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MEETING OVERVIEW

The Stock Assessment Review Committee
(SARC) meeting of the 26th Northeast Regional
Stock Assessment Workshop (26th SAW) was held
at the Northeast Fisheries Science Center (NEFSC),
Woods Hole, MA during 1-5 December 1997. The
SARC Chairman was Dr. Emory Anderson (NEFSC).
Members of the SARC included scientists from the
NMEFS Northeast and Southwest Fisheries Science
Centers (NEFSC and SWFSC), the Mid-Atlantic
Fishery Management Council (MAFMC), Atlantic
States Marine Fisheries Commission (ASMFC), the
States of Florida and New York, the Canadian De-
partment of Fisheries and Oceans, and the Virginia
Institute of Marine Science (Table 1). In addition, 50
other persons attended some or all of the meeting.
Some, including industry representatives, took part in
the discussion (Table 2). The meeting agenda is pre-
sented in Table 3.

Table 1. Composition of the SARC.

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

Four ad hoc experts chosen by the Chair:
Kevin Friedland, NMFS/NEFSC
Wendy Gabriel, NMFS/NEFSC
Han-Lin Lai, NMFS/NEFSC
William Overholtz, NMFS/NEFSC

One person from each regional Fisheries Management Council:
Tom Hoff, MAFMC

Atlantic States Marine Fisheries Commission/State personnel:
Najih Lazar, ASMFC
Kim McKown, NY DEC
Gil McRae, FL. DEP

One or more scientists from:
Canada - Gerald Chaput, DFQ, Moncton
Academia - John Hoenig, VIMS
Other Regions - Lawrence Jacobson, NMFS/SWFSC

Opening

Dr. Emory Anderson welcomed the participants
and introduced the current SARC members and Dr.

Steven Murawski, Chief of the NEFSC Population
Dynamics Branch, noting that the composition of the
SARC varied from meeting to meeting,. He described
the SAW process and the responsibilities of the
SAW-26 participants, and announced the upcoming

assessment meetings.

Table 2. List of participants.

National Marine Fisheries

Delaware Division of Fish

Service ‘ and Wildlife
Northeast Fisheries Science Desmond Kahn

Center Massachusetts Division of
Frank Almeida Marine Fisheries
Gavin Begg Pau] Caruso

George Bolz Tom Currier

John Boreman Paul Diodati

Russell Brown XiHe

Steve Cadrin Arnold Howe

Janet Fields Jeremy King

Josef Idoine David McCarron
George Liles Henry Milliken
Shih-Wei Ling Rhode Island Division of
Cheryl Milliken Fish and Wildlife
Steve Murawski Mark Gibson

Helen Mustafa Center for Marine
Paul Nitschke Conservation

Victor Nordahi Sonja Fordham

Loretta O'Brien National Fisheries
Paul Rago Institute

Fred Serchuk Niels Moore

Tim Sheehan New York Sea Grant
Gary Shepherd Mark Malchoff

Laura Shulman North Carolina Fisheries
Katherine Sosebee Association

Mark Terceiro Bill Foster

Chris Weidman Sea Watch

James Weinberg International

Susan Wigley Tom Alspach

Holly Yochwetz United National
Southeast Fisheries Science Fishermen

Center James Fletcher
Douglas Vaughan US Geological Survey
Mid-Atlantic Fishery David Smmuth
Management Council Valerie E. Inc.

Rich Seagraves Frank Martiner

Atlantic States Marine
Fisheries Commission
John Field

Doreen Morehouse
Wallace and Associates
David Wallace




Table 3. Agenda of the 26th Northeast Regional Stock Assessment Workshop (SAW-26} Stock Assessment

Review Committee (SARC) meeting,

NEFSC Aquarium Conference Room

166 Water Street
Woods Hole, Massachusetts

1 (1:00 PM) - 5 December (6:00 PM) 1997

AGENDA
TOPIC WORKING GROUP SARC LEADER RAPPORTEUR(S)
& PRESENTER(S) '
MONDAY, 1 December (1:00 PM - 6:00 PM ). .oociriiiiririir i e crc s e i seases s s s raa s v s b sha s aen s sasreansassssesanne
Opening E. Anderson, Chairman H. Mustafa
Welcome
Agenda
Conduct of meeting
Weakfish (A) ASMFC Weakfish Assess. Subcom.
M. Gibson, D. Vaughan, D. Kahn K. Friedland D. Vaughan,
M. Gibson
TUESDAY, 2 December (9:00 AM - 6:00 PM)..ciuiiii it i e e et s s e st s g s ot s rane s sas e e s eaaasas s eananes
Surfclams (B) Invertebrate Working Group
P. Rago, J. Weinberg T. Hoff J. Weinberg, P. Rago
WEDNESDAY, 3 December (9:00 AM = 6:00 PM)..cooiiiiiiiiiieiieieeereecaeisisresresaesreseesesseesanssaasaassssssasssenseneesasssssees
Striped Bass (C) ASMFC Striped Bass Assess. Subcom.
G. Shepherd, J. Field N. Lazar J. Field
Spiny Dogfish (D) P. Rago, K. Sosebee J. Hoenig

SOCIAL at the Andersons' (7:00 PM)

THURSDAY, 4 December (9:00 AM - 6:00 PM)

K. Sosebee, P. Rago

......................................................................................................

Review Advisory Report and Consensus Summary Report sections

FRIDAY, 5 December (9:00 AM - 6:00 PM)....
Complete Advisory Report sections

Review Research Recommendations

Complete Consensus Summary Report sections

.......................................................................................................

Review SAW-26 list of recomnmended publications

QOther Business

H. Mustafa




The Process

The SAW process has been evolving since its es-
- tablishment in 1985, Currently, there are four main
components to the SAW: a Steering Committee con-
sisting of the directors of the partner organizations
(NEFSC, NER, MAFMC, NEFMC, and ASMFC);
Working Groups that prepare the assessments for
review; the SARC that peer reviews the assess-
ments, provides comments and recommendations,
and crafts the management advice for each stock on
the agenda; and the Public Review Workshop for
the presentation of the advice. Although the Work-
shop is normally held in two sessions as part of the
NEFMC and MAFMC meetings, for SAW-26 there
will also be a Workshop session for the ASMFC.
The first session will be held during the 14-15 Jan-
uary 1998 NEFMC meeting, the second session
during the 27-29 January 1998 MAFMC meeting,
and the third session during the 2-6 February 1998
ASMFC meeting.

SARC Documentation

SARC documentation includes a Consensus
Summary of Assessments, containing the terms of
reference, a full description of the scientific assess-
ment work, SARC comments, and research recom-
mendations for each stock; and an Advisory Report
on Stock Status. Both of these documents, when fi-
nalized, are published in the NEFSC Reference
Document series. Occasionally the SARC also pre-
pares special advisories.

SARC T ibilit

The responsibilities of the SARC members,
presenters, and rapporteurs were reviewed. Mem-
bers of the SARC are encouraged to fully partici-
pate in the discussion and provide constructive com-
ments. Presenters of working papers are either the
Working Group chairs or the persons who actually
did the work. Rapporteurs are expected to record
the major points of discussion for inclusion in the
Consensus Summary of Assessments sections on
SARC comments and research recommendations
and to assist in the preparation of subsequent drafts
of the Consensus Summary. SARC leaders are re-

sponsible for insuring that discussion is properly
documented and for serving as second rapporteurs.

Joint USA/Canada Stock Assessment Process for
Transboundary Resources

To avoid duplication of effort in developing as-
sessments of transboundary resources, a joint USA/
Canada Stock Assessment Process for Transboun-
dary Resources is being developed. The components
of this process will be a Transboundary Assessment -
Working Group (TAWG) for the development of
assessments, and a Transboundary Resources As-
sessment Committee (TRAC), similar to the SARC,
to review the assessments. There will be 7-8 partici-
pants on the TRAC from each country. USA partic-
ipants will include NMFS personnel, as well as sci-
entists from the states, Councils, and academia.
Meeting locations and chairmanship of the TRAC
will alternate between Canada and the USA, with
the 1998 held in Canada.

Upcoming Assessments

Joint USA/Canada assessment process for trans-
boundary resources .

The first TAWG meeting will be held in late
March - early April in Woods Hole, MA and will
be followed by a TRAC meeting, to review the
stock assessments, to be held in St. Andrews, NB
20-24 April 1998, Since the TRAC meeting will be
held in Canada, it will be chaired by the Chair of -
the Canadian Maritimes Regional Advisory Process
(RAP). Participants will be selected nearer the dates
of the meetings.

The tentative agenda for the April meetings
includes Georges Bank cod, Georges Bank haddock,
Georges Bank yellowtail flounder, Gulf of Maine
cod, Southern New England yellowtail flounder,
Gulf of Maine and Georges Bank plaice, and Geor-
ges Bank winter flounder. Although the assessments
will be jointly prepared and peer reviewed, the ad-
vice will be produced separately by each country.
The agreed and peer-reviewed assessments will be
brought before the SAW-27 SARC for the prepara-
tion of advice for USA managers.



Tentative SAW-27 agenda

The tentative SAW-27 agenda includes ocean
quahogs, Atlantic herring, Georges Bank winter
flounder, Gulf of Maine/Georges Bank plaice, Gulf
of Maine cod, Georges Bank cod, Georges Bank
haddock, Georges Bank yellowtail flounder, South-
ern New England yellowtail flounder, black sea
bass, and scup. As there were problems in assessing
black sea bass and scup at SAW-25 due to serious
data inadequacies, it is uncertain how much can be
done on these two stocks at SAW-27. Summer
flounder, although normally on the agenda of each
spring SAW, will not be on the SAW-27 agenda be-
cause of an impending NRC review.

The SAW-27 SARC meeting will take place 22 -
26 June, with Workshop sessions sometime in Au-
gust 1998.

Agenda and Reports

The SAW-26 SARC agenda (Table 3) was de-
voted to the review of analyses for weakfish, surf-
clams, striped bass, and spiny dogfish. The weak-
fish and striped bass assessments were reviewed
within the SAW process for the first time. Surf-
clams were last assessed within the SAW process at
SAW-22 in 1996 and spiny dogfish at SAW-18 in
1994, Working papers for review were prepared at
meetings indicated in Table 4. No formal working
group or committee meetings were held to assess
spiny dogfish within SAW-26.

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

Draft sections of this report, as well as the ad-
visory document, were reviewed by SARC mem-

bers and subsequently assembled into a draft Report

of the 26th Northeast Regional Stock Assessment
Workshop (26th SAW) Stock Assessment Review
Committee (SARC) and the draft Advisory Report on
Stock Status for distribution to the SAW Steering

Committee and to the participants of the SAW-26
Public Review Workshop sessions.

The Chairman reminded the participants that
current meeting documents were without status and
were not to be distributed or quoted outside the
meeting room.

Highlights of Presentations and Discussion
Revi f ADAPT R .

Dr. Steve Murawski reported that the ADAPT
tuning module for VPA used by the NEFSC Popu-
lation Dynamics Branch had previously been “non-
portable”. Although the basis for documenting and
reprogramming ADAPT from APL into FORTRAN
to make it more user-friendly and transportable had
been described several years earlier by Dr. Ray
Conser, there had been no resources available to
perform this task. The need for this had arisen in
the spring of 1997 prior to SAW-24 in conjunction
with the groundfish assessments and funding was
provided to begin a computer programming exer-
cise. The exercise was not limited to the ADAPT
program, but included a number of analytical pro-
grams used in assessments. Dr. Laura Shulman, a
bio-mathematician, was employed to perform the
reprogramming task.

Three committees were formed within the Pop-
ulation Dynamics Branch to oversee the reprogram-
ming task:

1. Input-Output Committee headed by Steve
Cadrin.

2. Programming Committee headed by Mark
Terceiro.

3. Methods Committee, to enhance existing
capabilities, headed by Wendy Gabriel.

Dr. Murawski invited scientists outside the
NEFSC to join these three committees and explain-
ed the ADAPT basic visual shell from which pro-
grams can be run. The reprogramming effort had
proceeded successfully, and it was intended that this



Table 4. SAW-26 Working Group and ASMFC Subcommittee meetings and participants.

Working Group and Meeting Date Stocks/Species
Participants and Place
ASMFC Weakfish Stock Assessment Subcommittee Telephone conferences Weakfish
V. Crecco, CT DEP (Chair) R. O'Reilly, VA MRC
L. Daniel, NC DMF J. Uphoff, MD DMF
M. Gibson, RI DFW D. Vaughan, NMFS/SEFSC
D. Kahn, DE DFW
SAW Invertebrate Working Group 16 October 1996 Surfclams
T. Azarovitz, NEFSC R. Mann, VIMS 18 February 1997
J. Bryson, MAFMC N. Moore, NFI 29 May 1997
C. Byrne, NEFSC 5. Murawski, NEFSC 22-23 October 1997
C. Carlson, F/V Elizaberh [IC V. Nordah!, NEFSC 11-12 November 1997
M. Chintala, Rutgers Univ. E. Powell, Rutgers Univ. NEFSC, Woods Hole, MA
D. Cohen, Atlantic Capes P. Rago, NEFSC (Chair)
J. DeAlteris, URI G. Richardson, Blount Seafood
J. Galbraith, NEFSC N. Targett, MAFMC
D. Gouveia, NMFS, NER W. Wakefield, Rutgers Univ.
L. Hendrikson, NEFSC D. Wallace, Wallace and Assoc.
T. Hoff, MAFMC C. Weidman, NEFSC/WHOIL
C. Keith, NEFSC J. Weinberg, NEFSC
B. Lake, NEFSC J. Womack, Wallace and Assoc.
H.L. Lai, NEFSC
ASMFC Striped Bass Technical Committee 16-17 October 1997 Striped Bass

R. Allen, NJ FGW M. Gibson, RI DFW
T. Baum, JN FGW H. Johnson, NC DMF
V. Crecco, CT DEP P. Jones, MD DFW

1. Field, ASMFC D. Kahn, DE DFW

L. Flagg, ME DNR A, Kahnle, NY DEP
C. Goshorn, MD DNR N. Lazar, ASMFC

8. Grabowski, US FWS K. McKown, NY DEP
D. Grout, NH, FG R. Miller, DE DFW
K. Haughtily, NY DEP R. O'Reilly, VA MRC
P. Himchak, NJ, FGW

P. Diodati, MA DMF

E. Setzler-Hamilton, PRFBC
X. He, MA DMF

M. Gibson, RI DFW

D. Smith, USGS
R. Synder, PA FBC
V. Vecchio, NY DEP

P. Rago and K Sosebee, NMFS/NEFSC

I. Palmer, DC Fisheries
G. Shepherd, NMFS/NEFSC (Chair)

Annapolis, MD

Woods Hole, MA Spiny Dogfish

software would be used for the SAW-27 assess-
ments in the spring of 1998.

