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Foreword

The Northeast Regional Stock Assessment
Workshop (SAW) process has three parts:
preparation of stock assessments by the
SAW Working Groups and/or by ASMFC
Technical Committees /  Assessment
Committees; peer review of the assessments
by a panel of outside experts who judge the
adequacy of the assessment as a basis for
providing scientific advice to managers; and
a presentation of the results and reports to
the Region’s fishery management bodies.
Starting with SAW-39 (June 2004), the
process was revised in two fundamental
ways. First, the Stock Assessment Review
Committee (SARC) became smaller panel
with panelists provided by the Independent
System for Peer Review (Center of
Independent Experts, CIE). Second, the
SARC provides little management advice.
Instead, Council and Commission teams
(e.g., Plan Development Teams, Monitoring
and Technical Committees, Science and
Statistical Committee) formulate
management advice, after an assessment has
been accepted by the SARC. Starting with
SAW-45 (June 2007) the SARC chairs were
from external agencies, but not from the
CIE. Starting with SAW-48 (June 2009),
SARC chairs are from the Fishery
Management  Council’s  Science and
Statistics Committee (SSC), and not from
the CIE. Also at this time, some assessment
Terms of Reference were revised to provide
additional science support to the SSCs, as
the SSC’s are required to make annual ABC
recommendations to the fishery management
councils.

Reports that are produced following
SAW/SARC  meetings include: An
Assessment Summary Report - a summary of
the assessment results in a format useful to
managers; an Assessment Report — a detailed
account of the assessments for each stock;
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and the SARC panelist reports — a summary
of the reviewer’s opinions  and
recommendations as well as individual
reports from each panelist. SAW/SARC
assessment reports are available online at

http://www.nefsc.noaa.gov/nefsc/publication
s/series/crdlist.htm. The CIE review reports
and assessment reports can be found at
hitp.//www.nefsc.noaa.gov/nefsc/saw/”.

The 54th SARC was convened in Woods
Hole at the Northeast Fisheries Science
Center, June 5 -9, 2012 to review
benchmark stock assessments of: Atlantic
herring (Clupea harengus) and Southern
New England Mid-Atlantic yellowtail
flounder (Pleuronectes ferrugineus). CIE
reviews for SARC54 were based on detailed
reports produced by NEFSC Assessment
Working  Groups. This Introduction
contains a brief summary of the SARC
comments, a list of SARC panelists, the
meeting agenda, and a list of attendees
(Tables 1 — 3). Maps of the Atlantic coast of
the USA and Canada are also provided
(Figures 1 - 5).

Outcome of Stock Assessment Review
Meeting:
Based on the Review Panel reports (at

http://www.nefsc.noaa.gov/nefsc/saw/ under the
heading “SARC 54 Panelist Reports™), the SARC

review panel drew the following conclusions. For
Atlantic herring, the Panel accepted the
new ASAP assessment model. A feature of
this new model is the 50% increase in
natural mortality rate (M) during 1996-2011.
This new M estimate is consistent with data
on consumption of herring by predators and
it largely resolves the retrospective pattern
which has been a prominent feature of
previous assessment models. The biological
reference points were derived assuming that
the 50% increase in M due to herring




consumption will continue over the next 3 —
5 years. This assumption about the future is
a source of uncertainty. The new biomass
reference points (Brarger and MSY) are
much lower than those from the previous
assessment. A source of uncertainty in the
stock projections is the size of the 2009 age-
1 recruitment, which has been estimated to
be almost twice as large as the next largest
recruitment (1994). The 2009 age-1 fish
contribute to the recent increase in stock
biomass, and are a significant component of
projected yield to the fishery in the future. It
will be important to monitor the size of this
year-class. Overall, the Panel concluded that
the Atlantic herring stock is not overfished
and that overfishing is not occurring.

For Southern New England Mid-
Atlantic yellowtail flounder the Panel
accepted a new stock assessment model
(ASAP). There was a significant revision of
most of the assessment’s data sets. The new
model assumed a higher natural mortality
rate (M). There has been a marked decline in
recruitment since 1990. Two stock—
recruitment scenarios were developed which
account for this decline, and the two
scenarios lead to very different conclusions
about biomass stock status. A “recent
recruitment” scenario assumes that incoming
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year-classes since 1990 have been weak,
perhaps due to a reduction in stock
productivity, and not related to SSB.
Alternatively, a “two-stanza” scenario
assumes that recruitment over the entire time
series is a function of spawning stock
biomass (SSB) and that below about 4300
mt SSB average recruitment is very low.
While neither scenario could be ruled out,
the Panel concluded that the evidence was
60:40 in favor of the “recent recruitment”
scenario (i.e., productivity change). Overall,
the fishing mortality (Fysy) reference point
is relatively certain, and overfishing is likely
not occurring. However, the reference points
associated with biomass (Bmsy, MSY) are
uncertain due to the productivity change
issue and require further exploration. There
is considerable uncertainty as to whether or
not the stock is overfished. Under the
“recent recruitment” scenario the stock
would not be considered overfished and it
would be considered rebuilt to a new, much
lower biomass target. In contrast, under the
“two-stanza” scenario the stock would still
be considered overfished.

CIE review reports can be found at

http://www.nefsc.noaa.gov/nefsc/saw/ under
the heading “SARC 54 Panelist Reports”.




Table 1. 54th Stock Assessment Review Committee Panel.

SARC Chairman (NEFMC SSC):

Mr. Robert O’Boyle

Beta Scientific Consulting, Inc.

Bedford, Nova Scotia, Canada, B4A 2E5
E-mail: betasci@eastlink.ca

SARC Panelists (CIE):

Dr. Chris Francis

NIWA (National Institute of Water & Atmospheric Research)
301 Evans Bay Parade

Wellington 3, New Zealand

Email: c.francis@niwa.co.nz

Dr. Norm Hall

Unit 2, 2 Wexford Street
Subiaco, Western Australia 6008
Email: N.Hall@murdoch.edu.au

Dr. Neil Klaer

CSIRO Division of Marine and Atmospheric Research
GPO Box 1538

Hobart, Tasmania, Australia 7001

Email: neilklaer@gmail.com
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Table 2. Agenda, 54th Stock Assessment Review Committee Meeting.

54th Northeast Regional Stock Assessment Workshop (SAW 54)
Stock Assessment Review Committee (SARC) Meeting

June 5-9, 2012

Stephen H. Clark Conference Room — Northeast Fisheries Science Center

Woods Hole, Massachusetts

AGENDA* (version: 4 June 2012)

TOPIC PRESENTER(S) SARC LEADER RAPPORTEUR

Tuesday, June 5

1-1:30 PM
Welcome James Weinberg, SAW Chair
Introduction Robert O’Boyle, SARC Chair
Agenda
Conduct of Meeting
1:30-3:30 Assessment Presentation (A. Herring)
Jon Deroba, others TBD
3:30-3:45 Break
3:45-6 Assessment Presentation (A. Herring)

Jon Deroba, others TBD

Wednesday, June 6

9-11:45 SARC Discussion w/ presenters (A. Herring)
Robert O’Boyle, SARC Chair
11:45 -1 Lunch
1:00-3:15 Assessment Presentation (B. SNE YT)
Larry Alade TBD
3:15-3:30 Break
3:30-5:30 SARC Discussion w/ presenters (B. SNE YT)
Robert O’Boyle, SARC Chair
7 social event --Coonamessett Inn, 311 Gifford St., Falmouth

Thursday, June 7
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Toni Chute

Toni Chute

Toni Chute

Jessica Blaylock

Jessica Blaylock
(Mike Palmer)



9-11 Revisit w/ presenters (A. herring)

Robert O’Boyle, SARC Chair T. Chute
11-11:15 Break
11:15-12:30 Revisit w/ presenters (B. SNE YT)
Robert O’Boyle, SARC Chair J. Blaylock
12:30 - 1:45 Lunch
1:45-2:15 (cont.) Revisit w/ presenters (B. SNE YT)
Robert O’Boyle, SARC Chair J. Blaylock
2:15-2:30 Break
2:30-5:30 Review/edit Assessment Summary Report (A. herring)
Robert O’Boyle, SARC Chair T. Chute
Friday, June 8
9-12 Review/edit Assessment Summary Report (B. SNE YT)
Robert O’Boyle, SARC Chair J. Blaylock
12 -1:15 Lunch
1:15-5 SARC Report writing. (closed meeting)

Saturday, June 9
9:00-3PM (cont.) SARC Report writing. (closed meeting)

*All times are approximate, and may be changed at the discretion of the SARC chair. The meeting is open to the
public, except where noted.
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Table 3. 54" SAWI/SARC, List of Attendees

Name Affiliation Email

James Weinberg NEFSC James.weinberg@noaa.gov
Paul Rago NEFSC Paul.Rago@noaa.gov

Tom Nies NEFMC tnies@nefmc.org

Jeff Kaelin Lund’s Fisheries Inc jkaelin@lundsfish.com
Jud Crawford PEW CT jcrawford(@pewtrusts.org
Steve Cadrin SMAST/SSC scadrin(@umassd.edu

Liz Brooks NEFSC Liz.brooks@noaa.gov
Mike Palmer NEFSC Michael.palmer(@noaa.gov
Rachel Neild NEFMC RNeild@nefmc.org

Laurel Col NEFSC laurel.col@noaa.gov
Kayla Copeland NEFSC Kayla.copeland@noaa.gov
Gary Shepherd NEFSC gary.shepherd@noaa.gov
Chris Legault NEFSC chris.legault@noaa.gov
Brian Smith NEFSC brian.smith@noaa.gov
Jessica Blaylock NEFSC Jessica.blaylock@noaa.gov
Paul Nitschke NEFSC paul.nitschke(@noaa.gov
Mike Jech NEFSC michael jech@noaa.gov
Mary Beth Tooley O’Hara Corp mbtooley@live.com

Anne Richards NEFSC Anne.richards@noaa.gov
Ruth Haas-Castro NEFSC ruth.haas-castro@noaa.gov
Rich McBride NEFSC richard.mcbride@noaa.gov
Andrew Shamaskin NEFSC andrew.shamaskin@noaa.gov
Fred Serchuk NEFSC Fred.Serchuck(@noaa.gov
Chris Vonderweidt ASMFC cvonderweidt@asmfc.org
Tony Wood NEFSC Anthony.wood@noaa.gov
Sarah Gaichas NEFSC sarah.gaichas@noaa.gov
Loretta O’Brien NEFSC loretta.o'brien@noaa.gov
Tim Miller NEFSC timothy.j.miller@noaa.gov
Larry Jacobson NMFS/NEFSC larry.jacobson@noaa.gov
Matt Cieri ME DMR matthew.cieri@maine.gov
Jason Link NEFSC Jason.link@noaa.gov

Toni Chute NMEFS Toni.chute(@noaa.gov
Steve Correia MADMF Steve.correia(@state.ma.us
Susan Wigley NEFSC Susan.wigley(@noaa.gov
Kiersten Curti NEFSC kiersten.curti@noaa.gov
Chris McGuire TNC cmeguire(@tnc.org

Fiona Hogan NEFMC fiona.hogan@nefmc.org
Katie Burchard NEFSC katie.burchard(@noaa.gov
John Hoey NEFSC John.hoey(@noaa.gov
Dave McElroy NEFSC Dave.mcelroy@noaa.gov
Lori Steele NEFMC Isteele@nefmc.org
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Figure 1. Offshore depth strata that have been sampled during Northeast Fisheries Science
Center bottom trawl research surveys. Some of these may not be sampled presently.
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Figure 2. Inshore depth strata that have been sampled during Northeast Fisheries Science Center
bottom trawl research surveys. Some of these may not be sampled presently.
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Figure 3. Depth strata sampled during Northeast Fisheries Science Center clam dredge research
surveys.
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A. STOCK ASSESSMENT OF ATLANTIC HERRING - GULF OF
MAINE/GEORGES BANK FOR 2012, UPDATEDTHROUGH 2011

Executive Summary

TOR 4. Evaluate the validity of the current stock definition, and determine whether it should be
changed. Take into account what is known about migration among stock areas (This term of
reference is presented first because the conclusions of this term of reference had implications for
how other terms of reference were addressed).

The Gulf of Maine/Georges Bank Atlantic herring complex is composed of several
spawning aggregations. Fisheries and surveys, however, catch fish from a mix of the spawning
aggregations and methods to distinguish fish from each aggregation are not yet well established.
So, recent assessments have combined data from all areas and conducted a single assessment of
the entire complex. Although this approach poses a challenge to optimally managing each stock
component and can create retrospective patterns within an assessment, the mixing of the
spawning components in the fishery and surveys precludes separate assessments. Atlantic
herring caught in the New Brunswick, Canada, weir fishery were considered part of the Gulf of
Maine/Georges Bank complex because tagging studies suggest mixing. Herring from the
Canadian Scotian Shelf stock also likely mix with the Gulf of Maine/Georges Bank complex, but
the degree of mixing is unknown and methods to distinguish fish from each stock are not fully
developed. So, catches from the Scotian shelf were not considered part of the Gulf of

Maine/Georges Bank complex.

TOR 1. Estimate catch from all sources including landings and discards. Describe the spatial
distribution of fishing effort. Characterize uncertainty in these sources of data.

US catches were developed for the years 1964-2011 and were a sum of landings and self-
reported discards. Discards have only been available since 1996, but were generally less than
1% of landings. Consequently, discards do not represent a significant source of mortality and a
lack of historical discards is not considered problematic for the assessment. US catches were
developed separately for fixed and mobile gear types. Catches from the New Brunswick,
Canada, weir fishery were provided for the years 1965-2011 and were added to the US fixed gear

catches for the purposes of assessment.
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Total catches during 1964-2011 ranged from 44,613 mt in 1983 to 477,767 mt in 1968.
Total catches during the past five years ranged from 79,413 mt in 2010 to 112,462 mt in 2007
and averaged 95,081 mt. Mobile gear catches have been the dominant gear type since about

1995, averaging of 87% of the total catch per year.

TOR 2. Present the survey data being used in the assessment (e.g., regional indices of
abundance, recruitment, state surveys, larval surveys, age-length data, predator consumption
rates, etc.). Investigate the utility of commercial LPUE as a measure of relative abundance, and
characterize the uncertainty and any bias in these sources of data.

NMES spring and fall bottom trawl surveys began in 1968 and 1963, respectively, and
have continued uninterrupted through 2011. In 2009, the NMFS survey vessel was replaced so
calibration coefficients were used to express the 2009-2011 data in units equivalent to that of
years prior to 2009. Survey age data were collected since 1987. The practice of developing age
composition information for these surveys by using data from commercial sources was
discontinued for this assessment. The trawl doors used on the survey nets also changed in 1985
and likely altered the catchability of the survey gear. Consequently, each of these surveys are
split into two time series in 1984-1985 and these were treated as separate indices in assessment
models. The NMFS winter survey conducted during 1992-2007 provided indices of abundance
at age. The utility of this survey was debated and it was not included in the base assessment
model. A NMFS shrimp survey began in the summer of 1983. Although this survey had never
been used in previous herring assessments, it was considered appropriate for inclusion in the
2012 base assessment model. Age data was not available from this survey.

