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MEETING OVERVIEW

The Stock Assessment Review Committee
(SARC) meeting of the 27th Northeast Regional
Stock Assessment Workshop (27th SAW) was held
at the Quality Inn, Faimouth, MA June 22-26, 1998,
The SARC Chairman was Dr. Emory Anderson of
the Northeast Fisheries Science Center (NEFSC).
Members of the SARC included scientists from the
NMES Northeast and Alaska Fisheries Science Cen-
ters (NEFSC and AFSC), the Mid-Atlantic and New
England Fishery Management Councils (MAFMC
and NEFMQ), the Commonwealth of Massachusetts,
Canada, Rutgers State University, and the Interna-
tional Pacific Halibut Commission (Table 1}, In addi-

~tion, nearly 50 other persons, including industry re-
presentatives, attended some or all of the meeting.
Many of the attendees, including industry representa-
tives, contributed to the discussion (Table 2). The
meeting agenda is presented in Table 3.

Table 1. SAW-27 SARC Composition.

Chair:
Emory Anderson, NMFS/NEFSC
(SAW Chairman)

Four ad hoc experts chosen by the Chair:
Stephen Clark, NMFS/NEFSC
Wendy Gabriel, NMFS/NEFSC

Gordon Waring, NMFS/NEFSC
Susan Wigley, NMFS/NEFSC

One person from each regional Fishery Management Council:
Andrew Applegate, NEFMC
Tom Hoff, MAFMC

Atlantic States Marine Fisheries Commission/State personnel:
Michael Armstrong, MA DMF
Steven Correia, MA DMF
Joseph Desfosse, ASMFC

One or more scientists from:
Canada - Robert O’Boyle, DFO
- Jean-Jacques Maguire
Academia - Judy Grassle, Rutgers State University
Other Regions - Martin Dorn, NMFS/AFSC
External Organization - Ana Parma, IPHC

Opening

Dr. Emory Anderson welcomed the participants
and introduced the SARC members and Dr. Steven
Murawski, Chief of the NEFSC Population Dynam-
ics Branch. He described the SAW process, including
the responsibilities of the SAW-27 participants, and

announced the upcoming meetings.

Table 2. List of participants.

National Marine Fisheries
Service

Northeast Fisheries Science
Center

Tom Azarovitz

George Bolz

Russell Brown

Jay Burnett

Steve Cadrin

Kevin Friedland

Lisa Hendrickson

Charles Keith

Han-Lin Lai

Jason Link

Phil Logan

Ralph Mayo

Kim Morgan

Steve Murawski

Helen Mustafa

Paul Nitschke

Vic Nordahl

Loretta O'Brien

Brian O’ Gorman

Bill Overholtz

Marjorie Rossman

Fred Serchuk

Gary Shepherd

Michael Sissenwine
Katherine Sosebee
Lynette Suslowicz

Mark Terceiro

Nicole Wallace

Northeast Regional Office
Tom Warren
Massachusetts Institute of
Technology-Sea Grant
Judith Pederson

Atlantic State Marine
Fisheries Commission
Bob Beal

Najih Lazar

Maine Deparfment of
Marine Resources

Chris Finlayson

David Stevenson
Massachusetts Divisior-of
Marine Fisheries

David Pierce

New York Division of Marine
Resources

John Mason

Rhode Island Division of
Fish and Wildlife

Mark Gibson

Richard Sisson
Department of Fisheries
and Oceans

Gary Melvin

John Neilson

University of Massachusetts,
Dartmouth :
Deqin Cai

Rutgers University

Eric Powell

Atlantic Shellfish
Warren Alexander

Sea Watch International
Tom Alspach

South Coast Fisheries
Norman Pennypacker
Wallace and Associates
David Wallace

United Fisherman's
Association

James Fletcher




Table 3. Agenda of the 27th Northeast Regional Stock Assessment Workshop (SAW-27) Stock Assessment

Review Committee {SARC) meeting.

Quality Inn

291 Jones Read, Falmouth, MA

22 (1:00 PM) - 26 June (6:00 PM) 1998

AGENDA
TOPIC WORKING GROUP SARC LEADER RAPPORTEUR(S)
& PRESENTER(S)
MONDAY, 22 June (1:00 PM - G100 PM)..cciiiieiiiii et ee et e s s 2ot e £ e cr e 808080118 sb bbb e b e aa s s
Opening E. Anderson, Chairman H. Mustafa
Welcome
Agenda
Conduct of meeting
SFA requirements. revised S. Murawski H. Mustafa
overfishing definitions
Georges Bank cod (A) Transboundary Assessment Working Group
L. O’Brien None R. Mayo
Georges Bank haddock (B} Transboundary Assessment Working Group

Georges Bank yellowtail flounder (C)

R. Brown None

Transboundary Assessment Working Group
S. Cadrin - None

K. Sosebee ..

J. Neilson

TUESDAY, 23 June (9:00 AM - 6:00 PM ... s b e s ke e e e S0 e s a s R SO

Black sea bass (H)

Scup (D}

WEDNESDAY. 24 June (9:00 AM - 5:00 PM}
Gulf of Maine cod (F)

Atlantic herring (G)

SCQCIAL at the Andersons' (7:00 PM)

Pelagic/Coastal Werking Group

G. Shepherd $. Correia
Pelagic/Coastal Working Group
M. Terceiro W. Gabriel

Northern/Southern Demersal Working Group

R. Mayo A. Parma
Pelagic/Coastal Working Group
D. Stevenson, K. Friedland M. Dorn

W. Overholtz

L. O’Brien

G. Melvin

THURSDAY, 25 June (9:00 AM - G:00 PM).....coiiiiirnci s BSOSO VPSPPSR

Southern New England yellowtail flounder {I)

Ocean quahogs (E)

Northern/Southern Demersal Working Group

W. Overholtz R. O'Boyle
Invertebrate Working Group
J. Weinberg, P. Rago J. Grassle

FRIDAY, 26 June (9:00 AM - 6100 PM)...coiiiii oot i iiens e cense ot s et oot eh a1 e 401000402 g8 R bR L2

SARC comments, research recommendations, and 2nd drafts of Advisory Reports

Other business

H. Mustafa




The Process

The SAW Steering Committee, which guides the
process, is composed of the executives of the five
partner organizations (NMFS/NEFSC, NMFS/NER,
MAFMC, NEFMC, and ASMFC). Working groups
assemble the data for assessments, decide on the
methodology, and prepare documents for SARC re-
view. The SARC's task is to peer review the informa-
tion provided by the working groups, make research
recommendations, and prepare management advice.
This time, as three transboundary species had already
been reviewed by the Transboundary Resources As-
sessment Committee (TRAC), which met in April
1998, the SARC will prepare only the management
advice for these species. Information from the SARC
1s presented to the public as part of planned meetings
of the two Regional Councils and sometimes of the
ASMFC, usually about six weeks after a SARC
meeting, in two to three sessions of the SAW Pubiic
Review Workshop. The two sessions of the SAW-27
Public Review Workshop will be held during the
NEFMC meeting, 10-11 August 1998 in Peabody,
MA, and during the MAFMC meeting, 17-20 August
in Philadelphia, PA.

SARC Documentation

SARC documentation includes two reports, one
containing the assessments, SARC comments, and
research recommendations, and another produced in
a standard format which includes management ad-
vice. Although draft SARC reports are normally not
made available until the Public Review Workshop,
beginning with this SAW, the reports will be made
available in advice for use by Council committees.
After the Workshop sessions, the documents are pub-
lished in the NEFSC Reference Document series as
reports of the SARC Consensus Summary of Assess-
ments and SAW Public Review Workshop.

SAW documentation occasionally includes spe-
cial advisories, as was done in 1994 relative to the

New England groundfish stocks.

Responsibilities of SARC Participants

tations include the results of assessments and will, at
this meeting, be limited to no more than | or 1%
hours. SARC leaders take the lead in the discussion
of an assessment, provide critical comments, and en-
sure that research recommendations are correctly re-
ported. The rapporteurs, not members of the SARC,
keep notes of discussions and record major com-
ments and recommendations, making sure that these
are incorporated in the documentation. Together, the
presenters, SARC leaders, and rapporteurs make sure
that the SARC documentation 1s in good shape.

Agenda and Reports

The SAW-27 SARC agenda (Table 3) included a
presentation on the requirements of the Sustainable
Fisheries Act (SFA), Georges Bank cod, Georges
Bank haddock, Georges Bank yellowtail flounder,
black sea bass, scup, Gulf of Maine cod, Atlantic
herring, Southern New England yellowtail flounder,
and ocean quahogs. Working papers for SART re-
view were prepared at the meetings listed in Table 4.

A chart of US commercial statistical areas used to
report landings in the Northwest Atlantic is presented
in Figure 1. A chart showing the sampling strata used
in NEFSC bottom trawl surveys is presented in Fig-
ure 2.

Highlights of Presentations and Discussion

SFA Requirements: Revised Overfishing Definitions

Dr. Steven Murawski indicated that a report had
been prepared (Evaluation of Existing Overfishing
Definitions and Recommendations for New Overfish-
ing Definitions to Comply with the Sustainable Fish-
eries Act) by the NEFMC Overfishing Definition Re-
view Panel (Andrew Applegate, Steven Cadrin, John
Hoenig, Chris Moore, Steven Murawski, and Ellen
Pikitch) which had reviewed existing biological ref-
erence points, provided advice on how overfishing
definitions meet new SFA requirements, and recom-
mended new overfishing definitions where require-
ments could not be met. As a result of the SFA im-
plications, a paragraph on "SFA Considerations” was

Presenters at SARC meetings are either working
group chairs or the lead assessment persons. Presen-

added to each species section of the SARC advisory
document.



Table 4. SAW-27 Working Group meetings and participants.

Working Group and Meeting Date Stock/Species
Participants and Place

Joint US/Canada Transboundary Assessment Working Group 31 March - Georges Bank cod
E. Anderson, NEFSC J. Neilson, DFO 2 April 1998 Georges Bank haddock

M.-1. Buzeta, DFO
G. Bolz, NEFSC

S. Cadrin

R. Brown, NEFSC

S. Correia, MA DMF
5. Gavaris, DFO

J. Hunt, DFQ

Nitschke, NEFSC

P. Perley, DFO

L. O'Brien, NEFSC (Chair)
K. Sosehee, NEFSC

M. Terceiro, NEFSC

L. Van Eeckhaute, DFO

S. Wigley, NEFSC

SAW Joint Northern/Southern Demersal Working Group
R. Brown, NEFSC L. O'Brien, NEFSC (Chair}
5. Cadrin, NEFSC W. Overholtz, NEFSC
R. Mayo, NEFSC S. Wigley, NEFSC

SAW Pelagic/Coastal Working Group
M. Armstrong, MA DMF P. Nitschke, NEFSC
K. Friedland, NEFSC

NEFSC, Woods Hole Georges Bank yellowtail flounder

Gulf of Maine cod
Southern New England yellowtail
flounder

18-20 May 1998

18-22 May 1998 Atiantic herring
Seup

Black sea bass

D. Libby, ME DMR
G. Melvin, DFO
C. Moore, MAFMC

W. Overholtz, NEFSC (Co-Chair)
G. Shepherd, NEFSC (Co-Chair)
D. Stevenson, ME DMR

M. Terceiro, NEFSC (Co-Chair)

SAW Invertebrate Working Group
W. Alexander, Atl. Shellfish N. Moore, NFI
T. Alspach, Sea Watch Int. S. Murawski, NEFSC
T. Azarovitz, NEFSC E. Powell, Rutgers Univ,
"G. Begg, NEFSC P. Rago, NEFSC (Chair)
1.. Hendrickson, NEFSC E. Wade, DFO
T. Hoff, MAFMC
C. Keith, NEFSC
H.-L. Lai, NEFSC
R. Mann, VIMS

. C. Weidman, NEFSC/WHOI
J. Weinberg, NEFSC

D. Wallace, Wallace and Assoc.

J. Womack, Wallace and Assoc.

7-8 May. 1998
28-29 May 1998

Ocean quahogs

Dr. Murawski discussed some considerations in
defining overfishing reference points under the Mag-
nuson-Stevens Act. His presentation included the fol-
lowing salient points:

» The Act stipulates that management measures shall prevent
overfishing while achieving on a continuing basis, optimum
yield (OY).

« QY is defined as Maximum Sustainable Yield (MSY), as
reduced by relevant social, ec_:onomic, or ecological factors.

¢ MBSY is defined as: "the largest long-term average catch or
yield that can be taken from a stock or stock complex under
prevailing ecological and environmental conditions." The
Act specifically states that MSY is the maximum catch that
can be taken from a given level of recruitment, meaning

over the range of potential exploitation patterns of the fish-
ery.

The Act specifies that a “control rule”, relating annual har-
vest rate to stock size, be determined, with the obiective of
preventing overfishing at all ranges of stock size, while op-
timizing yield. Although there are many types of control
rules that can be specified, one important consideration is to
reduce fishing mortality on the stock when population size
is low, and aflow higher fishing rates when the stock is cap-
able of producing OY (see below). The MSY control rule is
defined as "a harvest strategy, which, if implemented, would
be expected to result in a long-term average catch approxi-
mating MSY."

Some options for the control rule include: (1) constant catch
strategy (when stock size exceeds an appropriate lower
bound), (2) constant harvest rate (fraction of biomass re-



moved), chosen to maximize lang-term yield, (3) constant
spawning escapement, and (4) variable harvest rates as a
continuous function of stock size. In any MSY control rule,
a given stock size is associated with a given level of fishing
mortality resulting in a potential harvest. The tong-term av-
erage of these potential harvests should be MSY.

For mixed-stock fisheries where MSY cannot be specified
on a stock-by-stock basis, one or more species may be chos-
en as indicators, but stringent conditions must be met to al-
low overfishing of any stock in the complex.

The control rule must specify a maximum harvest rate
threshold that cannot be exceeded. Exceeding this rate for
1 year or more constitutes overfishing. Also, the controi rule
must specify a minimum stock size threshold (MSST),
which is %2 the stock size associated with MSY, or the min-
imum stock size at which rebuilding to the MSY stock size
couid occur within [0 years, which ever is greater. Below
the MSST, the stock is considered overfished and a rebuild-
ing plan (reduced F) is needed.

When data are insufficient to estimate MSY, proxies for
minimum stock size and maximum fishing mortality rates
that result in MSY can be specified. Several reasonabie
proxies for the F,g fishing rate are 30-40% of maximum
spawning biomass per recruit and F equal to the natural
mortality rate {M). Proxies for stock size can include 40%
of the average stock size that would be expected in the
absence of fishing, relative survey indices of abundance, as
long as they are associated with fishing mortality rates or
suitable proxies, and others.

Uncertainty and risk of exceeding the harvest rate appropri-
ate to a particular stock size must be incorporated explicitly
into the control rule. Target caich levels should be explicitly
risk-averse, so that greater uncertainty regarding the status
of the stock corresponds to greater caution in setting target
catch levels. In the absence of uncertainty measures for F,
the target fishing mortality should be reduced at least 25%
below the Fy, (Fusy), in order to assure that the limit is not
exceeded with any appreciable degree of frequency. For
example, in the NW groundfish plan, the relationship be-
tween target F values and Fqy is explicitly related to the
certainty to which current F is known, viz:

" High certainty Flee = 90% Fysy
Moderate certainty Fiage = 75% Fysy
Low certainty Fruges = 60% Fysy
Extremely low certainty - F . = 50% Fysy

If the stock size falls below Y4By, the rebuilding time
frame is set to 10 years, if the stock is capable of being re-
built by By in that time frame, even if this requires the
fishery to be closed. If the life history of the animal is such
that it cannot be rebuilt in 10 years, even if F = 0, the re-

Transboundary Stocks

Georges Bank cod, Georges Bank haddock, and
Georges Bank yellowtail flounder were last address-
ed within the SAW process in 1997 at SAW-24. Sub-
sequently, the stocks were assessed by the Joint US/
Canada Transboundary Assessment Working Group
(TAWG) which met in Woods Hole, 31 March - 3
April. The assessments were then peer reviewed by
the Joint US/Canada Transboundary Resources As-
sessment Committee (TRAC) at a meeting in Si.
Andrews, NB, April 20-24, 1998.

Because assessments for the transboundary stocks
have been previously peer reviewed, they were not
subjected to further review by the SARC. Instead, the
SARC was presented relatively brief overviews of
the status of each of these three stocks before focus-
sing attention on (&) reviewing existing biological
reference points and advising on new reference
points to meet SFA requirements, and (b) preparing
the management advice.

Much discussion relative to the three stocks con-
cerned estimates of recruitment and discards, rebuild-
ing stock biomass, and meeting SFA requirements.
The SARC, in fact, tended to re-review the assess-
ments, perhaps to develop needed background for
crafting the management advice. The Committee's re-
search recommendations for the three stocks reflect
the need for additional or improved sampling, addi-
tional information, and new methodology, as well as
a look at rebuilding scenarios.

Black Sea Bass

Black sea bass (Centropristis striata) was last
addressed in 1997 at SAW-25. Although a VPA anal-
ysis was attempted during SAW-25, the data were
viewed as inadequate to provide a basis for catch and
stock projections. The VPA was thus considered to
be exploratory with a high level of uncertainty.

The stock represented in the current analysis re-
sides north of Cape Hatteras, NC. The data in the
analysis were equally poor, again posing a source of
concem for the SARC, including concern for the re-

“building time frame is < 10 years plus one generation time
for the animal.

sults of the general surplus production model for
black sea bass. In this regard, there was discussion on



artificial reefs as additional habitat and increasing
fishing pressure due to these reefs, in addition to
technological improvements. The implications of sur-
vey indices, which suggest that the stock is overex-
ploited, and meeting SFA requirements on the basis
of uncertainty in the assessment were also discussed.

Recommendations concerned the examination of
methods for estimating fishing mortality rates, re-
evaluation of exploitation rates, and the examination
of data for sex ratio changes.

Scup

Scup (Stenotomus chrysops) was last addressed in
1997 at SAW-25. At that time, the SARC declared
the VPA to be exploratory.

At the present review, much discussion again
centered around data quality and the precision of dis-
card estimates, as well as the use of the VPA and
ASPIC models in making management decisions,
given the uncertainties associated with data in the
assessment. It was recommended that there should be
more representative sea and port sampling data, a pi-
lot study to develop a sampling program to estimate
discards, studies to better characterize the mortality
of scup in different gear types, more age sampling,
and additional biological studies.

Gulf of Maine Cod

Gulf of Maine cod (Gadus morhua) was last ad-
dressed in 1997 at SAW-24, The current assessment
represents an update with an additional year of data.
Points of discussion included an alternative model to
confirm results, projections and estimates of recruit-
ment, management measures, and the relationship be-
tween the Gulf of Maine and Georges Bank cod fish-
eries. The analysis was accepted without suggested
changes. - '

Atlantic Herring

Atlantic herring (Clupea harengus) was last ad-
dressed in 1995 at SAW-21. The current assessment
constitutes a revision of the assessment of the same

stock complex with no major changes in methodol-
ogy. The range of the Atlantic herring coastal stock
complex includes the US Atlantic coast, as well as
areas in Canadian waters on Georges Bank and on
the western shore of the Bay of Fundy. Points of dis-
cussion included the robustness of the stock complex,
possible reasons for its being and its vulnerability,
partitioning abundance among herring management
units, management by the individual stocks, as well
as the models used in the analysis. Collaborative
work between US agencies and the Canadian Depart-
ment of Fisheries and QOceans on acoustic surveys
was encouraged. It was recommended that the Atlan-
tic herring should be assessed and reviewed next in
the year 2000 within the Joint US/Canada Trans-
boundary Resources Assessment Process.

Southern New England Yellowtail Flounder

Southern New England yellowtail flounder (Li-
manda ferruginea) was last addressed in 1997 at
SAW-24. At that time, sea sampling data were used
to estimate discards. In the current assessment, vessel
trip record (VTR) information instead of sea sample
data were used for discard estimation.

Reporting practices of fishermen, including the
consistency of information, and the cause of the
sharp drop in the bottom trawl survey indices in the
1972-1974 period were discussed. Spacial distribu-
tion of yellowtail flounder east and west of the stock
area boundaries were examined, and the importance
of re-examining the stock definition for the yellowtail
flounder resource south and west of Georges Bank
was emphasized. The use of the VPA and ASPIC
analyses, including their use in establishing harvest
reference points and assessing the stock status was a
point of discussion, as was the methodology for esti-
mating uncertainty in the projections. Sea samples
were a central issues of several recommendations, It
was also recommended to re-examine the stock boun-
daries.

Ocean Quahogs

Ocean quahogs (Arctica islandica) from the Ca-
nadian border to Cape Hatteras were last addressed
within the SAW process in 1994 at SAW-19. At that



time, the catch per survey tow in the 1994 survey was
found to be unusually-high, suggesting that the gear
efficiency had changed. Thus, 1994 survey data were
not used during that assessment.

The current assessment relies heavily on data col-
lected in 1997 and 1998. Depletion studies of dredge
efficiency that were carried out in a cooperative pro-
gram between NMFS, the clam industry and acade-
mia and the use of historical survey time series as an
indicator of relative abundance were discussed. The
possibility of adding sensors on the survey dredge
and additional studies to determine dredge efficiency
and building a reliable time series beginning with the
1997 survey were discussed. Underlying causes of
the northeastward expansion of the ocean quahog
fishery, the concern over the considerable uncertainty
about the impact of harvesting on ocean quahog pop-
ulations, as well as the effect of reduced clam density
on fertilization rate and the effect of dredging on re-
cruitment, reflected in the research recommendations,
were discussed. Recommendations also addressed
modification of dredging equipment, calibration of
dredge efficiency, fixed survey stations, dredge per-
formance sensors, the need for additional sampling,
and the contribution of each region to recruitment
across geographical regions.

Documentation Due Diate

The Chairman noted that committee meetings of
the MAFMC were scheduled for the third week of
July, which left only three weeks to complete the
documentation of this meeting. Reports for scup,
ocean quahogs, and black sea bass must reach the
MAFMC by July 20. Relevant reports must also be
provided to the NEFMC Groundfish Commitice
scheduled to meet July 16.

Any comments by SARC members on the last
distributed versions of draft advisory reports and
SARC comments must be submitted to the Chairman
by no later than 3 July.

Other Business

meeting. Reviewing nine assessments, the majority of
which were benchmarks, at a 414-day meeting was
viewed as too much. Ideally, the SARC should peer
review and write advice for no more than five stocks
during a meeting of this duration. Since the SARC
was faced with the possibility of seven benchmark
assessments on the SAW-28 agenda, the Chairman
had already expressed concern with members of the
SAW Steering Committee,

It was also noted that it was not practical to pro-
ceed immediately from a presentation to the writing
of advice, as time for thought was needed after a pre-
sentation. In addition, it was indicated that the craft-
ing of advice cannot be decoupled from the discus-
sion of details, as was attempted this time in the case
of the three Georges Bank stocks. Knowing the de-
tails of an assessment was considered important to
writing the management advice.

To save time in reviewing stocks, it was~sug-
gested that the SARC not get involved in examining
all the assessment details. Although, in the opinion of
some, a brief presentation on stock status and how
the assessment was done, without the benefit of hear-
ing as many details as was done this time, should suf-
fice, others felt that this cannot be done in the case of
new or benchmark assessments.

The possibility of more or longer SARC meetings
was briefly entertained and disregarded as being un-
realistic, given the already heavy workloads of most
assessment scientists and the heavy meeting sched-
ules for both Councils. It was concluded that the
SARC needs one day per stock (one-half day for pre-
sentation and discussion and one-half day for crafting
the advice) to do benchmark assessments. West coast
and ASMFC peer-review models were brietly sum-
marized as examples of other review processes, and
it was noted that the Canadian peer-review process
does not include updates.

Regarding the review of updates, the Chairman
indicated that the Steering Committee was continuing
to consider the possibility of using Council Scientific
and Statistical Committees.

Concern was expressed over the number of as-
sessments the SARC was tasked to review at the

The need to involve external experts at the work-
ing group level was noted, and the status of the na-



tional pool of experts pilot program headed by Victor
Restrepo was reviewed. The purpose of this program
was to create a national pool of experts who would
be funded and available to participate in SARC and
working group meetings.

It was noted that it is impossible or unrealistic to
attempt assessments when adequate data are lacking,
as in the case of scup and black sea bass. It was re-
commended that a strong message be sent to manag-
ers that doing assessments on stocks without ade-
quate data is "not a good use of the scientists’ time
and is not productive.” '

The Chairman indicated that although there was
no immediate solution to the problems currently fac-
ing the SARC, he would raise and discuss these is-
sues with the NEFSC Science and Research Director
and the SAW Steering Committee which would meet
later in the summer.

Closing

The Chairman thanked the Committee for endur-
ing this meeting with such a packed agenda. The
group acknowledged Dr. Anderson's leadership and
hospitality before the meeting adjourned.



Figure 1. Statistical areas used for catch montitoring in offshore fisheries in the Northeast United States.
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A. GEORGES BANK COD

Terms of Reference

a. Update the status of Georges Bank cod through
1997 and characterize the variability of estimates
of stock size and fishing mortality rates.

Provide projected estimates of catch for 1998-
1999 and spawning stock biomass for 1999-2000
at various levels of F.

Review existing biological reference points and
advise on new reference points for Georges Bank
cod to meet SFA requirements.

Introduction

This report presents an updated and revised ana-
lytical assessment of the Georges Bank cod stock
(NAFO Division 5Z and Statistical Area 6) for the
period 1978-1997 based on analysis of commercial
landings and effort data and research vessel survey
data through 1997. The life history of Georges Bank
cod and the commercial fishery are described in the
previous assessment (O’Brien 1997, NEFSC 1997).

The Fishery

Commercial Landings

The methodology for proration of the commercial
fishery landings data since 1994 is described in Wig-
ley et al. 1998. The 1997 data were prorated using
the same methodology, however, the criteria for
matching the data were changed and resulted in a
larger data set from which to prorate.

Total commercial landings of Georges Bank cod
in 1997 were estimated at 10,435 mt, 17% higher
than in 1996 (Table Al, Figure Al). The US fleet
landed 72% (7,500 mt) of the total landings, and the
Canadian fleet landed the remaining 28% (2,900 mt).

_.Otter trawl landings from the US and Canada ac-

of the US landings (Table A2). In the Canadian fish-
ery, the otter trawl and longline fisheries accounted
for 36% and 43%, respectively, of the cod landings
(Hunt and Buzeta 1998). During 1978-1997, otter
trawl gear accounted for 83% of the US landings and
57% of the Canadian landings. The US cod landings
from Georges Bank continue to be dominated by
‘market’ cod in both weight (55%) and number
(51%) in 1997 (Table A3). Historically, ‘market’ cod
have accounted for 40-60% of the landings.

Commercial Discards

Preliminary estimates of discards on otter trawt
and gillnet trips were derived for 1989-1997 using
the Sea Sampling Data Base. Discard ratios were es-
timated as the amount of cod discarded to the amount
kept. Discard ratios are presented in Table A4 for
each quarter for catch taken in the western part (Sta-
tistical Areas 521, 522, 525, 526) and the eastern part
(Statistical Areas 561, 562) of Georges Bank. In the
otter trawl fishery, ratios ranged from 0 to 0.10, with
less discarding occurring in the eastern part. In the
gillnet fishery, discard ratios ranged from 0 to 0.19,
but were predominantly less than 0.10. Discard esti-
mates were not included in the assessment, however,
due primarily to the lack of data for 1978-1988.

Recreational Catches

The total cod caught during 1979-1997 by recre-
ational fisherman ranged from 500 mt to 9,000 mt,
accounting for 1-19% of the total landings (Table
AS). Recreational landings increased by 28% in 1997
to an estimated 770 mt, which represents 6.9% of the
total cod landings.

In the previous assessment (O'Brien 1996), an
analysis that incorporated recreational catches result-
ed in slightly elevated stock sizes with little change
in fishing mortality or the spawning stock biomass.
Recreational catches were not included in the final
assessment analysis, however, since a number of

 counted for about 54% of the total 1997 landings. US
otter traw] landings accounted for the majority (61%)
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problems exist in estimating the quantity and size/age
composition of the recreational catch by stock (Rec-



reational Fisheries Statistics Working Group 1992).
Among these are: 1) lack of recreational catch esti-
mates in January and February when some party
boats in Massachusetts, Rhode Island, and New York
land cod; 2) inability to properly categorize catches
of long-range trips {e.g., to Georges Bank) that are
being made in increasing numbers by party boats
from Maine to New York; 3) catch estimates for the
Georges Bank stock are imprecise (i.e., relatively
large CVs), and 4) length frequency sampling inten-
sity, particularly for the Georges Bank stock, is low
and is probably insufficient to accurately characterize
the size composition of the catch. Moreover, length
frequency sampling is opportunistic and thus samples
are not distributed in proportion to the catch by time,
fishing mode, or state of landing.

Sampling Intensity

Commercial landings

The numbers of samples taken for the length and
age composition of the US and Canadian commercial
cod fishery for the Georges Bank region are summa-
rized in Table A6. The average number of fish in
each length sample is about 80 for the US and about
270 for Canada.

Sampling intensity was high in 1997 with 1 sam-
ple per 94 mt for the US (Table A7) and 1 sample per
24 mt for the Canadian fishery. The spatial and tem-
poral pattern of sampling for landings from the east-
ern part of Georges Bank for the US was minimal in
1997. There were only 2 samples taken in the ‘mar-
ket’ category for quarters 2 and 3 in Statistical Areas
561 and 562. The distribution of sampling by market
category (scrod: 34%, market: 49%, large: 18%) ap-
proximates the distribution of the 1997 landings in
number by market category (Table A3). '

Recreational catch

Recreational landings are sampled only for length
frequency. Since 1981, the number of fish sampled
represent less than 0.1% of the total number of fish
landed. During 1981-1997, the number of fish mea-
sured ranged from 0.01 to 0.06% of the total number

landed. In 1997, 0.01% of the fish landed were sam-
pled.

Commercial Catch at Age

The age composition of the 1978-1993 US land-
ings was estimated by market category from monthly
length frequency and age samples and pooled by cal-
endar quarter. Landed mean weights were estimated
by applying the cod length-weight equation:

In Weight =-11.7231 + 3.0521 In Length

tkg.live) lom)

to the quarterly length frequency samples by market
category. Numbers landed by quarter were estimated
by dividing the mean weight values into the quarterly
landings by market category and prorating the total
numbers by the corresponding market category sam-
ple length frequency. Quarterly age-length keys were
then applied to the numbers at length to estimate
numbers at age. Annual estimates of catch at age
were obtained by summing values over market cate-
gory and quarter (Table A8). Derivation of catch by
quarter, rather than by month, was performed since
not all months had at least two length frequency sam-
ples per market category (i.e., minimum desired for
monthly catch estimates).

The age composition of the 1994-1996 US land-
ings was also estimated by market category from
monthly length frequency and age samples, but were

pooled semi-annually due to insufficient samples
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within a quarter. The consistency in the estimation of
the catch at age during 1978-1993 was maintained by
disaggregating the landings into eastern (SA 361-
562) and western components (SA 521, 522, 525,
526) to estimate the age composition. The age com-
position of the US landings from the eastern compo-
nent was estimated by applying US length frequency
and combined US and Canadian age samples, while
the age composition of the US landings from the
western component was estimated by applying only
US length frequency and age samples.

The age composition of the 1997 US landings
was estimated in a similar manner. However, due to
the lack of length samples in the eastern component,



the assumption was made that eastern and western
length frequencies would be similar. Accordingly,
western length frequencies were used to characterize
eastern component landings. The 1997 catch at age
was then derived as described above for the 1978-
1993 landings. The eastern and western components
were pooled to obtain the age composition for US
Georges Bank cod landings for 1997. The US eastern
component was used in the Canadian assessment of
cod in area 5Zjm (Hunt and Buzeta 1998).

Canadian landings-at-age data (Table A9) from
the eastern component (5Zjm) for 1997 were provid-
ed by Hunt (pers. comm.). Canadian and US data
were combined to produce a total landings-at-age
matrix for 1978-1997 (Table A10). The proportions
of the total landings accounted for by the US and
Canada are also indicated in Table A10. Total com-
mercial landings in 1997 were dominated by age 4
and 5 fish from the 1992 and 1993 year classes, re-
spectively (Table Al1). These two cohorts combined
accounted for 55% of the landings by number and
61% by weight.

Commercial Mean Weights at Age

Mean weights at age for ages 1-10+ are summa-
rized for US, Canadian, and total landings in Tables
AB-A10. There does not appear to be any consistent
trend in the mean weight by age during the 20-year
time series. Anomalous weights in the older fish in
recent years may be due to poorer sampling in recent
years. Stock mean weights at age at the beginning of
the year derived from catch mean weights at age
(Rivard 1980) are presented in Table A12.

Stock Abundance and Biomass Indices

Commercial Catch Rates

US commercial landings per unit effort (LPUE)
and standardized fishing effort and LPUE were de-
rived for all interviewed otter trawl trips landing cod
from Georges Bank and south as described in
O'Brien (1997) and Mayo er al. 1994 (Table A13).
Total standardized (raised) effort was then derived by

Nominal LPUE and standardized LPUE exhibit
similar trends and, since 1985, are almost equivalent
(Table Al4, Figure A2), Standardized LPUE peaked
in 1980 at 2.9 mt/day fished and declined steadily
from 1982 to 1986. LPUE then remained stable, in-
creasing slightly, until 1990 when another sharp de-
cline occurred from 1990 to 1995. LPUE increased in
1996 and 1997 and is estimated to be about 0.6
mt/day fished in 1997, Standardized or raised effort
and nominal effort have similar trends in general, al-
though effort trends did diverge in both 1991 and
1995 (Figure A3). Raised effort more than doubled
from 1978 to 1983, declined in 1986, and then in-
creased to historic high levels until 1993. Standard-
ized effort in 1997 has declined to about 45% of the
1996 estimate.

Under the current management restrictions of
closed areas imposed in December of 1994 and with
the use of mandatory logbooks to collect effort data
implemented in May 1994, the 1994-1997 effort data
may no longer be equivalent to the historic 1978-
1993 effort series. Additionally, the effort estimates
for 1994-1997 were derived from unaudited data. The
LPUE series was, therefore, not used as an index of
abundance in the subsequent calibration of the VPA.

Research Vessel Survey Indices

US surveys

NEFSC spring and autumn research bottom trawl
surveys have been conducted off the Northeast coast
of the US since 1968, and 1963, respectively (Azaro-
vitz 1981). Indices of abundance (stratified mean
number per tow) and biomass (stratified mean weight
per tow) were estimated from both the spring and
autumn bottom trawl surveys for Georges Bank cod
during 1963-1997 (Table A15). Standardized catch
per tow at age in number for NEFSC spring and au-
tumn surveys are presented in Appendix Al: Table .

NEFSC spring and autumn catch per tow indices
for both biomass and -abundance show similar trends
throughout the time series (Table A135, Figures A4-
A5). Survey biomass indices were stable between
1963-1971, then increased to a record high in 1973.

dividing total US landings by the standardized LPUE
(Table Al4).
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Georges Bank cod biomass generally declined over

the next two decades, reaching record low biomass



levels between 1991 and 1994, increased in 1995, but
declined in both 1996 and 1997. The autumn esti-
mate of stratified number per tow in 1997 was the
lowest in the time series. Survey abundance indices
for ages | and 2 indicate above-average recruitment
for the 1966, 1971, 1975, 1980, 1983, 1985, 1988,
and 1993 year classes (Figure A6). The magnitude of
an above-average year class, however, has been de-
clining over time, particularly noticeable in the re-
cruits at age 1.

Canadian surveys

Canadian research vessel bottom trawl surveys
have been conducted on Georges Bank during the
spring since 1986. Indices of abundance for Canadian
surveys are summarized as stratified mean number
per tow during 1986-1998 (Appendix Al: Table 2).
In 1993 and 1994, the Canadian survey did not sam-
ple the western part of Georges Bank (Canadian stra-
ta 575 - 327} and, therefore, were not used in the cal-
ibration of the VPA. Survey abundance indices indi-
cated a steady decline in total numbers of cod from
1990 to 1995, then an increase in 1996 dominated by
the 1994 vear class at age 4. The 1998 index increas-

-ed slightly from the 1997 value and is dominated by
the 1995 year class.

Mortality

Total Mortality

Pooled estimates of instantaneous total mortality
(Z) were estimated for eight time periods from both
spring and autumn survey catch per tow indices
{Table A16, Appendix A2: Table 2 ). Estimates in
the spring are less than in the auturnn in all time per-
iods except 1973-1976.

Total mortality decreased from a high of 0.73 dur-
ing 1964-1967 to a record low of 0.34 during 1968-
1972, then increased and remained stable between
0.56 and 0.68 during 1973-1984. Total mortality then
reached a record high of 1.10 during 1985-1987,
declined to 0.6 during 1988-1990, and then increased
to 1.45 during 1991-1993 before declining to 0.87
during 1994-1996.
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Estimates of Stock Size and Fishing Mortality

Virtual Population Analvsis Calibration

The ADAPT calibration method (Parrack 1986,
Gavaris 1988, Conser and Powers 1990) was used to
derive estimates of fishing mortality in 1997 and be-
ginning-year stock sizes in 1998. The catch at age
used in the VPA consisted of combined US and Ca-
nadian commercial landings from 1978-1997 for ages
1-9 with a 10+ age group. The indices of abundance
used to calibrate the VPA included both the NEFSC
1978-1997 spring research survey abundance indices
for ages 1-8 and the Canadian 1986-1998 spring re-
search survey abundance indices for ages 1-8, and the
NEFSC 1977-1997 autumn research survey catch at
ages 0-6. The NEFSC spring survey was separated
into two series based on the use of the Yankee 36
traw! or the 41 trawl. The NEFSC employed the 41
trawl during 1973-1981. The spring indices were
split into a index series from 1978-1981 for the 41
trawl and a series from 1982-1997 for the 36 trawl.
The autumn survey indices were lagged forward one
age and one year to match cohorts in the subsequent
year.

Several trial ADAPT calibrations were performed
and results are presented in Table Al7. The final
ADAPT formulation provided stock size estimates
for ages 1-8 in 1998 and corresponding F estimates
for ages 1-7 in 1997. Assuming full recruitment at
age 4, the F on ages 8 and 9 in the terminal year was
estimated as the average of the F on ages 4-8. The F
on age 9 in all years prior to the terminal year was de-
rived from weighted estimates of Z for ages 4-9. For
all years, the F on age 9 was applied to the 10+ age
group. Spawning stock estimates were derived by ap-
plying pooled maturity ogives for 1978-1981, 1982-
1985, 1986-1989, 1990-1993, and 1994-1997 (Table
A18) derived from NEFSC spring research survey
data using methodology described in O'Brien (1990).
The new pooled ogives, estimated with current data,
are more representative of the current population than
the previous 1986-1996 pooled ogive (NEFSC 1997).

The final ADAPT calibration results are present-
ed in Appendix A2 for estimates of F, stock size, and
SSB at age and summarized in Table A18. Estimates
of stock size were more precise for ages 2-8, with



CVs ranging from 0.26 to 0.33, than for age 1 (CV =
(0.51). The residual patterns of the indices did not
show any strong trends for the four surveys (Figure
A7). The natural log of the observed survey indices,
standardized to the mean, are presented in Figure AS8.

Average fishing mortality (ages 4-8) in 1997 was
estimated to be 0.26, an increase of 30% from the
1996 estimate (Table A18, Figure A9). The 1997 es-
timate of SSB was 36,000 mt, only a 5% increase
from the 1996 estimate (Table A18, Figure A10).

Since 1978, recruitment has ranged from 4 mii-
lion fish at age 1 (1994 year class) to 43 million
(1985 year class); in 1998, the 1997 year class is esti-
mated to be less than a million fish (424,000). With
the exception of the slightly above-average 1990 year
class, recruitment since 1989 has been at record low
values. The 1994 and 1997 year classes are the poor-
est of the 20-year time series (Table Al8, Figure
Al10).

Precision Estimates of F and SSB

A bootstrap procedure (Efron 1982) was used to
gvaluate the uncertainty associated with the estimates
of fishing mortality and spawning stock biomass
from the final VPA. One thousand bootstrap itera-
tions were performed to estimate standard errors, co-
efficients of variation (CVs), and bias estimates for
the age 1-8 stock size estimates at the start of 1998,
the catchability estimates (q) for each index of abun-
dance used in calibrating the VPA, and Fs at ages 1-7
in 1997 (Appendix A3).

The bootstrap results indicate that stock sizes
were well estimated for ages 1-8, with CVs varying
between 0.19 and 0.43. The CVs for the catchability
coefficients for all indices ranged between 0.11 and
0.28. The fully-recruited F for ages 4+ was well esti-
mated with a CV = 0.11. The bootstrap estimate of
(.27 was only slightly higher than the NLLS estimate
(Appendix A3). The distribution of the 1997 F esti-
mates, derived from the 1,000 bootstrap iterations,
ranged from 0.20 to 0.46 (Figure A1l). There is an
-80% probability that the F-in-1997-is-between 0.25
and 0.31 (Figure Al1). '
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The spawning stock biomass was reasonably well
estimated (CV = 0.08) and slightly higher than the
NLLS estimate of 36,600 mt (Appendix A3). The
distribution of the 1997 spawning stock biomass esti-
mates, derived from the 1,000 bootstrap iterations,
ranged from 28,000 mt to 50,000 mt (Figure A12).
There is an 80% probability that the 1997 SSB is be-
tween 33,000 mt and 39,000 mt (Figure A12). There
is 100% probability that the SSB in 1997 is less than
70,000 mt, the SSB threshold for re-building.

Retrospective Analvysis

A retrospective analysis was performed to evalu-
ate how well the current ADAPT calibration would
estimate spawning stock biomass, fishing mortality,
and recruits at age 1 for the five years prior to the
current assessment (1992-1996). Convergence of the
estimates generally occurs after about three years
(Figures A13-A15 ). With the exception of 1996, the
retrospective analysis indicates a pattern of clGsely
estimating or underestimating the recruits at-age 1
(Figure A13). Estimates of spawning stock biomass
appear to be overestimated, but then converge after
about three years (Figure A14). Estimates of fishing
mortality do not show a consistent trend over the 5-
year period (Figure A15). Fishing mortality in 1996,
1995, and 1994 was underestimated, and the F was
overestimated in 1993 and 1992. The very high over-
estimation of F in 1993 and the underestimation of F
in 1994 may be influenced by the lack of 1993-1994
Canadian survey indices in the current calibration.
The actual ADAPT formulation employed for the
1994 assessment had Canadian survey (5Zjm) indices
for all years, derived for only the eastern portion of
the survey (Serchuk et al. 1994). The fishing mortal-
ity in the 1994 assessment was estimated to be 0.91
for 1994 (Serchuk et al. 1994).

Biological Reference Points

Yield and Spawning Stock Biomass per Recruit

Yield per recruit, total stock biomass per recruit,
and spawning stock biomass per recruit were estimat-

ed using.the methodology. of Thompson and Bell.........

(1934). The estimates were derived based on anthme-



tic means of the 1993-1997 catch mean weights at
age and stock mean weights at age (Tables A10 and
A12) and the 1994-1997 maturity ogive. A partial re-
cruitment (PR) vector was calculated as the geomet-
ric mean of the 1994-1997 F estimates from the final
VPA (Table A18) based on the change in mesh regu-
lations in 1994. The final exploitation pattern was de-
rived by dividing the PR by the geometric mean of
the unweighted F for ages 4-8 and smoothed by ap-
plying full exploitation at ages 4 and older. The ex-
ploitation pattern of:

Age | 0.00
Age 2 0.17
Age 3 0.66
Ages4+ 1.00

reflects an increase in the exploitation at ages 2 and
3 compared to the previous assessment (NEFSC
1997). Input values for the yield-per-recruit analysis
are provided in Table A19, and results of the analysis
are provided in Table A19 and Figure A16. The re-
sulting biological reference points were F;, = 0.18
and F,y, = 0.41. The yield and spawning stock bio-
mass per recruit was re-estimated to account for the
updated maturity ogive. The values remained very
near the previous analysis (F,; = 0.17, Fyy, = 0.43).

Stock Production Model - ASPIC

The ASPIC model (Prager 1994, 1995), a non-
equilibrium stock production mode! incorporating co-
variates, was employed to estimate F,,, and B, for
the Georges Bank cod stock. Results of a bootstrap-
ped analysis are presented in Appendix A4. The
NEFSC autumn indices were employed as a series of
observed effort, and the NEFSC spring survey, split
by gear type, and the Canadian spring survey were
used as independent biomass indices.

The model fit the NEFSC autumn and spring 36
trawl well (R* = 0.44 and 0.45, respectively), but fit
the Canadian spring and NEFSC 41 trawl surveys
poorly (R? = -0.06 and -0.18, respectively). The resid-
uals showed no pattern or trend; however, there was
a large negative residual for NEFSC spring 1994
(Appendix A4).
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The average biomass was estimated with a similar
trend, but higher than the VPA estimates from 1978-
1988, and less than the VPA until 1996 (Figure Al17).
The model estimated an MSY of 33,000 mt and a
B, of 136,000 mt (Appendix A4). F was esti-
mated as 0.24, which is about equivalent to a fully-
recruited F,; = 0.36. The MSY was well estimated
(IQ range =0.13), but B__, and F__, were not as well

msy msy

estimated (IQ range = 0.62 and 0.67, respectively).

A similar analysis was also recently conducted for
several groundfish species, including cod, by Cadrin
et al. (1998). Comparison of the ASPIC analysis in
this assessment with the ASPIC analysis conducted
by Cadrin et al. (1998), which employed a constrain-
ed model, indicates that the latter analysis provides
more precise estimates. Based on the results of Cac-
rin et al. (1998) and the proposed rule for th-
Sustainable Fisheries Act (SFA) requirements, the
target Fgp., should be 0.14, given the current bigmass
levels.

Stock-Recruitment Analysis

A Beverton-Holt stock-recruitment relationship
was employed as an alternative model to estimate the
biological reference points B, and F,,. Yield per
recruit and the Beverton-Holt stock-recruitment
curve were both used to estimate equilibrium yield,
spawning stock biomass, and recruitment (Sissen-
wine and Shepherd 1987, Sinclair 1997). Beverton-
Holt spawner-recruit parameters were estimated us-
ing non-linear regression (Hilborn and Walters 1992)
and fitted with a Gauss-Newton iterative search algo-
rithm (SAS 1990) using the 1978-1997 spawner and
recruit data from this assessment. B, was estimated
to be about 257,000 mt, with an MSY of 37,000 mt
and an F,,, of 0.15 (Figure A18). On the recommen-
dation of the Joint US/Canada Transboundary Re-
sources Assessment Committee (TRAC), additional
analyzes were performed backcasting spawning stock
biomass and recruits during 1963-1977; these resuits
are presented in O'Brien and Cadrin (1998).

Projections

Short-term, 3-year stochastic projections were
performed to estimate landings and SSB during



1998-2000 under the F scenarios of starus quo Foy =
0.26 and F;;| = 0.18 and F;, = 0.14, Data input are
the same as described in the yield-per-recruit analysis
(Table A20). In addition, recruitment in 1998 was set
at 424,000 fish, as estimated by the ADAPT formula-
tion, and the recruitment for 1999 and 2000 was esti-
mated by randomly drawing from the observed 1992-
1998 recruitment at age 1 (Table A18). These most
recent years of recruitment were chosen based on
having been produced from similar levels of SSB.

Under a status quo F of 0.26, landings are pro-
jected to be about 9,800 mt in 1999, and then decline
to 9,000 mt in 2000 (Table A20, Figure A19). SSB
incr;:ases to about 39,400 in 19996, but declines to
35,300 mt in 2000. Fishing at F,, = 0.18, landings
will decline to 7,050 mt in 1999 and remain at about
6,900 mt in 2000, SSB at F = 0.18 will remain rel-
atively stable, increasing in 1999 (39,900 mt) and de-
clining in 2000 (38,500 mt). If fishing mortality is re-
duced to Fgp, = 0.14, landings will decline in 1999 to
5,600 mt and then increase in 2000 to 5,700 mt. SSB
will increase in 1999 (40,200) mt and remain stable
in 2000.

Conclusions

The Georges Bank cod stock is at a low biomass
level and is over exploited relative to the Amendment
7 rebuilding target. Biomass indices derived from re-
search surveys indicate that the stock remains near
the 30-year record low value. Fishing mortality de-
clined from record high levels in 1993 (1.1) and 1994
(1.2) to an F in 1997 of 0.26, which is about 45%
higher than F, | = 0.18. Spawning stock biomass de-
clined from about 90,000 mt in the early 1980s,
reached a record low (25,000 mt) in 1994, and re-
mains near record low size (36,000 mt) in 1997. Re-
cruiting year classes continue to decline in size, with
the four most recent year classes (1994, 1995, 1996,
1997) being the lowest on record.

Accounting for the estimation uncertainty associ-
ated with the 1997 SSB (36,000 mt) and F (0.26) es-
timates, there is an 80% probability that the 1997
~$8B-is between33,000-mt and 39,000 mt-and-an
80% probabulity that the F in 1997 is between 0.25
and 0.31. ‘
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At the present rate of exploitation (21%), given
the probable level of recruitment, the SSB is expect-
ed to increase in 1999, but again decline just below
the current value (36,000 mt) in 2000.

SARC Comments

On the strength of the poor 1997 year class, it was
noted that provisional data from the 1998 NEFSC
spring bottom trawl survey, as well as final results
from the 1998 Canadian DFO spring survey on
Georges Bank, suggest that the 1997 year class is
indeed poor.

To extend the VPA-derived SSB and recruitment
estimates to an earlier period, an SSB and a recruit-
ment index dertved from the NEFSC spring and au-
tumn surveys were used as proxies. The SSB index
derived from the surveys was taken from a report in
which results were given through 1994. Thus, the
VPA results available at the time of analysis-were
used in conjunction with the available survey indices
through 1994 to derive the conversion from survey
index to VPA-derived estimates.

It may be useful to employ the ADAPT calibra-
tion coefficients (q) in conjunction with survey in-
dices to backcast estimates of recruitment and SSB
for the period prior to the VPA. However, this ap-
proach still does not solve the inherent variability in
recruitment indices in the surveys, and it was noted
that an investigation into methods which employ ad-
ditional information from the lifespan of the cohort to
derive a more accurate survey-based recruitment in-
dex are ongoing.

Results from the Beverton-Holt stock-recruitment
relationship for Georges Bank cod were discussed in
the context of SFA reference points. This relationship
is employed in the Sissenwine-Shepherd age-based
approach to deriving estimates of MSY and B .
Large outliers may have affected the parameter esti-
mates of the relationship and it was suggested that
some iterative re-weighting may minimize the impact
of the large year classes.

Differences-in-the results from the ASPIC and
Sissenwine-Shepherd approaches may be due in part
to the partial recruitment information employed in



each. ASPIC accounts for partial recruitment implic-
itly by integrating catch and biomass information
over the long-term, while the Sissenwine-Shepherd
age-based approach allows for an explicit partial re-
cruitment to be specified in the yield-per-recruit cal-
culations. The partial recruitment employed in the
Georges Bank cod analysis used a recent partial re-
cruitment pattern. '

~ The question of whether ASPIC estimates total or
exploitable stock biomass was not resolved.

With respect to the Georges Bank cod advisory,
it was noted that the stock is close to the SFA thresh-
old biomass level and is, therefore, technically on the
verge of being over exploited. In the longer term, the
stock still remains in an over-exploited state.
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Table Al. Commercial landings (metric tons, live) of Atlantic cod from Georges
Bank and South (Division 5Z and Subarea 6), 1960-1997.

Country

Year Usa Canada USSR Spain Poland Other Total

1560 10834 19 - - - - 10853

1881 14453 223 "85 - - - 14731

1362 15637 2404 5302 - 143 - 23486

1963 14139 7832 5217 - - _ 1 27189
1964 12325 7108 3428 18 43 238 25165
1965 11419 10598 14415 53 1851 - 38333
1566 11990 15601 16830 8375 269 69 53134
1967 13157 8232 511 14730 - 122 36752
1968 152749 9127 1458 14622 2611 38 43136
1969 16782 5997 646 13597 798 119 37839
1970 14899 2583 364 6874 784 148 25652
1971 16178 2979 1270 7460 256 36 28179
1972 13406 2545 1878 6704 271 255 25059
1973 16202 3220 2977 5980 430 114 28923
1974 18377 1374 476 6370 566 168 27331
1975 16017 1847 2403 4044 481 216 25008
1976 14906 2328 933 1633 S0 36 19926
1977 21138 6173 54 2 - - 27367
1978 26579 8778 - - - - 35357
1979 32645 5978 - - - - 38623
1980 40053 8663 - - - - 48116
1981 33849 8499 - - - - 42348
1982 39333 17824 : - - - - 57157
1983 36756 12130 - - - - 438856
1984 32815 5763 - - - - 38678
1985 26828 10443 - - - - arenl
1986 17499 8411 - - - - 25901
1987 15035 11845 - - - - 30880
1988 26310 12932 - - - - 39242
1989 25097 8001 - - - - 33098
1990 28193 14310 - - - - 42503
1991 24175 13485 - - - - 37630
1992 16855 11712 - - - - 28567
1593 14594 8519 - - - - 23113
1994 9893 5276 - - - - 15169
1985 5759 1100 - - - - 7889
1596 7620 1885 - - _ - - 8905
1997 7537 2898 - - - - 10435
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Table A2. Distribution of USA commercial landings (metric tons, live) of Atlantic cod from Georges Bank (Area 5Z¢), by gear type, 1965-
1997. The percentage of iotal USA commercial landings of Atlantic cod from Georges Bank, by gear type, is also presented for each year. Data
only reflect Georges Bank cod landings that could be identified by gear type.
Landings (metric tons. live) Percentage of Annual Landings
Otter Sink Line Other Otter Sink [ine Other
Year Trawl G111 Net Traw} Handline Gear : Total Traw] Gill Net Trawl Handline Gear Total
1965 10251 0 hee 505 9 11347 90.3 5.1 4.5 0.1 100.0
1966 10206 ] 787 757 19 11769 86.7 - 6.7 6.4 0.2 100.0
1967 10915 0 894 704 g 12522 87.2 - 7.1 5.6 0.1 100.0
1968 12084 0 936 524 <1 13544 89.7 6.9 3.9 - 100.0
1969 13194 0 1371 387 <l 14952 g88.2 9.7 2.6 100.0
1970 11270 0 1676 404 <1 13350 84.4 12.6 3.0 100.0
1971 12426 v 2334 230 2 15007 82.9 15.6 1.5 - 1000
1972 16179 ] 2071 217 10 12477 . 81.6 16.6 1.7 0.1 100.0
1973 12431 3 2185 206 21 14846 83.7 14.7 1.4 0.2 160.0
1974 14078 3 2548 11 9 1664% 84.6 - 15.2 0.1 - 160.0
1975 12069 0 2435 84 4 14592 82.7 16.7 6.6 100.0
1976 12257 4 1519 153 5 13938 88.0 - 10.9 11 - 100.0
1977 18529 a0 912 83 22 19576 94.7 0.2 4.7 i.4 0.1 100.0
1978 20862 81 1569 1180 59 23751 87:8 0.3 6.6 5.0 0.3 100
1979 26562 620 2707 860 159 30908 85.9 2.0 8.8 2.8 0.5 100.0
1980 32479 4491 1102 0 273 38345 84.7 11.7 2.9 - 0.7 100.0
1981 27694 3515 120 584 197 32110 86.2 0.9 0.4 1.8 0.6 100.0
1982 33371 2935 385 624 210 37525 88.9 7.8 1.0 1.7 0.6 100.0
1983 30981 1812 821 441 81 34146 90.7 £33 2.4 1.3 0.3 100.0
1984 26161 2573 366 753 197 30050 87.1 B.6 1.2 25 .6 100.0
1985 21444 2482 436 264 163 24806 86.4 10.0 1.8 i1 0.7 100.0
1586 13576 1679 692 365 95 16347 83.0 15.3 4.2 1.9 0.6 100.0
1987 13711 1522 1636 222 71 17162 79.9 8.9 9.5 1.3 0.4 100.0
1988 2029 - 1864 1950 232 116 24458 83.0 7.6 8.0 0.9 0.5 100.0
1989 17946 3150 1583 119 91 22889 78.4 13.8 6.9 0.5 0.4 100.0
1990 21707} 2316 1252 395 133 25803 84.1 9.0 4.9 1.5 0.5 Ho.0
1991 17892 2i71 1519 286 180 22448 79.7 9.7 8.5 1.3 0.8 100.0
1962 11696° 1747 1709 186 114 15452 5.7 11.3 i1.1 1.2 0.7 160.0
1993 106893 132) 1316 67 78 13670 9.7 9.7 9.6 0.4 0.6 100.0
19394 7139 1318 1372 E 21 9850 72.5 13.4 13.8 - 0.2 100.0
1995 3780 1300 1660 B 18 6758 55.9 19.2 246 - 0.3 100.0
1996 4047 1552 1413 . 6 7018 57.7 22.1 20.1 0.1 100 .0
1997 4583 1595 1331 s 28 7537 60.& y 21.2 17.7 0.3 100 0
Uncludes 849 tons taken by pair-trawl (Note: 1990 was the first year that pair-trawl landings exceeded a few tons). pcludes 1068 tons taken by pair-traw).
Mncludes 1149 tons taken by pair-traw). ‘Includes 1352 tons taken by pai_r—traw'l. *Handiine included with Tine trawl.




Table A3. Percentage, by weight and number of fish landed, of USA commercial Atlantic cod landings from
Georges Bank and South (NAFO Division 5Z and Subarea 6), by market category, 1964-1997. Percent values.
by number, are only available from 1978 onwards.