Speci o
Weakfish

Weakfish have been known to reach a maximum
age of 17 years. To date, however, the complicated

migratory movements of this species are not well
understood. As weakfish occur in shallow coastal
and estuarine waters, those within 3 miles of the
shore are managed by the ASMFC. In this analysis,
weakfish between Massachusetts and Florida were
assumed to be a single stock unit.

The presentation included an outline of the his-
tory of the fishery management plan developed in




1985 and subsequent amendments, and discussion of
data and analyses, as well as a life history based
longevity model.

Much of the SARC discussion involved the esti-
mation of stock size and fishing mortality, problems
with the VPA and by-catch estimation, assumptions
of mortality, and aging methods. The presenters
produced a number of requested runs during the
meeting and did a retrospective XSA run after the
meeting. The retrospective analysis and consequent
changes to the advisory report were subsequently
distributed to SARC members for their evaluation
and approval for inclusion in this report. The SARC
recommended a numbers of studies to resolve the
problems associated with this assessment, including
a study to better understand the aspects of weakfish
migration. The SARC concluded that, although
weakfish are increasing in abundance, they are fully
exploited.

Surfclams

The presentation began with a summary of the
history of surfclam management along the USA At-
lantic coast through 1986. The current assessment
included new data collected in 1997, as well as re-
vised biological reference points for three regions.
A set of analyses were devoted to the stock off the
Delmarva Peninsula. Papers on surfclam growth by
Weinberg and Helser (1996) and Weinberg (in
press) provided background for the analysis of the
1997 data from the Delmarva region. The DeLury
model, first used during SAW-19 (1994), was the
basis for the 1996 SAW-22 assessment. Since that
time, the R/V Delaware 11 had been refurbished and
a new winch installed. Depletion experiments and
other studies to determine the efficiency of the sur-
vey dredge were conducted in May-July 1997 in
conjunction with the industry, New growth rate pa-
rameters were evaluated and a new production mod-
el based on growth rates was develope:t.

The SARC discussion focussed on <ufa, analy-
ses, techniques, and the relationship between the
1997 and previous surveys. With the aid of trans-
parencies and a video, the current survey dredge

operation was described. This was the first time that
sensors had been used in connection with this sur-
vey. As a result, massive databases had been gener-
ated which were taking a long time to process. The
analysis of a randomized block design experiment to
examine the effect of scope and towing velocity was
still ongoing and should be completed in time for
use of the results in the next survey.

Much of the SARC discussion centered around
the production model, biological reference points,
the 10-year supply calculations, and the uncertainty
about natural mortality. Members of the industry
contributed heavily to the discussion.

The SARC concluded that the EEZ surfclam re-
source is at a medium level of biomass and is pro-
bably under-exploited overall.

Striped bass

The coast-wide assessment included the Albe-
marle Sound, Chesapeake Bay, Delaware River,
and Hudson River stocks. The presentation included
a review of the use of a spawning stock biomass
model by Crecco and Rugolo to project quotas; a
paper by Rugolo and Markham (1996) on the com-
parison of empirical and model-based indices of re-
active spawning stock biomass; an overview of
methods to estimate annual mortality from tag-re-
covery data by Smith and He,; and the methodology
for the estimation of F,,, for striped bass.

SARC discussion included the differences and
utility of the SSB models, VPA analyses resulting in
the recommendations for some very specific studies
and evaluations, as well as increased sea sampling
of commercial fisheries which may have high levels
of discards. The SARC made a number of very spe-
cific research recommendations for studies and eval-
uations, including one to increase the sea sampling
of commercial fisheries which may have high levels
of discards.

The SARC concluded that, based on observa-
tions since 1960, the coastal complex, although ful-
ly exploited, is at a relatively high biomass level.



Spiny dogfish

Spiny dogfish occur from Labrador to Florida
and are considered to be a unit stock.

The current assessment is basically an update of
the 1994 SAW-18 assessment incorporating data
through 1997. There were detailed analyses of
trends in length composition of landings and sur-
veys, trends in recruitment, application of a Bev-
erton and Holt mortality estimator, comparison of
observed length-specific sex ratios and predictions
of a mechanistic life history model, and correction
of predicted yield-per-recruit estimates from SAW-
18. Implications of 1982-1996 fishing mortality pat-
ternis for yield- and pups-per-recruit were evaluated,
and a new biological reference point based on pup
production per recruit necessary for equilibrium was

proposed. The SARC concluded that, although the
stock is presently at a moderate biomass level, there
has been a severe reduction in the mature compo-
nent of the fishery, which can affect recruitment,
and the stock is over-exploited.

- General

In discussion, several members of the SARC
raised the question of the appropriateness of specific
management advice forthcoming from the SARC.,
It was suggested, based on experience elsewhere,
that management advice should perhaps not be pro-
vided by the same group which does a technical re-
view of an assessment, and that the SARC's product
should only be the best possible, technically review-
ed status-of-the-stocks document,



" Figure 1. Statistical areas used for catch monitoring in offshore fisheries in the Northeast United States.
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A. WEAKFISH

Terms of Reference

a. Summarize life history, recreational and commer-
cial landings and available age-length data by
state, Florida to Massachusetts.

b. Summarize available indices of stock abundance
by state.

c. Estimate age composition of recreational and
commercial landings.

d. Provide estimates of fishing mortality.

e. Conduct a full age-based VPA and yield-per-re-
cruit and spawning stock biomass-per-recruit
analyses. :

f Review progress towards meeting the Plan goals
in Amendment 3 to the Weakfish FMP, including
mortality targets and age composition.

Introduction

Weakfish (Cynoscion regalis) have supported
fisheries along the Atlantic coast of the US since the
early 19th century. The species is distributed from
Maine to Florida and is known to .::dergo extensive
seasonal migrations, moving north i ipring and sum-
mer and south during fall and winter. Weakfish occur
in shallow coastal and estuarine waters where they are
highly sought after by both commercial and recrea-
tional fishermen. The migratory nature and economic
importance of weakfish has led to the development of
coast-wide management plans by the Atlantic States
Marine Fisheries Commission (ASMFC) in 1985
(Mercer 1985), 1992 (Seagraves 1991), and 1997
(Lockhart ef al. 1996). Weakfish are managed in state
waters (<3 miles from shore) by the ASMFC Man-
agement Board (MB) with assistance from the Weak-
fish Technical Committee (TC) and Weakfish Advi-
sory Panel (AP). In Federal waters of the Exclusive
Economic Zone (EEZ) (from 3 to 200 miles off-
shore), weakfish are managed by the Fishery Manage-
ment Councils and the US Department of Commerce,

Under Amendment 3 of the Weakfish Manage-
ment Plan (Lockhart ef all 1996), fishing mortality (F)
from the weakfish commercial fishery is currently reg.
ulated by a combination of measures including sea-
sonal closures, area closures, and mesh regulations
(L, at a preferred minimum size of 12 in. In addition
to reducing bycatch mortality on age 0 and 1 weak-
fish, the Plan strongly encourages the use of bycatch
reduction devices (BRD) for the shrimp fishery in the
South Atlantic. The weakfish recreational fishery is
regulated in the Plan by reduced daily creel limits at
a preferred minimum size of 12 in. Amendment 3 of
the Weakfish Plan is designed to reduce fishing mor-
tality rates (F) to a target level of F = 0.50 by the year
2000, Several interim targets are included in the F
reduction schedule. Quota management has not yet
been used to regulate weakfish harvest along the At-
lantic coast.

The weakfish is a fast-growing and moderately

long-lived species, reaching maximum ages of 16-18

years (Mercer 1985). Male weakfish appear to grow
more slowly than female weakfish, at least up to age
6 (Figure Al). Weakfish spend most of their aduit life
in coastal and estuarine waters, migrating onshore/
offshore. Weakfish achieve a2 maximum size of be-
tween 81 and 89 cm total length. Mature female
weakfish (age 1+) spawn large quantities of eggs both
within estuaries and nearshore waters from March to
September. Recent research on weakfish {(Lowerre-
Barbiere 1996) has indicated that female weakfish re-
lease their eggs over a period of time rather than all at
once (batch spawning).

Weakfish appear to move north and inshore dur-
ing the summer, and to the south and offshore during
winter to depths of 100 m. Important wintering
grounds for the weakfish stock are located on the
continental shelf from Chesapeake Bay to Cape
Lookout, North Carolina. As water temperatures rise
in the spring, mature weakfish migrate to nearshore
spawning grounds to complete their life cycle.

The ASMFC Weakfish Technical Committee eval-
uated the status of Atlantic weakfish, assuming a sin-



gle unit stock. The single unit-stock concept was bas-
ed on results of recent stock identification studies
(Scoles 1990; Graves ef al. 1991) which indicated
that the Atlantic coast weakdfish should be managed as
a single, large interdependent unit.

Fishery Data

Commercial Landings

Total US commercial landings of weakfish from
Massachusetts to Florida from 1970 to 1996 peaked
in 1980 at 16,312 mt, then declined steadily thereafter
to a low of 2,873 mt in 1994 (Table Al). The 1995
(3,220 mt) and 1996 (3,290 mt) commercial landings
exceeded the 1994 landings (2,873 mt) by about 12 to
15%. Commercial landings by state have varied great-
ly from 1979 to 1996 (Table A2), but commercial
weakfish landings from the states of Virginia and
North Carolina have greatly dominated, comprising
between 70 and 85% of the total coast-wide commer-
cial landings.

Coast-wide commercial weakfish landings from
1970-1996 have been harvested with a variety of gear
types including haul seines (12%), otter trawls (49%),
pound nets (18%), gillnets (19%), and other (2%)
(Figure A2, Tables A3a and A3b). Most of the com-
mercial weakfish landings have been harvested from
the South Atlantic (Figure A3), primarily by trawl and
gillnet. In North Carolina, where annual commercial
landings have been highest (Table A2), weakfish have
been harvested primarily by gillnets (76%) (Tables
Ada and Adb). Commercial scrap landings, or land-
ings for industrial purposes, peaked at 4,550 mt in
1988 (Figure A4). With increasing minimum size lim-
its and mesh regulations, scrap landings have declined
to low levels.

Regreational Landings

Estimates of weakfish recreational catch (A, B1,
and B2) and harvest (A and B1) by weight (kg) and
number have been derived by the National Marine
Fisheries Service Marine Recreational Fishing Statis-
tics Survey (MRFSS) from 1982 to 1996 (Tables Al
and AS). The type A designation in the recreational
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survey refers to fish harvested and available for length
measurement, whereas type B1 refers to fish harvest-
ed, but not available for sampling. The B2 designation
refers to fish released alive, of which 20% were as-
sumed to die due to hook-release mortality (i.e., 0.2
* B2). The 20% hook-release mortality rate for weak-
fish was based on results from recent studies on
weakfish (Malchoff and Heins 1997) and on spotted
seatrout (Cynoscion nebulosus), a closely related
species (Murphy et al 1995). The proportion of
weakfish released (B2 catches) in the recreational
fishery has risen abruptly since 1990 to over 40% of
the catch (Table A5). This rise in B2 is mainly due to
the implementation of higher minimum size limits
(size limits from 12 to 16 in.) and lower creel Limits
on the weakfish recreational fishery (Lockhart ef al.
1996).

Total recreational weakfish landings (A, B1, and
20% of B2) in weight (mt) were high (range: 2,554
mt to 5,377 mt) and relatively stable from 1982 to
1988 (Table Al), but landings declined thereafter to
a low of 597 mt in 1993, Recreational landings rose
to 1,850 mt in 1996 (Table Al). The pattern in recre-
ational landings in number (N*1000) from 1982 to
1996 was similar (Table AS5) to the pattern exhibited
for harvest in weight.

The coast-wide recreational weakfish harvest in
weight (mt) and numbers has been clearly dominated
by landing from the Mid-Atlantic (NY-VA) sub-re-
gion from 1982 to 1996 (94.4%). The percentage
contribution of the coast-wide recreational landings in
weight (mt) from the North Atlantic (ME-CT) and
South Atlantic (NC-FL) was 1.2 and 4 4%, respec-
tively. Landings of weakfish from scrap, commercial,
and recreational fisheries are compared in Figure A6.

A time series of recreational fishing effort (trips)
directed on weakfish was derived from 1982 to 1996
(Table A6). Directed effort was derived as the prod-
uct of the estimated total recreational trips made
along the Atlantic coast times the fraction of fishing
trips which indicated that weakfish was the primary or
secondary finfish species sought during the MRFSS
access intercept surveys by wave, fishing mode, and
strata. Recreational catch per effort (CPUE) was es-



timated as a ratio between estimated total catch and
effort. Weakfish CPUE declined to low levels be-
tween 1982 and 1985, then rose to high levels from
1986 to 1988 (Table A6), although the 1988 peak is
based on an unusually low effort estimate. A second
period of low CPUE occurred during 1989-1991.
Weakfish CPUE has been rising steadily since 1991.
The recreational CPUE index was dissagregated using
the age composition data to provide age-specific tun-
ing indices for VPA (ages 3-6).

Research Survey Abundance Indices

Fi -In ndent Surv.

NMFS fall survey

Age-structured abundance indices were developed
from stratified random bottom trawl surveys con-
ducted by the NMFS (NEFSC) between Cape Hat-
teras and Nova Scotia. Survey length frequencies
were aged by applying annual late season age length
keys from pooled commercial and research samples.
During 1982-1990, the keys were coast-wide. Since
1991, the keys used were developed from the Mid-

since 1989 which sample from Cape Hatteras to Cape
Canaveral. Survey length frequencies were aged with
annual late-season keys from 1989-1990 and annual
late-season South Atlantic keys from 1991-1996. The
keys were developed from pooled commercial and re-
search samples.