An NMFS index of larval herring abundance was developed for the years 1978-1995,
1998, and 2000-2010. Following discussions about how the index might relate to spawning
stock biomass or recruitment the survey was not included in the base assessment model.

Massachusetts Division of Marine Fisheries spring and fall bottom trawl surveys began in
1977, while joint Maine and New Hampshire spring and fall bottom trawl surveys began in 2001
and 2000, respectively. Results of these surveys were not used as tuning indices in the base
assessment model, however they are likely useful indices of localized abundance and potentially
useful for management.

Commercial landings per unit effort (LPUE) indices of abundance have not been used for

54th SAW Assessment Report 16 Atlantic Herring — Executive Summary



previous Atlantic herring assessments. Based on a priori reasons, LPUE indices were not

developed for this assessment.

TOR 3. Evaluate the utility of the NEFSC fall acoustic survey to the stock assessment of
herring. Consider degree of spatial and temporal overlap between the survey and the stock.
Compare acoustic survey results with measures derived from bottom trawl surveys.

An NMFS acoustics survey began in 1999, focusing on the Georges Bank area. Age data
were collected during the survey using a mid-water trawl. The acoustic signal was converted to
annual estimates of biomass and abundance. This survey declines sharply from 2000 to 2001,
and although it has been considered, has not been included in previous herring assessments.
Previous assessments have suggested that the sharp decline in 2000-2001 is inconsistent with
other sources of data and may have been caused by a shift in the temporal or spatial overlap
between the survey and spawning aggregations of herring. Annual distributions of the timing
and spatial locations of spawning herring aggregations were developed from larval herring
surveys. No clear evidence emerged to demonstrate a mismatch between the survey and
spawning herring aggregations that might explain the trends in the annual acoustic signal. In the
fall of 2006, an independent acoustic survey was conducted using a long range sonar system
(OAWRS). Estimates of abundance from the OAWRS system were similar in scale to that from
the NEFSC acoustic survey. In light of this information, the utility of this survey was discussed,
and the survey was included in a sensitivity analysis, but was not included in the base assessment

model.

TOR 5. Estimate annual fishing mortality, recruitment and stock biomass (both total and
spawning stock) for the time series (integrating results from TOR-6), and estimate their
uncertainty. Include a historical retrospective analysis to allow a comparison with previous
assessment results and previous projections.

As in the last several herring assessments, a statistical catch-at-age model (ASAP) was
used as the base model. The previous assessment in 2009, however, suffered from a severe
retrospective pattern and so was not used as a basis for catch advice. The 2009 ASAP model
configuration was updated using data through 2011 and the severe retrospective pattern

persisted. Data inputs and model settings were reconsidered during the development of the 2012
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assessment. The major changes to the data inputs include: age and time variable natural
mortality, use of two fishing fleets with estimation of selectivity, time and age variable maturity,
and the elimination of sharing age composition data among survey and commercial data sources.

The base ASAP model estimated SSB in 2011 to be 517,930 mt, with SSB ranging from
a minimum of 53,349 mt (1978) to a maximum of 839,710 mt (1997) over the entire time series.
The base ASAP model estimated total January 1 biomass in 2011 to be 1,322,446 mt, ranging
from a minimum of 180,527 mt (1982) to a maximum of 1,936,769 mt (2009) over the entire
time series. Fishing mortality at age 5 (Fs)in 2011 equaled 0.138 and was near the all-time low
0f 0.129 (1994). Fsin 2011, however, was not representative of fishing mortality rates in recent
years, which averaged 0.231 during 2000-2009 and also showed an increasing trend during those
years. Fishing mortality rates in 2010 and 2011 were relatively low due to the presence of a
strong 2009 age 1 cohort (2008 year class). The maximum Fs over the time series equaled 0.798
(1980).

The internal retrospective error in SSB and Fs during 2004-2011 was relatively minor in
scale and was characterized by errors in both positive and negative directions. This result was
expected because natural mortality was adjusted during 1996-2011 in part to alleviate a
retrospective error in SSB. Despite these generally positive features of the retrospective error,
some concerns still remained. The retrospective error suggested a tendency to overestimate SSB
and underestimate Fs during 2004-2007, but errors were in the opposite direction for both metrics
during 2008-2011. Furthermore, retrospective errors suggested a tendency to underestimate
recruitment (age 1 numbers). Recruitment relative retrospective error in the terminal years

ranged from -0.92 in 2009 to -0.19 in 2006 and averaged (i.e., Mohn’s Rho) -0.52.

TOR 6. Consider the implications of consumption of herring, at various life stages, for use in
estimating herring natural mortality rate (M) and to inform the herring stock-recruitment
relationship. Characterize the uncertainty of the consumption estimates. If possible integrate the
results into the stock assessment.

Consumption of herring was addressed in one of two ways: 1) indirectly through the
estimation of age and year specific Ms that were partially determined by using a Lorenzen curve,
and 2) directly through estimation of annual consumption of herring by fish predators, which was

treated as a fishing fleet in assessment modeling.
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Based on the Lorenzen curve, natural mortality at ages 1 and 2 generally declined
during 1964-2011. Average M at age 1 during 1964-1990 equaled 0.73, but equaled 0.48
during 1991-2011. Average M at age 2 during 1964-1990 equaled 0.57, but equaled 0.44
during 1991-2011. In contrast, the natural mortality at ages 3 and older generally remained
stable or increased, especially since 1990. The maximum absolute change during the time
series was about 0.02 for ages 3 and older, which suggested relatively minor biological
significance. The average M at ages 3 and older during 1964-2011 ranged from 0.22 at age
14 to 0.35 at age 3. These Lorenzen estimates were used in the base ASAP assessment
model.

Food habits data from NEFSC bottom trawl surveys were evaluated for 13 herring
fish predators. The total amount and type of food eaten were the primary food habits data
examined. From these basic food habits data, diet composition of herring, per capita
consumption, total consumption, and the amount of herring removed by the 13 predators
were calculated. Combined with abundance estimates of these fish predators, herring
consumption was summed across all predators as total herring consumption in each year
during 1968-2010. Consumption ranged from 84 mt in 1983 to 542,233 mt in 1998 and
averaged 161,305 mt over the entire time series. The consumption estimates were modeled
directly as a fishing fleet in an ASAP model as a sensitivity analysis, but consumption
estimates were not used directly in the base ASAP run. The estimates, however, did inform

a change to the Lorenzen estimates of M used in the base ASAP model.

TOR 7. State the existing stock status definitions for “overfished” and “overfishing”. Then
update or redefine biological reference points (BRPs; point estimates or proxies for Bysy,
Brurestorp, Fusy and MSY) and provide estimates of their uncertainty. If analytic model-
based estimates are unavailable, consider recommending alternative measurable proxies for
BRPs. Comment on the scientific adequacy of existing BRPs and the “new” (i.e., updated,
redefined, or alternative) BRPs.

The existing MSY reference points are based on the fit of a Fox surplus production
model. The overfishing definition is Fysy = 0.27. The stock is considered overfished if
SSB is less than half SSByisy. The existing overfished definition is %2 SSBysy = 0.5 x
670,600 mt = 335,300 mt. MSY = 178,374 mt.
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Updated MSY reference points were estimated based on the fit to a Beverton-Holt
stock-recruitment curve, which was estimated internally to the ASAP base run. Steepness of
the Beverton-Holt curve = 0.53, Fysy = 0.27, SSBysy = 157,000 mt (%2 SSBusy = 78,500),
and MSY = 53,000 mt.

TOR 8. Evaluate stock status with respect to the existing model (from previous peer reviewed
accepted assessment) and with respect to a new model, should one be developed for this peer
review. In both cases, evaluate whether the stock is rebuilt (if in a rebuilding plan).
a. When working with the existing model, update it with new data and evaluate stock status
(overfished and overfishing) with respect to the existing BRP estimates.

The model from the 2009 TRAC was updated using data through 2011. From this model,
fully selected F in 2011 was estimated to be 0.07 and SSB in 2011 was 979,000 mt. A
comparison of these values to the existing MSY reference points from the 2009 TRAC suggest
that overfishing is not occurring and that the stock is not overfished.
b. Then use the newly proposed model and evaluate stock status with respect to “new”
BRPs and their estimates (from TOR-7).

The base ASAP run estimated fishing mortality at age 5 in 2011 to be 0.14 and SSB in
2011 was 517,930 mt. A comparison of these values to the new MSY reference points from the

base ASAP run suggest that overfishing is not occurring and that the stock is not overfished.

TOR 9. Using simulation/estimation methods, evaluate consequences of alternative harvest
policies in light of uncertainties in model formulation, presence of retrospective patterns, and
incomplete information on magnitude and variability in M.

Several research projects have been undertaken to address this term of reference. Several
projects from researchers at the University of Maine focused on causes and solutions of
retrospective patterns. Another project from NMFS biologists in Woods Hole (J. Deroba) used
simulation modeling to quantify the consequences (e.g., SSB, F, quotas) of either ignoring
retrospective patterns or adjusting for retrospective patterns using Mohn’s Rho. Some
collaborative research is also underway by NMFS biologists (J. Deroba and A. Schueller) to
quantify the extent of bias in stock assessment estimates when natural mortality varies among

years and ages, but this variation is mis-specified in the assessment model. The working group
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did not discuss any of these projects in detail because they focus on more general topics that did
not immediately inform decisions for this assessment. The details of some of the University of

Maine project are provided in a working paper.

TOR 10. Develop approaches and apply them to conduct stock projections and to compute

the pdf (probability density function) of the OFL (overfishing level) and candidate ABCs
(Acceptable Biological Catch, see Appendix to the SAW TORs).

10.a. Provide numerical annual projections (3 years). Each projection should estimate and
report annual probabilities of exceeding threshold BRPs for F, and probabilities of falling below
threshold BRPs for biomass. Use a sensitivity analysis approach in which a range of
assumptions about the most important uncertainties in the assessment are considered (e.g.,
terminal year abundance, variability in recruitment).

Short-term (three year) stochastic projections of future stock status were conducted based
on the results of the base ASAP run. Projections were conducted for a range of harvest
scenarios, including Fysy, 0.75 Fysy, Fs in 2011, MSY, and status quo catch (i.e., 2012 annual
catch limit). Results suggested that none of the harvest scenarios will result in overfishing and
the stock will not become overfished through 2015, with the exception of projections at status
quo catch, which had relatively small probabilities for overfishing to occur.

10.b. Comment on which projections seem most realistic. Consider the major uncertainties
in the assessment as well as sensitivity of the projections to various assumptions.

Natural mortality is an uncertainty in this assessment. Of particular importance is
acceptance of the scale of the herring consumption estimates. A 50% increase in M from the
original Lorenzen M values during 1996-2011 was used in the base ASAP run to reduce
retrospective patterns in SSB and improve the consistency between implied amounts of biomass
removals from M and the estimates of consumption. Furthermore, the reference points and
projections were made under the assumption that prevailing conditions would persist. If life
history traits such as M change rapidly, and prevailing conditions become altered, the associated
biological reference points and projections would likewise need to be changed.

An ASAP assessment model using the original Lorenzen M values exhibited a
retrospective pattern that the working group felt would not be acceptable to reviewers or

managers (see TOR 5). Reference points and projection results from the ASAP run using the
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original Lorenzen M values also differ from the base ASAP model.

Stock structure is another uncertainty for this assessment. The working group
acknowledged that a retrospective pattern in the Atlantic herring assessment may be inevitable as
long as we are assessing a mixed stock complex. For example, varying contributions from the
Scotian Shelf (4WX) stock can produce retrospective patterns.

The base ASAP model relies on bottom trawl surveys and fishery data. The differences
between the trends in both the NEFSC acoustic survey and winter survey from the base ASAP
model presents a potential source of uncertainty.

10.c. Describe this stock’s vulnerability (see “Appendix to the SAW TORs”) to becoming
overfished, and how this could affect the choice of ABC.

The unknown contributions of the Scotian Shelf (4WX), Gulf of Maine, and Georges
Bank stocks can affect the stocks vulnerability to becoming overfished. For example, if the
Scotian Shelf stock is contributing a significant amount of fish and that contribution decreases,
the vulnerability to overfishing would increase.

In the short-term, the relatively large 2009 age 1 cohort (2008 year class) may reduce the
vulnerability of this stock to overfishing. The size of this cohort, however, is uncertain and may
be overestimated. An overestimate of the 2009 age 1 cohort would likely increase the
vulnerability of this stock to overfishing.

Recent catches were generally greater than the estimate of MSY from the base ASAP
run. This result suggests that in the long-term this stock may become more vulnerable to

overfishing. The MSY reference points, however, are uncertain.

TOR All. For any research recommendations listed in recent peer reviewed assessment and
review panel reports, review, evaluate and report on the status of those research
recommendations. Identify new research recommendations.

Research recommendations were not available from the previous assessment. Fifteen

new research recommendations were developed.
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Stock Assessment Terms of Reference for SAW/SARC-54 (June 4-8, 2012)

A. Atlantic herring

1.

A

N

~

Estimate catch from all sources including landings and discards. Describe the spatial
distribution of fishing effort. Characterize uncertainty in these sources of data.

Present the survey data being used in the assessment (e.g., regional indices of
abundance, recruitment, state surveys, larval surveys, age-length data, predator
consumption rates, etc.). Investigate the utility of commercial LPUE as a measure of
relative abundance, and characterize the uncertainty and any bias in these sources of
data.

Evaluate the utility of the NEFSC fall acoustic survey to the stock assessment of
herring. Consider degree of spatial and temporal overlap between the survey and the
stock. Compare acoustic survey results with measures derived from bottom trawl
surveys.

. Evaluate the validity of the current stock definition, and determine whether it should

be changed. Take into account what is known about migration among stock areas.

. Estimate annual fishing mortality, recruitment and stock biomass (both total and

spawning stock) for the time series (integrating results from TOR-6), and estimate
their uncertainty. Include a historical retrospective analysis to allow a comparison
with previous assessment results and previous projections.

Consider the implications of consumption of herring, at various life stages, for use in
estimating herring natural mortality rate (M) and to inform the herring stock-
recruitment relationship. Characterize the uncertainty of the consumption estimates.
If possible integrate the results into the stock assessment.

. State the existing stock status definitions for “overfished” and “overfishing”. Then

update or redefine biological reference points (BRPs; point estimates or proxies for
Bwmsy, Braresnorp, rmsy and MSY) and provide estimates of their uncertainty. If
analytic model-based estimates are unavailable, consider recommending alternative
measurable proxies for BRPs. Comment on the scientific adequacy of existing BRPs
and the “new” (i.e., updated, redefined, or alternative) BRPs.

. Evaluate stock status with respect to the existing model (from previous peer reviewed

accepted assessment) and with respect to a new model, should one be developed for
this peer review. In both cases, evaluate whether the stock is rebuilt (if in a
rebuilding plan).
a.When working with the existing model, update it with new data and evaluate
stock status (overfished and overfishing) with respect to the existing BRP
estimates.
b. Then use the newly proposed model and evaluate stock status with respect to
“new” BRPs and their estimates (from TOR-7).
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9. Using simulation/estimation methods, evaluate consequences of alternative harvest
policies in light of uncertainties in model formulation, presence of retrospective
patterns, and incomplete information on magnitude and variability in M.