Percentage by Weight Percentage by Number
Year ) Large Market  Scrod Tatal [a] Large Market Scrod Total {a]
1964 45 47 ;) 100 -
1965 56 40 3 L0G -
1966 53 37 10 100 -
1967 41 42 16 100 - - - -
1968 34 46 19 100 - - - -
1965 27 57 16 100 - - - -
1970 30 a7 3 100 - - - -
1571 40 51 9 100 - - - -
1672 37 53 10 100 - - - -
1973 z4 40 36 100 - - - -
1974 24 59 17 160 - - - -
1975 28 82 - 19 100 - - - -
1976 a4 48 18 100 - - -
1977 26 39 34 100 - - - -
1978 29 60 11 . 100 14 64 22 100
1979 37 55 8 100 20 57 23 140
1980 42 a7 - 11 100 20 53 27 100 -
1981 37 51 12 100 13 56 31 100
1582 K1 47 22 100 10 42 48 100
1983 25 53 22 100 g 48 43 100
1984 32 56 12 100 13 60 27 100
1985 28 47 25 100 10 35 55 100
1986 ki 43 21 100 11 46 43 100
1987 25 33 37 100 8 27 65 100
1988 24 43 28 100 9 43 48 100
1989 24 54 22 100 10 49 41 100
1990 23 45 32 100 9 36 55 100
1981 3 50 19 100 14 49 37 100
1992 31 42 27 100 12 37 51 100
14993 28 43 29 100 10 39 51 100
1994 27 52 21 100 11 49 40 100
1995 26 43 25 100 11 40 49 100
1996 23 57 20 100 12 54 34 100
1997 27 55 18 100 13 51 36 100

Ta] Includes landings of 'mixed’ cod.
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Table Ad.
{Statistical

Estimates of the discard ratios of Georges Bank Atlantic cod in the otter trawl and gilinet fisheries, by quarter, in the western part
Area 521, 522, 525, 526) and the eastern part (Statistical Area 561, 562) of Georges Bank, 1989-1997. Number of tows in parentheses.

Otter trawl

Year West East Wesl East West East West East
1989 0.029 (126) 0.018 (16) 0.054 (239) 0.027 (100) 0.073 (222) 0.043 (16)  0.057 (151) 0.030 (27
1990 0.100 (175} 0.012 (63} 0.074 (130) 0.008 (20) 0.027 (116) 0.002 (14)y  0.020(172) 0.026 (35
1991 0.005 (187) 0.016 (81) 0.032 (173) 0.027 (1) 0.020 (167) - 0075 2200

1992 0.012 (121) 0.022 (120) 0.009 (108) 0.001 (21) 0.053 (67) - 0.018 (90) 0.061 (31)
1993 0.053 (41) 0.017 (18) - 0.023 (38) 0.018 (203) 0.088 (74) - 0.030123) 0.015(15)
1994 0.008 (172) 0.003 (114) 0.043 (36) 0.005 (172) 0.000 (13) 0.003 (43) 0.004 (49) 0.000 (10)
1995 0.004 (227) 0.002 (38) 0.032 217) 0.001 (38) 0.010 (114) 0.000 (8) 0.012 (103) 0.001 (28)
1996 0.012 (99) 0.007 (30) 0.001 (i65) 0.000 (124) - (.009 (58)

1997 0.008 (152) - 0.000 (1) - 0.004 (156) 0.022 (77)

Gillnet

Year West East West East West East West East
1989 - - 0.001 (3) 0.011 (58) - 0.067 (36) -
1990 0.017 (8) - 0.017(37) - 0.072 (15) - 0,142 (2D

1991 0.115 {(4) - 0.011 (220 0.001 (14) 0.033 (508) - 0,102 (128)

1992 0.033 (29) 0.046 (340) 0.030(18) 0.028 (257) - 0.040(188)

1993 0.060 (83) - 0.074 (140) 0.064 (5) 0.007 (9) 0.003 (5) 0.056(197)

1994 0.124 (88) - - - 0.043 (18) - 0.070 (70) -
1995 0.193 (32) - 0.028 (40) - 0.029 (35) - 0.081 (44)

1996 0.017 (32) - 0.080 (18) - 0.146 (6) - 0.050 (50)

1997 0.068 (28) - 0.049 23 - 0.020 (22} 0.180 (6)




Table A5. Estimated number (000's) and weight {metric tons, live) of Atlantic cod caught by marine rec-
reational fishermen from the Georges Bank stock in 1960, 1965, 1970, 1974, and 1979 - 1997

Totad Cod Caught Tetal Cod Retained fexcluding those caught and released)
vear Mo, of Cod  Wt.of Cod Mo, of Cod  WE. of Cod  Mean Weight Percent of
— _ (080°s) (mt) (000"s) (mt) (kg) Total Landings

1960 Not Estimated Not Estimated ----- aeees
1965 Not Estimated Not Estimated  ----- -
1970 Not Estimated ' Not Estimated - =nse-
1574 Not Estimated Not Estimated  ----- 0 oo
1979 393 580 393 580 1.476 1.5
1980 186 471 133 : 270 2.523 1.0
1981 1749 6265 1595 6074 3.181 12.5
1982 _ 1650 4582 1600 4444 1.022 7.2
1983 1885 5994 ‘1709 5435 2.860 10.0
1984 499 1385 464 1289 2.603 3.2 -
1685 2144 _ 9075 2054 8693 3.619 18.6
1986 354 1060 291 872 2.311 3.3
1987 472 797 _ 434 734 2.539 2.3 -
1988 1321 4368 1102 3643 3.096 8.5
1989 567 1379 404 1411 3.517 4.1
1990 586 989 463 782 2.728 1.8
1991 485 1308 333 1308 3.35%6 3.4
1992 265 556 193 405 2.046 1.4
1993 1106 2856 755 1548 1.864 7.8
1994 437 1458 303 1010 2.140 6.2
1995 742 2080 471 1320 2.272 14.4
1995 235 817 174 603 3.058 6.3

. 1997 392 1220 247 765 2.591 5.9

From 1979-1993 Marine Recreaticnal Fishery Statistics Survey expanded catch estimates, 1981 to present estimated from new
MRFSS methodology (1 January 1997}.

24



Table A6. USA and Canadian sampiing of commercial Atlantic cod landings from the Georges Bank and
South cod stock (NAFQ Division 57 and Subarea 6), 1978-1997.

JSA Canada
3

Length Samples Age Samples . Length Samples Age Samples

lear No. 4 Fish Mo #Fisn No. #Fish No. #Fisn
Measured Aged Measured Aged o

15378 . &8 4841 76 1463 23 7684 23 1308
1979 80 8973 79 1647 13 3991 12 55
1980 59 4250 67 1119 18 2784 10 536
1981 57 4304 57 1231 17 4147 i 842
1982 151 11970 147 2579 17 4756 8 858
1983 148 12544 138 2945 15 3822 14 604
1984 100 8721 100 2431 ' 7 1889 7 385
1985 100 8366 100 2321 29 7644 20 1062
1986 94 . 7515 G4 2222 19 5745 19 888
1987 80 6395 79 1704 32 3477 33- 1288
1988 76 6483 76 1576 40 11709 40 1934
1989 66 5547 66 1350 32 8716 32 1561 -
1990 83 7158 83 1700 40 9901 40 2012 ;
1991 28 7708 88 1865 45 10873 45 1782
1592 77 £549 77 1631 43 10878 48 1906
1993 82 B636 82 1598 51 12158 51 2146
1994 28 4688 54 1064 104 25845 101 1268
1995 40 2879 40 778 36 11598 36 548
199 55 4600 54 1089 129 26863 129 879
1457 80 6638 80 1581 118 31882 38 1244
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Table A7. USA sampling of commercial Atlantic cod landings, by market category, for the Georges Bank
and South cod stock (NATFO Division 5Z and Subarea 6), 1978-1997.

Number of Samples. py Markef Category & Quarter Annual Sampling [ntensity
Serod Market Large No. of Tons Landed/Samp]

fear g @3 Qi @ 03 o ¥ Q0 02 3 ¥ ¥ Scrd Mkt Lge ¥
1978 7L o8 ¥ oM 9 12 13 9 43 1 0 1 2 4 69 374 1922 302
1679 2 5 14 8 29 6 19 11 8 44 2 0 4 1 7 88 an7 1742 448
1980 70 13 4 34 12 14 5 t 32 30 0 9 3 136 538 5044 530
14981 4 1 11 3 28 6 9 10 2 27 2 0 0 0 2 149 634 6283 594
1982 5 9 32 9 55 & 20 27 13 46 8 8 9 5 30 156 279 410 260
1583 4 12 17 10 43 12 19 22 14 67 2 15 16 3 36 185 291 259 252
1984 6 8 8 7 29 8 15 8§ 11 42 8 5 3 3 29 138 441 3z8 329
1985 5 7 16 5 34 11 11 12 8 42 4 8 7 5 24 201 299 310 265
1986 5 7 7 &8 2 8 10 10 11 39 6 5 10 8§ 29 142 215 186 188
1987 7 8B 6 8 29 6 8 9 10 33 6§ 6 4 2 18 240 220 267 228
1588 8 6 7 5 26 3 7 5 9 38 4 4 3 1 12 283 331 532 245
1989 2 7 9 9 27 7 8 8 7 30 I 4 1 1 9 210 459 650 380
1990 8 9 15 4 31 10013 % 8 40 4 4 4 0 12 235 315 538 340
1991 5 11 7 &5 29 12 13 8 8 4l 4 6 2 5 18 158 293 423 275
1932 6 7 7 i 30 g 10 & 9 33 5 5 3 1 14 149 215 377 219
1993 5 18 7 6 M W 1w 7 9 36 5 1 3 2 12 126 173 338 178
1994 39 8 2 22 5 11 7 4 27 1 4 3 1 9 92 187 290 7T 187
1595 2 3 13 2 2 2 4 10 2 18 0 1 0 1 2 83 181 880, 167
1996 & 2 12 3 23 5 5 11 6 28 9 2 1 1 4 59 143 400 127
1997 J 13 27 5 16 9 9 38 3 6 ¢ 5 14 50 105 148 G4
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Table A8. Landings at age (thousands of fish; metric tons) and mean weight (kg) and mean length (cm) at

age of USA commercial landings of Atlantic cod from the Georges Bank and South cod stock (NAFO
Division 57 and Subarea 6), 1978-1997.

Age

fear 1 z 3 4 5 5 7 3 g 10+ Total

USA Commercial Landings in Numbers (000's) at Age
1978 - 331 5731 1636 625 53 288 a5 24 8 84735
1979 34 15618 572 4107 219 an3 55 244 - 45 7552
1580 88 3602 4707 286 1888 951 413 76 153 - Ll'?Ed
1981 25 306D 3613 1960 101 1026 330 72 109 46 10342
1982 325 7855 2466 1632 1258 1i7 452 116 50 57 14378
1983 81 3542 8557 1244 854 722 85 218 88 £2 12453
1984 81 1281 3305 2961 500 353 386 25 153 82 3167
1985 130 4280 1539 985 1388 273 173 165 12 86 9631
1986 137 1091 3290 42z 337 412 58 53 38 26 5874
1987 12 4878 804 1380 188 173 153 41 23 18 7671
1988 1245 5662 588 1076 175 100 86 21 18 3171
1089 - 1770 2638 3237 207 362 51 20 13 - 8293
1950 - 4603 3273 1265 1455 134 143 28 3 8 10922
1991 41 1032 2731 2040 673 572 52 23 8 3 7375
1992 - 2387 1268 746 336 217 133 G 12 3 5711
1993 - 781 3178 521 269 278 68 74 i5 2 5136
1954 0.1 258 1186 1232 181 62 ag 24 22 4 3058
1995 - 354 895 629 237 35 24 14 1 1 2150
1996 0.1 183 744 971 150 88 6 0.4 3 - 2185
1997 - 427 511 £33 565 72 58 8 & 3 2283

USA Commercial Landings in Ne1ght {Tons) at Age
1578 - 430 14159 5041 2794 276 2168 274 356 81 26579
1579 30 2462 1411 17662 4525 2943 541 2507 - 564 32645
1980 74 4475 11663 1141 10937 6375 3504 657 1227 - 46053
1981 22 4597 8528 6644 524 7522 2773 716 1628 890 33845
1982 249 10960 7032 6465 5856 755 4281 1200 624 511 3933
1583 30 5303 13647 4271 4015 4628 679 2244 975 914 36756
1584 85 2099 8096 10650 2655 2655 3456 246 1739 1234 3251%
1385 118 6094 3320 3930 7219 1746 1397 1707 143 1149 26828
1986 131 1586 7498 1475 1892 2964 528 537 507 372 174490
1987 10 6388 1953 5581 1063 1349 1306 392 242 251 19035
1988 - 2098 12881 2288 5677 1157 848 776 226 259 26310
1989 - 2958 5964 11861 1106 2403 439 209 157 - 25097
1940 - 7094 7411 4346 6902 817 1193 297 35 93 28193
1991 47 1615 5840 £943 4362 526 406 285 96 55 24175
1992 - 3663 3040 2949 4470 1379 1070 33 137 54 16835
1993 - 1192 7081 1865 1417 1581 560 692 166 40 14594
1994 - 378 2491 4407 868 473 726 234 236 79 9893
1945 - gl 1810 2412 1314 267 253 161 9 20 6759
1995 - 275 1822 3303 515 593 54 3 45 - 7020
1957 - 678 1192 2301 2284 441 461 72 69 3 7537

USA Commercial Landings Mean Weight (kg) at Age Mean
1978 - 1.298 2.470 3.692 4‘473 5,189 7.522 7.924 12.794  10.125 3.043
1979 0.389 1.522 2,464 4.301 4.974 7.309 9.127  10.264 - 12.533 4,585
1980 0.839 1.490 2.478 3.992 5.7692 6.703 8.489 8.648 8.046 - 3. 464
1881 J.885 1.501 2.360 3.389 5.209 7.339 8.397 3.988 14.884 19,348 3274
1982 0.767 1.395 2.852 3.845 5.449 5.457 9.473  10.297 12.434 15982 2.736
1983 0.993 1.497 2.456 3.434 4.703 6.407 7.955  14.280 11.091 14.742 2.952
1584 1.053 1.638 2.450 3.597 5.308 6.751 8.960 9. 710 11.361 15.049 3,590
1485 0.914 1.424 2.157 3.989 5.201 6.398 8.075 10.355 12.107 13.360 2.971
1986 0.957 1.454 2.279 3.414 5.608 7.198 9.066 10.135 13.339 14 308 2.?78
1987 0.801 1.412 2.429 4,043 5.657 7.811 8.520 g 466 10.621 13,944 2. 482
1588 1.558 2.293 3.326 5.278 6.629 8.487 §.067 10.606 14 389 2869
1989 - 1.672 2.260 3.664 5.351 6.632 8.686 10.673 1l.622 - 3.025
1990 1.541 2.264 3.436 4.712 6.103 8,366 10.482 10.246 12.250 2.581
1991 1.131 1.566 2.504 3.403 4955 6.161 7.829  12.3%2 11.991 20.861 3.278
1992 - 1.535 2.397 3.951 4.775 6.359 8.035 10.457 11.107 17.418 2.951
1953 - 1.526 2.228 3.580 5.271 5.936 8.185 9.386 10.520 21.211 2.841
1994 3.900 1.463 2.101 3.577 4.804 7.581 8.089 9.786 10.880 19.055 3234
1995 = 1457 VaR s 837 5615 7679 10 F 0L o oY — . [ ot T H— 14953 _ Q_QQQ
1596 1.503 2.451 3.400 4,825 6.727 10.497 § 346 13:836 - 3.212
1597 - . 2.33% 3.835 4.041 6.158 7.987 8.705 11.898 12.843 3.302
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Table A8 continued. Landings at age (thousands of fish; metric tons) and mean weight (kg) and mean length

(cm) at age of USA commercial landings of Atlantic cod from the Georges Bank and South cod stock (NAFO
Division 5Z and Subarea 6), 1978-1997.

Year 1 2 3 4 5 6 7 a8 9 10+ Mean

1578 - 50.2 nl.5 £9.8 73.7 79.3 89.3 91.3 197.1 101.0 54.9
1879 447 52.9 61.4 73.9 7.5 88.2 95.3 99.4 - 186.1 0.9
1986 43.5 52.6 61.5 72.4 81.3 86.3 329 92.2 91.2 - 56.5
1981 4.6 52 3 60.4 £8.5 8.4 8.7 631 58.2 112.8 123.2 545
1982 42.3 51.4 64.4 /0.8 79.9 84.1 96.5 9g.2 105.5 114.9 807
1983 4.3 - 527 61.5 68.1 75.9 B4.5 90 .7 99.1 101.5 111.7 53.3
1984 47.2 54.1 61.5 69.8 79.3 86.5 94.8 97.5 102.5 112.0 67.7
1985 451 51.8 58.6 72.4 79.0 84.5 91.4 99.4 104.7 107.8 £2.5
1986 45.8 52.0 60.1 67.6 81.1 88.2 95.2 98.7 108.2 109.8 63.2
1987 43.3 51.7 61.3 72.7 81.6 90.9 53.2 96.6 100.1 110.1 59.4
1588 - 53.6 60.3 67.6 79.2 85.5 92.7 594.8 100.1 i09.8 53.4
1989 54.7 60.1 70.9 79.3 85.3 94.2 166 .4 103.6 - £4.3
1990 - 53.4 58.8 68.56 76.1 g2.7 92.2 99.7 983 106.0 5l.1
1891 48.4 53.5 62.1 68.0 7.5 82.8 50.0 106.1 105.7 125.8 £6.3
1992 - 531 61.0 71.7 75.9 83.5 91.1 98.3 101.8 118.2 £3.3
1993 - 53.1 59.8 69.4 /8.4 87.0 91.7 9.1 99.8 126.0 83.0
1994 45.0 52.4 58.7 89.5 76.4 89.4 91.3 97.4 101.4 122.1 85.7
1995 - 52.4 57.8 /1.0 g1.0 89.9 100.9 104.3 100.9 113.0 64.6
1895 45.0 53.0 6.6 68.4 76.7 86.4 99.4 92.1 109.8 - 65 .4
1397 - 53.8 £0.6 £5.9 71.9 83.5 91.1 93.7 104 .4 107.0 66.5

}
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Table A9. Landings at age (thousands of fish; metric tons) and mean weight (kg) and mean length (cm) at
age of Canadian commercial landings of Atlantic cod from the Georges Bank and South cod stock (NAFO

Division 5Z and Subarea 6), 1978 - 1997,

Age
Year 1 2 3 4 5 & 7 8 4 10+ Total
CAN Commercial tandings in Numbers (000's) at Age
197 2 52 2017 667 205 78 57 12 12 7 3119
1979 - 371 328 763 302 55 18 9 4 3 185
1980 1 775 1121 214 420 12% 32 11 14 10 2723
1981 Z 145 608 504 134 380 a7 51 21 15 1948
1982 & 1283 1358 1155 742 164 221 97 21 26 =(23
1983 27 744 2506 1212 2031 54 190 17 12 3 4786
1984 - 26 118 375 340 123 72 19 18 39 1130
1385 4 2146 904 383 497 139 45 38 3 11 4175
1986 19 235 1283 365 143 215 29 19 9 3 2320
1987 i4 2595 602 741 g1 79 117 22 15 6 4782
1988 10 232 2360 324 421 63 61 111 29 29 3546
1589 - 218 284 918 124 179 31 23 37 18 1532
1590 7 339 1769 617 799 95 102 8 14 30 3780
1591 11 493 512 124] 585 516 74 47 15 20 3514
1992 7 1750 902 292 546 187 176 25 21 7 4036
1653 4 252 1068 594 171 244 91 69 17 15 2525
1994 2 140 340 593 13 34 47 22 16 2 1409
1995 0.1 38 162 63 53 10 2 1 1 - 331
1996 0.6 24 159 262 51 35 9 2 1 6.2 545
1997 3 89 128 249 278 50 26 7 4 i 795
CAN Commercial Landings in Weight (Tons) at Age
1978 1 85 4913 1949 803 483 378 122 112 107 8778
1979 - 509 525 2842 1398 342 159 105 47 42 5578
1980 1 1041 2720 692 2099 809 228 133 177 157 8063
1381 2 197 1426 1772 699 2bad 81 497 220 224 8459
1982 4 1853 3156 4217 3849 1074 2019 914 266 418 17824
1983 24 1084 5521 3854 876 335 80 176 147 37 12130
1984 - 38 292 1423 1615 743 622 202 195 620 5763
1985 3 3017 1775 1388 2370 895 368 369 94 150 15442
1986 14 369 3591 1442 800 1543 250 180 8§ 28 8411
1987 e 4183 1556 3302 557 596 1113 242 189 33 11545
1988 8 300 5642 1265 2406 462 564 1188 334 437 12932
1689 - 417 669 3812 678 1221 231 247 432 276 3011
1560 5 615 5001 2283 4173 631 876 85 187 454 14310
19491 12 866 1425 4278 2543 2885 527 451 127 251 13455
15992 80 2778 2308 1042 2501 1167 1262 241 265 138 11712
1993 3 393 2485 1852 767 1431 635 623 150 180 8519
1994 2 203 817 2266 1023 243 370 196 128 23 5272
1995 0.1 56 05 237 281 60 20 14 1 - 1085
1996 1 37 376 87% 268 224 62 13 14 2 1877
1997 K 138 290 813 972 348 213 62 43 16 2898
CAN Commercial Landings Mean Weight (kg) at Age
1978 0.7067 1.376 2.436 2.922 3.918 6.187 6.625 10.148 9.429 15.262 2.814
1979 - 1.371 1.601 3.725 4.630 6.222 9.365 11.638 11.699 14.064 3.226
1980 0.567 1.343 2.426 3.235 4,597 5.468 7.119 12,135  12.652 15.721 2.961
1981 0.839 1.362 2. 345 3.516 5.216 6.905 9,204 9.747 10.465 13.993 4,363
1982 0.652 1.444 2.324 3.816 5,188 6.550 9.137 9.418 12.667 16.092 3.548
1983 0.904 1.457 2.203 3.180 4. 357 65.203 8.042 10.368 12,222 12.270 2.534
1584 - 1.477 2.473 3.794 4,751 5.043 8.633 10.622 10.807 15.897 5.100
1985 0.686 1.406 1.964 3.625 4,768 §.440 8.181 9.718 10.499 14537 2.501
1986 0.723 1.872 2.877 3.952 5.592 7.179 8.612 G 453 2.934 9.437 3.625
1987 0.661 1.612 2.584 4.456 £.125 7.540 g 8510 11.031 12.629 15.444 2‘{_99’
1988 0.786 1.294 2.518 3.904 571 6.694 9.251 10.700 11.531 15.065 3.344
1989 - 1.310 2.356 4.153 5.471 5.820 7.459 10,757 11.680 15.3%6 4,141
1990 0.831 1.812 2.827 3.699 5.221 6.657, 8.582 11.227 13.080 14.821 3786
1991 1.051 1,756 2.783 3.447 4.432 5.591 7.116 9.604 8.457  14.550 3.829
1992 1.148 1.552 2.559 3.568 4,581 5.921 7.112 9.626 12.603 19.714 2.916
1993 0.872 1.557 2.327 3.116 4 485 5.858 7.006 3.035 8.974 12,173 3,17%74
1994 0.906 1.453 2.404 3.822 4,805 7.141 7.869 §.914 7.970 11.637 3.742
1955 0.906 1.472 2.495 3.759 5.298 £.313  10.903 10.181 10.175 3. 284
1956 1 B p 5 3G 2358 3. 337 5.237 £.358.....6.916.. 8 48510594 12, GOZ N 3.443
1997 0.954 1.536 2.264 3.269 4,257 5.855 8.190 8546 11.825 12.688 3.pdd
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Table A9 continued. Landings at age (thousands of fish; metric tons) and mean weight (kg) and mean length
(cm) at age of Canadian commercial landings of Atlantic cod from the Georges Bank and South cod stock
(NAFO Division 5Z and Subarea 6), 1978-1997.

fear 1 Z 3 4 5 ) 7 8 g 16+ Total

1978 39.5 43.9 5%2.0 63.3 69.6 gl.2 82.5 58.3 947 112.8 61.8
1679 - 453 51.9 £9.3 74.8 82.2 95.2 103.2 103.4 110.4 54,1
1980 3.6 48.9 59.5 86 .2 76.4 83.6 86.6 104.7 105.7 1i4.6 51.7
1381 41.8 481 59.1 68.1 8.0 86.1 54.8 9.6 97.5 108.9 0.6
1982 38.3 50.1 58.9 70.0 77.8 84.4 94.9 95.2 106.4 115.3 55.5
1383 42.9 50.4 57.9 £5.8 73.0 82.9 90.9 99.0 105.1 105.0 53.9
1984 - 50.7 60.4 70.0 757 82.3 92.3 180.1 100.8 114.5 756
1985 39.0 458 55.7 £8.7 75.3 83.8 91.1 9.3 93.0 110.8 58.1
1986 359.56 1.7 63.5 /1.0 79.4 86.8 92.8 95.9 96.3 g6.1 67.2
1587 38.5 52.1 £1.9 73.6 82.3 88.4 96.1 101.2 106.3 114.4 50.1
1588 40.8 48.3 60.5 70.4 80.2 84.8 95.2 99.9 102.5 112.2 £5.8
1689 - 48.5 39.1 71.9 76.0 85.1 87.7 100.3 103.1 113.3 69.4
1550 41.7 54.3 63.1 658.0 77.6 84 .0 92.0 102.0 107.4 112.1 68 .2
1391 451 53.7 £2.6 67.2 73.3 788 86.2 9.1 90.6 112.1 68.4
1992 46.2 51.4 80.6 &7.7 73.8 80 -5 85.4 94.8 105.8 115.1 51.1
1393 42,2 51.4 38.9 64.9 7¢.9 80 .4 85.5 G641 92.4 104.5 65.0
1394 43.0 50.3 556 69.8 75.3 85.9 89.4 93.0 88.6 102.6 67.%
1995 43.4¢ 50.6 60.4 69.5 78.3 83.1 109.9 98.4 97.8 - 55.0
1996 449 51.3 59.3 66.6 7.7 83.3 84.7 30.8 99.9 104.6 66.4
1997 43.7 51.3 58.6 66.1 72.4 80.9 913 92.5 103.2 105.5 67.4

H
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Table A10. Landings at age (thousands of fish; metric tons) and mean weight (kg) and mean length (cm) at

age of total commercial landings of Atlantic cod from the Georges Bank and South cod stock (NAFO Division
5Z and Subarea 6), 1978-1997.

% of Totel

Age L=rd=ngs
Year 1 2 3 4 5 3] 7 8 9 10+ Total USA Canada
Total Commercial Landings in Numbers (G00's) at Age
r§78 2 253 774 2203 330 131 345 47 dO 1 11854 73.7 25 3
5279 34 1589 90 4870 1212 458 77 253 4 a8 9845 81.2 5.3
1380 89 3777 5878 500 2308 1078 445 87 167 i0 14287 30.3 51
1981 27 3205 4221 2464 235 1406 417 123 130 62 12250 34. L 5.5
1982 331 913 3824 2787 2000 281 £73 713 71 83 19401 741 25.9
1983 08 4286 3063 2456 1055 776 95 235 100 65 17239 22 273
1984 31 1307 3423 3336 840 516 458 44 171 121 16297 599 il
1965 134 65426 2443 1368 1885 412 218 203 21 97 13207 53.4 315
1986 156 1326 4573 797 480 527 a7 72 47 29 8194 il.7 25.3
1987 26 7473 1408 2121 279 252 270 63 38 24 11952 o4.2 15.8
1988 10 1577 B2z 1012 1497 244 161 197 50 47 12817 71.6 284
1989 - 2088 2622 4155 331 - 541 B2 43 50 18 10230 81.1 8.9
15990 7 4947 5042 1882 2204 229 245 36 17 38 14702 4.3 25.7
1991 52 1575 3243 3281 1458 1088 176 70 23 23 10889 o/ .7 2.3
1992 70 4177 2170 1038 1482 a4 309 34 33 10 g727 - 387 41.3
1993 4 1033 4246 1115 440 472 159 143 22 17 7661 CA7.0 33.0
1994 2 398 1526 1825 394 . 96 137 48 a8 6 4468 £8.5 31.5
1355 0.1 392 1058 692 290 44 26 15 2 1 2520 86.5 13.1
1996 0.7 207 903 1234 241 123 15 2 5 0.2 273 80.0 20.0
1997 3 517 539 881 794 131 84 16 4 4 3078 742 25.8
Total Commercial Landings in Weight (Tons) at Age
1978 i 515 18890 7590 3597 757 2543 395 465 198 35357 75.2 24.8
1979 an 2970 1935 20504 5523 3288 711 2611 a4 606 38623 84.5 15.5
1980 75 5516 14382 1833 13036 7184 3735 793 1448 154 48116 83.2 6.8
1981 24 4789 3953 8416 1224 10156 3575 1212 1848 1151 42348 79.9 20.1
1982 253 12812 10187 10681 10705 1827 5303 2110 891 1388 57157 58 5 31.2
1983 105 6387 19167 8126 4891 4363 763 2418 1120 946 48886 75.2 24.8
1984 85 2137 8389 12074 4271 3401 4078 447 1938 1858 28678 g5.1 4.9
1985 121 9111 5095 5319 9588 2644 1765 2073 245 1309 37271 72.0 28.0
1986 145 1955 11189 2917 2692 4505 776 717 556 409 25901 67.5 325
1987 19 11071 3509 8882 1619 1945 2418 633 426 360 30880 51.6 384
1988 8 2399 18923 3552 8085 1618 1412 1560 266 719 39242 67.0 3.0
1989 3375 £633 15673 1783 3625 669 455 538 298 33098 75.8 4.2
1350 5 7709 12412 6629 11075 1448 2069 382 222 552 42503 66.3 337
1991 59 2481 8265 11221 6955 5411 933 736 223 346 37630 64.2 35.8
1592 30 441 5348 3991 6971 2486 2322 334 402 192 28567 59.0 41.0
1593 3 1585 95E6 3717 2184 301z 1195 1315 316 220 23113 83.1 36.9
1994 2 581 3308 £673 1852 716 1095 430 364 103 15165 85.2 4.8
1595 0.1 577 2215 2649 1595 327 273 174 20 20 7851 86.1 13.9
1996 0.6 311 199 4178 1183 817 127 21 59 2 8898 78 9 21.1
1397 3 816 1483 2114 3256 7390 674 135 111 53 10435 2.2 27.8
Total Commercial Landings Mean Weight (kg) at Age Mean
1978 0,707 1.310 2.461 3.469 4,336 5.787 7.374 8.492 11.785 13.200 2.983
1979 3.889 1.494 2.149 4.211 4.888 7.178 9.183  10.313 11.699 12.625 2,523
1980 0.836 1.460 2. 468 3.668 5.647 6.670 8,390 5.089 8.432 15.400 3.368
1981 0).882 1.495 2.358 3.415 5.213 7.222 8.565 .88 14170 18.565 3.446
1582 0.765 1.402 2.664 3.834 5.352 6.511 9,363 9.847 12.503 16.723 2.946
1983 0.971 1.490 2.377 3.309 4,637 6.393 7.964 10,286 11.227 14554 2.836
1984 1.053 1.635 2.451 3.619 5.083 6.582 8.509 10.104 11.303 15.356 3.756
1985 0.907 1.418 2.086 3.887 5.087 5.412 8.097 10.236 11.4i8 13.454 2.822
1986 0.929 1.475 2.447 3.660 5.603 7.191 8.91% 9,855 12.687 14.104 3.161
1987 0.726 1.481 2495 4.187 5.810 7.726 8.94% 10.012 11.414 15.000 2.584
1988 0.786 1.520 2.359 3.511 5.401 6.647 8.776 9.987 11,143 15.298 3.062
1989 - 1.617 2.269 3.772 5.396 6.694 g8.222 10.718 11.665 17.111 3,235
1990 0.831 1.560 2.462 3.522 4.892 5.333 8456 10.648 12.580 14.526 2.891
1991 1.114 1.627 2.548 3.420 4.769 5.891 7,410 10.520 9.686 15.373 3.456
1992 1,148 1.542 2.464 3.843 4 704 6.156 7.509 G.846 12.059 19.025 2.537
1993 0.872 1.534 2.253 3.333 4.967 6.379 7.510 9 217 9.699 13.236 3.017
1994 0.506 1.458 2.168 3.657 4. 804 7.432 8.013 9.368 8 638 16.659 3.394
1995 . .0.5806....1.471 2.095 3.830 5,492 7.384 10715 il.817 10.383 14,953 §.D§7
1996 (.882 1.507 2.435 3.387 4.912 6.622 87369 J438 12788312002 3212
15997 0.954 1.577 2.221 3.532 4,103 6.019 8.050 8.631 11.870 12.7%9% 3.390
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Table A10 continued. Landings at age (thousands of fish; metric tons) and mean weight (kg) and mean

length (cm) at age of total commercial landings of Atlantic cod from the Georges Bank and South cod stock
(NAFO Division 5Z and Subarea 6), [978-1997.

Age
fear 1 2 3 4 5 3} 7 8 9 10+ Mean
Total Commercial Landings Mean Length (cm) at Age
1978 39.5 50.0 60.8 £7.9 72.7 80.4 80.2 93.1 103.4 106.5 64.1
1579 44 .7 52.2 57.7 73.2 76.8 87.5 §5.3 99.5 103.4 106.4 £9.6
1980 43.8 1.8 61.2 69.7 80.9 86.0 92.4 93.8 92.4 114 .6 65.6
1981 44 4 52.2 60,2 68.4 78.2 88.0 83.5 57.5 110.3 119.5 65.6
1982 42.2 51.2 62 .4 70.5 79.1 84.3 85.0 97.4 -105.8 115.0 6l.9
1983 45.5 52.3 50.4 67.0 75.3 84 .4 90.7 99,1 i01.9 11l1.4 62.4
1984 47.2 54.0 81.5 “659.8 77.8 85.5 94 .4 98.5 102.3 112.8 £8.6
1585 44.9 51.1 57.5 71.4 78.0 84.3 91.3 98 .8 102.3 108.2 6l.1
1986 45.0 51.9 61.1 69.2 80.7 87.7 94 .4 98.40 105.9 108.4 64,3
1987 az.7 51.8 6l.2 73.0 g8l.8 90.1 945 98.2 102.5 111.2 5% 7
1988 40.8 52.8 60.4 68.5 79.5 85.3 93.6 97.7 101.5 111.2 64.1
1989 - 53.8 £0.0 70.4 79.2 85.2 91.7 100.3 103.2 113.3 65.7
1960 41.7 53.5 61.0 £8.7 76.6 83.2 9z.1 100.2 106.0 116.8 62.9
1991 47.7 53.6 62.2 67.7 75.8 80.9 87.8 99.4 95.9 113.9 87.0
1992 46.2 52.4 60.8 70.6 75.1 82.2 87.9 96.0 104.3 116.0 62.4
1993 4z2.2 52.7 59.6 67.0 76.3 83.6 83.2 95.1 85.9 147.0 63.0
1984 43.1 51.7 £g.9 69.6 75.8 88.2 90.7 95.3 95.9 115.8 5.8
1995 43.0 50.6 58.2 70.9 80.5 83.5 100.9 103.8 99.1 113.0 64.6
1996 45.1 52.7 6l1.2 68.0 756.9 85.5 0.7 91.0 106.9 104.6 66.4
1997 43.7 53.4 50.2 68.8 72.1 82.3 91.2 93.1 104.2 106.5 66.7
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Table Al] Summary of USA and Canadian 1997 commercial landings of Atlantic cod from the Georges Bank and South cod stock (NAFO
Division SZ and Subarea 6).

- USA Cateh atj\G? ________________ Canachan Catch at Age Total 1997 Cateh ;t_.f_\;; 777777777 T
Catch in % of Catch in % of Catch in % of Catch n %of Catchm % m_f ______ Ctl
Age Numbers USA Weight USA Numbers CAN Weight CAN Numbers Total bddeff;hl” fotg{
(000's)  Total (mf) Total (000" s) Tota! (mt) Tota) (000 's) (it
1 : - - : 3 0.3 3 0.1 R T S VR
2 427 187 678 9.0 89 113 138 4.8 517 16.8 816 08
3 511 22 4 1197 15.8 128 16.1 390 10.0 539 208 1463 14.2
4 613 27.1 2301 305 249 313 813 28.0 881 28.6 3114 298
5 565 24’8 2284 30.3 228 28.7 472 336 764 258 3266 3.2
6 72 31 441 5.9 60 7.5 348 12.0 131 13 790 76
7 58 2.5 261 6.1 26 33 213 74 84 27 674 65
8 8 04 73 1.0 7 0.9 62 21 16 0.5 135 1.3
9 6 0.2 69 0.9 4 0.5 43 1.5 9 03 11 1]
10+ 3 01 37 0.5 1 0.2 1 0.6 A 01 53 0.5
Total 2083 100.0 7537 100.0 795 100.0 2898 100.0 3078 100 6 10435 106.0
jMean' Weight Per Fish (kg) 3.302 Mean Weight Per Fish (kg) 3.644 Mean Weight Per Fish (kg) 3 390
Table A12. Mean weight at age (kg) at the beginning of the year (January 1) for Georges Bank and South cod stock (NAFO Division 57 and Subarea
6), 1978 - 1998. Values derived from landings mean weights-at-age using the procedures described by Rivard (1980).
Year N i o o T
Age 1978 1979 1980 191 1982 1963 1984 1985 1985 1987 1968 1989 1990 1991 1962 1993 19% 1995 1996 1997 198
1 0485 D694 065 0700 0548 0748 0907 0711 0736 0502 0548 0583 0504 0947 0993 0674 0711 0702 0666 0772 0680
7 1023 1028 1139 1.118 1112 1068 1260 1.222 1.i57 1.173 1.050 112/ 1.123 1.163 1.311 1.327 1128 1.154 1168 1179 1.17¢
5 181 1.6/8 1920 1855 1.99% 1.86 1911 1847 1863 1.918 1.859 1.85/ 1.995 1.994 2007 1864 1.824 1748 1893 1870 2 109
A 2922 B.219 2808 20903 2007 2969 2933 3.087 2.763 3.201 2.950 2.983 282/ 2902 3.123 2866 2.8/0 2.882 2.664 2.933 2 880
5 3370 4118 4876 4373 4275 4216 4101 4.291 4.667 4611 4.755 4.353 4296 4.008 4011 4369 4.001 4482 4337 3728 4.054
E 2594 5519 5712 6386 582 5849 555 5709 6048 6.579 6214 6013 586 5368 5413 5478 6076 5956 6031 5437 4.5
7 623 7250 7.760 7.562 B.253 7.201 7547 7.300 7.561 8.022 8.234 7.393 7.524 6.B50 6.651 5./99 7.149 B.924 7.851 7.301 6 660
B 793 B2 913 9108 9207 9614 8970 9549 8.9/8 5448 9454 9699 9.35/ G432 B.Li2 8.319 6368 9618 0.509 8499 8 /b
g 10008 9967 0325 11.349 1i.119 10,541 10783 10.741 11.396 10.660 10 563 10.793 11.61? 01% 11965 9772 o454 960 12294 10008 8.6
10+ 13200 12625 15.400 181565 16723 14.554 15356 13.494 14104 15000 15298 17 111 14.526 15373 19.075 13.235 16.659 14.953 12.002 12 795 12795
H




Table A13. General linear model (GLM) analysis of LPUE of Georges Bank cod for interviewed trips land-
ing cod during 1978-1993 as a function of year, area, quarter, tonnage class, and depth with no interaction.

. ) ’ Gereral Linear Models Procedure
Desendent Variabie: UNCPUEDF ’

Sourca

oF Sum of Squares Mean Square F Value > F
Mode 28 2173279388553 1133. 31406734 735.46  0.000%
Error 54356 83760.33125377 1.54095834
Corrected Total h4384 115493.12514529
R-Sgquare C.v. Root MSE LNCPUEDF Mean
0.274759 5490211 1.24135343 -0.22610303
Source Jr Type I 5§ Mean Square F value Pr > F
YEAR 15 12685 54117665 845.70274511 548.82 0.0001
AREA 5 5241.14957275 104823391455 680.25 0.0001
qQre 3 4097 . 78364005 1365.92788002 886.41 0.0001
TC2 3 6023.47684534 2007 82561512 1302.97 0.0001
DEPTH 2 368482265071 1842.41132535 1155.63 0.0001
Source oF Type III SS Mean Square F Value Pr>F
YEAR 15 15953.77293165 1063.58486211 690.71 0.0001
AREA 5 7615.39757422 1523.07951485 988.40 0.0001
arR 3 3155.27477519 1053.09159173 683.40 0.0001
G2 3 5322.64153966 2107 .54717989 1367 .65 0.0001
DEPTH 2 3684.82265071 1842.41132535 1195.63 0.0001
T for HO: Pr > |Ti Std Errar of Retransformed
Parameter Estimate Parameter=( tstimate Estimate
TNTERCERT U /60997649 B 26.75 7.000T U, 02824571
AREA 522  -0.444577000 B -29.48 0.0001 0.01507858 0.641168
523 -0.010785910 B -0.53 0.5968 0.02038704 0.989478
524 -0.7354978983 B -41.37 0.0001 0.01778914 0.479112
525  -0.843403568 B -36.88 0.0001 0.02286656 0.430356
626  -1.194326116 B -60.80 0.4001 (.01964379 0.302966
521 0.000000000 B . : . 1.000000
QTR 1 -0.057274522 B -3.86 0.0001 0.01482597 0.944439
3 -0.621223632 B -41.41 {.0001 0.01500215 0.537347
4 -0.417172723 B -26.54 0.0001 0.01571823 0. 65898%
2 0.000000000 B , \ . 1.000000
Tonclass 31 -0.793757151 B -32.66 0.0001 0.02430028 0.452276
32 -0.540370836 B -33.92 0.000L 0.01593153 0.582606
41 0.433927651 B 33.67 ¢.0001 0.01288832 1.543435
33 0.000000000 B . s . 1.000090
DEPTHCD 1 0.731465629 B 43.11 ¢.0001 (.01520442 2.078364
2 0.373882353 B 24.87 0.0001 0.01533558 1.453539
3 0.000000000 B . . . 1.000000

Table A14. Georges Bank cod landings (mt), nominal and standardized effort (days fished) and landings per

day fished (LPUE), USA only.

USA Landings Nominat Standardized
Used In GLM cmmmm e e e
Year (mt) Effort LPUE Effort |LPUE Raised Effort!
1978 15776 7980 1.977 5937 2.657 10003
1979 20584 9406 2.188 7720 2.666 12244
1980 25213 10080 2.501 8525 2.958 13543
1581 18339 5089 2.018 810 2.256 15005
1682 23289 10045 2.319 8833 2.807 15087
1983 22072 11668 1.892 10861 2.08¢ 17587
1984 19669 14641 1.343 12632 1.557 21140
1985 18012 16447 1.085 15045 1.197 22408
1986 11572 12520 0.924 11956 {1,968 18072
1987 12731 14945 0.852 13942 0.913 20846
1988 19010 17769 1.070 17099 1.112 23666
1989 15557 15834 0.983 15581 0.998 25136
1950 18358 15882 1.156 150G7 1.223 23047
1991 14173 14857 0.954 15085 0.940 25730
1962 /786 13606 0.646 12989 0.676 24919
1993 7749 12958 0.598 12883 0.602 24262
1594 3939 7397 {.532 5834 0.576 17166
1595 1951 6564 0.297 6166 0.316 21365
1996 2242 6200 0.362 5687 0.394 17806
1997 2683 5173 0.519 4782 0.561 13433

Derived as total landings/ standardized LPUE.
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Table A1S. Standardized stratified mean catch per tow in numbers and weight (kg) for Atlantic cod in

NEFSC offshore spring and autumn research vessel bottom trawl surveys on Georges Bank (Strata 13-25),
1963-1997 {a,b,c]

Spring Autumn
{zar No/ Tow WL/ Tow No/Tow Wt/ Tow
1963 - 4.37 17.8
1564 - 2.98 1.6
1955 - - 4.25 11.7
1566 - - 4.81 8.1
1967 - 10.3 13.6
1968 4.72 12.6 3.30 8.5
1969 4 .84 17.8 2.20 8.0
1970 4. 34 5.6 5.07 12.5
1971 3.38 14.2 3.1 9.9
1972 3.97 190 13.09 23.0
1873, 18.58 [d] 39.7 [d] i2.28 30.8
1974 14,75 36.4 3.49 8.2
1975 £.89 26.0 6.41 14.1
1976 7.06 18.6 10.44 17.7
1977 6.30 15.4 5.45 12.5
1978 12.31 31.7 8.59 23.3
197 5.16 156.9 5.95 6.5
1580 £.12 16.7 2.9 6.7
1981 10.44 26.1 9.04 19.0
1982 8.20 [2] 15.4 [e] 3.71 6.9
1983 7.70 24.0 3.64 6.5
1984 4,08 15.4 4.75 10.3
1985 £.94 21.5 2.43 3.5 .
1986 5.04 16.7 3.12 4.7
1587 3.25 10.3 2.33 4.4
1988 5.86 13.5 3.11 58
1989 4.80 10.8 4.78 4.6
1940 4.74 11.6 3.62 [f] 7.1 (]
1991 4.39 9.0 0.96 1.4
1992 2.67 7.5 1.84 3.1
1993 2.48 7.3 2.15 2.2
1994 4.94 1.2 1.82 3.3
1395 3.29 8.4 3.62 5.6
1996 2.70 7.5 1.10 2.7
1997 2.32 5.2 0.87 1.9
[a] During 1963-1984. BMv oval doors were used in spring and autumn surveys: since 1985.

[b]

{c]

[dl
[e]
(]

Portuguese polyvalent doors have been used in both surveys. Adjustments have been
made to the 1963-1984 catch per tow date to standardize these data to polyvalent door
equivalents. Conversion coefficients of 1.56 (numbers) and 1.62 (weight) were used
in this standardization (NEFC 1391).

Spring surveys during 1980-1982, 1989-1991 and 1994 and autumn surveys during 1977-1981,
1689-1991, and 1993 were accomplished with the R/V Dejaware IT: in all other years, the surveys
were accompiished using the R/V Alhatross Iv. Adjustments have been made to the

RV Delaware [I catch per tow data to standardize these to R/V Albatress IV equivalents.
Conversion coefficients of 0.79 (numbers) and 0.67 (weight} were used in this

standardization (NEFC 1991).

Spring surveys during 1973-1981 were accomplished with a "41 Yankee' trawl: in all
other years. spring survays were accomplished with a "36 Yankee' trawl. No adjustments
have been made to the catch per tow data for these gear differences.

Excludes unusually high catch of 1894 cod (2558 kg) at Station 230 (Strata fow 20-4).
Fxcludes unusually high cateh of 1032 cod (4096 kg) at Station 323 (Strata tow 16-7).
Excludes unusually high catch of 111 cod (504 kg) at Station 205 (Strata tow 23-4).
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Table A16. Estimates of instantaneous total mortality (Z) and fishing mortality (F)' for the Georges Bank
cod stock for ten time periods, 1964-1996, derived from NEFSC offshore spring and autumn bottom trawl
survey data.’?

Spring Autumn Geometric Mean
Time —  ae—eaeeae e L L e
Pariod Z F z F I F
1964-1567 - - £.72 0.53 0.73 0.53
1968-1972 0.34 2.14 0.35 0.15 0.34 0.14
1973-1976 0.70 0.50 0.56 0.356 0.63 0.43
1977-1981 0.47 §.27 0.67 3.47 0.56 0.36
1982-1584 0.42 0.22 1.12 0.92 0.68 0.48
1985-1987 0.84 0.64 1.45 1.25 1.10 0.30
1988-1930 0.60 0.40 0.5 0.40 0.860 0.40
1991-1993 1.04 0.84 2.02 1.82 1.45 1.25
1954-1996 0.54 0.34 1.39 1.19 0.87 0.67

‘Instantaneous natural mortality (M) assumed to be §.20.
’Estimates derived from:

Georges Bank spring: In (% age 4+ for years i to j/ z age 5+ for years i+l to j+1).
Georges Bank autumn: In (£ age 3+ for years i-1 to j-1/ = age 4+ for years i to ).
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Table A17. Parameter estimates of stock size, with CVs, fishing mortality, and partial variance of the
indices for the trial ADAPT calibrations for Georges Bank cod, 1997.

BASE Split 36/41 No #4!

Run # 6 9 - 10
# of surveys 3 4 3
N1 421 424 424
N2 5292 5283 5283
N3 3698 3718 3718
N4 1178 1202 1202
N3 2535 2841 2841
N6 1345 1516 1516
N7 420 479 479
N& 266 349 349
Ccvl 0.51 0.51 0.5
cv2 0.32 0.32 0.32
Cv3 0.28 028 ©0.27
Cv4 0.31 0.3 0.3
CVs5 027 0.26 0.26
CVvé ‘ 0.32 0.3 0.3
Cv7 (.34 0.32 .32
CV8 0.36 0.33 0.33
F4-8 0.3 0.26 0.26 -
pV usspr | 1.12 0.955 0.961
pV usspr 2 0.14 0.144 0.145
pV usspr3 0.132 0.109 0.11
pV usspr 4 0.172 0.197 0.199
oV usspr 5 0.334 0.368 0.371
pV usspr 6 0.704 0.873 0.879
pY usspr 7 0.52 0.541 0.545
pV usspr 8 0.603 0.398 0.401
pVcansp | 0.53 0.526 0.532
pVeansp 2 0.238 0.241 0.243
pVeansp 3 0.079 0.072 0.073
pVYcansp 4 0.209 0.194 0.196
pVYcansp 3 0.276 0.142 0.144
pVcansp 6 0.47 0.363 0.367
pVcansp 7 1.018 0.939 0.949
pVcansp 8 0.991 0.632 0.638
pV autspl 0.639 0.64 0.644
pY autsp2 0.251 025 0.251
PV autsp3 0.471 0457 0.459
pV autspd 0.419 0.41 0.412
pV autsp3 0.796 0.79 0.793
pV autspb 0.477 0472 0.474
pV 41spl 2.475

pv 41lsp2 0.213

pV 41sp3 0.195

pV 4lspd 0.104

pV-41sp5 0.202

pV 41sp6 0.086

pV 41sp7? 0.456

pVv 41sp8 1.74
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Table A18. Estimates of beginning year stock size (thousands of fish), instantaneous fishing mortality {F}, and
spawning stock biomass (mt) of Georges Bank cod, estimated from virtual population analysis (VPA), calibrated
using the commercial catch-at-age ADAPT formulation, 1978-1997.

Stock numbers (Jan 1) in thousands

Age 1578 _197¢ 1980 1981 1987 1983 1984 1985 1386 1987 1988 1953 1990 1991 1992 1993 1994 1995 1996 1997 398
1 27714 23514 20105 41334 17471 961 27397  B6A2 42813 16389 23486 15800 9355 19176 7957 10844 10116 3523 6246 5455 424
2 4268 22688 19221 16380 32867 14005 7775 22358 6987 34912 13395 19220 12936 7653 15653 6451 @874 8280 2884 3113 5283
3 25526 3139 16776 12319 19511 19453 7988 5183 12490 4521 21821 9540 13846 6120 4886 9036 4347 5908 6425 2174 7B
5 2878 4422 6964 285 4898 2609 1891 4052 1313 943 3066 1073 4925 2527 2578 A0 659 1260 1157 2729 284%
& 1124 1805 2524 3614 384 2037 1181 870 1612 640 520 1156 579 1984 TS0 768 224 183 789 730 1515
7 1434 802 960 1093 1685 232 965 500 339 752 296 205 456 267 640 248 203 37 110 519 479
8 67 862 5B7 334 518 772 104 376 212 199 372 97 94 152 104 244 59 42 56 6 349
9 146 12 477 402 162 231 419 45 124 109 106 126 40 44 61 55 0 7 21 43 43
10+ 54 148 28 190 187 148 293 206 76 58 38 45 89 43 18 23 11 3 13 9
i~ F1158 71081 69337 85172 75960 54254 55350 45387 58000 (4827 6BSBS  S786R 47488 44740 34723 30473 28120 22479 22360 20301 158398
Fishing mortality
Age 1378 1973 1980 1981 1982 1983 1984 1985 1986 1987 1988 198G 1590 1991 1992 1993 1894 1995 1596 997
1 0 0 0 0 0.02 - 0.01 0 0.0z 0 a 0 0 0 0 0.0l 0 0 0 0 0
2 011 0.1 0.24 0.24 035 (.41 021 0.38 0,24 0.27 0.4 0.13 085 0.25 (.35 0.19 0.05 0.05 0.08 0.12
3041 0.38 0.48 0.48 050 0.61 069 0.74 052 0.42 0.52 0.41 0.51 0.88 0.67 0.73 0.4 0.9 0.17 0.39
4 0.39 0.49 0.38 0.39 0.68 0.75 0.5 0.66 0.57 0.49 0.62 0.57 0.52 Q.77 0.8 0.93 0.84 043 0.3 0.25
5 0.3 0.3 0446 0,31 0.64 059 063 0,72 0.52 0.4 078 0.42 0.71 1.02 1.01 102 1.08 0.29 0.26 10.39
3 0.14 0.38 064 056 0.74 0.55 0.66 0.74 90.56 0.5 0.73 0.73 0.57 0,93 0.91 1.13 o0.84 .31 0.19 o722
7031 011 079 055 0.58 0.6 0.74 066 033 051 092 058 09 074 076 1.22 LI 0.3 0.6 0.2
8 1.48 039 0.18 0.52 0.6 041 0.53 .0.91 0.47 0.43 088 0.67 055 0.71 3.45 1.04 1.94 05 006 0.2
k] 0.36 0.44 (.49 044 066 D.65 0.6 0.72 0.54 0.49 0.74 0.58 0.82 0.86 0.91 1.04 0.31 0.38 0.31 0.2
10+ 0.36 0.44 [.49 0.44 0.66 (.65 0.6 0.72 054 D043 0.74 0,58 0.82 0.86 0,91 104 (.91 0.38 6.31 0.28
4-8u 0.5 0.35 049 047 065 (.58 064 0.74 949 048 079 0.59 0.65 0,83 0.79 1.07 1.17 0.3 0.20 0.2
3-6w 040 Q.44 0.48 045 0.59 (.63 0.62 0.72 053 0.46 058 0.50 0.55 0.86 0.80 0.80 0.68 0.25 Q.24 9.32
SSB at the start of the spawning season - males and females (mt)
Age 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
1 913 1104 850 1960 1200 903 3124 774 8525 2226 3485 2493 645 2106 916 B48 278 96 154 193
2 1410 7539 6913 5782 16138 6345 4303 11653 5036 25369 8909 13745 6670 4294 9734 4168 4224 4032 1414 2516
333845 3729 22417 15929 15642 26060 10501 6B79 18782 7116 32911 14h5h 22071 917¢ 7610 12976 6571 10529 10634 3425
4 20219 38256 4297 21379 15793 12649 21658 8076 4844 17034 6148 27285 12834 16565 543% 4787 8587 5649 11428 12094
5 8798 16585 30442 3958 17473  963% 7111 14910 5435 3939 12390 4214 18179 8458 8451 2710 2129 5202 4648 9222
& 4882  BI30 12541 20323 2957 10520 5656 4244 8587 3706 2766 5850 2975 6817 3379 3374 1185 1000 4345 3698
78215 5EE0 5918 7296 12172 1460 6227 3166 2347 5367 2026 1329 2859 1563 3622 1330 1115 788 813 3544
8 367 6810 5034 2696 4165 6840 811 2986 1705 1693 2935 813 772 1231 B0l 1650 349 361 508 601
9 1331 112 3963 4097 1561 2113 3956 416 1251 1033 857 1196 410 374 512 435 553 63 235 398
10+ 653 1681 388 3168 2710 1873 3940 2384 945 910 1285 675 1132 558 288 308 i51 47 9 225
Tota] 80633 89406 92765 BAEO0 99813 7B403 67287 55488 57457 68393 73812 72056 68547 53137 40812 32587 25142 27767 34193 35915
Percent mature (females)
Age 1978 1979 1980 1981 1982 1983 1984 1985 1586 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1597
1 7 7 7 7 13 13 13 13 28 28 28 28 12 12 12 12 4 4 4 4
2 M 34 34 34 47 47 47 47 & &7 67 67 52 52 52 52 4 44 4 44
3 78 78 78 78 84 84 84 a4 91 91 91 91 90 50 90 90 93 53 93 93
4 EL) 36 96 96 97 g7 g7 97 98 98 38 98 99 99 99 99 100 106 100 160
5-10+ 1006 100 100 100 100 100 100 100 100 100 100 100 140 100 100 100 100 00 100 100
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Table A19. Yield and SSB per recruit results for Georges Bank cod.

NEFC Yield and Stock Size per Recruit Program - POBYPRC
Yer. 1.2 [Methed of Thompson ang Beil (183437 1-Jan-1997

Run Date: 7- 4-1298: Time: 17:28:09.47 Cod Georges Bank - 1998

Th
B

[arX1i]

Zroportion of F before spawning: . 1h&7

Proportion of M before spawning: 1667

Hatural Mortaiity is Constant at: 200

initial age is: 1. Last age is: 10

Last age 15 & PLUS group:

Qriginal age-specﬂfwc PR, Mzts. and Mean Wts from file: == GRYPR1OP DAT

Age | Fish Mort Nat Mort Proport1on Average Weights

i Pattern Pattern Matura Catch  Stock
1] 001 1.0000 040G | 914 711
2 L1700 1.0000 4450 1.518  1.147
3 L6600 1.00400 9300 2.283 1.8%7
4 1 10000 1.3000 1.0000 3.583 2.828
5 | 1.0000 1.0060 1.0000 4,835 4182
5 l 10000 1.0000 1.0000 A.675 5.808
P 1.0000 1.0006 1.4000 9.044  8.028
g 10000 1.0000 1.0066 G562 9.218
3 1.4000 1.0000 1.0000 11.712 10.700

10+ 1.0000 1.0000 1.0000 13,250 13.250

Summary of Yieid per Recruit Ana1y515 for: Cod Georges Barnk - 1998

STOpE of the YiETd/Recruit Curve at F=0.00: --> 74, 823

F level at slope=1/10 of the above slope (FD 1) wme-- 175 -
Yield/Recruit corresponding te FO.1: ----- 1.6614

F level to produce Maximum Yiel d/Recru1t (Fmax ----- > .240
Yield/Recruit corresponding to Fmax: ----- 1.8051

F level at 20 ¥ of Max Spawning PoLentla] (FZO) ----- > 406
SSB/Recruit corresponding to F20; -------- 5.0472

Listing of Yield per Qecru1t Results for:
Cod Georges Bank - 1998

004 00000  .0DQ00  5.5167 27.3986  3.9184 25 2391 100.090

050 13115 .8905% 4.8636 20.3778  3.2642 1B.3023 72.52

100 21908 1.34782  4.4265 16.0044  2.8262 13.9970 55.46

150 28229 1.58847 4.1130 13.0878 2.51i6 11.1361 4412

F3.1 175 30759 1.66141  3.9877 11.9857  2.3858 10.0580 39.85
.200 33004 1.71408 3.8766 11.0438 2.2743 3.1387 36.21

250 36748 1.77563 36918  9.3555  2.0886 7 6881 30 .46

.300 (39770 1.8B00A9  3.5430 8.4381 1.9389 6.5026 2616

Fmax .340 41785 1.80513  3.4440 7.7381  1.8392 | 5.9243 23.47
350 42265 1.80475  2.4205 7.5772  1.8155  5.7687 22.86

400 44364 1.79678 3.3176  6.899% 1.7119 51135 20.26

F20z 406 44587 1.79535  3.3068. 6.8304 1.7009 5.0472 20.00
.450 46159 1.78208  3.229%  5.3559 1.6234 4.5898 18.19

500 47715 1.76384  3.1542  5.9126 15469 41633 16.50

550 49077 1.74397 3.0880 5.5458  1.4800 @ 3.8111 15.10

600 0284 1.72364  3.0296  5.2382  1.4209  3.5183 13.593

650 81360 1.70352 2.9776 4.9774 1.3683  3.2667 12.94

700 523259 1.68402- 2.9310 4.753% 13210 3.0831 12.10

750 53206 166535 2.8889 45605 1.2783 Z.8684 11.36

800 54006 1.64762 28506 4.3918 1.2395  2.70/4 10.73

850 54738 1.63085 2.8156 4.2433 1.2040 Z.%5660 10.17

900 55412 161504 2.7835 4.1118 1.1713  Z2.4408 9.67

950 56035 L.60016  2.7539  3.9945  1.1412  2.3202 9.23

1.000 55615 1.58616 2.7265 3.8892 1.1133 2.2291 8.83
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Table A20. Summary of stochastic projections for Georges Bank cod for 1999-2000 fishing mortalities of
Fo  =0.18, Foe=0.26, and Fy, = 0.14.

