, abundances and ancillary biological data are re-estimated using only
the data for the trawls at the standard stations and excluding data from
additional trawls associated with the “hot spots”.

Supplementary sampling of Bristol Bay red king crabs in cooler years

In years when colder water temperatures have delayed the reproductive cycle of
female red king crabs, a number of stations in the Bristol Bay area are resampled at
the conclusion of the standard survey, e.g. 32 stations were resampled between 27 and
30 July in 2009, to obtain data on the reproductive status of female red king crabs. It
should be recognised, however, that such additional samples fall outside the design of
the standard survey. Thus, if used in calculating abundance estimates for female red
king crabs (as appears to be case; Plan Team, 2011), the resulting values are not
strictly comparable with abundance estimates derived from the standard survey. If the
data that are collected for female red king crabs in the standard systematic survey of
Bristol Bay are inadequate because of inter-annual variability in reproductive
development, and it is decided that additional bottom trawl surveys of Bristol Bay are
required for female red king crabs at appropriate time intervals, then those additional
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surveys should be well designed (in the statistical sense) and should be undertaken
every year, thereby building a new time series of comparable data. The current
arrangement for these crabs appears ad hoc rather than well-designed.

It is recommended that an appropriate annual survey, which would supplement
the standard EBS survey, is designed to collect time-varying reproductive data
for female red king crabs in the Bristol Bay region and that this survey is then
undertaken annually thereby providing a consistent time series of data on the
reproductive characteristics of the female crabs, which would supplement the
density estimates for female red king crabs derived from the standard survey
data.

Frequency of EBS bottom trawl survey

Because the survey estimates are the essential data required for setting annual crab
quotas, the survey must be conducted annually and survey data must be analysed in a
timely manner. Results of the stock assessment for walleye pollock indicate that both
abundance estimates and age-dependent selectivity exhibit considerable inter-annual
variability (Ianelli et al., 2011), suggesting that the stock assessment model relies
strongly on the information provided by annual survey estimates.

It is recommended that the EBS bottom trawl survey should continue to be
conducted annually.

Stratification and post-stratification

The precision of the estimates derived from the data collected during the EBS bottom
trawl survey is determined by the number and density of trawls undertaken in the
survey area. Spatial correlation between adjacent trawl stations will reduce the
“effective number” of independent stations, however. Thus, while the distance of 20
nmi between stations in the standard density stratum is likely to be sufficient to justify
the assumption that stations are independent, the distance between stations in the
high-density strata reduces to approximately 14 nmi. Inter-station correlation would
affect the variance of abundance estimates and, as discussed in ToR 2, needs to be
considered when analysing data.

When determining the locations of the stations at which survey trawls would be
undertaken, the EBS survey area was divided into three strata, i.e. one stratum in
which stations are positioned 20 nmi apart in the centers of 20 by 20 nmi grid cells
and two strata with a higher density of sampling stations, where those stations are
located in the center and at the corners of each 20 by 20 nmi grid cell. The latter strata
were introduced in regions adjoining the Pribilof Islands and St Mathew Island to
produce more precise estimates of blue king crab abundance. Because of the desire to
ensure that the survey employs consistent fixed trawl stations in accordance with its
systematic design, no attempt has been made to use historical information from earlier
surveys to define additional strata and allocate survey stations to those strata in
densities that would produce abundance estimates with improved precision. Such
stratification would have been hampered by fact that the survey is intended to provide
abundance estimates of all species caught, not just the primary species or those of
commercial concern.
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The poor precision of the estimate of abundance, i.e. CV=0.58, derived from the 2009
EBS survey for the Pribilof Islands stock of blue king crabs and the fact that this
species tends to occupy rough habitat that is inaccessible to the survey trawls raises
the question of whether the current stratification and systematic design of the trawl
survey within the high density sampling region of the Pribilof Islands is adequate. The
potential exists that, within this relatively small region, the systematic grid that has
been employed may produce systematic bias in abundance estimates. While it would
be inappropriate to abandon the current systematic survey grid in this region, as this
would introduce inconsistency into the time series of survey results, there would be
value in exploring whether such systematic bias exists and whether an alternative
survey design within this high density stratum might produce more reliable estimates
of blue king crab abundance for this stock.

It is recommended that a simulation study is undertaken to explore the potential
benefits to precision and accuracy of blue and red king crab abundance
estimates of additional survey trawls undertaken within the Pribilof Islands high
density sampling region at stations that are determined using a probability-
based approach.

When analysing the survey data, use has been made of two post-stratification
schemes. Post-stratification for analysis of the data for groundfish was designed to
reflect the distribution of Bering Sea groundfish across the different oceanographic
domains, and thereby to reduce the variance of abundance estimates. Thus, for
groundfish, the survey area was divided into ten strata. For this, the survey area was
first split by a line running from the southwest to the northeast, dividing the area into
two geographic strata, i.e. a north-western stratum and a south-eastern stratum. Each
of these geographic strata was then divided into three depth strata, using the 50-m,
100-m and 200-m isobaths as boundaries. The high-density sampling stratum at the
Pribilof Islands was split in two, with one section falling within the north-western
geographic stratum and the other in the south-eastern stratum, but both portions lying
within the 50-100 m depth range. The high-density sampling stratum at St Mathew
Island was also split in two, with one section falling within the 50-100 m depth range,
and the other in the 100-200 m depth range. Together with the standard-density strata
in each geographic region and depth range, each of these high-density sub-regions
was considered a separate stratum when analysing the groundfish data.

The post-stratification that was employed for analysis of crab data was designed to
produce the estimates of abundance required for the various management units
defined for each species by the Alaska Department of Fish and Game (ADF&QG).
Although appropriate for the red king crab and blue king crab stocks, some
improvement in the precision of estimates of abundance for snow and Tanner crabs
might result from further division of the management unit strata into depth or area
sub-strata, based on oceanographic domains or average distribution of temperatures of
bottom water.

It is recommended that post-stratification of survey data of snow and Tanner
crabs based on oceanographic domains and/or average distribution of
temperature of bottom water is investigated to determine whether such post-
stratification might result in more precise estimates of abundance.
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Area surveyed

The survey area is bounded on the southwest by the Bering Sea continental slope, on
the northwest by the U.S.-Russian Convention line, on the northeast by the northern
Bering Sea shelf, and on the northeast and southeast by the near-shore shallow waters
of the coast of Alaska, and to the south of the latter south-eastern boundary by the
near-shore waters to the north of the northern portion of the Aleutian Island chain.

Distribution of principal species and coverage by survey

The highest densities of juvenile and mature female snow crabs recorded in the 2011
EBS survey were located in the northwest of the survey area, and the population
appeared likely to extend both beyond the U.S.-Russian Convention Line and into the
northern Bering Sea shelf (Plan Team, 2011). While the highest density of male snow
crabs was located to the south of the distribution of mature female snow crabs and
further to the southeast, between 170 and 175° W, the distribution of the male snow
crabs again appeared to extend beyond the U.S.-Russian Convention Line.

The Tanner crabs recorded in the 2011 bottom trawl survey of the EBS were
distributed to the south and southwest of the survey area (Plan Team, 2011). Although
it is noted that Tanner crabs are also present in the eastern north Pacific Ocean, the
bottom trawl survey appeared to provide good coverage of the population of Tanner
crabs in the eastern Bering Sea.

Two stocks of red king crabs within the eastern Bering Sea are recognised by fishery
managers. The major concentration of red king crabs is found in the Bristol Bay
District, while the second stock is located in the Pribilof Islands region. Survey
catches of red king crabs are also made at stations in the Northern District south and
west of Nunivak Island. Other stocks of this species are located north of the survey
area in Norton Sound and south of the survey area at Adak. The latter stocks exhibit
genetic divergence from those in Bristol Bay, the Pribilof Islands District, and the
Northern District of the EBS, but there is no indication that the latter assemblages of
the stock are genetically distinct. While the EBS bottom trawl survey appears to
provide good coverage of the assemblages of red king crabs in the Pribilof Islands and
Northern District, the crabs in Bristol Bay may extend beyond the surveyed region
into near-shore waters of the Bay.

The area covered by the bottom trawl survey of the eastern Bering Sea shelf
encompasses the areas at the Pribilof Islands and St Mathew Island which are
occupied by blue king crabs, although accessibility of those crabs to the trawls is
constrained by the rough bottom of the habitat in which they are found.

Walleye pollock and Pacific cod are distributed over greater geographic ranges than
are covered by the EBS bottom trawl survey. Maps of the distributions of survey
estimates of abundances of yellowfin sole and combined northern and southern rock
sole suggest that the distributions of their populations extend beyond the survey area
into near-shore coastal waters.
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Effect of survey coverage on estimates of abundance and biological
characteristics

For stocks of species that appear to be wholly contained within the standard surveyed
area, such as Tanner crabs, the Pribilof Islands and (possibly) Bristol Bay stocks of
red king crabs, and the Pribilof Islands and St Mathew Island stocks of blue king
crabs, the estimates of abundance and biological data that are produced from the EBS
survey are likely to reflect the abundance and biological characteristics of the entire
population. Stock assessment analyses using such data can treat the survey estimates
as either absolute estimates of the abundances of such stocks (if appropriately
adjusted by estimates of vulnerability) or indices of abundance.

For those populations that appear not to be wholly contained within the survey area,
e.g. snow crabs, walleye pollock, Pacific cod, yellowfin sole and northern and
southern rock sole, the abundance and biological data collected in the survey are
likely to represent only the data for those portions of the populations that lie within
the survey area and are accessible to the bottom trawl. Thus, abundance estimates
calculated from the bottom trawl survey will underestimate the abundances of such
populations, and biological data will only reflect the characteristics of those
individuals occupying the water accessible to the bottom trawl within the surveyed
area. Assumptions that are made for stock assessment, e.g., that the biomass estimate
is an index of the population abundance (i.e., a constant proportion of the full
population is present within the survey area every year and is thus available to the
survey), are likely to be invalid if the distribution of the population varies with inter-
annual changes in distribution of temperature and location of the “cold pool”. Such
variation would result in inter-annual changes in the availability of the species to the
survey. Estimates of the parameters of biological processes such as growth and
maturation that are derived from survey data are likely to be biased if the distribution
of the full population exhibits a size-dependent relationship with depth, temperature,
or location.

While inter-annual variability in the availability of different age classes of the
different species may be accommodated in stock assessment models for the various
species through the introduction of time-varying catchability and selectivity at age,
model complexity is increased accordingly. Estimates of annual availability are not
available from the trawl survey, as such estimates would require survey data from
untrawled areas. The annual survey does provide data on the relative spatial
distribution of the different age or size classes of each species that are accessible to
the bottom trawl and on the distribution of bottom water temperature within the
survey area, which could provide information to stock assessment models that might
assist in estimating annual catchability or age selectivity. Time series of the estimates
of abundance of groundfish within each of the strata could prove useful indices of
abundance for stock assessment. For species such as walleye pollock, the spatial
distribution of abundance estimates from the bottom trawl would need to be
accompanied by similar abundance estimates derived from data collected using
acoustic trawl surveys.
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It is recommended that further exploration of the relationship between the
spatial distributions of the various age and size classes of the different species
and the spatial distribution of bottom water temperatures in different years is
undertaken.

Migration

The annual EBS bottom trawl survey is undertaken between early June and late July.
The survey commences in Bristol Bay with the two vessels sampling alternative
longitudinal columns of stations and moving progressively from east to west. This
pattern of movement is intended to accommodate the movements of yellowfin sole,
and possibly other species. Such movement may also result in changes in availability
due to movement of individuals into or out of the survey area during the survey
period. The large area covered by the survey and the extended period over which the
survey is undertaken increase the potential that movement of fish may bias estimates
of abundance and samples of fish that are collected to determine biological
characteristics or estimate parameters of biological processes. McAllister (1998) has
noted that the bias associated with even relatively small rates of movement or inter-
annual variability in migration rates can be considerable. His findings suggest that
there would be considerable value in determining patterns and rates of movement of
the principal fish and invertebrate species such that any bias in estimates of
abundance can be quantified. His findings would also suggest that, lacking
information on migration rates and patterns of movement for many species, there
would be value in maintaining a consistent inter-annual pattern of traversal between
trawl stations and rate of progression of the survey from east to west, thereby
attempting to ensure that any bias in annual estimates of abundance is likely to be
relatively consistent across years.

It is recommended that a consistent inter-annual pattern of traversal between
trawl stations and rate of progression of the survey from east to west is
maintained in the annual EBS bottom trawl survey. It is also recommended that,
when exploring the relationship between spatial distribution of fish and bottom
water temperature, further exploration of migration patterns and rates of
movement is undertaken.

Extended period of trawl survey and change in temperature

Bottom water temperatures recorded in Bristol Bay in early June 2009 differed
markedly from those recorded when the region was resampled in late July 2009. This,
combined with the fact that the bottom trawl survey is conducted over a period of
approximately two months, suggests that bottom water temperatures recorded during
the survey period represent both spatial and temporal changes. As water temperatures
are likely to affect the spatial distribution, vertical distribution in the water column
(and thus accessibility to the bottom trawl), and vulnerability of the fish and
invertebrates in the survey area, there would be further value in maintaining a
consistent inter-annual pattern of traversal between trawl stations and rate of
progression of the survey from east to west, thereby attempting to maintain temporal
consistency between survey years.
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Precision of estimates of relative abundance

The coefficients of variation (CVs) for the 2009 estimates of abundance of legal-size
snow and Tanner crabs were 12% and 21%, respectively, while that for blue king
crabs at St Mathew Island was 26% (Chilton et al., 2009). Precision of the abundance
estimate for Bristol Bay red king crabs was only 40%, however, while those for
Pribilof Islands red and blue king crabs were only 66% and 58%, respectively
(Chilton et al., 2009). As blue king crabs tend to occupy rocky, inshore, untrawlable
habitat, it is probably not unexpected that the abundance estimate for this species
should be less precise than the estimates for snow and Tanner crabs.