Age structure is truncated in the survey catch-at-
age matrix (Table A8). This may be due to mortality,
migration northward with maturation, or life history
variation in the southern range of weakfish. Although
age 0 fish are captured in the fall survey, they may not
be fully recruited to this gear. Total catch in the
spring survey declined in recent years. The opposite
has occurred in the fall survey, partly due to increas-

- ing recruitment to the age 0 category, with an order

Atlantic region. Weakfish are rarely caught in this

survey north of New Jersey.

Weakfish are infrequent in the spring surveys, but
are intercepted during migration by the inshore fall
survey. In general, abundance and age structure were
strongest in the 1980s, declined in the 1990s, and
have recently begun to rebuild (Table A7). For ex-
ample, few age 5 fish were sampled between 1989
and 1995, but the 1996 value was the highest since
1984, No age 6 or 7+ fish have been collected since
1986, however. Abundance of ages 2 and 3 weakfish
has increased by an order of magnitude in recent
years, exceeding even values of the 1980s. Age 0
weakfish may not be fully recruited to this gear,
though the 1995 year-class was the largest in the time
series.

SEAMAP spring and fall surveys

The Southeast Area Monitoring and Assessment
Program (SEAMAP) has conducted trawl surveys
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of magnitude increase in some recent years. Age 1
weakfish have declined slightly in the spring survey,
but increased recently in the fall survey. In the spring
survey, ages 2 and 3 weakfish declined in 1993 and
1994, but have returned to former levels in 1995 and
1996. There is no obvious trend in the fall survey
catch of ages 3 and 4.

New Jersey ocean trawl program

Since 1988, New Jersey has conducted an ocean
trawl program using a stratified random design.
Length frequency data from the period April-October
was used to develop a catch-at-age matrix from the
annual late-season keys based on pooled commercial
and recreational samples. Since 1991, late-season
Mid-Atlantic keys were applied.

The time series shows an upward trend in the
catch (Table A9). Total catch since 1994 has been
higher than any previous years. Catch of ages 2-7+
has increased by an order of magnitude since 1994. In
the 4-7+ grouping, an order of magnitude increase
has occurred since 1995, when the first age 5 fish
were also taken. Catch of age 4 weakfish jumped in
1995 as well. The age structure is beginning to fill
out, although no age 6 or older fish have been taken.
Age 0 weakfish are not fully recruited to this gear,
and there is no obvious trend in recruitment. The
1989 and 1995 year classes had the highest catch-at-
age index, while 1990 and 1992 were the weakest
year classes represented.



Delaware DFW Delaware Bay trawl survey

The Delaware Division of Fish and Wildlife has
conducted a fixed station trawl survey of Delaware
Bay using a 30-ft headrope since 1966 in three sep-
arate contiguous periods; 1966-1971, 1979-1984, and
1990-1996 (Table A10). Length frequencies were
aged with a pooled key from 1966-1689. Fish were
aged individually using scales from 1990-1995 and
otoliths in 1996.

The early data from the survey clearly show the
recolonization of Delaware Bay by a strong 1966 year
class. Total catch, in number per nautical mile, was
moderate from 1982-1984, resumed in 1990 at a
somewhat higher level, and increased an order of
magnitude in 1993. During the 1990s, age structure
has advanced from a maximum of age 3 in 1992 to
age 6 in 1996. Number of 4-7+ per nautical mile has
increased by three orders of magnitude since 1992,
Current age structure, however, is still truncated rela-
tive to that of the 1980s. Age 0 weakfish are not fully
recruited to this gear.

Massachusetts DMF trawl! survey south of Cape Cod

A stratified random trawl survey conducted by the
Massachusetts Division of Marine Fisheries catches
young of the year weakfish south of Cape Cod. This
area is likely near the northern end of the range for
Atlantic weakfish. Due to sparse catches, the total
number caught per year was used as an index of
abundance (Table A11). Catches were high in the
1980s, peaking in 1985. They declined in 1987 and
remained generally low until 1995.

Rhode Island integrated Narragansett Bay trawl
index

Three agencies conduct research trawl surveys in
Narragansett Bay: the Rhode Island Division of Fish
and Wildlife, the University of Rhode Island Graduate
School of Oceanography, and New England Power.
The surveys vary in terms of spatial coverage with the
utilities survey restricted to the upper Bay and the
University survey in the west passage of the Bay. The
RIDFW survey is bay wide. Weakfish YOY indices

from these surveys were integrated into a single in-
dex. The survey values were first each reduced to Z
scores. For each year, the values were averaged and
then back-transformed to units on the scale of the
RIDFW survey (Table A12). The largest year class
occurred in 1996, Other large year classes were in
1980, 1990, and 1994. Weak year classes appeared in
1984, 1986, 1989, and 1995.

| Connecticut DEP Long Island Sound traw! survey

Since 1984, the Connecticut DEP has conducted
trawl surveys in Long Island Sound. The survey
caiches mostly YOY and age 1 weakfish as defined
by examination of length frequencies (Table Al13).
Strong YOY indices appeared in 1996, 1994, 1991,
and 1986, while weak YOY indices appeared in 1988,
1987, and 1984, The two strongest age 1 indices
were 1995 and 1996, with other strong indices in
1984 and 1991. The weakest age 1 indices were from
1988-1990.

NYDEC Peconic Bay juvenile trawl survey

The New York Division of Fish, Wildlife and Ma-
rine Resources conducts a juvenile trawl survey using
a 16-ft net targeting juvenile estuarine finfishes in the
Peconic Bay of Eastern Long Island. Begun in 1985,
the survey indicates strong year classes occurred in
1991 and 1996, with weak recruitment in 1987-1989
and 1993 (Table A14).

Delaware DFW Delaware Bay juvenile trawl survey

The Delaware Division of Fish and Wildlife con-
ducts a juvenile trawl survey in Delaware Bay with a
16-ft net. YOY weakfish are a significant component
of the catch. Data since 1982 indicate the highest
value occurred in 1991, with above-average indices
since then (Table A15). Lowest indices occurred in
1983, 1987, and 1988.

Maryland DNR Chesapeake Bay and coastal béys
Jjuvenile trawl surveys

- The Maryland Department of Natural Resources
conducts two juvenile trawl surveys, one in Chesa-
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peake Bay from 1980 to the present and one in the
coastal bays from 1972 to the present. Both employ
16-ft trawls. The Chesapeake Bay index shows high
weakfish recruitment since 1992, with 1995 and 1996
the highest values recorded (Table Al6). Other
strong year classes occurred in 1983 and 1985. Low
values occurred in 1981-1982, 1984, and 1988-1989.
The coastal bays index showed strong recruitment in
1978, 1982, 1986, 1995, and 1996 (Table A17).
Weak indices occurred in 1973, 1974, 1980, and
1988.

Virginia Institute of Marine Science Chesapeake Bay
trawl survey

The Virginia Institute of Marine Science (VIMS)
conducts a trawl survey in lower Chesapeake Bay.
For weakfish, an index of recruitment is computed us-
ing August-October tows from three river tributaries.
The indices for weakfish show strong year classes in
1985 and 1990, with moderate indices in 1987-1989
(Table A18). Year classes in 1991-1993 were also
moderate. Poor recruitment occurred in 1979, 1981,
1984, 1986, 1994, and 1996.

North Carolina DMF Pamlico Sound juvenile trawl!
survey

The North Carolina Division of Marine Fisheries
conducts a juvenile trawl survey in Pamlico Sound.
Data are available from 1987 to the present (Table
Al19). Strong year classes occurred in 1988, 1994,
and 1996, Weak recruitment occurred in 1987, 1989,
and 1993,

Trends in indices of abundance and exploitation rate

At the request of the SARC, LOWESS smoothing
(Cleveland 1979) was applied to the above indices of
abundance. First, individual indices of juvenile abun-
dance (age 0) were plotted (Figure A7), including an
integrated value derived by calculating standard nor-
mal deviates for each state index, averaging over all
of them, and then retransforming to the original cur-
rency of the NEFSC/NMFS inshore fall survey. The
same procedure was employed for ages 1, 2, 3, 4+,
and for the total (ages 1+) (Figures A8-A12). In-
cluded with these plots are indices based on catch per
trip from the recreational fishery (MRFSS). Most, but
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not all, of these indices are seen to rise rapidly in re-
cent years. In some cases (RI, DE surveys), the
LOWESS smoothing failed to refiect a large increase
in 1996.

Additionally, LOWESS smoothing of estimates of
catch per effort and relative exploitation rates were
requested by the SARC for the NMFS fall survey and
MREFSS data sets (Figure A13). Total landings were
divided by catch per effort in weight of age 1+ fish
(kg/tow for the NEFSC/NMFS fall survey, and kg/
trip for the MRFSS). Catch per effort is shown to
bottom out in the early 1990s, while relative exploita-
tion rates peak at about the same time.

Finally, LOWESS smoothing of catch-curve esti-
mates of total mortaltly (Z) based on catch in num-
bers of ages 4+ divided by catch in numbers of ages
3+ the previous year are plotted for combined age-
specific indices (Figure Al4). This was repeated for
ages 5+ divided by the previous year ages 4+. Ini-
tially, the NMFS fall survey and MRFSS indices alone
were combined using the method of standard normal
deviates and put in MRFSS currency, and then those
two indices and the NJ and DE age-specific indices
were all combined and again put in MRFSS currency.
Plots based on age 4+ divided by age 3+ show a
downward trend in Z over recént years. Limited data
at age 5+ probably resulted in less obvious trends.

Catch-At-Age Matrix

Estimates of the catch-at-age matrices for data
through the 1996 calendar year were made. The
catch-at-age matrices are assembled by calendar year
1982 through 1996 (15 years). Removals by recre-
ational and commercial (market) landings, and losses
to scrap/bait are included in the catch-at-age matrices
described in this section. Losses due to bycatch in the
shrimp trawl fishery are not estimated in this section.
Age and Gr

The weight (W in pounds) - total length (TL in
inches) relationship i1s re-estimated based on the
1982-1996 aged data base:

W = exp(-7.946 + 2.985*In(TL) + 0.5%0.021)

(1)



where 0.021 is the mean squared error, n = 11,992,
and r2 = 0.99. This relationship is used throughout
these analyses with two exceptions. MRFSS fish
weight is calculated from length based on MRFSS
data from 1982-1996:

W = exp(-7.308 + 2.744*[n(TL) + 0.5*0.005) (1b)
where 0.005 is the mean squared error, n = 27,056,
and r* = 0.88. Commercial fish weight for Virginia
and north is calculated from length based on Virginia
commercial data from 1989-1996:

(1c)

W = exp(-8.144 + 3.0548*[n(TL) + 0.5*0.023)

where 0.023 is the mean squared error, n = 66,218,
and r* = 0.96. The total length (TL in mm) - fork
length (FL in mm) relationship (p 6 in Vaughan ef al.
1991) was used:

TL=-6794 +1.045FL

(2)
where r* = 0,996 and n = 788.

Since 1982, aging data were available from the
following states and years from scales (n = 17,010;
Appendix A): North Carolina, 1982-1983 and 1988-
1995; Maryland, 1985-1986 and 1993-1995; Dela-
ware, 1992-1996; and New York, 1988-1990 and
1992-1996. Data were also available from the follow-
ing states and years from otoliths (n = 12,875): Flor-
ida, 1993-1995, SEAMAP, 1991-1996; North Caro-
lina, 1995-1996; Virginia, 1989-1992 and 1995-1996;
Maryland, 1994 and 1996; Delaware, 1995-1996;
New Jersey, 1995-1996;, New York, 1995; and from
the NEFSC fall trawl survey, 1996.

A detailed scale-otolith comparison was conduct-
ed on 2,318 weakfish (1,289 from Delaware, 95 from
Maryland, 663 from North Carolina, 114 from New
York, and 157 from Virginia). Because of discrepan-
cies in assigned ages from matched scale and otolith
samples (Daniel and Vaughan 1997), the Weakfish
Stock Assessment Subcommittee recommended that
two additional sets of age-length keys be developed:
one in which scales are transformed to otoliths (Table
A20), and vice versa (Table A21). The transforma-
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tions are developed separately for each region and
season {Mid-Atlantic vs South Atlantic, and early sea-
son vs late season). All comparison data were used to
convert ages (based on otoliths or scales) rather than
just those which were statistically significant to re-
duce possible excess accumulation of catch at age 5.
Also, the catch matrix based on simply pooling ages
from both scales and otoliths was updated and includ-
ed for comparison purposes. Pooling across aging ap-
proaches was the method used prior to this year.

Transformation for scale ages in the primary data
base to otolith ages was accomplished as follows. All
otolith ages are assigned a weighting of 1. For each
scale-aged fish, a series of otolith ages are assigned a
weighting depending upon the area, period, and scale
age as given in Table A20. Scale ages were trans-
formed to otolith ages for all ages, not just those scale
ages for which the mean otolith age was significantly
different than the scale age (Campana ez al. 1995).
PROC FREQ in SAS is then used to create age-
length keys, using the WEIGHT option. This weight-
ing approach, analogous to application of an age-
length key, was conducted in this fashion to allow for
mixing of two different aging techniques while de-
veloping a single key. Otolith ages were transformed
to scale ages for all otolith ages in a similar fashion.

Age-length keys were developed as described in
Vaughan et al. (1991) in half-year increments coast-
wide from early 1982 through late 1990. Region-spe-
cific age-length keys were developed in half-year in-
crements from early 1991 through late 1996. Sample
sizes for age-length keys are summarized in Appendix
A. As before, when sample size for a given length in-
terval fell below 10, pooled data for the early (1982-
1990) or late (1991-1996) time periods were used.