Input for Projectiaons:

Number of Years: 3: Initial Year: 1998: Final Year: 2000
NumDer of Ages @ 10: Age at Recruitment: 1: Last Age: 1%
Natural Mortality s assumed Constant gver time at: .20
Proportion of £ before spawning: 1867

Proportion of M before spawning: 1667

Last zge is a PLUS group.

Age | Fish Mort Nat Mort | Proportion | Average Weights

| Pattern Pattern | Mature 1 Catch  Stock
1] .o0m 1.0000 | 0400 | 914 71l
2 1700 16300 | 4400 | 1.518  1.167
3 6600 1.6000 | L9306 | 2.283  1.837
4 | 1.0000 1.0000 | 1.0000 | 3.583 2.8%
5 | Ll.00c0 1.0000 | 1.0006 | 4.835 4.182
& | 1.0000 1.0000 | 1.0000 | B.875 5.508
701 1.0000 1.0000 | 1.0000 } 9.044  B.028
8 | 1.0000 1.0000 | 1.0000 | 9.582 9.218
9 | 1.0000 1.0000 | 1.0000 | 11.712 10.700
10+ | 1.0000 1.0000 | 1.0000 | 13.250 13.250 -

Projection results:

Median Median

Year  Recruitment F Landings SSB

1998 424 .26 9390 39100
1599 6460 0.26 3830 39400
2000 6460 0.26 8950 35300
1598 424 .26 3350 33100
1999 6460 0.18 7050 39900
2040 £460 0.18 6340 38500
1593 424 0.26 9390 39100
1999 6460 0.14 5580 40200
2000 5460 0.14 5710 40200

40.



1

Appendix 1: Table 1. Standardized (for vessel and door changes) stratified mean catch per tow at age (numbers) of Atlantic cod in NEFSC offshore
spring and autumn bottom trawl surveys on Georges Bank (Strata 13-25), 1963-1997. [a,b,c]

Age Totals
Year ¢ 1 P 3 4 5 6 7 8 g 10+ 0+ 1+ 2+ I+ 44 O+
Spring
1968 0.513 0136 1.615 0.825 0.665 0.385 0.246 0.140 0.083 0.05  0.058 4.722 4.209 4.073 2459 1.633 0.969
1969 0.000 ©.123 0.546 1.780 0.888 0.451 0.326 0.215 0.128 0.072 0.il12 4 641 4 641 4.518 3.972 2.182 1.304
1970 0000 0.381 0.814 0.480 1.295 0.162 0.655  0.275 0.061 0.136 0.083 4,341 4 341 3.961 3.147 2 666 1371
1971 0.000 0.207 0.819 0.502 0.223 0.585 0.142 0.351 0.304 0.080 0.175 3.388 3.388 3.181 2.362 1.860 1.636
1972 0.05 2.9 1.833 2.641 0.510 0.119 0.324 0.122 0.220 O0.115 0.125 8.967 8.911 6. 009 4.176 1.535 1.025%
1973 0.056 0.521 11.644 2.185 2.540 0.426 0.314 0.354 0.050 0.203 0.388 18684 18.628 18.107 6 463 4.274 1.734
1974 p.000 0.446 4.557 5.972 0.761 2003 0.440 0.101 0.2%7  0.034 0.175 14.747 14747 14 301 9.744 3.772 3.011
1975 $.000 0.064 0.378 2.042 3.092 0.261 0.686 0.129 0.094 0.108 0.039 6 892 6.892 6.828 6 451 4 409 1.317
1976 06.111  1.301 1.922  0.944  0.691 1.572  0.164 0.262 0.036 0.000 0.055 7.057 6.947 5.646 3.724 2.780 2 089
1977 0.000 0.028 3.527 1.080 0.523 0.279 0.727 0.051 0.066 0.000 0.020 65.301 6.301 6.273 2.746 1. 666 1.143
1978 3.312 $.376 0.187 5.530 .969 0.778 0.144 0.713 0.051 0.142 0.109 12.312 9.000 g.624 8.436 2.906 1.938
1979 0.109 0.435 1.359 0.298 1.913 0. 541 0.234 0.087 0.145 0.012 0.022 5 156 5 047 4 611 3.253 2.955 1.042
1980 (0.083 0.031 1.790 2.124 D.165 1.171 0.472 0.152 0025 0 024 0.088 6.122 6039 6.008 4 219 2095 1.930
1981 0.301 2,303 1916 2.779 1.667 0.100 0.870 0.269 0.144 0,000 0.085 10,435 10.134 7.831 5.914 3,135 1 468
1982 0.148 0.488 3.395 1.406 1.295 1.039 ¢.016 0.298 0.064 0.016 0.035 8.200 8 053 7 564 4.169 2.763 1.468
1983 0.081 0.32%9 1957 3048 0.766 0.697 0.431 0.055 0.192 0.000 0.136 7702 7.621 7.291 5. 324 2.276 1.510
1984 0.000 0.462 0.452 0.797 1.161 0.446 0.424 0.223 0.000 0.156 0.008 4.079 4.079 3.677 3.21% 2. 418 1.257
1985 0.244 0.098 2.633 0.757 1.058 1.328 0.270 0.203 0.172 0.025 0.150 6.938 6.694 6.596 3.963 3.206 2.148
1986 0.052 0.871 .0.423 1.824 0.360 0.545 0.633 0.063 ¢.119 0.095 0.015 5.040 4.948 4.477 3.654 1.830 1.470
1987 0000 0.034 1.612 0.403 0.752 0.060 0.179 ©.147 0.016 0.027 0.025 3.255 3 255 3221 1.609 1.206 0.454
1968 0.180 (.700 0.684 3.115 0.413 0.645 (045 0.020 0.052 0000 0.067 5.861 5 681 4.981 4.297 1.182 0769
1589 0.000  0.380 1.334  0.743  1.532  0.228 0.344 0.051  0.040 0.081  0.067 4.798 4. 798 4.418 3.084 2.342 0.810
1990 0.041 0.1%4 0.926 1.707 0653 0.896 0125 0.135 0.013 0.016 0.027 4.736 4 695 4 501 3 675 1.568 1.215
1991 0.195 1.068 0.511 0.807 0.883 0.464 0.336 0.039 0.041 0.000 0.045 4.389 4164 3.126 2.615 1.808 $.925
1992 0000 0.123  1.255  0.470 0.153 0.270  0.144  0.161  0.020 0.037  0.028 2.671 2671 2.548 1.293 - 0823 0.660
1993 0115 0.017 0,368 1.347 0.222 0.107  0.120 0.037  0.037  0.021 0.085 2.476 Z.361 2.344 1. 946 0.599 0 34
1994 0029  0.123  0.273  0.199 §.216 0.033 0.005 0.044 0.000 0.019 0.000 0 943 0.914 0.791 .518 0.318 0.102
1995 0 482 0.050 0.382 0.8%4 0.53 0.599 0.107 0.234 0.028 0.022  0.000 3.292 2 810 2.760 2.378 1524 0,990
1596 0.000  0.073 0.214 0.736 1.247 0.174 0.209 0.028 0.018 0.000 0.000 2.659 2.695 2.620 2.412 1.676 0.429
1997 0302 0.791 0.437 0.170 0.489 0.422 0.050  0.134  0.020 0000  0.000 2.315 2013 1.722 1.285 1.115 0 626
[a] Spring surveys during 1973-1981 were accomplished with a "41 Yarkee' trawl: in all other years. spring survays were accamplished with a '36 Yankee' trawl. No adjust-
ments have been made to the catch per tow data for these gear differences. ‘
[b] During 1963-1984, BMV oval doors were used in spring and autumn surveys: since 1985. Portuguese polyvalent doors have been usedr1n both surveys. Adjustments have
been made to the 1963-1984 catch per tow data to standardize these data to polyvalent door equivalents. Conversion coefficients of 1.56 (numbers) and 1.62 (welght} were
used in this standardization (NEFSC 1591).
fcl Spring surveys during 1980-1982, 1989-1991 and 1994, and autumn surveys during 1977-1981, 1989-199;,,and 1993 were accomplished thn the R/V Deldware il: 1n i?
other years. the surveys were accomplished using the R/V Albatrgss IV. Adjustmenis nave been made to the R/V Defaware /1 catch per tow date to standardize these Lo R/V
Athatross ¥ equivalents. Conversion coefficients of 079 (numbers) and 0.67 (weight) were used in this standardization (NEFSC 19912
[d] Excludes unusually high cateh of 1894 cod (2558 kgy at Station 230 (Strata tow 20-4). - )
{e] fxcludes unusually high catch of 1032 cod (4096 kg) at Station 323 (Strata low 16-77.
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Appendix 1: Table 1 (Continued). Standardized (for vessel and door changes) stratified mean catch per tow at age (numbers) of Atlantic cod in
NEFSC offshore spring and autumn bottom trawl surveys on Georges Bank (Strata 13-25), 1963-1997. [b,c]

Age Totals

Year 0 1 2 3 4 5 6 7 8 9 10+ 0+ 1+ 2+ I+ A+ o+
Autumn

1963 0.019 0.719 0.778 (.920 0,897 0.354 0.326 0.175 (.103 0.014 (.069 4.374 4 356 3.636 2.858 1.938 1.041
1964 0.009 {.640 0.699 (.588 0.538 0145 0136 0.062 0.050 0.030 0.083 2.980 2.970 2.331 1.632 1.044 0.505
1965 0.173 1.299 0.998 0.707 0,484 0.167 0.179 0.112 0.081 0.023 0.023 4 248 4.075 2. 1715 1.777 1.070 0.58/
1966 1.025 1.693 1.000 0.515 0.264 0.100 0.095 0.062 0.039 ¢.002 0.017 4.811 3.786 2.094 1.094 0.579 0.315
1967 0.072 7.596 1.334 0.523 0.406 0.133 0.133 0.055 0.051 G6.¢12 0.070 10.383 10.312 2.716 1.382 0860 0.454
1968 0.470 0.314 1.611 0.783 0.271 4.073 0.06/ 0.027 0.023 0.008 0.048 3.256 3.226 2.913 1.301 3.518 0.246
1569 0.000 0.343 0.622 0. 626 0,331 0.094 .06l 0.019 0.023 0.022 0.059 2.200 2.200 1 856 1.234 (.608 0.278
1970 0.413 1.688 1.353 (.524 0.694 0.153 0.000 0.033 0.055 0.055 0.098 5.065 4652 2.964 1.611 1.087 0.393
1971 0.399 0.602 0.632 0.390 0.301 0.476 0.183 0.042 0.089 0.000 0.075 3.189 2789 2.187 1.555 1.165 (.864
1977 0.947 7.443 1.295 1.771 (.399 0.243 0.571 0.109 g 204 0.022 0.083 13.087 12.140 4.697 3.402 1.632 1.232
1973 0.203 1.749 6.070 1.182 2.012 07211 0.226 0.175 0.062 0.139 0.251 12.280 12.078 10.329 4. 259 3.076 1.064
1974 0.462 0.409 0.654 1.521 0.164 0.114 0.103 0.000 0.069 0.000 0000 3.494 3.033 2.624 1.970 1.449 0.285
1975 2.317 0.9%4 0.421 0.624 1.685 6.112 0.156 0.000 0.000 0.000 0.037 6407 4029 3.036 2.615 1.5891 0.306
1976 0.000 @ 6.148 2.072 0.763 0.278 0.739 0.055 0.270 0.039 0.053 0.020 10.436 10.436 4.288 2.217 1.454 1.176
1977 0.152 0.237 3.424 0.702 0.251 0.174 0.396 0.007 0.027 0.000 0.078 5.447 5 296 5.059 1.635 0.4933 0.682
1978 0.396 1.855 0.255° 4180 (.964 0.335 01.165 0.344 0.051 (.030 0.014 8.587 8.192 6337 6 0872 1.902 0.9338
1979 0.118 1.619 1.717 0.224 1613 0.296 (.180 0.036 0.115 (.007 0.022 5.948 5.829 4.210 2.493 2.269 0 656
1980 0.280 0.818 0.564 0.774 0.076 G 251 0.053 0.067 0.025 0.600 0.000 2.908 2.629 1.810 1.246 0.472 1.346
1981 0.261 3.525 2.250 1.559 0.589 0.054 0.579 0.057 0.064 0.018 0.083 9.040 8.778 5.254 3.003 1.444 0. 855
1982 0.320 0.875 2.099 0.220 0.069 0.097 0.000 0.016 0.000 0.000 0.022 3711 3.391 2.516 0.423 0.203 0.134
1983 1.031 0.647 1.022 0.796 0.055 0.047 §.003 0.000 0.012 0.000 G.023 3.636 2.605 1.958 0.936 0.140 0.086
1984 0.186 2.496 0.101 0 .866 0.870 0.017 0.062 0.039 {.006 0.039 (.044 4.747 4 561 2065 1.964 1.078 0.207
1985 1.0B4 0.220 0.803 0.103 0.115 0.101 0.000 0 000 0.004 0.000 0.000 2.430 1.346 1.126 - 0.323 g.220 0.105
1986 0.096 2.280 (.153 0.382 0.010 0.06l 0.090 0.016 0.000 0.008 0.028 3.124 3.028 0.748 0.595 0.213 0.203
1587 0.204 0.414 1.353 g¢.112 0.195 0.028 0.012 3.000 0.000 0.007 0.000 2.325 2.121 1.707 (.354 0.242 a.pa7
1988 0.549 0.903 (.433 0.909 0.091 0.178 (.000 0.011 6.039 0.000 0.000 3.113 2.564 1.661 1.228 0.319 .2¢8
1989 3.262 2.738 1.030 0.183 (.459 0.055 0.008 0.004 0.000 0.000 $.000 4.780 4.518 1.780 0.750 0.566 0. 067
1990 [f3} 0.156 0362 1.534 1.164 0.209 0.145 0.612 0.013 0.000 0.000 (.022 3.617 3.469 3.098 1.564 0,4Q1 0197
1991 0.040 0.415 0.168 0.277 0.028 0.029 0.000 0.000 0.000 0.000 0.000 0.957 0.91/ 0.502 0.334 0.057 ¢.029
1992 0.033 0.454 1.024 0.180 0.112 (.030 0.010 0.000 {.000 0.000 0.000 1.843 1.810 1.356 0332 0152 O.UQG
1993 0.179 0.970 0.532 (.382 0.017 0.025 0.022 0.000 0.000 0.022 0.000 2149 1.970 1.?00 0.468 ¢ 086 0.070
1994 0.067 0.406 0.664 0.433 0.153 0.068 0.021 0.400 0.006 0.000 0.000 1.818 1.751 1.54§ 0.681 (.248 0.0Q?
1995 0.160 0.245 1811 1.249 0.087 0.054 0.011 0.000 0.000 0.000 (. 000 3.617 3.457 3.212 1.401 0.152 0.065
1596 0.022 0.240 0.196 (.414 0.143 G.060 0.027 0.000 0.0060 0.000 $.000 1.102 1.080 0.840 0.644 0.230 0.087
1997 0.006 0.236 0.321 0.109 0.129 0.04% 0.009 0.007 0.000 0.000 0.000 (.867 0.860 0.624 0303 0.194 0.065

[b] During 1963-1984, BMV oval doors were used in spring and autumn surveys: since 1985. Portuguese polyvalent doors have been used in both surveys. Adjustments have
peen made to the 1963-1984 catch per tow data to standardize these data to polyvalent door equivalents. Conversion coefficients of 1.56 (numbers) and 1.62 (weight) were

used in this standardization (NEFSC 1591). . ,
[c] Spring surveys during 1980-1582. 1989-1991 and 1994. and autumn surveys during 1977-1598T, 19?9-1991‘ and 1993 were accomplished with the R/V Dedaware 110 n alt

cther years. the surveys were accomplished using the R/V Albatross I¥. Adjustments have been made Lo the BV Delaware 1! catcﬁ-per ﬁow data to standardize these Lo R/V
Albatross IV equivalents. Conversion coefficients of 079 (numbers) and 0.67 (weight) were used in this standardization (NEFSC 1991
[f] Excludes unusually high cateh of 111 cod (504 kg) at Station 205 (Strata tow 23-4).
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Appendiix 1: Table 2. Stratified mean catch per tow at age (numbers) of Atlantic cod in Canadian spring bottom trawl surveys on Eastern Georges
Bank, 1986-1998. '

Ager Totals
Year 1 2 3 4 5 6 7 8 9 10+ 1+ 3+ 4+ hi
1986 0.60 2. 27 2.81 0.3/ 0.65 0.44 0.26 0.04 0.07 0.03 7.54 4.67 1.86 1.49
1987 .25 213 0.93 1.09 0.34 0.1z 0.22 .08 0.03 0.07 5 76 5.01 2.88 1.95 0.46
1988 0.28 1.01 4 .66 0.58 1.02 0.13 D08 0.17 0.04 0.07 8.04 7.76 6.75 2.09 151
1585 1.63 2.78 1.38 2.85 0.36 0.42 0.05 0.10 g.12 0.06 975 g.12 5.34 3.96 1.11
1990 0.42 2.44 3.78 2.08 3.87 0.42 0.93 0.12 0.12 0.35 i4.55 14 .11 11.67 7.84 5 81
1991 1.18 1.16 1.84 2.15 1.05 1.31 0.16 0.22 0.03 (.09 9.18 8 01 6.85 501 286
1992 0.11 2.86 1.77 {.80 (.98 060 0.43 0.12 0.07 0.07 776 765 4.74 3.02 227
1993 0.05 0.60 Z2.B3 1.04 0.62 1.23 0.44 0.42 0.07 0.12 7.42 7.37 6.77 3 44 2 40
1994 0.02 0.80 0.89 1.65 0.60 0.23 0.45 0.11 0.15 0.04 4 94 4.92 4.17 3.23 1 58
1995 0.07 0.67 1.50 0.86 0.60 0.19 0.04 0.05 0.02 0.02 4.02 3.95 3.28 1.78 192
1996 0.14 0.49 -2.31 4.02 1.09 0.79 0.33 0.08 0.11 0.03 9.39 g9.25 8.76 6.45 243
1997 0.32 0.53 0.55 1.725 1.23 0.27 0.06 0.03 0.02 0.01 4. 27 3.95 3.42 2.87 1.62
1558 0.01 - 1.42 2. 04 0.79 0.7 (.58 0.14 0.07 0.02 0.04 5.88 5 87 4. 45 241 1.62
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Figure Al. Total commercial landings of Georges Bank cod (Division 5Z and 6), 1893-1997.
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Figure A2. Trends in USA LPUE (landings per day fished) of Georges Bank cod, 1978-1997. Nominal
LPUE is based on all otter trawl trips landing cod. Standardized LPUE is derived from a GLM incorporating
year, tonnage class, area, quarter, and depth.

44



L —

5 i Standardized Raised Effort

N

20

Days Fished (000's)
&on

MNominal Effart

0.
1877 1979 1981 1983 1982 1887 1889 1991 1493 1998 1897

Year

Figure A3, Trends in USA fishing effort (days fished) on Georges Bank, 1978-1997. Nominal effort based
on all otter trawl trips landing cod. Standardized-raised effort derived from a GLM incorporating vear,
tonnage class, area, quarter, and depth.
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Figure A4. Standardized stratified mean catch per tow (kg) of Atlantic cod in NEFSC spring and autumn
research vessel bottom trawl surveys on Georges Bank, 1963-1997.

45



Spring

Mean number per tow

1562 1865 1968 1971 1574 1977 1880 1983 1888 1889 1992 1985 1898
Year
Figure AS. Standardized stratified man number per tow of Atlantic cod in NEFSC spring and autumn
research vessel bottom trawl surveys on Georges Bank, 1963-1997.
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Figure A9. Trends in total commercial landings and fishing mortality for Georges Bank cod, 1978-1997.
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Figure A10. Trends in spawning stack biomass and recruitment for Georges Bank cod, 1978-1997.
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season for Georges Bank cod, 1997. The bar height indicates the probability of values within that range. The
solid line gives the probability that SSB is less than any selected value on the X-axis.
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B. GEORGES BANK HADDOCK

Termé of Reference

a. Update the status of Georges Bank haddock
through 1997 and characterize the variability of
estimates of stock size and fishing mortality rates.

Provide projected estimates of catch for 1998-
1999 and spawning stock biomass for 1999-2000
at various levels of F.

Review existing biological reference points and
advise on new reference points for Georges Bank
haddock to meet SFA requirements.

Introduction

Haddock (Melanogrammus aeglefinus) resources
within US waters are assessed and managed as two
separate stocks, one on Georges Bank and south
(NAFQ Division 57 and Subarea 6), and a second in
the Gulf of Maine (NAFO Division 5Y; Figure B1).
These stock definitions are based on tagging studies,
meristic data, age compositions, and growth data (see
Clark et al. 1982). Haddock landed from Division 5Z
and Subarea 6 comprise the Georges Bank stock
(Figure B1), while haddock from Division 5Y repre-
sent the Gulf of Maine Stock. The Georges Bank
stock area (57Z¢) represents a transboundary resource
which is exploited by both US and Canadian fisher-
ies. The Canadian Department of Fisheries and
Oceans (DFO) produces a separate stock assessment
for the transboundary haddock resource on the North-
east Peak of Georges Bank. The Canadian assessment
covers a subset of the US Georges Bank assessment
area, including area 5Zjm, which approximately cor-
responds to US Statistical Areas 551, 552, 561, and
562 (Figure B1).

Commercial fisheries for haddock on Georges
Bank developed during the mid-1800s as a bycatch in
the cod handline fishery (Jensen 1967). After an ini-
tial development period, yields from the fishery stabi-
lized, averaging approximately 46,000 mt annually
from 1935 to 1960 (Clark et al. 1982; Figure B2).
During the early 1960s, distant water fleets from the

ges Bank. Increased fishing effort corresponded with
a large 1962 year class and an exceptionally large
1963 year class and resulted in yields in excess of
100,000 mt in 1965 and 1966 (Figure B2). By 1969,
landings declined well below the 1935-1960 average,
and continued to decline throughout the mid-1970s
(Figure B2). During the late 1970s and early 1980s,
large 1975 and 1978 year classes resulting in a tem-
porary increase in landings. During the 1980s, land-
ings declined steadily from 27,000 mt to approxi-
mately 4,500 mt in 1989. With restrictive manage-
ment measures implemented during the 1990s (Table
B1), commercial landings reached a record low level
of 2,300 mt in 1995, and have risen to approximately
3,600 mt 1997 (Table B2).

The US haddock fishery is currently managed un-
der the Northeast Multispecies Fishery Management
Plan administered by the New England Fishery Man-
agement Council. Commercial landings are the most
significant form of fishery removals from this Stock.
Significant levels of regulatory discarding have been
caused by US management regulations (minimum
size and trip limits) during several years analyzed for
this assessment, including the period since 1994.
Recreational landings are generally insignificant rela-
tive to commercial landings and discards.

Management regulations have attempted to ad-
dress the decline of the Georges Bank haddock re-
source since the early 1970s (Table B1). Seasonal
area closures were first established in 1970. Although
the spatial and temporal configurations for these clo-
sures have changed numerous times over the past 25
years, a general pattern of spatial and temporal ex-
pansion of closures has occurred.

Recently, a series of significant management
measures have been implemented by US and Cana-
dian management agencies resuiting in significant
changes in the haddock resource and it’s associated
fisheries. The US Department of Commerce closed
two large areas on Georges Bank on a year-round
basis in December 1994, and these areas have re-
mained closed to fishing through 1997. The Canadian

former Soviet Union, Spain, and other countries be-
gan to direct fishing effort toward haddock on Geor-
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Bank to directed ground fishing from January o mid-
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June. Both countries have increased the regulated
mesh size in their respective fisheries. In January
1994, NMFS implemented a 500-lb/trip landings
limit to discourage targeting of haddock by the com-
~ mercial fishery. This trip limit was raised to 1,000
Ib/trip in July 1996, and further liberalized on Sep-
tember 1, 1997 to 1,000 Ib/day fished with a maxi-
mum of 10,000 Ib/trip. In addition, days-at-sea reduc-
tions have been implemented in the US fishery to re-
duce overall groundfish effort. Canada has been man-
aging Georges Bank haddock resources under an in-
dividual quota system since 1992. In addition, prohi-
bitions on discarding of haddock, high levels of sea
sampling coverage, and mandatory dockside monitor-
ing have increased the precision of estimates of Can-
adian fishery removals from this stock. The combin-
ed effect of US and Canadian management measures
has reduced the total fishery removals from the stock
since the early 1990s.

The Fishery

US Commercial Landings

The 1997 US landings of haddock were prorated
into stock areas using dealer and vessel trip report
(VTR) data available at the time of assessment pre-
paration (through March 2, 1998). Some state dealer
data, including landings from the states of Connecti-
cut and New York, were unavailable at the time that
prorations were completed. Haddock landings from
these states are normally insignificant relative to total
landings from the stock. Since auditing and proration
methodology development continue to evolve, US
landings data from 1994 to 1997 are considered pre-
liminary and subject to revision.

The 1997 proration stratification design, which

included species/market category, port group, gear
~ group, and quarter, was the same design employed to
prorate 1994-1996 dealer data (Wigley et al. 1998).
The 1997 port and gear groups are the same as used
in the 1994-1996 prorations (see Wigley et al. 1998).

The major difference in the 1997 proration verses
the 1994-1996 proration is in the identification and
matching of unique trips with dealer transactions dur-
ing the creation of the matched subset used in prora-
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tion. During the proration of the 1994-1996 data, per-
mit, month, day, and port were the fields used to es-
tablish an indirect link between the dealer and VTR
data sets. Since then, an additional field, dealer per-
mit number, has become avatilable in both data sets.
This information was used in the 1997 indirect link
which consisted of permit, month, day, and dealer
number.

Commercial landings of haddock by the US fleet
were traditionally dominated by trawl gear, although
other gears including hook gear, gillnets, scallop
dredges, and other nets have aiso landed haddock his-
torically (Table B3). US landings increased from 314
mt in 1996 to 888 mt in 1997, and total catch (land-
ings and discards) increased from 641 mt in 1996 to
1,514 mt in 1997. Sharp increases in the total catch
of haddock following liberalization of the haddock
trip limit on September 1, 1997 may indicate that the
US fishery is increasingly targeting haddock. e

Canadian Landings

The Canadian fleet has accounted for approxi-
mately 87% of the commercial landings and 77% of
the total fishery removals from the Georges Bank
stock since 1993. Canadian landings are collected
though a mandatory dockside monitoring program.
Landings from Georges Bank are monitored by an in-
dependent observer who verifies both the landings
totals for each species. Increased at-sea monitoring
and mandatory dockside monitoring of landings has
resulted in relatively precise data on Canadian fishery
effort and landings. The majority of Canadian land-
ings are taken by otter trawlers and longliners which
are less than 65 feet. Landings shares in the Canadian
fishery remain relatively constant between gears re-
cently because quota allocations have remained
stable among gear sectors.

Since 1995, restrictive quotas on Georges Bank
cod have limited the ability of Canadian fishermen to
catch their allocated quota of haddock. Canadian ves-
sels are not permitted to depart on a Georges Bank
trip unless they have a minimum level of both cod
and haddock quota remaining. In recent years, opera-
tors have exhausted their cod quota before catching
their entire haddock quota.



Commercial Discards

Through most of the assessment time period
(1963-1998), discarding by the US commercial fish-
ery is believed to have occurred at a relatively low
and constant level. Observations from commercial
operators and recent sea sampling (1989-1993) ap-
pear to indicate that discarding is insignificant rela-
tive to commercial landings. Discard estimates have
been added to the catch at age periodically during the
assessment time series when resource conditions and
management actions have resulted in the generatton
of levels of regulatory discard significantly higher
than chronic background levels. In 1974, 1977, 1978,
and 1980, discarding increased sharply as three large
year classes (1972, 1975, 1978) recruited to the fish-
ery (Overholtz et al. 1983). The catch at age in each
of these years was augmented by estimates of associ-
ated discard. More recently, the catch at age was also
augmented with estimates of discards from 1994 to
1997 to account for discard mortality generated in re-
sponse to trip limit regulations in the US fishery.

Discard sampling by the US sea sampling pro-
gram was insufficient to estimate the quantity of dis-
cards in the Georges Bank trawl fishery (Table B4).
Only 10 trips catching haddock in western Georges
Bank were sampled at sea, and no trips catching had-
dock on eastern Georges Bank were sampled.

Information in the US vessel trip report (VTR)
database on reported landings and discards was used
to estimate discard weight in the US fishery in 1997
using the discard ratio method employed in the most
recent US haddock assessment (Brown 1998). Brief-
ly, this method uses the ratio of discards to landings
by area and time period from the US VTR database
to estimate discards for area/time period combina-
tions. Because many operators fail to report discards,
it is clear that discard reporting is incomplete in the
VTR database. Only VTR records that report at least
1 1b of discards for any species are included in the
discard ratio calculation. Thus, both trips with had-
dock landings or discards were included in the ratio
calculation, unless the trip reported no discards for

Georges Bank trawl trips landing haddock also re-
ported discards for some species.

The number of VTR trips used in the estimation
procedure, the number of trips exceeding the trip lim-
it in place at the time (1,000 Ib/trip from January to
August 31, 1997; 1,000 1b/day up to 10,000 lb/trip
from September 1 to December 31, 1997), and dis-
card ratios for each time period and area (eastern and
western Georges Bank) are summarized in Table B3.
Third quarter discard ratios were estimated separately
for July/August and September because the liberal-
ization of the haddock trip limit on September |,
1997 resulted in a significant shift in discard behav-
ior. Between January 1 and August 31, 1997, discard
rates were elevated, ranging from 43 to 452% of
landings. These rates are similar to levels observed

‘during 1994-1996 (Brown 1998). Following liberal-

~licensing conditions:-
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ization of the haddock trip limit on September 1,
1997, discard rates declined dramatically, ranging
from 4 to 14% of landings. -

There was a relatively low level of correspen-
dence in the discard ratios estimated from limited sea
sampling and the VTR database (see Tables B4 and
B5). Discard ratios were higher for the Quarter 1 and
July-August time period in the VTR database. The
distribution of discard ratios from individual trips in-
dicates that a large proportion of trips have relatively
low discard ratios (Figure B3), and that the haddock
trips with high catch rates are largely responsible for
discarding behavior that elevates the overall discard
ratio estimated for the fleet. The limited level of
available sea sampling produced a distribution of dis-
card ratios similar to the larger distribution observed
in the VTR database (Figure B3). However, limited
sea sampling failed to sample high discard trips
which produce the majority of landings and discards
that contribute to higher discard ratios in the VIR
database,

Discarding and misreporting in the Canadian fish-
ery are considered to be limited after 1992 with the
implementation of dockside and at-sea monitoring,
increased mesh size regulations, and restrictions on




Total Fisherv Removals

US and Canadian landings, discards, and total
catch for 1996 and 1997 are summarized in Table
B6. Discarding has been a significant source of fish-
ery removals by the US fishery since 1994. The trip
limit regulations have been gradually liberalized
since 1994, resulting in a decline in the proportion of
discards in the total US haddock catch. In 1994, dis-
cards accounted for 70% of the US fishery-induced
mortality. The percentage of fishery-induced mortal-
ity accounted for by discarding declined to 51% in
1996, and 41% in 1997. Although discarding has
been a significant source of mortality in the US fish-
ery, discards represent a minor component of the to-
tal fishery removals from the stock. With inclusion of
the Canadian landings, US discards accounted for
16.1% of fishery removals in 1994 and 14.7 % in
1997 (Table B6). From 1994 to 1996, approximately
75% of the discards by number and greater than 90%
of the discards by weight were legal sized fish, pre-
sumably discarded in response to trip limit regula-
tions. In 1997, the proportion of sublegal discards
rose, both in response to more liberalized US trip
limit regulations and the partial recruitment of the
1996 year class to the US fishery.

Recreational Fishery

Offshore charter and party boats targeting cod on
Georges Bank produce some bycatch landings of
haddock. However, recreational fishery landings and
discards generally account for an insignificant por-
tion of the total fishery removals from this stock.
Since reliable estimates of recreational landings were
not avatlable for this stock, no estimates of recrea-
tional landings or discard were included in the catch-
at-age matrix analyzed in this assessment.

US Length Frequency Sampling

Historically, length and age samples from US
commercial landings were collected through the port
sampling program. US commercial landings of had-
dock are sold and reported under market category de-
terminations based primarily on size. Although had-
dock have been landed under as many as six different
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market categories historically, two market categories
(large and scrod) account for greater than 95% of
landings in recent years (Figure B4). Sampling and
stratification of catch-at-age calculations by market
category provides a powerful statistical stratification,
reducing the sample sizes required to adequately
characterize the size and age composition of land-
ings.

Traditionally, the port sampling program produc-
ed length and age samples used to partition landings
into a numerical catch at age. As landings in the US
fishery have declined, the availability of fish to port
samplers also declined. The implementation of trip
limit regulations in 1994 resulted in a further reduc-
tion in landings, and resulting landings entered ports
in small quantities that were quickly processed, mak-
ing it difficult to obtain samples. Although sampling
intensity (samples/landings) remained within accept-
able ranges, landings declined to below the point
where accepted levels of sampling intensity would
produce the minimum threshold levels of sarmpling
needed to complete catch-at-age calculations (Table
B7). Only 17 haddock samples were collected from
Georges Bank landings by the port sampling program
from 1994 to 1996.

Sampling of the US landings remained poor for
the first half of 1997, but improved markedly begin-
ning in September 1997 with the liberalization of
haddock trip limits. The number of haddock iength
and age samples collected during the last six months
of 1997 exceeded the total number of haddock sam-
ples collected from the US fishery for the preceding
three and one-half year period (Table B7). Both land-
ings and port sampling of landings from eastern
Georges Bank (Statistical Areas 561 and 562} re-
mained poor in 1997, primarily due to low levels of
fishing effort in this area.

US Port Sampling and Estimatibn of US Landings at
Age

When sampling intensity permits, it is desirable
to estimate landings at age separately for landings
from eastern Georges and western Georges Bank and
south (primarily Areas 521, 522, 525, and 526) to ac-



count for differences in growth rates between these
two areas. Pooling of samples from eastern and west-
ern Georges Bank has been necessary during the
1990s due to limited sampling of the US landings.

The landings at age for US landings from western
Georges Bank and south were estimated using US
port sampling data. Landings and sampling were
pooled for Quarters 1 and 2 and estimated separately
for Quarters 3 and 4 (three time periods). Sampling
was relatively poor during Quarters 1-and 2, but fairly
robust during Quarters 3 and 4 when the majority of
US landings occurred in 1997 (Table B).

 Port samples (one Quarter 2 large sample) were
insufficient to characterize US landings from castern
Georges Bank (Table B7). However, proration of
landings from this area estimates landings by market
category, providing information on the relative size
distribution of the landings from eastern Georges
Bank. Two options were considered for estimating
the size and age distribution of the US landings from
eastern Georges Bank: 1) use Canadian length and
age sampling to characterize the length and age char-
acteristics of the US fishery; or 2) use US length fre-
quency distributions by market category from west-
ern Georges Bank to characterize the length distribu-
tion of the eastern Georges Bank landings, and Ca-

nadian commercial age distributions to partition the

landings at length into landings at age.

The use of both Canadian length and age samples
was problematic because the selectivity pattern of the
US and Canadian fisheries is different due to differ-
ent mesh size regulations and seasonal timing of the
fisheries. The US landings from eastern Georges
Bank were partitioned using US length samples by
market category from western Georges Bank and Ca-
nadian survey ages (Quarter 1) and Canadian com-
mercial ages (Quarters 2, 3, and 4). Samples and
landings were pooled identically to the analysis for
western Georges Bank (Quarters 1 and 2 pooled,
Quarters 3 and 4 separate).

Table 8 summarizes the landings (mt) by quarter

and market category; and the corresponding number
of lengths used to estimate the catch at length from

these landings. Sampling of the scrod market cate-
gory during the first half of 1997 (Quarters 1 and 2)
was extremely limited resulting in a single sample of
50 lengths being used to estimate the numbers at
length for 55.7 mt of scrod landings from western
Georges and 7.0 mt of scrod landings from eastern
Georges Bank.

US Discard Sampling and Estimation of US Discards
at Age

Discard length samples were obtained from trips
sampled by the US sea sampling program, although
the number of trips and number of discarded haddock
measured was extremely limited (Table B9). Because
estimates of US discards were based primarily on dis-
carding occurring from the trawl fleet sector, only
length samples collected on trawl trips were used to
estimate discard numbers at length,

Sea sampling lengths were applied to estirflated
US discards in all cases because no surrogateinfor-
mation on US discards was available. Length and dis-
card weight data were pooled as follows: January-
June, July-August, September-December) to estimate
discard numbers at length. Separate estimation of the
July-August and September-December periods was
necessitated by the liberalization of the US haddock
trip limit on September 1, 1997 resulting in a signifi-
cant shift in discarding behavior. Before September
I, 1997, US discards were high relative to landings
(Tables B4 and B5) and dominated by legal and mar-
ketable size fish that were discarded due to trip limit
regulations (Figure BS). After September 1, 1997, the
rate of US discarding declined sharply (Tables B4
and B35) and were dominated by sublegal fish that
were generally smaller than either the legal or
marketable size (Figure BS).

Discard age data were also insufficient to estimate
discards at age. Sea sampling age data were augment-
ed with both US spring (Quarters 1 and 2) and au-
tumn (Quarters 3 and 4) survey and commercial age
data. The use of survey ages was necessary because
a significant portion of the discards occurred at
lengths less than the commercial legal size and,
therefore; were not represented in the commercial age
sampling.



Length-Weight Relationships

US research vessel bottom trawl surveys initiated
collection of individual length-weight data necessary
to calculate recent length-weight relationships in
1992. Length-weight regressions were calculated us-
ing individual length and weight data collected from
1992-1996 NEEFSC surveys. Spring survey data were
combined to calculate regression equations for the
first two calendar quarters, while autumn survey data
were used to calculate regressions for the last two
calendar quarters. Data were included from NEFSC
survey strata consistent with those used to character-
ize the Georges Bank haddock stock. All regression
equations were calculated from natural log transform-
ed fork length (cm) and natural log transformed live
weight (kg) using least squares linear regression.
Separate regression equations were calculated for
each survey for use during the appropriate half year.
The resulting regression equations were:

Spring:  Live wt (kg) = 0.0000078767 * length (cm)***"

R*=0.993, N= 1,159

Autumn: Live wt (kg) = 0.0000081036 * length (cm)* %%
R*=0.994, N = 1,081

Catch at Age.

The US catch-at-age time series from 1982 to
1997 is summarized in Table B10. Estimates of 1997
US landings and discards at age were combined with
estimates of 1997 Canadian landings at age (S. Ga-
varis, pers. comm.) to estimate an overall 1997 catch
at age for the Georges Bank (5Z & 6) assessment. In
addition, minor revisions to the Canadian catch at age
for 1996 were also incorporated into the assessment.
The Canadian catch-at-age time series from 1982 to
1997 is summarized in Table B11. No revisions to
the 1994-1996 US catch at age were attempted in this
assessment, and the 1994-1997 estimates of the US
catch at age are considered provisional. Catch at age
for the years 1963-1993 were taken from previous as-
sessments of the Georges Bank haddock stock (Clark
et al. 1982; Overholtz er al. 1983; Hayes and Buxton
1992; O’ Brien and Brown 1996; Brown 1998).

The total catch at age for the Georgés Bank stock
including catch from all countries for the period

1963-1996 is summarized in Table B12. Several his-
torically large year classes including the 1963, 1975,
and 1978 year classes appear to track well through
the catch-at-age matrix. Catch at age during 1982-
1997 has been dominated by the 1978, 1983, 1985,
1987, and 1992 year classes (Table B12), although
recent year classes are contributing to the catch over
several years due to lower fishing mortality rates on
the stock.

Mean Weights at Age
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Mean lengths and weights at age at capture were
calculated for the US fishery for 1982-1997 (Table
B10). Mean weights at age from the US fishery for
previous years were taken from previous assessments
(Clark et al. 1982; Overholtz et al. 1983; Hayes and
Buxton 1992; O’'Brien and Brown 1996; Brown
1998).

Mean weights of the US catch have shown sgver-
al interesting trends since the early 1990s (Figure
B6). The mean weight of partially-recruited year
classes (primarily age 2 fish) has declined since 1992.
At the same time, the mean weight of fully-recruited
age classes (age 3+) appears to be increasing. These
trends are evident in the commercial weights-at-age
data, but are not apparent in either the US spring or
autumn survey mean lengths at age (Figure B7).

Two important factors have influenced trends in
the US fishery mean weights since 1994. First, mean
weights of the US catch estimated since 1994 include
discards, which tend to reduce the mean weight of
partially-recruited ages. Second, there has been a sig-
nificant temporal and spatial shift in the US fishery in
response to US management actions. The US fishery
has shifted from a fishery dominated by eastern
Georges to western Georges Bank haddock landings
(Figure B8). Growth rates of western Georges Bank
haddock are slightly higher than haddock on eastern
Georges Bank, resuiting in a higher mean weight at
age during recent years. In addition, the timing of the
fishery has shifted from a fishery dominated by 1st
and 2nd quarter landings, to one dominated by 3rd
and 4th quarter landings (Figure B9). Fish caught
later in the calendar year are heavier at age, contribut-
ing to the recent trend of larger mean weights at age.



Mean weight-at-age data for the Canadian fishery
(Table B11) were taken from previous and current as-
sessments (Gavaris and Van Eeckhaute 1998). Mean
weights for the total catch at age are summarized in
Table B12. Mean weights at age for the total catch at
age for 1994-1996 are largely reflective of Canadian
mean weights due the dominance of Canadian land-
ings in the total catch.

Historically, fishery mean weights have been used
in the Georges Bank (57 & 6) assessment to estimate
spawning stock biomass. Since fishery mean weights
are normally higher than stock mean weights, this ap-
proach tends to overestimate spawning stock biomass
levels. Recent shifts in fishery mean weights due to
spatial and temporal shifts in the US fishery also pro-
vide motivation for using more representative values
to estimate spawning stock biomass.

Stock Abundance and Biomass Indices

US Research Vessel Survey Abundance' and Biomass
Indices

~ US research vessel survey indices of abundance
(stratified mean number per tow) and biomass (strati-
fied mean kg per tow) were estimated from both the
NEFSC spring and autumn bottom trawl surveys dur-
ing 1963-1997 (Table B13; Figure B10). Survey in-
dices included catch data from stations occupied
within NEFSC offshore strata 01130-01250 and
01290-01300 and having suitable station (=1), haul
(<3), and gear (<6} values. The survey indices were
adjusted for differences in fishing power of the Alba-
tross IV and Delaware [, and for differences in the
catchability of BMV doors (used before 1985) and
the polyvalent doors introduced in 1985 (Forrester et
al. 1998). Table B14 summarizes the factors applied
to each survey. In the US spring survey, a different
net (Yankee 41 trawl) was used in the 1973-1981 sur-
veys than in other years (Yankee 36 trawl). No ad-
justment factors were estimated for this gear adjust-
ment (Sissenwine and Bowman 1978).

Spring and autumnn indices of abundance and bio-
mass exhibit similar trends throughout the time per-
iod (Figure B10). Indices declined from record high
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fevels in the early 1960s to low levels in the early
1970s. Relatively strong 1975 and 1978 year classes
are reflected by temporary increases in survey indi-
ces. Survey indices declined again in the early 1980s
and remained at low levels until the early 1990s.
Recent indices since 1994 appear to indicate some in-
crease in haddock abundance, although indices have
yet to demonstrate a consistent upward trend.

Age-disaggregated survey abundance indices
(stratified mean number per tow) for ages 1-8 from
the spring survey and ages 0-8 from the autumn sur-
vey were available as tuning inputs in the stock as-
sessment. The adjusted stratified mean catch/tow
(numbers) are presented for the US spring and au-
tumn surveys in Tables B15 and B16, respectively.
Age 0 and 1 indices from the autumn survey and age
1 indices from the spring survey provide an indica-
tion of strong year classes of haddock (Figure B11).
The strong 1963, 1975, and 1978 year classgs are
readily apparent in age 0+ and age 1 indices (Figure
B11), and track strongly through the age-disaggre-
gated matrix of survey abundance (Tables B15 and
B16).

Canadian Research Vessel Survey Abundance Indi-
ces

DFO Canada initiated a bottom trawl survey on
Georges Bank in 1986. Indices of abundance for the
Canadian spring research vessel survey from 1986 to
1997 are summarized in Table B1i7. Recent dominate
year classes (1985, 1987, 1992) appear to track
strongly through the age-disaggregated matrix of Ca-
nadian spring survey abundance (Table B17). Addi-
tional details of this survey are provided in Gavaris
and Van Eeckhaute (1998).

Correspondence between Surveys

Normalized (In obs/mean) survey indices of abun-
dance at age were plotted for the four survey series at
each age (ages 1-8) to be estimated in the VPA (Fig-
ures B12a and b). There was a close correspondence
in the trends of normalized survey indices at age for
younger ages, but relationships were less clear for
older ages.



Natural Mortality and Maturity

Natural Mortality

As in previous assessments of this stock (O’Brien
and Brown 1996, Brown 1998, Gavaris and Van
Eeckhaute 1997), the natural mortality rate was as-
sumed to be 0.2. The presence of haddock in excess
of 15 years of age in both the US and Canadian re-
search vessel surveys is consistent with this assump-
tion for natural mortality,

Maturity Ogives

A logistic regression approach (O’Brien et al
1993) was used to calculate maturity-at-age relation-
ships for each year from 1985 to 1997, Maturity data
from adjacent years with similar relationships were
pooled, and subsequent logistic reégression relation-
ships were calculated for pooled time periods. Based
on this approach, maturity relationships were calcu-
lated for four time pericds: 1985-1989, 1990-1992,
1993-1994, and 1995-1997. Table B18 summarizes
the percent maturity of female haddock at age for the
entire time period used to estimate spawning stock
biomass (SSB) in this assessment.

Estimates of Stock Size and Fishing Mortality

Virtual Population Analysis Tuning

The ADAPT virtual population analysis (VPA)
calibration method (Parrack 1986; Gavaris 1988;
Conser and Powers 1990) was used to estimate ter-
minal stock abundance for ages 1-9+ and derive age-
specific estimates of fishing mortality in 1997 and
beginning year stock sizes in 1998. The catch at age
in the VPA consisted of combined US, Canadian, and
distant water fleet landings for 1963-1997 for ages 1-
8 with a 9+ age group. The indices used to calibrate
the VPA included both the US and Canadian spring
research vessel survey catch (numbers) at ages 1-8
and the US autumn survey catch (numbers) at ages 0-
8 lagged forward one age and one year. Final assess-
ments runs were made incorporating catch at age in-
formation from the 1931-1962 period (from Clark et
al. 1983) to estimate stock numbers, spawning stock
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biomass, and fishing mortality for 1931-1997. No
tuning indices are available before 1963.

‘Three principal VPA calibrations were produced
in preparation for and during the Transboundary As-
sessment Working Group (TAWG) meeting (Table
B19). The first (Run 14) was a run based on the ac-
cepted run from the 1997 US assessment of Georges
Bank haddock (Brown 1998) which included the fol-
lowing tuning indices: US spring 1-8 (all years 1963-
1997), Canada spring 1-8, US autumn 0-8 (lagged
forward one year and one age). Diagnostics for this
run were similar to the 1997 US assessment with rel-
atively high CVs on age 1 (0.62) and age 2 (0.39),
and CVs ranging from 0.25 to 0.31 for the remaining
ages. Summaries of other key diagnostics including
sums of squares, mean squared residuals, CVs on gs,
standardized residuals >2, and maximum partial var-
iance are given in Table B19. The inclusion of US
autumn indices for ages 6-8 (lagged forward ta.ages
7-9) was questioned during the evaluation of the
1997 assessment, given the large numbers of zero ob-
servations for these ages in the time series.

A second VPA run (Run 15) was produced that
removed the US autumn indices for ages 6-8 (lagged
forward to ages 7-9) as tuning indices. The diagnos-
tics for this run were analogous to the first run, with
the exception of lower total sums of squares and
slightly lower mean squared residual values. Termi-
nal year results for this run were largely unaffected
by the exclusion of older age indices from the US au-
tumn survey.

In the Canadian assessment of Georges Bank had-
dock, the assessment detected a significant difference
in the gs in the US spring survey at all ages between
a time series containing the years 1968-1972 and
1982-1997, and the period 1973-1981. A similar pat-
tern of higher survey gs was noted for the US as-
sessment (Figure B13). The period 1973-1981 is of
interest because, during these nine years, a Yankee
41 trawl net was substituted for the Yankee 36 trawl
net that was used during the years prior to and after
the 1973-1981 time period. Although some experi-
mental studies were conducted to assess the relative
catchability between the two nets (Sissenwine and



Bowman, 1978), data were insufficient to assess the
relative catchability of haddock in the two nets (as
was previously assessed for changes in vessels and
doors). Relatively catchabilities in the US assessment
were consistently higher at age, consistent with the
observation that the Yankee 41 trawl was both wider
and higher rising than the Yankee 36 trawl.

To address concerns about the relative catch-
ability in the US spring survey between these two
time periods, a third VPA calibration was conducted
treating the times periods employing different trawl
gear as separate surveys (Run 17). The third calibra-
tion was tuned with 30 indices at age: US spring ages
1-8, 1968-1972, 1982-1997 (Yankee 36 trawl years);
US spring ages 1-8, 1973-1981 (Yankee 41 trawl
vears); US autumn ages 0-5 (lagged forward one age
and one year), and Canada spring ages 1-8. The
diagnostics for this run were similar to the first two
calibrations with slightly lower sums of squares and
mean squared residuals (Table B19). The relative im-
pact of the changes on the terminal year results was
negligible, but some improvement in the residual
patterns for the affected years was noted. The TAWG
selected this VPA calibration (Run 17) as the pre-
ferred assessment formulation.

At the TRAC meeting, concern was expressed
about the reliallity of discard estimates at age for
both the most recent time period (1994-1997) and
earlier time periods (1974-1980). To address these
concerns, two sensitivity VPA runs were completed:
the first excluded discards from the most recent time
period (1994-1997), while the second excluded dis-
cards from the 1974-1980 and the current (1994-
1997) time periods. The diagnostics for these sensi-
tivity runs were similar to the aéceptcd run (Run 17),
and the exclusion of discards had a negligible effect
on the terminal year results. Since discards were
known to have occurred at significant levels during
these two periods, the VPA calibration that included
discards (Run 17) was accepted as the preferred as-
sessment formulation.

VPA Diagnostics

" The diagnostics from the accepted VPA (Run17)
were similar to those from the accepted 1997 assess-
ment for this stock. The CVs on ages 1 and 2 are
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relatively high (0.61 and 0.39, respectively), but
range from 0.25 to 0.31 for older age classes (Table
B19). The maximum partial variance (2.433) occurs
on the US spring Yankee 41 age 1 index (years 1973-
1981). The CVs on estimates of survey gs ranged
from 0.15-0.34 and were generally inversely related
to the length of the time series for each survey.

There were 25 residuals with values greater than
2.0 in the accepted assessment. Standardized residu-
als for-all four survey series were plotted in Figures
Bl4a and b. Residual patterns were generally ran-
dom, although year effects across ages were apparent
in some instances (e.g., 1996 US spring survey at all
ages).

VPA Results

The assessment results indicate that stock num-
bers ranged between 350 and 725 million fish during
the early 1960s and declined rapidly to 16 msHion
fish by 1971 (Table B20). Improved recruitment from
three strong year classes (1972, 1975, 1978) resulted
in a temporary increase in stock numbers to 133
million fish in 1979, but stock numbers declined to
less than 25 million by 1983. Stock numbers remain-
ed stable during the mid 1980s, but declined to a rec-
ord low of 15 million fish in 1991. Stock number in-
creased again in the early 1990s and, with the excep-
tion of 1997 (large numbers of age 1 haddock), ap-
pear to have stabilized at approximately 37 to 40 mul-
lion fish.

Spawning stock biomass (SSB) was estimated to
be approximately 150,000 mt in the early-to-mid
1960s, but declined sharply reaching a low of 12,000
mt in 1973 (Table B21; Figure B15). SSB increased
with improved recruitment in the 1970s reaching
69,000 mt in 1978, but declined to approximately
20,000 mt by the mid 1980s. SSB remained stable at
this level until it began to decline in the early 19590s
reaching record low levels of 12,000 mt in 1993.
Since 1993, SSB has increased steadily reaching
40,500 mt in 1997.

Increases in spawning stock biomass since 1994

have occurred primarily as-a result of broadening-the -

age distribution of the adult stock. Stock numbers
have remained relatively constant since 1993, but the



age distribution of the adult stock has broadened by
roughly one age per year since 1993 (Figure B16).
Low total mortality rates are largely responsible for
the higher numbers of haddock at older ages.

Age 1+ mean biomass was estimated to exceed
200,000 mt in the mid-1960s, but declined rapidly to
25,000 mt by 1973 (Table B22). Mean biomass in-
creased in the mid-1970s reaching 104,000 mt in
1977, but declined below 50,000 mt by 1983. During
the mid-1980s to early 1990s, mean biomass declined
gradually reaching an assessment low level of 19,500
mt in 1992. Biomass has increased steadily since
1992 and was estimated at almost 53,000 mt in 1997.

Fishing mortality ranged between 0.32 and 0.61
during the 1960s and 1970s before declining below
0.20 in the mid 1970s (Table B23; Figure B17). Fish-
ing mortality increased in the late 1970s and ranged
between 0.32 and 0.45 from 1979 to 1991. In 1992
and 1993, fishing mortality increased sharply exceed-
ing 0.50. Since 1993, fishing mortality has declined
below the target fishing mortality rate (F,, = 0.24 -
0.28) for this stock. The terminal year (1997) esti-
mate is the lowest average fishing mortality rate esti-
mated for this stock since 1974.

Precision of F and SSB Estimates

Uncertainty and potential bias of estimates were
assessed using bootstrap analysis of the VPA calibra-
tion. One thousand bootstrap realizations were pro-
duced by randomly resampling survey residuals pro-
duced by the original calibration. Bootstrapped abun-
dance estimates had slightly larger CVs than the least
squares estimates produced by the original calibra-
tion. Estimates of bias were large on ages 1 (24.88%)
and 2 (12.44%), but were less than 4% for older ages.
Estimates of survey gs were comparable with those
produced in the original VPA calibration. Bias cor-
rected estimates of stock size for ages 2-8 were well
estimated, with CVs ranging from 0.15 to 0.42; how-
ever, the CV for age 1 was relatively high (0.71).
SSB was also well estimated with a CV of 0.15.

The diétribution of bootstrap realizations of SSB
suggests that there is an 80% chance that the 1997
SSB was between 34,200 mt and 48,100 mt (Figure
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B18a). There is a 0% chance that SSB has exceeded
the US management threshold biomass level of
80,000 mt. The distribution of bootstrap realizations
of fishing mortality suggests that there is an 80%
chance that F,, was between 0.098 and 0.122 (Figure
B18b). There is a 0% chance that F,, exceeded the

management target of F,, (0.26 as estimated by
Brown 1998).

Retrospective Analysis

Retrospective analyses of the Georges Bank had-
dock VPA were performed from 1997 back to 1991.
Given the short time period of the tuning indices
from the Canadian survey, no analysis was attempted
prior to 1991 to provide a minimum 5-year time ser-
ies of Canadian survey indices. The ADAPT proce-
dure was formulated to estimated ages -8 in the ter-
minal year, and unweighted mean fishing mortality
was estimated for ages 4-7.

Retrospective patterns for fishing mortality (Fig-
ure B19) were similar to those observed in the last
assessment of this stock (Brown 1998) with fishing
mortality consistently overestimated in the terminal
year of the assessment during the early 1990s. This
pattern began to shift in 1994, and by 1995, it appears
that fishing mortality was relatively well estimated in
the terminal year. The retrospective pattern indicates
that spawning stock biomass was slightly, but consis-
tently underestimated for terminal years from 1991
through 1994 (Figure B19). Consistent with the trend
observed for fishing mortality, there was a shift in the
retrospective pattern in 1995, with spawning stock
biomass being relatively well estimated in the termi-
nal year. The shifts in the retrospective patterns for
fishing mortality and spawning stock biomass corre-
spond with reduced catch and corresponding exploi-
tation rates occurring between 1994 and 1995.

Retrospective patterns were analyzed further by
examining patterns in the estimate of age 1 stock
abundance for year classes from 1983 to 1996 (Fig-
ure B20). The 1983-1991 year classes tend to pro-
duce stable terminal year estimates due to the conver-
gent properties of the VPA. Patterns for the 1992 to
1996 year classes were less stable. Retrospective
patterns for these year classes were highly correlated



with one another, with higher estimates in the 1994
and 1996 assessment years (1993 and 1995 indices),
and lower values occurring in the 1995 and 1997 as-
sessment years (1994 and 1996 indices). This pattern
would be consistent with interannual shifts in catch-
ability of research vessel surveys used as tuning in-
dices in the VPA calibration. Age 1 estimates of the
1995 year class dropped more than 60% from 23 mil-
lion fish (1995 terminal year) to less than 9 million
fish in the 1996 terminal vear assessment.