Survey estimates of the mean abundance of the more abundant commercial
groundfish in 2009 were of relatively high precision, e.g., the CVs for walleye
pollock, Pacific cod, yellowfin sole, Hippoglossoides spp., Alaska plaice, arrowtooth
flounder, and Pacific halibut were all less than 12% (Lauth, 2010). Data provided in
the presentations to the Review Panel indicated that, on average, such precision had
been obtained since 1982. Estimates of CVs for less abundant fish and invertebrates
were greater than those for the main species, but, at a broader taxonomic level, still
respectable, e.g. shrimps had a CV of 32%, Ophiuroidea 17%, and Echinoidea 39%
(Lauth, 2010).

The precision of the snow and Tanner crabs, and for the more abundant commercial
groundfish, appears adequate for use in stock assessment, but consideration should be
given to ways in which more precise annual estimates of crab abundance could be
obtained, while maintaining consistency of the design and execution of the annual
EBS bottom trawl survey.

ToR 2. Evaluate the analytical methodology.

The eastern Bering Sea bottom trawl survey employs a fixed rectangular grid of
sampling stations. Grid cells have dimensions of 20 by 20 nmi, and survey stations are
located at the center of each grid cell. Two areas with higher sampling intensity have
been established, one in the region of the Pribilof Islands and the other near St
Mathew Island. Two forms of post-stratification are used, one for analysis of crab
abundance and the other for use when analysing data for groundfish and other
invertebrates. Both post-stratification schemes take the higher density sampling
regions into account, and survey stations are assigned to the stratum in which they are
located. Subsequent analyses of the survey data treat the data as a random rather than
systematic sample from the stratum when calculating the variance associated with the
mean CPUE, thus overestimating this value. The true variance of the systematic
sample is likely to be less than the value that would have resulted if sampling stations
had been allocated to the stratum using a probability-based approach to determine
their geographic location. With only one station sampled within each grid cell, it is
not possible to obtain an unbiased estimate of the true variance. An approximation to
the variance could be calculated, however, using an approach such as proposed by
D’Orazio (2003).
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It is recommended that the approximate variance of the mean abundance of each
species should be calculated using a method that recognises that a systematic
grid of trawl stations was employed when sampling, rather than random station
selection, and the resulting estimates of variance compared with those obtained
using methods that assume random sampling.

The decision in 2006 to discontinue the practice of correcting survey data for
differences in fishing power of the survey vessels appears sound (Lauth 2010).
Certainly, the argument, which was presented by Munro (1998), that, unless the
differences in fishing power were large, such correction is likely to increase
imprecision of the abundance estimate appears valid. It is also true that, as noted by
Lauth (2010), differences between the CPUEs of the two survey vessels could reflect
real differences in abundance or, particularly in earlier surveys when monitoring of
trawl performance was less advanced, differences in factors affecting trawl efficiency.
Use of systematic rather than random selection of adjoining stations used in vessel
comparisons is also likely to introduce bias into estimates of fishing power (Lauth,
2010). The fact that the data used to calculate fishing power were not independent of
the survey data to which they were applied is a further issue to be considered. Lauth
(2010) advises that, when stream data from survey trawls become available and swept
area calculations are refined to reflect the improved understanding of factors affecting
trawl performance that has resulted from the various studies that have been
undertaken, the historical estimates of fishing power will be revised and new time
series of survey abundance estimates will be produced. Until then, there will be no
change to the time series of catches prior to 2006.

The results of the study by Kotwicki ef al. (2006) on variation in the distribution of
walleye pollock with temperature, and inferences regarding migration that were
drawn from these results, are interesting. As noted by these authors, such migration
can influence the availability of walleye pollock within the survey area and, as found
by McAllister (1998), could produce considerable bias in survey estimates of
abundance. Following Kotwicki et al. (2006), it is reccommended that fish migration
vectors should be estimated for walleye pollock such that the effect of migration
can be taken into account when calculating survey estimates of abundance.

The age composition of the fish within each stratum is calculated from the estimated
length composition for the stratum using an age-length key that has been determined
for the stratum. It is not clear, however, whether the calculation of the age-length key
recognises the way in which otoliths are collected from each station, e.g., 3 otolith
pairs from each cm length interval for each sex for each of a number of species or 4
and 6 otoliths from walleye pollock in low and high density strata, respectively, and
the numbers of fish in each length class in the catch or total catch of the species at
each stratum. It is recommended that the methods used to construct the age-
length key for each stratum are reviewed to ensure that the non-random nature
of the collection of otoliths is recognised and that this aspect of the analysis is
sound.
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The methods that are proposed to be introduced to improve area swept calculations
were described in a presentation to the CIE Panel during the Review meeting.
Proposed modifications to the methods used to calculate the distance fished included
the use of spherical trigonometry rather than Euclidean geometry to calculate distance
between points, use of a cubic spline rather than a moving average to eliminate the
effect of noisy GPS data, and adjustment for wire retrieval. Proposed modifications
to the methods used to calculate wing spread included the use of sequential outlier
rejection rather than fixed lower and upper limits of 10 and 22 m, the use of a
smoothed mean rather than mean to remove bias resulting from uneven density of
data, adjustment of sound velocity for effects of temperature and depth rather than
assuming a constant velocity of 1500 m/sec, and estimation of missing wing spread
data using GAM model-based estimates to take into account a wider range of factors
than just scope. The science on which these proposed changes were based appears
sound, and use of the proposed methods should result in more accurate estimates of
abundance. As the methods only affect the way in which the survey data are analysed,
not the way in which the survey is undertaken, it is possible to produce time series of
data using the old and new analytical methods, and thereby assess the effect on the
stock assessment of the change to the new analytical approach.

It is recommended that proposed new approaches for calculating the area swept
are used when calculating estimates of abundance, as these should improve
accuracy and precision. As outlined above, these approaches include the use of
spherical trigonometry, use of a cubic spline, adjustment for wire retrieval, sequential
outlier rejection for wing width measurements, use of a smoothed mean, adjustment
of sound velocity for effects of temperature and depth, and estimation of missing wing
spread data using GAM model-based estimates.

ToR 3. Evaluate the procedures used for data quality control and
archiving.

A presentation to the CIE Panel during the Review described the methods used to
ensure data quality and to store and maintain data. These methods appeared very
sound. The storage within the database of audit information relating to any changes to
the data ensured that it was possible to extract a “snapshot” of the data that would
have been present in the database at the time of any earlier extraction. It is
recommended that, when data are extracted for use in stock assessment or other
analysis, read-only versions of the script that was used to generate the extracted
data from the raw data in the database and the resulting extracted data are
stored in an archive, together with the results of the stock assessment or analysis.
This will ensure that it is possible to determine precisely which trawl efficiency or
other adjustments have been applied when extracting the data and that it is possible to
explore how alternative models or analytical methods would have affected the results
if applied to precisely the same data as used in the original analysis.

The reliability of species identification in surveys from 1982 to 2008 has been
assessed subjectively and reported by Stevenson and Hoff (2009). These authors
advise that the quality of species identification has improved in recent years and
continues to improve. It is noted, however, that Hippoglossoides spp. (flathead sole H.
elassodon and Bering flounder H. robustus) is one of the eleven most abundant
species or species groups and is of sufficient importance to be discussed in greater
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detail in the groundfish data report, yet is reported in terms of the combined
abundance (Lauth, 2010). This is surprising in view of the fact that length data were
collected for the separate species, and otolith and dietary samples were obtained for
flathead sole, suggesting that subsamples of the combined survey catches of the two
species at each station could have provided data on the contribution to the catch of the
individual species. While the report on groundfish and invertebrate data collected in
the 2009 EBS survey advises that “fishes and invertebrates were identified and sorted
to the lowest taxonomic level practicable” (Lauth, 2010), no data are presented to
demonstrate or advise of the quality of species identification for the various
abundance estimates that are reported.

ToR 4. Evaluate the research approaches to evaluate gear performance
and estimate survey catchability.

Francis ef al. (2003) define survey catchability as the constant of proportionality that
relates the abundance or biomass of fish caught per unit of area swept to the total
number or biomass of fish within the area swept. Note that, in the context of the
eastern Bering Sea bottom trawl survey, the area swept by the trawl is taken to be the
product of the average distance between the wings of the trawl and the distance swept
by the net when the foot rope is in contact with the bottom. Lauth ef al. (2004) advise
that “Trawl survey catchability ... is an estimate based on the inferred true abundance
encompassing the entire spatial range of a fish population”, where it is implicitly
assumed that the full population is available within the survey area. They distinguish
this catchability from “trawl catching efficiency”, which they advise is an independent
estimate of catchability, but which “only approximates trawl survey catchability
because it is confined to the spatio-temporal scale of the experiment in which it is
being estimated”. This proportion, which Somerton et al. (1999) have referred to as
“trawl efficiency” and have denoted by the symbol Q, is or may be affected by a
number of factors including the species to which it relates, fish density, length, sex,
depth, temperature, bottom type, and light intensity. Some inconsistency in
terminology exists, however, as Somerton and Otto (1999), who cite Dickson (1993)
as the source of their definitions, advise that “trawl efficiency” is the “proportion of
animals that are captured within the area spanned by the trawl doors”. In a subsequent
paper, Somerton et al. (2007) use this same definition for the term “whole-gear
efficiency”. The term that Somerton and Otto (1999) employ for “the proportion of
animals that are captured within the path of the trawl net” is “net efficiency”. Trawl
efficiency is thus considered to be a function of sweep efficiency and net efficiency,
where “sweep efficiency” is the “proportion of animals within the path of the doors,
bridles, and sweeps [i.e,. excluding those directly in the net path] that are herded into
the net path”.

It is essential that factors that affect the consistency of Q among different survey
stations, i.e., estimates of trawl survey catchability, are taken into account before
producing survey-area wide estimates of relative abundance or biomass. Furthermore,
an accurate estimate of Q is needed if absolute estimates of abundance or biomass
within the survey area are required for fisheries management. If absolute estimates of
total population abundance or biomass are required, estimates of the availability (in
terms of abundance or biomass, respectively) of fish to the survey area and of the
accessibility of those fish to the survey trawls, e.g., the proportion of fish within their
vertical distribution that occur between the bottom and the headrope of the net, will be
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necessary. Note that data relating to the characteristics of the size and age
composition of the fish that are available and accessible to the trawls relative to those
of the population, and the vulnerability of fish of different sizes that encounter the
trawls are required before an estimate of the total abundance or biomass of the
population, and its size and age composition, can be calculated. For these reasons, the
research that has been undertaken by the AFSC to evaluate gear performance and to
produce empirical estimates of trawl catching efficiency, and thus to facilitate
calculation of estimates of total abundance or biomass in the survey area and trawl
survey catchability, is of considerable value.

The background papers relating to research, which had been identified as being
pertinent to the review, were examined. From the research results presented in these
papers, it was evident that the AFSC has undertaken considerable, high quality
research relating to factors affecting trawl performance, the efficiency with which
animals of different sizes are caught by the trawl net, and, through use of acoustic
data, how improved estimates of walleye abundance may be obtained.

Results of the research that was undertaken suggest that bottom type and hardness
affect trawl performance and efficiency, and thus, when estimating abundance, there
would be value in adjusting trawl efficiency to account for this factor. It is
recommended that the spatial distribution of bottom types and hardness over the
survey area is mapped.

It was also found in the research studies that, for some species, light intensity at the
headrope of the net influences the efficiency of the trawl. Accordingly, to take such
variation into account, light intensity at the headrope should be monitored during
survey and experimental trawls. It is recommended that light intensity at the
headrope is monitored in future trawls undertaken during the annual survey or
experiments.

Through the research that has been undertaken, understanding of the factors affecting
trawl performance and efficiency, and of the proportion of fish within their vertical
distribution that are accessible to the trawl, has evolved. With the improved
understanding of the factors involved, e.g., the effect of bottom type and hardness, it
is possible that improved experimental design could be employed to ensure that,
rather than being representative of only those locations at which earlier experiments
were undertaken and the specific values of the factors, e.g., depth, temperature, light,
bottom type, etc., that were experienced at those locations during those experiments,
the results of trawl efficiency studies could be applied to data collected from trawl
stations throughout the entire survey area taking into account the different values of
the factors at those locations.

It is recommended that those earlier experiments, which produced the currently-
used estimates of trawl efficiency, are reviewed in the context of current
understanding of the factors influencing trawl catches and area swept to
determine the extent to which it is appropriate to apply the resulting estimates of
trawl efficiency to trawl stations throughout the full survey area, and to identify
whether additional experiments are required to assess the influence on trawl
efficiency of factors that were not considered in the original experiments.
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ToR 5. Evaluate the collection of ancillary biological and environmental
data in support of an ecosystem approach to fisheries management.