Mean total length (in) and mean weight (Ibs, bas-
ed on Equation 1a) are calculated by age for the oto-
lith- and scale-aged weakfish from the period 1989-
1996 (Table A22). Mean total lengths at age are com-
pared for otolith- and scale-aged weakfish for the
same time period (1989-1996, Figure Ala). For oto-
lith-aged fish, mean total lengths at age are compared
for male and female weakfish (Figure Alb). Estimates
of natural mortality (M) based on the method of



Boudreau and Dickie (1989) are also summarized in
Table A22 [see discussion of this approach in Sea-
graves (1992, pp 32-34)].

h Matrix Developmen
Landings

Landings data come from three sources in this re-
port (bycatch is developed separately): 1) recreation-
al, 2) market {commercial), and 3) scrap (commer-
cial). Recreational catch estimates in weight and num-
bers are from the MRFSS, which includes estimates
of type A, B1, and B2 fish (Figure AS). For this as-
sessment, mortality of released fish is assumed to be
20%, as adopted by the ASMFC Weakfish Technical
Committee and Board. The degree of precision about
the recreational catch (A+B1+0.2*B2) is indicated by
the proportional standard error (PSE, Van Voorhees
et al. 1992). PSE is useful for comparing relative pre-
cision among different estimates. Lower values imply
greater precision, with values less than 20% generally
considered adequate.

Updated market (commercial) landings in weight
by fishing gear were obtained from several sources
(Figure A2a). Virginia and north landings data were
provided by NMFS Headquarters for years through
1996 (Figure A3a). Because gear-specific landings

- were not always identified to month for recent years
from DE, CT, and MA, and partially for NY; state
landings were apportioned according to recent prior
years (1985-1989) for each state, except NY for
which concurrent years were used. Landings from
Florida (east coast) through 1991 were provided by
NMFS SEFSC Miami, more recent Florida landings
(1992-1996} from their trip ticket program were pro-
vided by FL. DEP; and Georgia through North Caro-
lina from NMFS SEFSC Beaufort (Figure A3b). Be-
cause commercial landings are treated as a census, no
measure of precision for these landings is possible.

, Losses to scrap/bait were not considered in

Vaughan ef al. (1991), but were included in Vaughan
(1993, 1994, 1995, 1996). Estimates of scrap/bait
landings in weight from trawl, pound, and haul seines
were provided by North Carolina (NC DMF) and Vir-

ginia (VMRC) (Figure A4a). No scrap landings were
reported from North Carolina in 1995, and only from
pound nets and haul seines from Virgima for 1995-
1996,

Total landings in weight are compared in Figure
A6a. The above data for recreational, market, and
scrap losses are broken into half-year increments for
use in developing catch-at-age matrices for years
1982-1996.

Length frequencies.

Sampling of the landings for lengths are needed
from the four sources of landings (or losses). Inter-
cept data (length measurements) from the MRFSS
continued to be split into Mid- and South Atlantic re-
gions, as in Vaughan et al. (1991). For comparison
with the annual length frequency distributions given
in Vaughan et @/, (1991), annual distributions for al-
ternating years from 1986 through 1996 are shown in
Figure A15. Note that measured lengths are combined
across mode (beach vs boat), state and wave weight-
ed by catch of A+B1 weakfish.

Length data from the South Atlantic market (com-
mercial) landings by gear are from North Carolina
(NC DMF: gillnet, trawl, pound net, and haul seine),
and MRFSS (hook and line from the South Atlantic
sub-region). Length data for the Mid-Atlantic market
(commercial) landings by gear are from NMFS
NEFSC (trawl for 1982-1993), Virginia (gillnet,
pound net, and haul seine for 1989-1996), from
Maryland (pound net for 1985-1987, 1993-1996; and
trawl for 1994-1996), from Delaware (gillnet for
1988 and 1993-1996), and from MRFSS (hook and
line from Mid-Atlantic sub-region). Length data from
the scrap/bait landings are from North Carolina (NC
DMF for trawl, pound net, and haul seine for 1982-
1996). Where length data is available for the same
gear and season from more than one state, they are
combined, weighted by the catch in numbers from

~ that gear and season for each state.

A method for addressing the adequacy of length
samples is based on the amount of landings per 100
fish sampled (NEFSC 1996). A comparison of land-
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ings by fishery and gear is summarized in Tables A23-
A25. Length samples that fall below the criteria of
200 mt of landings per 100 fish sampled has served as
a rough indication of adequate sampling intensity in
the SAW process. The sampling intensity for charac-
terizing the recreational removals were poor for
1982-1984, and adequate since then. With few excep-
tions, sampling intensity appears to be excellent for
commercial (market and scrap) gears. Because it was
believed desirable to split length frequencies by region
(Mid-Atlantic vs South Atlantic) and season (early vs
late) to better represent geographic and temporal var-
iability (Vaughan ef al. 1991), there are region-season
strata for which sampling intensity is inadequate or
even nonexistent, especially during the period 1982-
1988 in the Mid-Atlantic region for commercial (mar-
ket) gears.

By applying Equations la-c¢ to sampled length
data, mean weights are calculated by fishery, gear,
year, and season. These estimates, in turn, are used to
estimate landings in numbers from landings in weight
for commercial market and scrap landings (Figures
A2b and A4b). Total landings (recreational, market,
and scrap) in numbers are compared by fishery in
Figure A6b,

Catch matrices

Catch in numbers are converted to catch in num-
bers at age using age-length keys and length frequen-
cy distributions (Vaughan ef al. 1991):

Naxl =n- Aaxb | I’bxl (4)
where N is the vector of landings in numbers for ages
1 through a (e.g., a = 7), n is the number of weakfish
landed (a scalar), 4 is the age-length key, and L is the
length frequency distribution (vector) with & length
~ classes (e.g., b=15). Equation 4 is applied separately
by region (South Atlantic vs Mid-Atlantic), fishery
(recreational, market, and scrap), gear (where appro-
priate), and season (half-year increments). Note that
separate age-length keys by region [South (FL-NC)
vs Mid (VA-MA)] and half-year increments are used
for 1991-1996. The results are summed by calendar
year. For each set of age-length keys, catch-at-age
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matrices are developed for recreational and commer-
cial (market and scrap) losses (Table A26 for the
mixed or unadjusted keys; Table A27 for the scale-
based keys; and Table A28 for otolith-based keys).
The difference among these three catch matrices (un-
adjusted-scale-otolith) are summarized in Tables A29-
A3l

Estimates of Fishing Mortality and Stock Size

Virtual Population Analysis

Estimates of fishing mortality rate and stock size
for Atlantic coast weakfish were made using virtual
population analysis (VPA). VPA runs were explor-
atory in nature owing to the high uncertainty in the
catch-at-age data and retrospective diagnostics. No
final VPA runs were adopted for estimates of stock
sizes and fishing mortality rates. Inference about
stock status from the exploratory VPA runs was lim-
ited to trend analysis. Extended survivors (3(SA) tun-
ing of VPA was used initially to assess the stock
(Doubleday 1981, Darby and Flatman 1994). In gen-
eral, this procedure uses relative abundance data at
age from various surveys to produce terminal esti-
mates of population abundance at age to initiate a
VPA run. XSA runs were performed with and with-
out the shrinkage option. Shrinkage is a model option
used to rectify diagnostic problems such as retrospec-
tive patterns. Past assessments of weakfish have used
conventional VPA (Vaughan ef al. 1991) or separable
VPA with auxiliary data (Gibson 1993). For compari-
son to the XSA runs, the CAGEAN model of Deriso
et al. (1985) and the ADAPT method of Gavaris
(1988) and Conser and Powers (1990) were also ex-
amined,

Estimates of stock size and fishing mortality were
made using the catch-at-age matrix configured in oto-
lith-age currency without shrimp fishery discard esti-
mates. VPA runs without shrimp fishery discards pro-
duced fully-recruited F and SSB estimates within 2%
of the runs including discard estimates suggesting that
their excluston had little influence on perceived adult
stock status. A total of 8 abundance indices were
used in the exploratory VPA runs. These included the
NMFS/NEFSC trawl survey, MRFSS recreational
CPUE, the SEAMARP trawl survey, and several state



agency indices. Five indices had multiple age struc-
ture available, while three indexed a single age. Nine
young-of-the-year (YOY) surveys from MA to NC
were combined into a single recruitment index using
Z-scores so that they would not unduly influence the
analysis. :

Trends in spawning stock biomass (SSB) from
various VPA models are given in Figure Al6. All
model runs showed a strong increase in SSB in recent
years. Since 1991, SSB has increased at an average
rate of 22.5% per year. Fishing mortality rate trends
are graphed in Figure A17. There has been a clear
reduction in fishing mortality for weakfish age 4 and
older since 1990. Fully-recruited F has declined at an
average rate of 21.4% per year.

Diagnostic and Retrospective Analysis

Past weakfish assessments have exhibited a not-
able retrospective pattern (Gibson 1995). Terminal
estimates of F have been biased low relative to re-
vised estimates after more data have been acquired.

XSA VPA runs without shrinkage continued to show

a retrospective pattern (Figure A18). Terminal F esti-
mates exhibited an average bias of -30.6%. Applica-
tion of shrinkage with a low influence weight tmprov-
ed the pattern (Figure A19).

Biological Reference Points

No new reference points were estimated in this
assessment since a definitive VPA run was lacking.
Past amendments to the ASMFC Weakfish Manage-
ment Plan adopted F,y, as a biological reference
point. This was last estimated at F = 0.35 (Seagraves
1991, Gibson 1995). Recent ASMFC Management
Board action adopted F = 0.50 as a long-term target
(vear 2000) for stock rebuilding based on projections
of age structure in Gibson (1995) for various F levels.
An F_ overfishing definition was estimated at 0.70
based on stock-recruitment data and Shepherd’s
(1982) equilibrium yield procedure. Interim F reduc-
tion steps in the Plan call for F=1.27 in 1996 and F
= 1.0 by 1998.

SARC Comments

The initial assessment assumed that natural mor-
tality in weakfish was an inverse power function of
body weight. Supporting arguments noted the small
size of weakfish in the catch at age and empirical
evidence for other species from comparative life his-
tory studies and MSVPA. Although the SARC agreed
that smaller fish generally have higher natural mortal-
ity rates, they found little direct evidence to support
the specific parameterization from the Boudreau-
Dickie regression. Based on a longevity of 17 years
and the Hoenig (1983) model, the SARC recom-
mended that subsequent VPA runs be made withM =
0.25. Discussions followed regarding the significance
of 0-group discard loss to population dynamics and
ASMFC management. The SARC noted the concep-
tual problems involved with estimation of stock size
and fishing mortality rates on age O fish early in the
year because spawning and recruitment tends to be
protracted and because of high growth rates. Further
discussions noted that the constant M rate would be
most suitable if age 0 fish were removed from the
catch at age. A general discussion followed concern-
ing the sensitivity of various VPA-YPR estimates to
M assurnptions.

While reviewing development of the catch at age,
the SARC requested clarification on what constitutes
"scrap”, shrimp discards, and directed fishery com-
mercial discards. Scrap was determined to be mixed
fish utilized in industrial processing, of which weak-
fish were a significant component. They also request-
ed the basis for the 20% loss rate applied to recrea-
tional discard estimates. Although the estimate was
taken from studies on the congeneric spotted sea-
trout, the SARC remained concerned in view of anec-
dotal reports that weakfish experienced low rates of
hook-and-release loss. Although sampling intensity
for the fishery components was within accepted
guidelines overall, concerns were expressed relative
to the spatial adequacy of the samples. Following the
report on aging methods, there was extensive discus-
sion about the implications of scale- vs otolith-based
aging and the method used to translate currencies.

. The SARC noted that the mixing of aging methodolo-
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gies in an assessment increased uncertainty in the



outputs. Several suggestions were made to improve
continuity in the catch-at-age matrix including the E-
M algorithm approach of Hoenig and Heisey (1987).
Estimated age composition based on otoliths was
preferred since the otoliths estimated more older fish
in keeping with findings for other species. The SARC
felt that the estimates of weakfish discards in the
South Atlantic shrimp trawl fishery were unreliable
and assumptions about M were problematic. Conse-
quently, the SARC recommended that age O fish be
removed from the catch-at-age matrix. Inferences
about age 0 mortality rate and stock size were, there-
fore, not possible.

- After reviewing the initial VPA, the SARC re-
guested that the indices be LOWESS smoothed and
examined along a north-south gradient. Catch-curve
estimates of Z were requested for age 3+ and 4+ fish.
They also requested that a relative exploitation index
be derived from aggregate landings data and the most
suitable biomass index. The reformulated indices of
abundance generally showed increasing recruitment
and extension of age structure. There was evidence of
a recent reduction in relative exploitation which coin-
cided with reductions in catch-curve Z. There were
some concerns that the recent increase in abundance
was availability related since the indices did not ex-
tend sequentially in terms of age structure.

After identifying problems in the initial XSA VPA
runs, the SARC requested more runs without age 0
fish and with constant M = 0.25. Corrected XSA runs
and preliminary ADAPT and CAGEAN analyses were
prepared during the SARC meeting, however, lack of
time precluded complete diagnostic evaluation. Lack-
ing an accepted VPA, the SARC declined to endorse
point estimates of F, SSB, and biological reference
points. There was a discussion about the role of fish-
ery management and environmental factors in increas-
ing weakfish abundance.

Research Recommendations

® Biological studies should be conducted to better
understand migratory aspects of the weakfish and
how this relates to observed trends in weight at
age.

® Studies should be conducted to quantify maturity
schedules and fecundity variation in weakfish.

@ FErrors in landings estimates and estimates of dis-
cards in the shrimp trawl and other fisheries need
to be further refined.

e Further consideration of release mortality in both -
the recreational and commercial fisheries is need-
ed, and methods investigated to improve survival
among released fish.

® Additional investigation is needed in developing
consistent otolith-based catch matrices including
the EM algorithm.

@ The impact of aging errors and other statistical
uncertainties in the catch-at-age matrix on virtual
population analysis (VPA) should be included.

@ Retrospective analyses are needed on all VPA ap-
proaches investigated.

@ Further catch-at-age analysis should be conducted
using otolith ages only from 1989 to 1996.