Biological Reference Points

Yield per Recruit

- A yield-per-recruit analysis (Thompson and Bell
1934) was performed during the 1997 assessment and
has not been revised in the current assessment. Re-
sults of these analyses indicate that F, | = 0.26 and the
overfishing definition currently defined by the North-
east Multispecies Fishery Management Plan (F,;, ) is
0.45 (Table B24; Figure B21). Estimates of F_,, are
considered to be unreliable because of the asymptotic
nature of the yield-per-recruit curve at high F levels.

Sustainable Fisheries Act Reference Points

One of the current challenges for the managemcntc

of marine fish and shellfish species is the determina-
tion of maximum sustainable yield (MSY) reference
points, as outlined in the reauthorization of the Sus-
tainable Fisheries Act (SFA). To comply with the
SFA and the proposed National Standard 1 guide-
lines, overfishing definitions must contain, at a mini-
mum, the following six elements that define manage-
ment targets and thresholds:

1. Status determination criteria: Objective and mea-
surable means of determining the condition of the
stock and the amount of fishing mortality should
be specified in the overfishing definition.

2. Maximum fishing mortality threshold: A maxi-
mum fishing mortality threshold (F ...15) may be
expressed either as a single number or as a func-

“tion of spawning biomass-or-other measure of
productive capacity.

3. Minimum biomass threshold: A minimum bio-
mass threshold (B, ... ,) is required to determine
when a stock is in an overfished condition.

4. Biomass target: A biomass target (B, should
be specified that would allow the fishery to
achieve MSY on a continuing basis.

5. Optimum vyield (OY): OY may be expressed in
numbers of fish, weight of fish, or as a formula
that converts periodic stock assessments into tar-
get harvest levels. Applying the precautionary
principal for fisheries management, OY should
always be less than MSY.

6. Maximum rebuilding time period:. If a stock is
overfished, management must specify a time per-
iod for rebuilding that is as short as possible, tak-
ing into account the biology of the stock. In no
case, should the time frame for rebuilding exceed
10 years.

A dynamic shift in productivity of Georges Bank
haddock is problematic for estimation of overfishing
reference points based on maximum sustainable
vield. Despite the availability of a long time series of
relatively precise stock assessment information, con-
ventional methods have been largely unsuccessful in
providing reliable estimates of overfishing reference
points. Results from several approaches are summa-
rized to provide advice on new reference points to
meet SFA requirements.

Landings, stock biomass, spawning biomass, and
recruitment of Georges Bank haddock were relatively
stable at high levels from 1930s to the 1950s (Figures
B2, B15, and B17). Two extremely abundant year
classes (1962, 1963) led to increased catch and bio-
mass in the early 1960s. Following this productive
period, recruitment, stock biomass, and catch declin-
ed significantly and have remained at low levels for
the past three decades.

Stock-Recruit Methods

Spawning stock and recruitment data are discon-

tinuously distributed into two periods: high SSB and



R (1931-1967) and low SSB and R (1968-1995). A
bivariate cluster analysts discriminated the two dis-
tinct regions, with 75% confidence regions of
70,000-110.000 mt for the high SSB period and less
than 70,000 mt for the low SSB period (Figure B22).
Overholtz er al. (1998) used the latter pertod to fit a
SSB-R relationship because attempts to fit a single
relationship to the entire time series had problems
with significant parameters, convergence, and unrea-
sonable results. Stochastic projection of the short-
term SSB-R relationship suggest that biomass can
slowly rebuild at F, , (currently estimated at 0.26).

Using the short-term SSB-R relationship and the
yield- and SSB-per-recruit estimates in NEFSC
(1997), age-based production calculations (described
in Mace 1994}, suggests that MSY = 10,000 mit,
SSB,,, = 80,000 mt, and F_,, = 0.38 (Table B25).
However, F_,, was not well defined and F __, ap-
proaches infinity. Furthermore, this result is inconsis-
tent with assessment results that suggest that the
stock sustained yields of 20,000-60,000 mt at SSB
levels of 70,000-100,000 mt for three decades (1931-

1960).

Cook (1998) analyzed the recent SSB-R data
from the eastern portion of Georges Bank (1963-
1996) and found no obvious SSB-R relationship. A
fitted LOWESS smoother failed to demonstrate a re-
lationship and resulted in a flat-topped production
curve, similar to the analysis described above. In con-
trast to the projections by Overholtz et al. (1998),
simulations by Cook (1998) indicate that SSB will
fluctuate at approximately 25,000 mt even at low F
(0.2), and there is low probability that SSB will in-
crease to 80,000 mt at F,,. These analyses indicate
that F,, may be an adequate long-term target for
management, but may not be an appropriate target to
promote rebuilding.

Biomass Dynamics Methods

Fitting a logistic Schaefer model to the Georges
Bank haddock data is also difficult. Spencer and Col-
lie (1997) obtained plausible parameter estimates
with a highly constrained model applied only to re-
cent data (1976-1993; Figure B23). Similar to the
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age-based results, estimates of MSY and B, were
well below historically sustainable levels (Table
B25).

Spencer and Collie (1997) could only fit a linear
biomass-yield relationship to the entire time series of
biomass and landings, The MSY and B, estimates
were unrealistically high. Fitting just the historical
data (1931-1963) to a Schaefer model produces sim-
ilar results (Figure B23, Table B25).

Spencer and Collie (1997) fit a production model
with a nonlinear predation rate to the entire time
series. The model fit the data reasonably well (Figure
B23), but produced estimates of MSY and B, that
were rarely observed (Table B25). The estimate of
MSY (70,000 mt) was only exceeded in two years,
and the estimate of B, (250,000 mt) was only ex-
ceeded in five years. An overfishing definition based
on the nonlinear predation rate model would be prob-
lematic because there are multiple equilibrium Yields
at F, that range from 5,000 to 70,000 mt.

Dynamic Pogl Metheds

The TRAC recommended that proxies may have
to be used to meet SFA guidelines (DFO 1998). One
suggested proxy was applying an average recruitment
from a specified period to yield-per-recruit and bio-
mass-per-recruit estimates. Under the assumptions
that F,, is sustainable (as indicated by ICES 1997,
Overholtz et al. 1998, and Cook 1998), and mean
recruitment from 1931 to 1961 represents the level
which produces MSY, MSY = 60,000 mt, B =
375,000 mt, SSB,,, = 290,000 mt, and F ., = 0.26
(Table B25). Estimates of biomass and SSB which
can produce MSY are much greater than the levels
observed in the same period (1931-1961) because the
current exploitation pattern is substantially delayed

- compared to historical patterns.

Descriptive Methods

The TRAC also recommended that MSY proxies
may be based on historical estimates of biomass and
yield (DFO 1998). Assuming that mean 1931-1961
levels of observed vield and estimated stock size ap-



proximate MSY conditions, MSY = 46,000 mt, B,
= 160,000 mt, and SSB,,, = 105,000 mt. Implicitly,
F on total biomass during this period was 0.29, which
may not apply to the current exploitation pattern,
Therefore, historical levels of F may not be an appro-
priate proxy for F,, because selectivity patterns were
much different than the current fishing patterns.

Reference Points and Control Rule

Estimating MSY reference points may not be pos-
sible for this stock because of the apparent shift in
productivity (DFO 1998). However, attempts to de-
rive MSY proxies from historical data are hampered
by a change in exploitation pattern from the historical
period to current conditions.

The following MSY-based reference point prox-
les are proposed. Based on the historic period of sus-
tainability, SSB,,, may be approximately 105,000 mt,
It appears from age-based simulations (ICES 1997,
Overholtz ef al. 1998, Cook 1998) that F, ; may be an
appropriate proxy for F ., but lower levels are re-
quired to rebuild the stock. The discontinuity in pair-
ed SSB-R observations suggests that it is desirable to
maintain SSB levels greater than 68,000 mt. By anal-
ogy to other stocks with F_, of approximately 0.26,
Georges Bank haddock is expected to have the ca-
pacity to rebuild from ¥2B_  in 10 years or less.

A control rule based on proxies to MSY-based
reference points can be derived from these analyses
{Figure B24). When SSB is greater than 105,000 mt
{1931-1961 historical average), the overfishing limit
is Fy, (0.26), and the target F is 75% of the F;, proxy
{0.20; as proposed by Restrepo et al. 1998). To avoid
low levels of recruitment, the limit F decreases lin-
early from 0.26 at 105,000 mt SSB to zero at 52,500
mt SSB (¥2SSB,,,), and the target F decreases lin-
early from 0.20 at 105,000 mt SSB to zero at 68,000
mt SSB. The most current estimates of SSB and F,
indicate that F exceeds the rebuilding limit, indicat-
ing that the stock is overfished.

Short-Term Projections

Short-term stochastic projections were performed
for 1999 and 2000 projécting for three scenarios of
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fishing mortality in 1998 (F = 0.00, sratus quo F; =
0.11, F,, = 0.26; Table B26). Terminal stock size es-
timates for the terminal year of the assessment were
assumed, and fishing mortality in 1998 was assumed
to remain constant at Fo; = 0.11. Projections were
based on a partial recruitment vector estimated as the
geometric mean of the 1995-1997 Fs from the final
VPA calibration, arithmetic mean of 1994-1996 stock
and catch weights, and pooled median maturity at age
estimates for 1995-1997. Discard proportions at age
were estimated at the geometric mean of discard pro-
portions from 1995-1997, and mean weights were es-
timated as the arithmetic mean of mean discard pro-
portions for 1995-1997. Age | recruitment for the
1997-1999 year classes was estimated by résampling
of observed age 1 recruitment from the 1979-1996
year classes.

Projection results indicate that, in the absence of
fishery removals for 1999 (i.e., Fy, = 0.00), SSB
would increase to 58,700 mt in 1999 and 63,400 mt
in 2000 (Table B26; Figure B25). Under this sce-
nario, there would be an 80% probability that the
SSB in 2000 would range from 51,800 to 77,600 mt,
and approximately a 7% chance that SSB would ex-
ceed the US management threshold of 80,000 mt.

Projection results indicate that, under the status
quo Fg; = 0.11 scenario, SSB would increase to
57,400 mt in 1999 and decline to 56,900 mt in 2000
(Table B26, Figure B25). There is an 80% probability
that SSB in 2000 would range from 46,300 to 70,000
mt, and less than a 2% chance that SSB would ex-
ceed the US management threshold of 80,000 mt. At
status quo F, US and Canadian landings are projected
to rise to 4,600 mt in 1999. There is an 80% proba-
bility that landings would range between 3,800 and
5,300 mt in 1999. Under the status quo F;; scenario,
median discard levels from the US fishery in 1999
would be approximately 600 mt.

Projections results indicate that under an F, =
0.26 scenario, spawning stock biomass will rise to
55,600 mt in 1999 and decline to 49,200 mt in 2000
(Table B26; Figure B25). There is an 80% probability
that SSB in 2000 would range from 39,800 to 61,000
mt, and a 0% chance that SSB would exceed.the US
management threshold of 80,000 mt. The median
value of the projected 1999 landings is 10,100 mt,



and there is an 80% probability that 1999 landings
would range between 8,500 and 11,800 mt. Under the
F,, scenario, median discard levels from the US fish-
ery in 1999 would be approximately 1,400 mt.

The decline in SSB at relatively low fishing mor-
tality rates occurs because of relatively poor recruit-
ment in recent years relative to recruitment of pre-
viously-conserved year classes that currently com-
prise the majority of the spawning stock biomass.
Much of the rebuilding in SSB since 1993 has been
due to somatic growth of conserved year classes rath-
er than any significant improvement in recruitment.
Further increases due to growth of conserved year
classes is unlikely because production is likely to
level off as losses of SSB from natural mortality and
[ow rates of fishing offset any gain in biomass due to
somatic growth as fish grow older. SSB levels can be
stabilized or slightly increased between 1999 and
2000 only if fishing mortality is maintained at very
low levels (less than O.11).

Comparison of the US Assessment of 57
with the Canadian Assessment of 5Zjm

Georges Bank haddock is a transboundary re-
source that is currently managed by both the United
States and Canada. Each country defines the different
" fishery management units for which stock assess-
ments are prepared. The US assesses and manages
the Georges Bank haddock resource as a unit area,
where the primary area of concentration includes all
of NAFO Division 5Z (US Statistical Areas 521, 522,
525, 526, 551, 552, 561, and 562. For management
purposes, Canada defines a management area that en-
compasses the Northeast Peak concentration of had-
dock in NAFO Subdivision 5Zjm (US Statistical
Areas 551, 552, 561, and 562). Thus, the Canadian
management unit is a subset of the larger US man-
agement unit. Both the US and Canadian manage-
ment units include waters within the other country’s
jurisdiction.

Recent management measures including Cana-
dian TACs, US area closures, and increases in reg-
ulated mesh size and effort control strategies in con-
junction with improved recruitment have resulted in
improved biomass and reduced F on both compo-

nents of the resource. Discard rates associated with
restrictive US trip limits have increased, but overall
US catch has declined substantially. Surveys and
special sampling of Closed Area 1 in US waters indi-
cate some increase in haddock resources in the Great
South Channel area.

To place assessment results of US and Canadian
assessments on a comparable basis, the VPA results
from the US survey were bias corrected and a deter-
ministic VPA was run using bias-corrected, terminal-
vear stock sizes. Stock numbers and SSB estimates
were calculated using ages 1-8 (excluding the age 9
plus group) to be consistent with Canadian assess-
ment results. SSB estimates were calculated using
Canadian survey mean weights to scale biomass esti-
mates to the Canadian assessment.

A comparison of catch from the two management
jurisdictions indicates that the majority of the Bank-
wide catch has come from eastern Georges Bank
(5Zjm) in the management area common to both as-
sessments (Figure B26). This result is consistent with
both US and Canadian survey results which indicate
that the majority of the haddock resource has-been
concentrated in this area since the mid 1980s. Long-
term trends in fishing mortality are consistent be-
tween the assessments (Figure B27). Both assess-
ments show initial high levels of fishing mortality
declining to low levels in 1974, and then gradually
increasing through the 1980s. Fishing mortality in-
creased sharply in the early 1990s, and then declined
below 0.20 in 1995, 1996, and 1997 in both assess-
‘ments.

Recruitment patterns are also consistent between
the assessments, with both indicating large 1975 and
1978 year classes and moderately-sized 1983, 1985,
1987, and 1992 year classes (Figure B28). Estimated
age 1 recruitment in both assessments indicates that
vyear classes after 1992 are relatively weak, except
that both assessments estimate that the 1996 year
class is approximately 13 million fish at age 1.

A comparison of total age 1+ biomass trends
shows a consistent overall pattern between the as-
sessments (Figure B29). Both assessments indicate a
decline in stock biomass in the late 1970s, some
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resurgence in the mid 1970s, a gradual decline
through the early 1990s, and an increase since 1992.
The US assessment consistently estimates a larger
stock biomass because it includes a larger manage-
ment area. Biomass in the two assessments converges
following the mid 1970s as haddock resources on
western Georges Bank (included only in the US as-
sessment) declined to very low levels. The slight di-
vergence in biomass between the two -assessments in
the most recent years may be interpreted as an indica-
tion of some stock rebuilding in the western part of
Georges Bank. This observation is consistent with
both US and Canadian survey results indicating high
densities of haddock inside Closed Area 1.

If stock rebuilding is occurring in the Great South
Channel area in the western part of Georges Bank,
US and Canadian assessment results would be ex-
pected to diverge in the future. Both countries have
adopted a management objective to fish the Georges
Bank haddock resource at a level at or below Fg,.
Current assessment results are similar, and resulting
short-term management advice can be expected to be
consistent between countries in the near future.

SARC Comments

It was suggested that the stock may be exhibiting
a lower biomass equilibrium than occurred during the
1931-1960 period. If this is true, it may not be possi-
ble to achieve significantly improved recruitment
needed to rebuild stock biomass to Amendment 7 or
MSY-based targets. However, if stock rebuilding is
not attempted, it will never be known if biomass tar-
gets are attainable. In the 1931-1960 period and in
the period of biomass increase in the late 1970s, the
proportion of stock biomass and recruitment contri-
bution of the western compoenent (Nantucket Shoals)
was significantly higher than during the current per-
iod. Some evidence of rebuilding of the western com-
ponent is apparent, and this will likely contribute to
improved future recruitment.

A question was asked about how F, ; compares to
F,..s in the last ten years. F_,, from the 1980s was
..probably.around 0.05; however, recent survivorship
based on log (R/SSB) has improved and is now equal
to that found during the 1931-1960 period.
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The SARC discussed the use of age | vs age 2
stock numbers as a measure of recruitment. Rela-
tively poor estimates of discarding may have led to
proportionally higher numbers at age 1. It was noted
that the age composition of discards is fundamentaily
different between discards occurring in the 1970s and
in the 1990s. In the 1970s, discards were comprised
primarily of age 1 and 2 fish discarded in response to
minimum size limits and market acceptance. In the
1990s, discards occur across the age structure in re-
sponse to trip limit regulations.

The SARC questioned the confidence in $SB es-
timates for the period prior to research vessel surveys
(1931-1963). A conclusion was reached that, al-
though fishery-independent surveys were unavailable
to tune the assessment before 1964, sampling of com-
mercial landings was extremely rooust and the result-
ing estimates of stock size are reliable.

Research Recommendations

Improve the spatial and temporal coverage of bio-
logical sampling of commercial landings and dis-
cards. An increase in sea sampling coverage is
needed to better characterize the discard portion
of the catch. Alternative sampling designs for
gathering biological information should be inves-
tigated.

Estimate and use fishery-independent weights (vs
fishery catch weights) to estimate population pa-
rameters including spawning stock biomass.

Further investigate trends in survey catchability
associated with gear changes in the US spring re-
search vessel survey.

Examine the effects of treating zero values in the
survey data as missing values and develop meth-
ods that include these data.

Explore the use of multinomial error structure in
the catch-at-age matrix.

Investigate the impact of fixing the F-onterminal
ages.



® [nvestigate the use of alternative ratio estimators
to estimate the magnitude of haddock discards
occurring in the US fishery.

Conclusions

The Georges Bank haddock stock remains in an
over-exploited condition based on the current low
level of biomass in relation to management rebuild-
ing thresholds and pre-collapse stock levels. Fishing
mortality has been reduced, and Fy, (0.11 or 9% ex-
ploitation) is below the F,, rebuilding target
established in US rebuilding plans and is approxi-
mately equal to the ¥F,, rebuilding target proposed
by Canadian management interests. The age structure
of the population is continuing to expand, and the age
4+ biomass is at its highest levels since 1983. Spawn-
ing stock biomass in 1997 was estimated to be
40,500 mt, approximately half of the 80,000 mt stock
rebuilding threshold. Although the 1994-1996 year
classes appear to be moderate relative to recruitment
observed in the past decade, this recruitment level is
far below average levels when the stock was in a
healthy condition. The 1996 vear class, currently es-
timated at 13.8 million fish at age 1, will result in
continued increases in SSB through 1999. Increases
in SSB after 1999 will only occur if recruitment lev-
els are singificantly higher than have been observed
over the past decade.

Observed increases in spawning stock biomass of
Georges Bank haddock have resulted from conserva-
tion of a series of relatively weak year classes. This
is a necessary first step in the stock rebuilding pro-
cess. Significant rebuilding beyond projected 1999
stock levels will require improved recruitment sig-
nificantly higher than levels observed in the past de-
cade. To date, there are no indications in the survey
data to suggest that incoming recruitment has im-
proved significantly. The expanded age distribution
of the current spawning population may enhance fu-
ture recruitment prospects if paired with favorable
environmental conditions. Significant stock rebuild-
ing will only be achieved when significant and con-
sistent improvement in recruitment is realized. Until
this occurs, restrictive management practices will
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continue to be necessary to maintain fishing mortality
rates on this stock at very low levels.
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Table B1. Slgmﬁcant changes in management regulations governing the US commercial fishery for
haddock.

1953-1977 ICNAF FEra

1953 Minimum mesh in body and codend - 4 1/2",

1970 Areas 1(A) and 2(B) closed during haddock spawning season; from March through April.
1972-1974 Areas 1{A) and 2(B) closure extended to March through May.

Total Allpwable Catch {TAC) regulations impiemented for Subarea 5 haddock on an annual basis
beginning in 1972; set at 6,000 t per year.

1975 Areas 1{A) and 2(B) closure extended to February through May; haddock TAC declared for
incidental catches only

1977-Present Extended Jurisdiction and National Management

1977 USA Fishery Conservation and Management Act of 1976 (FCMA) effective.

1977-1982 Fishery Management Plan (FMP) for Atlantic groundfish (cod, haddock and yellowrail f1.),

mesh size of 5 1/8", seasonal spawning closure (areas 1 and 2), quotas established on annual,
quarterly and vessel class basis, eventually leading to trip limits.

1982-1985 The "Interim Pian" for Atlantic groundfish; eliminated all catch controls, retained closed area and
mesh size regylations, implemented minimum landings sizes. ;

1983 mesh size increased to 5 1/2 "
minimum landing size - 17" commerctal, 15" recreational.

1984 October ' Implementation of the 'Hague' line establishing separate fishing zones for USA and Canada in the
Gulf of Maine and on Georges Bank.

1985 Fishery Management Plan for the Northeast Multispecies Fishery.

5 1/2" mesh size, areas | and 2 closed during February-May.

1991 Amendment 4 established overfishing definitions for haddock in terms of Fmed (F20%) replacement
levels.
1993 Area 2 closure in effect from Jan 1-June 30.
1594 January Amendment 5 impiemented - expanded Area 2, Area 1 closure not in effect.
January 3 500 pound trip limit regulation implemented.
May 6 inch mesh restriction implemented (delayed from March 1).
December 8 Both Area 1,2 and Nantucket Lightship Area closed year-round.
1996 July'1 Amendment 7 implemented: additional Days-at-Sea restrictions, trip limit raised to 1000 pounds,
1997 May 1 Additional scﬁeduled Days-at-Sea restrictions from Amendment 7,
September 1 Trip limit raised to 1000 pounds/day, maximum of 10,000 pounds/trip.
1998 September 1 Propesed: Trip ﬁmit raised to 3000 pounds/day, maximum of 30,000 pounds/trip.
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Table B2. Commercial landings (metric tons, live} of haddock from Georges Bank and South (NAFO
Dtvision 5Z and Subarea 6), 1960-1996",

Year USA Canada USSR Spain Other Total
1960 40800 77 0 0 0 40877
1961 46384 - 266 0 0 0 46650
1962 49409 3461 1134 0 0 54004
1963 44150 8379 2317 0 0 54846
1964 46512 11625 5483 2 464 64086
1965 52823 14839 81882 ) 758 150362
1966 52918 18292 48409 1111 544 121274
1967 34728 13040 2316 1355 30 51469
1968 25469 9323 1397 3014 1720 40923
1969 16456 3990 65 - 1201 540 22252
1970 8415 1978 103 782 22 11300
1971 7306 1630 374 1310 242 10862
1972 3869 609 137 ' 1098 20 5733
1973 2777 1563 602 386 3 5331
1974 2396 462 109 764 559 4290
1975 3989 1358 8 61 4 5420
1976 2904 1361 4 46 9 4324,
1977 7934 2909 - 0 0 0 10843
1978 12160 10179 0. 0 0 22339
1979 14279 5182 0 0 0 19461
1980 17470 10017 0 0 0 27487
1981 19176 5658 0 0 0 24834
1982 12625 4872 0 0 0 17497
1983 8682 3208 0 0 0 11890
1984 8807 1463 0 0 0 10270
1985 4273 3484 0 0 0 7757
1986 3339 3415 0 0 0 6754
1987 2156 4703 0 0 0 6859
1988 2492 4046° 0 0 0 6538
1989 1430 3059 0 0 0 4489
1990 2001 3340 0 0 0 5284
1991 1395 5446 0 0 0 6841
1992 2005 4058 0 . 0 0 6063
1993 687 3727 0 0 0 4414
1994 218 2411 0 0 0 2629
1995 218 2064 0 0 0 2282
1996 313 3643 0 0 0 3956
1997 888 2739 0 0 0 3627

'All landings 1960- 1979 are from Clark et al. (1982); USA landings 1980-1981 are from Overholtz et al. (1983); USA landings
1982-1993 are from NMFS, NEFC Detailed Weighout Files and Canvass data; Canadian landings 1980-1994 from Gavaris and
Van Eeckhaute (1996); Canadian landings 1995-1996 from S. Gavaris (personal communication).

21895 tons were excluded because of suspected misreporting (Gavaris and Van Eeckhaute 1995).
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Table B3. US and Canadian commercial landings (mt, live) of haddock from Georges Bank and South
(NAFO Division 5Z and Subarea 6) by major gear type, 1965-1996.

United States Canada

Otter Long Otter Long

Trawl line Other Total Trawl line Other Total
1964 45617 742 133 46512 11624 1 0 11625
1965 52034 7186 73 52823 14862 22 5 14889
1966 51686 1127 105 52918 17905 63 324 18292
19567 33825 814 89 34728 12823 g6 2% 13040
1968 24930 495 44 25469 2201 111 11 9323
1969 15494 350 : 12 16456 3955 32 13 3980
1570 7979 430 & 2415 1906 76 2 1978
1671 7004 300 2 73086 1475 154 1 1630
1972 3674 120 5 3869 411 198 0 609
1973 2675 100 2 2777 1461 102 0 1358
1374 2308 80 8 2396 374 87 1 462
187% 3839 143 7 39889 1247 111 G 1358
1976 28490 51 13 2904 1192 154 15 1361
1977 7342 35 56 7934 2814 94 1 2309
1978 11962 63 135 12160 9718 171 292 10179
137% 14138 30 111 14279 4907 274 1 5182 —
1980 17170 30 270 17470 9510 590 1 10101
1981 15031 3 142 19176 4644 1015 0 5659
1982 12484 2 139 12625 4222 709 ¢ 4931
1983 8588 35 5% 8682 2396 813 3 3212
1984 8661 79 &7 8807 624 828 1 1463
1985 4194 43 36 4273 2745 626 41 3484
1986 3298 24 17 3339 2734 534 35 3415
1987 2124 21 11 2156 3521 10486 89 4703
1588 2408 32 52 2492 3183 695 97 40486
1982 1356 24 50 1430 1878 977 106 3059
1590 1949 15 37 2001 2411 853 76 3340
1391 1340 28 27 1395 4018 1309 119 5446
1392 1974 17 14 2005 | 2583 1284 50 4058
1393 659 1ls 12 687 2490 1144 94 3727
1394 175 33 10 218 1597 714 100 2411
1595 144 59 15 218 1647 389 28 2064
1295 210 63 40 313 2691 932 21 3643
1997 754 76 58 888 1991 713 36 2739

Other includes: scallop dredge, handline, gillnet, midwater trawl, Danish seine.
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Table B4. Number of trips, total discard, and total kept weight (pounds) of sea sampled trawl trips catching had-
dock in the Georges Bank stock area in 1997. Many sea sampled trips fish in multiple stock areas. Determinations
of trips exceeding the trip limit were made based on the total catch (kept + discards) from the entire trip. Discard,
kept, and discard ratios are reported based on fishing activity occurring within the Georges Bank stock area.

Year Area ’ Qtr 1 Qtr2 July, Aug September Qtr 4
Trips 0 0 0 0 0
Trips exceeding Trip Limit 0 0 0 0 ¢
Eastern Discard (pounds) 0 0 0 0 0
Kept (pounds) 0 0 0 0 0
1997 Discard Ratio --- --- - -- = -
Trips 5 0 4 0 i
Trips exceeding Trip Limit 1 0 4 0 0
Western  Discard (pounds) 1696.2 0 4202.5 0 13.5
Kept (pounds} _ 2151.6 0 5249.0 0 2498.0
Discard Ratio 0,788 .- 0.801 -~ - 0.005

Table BS. Number of trips, number of trips exceeding the trip limit, total discard weight (pounds), total kept
weight (pounds), and discard ratio (discarded/kept) for Georges Bank haddock reported for trawl trips in the
Vessel Trip Record database. Only traw] trips reporting discards for some species (haddock or any other species)
were included in estimates of discard ratio.

Year Area Qtr 1 Qtr 2 July, Aug  September Qtr 4
Trips 9 15 3 3 -4
Trips exceeding Trip Limit 8 4 1 0 0
Eastern Discard (pounds) | 32500 11415 800 : 60 500
Kept (pounds) 7185 0386 1870 1550 3930
1997 Discard Ratio 4.523 1.216 0.428 0.039 0.127
Trips 71 90 57 ‘ 37 32
Trips exceeding Trip Limit 19 19 24 5 6
Western Discard (pounds) 54255 29063 . 84947 6230 16567
Kept (pounds) 33680 39567 35220 142109 118495
Discard Ratio 1.611 0.735 2.412 0.044 0.140
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Table Bé6. Co_mmercial catch (landings and discards) of haddock from Georges Bank and subareas for the period 1996-1997. 1996 Canadian landings
were revised from 1997 estimates; US landings for 1996-1997 are provisional and subject to revision.

Landings ; Discards ‘Catch

Country Qiur 1 Qur2 Qe 3 Qi 4 Total Qtrl Q2 Qur 3 Qir 4 Total Total
1996 Eastern Canada e 1066.5 1717.3 8592 3643.0 - - - - —an 3643.0
1996  Eastern  USA 9.0 14.1 6.1 6.3 35.5 10.1 15.9 7.2 74 40.6 76.1
1996 ~ Western  USA 436 46.5 1.7 76.8 278.6 673 29.1 138.5 527 2876 565.2
1996 All Both 52.6 1127.1  1835.1 942.3 3957.1 77.4 45.0 145.7 60.1 3282 42843
1997  Eastern  Canada 3280 19396 4718 27394 2739.4
1997  Eastern  USA 74 18.3 14.3 83 48.3 335 223 5.7 i1 62.6 110.9
1997  Western  USA 931.3 120.1 295.1 331.0 839.5 150.3 88.3 278.9 463 563.8 1403.3
1997 Al Both 100.7 466.4  2249.0 811.1 36272 1838 110.6 2846 474 6264 42536

Table B7. USA sampling of commercial haddock landings for length composition from Georges Bank and South (NAFO Division 57 and Subarea 6),
1982-1993. Eastern Georges (areas 561, 562, 523 and 524), Western Georges (521, 522, 525, 526, 541, 542, 537, 538, 539 and Statistical Area 6). QI,
Q2, Q3, Q4, denote quarters 1, 2,3, and 4, respectively.

Number of Samples Number of Samples by Market Category, Area, and Quarter Annual Sampling Intensity
Scrod Large No. of Tons
Landed/Sample
: Eastern Georges Western Georges Eastern Georges Western Georges East Waest East West
# Fish #Fish

Year Mo. Meas. Aged Q1 Q2 Q3 Q4 Y O @ Q3 Q4 Y Q1 Q2 Q@ @4 T a1 Q@ @3 o4 ¢ Scrod Large
1982 B89 7851 1788 6 7 6 3 2 1 4 15 4 24 3 g 8 4 24 1 4 7 7 19 96 54 172 264
1983 104 8955 2000 3 9 4 4 20 2 5 8 2 17 7 9 6 5 27 2 12 17 &5 38 54 35 139 95
1984 57 4762 1142 11 4 2 118 0 1 2 3 6 9 7 01 5 22 3 3 2 a 1" 56 65 122 299
1985 32 2528 627 7 4 2 0 13 0 | 2 1 4 7 1 1 o 9 1 0 4 1 6 18 136 161 338
1986 30 2276 571 2 3 1 0 & 0 1 2 1 4 4 2 3 2 1N 1 2 3 3 9 186 77 98 92
1987 36 2573 837 2 7 0 1 10 0 0 3 1 4 3 4 1 3 11 2 1 6 2 1 51 41 168 52
1988 34 2542 1096 2 4 2 4 12 1 2 2 0 5 5 4 1 4 14 1 1 1 0 3 61 47 69 186
1989 23 1548 856 4 1 1 1 7 0 1 7 1 3 2 2 0 1 5 1 1 ) o 2 50 29 87 189
1990 27 2001 945 5 5 1 2 13 1 1 1 1 4 1 5 0 1 7 2 0 1 0 3 46 77 84 167
1991 32 1065 439 3 3 0 3 9 0 o- 7 0 7 0 9 0 3 12 4 0 0 0 4 56 48 35 3
1992 54 2456 922 7 10 5 0 22 3 4 0o -0 7 3 B 2 0o M 3 4 5 o 12 46 38 56 9
1993 31 114D 533 3 3 o 0 6 2 3 3 2 10 o 11 o o 11 0 0 5 2 4 30 27 13 20
1994 8 546 212 0 0 1 0 1 0 1 0 1 2 0 0o 1 0 1 2 1 0 1 a 11 46 22 23
1995 3 198 58 0 0 0 0 0 2 1 0 0o 3 .0 0O 0.0 0 0 0 0 0 0 - 25 - -
1996 6 524 i 0 0 1 0 1 0 0 0 1 1 0 0o 0 o' o 0 0 1 3 4 6 30 - 50
1997 34 3203 848 0 0 0 0 0 0 1 7 3 10 0 1. 0 0 1 1 1 7 13 22 22 33 10
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Table B8. Data sources and sample sizes of length used to partition 1997 US landings and discards from Western Georges Bank into numerical

catch at age. Both port samples of landings and sea sampled length frequencies were used to partition landings into numbers at length.

Discards
Market Category:: Large (1470) Scrod (1475) All
Area  Data Source Qtrs 1&2 Qtr 3 Qur4  Qus 1&2 Qur3 Qur 4 Qirs 1&2 July/August Sept - Dec
West  Port Sampling 308 768 1253 50 558 235 not used not used not used
West Sea Sampling not used not used not used not used not used not used 39 127 96
West  Catch (mt) 157.7 208.7 2497 55.7 86.4 812 238.6 2677 | 57.5
East Pori Sampling Used Western Georges Port Samples to Calculate Landings at Length Used Western Georges Port Samples to Calcotate Landings at Length
East Sea Sampling . --- --- --- --- --- --- --- ---
East Catch 18.8 12.1 7.1 7.0 2.2 1.2 55.8 5.2 1.6

Table B9. Summary of at-sea sampling of commercial trips and hauls from Georges Bank and South where haddock were sampled in 1997.

Quarter 1 Quarter 2 July, August September Quarter 4 Total
Trips 5 0 2 0 2 9
Kept Hauls 3 0 ' 9 0 4 25
Lengths 64 0 230 0 170 464
Trawl
Trips 3 1 3 0 2 9
Discard Hauls 8 1 8 0 - 8 25
Lengths 36 3 127 0 96 262
Trips 2 0 1 2 1 6
Kept Hauls 6 0 2 2 1 11
) Lengths 63 0 2 2 1 68
Gillpet Trips 5 0 5 5 l l
Discard Hauls 0 0 0 0 2 2
Lengths 0 0 0 0 2 2
Trips 0 0 0 0 0 0
Kept Hauls 0 0 0 0 0 O
Scallop Lengths 0 0 0 0 0 0
Dredge Trips 0 1 0 0 0 1
Discard Hauls 0 3 0 0 0 3
Lengths 0 3 0 0 0 3




Table B10. Catch at age {000's), mean weight (kg) and mean length (cm) at age of US commercial catch of
haddock from Georges Bank and South (NAFO Division 5Z and Subarea 6), 1982-1996. Catch at age from

1982-1993 includes only landings (discards assumed insignificant), while catch at age from 1994-1996 in-
cludes both landings and discards.

Year 1 s 3 4 5 ] 7 3 9+ TOTAL

USA Commercial Catch in Numbers (000's) a Age

1982 t 832 1164 2333 298 463 924 97 i0s 6237
1983 ] 33 454 432 ' 1360 196 P32 Tt e 3630
1984 0 81 259 664 345 1310 173 234 139 3506
1985 b] 384 245 B i 173 439 56 90 i839
1986 0 6 119 137 76 124 121 226 3% 1845
1287 0 g 39 5258 63 4 59 73 67 %81
[9R8 0 1 506 53 541 96 48 48 W0 1313
1989 ] 131 13 254 79 156 33 20 8 699
1990 ] 5 375 17 367 84 55 17 10 10130
1591 2 19 30 340 32 113 45 31 15 644
1992 a 17 83 70 507 97 11 24 g 917
1993 4 44 N 34 33 108 3l 16 7 324
1994 1 54 107 33 17 36 44 30 ] 3
1995 8 34 34 32 8§ 7 6 5 4 09
1596 30 26.7 916 954 52.1 9.1 47 18 85 08
1947 28.8 105.2 2146 252.8 969 336 7.7 9.1 149 7678
Commercial Caich in Weisht (tons) at Age
1982 1] 754 1641 . 4323 708 1275 3063 389 43¢ 12625
1983 ] 53 611 794 3452 527 508 2423 308 8676
1984 0 15 338 1203 756 3483 515 801 1632 2303 ;
1985 0 458 380 149 942 458 1323 218 342 42 i
1986 0 14 1352 227 169 340 339 751 147 3339 |
1957 o] 11 59 965 141 109 181 298 287 2451
1988 ] 1 127 30 1043 244 143 175 79 2492 i
1989 V] 134 29 439 174 393 13 16 31 1429
1990 0 5 by} 212 718 218 163 68 42 1998
1991 0 21 . 44 579 124 304 143 114 63 1390
1992 o] 23 125 128 1029 250 328 82 36 2000
1993 o] 53 46 10t 74 157 78 30 26 685
1994 t 55 164 0 43 i09 135 119 26 TR
1945 3 2 113 1ol 2l 22 2l 22 13 343
1996 2 3t 174 213 135 26 17 1l 32 641
1997 12 89 398 552 258 9 25 3 53 1513
USA Commercial Catch Mean Weight (k) at Age :
1982 0235 0932 1410 1.854 2375 2,753 3313 4.0i5 4051
1983 - 0.996 1.345 1.839 2.213 2.691 31345 3408 4.275
1534 - 0.924 1.305 1.812 2191 2.659 2979 3.425 3.718
1985 - 1,194 1.553 1.861 2.532 1644 3013 31909 3.798
1986 - 0.846 1.219 1.656 2230 1.807 2,798 1325 1781
1987 - 1.i82 1515 1.838 1239 2.662 3.074 31817 4.287
1988 - 1.065 1435 1.510 1.92% 2.545 2972 3.643 1963
1989 - 1.174 1.603 1.806 2.200 2319 3415 3783 3818
1990 - 0.981 1.523 1.809 1.959 2.597 2960 4.008 4.164
1991 - 1.143 1.505 1.704 2338 2.685 3.169 3.669 4337
1942 - 1.336 1.503 1.833 2.03¢ 2.584 2947 3.458 4267
1993 - 1.220 1.496 1.8717 2132 21376 2.251 1037 4014
1994 0.447 0.942 1.329 2103 2.565 3.007 34075 3924 4.546
1993 0.36% 0.836 1.340 1.952 2.490 31.027 3406 31400 3,981
1996 0453 L1758 1778 2.223 2.573 2924 3.799 1964 3307
1997 0.408 0.847 1.801 2.191 2.658 2.93% 3.209 3.390 3.361
USA Commercial Catgh Mean Length (cm) at Age
1582 76 44.4 51.5 56.8 61.9 65.3 637 74.8 T4.8
1983 - 453 507 56.6 607 64.6 59.5 704 T57
1984 - 447 50.3 36.1 60.4 644 61.7 705 na
1985 - 48,7 334 57.1 63.8 65.1 67.6 739 734
{946 - 433 49.3 543 60.5 557 66.1 702 3.1
1987 - 8.6 533 57.1 60.7 65.1 68.5 74.0 758
1988 - 46.8 51.9 533 58.3 642 679 725 74.3
1989 - 484 5386 566 807 640 71 744 749
1990 - 449 524 569 586 647 578 754 76.4
1991 - 4739 52.9 555 619 65.2 69.8 736 8.4
1992 - 49.6 531 57.1 9.1 64.8 68.0 T2.3 716
1963 - 48.1 5338 517 50.0 619 64.1 638 750
1994 346 447 524 58.2 62.6 654 66.1 T4 750
...... 1995 it s s 4 501 56.7 815 659 52.14 68.2 2.2
1996 350 415 54.5 520 62.2 63.2 1 721 T
1997 2.6 419 4.7 58.5 62.8 85.0 67.1 68.4 Ti4
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Table B11. Landings at age, mean weight (kg) of haddock landed in the Canadian fishery from Georges Bank
and South (NAFQO Division 57 and Subarea 6), 1982-1996.

Year 1 2 3 4 3 6 7 8 9+ TOTAL
Canadizn Commercial Landings in Numbers (000's) at Age
1932 0 313 469 1400 93 106 195 9 3 2590
1983 0 161 359 258 679 76 34 89 4 1660
1984 0 12 38 63 52 172 61 33 104 335
1985 0 2022 305 il4 . 89 55 87 22 62 2756
1986 6 28 1701 86 70 52 29 40 21 2043
1987 0 1986 90 1088 59 32 30 28 68 3381
1988 4 51 1878 81 390 33 7 16 86 2566
1989 0 1132 68 623 64 202 13 8 37 2147
1690 2 & 1670 53 301 14 122 29 34 1833
1991 6 429 62 1809 50 297 28 i23 57 2861
1992 7 230 237 : 62 1020 14 212 3 86 1871
1993 7 246 319 245 69 351 7 143 69 1636
1994 0 210 703 137 ' 49 33 107 13 37 1289
1995 1 56 512 405 52 24 2 50 15 1119
1996 0.1 27.0 472.0 850.5 411.5 59.2 17.3 2.6 70.6 1910.8
1997 0.0 72.7 68.6 525.4 4659 186.6 11.6 7.0 61.5 13742
Canadian Commercial Landings in Weight (mt) at Age

1982 0 331 730 2681 218 297 567 31

1983 0 166 503 470 1494 193 96 268

1934 0 11 33 127 117 476 178 110 -
1985 0 1917 3R6 236 193 162 286 71

1986 3 37 2480 181 204 151 106 170

1987 0 1652 125 2255 133 83 87 101

1988 2 50 2470 145 871 120 21 49

1989 0 973 99 1115 142 526 36 24

1990 1 6 1563 94 1118 32 134 69

1991 3 517 76 3325 101 781 66 356

1992 4 267 400 105 2309 29 631 8

1993 5 285 558 548 146 1475 21 448

1994 0 240 1173 308 131 80 303 42

1995 1 59 774 823 133 66 6 151

1996 0 28 679 1527 944 147 57 8

1997 i 88 92 918 997 462 35 24

- Canadian Commercial Landings Mean Weight (kg} at Age

1982 - 1.056 1.556 1.915 2.348 2,801 2.909 3414

1983 - 1.031 1.401 1.822 2.200 2.543 2.821 3.007

1984 - 0.883 1.401 2.010 2.257 2.770 2918 3.326

1983 - 0.948 1.264 2.068 2.169 2.942 3.289 3.238
1986 0.452 0.981 1.458 2.104 2913 2.899 31.646 4.248

1987 - 0.832 1.391 2.073 2.253 2.598 2.906 3.623

1988 0.421 0.974 1,315 1.787 2.234 2.264 2978 3.036

1989 - 0.861 1.449 1.789 2.215 2.604 2.795 3.014

1990 - 0.639 (0.956 1.461 1.711 2.232 2,281 2.736 2.396
1991 0.581 1.204 1.220 1.838 2.023 2.63 2.341 2.891

1952 0.538 1.163 1.687 1.694 2.264 2.073 2.977 2.633

1993 0.659 1.160 1.750 2.236 2.113 2.677 2.987 3.133

1994 0.405- 1.135 1.66% 2,246 2.664 2.439 2.835 3,240
1995 0.797 1.055 1.511 2.033 2.550 2.755 2.908 - 3.010
1996 0.576 1.022 1.439 1.795 2.294 2.485 3322 3.032

1997 0.685 1216 1.336 1.747 2.121 2476 3.034 3.367

'Data from Gavaris and Van Eeckhaute (1997) and S. Gavaris (pers. comim.).
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Table B12. Total catch at age (000's)and mean weight (kg) and mean length (cm) at age of commercial land-
ings and discards of haddock from Georges Bank and South (NAFO Division 5Z and Subarea 6), 1982-1996.

Year { 2 3 4 5 6 7 8 9+ TOTAL

Total Commercial Catch in Numbers (000's) at Age

1963 2910 4047 7418 11152 8198 2205 1403 721 1096 39152
1964 10101 15935 4554 4776 8722 5794 2082 1028 1332 54324
1865 9601 125818 44496 3356 4391 6690 3772 © 1094 1366 202584
1966 114 6843 100810 19167 2768 2591 2332 1268 867 136760
1967 1150 168 2891 20667 10338 1205 993 917 698 39031
1968 8 2994 709 1921 14519 3499 667 453 842 25612
1969 2 11 1698 443 634 5954 1574 225 570 L1136
1970 46 158 16 570 186 214 2308 746 464 4708
1971 1 1375 223 40 289 246 285 1469 928 4856
1972 156 2 450 81 32 120 78 66 1236 © 2221
1973 2560 2075 3 386 53 . 30 77 15 447 5646
1974 46 4320% 657 2 70 2 2 53 249 5401
1975 192 1034 1864 375 4 42 4 4 88 3607
1976 144 473 550 380 216 0 23 4 112 2407
1977 1 19585 187 680 515 o337 4 39 11t 21479
1978 1 761 14395* 305 367 517 139 14 67 16766
1979 1 26 1726 7169 525 410 315 96 46 10314
1980 g 31000° 347 975 6054 594 546 153 81 39758
1981 1 1743 10998 831 937 2572 33 158 94 17665
11982 1 1165 1633 3733 391 569 1119 106 110 8827
1933 0 214 813 690 2239 272 186 800 76 5290
1084 G 93 297 727 397 1482 234 267 543 4041
1985 0 2406 550 154 461 228 526 78 152 4566
1986 6 54 2810 223 146 173 150 266 60 3888
1987 0 1995 129 1613 122 73 89 106 135 4262
1988 4 52 2384 134 931 149 55 64 106 3879
1989 0 1263 86 877 143 358 46 28 45 2846
1990 2 11 1445 172 868 98 177 46 44 2863
1991 6 448 91 2149 102 410 73 154 72 3505
1992 7 247 320 132 1527 [§ 0! 323 27 94 2788
1993 7 250 350 299 164 639 38 159 76 1980
1994° 1.2 268.9 8104 170.3 65.6 69.3 150.8 434 427 1622.6
1995° 92 89.4 596.5 457.2 599 315 8.2 56.6 18.0 1326.5
1996° 51 53.6 569.6 946.0 463.6 68.2 21.9 54 79 2141.3
1997° 297 177.8 288.2 Tr7.4 566.8 220.2 19.3 i6.l 46.4 2141.9

81



Table B12. (continued)

Year 1 2 3 4 5 6 7 3 9+
Total Commercial Landings Mean Weight!(kg) at Age
1963 0.57 (.87 1.18 1.47 1.68 2.15 2.35 3.04 3.10
1964 . 0.50 0.83 1.12 1.43 1.64 2.01 2.40 - 2.64 2.97
1965 0.58 0.69 1.03 1.35 1.67 1.99 226 2.66 3.11
1966 0.58 0.73 0.89 1.26 1.70 2.07 2.28 2.87 3.18
1967 0.66 0.70 0.95 1.18 1.42 2.05 2.31 2.66 3.10
1968 0.59 0.81 1.05 1.32 1.57 2.10 2.32 2.62 2.86
1969 0.52 0.78 1.10 1.69 1.75 1.99 2.52 2.99 3.63
1970 0.71 1.27 1.22 1.93 2.19 2.39 2.58 323 3.75
1971 0.67) 1.03 1.3t 1.74 2.39 2.81 2.92 3.10 372
1972 0.62 1.03 [.74 2.04 242 292 3.06 3.44 3.66
1973 0.60 1.03 1.58 2.13 2.41 3.29 3.42 3.86 3.94
1974 0.72 1.06 1.82 2.32 2.83 3.76 4.05 3.92 4,26
1975 0.62 0.98 1.63 2.21 2.20 2.94 4.00 4.05 4.33
1976 0.50 0.99 [.39 1.69 2.66 (3.08) 3.69 4.67 494
1977 (053 1.07 1.44 217 2.73 321 4.15 4.00 499
1978 {053 094 1.50 2.04 2.79 3.19 3.37 3.61 5.11 -
1979 (0.33) 1.60 1.28 2.02 2.51 314 378 3.79 4,87
1980 0.55 0.94 1.21 1.73 2.17 2.82 3.60 3.56 3.87
1981 0.39 0.87 1.24 1.83 2.30 2.72 37 4.04 4.44
1982 0.22 0.97 1.45 1.88 2.37 2.76 3.24 3.96 4.09
1983 (0.33) 1.02 1.37 1.83 2.21 2.65 3.25 3.36 4.27
1984 (0.33) 092 1.32 1.83 2.20 2.67 2.96 341 3.72
1985 (0.33) 0599 1.39 1.98 2.46 2.72 3.06 3,72 3.80
1986 0.45 0.94 1.36 1.83 2.56 2.83 2.96 346 378
1987 (0.43) 0383 1.43 2.00 2.25 2.63 3.02 377 4.29
1988 0.42 0.98 1.34 1.68 2.06 245 2.97 3.49 3.96
1989 (0.53) 0.89 1.48 1.79 2.21 2.57 3.24 3.56 382
1990 0.64 0.97 1.48 1.78 2.12 2,58 2.81 2.99 4.16
1991 0.581 1.201 1.311 1.817 2.183 2.645 2.852 3.048 4,337
1992 0.538 1.175 1.639 1.768 2,186 2.519 2.967 3.365 4.267
1993 0.659 1.169 - 1.728 2171 2.119 2.628 2.649 3123 4014
1994 0.447 1.093 1.643 2.209 2.628 2.728 2.6802 3.783 4,546
{995 0.429 0.967 1.489 2.025 2.542 2815 3.275 3.091 39381
1996 0.456 1.098 1.497 1.838 2.325 2.543 3423 3516 3712

1997 0416 0.998 1.690 1.891 2.213 2547 3.1.4 3.380 3.655

'Data 1963-1979 from Clark et al. (1982); Data 1980-1981 from Overholtz et al. (1983): Data 1982-1990 current assessment and Gavaris and
Van Eekhaute (1991},

*(Of this total, approximately 1.0 miltion fish were added to the catch at age to account for high discards in 1974.

*Of this total, approximately 12.8 million fish were added to the catch at age to account for high discards in 1977.

*Of this total, approximately 5.0 million fish were added to the catch at age to account for high discards in 1978.

*Of this total, approximately 20.0 million fish were added to the catch at age to account for high discards in 1980.

*Total includes discards resuiting from trip limit regulations. for most year classes. See Brown 1998 for details.
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Table B13. Mean number and mean weight (kg) per tow of haddock caught in NEFSC spring and autumn
bottom trawl surveys from 1963-1996.

Spring Survey Autumn Survey

Year Number/Tow Weight (kg)tow Number/tow Weight (kg)/tow
1963 e e 14501 79.77
wesd e e 193.24 96.75
1965 101.69 7278
1966 — e 33.26 29.87
1967 - e 17.70 2547
1968 13.84 20.55 7.51 15.40
196% 7.33 16.93 3.38 8.44
1970 6.00 17.12 7.0 13.50
1971 2.79 5.00 420 5.59
1972 6.38 7.37 11.35 ) 8.47
1973 37.62 15.37 14 89 9.78
1974 19.01 17.70 4.05 3.99
1975 6.24 321 30,95 15.10 .
1976 83.19 1572 .07 3576
1977 36.86 24.58 2325 27.52 :
1978 19.41 3127 2529 18.06
1979 45.50 19.77 52.24 31.98
1980 60.06 53.92 3054 2198
1981 31.21 38.02 13.45 . 14.01
1982 -8.60 13.11 . 4.96 7.34
1983 5.60 1321 7.99 5.75
1984 6.24 745 5.38 4.48
1985 8.85 il.14 14,19 386
1986 5.85 5.86 6.81 510
1987 4.95 5.60 362 2.56
1988 3.38 343 5.35 5.57
1989 5.35 470 4,34 4,70
1950 7.68 7.37 292 : 2.62
1991 397 4.38 2.92 0.94
1992 1.18 1.41 6.06 3.17
1993 279 2.48 8.09 433
1994 499 3.63 358 2.93
1995 5.61 5.72 17.11 10.65
1996 23.40 25.73 4,47 4.11
1997 12.95 18.50 6.16 6.51
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Table B14. Conversion factors used to account for differences in fishing power between research vessels and
changes in doors used to conduct the US research vessel bottom trawl surveys. Coefficients of 0.82 (Delaware
Iy and 1.49 (BMV door) were applied to numerical abundance indices, and 0.79 (Delaware II) and 1.51

(BMV door) were applied to biomass indices.

Spring Autumn
Years Door Vessel Conversion Vessel Door
1963-1967 BMY - --- Albatross IV 1.49
1968-1976 BMV Albatross IV 1.49 Albatross TV 1.49
1977-1980 BMV Albatross [V 1.49 Delaware [T 1.222
1981 BMV Delaware 11 1.222 Delaware 11 1.222
1982 BMV Delaware II 1.222 Albatross IV 1.49
1983-1984 BMV Albatross IV 1.49 Albatross IV 1.49
1985-1988 Polyvalent Albatross [V 1.00 Albatross IV 1.00
1989-1991 Polyvalent Delaware [1 0.82 Delaware II 0.82
1992 Polyvalent Albatross IV 1.00 Albatross IV 1.00
1993 Polyvalent Albatross IV 1.00 Delaware I 0.82
1994 Polyvalent Delaware II 0.82 Albatross IV 1.00
1995-1997 Polyvalent Albatross TV 1.00 Albatross IV 1.00

-

Table B15. Stratified mean catch per tow (numbers) for haddock in NEFSC offshore spring research yessel
bottom trawl surveys on Georges Bank (Strata 01130-01250, 01290-01300), 1968-1996. Indices have been
corrected to account for changes in catchability due to changes in research vessels and doors.

Age group
Year 0 1 2 3 4 5 ) 7 8 9+ Total  Total 1+
1968 0.00 0.40 2.83 0.46 0.70 6.72 1.68 0.25 0.45 0.34 13.84 13.84
1969 0.00 0.00 0.07 0.58 0.25 0.42 4.23 1.03 0.28 0.46 7.33 7.33
1970 0.00 0.67 0.25 0.00 0.33 0.46 0.46 2.00 0.98 0.85 6.00 6.00
1971 0.00 0.00 1.16 0.25 0.00 6.12 0.12 0.09 0.82 0.22 2.79 2.79
1572 .00 4,02 0.09 0.61 .12 0.03 0.04 .13 0.02 1.30 6.38 6.38
1573 .00  30.68 4.84 (.00 0.54 0.09 0.00 0.18 0.0l 1.28  37.62 37.62
1974 0.00 2.13 13.29 2.86 0.00 .24 0.00 0.01 0.10 0.37 19.01 19.01
1975 0.00 0.94 0.97 3.32 0.63 0.00 0.13 0.09 0.01 0.15 6.24 6.24
1976 0.00 80.79 0.30 0.60 0.92 0.43 0.00 0.04 0.00 0.10  83.19 83.19
1977 0.00 0.61 33.41 0.42 1.22 0.60 0.435 0.00 0.04 0.12  36.86 36.86
1978 0.00 0.07 0.97 15.93 0.36 094 0.82 0.16 0.06 0.10 19.41 19.41
1979 G.00 36.12 i.58 1.13 5.71 0.33 0.16 0.37 0.06 0.04 45350 45,50
1980 0.00 520 4670 0.51 1.04 4.87 0.67 0.37 0.46 0.24  60.06 60.06
1981 0.00 3.30 3.29 19.49 2.19 0.76 1.78 0.24 0.11 005 3121 31.21
1982 0.00 0.76 1.53 0.94 4.07 0.42 0.28 0.61 0.00 0.00 8.60 8.60
1983 0.00 0.43 0.35 0.58 0.22 2.41 0.01 0.04 L.16 0.18 5.60 5.60
1984 0.00 2.09 1.18 0.64 0.63 0.38 0.72 0.07 0.04 0.30 6.24 6.24
1985 0.00 0.00 4.96 (.76 0.40 0.87 0.34 1.17 0.10 0.25 4.83 8.85
1986 0.00 2.49 0.18 2.06 0.24 0.11 0.21 0.12 0.33 0.11 5.85 5.85
1987 0.00 0.00 3.62 0.06 0.81 0.08 0.10 0.05 0.22 0.01 495 4.95
1988 0.00 1.55 0.04 0.99 0.13 0.32 012 0.11 0.12 0.00 3.38 3.38
1989 0.00 0.02 3.49 0.45 0.71 0.14 .41 0.06 0.03 0.01 5.35 5.35
1990 0.00 0.86 0.00 572 0.33 G.58 0.06 0.13 0.00 0.01 7.68 7.68
1991 0.00 0.54 1.07 0.24 1.85 0.09 0.10 0.02 0.04 0.02 397 397
1992 0.00 0.40 0.18 0.11 0.07 0.33 0.03 0.03 0.03 0.00 1.18 1.18
1993 0.00 1.17 0.65 0.18 0.14 0.12 0.37 0.06 0.02 0.02 2.73 273
1994 0.08 0.70 2.68 1.00 0.15 0.10 0.07 0.16 0.02 0.05 4.99 4.99
1995 0.00 0.50 129 - 232 (.91 Q.17 0.11 0.03 0.18 0.09 5.61 5.61
1996 0.00 1.09 4.59 8.86 521 2.62 0.35 0.07 0.08 0354 2340 2340
1997 0.00 1.79 1.02 3.35 3.66 2.0 0.89 0.13 0.07 0.02 12.95 12.95
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Table B16. Stratified mean catch per tow (numbers) for haddock in NEFC offshore autumn research vessel
bottom traw! surveys on Georges Bank (Strata 01130-01250, 01290-01300), 1963-1996. Indices have been
corrected to account for changes in catchability due to changes in research vessels and doors.