Although the individuals sorting and measuring the fish (subsequently termed
“sorters” in this report) are instructed to measure all fish of the commercially
important species in the catch (or subsample of the catch obtained through use of a
cargo net and splitting bin) from each survey trawl, this is not always possible when
very large catches are made. In such cases, the sorters are advised of the absolute
minimum number of fish to be measured from a representative subsample from the
catch of the species (or from each of two sorted and weighed subgroups if the catch of
the species exhibits a distinct bimodal appearance). Instruction is also provided to the
sorters of the number of fish to be randomly sampled for collection of otoliths. No
instruction appears to be given as to how such random samples are to be selected for
length measurement or otolith collection.

Chilton (2009) advises that, when sorting and measuring crabs, subsamples of large
catches are also taken and that chela height and carapace width measurements were
obtained from other subsamples of the male Chionoecetes spp. crabs at each station,
but no details of the methods by which random subsamples are selected are provided
in the data report.

There is considerable potential for bias if sorters attempt subjectively to select a
random subsample. A second subsample selected with the same subjective bias might
prove to have similar characteristics to the first subsample, and thus comparison of the
two subsamples would be unlikely to assess whether the selection was unbiased. It is
recommended that a (statistically) well-defined process is developed to ensure
that subsamples of fish for length measurement and otolith collection are
randomly selected, and that details of the sampling protocols are included in
appendices of future data reports for both the crab and the groundfish and other
invertebrates.

The EBS bottom trawl survey has collected a valuable time series of data on species
composition and abundance of groundfish and invertebrates, and is yielding valuable
data on the compositions of the diets of many of the fish species. The Review Panel
was advised during the meeting that the quality of the data was adequate and the data
were valuable for the ecosystem modelling that was being undertaken by the AFSC.
Given the importance of the fisheries of the eastern Bering Sea, there is little doubt
that a high priority should be placed on ensuring that the structure and function of this
ecosystem is maintained. The long time series of data on the abundances of the
various taxonomic groups that are now available as a consequence of the annual EBS
bottom trawl survey, and the time series of data relating to removals by the
commercial fisheries, places the AFSC in a strong position as the availability of such
data should facilitate the development and refinement of ecosystem models relating to
the resource.
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ToR 6. Evaluate whether the survey data could be collected more cost
effectively.

A reduction in the number of stations trawled during the annual survey would reduce
the precision of estimates of abundance and could, if the removed stations were
located at the edge of the survey area, reduce the area surveyed. While such change
would introduce a discontinuity and affect the consistency of the current time series of
abundance estimates, it would be possible to re-analyse the existing data to exclude
the stations that had been dropped from the survey, and thereby produce a revised,
consistent time series. Prior to implementing such a change, analyses of existing data
would allow assessment of the extent to which precision was likely to be reduced and,
if the time series were carried through into stock assessment models, the impact on
the results of stock assessment. Such exploration using alternative spatial distributions
of station removals would allow selection of the approach that would have least
impact on the abundance estimates and stock assessment results. Note that, as
observed elsewhere in this report, it would be inappropriate to consider reducing the
frequency of the currently-annual bottom trawl survey.

Sample sizes appear excessive for the length measurements taken from the catches of
the more abundant species at each station. It is recommended that consideration is
given to calculating the effective sample size for both the length and age
composition data for the different species (e.g. Pennington et al., 2003), and that,
based on these effective sample sizes, appropriate sample sizes (allowing a
conservative buffer) are set for the length data and for the numbers of fish, the
otoliths of which are subjected to age determination. It is also recommended that
otoliths are collected from a greater number of fish than are required for age
determination, with a randomly-selected subset being subjected to age
determination and the remainder stored to ensure that the age sample size could
be increased if subsequent analysis indicated that such increase was required.

The research that has been undertaken suggests that reducing tow duration from 30 to
15 minutes would have little effect on the CPUE for fish but would increase the
CPUE for snow and Tanner crabs (Somerton ef al., 2002). Because of the reduction
in the area swept, there would be less catch to process if tow duration was reduced.
Overall survey time would not be greatly reduced, however, as this is determined by
the time taken to travel between survey stations. Nevertheless, a reduction in tow
duration could free up sufficient time to allow additional random trawl tows to be
made within a subset of the grid cells, and would thus be of value to the AFSC. The
question is how the transition from 30 to 15 minute tows might be achieved without
breaking the consistency of the time series, and thereby reducing its value for stock
assessment. Whether such a transition is possible without having a major impact on
continuity and thus on stock assessment will require consideration.

It is recommended that the impacts on stock assessments for the different species
of alternative approaches to implementing 15 rather than 30 minute tows in
survey trawls are investigated through simulation modelling, to provide data on
which an informed decision regarding a transition to 15 minute tows could be
based. Such simulation modelling could be based on existing survey data and the
results reported by Somerton et al. (2002) and other studies. While prohibitively
expensive, the transition to the shorter tow duration would probably best be achieved
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through a considerable period of overlap, during which period the annual survey was
replicated using both 30 and 15 minute tows while still covering the survey area
within the same two month survey period. An approach such as this would maintain
continuity, while providing the comparisons necessary to calibrate the new method.
An alternative approach, if research funds permitted, might be to augment the existing
annual survey with a relatively large number of randomly-positioned 15 minute tows
for several years, then progress to use of 15-minute tows at the standard survey
locations with additional randomly-positioned 30 minute tows for several years,
before phasing out the 30 minute tows completely. If research funds do not allow
additional sampling, it may be necessary to consider replacing a proportion of the
existing 30-minute trawls in the annual survey by 15-minute trawls, and exploring in
the simulations whether such substitution should be distributed systematically or
randomly over the stations and the number of years over which the proportion of 15-
minute trawls should progressively be increased. Ultimately, the question of whether
to introduce the new survey approach will be determined by the extent to which the
impact of the transition can be minimised, and the extent to which consistency and
stock assessment are compromised by the change.

ToR 7. Provide recommendations for further improvements

Much of the research over recent years has been directed at ways in which trawl
performance could be made more consistent and estimates of area swept more
reliable. While there has been continued refinement to improve conformity with
NOAA'’s standards for survey trawling (Stauffer, 2004), the greatest improvements
have been to the technology used to monitor net geometry and performance. Although
area swept calculations were modified in 2009 to employ the mean width between the
wings of the trawl net rather than a fixed constant, many refinements to the accuracy
and precision of area swept calculations, which have been made possible by the
improved monitoring methods, have yet to be introduced into the standard analytical
techniques employed to produce survey abundance estimates. In discussing whether
these improved approaches for estimating area swept should be introduced, despite
the fact that their introduction will introduce inconsistency in the time series,
Kotwicki et al. (2011) argue that the change is to the analytical methods, not the data
that are collected, and that those methods can be applied retrospectively to data
extending back to the 1990s, with estimates for earlier years being derived from
modelling.

Similar arguments can be applied to the introduction of the improved estimates of
trawl efficiency that have arisen and will continue to arise from research experiments.
Provided that appropriate correction is made to all years of data, consistency of survey
catchability will be maintained throughout the adjusted time series and data will
satisfy stock assessment needs.

It is recommended that, after appropriate evaluation and review by the AFSC,
improved analytical methods of calculating abundance and improved estimates
of catch efficiency should be introduced to ensure that current and future
estimates are as accurate and precise as knowledge allows. It is inappropriate to
produce estimates that are inaccurate or imprecise when more reliable estimates are
available.
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It is recommended that, when changes to analytical approaches or trawl
efficiency estimates are made, a time series of estimates derived using the
original analytical methods and original estimates of trawl efficiency should
continue to be produced to accompany the improved time series, thereby
allowing assessment of the effect and implications of the changes that have been
made to the time series, and thus providing “continuity” between the old and
new time series. By continuing to produce time series of abundance estimates derived
using the previous analytical techniques and estimates of trawl efficiency, in parallel
with time series of new improved estimates, for as many years as required, stock
assessment models can continue to employ the original series thereby maintaining
continuity, while commencing to “phase in” the new time series.

The value to stock assessment of a consistent time series of abundance estimates,
covering a long time period, is indisputable. The value of consistency, however,
should not constrain exploration of ways in which alternative survey design or data
collection techniques could be introduced, the effect of the change determined, and
the impact on the precision of stock assessment minimised. Some changes are likely
to be inevitable, e.g., the current need to introduce new floats for the headrope of the
trawls due to the cessation of manufacture of the current aluminium floats. It is
recommended that simulation studies, which use existing survey data, should be
initiated to explore the impact of alternative survey designs and procedures on
the cost of surveys and the precision of stock assessment results. Four issues that
would be worth exploring are (1) a move from 30-minute to 15-minute tows; (2)
introduction of a small random survey to operate in parallel with the fixed systematic
survey, and thereby assist in overcoming any systematic bias that might exist; (3) a
reduction in sampling density (by eliminating either a systematic or random set of
stations), thereby assessing whether survey costs can be reduced while still
maintaining a high quality survey; and (4) a reduction in survey cost of a specified
amount, while determining the set of fixed stations, which should still be monitored,
that would produce abundance estimates for different species with the greatest
precision.

5. Conclusions and recommendations

A requirement to maintain absolute consistency of survey results, such that data from
different years are comparable and that estimates of annual abundance are likely to be
proportional to the true abundance of the population, has the potential to constrain the
introduction of improved analytical approaches or improved estimates of selectivity or
gear efficiency. Implicitly, there is an assumption that the survey estimate is biased,
and that, through maintaining consistent survey methods and analytical approaches,
such bias will be consistent. By standardising the way in which trawl surveys are
conducted (Stauffer, 2004), NOAA has attempted to ensure that each trawl is as
consistent as possible to all other trawls in this or other annual surveys. By
standardising the design of the systematic EBS trawl survey, any systematic survey
bias that exists may be assumed to be constant. By standardising analytical
approaches, the time series of abundance estimates for earlier years will remain
constant and new abundance estimates will be consistent with the old. The inevitable
result of strict adherence to such demand for consistency is that the survey cannot
adapt to new knowledge or respond when circumstances change, nor can new
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approaches be adopted to improve the accuracy and precision of future estimates of
abundance.

Clearly, a certain level of flexibility is necessary if survey approaches are to be
refined to accommodate changing research resources and allow the introduction of
new analytical methods or data that will result in more reliable estimates of
abundance. Yet it is also clear that sufficient continuity and consistency will need to
be maintained to ensure that time series of abundance estimates provide the
information that is required by stock assessment models and fishery managers.

The major recommendations that have been proposed in this report are intended to
introduce a strategy that will allow progressive improvement of survey methods,
analytical techniques, and trawl efficiency estimates while still meeting the needs for
consistency and continuity. Thus it is proposed that simulation is undertaken to
explore ways in which transition from one survey method to another might be
implemented over a series of years while ensuring that the impact of that transition on
stock assessment is minimised, and that, by producing time series of estimates
calculated using both old and new analytical approaches and efficiency estimates for a
number of years, the new approaches and estimates might be introduced while still
providing consistent data for use in stock assessment models.

A great strength of the trawl survey group in the AFSC is their commitment to high
quality and innovative research. By adopting a strategy that encourages continued
improvement of analytical techniques and trawl efficiency estimates and which
overcomes any “inertia” that currently results from the desire for continuity and
consistency, the abundance estimates that are produced from the trawl surveys will be
assured of being as accurate and precise as knowledge and data allow.
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that bibliography, which are listed below, were also accessed and read prior to the CIE review.

Trawl catchability

Kotwicki, S., and Weinberg, K. L. 2005. Estimating capture probability of a survey bottom trawl for
Bering Sea skates (Bathyraja spp.) and other fish. Alaska Fish. Res. Bull., 11: 135-145,
http://www.adfg.alaska.gov/static/home/library/PDFs/afrb/kotwv11n2.pdf

Kotwicki, S., De Robertis, A., von Szalay, P., and Towler, R. 2009. The effect of light intensity on the
availability of walleye pollock (Theragra chalcogramma) to the bottom trawl and acoustic
surveys. Can. J. Fish. Aquat. Sci., 66: 983-994.

Lauth, R. R., Wakefield, W. W., and Smith, K. 2004a. Estimating the density of thornyheads,
Sebastolobus spp., using a towed video camera sled. Fish. Res., 70: 39-48.
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Lauth, R. R,, lanelli, J., and Wakefield, W. W. 2004b. Estimating the size selectivity and catching
efficiency of a survey bottom trawl for thornyheads, Sebastolobus spp. using a towed video
camera sled. Fish. Res., 70: 27-37.

Munro, P. T., and Somerton, D. A. 2001. Maximum likelihood and non-parametric methods for
estimating trawl footrope selectivity. ICES J. Mar. Sci., 58: 220-229.

Munro, P. T., and Somerton, D. A. 2002. Estimating net efficiency of a survey trawl for flatfishes. Fish.
Res., 55:267-279.

Nichol, D. G., Honkalehto, T., and Thompson, G. G. 2007. Proximity of Pacific cod to the sea floor:
Using archival tags to estimate fish availability to research bottom trawls. Fish. Res., 86: 129-
135.

Somerton, D., lanelli, J., Walsh, S., Smith, S., Godg, O.R., and Ramm, D. 1999. Incorporating
experimentally derived estimates of survey trawl efficiency into the stock assessment
process: a discussion. ICES J. Mar. Sci., 56: 299-302.