10. Develop approaches and apply them to conduct stock projections and to compute
the pdf (probability density function) of the OFL (overfishing level) and candidate
ABCs (Acceptable Biological Catch; see Appendix to the SAW TORs).

a. Provide numerical annual projections (3 years). Each projection should
estimate and report annual probabilities of exceeding threshold BRPs for F,
and probabilities of falling below threshold BRPs for biomass. Use a
sensitivity analysis approach in which a range of assumptions about the most
important uncertainties in the assessment are considered (e.g., terminal year
abundance, variability in recruitment).

b. Comment on which projections seem most realistic. Consider the major
uncertainties in the assessment as well as sensitivity of the projections to
various assumptions.

c. Describe this stock’s vulnerability (see “Appendix to the SAW TORs”) to
becoming overfished, and how this could affect the choice of ABC.

11. For any research recommendations listed in recent peer reviewed assessment and
review panel reports, review, evaluate and report on the status of those research
recommendations. Identify new research recommendations.

Introduction

The fishery for Atlantic herring in the Gulf of Maine/Georges Bank stock has a long
history dating to the colonial era. Although prosecution of the fishery has evolved, herring is still
the focus of a significant fishery. Herring are targeted by trawls and purse seines as well as fixed
gear in eastern Maine and New Brunswick, Canada. Additionally, herring are a key prey species
in the Gulf of Maine/Georges Bank ecosystem.

Atlantic herring of the Gulf of Maine/Georges Bank stock was last assessed in the TRAC
process (Transboundary Resources Assessment Committee) in June 2009 (TRAC 2009). Based
on the results of a statistical catch at age model (ASAP), the TRAC concluded the stock was not
overfished and overfishing was not occurring. The estimate of age 2+ biomass (652,000 mt) in
2008 was below Bysy (670,600 mt) and fishing mortality in 2008 (0.14) was below Fysy (0.27).
However, a large retrospective bias in the results created a high degree of uncertainty and

consequently the fishery quota resulting from the assessment was not used for management.
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The intention of the SARC 54 stock assessment is to address the terms of reference and

ultimately provide scientific information useful to the management process.

Although the terms of reference are numbered sequentially, the WG concluded that it was
important to address terms of reference in the order necessary to complete subsequent TORs.

Consequently term of reference A4 is addressed first and A6 precedes AS.

TOR A4: Evaluate the validity of the current stock definition, and determine whether it should
be changed. Take into account what is known about migration among stock areas.

Early assessments of Atlantic herring along the east coast of the United States divided the
resource into separate Gulf of Maine/Nantucket Shoals and Georges Bank stocks based on
known spawning aggregations (Figure A4-1). However, since the 1991 assessment herring from
the two areas are combined into a single coastal stock complex, since there is evidence that
fisheries and surveys include fish originating from all spawning areas (NEFSC 1998, Overholtz
2004). This approach poses a challenge for the conservation of individual spawning components.
Catch limits for the stock complex are allocated to spatial management areas and catch
allocations are based on estimates of stock composition and relative biomass among areas
(Correia 2012). Recent simulations suggest that combining spawning components from the Gulf
of Maine and Georges Bank into a single stock assessment can also produce retrospective
patterns in stock assessment results (Guan et al. MS 2012). The intention of this term of
reference is to re-examine the available information on stock identification information,
including an update with recent information (Cadrin et al. 2005), and provide recommendations
for the assessment. Literature was reviewed for information regarding stock structure with
respect to geographic distribution, geographic variation and movement.

Geographic Distribution

Spatial patterns of abundance offer an indication of stock structure. Atlantic herring
spawn on relatively shallow shoals, and bathymetric features like deep channels may form
boundaries among spawning groups spawning areas. For pelagic species like herring,
oceanographic features (e.g., temperature or density fronts) may also form boundaries among

groups.
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Resource distribution - Fishery independent surveys indicate two distinct spawning
locations: 1) inshore waters of the Gulf of Maine (Figure A4-3; Clark et al. 1999, Power et al.
2002, Reid et al. 1999, Tupper et al. 1998) and on Georges Bank, including Nantucket Shoals
and Cultivator Shoals (Figure A4-3; Melvin et al. 1996, Reid et al. 1999). Currently, spawning
appears to be continuous from Massachusetts Bay into Great South Channel and along the
northern fringe of Georges Bank to the Northeast Peak.

The distribution of juvenile and adult herring on Georges Bank and in adjacent areas
changed since 1961. During the early and peak years of the Georges Bank fishery, 1961-1970,
adult and juvenile herring were sparsely scattered throughout the Gulf of Maine and Georges
Bank, with concentrations in the vicinity of known spawning areas (i.e., northern edge of
Georges Bank, Nantucket Shoals and in Massachusetts Bay; Melvin et al. 1996).

Although survey coverage of the inshore waters of the Gulf of Maine is generally poor,
increasing numbers of herring have been collected in the coastal areas of Maine since about 1990
(Figure 4a). Herring from the Gulf of Maine and Georges Bank overwinter between Cape Cod
and Cape Hatteras, with major aggregations occurring in coastal and shelf waters off Long
Island. Since 1990, herring have continued to broaden their winter distribution and increase in
abundance in both coastal and offshore waters from Cape Cod to Cape Hatteras (Figure A4-4b).

Ichthyoplankton distribution - Information on distribution of early life history stages is
pertinent to stock identification because it may indicate exchange between adjacent geographic
groups, or alternatively the isolation of reproductive products (Hare 2005). Herring larvae
produced by the major spawning stocks in the Gulf of Maine/Georges Bank region remain
discrete during the early part of the larval stage (Sinclair and Iles 1985; Tupper et al. 1998).
Therefore, the distribution pattern of young larvae (<10mm) provides information on stock
structure. Based on the distribution of 4-9mm larvae, Tibbo et al. (1958) concluded that the
largest herring spawning area in the Gulf of Maine occurred on the northern edge of Georges
Bank (updated geographic distributions of <9mm larvae in Figure A4-5). Annual larval surveys
were conducted throughout the 1960s in the Gulf of Maine (Boyar et al. 1973a, Boyar et al.
1973b; Tibbo and Legare, 1960). The largest herring spawning component occurred on the

northeastern portion of Georges Bank.
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Geographic Variation

Biochemistry - Genetics have provided little conclusive evidence of discrete stock
structure of Atlantic herring (Tupper et al. 1998). Biochemical methods for distinguishing
herring populations in the Northwest Atlantic have been conducted since the 1970s. The U.S.
and U.S.S.R biochemical and serological studies of the 1970s were considered flawed and thus
no conclusions could be reached based on their information (Anthony and Waring 1980).
Kornfield and Bogdonowicz (1987) found no evidence of genetically distinct herring populations
in the Gulf of Maine based on mitochondrial DNA analysis.

Growth - geographic patterns in size at age suggest sub-stock structure. The average
length at age by station for the spring and fall trawl surveys shows that fish in the north are
smaller at age (Figure A4-6). Older fish aren’t located in this area during these surveys. There is
approximately an 18% difference in length between the southern set of survey strata and the
northern set of strata (Figure A4-7).

Morphology - Genetic or environmental differences among areas can produce geographic
patterns in body form that are also important for identifying phenotypic stocks (Winans, 1987).
Pectoral fin ray counts were used in the past to distinguish between herring from the Maine
coast, Georges Bank and Nova Scotia (Anthony and Waring 1980). The number of pectoral fin
rays is related to water temperature and is determined at an early age. Adult herring from
Georges to Cape Cod are expected to have fewer fin rays than adults from further north since
they inhabit warmer waters (Reid et al. 1999). Pectoral fin ray counts from juvenile fish from the
Maine coast were found to be similar to adults from Georges Bank to Cape Cod (Anthony and
Waring 1980).

Libby (cited in Tupper et al.1998) examined a number of otolith size and shape
characteristics from recently hatched larvae from southwest Nova Scotia, western Georges Bank
and mid-coast Maine. Eighty-four percent of 38 otoliths were classified to the correct spawning
area.

Armstrong and Cadrin (2001) characterized morphometric variation between the two major
spawning components in the Gulf of Maine-Georges Bank stock complex. Post-spawning
herring were classified into their respective spawning groups using discriminant analysis of
morphometric characters with 88% accuracy. Discrimination of mixed-stock samples from the

winter fishery suggested that 70% were from Georges Bank and 30% were from the Gulf of
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Maine. Bolles et al. (2005) refined the morphometric analysis and correctly classified herring to

their stock of origin at 67 to 87% accuracy.

Movements and migrations

Ichthyoplankton dispersion - As mentioned above, information on distribution of early
life history stages is pertinent to stock identification because it may indicate exchange between
geographic groups or isolation of reproductive products. Understanding larval behavior and
circulation patterns that may mix reproductive products from adjacent spawning areas or retain
larvae within an area are also important for defining stocks (Sinclair 1988).

Herring larvae produced on spawning grounds in eastern Maine and New Brunswick are
transported in a westerly direction and recruit to the juvenile herring population along the Maine
coast (Tupper et al 1998). Larvae from spawning grounds in the western Gulf of Maine recruit to
the juvenile herring populations along the coast of central and western Maine and along the coast
of New Hampshire and Massachusetts (Lazzari and Stevenson 1992, Tupper et al. 1998). Larvae
produced in the Jeffreys Ledge area move inshore and disperse in all directions (Tupper et al
1998).

Georges Bank larvae may be retained in a clockwise current gyre for several months
(Boyar et al. 1973a, Reid et al 1999). However, larvae from Georges Bank and Nantucket Shoals
may also migrate inshore (herring younger than two years of age are not usually found on
Georges Bank; Anthony and Waring, 1980). This would most likely occur when the Georges
Bank and Nantucket Shoals spawning populations are large (Tupper et al, 1998). Graham et al.
(1972) report herring larvae entering the Sheepscot estuary of Western Maine in the early fall,
soon after hatching. In the spring, additional larvae also entered the coastal area. The authors
postulate that the spring larvae originated from Georges Bank, and the abundance of spring
larvae along the coast coincided with the decline of the Georges Bank component.

Tagging observations - Movement of juveniles and adults among areas and fidelity to
spawning groups is an essential element to stock identification (Harden Jones, 1968). Historical
tagging studies and fisheries data provide the background source of information on seasonal

movements of adult and juvenile herring from each of the three spawning components (Figure

A4-8).
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The annual life cycle of the herring can be divided into five seasonal phases:
overwintering, spring migration, summer feeding, spawning and fall migration. Tagging of
herring at each of these stages has previously been undertaken to characterize movements and
identify stocks (Stobo 1983a,b, Tupper et al. 1998). Gulf of Maine and Georges Bank herring
components are mixed to various degrees during all phases of their annual life cycle, except
during spawning.

Herring tagged in the autumn in the Bay of Fundy and off Nova Scotia migrated north to
Chedabucto Bay and south to Cape Cod Bay and Block Island Sound to overwinter (Stobo et al.
1975; Stobo 1976; 1982). During the feeding and pre-spawning period, the Bay of Fundy
contained a large mixture of Gulf of Maine and Scotian Shelf stocks (Stobo 1982).

Age-1 Atlantic herring tagged in the western and central waters of Maine during the
autumns and winters of 1982 and 1983 contributed to the commercial catch of age 2 fish east of
the area where they were tagged during the 2nd and 3rd quarters of the following year, including
easternmost Maine and western New Brunswick waters (Creaser and Libby 1986). Summer
feeding adults and older juveniles (age 3) tagged in eastern Maine from 1976 to 1982 were
recaptured on overwintering grounds in Massachusetts and Cape Cod Bays and in Southern New
England (Creaser et al. 1984, Creaser and Libby 1988). Herring tagged in the summer and fall
along the Maine coast tend to move southwest and overwinter in Massachusetts Bay, although a
few move south of Cape Cod and some move across the Bay of Fundy to Nova Scotia (Stobo
1983a; b; Tupper et al. 1998).

Adult herring tagged off Cape Cod and the western Gulf of Maine move north and east from
the central coast of Maine to southwest Nova Scotia during spring and summer (Grosslein 1986).

Herring tagged in 1977 in the Great South Channel and on Jeffreys Ledge were recovered
all along the northeast coast from Ipswich Bay, Massachusetts into the Bay of Fundy and along
southwest Nova Scotia in the summer and autumn herring fisheries. Tagged fish were also
returned during the winter fisheries in Chedabucto Bay, Cape Cod Bay and Block Island Sound
(Almeida and Burns 1978, Anthony and Waring, 1980).

From 1998 to 2002, herring tagged on spawning grounds and on the major Nova Scotia
overwintering grounds were mostly recovered from the local tagging area (Waters and Cark
2005). However, recoveries were also found from the summer and fall weir fishery and the

winter purse seine fishery around Grand Manan. In addition, there were recoveries from the
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eastern side of the Bay of Fundy, German Bank, the spawning grounds of Scots Bay and from
USA waters as far south as Hudson Canyon. The 2006 Transboundary Assessment Review
Committee considered this tagging information and concluded that there is a mix of Scotian
Shelf and Gulf of Maine spawners in the New Brunswick weirs, but that there is no means to
identify the exact proportion (TRAC 2006). The most recent tagging study of New England
herring was by Kanwit and Libby (2009) to describe seasonal movements. Herring tagged in the
Gulf of Maine during the summer feeding/spawning period were recaptured in the Gulf of
Maine, on Georges Bank, on the Scotian Shelf and in the southern New England winter fishery
(Figure A4-9). Herring tagged in Southern New England during the winter feeding period were
recaptured in southern New England, the Gulf of Maine and the Scotian Shelf (Figure A4-10).
Conclusions

The Working Group (WG) examined a variety of factors related to stock structure,
including geographic distribution, specifically resource and ichthyoplankton distribution,
biochemistry, growth, morphology, ichthyoplankton dispersion and tagging studies. The WG
agreed that the conclusions of previous Stock Assessment Workshops (Overholtz et al. 2004) and
Transboundary Assessment Review Committees (TRAC 2006, 2009) are supported by historical
and recent information on stock structure. Mixing of spawning components in the fishery and
during resource surveys precludes separate assessment and management of the components. It is
therefore necessary to continue to assess the entire Gulf of Maine-Georges Bank stock complex
as a single unit. Subsequent consideration of the individual components will remain necessary
but will not be supported by the assessment product. Herring in the New Brunswick weir fishery
will continue to be included in the Gulf of Maine/Georges Bank stock whereas herring stocks
associated with the Scotian Shelf will remain separate. The WG acknowledged some degree of
mixing of Scotian shelf stocks with U.S. stocks but as noted, partitioning of stocks within fishery

landings is not possible at this time.
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Figure A4-1a. Atlantic herring management units in the northwest Atlantic (from
www.clupea.net).
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Figure A4-1b. ICNAF view of Atlantic herring stock structure (double lines indicate stock
boundaries; from ICNAF 1972)
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Figure A4-2. Management boundaries for Atlantic herring in the Gulf of Maine and on Georges
Bank (lines indicate original boundaries, shaded area indicates 2006 revision to area 3
boundaries).
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Figure A4- 3. Generalized view of the current major herring spawning areas in the Gulf of Maine
and on George Bank (from Overholtz et al. 2004)
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Figure A4-4. Distribution and abundance of Atlantic herring observed in the U.S. fall bottom
trawl survey (A) and U.S. spring survey (B); from Overholtz et al.( 2004).
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Figure A4-5. Annual distribution of small larvae (<9mm) during sampling in Oct-Dec. Red x’s
indicate samples with no larvae (continued on following pages).