Age group
Year 0 1 2 3 4 5 6 7 8 9+ Total Total 1+
1963 8393 2539 9,22 6.81 834 595 2.04 1.68 1.18 0.46 145.01 61.08
1964 237 112.87 6374 5.83 1.79 3.81 156 0.69 0.25 0.33 193.24 190.87
1965 0.33  10.16  77.35 9.70 1.07 080 091 0.80 0.23 0.27 101.69 10%.36
1966 6.14 095 2.8%  18.39 335 G.52 04% 033 0.12 0.07 33.26 27.12
1967 0.03 6.72 6.36 0.99 6.76 1.62 049 0.21 .33 0.18 17.70 17.67
1968 0.09 006 0.95 0.13 0.33 3.86 1.27 0.27 0.16 0.39 7.51 7.42
1969 039 003 000 028 013 0.16 .52 0.51 0.09 0.27 3.38 2.99
1970 004 413 0.21 0.01 0.28 0.27 0.51 1.37 0.48 .40 7.70 7.66
1971 243 0.00 0.31 0.07 6.0t 0.22 0.03 0.09 0.75 0.28 4.20 1.77
1972 6.75 252 0.00 (.52 0.09 000 9.09 0.06 0.03 1.30 11.35 4.60
1973 3.23 9.00 .61 0.00 0.19 0.04 000 007 0.01 0.72 14.89 11.65
1974 0.75 1.77 0.98 + 0.3l 0.00 0.01 000 0.06 000 0.22 4.05 331
1975 2348 0.63 0.72 4.86 092 000  0.03 0.00  0.01 0.30 30.95 7.46
1976 432 6417 0.52 0.54 0.82 0.30 000 004 010 0.25 71.07 66.75
1977 0.13 2,14 18.73 0.56 0.57 0.64 0.34 0.04 0.01 0.09 23.25 23.12
1978  13.22 (.84 1.04 9.27 0.18 0.26 0.45 0.01 0.00 0.01 2530 1207
1979 1.32 4557 0.04 0.90 3.81 0.26 (.28 0.05 0.01 0.00 52.24 50.92
1980 11.68 271 1272 0.45 0.18 1.70 0.48 0.46 0.09 0.06 30.54 18.86
1981 0.38 6.13 2.08 3.70 0.21 0.42 0.53 0.00 000 0.01 13.45 13.07
1982 .37  0.00 1.33 0.34 140  0.13 0.07 0.21 0.01 0.10 4.96 3.61
1983 5.80 0.24 0.21 0.27 030 094 012 000 0.10  0.02 7.99 2.1
1984 0.03 3.32 0.88 0.24 0.28 0.06 0.45 0.000 0.00 0.12 5.38 535
1985 1135 0.65 1.53 0.22 0.03 0.10 007 0.17 0.00 0.05 14.19 2.84
1986 0.00 5.1 0.09 1.21 0.06 0.13 0.13 0.02 0.03 0.03 6.81 6.81
1987 1.80  0.00 0.79 0.10 0.77 0.06 0.06 0.02 002 0.00 3.62 1.82
1988 0.07 3.02 0.18 1.30 0.12 040 012 011 0.00 0.03 5.35 5.28
1989 0.47 0.05 271 0.20 .66 0.09 0.13 0.02 0.02 0.00 4.33 '3.87
1990 0.78 0.67 0.03 1.19 0.05 0.17 0.04 0.00 0.00 0.00 2.92 2.15
1691 2.16 0.21 0.24 0.05 0.22 002 002 0.00 0.00 0.02 2.92 0.76
1992 2.85 2.08 0.23 0.24 0.00 047 0.02 0.08 0.03 0.06 6.06 321
1693 1.52 4.04 2.01 0.30 0.00 0.06 015 0.02 0.00 0.00 8.09 6.58
1994 091 0.77 0.81 0.67 0.12 (.05 0.02 0.17 0.06 (.00 3.58 2.67
1995 2.27 7.14 4,90 2.32 0.38 0.01 0.00 0.7 0.02 0.00 17.11 14.84
1996 1.31 0.54 0.93 1.04 0.49 0.14 001 0.01 0.00 0.01 447 3.16
1997 032 247 1.47 0.75 (.55 0.33 0.13 0.00 0.07 0.08 6.16 5.84
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Table B17. Stratified mean catch per tow (numbers) for haddock in Canadian offshore research vessel bottom
trawl surveys on Georges Bank, 1986-1998'. The Georges Bank strata set includes strata 5Z1-5Z8. Indices
at age for 1997 were slightly revised based on complete ageing of available samples. The 1998 indices are
based on ageing a subset of available ageing material and will be revised in 1999.

Age group
Year 0 1 2 3 4 5 6 7 8 9+ Total
1986 0.00 4.06 0.22 6.05 1.07 0.19 0.29 0.34 0.37 0.42 13.01
1987 0.00 0.03 3.04 0.69 2.51 0.67 0.08 0.30 0.10 0.86 3.28
1988 0.00 [.47 0.03 8.53 0.17 2.85 0.18 0.17 0.1 0.50 14.03
1939 0.00 0.03 5.34 6.72 2.12 0.19 0.42 0.03 0.03 0.23 S 911
1990 0.00 0.93 0.11 9.87 0.13 3.36 0.23 1.0 013 0.34 16.19
1991 0.00 095 1.67 0.14 8.99 0.11 1.60 0.09 0.44 0.21 14.00
1992 0.00 3.30 2.95 1.13 0.17 3.82 0.03 1.06 0.04 0.58 13.08
1993 (.00 3.96 2.16 0.55 0.45 6.04 1.28 0.02 0.32 0.16 8.94
1994 0.00 332 11.52 4.08 042 0.24 0.02 0.70 0.01 0.27 20.59
1995 .00 1.94 262 . 430 222 0.56 0.28 0.00 0.48 0.66 13.06
1996 0.00 5.37 2.54 4.25 443 2.57 0.23 0.21 0.03 0.50 20.14
1997 (.00 1.74 1.15 0.81 2.36 2.47 1.77 0.24 0.09 0.59 11.22
1998 (.00 241 3.18 3.08 2.57 3.76 3.67 [.98 0.24 048 26.37

'S. Gavaris, personz! communication.

Table B18. Percentage maturity of female Georges Bank haddock at age, 1963-1997.

Age
Year 1 2 3 4 Source
1963-1967 0 0 78 100 Clark (1959)
Livingstone (pers. comm.,
March 1980) as cited in
1968 - 1972 0 28 76 | 100 Clark et al. ()1982)
Livingstone (pers. comm.,
1973 - 1976 0 34 92 100 March 1980) as cited in
‘ Clark et al. {1982)
1977 0 61 100 100 Overholtz (1987)
1978 0 26 99 100 Overholtz (1987)
1979 0 R 71 100 Overholtz (1987)
1980 0 41 100 100 Overholtz {1987)
1981 0 52 94 100 Overholtz (1987
1982 0 31 67 100 Overholtz (1987)
1983 0 11 39 100 Overholtz (1987)
1984 12 33 94 100 O’Brien (pers. comm.)
1985 - 1989 24 65 92 98 Brown {1998)
1990 - 1992 10 56 - 94 99 Brown (1998)
1993 - 1994 7 30 71 94 Brown (1998)

- 1995 - 1997 2 34 94 100 Current assessment
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Table B19. VPA run descriptions including a summary of diagnostics and results.

VPA Run # Run 14 Run 15 Run 36 Run 37 Run 17 (Accepted)
Tuning Indices
US Spring 1-8 Yes Yes Yes Yes Yes
US Spring 1973-1981 Yes Yes
{Yankee 41 years) separate index No No Yes
Canada Spring (-8 Yes Yes Yes Yes Yes
US Autumn 0-5 Lagged Yes Yes Yes Yes Yes
US Autumn 2-5 Lagged Yes Yes No Yes Yes
US Autume 5-8 Lagged Yes No No No No
Discards
1974-1980 Estimates Included Yes Yes Yes No Yes
1994-1997 Estimates Inciuded Yes Yes Mo No Yes
Diagnostics
Sum of squares 410564 343739 320.661 326.117 338,164
Mean squared residuals 071527 0.69583 0.65980 0.67102 0.69581
CVnl 0.62 0.61 0.59 0.60 0.61
CcVn2 0.39 0.39 0.38 0.38 0.39
CV n3 0.32 031 0.30 0.30 0.31
CV a4 0.28 0.27 0.25 0.26 0.27
CVas 0.27 0.27 025 G.26 027
CVné 0.24 0.25 0.23 024 0.25
cv a7 025 0.28 0.25 025 o7
CVnd 0.32 0.31 0.28 0.29 i 031
Min/Max CV q (US Spring) 0.16 - 0.17 0.16 - 0.17 N/A N/A N/A
MinMax CV q (US Spring w/o N/A N/A 0.18-0.20 0.18-0.20 G.19-0.21
Yankee 41 1973-1981) .
Min/Max CV q N/A N/A 0.27 -0.33 0.27-0.34 0.28 -0.34
(US Spring - Yankee 41)
Min/Max CV g (Can Spring) 0.24-0.258 0.24 -025 0.23-024 0.23-0.25 0.24-0.25
Min/Max CV ¢ (US Autumn) 0.15-0.17 0.15-0.15 0.14-0.15 0.14-0.15 0.15-0.15
Standardized Residuals > 2 23 27 _ 31 30 25
Max Partial Variance 1444 1436 2432USSpr  2.646 (USSpr  2.433(US Spréi - Age I}
{US Spr 1) (US Spr 1) 4] - Age 1) 41-Age )
Results
Stock Numbers
1998 nl 5323 5314 $350 5276 5424
1998 n2 10625 10607 11129 10999 11247
1998 n3 5501 5494 5793 3744 3808
1998 nd4 5025 5021 5267 5232 5259
1998 n5 4457 4374 5092 5063 4823
1998 nb 5229 4511 5108 5083 4786
1958 n7 1558 . 1539 1881 1872 1679
1998 n8 160 19% 258 257 215
1998 n9+ 459 466 513 511 499
Fishing Mortality
1997 F, 0.05 0.03 0.03 0.03 0.03
1997 F, 0.15 0.14 0.11 o1l 0.14
1997 F, 0.09 0.1t 0.09 0.09 0.10
1997 F, 0.12 0.12 0.09 0.09 0.1t
1997 F, Q.10 0.08 0.05 0.06 0.08
1997 F, , 0.12 G.11 0.09 0.09 0.11
Biomass a
1997 Mean Biomass 51436 50002 54381 53687 52869
1997 SSB 39669 18306 42138 41914 40472
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Table B20. Beginning vear stock size of Georges Bank haddock estimated from VPA éaiibration {Run 173.

STOCK NUMBERS (Jan 1} In thousands

1983 1964 1365 " 1966 1967 1968 1988
1 190707 471887 33154 4137 12954 422 988
2 32266 153505 377209 18457 3284 9565 338
3 32743 22756 1112860 154587 8920 2536 5122
4 . 45821 20096 14510 50831 68426 4687 1435
5 . 25031 27424 12131 7034 24274 37322 2099
6 S5l36 16351 14561 3959 3254 10519 17419
7 5595 5525 8144 5868 2535 1570 5446
3 2795 3309 2640 3255 2694 1177 582
9 4217 4251 3258 2201 2031 2163 1712
1+ 352361 725104 576869 28272¢ 128371 63962 35243
1970 13571 1972 1373 1374 1975 1976
i 4661 368 8517 19419 10549 7663 103326
2 807 3774 301 6632 13583 8595 6100
3 267 518 1846 245 371e 7212 6101
4 2657 204 222 1104 198 2448 4218
5 770 1660 131 109 555 160 1665
& 1127 462 1098 78 41 391 128
7 8874 729 156 790 37 32 282
3 3035 5177 338 57 577 28 22
9 1875 3245 6311 1678 2702 622 823
1+ 24073 16138 18921 30313 31958 27151 122465 -
1977 1878 15979 1980 1981 1982 1983 R
1 13817 6077 84012 10143 7233 2487 3125
2 84466 11312 43975 68782 8299 5921 2035
3 4566 51433 8573 4049 28264 5218 3793
4 4498 3569 28085 3457 3001 13183 2794
S 2657 3067 2646 173Ze 3586 1705 7421
& 1168 1709 1808 1692 8707 2088 1642
7 104 €33 532 1265 847 4802 11924
8 210 82 383 478 542 394 2919
9 535 380C 187 251 320 4086 275
1+ 112081 78273 132800 109445 60799 36210 24599
1684 1985 1986 1887 1988 1989 1990
1 17313 1770 14862 2195 16979 1113 2784
2 2558 14175 1449 12163 1797 13898 Il
3 1473 201¢ 9428 1138 8153 1424 10238
4 2370 937 1148 5177 815 4518 1088
5 1663 1283 592 738 2779 546 2905
6 4050 1003 '633 352 494 1433 318
7 807 1975 615 362 222 270 849
8 810 286 1141 387 216 132 179
9 1632 552 256 464 354 211 170
1+ 32475 23%90 30123 229586 31808 23544 19440
1991 1992 1993 19%4 1995 19946 1997 1598
1 2557 10034 17663 13359 10141 8905 13770 5424
2 2278 2088 8209 14455 10937 8294 7286 11247
3 736 1459 1486 6458 11591 8873 6742 3803
4 7073 520 505 500 4554 8950 6749 5259
5 735 3846 306 471 583 3315 6472 4823
6 1583 310 1767 157 3ze 423 2295 4786
7 171 933 317 851 66 238 284 1679
8 535 74 472 225 560 48 175 215
9 248 256 224 220 177 a8 504 439
1+ 159286 19720 31348 37096 38935 39113 44278 39738



Table B21. Spawning stock biomass (mt) of Georges Bank haddock estimated from the VPA calibration (Run 17).

358 AT THE START OF THE SPAWNING SEASON -MALES AND FEMALES {MT)

1963 1964 1265 1966 1987 1368 1569
1 20 a0 00 a0 00 00 0C
2 g ao 00 00 0o 1675 61
3 24231 15657 . 555869 91733 4933 1433 3119
4 56030 23019 14888 48137 60262 4294 1636
5 38627 36348 156595 3788 26344 41988 2731
5 15463 25241 20959 §348 3063 15408 26012
7 10878 10437 13801 102883 4575 2780 10825
3 £533 7058 5446 8850 5609 2397 1526
3 11435 10811 8271 5784 5324 5124 3278
i+ 164257 128561 145028 180528 112109 75100 51188
1970 1971 1972 1573 1874 1975 1976
1 a0 G0 00 oa 00 00 00
2 led 756 67 1594 3144 2253 1511
3 185 411 18652 213 4217 7627 6071
4 3442 286 304 1790 359 4459 6768
5 1303 3215 236 18¢% 1248 342 3694
£ 2067 873 2671 183 116 1039 316
7 17574 1530 354 2308 1256 113 863
8 7609 12877 962 170 1957 105 87
9 617 10451 20681 5771 1086l 2456 2771
1+ 3gs22 30239 28926 12277 21828 18393 22081
1977 1578 1978 1580 1981 1982 1983
i 00 00 00 00 00 00 a0
2 18010 2458 1135 12827 1687 1075 293
3 4152 45769 €803 3348 20429 40861 3149
4 7099 5677 44478 7311 3877 17441 3998
5 5547 6780 5354 30542 6248 3140 13001
4 2928 4335 5275 3786 18230 4575 2282
g 351 1848 2738 3440 2264 12587 3246
8 725 286 1233 1495 1783 1317 8371
9 2665 1798 800 828 1225 1447 1021
1+ 414746 68950 67818 63577 55742 45642 35362
15984 1988 1986 1987 1988 1989 1990
1 377 A 1124 143 1118 100 124
2 438 4756 494 4372 715 5116 347
3 1434 1768 8570 1104 67531 1459 10068
4 3218 1323 1607 7161 1120 6140 1584
5 2941 2281 1170 1355 4779 819 4867
0 8220 2170 1452 815 997 2892 646
7 1408 4921 1533 329 544 686 2031
g8 2289 824 3277 10861 503 383 488
9 5155 1824 853 1721 1208 718 620
1+ 25481 19977 20081 18661 17837 18413 20775
1991 1982 1983 1994 1995 1996 1397
H E] 348 602 270 52 52 &7
2 10640 887 1839 3483 2320 1838 1579
3 715 1708 1326 5823 13030 9372 8114
4 9860 687 1363 1482 7673 13654 10441
3 1322 6311 502 1026 1274 6561 12104
& 3298 1081 3528 303 820 974 5165
7 375 2205 751 2116 180 685 746
3 1352 192 121ie 638 1549 145 552
5 530 913 760 897 652 230 1705
L+ 18853 14313 11888 16039 2735G 33511 40472



Table B22. Mean biomass (mt) of Georges Bank haddock estimated from the VPA calibration (Run 17).

1963 19¢4 1965 1366 1367 1968 1969
i 37717 211381 14554 2142 7375 223 465
2 23694 108939 130544 9574 20286 5762 235
3 30570 20524 78455 107564 6249 2031 4132
4 32683 22565 13938 45273 60548 4253 1805
3 37107 33322 14300 8336 23358 41007 2735
B 15484 23867 19034 g292 4737 16184 25214
7 10228 3378 12048 3286 4088 2471 10392
8 6577 5509 4809 6534 5219 21865 1497
E) 10122 9407 6938 4896 4586 4345 4563
1+ 284182 445701 355820 201909 118185 78440 51038
1870 1971 1972 1373 1874 19875 1976
1 2883 224 4739 97497 6868 42438 46790
2 828 2777 280 5271 10667 7132 5243
3 286 458 25%2 349 5530 2098 7310
4 4091 287 324 1700 414 44930 6721
5 1320 3249 248 187 1325 31s 3729
) 2183 791 2731 181 138 380 356
7 17700 1487 300 2318 132 107 901
2 7635 12199 942 169 1948 96 85
g 5489 9175 18667 2098 9912 2252 2514
1+ 42535 30646 30743 25050 36930 28718 7364%
1877 1978 1379 1980 1381 1982 1883 -
1 6637 2919 40356 5055 2556 496 935 ;
2 71251 9286 4456 42826 5777 4635 1774
3 5828 58805 8829 4234 24525 5627 4146
4 8109 6283 45854 7708 4195 18857 3990
5 5866 6360 5355 27182 6370 319z 12301
5 2803 4088 5036 3444 17845 4415 2134
7 385 1696 2569 3370 2197 12255 3216
] 683 242 1163 1258 1654 1200 7507
9 2412 1634 711 718 1072 12746 899
1+ 103974 91923 114369 95456 86195 51953 36901
1984 1385 1686 1887 1288 1985 1390
1 5178 530 5060 855 64463 535 1614
2 2081 11524 1210 8320 1571 106586 796
3 1586 2140 9644 1383 8251 1848 12664
4 3241 1487 1699 7708 1128 6538 1601
5 2872 2263 1182 1368 4186 931 4624
) 7714 2157 1372 742 908 2867 605
7 1262 4651 1422 853 515 717 1508
8 2027 814 3109 1049 566 376 415
el 4456 1607 761 1509 1056 £45 549
1+ 30405 27171 26459 23788 24644 25113 24775
1991 1952 1393 1994 1395 1996 1997
1 1345 4821 10547 5412 3341 3679 5186
2 2208 2080 8532 14177 9543 8226 6505
3 815 1902 201¢% 8956 15209 11621 100940
4 9624 714 1443 1612 7902 14050 10839
5 1344 5844 473 1035 1287 6449 12363
3 3264 1022 3294 286 788 888 5020
7 331 2008 711 2017 182 703 771
8 1236 178 1076 689 1482 138 310
S 815 780 655 810 605 213 1585
1+ 20982 19418 28751 34594 40318 45967 52869
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Table B23. Estimated fishing moi’tality (F) for the Georges Bank haddock estimated from VPA calibration (Run

7).
1963 1364 1365 1966 1987 1468 1969
1 .02 J.02 0.39 0.G 0.10 0.02 .00
2 0.15 T.o12 3.48 0.53 .08 0.42 3.04
3 0.25% 0.25 0.58 0.85 0.44 0.37 0.486
4 2.31 0.30 0.52 .54 0.41 0.60 D.42
5 0.37 0.43 0.51 0.57 0.¢€4 0.56 0.42
5 0.31 0.50C 3.71 0.65 G.53 0.46 0.47
7 .33 .54 .72 0.58 0.37 0.683 0.38
8 0.34 0.42 0.61 J.56 0.47 0.55 .45
9 T.34 0.42 0.61 .36 0.47 G.55 0.45
19740 1971 1972 1973 1974 1975 1976
1 0.01 (.00 0.02 7.1 G.00 0.03 0.00
2 0.214 G.52 0.01 0,41 .43 0.14 0.08
3 0.07 0.6&5 0.31 0.01 0.22 0.34 0.10
4 0.27 0.24 0.52 0.49 0.01 0.1% 0.26
3 0.31 0.21 7.31 0.77 0.15 .03 0.15
5 0.24 0.89 0.13 .55 0.086 0.13 0.00
i 0.34 0.57 .81 0.11 0.08 0.13% 0.09
8 0.32 3.38 0.24 0.35 .11 0,17 G.22
3 0.32 .38 0.24 Q.35 0.11 0.17 0.22
1977 1978 1979 1880 1381 1982 1983
H 0.00 0.0C¢ 0.00 0.00 0.00 0.00 0.00
2 0.30 0.08 0.01 0.689 0.26 0.25 0.12 -
3 0.0s 0.37 0.25 0.10 0.56 0.42 0.27
4 0.18 0.10 0.32 0.22 0.37 0.38 0.32
5 0.24 0.23 0.25 G.49 0.34 0.29 0.41 ’
& 0.41 0.41 0.28 0.4% 0.40 0.386 0.34
7 0.04 0.28 0.47 0.65 0.57 0.30 0.1¢
3 0.23 0.21 0.32 0.44 0.39 0.35 0.36
9 0.23 0.21 0.32 0,44 0.39 0.35 0.36
1984 1983 1886 1987 1288 1389 1990
1 0.00 0.00 0.00 0.00 .00 0.00 0.00
2 0.04 0.21 0.04 0.20 0.03 0.11 0.01
3 .25 0.36 0.40 0.13 0.3% 0.07 0.17
4 0.41 0.26 0.24 0.42 .20 0.24 .19
5 0.31 0.51 0.32 0.20 0.48 .34 0.40
8 0.52 0.29 3.36 0.26 0.41 0.32 0.42
7 0.55 .38 0.31 0.32 0.32 0.21 0.26
3 0.45 0.36 0.30 0.38 0.40 .27 Q.33
5 0.45 0.36 0.30 0.38 0.40 0.27 0.33
1991 1992 1393 1394 1595 15%6 1987
i1 0.060 0.00 0.00 0.00 0.00 0.00 0.00
2 0.25 .14 0.04 0.02 0.01 0.0L 0.03
3 0.15 0.28 0.30 0.15 0.06 .07 .05
4 0.41 0.33 0.45 0.23 0.12 0.12 0.14
5 0.17 0.58 0.47 0.17 0.12 0.17 0.10
= 0.33 0.28 0.53 0.87 0.11 0.20 0.11
7 0.64 0.48 0.14 0.22 0.1 0.11 0.08
g C.38 0.51 0.47 .24 0.12 .14 0.11
9 0.38% 0.51 0.47 0. 0.12 0.14 0.1t
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Table B24. Yield-per-recruit analysis for Georges Bank haddock (from Brown 1998).

The NEFC Yield and Stock Size per Recruit Program - POBYPRC
PC Ver. 1.2 [Method of Thompson and Bel! (1934)] 1-Jan-1992

GEORGE BANK HADDOCK - 18597 AVE WTS, FPAT AND MAT VECTORS

Propartion of F bafore spawning: 2500

Proportion of M before spawning: . 2500

Natural Mortality is Constant at: 200

Initiat age is: 1; Last age is: 15

Last age 1S a PLUS group:

Original age-specific PR3, Mats, and Mean Wts from file:
==> (GBHADS7 DAT

Age-specific Input data for Yield per Recruit Analysis

Age | Fish Mort MNat Mort | Proportion | Average Weights

| Pattern Pattern |  Mature | Catch  Stock

T | . .0000 1.0000 | 0200 | 447 291

2 | .0400 1.0000 | 3400 | 1.083 731

3 | .3800 1.0000 | L9400 | 1.547  1.290

4 | 7200 1.6000 | 1.0000 { 2.030 1.812

5 | 1.0000 1.0000 | 1.0000 | 2.497 2.310

& | 1.0000 1.0000 | 1.0000 | 2.683 2.554

7 | 1.0000 - 1.00606 | 1.0000 | 3.197 2.9%2

g | 1.0000 1.0000 | 1.0000 | 23.270 3.087

S | 1.0000 1.00C0 | 1.0000 | 3.431 3.298

100 ] 1.0000 1.0000 | 1.0000 | 3.609 3.513
11 ] 1.4000 1.0000 | 1.0000 | 3.981 3.724
12 ] 1.0000 1.0000 | 1.0000 | 4.116 3.914
13 ] 1.0600 1.0000 | 1.0000 | 4.264 4,139
14 | 1.0000 1.0000 | 1.0000 | 4.492 4.294
15+ | 1.0000 1.0000 | 1.0000 | 4.841 4.638

summary of Yield per Recruit Analysis for:
GEORGE BANK HADDOCK - 1997 AVE WTS, FPAT AND MAT VECTORS

Slope of the Yield/Recruit Curve at F=0.00: --> 8.5284

F level at slope=1/10 of the above slope (FO.1): ----- > 264
Yield/Recruit corresponding to FO.1: ----- > L8086

F level to produce Maximum Yield/Recruit (Fmax): ----- > 1.485
Yield/Recruit corresponding to Fmax: ----- > 9781

F level at 30 % of Max Spawning Potential (F30): ----- > 454
SSB/Recruit corresponding to F30: -------- > Z.8760

92



Table B25. Alternative estimates of MSY biological reference points for Georges Bank haddock.

Method Feriod MSY (k mt) By, (k mt) Foe Scurce
Beverton Hoit S-R 1968-1995 10 80 0.38 ODRP 1998
Schaefer 1931-1993 143 896 0.16 Spencer & Collie
Schaefer - "1976-1993 13 65 0.20 Spencer & Collie
Steeie & Henderson 1931-1993 70 250 0.28 Spencer & Coilie
Schaefer 1931-1963 ' 68 323 0.21 ODRP 1998
YPR & mean R 1931-1961 60 375 ('290) %0.26 ODRP 1998
Descriptive 1931-1961 46 160 ('105) 0.29 ODRP 1998
'SSB,,,. Fully-recruited F.

Table B26. Stochastic short-term (3-year) projections of spawning stock biomass (mt), landings (mt), and
discards (mt) for Georges Bank haddock at fishing mortality levels of 0.00, status quo Fy, = 0.11, F; |, = 0.26,
and Fy,, = 0.45. Probability of SSB exceeds the US management threshold for spawning stock biomass level
(80,000 mt) is also given, along with the 10th and 90th percentiles for each estimate.

2000 Spawning biomass 1999 Landings 1999 Discards_

Fishing Probability of

mortality 10th 90th exceeding 80,000 mt 10th 90th 10th i 90th
F percentile Median  percentile threshold percentile Median percentile percentile Median  percentile
0.00 51,802 63,377 77,598 7 % 0 0 ] 0 0 0
0.11 46,303 56,877 69,978 2% 3,820 4,566 5,343 485 609 776
0.26 39,823 49,207 61,030 0% 8,451 10,110 11,843 1,083 1,362 1,741
0.45 33,062 41,210 51,598 0 % 13,408 16,150 18,926 1,749 2,204 2,828
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Figure B1. NEFSC statistical areas included in the Georges Bank haddock assessment. Shading indicates
the area where 99% of catch occurs, although landings from areas 5 and 6 south of the primary area of
concentration are also included in the assessment.
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Figure B2. Total commercial landings of haddock from Georges Bank and South, 1904-1997.
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Figure B3, Disimibution of discard ratios {discarded weight/kept weight)
for Georges Bank haddock trips reported in the Vessel “Trip Report

(VIR) und Sea Sample databuases in 1997, ‘The last two bars report trips

where the entire haddock catch was discarded.
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Figure B5. Length frequency distributions of discarded haddock
sampled at sea for three time periods in 1997. The haddock trip himit
was liberalized on September 1, 1997, resulting in a shift in the size
distribution of discarded haddock from predominantly sublegal size fish.
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Figure B7. Mean length at age in the US. Spring (Pancl A) and
Autumn {Panel B) surveys for Georges Bank baddock (37 & 6) trom
1990-1997. Mean lengths at age have remained relatively stable since
1990,



86

100

90 -
80
5 70
S
o 60
)
S 50
[
]
t 40
o ——
oy
Q
a

14982 1985 1088 149491 1994 199/

Figure BY. The proportion of U.S. catch by three month periuds during
the calendar year. Since 1994, the proportion of U.S. catch occurring m

the third and fourth quarters has increased relative to the first hall of the

year.

£ 100 v
O : ; S —_—
- A | NEFSC Sprng |
<] ! ! |
E 75 | :. i NEF3C Aaumn
n i | :
o !
t
= i
5 soF !
= |
- :
S 4
w 25 kY
0 \
c
o
@
= oL L

1961 1968 1971 1976 1981 1988 1951 1996

110
100 | B A {-— NEFSC Spring j

g0 i O NEFSC Autumn
so b
70

60 |-

50 |-
40
30 -
20 S

o L+ L 1 i po P ~ Il

1961 1966 1871 1976 1981 1986 1991 1996

Mean Weight (kg) per Tow

Figure B10. NEFSC and Canadian DFFO bottom trawl survey
abundance (number per tow: Panel A) and biomass (kg per tow; Pancl

B) for_Georges Bank haddock, 1963-1996. Surveys have not been

adjusted 1dr catchabilities.



66

30

25 L1esheeas

No Surveys
Before 1968

i
[=]
T T T T T Y

Canada Spring

: NG Surveys
4 |- Before 1986

Adjusted Mean Number per Tow
(=]

50
40
30
20
10

1966 1970 1974 1978 1982 1986 1990
Year Class

Figure B11. Stratified mean number per tow of age 0 and | haddock
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Research Vessel Surveys from Georges Bank and South,
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Figure B12a. Normalized indices of abundance at age (ages 1-4) for
Georges Bank haddock (57 & 6). Indices included the U.S. spring
(1968-1972, 1982-1996), the U.S. spring Yankee 41 (1973-19813, the
U.S. autumn (lagged forward to 1904-1998), and the Canada spring,
(1986-1994).
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Figure B12b. Normalized indices of abundance at age (ages 5-8) for
Georges Bank haddock (5Z & 6). Indices included the U.S. spring
(1968-1972, 1982-1996), the U.S. spring Yankee 41 (1973-1981), the
U.S. autumn (lagged forward to 1964-1998), and the Canada spring
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Figure B13. Comparison of log catchability estimates dertved from
Virtual Population Analysis for two trawls (Yankee 36 and Yankee 41
trawls). Results show a pattern of high catchability esumates at age for
the Yankee 41 trawl, providing some evidence that the catchability of
haddock was not equivalent between the gears.
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Figure B17. Trends in commercial landings (metric tons, live weight)
and fully recruited fishing mortality (mean F, 4-7, unweighted) for

Georges Bank haddock, 1963-1997.
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Figure B18. Precision of the estimates of spawning stock bromass
(Panel A) at the beginning of the spawning season (April 1) and
instantaneous rate of fishing mortality (Panct B) on tully recruited ages
(ages 4+) in 1996 for Georges Bank haddock. The vertical bars display
both the range of the estimator and the probability of individual values
within the range. The solid line gives the probability of individual
values within the range. The solid line gives the probability that F is
preater than or SSB is less than the corresponding value on the X-axis,
The solid arrows indicate the approximate 90% and 10% confidence
fevelg for IF and SSB. The precision estimates were derived from 1000
boolstraptrcplicaliuns of the linal ADAPT VPA formudation {Run 17).
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Figure B27. Comparison of fishing mertality {ages 4-7) estimated by the USA and Canadian assessments
of Georges Bank haddeck. For comparison purposes, USA assessment results have been bias corrected.
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C. GEORGES BANK YELLOWTAIL FLOUNDER

Ternis of Reference

a. Update the status of Georges Bank yellowtail
flounder through 1997 and characterize the varia-
bility of estimates of stock size and fishing mor-
tality rates.

b. Provide projected estimates of catch for 1998-
1999 and spawning stock biomass for 1999-2000
at various levels of F.

c. Review existing biological reference points and
advise on new reference points for Georges Bank
vellowtail flounder to meet SFA requirements.

Introduction

Yellowtail flounder (Limanda ferruginea) range
from Labrador to Chesapeake Bay. These flatfish are
typically caught at depths between 37 and 73 m, and
a major concentration occurs on Georges Bank to the
east of the Great South Channel. Yellowtail flounder
appear to be relatively sedentary, although seasonat
movements have been reported (Royce et al. 1959).
Spawning occurs during spring and summer, peaking
in May. Larvae are pelagic for a month or more, then
develop demersal form and settle to benthic habitats.
Growth is sexually dimorphic, with females growing
at a faster rate than males (Moseley 1986). Based on
tagging investigations (Royce er al. 1959; Lux 1963),
the management unit is considered to include Geor-
ges Bank encompassing statistical areas 5Zj, 5Zm,
5Zn, and 5Zh (Figure C1). Thus, the management
unit is transboundary in nature. Both the US and Can-
ada employ the same convention for the management
umt.

Over the past 25 years, the US fishery for yellow-
tail flounder has been managed using several strate-
gies. During 1971-1976, national quotas were allocat-
ed by the International Commission for the North-

west Atlantic Fisheries. Minimum mesh size, area

closures, and trip limits were imposed through the
New England Fishery Management Courncil’s Atlan-
tic Groundfish Fishery Management Plan from 1977

to 1982. In 1982, the Council adopted an Interim
Groundfish Plan, which established a minimum size
limit of 28 cm (11 in). In 1986, the Council’s Multi-
species Fishery Management Plan increased the min-
imum legal size to 30 cm (12 in), increased minimum
mesh size to 140 mm (5.5 in), and imposed seasonal
closures. Amendment 4 to the Plan further increased
the minimum legal size to 33 cm (13 in) in 1989.
Amendments 5 and 7 in 1995 and 1996, respectively,
limited days at sea, closed areas year-round, further
increased minimum mesh size to 142 mm (6 in dia-
mond or square), and imposed trip limits for ground-
fish bycatch in the sea scallop fishery.

The Georges Bank yellowtail stock has been as-
sessed for the last four decades using yield-per-re-
cruit analyses and various models for estimating
abundance and mortality from catch and survey data.
Results have shown that the instantaneous rate of
fishing mortality (F) has exceeded the level of maxi-
mum yield-per-recruit (F_,,) since the late 1950s
(Brown and Hennemuth 1971, Pentilia and Brown
1973, Sissenwine et al. 1978, Clark et al. 1981; Col-
lie and Sissenwine 1983, McBride and Clark 1983,
McBride 1989). Virtual population analysis (VPA)
calibrated with survey indices of cohort abundance
(Conser et al. 1991, Rago et al. 1994) confirmed that
F greatly exceeded overfishing reference points. The
1994 assessment showed that the stock had collapsed
and F needed to be substantially reduced to rebuild
spawning stock biomass (SSB) (NEFSC 1994a). An
updated analysis of combined US and Canadian catch
and survey indices confirmed historical patterns of
stock abundance and F, but indicated that F decreas-
ed in 1995 (Gavaris ef al. 1996). Projections based on
updated landings and survey information suggested
that F decreased and SSB was increasing (NEFMC
1996). Recently, an assessment based on VPA and
biomass dynamics modeling confirmed that biomass
was increasing and recent F levels were comparative-
ly low (Neilson et al. 1997). This is an updated stock
assessment with data through 1997. For further de-
tails on assessment methodology and results, see
Neilson and Cadrin (1998).
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The Fishery

Figure C2 shows the landings of Georges Bank
yellowtail flounder from 1935 to the present. Land-
ings, which have been predominantly taken by the
US fleet, gradually increased to 7,300 mt in 1949, de-
creased in the early 1950s to 1,600 mt in 1956, and
increased again in the late 1950s. Annual landings
averaged 16,300 mt during 1962-1976, with some
taken by distant water fleets. No foreign landings of
yellowtail have occurred since 1975. US landings de-
clined to approximately 6,000 mt between 1978 and
1981. Strong recruitment and intense fishing effort
produced landings greater than 10,500 mt in 1982
and 1983. In every year since 1985, landings have
been 3,000 mt or less. US landings fell to 1,100 mt in
1989, averaged 2,200 mt from 1990 to 1994, dropped
to a record low of 200 mt in 1995, then increased to
1,000 mt in 1997.

The principle fishing gear used in the US fishery
for yellowtail flounder is the otter trawl, but scallop
dredges and sink gilinets contribute some landings. In
recent years, otter trawls caught greater than 95% of
the total landings from the Georges Bank stock,
dredges caught 2-5% of the annual totals, and gillnet
landings were less than 0.1%. US trawlers that land
yellowtail flounder generally target multiple species
on the Southwest Part of the Bank, on the Northern
Edge, and just east of the closed area adjacent to the
international boundary. Current levels of recreational
and foreign fishing are negligible.

Discarding of small yellowtail is an important
source of mortality due to intense fishing pressure,
discrepancies between minimurn size limits and gear
selectivity, and recently imposed trip limits for the
scallop dredge fishery. Methods of estimating US
discards described in NEFSC (1997) indicate that
1997 discards were approximately 100 mt.

The directed Canadian fishery for yellowtail
flounder has had a shorter history than its US coun-
terpart and began in 1993. Prior to 1993, Canadian
landings were small, typically less than 100 mt (Ta-

ble Cl1, Figure C2). Peak landings of 1,328 mt occur-
red in 1994 in an unrestricted fishery and after a TAC

of 400 mt was established, yellowtail landings drop-
ped to 397 mt in 1995, In 1997, landings of yellow-
tail flounder were 809 mt against a quota of 800 ¢
(Table C2).

“Unspecified” flatfish landings in the Canadian
fishery have been significant in previous years and
generally consist of yellowtail on Georges Bank, To
estimate the proportion of unspecified flatfish in
1997 that were actually yellowtail, the ratio of known
yellowtail to the sum of known winter flounder,
American plaice, and yellowtail flounder caught by
month and unit area was calculated. For otter trawi
landings, the ratio was relatively constant over the
months of the fishery, and the values of 0.31 and 0.92
were used for areas 5Z) and 5Zm, respectively. The
unspecified flounder problem has been considerably
reduced over time due to improved monitoring of the
landings. In 1997, only 32 mt of unspecified flounder
were landed. Table C1 shows the total Canadian yel-
lowtaii landings, which includes both the spetified
yellowtail flounder plus the assumed yellpwtail
flounder, calculated as described above.

The majority of Canadian landings of yellowtail
flounder are made by otter trawl from vessels less
than 65 ft (tonnage classes 2 and 3). The fishery takes
place from June to December, with the peak months
of activity in 1997 occurring during July-October.
The number of vessels participating in the fishery
was about 55 in 1994 and dropped to about 40 in
1995 because of a requirement for participants to
have a catch history of greater than 5 mt of yellowtail
flounder. About 45 vessels participated in the fishery
in 1996 and 1997. Industry representatives indicated
that about half the fleet fished 140 mm square mesh
gear in 1994, with one-fourth fishing 130 mm square
mesh and one-fourth fishing 155 square mesh. By
agreement among those participating in the Canadian
fishery, only 155 mm square mesh gear was used
from 1995 to 1997. The same rigging of the foot gear

- was used from 1994 to 1997.

There was also a trip limit of 17,000 1b. imposed
by industry in 1995 to equitably share the reduced
quota among eligible participants. In 1996 and 1997,
no trip limit was in place, and the quota was allocated - -
based on previous catch history.
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Canadian yellowtail directed fishing activity was
concentrated in the southern half of the Canadian
fishing zone, in the portion of area 5Zm referred to as
the “Yellowtail Hole”. Comments from industry have
indicated that the area where good rates are encoun-
tered has expanded slightly from 1996 to 1997. The
distribution of the fishery appears to have spread to
the west relative to 1995 and 1996,

In previous years, there have been some landings
of yellowtail flounder in the Canadian scallop fishery
on Georges Bank. Management measures established
in 1996 prohibit the landing of yellowtail flounder by
this fleet, and no records of discarded quantities are
available for 1997. This represents a source of mor-
tality for this resource of unknown magnitude, and
efforts are required to quantify discarded catches. In
1996, at-sea observer records estimated the amount
of discarded yellowtail flounder as 11 mt.

Age and Length Compositicn

Sampling information for 1997 is summarized on
Table C2. In general, sampling of the fishery by both
countries has been inadequate. For the US, very few

length measurements are available to characterize the

fishery during the third and fourth quarters of 1997.
Canada has more length measurements available
through that period, but no age determinations have
been made (Canada collects age determination mater-
ial, but the age determination program is not yet op-
erational). The low number of age determinations
available has hampered the development of reliable
age/length keys. This problem has also been noted in
the most recent assessment of this resource.

A difficulty with the Canadian sea samples was
detected in 1997. When the length composition infor-
mation from the sea samples was compared with
those obtained from the port sampling program, dis-
crepancies were apparent. These differences are at-
tributed to problems of flatfish species and sex iden-
tifications within the at-sea observer program. Given
such potential errors, it was decided to characterize
the Canadian landings using the length measurements
obtained from the port sampling program.

The average size of the commercial landings has
increased in the Canadian fishery from 1994 to 1997.

However, such trends in average size are less appar-
ent in the US fishery, The modal age in 1997 was 4,
compared with 3 years in 1996. The US age composi-
tion also demonstrated a trend of increasing age in
the catch.

The combined catch-at-age and weight-at-age in-
formation for both countries is shown on Tables C3
and C4, respectively.

Stock Abundance and Biomass Indices

Commercjal Fishery Catch Rates

Catch {mt) and effort (hr) for Canadian otter
trawlers less than 635 ft in length fishing for yellowtail
flounder in 1993-1997 were summarized on a trip
basis. Initial examination of the trip records showed
a large proportion of trips with very small amounts of
yellowtail in the total catch. These trips were not con-
sidered to be representative of yellowtail directed ef-
fort and, therefore, only trips with reported landings
of more than 500 kg (1,100 1b.) were considered. As
well, only vessels with reported landings in two or
more years in 1993-1997 were included in the analy-
sis, Examination of the spatial distribution of effort
showed highest concentrations in the area described
by fishermen as the “Yellowtail Hole” located in the
southeast part of the bank and adjacent to the Can-
ada-US boundary. Therefore, only landings and effort
from the Yellowtail Hole were included in the anal-
ysis.

Yellowtail landings and effort for trips were ag-
gregated by month and year and monthly catch rates
(mt/hr). The catch rate decreased between 1993 and
1994, but increased by a factor of over 2 between
1994 and 1995 and increased further in 1996 and
1997. This is consistent with industry observations of
increasing catch rates in the last three years. The in-
crease from 1996 to 1997 appears to be smaller than
that which occurred in the preceding year.

Substantial gear changes occurred in the fishery
between 1993 and 1994 with the introduction of
‘flounder gear’ which uses small diameter footzear.
Changes in mesh size also occurred, as described
earlier. However, fishing practices have been rela-
tively constant since 1994. While catch rates may
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prove to be useful as an index of abundance for this
resource, the time series is too short to be included
directly in the assessment at present.

Research Vessel Surveys

Annual bottom trawl surveys are conducted on
Georges Bank by the Canadian Department of Fisher-
ies and Oceans (DFO) in the spring and by the NMFS
in the spring and fall. Both agencies use a stratified
random design, but with different strata boundaries.
US spring and autumn bottom trawl survey catches
(strata 13-21), US scallop survey catches (strata 54-
74), and Canadian bottom trawl survey catches (strata
5Z1-574) were used to estimate relative stock bio-
mass and relative abundance at age for Georges Bank
yellowtail. Standardization coefficients, which com-
pensate for survey door, vessel, and net changes in
US surveys (1.22 for old doors, 0.85 for the Dela-
ware I, and 1.76 for the ‘Yankee 41' net; Rago et al.
1994) were applied to the catch of each tow.

Aging of DFO survey samples has not been done
and, therefore, age sampling from the corresponding
NMFS spring survey was used to obtain abundance
indices by age. Males and fernales were treated sepa-
rately and then combined for the index at age. How-
ever, the small number of fish aged in some years and
the further partitioning of the age/length key by sex
resulted in low precision for the estimates.

Results from the Canadian and US spring surveys
are shown on Figure C3 and Tables C5-C6. The US
and Canadian survey series show good concurrence,
The surveys indicated low abundance in the late
1980s, but have been following an increasing trend
since then. US age sampling was not available to ap-
ply against the 1998 DFO results. In 1997, the Cana-
dian survey index was the highest value recorded in
the series. The 1998 survey index was down some-
what, but still follows an increasing trend since 1995.

The fall survey series is the longest available for
this resource. In general, the series follows the same
trends indicated by the spring series (Table C7, Fig-
ure C4), but the indication of the start of resource
-..rebuilding was.not.apparent until 1996

The Canadian survey results suggest that the re-
source has expanded beyond the area associated with
the highest catch rates in the past, consistent with ob-
servations from the fishery. The spring US survey en-
countered the largest catches of yellowtail flounder in
the Yellowtail Hole of area 5Zm. The US fall 1997
survey had a similar distribution of catches, but the
set density in areas of key yellowtail flounder habitat
was low. Consistent with the indications from the
commercial fishery, the average size of the fish in the
research survey catches has been increasing.

US scallop survey indices of yellowtail abun-
dance at age were also evaluated. The survey indices
were delta transformed (Pennington 1986) because
there is a high proportion of tows with no yellowtail
caught. The age 1 index from the NEFSC scallop sur-
vey was revised to address concerns about catchabil-
ity estimates. Previous assessments, which used age
data from the fall survey to characterize catches from
the scallop survey, had a problematic pattern to
catchability estimates (NEFSC 1997). Inspection of
catch at length from the scallop survey and the range
of length at age 1 from the fall survey suggests that
age 1 yellowtail grow substantially between the time
of the scallop and autumn surveys. Using the fall age
data appears to classify many age 2 fish as age 1, thus
inflating the age 1 index and reducing the age 2 in-
dex. The age 1 index was revised to reflect the total
catch of yellowtail in the smallest length mode,
which was fairly well defined and stable (generally 9-
23 cm). The revised scallop age 1 index has generally
increased since the early 1990s (Table C8).

Fishing Mortality and Stock Size

Low levels of sampling and contradictions among
sources of information on relative year-class strength
indicate that there is a great deal of uncertainty in es-
timates of catch at age in recent years. Therefore, two
methods of analysis were updated from the previous
assessment, the traditional age-structured virtual pop-
ulation analysis (VPA) and the surplus production
model as a confirmatory analysis that does not rely
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Virtual Population Analysis

The adaptive framework ADAPT (Gavaris 1988)
was used to calibrate the VPA with the research sur-
vey abundance trend results. The model formulation
employed assumed that the error in the catch at age
was negligible. The error in the survey abundance in-
dices was assumed to be independent and identically
distributed after taking natural logarithms of the val-
ues. The annual natural mortality rate (M) was as-
sumed constant and equal to 0.2. A model formula-
tion using as parameters the In population abundance
at the beginning of the year following the terminal
year for which catch at age is available was consider-
ed (Gavaris 1993). ADAPT was used to solve for pa-
rameters by minimizing the sum of squared differ-
ences between the In observed abundance indices and
the In population abundance adjusted for catchability
by the calibration constants. The population abun-
dance for ages 6+ was calculated assuming that the
fishing mortality for these was equal to the average
fishing mortality on ages 4 and 5. The population
abundance was computed using the virtual popula-
tion analysis algorithm which incorporates the expo-
nential decay model. Year was used as the unit of
time; therefore, ages were expressed as years and the
fishing and natural mortality rates were annual in-
stantaneous rates. The fishing mortality rate exerted
during the time interval was obtained by solving the
catch equation. The fishing mortality rate for age 6+
in the last time interval of each year was assumed
equal to the fishing mortality at age 5. The data used
were annual catch at age for agesa=1, 2...6+ and
for t = 1973-1997 (before 1973, catches from distant
water fleets and US discards comprised a large por-
tion of the total catch and were not well sampled) and
bottom trawl survey abundance indices.

Choice of survey indices was based on correla-
tions among indices and reliability of age data. Corre-
lations were moderate to strong for ages 3-6, but the
Canadian and NEFSC fall surveys were not posi-
tively correlated at ages | and 2 (Table C9). Figure
C5 shows correspondence among normalized indices.
The Canadian age 1 index is based on many lengths
that have no corresponding age sample from the
NMES spring survey and is not considered to be a re-

liable index. Alternative ADAPT configurations were
performed to assess the sensitivity of results to the
choice of indices used.

Approximate coefficients of variation (CVs) for
abundance estimates ranged from 20 to 50% and im-
proved with age. Estimates of ¢ for each index were
well estimated (CV = 17-26%). Although the model
generally fit the data well, there were some slight
trends in residuals (e.g., fail age 2; Figure C6}, and
there were three statistical outliers (e.g., spring 36
age 1 in 1981; fall age 1 in 1988; and fall age 2 in
1995).

Variance and model bias of estimates were as-
sessed using bootstrap analysis of the VPA calibra-
tion. One thousand bootstrap estimations were per-
formed by randomly resampling survey residuals.
Bootstrapped abundance estimates had only slightly
greater CVs than the least squares approximations
reported above. Bootstrapped Fs were estimated with
similar precision to abundance estimates. CVS were
high at age 2 (CV = 50%), but decreased with age
(CV = 18% for ages 4-6). Bootstrap analysis indi-
cates that SSB in 1997 was well estimated (CV =
15%). Bootstrap estimates of bias were relatively low
for older ages (1-10% for age 3+ abundance esti-
mates, 2% for F,,, and 4% for SSB), but was substan-
tial for the age 2 abundance estimate (15%). How-
ever, there are several difficulties in completely cor-
recting for bias (NEFSC 1997). Therefore, bias cor-
rection was not incorporated into stochastic projec-
tions.

Consistency of VPA estimates was assessed using
retrospective analysis (Sinclair et al. 1990). Unfortu-
nately, the length of the Canadian survey time series
limited the number of retrospective comparisons. Re-
trospective ADAPT runs were made by iteratively
truncating the terminal year of catch and survey data
back to a terminal year of 1991 (when the Canadian
survey had five years of data).

Short-term projections of landings and SSB in-
corporated uncertainty in VPA estimates using the
1,000 bootstrap estimates of age 2-6+ 1998 abun-
dance. Projections through 1999 were simulated for
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each of the 1,000 abundance estimates by randomly
sampling point estimates of 1973-1997 age | abun-
dance 100 times (totaling 100,000 simulated trajecto-
ries). Projections assumed geometric mean partial re-
cruitment in 1994-1997, mean discard ratios at age in
1994-1997, mean weight of landings at age in 1994-
1997, and proportion mature at age from 1992-1997
survey observations.

Surplus Production Model

The non-equilibrium surplus production model
ASPIC {A Stock-Production model Incorporating
Covariates) (Prager 1994, 1995) was also used to as-
sess stock status and biological reference points. The
method requires total catch along with one or more
abundance indices (including CPUE or survey indi-
ces) as input. In this case, the DFO spring survey
(1987-1998) was an index of biomass at the end of
the previous year, the NMFES spring survey (1968-
1997) was considered a beginning-of-year biomass
index, and the NMFS fall survey (1963-1997) was
treated as a mid-year index. The error in the survey
abundance indices was assumed to be independent
and identically distributed after taking natural loga-
rithms of the values. ASPIC was used to solve for the
parameters by minimizing the sum of squared differ-
ences between the In observed survey catch rate and
the In predicted survey catch rate. The analysis from
the previous assessment (Neilson et al, 1997) was re-
vised to include discard estimates (Table C1).

Correlations among survey biomass indices were
moderate to strong (r = 0.5-0.8). Most of the variance
in the NMFS spring 36, Canada, and NMFS fall sur-
veys was explained by the model (R* = 0.75, 0.58,
and 0.56), but none of the variance in the NMFS
spring 41 series was explained. Biomass estimates
for the first 2-5 years of the analysis (1963 to 1964-
1966) are imprecise and are not considered reliable
{Prager 1994, 1995).

Survey residuals were randomly resampled 1,000
times to estimate precision and model bias. Bootstrap
estimates from ASPIC suggest that there is 80% con-

fiderice that current biomass is.54-86% of B,
{44,000 mt). The 1997 F estimate from ASPIC was

low (0.08), and bootstrap estimates of F,, indicate
that there is negligible probability that F exceeded
F sy The bootstrap analyses indicates that MSY, K,
I, B and F,, were well estimated (interquartile
ranges <19%), but g and the ratios of current year B
and F relative to B, and F_, were generally more
variable (IQR = 14-28%). Also, biomass in 1963
was poorly estimated (IQR > 150%). As suggested by
Prager (1994,1995), biomass estimates in the first
several years are unreliable. Alternative configura-
tions were explored to examine sensitivity of esti-
mates to including discards and treating the NMFS
spring survey as a single index.

Results

The VPA indicates that the stock continued to re-
build from the collapsed state of the early 1990s (Ta-
ble C19). Growth in stock biomass was the product
of high survival and mederate recruitment. Fully-re-
cruited F (F, ;) remained low in 1997 (0.13, ﬁgure
C7, Table C11). Recruitment has been relatively sta-
ble for the last several years (age 1 abundance aver-
aged 20 million from 1991 to 1996}, but only the
1993 cohort exceeded the 1972-1996 average (Figure
C8). SSB increased to 15,700 mt in 1997 (Figure C8,
Table C12). .

Bootstrap distributions suggest that there is nearly
100% probability that SSB in 1997 exceeded the cur-
rent rebuilding target of 10,000 mt (80% confidence
interval = 13,500-19,200 mt) and nearly 100% proba-
bility that F in 1997 was less than F;, (80% CI =
0.11-0.17) (Figure C9). Estimates of bias were low
for F, 5 (2%) and SSB (4%). Given the substantial un-
certainty in estimates of catch at age, statistical bias
was considered negligible for F, ; and SSB and abun-
dance of older cohorts. Bias of the estimate of age 2
abundance (N,) was greater (15%}), and decreases the
reliability of the estimate. However, bias of the N, es-
timate is low relative to the associated uncertainty
(CV =75%), and 1998 projections will be minimally
affected by the bias because age 2 fish are only 10%
recruited to the fishery.

------------ Three alternative ADAPT configurations were ex-

plored which 1) included the Canadian age 1 index,
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2) included preliminary 1998 indices from the Cana-
dian survey (based on cohort slicing), and 3) ex-
cluded the scallop survey index. All three sensitivity
runs estimated age 2 abundance in 1998 to be
approximately 50% lower than reported in Table
C10. However, the Canadian age 1 index is com-
posed of many lengths with no corresponding age
sample from the NMFS spring survey, there is
considerable subjectivity involved in cohort slicing
samples from the 1998 Canadian survey, and there is
no a priori evidence for excluding the NMFS scallop
survey. A fourth sensitivity analysis that combined
the NMFS spring survey into a single tuning index
(using the conversion factor for the Yankee 41 net
reported by Sissenwine and Bowman 1978) estimated
very similar parameters to those reported in Table
C10, but had large negative residuals for the surveys
that used the Yankee 41 net.

Although some retrospective differences were
substantial, there were no patterns of positive or neg-
ative inconsistency. Initial estimates of abundance of
the 1990 and 1993 cohorts were much greater than
the revised estimates, presumably resulting from im-
precise discard estimates. Abundance estimates in
penultimate years were relatively consistent. Fully-re-
cruited F estimates were more consistent than retro-
spective recruitment estimates, and SSB estimates
were very consistent (Figure C10).

The magnitude and recent decrease in mortality
indicated by the VPA was confirmed by a modified
catch-curve analysis which incorporates multiple sur-
veys (A. Sinclair, Marine Fish Division, Gulf Fisher-
ies Centre, pers. comm.) Results indicated that total
mortality exceeded 1.0 in most years, but decreased
to 0.4 in the last three years.

Patterns and magnitude of F and biomass esti-
mates from the surplus production model generally
confirm age-based estimates (Figure C11). However,
the 1997 mean biomass estimate of 24,000 mt from
ASPIC was substantially greater than the biomass es-
timate from ADAPT (18,000 mt). The sensitivity
analysis that excluded discards had lower estimates
of MSY by 15% and B,,, by 5%, but a similar esti-
mate of F,,. Combining the NMFS spring 36 and 41
series had negligible effects on parameter estimates.

ASPIC results indicate that a maximum sustain-
able yield of 13,700 mt can be produced when stock
biomass is approximately 44,000 mt (B_,,, Figure
C12)and Fis 0.31 (F,,). Assuming equilibrium age
structures, current partial recruitment and mean
weight at age, a biomass-weighted F of 0.31 is equi-
valent to a fully-recruited F of 0.39. The MSY and
B, estimates are slightly greater, and r was slightly
lower, than the estimates in the last assessment (Neil-
son et al. 1997) because discards were not included
in the previous assessment. MSY reference points es-
timated from stock-recruit data are similar: MSY =
13,200 mt, 8SB,,, = 33,800 mt, and fully-recruited
F.ey = 0.37 (Overholtz 1998).

Results from VPA indicate that all cohorts were
less than 30 million in age 1 abundance, except four
year classes that exceeded 50 million in age 1 abun-
dance (1973, 1974, 1977, and 1981). The relationship
between SSB and recruitment suggests that strong re-
cruitment is more likely at high levels of SSB (Fig-
ure C8). For example, three of the four dominaht co-
horts in the VPA time series (1973-1997) were pro-
duced when SSB exceeded 10,000 mt, and three of
the six cohorts produced when SSB exceeded 10,000
mt were greater than 50 million in age 1 abundance.
Extending the stock and recruitment series using sur-
vey estimates of age | abundance (scaled with the
ADAPT estimate of catchability) and total biomass
estimates from the production model (1968-1997)
supports the conclusion that much greater levels of
recruitment can be produced at greater levels of stock
biomass (Figure C13).

Yield and Spawning Biomass per Recruit

Yield- and spawning-biomass-per-recruit refer-
ence points were revised by incorporating updated es-
timates of partial recruitment (1994-1997), mean
weights (1994-1997), and maturity (1997). F, 1s
calculated as 0.82 (but the maximum yield per recruit
is not well defined), F,; as 0.25, and F,, as 0.69 (Ta-
ble C13, Figure C14). An alternative analysis with
ages 1-14 (the oldest observed age in surveys) had a
similar estimate of F__ (0.83), slightly greater esti-
mate of F,, (0.28), and a substantially greater esti-
mate of F,yg (0.62).
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Short-Term Projections

Projections are presented in accordance with US
and Canada management requirements, For Canada,
projections of landings in 1998 and beginning-year
biomass for 1998 and 1999 are required. For the US,
projections of landings in 1999 and spawning stock
biomass during the 1999 and 2000 spawning seasons
are required and assume status quo fishing mortality
in 1998. Age-based projection inputs included aver-
age 1994-1997 partial recruitment, weights at age,

and maturity at age (Table C11 illustrates F,, results).
Projections of ASPIC parameters were obtained as-
suming a status guo F (0.08) and a biomass-weighted
approximation to F; . Results from a status quo pro-
jection, which is a similar scenario for US and Ca-
nadian requirements, are presented in Table C14,

Canada

Projection results for 1998 are documented below
for two scenarios of fishing mortality:

1998 1999

Fag Method Landings Biomass' Biomass'
Fs Age-based (VPA) 1.8 16.1 213
Biomass-based (Surplus production) 2.6 26.2 36.3
Fas Age-based (VPA) 3.2 16.1 197
Biomass-based {Surplus production) 535 26.2 333

"Total biomass at beginning of year.