Somerton, D. A., and Otto, R. S. 1999. Net efficiency of a survey trawl for snow crab, Chionoecetes
oplilio, and Tanner crab, C. bairdi. Fish. Bull., U.S., 97: 617-625.
http://fishbull.noaa.gov/17somert.pdf

Somerton, D. A., and Weinberg, K. L. 2001. The affect of speed through the water on footrope
contact of a survey trawl. Fish. Res., 53: 17-24.

Somerton, D. A., and Munro, P. 2001. Bridle efficiency of a survey trawl for flatfish. Fish. Bull., U.S.,
99: 641-652. http://fishbull.noaa.gov/994/som.pdf

Somerton, D. A. 2004. Do Pacific cod (Gadus macrocephalus) and walleye pollock (Theregra
chalcogramma) lack a herding response to the doors, bridles, and mudclouds of survey
trawls? ICES J. Mar. Sci., 61: 1186-1189.

Somerton, D. A., Munro, P. T., and Weinberg, K. L. 2007. Whole-gear efficiency of a benthic survey
trawl for flatfish. Fish. Bull., U.S., 105: 278-291. http://fishbull.noaa.gov/1052/somerton.pdf

Weinberg, K. L., Otto, R. S., and Somerton, D. A. 2004. Capture probability of a survey trawl for red
king crab (Paralithodes camtschaticus). Fish. Bull., U.S., 102: 740-749.
http://fishbull.noaa.gov/1024/weinb.pdf

Weinberg, K. L., and Munro, P. T. 1999. The effect of artificial light on escapement beneath a survey
trawl. ICES J. Mar. Sci., 56: 266-274.

Survey standardization

Kotwicki, S., Weinberg, K. L., and Somerton, D. A. 2006. The effect of autotrawl systems on the
performance of a survey trawl. Fish. Bull., 104: 35-45,
http://fishbull.noaa.gov/1041/kotwicki.pdf

Kotwicki, S., Martin, M. H., and Laman, E. A. 2011. Improving area swept estimates from bottom
trawl surveys. Fish. Res., 110: 198-206.

Lauth, R. R., Syrjala, S. E., and McEntire, S. W. 1998. Effects of gear modifications on the
performance and catching efficiency of the west coast upper continental slope groundfish
trawl. Mar. Fish. Rev., 60(1): 1-26. http://spo.nmfs.noaa.gov/mfr601/mfr6011print.pdf

Orr, J. W., and Matarese, A. C. 2000. Revision of the genus Lepidopsetta Gill, 1862 (Teleostei:
Pleuronectidae) based on larval and adult morphology, with a description of a new species
from the North Pacific Ocean and Bering Sea. Fish. Bull., U.S., 98: 539-582.
http://fishbull.noaa.gov/983/07.pdf
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Somerton, D. A., Otto, R. S., and Syrjala, S. E. 2002. Can changes in tow duration on bottom trawl
surveys lead to changes in CPUE and mean size? Fish. Res., 55: 63-70.

Stevenson, D. E., and Hoff, G. R. 2009. Species identification confidence in the eastern Bering Sea
shelf survey (1982-2008). AFSC Processed Rep. 2009-04, 46 p. Alaska Fish. Sci. Cent., NOAA,
Natl. Mar. Fish. Serv., 7600 Sand Point Way NE, Seattle WA 98115.
http://www.afsc.noaa.gov/Publications/ProcRpt/PR2009-04.pdf

Stevenson, D. E., Orr, J. W., Hoff, G. R., and McEachran, J. D. 2008. Emerging patterns of species
richness, diversity, population density, and distribution in the skates (Rajidae) of Alaska. Fish.
Bull., U.S., 106: 24-39. http://fishbull.noaa.gov/1061/stevenson.pdf

von Szalay, P. G. 2004. The effect of improved footrope contact measurements on trawl area swept
estimates. Fish. Res., 69: 389-398.

Weinberg, K. L. 2003. Change in the performance of a Bering Sea survey trawl due to varied trawl
speed. Alaska Fish. Res. Bull., 10: 42-49,
http://www.adfg.alaska.gov/static/home/library/PDFs/afrb/weinv10On1.pdf

Weinberg, K. L., and Somerton, D. A. 2006. Variation in trawl geometry due to unequal warp length.
Fish. Bull., U.S., 104: 21-34. http://fishbull.noaa.gov/1041/weinberg.pdf

Weinberg, K., and Kotwicki, S. 2008. Factors influencing net width and sea floor contact of a survey
bottom trawl. Fish. Res., 93: 265-279.

Zimmermann, M., Wilkins, M. E., Weinberg, K. L., Lauth, R. R., and Shaw, F. R. 2003. Influence of
improved performance monitoring on the consistency of a bottom trawl survey. ICES J. Mar.
Sci., 60: 618-826.

Acoustics

Honkalehto, T, Ressler, P. H, Towler, R. H., and Wilson, C. D. 2011. Using acoustic data from fishing
vessels to estimate walleye pollock (Theragra chalcogramma) abundance in the eastern
Bering Sea. Can J. Fish Aquat Sci., 68: 1231-1242.

Kotwicki, S., De Robertis, A., lanelli, J., Punt, A. E., and Horne, J. In prep. Combining bottom trawl
and acoustic data to model acoustic dead zone correction and bottom trawl efficiency
parameters for semi-pelagic species.

Somerton, D. A., Williams, K, von Szalay, P. G., and Rose, C. S. 2011. Using acoustics to estimate the
fish-length selectivity of trawl mesh. ICES J. Mar. Sci., 68: 1558-1565.

von Szalay, P. G., Somerton, D. A., and Kotwicki, S. 2007. Correlating trawl and acoustic data in the
eastern Bering Sea: a first step toward improving biomass estimates of walleye pollock
(Theragra chalcogramma) and Pacific cod (Gadus macrocephalus)? Fish. Res., 86: 77-83.

von Szalay, P. G., and Somerton, D. A. 2009. A comparison of acoustic backscatter between a
trawling and a free-running vessel for eastern Bering Sea walleye pollock (Theragra
chalcogramma). Fish. Res., 96: 223-229.

Data analysis and survey design

Kimura, D. K., and Somerton, D. A. 2006. Review of statistical aspects of survey sampling for marine
fisheries. Rev. Fish. Sci., 14: 245-283.
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Kotwicki, S., Buckley, T. W., Honkalehto, T., and Walters, G. 2005. Variation in the distribution of
walleye pollock (Theragra chalcogramma) with temperature and implications for seasonal
migration. Fish. Bull., U.S., 103: 574-587. http://fishbull.noaa.gov/1034/kotw.pdf

Munro, P. T. 1998. A decision rule based on the mean square error for correcting relative fishing
power differences in trawl survey data. Fish. Bull., U. S., 96: 538-546.
http://fishbull.noaa.gov/963/munro.pdf

von Szalay, P. G. 2003. The feasibility of reducing the variance of fish relative abundance estimates
by integrating CPUE data from two demersal trawl surveys in the Gulf of Alaska. Alaska Fish.
Res. Bull., 10: 1-13.
http://www.adfg.alaska.gov/static/home/library/PDFs/afrb/vonsv10nl.pdf

Zimmermann, M., Dew, C. B., and Malley, B. A. 2009. History of Alaska red king crab, Paralithodes
camtschaticus, bottom trawl surveys, 1940-61. Mar. Fish. Rev., 71(1): 1-22.
http://spo.nmfs.noaa.gov/mfr711/mfr7111.pdf
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Appendix 2: Copy of CIE Statement of Work

Statement of Work for Dr. Norm Hall

External Independent Peer Review by the Center for Independent Experts
Eastern Bering Sea Crab and Groundfish Bottom Trawl Surveys

Scope of Work and CIE Process: The National Marine Fisheries Service’s (NMFS) Office of Science
and Technology coordinates and manages a contract providing external expertise through the
Center for Independent Experts (CIE) to conduct independent peer reviews of NMFS scientific
projects. The Statement of Work (SoW) described herein was established by the NMFS Project
Contact and Contracting Officer’s Technical Representative (COTR), and reviewed by CIE for
compliance with their policy for providing independent expertise that can provide impartial and
independent peer review without conflicts of interest. CIE reviewers are selected by the CIE Steering
Committee and CIE Coordination Team to conduct the independent peer review of NMFS science in
compliance the predetermined Terms of Reference (ToRs) of the peer review. Each CIE reviewer is
contracted to deliver an independent peer review report to be approved by the CIE Steering
Committee and the report is to be formatted with content requirements as specified in Annex 1.
This SoW describes the work tasks and deliverables of the CIE reviewer for conducting an
independent peer review of the following NMFS project. Further information on the CIE process can
be obtained from www.ciereviews.org.

Project Description: The Alaska Fisheries Science Center (AFSC) requests a Center of Independent
Experts (CIE) review of the eastern Bering Sea crab and groundfish bottom trawl surveys. The data
from this survey are used in more than 25 stock assessments conducted by the AFSC as well as the
State of Alaska and the International Pacific Halibut Commission. Although all AFSC bottom trawl
surveys, as well as those conduct by other NMFS science centers, were examined closely during the
development of the NOAA Bottom Trawl Protocols in 2004, the AFSC surveys have never been
formally reviewed by a CIE panel. The AFSC has conducted considerable research on factors
affecting trawl performance and catchability and their impacts on resulting survey estimates of
distribution and abundance. However, in recent years the trawl and survey performance and results
of this multi-species survey have come under scrutiny by industry, particularly with respect to Bering
Sea red king crab, snow crab, and Pacific cod. Considering the importance of the data produced by
the Bering Sea bottom trawl surveys, a CIE review in 2012 would be timely and beneficial. The
Terms of Reference (ToRs) of the peer review are attached in Annex 2. The tentative agenda of the
panel review meeting is attached in Annex 3.

Requirements for CIE Reviewers: Three CIE reviewers shall conduct an impartial and independent
peer review in accordance with the SoW and ToRs herein. CIE reviewers shall have working
knowledge and recent experience in the application of stock assessment, including population
dynamics, survey design and methodology, and statistical analysis. It is not expected that each of
the three reviewers have all of these specialized areas of expertise, rather that at least one of the
three reviewers should be knowledgeable in each of these areas. Reviewers should also have
experience conducting stock assessments for fisheries management. Each CIE reviewer’s duties shall
not exceed a maximum of 14 days to complete all work tasks of the peer review described herein.
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Location of Peer Review: Each CIE reviewer shall conduct an independent peer review during the
panel review meeting scheduled in Seattle, Washington tentatively during April 10-12, 2012.

Statement of Tasks: Each CIE reviewers shall complete the following tasks in accordance with the
SoW and Schedule of Milestones and Deliverables herein.

Prior to the Peer Review: Upon completion of the CIE reviewer selection by the CIE Steering
Committee, the CIE shall provide the CIE reviewer information (full name, title, affiliation, country,
address, email) to the COTR, who forwards this information to the NMFS Project Contact no later
than the date specified in the Schedule of Milestones and Deliverables. The CIE is responsible for
providing the SoW and ToRs to the CIE reviewers. The NMFS Project Contact is responsible for
providing the CIE reviewers with the background documents, reports, foreign national security
clearance, and other information concerning pertinent meeting arrangements. The NMFS Project
Contact is also responsible for providing the Chair a copy of the SoW in advance of the panel review
meeting. Any changes to the SoW or ToRs must be made through the COTR prior to the
commencement of the peer review.

Foreign National Security Clearance: When CIE reviewers participate during a panel review meeting
at a government facility, the NMFS Project Contact is responsible for obtaining the Foreign National
Security Clearance approval for CIE reviewers who are non-US citizens. For this reason, the CIE
reviewers shall provide requested information (e.g., first and last name, contact information, gender,
birth date, passport number, country of passport, travel dates, country of citizenship, country of
current residence, and home country) to the NMFS Project Contact for the purpose of their security
clearance, and this information shall be submitted at least 30 days before the peer review in
accordance with the NOAA Deemed Export Technology Control Program NAO 207-12 regulations
available at the Deemed Exports NAO website: http://deemedexports.noaa.gov/sponsor.html).

Pre-review Background Documents: Two weeks before the peer review, the NMFS Project Contact
will send (by electronic mail or make available at an FTP site) to the CIE reviewers the necessary
background information and reports for the peer review. In the case where the documents need to
be mailed, the NMFS Project Contact will consult with the CIE Lead Coordinator on where to send
documents. CIE reviewers are responsible only for the pre-review documents that are delivered to
the reviewer in accordance to the SoW scheduled deadlines specified herein. The CIE reviewers shall
read all documents in preparation for the peer review.

Panel Review Meeting: Each CIE reviewer shall conduct the independent peer review in accordance
with the SoW and ToRs, and shall not serve in any other role unless specified herein. Modifications
to the SoW and ToRs can not be made during the peer review, and any SoW or ToRs modifications
prior to the peer review shall be approved by the COTR and CIE Lead Coordinator. Each CIE
reviewer shall actively participate in a professional and respectful manner as a member of the
meeting review panel, and their peer review tasks shall be focused on the ToRs as specified herein.
The NMFS Project Contact is responsible for any facility arrangements (e.g., conference room for
panel review meetings or teleconference arrangements). The NMFS Project Contact is responsible
for ensuring that the Chair understands the contractual role of the CIE reviewers as specified herein.
The CIE Lead Coordinator can contact the Project Contact to confirm any peer review arrangements,
including the meeting facility arrangements.