Conclusions

The available survey indices clearly show an in-
crease in weakfish abundance in recent years. Recruit-
ment has been above average, and there is some in-
dication that age structure is expanding. A relative ex-
ploitation index and catch-curve estimates of Z have
declined, suggesting that fishing mortality is declining.
Exploratory VPA analyses show a strong increase in
SSB in recent years, which is not dependent on the
model used. The mean rate of SSB increase has been
22.5% per year since the low point reached in 1991.
Fishing mortality rates from VPA have declined
sharply since 1990. The mean rate of decline in F was
21.4% per year and was evident from all VPA model
results. The weight of evidence indicates that the At-
lantic weakfish stock is recovering from low abun-
dance levels reached in the é_arly 1990s. Continued -
low fishing mortality rates and good recruitment
should allow for extension of the age structure to a
point comparable to that observed in the early 1980s.
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Table Al. Estimated weakfish catch in metric tons. Recreational landings inciude catch type A (fish landed
and available for sampling), type B1 (fish landed but not available for sampling), and 20% of type B2 (fish re-
leased alive, assuming a 20% discard mortality rate). Recreational catch includes catch types Al, Bl, and B2,
Total landings include commercial landings plus recreational landings. Total catch includes commercial landings
plus recreational catch.

Year Commercial Recreational - Recreational Total Total

landings landings catch landings catch
1970 3,460 N/A N/A N/A N/A
1971 5,135 N/A N/A N/A N/A
1972 7,291 N/A N/A N/A N/A
1973 7,449 N/A N/A N/A N/A
1974 6,611 N/A N/A N/A - N/A
1975 8,319 N/A N/A N/A N/A
1976 9,466 N/A N/A N/A N/A
1977 8,585 N/A N/A N/A N/A
1978 9,751 N/A N/A N/A N/A
1979 7,251 N/A N/A - N/A N/A
1980 16,312 N/A N/A N/A N/A
1981 11,958 7,348 7,518 19,306 19,476
1982 8,835 3,772 3,828 12,607 12,663
1983 7,926 5,377 5,603 13,303 13,529
1984 8,969 3,197 3,260 12,166 12,229
1985 7,689 2,554 28,110 10,243 10,500
1986 9,611 4,799 5,595 14,410 15,206
1987 7,743 3,030 3,339 10,773 11,082
1988 9,311 2,943 3,228 12,254 12,539
1989 6,424 1,008 1,090 7,432 7,514
1990 4,265 645 781 4,910 5,046
1991 3,543 1,045 1,359 4,988 5,302
1992 3,381 717 1,045 4,098 4,426
1993 3,108 597 986 3,705 4,094
1994 2,873 1,095 2,215 3,968 5,088
1995 3,220 1,261 2,944 4,481 6,164
1996 3,290 1,850 3,919 5,140 7,209
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Table A2. Weakfish landings by state (mt).

Year FL GA SC NC VA MD DE NJ NY CT RI MA  Total
1971 66 - - 1,653 1,058 185 97 1,406 580 8 83 - 5,135
1972 80 - - 3344 1,187 142 184 1,442 829 - 82 1 7,291
1973 94 . 1 282 2313 245 152 1,162 576 3 81 1 7,449
1974 58 . 1 2,747 1,390 186 127 1,219 647 6 208 22 6,611
1975 51 1 1 3051 1855 402 131 1,982 620 - 212 12 8319
1976 40 " - 3952 1,803 198 112 2,590 610 6 148 6 9466
1977 43 - - 3933 1963 101 151 1,461 775 3 149 6 8585
1978 54 - - 4921 1,766 238 136 1,753 748 8 115 11 9,751
1979 50 - - - 2,822 304 212 2,957 686 15 189 16 7251
1980 100 - 6 9,227 2,831 258 822 2,221 723 4 105 14 16,312
1981 86 - - 7663 1,121 154 477 1,701 616 12 110 18 11,958
1982 80 . - 5467 975 113 587 941 570 12 80 10 8,835
1983 53 1 _ 4641 1,176 177 409 986 386 19 74 3 792
1984 57 - - 5892 957 147 355 1,248 220 14 76 2 8,969
1985 60 - - 4,453 944 143 449 1,374 175 13 74 1 7,689
1986 49 - - 6,491 905 153 328 1,455 163 6 58 3 9611
1987 56 - _ 5220 890 166 262 950 149 13 36 1 7,743
1988 52 - - 6,846 668 378 241 1,058 56 1 9 2 9311
1989 78 - - 4,588 465 337 240 662 47 1 4 1 6424
1990 62 ; - 2,632 532 300 278 439 9 1 1 1 4,265
1991 75 . - 2408 481 149 226 533 51 10 11 1 3,943
1992 67 . - 2,206 249 175 164 427 76 2 14 1 338l
1993 65 ; - 1,955 493 82 88 379 40 1 5 - 3,108
1994 81 - - 1,583 587 129 119 315 45 5 8 - 2873
1995 23 ; - 1,866 674 31 128 393 78 3 24 - 3,220
1996 2 - - 1,804 720 60 141 373 166 3 20 - 3200




Table A3a. Distribution of commercial weakfish landings by gear type in metric tons.

Year Trawl Gillnets Pound nets Haul seine Other Total
1970 2,053 314 612 434 47 3,460
1971 3,110 665 696 519 146 5,135
1972 4,512 1,043 1,014 522 198 7,291
1973 3,714 389 2,019 658 169 7,449
1974 3,795 669 1,372 526 250 6,611
1975 4,539 874 1,687 786 433 3,319
1976 5,686 844 1,806 763 366 9,466
1977 4,020 829 2,044 1,274 418 8,585
1978 5,135 914 1,814 1,271 617 9,751
1979 3,658 1,070 1,831 280 412 7.251
1980 8,780 2,709 2,690 1,638 . 496 16,312
1981 7,160 2,120 1,325 1,076 276 11,958
1982 4,789 1,314 1,084 955 192 8,835
1983 3,501 161 1,046 785 133 7,926
1984 4,110 3,006 784 266 203 8,969
1985 3,202 2,736 804 775 171 7,689
1986 3,880 4,054 530 918 179 9,611
1987 2,712 3,602 725 508 196 7,743
1928 3,254 4325 687 777 268 9311
1989 2,685 3,057 230 282 171 6,424
1990 1,544 829 300 505 87 4,265
1991 1,626 1,721 258 234 104 3.943
1992 1,616 1,376 88 210 92 3,381
1993 1,148 1,418 250 200 89 3,105
1994 645 1,510 387 202 129 2,873
1995 782 1,501 577 252 108 3,220
1996 574 1.851 559 207 99 3,290
Table A3b. Percentage of landings by gear type.
Year Trawl Gillnets Pound nets Haul seine Other Total
1970 59% 9% 18% 13% 1% 100%
1971 $1% 13% 14% 10% 3% 100%
1972 62% 14% 14% 7% 3% 100%
1973 50% 12% 27% 99, 2% 100%
1974 57% 10% 21% 3% a% 100%
1975 55% 11% 20% 9% 5% 100%
1976 60% 9% 19% 3% 4% 100%
1977 47% 10% 24% 15% 5% 100%
1978 53% % 19% 13% 6% 100%
1979 50% 15% 25% 4% 6% 100%
1980 54% 17% 16% 10% 3% 100%
1981 60% 18% 1% 9% 2% 100%
1982 54% 21% 12% 11% 2% 100%
1983 48% 27% 13% 10% 2% 100%
1984 46% 34% 9% 10% 2% 100%
1985 42% 36% 16% 10% 2% 100%
1986 40% 42% 6% 10% 2% 100%
1987 35% 47% 904 7% 3% 100%
1988 35% 46% 7% 8% 3% 100%
1989 42% 48% 4% 4% 3% 100%
1990 36% - 43% 7% 12% 2% 100%
1991 41% 44% T 6% 3% 100%
1992 48% 41% K 6% 3% 100%
1993 37% 46% 5 6% 3% 100%
1994 22% 53% 13% 7% 4% 100%
1995 24% 47% 18% 8% 3% 100%
1996 17% 56% 17% 6% 3% 100%
Average 49% 19% 18% 12% 2% 100%
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Table Ada. Distribution of North Carolina landings by gear type in metric tons.

Year Trawl Gillnet Pound net Haul seine Other Total
1970 935 31 25 117 - 1,107
1971 1,469 66 21 98 - 1,653
1972 3,000 189 26 130 - 3344
1973 2,300 169 53 301 - 2,822
1974 2,299 106 64 278 . 2747
1975 2,297 55 98 501 . 3,051
1976 3,113 55 192 590 - 3952
1977 2,549 38 365 982 . 3,933
1978 3,432 198 352 939 1 4,921
1979 - . . . y -
1980 6,400 790 861 1,176 . 9227
1981 5,476 969 312 905 - 7,663
1982 3,854 633 176 203 . 5,467
1983 2,710 1,075 118 738 . 4641
1984 2,977 1,924 173 819 . 5,892
1985 1922 1,632 216 684 - 4,453
1986 2,576 2,501 124 890 . 6,491
1987 1,872 2,635 232 481 . 5,220
1988 2,393 3.450 278 725 . 6,846
1989 1,961 2302 67 258 - 4,588
1990 922 1,133 88 433 . 2,631
1991 - 1,182 951 69 206 . 2.408
1992 1,162 831 22 191 - 2,206
1993 263 905 ts 169 . 1952
1994 384 984 32 177 I 1,583
1995 416 1,161 54 232 3 1,866
1996 178 1,374 42 207 3 1,804

Table A4b. Percentage of North Carolina commercial weakfish landings by gear type.

Year Trawl Gillnet Pound net Haul seine Other Total
1970 84% 3% 2% 11% 0% 100%
1971 89% 4% ‘ 1% 6% 0% 100%
1972 90% 6% 1% 4% 0% 100%
1973 81% 6% 2% 11% 0% 100%
1974 84% 4% : 2% 10% 0% 100%
1975 75% 2% 3% 20% 0% 160%
1976 79% 1% 5% C15% 0% 100%
1977 65% 1% 9% 25% 0% 100%
1978 70% 4% 7% 19% 0% 100%
1979 N/A N/A N/A N/A N/A N/A
1980 69% 9% 9% 13% 0% 100%
1981 1% 13% 4% 12% 0% 100%
1982 70% 12% 3% 15% 0% 100%
1983 58% 23% 3% 16% 0% 100%
1984 51% 33% 3% 14% 0% 100%
1985 43% 37% 5% 15% 0% 100%
1986 40% 45% 2% 14% 0% 100%
1987 36% 50% 49 9% 0% 100%
1988 35% 50% 4% 1% 0% 100%
1989 439% 50% 1% 6% 0% 160%
1990 35% 43% 3% 19% 0% 100%
1991 49% 40% 3% 9% 0% 100%
1992 53% 38% 1% 9% 0% 100%
1993 44% 46% 1% 9% 0% 100%
1994 24% 62% 2% 11% 0% 100%
1995 22% 62% % 12% 0% 100%
1996 10% 76% 2% 11% 0% 100%
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Table A5, Recreational catch estimates for Atlantic coast weakfish
from the MRFSS survey’.

A+B1+B2 A+B1

Year Catch (*000s) PSE Landings (mt)
1979 52870 9.0 5,898
1980 13,538.0 9.0 19,355
1981 9,629.0 10.0 7,305
1982 2,045.0 14.5 3,758
1983 5.916.0 12.7 5321
1984 3,769.0 13.5 3,181
1985 2,776.0 9.2 2,490
1986 10,974.0 7.9 4,600
1987 5,720.0 10.6 2,953
1988 6,446.4 11.6 2,872
1989 1,674.6 7.8 988
1990 1,671.8 6.4 611
1991 2,601.5 6.5 966
1992 1,667.8 6.7 635
1993 22186 6.3 500
1994 4,929.0 6.0 814
1995 57394 4.9 840
1996 7,593.7 4.7 1,333

'MRFSS methodology change in 1981.

Table A6. Recreational catch-per-unit-effort index of Atlantic coast weakfish from the MRFSS survey'. Catch
in 1000's includes all catch types. Effort in 1000’s of directed weakfish trips.

A+B1+B2 Total CPUE at age
Year Catch Trips CPUE 0 l 2 3 4 5 6 7+
1979 5,518.8 1,751.5 315 0.017 0.768 1203 0s6l6 0381 0.115 0023 0027
1980 15,0592 1,558.1 967 0105 1.644 2856 2092 1627 0737 0200 0403
1981 9,629.0 1,322.9 728 0.140 1624 1907 1673 1118 0347 0121 0.149
1982 2,0450  1,0344 1.98  0.006 0160 0398 0407 0379 0209 0174 0.244
1983 5,916.0 1,921.7 308 0009 0271 1479 0.894 0295 0.057 0.040 0.033
1984 3,769.0 1,151.5 3.27 0066 0534 1552 0724 0218 0.048 0041 0.089
1985 2,776.0 1,929.4 1.44 0018 0.185 0686 0377 0.124 0029 0008 0012
1986 10,974.0 2,627.9 418 0.136 2388 1.126 0.400 . 0.095 0.020 0.006 0.004
1987 5,720.0 1,377.9 415 0058 1.249 1339 1181 0277 0.039 0.005 0.005
1988 6,446.4 654.5 9.85 0.018 03356 2862 4473 1857 0246 0.020 0019
1989 1,674.6 1,919.9 087 0.008 0.078 0.2% 0285 0.175 0.026 0002 0.002
1990 1,671.8 1,936.4 08 0013 0265 0393 0129 0049 0012 0001 0001
1991 2,601.5  2,560.8 1.02 0005 0099 0407 0364 0.117 0.021 0.002 0001
1992 1,667.8 1,525.8 1.09 0011 0261 0367 0369 007 0011 0002 0001
1593 22186 1,512.6 147 0008 0.116 0746 0420 0.149 . 0.026 0.001 0.000
1994 4,929.0 1,729.7 2.85 0022 0215 1044 1276 0258 0.035 0.000 0.000
1995 57394 21714 2,64 0006 0.087 0551 1114 0838 0.046 0001 0.000
1996 7.593.7 1,813.1 419 0015 0.059 0639 1847 1221 0397 0008 0.003

'MRFSS methodology change in 1981.
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Table A7. Mean number per tow of weakfish at age from NEFSC autumn inshore bottom trawl
surveys, Cape Cod to Cape Hatteras. Survey length frequencies were aged by applying annual age
length keys from pooled commercial and research samples.