The risk of not achieving fishery targets for pop-
ulation growth and exploitation rate from 1998 to
1999 was explored using VPA projections at various
levels of yield (Figure C15). A fishery yield in 1998
equal to that of 1997 (1,788 t) is associated with neg-

Age-based (F values are for ages 4+ and are unweighted) .

ligible risk of exceeding the F;, fishing mortality tar-
get and has a low risk of not achieving growth in
spawning stock biomass. A fishery yield associated
with Fy, (3,244 t), however, has a greater than 60%
risk that a 20% growth in biomass will not occur.

1998 1999 2000
F Landings SSB F 9992000 Landings SSB §SB  Consequences/Implications
013 1.8 17.8 0.13 (Fg) 2.2 215 241  SSB increases to about 70% S8B ., in 2000; landings in
_ 1999 increase slightly.
0.25 (Fy,) 4.0 206 214  SSBincreases to about 60% SSB,,, in 2000; landings in

1999 increase to twice the 1997 level.

Biomass-based (F values are for ages 1+ and are weighted by biomass)

1998 ' 1999

2000
F  Landings B F\osa.2000 Landings B B  Consequences/Implications
008 2.6 26.2 0.08 (Fqg) 34 363 46.4  Biothass (B) surpasses B, in 2000, landings in 1999
: increase to almost twice the 1997 level.
0.17 (F, ) 7.3 36.3 425  Biomass increases to about 97% B, in 2000; landings

in.1999 increase to four times the 1997 level.
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USA

Age-based projections suggest that fandings and
SSB increase in 1999 and 2000 at fishing mortality
rates equivalent to the 1997 status quo level or F .
However, at greater levels of F, there is substantial
risk of decreasing SSB (Figure C16).

As indicated in the projections for both Canada
and the US, biomass-based estimates are more opti-
mistic than those obtained using the age-based (VPA)
approach. For the VPA approach, such differences
may be attributed to poor sampling and the absence
of age determinations from the Canadian fishery. The
surplus production model attempts to describe long-
term average dynamics which may not apply if recent
recruitment has been weak.

Conclusions

Although there are some differences in results
from the two analytical models, information on cur-
rent stock status is relatively clear. The stock is still
rebuilding. SSB in 1997 (from ADAPT) was approx-
imately half of the SSB_, (from stock-recruit analy-
sis), and total biomass in 1997 (from ASPIC) was al-
so approximately half of the B, (from ASPIC).
Fishing mortality in 1997 remained at levels which
should allow continued rebuilding. Fully-recruited F
(from ADAPT) was well below I, | and was approxi-
mately one-third the level of fully-recruited F_
(from stock-recruit analysis), and F on total biomass
(from ASPIC) was also approximately one-third of
the F,, (from ASPIC).

Despite the congruence in results on stock status,
forecasting yield, SSB, and risk is difficult. Age-bas-
ed projections are generally more informative, but are
currently hampered by poor sampling and the ab-
sence of age determinations from the Canadian fish-
ery. Conversely, projections based on biomass dy-
namics imply high levels of recruitment at the current
biomass level. While there are suggestions of good
recruitment evident from examination of the 1997
spring survey length distributions, they were not con-
firmed in the age-based estimates of abundance.
Given the uncertainties in both the VPA and the bio-
mass dynamics model, the more conservative age-

based projections and risk analyses from the VPA are
considered to be more risk averse.

SARC Comments

A gquestion was raised concerning which survey
was used for back-calculated estimates of recruit-
ment. The fall survey was used for this purpose be-
cause it constituted the longest time series. A possi-
ble inconsistency between the estimate of B, and
historical levels of biomass and recruitment was not-
ed. Survey recruitment estimates were greater when
biomass exceeded B, The reason for this discrep-
ancy was not resolved at the SARC meeting.

It was noted that the environment on Georges
Bank during the 1960s was considerably different

than in more recent decades.

The Overfishing Definition Review Panel used

slightly different ASPIC analyses and obtained an es-

timate of B, of 49,000 mt vs 44,000 mt in th&"cur-
rent assessment. The latter was viewed as the: latest
analysis.

There was discussion of the rather optimistic na-
ture of the surplus production model relative to the
VPA. It was felt that the average recruitment implicit
in the ASPIC calcuiations may not be realistic in re-
cent years. It was noted that age-based projections
were generally viewed as more reliable than biomass-
based projections from ASPIC, but that the latter, ne-
vertheless, were useful and informative.

The point made that the life cycle of yellowtail
flounder is about 14 years. Restrictive management
measures may be required for some time to attain
equilibrium age-structure and attain the expected lev-
els of recruitment.

There was discussion of whether the right metric
(i.e., mt) was being used for SSB. It was suggested
that perhaps the number of viable eggs, for example,
may be a better measure of reproductive potential.

Research Recommendations

® More complete sampling of spatial and temporal
aspects of the US fishery and dedicated age/
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length keys for the Canadian fishery are needed
for more reliable age-based estimates.

® Stochastic age-based simulation of rebuilding
scenarios 18 needed to confirm the expected
growth rates from the production model.

® Consistent sampling of Georges Bank strata dur-
ing NMFS winter surveys may substantiaily im-
prove the assessment.

® Extended VPA of historical catch and survey in-
formation would help to assess historical stock
conditions and MSY reference points.
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Table C1. Commercial catch (000s t) of Georges Bank yellowtail

Table C2. Sampling intensity for estimation of landings at age for
Georges Bank yellowtail flounder.

Us Port Sea Landings
Samples Samples (mt)

Quarter Size Trips . Lengths Ages Trips  Lengths Ages
1 small 6 366 81.11
large 3 467 296.45
all 6 833 236 3 149 109 377.56
2 small 5 591 1)7.76
large 3 259 168.55
all 5 850 280 2 27 107 27631
3 small 51.09
large 55.64
all 1 103 63 2 7 59 106.73
4 small 62.98
large 142.39
all 0 0 0 | 41 0 20537

Canada

2 all 3 600 0 100.29
3 all 6 1347 0 3 1452 0 524.00
4 ail 4 961 0 6 2010 185.44

flounder.

Year = USA USA Discards Canada Foreign Total
Landings Landings Landings

1963 10.990 6.368 0.000 0.100 17 .458
1864 14.914 4.855 0.000 0.000 19.769
1965 14.248 4.266 0.000 0.800 19.314
1966 11.341 2.545 0.000 0.300 14.186
1967 8.407 4.389 0.000 1.400 14.196
1968 12.799 3.722 0.000 1.800 18.321
1369 15.944 3.105 0.000 2.400 21.449
1970 15.506 6.037 0.000 0.250 21.793
1971 11.878 2.824 0.000 0.503 15.205
1972 14.157 1.330 0.000 2.243 17.730
1973 15.899 0.364 0.000 0.260 16.523
1974 14.607 0.980 0.000 1.000 16.587
1975 13.205 2715 0.000 0.091 16.011
1976 11.336 3.021 0.000 0.000 14.357
1977 9.444 0.567 0.000 0.000 16.011
1978 4.519 1.669 0.000 0.000 6.188
1979 5475 0.720 0.000 0.600 6.195
1980 6.481 0.382 0.000 0.000 6.863
1981 6.182 0.095 0.000 0.000 6.277
1982 10.621 1.376 0.000 0.000 11.997
1983 11.350 0.072 0.000 0.000 11.422
1984 5.763 0.028 0.000 0.000 57N
1985 2.477 0.043 0.000 0.000 2.520
1986 3.041 0.019 0.000 0.000 3.060
1987 2.742 0233 0.000 0.000 2975
1988 1.866 0.252 0.000 0.000 2.118
1989 1.134 0.073 0.000 0.000 1.207
1990 2.7 0.818 0.000 0.000 3.569
1991 1.784 0.246 0.000 0.000 2.030
1992 2.859 1.873 0.000 0.000 4.732
1983 2.089 1.089 0.696 0.000 3.874
1994 1.589 0.141 2.142 0.000 3.871
1995 0292 0.024 0.495 0000 0.8
1996 0.751 0.039 0.483 0.000 1.273
1997 0.966 0.058 0.810 0.000 1.834

Average 7.697 1.610 0.132 0.318 9.758
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Table C3. Total catch at age of Georges Bank yellowtail flounder - Table C4. Mean weight at age for the total caich of Georges Bank

(thousands). yellowtail flounder (kg).
Age

Year i 2 3 4 5 6 7 B+ Total Year 1 9 3 4 Ag:
1973 347 4390 13243 9276 3743 1,259 278 81 33117 - 6 7 i
1974 2,143 8971 7904 7,398 3544 852 452 173 31437 {333 3‘318 3‘1‘;3 3‘i§§ 3‘?,33 3‘223 0'659 \ o7 1o
1975 4372 25284 7057 3392 2084 671 313 164 43337 1975 0016 0309 0489 0554 0618 bt oun  Ost
1976 615 31012 5146 1347 532 434 287 147 39520 1976 0010 0304 0542 0636 0'7311 bois  bus  ovee
1977 330 8580 9917 1,721 394 221 129 124 21416 ' 1977 0010  03% 0524 06 0782 3'335: {:322 ‘,"3?‘;
:g;g 9.;:;3 3.;33 ;,gj‘; :'gﬁg gg }g% _3,; ;; :zg‘); 1978 0010 0309 0510 068 0793 0899 0930 0948
o9 233 9305 w1 o " » 14531 1979 0010 0325 0460 0.649 0728 0835 1003 0.882
1980 ® St R e o : 44! 1980 0010 0318 0492 0656 0813 1054 1256 © 1214

. . - 1981 0.010 0340 0490 0603 0707 0798 0832 1042
1982 2,063 17491 7,022 3246 1031 62 1% 3 310¥ 1982 0010 0297 0485 0650 0748 1052 1024 1311
1983 696 7,689 16016 2316 625 109 10 8 27469 1983 0010 0296 0440 0604 0736 0952 1018 0987
1984 428 L9I7T 4266 4,734 1,592 257 47 17 13258 1984 0010 0240 0378 0500 0642 0 755 0.944 1047
1985 650 3,345 816 652 410 60 5 - 5938 1985 0010 0363 0497 0647 0733 0819 0732 1.042
1986 158 5,771 978 347 18l 52 16 8 7491 1986 0010 0342 0540 0664 0823 0864 0956 1140
1987 140 2,653 2,751 761 132 3 32 41 6549 1987 0010 0309 03521 0666 0680 0938 0793 0788
1988 483 2,367 1,191 624 165 15 20 3 4868 1988 0010 0319 0555 0688 0855 1054 0873 1385
1989 185 1,516 668 262 68 11 8 - 2718 1989 0010 0342 0542 0725 0883 1.026 1254  1.042
1990 219 1,931 6,123 800 107 17 3 - 5200 1990 0010 0281 038 0574 069 0807 1230 1.042
1991 412 54 1222 2430 293 56 4 - 4471 : 1991 0010 0258 0359 0479 0725 0820 1306  1.042
1992 2389 8359 2,527 1269 510 20 7 - 15081 1992 0010 0283 0360 0519 0646 1203 1125 1.042
1993 5,194 1,009 2,777 2392 318 65 9 1 11765 1993 0010 0275 0367 0503 0561  0.858 1263 1044
1994 T 861 5742 2,571 910 9 37 1 10291 1994 0010 0262 0351 0471 0628 078 0896 1166
1995 14 157 895 715 137 3 1 4 1944 1995 0.010 0260 0367 0463 0582 0777 0785 0540
1996 50 383 1,509 6 167 9 5 1 2841 1996. 0010 0309 0409 0523 0667 0866 0916 1215
1997 i6 595 1,258 1,502 341 26 45 19 3802 1997 0010 0309 0458 0592 0712 0874 0989 1042
Mean 1245 6070 4831 229 7i6 192 74 36 15522 7 Mean 0010 0307 0459 0593 0711  0R72 0987 1035

Table C5. Canadian DFO spring survey indices of Georges bank
yellowtail flounder abundance at age (no./tlow} and stratified total

biomass.
Age
Year i 2 3 4 3 6 Total Wi (0005 1)
1987 012  0.68 2.00 1.09 006 0.00 3.95 1.264
1938 0.00 066 1.89 0.8 059 001 396 1.235
- 1989 011 078 ¢80 032 010 002 213 0471
1990 0.00 1.27 4.62 112 043 004 745 1.578
1991 0.02 0.59 1.72 291 0.99 0.00 6.24 1.759
1992 022 1004 452 [.21 016  0.00 [6.14 2.475
1993 033 2,16 5.04 347 062 000 11.63 2.642
19494 0.00 603 3.33 30 075 033 13.51 2,753
1995 0.21 1.3 4.07 222 1.14 0.1l 9.07 2.027
1996 0.45 5.54 R44 749 1.37 016 2345 5304
1997 610 948 1516 19.09 3.1l 0.54 47.49 13292
1998 0.89*% 0.29* 331* 16.04 4,297
Mean 020 350 4.69 389 0.85 0.1 13.19 3258

*Preliminary: Based on cohort sticing (visual inspection).
ary P
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Table C6.. NEFSC spring survey indices of Georges bank yellowtail
flounder abundance at age (no./tow) and total biomass (kg/tow).

Table C7. NEFSC fall survey indices of Georges bank yellowtail
flounder abundance at age (no./tow) and total biomass (kg/tow).

Age Biomass Age Biomass

Year 1 . 2 3 4 5 6 7 8+ Total (kg) Year 0 1 2 3 4 5 6 7 8+  Total {kg)
1968 0.149 3364 3579 0316 0084 0160 0127 0000 7779 2813 1963 0.000 14.722 7.896 11.226 1858 0.495 0.281 0.034 0233 36.746 12788
1969  1.015 9.406 11119 3.096 1.423 0454 0.188 0.057 26.758 11170 1964 0000 1.721 9.723 7.370 5998 2690 0383 0.095 0.028 28.007 13.623
1970 0.093 4.485 6.030 2422 0570 0.12] 0.190  0.000 13911 5312 1965 0014 L1138 5.379 5466 3.860 1.803 (.162 0.284 0.038 18345 9.104
1971 0.791 3335 4.620 3754 0759 0227 0050 0.029 13.564 4.607 1966 1177 8772 4776 2.070 0.837 0.092 0.051 0000 0.000 17.775 3988
1972 0.138 7.136 7.198 3514 1094 0.046 0122 0000 19247 6.450 1967 0106 9.137 9313 2.699 1.007 0309 0.076 0061 0000 227708 7575
1973 1.931 3.266 2368 1.063 0410 0173 0.023 0020 9254 2938 1968 0.000 11.78211.946 5738 0.766 0944 0.059 0.000 0.000 31.254 10.536
1974 0316 2224 1.842 1.256 0346 0.187 0.085 0009 6265 2719 1969  0.135 8.106 10.381 5.835 1.662 0.553 0.149 0.182 0.000 27023 927
1975 0420 2939 0860 0298 0208 0.068 0000 0013 4.806 1.676 1970 1.048 4.610 5133 3.144 1932 0451 0.063 0017 0000 16417 4979
1976 1.034 4368 1247 0311 0196 0.026 0048 0037 7268 2273 1971 0.025. 3.627 6949 4904 2.248 0.551 (.234 0.024 0.024 18586 6.365
1977 0000 0671 1.125 0384 0074 0.013 0.000 0000 2267 0.999 1972 0785 2424 6.525 4.824 2095 0.672 0.279 0.000 0.000 17.604 6.328
1978 0936 0798 0507 0219 0026 0.000 0.008 0000 2494  (.742 1973 0094 2494 5497 5104 2944 1216 0416 0.171 0.031 17996 6.602
1979 0.279 1.933 0385 0328 0059 0046 0.041 0000 3.072 1.227 1974 1.030 4.623 28354 1.524 1.060 0.460 0.249 0.131 0.000 12133 3.733
1980 0057 4.644 5761 0473 0057 0037 0000 0000 11.030 4456 1975 0361 4.625 2511 0.877 0572 0.334 0.033 G000 0031 9420 2365
1981 0.012 1.027 1779 0721 0205 0061 0000 0026 3830 1960 1976  0.000 0336 1.929 0475 0.117 0.122 0033 0000 0067 3078 1.333
1982 0.045 3.742 1.122 1.016 0455 0065 0.000 0026 6472 2500 1977 0.000 0928 2161 1.649 0.618 0.113 0.056 0.036 00l6 5614 2829
1983 0.000 1.865 2728 0.531 0.123 0.092 0.061 0092 5492 2642 1978 0.037 4729 1272 0.773 0406 0.139 0011 0000 0.024 7443 2383
1984  0.000 0.093 0809 0885 0834 0244 0000 0000 2865 1.646 1979 0018 1.312 1999 0316 0.122 0.138 0.038 0064 0.007 4.041 1.520
1985 0.110 2.198 0.262 0.282 0.148 0.000 0.000 0.000 3.000 0988 1980 0078 0.761 5086 6050 0.678 0217 0162 0.006 0.033 13.217 6722
1986 0.027 1.806 0291 0056 0137 0055 0.000 0000 2372 0847 1981 0.000 1.584 2333 1630 0500 0.121 0.083 0.013 0000 6345 2621
1987 0.000 0.128 0.112 0433 0053 0055 0.000 0000 0480 0.329 1982 0000 2424 2185 1.590 0423 0.089 0000 0.000 0000 6711 2270
1988 0078 0.275 0366 0242 0199 0027 0.000 06.000 1.187 0.566 19837 0.000 0.109 2284 1.914 0473 0068 0012 0.000 0038 4398 213!
1989 0.047 0424 0740 0290 0061 0022 0022 0.000 1.605 0.729 1984 0.012 0.661 0400 0.306 2.428 0.0%0 0.029 0.000 0.018 31944 0593
1990  0.000 0.065 1.108 0393 0139 0012 0.045 0000 1762  0.699 1985 0.010 1350 0.560 0.160 0.040 0.080 0.000 0.000 C.000 2200 0.709
1991 0.435 0.000 0254 0675 0274 0020 0.000 0000 1659 0.631 1986 0.000 0.280 1.110 0350 0.070 0000 0.000 0000 0.000 1.810 0.820
1992 (.000 2.010 1945 0598 0.189 0.000 0.000 G000 4742 1.566 1987 0.000 0.113 0390 0396 0.053 0.079 0.000 0.000 0.000 1031 0.509
1993  0.046 0290 0500 0317 0027 0000 0.000 0000 1.180 0482 1988 0.011 0019 0213 0.102 0.031 0.000 0.000 0000 0.000 0376 0171
1994 0.000 0621 0638 0357 0145 0.043 0.000 0000 1804 0.660 1989 0.027 0.248 1.992 0.774 0.06% 0066 0.000 0.000 0.000 3176 0977
1995 0.040 1.180 4.810 1.496 0.640 0.010 0.000 0.000 8.170 2579 1990 0.147 0.000 0.326 1517 0.280 0014 0.000 0.000 0.600 2.284 0725
1996 0.030 0990 2.630 2700 0610 0060 0000 0000 7020 2853 1991 0.000 2.100 0.275 0435 0358 0.000 0.000 06.000 0000 3172 0730
1997 0.019 1.160 3.733 4.081 0703 0.134 0000 0.000 9.837 4.359 1992  0.000 0.151 0396 0.712 0162 0.144 0.027 0.000 0.000 1592 0576
Mean 0268 2215 2349 1073 0342 0082 0034 0010 6373 2.447 1993 (0.000 0.842 0.136 0.587 0.536 0.000 0.000 0.000 0.000 2101 0545
1994 0.010 1200 0220 0980 0710 0260 0.03¢ 0.030 0000 3440 0.397

1995 0070 0280 0.120 0.350 0.280 0.030 0010 0000 0.000 1.160 0.354

1996 0.000 ©0.140 0.350 1.870 0450 0.070 0.000 0.000 0.000 2880 1.303

1997 0.000 1.392 0533 3442 2090 1071 0.082 0.000 0D.000 8611 3781

Mean 0148 2.821 3296 2492 1.079 (386 0.0%6 0033 0.017 10375 3770




Table C8. NEFSC scallop survey index of Georges bank yellowtail Table C10. Estimates of Georges Bank yellowtail flounder

flounder age 1 abundance. abundance at age (millions).
Yeur No ftow : Age
1982 0313
1983 0,140 Year | 2 3 4 5 6 Sum
1984 0.233 1973 28290 23279 28937 16960 6729 2859 107.054
:ggg ' g?gg 1974 50265 22848 14635 11709 5492 2240 107,189
1987 0.047 1975 68516 39214 10589 4830 2893 1551 127.593
1988 0.116 1976 22919 52140 9.228 2284 0885 1417  §8.873
1'333 o 1977 15760 18208 14.628 2899 0651 0768 52914
1991 S 217 1978 50.823 12605 7.144 3.003 0816 0304  74.695
:;’gg ?}g; 1979 23375 32871 7510 2199 0957 0465 67377
1994 1503 1980 22.099 18927 18312 3032 0677 0206 63253
1995 0.609 1981  61.066 17.814 12264 7011 1.198 0185 99538
}gg‘; ?ﬁﬁgi 1982 21627 49947 13925 5199 1618 0029 92445
Mo 055 1983 S8IB 15840 25067 4957 1319 0264  53.265

1984 8620 4134 6011 6031 1962 0382 27140
1985 14.594 6670 1650 1062  0.654 0.102 247132
1986 6,660 11.361 2434 0613 0279 0129 21476
1987  7.025 5310 4080 1.108  0.188 0.155 17.866
1988 19361  5.625 1947 0851 0219 0040 28052

Table C9. Correlations among normalized indices of abundance at
age for Georges Bank yellowtail flounder.

hge | —— Aged , 1989 8552 15414 2463 0516 0132 0036  27.1i3
___ Spring _ Fall Canada Scallop —Spring _Fall Canada 1990 11.831 6834 11248 1412 0186 0034  31.545
Sprig 100 Spring . 1.00 1991 22365 9488 3848  3.669 0432 0086  39.888
Fall =040 1.00 Fall 065 1.00 . 1992 17223 17938 7719  2.045 0805 0042 45772
Canada 018 = -0.01 100 anada 070 05 Loy 1993 16539 11.939  7.123 4033 0526 0122 40282
Sff“;’g eX 20 on L0 Ace 5 1994 27010 8842 8862 3319 L1338 0.165  49.336
£ Soring_Fall Conada £ SorineFall _Comada 1995 20934 22050 6460 2060 0391 0078 51973
Spang _ 1.00 Spring 1,00 1996 14.801 17.127 17911 4479 1040 0095 55453
Fall 0.60 1.00 Fall 0.21 1.00 1997 21069 12.072 13.676 13.299 3019 0791 63.9206
Canada 063 -006  1.00 Capada 074 046 1.00 1998 — 17235 9346 10059 9529 2730  48.899
Age 3 Age 6 Mean 23.486 18297 10270 4563 1.682 0592  57.987
Spring  Fall Canada Spring  Fall _ Canada
Spring 1.00 Spring  1.00
Fall 070 1.00 Fall 044 1.00

Canada 076 0.6l 1.00 Canada 0.64 1.00 1.00
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Table Cll Estimates of Georges Bank yellowtdll flounder fishing Table C12. Estimates of Georges Bank yellowtail flounder

mortality at age. spawning stock biomass (mt).
; Age Age :
Year L 2 3 4 5 6 Mean 4-35 Year 2 3 4 5 6 Sum
1973 001 026 070 093 095 095 0.94 1973 2,796 8,895 5,531 2,509 1,372 21,103
1974 0.065 0.57 091 1.20 1.25 1.25 1.23 1974 2,530 4,300 3,982 2,042 1,031 14,085
1975 0.07 1.25 1.33 1.50 1.59 1.59 1.55 1975 2,984 2,678 1,319 848 502 8,331
1976 0.03 1.07 .96 1.05 1.09 1.0% 1.07 1976 4,200 3,026 861 383 691 9,161
1977 002 074 138 107 L10 LID 1.09 1977 1,870 3,883, 1,084 296 424 7557
1978 0624 032 098 094 097 097 0.96 1978 1,413 2,185 1,275 397 171 5441
1979 001 0.39 0.71 0.98 1.01 1.01 1.00 1979 3,767 2,320 873 421 25] 7,632
1980 0_@2 0.23 0.76 0.73 0.74 0.74 0.74 1980 2,260 5918 1,351 371 130 10,030
1981 0.00 005 0.66 1.27 1.33 1.33 1.30 1981 2,678 4,161 2,295 449 78 9,661
1982 0.11 0.49 0.83 1.17 1.22 i.22 1.20 1582 5,454 4,347 1,908 670 75 12,454
1983 014 077 1.22 0.73 0.74 0.74 0.74 1983 1,534 6,031 2,035 656 | 10,427
1984 006 0.72 1.53 2.02 2.27 2.27 2.15 1984 629 1,103 1,195 450 107 3,484
1685 005 0381 0.79 114 IN L 1.18 1.16 1985 1,480 543 394 270 46 2,733
1986 0.03 0.82 0.59 0.98 i.01 1.01 1.00 1986 2,358 947 248 139 71 ‘ 3,763
1987 002 080 1.37 1.42 1.50 1.50 1.46 1987 1,004 1,106 375 63 64 2,612
1988 0.03 0.63 1.13 1.66 1.79 1.79 1.73 1988 1,183 621 269 82 21 2,176
1989 o2 012 0.36 0.82 0.84 0.84 0.83 1989 4,299 1,059 244 75 26 5,703
1980 0.02 037 0.92 0.98 1.01 1.01 1.00 1990 1,406 2,744 495 78 18 4,741
1991 0.02 001 0.43 1.32 1.38 1.38 1.35 ' 1991 2,089 1,062 934 162 38 4,285
1992 0.17 0.72 0.45 1.16 1.20 1.20 1.18 1992 1,796 2,120 603 290 28 4,837
1993 043 0.10 0.56 1.07 1.10 1.10 1.09 1993 1,508 1,635 5,197 172 64 4,576
1994 000  0.11 1.26 1.94 2.15 215 2.05 1994 1,057 1,456 628 268 51 3,460
1995 0.00 0.0 0.17 0.48 0.49 0.49 0.49 1995 2,734 1,750 703 171 44 3402
1996 ()00 0.03 0.10 0.19 0.20 0.20 0.20 1996 2,506 5,565 1,948 588 74 10,681
1997 000  0.06 0.11 0.13 0.13 0.13 0.13 1997 1,744 4,739 6,715 1,871 6006 15,735
Mean 006 046 0.81 .08 1.13 1.13 i.10 Mean 2,291 2,976 1,538 549 249 7,604




Table C13. Yield and spawning stock per recruit analyses for Georges Bank yellowtail flounder.

The NEFC Yield and Stock Size per Recruit Program - POBYPRC
PC Wer 1.2 [Method of Thompsen and 8ell (1934)] 1-Jan-1592
Run Date: 27- 3-18G8: Time: 10:31:09.91
GECRGES BANK YELLOWTAIL FLOUNDER - TRAC 1998

croportion of £ before spawning: 4167

Proportion of M before spawning. (4167

Matural Mortality is Constant at: .200

inttial age is: 1. Last age :s: B

Last age 1s a PLUS group:

Jriginal age-specific PRs. Mzts, and Mean Wts from file:
==> GRYTH.DAT

Age | Fish Mort Nat Mort | Proportion i Average Weights

| Pattern Pattern | Mature | Catch Stock
o] 0100 1.0000 | L0000 109 100
2 1600 1.0060 | .5400 | 285 119
3 1 6200 1.0000 8100 396 216
4} 1.0000 1.0000 | L9700 512 512
5 | 1.6000 1.0000 ¢ L.0000 | 647 647
6 | 1.0000 1.0000 { L.0000 | 826 .826
7 ] 1.0000 1.0000 3 1.0000 | 897 897
8+ | 1.0000 1.0000 | L.0000 | 1.041 1.041

Summary of Yield per Recruit Analysis for:
GEORGES BANK YELLOWTAIL FLOUNDER - TRAC 1998

STope of the Yield/Recruit Curve at F=0.00: --> 2.5067

F level at slope=1/10 of the above slope (FO.1): ----- > 241
Yield/Recruit corresponding to FG.1: ----- > 2179

F ievel to produce Maximum Yield/Recruit (Fmax): ----- > .687
Yield/Recruit corresponding to Fmax: ----- > 2473

F level at 20 % of Max Spawning Potential (F20): ----- > 487
SSB/Recruit corresponding to F20: -------- > 5037
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Table C14, Age-based projection of the Georges Bank yellowtail flounder stock at status quo F.

PROJECTION RUN: Georges Bank yellowtail - status quo projection
INPUT FILE: gbytsq.in

OUTPUT FILE: gbytsg.out

RECRUITMENT MODEL: 3

NUMBER OF SIMULATIONS: 100

F-BASED PROJECTIONS
COMSTANT F:0.130

SPAWNING STOCK BIOMASS (THOUSAND MT)
YEAR AVG S38 (000 MTy  STD

1998 18.044 2.854
1999 22.053 4.064.
2000 24947 5.283

PERCENTILES CF SPAWNING STCCK BIOMASS (00O MT)

YEAR 1% 5% 10% 25% 50% 75% 0% 95% G9%
1998 11.743 13.621 14.537 16.131 17.79¢ 19.761 21.786 22 9756 25.820
1599 13.867 16.270 17 418 18.197 21.545 24463 27 535 29.636 33.053
2000 15.379 17.668 18.873 21.068 24167 28.006 3Z2.541 34.537 38.926

ANNUAL PROBABILITY THAT SSB EXCEERS THRESHOLD: 10.00000 THOUSAND MT
YEAR Pr(SSB > Threshold Value)

1998 1.000

1999 1.000

2000 1.000

RECRUITMENT UNITS ARE:  1000.000 FISH
BIRTH

YEAR AVG RECRUITMENT STD

1598 23123.139 16356.631
1999 23138.766 16356953
2000 23072.730 16255.333

PERCENTILES OF RECRUITMENT UNITS ARE:  1000.000 FISH

BIRTH

YEAR 1% 5% 10% 253 50% 75% 90% 95% 99%
1998 5822.000 6714.000 6892.000 13738.000 19303.000 22773.000 50272.000 60926.000 68014.000
1959 5822 000 6714.G00 6B92.000 13738.000 19303.000 22773.000 50272.000 60926.000 68014.000
2000 5822 000 6714.000 6B92.000 13738.000 19303.000 22773.000 50272.000 60926.000 68014.000

LANDINGS FOR F-BASED PROJECTIONS
YEAR AVG LANDINGS (000 MT) STD

1998 1.816 0.272
1999 2.249 - 0.364
2000 2.621 0.524

PERCENTILES OF LANDINGS (000 MT)

YEAR 1% 5% 10% 25% 50% 75% 0% 95% Q0%
1998 1.208 1.397 1.484 1.634 1.788 1.977 2.172 2.310 2.528
1399 1.471 1.695 1.817 2.000 2.220 2.462 2.721 2.893 3.235
2000 1.621 1.886 2.032 2.240 2.555 2.922 3.315 3.el7 4.097

DISCARDS FOR F-BASED PROJECTIONS
YEAR  AVG DISCARDS (000 MT} STD
1998 0.030 0.010

1999 0.033 0.013
2000 0.034 - 0015

PERCENTILES OF DISCARDS (000 MT)

YEAR 1% 5% 10% 25% 50% 75% 90% 95% 99%
1998 0.014 0.017 0.019 0.023 0.028 0.035 0.042 £.047 0.062
1999 0.012 0.016 0.019 0.024 0.030 0.040 0.054 0.060 0.070
2060 0012 g:016 019 6024 0-03¢ 0045 3056 0.-061 0.079
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111, and the Nantucket lightship arca are closed to fishing.

Statistical reporting areas for Georges Bank yellowtail
flounder. Catches from shaded areas are included in the analyses. Areas
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Figure C2. Landings of Géorgcs Bank yellowtail flounder by Canada
and the United States. The top panel shows landings from 1935-1997,
and the bottom panel shows the national composition of landings from

1963-1997.
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Figure C5. Normalized indices of abundancé at age [Ln (x/mean)] for Georges Bank yellowtail flounder.
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Figure C6. Standardized residuals from ADAPT calibration of the Georges Bank yetlowtail tlounder VPA,
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Figure C10. Retrospective analyses of Georges Bank yellowtail
flounder. showing the impacts of additional year's of data on estimates
of spawning stock biomass (bottom panel), fishing mortality (middle
panel) and recruitment (top panel).
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Figure C13. Relationship between total stock biomass from surplus
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D. SCUP

Terms of Reference

a. Update commercial and recreational landings and
discard estimates for scup through 1997.

b. Evaluate quantitative indicators of exploitation
rate, stock abundance, and recruitment from state
and Federal research surveys, commercial and
recreational fisheries, sea sampling data, and
other sources.

c. H possible, use alternative models such as ASPIC
to assess the status of scup.

d. Provide total allowable catch recommendations

for scup to meet the target exploitation rate for
1999,

e. Review existing biological reference points and
advise on new reference points for scup to meet
SFA requirements.

Introduction

Scup (Stenotomus chrysops) is a schooling, conti-
nental shelf species of the Northwest Atlantic that is
distributed primarily between Cape Cod and Cape
Hatteras (Morse 1978). Inshore/offshore seasonal mi-
grations occur in the spring and autumn, with scup
found mainly in coastal waters during the summer
and in offshore waters in the winter. Sexual maturity
occurs at age 2, with spawning occurring from May
to August. Scup reach a maximum length of about 40
c¢m and a maximum age of about 20 years (Dery and
Rearden 1979). Tagging studies (e.g., Neville and
Talbot 1964; Cogswell 1960, 1961; Hamer 1970,
1979) have indicated the possibility of two stocks of
scup, one in Southern New England and another ex-
tending south from New Jersey. However, a lack of
definitive tag return data coupled with distributional
data from the NEFSC bottom trawi surveys support
the concept of a single unit stock extending from
Cape Hatteras north to New England (Mayo 1982).

--------------- The Mid-Atlantic Fishery Management Council

(MAFMC) and the Atlantic States Marine Fisheries
Commission (ASMFC) manage scup under Amend-

ment 8§ to the Summer Flounder FMP, In 1996, the
FMP implemented minimum size requirements of 9
in (23 cm) for commercially landed scup and 7 in (18
cm) size limits for recreationally landed scup, and a
minimum mesh size of 4.0 in for commercial vessels
retaining more than 4,000 1b of scup. In 1997, the
minimum mesh size was increased to 4.5 in and the
level of catch triggering the mesh requirement chang-
ed to seasonal thresholds of 4,000 Ib from November
through April and 1,000 Ib from May through Octo-
ber. Exploitation rates are to be reduced to 47% (F =
0.72) during 1997-1999, to 33% (F = 0.45) during
2000-2001, and to 19% (F = 0.24) in 2002, through
coastwide commercial quotas and season and posses-
sion limits in the recreational fishery. The total al-
lowable catch (TAC) established for 1997 of 9.11
million Ib (4,132 mt) included a commercial fishery
quota of 6.00 million b (2,722 mt), a recreational
fishery harvest limit of 1.95 million 1b (8835 mty and
projected total discards of 1.16 million 1b (528 m).
For 1998, the TAC of 7.28 million Ib (3,300 mt) in-
cludes a commercial fishery quota of 4.57 million b
(2,074 mt), a recreational fishery harvest limit of 1.55
million 1b (704 mt), and projected total discards of
1.15 million Ib (522 mt). Overfishing for scup is cur-
rently defined as fishing in excess of F_,,.. The 19%
exploitation rate corresponds to the current estimate
of F___ = 0.24. The FMP has as a management unit
all scup from Cape Hatteras northward to the US-Ca-
nadian border.

The Fishery

Commercial Landings

US commercial landings averaged less than
10,000 mt annually during 1930-1947 (Figure D1),
averaged over 19,000 mt per year during 1953-1964
(peaking at over 22,000 mt in 1960), and declined to
around 4,000 mt per year in the early 1970s. From
1974 to 1986, landings fluctuated between 7,000 and
10,000 mt, and have since declined to less than 3,000
mt. Under TAC and other restrictions, landings in
1997 were about 2,200 mt (4.8 million Ib), the lowest

_observed in the time series beginning in 1930 (Table

D1). The reported commercial landings fell short of
the available quota (2,700 mt or 6.0 million ib) by
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20%. During the 1995-1997 period, the proportion of
landings from the winter periods (January-April, No-
vember-December) has declined, and the proportion
ianded during the summer period (May-October) has
increased (Figure D2).

Commercial landings in 1994-1997 were reported
by dealers by market category, but not by area of
catch. Procedures developed by Wigley et al. (1998)
were used to allocate those landings by market cate-
gory to statistical area based on information collected
under the Vessel Trip Report (VTR) system. In those
procedures, a monthly set of landings which are re-

ported in both dealer and VTR databases are used to

characterize the distribution of dealer-reported land-
ings by statistical area. This proration procedure con-
tributes to uncertainty in the attribution of market cat-
egory landings by area, especially if vessels which
are not participating in any fishery with mandatory
VIR requirements land scup from different areas
than those which produce landings for participating
vessels. Other sources of uncertainty include unre-
ported landings by dealers.

Distant-water fleet landings (principally from the

Southern New England area) were reported during .

1963-1981 (Figure D1). Landings peaked at about
5,900 mt in 1963, averaged only about 1,100 mt per
vear during 1964-1975, and were only a few mt annu-
ally during 1976-1981.

Landings of scup in Rhode Island and New Jersey
have accounted for about two-thirds of the total dur-
ing 1979-1997 (Table D2), with Rhode Island aver-
aging about 38% of the total and New Jersey about
28% of the total. New York landings comprised an
average of 15% of the total.

Scup landings reported for Massachusetts increas-
ed substantially from 176 mt (388,000 lb) in 1996 to
677 mt (1,492,530 1b} in 1997, in contrast to the pat-
tern observed in all other states. Most of this increase
was from the handline gear category, generally em-
ployed from vessels of displacement less than 5 gross
registered tons, suggesting a change in reporting ac-
curacy for scup landings in Massachusetts. Staff from
MADMF noted that they had obtained affidavits
from several major scup dealers detailing previously
unreported landings of scup in Massachusetts for the

years 1992-1997. These landings ranged from
1,249,611 Ib (567 mt) in 1996 to 1,795,100 1b (814
mt) in 1993. At the time of its June 1998 meeting, the
SARC was not in consensus about how to account
for these landings in the assessment because of the
following uncertainties: 1) should the level of unre-
ported landings be considered constant back in time
(i.e., raise Massachusetts landings by a constant pro-
portion for years priot to 1992), 2) what were the bio-
logical characteristics of the landings, 3) to what de-
gree have landings for other states been under-report-
ed? Pending inspection and inclusion of these previ-
ously unreported landings records in the NMFS NER
dealer landings database, the SARC decided not to
revise the reported commercial fishery landings used
in the scup assessment at this time.

The principal commercial fishing gear is the otter
trawl, accounting for an average of 76% of the total
catch during 1979-1997 (Table D3). The remainder
of the commercial landings are taken by floating trap
(12%), with paired trawl, pound net, pots and.traps,
and handlines each contributing between 2 and 3%.
Approximately 30% of the commercial landings dur-
ing this period have occurred in state waters and 70%
in the EEZ.

The intensity of NER commercial fishery biologi-
cal sampling during 1979-1997 is summarized in Ta-

~ ble D4. Annual sampling intensity varied from 41 to
640 mt per 100 lengths. In 14 of the 19 years, the

overall sampling exceeded the informal criterion of
100 lengths sampled per 200 mt. This alone does not
indicate adequate sampling, however, because scup
are landed in seven commercial market categories

from over 20 statistical areas, and many of these

strata with substantial landings lack samples.

The distribution and pooling of NER commercial
fishery samples used in developing the estimates of
landings at age for 1997 are presented in Table D5. In
1997, 22% of the landings were in the unclassified
market category, for which only one length sample
was collected. Based on comparison of this length
frequency and the time/space landings pattern of the
unclassified landings with those of other 1997 market
categories, the unclassified sample and landings were
pooled with the large/mix category on a quarter 1,
quarter 2-4 basis (Table D3). Numbers at length were
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converted to numbers at age by applying age-length
keys derived from NEFSC survey catches of scup and
commercial samples. Age-length keys from spring
surveys and first and second quarter commercial sam-
ples were applied to numbers at length from the first
half of the year, while age-length keys from autumn
surveys and third and fourth quarter commercial sam-
ples were applied to numbers at.length from the se-
cond half of the year. Note that for all 1997 market
categories, corresponding age-length keys from 1996
were used 1n developing these estimates since 1997
age data were not available. Therefore, all 1997 com-
mercial landings-at-age estimates (as well as com-
mercial discard-at-age and recreational catch-at-age
estimates) are considered preliminary. |

Numbers and mean weights at age for the com-
mercial landings are presented in Tables D10 and
D14. For 1997, 57% of the commercial landings at
age were age 3, possibly reflecting both the imple-
mentation on September 26, 1996 of the 9 in (23 cmy)
commerctal fishery minimum size limit and the influ-
ence of a strong 1994 year class, which also account-
ed for a large (66%) proportion of the commercial
landings in 1996 at age 2 (Table D10, Figure D3).

Commercial Discards

The NEFSC sea sampling program has collected
information on landings and discards in the commer-
cial fishery during 1989-1997. For VPA time series
years in which no discard data were collected (1984-
1988), commercial landings at age were raised by the
geometric mean of the ratios of discards to landings
at age during 1989-1993. NER discard estimates
were raised to account for North Carolina landings.
In the absence of any published estimates of discard
mortality rates for this species, a discard mortality
rate of 100% was assumed. The number of trips in
which scup were landed and/or discarded is tabulated
in Table D6. Between 7 and 91 otter trawl trips per
year were sampled in which scup were landed or dis-
carded. The number of sampled trips was especially
low in 1994-1996, with between 7 and 27 otter trawl
trips sampled per year. Sampling increased from

The scup assessment review by the SARC during
SAW-25 (NEFSC 1997b) indicated that the NEFSC
sea sampling data were inadequate to deveiop relia-
ble estimates of scup discard at age in the commer-
cial fishery for use in analytical models. However, as
in the previous assessment, ratios of discards to land-
ings by landings level (for trip landings <300 kg (661
Ib) or =300 kg) and half-year were calculated (uncor-
rected geometric mean by cell) and multiplied by cor-
responding observed landings levels from the weigh-
out database to provide estimates of discards for
1997 for use as guidance in setting TAC levels for
management. Geometric mean rates are used because
the distributions of landings, discards, and the ratio
of discards to landings on a per-trip basis in the scup
fishery are highly variable and positively skewed
(e.g., see 1997, Figure D4).

In 1995 and 1996, no sea-sampled observations
were available for trips landing >300 kg per trip in
the first half of 1995 and the second half of 1996, one
observation was available for trips landing >300 kg
per trip in the second half of 1995 and two observa-

tions at that landings level were available for the first

half of 1996. Consequently, the 1989-1994 average
rate for trips with landings =300 kg (from both half
years) was used for the 1995-1996 rates in both half
years. :

For 1997, sea sample data were available though
October. Observations from 17 trips (with both non-
zero landings and discards) were available for trips
<300 kg, and 4 trips were available for trips =300 kg
in the first half of the year. No sea sample observa-
tions were available for the second half of 1997 for
trip landings in either category. Three alternative cal-
culations for the 1997 commercial fishery discard es-
timates were performed. For the first alternative (Ta-
ble D7a), the first half-year geometric mean discard
ratio for trips <300 kg was used for the second half of

1997, and the long-term (1989-1994) geometric mean

discard rate for trips with landings >300 kg was used
for both half-years of 1997, providing an annual dis-
card estimate of 1,060 mt. For the second alternative
(Table D7B), the first half-year geometric mean rates

1996 to 1997, from 27 to 45 otter traw! trips with ob-
served landings or discards.

fiom the trips sampled in"1997 were used for both
half-years for both trip landings levels, providing an
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annual discard estimate of 1,793 mt. For the third al-
ternative, arithmetic discard to landed ratios were cal-
culated, as in the black sea bass (NEFSC 1997b) and
New England groundfish assessments (e.g., Georges
Bank yellowtatl flounder, NEFSC 1997a), which use
vessel trip report (VTR) data as the basis for discard
ratios. Discard ratios calculated from VTR data are
used in the black sea bass and groundfish assess-
ments because the VTR ratios are comparable to sea
sample data ratios, but the sample size from VTR is
larger (NEFSC 1997a, 1997b). The arithmetic discard
ratios for scup from sea sample data provided an an-
nual discard estimate of 2,101 mt (Table D7¢).

The VTR discard data for scup were also explor-
ed and compared with sea sample data. In contrast to
black sea bass and New England groundfish discard
data, geometric mean discards-to-landings ratios for
scup for 1994-1997 sea sample data are 2-12 times
higher than those from VTR data, with a single ex-
ception in 1996 for trips landing >300 kg (Table DS,
Figure D5). The pattern persists when trips are dis-
aggregated by mesh size, although sea sample data
are very limited in this comparison (Table D9).

The calculation presented in Table D7b (1997 sea
sample geometric mean first half-year rates used for
both half-years) was used to estimate discards in the
NER commercial fishery, raised to account for North
Carolina landings, and carried forward in the assess-
ment (1,793 mt). For 1989-1997, the total weight
(mt) of discards was estimated from the observed
ratios of discards to landings (as described above),
and an aggregate length frequency distribution was
developed by half-year (where component length fre-
quency samples were weighted by the weight of the
discards in the tow sampled). The intensity of length
frequency sampling of discarded scup from sea sam-
pling has declined in 1992-1997 relative to 1989-
1991. Sampling intensity has ranged from 100 to 500
mt per 100 lengths sampled during 1992-1997, meet-
ing the informal criterion of 200 mt per 100 lengths
sampled only for 1996 (Table D6). Mean weight was
estimated from length frequency data and a length-
weight equation, total numbers were estimated by di-
viding total weight by mean weight, and numbers at
length were then calculated from the length frequen-

cy distribution. No age data are available from sea
samples. Numbers at length were converted to num-
bers at age by applying age-length keys derived from
NEFSC survey catches of scup. Age-length keys
from spring surveys were applied to numbers at
length from the first half of the year, while age-length
keys from autumn surveys were applied to numbers
at length from the second half of the year. Estimated
discard at age and mean weight at age are displayed
in Tables D10 and D14.

For 1984-1993, no clear pattern of age- or cohort-
specific trends emerged from examination of the ex-
ample calculation of discards at age (Table D10).
Discards were dominated by fish at ages 0, 1, or 2,
depending on the year under consideration. There is
some evidence for discarding of a strong 1994 year
class based on the changes in age composition of dis-
cards between 1994 and 1996, but tempered by un-
certainty due to poor sampling in those years (Table
D10, Figure D6). The 1997 discard estimate is dom-
inated by age 2 fish from the 1995 year class, proba-
bly as a result of minimum size and mesh regulations
implemented during late 1996 and early 1997 (Table
D10, Figure D6). The 1997 commercial fishery dis-
card estimate of about 1,800 mt (4.0 million Ib) is 3.6
times higher than the projected commercial fishery
discard of about 500 mt (1.1 million 1b) used to es-
tablish the 1997 TAC.

Recreational Catch

Scup is an important recreational species, with the
greatest proportion of catches taken in the Southern
New England states and New York. Estimates of the
recreational catch in numbers were obtained from the
NMFS Marine Recreational Fishery Statistics Survey
(MRFSS) for 1979-1997. These estimates were avail-
able for three categories: type A - fish landed and
available for sampling, type B1 - fish landed, but not
available for sampling, and type B2 - fish caught and
released. The estimated recreational landings (types
A and Bl) in weight during 1979-1997 averaged
about 2,150 mt per year (Table D1). Since 1979, the
MRFSS data indicate that the recreational landings
have comprised approximately %4 of the commercial
and recreational total. The 1997 estimate of 479 mt is
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the lowest of the 1979-1997 time series, and about
54% of the available 1997 h_arvest lirmut.

The estimated recreational discards in weight dur-
ing 1984-1997 ranged from 25 mt in 1997 to a high
of 87 mt in 1986, while averaging about 44 mt per
year (Table D18), based on the assumption that 15%
of the discards (type B2) die. Mortality due to dis-
carding in the recreational fishery has been reported
to range from 0 to 15% (Howell and Simpson 1983)
and from 0 to 13.8% (Williams, pers. comm.). How-
ell and Simpson found mortality rates positively cor-
related with size, due largely to the tendency for
larger fish to take the hook deep in the esophagus or
gills. Williams more clearly demonstrated increased
mortality with depth of hook location, as well as
handling time, but found no association with fish
size. Based on these studies, discard mortality in the
recreational fishery between S and 15% appears rea-
sonable. In this and previous assessments, a recrea-
tional fishery discard mortality rate of 15% was as-
sumed (NEFSC 1997b).

In the recreational fishery, sampling intensity var-
ied from 48 to 443 mt per 100 lengths. Sampling in
all years except one during 1979-1987 failed to satis-
fy the above informal criterion, but since 1987 the
criterion has been met (Table D4). Numbers at length
for recreational landings were determined based on
available recreational fishery length frequency sam-
pies pooled by half-years over all regions and fishing
modes, and were converted to numbers at age by ap-
plying age-length keys derived from NEFSC survey
catches of scup and commercial samples. Age-length
keys from spring surveys and first and second quarter
commercial samples were applied to numbers at
length from the first half of the year, while age-length
keys from autumn surveys and third and fourth quar-
ter commercial samples were applied to numbers at
iength from the second half of the year. Note that for
1997 recreational landings at age, corresponding age-
length keys from 1996 were used in developing the
estimates since 1997 age data were not available. As
a result, 1997 recreational landings-at-age estimates
are considered preliminary.

Numbers and mean weights at age for the recre-

discards are collected under the MRFSS program, so
recreational discards were assumed to be fish at ages
0 and 1, in the same relative proportions as in the
landed catch, consistent with regulated minimum fish
sizes and informal inspection of samples collected
from the New York recreational fishery (Table D11).
For 1997, 46% of the recreational landings-at-age are
estimated to be age 2 scup. Virtually all of the recre-
ational catch is estimated to be above the 7 in {18

cm) recreational fishery minimum size limit (Table
D11, Figure D7).

Total Catch and Age Composition

Estimates of the total catch of scup during 1984-
1997 include commercial and recreational landings
and discards. The total catch during this period varied
from a high of nearly 14,300 mt in 1986 to a low of
about 4,500 mt in 1997. The total catch decreased by
two-thirds from 1991 (14,100 mt) to 1997. During
this 14-year period, commercial landings averaged
about 50% of the total catch, with total discards and
recreational landings each accounting for about 25%.

Numbers at age were estimated for 1984-1997 for
the commercial landings (separately for Maine-Vir-
ginia, i.e., NEFSC weighout landings; and North Car-
olina), commercial discards, recreational landings,
and recreational discards (Tables D10-D12, and sum-
med over all sources in Table D13). Mean weights at
age for the commercial landings, commercial dis-
cards, recreational landings. and recreational discards
for 1984-1997 are given in Tables D14-D 16, and es-
timates of mean weight at age of removals from all
sources are given in Table D17. Variability in mean
weights at age in the catch are partially a function of
the relative magnitude of the discards in any particu-
lar year, e.g., the 1994 year class at age 1 in 1995.

Stock Abundance and Biomass Indices

Research Vessel Survey Indices

. Indices of scup abundance and biomass were cal-
culated from catch-per-tow data from research vessel
surveys conducted by the NEFSC, Massachusetts Di-
vision of Marine Fisheries, Rhode Island Division of

ational landings are presented in Tables D11 and
D15. No length frequency distribution data on scup

Fishi; Wildlife, and Estuarine Resources, Connecticut
Department of Environmental Protection, New York
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Department of Environmental Conservation, New
Jersey Bureau of Marine Fisheries, and the Virginia
Institute of Marine Science.

NEFSC

Abundance indices for scup were determined
from autumn (1963-1997), spring (1968-1998), and
winter (1992-1998) NEFSC bottom trawl surveys.
Mean number- and weight-per-tow indices for the
spring and autumn survey time series are presented in
Table D19, which include only offshore strata for
consistency over the early part of the time series. Al-
though the indices exhibit considerable year-to-year
variability, both surveys indicate that current levels
of biomass are much lower than in years prior to
about 1980. The spring indices show a high level
from the late 1960s to the late 1970s followed by a
sharp, almost continuous, decline through 1996, The
autumn indices, although much more variable, may
indicate an increase in biomass from the early 1960s
to the mid-1970s, dropping thereafter, and declined
to the lowest observed levels in the time series during
1993-1996. The winter survey indices exhibited a
downward trend through 1997 (Table D22).

Mean number-per-tow-at-length and number-per-
tow-at-age indices from the spring and autumn sur-
veys were based on tows in offshore strata 1-12, 23,
25, and 61-76 and inshore strata 1-61 (Tables D20-
D21, Figures D8 and D10). The indices from the rel-
atively short winter survey series were based on tows
in only the above-indicated offshore strata (Table
D22, Figure D9). Note that NEFSC 1998 spring in-
dices are based on preliminary, unaudited trawl log
data.

The 1998 winter and 1998 spring surveys indicate
that a potentially strong 1997 year class is recruiting
to the stock. This year class can be tracked beginning
with the 1997 autumn survey index at age 0 (11-cm
mode), in which it appears to be about the same mag-
nitude as the 1994 year class, progressing through the
1998 winter and spring surveys at age | (mode. still at
about 10 cm; Figures D§-D10). This incoming year
class has contributed to overall increases in weight-
per-tow indices for the 1997 autumn and 1998 winter
and spring surveys (Tables D19 and D22).

During the SAW-27 SARC, indices of scup
spawning stock biomass per,tow (SSB kg/tow) were
developed from the NEFSC spring and autumn off-
shore strata series for use as minimum biomass in-
dices for stock rebuilding in response to Sustainable
Fisheries Act (SFA) considerations. The SARC se-
lected a 3-year moving average of the NEFSC spring
SSB index as a representative measure of scup SSB,
due to the characteristics of the survey age structure
and the magnitude of the survey catch when com-
pared with the autumn series. Current NEFSC spring
indices of SSB are at record lows (1996-1998 aver-
age = 0.06 SSB kg/tow), and less than one-tenth of
the maximum observed during 1977-1979 of 2.77
SSB kg/tow (Table D19, Figure D11).

Massachusetts

The Massachusetts Division of Marine Fisheries
(MADMF) has conducted a semi-annual bottom
trawl survey of Massachusetts territorial waters in
May and September since 1978. Survey coverage ex-
tends from the New Hampshire to Rhode Island
boundaries and seaward to three nautical miles in-
cluding Cape Cod Bay and Nantucket Sound. The
study area is stratified into geographic zones based
on depth and area. Pre-determined trawl sites are al-
located in proportion to stratum area and are chosen
randomly within each sampling stratum. A 20-minute
tow at 2.5 knots is made at each station with a 3/4-
size North Atlantic two-seam otter traw! (11.9 m
headrope, 15.5 m footrope) rigged with a 19.2'm
chain sweep with 7.6 cm rubber discs. The net con-
tains a 6.4 mm mesh codend liner to retain small fish.
Approximately 95 stations are sampled during each
survey. Standard bottomn trawl survey techniques are
used to process the catch of each species. Generally,
the total weight (nearest 0.1 kg) and length frequency
(nearest cm) are recorded for each species on stan-
dard trawl logs. Collections of age and growth struc-
tures, maturity observations, and pathology observa-
tions are taken.

The MADMF spring indices dropped sharply
from a high in 1980 to remain at fairly iow levels
until increasing briefly in 1989 and 1990 (Figure
D12). Indices in 1996 and 1997 have been low. The
catch per tow in numbers at age for the spring and
autumn surveys are given in Table D23. There is no
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indication of a strong 1997 year class from the
MADMEF autumnn index at age 0.

Rhode Island

The Rhode Island Division of Fish, Wildlife, and
Estuarine Resources (RIDEFW) has conducted an au-
tumn and spring survey since 1979 based on a strati-
fied random sampling design. Three major fishing
grounds are considered in the spatial stratification,
including Narragansett Bay (NB), Rhode Isiand
Sound (RIS), and Block Island Sound (BIS). Stations
are either fixed or randomly selected for each stra-
tum. In order to maintain continuity in the number of
stations sampled per stratum each season, an alter-
nate list is generated for substitution in the event of
an unexpected hang-up or questionable bottom type.
At each station, a 3/4-scale high-rise bottom trawl is
towed for 20 minutes at an average speed of 2.5
knots using the R/V Thomas J. Wright, a 42 ft Bruno
and Stillman western-rigged dragger. The net average
vertical opening is estimated at 10 feet. The otter
trawl doors are 2 ft by 4 ft in dimension, set 7.5
fathoms ahead of the wings of the net. Survey results
are expressed as unweighted arithmetic mean-weight

.and number per tow for the three major areas (NB,
RIS, and BIS).

Analysis of length frequency data indicates sea-
sonal variability in mean length, with a spring mean
of 23 cm and an autumn mean of 10 cm. Further
examination indicates that about 99% of the scup
caught in the autumn survey are ages O and 1. Be-
cause the index is dominated by the autumn compo-
nent of the survey, that portion of the index was used
as the index of abundance for VPA tuning.

RIDFW autumn survey number/tow indices in-
creased in the early 1990s, but declined through
1996, until increasing in 1997 (Table D24, Figure
D12). The 1996 age O index was the second lowest of
the time series, while the 1997 year class appears to
be the strongest since 1993 (Figure D13).

Connecticut

The Connecticut Department of Environmental
Protection (CTDEP) trawl survey program was initi-
ated in May 1984 and encompasses both New York

and Connecticut waters of Long Island Sound. The
stratified random design survey is currently con-
ducted in the spring (April-June) and auturnn (Sep-
tember-October). Each survey consists of three
cruises, each with 40 stations sampled, providing a
sampling density of one station per 20 square nautical
miles per cruise. Prior to 1990, the survey was con-
ducted monthly from April to November.