Contract Deliverables - Independent CIE Peer Review Reports: Each CIE reviewer shall complete an
independent peer review report in accordance with the SoW. Each CIE reviewer shall complete the
independent peer review according to required format and content as described in Annex 1. Each
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CIE reviewer shall complete the independent peer review addressing each ToR as described in Annex
2.

Other Tasks — Contribution to Summary Report: Each CIE reviewer may assist the Chair of the panel
review meeting with contributions to the Summary Report, based on the terms of reference of the
review. Each CIE reviewer is not required to reach a consensus, and should provide a brief summary
of the reviewer’s views on the summary of findings and conclusions reached by the review panel in
accordance with the ToRs.

Specific Tasks for CIE Reviewers: The following chronological list of tasks shall be completed by
each CIE reviewer in a timely manner as specified in the Schedule of Milestones and Deliverables.

1) Conduct necessary pre-review preparations, including the review of background
material and reports provided by the NMFS Project Contact in advance of the peer
review.

2) Participate in the panel review meeting in Seattle, Washington during April 10-12,
2012.

3) In Seattle, Washington during April 10-12, 2012 as specified herein, conduct an
independent peer review in accordance with the ToRs (Annex 2).

4) No later than April 26, 2012, each CIE reviewer shall submit an independent peer
review report addressed to the “Center for Independent Experts,” and sent to Manoj
Shivlani, CIE Lead Coordinator, via email to shivlanim@bellsouth.net, and CIE
Regional Coordinator, via email to David Die ddie@rsmas.miami.edu. Each CIE
report shall be written using the format and content requirements specified in Annex
1, and address each ToR in Annex 2.
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Schedule of Milestones and Deliverables: CIE shall complete the tasks and deliverables described in
this SoW in accordance with the following schedule.

March 6, 2012

CIE sends reviewer contact information to the COTR, who then sends this to
the NMFS Project Contact

March 27, 2012

NMES Project Contact sends the CIE Reviewers the pre-review documents

Each reviewer participates and conducts an independent peer review during

April 10-12,2012 the panel review meeting

April 26,2012 Lead Coordinator and CIE Regional Coordinator

May 10, 2012 | CIE submits CIE independent peer review reports to the COTR

May 17,2012 regional Center Director

Modifications to the Statement of Work: This ‘Time and Materials’ task order may require an
update or modification due to possible changes to the terms of reference or schedule of milestones
resulting from the fishery management decision process of the NOAA Leadership, Fishery
Management Council, and Council’s SSC advisory committee. A request to modify this SOW must be
approved by the Contracting Officer at least 15 working days prior to making any permanent
changes. The Contracting Officer will notify the COTR within 10 working days after receipt of all
required information of the decision on changes. The COTR can approve changes to the milestone
dates, list of pre-review documents, and ToRs within the SoW as long as the role and ability of the
CIE reviewers to complete the deliverable in accordance with the SoW is not adversely impacted.
The SoW and ToRs shall not be changed once the peer review has begun.

Acceptance of Deliverables: Upon review and acceptance of the CIE independent peer review
reports by the CIE Lead Coordinator, Regional Coordinator, and Steering Committee, these reports
shall be sent to the COTR for final approval as contract deliverables based on compliance with the
SoW and ToRs. As specified in the Schedule of Milestones and Deliverables, the CIE shall send via e-
mail the contract deliverables (CIE independent peer review reports) to the COTR (William Michaels,
via William.Michaels@noaa.gov).

Applicable Performance Standards: The contract is successfully completed when the COTR provides
final approval of the contract deliverables. The acceptance of the contract deliverables shall be
based on three performance standards:

(1) each CIE report shall be completed with the format and content in accordance with Annex 1,

(2) each CIE report shall address each ToR as specified in Annex 2,

(3) the CIE reports shall be delivered in a timely manner as specified in the schedule of milestones
and deliverables.

Distribution of Approved Deliverables: Upon acceptance by the COTR, the CIE Lead Coordinator
shall send via e-mail the final CIE reports in *.PDF format to the COTR. The COTR will distribute the
CIE reports to the NMFS Project Contact and Center Director.
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William.Michaels@noaa.gov  Phone: 301-427-8155

Manoj Shivlani, CIE Lead Coordinator

Northern Taiga Ventures, Inc.

10600 SW 131 Court, Miami, FL 33186
shivlanim@bellsouth.net Phone: 305-383-4229

Roger W. Peretti, Executive Vice President

Northern Taiga Ventures, Inc. (NTVI)

22375 Broderick Drive, Suite 215, Sterling, VA 20166
RPerretti@ntvifederal.com Phone: 571-223-7717
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Annex 1: Format and Contents of CIE Independent Peer Review
Report

1. The CIE independent report shall be prefaced with an Executive Summary providing a concise
summary of the findings and recommendations, and specify whether the science reviewed is the
best scientific information available.

2. The main body of the reviewer report shall consist of a Background, Description of the Individual
Reviewer’s Role in the Review Activities, Summary of Findings for each ToR in which the
weaknesses and strengths are described, and Conclusions and Recommendations in accordance
with the ToRs.

a. Reviewers should describe in their own words the review activities completed during the panel
review meeting, including providing a brief summary of findings, of the science, conclusions, and
recommendations.

b. Reviewers should discuss their independent views on each ToR even if these were consistent
with those of other panelists, and especially where there were divergent views.

c. Reviewers should elaborate on any points raised in the Summary Report that they feel might
require further clarification.

d. Reviewers shall provide a critique of the NMFS review process, including suggestions for
improvements of both process and products.

e. The CIE independent report shall be a stand-alone document for others to understand the
weaknesses and strengths of the science reviewed, regardless of whether or not they read the
summary report. The CIE independent report shall be an independent peer review of each ToRs,
and shall not simply repeat the contents of the summary report.

3. The reviewer report shall include the following appendices:
Appendix 1: Bibliography of materials provided for review

Appendix 2: A copy of the CIE Statement of Work
Appendix 3: Panel Membership or other pertinent information from the panel review meeting.
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Annex 2: Tentative Terms of Reference for the Peer Review

Eastern Bering Sea Crab and Groundfish Bottom Trawl Surveys

1. Evaluate the data collection operations and sampling design of the survey in term of their
adequacy for producing consistent and precise estimates of relative abundance for the
various fishes and invertebrates of concern.

Evaluate the analytical methodology.
Evaluate the procedures used for data quality control and archiving.

4. Evaluate the research approaches to evaluate gear performance and estimate survey
catchability.

5. Evaluate the collection of ancillary biological and environmental data in support of an
ecosystem approach to fisheries management.

Evaluate whether the survey data could be collected more cost effectively.

Provide recommendations for further improvements

Note — CIE reviewers typically address scientific subjects, hence ToRs usually do not involve
CIE reviewers with regulatory and management issues unless this expertise is specifically
requested in the SoW.
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Annex 3: Tentative Agenda

CIE Review of the Eastern Bering Sea Crab and Groundfish Bottom Trawl Surveys
Alaska Fisheries Science Center
7600 Sand Point Way NE, Seattle, WA 98115
Building 4; Room 2076 (April 10-12, 2012)

Review panel chair: David Somerton, david.somerton@noaa.gov

Survey group leaders: Robert Lauth, bob.lauth@noaa.gov (groundfish) and Robert Foy,
robert.foy@noaa.gov (crab)

Security and check-in: Ron Erickson, ron.erickson@noaa.gov

Sessions will run from 9 a.m. to 5 p.m. each day, with time for lunch and morning and afternoon
breaks.

Discussion will be open to everyone, with priority given to the panel, presenters, and survey group
leaders.

Tuesday, April 10th
0900 Welcome and Introductions. The EBS environment and commercial fisheries
(Somerton)

0930 The EBS survey (Lauth & Foy)

History of the EBS survey, current sampling design including the use of charter vessels.
Description of the trawl pre- and post- 1982. Wheelhouse activities and catch processing
procedures —i.e. how we do a tow. Area swept estimation —how we do it and why.

10:30 break

11:00 The EBS survey (continued; Lauth & Foy)

11:30 Database, data editing and QA (Vijgen)

12:00 Lunch

13:00 Survey standardization (Weinberg)

14:00 Tour of net shed

1530 Analytic methodologies used for the estimation of relative abundance (Lauth & Foy)
Area swept estimation: new approaches. Biomass and variance calculation.

The fishing power correction. Post hoc sampling for crab — hot spots and retows.
Wednesday, April 11th
0900 Qresearch - demersal fish and crabs (Somerton)

Snow crab selectivity. Escapement and herding of flatfish. Vertical availability of Pcod.
Light and vertical distribution

10:15 Break

10:30 Use of acoustics on the EBS survey (Kotwicki)
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AVO project (collect acoustics for others). Acoustic and bottom trawl blind zones (combining
acoustic and bottom trawl survey for pollock). Using acoustics to estimate pollock between
stations to improve biomass estimate.

12:00 Lunch

1300 Presentations on the survey estimates and uncertainty relative to model

assumptions and structure: introduction (Somerton)
13:15 Snow crab (Turnock)
13:45 Pollock (lanelli)
14:15 Break
14:30 Discussion between CIE committee and survey scientists

Thursday, April 12th

0900 -1200 Presentations on the survey estimates and uncertainty relative to model
assumptions and structure (continued)

noon -1300 Lunch

1300-1700 Discussion and wrap-up
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Appendix 3: Membership of Review Panel

Members of the review panel:

* David Somerton (Chair)
* CIE Reviewers

o Jon Vglstad, Head of Research Group on Fisheries Dynamics, Institute of
Marine Research, Bergen, Norway.

o Yong Chen, Professor, School of Marine Sciences, University of Maine,
Orono, ME.

o Norman Hall, Professor, Centre for Fish and Fisheries Research, Murdoch
University, Australia.
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Executive Summary

The ESB bottom trawl survey, with current design and sampling effort, is generally adequate
for producing consistent and precise estimates of relative abundance for major fish and crab
species over time, including walleye pollock, Pacific cod, yellowfin sole, northern rock sole,
snow and tanner crabs. The bottom trawl survey generally covers soft-bottom habitats and
will therefore not be suitable for fish and invertebrate species that favor hard-bottom
substrate, such as blue king crab. The very strong quality-control and quality assurance
program implemented by AFSC to standardize trawl sampling protocols and trawl
performance (warp length, wing-spread, net width, towing distance, etc.) minimize sources of
errors in area-swept estimates due to changes in survey vessels over time. AFSC has excellent
routines for data quality control, correction, and archiving, securing a database with high
quality information. The EBS trawl survey is generally cost-effective for providing
information that supports stock assessment and ecosystem forecast models used for stock
assessment and harvest advice. The chosen systematic design with fixed stations is
particularly suitable for estimating trends in abundance over time. However, some aspects of
the survey design are ad-hoc, may be inefficient, and could introduce bias in key survey
estimates. The rationale for the current stratification scheme is not well documented.
Although no priority list of species exists, the stratification and doubling of the number of
trawl stations in some strata may only be effective for one, or a limited number of species.
Furthermore, the current method of allocating extra trawl stations in the upper corner of
standard grid-cells can cause bias. It is recommended that any extra stations be allocated so
that all stations in the strata have equal inclusion probabilities. Current analytical procedures
follow those of a stratified random design although the EBS shelf bottom trawl survey uses a
stratified systematic design. As a result, precision in current estimates of abundance is likely
to be underestimated. Alternative variance estimators are suggested that could reduce bias in
precision estimates.

Some possible ways of increasing the efficiency of the EBS bottom trawl survey for a fixed
survey effort are proposed. In general, it is recommended that all aspects of the sub-sampling
and data collections at each station be evaluated. In particular, the number of fish per length-
class sampled for age should be evaluated to see how sample size at a station affects the
precision in estimates of numbers at age through age-length keys. The effective sample size
for estimating age is mostly driven by the number of stations sampled, and may be little
affected if less fish are aged at each station. It appears that the field personnel at times are
overloaded with too many tasks. The core survey objectives should have priority. Additional
specials studies may require extra funding and expanded survey time. It is recommended that
the towing time at each trawl station be reduced from 30-min to 15-min. This would reduce
the need for sub-sampling of catches in addition to freeing time for other studies. Reduced
towing time could be phased in over time by first taking 15-min and 30-min tows at a random
set of stations, balanced across survey vessels, strata, and depth. It is also recommended that
the costly re-sampling of red king crab in Bristol Bay be reconsidered. This re-sampling is
costly, and contributes little to the overall survey objectives. Alternative optic survey methods





should be considered for blue king crab, since this species favors hard bottom and is poorly
covered by the bottom trawls survey which mostly cover soft bottom habitat.

1. Background

The eastern Bering Sea bottom trawl survey has been conducted by the Resource Assessment
and Conservation Engineering Division of the Alaska Fisheries Science Center, National
Marine Fisheries Service, since 1975, and annually since 1979. The EBS bottom surveys are
conducted with chartered commercial trawlers (10 different vessels have been used over the
years), with trawls stations selected across the survey area according to a stratified systematic
design with a fixed start. The spatial coverage of the survey was varying from 1975-1981, and
then held near constant since 1982. Each tow is conducted according to NMFS bottom trawl
protocols established by the National Oceanic and Atmospheric Administration (Stauffer
2004), using a standardized otter trawl made in-house and maintained by AFSC. Towing time
is approximately 0.5 h in duration at a speed of 3 knots.