1971 1972

1975 1976

54th SAW Assessment Report 37 Atlantic Herring; Terms of Reference-TOR A4



54th SAW Assessment Report 38 Atlantic Herring; Terms of Reference-TOR A4



1983 1984

70 68 66

1985

45

44

42» s -
40L__i%0 .8 66

54th SAW Assessment Report 39 Atlantic Herring; Terms of Reference-TOR A4



1989 1990

45
44
43

42

41 (5,

40" : : - 40 <. - :
-70 -68 -66 70 68 -66

54th SAW Assessment Report 40 Atlantic Herring; Terms of Reference-TOR A4



70 68 66 70 68 66

54th SAW Assessment Report 41 Atlantic Herring; Terms of Reference-TOR A4



2001 2002

70 .68 -6 70 68 6

54th SAW Assessment Report 42 Atlantic Herring; Terms of Reference-TOR A4



2007 2008

70 68 66 70 88 66

54th SAW Assessment Report 43 Atlantic Herring; Terms of Reference-TOR A4



Figure A4-6. Spatial patterns of length at age in the NEFSC spring and fall surveys, 2009 and
2010.
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Figure A4-7. Average length calculated using SURVAN Southern Strata (1-25 and 69-76) and
Northern Strata (33-40).
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Figure A4-8. Hypothesized seasonal movements of three Atlantic herring spawning stocks
inhabiting U.S. waters (from Reid et al. 1999).
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Figure A4-9. Tagging locations (gray dots) and returns (black dots) from Atlantic herring re-
leased in the Gulf of Maine during the spawning/feeding season (from Kanwit and Libby 2009).
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TOR Al. Estimate catch from all sources including landings and discards. Describe the spatial
distribution of fishing effort. Characterize uncertainty in these sources of data.

Data from the United States

The catch data used to develop the US herring catch at age for 1964 to 2011 comes from
a combination of NMFS Vessel Trip Reports (VTR), NAFO reports, Maine DMR, and other
state landings reports. Landings from reports such as these were correlated to independent,
scientifically derived estimates of landings (Rago et al. 2005 NEFSC Ref. Doc. 05-09; Wigley et
al. 2007 NEFSC Ref. Doc. 07-09), and so are considered to be accurate. The reported catch here
is a sum of landings and self-reported discards, but discard estimates were not available in all
years (Table A1-1; Table A1-2). Observed discards, however, were generally less than 1% of
landings and do not represent a significant source of mortality (Table A1-2; Wigley et al. 2011
NEFSC Ref. Doc. 11-09). Consequently, a lack of historical estimates of discards is not
considered problematic for stock assessments. When data availability permitted, all the
calculations used to produce the catch at age data below were done at the level of year, quarter,
and gear type. Gear type was defined as either fixed or mobile gear. All trawl gears and purse
seines were considered mobile, while all other gears (weirs, fyke nets, pound nets, etc.) were
classified as fixed. These two aggregate gear types were used because biological data (e.g.,
lengths, ages, weights) were insufficient to do calculations on specific gear types. Weight-length
relationships were similar between fixed and mobile gears, and so data were combined for the
gear types to estimate the parameters of this relationship. When no weight-length or length
frequency data existed for a unique combination of year, quarter, and gear type, the calculations
were then done at the level of year, semester (January-June or July-December), and gear type.
Similarly, when no weight-length or length frequency data existed for a unique combination of
year, semester, and gear type, the calculations were done at the level of year and gear type.
Aggregations to the level of year and gear type were only necessary for six years for the fixed
gear type (none for mobile gear). For the fixed gear type, no biological data were available in
nine years (1995, 1996, 2002-2005, 2008-2009, 2011). Catch at age for the fixed gear type was
consequently not developed in these years. Age-length keys were developed at the level of year,
semester, and gear type. When an observed length had no corresponding age data, age samples
for that length from the alternative gear type were used or an age was imputed based on age

samples at surrounding lengths. Data on sampling intensity is provided in Tables A1-3 —A1-6.
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The catch at age was purposefully developed separately for the two aggregate gear types
because they clearly have different selectivity patterns to support a statistical catch-at-age
assessment model (Figure Al-1; Figure A1-2). Calculations did not include any spatial element
because adding this to the stratification scheme resulted in a large number of combinations with
little or no biological data (Table A1-4 — A1-6). The gear types are also confounded in space,
with nearly all the fixed gear catch coming from the Gulf of Maine (Figure A1-3). Furthermore,
the length frequencies of catches from different gears in the same area are clearly different, while
length frequencies from the same gear in different areas are similar (Figure A1-2; Figure A1-4);
suggesting that accounting for gear type was necessary while spatial differences were relatively
inconsequential.

Data from New Brunswick, Canada

Department of Fisheries and Oceans, Canada, personnel (Michael Power) provided catch
at age data for the New Brunswick (NB), Canada, weir fishery during 1965-2011 (Table A1-7).
The NB weir fishery uses nearly the same gears as the US fixed gear fishery and have similar age
compositions (Figures A1-5 - A1-6). Furthermore, some US weir operations are located in close
geographic proximity to the NB weir fishery. Consequently, the working group agreed that data
from the NB weir fishery and the US fixed gear fishery should be combined for the assessment.
Data summary and other assessment inputs

Catch in the US mobile gear fishery peaked in the late 1960s and early 70s, largely due to
efforts from foreign fleets (Figure A1-7). Catch in this fishery has been relatively stable since
about 2000 and has accounted for most of the Atlantic herring catches in recent years. Catch in
the US fixed gear fishery has been variable, but has been relatively low since the mid-1980s
(Figure A1-7). Catch in the NB weir fishery has also declined since the 1980s (Figure A1-7).

The US mobile gear fishery catches a relatively broad range of ages and some strong
cohorts can be seen for several years (Figure A1-8; Tables A1-8 — A1-9). In contrast, the US
fixed gear fishery and the NB weir fishery harvest almost exclusively age 2 herring (Figures Al-
5 - Al-6; Tables A1-7, A1-10 - A1-11).

A single matrix of catch weights at age was estimated as the catch weighted mean
weights at age among the strata used to develop the US catch at age matrices and ultimately
among the mobile and fixed gear fisheries (Table A1-12). Weights at age for spawning stock

biomass were estimated as the mean weights at age from the mobile gear fishery in quarter three
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(i.e., July-September; Table A1-13). This data was used because the mobile gear fishery is
relatively well sampled in all years and quarter three is when herring typically begin spawning.
January 1 weights at age were estimated by using a Rivard calculation of the SSB weights at age
(Table A1-14). Any missing weights at age in each matrix were replaced by a time series
average from one of three time stanzas: 1965-1985, 1986-1994, or 1995-2011. These three time
stanzas were used to accommodate the temporal changes in herring growth, mostly evident for
older aged herring (e.g., Figure A1-9). Since herring beyond age 8 experience relatively little
growth, weight at age 8 was used to characterize fish in the plus group (age 8+) in the model.

Maturity at age was developed using samples from commercial catches during quarter
three (July to September). Fish caught during this time of year were used because they reflect
the maturity condition of herring just prior to or during spawning, and therefore are best for
calculations related to spawning stock biomass. Fish of both sexes were included. Fish of
unknown maturity were removed from the analysis (codes 0 and 9 in the dataset). Immature fish
were defined as those classified as immature I or immature II (codes 1 and 2, respectively in
dataset) while all other fish were considered mature (3=ripe, 4=eyed, 5=ripe and running,
6=spent, 7=resting). A general additive model with a logit link function (akin to a logistic
regression) was fit to the proportion of mature fish at age in each year. The predicted maturity at
age in each year from the general additive model was used in most stock assessment modeling
(e.g., ASAP base run below; Figure A1-10; Table A1-15).
Spatial distribution of fishing effort

The fishery tends to operate as expected given what is known about Atlantic herring
migration patterns. In the winter, fishery landings tend to be more southerly than other times of
year. As warming occurs through the spring and summer and herring migrate to the north,
fishery landings occur more frequently throughout the Gulf of Maine. As fish separate into
components to spawn in the fall, fishery landings span the Gulf of Maine and Georges Bank.
Example figures demonstrating these patterns are provided for 2006-2010 (Figures A1-11 - Al-
15).
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Table A1-1. Atlantic herring catch during 1964-2011. Discards were only included since 1996.

YEAR US Fixed Gear Catch (mt) Mobile Gear (mt) New Brunswick Weir (mt) US Fixed + NB Weir (mt)

1964 31484 142156 29432 60916
1965 36440 58161 31682 68122
1966 23178 162022 35602 58780
1967 17458 258306 29928 47386
1968 24565 421091 32111 56676
1969 9007 362148 25643 34650
1970 4316 302107 15070 19386
1971 5712 327980 12136 17848
1972 22800 225726 31893 54693
1973 1475 247025 19053 26528
1974 7040 203462 19020 26060
1975 11954 190689 30816 42770
1976 35606 79732 29207 64813
1977 26947 56665 19973 46920
1978 20309 52423 38842 59151
1979 47292 33756 37828 85120
1980 42325 57120 13526 55851
1981 58739 26883 19080 77819
1982 15113 29334 25963 41076
1983 3861 29369 11383 15244
1984 471 46189 8698 9168
1985 6036 27316 27864 33900
1986 2120 38100 27885 30005
1987 1986 47971 27320 29306
1988 2598 51019 33421 36019
1989 1761 54082 44112 45873
1990 670 54737 38778 39448
1991 2133 78032 24574 26707
1992 3839 88910 31968 35807
1993 2288 74593 31572 33860
1994 539 63161 22242 22781
1995 6 106179 18248 18254
1996 631 116788 15913 16544
1997 275 123824 20551 20826
1998 4889 103734 20092 24981
1999 653 110200 18644 19298
2000 54 109087 16830 16884
2001 27 120548 20210 20237
2002 46 93176 11874 11920
2003 152 102320 9008 9160
2004 96 94628 20685 20781
2005 68 93670 13055 13123
2006 1007 102994 12863 13870
2007 403 81116 30944 31347
2008 31 84650 6448 6479
2009 98 103458 4031 4129
2010 1263 67191 10958 12221
2011 422 80682 3711 4132
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Table A1-2. Atlantic herring landing and discards during 1996-2011 for US fixed and mobile
gears.

Year Discards (mt) Landings (mt) D/L
Fixed Mobile Fixed Mobile Fixed Mobile
1996 13 131 666 116609 0.02 0.00
1997 29 225 342 123504 0.08 0.00
1998 7 188 4925 103503 0.00 0.00
1999 5 48 704 110096 0.01 0.00
2000 6 317 62 108756 0.10 0.00
2001 11 539 54 119971 0.21 0.00
2002 3 38 52 93129 0.07 0.00
2003 8 22 159 102284 0.05 0.00
2004 9 477 103 94136 0.08 0.01
2005 3 299 76 93359 0.03 0.00
2006 1 199 1029 102772 0.00 0.00
2007 3 52 418 81045 0.01 0.00
2008 3 526 41 84111 0.07 0.01
2009 2 460 158 102928 0.01 0.00
2010 33 230 1511 66673 0.02 0.00
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Table A1-3. Number of unique trips sampled for US fixed and mobile gears. 2011 is
incomplete.

Year Number of Trips Sampled Total

Fixed Mobile
1960 24 6 30
1961 34 8’ 42
1962 74 97 83
1963 308 277 335
1964 329 197 348
1965 353 137 366
1966 221 297 250
1967 241 66~ 307
1968 308 147 322
1969 300 257 325
1970 117 40" 157
1971 103 91" 194
1972 120 1037 223
1973 95 697 164
1974 144 1467 290
1975 154 1317 285
1976 238 1507 388
1977 248 1067 354
1978 232 2767 508
1979 559 1217 680
1980 192 2687 460
1981 352 1007 452
1982 127 1057 232
1983 62 1347 196
1984 10 1617 171
1985 54 88" 142
1986 18 56~ 74
1987 21 797 100
1988 24 777 101
1989 29 68 97
1990 37 1077 144
1991 24 99" 123
1992 38 1267 164
1993 32 1257 157
1994 15 757 90
1995 1247 124
1996 6 1377 143
1997 213" 213
1998 10 1737 183
1999 3 206" 209
2000 1957 195
2001 2 2147 216
2002 200" 200
2003 1557 155
2004 1417 141
2005 1867 186
2006 1 2117 212
2007 1 1477 148
2008 1257 125
2009 1237 123
2010 1 1177 118
2011 74" 74
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Table A1-4. Number of unique trips sampled in the Gulf of Maine and other areas. 2011 is

incomplete.

54th SAW Assessment Report

Year Number of Trips Sampled Total
Gulf of Maine Other
1960 30 f 30
1961 42 f 42
1962 83 f 83
1963 332 37 335
1964 348 " 348
1965 366 " 366
1966 275 227 297
1967 305 357 340
1968 345 23" 368
1969 359 337 392
1970 168 347 202
1971 136 767 212
1972 203 32" 235
1973 151 307 181
1974 250 48" 298
1975 246 53" 299
1976 375 277 402
1977 343 25" 368
1978 515 117 526
1979 677 3" 680
1980 458 2" 460
1981 450 27 452
1982 228 47 232
1983 196 " 196
1984 171 Too171
1985 141 17 142
1986 74 f 74
1987 100 " 100
1988 99 27 101
1989 97 f 97
1990 144 T 144
1991 122 17 123
1992 164 " 164
1993 155 2" 157
1994 82 8’ 90
1995 118 6’ 124
1996 123 207 143
1997 171 42" 213
1998 107 76" 183
1999 181 28" 209
2000 140 557 195
2001 130 86 216
2002 157 43" 200
2003 93 62" 155
2004 92 49" 141
2005 113 737 186
2006 109 103" 212
2007 92 56~ 148
2008 72 537 125
2009 68 557 123
2010 51 67 118
2011 36 38’ 74
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Table A1-5. Number of fish sampled for length for US fixed and mobile gears and in the Gulf of
Maine and other areas. 2011 is incomplete.