Scup occur in all months sampled, but are most
common in the autumn when 4,000-40,000 fish be-
tween 4 and 38 cm in length are taken. Large autumn
catches can be attributed to age 0O fish (<12 cm)
which comprise 80-90% of the catches. In May and
June, 2,000-4,000 age 1+ (9-37 cm) scup are typical-
ly collected during the 120 tows. Scup occur in 40-
50% of the spring tows and in more than 95% of the
autumnn samples. Proportional standard errors (PSE)
of spring log mean number/tow indices range from
12 to 14%, whereas autumn PSEs are between 2 and
7%. Because the pooled index is dominated by the
autumn component, that portion of the index was
used as the index of abundance for VPA tuning.

The mean weight/tow index remained relatively
stable during 1984-1989, increased to a peak in 1991,
and declined since. Number-per-tow indices (Table
D25, Figure D12) indicate potential increases during
1984-1991, but abundance has been stable or declin-
ing thereafter. As with the MADMF autumn index,
there is no indication of a strong 1997 index from the
CTDEP autumn survey (Table D25, Figure D13).

Virginia Institute of Marine Science

The Virginia Institute of Marine Science (VIMS)
has conducted a juvenile scup survey in lower Chesa-
peake Bay during June-September since 1988. Age O
geometric mean indices based on an average of 104
samples per survey are presented in Table D26. The
1989 index is about 6 times higher than the mean
level in the other six years. The VIMS age 0 index
fell to the lowest value in the time series in {997
(Table D26, Figure D13).

New York

The New York Department of Environmental
Conservation (NYDEC) initiated a small-mesh trawl
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survey in 1985 to collect fisheries-independent data
on the age and size composition of scup in local
waters. This survey 18 conducted in the Peconic Bays,
the estuarine waters which lie between the north and
south forks of eastern Long Isiand. The R/V David H.
Wallace, a 35 ft Bruno and Stillman, is used to sam-
ple 16 stations each week from May through October.
Tows are 20 min in duration. The net used has a 16
ft headrope and a 19 ft footrope and is constructed of
polypropylene netting with 1.5 in stretch mesh in the
body and 1.25 in stretch mesh in the codend.

For this analysis, a young-of-the-year index was
provided based on slicing at length. Fish were cate-
gorized as young of the year if <75 mm in the July
survey, 100 mm in August, and 125 mm in Septem-
ber. The time series extended from 1987 to 1996. The
young-of-the-year index peaked in 1991-1992 and
declined thereafter. The geometric mean catch per
station in numbers at length pooled over the survey
season is presented in Table D26 and Figure D13.

New Jersey

The New Jersey Bureau of Marine Fisheries
(NJBMF) has conducted a stratified random bottom
trawl survey of New Jersey coastal waters from Am-
brose Channel south to Cape Henlopen Channel, and
from about the 18 ft isobath to approximately the 15
ft isobath offshore. Latitudinal strata boundaries cor-
respond to those in the NMFS groundfish survey;
{ongitudinal boundaries correspond to the 30, 60, and
90 ft isobaths. Each survey includes two tows per
stratum plus one additional tow in each of nine larger
strata for a total of 39 tows. A three-in-one trawl with
a 100 ft footrope, an 82 ft headrope, 3-4.7 in mesh
throughout most of the body, and a 0.25 in mesh cod-
end liner is used. Two vessels have been used during
the survey, the F/V Amy Diane, during 1988-1991
and the F/V ARGO Marine from 1991 to the present.
From 1991 to the present, the area has been surveyed
in January, April, June, August, and October; during
1988-1990, February and December surveys were in-
corporated instead of the January survey.

Catch per tow at length was reported by survey,
pooled, and aged using NEFSC survey age-length
keys (augmented with commercial age-length keys
when available and necessary). Results are reported

in Table D27. The index increased overall from 1989
to 1993, then declined to the lowest levels in the
1989-1996 series in 1997 (Figure D12). As with the
MADMEF, CTDEP, and VIMS recruitment indices,
there is no indication in the NJDMF that the 1997
year class is strong (Figure D13).

Coherence among surveys

The surveys conducted by the NEFSC and several
states have each produced indices of scup abundance
and biomass. Since each of these surveys samples
distinct geographic regions, it is possible that they
provide indices for different components of the over-
all stock. In addition, seasonal movements of scup
can influence the availability of scup and the effec-
tiveness of the various surveys in providing indices
that accurately reflect total stock abundance or bio-
mass. Various indices were likely measuring different
components of the stock distributed differentially in
time and space. In light of this, all relevant tuning in-
dices were included in the ADAPT tuning model for
estimating stock size and fishing mortality.

Overall, stock sizes (as indexed by mean weight
per tow) appear to have dropped during the late
1970s (NEFSC spring survey) to the early 1980s
(MADMEF spring survey). Since then, biomass has
continued to trend downward to the lowest observed
levels during 1993-1997 (NEFSC and MADMF
spring surveys). Intermittent increases in biomass
were not sustained for more than three years in either
index. In recent years, the fluctuating NEFSC autumn
survey index has included several of the lowest ob-
servations in the 34-year time series. Other indices of
abundance, based on number per tow, are much
shorter, beginning in 1984. While several of those in-
dices show increasing trends from 1985 to 1993, in-
dices in 1996 are at or near the lowest values in the
survey series. Recruitment indices (age 0 scup) from
the 1984-1997 autumn surveys generally show the
highest values during 1988-1992, and lower values
thereafter. Of the state recruitment indices at age 0,
only the RIDFW surveys indicate a strong 1997 year
class (Figure D13). NEFSC 1998 winter and spring
surveys also suggest that the 1997 year class may be
strong (Figures D9-D10).
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Mortality and Stock Size Estimates

Natural Mortality

Instantaneous natural mortality (M) for scup was
assumed to be 0.20 (Crecco et al. 1981, Simpson et
al. 1990},

Exploratory Virtual Population Analysis

Tuning

Numbers at age on 1 January 1998 and corre-
sponding fishing mortality (F) rates in 1997 were
estimated using a non-linear least squares technique
to calibrate VPA estimates of numbers at age with
survey abundance indices (ADAPT; Parrack 1986,
Gavaris 1988, Conser and Powers 1990). Abundance
at ages 0-5 was estimated separately; ages 6 and older
were combined as a plus group because, on average,
less than 1% of the catch was age 6 and older. Stock
sizes in 1998 were directly estimated for ages 1-4,
with abundance at age 5 and 6+ calculated from F es-
timated for age 4 in 1997. Stock size at age 0 in 1998
could not be estimated because no 1998 survey indi-
ces of age 0 abundance were available. Fishing mor-
tality at age 5 was estimated from back-calculated
stock sizes at ages 3-4; F at age 6+ was assumed
equal to F at age 5.

The following research trawl survey indices were
inspected for use in VPA tuning:

1) NEFSC spring survey, ages 1-4

2) NEFSC autumn survey, ages 0-4

3) MADMEF spring survey, ages 1-4

4) MADMEF autumn survey, ages 0-2+

5} RIDFW autumn survey, ages 0-4

6) CTDEP autumn survey, ages 0-5

7) VIMS autumn survey, age 0

8) NEFSC winter trawl survey, ages 1-4

9) NYDEC spring-autumn survey, age 0
10) NIBMF spring-autumn, ages 0-3

Spring and NEFSC winter survey indices at age
were compared to stock sizes at age 1 in January of
“the survey year; spring-autumn survey indices were
compared to stock sizes at age at mid-year, and au-
tumn survey indices were compared to stock sizes

one year oider on | January the following year. Re-
sidual patterns and partial variances contributed by
individual indices lead to the elimination of the
MADMEF spring age 1, NEFSC spring age 4, RIDFW
ages 2-4, and VIMS age 0 based on high partial vari-
ances, and CTDEP age 0 based on tread in residuat
patterns. Because there was uncertainty in both catch-
at-age (e.g., commercial discard-at-age component)
and tuning-index components, iterative re-weighting
was not incorporated in the final run.

Approximate coefficients of variation for esti-
mates of numbers at ages 1-4 ranged from 32 to 56%.
Approximate coefficients of variation for survey
catchability coefficients ranged from 26 to 47%. Ab-
solute values of correlation coefficients between esti-
mated parameters were all less than 0.25, with nearly
all below 0.15. No trends in standardized residuals
were observed.

Exploitation pattern -

The exploitation pattern has been variable from
year to year, but full recruitment has occurred be-
tween ages 2-4 during 1989-1997, influenced by the
magnitude of uncertain annual commercial discard-
at-age patterns. An average exploitation pattern was
calculated as the ratio of the geometric means (1996-
1997) of the fishing mortality rates at ages 0-2 to the
means at ages 3-5. The resulting 1996-1997 pattern
indicates less than 1% recruitment at age 0, 10% at
age 1, and 100% at age 2 and older. In previous
yield-per-recruit calculations, full (100%}) recruitment
was assumed at ages 2 and older, consistent with
these observations.

Evaluation of VPA adequacy

The SARC believes that an exploratory VPA inte-
grates existing data to produce estimated trends in
fishing mortality rates and biomass that are generally
indicative of actual trends, but due to gross inadequa-
cies in the input data, the SARC rejects the explor-
atory VPA as a basis for assessing current stock sta-
tus or as the basis for projections. Similar to other as-
sessments in the region, the amount of variance in

been estimated. In the case of scup, this amount of
variance is believed by the SARC to be unreasonably
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large. In the case of the 1993-1994 commercial land-
ings reported through the NEFSC system, 37-46% of
the total tonnage was not sampled at the resolution of
market category, quarter, and two-digit statistical
area and consequently was characterized by the size
composition of landings of market categories from
different statistical areas or quarters, or from a com-
bination of market categories. While market category
1s more likely to be related to size composition rather
than statistical area of catch, the SARC felt that,
overall, under-sampling produced a significant source
of uncertainty in the development of the NEFSC
commercial landings-at-age component.

In the case of commercial discard-at-age esti-
mates, sampling was not adequate to cover all cells in

the stratification scheme (landings level and half-

year) in the past three years, requiring substitution of
long-term average cell means or first half-year ratios
for the entire year. For years before the implementa-
tion of the sea sampling program, the discard-at-age
matrix was estimated using average observed ratios
of discard to landings from later years. Accordingly,
early estimates of discard do not include any direct
observations. Because discard levels appear to be
highly variable even between tows on the same sea-
sampled trip, typical estimators such as ratios of dis-
cards to landings or discards per day fished are highly
variable and can range over three orders of magni-
tude, simply depending on the form of the mean
used, based on comparisons in the previous assess-
ment. Identification of specific mechanisms or fac-
tors which lead to differences in discard rates is com-
plicated by the wide spatial and temporal range of the
component fisheries as well as operational character-
istics of fisheries, e.g., target species and gear type.
This combination of variable discard rates within trip
and the range of temporal, spatial, and operational
characteristics of component fisheries will continue
to make accurate characterization of discard levels
difficult, even if sampling levels were to increase.
The VTR data appear to offer little improvement, as
reported discard ratios appear unreasonably low.

Performance of tuning indices in the VPA was
generally poor: year classes are poorly tracked over
time by individual surveys, and indices may reflect
local patterns in availability or recruitment rather
than abundance of the stock. Even surveys which

cover the entire range of the stock (NEFSC winter,
spring, and autumn surveys) exhibit large interannual
fluctuations, in part due to domination of indices by
incoming year classes which are rarely abundant in
surveys in following years, and in part due to avail-
ability. The coefficients of variation for parameter es- -
timates obtained from this VPA were comparable to
those obtained in the previous assessment (SAW-25;
NEFSC 1997b). The SARC concluded that the pre-
cision of the estimates of fishing mortality and stock
size was unacceptably low and would provide an un-
reliable basis for any estimates of stock size and fish-
ing mortality rates.

Exploratory ASPIC Model Analysis

Surplus production medels can be useful in as-
sessing the status of fish stocks when information on
age structure is unavailable or unreliable, or simply
to provide an alternative method to VPA in estimat-
ing trends in fishing mortality and abundance.
Production models can also provide guidance on
biological reference points such as maximum sustain-
able yield (MSY), the biomass which would support
MSY (B,,), and the total stock biomass fishing
mortality rate at MSY (F_). '

A non-equilibrium surplus production model in-
corporating covariates (ASPIC; Prager 1994} was ap-
plied to estimates of scup catch and NEFSC and state
agency survey indices of scup biomass. Indirect esti-
mates (by ratio to commercial landings) of recrea-
tional catch and commercial fishery discards were
made to extend the catch series back to 1960. The
earliest catches in the 1960-1997 time series are the
least reliable due to uncertainty about the level of
DWF catch, recreational catch (50% reduction from
interpolations made in Mayo 1982), and commercial
fishery discard (average discard-to-landings ratio
from 1984-1997 applied to all earlier years). Various
combinations and time series of NEFSC spring
{1968-1997), autumn (1963-1997), and winter (1992-
1997) biomass indices, both arithmetic stratified
mean and fitted mean (ARIMA model with theta =
0.4; Pennington 1985), and CTDEP autumn (1984-
1997), MADMEF spring (1978-1997), and combined
RIDFW trawl survey (1960-1997) biomass indices,
were included as input in an attempt to develop a re-
liable analysis.
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The SARC noted that the inability to directly
estimate historical commercial fishery discards
(1968-1988) and recreational catch (1968-1978) casts
uncertainty on the validity of the ASPIC absolute es-
timates of stock biomass, fishing mortality rates, and
biological reference points. Since the exploratory
ASPIC analysis suffered from many of the same in-
put data inadequacies as the exploratory VPA, the
SARC rejected the ASPIC analysis as a basis for cur-
rent status, projections, or reference points.

Biological Reference Points

Yield and Spawning Stock Biomass per Recruit

The MAFMC and ASMFC have jointly adopted
an F_, overfishing definition. Analysis from the
SAW-19 assessment indicated that F,, = 0.141 and
F_ .. =0.236, with yield including both landings and
discards. AtF_, , about 24% of the maximum spawn-
ing potential (%MSP) is obtained.

Because of recent changes in commercial fishery
minimum fish sizes and commercial trawl fishery
mesh requirements, the yield- and spawning-stock-
biomass-per-recruit analysis was re-evaluated in this
assessment. The partial recruitment of ages 0-1 scup
and the mean weights of scup at ages 0-6 were re-
vised to reflect the patterns estimated in the explor-
atory VPA for 1996-1997. Relative to the SAW-19
assessment, the partial recruitment of age O scup was
reduced from 4% to 1%, and of age 1 scup from 22%
to 10%. The current yield-per-recruit analysis (Table
D28) provides estimates of F, | = 0.147 (15% exploi-
tation; 39% MSP) and F_,, = 0.261 (21% exploita-
tion; 23% MSP). The SARC noted that reference
points from the current yield- and spawning-stock-
biomass-per-recruit analysis are subject to uncertain-
ty due to effects of discarding on the fishery exploita-
tion pattern estimated by the exploratory VPA.

Threshold Biomass for SFA Considerations

The Sustainable Fisheries Act emphasizes the
need to conserve US fishery resources for long-term
maximum sustainable yield (MSY) through precau-
tionary management, Proposed guidelines.on manag-

a continuing basis, 2) defining overfishing as a rate of
fishing mortality (F) that exceeds the threshold rate
associated with producing MSY (F, ), 3) defining an
overfished stock as a stock size that is less than a
minimum stock size threshold, which is the stock
biomass that will allow rebuilding to the MSY level
in 10 years, and 4) adopting control rules that incor-
porate uncertainty of MSY reference point estimates
so that fishing targets are risk averse (DOC 1997).

The SARC noted that estimates of B, using scup
landings and survey time series may be too low, giv-
en the very high commercial fishery catch removed
from the stock prior to the initiation of the NEFSC
spring and autumn surveys (e.g., 1950s and early
1960s). However, the SARC defined a minimum
threshold biomass index for stock rebuilding as the
maximum value of a 3-year moving average of the
NEFSC spring survey catch per tow of spawning
stock biomass (1977-1979 = 2.77 S8B kg/tow). Sim-
ilarly, F,, cannot be estimated, and F;, (0.15) ig sug-
gested as a proxy for F, ., although that estimate is
also subject to considerable uncertainty about the ef-
fect of discarding on exploitation patterns, as noted
above. The SARC believes greater caution is neces-
sary in setting a fishing mortality threshold to accom-
modate the greater uncertainty in the assessment of
scup compared to other species where F_,, has been
acceptable (i.e., summer flounder). If fishing mortal-
ity rates are obtained which are at or below the cur-
rent management schedule for reductions in F, there
is minimal probability that the stock would rebuild to
the minimum biomass index within 10 years, condi-
tional on incoming recruitment.

Projections of Catch and Stock Biomass

In the absence of any quantitative estimates of
current stock size, a forecast of future stock and catch
was not possible. However, the SARC recommends
that the 1999 TAC should be less than that in 1998 to
at least remain on the current fishing mortality reduc-
tion schedule.

Conclusions

The scup stock is over exploited and at a low bio-

ing sustainable fisheries include several components:
1) preventing overfishing while producing MSY on

mass level. This conclusion is based on the truncated
age structure of fishery catches and current record
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low research survey indices of spawning stock bio-
mass, which both indicate that the stock has been
subject to prolonged high fishing mortality. Indices
of recruitment have trended downward in recent
years, except for a moderate 1994 year class and what
may be a strong 1997 year class. Although discard es-
timates are uncertain, the majority of fishing mortal-
ity in recent years is clearly attributable to discards,
particularly when tncoming recruitment is strong.

Fishing mortality should be reduced substantially
and immediately. Reduction in fishing mortality from
discards will have the most impact on the stock, par-
ticularly considering the importance of the 1997 year
class. This could be most effectively accomplished
by reducing discards from small-mesh fisheries.

SARC Comments

The uncertainties associated with the catch data
and lack of confidence in model results led the SARC
to conclude that an analytical assessment (using the
current VPA or ASPIC models) would be inappropri-
ate as the basis for management decisions for scup.
The current qualitative advice on stock status is bas-
ed on a truncated age structure of the fishery catches
and the record low level of research survey biomass
indices. The SARC concluded that efforts should be
made to increase the level of commercial fishery
sampling to better characterize commercial catch at
age due to the large number of market categories,
wide geographical range, and many types of fisheries
that prosecute this species. Commercial fishery dis-
cards of ages 0-3 from directed and non-directed fish-
eries are a significant component of the current esti-
mates of catch at age. However, discards are poorly
estimated because sea sampling is not adequate to
characterize discards in various components of this
fishery, and VTR data do not accurately reflect the
level of scup discards expected for commercial trawl
fisheries. A VPA or other analytical model formula-
tion for scup will not be feasible until the quality of
the input data, particularly the precision of discard
estimates, is significantly improved. :

Research Recommendations

® Increased and more representative sea and port
sampling data of the various commercial fisheries

in which scup are landed and discarded is critical
to characterize adequately the length composition
of both landings and discards. The current level
of sampling, particularly of commercial fishery
discards, seriously impedes the development of
analytic assessment and forecasts of catch and
stock biomass. A pilot study to develop a sam-
pling program to estimate discards should be im-
plemented. This would quantify the advantages of
obtaining sea samples from freezer trawlers and
other small-mesh fleets from which few samples
have been collected, and would provide an oppor-
tunity for joint industry research programs.

® Additional information on compliance with reg-
ulations (e.g., length limits) and hooking mortal-
ity is needed to interpret recreational discard data.

® Commercial discard mortality was assumed to be
100%. It is recommended that studies to better
characterize the mortality of scup in different-gear
types be conducted to more accurately assess dis-
card mortality.

® Expanded age sampling of scup from commercial
and recreational catches is required, with special
emphasis on the acquisition of large specimens.

® Further biological studies are needed to look at
factors affecting annual availability of scup to re-
search surveys and maturity schedules.
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Table D1. Landings (mt

) of scup from Maine through North

Carolina.

-)_{_ear B Commer(:lal- Recre‘étioq 'ill_ o Totai
1979 8,584 1,198 9,782
1980 8,424 3,109 11,533
1981 9,856 2,636 12,492
1982 8,703 2,361 11,064
1983 7,794 2,836 10,630
1984 7,769 1,096 8,865
1985 6,726 2,764 9,490
1986 6918 5,264 12,182
1987 6,069 2,806 8,875
1988 5,728 1,936 7,664
1989 3,716 2,521 6,237
1990 4318 1,878 6,196
1991 6,867 3,668 10,535
1992 6,002 2,001 8,003
1993 4,463 1,450 5913
1994 4,151 1,192 5,343
1995 2,894 596 3,490
1996 2,688 1,015 3,703
1997 2,179 479 2,658
Mean £ 5,992 2,148 8,140

Yer ME MA Rl CI NY N MD VA
1979 782 3123 91 1,422 2159 21 397
1980 1706 293 17 1294 2310 32 53
1981 523 2959 44 1,595 2990 9 1,054
1982 545 3202 25 1473 1746 2 1042
1983 672 2,583 49 1,03 253 13 536
1984 540 2919 32 904 2217 6 673
1985 387 3583 41 861 1492 17 74
1986 619 2987 67 893 1894  i4 272
1987 s 529 2062 301 9Ll 1816 232
1988 9 320 2833 359 687 1334 1 127
1989 31 311 1402 89 603 1219 1 45
1990 4 443 1786 165 755 1005 . 4 T
1991 IS 340 2902 287 1,223 1960 15 56
1992 398 2676 193 1,043 1475 17 73
1993 90 1332 148 729 182 10 73
1994 12 LS14 142 688 1456 7 93
1995 128 1048 89 SI1 Q086 1 20
1996 176 76 99 37T 114l 20 M
1997 677 491 S0 36l 596 1 2
Mean 11 448 2274 120 918 1698 11 287

589
3949
682
668
302
478
27t
172
113
58
15
8l
69
127
33
139
11
27
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Table D2. Commercial landings (mt) of scup by state. One mt was
landed in DE in 1995.

_NC_Tuw

6,867
6,002
4,463
4,151
2,894
2,688
2179
5992
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Table D3.” Commercial landings (mt) of scup by major gear types. Table D4. Summary of the sampling intensity for scup in the NER
All North Carolina landings in 1990-1997 are assumed to be taken (ME-VA) commercial and coastal recreational fisheries.

by otter trawls. Midwater paired trawl landings are combined with
other gears during 1994 and later.

NER Commercial fishery “Coastal Recreational fishery

Year No.of No. of NER Samlsling No.of Estimated Sampling
. - e samples lengihs  landings intensity  lengths  landings  inlensity
Otter Paired Floating Pound Pots and Handli  Other Total (mt)  (mv/100 (A+BI)  (m/i00
Year trawl trawl trap net traps nes gear mt 3 lengths) C(m)  tengths)
1979 6,387 146 1,305 429 26 215 76 8,584 1979 10 1,250 7,995 640 322 1,198 372
1980 6,192 160 1,559 194 8§ 303 8 8424 1980 26 3478 7825 215 L1263 3,109 246
1981 7,886 79 1291 246 49 306 49 9,856 :;’:; ;‘: zggz ‘;(‘);‘5‘ 458 642 2,008 322
1982 6563 104 1514 244 9 226 43 8703 ’ ’ 811057 3,100 293
g 61 398 850 390 8 25 0y 7704 1983 72 7,860 7,492 95 1,384 3,432 248
1983 3, é ’ 1984 60 6,303 7,291 116 943 1,434 152
1984 5,617 272 1,266 . 295 8§ 287 24 7,769 1985 3 3.058 6,455 - - 3282 "
1985 4856 417 1,022 229 5 182 15 6726 1986 54 5467 6746 123 2580 5908 229
1986 5,189 540 630 332 7 208 12 6918 1987 61 6,491 5,956 92 777 2,980 384
1987 4,607 237 589 194 237 188 17 6,069 1988 85 8,691 5,670 65 2156 2414 112
1988 4,142 166 1,054 52 115 155 44 5728 1989 46 4,806 3,701 77 4,111 3,248 79
1989 3,174 89 193 74 104 67 15 3,716 1990 46 4736 4,237 89 2,698 2,007 74
1990 32505 200 - 505 60 930 87 21 4317 1991 31 3,150 6,798 216 4,230 3,634 86
1991 5217 152 988 40 258 182 30 6,867 1992 33 3260 5'37(5) 13(3’ ‘;‘;(‘)" 2’;0 48
: , 1,
1992 4371 94 93 67 303 190 42 6,001 1993 23 2287 44l 19 6 1 61
f 66 A 02 25 24 4460 1994 22 2,163 4,012 i85 1,374 1,188 86
1993 3,865 46 ! 2 ’ 1995 22 2487 2,883 116 $22 595 7?2
1994 3416 331 9 76 97 152 4151 1996 61 6,544 2,661 41 526 1,015 193
1995 2,208 331 41 146 26 142 2,894 1997 36 3612 2178 60 399 a0
1996 2,231 229 6 111 101 10 2,688
1997 1,482 87 12 99 497 2 2,179

Mean 4,548 207 781 158 106 193 42 5,993




Table D5. Distribution of 1997 NER commercial fishery length frequency samples, Sample areas defined
(AREA) defined as: 5=51110 539, 6 =611 to 639. MC = landings market category defined as: 3290 = Large,
3291 = Large/Mix, 3292 = Medium, 3292 = Small, 3296 = Jumbo, 3295 = Unclassified. Top entry in each
table cell is the number of samples, middle entry is the number of fish measured, bottom entry is landings in
metric tons. Double lines indicate Area by Quarter pooling design for allocation of length frequency samples
(BIOSTAT). For 1997, unclassified landings and sample (3295) were pooled with the Large/Mix category
(3291) based on similar time/space landings pattern and length frequency characteristics.

MC = Large, 3290; Landings = 548 mt; 26% of NER Commercial Total

Quarter
Area 1 2 3 4 Total
5 4 2 6
489 207 696
4 mt 162 mt 94 mt 69 mt 329 mt
6 6 2 g
609 177 786
92 mt 93 mt 10 mt 24 mt 219 mt
Total 6 6 2 14
609 666 207 : 1482
96 mt 256 mt 104 mt 93 mt 548 mt
MC = Large/Mix, 3291; Landings = 472 mt; 22% of NER Commercial Total
Quarter
Area 1 2 3 4 Total
5 6 mt 2 mt 1mt 4 mt 13mt
6 7 3 10
700 312 1012
229 mt 228 mt 1 mt 1 mt i 459 mt
Total 7 3 10
700 312 1012
235 mt 230 mt 2 mt 5 mt 472 mt
MC = Medium, 3292; Landings = 542 mt; 25% of NER Commercial Total
Quarter |
 Arca } 1 2 3 4 | Touwl
5 2 2 4
. 205 215 420
16 mt 94 mt 29 mt 108 mt 247 mt
6 2 1 3
209 85 294
133 m¢ 113 mt 6 mt 43 mt 295 mt
Total [ 2 3 2 7
209 290 215 714
. 149 mt 207 mt 35 mt 151 mt 542 mt
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Tabie D5. (Continued).

MC = Small, 3293, Landings = 46 mt; 2% of NER Commercial Total

Quarter
Area 1 2 3 4 Total
5. { mt 7 mt 1 mt 4 mt 13 mt
6 2 2
202 203
23 mt 6 mt 1l mt 3 mt 33 mt
Total ‘ 2 ‘ 2
‘ 203 i 203
23 mue 13mt 2 mt 7 mt ﬁ 46 mt
MC = Jumbo, 3296; Landings = 100 mt; 5% of NER Commercial Total
Quarter
Area I 1 2 3 4 Total
5 1
_ 4
0 mt 23 mt 28 mi 23 mt 74 mt
6 1 1
100 100
6 mt 18 mt L mt Imt 26 mt
Total 1 1 2
100 4 104
6 mt 41 mt 29 mt 24 mt 100 me
‘MC = Unclassified, 3295, Landings = 469 mt; 22% of NER Commercial Total
Quarter
Area R 2 3 4 1 Total
3 1 1
117 117
0 mt 186 mt 136 mt 35 mt 357 mt
6
26 mt 58 mt 17 mt 11 mt 112 mt
Total i 1
117 117
26 mt 244 mt . 153 mt 46 mt 469 mt
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Table D6. Summary of sampling in the Northeast Region sea sampling program, 1989-1997. OT = number
of trips sampled in which otter trawl] gear was used. H1 = first half year; H2 = second half year. SS discard
reflects the estimate of discard based on applying ratios of discards to landings by trip, stratified by landings
level (<300 kg per trip, 2300 kg per trip) to reported weighout landings. Estimates of tonnage reflecting po-
tential discard in the entire fishery are reported in Table D18. Eleven length measurements from scallop

dredges were not used in 1995. NOTE THAT SEA SAMPLE DATA WERE AVAILABLE ONLY
THROUGH OCTOBER 1997.

Year Trips Lengths ) S8 Discard {ntensity

All oT H! H2 Total {mt) (mt/100 lengths)
1989 63 61 4,449 2910 7.359 2,173 30
1950 52 52 2,582 781 3,363 3,877 . 115
1991 104 91 1,237 1,780 3.017 3,535 117
1992 106 53 1,158 0 1,158 5.749 496
1993 04 29 275 154 429 1,434 334
1994 7 7 99 119 218 773 355
1995 20 18 162 383 556 2,046 368
1996 32 27 1,093 435 1,528 1,522 100
1997 58 435 750 1 751 1,793 239

Table D7, Alternative calculations of Northeast Region commercial fishery discard estimate for 1997. Data
are from NEFSC Domestic Sea Sampling program and dealer reporting (weighout) system. Calculation is
stratified by half-year period (HY 1, HY2) and trip landings level (<300 kg, >300 kg). N is number of sea sam-
ple trips used to calculate the discard ratios. In all Parts A to C, first half-year ratios are used to characterize
second half rates. NOTE THAT SEA SAMPLE DATA WERE AVAILABLE ONLY THROUGH OCTQBER
1997. In Part A, the long-term (1989-93) ratio (GM D/L) is used for both half-year periods for trips 2300 kg.
In Part B, the 1997 first half-year GM D/L ratio for trips >300 kg is used for the second half-year period. This
calculation in Table B is carried forward in the assessment. In Part C, a stratum aggregate arithmetic discard-
to-landings ratio is used as in the black sea bass and New England groundfish assessments. First half-year
ratios are used for second half-year periods.

Part A. 1997 discard estimate using long-term (1989-93) second half-year ratio (GM D/L = 0.4832) for trips 2300 kg.

Trips <300 kg Trips 2300 kg
Period GM D/L N Dealer Estimated GM D/L N Dealer Estimated
fandings {(kg) discard (kg) landings {kg) discard (kg)
HY 1 0.8957 17 8,876 7.950 0.4832 n/a 1.517.875 733,437
HY 2 0.8957 0 8,872 7.947 0.4832 n/a 643,482 310,931
Total o 15797 1,044,368

Part B. 1997 discard estimate using 1997 first half-year ratio for second half-year GM D/L for trips »300 kg.

Trips <300 kg Trips 2300 kg
Period GM D/L N Dealer Estimated GM D/L N Dealer Estimated
landings (kg) discard (kg} landings (kg) discard {kg}
HY 0.8957 17 3,876 7,950 08221 4 1517.875  L.247.845
HY 2 (8957 0 8,872 7.947 ) 0.8221 0 643,482 529,007
Totat 15,797 1,776,852

Part C. 1997 discard estimate using 1997 aggregate arithmetic discard ratio (total discard to total landings). First half-year ratio used for second haif-year for trips
2300 kg, Number of trips is larger than in Tables A and B because trips with zero landings or zero discard may be included.

Trips <300 kg Trips 2300 kg
Period D/L N Dealer Estimated D/L N Dealer Estimated
tandings (kg) discard (kg} ] landings {kg) discard (kg)
HY ¢ 6.4453 41 8,876 57,208 0.9194 4 1,517,873 1,395,534
HY 2 6.4453 0 8,872 57,183 0.9194 0 643,482 591,617
Total 114,391 1,987,152
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Table D8. Comparison of Sea Sampled (SS) and Vessel Trip Report (VTR) trawl gear geometric mean
discard ratios for scup (Re-transformed mean of the natural log of discard-to-landed ratio on trips catching
scup. In VTR, data was subset to include only trawl trips that reported some discard of any species). Values
in bold are substituted for inadequate data (i.e., missing or unrepresentative SS trips; see report text). NOTE
SEA SAMPLE DATA WERE AVAILABLE ONLY THROUGH OCTOBER 1997.

Trip landings

Trip landings

<300 kg 2300 kg
Year Reporting Half-year { Half-year 2 Half-year 1 Half-year 2
system
1994 58 0.81 0.74 0.11 0.18
VTR 0.11 0.10 0.05 0.03
1995 8§ 1.62 1.77 0.48 0.48
VTR 0.14 0.23 0.05 0.04
1996 Ss 0.74 0.91 0.48 0.48
VTR 0.44 0.23 0.89 0.05
1997 SS 0.90 0.90 0.82 0.82
VIR 014 0.37 0.04 005

Table D9. Detail of Sea Sampled (SS) and Vessel Trip Report (VTR) trawl gear geometric mean discard-to-
landings ratios (GM D/L) for scup in 1997, Ratios stratified by half year (HY 1: January-June, HY 2: July-
December), trip landings level (<300 kg, »300 kg), and codend mesh size category (small: <4 in ; large >4
in). Trips are split by mesh and all data elements (kept, discard, mesh size) must be reported, so totals (i.e.,

HY 1 trips »300 kg) do not match Table D7. NOTE SEA SAMPLE DATA WERE AVAILABLE ONLY
THROUGH OCTOBER 1997.

Trips <300 kg

Trips >300 kg

HY 2 HY 1 HY 2
Large  Small Large  Small Large  Small Large  Small
mesh mesh mesh mesh mesh mesh mesh mesh
VTR Ratio 0.14 0.14 0.35 0.40 0.03 0.08 0.04 0.05
VTR trips 26 88 - 28 77 23 18 11 27
S8 Ratio 0.29 1.06 nfa nfa n/a 1.08 n/a n/a
S8 trips 4 13 0 ) 0 6 0 0
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Table D10. Commercial landings and discard at age of scup, ME-VA (*000). Assumes landings not sampled
by NEFSC weighout have same biological characteristics as weighout landings. NOTE THAT 1997
LENGTHS AGED WITH 1996 AGE-LENGTH KEYS.

Landings Age

Year 0 1 2 3 4 5 6 7 8 9 10 Total
1984 0 2679 5291 6560 5437 1340 490 213 1 0 0 22011
1985 69 3239 5439 7542 2594 343 516 157 0 0 0 19899
1986 0 297 11899 4361 767 75 84 254 5 0 0 17742
1987 0 1662 9890 10256 1666 161 102 14 17 0 0 23768
1988 2 416 7623 9437 2406 58 122 34 0 0 0 20098
1989 0 1483 4887 7053 683 22 69 24 0 0 0 14221
1980 0 245 10079 6609 1002 349 144 0 0 0 0 18427
1991 0 2405 12831 10124 2149 409 193 0 0 0 0 28112
1992 0 1485 10409 3686 3772 1214 136 0 0 0 0 20703
1993 0 226 6347 6826 1486 1141 123 0 0 0 0 16149
1994 0 1051 13399 6211 752 64 23 0 0 0 0 21499
1995 0 2198 8329 2873 883 245 31 7 0 0 0 13565
1996 0 346 6343 1627 747 454 59 0 0 0 0 9576
1997 0 131 2080 4089 732 84 97 0 0 0 0 7213
Discard _
Year 0 1 2 3 4 5 6 7 8 9 10 Total
1984 78 10847 6367 924 21 0 0 0 0 0 0 18237
1985 52773 13093 6534 1060 10 0 0 0 0 0 0 73470
1986 78 1180 14040 602 3 0 0 0 0 0 0 15903
1987 78 6814 12215 1366 5 0 0 0 0 0 0 20478
1988 1552 1698 9242 1339 10 0 0 0 0 0 0 13841
1989 387 8943 13603 813 28 0 0 0 0 0 0 23774
19590 822 8269 17249 2801 0 0 0 0 0 0 0 29141
1991 1794 17231 5397 1733 5 0 0 0 0 0 0 26160
1992 38804 10023 26380 72 0 0 0 0 0 0 0 75279
1993 5386 1549 - 6960 224 0 0 0 0 0 0 0 14119
1994 6858 3099 3422 74 0 0 0 0 0 0 0 13486
1995 1855 50174 335 108 14 0 0 0 0 0 0 52486
1996 199 3009 5990 691 21 1 0 0 0 0 0 9911
1997 I 1178 11374 8 0 0 0 0 0 0 12775
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Table D11. Recreationa] landings and discard at age of scup, Cape Cod to North Carolina (*000). NOTE
THAT 1997 LENGTHS AGED WITH 1996 AGE-LENGTH KEYS.

Landings '

Year 0 1 2 3 4 5 6 7 ] 9 10 Total
1984 23 3036 1353 570 182 219 442 8 51 30 66 6057
1985 431 4478 3054 1330 788 441 137 33 0 0 115 10810
1986 538 4353 15570 2617 845 431 87 5 4 57 315 24823
1987 77 2299 4686 1261 824 598 112 0 0 11 46 9914
1988 9 1001 2229 1824 460 216 123 92 20 0 86 6061
1989 311 3978 3371 823 86 235 154 13 0 S0 148 9168
1990 169 1352 5091 1102 147 (12 36 7 2 322 8043
1991 299 4838 3797 3319 700 210 19 0 2 20 68 13272
1992 99 1850 4457 530 672 84 12 6 8 7 30 7755
1993 46 1245 3051 908 254 133 2 2 0 2 7 5651
1994 31 1473 1840 691 95 88 21 6 0 0 0 4245
1995 16 803 1193 200 106 37 3 6 0 0 0 2362
1996 9 580 1735 422 200 117 11 0 0 0 5 3080
1997 13 323 806 396 89 67 32 6 0 0 4 1736
Discard

Year i 2 3 4 5 6 7 8 9 10 Total
1984 255 0 0 0 0 0 0 0 0 0 257
1985 40 417 0 0 0 0 0 0 0 0 0 438
1986 100 807 0 0 0 0 0 0 0 0 0 907
1987 12 357 0 0 0 0 0 0 0 0 0 369
1988 2 219 0 0 0 0 0 0 0 0 0 222
1989 24 308 0 0 0 0 0 0 0 0 0 333
1990 36 284 0 0 0 0 0 0 0 0 0 319
1991 31 505 0 0 0 0 0 0 0 0 0 536
1992 17 325 0 0 0 0 0 0 0 0 0 343
1993 8 204 0 0 0 0 0 0 0 0 0 212
1994 4 203 0 0 0 0 0 0 0 0 0 207
1995 4 192 0 0 0 0 0o 0 0 0 0 19
1996 4 262 0 0 0 0 0 0 0 0 0 266
1997 6 150 0 0 0 0 0 0 0 0 0 156
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Table D12. North Carolina landings at age of scup {‘000).

Age

Year 0 1 2 3 4 5 6 7 8 9 10+ Total
1984 1 12 823 530 356 78 46 38 0 0 0 1884
1985 10 6 1328 154 46 3 4 2 0 0 0 1553
1986 9 4 422 412 237 0 22 83 0 0 0 1189
1987 2 17 62 143 59 16 2 7 1 0 1 330
1988 15 7 86 89 18 0 5 5 0 0 0 225
1989 17 0.5 56 18 2 0 0.2 0 0 0 0 94
1990 0 2 124 172 20 6 5 2 0 02 0 331
1991 0 7 125 78 12 03 04 0 0 0 0 223
1992 21 92 474 51 25 29 20 0 0.1 0 694
1993 0.8 4 211 51 14 2 07 0 0 0 0 284
1994 0 1 145 147 84 18 16 0 0 0 0 411
1995 0 0 16 5 8 3 04 0 0 0 0 32
1996 0 0 0 13 23 15 30 0 0 0 54
1997 N

Table D13. Total catch at age of scup, Maine to North Carolina. (‘000). NOTE THAT 1997 LENGTHS
AGED WITH 1996 AGE-LENGTH KEYS.

Age
Year 0 1 2 3 4 5 6 7 8 9 10 Total
1984 103 16830 13834 8584 5996 1637 978 337 52 30 66 48446
1985 53324 21234 16355 10086 3438 787 657 192 O 0 115 106190
1986 725 6641 41931 7992 1852 506 193 342 9 57 315 60564
1987 169 11149 26853 13026 2554 775 236 21 18 11 47 54859
1988 1580 3342 19180 12689 2894 274 250 131 20 0 86 40447
1989 739 14713 21917 8707 799 257 223 37 0 50 148 47589
1990 1027 10151 32543 10684 1168 467 185 9 2 3 22 56262
1991 2124 24986 22150 15254 2867 620 212 0 2 20 68 68302
1992 38942 13776 41720 4339 4469 1327 150 6 8 7 30 104774
1993 5441 3228 16569 8008 1754 1277 126 2 0 2 7 36415
1994 6893 5826 18806 7123 931 170 59 6 O 0 0 39815
1995 1875 53368 9872 3186 1010 284 34 13 0 0 0 69642
1996 213 4196 14068 2754 990 588 73 0 O 0 5 22887
1997 21 1800 14260 4699 829 151 6 0 0 4 21899
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Table D14. Mean weight at age of scup landed and discarded in the commercial fishery, ME-VA (kg).

Landings Age
Year 0 i 2 3 4 5 6 7 8 9 10
1984 0.000 0.156 0.199 0296 0344 0400 0766 1.040 1.545 0.000 0.000
1985 0045 0.134 0213 0.294 0410 0517 0739 1042 0.000 0.000 0.000
1986 0.075 0.141 0220 0352 . 0672 0670 1012 1.123 1.616 0.000 0.000
1987 0.000 0.137 0.203 0244 0406 0540 0.754 1.220 1.072 0.000 0.000
1988 0.028 0.124 0201 0263 0441 0.636 0.713 0.949 1.545 0.000 0.000
1989 0.070 0.144 0.189 0.275 0367 0651 0.721 1.036 0.000 0.000 0.000
1990 0.000 0.140 0.189 0246 0366 0517 0.849 0.000 0.000 0.000 0.000
1991 0.000 0.187 0.195 0263 0385 0511 0729 0.000 0000 0.000 0.000
1992 0.000 0.179 0201 0325 0419 0506 0860 0.000 0.000 0.000 0.000
1993 0.000 0.142 0.199 0.261 0442 0510 0.782 0.000 0.000 0.000 0.000
1994 0.000 0.203 0.193 0.257 0425 0645 0717 0.000 0000 0.000 0.000
1995 0.000 0.161 0209 0295 0395 0479 0.724 0000 0.000 0.000 0.000
1996 0.000 0206 0.200 0.324 0468 0.554 0792 0000 0000 0.000 0.000
1997 0.000 0227 0253 0300 0386 0.529 0.749 0.000 0.000 0.000 0.000
Discards '
Year 0 1 2 3 4 5 ) 7 8 9 10
- 1984 0.033 0.108 0.125 0.198 0222 0.000 0000 0.000 0.000 0.000 0.000
1985 0.033 0.108 0.125 0.198 0222 0.000 0.000 0.000 0000 0000 0.000
1986 0.033 0.108 0.125 0.198 0.222 0.000 0.000 0.000 0.000 0.000 0.000
1987 0.033 0.108 0.125 0.198 0.222 0.000 0.000 0.000 0.000 0.000 0.000
1988 0.033 0.108 0.125 0.198 0.222 0.000 0.000 0.000 0.000 0.000 0.000
1989 0.039 0.060 0.111 0.198 0217 0.000 0.000 0000 0.000 0.000 0.000
1990 0.026 0.121  0.137 0.187 0.000 0000 0.000 0.000 0.000 0.000 0.000
1991 0.057 0.127 0.163 0.207 0252 0.000 0.000 0.000 0.000 0.000 0.000
1992 0.033 0.078 0.136 0.243 0.000 0.000 0000 0.000 0000 0.000 0.000
1993 0.026 0.106 0.154 0269 0000 0000 0.000 0.000 0.000 0.000 0.000
1994 0.024 0.068 0.122 0.198 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1995 0.038 0.037 ° 0.229 0310 0331 0.000 0.000 0.000 0000 0.000 0.000
1996 0.033 0.110 0.169 0240 0268 0532 0.000 0.000 0.000 0.000 0000
1997 0.010 0.090 0.144 0240 0257 0423 0000 0.000 0.000 0.000 0.000
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Table DI15. Mean weight at age of scup landed and discarded in the recreational fishery, Cape Cod to North

Carolina (kg).
Landings Age
Year 0 I 2 3 4 5 6 7 8 9 10
1984 0.044 0.117 0.266 0373 0472 0557 0678 (0.825 0912 1.002 1.145
1985 0.038 0.125 0.253 0340 0573 0718 0913 1.087 0.000 0000 1.673
1986 0.052 0.101 0.234 0374 0534 0654 0801 0912 1.003 1.003 1.638
1987 0.029 0.105 0242 0381 0548 0.698 0737 0.000 0.000 1.003 3.808
1988 0.026 0.142 0240 0325 0497 0663 0794 1.144 1.099 0.000 1.532
1989 0.035 0.123 0234 0376 0433 0653 0.696 0.657 0.000 1.003 1.332
1990 0.057 0.128 0208 0325 0461 0.567 0.761 0.939 1.088 1.202 1.947
1991 0064 0.150 0275 0361 0474 0714 0.675 0.000 1.003 1.003 1.305
1992 0.092 0.140 0.240 0373 0454 0598 0.804 0.859 1.311 1.003 2.117
1993 0.087 0.135 0.226 0.336 0460 0524 0912 0.827 0.000 1026 1.100
1994 0.054 0.180 0.281 0.357 0467 0674 0905 1430 0.000 0.000 0.000
1995 0.065 0.169 0.291 0456 0529 0.532 0912 1205 0.000 0.000 0.000
1996 0.095 0.178 0274 0419 0529 0.643 0.881 0000 0.000 0000 1311
1997 0.061 0.166 0273 0346 0469 0656 0827 1202 0.000 0.000 2.613
Discards
Year 0 1 2 3 4 5 6 7 8 9 10
1984 0.044 0.117 0.000 0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1985 0.038 0.125 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1986 0.052 0.101 0.000 0.000 0.000 0000 0.000 0.000 0000 0.000 0.000
1987 0.029 0.105 0.000 0.000 ©0.000 0.000 0000 0.000 0.000 0000 0.000
1988 0.026 0.142 0.000 0.000 0.000 0000 0.000 0000 0000 0000 0.000
1989 0.035 0.123 0.000 0.000 0000 0.000 0000 0.000 0.000 0.000 0.000
1990 0.057 0.128 0.000 0000 0.000 0.000 0.000 0000 0.000 0.000 0.000
1991 0.064 0.150 0.000 0.000 0.000 0000 0.000 0.000 0.000 0.000 0.000
1992 0.092 0.140 0.000 0.000 0.000 0.000 0000 0.000 0.000 0.000 0.000
1993 0.087 0.135 0.000 0.000 0000 0.000 0.000 0000 0.000 0.000 0.000
1994 0.054 0:180 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1995 0.065 0.169 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1996 0.095 0.178 0.000 0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1997 0061 0.166 0.000 0.000 0000 0000 0.000 0.000 0.000 0.000 0.000
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Table D16. Mean weight at age of scup landed in the North Carolina commercial fishery (kg).

Age
Year 0 1 2 3 4 5 6 7 8 9 10
1984 0.033 0.033 0.132 0258 0349 0368 0778 1.066 0.000 0.000 0.000
1985 0.029 0370 0.133 0.248 0366 0481 0.772 10501 0.000 0.000 0.000
1986 0.036 0.055 0201 0410 0691 0000 1000 1.623 0.000 0.000 0.000
1987 0.034 0.077 0.152 0263 0431 0.579 0713 1.141 1.000 0.000 0.000
1988 0.046 0.069 0.170 0.242 0488 0.000 0766 1207 0.000 0000 0.000
1989 0.025 0.637 0.122 0232 0269 0000 0843 0962 0.000 0.000 0.000
1990 0.000. 0.155 0.190 0.244 0408 0.599 0.650 0.846 0000 1.09 0.000
1991 0.158 0.049 0.142 0246 0323 0.685 0.672 0632 0.000 0.000 0.000
1992 0.039 0.078 0.162 0322 0395 0385 0778 1236 0000 1.09 0.000
1993 0.031 0.043 0.140 0.291 0471 0661 0798 1.159 0.000 1.09 0.000
1994 0.000 0.154 0.171 0325 0475 0728 0777 1200 1264 0.000 0.000
1995 0.000 0.000 0.195 0343 0.485 0598 0.746 0.000 0.000 0.000 0.000
1996 0.000 0.000 0206 0418 0483 0562 0.618 0.000 0.000 0.000 0.000
1997 ~

Table D17. Mean weight at age of scup caught in commercial and recreational fisheries, ME-NC (kg).

Age

Year 0 | 2 3 4 5 6 7 8 9 10
1984 0.036 0.117 0.168 0288 0348 0419 0727 0988 0924 1.002 1.145
1985 0.033 0.116 0.179 0289 0446 0.630 0776 1.050 0.000 0.000 1.673
1986 0.050 0.104 0.193 0351 0611 0656 0915 1241 1341 1.003 1.638
1987 0031 0112 0.174 0253 0452 0.662 0742 1194 1.068 1.003 3.727
1988 0.033 0.122 0.169 0265 0449 0658 0.754 1.096 1.099 0.000 1.532
1989 0.037 0.087 0.147 0277 0369 0.653 0704 0903 0.000 1003 1332
1990 0.032 0.123 0.164 0239 0379 0.530 0827 00917 1.088 1.195 1.947
1991 0.058 0.138 0.201 0278 0409 0.580 0724 0.000 1.003 1.003 1.305
1992 0.033 0.099 0.164 0329 0424 0509 0.854 0859 1311 1004 2117
1993 0.027 0.121 0.184 0270 0445 0512 0785 0827 0.000 1.026 1.100
1994 0.024 0.124 0.188 0.267 0434 0669 0.799 1430 0.000 0.000 0.000
1995 0.038 0.045 0220 0306 0409 0487 0.740 0.528 0.000 0.000 0.000
1996 0037 0.132 0.197 0319 0477 0572 0798 0000 0.000 0.000 1311
1997 0.059 0.122 0.168 0302 0395 0.589 0.770 1202 0.000 0.000 2.613
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Table D18. Total catch (mt) of scup from Maine through North Carolina.

Commercial Commercial Recreational  Recreational Total

Year landings discards' landings discards? catch
1984 - 7,767 32,158 1,096 30 11,051
1985 6,723 *4,184 2,764 54 13,725
1986 6,918 2,005 5,264 87 14,274
1987 6,070 ?2,537 2,806 38 11,451
1988 5,726 1,657 1,936 31 9,350
1989 3,711 2,229 2,521 39 8,499
{990 4,318 3,909 1,878 38 10,143
1991 6,868 3,530 3,668 78 14,144
1992 6,001 3,668 2,001 47 13,717
1993 4,463 1,436 1,450 28 7,378
1994 4,150 807 1,192 37 6,186
1995 2,893 2,057 596 33 5,579
1996 2,688 - 1,522 1,015 47 5,272
1997 2,179 1,793 479 25 4,476
Mean 5,034 2,535 2,048 44 9,660

'Based on the assumption of 100% mortality of all scup discards from commercial fishing.
“Based on the assumption of 15% mortality of all scup discards from recreational fishing.
*Estimated using geometric mean ratio of discards to landings at age (numbers), 1989-1993,
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Table D19. NEFSC spring and autumn traw! survey indices for scup. Strata set includes only offshore strata
1-12, 23, 25, and 61-76 for consistency over entire time series. Strata set excludes inshore strata 1-61 that are

included in the 1984 and later indices at age in later tables. NOTE THAT 1998 SPRING INDICES ARE
FROM PRELIMINARY, UNAUDITED DATA.

Year Spring  Spring Spring SSB Spring SSB Autumn  Autumn
' no./tow  kg/tow kg/tow 3-yravg  no./tow kg/tow
1963 2.12 1.21
1964 118.70 2.23
1965 _ 3.84 0.62
1966 2.00 0.41
1967 29.38 1.46
1968 59.21 2.25 0.940 14.35 0.54
1969 2.26 0.40 0.390 0.880 99.41 4.48
1970 78.50 3.01 1.300 1.090 10.34 0.22
1971 70.91 2.41 1.570 1.280 7.73 0.25
1972 49.80 2.30 0.980 1.210 40.56 2.34
1973 3.62 1.19 1.090 1.000 22.82 0.93
1974 30.28 " 324 0.940 0.680 9.94 1.01
1975 14.01 3.12 0.000 0.310 52.21 3.40 -
1976 4.09 0.63 0.000 1.450 161.14 7.35
1977 42.46 4.48 4350 2.310 32.64 1.71
1978 48.23 4.56 2.590 2770 0 1217 1.32
1979 2242 195 1.380 1.690 15.77 0.61
1980 9.31 1.31 1.090 1.120 11.05 0.92
- 1981 14.72 1.16 0.900 1.000 67.14 3.01
1982 7.88 1.16 1.020 0.650 2547 1.17
1983 0.80 0.29 0.030 0.460 4.59 0.34
1984 8.52 0.51 0.330 0.240 24.03 1.22
1985 14.67 0.80 0.370 0.680 68.30 3.56
1986 11.74 1.30 1.330 0.980 46.19 1.66
1987 10.82 1.21 1.240 1.100 5.76 0.15
1988 2541 1.26 0.730 0.660 575 0.09
1989 1.63 0.12 0.000 0.350 5.70 0.30
1990 1.17 0.39 0.310 0.260 16.53 0.83
1991 12.61 0.75 0.450 0.320 9.52 0.43
1992 - 6.79 0.40 0.210 0.320 16.19 1.12
1993 293 033 0.310 0.180 0.43 0.04
1994 1.54 0.09 0.030 0.150 3.59 0.11
1995 2.90 0.22 0.120 0.060 2472 0.91
1996 0.53 0.03 0.020 0.080 4.46 0.23
1997 0.91 0.11 0.110 0.060 16.92 0.88
1998 40.61 0.90 0.060
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Table D20. NEFSC spring trawl survey stratified mean number of scup per tow at age. Strata set includes
offshore strata 1-12, 23, 25, 61-76, and inshore strata 1-61. NOTE THAT 1998 SPRING INDICES ARE

FROM PRELIMINARY, UNAUDITED DATA, AND THAT 1998 SPRING LENGTHS ARE AGED WITH
1997 SPRING AGE-LENGTH KEY.

Spring

Year 0 1 2 3 4 5 6 7 8 9 10 11 Total Age2+ Age 3+ F
1984 Q.00 495 155 018 010 002 000 000 0.00 000 0.00 0.00 6.88 1.85 030 2.13
1985 0.00 9.84 165 0.{7 0.01 000 0.00 0.00. 000 000 000 0.00 11.98 1.83 0.18 207
1986 0.00 0.84 B.O6 0.i9 0.00 000 000 G000 000 000 0.00 000 9.47 8.25 0.19 113
1987 0.00 376 296 149 0.61 003 0.02 002 0.01 000 0.00 0.01 8.90 5.15 2.19 291
1088 0.00 13.66 6950 @14 002 000 002 005 0.00 000 0.00 0.00 20.98 7.13 0,23 417
1989 0.00 066 042 .08 001 006 000 000 000 0.00 0.00 0.00 1.36 0.51 0.09 040
1990 0.00 0.14 024 025 0.15 008 0.11 0.03 000 0.00 0.00 000 1.01 0.86 0.62 -0.40
1991 0.00 826 042 089 0.16 0.00 0.00 0.00 000 0600 0.00 0.00 10.17 147 1.05 1.57
1992 0.00 460 071 006 004 005 010 0.00 000 000 0.00 0.00 5.46 0.96 0.25 1.15
1992 (.00 050 1.62 (.14 0.09 002 600 000 Q.00 000 000 0.00 2.37 1.87 025 393
1994 0.00 1.07 .08 003 000 000 0.00 000 0.00.0.00 0.00 000 1.24 0.11 0.03  -0.29
1995 0.00 1.84 036 008 0.04 000 0.00 000 0.00 000 000 0.00 2.35 0.48 0.12 2.57
1996 Q.00 035 004 002 0.01 000 000 000 000 000 G00 0.00 0.42 0.07 0.03 033
1997 0.00 027 0.52 0.08 0.00 000 0.00 000 000 000 0.00 0.00 0.87 0.60 0.08 ~ 3.89
1998 0.00 32.88 0.18 0.01 0.00 000 000 000 000 000 0.00 000 33.07 0.19 0.01

Table D21. NEFSC autumn trawl survey stratified mean number of scup per tow at age. Strata set includes
_offshore strata 1-12, 23, 25, 61-76, and inshore strata 1-61. NOTE THAT 1997 AUTUMN LENGTHS ARE
AGED WITH 1996 AUTUMN AGE-LENGTH KEY. '

Autumn
Year 0 1 2 3 4 5 6 7 8 9 10 11 Total Age Age F
2+ 3+
1984 4764 - 92 034 003 001 0 0.01 )] 0 0 0 0 5996 039 005 -0.15
1985 61.22 11.53 1.1 026 0.06 0.05 0 0 0 0 0 0 7471 147 037 479
1986 70.19 658 0.57 0 001 0 0 0 0 0 0 0 7736 058 001 3386
1987 49093 2985 046 0.01 0 0 0 0 0 0 0 0 8045 047 001 135
1988 4744 1595 0.67 0.1 0 0 0 0 0 0 0 0 6422 077 010 305
1989 1764 2592 0.66 0.03 0 0 0 0 0 0 0 0 203 069 0.03 265
1990 7745 921 095 004 0 0 0 0 0 0 0 0 8746 079 004 348
1991 151.6 1251 007 0.02 0 0 0 0 0 0 0 0 1642 009 002 0.21
1992 2592 1451 1.66 0.04 002 0 0 0 )] 0 ¢ 0 4215 172 006 77
1993 4678 976 032 t] 0] 0 0 0 0 0 0 0 56.86 032 000 327
1994 3954 392 (.04 0.01 0 0 0 0 0 0 0 0 4352 005 001 141
1995 33.04 261 008 0.01 0 0] 0 0 0 0 0 0 3574 009 001 200
1996 2442 286 043 001 0 0 0 0 0 0 0 0 2773 044 001 358
1997 36.99 1063 (.02 0 0.01 0 0 0 0 0 0 0 4766 003 001
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Table D22. NEFSC Winter trawl survey indices of abundance for scup. THE 1992, 1993, AND 1996
LENGTHS ARE AGED WITH THE CORRESPONDING ANNUAL SPRING SURVEY AGE-LENGTH
KEY. NOTE THAT 1998 WINTER LENGTHS ARE AGED WITH 1997 SPRING AGE-LENGTH KEY.