Age
Year 0 1 2 3 4 5 (] 7+
1982 2.75 0.82 0.06 1.45 0.51 022 0.11 0.007
1983 325 136 0.44 0.03 041 0.05 0.05 0.04
1984 8.99 236 0.84 0.07 037 0.1 0.05 - 02
1985 10.39 111 042 0.04 0.08 0.02 0.01 -
1986 474 412 0.02 0.01 0.01 0.003 0.005 -
1987 528 246 093 0.14 0.004 0.003 - .
1988 32 3.68 1.18 0.06 0.03 0.03 - -
1989 8.9 3.47 0.33 0.08 0.03 0.004 - -
1990 345 0.27 0.02 0.001 0.001 - - -
1991 2.26 0.73 024 0.033 0.008 0.001 - -
1992 2.54 0.95 0.13 0.88 0.001 - - -
1993 1.23 1.53 0.53 0.06 0.003 - - -
1994 2.11 5.05 2.54 0.03 0.019 - . -
1995 . 42.74 6.25 8.73 1.1 038 0.013 - -

1996 4.05 19 2.34 1.52 0.405 0.067 - .

Table A8. Mean number per tow of weakfish at age from SEAMAP ocean research trawl spring
and fall surveys from Cape Hatteras to Cape Canaveral. Fish were aged by application of the
southern early and late age-length keys from samples of commercial and recreational landings.

SEAMAP spring
Age
Year n 0 1 2 3 4 Total
1989 86 - 81.63 1.92 0.08 - 83.63
1990 105 - 2340 1.11 0.07 - 2458
1991 105 . 28.92 0.38 0.03 - 29.33
1992 105 - 46.55 3.57 020 . 5032
1993 105 - 29.84 0.12 - - . 2996
1994 105 - 282 0.07 - . 2.89
1995 105 - 13.89 0.13 0.02 . 19.04
1996 105 . 15.44 1.06 0.07 - 16.57
SEAMAP fall
Age

Year n 0 1 2 3 4 Total
1989 106 527 2.39 0.24 0.02 . 792
1990 91 342 0.85 .08 - - 435
1991 86 327 246 0.51 0.04 . 628
1992 94 1.57 0.99 0.17 0.02 ‘ - 273
1993 94 8.06 8.43 0.30 0.02 y 16 86
1994 94 21.69 5.48 047 0.03 . 2767
1995 94 426 243 0.21 0.01 - 691
1996 94 10.37 4.50 0.84 0.08 . 157y
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Table A9. Mean number per tow of weakfish at age from stratified random New Jersey ocean trawl surveys (April - October). Fish were
aged by application of annual age-length keys from pooled commercial and research samples. '

_ . Age
Year n 0. 1 2 3 4 5 6 7 Total 2.7+ 47+
1988 68 122 0.3 6.2 0.1 - - - - 12.88 0.37 0.03
1989 193 31.1 0.9 0.6 02 0.1 - - - 32.89 0.89 0.07
1990 171 6.7 24 25 03 0.1 - - _ - 1199 291 0.10
1991 189 144 26 13 0.3 0.1 - - - 1886 1.88 0.13
1992 191 4.0 37 24 05 0.1 - . . 10.66 294 0.09
1993 187 11.2 33 1.6 0.4 0.1 - - - 16.50 2.08 0.10
1994 186 18.0 11.1 7.7 20 03 - - - 39.11 10.02 0.35
1995 188 27.1 9.1 19.0 6.6 2.7 0l - - 64.63 28.40 2.78
1996 189 18.4 11.0 6.9 9.4 24 0.5 - - 48.66 19.27 297

Table A10. Mean number per nautical mile of weakfish at age from Delaware DFW surveys (March - December) in Delaware Bay. Dur-
ing 1966-1990, fish were aged using a pooled key. Weakfish were aged individually using scales during 1991-1995 and using otoliths
in 1996.

Age
Year n 0 1 2 3 4 5 6 7 Total 2-7+ 47+
1966 33 148.6 34.2 4.6 0.01 - - - - : 187.40 4.62 -
1967 49 752 55.7 4.9 - - - - - 135.80 4.88 -
1968 36 68.1 48.7 62 0.1 - - - - 123.10 629 -
1969 36 568 563 18.7 30 0.32 0.10 0.05 0.08 13530 2220 047
1970 33 31.2 48.9 309 7.1 1.05 0.51 040 0.21 120.30 40.23 216
1971 33 19.5 26.1 35.1 11.8 3.19 246 251 1.83 102.50 56.89 997
1979 100 27 2.5 5.1 26 0.71 0.43 046 0.37 14.90 9,65 1.95
1980 95 22 2.8 4.8 22 0.59 0.41 0.80 0.73 14.60 9.58 2.52
1981 99 4.0 1.0 23 13 0.30 0.17 0.16 0.12 930 435 0.75
1982 44 18.8 3.7 6.8 14 .12 0.06 0.18 0.16 31.20 8.66 0.52
1983 38 3.6 2.5 38 1.5 0.32 0.18 0.24 .20 12.30 625 0.93
1984 46 53 2.5 52 26 0.64 0.39 022 0.14 16.90 9.13 139
1990 70 108 117 29 04 0.07 0.06 004 0.03 26.00 348 0.19
1991 72 228 272 36 06 0.00 0.00 0.00 0.00 54.19 4.27 0.00
1992 89 248 212 26 0.0 003 0.00 0.00 0.00 4860 2.68 0.03
1993 83 214 50.3 254 39 0.50 0.00 0.00 0.00 101.50 2980 0.50
1994 71 8.6 1135 68.5 236 0.90 0.00 0.00 0.00 214.20 93.00 0.90
1995 88 41.1 753 53.5 15.7 540 0.10 0.00 0.00 191.10 74.70 5.50

1996 76 77.3 44.0 48.3 111.2 23.80 6.40 0.10 0.00 311.10 189.80 30.30
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Table A11. Massachusetts Division of Marine Fisheries total catches Table A12. Rhode Island Division of Fish and Wildlife integrated

per year of juvenile (age 0) weakfish in research trawl surveys south of weakfish recruitment index (age 0) from Narragansett Bay as arith-
Cape Cod. metic means. Index is a Z-score composite from three surveys.

Year Number of fish 95 % confidence interval
1978 52 Year Mean Lower Upper
1979 4 1979 3.61 -1.45 7.22
1980 49 1980 20.36 -2.70 40.72
1981 113 1981 10.60 1.18 21.20
1982 35 1982 6.22 3.24 12.44
1983 48 1983 917 -3.57 18.34
1984 8 1984 1.51 -0.11 3.02
1985 774 1985 5.28 1.66 10.56
1986 11 1986 1.19 -0.47 2.38
1987 - 1987 2.09 0.91 4.18
1988 - 1988 7.36 1.72 1472
1989 73 1989 1.80 0.78 3.60
1990 - 1990 12.73 3.61 25.46
1991 3 1991 17.90 0.22 35.80
1992 1 1992 434 242 8.68
1993 - 1993 4.12 2.78 ' 8.24
1994 8 ' 1994 11.54 0.90 23.08
1995 32 1995 1.25 0.05 2.50

1996 13 1996 38.06 25.16 76.12




Table A13. Connecticut Department of Environmental Protection weakfish recruitment mdlces for age 0 and
age 1, 1984-1996, as geometric means.

95% confidence 95% confidence
interval interval
Year n  GMYOY Low High GM Age 1 Low High
1984 70.00 0.99 0.57 1.53 0.52 0.30 0.79
1985 80.00 6.17 3.71 9.91 0.25 0.13 0.38
1986 80.00 13.15 7.76 21.87 0.23 0.12 0.36
1987 80.00 0.63 031 1.03 0.12 0.03 0.21
1988 80.00 2.90 1.72 4.58 0.06 0.00 0.13
1989 80.00 8.68 4.87 14.96 0.02 0.00 0.04
1990 80.00 5.55 3.57 8.39 0.07 0.01 0.14
1991 80.00 11.94 7.50 18.69 0.31 0.12 0.54
1992 80.00 3.01 1.86 4.64 0.19 0.07 031
1993 120.00 4.10 2.86 5.75 0.13 0.06 0.20
1994 120.00 11.18 7.33 16.81 0.06 0.00 0.13
1995 80.00 5.23 3.10 8.49 0.73 0.42 1.12
1996 80.00 15.28 9.28 24.79 0.55 0.30 0.86

Table A14. New York Division of Fish, Wildlife, and Marine Re-
sources Peconic Bay weakfish recruitment index for age 0, 1985-
1996, as geometric means.

95% confidence interval

Year n GM Lower Upper
1985 240 1.52 1.17 1.93
1986 No data

1987 354 0.33 0.24 0.43
1988 426 0.11 0.07 0.15
1989 420 0.57 0.42 0.73
1990 430 0.26 0.18 0.34
1991 398 4.43 3.51 5.54
1992 411 1.20 0.91 1.54
1993 414 0.43 0.31 0.56
1994 428 1.72 1.30 222
1995 376 0.85 0.66 1.06
1996 409 474 3.58 6.20
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Table A15. Delaware Division of Fish and Wildlife weak-
fish recruitment index from Delaware Bay for age 0, 1980-
1996, as geometric means.

95% confidence interval

Year n GM Lower Upper
1980 139 4.15 326 523
1981 149 5.98 4.62 7.68
1982 171 11.49 9,50 13.85
1983 174 4.47 358 5.53
1984 174 6.07 5.16 8.55
1985 175 9.25 734 11.59
1986 i73 12.79 1031 15.82
1987 163 582 4.54 7.39
1088 {69 4.73 3.55 6.20
1989 168 1i.11 8.80 13.97
1990 170 8.73 6.84 11.08
1991 169  20.07 1637 24.57
1992 169 14.72 11.59 18.62
1993 170 14.79 11.56 18.85
1994 170 11.47 8 87 14.76
1995 170 13.49 10.51 17.23

1996 170 12.13 929 15.75

Table A16. Maryland Department of Natural Resources
Chesapeake Bay weakfish recruitment index at age O,
1980-1996, as geometric means.

95% confidence interval

Year GM Lower Upper
1980 0.51 0.26 0.79
1981 0.25 0.11 0.40
1982 0.22 0.11 0.35
1983 1.32 0.79 2.00
1984 0.14 0.02 0.26
1985 1.66 0.84 2.82
1986 0.45 0.16 0.80
1987 0.36 0.15 0.60
1988 0.23 0.08 0.40
1989 0.15 0.01 0.31
1990 0.80 : 0.36 1.36
1991 0.46 0.16 0.84
1992 225 125 3.71
1993 1.08 0.54 1.80
1994 1.51 0.77 253
1995 6.10 - 3.85 938
1996 5.05 2.78 8.68
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Table A17. Maryland Department of Natural Resources coastal bays Table A18. Recruitment (age 0) indices for weakfish from the Vir-
weakfish recruitment index at age 0, 1972-1997, as geometric means. ginia Institute of Marine Science trawl survey of rivers tributary to

the Chesapeake Bay, 1979-1996, as geometric means.

95% confidence interval

95% confidence interval
Year GM Lower Upper Year n GM Lo Uoper
1972 29 03 6.7 1979 95 7.17 4.86 10.39
1973 0.1 0.0 03 1980 111 9.87 6.75 14.24
1981 99 6.01 432 8.24
1974 0.0 0.0 0.0 1982 117 10.13 741 13.73
1975 33 _ 2.0 48 1983 112 10.83 © 845 13.84
1976 35 20 59 1984 97 6.05 3.73 9.52
1985 81 37.02 27.82 49.15
1977 2.1 1.1 3.3 1986 108 461 284 721
1978 95 5.7 14.6 1987 100 17.84 12.78 24.76
1979 27 10 50 1988 63 2171 12.34 37.67
, 1989 63 21.26 13.20 33.88
1980 0.7 0.0 1.9 1990 59 30.00 18.55 48.16
1981 1.5 3.3 13.5 1991 62 15.31 9.41 24.53
1982 18.9 7.6 399 1992 61 15.89 977 25.50
1993 63 1541 8.43 27.53
1983 1.9 0.0 4.8 1994 63 7.04 406 11.76
1984 1.1 0.1 2.3 1995 69 11.00 674 17.60
1985 290 09 56 1996 66 7.4 433 1229
1986 7717 3.7 13.4 ‘
1987 15 . 0.0 36 Table A19. Recruitment (age 0) indices for weakfish from the North
1988 0.0 00 0.0 Carolina Division of Marine Fisheries trawl survey of Pamlico Sound,
1989 1'7 0.9 26 1987-1996, as arithmetic means.
1990 4.0 ;2 2; 95% confidence inferval
1991 43 ) : Year n Mean Low High cVv
1992 4.4 24 6.9 1987 48 12.14 0.43 23.85 48.2
1993 2.1 1.2 32 1988 48 101.5 61.18 141.82 199
1994 4.3 3.0 6.5 1989 46 142 7.93 20.47 221
1995 10.3 6.3 15.8 1990 48 50.2 28.68 71.72 214
1996 6.7 43 08 1991 50 36.96 13.43 60.49 318
1997 7.1 44 10.5 1992 49 427 26.69 58.73 188
1993 48 9.05 2.64 15.46 354
1994 47 68.06 4328 9284 18.2
1995 48 38.28 26.76 49,30 15.0

1996 49 70.84 4676 94.92 17.0
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Table A20. Transformations for converting from scale ages to

otolith ages for weakfish (Daniel and Vaughan 1997).