Year #Length Samples Total # Length Samples Total
Fixed Mobile Gulf of Maine Other
1960 2198 607 2805 2805 2805
1961 6185 1152 7337 7337 7337
1962 11796 1407 13203 13203 13203
1963 26465 2192 28657 28379 278 28657
1964 25802 1367 27169 27169 27169
1965 20671 715 21386 21386 21386
1966 11123 1401 12524 36766 19888 56654
1967 11410 12263 23673 27583 22156 49739
1968 16521 698 17219 36167 18944 55111
1969 14502 2910 17412 50050 30086 80136
1970 4171 20099 24270 34914 26580 61494
1971 7879 41157 49036 21537 44213 65750
1972 12945 33970 46915 35384 23685 59069
1973 4682 33633 38315 26913 27120 54033
1974 13340 45394 58734 37424 29368 66792
1975 14816 35026 49842 32797 31181 63978
1976 21267 31556 52823 43546 21457 65003
1977 23336 20257 43593 45443 11316 56759
1978 11574 15154 26728 44045 863 44908
1979 28815 8479 37294 37108 186 37294
1980 8867 19448 28315 28115 200 28315
1981 17433 6095 23528 23428 100 23528
1982 6327 6369 12696 12496 200 12696
1983 3100 7915 11015 11015 11015
1984 500 9595 10095 10095 10095
1985 2700 6288 8988 8888 100 8988
1986 896 3850 4746 4746 4746
1987 1050 5344 6394 6394 6394
1988 1200 5340 6540 6440 100 6540
1989 1450 4850 6300 6300 6300
1990 1847 6727 8574 8574 8574
1991 1200 6963 8163 8113 50 8163
1992 1900 9643 11543 11543 11543
1993 1671 6265 7936 7879 57 7936
1994 755 3717 4472 4072 400 4472
1995 6183 6183 5895 288 6183
1996 300 7181 f 7481 6483 998 7481
1997 10905 f 10905 8855 2050 10905
1998 500 8656 9156 5517 3639 9156
1999 150 10296 10446 9095 1351 10446
2000 9159 9159 6852 2307 9159
2001 100 10078 10178 6252 3926 10178
2002 9640 9640 7569 2071 9640
2003 77127 7712 4656 3056 7712
2004 7099 7099 4658 2441 7099
2005 9280 9280 5683 3597 9280
2006 50 11005 f 11055 5869 5186 11055
2007 45 7730 f 7775 4984 2791 7775
2008 6359 6359 3744 2615 6359
2009 6157 6157 3426 2731 6157
2010 50 6027 6077 2737 3340 6077
2011 3682 3682 1841 1841 3682
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Table A1-6. Number of fish sampled for age for US fixed and mobile gears and in the Gulf of
Maine and other areas. 2011 is incomplete.

Year # Age Samples Total # Age Samples Total
Fixed Mobile Gulf of Maine Other
1960 1156 317 1473 1473 1473
1961 3700 601 4301 4301 4301
1962 7452 879 8331 8331 8331
1963 13379 1317 f 14696 14546 150 14696
1964 12324 823 f 13147 13147 13147
1965 11463 516 f 11979 11979 11979
1966 4643 700 5343 29523 19802 49325
1967 4535 10774 15309 19205 21920 41125
1968 7012 275 7287 26090 18809 44899
1969 5380 2417 7797 40329 29948 70277
1970 1974 19812 21786 32426 26296 58722
1971 6788 41021 47809 20438 44013 64451
1972 6732 31137 f 37869 26693 23330 50023
1973 1467 32872 f 34339 22945 27034 49979
1974 1956 40313 f 42269 21728 28599 50327
1975 2658 29907 32565 16971 29730 46701
1976 3283 25233 28516 19414 21252 40666
1977 3584 13887 17471 20389 10226 30615
1978 2188 4019 6207 24038 339 24377
1979 4649 2077 6726 6636 90 6726
1980 1881 4165 6046 5984 62 6046
1981 2696 1789 4485 4425 60 4485
1982 1140 2007 f 3147 3027 120 3147
1983 500 1848 f 2348 2348 2348
1984 120 2793 f 2913 2913 2913
1985 480 2074 2554 2529 25 2554
1986 195 13247 1519 1519 1519
1987 265 2075 2340 2340 2340
1988 255 1819 2074 2014 60 2074
1989 255 1370 1625 1625 1625
1990 285 1903 2188 2188 2188
1991 240 1988 f 2228 2208 20 2228
1992 420 2541 f 2961 2961 2961
1993 365 2552 f 2917 2860 57 2917
1994 150 1582 f 1732 1547 185 1732
1995 2089 2089 1939 150 2089
1996 85 2217 2302 1842 460 2302
1997 3590 3590 2770 820 3590
1998 125 2544 2669 1511 1158 2669
1999 40 3040 3080 2633 447 3080
2000 2526 2526 1770 756 2526
2001 43 3034 f 3077 1794 1283 3077
2002 2986 f 2986 2394 592 2986
2003 2507 2507 1428 1079 2507
2004 2293 i 2293 1471 822 2293
2005 2998 2998 1759 1239 2998
2006 13 3063 3076 1587 1489 3076
2007 12 21247 2136 1284 852 2136
2008 2503 2503 1548 955 2503
2009 25327 2532 1285 1247 2532
2010 14 2569 f 2583 1008 1575 2583
2011 1371 I 1371 691 680 1371
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Table A1-7. Catch at age (numbers) from the New Brunswick, Canada, weir fishery.

Agel Age2 Agel Aged Age5 Ageb Aged Aged Aged Ageld Agell+

1965 992000 852368000 65445000 53154000 6357000 240000 116000 77000 o 1]
1966 3895000 151087000 432061000 459134000 30162000 1182000 23000 13000 22000 23000
1967 127374000 194560000 57421000 111164000 12573000 4326000 1170000 119000 3000 "]

1968 2409000 758766000 51933000 25098000 31655000 3957000 3141000 @ 757000 77000 10000
1969 71191000 373586000 101361000 5067000 9345000 7652000 6445000 2025000 300000 3000
1970 3553000 348910000 9924000 12598000 6034000 3788000 2350000 893000 61000 10000
1971 92253000 183690000 37348000 7925000 3912000 2078000 3068000 1195000 332000 52000 62000
1972 8102000 660547000 6446000 10817000 4226000 2005000 1025000 1161000 354000 34000 11000
1973 31803000 143051000 125365000 14773000 1033000 529000 57000 121000 56000 4000 22000
1974 32539000 246044000 43483000 31147000 1227000 48000 54000 35000 38000 27000 37000
1975 16830000 462977000 57228000 9535000 16380000 2183000 1111000 916000 254000 158000 174000
1976 51791000 193268000 104624000 19939000 14911000 10128000 1601000 366000 437000 193000 112000

(=== = == R = =

1977 459109000 122921000 10305000 20941000 7237000 7050000 4674000 230000 5000 "] 1000
1978 213778000 854372000 52125000 3665000 810000 1064000 280000 132000 0 1] ]
1979 2396000 423731000 247356000 12236000 822000 341000 473000 1005000 190000 "] 0
1980 257995000 5325000 62087000 21615000 924000 125000 124000 67000 57000 63000 0
1981 53336000 294720000 18781000 10199000 5368000 306000 46000 34000 27000 1] ]
1982 30210000 395410000 73197000 3195000 1795000 15%6000 196000 42000 63000 "] 0
1983 2532000 135283000 21684000 7520000 444000 393000 183000 0 ] "] 0
1984 14353000 82920000 17292000 5658000 4332000 611000 251000 15000 85000 1] ]
1985 20295000 385331000 45373000 17936000 7411000 3507000 304000 71000 73000 "] 0
1986 3210000 136292000 119736000 24061000 10636000 4644000 2272000 @ 335000 94000 66000 9000
1987 35677000 129348000 47981000 53150000 22941000 7097000 2472000 606000 173000 96000 ]

1988 76053000 347765000 43073000 22360000 38343000 14212000 1680000 101000 247000 1000 3000
1989 26855000 331014000 81410000 21442000 22723000 43020000 11532000 3095000 810000 121000 249000
1990 12576000 454802000 69004000 30689000 6358000 7230000 15031000 3420000 2520000 620000 310000
1991 35530000 333263000 44450000 23618000 9532000 3134000 2620000 3436000 1461000 267000 1350000
1992 795000 375772000 97673000 36438000 10378000 3992000 1613000 1360000 558000 245000 44000
1993 1718000 244073000 106099000 37186000 23218000 12260000 4515000 1120000 1101000 864000 175000
1994 1536000 291956000 63902000 9972000 16253000 9332000 3893000 1475000 1080000 544000 334000

1995 57344000 253741000 40122000 14803000 1822000 1567000 1543000 30000 ] "] 0
1996 5351000 263431000 22390000 9342000 4302000 1147000 1273000 426000 38000 5000 2000
1997 9305000 216159000 113157000 11333000 3397000 523000 206000 95000 11000 0 0
1998 440000 387723000 36062000 9595000 3404000 1842000 297000 69000 25000 1000 0
1999 167679 106127770 100722414 11903080 9057476 3968746 1363910 154714 3950 3909 8434
2000 1665260 256734705 8082353 7871514 53769038 1416833 521421 101422 190 0 0
2001 1320542 113200008 119154370 8018810 5712883 1823813 588419 95017 101838 2081 0

2002 31858563 180051484 16260128 11528872 3020062 432017 101972 43714 18817 19556 11509
2003 11470685 162210672 15488021 2912307 1987414 456774 128273 27994 27934 13387 12487
2004 6711148 184123131 103911073 18753448 2537258 1731082 305572 358008 92686 31016 45060

2005 1152478 102401310 73912834 19379433 4269372 533307 268965 109207 13692 450 2466
2006 201206756 139578332 25001134 3786465 3705392 1275745 684331 138912 6539 842 1725
2007 ©322626 571186007 31093039 2044604 812012 1274305 419924 63163 13985 1667 220
2008 27394408 122185141 19783355 203318 82469 105017 120277 45529 17154 1270 76
2009 12937445 99615334 3302958 141258 3842 1285 832 237 73 0 0
2010 7224 371400620 16967663 522825 463391 29356 21701 286036 16157 5620 612
2011 12923859 46464412 20613283 2027950 3446852 57325 4383 0 0 0 0
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Table A1-8. Catch at age (numbers) from the mobile gear fishery.

Agel Age2 Aged Aged Ageb Ageb Age7 Aged Aged Ageld Agell Agel2 Ageld Ageld
1964 552950928 2440319637 81842720 248040048 42389930 6735866 o o ] o o o o o]
1965 2318154 2450066684 65708540 19765311 1159077 o o o o o o o o o
1966 199105 1113697799 1417669145 46222367 71800497 24512358 5662098 o o o o o o o
1967 11822 74797867 333411262 263176999 147609829 216247141 414683192 63952624 32054741 21680154 o o o o
1968 42152629 5778553789 1709821555 317867467 192174776 77908693 10387826 o o] o u] o u] o]
1969 346523990 932595658 1763774132 224372774 62062446 32558737 68457611 109935737 87838634 o o o o o
1970 154652214 513171935 227222123 412334344 254214770 151695761 129356685 81483465 64745415 19829519 1976018 o o o
1971 27092498 45190338 343763697 298725840 2301519037 205573884 137564956 91033123 106140494 19333813 5783831 95702 o o]
1972 20689656 289161185 107348262 174039859 225098384 202865191 121578122 50884098 21000064 19835285 3102295 114142 55334 o
1973 30508144 259882498 9235106254 244946509 92575400 67293040 76296544 36825900 16565596 4229281 770449 554689 455335 o
1974 10095636 131235158 161392230  B04881225 90123683 29946284 26312493 13359262 TFo75836 1764478 2837059 o 401765 u]
1975 6568037 24207811 62852773 133110311 603433386 57600256 27945583 18626347 9703293 3542517 2613282 398724 41743 o
1976 o 2574529 677795011 34231656 44129594 210329583 15382580 5960524 39865971 1040041 465108 207707 16767 o
1977 4671893 51353412 27630865 93263493 24088990 26962221 103415532 T425391 2103109 1296735 604702 188981 o o]
1978 2995548 74751129 57843611 43939493 70990842 9823651 13592256 53376183 2199989 1239673 389247 347689 71456 o
1979 89242 51719357 82021282 55564578 18503246 22805421 3373454 3544479 8479122 1044537 46441 o o o
1980 253725 47882471 191591717 163680621 23824526 6819479 9952559 1052923 653010 4549946 124236 33676 o o
1981 o 16528099 6030880 76672446 46213809 5074606 1623059 1668659 64026 110424 825394 o u] o]
1982 274285 37774219 32415788 6560890 48120887 30168253 3185984 1079666 1695734 357339 o 626591 o o
1983 6479365 73475064 48334734 37927299 2236173 15632033 12387115 1009782 787383 544461 138073 42803 65245 o
1084 38994 75946425 158737825 54746993 36787822 2525462 8849050 3472482 875488 149274 25647 o o 110280
1985 142846 30235198 26708282 68201018 26232763 14616775 685258 2441447 714485 34011 o o o o
1986 1666613 95482958 141414527 34518770 33028441 13994780 6311999 o 835459 734071 o o o o
1987 259811 61481952 121589975 169884111 22676183 15200721 4142394 1263347 89905 411050 43316 o o o]
1988 416277 46399213 85790012 78307191 1198950761 28740634 9775658 2883969 1151293 o 89537 o o o
1989 64582 151728326 122384036 50053086 44032421 74767630 19335810 7634745 1489157 347804 o 53571 o o
1990 0  ©58570508 133597531 54165576 26366082 29302369 52507736 22175574 11075510 1966939 644305 o o o
1991 0  B9458855 172662340 112003190 89900950 45571204 37890776 40457938 16414559 7909205 2271858 458552 289786 o
1992 o 66217680 196966131 117572868 125025109 845208389 46470587 36560944 23814563 8463072 o o o o]
1993 0 74710974 142338190 112483976 105191995 63008160 46902713 24294560 9349389 2517318 752964 64676 o o
1994 0  B1p75407 127238596 72158732 91083495 85836459 46776462 26289622 6309152 1552871 140179 o o o
1005 2508544 169206496 109162824 58481481 62358339 140361285 168964215 102486599 31116565 7131181 1424662 740018 166700 155735
1996 1203708 261761209 156392105 79391058 101265516 199278129 131861003 38456392 9519339 2791163 296252 544370 o o
1997 458349 92596368 623012946 107204258 75639012 96715745 106338760 29483157 4423099 221658 128063 o o o
1998 0 150255110 1735491429 418448419 98393386 47564507 48666191 24554728 9454465 1883023 423098 o o o
1999 1016464 150803288 354346407 120748506 234799692 95471284 41524019 24287522 3719872 455007 o o o o
2000 0 235142607 60471265 133558705 164957811 201063027 50813361 18416557 3515744 1003611 105487 202664 o o]
2001 226133 76621479 410314428 63186803 108503786 137791246 136807722 31974782 5438414 437655 112065 o o o
2002 6418271 657141652 126860853 257025394 99145867 75421887 77411244 39976502 4852083 422521 85588 o o o
2003 1359312 248803798 168401510 72393822 199282749 68841161 65662062 36794553 9522543 1016489 o o o o
2004 1068719 178272117 416319955 101159129 72545400 84292050 37369657 9371015 887291 246748 o o o o
2005 o 55179322 378381690 236033590 63473075 63671746 444481338 F817353 1152338 127847 o 158615 o o]
2006 0  ©582952001 261741874 341737841 132094938 39584238 27327229 17257037 2913010 1027286 183050 o o o
2007 0 173160547 157267875 149381610 145661028 75148692 21620571 5942721 5156715 1087801 140692 o 79225 o
2008 o 12774499 280225023 90074740 77849624 98326058 52583167 20066921 5999395 3168018 1375758 510818 202534 o]
2009 0 91372397 111296114 328449132 79852967 75179913 81389363 27289987 5722578 1916932 736050 115263 o o
2010 0 328739941 171399686 69288583 139627136 34335300 26995428 11585559 2238941 580943 o 76855 o o]
2011 0 44896884 B76966855 109438813 24380298 178354933 3026471 2244944 513177 ] o ] o o
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Table A1-9. Proportion of catch at age in each year for the mobile gear fishery (Table A1-8 converted to proportions at age in each
year).