The EBS bottom trawl survey provides data on the distribution, relative abundance, and
biomass of groundfish, crab, and other benthic resources in the eastern Bering Sea. The
survey supports stock assessment and ecosystem forecast models that form the basis for stock
assessment and harvest advice of major fish and crab species, including walleye pollock,
Pacific cod, yellowfin sole, northern rock sole, red king crab, and snow and tanner crabs.
Auxiliary data are collected to support research that improves the understanding of life history
of fish and invertebrate species and the ecological and physical factors affecting their
distribution and abundance. Acoustic data from BT survey vessels are routinely collected
along the entire cruise-track, and have been employed to estimate walleye pollock abundance
(Honkalehto et al. 2011).

Since 1988, 376 standard stations have been included in the regular systematic EBS trawl
survey, covering an area of 140,350 nmi” in depths ranging from 20 to 150 m. The survey is
costly, and it is therefore important that all aspects of the survey be cost-effective, and that the
survey estimates used as input to stock assessments be sufficiently accurate for management
advice. The main purpose of the current CIE review was to evaluate if the survey is as
informative for stock assessment as it needs to be.

2. Description of the Review Activities

A peer review meeting was held at the Alaska Fisheries Science Center in Seattle,
Washington, on April 10-12, 2012. The meeting was chaired and facilitated by Dr. David
Somerton in an organized and effective manner, and was conducted in a spirit of cooperation
and teamwork. The CIE review panel consisted of Drs. Yong Chen, Norman Hall, and Jon
Helge Volstad. Presentations were made to the CIE review panel by Dr. David Somerton and





the AFSC staff involved in the evaluation process, during which the CIE panel members
asked questions. A tour of the AFSC net shed was organized for the panel on April 10,
allowing us to inspect the standard bottom trawl used in the Eastern Bering Sea Crab and
Groundfish Bottom Trawl Surveys.

Preparations in advance of the peer review meeting included a review of all background
material and reports provided by the NMFS Project Contact Dr. David Somerton. The
required reading material for this review was provided to the CIE review panel via ftp on
March 24, 2012, and included: 1) Groundfish data report, 2) Crab data report, 3) General
review of the EBS survey in Wakabayashi et al., and 4) Report chapter of the US Trawl
Survey Standardization Protocols dealing with the EBS survey. The review preparation also
included the reading of relevant peer review literature obtained through web-of-science and
several general background reports provided by AFSC via ftp: 1) Crab stock assessment
report, 2) Pollock stock assessment report, 3) Yellowfin sole stock assessment report, and 4) a
list of literature by groundfish assessment staff on issues related to the trawl surveys (See
Appendix 2 for details).

A series of very informative power-point presentations were given by Dr. David Somerton
and his staff during the review meeting:

David Somerton. CIE Review of the Bering Sea Shelf Bottom Trawl Survey.
* David Somerton. Experimental estimation of q (catchability).

* David Somerton. Presentations on the survey estimates and uncertainty relative to
model assumptions and structure: introduction.

* Robert Foy. Crab Data Analysis: Eastern Bering Sea Bottom Trawl Survey.
* Ken Weinberg. Trawl survey standardization.
* Jim lanelli. Eastern Bering Sea Pollock stock assessment.

e Stan Kotwicki. Improving walleye pollock assessment with acoustic data collected
during bottom trawl surveys.

* Bob Lauth. Analytical methods, Groundfish. General.
* Bob Lauth. Data QA/QC Databases.
*  Tom Wilderbuer. Adequacy of Bering Sea shelf survey for flatfish.

* Jack Turnock. Crab Length based stock assessments.





These power-point presentations complemented the documents provided by AFSC for the
peer review, and allowed in-depth discussions on several aspects of the EBS survey.

3. Summary of Findings for each ToR

3.1. Evaluate the data collection operations and sampling design of the survey in term of their
adequacy for producing consistent and precise estimates of relative abundance for the
various fishes and invertebrates of concern.

The Eastern Bering Sea bottom trawl surveys survey aim to provide data for estimating the
relative abundance (by length and for some species by age) over time for a wide range of crab
and groundfish species. No priority list of species was provided for this CIE review, although
the use of survey data in assessment of walleye pollock, yellowfin sole, and snow crab were
in focus during the review meeting. Apparently there are no treaty obligations requiring a
specific level of precision for estimates of relative abundance.

Clearly, the adequacy of the EBS bottom trawl survey in terms of accuracy (bias and
precision) of abundance indices will depend on the spatial coverage and design of the survey,
spatial variation (patchiness and area of occupancy) by species, habitat preferences, and
behavior of the species that affects their availability to the trawl (e.g., vertical distribution in
the water column).

The chosen systematic design with fixed stations is particularly suitable for estimating trends
in abundance over time. Many studies have concluded that a systematic design with regularly
spaced samples can be optimal for a variety of reasonable spatial correlation functions of the
sampled populations (see Steven and Olsen 2004, and many references therein). The trawl
survey provides precise estimates of relative abundance, with RSE = {SE/Mean} in yearly
estimates typically being between 10% and 20% for rock sole, yellowfin sole, Alaska plaice,
pacific cod, and walley pollock (particularly for 6+). Walleye Pollock of ages 1-3 are
distributed mid-water and largely unavailable to the trawl. For the walleye pollock
assessment, hence, additional acoustic data from midwater are needed since younger year
classes are distributed higher in the water column (see, e.g., Honkalehto et al., 2011). During
the review meeting, ongoing research at AFSC on the use of acoustic data from the chartered
vessels (vessels of opportunity) was presented.

The very strong procedures for standardizing trawling operations and trawl performance
employed in the EBS bottom trawl survey should largely control for vessel effects in the
survey time series. The variable timing of the start and end-time of the survey could affect the
estimates of abundance by size and sex for some species. Such effects are difficult to control
for and may cause a variable and unknown bias in estimates.

The adequacy of the precision achieved by species depends on the assessment model and
other data-sources, and is difficult to evaluate since no precision requirements were provided.
The evaluation of the adequacy of the survey for stock assessments would ideally take into





account the propagation of sampling errors in input data from multiple sources (e.g., catch-
data, abundance indices from bottom trawl surveys, and acoustic surveys) to the assessments
output results used for management advice. During the review meeting, the assessment
scientists gave their opinion on the adequacy of the survey based on their experience and use
of survey data in assessment modeling. They were generally satisfied with the EBS bottom
trawl performance for the major fish and crab species. The standard survey trawl is
particularly good for sampling the flatfish species, and the survey covers the main area of the
flatfish distribution. The trawl has high and consistent catching efficiency for flatfish across
age classes since these do not out-swim the trawl, do not go above the headrope or below the
footrope on a consistent basis, and do not become less available with age. The survey supports
full analytical stock assessment every year, and the assessment scientist finds very few
inconsistencies in the data, good model fits, and precise survey estimates of relative
abundance.

For species that occupy only a limited part of the survey area only a fraction of the survey
stations may provide biological data, and hence the precision of abundance estimates may be
low. The bottom trawl survey generally covers soft-bottom habitats and will therefore not be
suitable for fish and invertebrate species that favors hard-bottom substrate, such as blue king
crab. The abundance indices for blue king crab are very imprecise and likely to be very biased
since this species occupies a minor portion of the total survey area, and favors hard bottom
which may not be trawlable. Current bottom trawl sampling is therefore inadequate for stock
assessment and advice for this species. Other sampling strategies that can cover hard-bottom
habitats may be considered including optical methods like a video-sled.

AFSC has made extraordinary efforts to standardize survey trawl performance and adjust for
fish availability to the survey trawl gear to secure consistent swept-area estimates of relative
abundance over time for major fish and crab species. Trawl performance studies have
included examinations of door and net spread, net height, and bottom contact and their
influence on catch efficiency. Sub-sampling of catches and data collections at each trawl
station is conduced according to a standardized protocol, and Quality Assurance/Quality
Control (QA/QC) procedures include fish and shellfish reference collections and photo
documentation.

AFSC has apparently conducted little research on the optimization of survey design, and
estimates of precision are generally based on estimators for stratified random sampling. It is
recommended that alternative methods for estimating precision (relative standard error, RSE)
under systematic sampling be explored. The stratified two-dimensional systematic sampling
employed in the standard EBS bottom trawl survey is likely to produce more precise estimates
of mean abundance indices than a stratified random sample of trawl stations. The reason is
that the systematic sample provides a uniform coverage within strata, with spacing of the
trawl stations that eliminates nearby sample units which may show a high degree of positive
correlation (spatial autocorrelation). However, a drawback of systematic sampling is that no
direct design-based estimator of the variance is available since this design is equivalent of a
cluster-survey of sample size 1 (See section 3.2). An additional advantage of fixed stations is





that bias caused by the variation in catching efficiency of the trawl by depth is held constant
over time.

Some aspects of the survey design employed for the bottom trawl survey may introduce bias
in the abundance estimates (see section 3.2):

* The method of allocating extra trawl stations in the upper corner of the systematic grid
in some strata is likely to introduce bias (all other parts of the grid-cell have zero
inclusion probability). A better practice would be to allocate the additional stations in
these strata randomly, or alternatively use a finer grid with one station in each cell at
the mid-point, or random. This would improve precision, eliminate bias, and support
improved estimates of variance for the estimated means.

* The practice of extra sampling around hot-spot stations for many years starting in the
mid-1990s is an ad-hoc adaptive method that may introduce substantial bias in mean
abundance. Each station producing > 100 legal-sized male red king or Tanner crab
was considered a “hot spot”. At each hot spot, multiple tows were made within the
station area, and all crab species caught in tows were sampled identical to the standard
survey tow protocol. Abundance estimates for these species should be revised to
reduce the bias introduced by hot-spot sampling. The hot-spot sampling was
discontinued in 2011.

The survey coverage in the earlier part of the survey time series has varied. A simple exercise
to evaluate the importance of incomplete coverage for main species would be to start with a
time series from the consistent set of systematic stations sampled in all years, and then
sequentially add survey areas that are sampled less frequently and look at effects on the
relative abundance estimates. If data are imputed for missed areas during years of incomplete
coverage, the uncertainty in the imputations could be taken into account for overall
uncertainty.

3.2. Evaluate the analytical methodology.

The review meeting and presentations focused on estimates of abundance indices by size and
age for a limited number of species.

The AFSC treats the data from the EBS bottom trawl survey as if the design is stratified at
random. The resulting variance estimates of the mean abundance indices are likely to be
biased upwards, and therefore overestimate the sample size needed to achieve a desired level
of precision. The systematic design will outperform all alternative schemes for certain
underlying spatial autocorrelation structure in abundance (see, e.g., Dunn and Harrison 1993,
and references therein). Dunn and Harrison (1993) show that a post-stratification of the
systematic sample (e.g., pooling of 2 grid-cells to yield post strata with two samples each),
and the use of a variance estimator that treats the sample as a stratified random sample, may





reduce the bias in the variance estimates as compared to treating the survey as a stratified
random, based on original strata boundaries. They argue that although both methods of
estimating sampling error for a systematic survey are likely to provide an over-estimate of the
true sampling error, the post hoc stratification is the better of the two. For the EBS survey an
alternative method for walleye pollock may be to use a model-based estimator, and take
advantage of the acoustic data to get estimates of the autocorrelation structure for different
lags. Bartolucci and Montanari (2006) present several unbiased estimators of the variance of
the systematic sample mean under mild conditions.

The proposed use of kriging to estimate the variance of the sample mean is not likely to work
well for the current systematic survey design. Kriging is generally based on empirical
variograms, or estimates of average squared differences of data taken at sites lagged the same
distance apart. The baseline systematic sampling employed in the EBS survey maximizes the
distance between stations in each stratum, and therefore little or no information (apart from
acoustic data and some repeat hauls) is available to model the spatial correlation at shorter
lags than the spacing between regular stations. Future surveys could include additional
stations that are optimized towards the estimation of variograms for use in kriging (Mueller
and Zimmermann Block-bootstrapping 1999).

The hot-spot sampling for red king crab will introduce a bias if all the extra samples are
included in the abundance estimator with equal weights (Thompson and Seber, 1996). This
bias may be removed by applying the Rao—Blackwell estimator (Thompson and Seber, 1996).
Harbitz and Pennington (2009) provide an example where they removed bias caused by
adaptively taking extra observations in high density strata in an acoustic survey.

For the walleye pollock, the practice of estimating an age-length key for the entire survey
area, and not by strata, may introduce bias due to differences in growth from south to north. It
appears that all stations are given equal weight in the age-length keys. Hence, strata with
higher sample density will contribute more than strata with standard sample density. I
recommend that some check be done to verify if the bias is of concern.