Scale Orolith Middle Atlantic South Atlantic

age age Early Late Early Late
0 0 1.000 0.991 1.000 0.900
1 - 0.009 - 0.100

I [ - 0.026 - -
1 0.464 0.734 0917 0.554

2 0453 0201 0083 0.446

3 0.078 0.033 - -

4 0.005 0.006 - -

2 0 - 0.009 - -
1 0.008 0.051 - 0.031

2 0.277 0.754 0.739 0.708

3 0.461 0.126 0217 0219

4 0.254 0.048 0.044 0.042

5 - 0.012 - -

3 1 0.007 - - -
2 0.007 0.152 0.024 0.008

3 0.561 0.663 0.583 0.717

4 0.403 0.169 (.345 0.250

5 0.022 0.016 0.048 0.025

4 2 0.088 0.027 - -
3 0.736 0.097 0.009 0.013

4 0.154 0.858 0.547 0.854

5 0.022 0.018 0.444 0.133

5 4 0.120 0.636 - -
5 0.820 0.364 0.939 1.000

6 0.040 - 0.061 -

T+ 0.020 - - -

6 4 0.042 - - -
5 0208 - - -

6 0625 1.000 1.000 1.000

7+ 0.125 - - -

T+ 6 0.333 “ - -
T+ 0.667 1.000 1.000 1.000

Table A21. Transformations for converting from otolith ages to
scale ages for weakfish (Daniel and Vaughan 1997).

Scale Otolith Middle Atlantic South Atlantic

age age Early Late Early Late
0 0 1.000 0.970 1.000 1.000
1 - 0.017 . -

2 - 0.013 - -

1 0 - 0.015 - 0.029
1 0.978 0.856 1.000 0.885

2 0.011 0.129 - 0.086

3 0.011 - - -

2 1 0.702 0.099 0.050 0266
2 0.290 0.802 0.850 0723

3 0.008 0.089 0.100 0.011

4 - 0.010 - -

3 1 0.093 0.028 - -
2 0.373 0.233 0.091 0.194

3 0.784 0.678 0.591 - 0.797

4 0.050 0.061 0.018 0.009

4 1 0.006 0.607 - -
2 0.201 0.105 0.011 0.041

3 0.341 0.204 0308 0.306

4 0.409 0.638 0.681 0.653

5 0.037 0.046 - -

6 0.006 - - -

5 2 - 0.307 - -
3 0048 0231 0034 0.200

4 0222 0.154 0.441 0.667

5 0.651 0.308 0.525 0.133

[ 0,079 - - -

6 4 0.100 - - -
5 0.100 - 0.667 -

6 0.750 1.000 0.333 1.000

7+ 0.050 - . -

T+ 5 0.167 - - -
6 0.500 - - -

T+ 0.333 1.000 1.000 1.000
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Table A22. Mean total length and weight at age of weakfish from
otolith- and scale-aged length data (1989-1996), and estimated
age-specific natural mortality rate {after Boudreau and Dickie

1989). Standard error of total length in parentheses.

Age (yr) n TL (in) W(lbs) M (yr-1)
lith
0 1,044 6.8 (0.05) 0.13 0.69
1 2,758 8.7 (0.03) 0.26 0.55.
2 1,525 12.2 (0.05) 0.68 0.40
3 1,906 14.4 (0.06) 1.12 0.34
4 1,343 16.4 (0.10) 1.79 0.29
5 492 19.2 (0.23) 2.91 0.25
6 47 25.6 (0.68) 6.21 0.19
7 3 27.5 (0.65) 7.14 0.18
8 2 29.9 (1.83) 9.16 0.17
9 0 - (-) - -
10 | 333 () 12.50 0.15
Scale aged
0 430 7.9 (0.07) 0.19 0.61
1 2,103 10.6 (0.04) 0.45 0.46
2 3,380 14.1 (0.05) 1.11 - 0.34
3 3,339 16.2 (0.06) 1.71 0.29
4 1,722 18.1 (0.09) 2.30 0.27
5 482 22.4 (0.18) 419 022
6 121 28.1 (0.31) 7.90 0.18
7 138 31.0 (0.14) 10.26 0.16
8 35 31.5 (0.26) 10.74 0.16
9 - 27 31.8 (0.29) 11.01 0.16
10 29 32.8 (0.28) 12.09 0.15
11 13 33.1 (0.46) 12.49 0.15
33.9 (0.47) 13.30 0.15

12 13

Table A23. Recreational weakfish landings (A+B1+0.2*B2) in
numbers and weight (C in mt), precision (PSE) of landings in
number, and adequacy of sampling of lengths for characterizing
size distribution of landings. PSE less than 20% is considered ade-
quate. Criteria used by SARC to judge adequacy of sampling in-
tensity is 200 mt or less landed per 100 fish sampled.

Landings PSE  Landings Intercepts

Year (°000s) ©) (n) C/100n
1982 1,892.2 14.5 3,772.2 428 881.3
1983 56976 127 5,377.4 1,640 3279
1984 3,570.5 13.5 3,197.1 614 520.7
1985 2,490.9 9.2 2,554.0 1,657 154.1
1986 9,126.0 79 4,799.2 3,825 1255
1987 5,041.2 10.6 3,030.2 1,880 161.2
1988 5,790.3 11.6 2,943 3 1,944 151.4
1989 1,531.2 7.8 1,008.2 1,447 69.7
1990 1,320.2 6.4 645.2 1,508 428
1991 1,970.5 6.5 1,044 .9 2,051 50.9
1992 1,101.7 6.7 716.7 1,108 64,7
1993 1,307.1 6.3 597.1 1,013 58.9
1994 2,447.0 6.0 1,094.7 1,651 66.3
1995 2,421.6 49 1,260.9 1,299 971
1996 3,356.4 47 1,850.5 1,776 104.2




Table A24. Adequacy of commercial weakfish sampling of lengths for characterizing size distribution
of commercial market (food) landings (C, in metric tons). Criteria used by SARC to judge adequacy
of sampling intensity is 200 mt or less landed per 100 fish sampled.

Gillnet Trawl Pound net Haul seine
Year c n C/100n C n C/I00n C 1 C/100n C n C/100n
1982 1,863.2 25 7852.8 47932 4,630 1035 1,151.2 590 1951 9764 1,030 948
1983 2,196.7 2,624 837 38027 8016 474 10635 678 1569 7963 1617 492
1984 3,0403 6443 472 4,1937 8,327 504 8149 795 1025 8812 1911 46.1
1985 2,774.2 5,021 553 32090, 9,369 343 815.7 667 1223 7897 1784 443
1986 40879 5990 682 38849 10263 371 5946 1856 320 9266 1080 858
1987 36228 8954 405 28827 10846 266 7383 1,097 673 5191 3228 161
1988 43505 7675 567 32759 7915 414 6920 1,639 422 7794 1876 415
1989 3,097.9 9378 330 27171 6,545 415 2303 2814 82 2855 1767 162
1990 1,873.2 8673 216 1,5536 7,614 204 302.9 4,239 71 5069 3678 138

1991 1,770.7 14383 123 1,640.1 7,449 220 2584 3,341 77 2388 2738 8.7
1992 1,420.5 18,305 78 16346 7485 218 912 4111 22 2153 2,699 8.0
1993 1,449.0 16,978 85 1,1743 8388 140 2504 3491 7.2 2075 3,067 6.8

1994 1,550.3 11,352 137 6804 3936 173 393.0 8,057 4.9 2055 2,744 7.5
1995 1,511.6 11,948 127 7851 2,977 264 5819 15448 38 2563 3,584 72
1996 1,851.2 12,650 146 5744 2620 219  563.0 14,861 38 2070 6415 32
Note: Purse seine landings for 1994 (late period) were 79.3 mt, n = 98, and C/100n = 80.9 mt.

Table A25. Adequacy of commercial weakfish sampling of lengths for characterizing size distribution
of commercial scrap (bait) landings (C, in metric tons). Criteria used by SARC to judge adequacy of
sampling intensity is 200 mt or less landings per 100 fish sampled.

Trawl Pound net Haul seine
Year C n C/100n C n C/100n C n C/100n
1982 631.4 507 124.5 70.1 1,155 6.1 95.1 1,723 5.3
1983 190.7 923 207 62.1 754 8.2 100.1 2,017 5.0
1984 2160 544 39.7 66.2 1,046 6.3 106.5 3,000 35
1985 391.5 1,250 313 60.4 251 24.1 72.2 1,836 39
1986 523.3 975 53.7 41.0 2,102 2.0 853 3,087 2.8
1987 737.1 2,304 32.0 72.6 2,544 2.9 72.5 1,953 37
1988 983.3 2,114 46,5 382 1,144 33 523 040 56
1989 139.8 578 24.2 16.9 733 2.3 303 411 7.4
1990 316.7 1,682 18.8 233 862 2.7 523 594 88
1991 188.7 2,433 78 63.4 202 31.4 68.8 3,097 2.2
1992 161.0 980 16.4 4.2 186 2.3 74.4 246 302
1993 195.4 1,315 14.9 11.9 313 38 79 77 103
1994 39.3 626 6.3 221 91 24.3 68 23 29.6
1995 0.0 - - 252 36 70.0 1.1 2935 0.4
1996 7.5 62 12.1 36.9 19 194.2 46.5 127 36.6
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Table A26. Unadjusted weakfish catch in numbers at age (‘000s) for reported recreational and com-
mercial (market and scrap) landings, 1982-1996.

Age
Year 0 1 2 3 4 5 6 7+ Total
1982 501.6 12,943.4 7.046.7 2,897.7 1155. 3832 3384 466.7 25,737.1
1983 3952 7,364.1 11,7503 . 3,032.7 3200 200.8 316.0 411.8 23,7909
1984 535.6 9,694.1 13,1933 3,410.7 380.5 141.1 157.8 265.7 27,7789
1985 2,449.0 10,227.7 12,056.7 2,9082 3183 106.9 61.0 103.8 28,231.7
1986 408.4 31,3510 3,400.1 2,8544 747.5 1320 84.0 428 39,020.1
1987 699.5 18,486.6 9,073.2 6,416.3 3705 673 40.6 19.1 35,1732
1988 675.8 9,298.9 17,305.1 12,006.7 508.9 137.9 68.7 48.0 40,050.0
1689 433.6 3,850.9 4,805.0 46263 1758. 264 259 26.1 15,5531
1990 519.6 9,295.0 6,067.9 1,589.1 643.7 75.2 204 14.7 18,225.6
1991 740.5 7,958.1 7,360.9 3,124.2 494.5 404 94 1.2 19,729.1
1992 281.1 4,900.0 5,197.5 2,543.8 346.3 443 38 13 13,318.2
1993 1854 2,6104 71,4849 2,7264 3119 36.7 82 0.8 13,364.7
1994 64.6 2,2604 3,884.0 4,125.0 629.0 66.0 1.8 0.5 11,031.3
1595 158.2 1,504.5 3,454.2 4,614.2 2,366.0 72.2 23 0.6 12,1729
1996 317.7 1,446.3 2.577.6 4.182.9 2.751.0 1.050.0 9.5 2.6 12.338.8

Table A27. Scale-based weakfish catch in numbers at age (‘000s) for reported recreational and com-
mercial (market and scrap) landings, 1982-1996.

Age
Year 0 1 2 3 4 5 6 T+ Total
1982 501.1 12,8853 6,871.5 2,993.1 1,341.3 3250 339.1 465.7 25,7371
1983 397.1 7,366.2 11,754.5 3,029.5 314.6 201.1 316.0 4119 23,790.9
1984 536.6 10,019.3 12,902.9 3,386.4 3722 1372 158.1 265.5 27,7783
1985 2,4483 10,955.8 11,3977 2,844 4 3201 100.5 61.2 103.6 28,231.7
1986 ) 408.3 31,3718 3,445.0 2,859.1 693.7 154.5 449 42.8 39,020.1
1987 6993 18,494 3 9,068.0 6,403.5 389.0 73.8 26.1 19.1 35,1736
1988 6758 9,295.3 17,2903 11,987.0 5483 137.1 68.4 479 40,050.0
1989 43338 35,0079 3,995.7 4,542 4 1,4724 45.7 29.1 26.1 15,553.1
1990 521.7 11,447.0 3,9874 1,530.2 6334 69.0 223 14.7 18,225.6
1991 771.1 84717 6,782.1 3,1314 501.6 592 10.7 13 19,729.1
1992 3111 5,146.1 4,938.0 2,535.8 3363 -46.5 4.0 0.6 13,3182
1993 200.4 2,595.0 7,480.0 27223 3149 430 8.6 0.5 13,364.7
1994 87.1 2,371.0 3,989.0 3.841.6 6822 58.6 14 03 11,0313
1993 169.4 1,943.2 3,617.5 4,354.7 2,0600.3 824 53 00 12,1729
1996 3333 1,740.0 3.134.5 4.114.6 2.403.6 3905 204 1.9 12.338.8

Table A28. Otolith-based weakfish catch in numbers at age (‘000s) for reported recreational and
commercial (market and scrap} landings, 1982-1996.

Age
Year 0 1 2 3 4 5 6 T+ Total
1982 489.1 8,5883 9,429.4 3,430.7 2,202.5 8116 3423 4432 25,7371
1983 386.9 4,663.1 11,4525 4,602.8 1,777 3452 2527 310.0 23,790.9
1984 6199 6,369.4 12,743.0 5,129.8 2,2233 3328 143.6 217.0 27,778.7
1985 2,622.3 6,849.3 11,785.0 4,476.5 2,074.1 2649 63.2 964 282317
1986 839.4 19,073.5 12,060.9 4,386.5 2,107.8 4582 516 421 39,020.1
1587 8773 11,4169 12,3244 7,017.6 3,073.8 4153 255 20.0 35,170.9
1988 662.1 6,542.3 15,128.7 11,561.9 52984 7372 723 47.1 40,050.0
1989 ) 4283 24473 5,144.2 4,079.1 2.863.4 535.3 298 258 15,553.1
1950 5433 5,452.8 8,963.7 1,8544 1,002.9 3724 216 144 . 18,2256
1991 739.7 7,408.4 6,567.7 3,449.1 1,329.1 225.0 8.8 12 19,729.1
1992 3196 4,173.0 5,091.2 2,4311 1,0479 249.6 5.1 0.7 13,3182
1993 216.7 2,2735 6,117.2 3,105.0 1,402.7 238.5 9.7 14 13,364.7
1994 95.5 2,056.0 3,421.1 3,521.4 1,549.1 381.8 5.8 3.6 11,031.3
1995 161.8 1,604 4 34544 3,917.6 2,500.2 5196 14.4 0.4 12,1729
1996 324.8 1,444 9 2.514.2 4.176.9 2,861.8 9912 213 37 12.338.8
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Table A29. Difference between scale-based and unadjusted weakfish catch in numbers at age (‘000s)
for reported recreational and commercial (market and scrap) landings, 1982-1996.