Agel Age2 Age3 Aged Age5 Ageb Age?7 Aged Aged Agel0 Agell Agel2 Agell Ageld

1964 0.164 0.724 0.024 0.074 0.013 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1965 0.001 0.965 0.026 0.008 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1966 0.000 0.416 0.529 0.017 0.027 0.009 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1967 0.000 0.048 0.213 0.168 0.094 0.138 0.265 0.041 0.020 0.014 0.000 0.000 0.000 0.000
1968 0.005 0.711 0.210 0.039 0.024 0.010 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1969 0.096 0.257 0.436 0.062 0.017 0.009 0.019 0.030 0.024 0.000 0.000 0.000 0.000 0.000
1970 0.075 0.250 0.111 0.201 0.143 0.074 0.063 0.040 0.032 0.010 0.001 0.000 0.000 0.000
1971 0.053 0.028 0.209 0.182 0.184 0.125 0.084 0.055 0.065 0.012 0.004 0.000 0.000 0.000
1972 0.017 0.234 0.087 0.141 0.182 0.164 0.098 0.041 0.017 0.016 0.003 0.000 0.000 0.000
1973 0.017 0.153 0.524 0.139 0.052 0.038 0.043 0.021 0.009 0.002 0.000 0.001 0.000 0.000
1974 0.008 0.103 0.126 0.629 0.070 0.023 0.021 0.010 0.006 0.001 0.002 0.000 0.000 0.000
1975 0.007 0.025 0.066 0.140 0.635 0.061 0.029 0.020 0.010 0.004 0.003 0.000 0.000 0.000
1976 0.000 0.007 0.176 0.089 0.114 0.545 0.040 0.015 0.010 0.003 0.001 0.001 0.000 0.000
1977 0.013 0.174 0.078 0.264 0.068 0.076 0.293 0.021 0.006 0.004 0.002 0.001 0.000 0.000
1978 0.008 0.201 0.263 0.118 0.191 0.026 0.037 0.144 0.006 0.003 0.001 0.001 0.000 0.000
1979 0.000 0.209 0.332 0.225 0.075 0.092 0.014 0.015 0.034 0.004 0.000 0.000 0.000 0.000
1980 0.001 0.106 0.425 0.363 0.053 0.015 0.022 0.002 0.001 0.010 0.000 0.000 0.000 0.000
1981 0.000 0.107 0.039 0.495 0.299 0.033 0.010 0.011 0.000 0.001 0.005 0.000 0.000 0.000
1982 0.002 0.233 0.200 0.040 0.297 0.186 0.020 0.007 0.010 0.002 0.000 0.004 0.000 0.000
1983 0.033 0.369 0.243 0.191 0.011 0.079 0.062 0.005 0.004 0.003 0.001 0.000 0.000 0.000
1984 0.000 0.222 0.464 0.160 0.107 0.007 0.026 0.010 0.003 0.000 0.000 0.000 0.000 0.000
1985 0.001 0.178 0.157 0.401 0.154 0.086 0.004 0.014 0.004 0.000 0.000 0.000 0.000 0.000
1986 0.005 0.291 0.431 0.105 0.101 0.043 0.019 0.000 0.003 0.002 0.000 0.000 0.000 0.000
1987 0.001 0.155 0.306 0.428 0.057 0.038 0.010 0.003 0.000 0.001 0.000 0.000 0.000 0.000
1988 0.001 0.124 0.230 0.210 0.321 0.077 0.026 0.008 0.003 0.000 0.000 0.000 0.000 0.000
1989 0.000 0.322 0.259 0.106 0.093 0.158 0.041 0.016 0.003 0.001 0.000 0.000 0.000 0.000
1990 0.000 0.172 0.233 0.135 0.066 0.073 0.131 0.055 0.028 0.005 0.002 0.000 0.000 0.000
1991 0.000 0.145 0.281 0.182 0.146 0.074 0.062 0.066 0.027 0.013 0.004 0.001 0.000 0.000
1992 0.000 0.093 0.277 0.166 0.182 0.119 0.065 0.052 0.034 0.012 0.000 0.000 0.000 0.000
1993 0.000 0.128 0.245 0.193 0.181 0.108 0.081 0.042 0.016 0.004 0.001 0.000 0.000 0.000
1994 0.000 0.152 0.236 0.134 0.169 0.159 0.087 0.045 0.012 0.003 0.000 0.000 0.000 0.000
1995 0.003 0.198 0.128 0.068 0.073 0.164 0.198 0.120 0.036 0.008 0.002 0.001 0.000 0.000
1996 0.001 0.266 0.159 0.081 0.103 0.203 0.134 0.033 0.010 0.003 0.000 0.001 0.000 0.000
1997 0.000 0.081 0.5351 0.094 0.066 0.085 0.093 0.026 0.004 0.000 0.000 0.000 0.000 0.000
1998 0.000 0.163 0.178 0.425 0.100 0.0438 0.049 0.025 0.010 0.002 0.000 0.000 0.000 0.000
1999 0.001 0.147 0.345 0.118 0.229 0.093 0.040 0.024 0.004 0.000 0.000 0.000 0.000 0.000
2000 0.000 0.271 0.070 0.154 0.130 0.231 0.058 0.021 0.004 0.001 0.000 0.000 0.000 0.000
2001 0.000 0.079 0.422 0.065 0.112 0.142 0.141 0.033 0.006 0.000 0.000 0.000 0.000 0.000
2002 0.009 0.089 0.168 0.341 0.131 0.100 0.103 0.053 0.006 0.001 0.000 0.000 0.000 0.000
2003 0.002 0.285 0.193 0.083 0.229 0.079 0.075 0.042 0.011 0.001 0.000 0.000 0.000 0.000
2004 0.001 0.198 0.462 0.112 0.080 0.093 0.042 0.010 0.001 0.000 0.000 0.000 0.000 0.000
2005 0.000 0.064 0.442 0.276 0.080 0.074 0.052 0.009 0.001 0.000 0.000 0.000 0.000 0.000
2006 0.000 0.077 0.293 0.383 0.148 0.044 0.031 0.019 0.003 0.001 0.000 0.000 0.000 0.000
2007 0.000 0.236 0.214 0.203 0.138 0.102 0.029 0.008 0.007 0.001 0.000 0.000 0.000 0.000
2008 0.000 0.020 0.436 0.140 0.121 0.153 0.082 0.031 0.009 0.005 0.002 0.001 0.000 0.000
2009 0.000 0.114 0.139 0.409 0.099 0.094 0.102 0.024 0.007 0.002 0.001 0.000 0.000 0.000
2010 0.000 0.419 0.218 0.088 0.178 0.044 0.034 0.015 0.003 0.001 0.000 0.000 0.000 0.000
2011 0.000 0.042 0.813 0.101 0.023 0.017 0.003 0.002 0.000 0.000 0.000 0.000 0.000 0.000
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Table A1-10. Catch at age (numbers) from the US fixed gear fishery. Landings occurred in blank years, but no
biological samples were available.

Agel Age 2 Age 3 Age 4 Age 5 Age b Aged Age 8 Aged Age10 Agell Agel2 Agell Ageld

1964 102745227 585624495 45428159 36075493 1713336 315828 o 46561 o o 0 0 o o
1965 101425826 1098609839 68714973 3541086 2543476 1] 1] o o 1] 0 0 1] 1]
1966 52048513 307938302 214613383 3457318 550108 147606 1] 64551 o 1] 0 0 1] 1]
1967 35405054 2466608382 89212577 22285520 1250289 1696431 641902 309754 77224 o 0 0 o o
1968 119438339 644295954 96698453 5222258 6429311 1232831 176148 58716 o 1] 0 0 1] 1]
1969 25006759 115069872 73356112 2100904 359617 25140 3868 o o 1] 0 0 1] 1]
1970 26045017 93575423 9105016 3126186 727119 498575 266904 166569 22605 21009 683 0 1] 1]
1971 35070527 10381937 12950212 4083568 3032197 3670585 1715858 1353119 1750969 1] 0 0 1] 1]
1972 730310 421681336 7588265 3964508 13513993 9581851 8645434 2445502 615549 103121 0 0 1] 1]
1973 16476865 72356258 59983021 6213915 1296959 492166 434057 115384 72243 12527 0 6682 1] 1]
1974 23996798 116330515 18053470 4592315 488859 81773 53509 21676 3387 1] 3387 0 1] 1]
1975 26565067 165741787 25425415 4002207 4740764 594381 37650 93247 58801 10413 30838 21629 1] 1]
1976 39601463 493396086 144701996 5311282 3627688 3971910 53522 25651 o o 0 0 0 0
1977 66544321 422014996 62092142 13002926 2894734 2148901 5079592 34812 26712 1] 0 0 1] 34812
1978 42073459 402118754 46725788 1550050 2554854 383301 284435 674674 23948 7983 0 3991 1] 1]
1979 5351314 1031012552 169733044 7398844 527641 871788 422050 254411 366073 o 0 0 1] 0
1980 92099772 289052839 228684185 42273091 2168443 0 338517 0 113473 382228 0 0 0 0
1981 16583792 1221174138 25030742 16360023 14104752 1513323 1] o o 0 378053 0 1] 1]
1982 30603747 298784027 21617797 5643 824416 366808 8959 5640 22493 6427 0 3213 1] 0
1983 35643435 97194892 1430487 31886 0 0 0 o o o 0 0 0 0
1984 7739798 12417720 73565 o 0 1] 1] o o 1] 0 0 1] 1]
1985 198665939 160480929 1692078 0 0 1] 1] 1] o 1] 0 0 1] 1]
1986 22937857 18635048 9030965 1221590 108577 101062 2505 o o o 0 0 0 0
1987 35412804 43310014 1787823 156670 0 1] 1] o o 1] 0 0 1] 1]
1988 1063429 92985108 514627 0 0 1] 1] 1] o 1] 0 0 1] 1]
1989 273872 60192650 4222046 o 0 o o o o o 0 0 o o
1990 25247 22619699 1634636 27886 1010 1] 1] o o 1] 0 0 1] 1]
1991 44021 63179373 2451853 8974 0 1] 1] o o 1] 0 0 1] 1]
1992 135161 102969700 7451982 40833 0 o o o o o 0 0 o o
1993 355234 70151923 6891489 1681 0 1] 1] o o 1] 0 0 1] 1]
1994 0 20930359 636363 32706 15826 528 1] o o 1] 0 0 1] 1]
1995

1996 581437 13463952 746165 84545 139935 285667 202969 45260 2009 1] 0 0 1] 1]
1997

1998 0 42196918 5627335 14633818 2810449 1950234 2292043 350332 315212 139972 0 0 1] 1]
1999 o 8369361 1847725 838302 179636 479030 119757 o o 1] 0 0 1] 1]
2000

2001 o 179620 185463 19024 15324 9832 7076 562 51 o 0 0 0 0
2002

2003

2004

2005

2006 o 720887 8019011 1956253 36349 2372 1] o o 1] 0 0 1] 1]
2007 o 4651355 3561231 3737438 0 1] 0 o o o 0 0 1] 0
2008

2009

2010 0 42207454 62881 0 0 1] 1] 1] o 1] 0 0 1] 1]
2011
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Table A1-11. Proportion of catch at age in each year for the fixed gear fishery (sum of table A1-7 and A1-10
converted to proportions).

Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age7 Age 8 Age 9 Age10 Agell Agel2 Agel3 Ageld
1965 0.045 0.865 0.060 0.025 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1966 0.045 0.368 0.519 0.042 0.025 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1967 0.180 0.487 0.162 0.147 0.015 0.007 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1968 0.070 0.801 0.085 0.017 0.022 0.003 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1969 0.120 0.619 0.219 0.009 0.013 0.010 0.008 0.003 0.000 0.000 0.000 0.000 0.000 0.000
1970 0.057 0.848 0.036 0.030 0.013 0.008 0.005 0.002 0.000 0.000 0.000 0.000 0.000 0.000
1971 0.320 0.473 0.123 0.029 0.017 0.014 0.012 0.006 0.005 0.000 0.000 0.000 0.000 0.000
1972 0.008 0.930 0.012 0.013 0.015 0.010 0.008 0.003 0.001 0.000 0.000 0.000 0.000 0.000
1973 0.100 0.460 0.387 0.044 0.005 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1974 0.056 0.741 0.126 0.073 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1975 0.055 0.791 0.104 0.017 0.027 0.003 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000
1976 0.083 0.635 0.227 0.023 0.017 0.013 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1977 0.436 0.452 0.060 0.028 0.008 0.008 0.008 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1978 0.154 0.780 0.059 0.003 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1979 0.004 0.764 0.219 0.010 0.001 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000
1980 0.349 0.293 0.290 0.064 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1981 0.042 0.903 0.026 0.016 0.012 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1982 0.071 0.809 0.111 0.004 0.003 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1983 0.126 0.769 0.076 0.025 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1934 0.152 0.654 0.119 0.039 0.030 0.004 0.002 0.000 0.001 0.000 0.000 0.000 0.000 0.000
1985 0.061 0.823 0.072 0.027 0.011 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1986 0.074 0.438 0.364 0.072 0.030 0.013 0.006 0.001 0.000 0.000 0.000 0.000 0.000 0.000
1987 0.187 0.454 0.131 0.140 0.060 0.019 0.007 0.002 0.000 0.000 0.000 0.000 0.000 0.000
1938 0.120 0.688 0.071 0.035 0.061 0.022 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1989 0.045 0.645 0.141 0.035 0.037 0.071 0.019 0.005 0.001 0.000 0.000 0.000 0.000 0.000
1990 0.020 0.762 0.113 0.049 0.010 0.012 0.024 0.005 0.004 0.001 0.000 0.000 0.000 0.000
1991 0.011 0.806 0.094 0.047 0.019 0.006 0.005 0.007 0.003 0.001 0.000 0.000 0.000 0.000
1992 0.001 0.749 0.164 0.057 0.016 0.006 0.003 0.002 0.001 0.000 0.000 0.000 0.000 0.000
1993 0.004 0.616 0.221 0.073 0.046 0.024 0.010 0.002 0.002 0.002 0.000 0.000 0.000 0.000
1994 0.005 0.741 0.153 0.024 0.039 0.022 0.009 0.004 0.003 0.001 0.001 0.000 0.000 0.000
1995 0.153 0.688 0.106 0.039 0.005 0.004 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1996 0.018 0.859 0.070 0.029 0.013 0.004 0.004 0.001 0.000 0.000 0.000 0.000 0.000 0.000
1997 0.026 0.610 0.319 0.032 0.010 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1998 0.001 0.843 0.082 0.048 0.012 0.007 0.005 0.001 0.001 0.000 0.000 0.000 0.000 0.000
1999 0.001 0.467 0.418 0.052 0.038 0.018 0.006 0.001 0.000 0.000 0.000 0.000 0.000 0.000
2000 0.006 0.911 0.029 0.028 0.019 0.005 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2001 0.005 0.453 0.477 0.032 0.023 0.007 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2002 0.131 0.740 0.067 0.047 0.012 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2003 0.059 0.833 0.080 0.015 0.010 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2004 0.021 0.578 0.326 0.059 0.008 0.005 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000
2005 0.006 0.507 0.366 0.096 0.021 0.003 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000
2006 0.521 0.363 0.086 0.015 0.010 0.003 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2007 0.010 0.925 0.056 0.005 0.001 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2008 0.164 0.717 0.116 0.001 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2009 0.112 0.858 0.028 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2010 0.000 0.958 0.039 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2011 0.157 0.564 0.250 0.025 0.004 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Table A1-12. Catch weights at age (kg).