3.3. Evaluate the procedures used for data quality control and archiving.

AFSC has excellent routines for data quality control, correction, and archiving. The current
system has evolved over time. The data archiving and quality control procedures for the
RACEBASE database have gone through major updates since the ESB survey was
standardized in 1982. From 1982 to 2006 the data editing occurred outside the database
framework before being uploaded and data editing was not audited. For these years, the
database store combined observational level and summarized data; sub-sampled catches were
extrapolated to totals at several levels. Since 2007 the observational level data are entered
directly into the database at sea (goal) or shortly after the cruise is completed. Biological data
are archived at the sampling level, and include meta-data on sampling fractions for sub-
sampled hauls. Numbers at age by haul is calculated outside the database, and allows for the
evaluation of sample errors at several stages. The database includes metadata on the survey





design and quality of hauls. Extensive net mensuration and environmental data collected
during the survey are archived. Data editing is conducted within the Oracle database
framework, and is audited. Changes in data, and by whom, is documented. After editing, data
are finalized and archived. In my opinion, the QA/QC framework currently employed by
AFSC for the EBS survey is state-of-the art, and secures high quality data.

The quality of taxonomic data is secured by a systematics laboratory (with three taxonomists)
that maintains a voucher database, and deposits specimens at University of Washington,
Smithsonian, and other places. QA/QC control checks of the species identification conducted
in the field are also done through photographs, specimen vouchers, and tissue samples. A very
strong feature is that the database includes metadata on the quality of taxonomic
identifications over the years. This information can be used to decide on the taxonomic level
that can be supported by the data when doing time-series analysis. This is important when
using time-series of data to study biodiversity. The improved taxonomic identification has
also allowed the monitoring of more fish by species. The quality of current taxonomic data is
excellent.

3.4. Evaluate the research approaches to evaluate gear performance and estimate survey
catchability.

AFSC conducts world-class research and employs state-of-the art methods for evaluating and
correcting for bottom trawl performance. They have impressive protocols for quality
assurance and quality control. The decision to abandon the correction for vessel effects in the
survey time series is based on sound scientific arguments. The research to estimate survey
catchability combines strong expertise in bottom trawl and acoustic survey methods. The
area-swept estimates may even be further improved in the future based on AFSCs strong
research on the effects of gear performance on catchability. This would require that key data
on gear performance are routinely available in a form that can be used in the area-swept
estimates. Over time, it may be possible to correct for catching efficiency of the gear across
major species to achieve approximately absolute abundance estimates.

3.5.  Evaluate the collection of ancillary biological and environmental data in support of an
ecosystem approach to fisheries management.

The information on ancillary biological and environmental data collections provided for this
review does not allow for an in-depth evaluation of the design, sample collection protocols,
etc. However, based on the presentations at the review meeting it is apparent that the field
staff may be over-loaded with work at each station. It is important that AFSC make a priority
list to secure high quality data collections to support the main goals of the EBS survey.
Hence, the time spent on each station should not exceed a threshold that would require a
reduction in the total number of survey stations in the standard fixed grid. It is important that
a thorough evaluation of sample sizes required for each species and objective at each station
be done. The EBS bottom trawl survey now collects data for a large number of special
research projects according to a list of priority, but the total time of these projects may





threaten the core EBS trawl survey program. Data for special projects are collected on
infaunal macroinvertebrate species, plankton, sea-birds including short-tailed albatross
sightings (endangered). Stomach sampling is conducted to support food-web analysis, etc. For
any of these data collections it is important to be cost-effective, and avoid over-sampling (see
Bogstad et al. 1995). Stomach data incorporated into assessment models, such as the
predation-mortality incorporated in year-class strength of Pollock, should have high priority.
Bottom habitat sampling combined with acoustic bottom sediment mapping (see Diaz, et al.
2004) can yield important data on essential fish habitat.

3.6.  Evaluate whether the survey data could be collected more cost effectively.

The fixed systematic design is well suited for estimating trends in relative abundance over
time. An alternative design such as stratified random sampling with partial replacement
(Cochran 1977), where for example a random sub-set of 50% of the stations where repeated
from one year to the next, would provide a balance between status and trend. However, the
long time series for the current fixed systematic design suggest that the baseline set of fixed
stations be continued. With exception for some strata with higher density of stations, the
current design provides a uniform coverage of stations across the survey area. This is a
reasonable approach when no priority is given to specific species. It is likely that the survey
could be optimized to yield higher precision for specific species for the same survey effort,
based on information on the spatial distribution of the species over time. It is recommended
that stratification and the allocation of extra sampling effort above the baseline fixed stations,
be based on a priority list of species. Stevens and Olsen (2004) provide methods for spatially
balanced sampling that would be more suitable for covering the many strata in the EBS
surveys.

I here present some changes in survey sampling procedures that may improve the efficiency
of the EBS survey overall:

* A change from 30-min tows to 15-min tows would:

o Reduce overall towing time, freeing time for more stations for other studies, or
to increase precision for fixed survey effort. Alternatively this would reduce
overall survey time by ~ 100 hours

o Reduce the catch sizes at each station and, hence, reduce the need for sub-
sampling which can cause bias

o Reduce wear-and-tear on the net

* It is recommended that 15-min tows be phased in by first taking 15-min and 30-min
tows at a random set of stations, balanced across survey vessels, strata, and depth. By
using this approach, bias corrections for end-of-tow effects when reducing from 30-
min to 15-min hauls could be evaluated and adjusted for if necessary. With the
sophisticated gear performance monitoring conducted by AFSC, it should be possible
to standardize the area-swept of 15 minutes so that it is comparable to estimates from
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30-min tows. See Gode et al. (1990), and Pennington and Velstad (1991, 1994) for
some studies on tow duration.

Change the method for selecting extra stations in strata with increased sampling
density. The current approach to sample extra stations in the upper corner of grid-cells
1s biased. A better approach would be to create a higher density grid for these strata, or
alternatively allocate the extra stations randomly, one in each grid cell.

Explore alternative stratification and allocation schemes that are optimized towards
some high priority species, using data from the time series of surveys.

Use historic data to evaluate effect of re-stratification, re-allocation, and changes in
survey coverage (e.g., dropping stations at edges with consistent low catch to save
travel time)

Reconsider the costly re-sampling of red King crab, which contributes little to the
overall survey objectives. This effort takes approximately 8 vessels days that could be
used for other studies. One approach could be to reduce the number of stations in
Bristol Bay that are re-sampled, or re-sample every 3rd year since there appears to be
little yearly variation in the estimates of the proportion that is ovigourous (around 90%
have been mated) based on the re-sampled stations. It should be noted that blue king
crab only occurs in a small part of the survey area, and favors hard bottom that cannot
be effectively sampled by the standard bottom trawl. Hence, alternative survey
methods would be needed to achieve reliable estimates of abundance for this species.

Use freed time for towing time reduction and reduced re-sampling of red King crab for
gear q studies.

Solicit funds from other sources to cover special studies that are outside the core
objectives of the EBS bottom trawl survey.

Take replicate sub-samples of large catches (for every k™ catch) and store the sub-
sample data separately. Such embedded experiments would build up data over time to
evaluate bias and required level of sub-sampling. The experiment could also be used to
evaluate effects of smaller sub-samples of catches. Smaller sub-samples would reduce
work-load at stations with large catches.

In general, it is recommended that all aspects of the sub-sampling and data collections
at each station be evaluated. In particular, the number of fish per length-class sampled
for age should be evaluated to see how sample size at a station affects the precision in
estimates of numbers at age through age-length keys. The effective sample size for
estimating age is mostly driven by the number of stations sampled, and may be little
affected if less fish are aged at each station.
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3.7. Provide recommendations for further improvements

For age- samples, use simulation studies to assess how many otholiths per length class needs
to be read for age. Also, evaluate if age collections in the field (number of samples by size
class) could be reduced. This evaluation may be done through embedded experiments where
sub-sampling for age is investigated.

Extra stations taken in addition to a uniform systematic grid of stations could only focus on a
priority list of species. If only a few species are subject to catch sampling at these stations, the
time for sampling would be greatly reduced, allowing for more stations that could improve
precision for priority species.

The EBS survey could use any time-savings to improve on bottom habitat sampling (Diaz et
al. 2006) in the survey area. This would be cost-effective since the boats cover the network of
stations already. The extra hour saved by day by taking 15 min tows, for example, could be
used to collect habitat data. Such data could provide information over time for more effective
stratification based on habitat preferences of important target species.

4. Conclusions and Recommendations

The EBS bottom trawl survey with current design and sampling effort is generally adequate
for producing consistent and precise estimates of relative abundance for major fish and crab
species over time, including walleye pollock, Pacific cod, yellowfin sole, northern rock sole,
and snow and tanner crabs. It is important that a priority list of species to focus on for a fixed
survey cost be established. To achieve reliable abundance estimates for species which favor
hard bottom habitats, such as blue king crab, the survey would need to be complemented with
alternative methods such as video-sleds. However, this would add cost, and would contribute
little or no information for other species.

The chosen systematic design with fixed stations is particularly suitable for estimating trends
in abundance over time. The current estimates of variance in mean abundance are based on
estimators for stratified random sampling. It is recommended that alternative estimators be
explored since current estimates are likely to be upwardly biased.

AFSC conducts world-class research and employs state-of-the art methods for evaluating and
correcting for bottom trawl performance. Quality assurance and quality control procedures
from the monitoring of trawl performance, sampling protocols, taxonomic identification, and
data storage is of very high quality.

The EBS bottom trawl survey is generally conduced in a cost-effective way. However, some
aspects of the stratification and allocation of stations to strata are ad-hoc and could result in
bias. Alternative approaches are proposed that would eliminate this bias. Some possible
improvements in the survey design and methods of analysis are proposed here. It is
recommended that AFSC explore alternative stratification and sample allocation schemes that
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are optimized towards some high priority species, using data from the time series of surveys.
A reduction of towing time at each station to 15-mins is recommended. This would reduce the
need for sub-sampling and free up time for other studies, such as experiments to estimate
catchability g, or habitat studies. It is recommended that 15-min tows be introduced for a
stratified random half-set of stations initially. This would allow the evaluation and correction
of possible differences in area-swept estimates as compared to 30-min tows. The costly re-
sampling of red king crab, which contributes little to the overall survey objectives, should be
re-considered. One option could be to reduce the number of stations in Bristol Bay that are re-
sampled, or re-sample every 3rd year. Historic data suggest little yearly variation in the
estimates of the proportion of red King crab females that is ovigourous and, hence,
interpolation may be used for years in between.

Finally, some comments on the format of the review. The peer review process was very well
organized, and the presentations and discussions at the peer review meeting were invaluable
for understanding the complexity of the groundfish survey program. For a review of this
complexity, with a wide range of topics, it would perhaps be more effective if the CIE peer
review panel wrote a joint report. This would allow each expert to focus more on the topics
within their core expertise for the given time for the review, while background information
could be covered only once.
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Appendix 2: A copy of the CIE Statement of Work

Statement of Work

External Independent Peer Review by the Center for Independent Experts
Eastern Bering Sea Crab and Groundfish Bottom Trawl Surveys

Scope of Work and CIE Process: The National Marine Fisheries Service’s (NMFS) Office
of Science and Technology coordinates and manages a contract providing external expertise
through the Center for Independent Experts (CIE) to conduct independent peer reviews of
NMEFS scientific projects. The Statement of Work (SoW) described herein was established by
the NMFS Project Contact and Contracting Officer’s Technical Representative (COTR), and
reviewed by CIE for compliance with their policy for providing independent expertise that
can provide impartial and independent peer review without conflicts of interest. CIE
reviewers are selected by the CIE Steering Committee and CIE Coordination Team to conduct
the independent peer review of NMFS science in compliance the predetermined Terms of
Reference (ToRs) of the peer review. Each CIE reviewer is contracted to deliver an
independent peer review report to be approved by the CIE Steering Committee and the report
is to be formatted with content requirements as specified in Annex 1. This SoW describes the
work tasks and deliverables of the CIE reviewer for conducting an independent peer review of
the following NMFS project. Further information on the CIE process can be obtained from
WWW.CIEIeVIEWS.Org.

Project Description: The Alaska Fisheries Science Center (AFSC) requests a Center of
Independent Experts (CIE) review of the eastern Bering Sea crab and groundfish bottom trawl
surveys. The data from this survey are used in more than 25 stock assessments conducted by
the AFSC as well as the State of Alaska and the International Pacific Halibut Commission.
Although all AFSC bottom trawl surveys, as well as those conduct by other NMFS science
centers, were examined closely during the development of the NOAA Bottom Trawl
Protocols in 2004, the AFSC surveys have never been formally reviewed by a CIE panel. The
AFSC has conducted considerable research on factors affecting trawl performance and
catchability and their impacts on resulting survey estimates of distribution and abundance.
However, in recent years the trawl and survey performance and results of this multi-species
survey have come under scrutiny by industry, particularly with respect to Bering Sea red king
crab, snow crab, and Pacific cod. Considering the importance of the data produced by the
Bering Sea bottom trawl surveys, a CIE review in 2012 would be timely and beneficial. The
Terms of Reference (ToRs) of the peer review are attached in Annex 2. The tentative agenda
of the panel review meeting is attached in Annex 3.

Requirements for CIE Reviewers: Three CIE reviewers shall conduct an impartial and
independent peer review in accordance with the SoW and ToRs herein. CIE reviewers shall
have working knowledge and recent experience in the application of stock assessment,
including population dynamics, survey design and methodology, and statistical analysis. It is
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not expected that each of the three reviewers have all of these specialized areas of expertise,
rather that at least one of the three reviewers should be knowledgeable in each of these areas.
Reviewers should also have experience conducting stock assessments for fisheries
management. Each CIE reviewer’s duties shall not exceed a maximum of 14 days to
complete all work tasks of the peer review described herein.