Year Mean no. per tow Mean kg per tow

1962 63.18 2.76

1993 2571 273

1954 17.09 .66

1995 67.01 2.18

1996 18.29 1.19

1997 13.50 0.32

1998 46.92 1.20
Winter Age
Year 0 1 2 3 4 3 6 7 8 Total Age2+ Age 3+ F
1592 0.00 57.61 4.75 0.19 0.09 0.10 0.45 0.00 0.00 63.18 5.57 0.82 1.38
1993 0.00 251 2205 0.56 0.57 0.02 0.00 0.00 0.00 2571 12319 1.15 576
1994 0.00 1631 0.73 0.02 0.02 0.01 0.00 0.00 0.00 17.09 0.79 0.06 1.17
1965 0.00 6494 1.87 0.15 0.01 0.01 0.02 0.01 0.00 67.01 2.07 0.20 3.75
1996 0.00 1295 5.31 0.03 0.01 0.00 0.00 0.00 0.00 18.29 5.34 0.04 "3.68
1997 0.00 13.27 0.52 0.11 0.00 0.00 0.00 0.00 0.00 1390 0.64 011 5 -0.01
1998 0.00  45.61 0.78 0.35 0.14 0.03 0.01 0.00 0.00 4692 1.31 0.53

Table D23. MADMEF spring (survey regions 1-3) and autumn (all survey regions) trawl survey mean number

of scup per tow at age. NOTE THAT 1997 SPRING SURVEY LENGTHS AGED WITH NEFSC 1997
SPRING AGE-LENGTH KEY.

Spring Age Autumn Age

Year 0 1 2 3 4 Total Year ] 1 2+ Total
1984 0,00 0.07 4,18 195 2.14 8.34 1984 881.8 24.3 1.1 907.2
1985 0.00 5575 8.08 083 020 64.86 1983 544.6 334 15.4 5934
1986 0.00 0.15 38.48 3.07 020 41.90 1986 692.3 27.9 7.2 7274
1987 0.00 0.33 2.20 261 045 5.59 1987 518.8 7.8 2.3 5289
1988 0.00 (.00 10,75 2,33 0.30 13.38 1988 1255.2 13.3 1.2 12697
1989 0.00 0.08 12562  16.40 043 14253 1989 487.8 39.6 1.2 528.6
1990 0.00 371 10796 2433 226 138.26 1990 1039.0 9.8 3.1 10519
1991 0.00 0.58 7.80 1765 1.82 27.85 1991 1076.7 10.5 0.6 1087.8
1992 0.00 0.05 12.50 084 040 13.79 1992 2258.6 12.7 12 272.5
1993 0.00 0.05 10.01 6.77 (92 17.75 1993 947.3 1.6 1.0 %9499
1994 0.00 0.24 2.52 261 000 5.37 1994 778.4 2.0 0.7 781.1
1995 0.00 4260 4.58 072 0.33 48.23 1995 4729 8.5 0.4 481.8
1996 0.00 0.38 4.50 012 0.04 5.04 1996 958.2 5.6 1.2 -965.0
1997 0.00 0.48 0.85 1.88 0.00 3.21 1997 867.4 6.0 0.7 874.1
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Table D24. RIDFW autumn trawl survey mean number of scup per Table D26. New York State Department of Environmental Conserva-

tow at age. Note that 1997 lengths aged with 1996 NEFSC key. tion young-of-year index, geometric mean catch per station (August-
__ September); and Virginia Institute of Marine Science juvenile fish sur-
Auwmn CAge B - vey, Chesapeake Bay and Rivers (strata 1-8), June-September, arith-
Year - 0 1 2 3 4 5 6  Total metic mean number of scup per tow at age 0.
1984 539.56 4558 323 092 032 005  0.00 589.67
1985 7142 262 017 004 000 002 74.27 .
1986 26297 5440 925  18.63 1.22 346.47 5 NY VIS
1987 28999 2352 139 314.90 Year . —
1988 75901 4468 000 . 031 804.00 1984
1989 26355 6177 153 326.85 1985
1990 51239 14.01 0.91 ' 527.31 1986
1991 557.85  97.81 655.66 1987 0.12
1992 976.65 1205 055 288 992.13 1988 0.24 12.62
1993 123470 1103 0.63 1246.35 1989 022 14.83
1994 227.63 847 - 002 0.00 236.12 1990 0.70 28.95
1995 40077 2209  0.16 423.02 1991 L 47 959
o mi 0w s om o
i . e 1993 0.09 12.01
Table D25. CTDEP autumn trawl survey, mean number of scup per 1994 0.69 3.38
tow at age. 1995 0.18 3.85
1996 0.13 1.92
S — 1997 .48
“Autumn ) o Age . — s e .
Year T B o 100y Table D27. New Jerscy Division of Fish, Game, and Wildlife bottom
1985 2396 465 039 053 019 004 003 29.80 trawl survey index.
1986 12.88 9.89 268 026 0.01 0.01 0.01 2574 —
1987 12.57 3.97 1.27 0.61 0.08 0.01 0.02 1852 Age _—
1988 31.70 5.88 1.81 0.24 0.05 39.68 Year 0 1 2 3 4 Total
1989 3871 24.67 1.53 011 0.03 0.00 65.05 1989 198.97  146.30 6.82 0.05 0.00 352.14
1990 5419 6.83 1.57 0.84 0.03 0.00 0.02 6947 1990 190.53 153.24 20.82 087 000 36545
1991 29125 17.32 1.67 1.21 0.11 0.02 311.57 1991 681.32  273.69 0.25 0.06 0.01 95533
1992 47.04 2945 6.39 0.52 0.29 0.04 0.00 8372 1992 643.83  413.83 11.74 0.04 0.02 106946
1993 73.91 1.74 1.09 0.16 0.01 0.01 0.00 7692 1993 98749 21195 8.31 0.01 0.00 1207.75
1994 90.64 108 052 022 001 000 92.47 1994 305.69 10134 0.15 0.00 0.00 407.17
1995 3239 2660 015 0.0l 59.14 1995 4077 86.97 0.58 0.02 000 12834
1996 51.50 8.39 1.53 0.03 0.01 6l.d6 | 1996° ¢ 1506 12795 2.22 0.10 0.00 14533

1997 3178 860 065 025 o0l 412 1997 3569 3418 101 012 1208 8709




Table D28. Results of yield and spawning stock biomass per recruit analysis for scup.

Proportion of © pefore spawning: 4170
Proportion of M before spawning: 4170
Natural Mortaiicy is Constant at: 200
initiai age 1s: J: Last age 1s. 15
fast age s a PLUS group:

Age | Fish Mort Nat Mort | Proportion | Average veights

| Pattern Pattern | Mature | Stock  Catch
9 | .00 1.0000 | 0000 | 048 048
1| 1000 1.0000 | (1300 | 127 127
2 ] 1.0600 1.6000 | 75000 | 183 183
3 7] 1.0000 1.0000 | L9900 | 311 311
4 | 1.0000 1.0000 } 1.0000 | 436 435
5 | 1.0000 1.0000 | 1.0000 | 575 575
6 | 1.0000 1.0000 | 1.8000 | 749 749
71 1.0000 1.0000 | 1.0000 | 1.080 1.080
g | 1.0000 1.0000 | 1.0000 | 1.242 1.242
g § 1.0000 1.6000 |} L.0000 | 1.360 1.360
10 | 1.0000 1.0000 | 1.4000 | 1.449 1.449
11 | 1.0000 1.0000 | 1.G000 } 1.514 1.514
12 | 1.0000 1.0000 | L.0000 | 1.561 1.%61
13 ] 1.0000 1.0000 } 1.0000 | 1.595 1.5%5
14 | 1.00090 1.0000 | 1.0000 | 1.6 1.619
15+ | 1.0000 1.0000 | 1.0000 | 1.636 1636
Slope of the Yield/Recruit Curve at F=0.00: --» 2.5859
F level at slope=1/10 of the above slope (FO.1): ----- > 147
Yield/Recruit corresponding to FO.1: ----- > . 1432
F level to produce Maximum Yield/Recruit (Fmax): ----- > 261
Yield/Recruit corresponding to Fmax: ----- > 1604
F level at 20 % of Max Spawning Potential (F20): ----- > .304
SSB/Recruit corresponding to F20: -------- > 5194

Listing of results by fishing mortlaity level (FMORT)
TOTCT = Total catch. TOTSTK = Total stock. SPNST = Spawning stock. N = numbers, W = weight

(00 00000 (00000 5.5167 2.9944  3.3407 2.5977 10¢.00

100 22928 13094 43759 1.6%61  2.2040  1.3116 50.49

Fo 1o 147 129133 14922 40683 1.3432  1.8981 1.015% 39.11
200 34435 15803 3.8061 1.0986 1.6379 7872 30.30

Fmax .26l 39016 16043 3.5B03 9069 1.4142 6098 23.47
300 (41373 15981 3.4A46 Bl63  1.2897 5267 20.28

F20% 304 (41588 (15969 3.4540 .8083  1.2893 /5194 19.99

400 46026 15515 3.2372 6545  1.0753 3801 14.63

500 438374 14934 3.0749 5534 9158 2899 11.16

600 51905 14390 . 2.9534 .4859 .7968 2305 8.87

740 53892 13916 2.3589 .4384 7047 1893 7.29

300 56448 13519 2.7833 .4036 6313 1593 6.13

300 56826 13183 2.7215 3771 6716 1368 £.27

1.000 57946 12898 2.6699 3564 5219 11194 4 60

1.100 58906 12656  2.6262 .33599 L4800 1056 406

1.200 59740 12448 25887 .3264 L4442 0944 3.63

1.300 60473 12269 2.5%60 3151 L4133 0852 3.28

1.400 .bil24 12113 2.5274 . 3057 . 3862 775 2.98
1.500 61707 11976 2.5019 2976 . 3624 0710 2.7

1.600 62234 11856 2 4792 .2907 L3413 0654 2.52

......... 1.700 62713 11750 -2 4887 2846 3224 D606 2.33

1.800 63151 11655 2.4401 .2792 .3054 0564 2.17

1.900 .h3555 (11571  2.4231 2745 L2900 0B27 2.03

E:OGO 63928 (11485 2.407% .2703 L2760 0454 1.90
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E. OCEAN QUAHOGS

Terms of Reference

a. Develop, test, and implement models to estimate
ocean quahog abundance and mortality rates, us-

- ing appropriate indices of abundance and total
catch.

b. Review existing biological reference points and
advise on new reference points for both ocean
quahogs and surfclams to meet SFA require-
ments.

c. Assess the status of EEZ ocean quahog popula-
tions under management, and provide quota op-
tions consistent with biological reference points.

d. Consider the importance of refugia to new re-
cruitment by examining biological and economic
aspects for three scenarios: 1) no refugia, 2)
Georges Bank only, and 3) Georges Bank and
deep offshore unfished areas.

Introduction

The ocean quahog has a broad distribution in cold
waters of the northern hemisphere. It is the sole ex-
tant species of an ancient genus which dates to the
early Cretaceous. Ocean quahogs are common around
Iceland, in the eastern Atlantic as far south as Spain,
and in the western Atlantic as far south as Cape Hat-
teras (Theroux and Wigley 1983). The depth range is
between 10 m and 200-400 m, depending on the ref-
erence (Theroux and Wigley 1983; Thompson et al.
1980a). This bivalve is slow-growing, and some indi-
viduals have been aged at over 200 years (Jones
1983; Steingrimsson and Therarinsdottir 1995). Early
studies of populations off New Jersey and Long Is-
land (Thompson et al. 1980a; Murawski er al. 1982)
demonstrated that clams ranging in age from 50-100
years were common. Although they can grow to ap-
proximately 100 mm in shell length, the growth rate
of fully-recruited ocean quahogs (0.51-0.77% in meat
weight per year and < 1 mm in shell length per year)

Females are more common than males among the
oldest, largest individuals in the population (Ropes et
al. 1984; Fritz 1991; Thorarinsdottir and Einarsson
1994). Size and age at maturity are variable. Off
Long Island, the smallest mature quahog found was
a male 36 mm long and 6 years old; the smallest and
youngest mature female found was 41 mm long and
6 years old (Ropes ef al. 1984). Some clams in this
region are still sexually immature at ages 8-14 years
(Thompson et al. 1980b; Ropes et al. 1984).

The history of surfclam and ocean quahog man-
agement along the Atlantic coast of the United States

-1s summarized, through 1986, in Murawski and Ser-

chuk (1989). Ocean quahogs were assessed in 1992
and 1994 (NEFSC 1993, 1995) for SAW-15 and
SAW-19, respectively. Those assessments reported
historical trends in commercial landings and effort by
region, size composition of the landings, trends in
survey abundance indices, and population size struc-
ture. Estimates of exploitable ocean quahog bidmass
and fishing mortality rate were derived for SAW-19
from a modified Leslie-DeLury model, based on a
time series of commercial CPUE and catch in num-
bers from 1988 to 1994, It was noted that the esti-
mates only applied to the fished portions of the re-
source. The survey time series was not incorporated
into the mode! because the catch per survey tow for
surfclam and ocean quahog was unusually high in the
1994 survey, suggesting that the gear efficiency had
changed. Likewise, the survey data from 1994 were
not used to obtain an estimate of minimum swept-
area biomass because of uncertainty regarding survey
gear performance and efficiency at that time. Because
of the uncertainty about the 1994 survey data, SAW-
22 concluded that current abundance of surfclams
was uncertain (NEFSC 1996). An extensive list of
terms of reference were drafted for the recent SAW-
26 surfclam assessment (NEFSC 1998a and 1998b)
and the current ocean quahog assessment. The report
from SAW-26 describes studies carried out in 1997
which estimated the efficiency of the clam dredge
used by the R/V Delaware II, as well as those used
by commercial vessels.

is an order of magnitude slower than for surfclams
(SAW-22, NEFSC 1996).

The current assessment buiids on the SAW-26 re-
port (NEFSC 1998a and 1998b) and also relies heav-
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ily on data collected in 1997 and 1998. The data in-
clude a stratified random survey of the EEZ stock, as
well as expeniments conducted to understand the be-
havior and efficiency of the NEFSC clam dredge.
Continuous data on ship speed, position, and dredge
angle were recorded for every tow during the 1997
survey. For the first time, these data allowed for a di-
rect estimate of the distance sampled per tow by the
dredge. Depletion studies of dredge efficiency were
also conducted, and these were carried out in a coop-
erative program between NMFS, the clam industry
and academia (see Acknowledgments). Stock bio-
mass and net annual production were estimated for
¢ach region along the east coast of the United States.
Confidence intervals on stock size were obtained via
a bootstrap procedure taking into account the strati-
fied random sampling design. Estimates of biomass
were also made using kriging, a geostatistical meth-
od. The distribution of this species extends into deep-
er, unsurveyed waters. Therefore, the survey esti-
mates do not include the entire range. They do, how-
ever, include the majority of the historically-fished
region. One section of the report discusses the impor-
tance of refugia, in the form of closed areas on
Georges Bank as well as deep offshore populations,
to recruitment. Because this fishery has migrated
from south to north in the last decade, considerable
attention was also given to temporal and spatial
trends in the commercial data, as well as to the eco-
nomic reasons underlying the migration. Detailed
analyses of vessel logbook information included
evaluating changes in the spatial distribution of fish-
ing in relation to resource abundance and the ade-
quacy of LPUE as a measure of relative abundance.

This report also includes revised biological refer-
ence points using shell length and weight data col-
lected duning the 1997 survey. These reference points
are used for comparison with observed fishing mor-
tality rates. New research recommendations and
sources of uncertainty are also listed.

Executive Summary

(TOR a) Develop, test, and implement models to esti-
mate ocean quahog abundance and mortality rates,

using appropriate indices of abundance and total
catch

» It is difficult to draw conclusions about changes
in stock biomass from the historical survey data
owing to likely changes in dredge efficiency be-
tween surveys, difficulties standardizing the catch
data for distance sampled per tow, and high lev-
els of within-year sampling variance. Recogniz-
ing these uncertainties, there is a declining trend
in survey biomass in the Delmarva region.

» Analyses of survey length compositions over time
failed to show significant trends that would be in-
dicative of cumulative effects of fishing mortal-
ity.

» The NMFS clam survey estimates biomass from
Delmarva to Southern New England out to 80 m
(40 fathoms). Ocean quahogs inhabit depthg be-
yond 80 m. The fraction of the resource in deeper
water is currently unknown, although the depth
range of this species is centered at 50-99 m, and
frequency of occurrence declines at both shallow-
er and deeper depths (Theroux and Wigley 1983).
On Georges Bank, attempts have been made to
sample two deeper strata at the maximum work-
ing depth for the power cable and pump (80+ m),
and ocean quahogs were abundant at those loca-
tions. In Southern New England, the industry has
recently started harvesting ocean quahogs from
waters beyond those surveyed by NMFES.

» The 1997 clam survey and associated field studies
should provide the best estimate of current bio-
mass, for the areas sampled, because the ocean
quahog catch-per-tow data can be properly stan-
dardized for tow distance and adjusted for dredge
efficiency. Performance of the dredge in the 1997
survey was monitored with additional new tech-
nology including bottom contact sensors, an angle
indicator (which was the main method to deter-
mine when the dredge was and was not fishing),
pressure/depth sensors, amperage gauge, P-code
GPS to determine the ship’s position and veloc-
ity, and some video monitoring of dredge perfor-
mance.
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From the information available on each tow, it
was possible to estimate the path length by multi-
plying the velocity of the ship in each 1-second
interval of the tow by a 0/1 indicator of bottom
contact, based on information from the angle in-
dicator, and summing over the duration of the
tow. In the 1997 survey, the average tow path
length was significantly longer than in previous
years, owing to the slower winch pay out and re-
trieval speeds. Survey catches were standardized
to a path length of 0.15 nm by multiplying the
nominal catch by the ratio of 0.15/imputed path
length, using the procedure noted above. Based
on this procedure and associated monitoring, con-
fidence in the estimation of path length has in-
creased. "

Based on a bootstrap procedure applied to the
1997 survey data on ocean quahogs and length-
weight equations from NEFSC (1996a), mini-
mum swept-area btomass estimates (‘000 mt) and
95% ClIs for the surveyed areas are:

Region | Lower | Mean Upper
GBK 114 177 238
SNE 45 113 207
LI 107 172 232
NJ 74 103 131
DMV 15 24 36
SVA 0 0 0
Ail 483 599 723

A minimum swept-area biomass estimate (‘000
mt) from the 1997 survey based on geostatistical
kriging and using length-weight equations from
NEFSC (1996a) is:

Region Lower Mean Upper
All 534 612 690

No estimates of efficiency of the NMFS clam
dredge were made in ocean quahog habitat. The

efficiency of the NMFS clam dredge for ocean™

quahogs was inferred by assuming that it would
be roughly comparable to the performance of
commercial dredges. The median efﬁciency of

' dredges was 0.43. The minimum swept-area bio-
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mass estimates (above) can be divided by this
factor to obtain estimates of biomass in the sur-
veyed area.

Based on the biomass point estimates from the
surveyed areas (above), current I estimates are:

Region Bootstrap | Kriging
GBK 0 -
SNE - 0.035 -
LI 0.013 -
NI 0.018 -
DMV 0.019 -
SVA 0 -
DMV to SNE 0.021 -
All 0.014 0.014

Regions in the south {Delmarva, New Jersey)
have been exploited since the late 1970s. The
fishery moved northeastward to the Long Island
region in 1992 and expanded to Southemn New
England in 1995.

Commercial catch per unit effort (CPUE) has de-
clined off Delmarva from about 700 kg meat/hr
fished during 1983-1987 to its current value of
about 300-400 kg/hr. CPUE has declined off New
Jersey from about 600 kg meat/hr fished during
1982-1987 to 300-400 kg/hr during 1992-1995.
In the last two years, CPUE off New Jersey in-
creased to about 500 kg/hr as a result of harvests
being taken from deeper water, further offshore.
The highest CPUE in 1997 was off Southern New
England (690 kg meat/hr), followed by Long Is-
land (638 kg meat/hr fished).

Detailed analyses of subareas {i.e., 10-minute
squares)} suggest that the fishery in any suitable
location can be characterized by three phases.
Landings in the first 4 years tend to be high but
variable as harvesters locate and exploit high den-
sity clam beds. Median CPUE in this phase typi-
cally exceeds 600 kg meat/hr fished. In years 5-10
of the fishery, median CPUE drops slightly and
the variance is reduced. After 11 years or more,
CPUE drops to median levels of 430 kg/hr.and

fishing effort is often curtailed. Independent in-

formation from industry sources supports these



observations and adds that the decision to curtail
effort is determined by economic factors.

(TOR b} Review existing biological reference points

and advise on new reference points for both surf-

clams and ocean quahogs to meet SFA requirements

>

The current overfishing definition for surfclams
is F,uq. Current biological reference points for
surfclams are:

Region Fru Fy, Fape Fio
NNJ 0.21 0.07 | 0.18 0.05
DMV 0.21 0.07 | 0.18 0.05
GBK 0.09 | 007 | 0.17 0.12

The recommended reference point for surfclams
is from the New Jersey region, where nearly all of
the catch is taken. Fy, is the fishing mortality that
would occur if the catch were equivalent to the
annual production of biomass. No new informa-
tion is available since SAW-26.

The current overfishing definition for ocean qua-
hogs is F,¢,. Current biological reference points
for ocean quahogs based on a revised length-
weight equation are:

Region | S
LI 0.065

Fo.
0.022

Fog Fpo
0.042 0

The revised reference points are very similar to
those computed earlier (NEFSC 1995).

F levels resulting in zero net production, Fp, are
difficult to assess for ocean quahogs owing to un-
certainty in the annual estimates of recruitment,
natural mortality rate, and average instantancous
growth. The magnitude of each process is small,
ranging between ! and 2%, and is near the limita-
tions of existing data to estimate. This fishery did

not develop until the late 1970s. Given the cumu--

lative landings of 388,000 mt and the estimated
biomass of 1,423,000 mt in 1997, the stock is
more likely to be closer in biomass to its pristine
state than the MSY stock level. Hence, produc—
tion is expected to be low.

»

For ocean quahogs in the regions that have been
historically fished, the production model indicates
that production is close to zero and net produc-
tion (i.e., production minus removals) is negative,
This result holds for both the traditional and re-
vised length-weight equations. A major source of
uncertainty in the model, however, is the abun-
dance of small ocean quahogs (40-70 mm in
length) in the population. Clams of this size can
pass through spaces in the survey dredge. Loss of
these clams results in an underestimate of produc-
tion. In contrast with the results for ocean qua-
hogs, the same model indicated that, with surf-
clams, there is adequate production and stock bio-
mass to sustain the surfclam fishery at current re-
moval rates for the NNJ area, where the bulk of
the surfclam fishery is concentrated (NEFSC
1998).

The current biomass is less than the likely carry-
ing capacity of the resource, but well above K/2.
The 1997 surveyed biomass estimate (1.4 miilion
mt) is at about 80% of the virgin biomass (1.8
million mt). The current fishing mortality rates
are well below common fishing mortality rate
thresholds. For example, exploitation rates are
below F_,, often used as a proxy for F,. Fishing
mortality rates are below two other alternative ac-
tion levels, and overall population biomass ex-
ceeds levels which would require rebuilding.
Nonetheless, 22 years of harvesting appear to
have reduced the population in some areas. It 1s
not yet possible to characterize the dynamic re-
sponse of the population to these decreases in
density. In many instances, the recruits that might
have been produced as a result of prior reductions
are only now becoming vulnerable to the survey
dredge. Thus, some caution is necessary.

(TOR c¢) Assess the status of EEZ ocean quahog pop-

ulations under management, and provide guota op-

tions congsistent with biological reference points

»
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Analysis of data from the 1997 survey, coupled
with an estimate of dredge efficiency, led to re-
vised estimates of ocean quahog biomass by re-
gion. These estimates are greater than those re-



ported at SAW-19 (NEFSC 1995), which were
derived from trends in commercial CPUE only
- from fished areas. Current harvests represent ap-
proximately 2% per year of the total surveyed
biemass in exploited Mid-Atlantic regions (SNE
to DMYV). Additional resource is in deeper water,
but a survey has not been conducted to estimate
its magnitude. Therefore, the current biomass es-
timates are conservative. Using the conservative
biomass estimates, current F in the exploited re-
gions (0.021) is below the current overfishing de-
finition (F,5q = 0.042) as well as below F __ =
0.065.

Recent annual quotas have been decreasing, but
ranged from 18,000 to 22, 000 mt (about 4.0-4.9
million bushels). Quotas in this range were in-
tended to satisfy a 30-year supply policy, which
was considered to represent conservative manage-
ment because it is reevaluated annually. Given
the revised biomass estimate for 1997, these quo-
tas are consistent with a supply policy of 535 to 75
years, which is even more conservative. If quotas
in this range were taken for the next decade and
assuming that recruitment is roughly balanced by
natural mortality, the estirmated stock biomass
would decline by approximately 13-16% (see sec-
tion on Supply-Year Calculations for specific
cases with more detail). However, greater reduc-
tions in stock size could occur in certain locations
if the harvest were taken from a small area. Given
the past performance of this fishery, effort is di-
rected away from areas as soon as CPUE declines
by 30-40%. Therefore, the number of areas that
are profitable for harvesting may become limiting
years before the overall stock undergoes a major
decline in biomass.

The ocean quahog resource in surveyed EEZ wa-
ters from Southern New England (SNE) to Del-

marva (DMV) is at a medium-high level of bio-

mass and, according to the existing overfishing
definition, would be considered under-exploited
at the scale of the management unit. CPUE, how-
ever, has continued to decline substantially in fo-

calized areas. Annual recruitment is approximate-

ly 1% of the stock biomass, and this is roughly

equal to the rate of natural mortality. Thus, the
population should be at equilibrium in the ab-
sence of significant exploitation. Harvesting
should cause a decline in biomass over time, and
there is evidence of this in long-term commercial
CPUE data from the DMV and NJ regions. Since
1992, the Mid-Atlantic fishery has moved north-
eastward to Long Island (LI) and more recently to
SNE, where CPUE is much higher. In 1997, 47%
of the landings were taken from SNE. Significant
biomass may exist in deeper water, especially off
LI and SNE, but a survey has not yet been con-
ducted to determine its magnitude. About 30% of
the total stock biomass is on Georges Bank
(GBK), and this region continues to be closed to
harvesting due to previous contamination by PSP,
The overall fishing mortality rate (F) in the sur-
veyed Mid-Atlantic regions being fished (SNE to
DMV) was 0.021 in 1997, which 1s below the
current overfishing definition (F,, = 0.042). The
stock in the EEZ off the coast of Maine continues
to be harvested and, to date, neither NMFS nor
the State of Maine has conducted a quantitative
survey in this region.

{(TOR d) Consider the importance of refugia to new

recruitment by examining biological and economic

aspects of three scenarios: 1) no refugia, 2) Georges

Bank only, and 3) Georges Bank and deep unfished

offshore areas

»>
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As opposed to the restricted fisheries definition of
“pre-recruits”, “‘recruitment” is used in the broad-

er sense here and includes juveniles and larvae.

The deep bathymetric limit of Arctica islandica
has yet to be determined, although limited data
suggest that populations extend at least as deep as
50 fathoms (100 m). Significant areas of bottom
in the 45-50+ fathom range exist throughout the
Mid-Atlantic Bight which may provide suitable
habitat for as yet unsurveyed A. islandica popula-
tions. Therefore, the current estimates of standing
stock for this species in the region should be
viewed as conservative.

The gyre-like circulation on Georges Bank has
been implicated in the retention of larval forms.



That region may export larvae to the southwest,
but only at certain restricted times of the year and
only as far as between Nantucket and the eastern
end of Long Island. Populations "downstream" of
this spatial window must be maintained from
spawning of populations resident in the Mid-At-
lantic Bight.

» If deep-water populations are significant in num-
ber and distribution, they might contribute to the
maintenance of inshore populations of A. island-
ica in the Mid-Atlantic Bight.

Commercial Data

Commercial landings and effort data from 1980
to 1997 are from mandatory vessel logbooks. It is as-
sumed throughout this assessment that one bushel of
surtclams = 10 Ibs = 4.5359 kg of usable meats. Pa-
rameters relating shell length to meat weight are from
Murawski and Serchuk (1979), are region specific,
and were based on samples obtained in winter. Revis-
ed length-weight information was collected during
the summer 1997 resource survey aboard the R/V
Delaware II. Vessel size class categories are; Class 1
{small, 1-50 GRT), Class 2 (medium, 51-104 GRT),
and Class 3 (large, 105+ GRT). Commercial length
frequencies were estimated by region from port agent
sampling. '

Landings

The ocean quahog fishery was in its early stage
between 1967 and 1975 when total landings were
<1,000 mt of meats per year (Table El, Figure E1).
The period from 1976 to 1984 was a transition from
low to high catches. Since 1985, 20,000-24,000 mt of
meats have been harvested annually, with 90-100%
of those landings from the EEZ.

Annual EEZ quotas have been set since 1978. Be-
tween 1986 and 1994, the quota was well above the
annual catch. The EEZ quota was reduced each year
from 1995 to 1997, and in 1997 the entire quota was
taken (Table E1).

Through time, the fishery has moved from south
to north (Figures E2-E4). There were multiple rea-
sons for the movement. One set of reasons is related

to cost and efficiency of operating a processing piant.
These include relocation of plants to sites with deep-
water piers, cheaper freight, and fewer problems with
disposal of waste water. Another set of reasons is re-
lated to the relative abundance of clams in the south
and north and the proximity of those clam beds to
shore.

The movement of the fishery over time is re-

“flected in the pattern of landings. Regions with the

most landings by period include New Jersey during
1978-1986, Delmarva 1987-1988, New Jersey 1989-
1991, Long Island 1992-1995, and Southern New
England 1996-1997 (Table E2, Figure E3). Maps of
cumulative ocean quahog catch during 1980-1985,
1980-1989, 1980-1993, and 1980-1997 show the
northeastward migration of the fishery through time
(Figure E4). No landings have been reported from
east of 69°N latitude because Georges Bank has been
closed since 1990 due to the risk of paralytic shellfish
poisoning (PSP).

Catch per Unit Effort (CPUE)

Effort trends

In general, the regional trends in fishing effort-
(i.e., hours fished) over time (Figure E5) are similar
to trends in landings over time (Figure E3). In 1996-
1997, total fishing time in Southern New England
was greater than in any other region. Before 1995,
there was very little fishing effort in Southern New
England. In 1995, maximum hours fishing took place
in the Long Island region. Before 1995, fishing effort
was always greatest in the New Jersey and Delmarva
regions. -

From 1994 to 1997, there has been a decline in
total fishing effort (Southern New England to South-
ern Virginia/North Carolina). This is at least partially
explained by recent reductions in the quota (Table
E2). It is probably also explained by the high catch
rates off Southern New England where most of the
harvesting now occurs.

CPUE

Nominal trends by region: From Southern New
England to Southern Virginia/North Carolina, typi-
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cally >80% of the annual catch is taken by large
{105+ GRT) vessels (Table E2). For New Jersey and
Delmarva, the regions that have been fished the long-
est, CPUE of large vessels has declined over time.
For example, CPUE in Delmarva was 600-650 kg/hr
during 1980-1982, 660-760 kg/hr during 1983-1987,
and 300-460 kg/hr during 1990-1997 (Table E2, Fig-
ure E3). The same pattern is seen for New Jersey, al-
though CPUE did increase in 1996-1997. A detailed
spatial analysis of landings revealed that this increase
resulted from movement by a few fishermen to deep-
er areas further offshore which were not exploited
previously.

The Long Island and Southern New England re-
gions have been harvested for relatively short periods
of time. Since 1992, when effort increased dramati-
cally in the Long Island region, CPUE peaked at 870
kg/hr and then declined to 600-650 kg/hr during
1993-1997. Southern New England has only been
fished intensively since 1995, and CPUE has been
high at 650-710 kg/hr.

Changes in CPUE over time for all regions south
and west of Georges Bank are shown in Figure E7.
This demonstrates a decline over time in CPUE in
the Delmarva and New Jersey regions. It also shows
the movement of the fishery to Long Island and
Southern New England, where current catch rates are
higher than in more southern regions.

General linear models (GLM) by region: A sep-
arate GLM was carried out for each region (Tables
E3-E6) on the natural log of CPUE to obtain a stan-
dardized abundance index from the commercial data.
Year, vessel ton class, and subregions were included
as explanatory variables. "Subregions" were created
by partitioning each region into approximate halves.

Estimates of the coefficients for the year parame-
ter are indicative of CPUE over time for that region
(1997 was set as the standard year in the model and
is listed as 9999). The bias-corrected, back-trans-
formed coefficients are plotted-in Figure E6 for three
regions. There appears to be a strong correlation be-
tween nominal CPUE from large vessels and the
GLM standardized CPUE, which includes all vessels.
This 1s not surprising given that large vessels dormni-
nate the fishery (see above). '

Declines in CPUE off New Jersey and Delmarva
probably represent changes in the abundance of the
stock in the areas that have been historically fished.
CPUE is not likely to increase in these two regions in
the future unless dense clam beds are discovered in
deeper waters. There is already evidence of such
movement to deeper water off New Jersey. New beds
are less likely to be found off the Delmarva region
because the continental slope is steep beyond 90 m
(45 fathoms). In contrast, there are broad regions of
continental shelf in the 80-120 m (40-60 fathom)
range off the coasts of New Jersey, Long Island, and
Southern New England. Depths greater than 80 m (40
fathoms) have not been included on a regular basis as
part of the NMFS clam surveys.

Nominal trends by 10-minute square (TNMS);
CPUE was also examined using a smaller spatial
unit, the TNMS. Given that ocean quahogs are seden-
tary and have a slow rate of growth, each TNMS can
be considered to have had its maximum stock bio-
mass before harvesting began. If each year of harvest-
ing reduces the resource in the TNMS, then there
should be a negative relationship between CPUE and
total years of harvesting (“Fishing Year”). This was
examined for nine TNMSs located from east of Long
Island to the Delmarva region. The five squares from
the south (Figure E8) had a long history of harvesting
(Table E7) compared with those from the north. A
plot of the data support the model that biomass de-
clines within TNMSs as the years of fishing increase
(Figure E9). The data were then partitioning into
three groups based on years of fishing: 1-4 (“Early™),
5-10 (“Mid™), and 211 (“Late”). Catch per unit effort
declines across groups from “Early” to “Mid” to
“Late” (Figures E10 and E11).

Size Composition of Landings by Region

Length frequency distributions for ocean quahogs
landed between 1982 and 1997 are presented for the
Southern New England, Long Island, New Jersey,
and Delmarva regions in Figures E12-E135, respec-
tively. Sampling data are summarized in Table E8.
Between 1982 and 1997, average length of clams
landed from New Jersey (approximately 90-95 mm)
was greater than that from other areas (typically 80-
90 mm, Table E8). Mean length of clams landed
from the Delmarva region has decreased steadily
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from 92.5 mm in 1994 to 85 mm in 1997. Mean
length of clams landed from the New Jersey and
Loong Island regions has remained relatively steady.
Although mean shell size from the Southern New
England landings declined in 1997, this was due to
targeting of specific beds with high meat vield and
does not represent a shift in mean shell size of the
exploited stock throughout that region.

Research Surveys

Uncertainty in dredge performance confounded
the interpretation of survey indices (e.g., 1994) and
led to low confidence in swept-area population esti-
mates. To address this shortcoming, changes to some
operational procedures were implemented in 1997.

Sensor Data

Better monitoring of dredge performance in 1997
was achieved via the Shipboard Computing System
(SCS) on Delaware II which permits continuous
monitoring of variables that are critical to operations.
In addition to the SCS sensors, other sensors were at-
tached to the clam dredge. During most tows, these
sensors collected data on ship speed, ship position,
dredge angle, power to the hydraulic pump, and
water pressure from the pump at depth. Depending
on the sensor, the sampling interval varied from once
per second to once per 10 seconds. The smallest time
unit for analysis was 1 second. In cases where data
were not collected every second, empty cells were
filled with the previous measurement. The data were
then smoothed using a 7-second moving average,
centered on the time being calculated. This time win-
dow was considered appropriate for smoothing the
data and conserving patterns in the data.

Estimation of Distance Towed and Station Depth

Contact time of the dredge with the bottom was
computed for the 1997 survey_from data on ship
speed and dredge angle, each measured continuously
during a tow. Ship speed was measured in knots with
PCODE GPS. Dredge angle was determined from in-
clinometer data collected from a sensor mounted on
the outside of the dredge at an angle of 25° (this an-

gle was determined from field measurements and
blueprints of the dredge). For data analysis, the
dredge was considered to be in contact with the sub-
strate whenever its angle was 2.3° or less during a
tow. The maximum possible depth of the blade is 8
inches, and 2.3° corresponds to a blade depth of 4
inches into the bottom. This was selected as a reason-
able critical fishing angle for the dredge 1) based on
videos of the dredge while being towed, 2) because
the action of the hydraulic jets turns the bottom into
a fluid and causes the clams to be at or near the sur-
face, 3) ocean quahogs have relatively short siphons,
and 4) 4 inches is the midpoint between the maxi-
mum and minimum possible values of possible blade
penetration.

Area sampled while towing was computed as the
product of ship speed, dredge width, and an indicator
variable for whether the dredge was “fishing” at that
second summed over time.

Sensors were used to measure when and for how
long the dredge was in contact with the bottom dur-
ing each tow in the 1997 surfclam and ocean quahog
survey. Acceptable tows were collected at 402 sta-
tions. The median station depth (and 5th and 95th
percentiles) was 37.25 m (17 and 70 m). Based on
sensors, the median tow distance (and 5th and 95th
percentiles) was 0.247 n.mi (0.171 and 0.333 n.mi.).
This estimate of tow distance can be contrasted with
the doppler distance during the timed, 5-minute tow
(which was used in previous surveys). For the same
set of stations, the median tow distance based on the
doppler (and 5th and 95th percentiles) was 0.13 n.mi
(0.11 and 0.14 n.mi.). Thus, the actual distance sam-
pled in 1997 was approximately twice that estimated
from the doppler. The difference between the two es-
timates increases with depth because additional time
is required in deeper water to set out and haul back
the hydraulic clam dredge, operations not considered
as part of the 5-minute timed tow. This would affect
ocean quahog tows more than surfclam tows because
the former live in deeper water. It should be noted,
however, that since a slower winch was used in 1997,
the difference between the doppler distance and the
actual distance sampled (based on sensors) would be
greater in 1997 than for previous surveys.
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Depletion Experiments to Estimate Dredge Effici-
ency '

Although studies of clam dredge efficiency have
been conducted (Myer et al. 1981; Smolovitz and
Nulk 1982), they did not obtain reliable estimates of
dredge efficiency for the dredge currently in use and/
or in the habitat where the EEZ stock is located.
Thus, it was necessary to carry out new studies.

Model

The underlying methodology for the efficiency es-
timates is known as a depletion experiment. At the
most basic level, a closed population is sampled
without replacement two or more times, and the rate
of decline in catch per unit effort is a measure of the
remaining population. The total population is derived
as a function of the rate of decline in catch over suc-
cessive samples and the total quantity removed. The
theory for this type of experiment and its analyses
was originally proposed by Leslie and Davis (1939).
Later, Delury (1947, 1951) considered a similar
model in which cumulative effort (e.g., number of
samples) rather than cumulative catch was employed
as a predictor in a regression model. The models are
closely related, as discussed in Seber (1973) and
more recently by Gould and Pollock (1997). For the
purposes of this study, estimates of population size
were based on the mode] of Leslie and Davis (1939)
in which catch per tow is written as:

Ci=p (N-Ty.) {1
where T, represents the cumulative catch through
the I-th minus one tow. The parameter N denotes the
population size and p represents the catchability coef-
ficient.

The apparent simplicity of the model belies the
complexity of fitting observations to real data. If
sampling is random within a defined area in which
the population is found, then the expected value of C;
is based on a binomial model with parameters p and
{N-T,,). As each catch is removed, the value (N-T ;)
decreases and thus the quantity p (N-T,.)) also de-

dicted values) is neither independent nor identical.
Both of these conditions are required for linear re-
gression models. Instead, the likelihood model for the
experiment can be constructed as a product of linked
binomial models in which the (N-T,,) term reflects
the history of removals up to the I-th observation.
This model is known as chain binomial process or
more commonly as a multinomial model. Recently,
Gould and Pollock (1997) advanced the theory of es-
timation for the Leslie-Davis model and proposed
some model extensions. Their methodology was used
to analyze each of the depletion experiments. The
multinomial model was coded in Excel and tested
using the original rat population data of Leslie and
Davis. Confidence intervals for model parameters
were estimated using profile likelihood (Venzon and
Moolgavkor 1988).

Six surfclam depletion experiments were carried
out off the coast of New Jersey in spring/summer of
1997, and those results were described at SAW-26
(NEFSC 1998). Five ocean quahog depletion experi-
ments were carried out using commercial vessels.
The primary goal was to determine the efficiency of
commercial clam dredges and to assume that the ef-
ficiency of the dredge used by the Delaware II would
be approximately equal to or less than those esti-
mates.

Ocean Quahog Experiments

Five separate depletion experiments of ocean qua-
hogs were conducted aboard three commercial fish-
ing vessels during between July 15, 1997 and April
26, 1998. Study locations are presented in Figures
E16-E17. '

Each experiment consisted of making repeated
passes with the dredge over an area approximately
2.0 microseconds long, as close to a repeated path as
possible. The width of the area depleted was 0.3-0.4
microseconds depending upon the experiment. Each
tow was about 5 minutes in duration, and LORAN
bearings were recorded each minute. The catch from
each dredge haul was sorted and measured into US
standard level bushels. Subsamples for length fre-

creases. As a result, the statistical error structure (i.e.,
the pattern of differences between observed and pre-

quency (one bushel) and numbers per bushel (one ad-
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ditional bushel sample} were obtained every fifth
haul. Data were recorded on standard log sheets (see
Appendix A for additional details on these experi-
ments).

The ocean quahog depletion sites were at or near
1997 survey sites. However, unlike the surfclam de-
pletion experiments, the Delaware II did not perform
replicate setup tows immediately before each deple-
tion experiment. Cruise tracks for the commercial
tows are shown in Figures E18-E22. Line widths in
the figures are proportional to the dimensions of the
dredge.

The catchability coefficient in the Leslie-Davis
model is related to gear efficiency e by the relation-
ship e = (A/a)p where A is the total area swept at
least once by the dredge and a is average area swept
by an individual tow. The total area A represents the
sum of all non-overlapping areas swept by the
dredge. ARCINFO was used to estimate this quantity
based for each experiment. Computations of average
area swept were based on analyses of the vessel track
coordinates for each tow. Results of these computa-
tions are presented in Table E9.

To determine area depleted, the tows were plotted
using ARCINFO and SYSTAT. Tows were excluded
if a significant portion of the tow (typically >%2) was
made outside of the region covered by most of the
other tows. This process was made more objective by
- considering tow locations relative to the 90% con-
fidence contour of tow locations, based on the Epane-
chnikov-kernel function (Cressie 1988, implemented
in SYSTAT). The decision was made to remove 4
tows from the SH-1 experiment and 4 tows from the
WW-1 experiment. Area depleted was then computed
as the intersection of the remaining tows.

Parameter estimates and profile-likelihood confi-
dence intervals of gear efficiency (defined as the pro-
bability of capture given encounter) and clam density
(numbers/square feter) are summarized in Table E9.
The derived efficiency estimates are influenced by
sea state and bottom type. Moreover, the size of the
area depleted is also important. Experimental dredge
efficiencies ranged from 1.1 to 0.29. Estimated effi-

ciencies greater than 1 are likely to be due to a nar-
row dredge path, which violates the assumption of
independent observations in the Leslie-Davis model.

No estimates of efficiency of the NMFS clam
dredge were made in ocean quahog habitat. The effi-
ciency of the NMFES clam dredge for ocean quahogs
was inferred by assuming that it would be roughly
comparable to the performance of the commercial
dredges. The median efficiency of 5 experimental
studies with commercial dredges was 0.43. The mini-
mum swept-area biomass estimates (above) can be
divided by this factor to obtain estimates of biomass
in the surveyed area.

Survey Results

Description of surveys

A series of 21 research vessel survey cruises were
conducted between 1965 and 1997 to evaluate the
distribution, relative abundance, and size composi-
tion of surfclam and ocean quahog populations in the
Mid-Atlantic, Southern New England, and Georges
Bank (Figure E2). Since survey methods changed sig-
nificantly before and after 1980 (NEFSC 1996), the
period 1980-1997 is examined here. Even within this
period, some methods have changed, making it dif-
ficult to detect temporal trends in stock size if they
exist. The changes are discussed in more detail be-
low, but involve gear efficiency and the method used
to estimate distance sampled per tow.

Assessment areas have been subdivided into stra-
ta which remain fixed through time (Figure E2). The
surveys are performed using a stratified random sam-
pling design, allocating a pre-determined number of
tows to each stratum. Standardized sampling proce-
dures used in these surveys are described in Muraw-
ski and Serchuk (1989). One tow is collected per sta-
tion, and intended tow duration (once the dredge is
on the “poly” line) and speed are 5 minutes and 1.5
knots, respectively. Catch in meat weight per tow is
computed by applying appropriate length-weight
equations to numbers caught in each 10 mm size cat-
egory. By averaging over all tows within a stratum,
representative size frequency distributions per tow
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are computed by stratum. Representative size fre-
quency distributions and mean number of clams per
tow are also computed by region using the area of
each stratum within the region as a weighting factor,

In years prior to 1997, doppler distance during the
timed 5-minute tow was used to standardize the catch
of every tow to a common distance (0.15 n. mi). This
did not consider that the dredge could be sampling
during set out and haul back, or that the blade may
not always be in contact with the substrate during the
tow. As described in previous sections, tow distance
in the 1997 survey was standardized by imputing tow
distance from ship velocity (measured by GPS) and
contact by the dredge on the bottom as indicated by
the inclinometer. Catches were then standardized by
multiplying nominal catch at each station by the ratio
of 0.15/imputed path length.

Survey catch per tow of both surfclams and ocean
quahogs was much higher in 1994 than in previous
surveys. It is felt that gear efficiency increased signi-
ficantly during that survey, although the cause has
not been identified (NEFSC 1996a,b, NEFSC 1998.

Confidence intervals on catch-per-tow indices
were computed by two methods. Smith’s (1997)
bootstrapping procedure for complex survey designs
was applied. This approach allows for asymmetric
confidence intervals, which eliminates the difficulty
associated with negative estimates at the lower bound
of the interval. Kriging (Cressie 1993) was also ap-
plied. This method utilizes the spatial autocorrelation
to interpolate between sampled points. When spatial
autocorrelation is strong and the precision is high,
kriging can reduce the confidence intervals on total
biomass and improve the accuracy related to spatial
distribution. .

Abundance indices

Calculated abundance indices and associated sta-
tistics from a bootstrap estimation method are given
in Tables E10-E12 for surveys conducted in 1997,
1994, 1992, 1989, 1986, 1984, 1983, 1982, 1981, and
1980. Statistics are computed for total number per

Estimates are based on traditional length-weight
equations (Serchuk and Murawski 1980; NEFSC
1996a). These estimates are expanded to minimum
swept-area population estimates (e.g., assuming
100% dredge efficiency) by determining the number
of possible standard tow paths in each stratum and
multiplying by the average and upper/lower 95th per-
centiles. The regional biomass estimates are only for
the surveyed portion of the resource; ocean quahogs
are known to inhabit depths beyond what was sur-
veyed.

Total minimum swept-area biomass was 599 kmt
of meats in 1997 (all sizes). The majority of the re-
source in 1997 is on Georges Bank, Long Island, and
Southern New England (Tables E10-E12; Figures
E23-E26). Computations of relative abundance of the
stock for previous years gave approximately the same
relative resource distributions among areas, with
minimum population sizes greater in 1994 than the
other years evaluated.

Temporal estimates of minimum swept-area bio-
mass for each region are given in Figures E23-E25.
With the exception of a decline in the Delmarva re-
gion, these figures do not suggest any obvious mono-
tonic trends in regional biomass over time. However,
trends that possibly do exist might not appear in the
graphs because of the suspected changes in dredge
efficiency between surveys, particularly in 1994, and
because the method for standardizing tow distance
was not improved until 1997.

Biomass estimates based on doppler distances
(i.e., applies to all surveys before 1997) are overesti-
mated because doppler distances underestimated dis-
tance sampled by the dredge. For 1997, the estimate
of biomass was made using the two methods for esti-
mating tow distance. The difference between the
means labeled “d” (for doppler) and “4 in” (for sen-
sors used, assuming a 4 inch critical blade depth for
sampling) demonstrates the magnitude of bias in the
biomass estimate for that survey when the doppler
reading is used to estimate tow distance (Figures
E23-E25).

standardized tow and total catch weight (kg meats).

to the 1997 survey data and gave similar results (Ta-
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ble E13). The confidence intervals were sinaller than
those computed for either the bootstrap analyses or
simple random sampling designs. A map of biomass,
based on kriging, 1s given in the section on Co-Dis-
tribution of the Fishery with the Resource.

Spatial distribution of clams from the 1997 survey

The distribution of sampled survey stations in
1997 is given in Figure E27. Station intensity was
greater in 1997 in some areas (e.g., NJ) because the
estimation of surfclam population abundance via
swept-area methods was anticipated. Ocean quahog
abundance-per-tow data from the 1997 survey were
partitioned into two size classes based on shell
length: small (1-69 mm) and large (270 mm). De-
tailed distribution data by size class are plotted in
Figures E28-E31. Clams in the “large” class were
most abundant from Georges Bank to Long Island.
The largest concentrations of “small” clams were on
Georges Bank and in Southern New England.

Size frequency distributions

Size frequency distributions from surveys con-
ducted between 1980 and 1997 are plotted by region
in Figures E32-E36. Mean number of ocean quahogs
per standardized tow was typically lower in 1997 due
in part to the switch to a more accurate method of
standardizing the catch to a common tow distance.
The method used previously overestimated the num-
ber of clams per area.

The modal size in the New Jersey and Delmarva
regions (90-100 mm shell length) is greater than that
from the more northern regions of Georges Bank,
Southern New England, and lLong Island (70-90
mm). In all cases, the size structure of clams within
aregion changed little over time. This could be par-
tially due to partial selectivity of small individuals by
the clam dredge, particularly those below 70 mm in
length (Table E14).

Out of all the strata that were sampled, most had
a unimodal frequency distribution of shell lengths.
Ocean quahogs <50 mm in length were common in
only a few of the tows taken in 1997. These tows
with small individuals were collected from Strata 55

and 59 (Figure E2) in the Georges Bank region. Pre-
vious ocean quahog surveys found a similar pattern,
with small (<50 mm) clams present in tows from
Strata 55, 57, 59, and 61 on Georges Bank (Lewis
1997).

Recruitment to the fishery

In this section, “recruits” (also known as “pre-re-
cruits”) are defined as those individuals that will be-
come fully recruited or vulnerable to the fishery giv-
en one year of growth. To run the Stock Size models
(see below), it was necessary to estimate the magni-
tude of annual recruitment to the population. Based
on the commercial length frequency distributions,
size of fully-recruited clams was set at 80 mm in
length. The age/length curve for ocean quahogs from
off Long Island (NEFSC 1990) gives a 1-year growth
interval of 0.539 mm (from 79.676 mm at age 40 to
80.215 mm at age 41 ) at the size of full recruitment.

The fraction of biomass in this interval was deter-
mined from the survey size frequency distributions,
using a 1-mm size interval. Since the survey gear re-
tains clams greater than 77 mm in shell length (Table
E14), the survey size frequency data were suitable for
estimating the fraction by weight of “recruits” in the
population. An estimate was derived from each sur-
vey from 1984 to 1997 for each of the currently ex-
ploited regions (DMV, NJ, LI, SNE). Instead of esti-
mating the fraction in the small 0.539 mm interval, it
was estimated as the fraction in a larger 4-mm inter-
val (78-82 mm) multiplied by {0.539/4). Estimates of
the pre-recruit weight in the population range from
0.46% to 2.31% (Figure E37).

To obtain a single estimate of the pre-recruit com-
ponent, a mean was computed by region from the six
survey estimates. Using the fraction of biomass in
each region (Figure E26) as a weighting factor, the
weighted average recruitment over all regions was
1.126%.

Refugia and recruitment
Term of reference d called for information on the

importance of refugia to new recruitment, consider-
ing three scenarios: 1) no refugia, 2) Georges Bank
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only, and 3) Georges Bank and deep offshore unfish-
ed areas. As opposed to the fisheries definition of
“pre-recruits” used in the previous section, “recruit-
ment” 18 used in the broader sense here and includes
juveniles and larvae.

Bathymetric distribution of Arctica islandica pop-
ulations: possible deep water resources: Current sur-
veys occupy stations to approximately 42 fathoms
(84 m), a limit dictated by pump design on the survey
vessel. At least on the Southern New England shelf,
current comimercial activity extends to 47 fathoms
with regularity. This prompts the question: what is
the bathymetric limit of A. islandica resources (pop-
ulations) in regions of the Mid-Atlantic Bight open to
commercial exploitation? The inshore, shallow bath-
ymetric distribution is marked by the 16°C bottom
isotherm in the fall, which is the lethal temperature of
the species at the warmest period of the year for their
bathymetric range. This is amply illustrated by the
concordance of the data of Bigelow (1933) for tem
perature with distribution data in Merrill and Ropes
(1969), Theroux and Wigley (1983), and serial stock
assessment surveys by NMFS. These distribution
data clearly map the inshore limit, but not the off-
shore limit, by including a series of deep stations
with no A. islandica present. For some regions, the
1997 survey data indicate increasing numbers per sta-
tion with depth, followed by only a marginal decrease
at the deepest stations. The deep bathymetric limit
has yet to be determined, although limited data sug-
gest that populations extend at least as deep as 50
fathoms (100 m). Franz and Worley (1982) examined
stomach contents of the starfish Astropecten ameri-
canus from 50 fathoms on the Southern New Eng-
land Shelf and noted a strong dietary preference for
juvenile A. islandica. Significant areas of bottom in
the 45-50+ fathom range exist throughout the Mid-
Atlantic Bight which may provide suitable habitat for
as-yet-unsurveyed A. islandica populations. There-
fore, the current estimates of standing stock for this
spectes 1n the region should be viewed as conserva-
tive.

Possible deep water populations and Georges
Bank populations of Arctica islandica: what role do
they play in recruitment to commercially exploited
resources? Long-term recruitment suceess-is-depend-
ent on a stable source of progeny from actively

breeding parent populations. While there is little
doubt that individuals resident within the commer-
cially fished region spawn there is interest in the role
of specific regions as major sources of larvae with
the commercially-fished region possibly serving as a
sink region. Consideration is given here to the role of
the Georges Bank populations of A. islandica, un-
available to commercial harvest currently and for the
foreseeable future, and possible deep water popula-
tions (see previous section) as source populations.

Georges Bank differs considerably from the Mid-
Atlantic Bight in major features of its physical ocean-
ography on an annual basis. Where Georges Bank has
strong vertical mixing for the majority of the year
with gyre-like circulation and spillage of water across
the Great South Channel into the Mid-Atlantic Bight

(Backus and Bourne 1987), the latter body of water

is marked by very strong seasonal stratification in
late spring - early fall, strong vertical mixing in the
winter, and a general southwesterly flow of water
along the inner shelf over the bathymetric range of
concern for A. islandica (Bigelow 1933, Beardsley
and Boicourt 1980) The gyre-like circulation on
Georges Bank has been implicated in retention of
larval forms of commercially-important shellfish and
the spatial patterns as well as frequency of recruit-
ment of post-metamorphic forms (see Tremblay et al.
1994 for examples with the sea scallop Placopecten
magellanicus). The same argument can be made for
the higher-than-mean frequency of observation of
small size classes of A. islandica in serial NMFS
stock assessment surveys on the southwestern corner
of Georges Bank. Given the suggestion of frequent
spawning and recruitiment to the benthos of A. island-
ica on Georges Bank, can that same population serve
to export larvae to the Mid-Atlantic Bight? The an-
swer is a strongly qualified yes, with the qualifica-
tions as follows:

1) Despite a probable extended period of possi-
ble spawning of A. islandica on Georges Bank [by
logical extension of the data of Mann (1982) on
spawning in the Mid-Atlantic Bight to a period of
similar bottom temperatures on Georges Bank], ex-
port will only be successful in a relatively narrow
time window when absolute temperature and vertical

stratification (mostly lack thereof) in the Mid-Atlan-.....

tic Bight is conducive to larval survival and growth.
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This window is probably limited to the September -
early November period, as suggested by the larval
tolerances and behavior described in Lutz er al.
(1982) and Mann and Wolf (1983) and direct obser-
vation of larval occurrence (Mann 1985).

2) The spatial region of influence is limited by

surface drift and larval developmental rate at the pre- -

vailing temperature. Surface drift in a southwesterly
direction in early fall is typically in the range of 2-8
cmy/sec (Beardsley and Boicourt 1980, Beardsley and
Haidvogel 1981) Developmental period at 13°C is 32
days, decreasing to 55 days at 8.5-10.0°C (Lutz et al.
1982). At the lowest temperature and mean surface
drift rate (5 cm/sec), a possible dispersal range of 237
km is estimated, decreasing to 138 km at optimal
temperature for development. These data suggest that
larvae spawned on the southwest corner of Georges
Bank recruit no further west than approximately mid-
way between Nantucket and the eastern end of Long
Island, Clearly, populations downstream of this spa-
tial window must be maintained by spawning of pop-
ulations resident in the Mid-Atlantic Bight.

The earlier discussion of populations in depths
beyond current survey and fishing activity prompts
the question as to the capability of such possible pop-
ulations contributing to recruitment in shallower
depths. Cox and Wiebe (1979) examine the origins of
oceanic plankton in the Mid-Atlantic Bight and note
them to be numerous. In addition to the previous de-
scription whereby "Arctic-Boreal species are brought
in from the northeast largely by over-shelf trans-
port", they also note that "Transition zone species
are brought in by slope water penetration, at the sur-
face when horizontal density gradients are minimal
and at mid-depth in response to physical processes
such as estuarine-type circulation, wind-driven up-
welling, cold-shelf water 'bubble' formation and
movement out into slope waters, or shelf-slope water
interactions associated with warm core eddies or
rings.” While A. islandica is generally considered to
be Arctic-Boreal, the-mechanism proposed for tran-
sition-zone species would successfully transport lar-
vae from deeper water popula