Agel Age 2 Age 3 Age 4 Age 5 Age b Age 7 Age 8
1965 0.006 0.024 0.062 0.112 0.165 0.244 0.280 0.306
1966 0.009 0.027 0.069 0.142 0.219 0.272 0.300 0.280
1967 0.005 0.028 0.062 0.122 0.188 0.213 0.238 0.264
1968 0.003 0.033 0.068 0.143 0.186 0.237 0.276 0.305
1969 0.010 0.035 0.100 0.137 0.206 0.240 0.288 0.321
1970 0.010 0.044 0.121 0.139 0.186 0.232 0.269 0.292
1971 0.012 0.044 0.129 0.168 0.199 0.242 0.289 0.321
1972 0.026 0.039 0.113 0.173 0.212 0.260 0.292 0.307
1973 0.010 0.044 0.110 0.137 0.219 0.280 0.331 0.376
1974 0.010 0.038 0.103 0.167 0.203 0.271 0.294 0.332
1975 0.016 0.044 0.107 0.177 0.206 0.244 0.292 0.297
1976 0.014 0.036 0.106 0.174 0.205 0.229 0.263 0.289
1977 0.012 0.037 0.094 0.153 0.196 0.227 0.236 0.276
1978 0.011 0.036 0.096 0.158 0.196 0.220 0.239 0.251
1979 0.006 0.031 0.082 0.169 0.216 0.243 0.280 0.299
1980 0.012 0.041 0.097 0.150 0.229 0.265 0.291 0.290
1981 0.010 0.041 0.098 0.177 0.213 0.281 0.310 0.328
1982 0.019 0.041 0.104 0.204 0.229 0.253 0.305 0.334
1983 0.018 0.041 0.125 0.139 0.218 0.283 0.319 0.334
1984 0.014 0.041 0.117 0.154 0.195 0.209 0.291 0.326
1985 0.017 0.036 0.099 0.148 0.162 0.188 0.198 0.286
1936 0.018 0.042 0.101 0.159 0.210 0.236 0.247 0.205
1987 0.011 0.041 0.092 0.137 0.088 0.147 0.145 0.157
1938 0.009 0.031 0.091 0.106 0.121 0.129 0.190 0.230
1989 0.009 0.031 0.066 0.102 0.116 0.132 0.157 0.199
1990 0.006 0.029 0.080 0.138 0.174 0.167 0.177 0.220
1991 0.004 0.036 0.073 0.124 0.150 0.184 0.200 0.208
1992 0.009 0.035 0.073 0.124 0.138 0.164 0.191 0.208
1993 0.009 0.032 0.078 0.119 0.123 0.147 0.183 0.221
1994 0.009 0.029 0.070 0.118 0.134 0.152 0.162 0.196
1995 0.014 0.046 0.089 0.118 0.134 0.149 0.160 0.181
1996 0.024 0.043 0.083 0.120 0.146 0.164 0.179 0.134
1997 0.016 0.045 0.085 0.118 0.147 0.167 0.182 0.198
1998 0.016 0.037 0.080 0.112 0.132 0.158 0.178 0.134
1999 0.023 0.047 0.087 0.116 0.132 0.148 0.176 0.132
2000 0.018 0.060 0.101 0.127 0.147 0.159 0.182 0.202
2001 0.005 0.047 0.089 0.127 0.147 0.161 0.174 0.200
2002 0.020 0.045 0.093 0.121 0.138 0.158 0.169 0.179
2003 0.015 0.052 0.090 0.130 0.149 0.166 0.184 0.189
2004 0.011 0.043 0.092 0.125 0.152 0.166 0.186 0.133
2005 0.019 0.042 0.083 0.123 0.149 0.170 0.188 0.205
2006 0.016 0.066 0.085 0.120 0.147 0.172 0.188 0.204
2007 0.016 0.047 0.085 0.118 0.141 0.161 0.185 0.191
2008 0.016 0.041 0.100 0.131 0.152 0.169 0.180 0.193
2009 0.004 0.047 0.090 0.133 0.156 0.172 0.184 0.200
2010 0.016 0.037 0.072 0.113 0.142 0.162 0.174 0.183
2011 0.019 0.043 0.069 0.100 0.139 0.161 0.191 0.207
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Table A1-13. Spawning stock biomass weights at age (kg).

Agel Age 2 Apge 3 Age d Age 5 Age 6 Age 7 Age 8
1965 0.013 0.038 0.095 0.113 0.202 0.265 0.298 0.321
1966 0.016 0.047 0.096 0.170 0.224 0.279 0.302 0.321
1967 0.016 0.043 0.107 0.172 0.206 0.226 0.242 0.265
1968 0.011 0.038 0.069 0.176 0.221 0.265 0.298 0.321
1969 0.011 0.041 0.102 0.134 0.206 0.265 0.298 0.321
1970 0.011 0.061 0.126 0.163 0.191 0.239 0.276 0.299
1971 0.014 0.068 0.144 0.170 0.202 0.248 0.296 0.328
1972 0.031 0.069 0.154 0.157 0.235 0.268 0.289 0.304
1973 0.011 0.051 0.133 0.170 0.238 0.295 0.352 0.387
1974 0.002 0.045 0.124 0.169 0.196 0.270 0.290 0.318
1975 0.015 0.055 0.123 0.188 0.211 0.248 0.295 0.298
1976 0.015 0.088 0.132 0.184 0.210 0.236 0.278 0.325
1977 0.013 0.045 0.131 0.175 0.215 0.243 0.243 0.281
1978 0.032 0.050 0.119 0.178 0.208 0.239 0.252 0.261
1979 0.015 0.073 0.123 0.187 0.229 0.253 0.302 0.308
1980 0.007 0.054 0.104 0.185 0.250 0.294 0.319 0.332
1981 0.015 0.039 0.135 0.192 0.236 0.301 0.339 0.360
1932 0.017 0.050 0.129 0.200 0.240 0.272 0.328 0.341
1983 0.024 0.069 0.144 0.214 0.265 0.297 0.332 0.358
1934 0.007 0.064 0.140 0.193 0.239 0.286 0.313 0.343
1985 0.005 0.047 0.145 0.208 0.237 0.268 0.318 0.348
1936 0.032 0.057 0.116 0.176 0.227 0.252 0.271 0.252
1987 0.010 0.068 0.108 0.159 0.202 0.238 0.256 0.273
1938 0.027 0.066 0.117 0.154 0.152 0.229 0.264 0.272
1989 0.023 0.068 0.116 0.172 0.201 0.232 0.260 0.289
1990 0.023 0.062 0.106 0.156 0.189 0.216 0.233 0.255
1991 0.023 0.063 0.096 0.142 0.171 0.205 0.225 0.239
1992 0.023 0.060 0.101 0.135 0.164 0.150 0.220 0.238
1993 0.023 0.047 0.096 0.137 0.156 0.180 0.209 0.238
1994 0.023 0.054 0.086 0.120 0.138 0.139 0.180 0.213
1995 0.027 0.051 0.095 0.123 0.145 0.162 0.175 0.196
1996 0.028 0.055 0.088 0.125 0.150 0.171 0.188 0.204
1997 0.010 0.056 0.091 0.124 0.153 0.175 0.1%4 0.208
1998 0.026 0.052 0.092 0.117 0.138 0.164 0.187 0.208
1999 0.026 0.060 0.091 0.123 0.140 0.157 0.186 0.205
2000 0.026 0.065 0.111 0.137 0.156 0.172 0.158 0.224
2001 0.033 0.056 0.099 0.134 0.153 0.166 0.181 0.204
2002 0.030 0.059 0.099 0.126 0.143 0.167 0.183 0.192
2003 0.027 0.059 0.099 0.137 0.153 0.171 0.192 0.195
2004 0.026 0.047 0.051 0.129 0.155 0.173 0.154 0.223
2005 0.026 0.054 0.087 0.131 0.139 0.183 0.199 0.214
2006 0.026 0.062 0.089 0.123 0.163 0.184 0.203 0.212
2007 0.026 0.064 0.106 0.140 0.164 0.184 0.203 0.242
2008 0.026 0.068 0.106 0.135 0.162 0.175 0.188 0.202
2009 0.026 0.057 0.095 0.138 0.139 0.179 0.191 0.208
2010 0.026 0.042 0.089 0.121 0.147 0.168 0.183 0.202
2011 0.026 0.043 0.076 0.111 0.143 0.169 0.186 0.217
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Table A1-14. January 1 weights at age (kg).

Agel Age 2 Age3 Aged Age5 Age b Age 7 Age d
1965 0.007 0.022 0.064 0.102 0.169 0.227 0.281 0.310
1966 0.010 0.025 0.060 0.127 0.159 0.238 0.283 0.310
1967 0.011 0.027 0.071 0.128 0.187 0.225 0.260 0.283
1968 0.006 0.025 0.055 0.138 0.195 0.234 0.260 0.278
1969 0.005 0.022 0.063 0.096 0.191 0.242 0.281 0.310
1970 0.004 0.026 0.072 0.129 0.160 0.222 0.270 0.299
1971 0.006 0.027 0.093 0.147 0.181 0.217 0.266 0.301
1972 0.024 0.031 0.103 0.168 0.200 0.233 0.268 0.300
1973 0.005 0.040 0.096 0.162 0.217 0.263 0.307 0.335
1974 0.003 0.022 0.080 0.150 0.182 0.253 0.292 0.334
1975 0.006 0.021 0.078 0.153 0.189 0.220 0.282 0.294
1976 0.008 0.036 0.085 0.156 0.199 0.223 0.262 0.310
1977 0.007 0.026 0.107 0.152 0.199 0.226 0.242 0.280
1978 0.021 0.026 0.073 0.153 0.191 0.227 0.248 0.255
1979 0.008 0.049 0.082 0.149 0.202 0.229 0.269 0.279
1930 0.003 0.028 0.088 0.157 0.216 0.260 0.284 0.317
1981 0.008 0.017 0.086 0.142 0.209 0.274 0.316 0.339
1982 0.008 0.027 0.074 0.164 0.215 0.253 0.314 0.340
1933 0.015 0.034 0.085 0.173 0.230 0.267 0.300 0.343
1934 0.003 0.039 0.099 0.167 0.227 0.275 0.305 0.337
1985 0.002 0.019 0.097 0.171 0.214 0.253 0.302 0.330
1936 0.022 0.018 0.074 0.161 0.217 0.244 0.270 0.283
1987 0.004 0.046 0.078 0.136 0.138 0.233 0.254 0.272
1938 0.017 0.026 0.089 0.129 0.174 0.215 0.251 0.264
1989 0.014 0.043 0.088 0.142 0.176 0.211 0.244 0.277
1990 0.014 0.038 0.085 0.135 0.180 0.209 0.232 0.258
1991 0.014 0.038 0.077 0.123 0.163 0.197 0.221 0.236
1992 0.016 0.037 0.080 0.114 0.153 0.180 0.213 0.231
1993 0.015 0.033 0.076 0.118 0.145 0.172 0.199 0.229
1994 0.015 0.035 0.064 0.107 0.138 0.157 0.180 0.211
1995 0.019 0.034 0.072 0.103 0.132 0.149 0.167 0.188
1996 0.020 0.039 0.067 0.109 0.136 0.157 0.174 0.189
1997 0.005 0.040 0.071 0.105 0.139 0.162 0.182 0.198
1998 0.017 0.023 0.072 0.103 0.131 0.159 0.181 0.201
1999 0.017 0.039 0.068 0.107 0.128 0.147 0.175 0.196
2000 0.018 0.041 0.082 0.112 0.138 0.155 0.176 0.204
2001 0.025 0.038 0.081 0.122 0.145 0.161 0.176 0.201
2002 0.022 0.044 0.075 0.112 0.138 0.160 0.175 0.186
2003 0.020 0.042 0.076 0.116 0.139 0.156 0.179 0.189
2004 0.018 0.035 0.073 0.113 0.146 0.163 0.182 0.207
2005 0.017 0.037 0.064 0.109 0.144 0.168 0.186 0.204
2006 0.017 0.040 0.069 0.107 0.146 0.171 0.192 0.206
2007 0.016 0.041 0.081 0.112 0.147 0.173 0.193 0.221
2008 0.017 0.042 0.082 0.120 0.150 0.169 0.186 0.203
2009 0.020 0.038 0.081 0.121 0.147 0.170 0.183 0.197
2010 0.013 0.033 0.071 0.107 0.143 0.164 0.181 0.196
2011 0.013 0.035 0.057 0.100 0.131 0.158 0.177 0.199
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Table A1-15. Proportion mature at age.

Age 1l Age 2 Age 3 Age 4 Age 5 Age b Age 7 Age 8

1965 0.001 0.017 0.212 0.811 0.986 0.993 1 1
1966 0.003 0.038 0.305 0.343 0.986 0.993 1 1
1967 0.003 0.038 0.305 0.343 0.986 0.993 1 1
1968 0.003 0.033 0.305 0.343 0.986 0.993 1 1
1969 0.003 0.038 0.305 0.843 0.986 0.993 1 1
1970 0.003 0.038 0.305 0.843 0.986 0.993 1 1
1971 0.006 0.053 0.393 0.875 0.987 0.993 1 1
1972 0.003 0.023 0.622 0.933 0.993 0.993 1 1
1973 0 o 0.846 1 1 1 1 1
1974 0 0.002 0.55 0.984 1 1 1 1
1975 0 0.002 0.55 0.984 1 1 1 1
1976 0 0.002 0.55 0.984 1 1 1 1
1977 0 0.004 0.254 0.963 1 1 1 1
1978 0.001 0.015 0.293 0.92 0.997 1 1 1
1979 0 0.003 0.43 0.995 1 1 1 1
1980 0 0.001 0.164 0.963 1 1 1 1
1981 0 0.001 0.157 0.967 1 1 1 1
1982 0.021 0.16 0.632 0.939 0.993 0.993 1 1
1983 0 0.003 0.58 0.995 1 1 1 1
1984 0 0 0.61 1 1 1 1 1
1985 0.001 0.04 0.722 0.994 1 1 1 1
1986 0.001 0.023 0.503 0.977 0.993 1 1 1
1987 0 0.01 0.307 0.945 0.993 1 1 1
1988 0 0.004 0.296 0.973 1 1 1 1
1989 0.001 0.023 0.418 0.956 0.993 1 1 1
1990 0 0.004 0.238 0.965 1 1 1 1
1991 0 0.003 0.229 0.971 1 1 1 1
1992 0 0.016 0.298 0.965 0.999 1 1 1
1993 0 0.006 0.223 0.975 1 1 1 1
1994 0 0.004 0.162 0.912 0.993 1 1 1
1995 0.001 0.024 0.332 0.903 0.995 1 1 1
1996 0.001 0.032 0.447 0.952 0.993 1 1 1
1997 0.001 0.433 0.862 0.976 0.996 0.993 1 1
1993 0.002 0.06 0.63 0.979 0.993 1 1 1
1999 0.003 0.04 0.363 0.386 0.991 0.993 1 1
2000 0.002 0.043 0.627 0.982 0.993 1 1 1
2001 0.002 0.544 0.847 0.962 0.992 0.993 1 1
2002 0.002 0.045 0.535 0.965 0.993 1 1 1
2003 0.009 0.099 0.58 0.945 0.995 1 1 1
2004 0.002 0.054 0.635 0.982 0.999 1 1 1
2005 0 0.005 0.571 0.997 1 1 1 1
2006 0 0.002 0.236 0.994 1 1 1 1
2007 0 0.012 0.769 0.999 1 1 1 1
2008 0 0.029 0.784 0.993 1 1 1 1
2009 0 0.025 0.703 0.995 1 1 1 1
2010 0 0.024 0.715 0.996 1 1 1 1
2011 0 0.011 0.482 0.987 1 1 1 1
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Figure Al-1. Length frequency of US commercial catches for fixed and mobile gear types
during 1964-2011.