Location of Peer Review: Each CIE reviewer shall conduct an independent peer review
during the panel review meeting scheduled in Seattle, Washington tentatively during April 10-
12,2012.

Statement of Tasks: Each CIE reviewers shall complete the following tasks in accordance
with the SoW and Schedule of Milestones and Deliverables herein.

Prior to the Peer Review: Upon completion of the CIE reviewer selection by the CIE Steering
Committee, the CIE shall provide the CIE reviewer information (full name, title, affiliation,
country, address, email) to the COTR, who forwards this information to the NMFS Project
Contact no later than the date specified in the Schedule of Milestones and Deliverables. The
CIE is responsible for providing the SoW and ToRs to the CIE reviewers. The NMFS Project
Contact is responsible for providing the CIE reviewers with the background documents,

reports, foreign national security clearance, and other information concerning pertinent
meeting arrangements. The NMFS Project Contact is also responsible for providing the Chair
a copy of the SoW in advance of the panel review meeting. Any changes to the SoW or ToRs
must be made through the COTR prior to the commencement of the peer review.

Foreign National Security Clearance: When CIE reviewers participate during a panel review
meeting at a government facility, the NMFS Project Contact is responsible for obtaining the
Foreign National Security Clearance approval for CIE reviewers who are non-US citizens.
For this reason, the CIE reviewers shall provide requested information (e.g., first and last
name, contact information, gender, birth date, passport number, country of passport, travel
dates, country of citizenship, country of current residence, and home country) to the NMFS
Project Contact for the purpose of their security clearance, and this information shall be
submitted at least 30 days before the peer review in accordance with the NOAA Deemed
Export Technology Control Program NAO 207-12 regulations available at the Deemed
Exports NAO website: http://deemedexports.noaa.gov/sponsor.html).

Pre-review Background Documents: Two weeks before the peer review, the NMFS Project

Contact will send (by electronic mail or make available at an FTP site) to the CIE reviewers
the necessary background information and reports for the peer review. In the case where the
documents need to be mailed, the NMFS Project Contact will consult with the CIE Lead
Coordinator on where to send documents. CIE reviewers are responsible only for the pre-
review documents that are delivered to the reviewer in accordance to the SoW scheduled
deadlines specified herein. The CIE reviewers shall read all documents in preparation for the
peer review.
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Panel Review Meeting: Each CIE reviewer shall conduct the independent peer review in
accordance with the SoW and ToRs, and shall not serve in any other role unless specified
herein. Modifications to the SoW and ToRs can not be made during the peer review, and
any SoW or ToRs modifications prior to the peer review shall be approved by the
COTR and CIE Lead Coordinator. Each CIE reviewer shall actively participate in a
professional and respectful manner as a member of the meeting review panel, and their peer
review tasks shall be focused on the ToRs as specified herein. The NMFS Project Contact is
responsible for any facility arrangements (e.g., conference room for panel review meetings or
teleconference arrangements). The NMFS Project Contact is responsible for ensuring that the
Chair understands the contractual role of the CIE reviewers as specified herein. The CIE
Lead Coordinator can contact the Project Contact to confirm any peer review arrangements,
including the meeting facility arrangements.

Contract Deliverables - Independent CIE Peer Review Reports: Each CIE reviewer shall
complete an independent peer review report in accordance with the SoW. Each CIE reviewer
shall complete the independent peer review according to required format and content as
described in Annex 1. Each CIE reviewer shall complete the independent peer review
addressing each ToR as described in Annex 2.

Other Tasks — Contribution to Summary Report: Each CIE reviewer may assist the Chair of

the panel review meeting with contributions to the Summary Report, based on the terms of
reference of the review. Each CIE reviewer is not required to reach a consensus, and should
provide a brief summary of the reviewer’s views on the summary of findings and conclusions
reached by the review panel in accordance with the ToRs.

Specific Tasks for CIE Reviewers: The following chronological list of tasks shall be
completed by each CIE reviewer in a timely manner as specified in the Schedule of
Milestones and Deliverables.

1) Conduct necessary pre-review preparations, including the review of background
material and reports provided by the NMFS Project Contact in advance of the peer
review.

2) Participate in the panel review meeting in Seattle, Washington during April 10-12,
2012.

3) In Seattle, Washington during April 10-12, 2012 as specified herein, conduct an
independent peer review in accordance with the ToRs (Annex 2).

4) No later than April 26, 2012, each CIE reviewer shall submit an independent peer
review report addressed to the “Center for Independent Experts,” and sent to Manoj
Shivlani, CIE Lead Coordinator, via email to shivlanim@bellsouth.net, and CIE
Regional Coordinator, via email to David Die ddie@rsmas.miami.edu. Each CIE
report shall be written using the format and content requirements specified in Annex 1,
and address each ToR in Annex 2.
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Schedule of Milestones and Deliverables: CIE shall complete the tasks and deliverables
described in this SoW in accordance with the following schedule.

March 6, 2012

CIE sends reviewer contact information to the COTR, who then sends this to
the NMFS Project Contact

March 27, 2012

NMES Project Contact sends the CIE Reviewers the pre-review documents

Each reviewer participates and conducts an independent peer review during

April 10-12,2012 |, panel review meeting

April 26, 2012 Lead Coordinator and CIE Regional Coordinator

May 10, 2012 | CIE submits CIE independent peer review reports to the COTR

May 17, 2012 regional Center Director

Modifications to the Statement of Work: This ‘Time and Materials’ task order may require
an update or modification due to possible changes to the terms of reference or schedule of
milestones resulting from the fishery management decision process of the NOAA Leadership,
Fishery Management Council, and Council’s SSC advisory committee. A request to modify
this SoW must be approved by the Contracting Officer at least 15 working days prior to
making any permanent changes. The Contracting Officer will notify the COTR within 10
working days after receipt of all required information of the decision on changes. The COTR
can approve changes to the milestone dates, list of pre-review documents, and ToRs within
the SoW as long as the role and ability of the CIE reviewers to complete the deliverable in
accordance with the SoW is not adversely impacted. The SoW and ToRs shall not be changed
once the peer review has begun.

Acceptance of Deliverables: Upon review and acceptance of the CIE independent peer
review reports by the CIE Lead Coordinator, Regional Coordinator, and Steering Committee,
these reports shall be sent to the COTR for final approval as contract deliverables based on
compliance with the SoW and ToRs. As specified in the Schedule of Milestones and
Deliverables, the CIE shall send via e-mail the contract deliverables (CIE independent peer
review reports) to the COTR (William Michaels, via William.Michaels@noaa.gov).

Applicable Performance Standards: The contract is successfully completed when the
COTR provides final approval of the contract deliverables. The acceptance of the contract
deliverables shall be based on three performance standards:

(1) each CIE report shall be completed with the format and content in accordance with Annex
1,

(2) each CIE report shall address each ToR as specified in Annex 2,
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(3) the CIE reports shall be delivered in a timely manner as specified in the schedule of
milestones and deliverables.

Distribution of Approved Deliverables: Upon acceptance by the COTR, the CIE Lead
Coordinator shall send via e-mail the final CIE reports in *.PDF format to the COTR. The
COTR will distribute the CIE reports to the NMFS Project Contact and Center Director.

Support Personnel:

William Michaels, Program Manager, COTR

NMEFS Office of Science and Technology

1315 East West Hwy, SSMC3, F/ST4, Silver Spring, MD 20910
William.Michaels@noaa.gov Phone: 301-427-8155

Manoj Shivlani, CIE Lead Coordinator

Northern Taiga Ventures, Inc.

10600 SW 131 Court, Miami, FL 33186
shivlanim@bellsouth.net Phone: 305-383-4229

Roger W. Peretti, Executive Vice President

Northern Taiga Ventures, Inc. (NTVI)

22375 Broderick Drive, Suite 215, Sterling, VA 20166
RPerretti@ntvifederal.com Phone: 571-223-7717

Key Personnel:

David Somerton, NMFS Project Contact

NMEFS Alaska Fisheries Science Center

7600 Sand Point Way NE., Seattle, WA 98115-6349
david.somerton@noaa.gov Phone: 206-526-4116
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Annex 1: Format and Contents of CIE Independent Peer Review Report

1. The CIE independent report shall be prefaced with an Executive Summary providing a
concise summary of the findings and recommendations, and specify whether the science
reviewed is the best scientific information available.

2. The main body of the reviewer report shall consist of a Background, Description of the
Individual Reviewer’s Role in the Review Activities, Summary of Findings for each ToR in
which the weaknesses and strengths are described, and Conclusions and Recommendations
in accordance with the ToRs.

a. Reviewers should describe in their own words the review activities completed during the
panel review meeting, including providing a brief summary of findings, of the science,
conclusions, and recommendations.

b. Reviewers should discuss their independent views on each ToR even if these were
consistent with those of other panelists, and especially where there were divergent views.

c. Reviewers should elaborate on any points raised in the Summary Report that they feel
might require further clarification.

d. Reviewers shall provide a critique of the NMFS review process, including suggestions
for improvements of both process and products.

e. The CIE independent report shall be a stand-alone document for others to understand the
weaknesses and strengths of the science reviewed, regardless of whether or not they read
the summary report. The CIE independent report shall be an independent peer review of
each ToRs, and shall not simply repeat the contents of the summary report.

3. The reviewer report shall include the following appendices:
Appendix 1: Bibliography of materials provided for review
Appendix 2: A copy of the CIE Statement of Work

Appendix 3: Panel Membership or other pertinent information from the panel review
meeting.
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Annex 2: Tentative Terms of Reference for the Peer Review

Eastern Bering Sea Crab and Groundfish Bottom Trawl Surveys

1. Evaluate the data collection operations and sampling design of the survey in term of their
adequacy for producing consistent and precise estimates of relative abundance for the
various fishes and invertebrates of concemn.

Evaluate the analytical methodology.
Evaluate the procedures used for data quality control and archiving.

Evaluate the research approaches to evaluate gear performance and estimate survey
catchability.

5. Evaluate the collection of ancillary biological and environmental data in support of an
ecosystem approach to fisheries management.

Evaluate whether the survey data could be collected more cost effectively.

Provide recommendations for further improvements

Note — CIE reviewers typically address scientific subjects, hence ToRs usually do not involve
CIE reviewers with regulatory and management issues unless this expertise is specifically
requested in the SoW.
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Annex 3: Tentative Agenda

CIE Review of the Eastern Bering Sea Crab and Groundfish Bottom Trawl Surveys
Alaska Fisheries Science Center
7600 Sand Point Way NE, Seattle, WA 98115
Building 4; Room 2076 (April 10-12, 2012)

Review panel chair: David Somerton, david.somerton@noaa.gov

Survey group leaders: Robert Lauth, bob.lauth@noaa.gov (groundfish) and Robert Foy,
robert.foy(@noaa.gov (crab)

Security and check-in: Ron Erickson, ron.erickson@noaa.gov

Sessions will run from 9 am. to 5 p.m. each day, with time for lunch and morning and
afternoon breaks.

Discussion will be open to everyone, with priority given to the panel, presenters, and survey
group leaders.

Tuesday, April 10th
0900 Welcome and Introductions. The EBS environment and commercial fisheries (Somerton)

0930  The EBS survey (Lauth & Foy)

History of the EBS survey, current sampling design including the use of charter
vessels. Description of the trawl pre- and post- 1982. Wheelhouse activities and catch
processing procedures — i.e. how we do a tow. Area swept estimation — how we do it
and why.

10:30 Break

11:00 The EBS survey (continued; Lauth & Foy)

11:30 Database, data editing and QA (Vijgen)

12:00 Lunch

13:00 Survey standardization (Weinberg)

14:00 Tour of net shed

1530 Analytic methodologies used for the estimation of relative abundance (Lauth & Foy)

Area swept estimation: new approaches. Biomass and variance calculation.
The fishing power correction. Post hoc sampling for crab — hot spots and retows.
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Wednesday, April 11th
0900 Q research - demersal fish and crabs (Somerton)
Snow crab selectivity. Escapement and herding of flatfish. Vertical availability
of Pcod. Light and vertical distribution

10:15 Break

10:30 Use of acoustics on the EBS survey (Kotwicki)
AVO project (collect acoustics for others). Acoustic and bottom trawl blind zones
(combining acoustic and bottom trawl survey for pollock). Using acoustics to estimate

Pollock between stations to improve biomass estimate.
12:00 Lunch

1300 Presentations on the survey estimates and uncertainty relative to model

assumptions and structure: introduction (Somerton)

13:15 Yellowfin sole (Wilderbuer)

13:45 Pollock (Ianelli)

14:15 Snow crab (Turnock)

14:45 Break

15:15 Discussion between CIE committee and survey scientists

Thursday, April 12th

0900 -1200  Presentations on the survey estimates and uncertainty relative to model
assumptions and structure (continued)

noon -1300 Lunch

1300 -1700  Discussion and wrap-up
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Appendix 3: Panel Membership or other pertinent information from the panel review
meeting.

David Somerton (Chair)

Jon Vplstad, Head of Research Group on Fisheries Dynamics, Institute of Marine Research,
Bergen, Norway.

Yong Chen, Professor, School of Marine Sciences, University of Maine, Orono, ME.

Norman Hall, Professor, Centre for Fish and Fisheries Research, Murdoch University,
Australia.
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