54th SAW Assessment Report 66 Atlantic Herring; Terms of Reference-TOR A1



GOFM
MOBILE
7 12
- -10
1 1 L -8
_ -6
7 -4
_ -2
®
. -0
5 GOFM
= FIXED
8 127 L
o _
n_ — —
10 — r
8 4 | B L
6 = L
4 = L
2 - L
0 - B
10 20 30 40
LENGTH.CM

Figure A1-2. Length frequency of US commercial catches for fixed and mobile gear types in the
Gulf of Maine during 1964-2011.
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Figure A1-3. Atlantic herring catch during 1964-2011 for US mobile gears and US fixed gears
in the Gulf of Maine and all other areas.
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Figure A1-4. Length frequency of US commercial catches for mobile gears in the Gulf of Maine
and other areas during 1964-2011. Only one fixed gear trip was sampled outside the Gulf of
Maine during the entire time series, and so that data is not presented.
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Figure A1-5. “Bubble plot” of the proportion of the catch in each year that is comprised of a
given age for the US fixed gear category.
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Figure A1-6. “Bubble plot” of the proportion of the catch in each year that is comprised of a
given age for the New Brunswick, CA weir fishery.
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Figure A1-7. Atlantic herring catch during 1965-2011 for US mobile gears, US fixed gears, and
NB weir fishery. Discards were only available since 1996.
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Figure A1-8. “Bubble plot” of the proportion of the catch in each year that is comprised of a
given age for the US mobile gear category.
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Figure A1-9. Mean spawning stock biomass (SSB) weights at age during 1965-2011.
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Maturity at age by year
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Figure A1-10. Maturity at age in each year, 1964-2011. Red dots are observed proportion mature, blue line is the mean among all
years, and black line is the predicted maturity at age from a general additive model.
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Figure A1-11. Distribution of Atlantic herring landings by month in 2006.
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Atlantic Herring Landings (mt) in 2007

44 A 44 = 44
BT a
42 4 Jan Wi 42 4 FEB L 42
40 - SR 40 - 1= =2 40 o
o {:=71 o =71 o
35 O 72:=330 38 o 72:=130 35 o
B 381:=1426 B 190:=507 B 86 =206
36 m {4p7e=3207 [ 36 m f0g<=1402 | 36 ] ® 307 <=1017
' T T T ' T T ' T T
=75 =70 -B5 -G -75 =70 -E5 -G -ia =70 -BE5 -G
44 44 44
42 | AFR 42 o My o 42 o JUN .
40 o [ = <=0 40 o 40 T = =0
o =2 o :=1 o {:=195
35 B 3:=31 38 o 2¢=37 35 —5 B 196 <=fEf
B 33:=197 B 13<=353 B G67+<=1108
36 m {gg<=1700 | 36 m 354:=6115 | 36 3‘_;;1 B 1109 ¢=2364
' T T j T T j T T T
7S -ia
44 44 44
42 [ = 42 q  AUG 1 T = 42 SEF'EEEiIE L
a0 - [ 1= <0 a0 . FL T = 0 40 il g g
LIT 1l a qe=gz L1 B 1¢=304 LT T 11 aqe=3s
35 B 33:=339 38 B 305:=345 35 O 354¢=02
B 30 <=549 B gd6<=1764 B g3<=058
36 B 550<=5325 | 36 B {7654=5074 | 36 B 056 ¢=5205
T T ' T T T ' T T
-F5 -75 -7 -5 _El
44 44 44 - =
42 i T 42 1 MOW__agd W F 42 4 [EC By
40 T 1’;[‘ 40 T 1}5;“:” 40 A, ‘}l_r"“”
O {:=45% o f:=% o {:=fi
35 O 450+:=G97 36 O 3<=313 36 0 §3<=42f
= Gog=1152 B 324:=407 B 437 4=550
36 = {1534=hGgd [ 36 m 40g<=1176 | 36 ] B 360 <=5567
' T T T ' T T ' T T
=75 =70 -E5 -G0 -7a =70 -B5 -G0 -75 =70 -EB5 -E0

Figure A1-12. Distribution of Atlantic herring landings by month in 2007.
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Adantic Herring Landings (mt) in 2008
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Figure A1-13. Distribution of Atlantic herring landings by month in 2008.
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Adantic Herring Landings (mt) in 2009
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Figure A1-14. Distribution of Atlantic herring landings by month in 2009.
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Figure A1-15. Distribution of Atlantic herring landings by month in 2010.
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TOR A2. Present the survey data being used in the assessment (e.g., regional indices of abundance,
recruitment, state surveys, larval surveys, age-length data, predator consumption rates, etc.). Investigate the
utility of commercial LPUE as a measure of relative abundance, and characterize the uncertainty and any
bias in these sources of data.

NMFS bottom trawl surveys

NMEFS spring and fall bottom trawl surveys began in 1968 and 1963, respectively, and have
continued uninterrupted through 2011. All survey tows in the spring and fall were conducted using the
FRV Delaware II, FRV Albatross IV, or FSV Henry B. Bigelow. The Albatross IV was used for most
tows in most years. In the spring, however, the Delaware II was responsible for most or all catches in
1973, 1979-1982, 1989-1991, 1994, and 2003. In the fall, the Delaware II was responsible for most or all
of the catches in 1977-1978, 1980-1981, 1989-1991, and 1993. The Bigelow has been used exclusively
since 2009. To ensure that changes in the indices were more reflective of changes in herring abundance
and not due to differences in vessel catchability, all catches were calibrated to Albatross IV equivalents.
Calibration coefficients were base on paired tow experiments (e.g., Byrne et al., 1991, Miller et al., 2010).
Catch numbers from the Delaware II were multiplied by 0.59, and this value was constant among seasons
and lengths (Byrne et al. 1991). A range of models used to develop the calibration coefficients for
converting Bigelow catches to Albatross IV catches were explored (Miller et al. 2010; Appendix A3).
Based on this analysis, catch numbers from the Bigelow in the spring survey were multiplied by 0.28, and
this value was constant among lengths (Appendix A3). Calibration coefficients for catch numbers from
the Bigelow in the fall were multiplied by length specific values (Table A2-1; Appendix A3). The
conversion coefficients <20cm were constant and estimated based on pooled data for those lengths
because sample sizes were too small to reliably estimate coefficients at individual lengths (Appendix A3).
Herring age samples in the spring and fall surveys were collected beginning in 1987. In previous
assessments for years prior to 1987, age specific indices were estimated by using age-length keys
developed mostly from commercial catch data. Borrowing age-length keys among data sources, however,
can potentially induce bias. For example, a comparison of age-length keys developed from mobile gear
catches during January-June and the spring survey in 2006-2010 suggested significant differences
(Figures A2-1:A2-5). Consequently, the practice of borrowing age-length keys to develop age
composition information for NMFS surveys prior to 1987 was abandoned for this assessment. Arithmetic
mean numbers per tow and associated coefficients of variation in each year were used as indices of
Atlantic herring abundance, and age composition since 1987 data was used in assessments (Figures A2-

6:A2-8; Tables A2-2:A2-4). Length frequencies were also provided (Figures A2-9, A2-10).
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The trawl doors used on the NMFS spring and fall bottom trawl surveys changed in 1985.
Preliminary assessment runs fit to the spring and fall surveys had all negative residuals followed by all
positive residuals, with the change in direction approximately in 1984-1985 (Figure A2-11).
Consequently, the spring and fall surveys were split into two time series (spring 1968-1984, 1985-2011;
fall 1963-1984, 1985-2011) and these were treated as separate indices in assessment models. This split
was used in previous herring assessments and resolved the issues of assessment fit (see TOR 5)

The NMFS winter survey was conducted during 1992-2007. Age samples were taken during this
survey during the entire time series. Arithmetic mean numbers per tow and associated coefficients of
variation in each year were proposed as indices of Atlantic herring abundance, and age composition was
provided (Figures A2-12, A2-13; Tables A2-5, A2-6). Length frequencies were also provided (Figure
A2-2:A2-14). As in previous assessments, the winter survey was eventually eliminated from
consideration as an index of abundance because of concerns over inconsistent spatial coverage among
years and lack of fit (see TOR 5).

A NMFS summer survey directed at shrimp began in 1983 and has continued uninterrupted
through 2011, with the exception of 1984. The shrimp survey was not considered in previous Atlantic
herring assessments. The spatial extent of this survey is limited to the Gulf of Maine (Figure A2-15).

The working group agreed, however, that fish from the entire complex are mixed in the Gulf of Maine
during the summer, and so this survey would be a valid index of the entire stock complex. Age data for
Atlantic herring have never been collected on this survey. Arithmetic mean numbers per tow and
associated coefficients of variation in each year were proposed as indices of Atlantic herring abundance
(Figures A2-16; Table A2-7). Length frequencies were also provided (Figure A2-17).

General additive models (GAM) were used to evaluate the effects of environmental covariates and
diel effects on spring, fall, and winter survey data (Jacobson, L. et al. 2012 working paper). A significant
portion of survey stations, however, lacked environmental data and the general trends in the GAM fits
were generally similar to arithmetic means. Consequently, the working group agreed that the arithmetic
means based on the stratified random design of the bottom trawl surveys were sufficient.

Larval abundance index

An index of larval abundance was developed using maximum likelihood estimation with data from
various ichthyoplankton surveys (Miller et al. 2012). This larval time series covered the years 1978-1995,
1998, and 2000-2010. Using this data as an index of spawning stock biomass, however, was argued to be

inappropriate due to predation on herring eggs, especially by haddock, that creates nonlinearity in the
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relationship between the index and SSB (Richardson et al., 2011). Similarly, the shape of the relationship
between the larval index and age 1 recruitment was unclear, but likely to be non-linear (Richardson et al.,
2011). Because the utility of the larval index was not clear, the working group agreed not to use it for the
assessment. None the less, some preliminary assessment runs were done using the larval data as an index
of age 1 recruitment, and fits to the survey exhibited diagnostic problems (Figure A2-18).
Massachusetts Division of Marine Fisheries bottom trawl survey

Massachusetts Division of Marine Fisheries (MA DMF) spring and fall bottom trawl surveys
began in 1977 and have continued uninterrupted through 2011. These surveys cover state waters < 3 nm
from shore to the north of Cape Cod. Because these surveys cover a relatively small proportion of the
stock, in terms of both spatial coverage and size/age composition (Figures A2-19,A2-20), the working
group agreed that they should not be used for the assessment. The surveys, however, were considered to
be useful indices of localized abundance, and perhaps useful for management because they cover inshore
areas that are not adequately sampled by NMFS surveys (Figures A2-21, A2-22).
Maine/New Hampshire bottom trawl survey

Joint Maine and New Hampshire spring and fall bottom trawl surveys began in 2001 and 2000,
respectively, and have continued uninterrupted through 2011. As with the MA DMF surveys, these
surveys occur in state waters and cover a relatively small proportion of the stock (Figures A2-23, A2-24).
Consequently, the working group agreed that they should not be used for assessment. The surveys,
however, were considered to be useful indices of localized age 1 abundance, and perhaps useful for
management because they cover inshore areas that are not adequately sampled by NMFS surveys (Figure
A2-25).
Commercial landings per unit effort

Commercial landings per unit effort (LPUE) were not developed for use as an index of abundance.
The working group agreed, based on a priori reasons, that LPUE would not be a useful index of
abundance. LPUE would likely be hyperstable given that much of the fishery uses sonar to track schools
of fish and most of the landings in recent years come from relatively large scale pair trawls and purse
seine gears. Identifying a “herring trip” for inclusion in an LPUE data set would also be difficult because
the targeted species may change within a given trip depending on availability. Lastly, regulation changes
have created temporal shifts in the spatial distribution of fishing effort that might obscure any herring

abundance signal.
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Table A2-1. Length specific coefficients for calibrating fall Bigelow catches to Albatross IV catches. Albatross
IV catches were multiplied by these values.

Length (cm) Calibration Coefficient

4 0.33

5 0.33

6 0.33

7 0.33

8 0.33

9 0.33
10 0.33
11 0.33
12 0.33
13 0.33
14 0.33
15 0.33
16 0.33
17 0.33
18 0.33
19 0.33
20 0.33
21 0.89
22 0.73
23 0.50
24 0.44
25 0.54
26 0.75
27 0.90
28 0.75
29 0.44
30 0.27
31 0.43
32 0.43
33 0.43
34 0.43
35 0.43
36 0.43
37 0.43
38 0.43
39 0.43
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Table A2-2. NMFS spring and fall survey time series with coefficients of variation.

NMFS Spring Survey NMFS Fall Survey
Year Mean Number %CV Mean Number %Cv

1963 4.66 31
1964 0.61 23
1965 2.72 24
1966 6.03 20
1967 1.97 24
1968 26.91 41 0.76 17
1969 11.15 45 0.38 25
1970 8.23 a0 0.34 31
1971 181 27 174 66
1972 2.86 27 0.51 26
1973 8.27 27 0.06 38
1974 5.66 31 0.11 35
1975 115 44 0.53 46
1976 110 20 0.12 62
1977 1.03 42 0.06 32
1978 3.06 40 0.45 28
1979 5.48 a1 0.04 42
1980 6.23 29 0.01L 100
1981 2.19 37 0.01 82
1982 0.60 53 0.10 33
1983 0.40 34 0.17 27
1984 2.83 a0 L.04 40
1985 3.97 24 2.18 91
1986 34.46 58 1.05 35
1987 7.76 24 10.73 37
1988 14.32 26 12.98 46
1989 9.70 37 16.04 43
1990 9.35 22 15.72 66
1991 23.91 20 23.33 66
1992 3