Age
Year 0 1 2 3 4 5 6 7+
1982 0.4 48.1 -175.1 1004 1817 -582 0.7 10
1983 1.9 2.1 42 3.2 -5.4 0.3 0.0 0.1
1984 0.9 325.1 -290.3 243 -83 3.9 03 03
1985 0.7 728.0 -658.9 53.8 19 5.4 02 03
1986 0.1 20.8 44.9 438 -53.7 225 -39 0.0
1987 02 8.2 -5.2 -12.9 185 6.5 15 0.0
1988 0.1 3.5 -14.8 -19.7 393 038 03 00
1989 02 11569 -809.3 -83.9 -286.5 193 33 0.0
1990 21 21519 -2,0806 -59.0 -10.3 6.2 2.0 0.0
1991 30.6 513.6 -578.3 7.2 7.1 18.8 L3 0.1
1992 30.0 246.1 -259.6 -2.1 -10.0 22 0.1 0.8
1993 15.0 -15.4 438 4.0 3.0 6.3 0.4 0.4
1994 225 110.6 105.0 -283.4 53.2 13 04 02
1995 1.2 438.6 163.4 -259.5 -366.3 102 30 0.5
1996 15.6 2937 556.9 683 -348.0 4602 11.0 0.7
Table A30, Difference between otolith-based and unadjusted weakfish catch in numbers at age
(“000s) for reported recreational and commercial (market and scrap) landings, 1982-1996.
Age
Year 0 1 2 3 4 5 6 7+
1982 124 43551 23827 5329 10425 428.4 40 234
1983 83 22,7010 2978 L5700 14577 144.4 633 -101.8
1984 M3 3,348 4503 L7191 1,842.8 1917 -14.2 48.3
1985 1732 -3,3784 2716 1,582 - 17559 158.0 22 7.5
1986 4310  -122770 86607 15321 1,360.4 3262 323 0.7
1987 1778 70607 32513 6013 2,7033 348.0 -15.1 0.9
1988 {38 2756  -2,1764 4448 4,789.5 599.3 36 08
1989 53 1,036 339.2 -5472  1,104.5 508.8 39 03
1990 237 38422 28958 2653 3592 297.2 12 0.3
1991 0.8 -549.7 793.2 325.0 834.6 184.6 0.5 0.0
1992 38.6 -726.9 -106.4 -112.8 701.6 205.3 13 0.7
1993 313 3369 13677 3786 1,098 2018 1.5 0.5
1994 30.9 -204.3 463.0 -603.6 920.1 3158 4.1 0.1
1995 3.6 99.9 0.2 ~696.6 133.5 4474 12.1 0.1
1996 7.1 -1.4 633 6.0 1102 -59.5 118 Ll
Table A31. Difference between scale-based and otolith-based weakfish catch in numbers at age
(‘000s) for reported recreational and commercial (market and scrap) landings, 1982-1996.
Age
Year 0 1 2 3 4 5 6 7-
1982 120 43070 25579 4325 8612 4866 32 225
1983 102 27031 3020 -L,5732 -1463.1 -1442 633 {019
1984 833 3,6499 1600 -1,7433  -1,851.0 -195.6 14.5 48.5
1985 1739 4,106.5 3873 -1,6320  -1,754.0 -164.4 2.0 7.2
1986 43L1 12,2982  -86159  -1,5274  -1414.1 -303.7 6.7 0.7
1987 1780 70779  -3,2564 6142 2,6848 -341.5 0.5 09
1988 137 27530 2,615 4251 4,750 -600.1 39 038
1989 55 2,560.5  -1,1485 4633 -1,391.1 -489.5 0.7 0.3
1990 216 59941 49764 -3242 -369.6 -303.4 0.7 03
1991 314 10633 2144 -317.8 -827.5 -165.8 18 0.
1992 8.6 973.0 -153.2 104,7 7116 -203.1 12 0.1
1993 -16.3 3215 1,362.8 3827 -1,087.8 -195.5 -1l 09
1994 8.4 3150 5679 3203 -866.9 3231 -4 03
1995 7.6 3387 £63.2 437.1 499.9 4372 9.1 04
1996 8.5 2052 6203 62.4 4582 -400.7 09 18
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APPENDIX A
Sample sizes for aging data

Weakfish (1982-1996): Sampling by year, season, and area (unadjusted)

Cumulative Cumulative
Year. Season  Area Frequency Percent frequency percent
82 E SA 266 0.9 266 0.9
82 L SA 323 1.1 589 2.0
83 E SA 321 .1 a10 30
83 L SA 327 1.1 1,237 4.1
85 E MA 102 0.3 1,339 45
85 L MA 1,293 4.3 2,632 8.8
86 E MA 307 1.0 2,939 9.8
86 L MA 1,318 4.4 4,257 142
88 E MA 357 1.2 4614 154
88 E SA 217 0.7 4,831 16.2
88 L MA 139 0.5 4,970 16.6
38 L SA 209 0.7 5,179 17.3
29 E MA 515 1.7 5,654 19.1
89 E SA 172 0.6 5,866 19.6
89 L MA 76 03 5,942 19.9
89 L SA 185 0.6 6,127 20.5
90 E MA 80 03 6,207 20.8
90 E SA 136 0.5 6,343 212
90 L MA 85 0.3 6,428 21.5
S0 L SA 136 0.5 6,564 220
91 E MA 423 1.4 6,987 234
91 E SA 516 1.7 7,503 251
91 L SA 699 23 8,202 274
92 E MA 606 2.0 8,808 29.5
92 E SA 1,228 4.1 10,036 336
92 L MA 1,047 35 11,083 371
92 L SA 766 26 11,849 396
93 E MA 507 1.7 12,356 413
93 E SA 462 1.5 12,818 42.9
93 L MA 2,308 7.7 15,126 50.6
93 L SA 912 3.1 16,038 53.7
94 E MA 849 28 16,887 56.5
94 E SA 691 2.3 17,578 58.8
94 L MA 834 28 18,412 61.6
94 L SA 548 1.8 18,960 634
95 E MA 1,290 4.3 20,250 67.8
95 E SA 937 31 21,187 70.9
95 L MA 1,789 6.0 22,976 76.9
95 L SA 997 33 23,973 80.2
96 E MA 1,578 53 25,551 85.5
96 E SA 1,198 4.0 26,749 89.5
96 L MA 1,803 6.0 28,552 95.5
96 L SA 1,333 4.5 29,885 100.0
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Weakfish (1982-1996): Sampling by year, sea- Weakfish (1982-1996): Sampling by year, sea-

son, and area (unadjusted) son, and area (unadjusted)
Aged by otoliths Aged by scales
Cumulative Cumulative : Cumulative Cumulative
Year Season Area Frequency Percent  frequency percent Year Scason  Area Frequency Percent  frequency percent
89 E MA 129 1.0 129 1.0 82 E SA 266 1.6 266 1.6
82 L SA 323 1.9 589 35
90 E MA 52 0.4 181 14 83 E SA 321 19 910 53
83 L SA 327 19 1,237 73
91 E MA 423 33 604 4.7 85 E MA 102 0.6 1,339 7.9
91 E SA 294 23 898 7.0 85 L MA 1,293 7.6 2,632 15.5
91 L SA 438 34 1,336 10.4 86 E MA 307 1.8 2,939 17.3
86 L MA 1,318 1.7 4,257 25.0
92 E MA 427 33 1,763 13.7 83 E MA 357 2.1 4,614 27.1
92 E SA 899 7.0 2,662 207 23 E SA 217 1.3 4,831 28.4
92 L MA 172 1.3 2,834 220 :13 L MA - 139 0.8 4,970 29.2
92 L Sa 496 39 3,330 259 88 L SA 209 1.2 5,179 30.4
89 E MA 386 23 5,565 327
93 E SA 37 0.3 3,367 26.2 89 E SA 172 1.0 5,737 337
93 L SA 630 4.9 3,997 31.0 89 L MA 76 0.4 5,813 342
89 L SA 185 11 5,998 353
94 E SA 247 1.9 4,244 330 %0 E MA 28 0.2 6,026 354
94 L MA 309 2.4 4,553 35.4 90 E SA 136 0.3 6,162 36.2
94 L SA 303 24 4,856 37.7 90 L MA 85 0.5 6,247 36.7
90 L SA 136 0.8 6,383 37.5
95 E MaA 693 5.4 5,549 431 91 E SA 222 1.3 6,605 38.8
95 E SA 429 33 5,978 46.4 91 L SA 261 1.5 6,866 40.4
95 L MA 1,245 9.7 7,223 56.1 92 E MA 179 1.1 7,045 41.4
93 L SA 997 77 82120 63.8 92 E SA 329 1.9 7374 434
92 L MA 875 5.1 8,249 48.5
96 E MA 751 58 8,971 69.7 92 L SA 270 1.6 8,519 50.1
96 E SA 1,198 9.3 10,169 79.0 93 E Ma 507 3.0 9,026 53.1
96 L MA 1,373 10.7 11,542 89.6 93 E SA 425 2.5 9,451 55.6
o8 L SA 1,333 10.4 12,875 100.0 93 L MA 2,308 13.6 11,759 69.1
93 L SA 282 1.7 12,041 70.8
94 E MA 849 5.0 12,890 75.8
94 E SA 444 2.6 13,334 78.4
94 L MA 525 31 13,859 81.5
94 L SA 245 1.4 14,104 82.9
95 E Ma 597 3.5 14,701 85.4
95 E SA 508 3.0 15,209 89.4
95 L MA 544 3.2 15,753 92.6
96 E MA 327 4.9 16,580 97.5
96 L MA 430 2.5 17.010 160.0
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Weakfish (1982-1996): Sampling by source,
year, and how aged (scale or otolith)

Source: NEFSC

Cumulative Cumulative
Year Aged Frequency  Percent frequency percent
96 8] 448 100.0 448 100.0
Source: SEAMAP
Cumulative Cumulative
Year Aged Frequency  Percent frequency percent
91 (&} 732 17.3 732 17.3
92 8] 1,395 329 2,127 50.2
93 O 660 156 2,787 65.8
94 0 235 56 3,022 71.4
95 (o] 326 77 3,348 7.1
96 0 286 209 4,234 100.0
Source: Delaware
Cumulative Cumulative
Year Aged Frequency  Percent frequency percent
92 s 584 78 534 7.8
93 s 2,067 277 2,651 355
94 S 675 9.0 3,326 4.5
95 ‘O 1,156 15.5 4,482 60.0
95 S 798 107 5,280 70.7
96 o 1,247 16.7 6,527 87.4
96 S 943 12,6 7,470 100.0
Source: Florida
Cumulative Cumulative
Year Aged Frequency  Percent frequency percent
93 ¢} 7 1.3 7 13
94 (o) 315 599 322 61.2
95 Q 204 38.8 526 100.0
Source: Maryland
Cumulative Cumulative
Year Aged Frequency  Percent frequency percent
g5 3 1,39 343 1,396 34.8
826 s 1,627 40.6 3,023 75.4
93 s 103 26 3,126 78.0
94 0 309 7.7 3,435 85.7
94 S 181 4.5 3,616 90.2
95 s 185 4.6 3,801 94.8
96 Q 207 52 4,008 100.0
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Source: North Carolina

Cumulative Cumulative
Year Aged Frequency  Percent frequency percent
82 S 589 7.5 589 7.5
83 s 649 23 1,238 158
88 S 426 54 1,664 213
89 S 357 4.6 2,021 25.8
90 S 272 33 2,293 283
91 s 483 6.2 2,776 355
92 S 599 77 3,375 43.1
93 S 708 9.1 4,083 522
94 S 689 8.8 4,772 61.0
95 (s 897 11.5 5,669 72.5
95 s 508 6.5 6,177 79.0
96 9] 1,645 21.0 7,822 100.0
Source: New Jersey
Cumulative Cumulative
Year Aged frequency  Percent frequency percent
95 [8) 281 58.5 281 58.5
96 o] 199 41.5 430 100.0
Source: New York
Cumulative Cumulative
Year Aged Frequency  Percent frequency percent
88 s 496 15.1 456 15.1
89 S 462 14.0 958 191
90 s 113 34 1,071 326
92 S 470 14.3 1,541 46.8
93 ) 645 19.6 2,186 66.4
94 s 518 15.7 2,704 822
95 (o] 114 3.5 2,818 85.7
95 S 158 48 2,97 920.5
96 S 314 9.5 3,290 100.0
Source: Virginia
Cumulative  Cumulative
Year Aged Frequency  Percent frequency percent
89 Q 129 8.0 129 8.0
90 o 52 32 181 £1.2
91 8} 423 26.2 604 374
92 0 599 37.1 1,203 74.5
95 (6] 387 24.0 1,590 98.5
96 [8) 25 1.5 1,615 100.0




B. SURFCLAMS

Terms of Reference

a. Ewvaluate the efficiency of current research vessel
dredge surveys through field studies of dredge
tow path length, size selectivity and retention of
surfclams and ocean quahogs, and other factors,
as appropriate.

b. Develop and implement a sampling plan for the
proposed 1997 region-wide surfclam and ocean
quahog survey, incorporating appropriate tests
and monitoring of dredge performance and effici-
ency.

c. Develop, test, and implement models to estimate
surfclam abundance and mortality rates, using ap-
propriate indices of abundance and total catch.

d. Review existing biological reference points and
advise on new reference points consistent with
SFA requirements.

e. Assess the status of EEZ surfclam populations
under management, and provide quota options
consistent with biological reference points,

f. Estimate the resource level, density, and potential
harvest from the surfclam beds located off Del-
marva (under current FMP criteria).

g. Compare the average size, growth, and yield of
Delmarva surfclams with surfclams harvested in
other areas.

h. Determine if high density is constricting growth of
Delmarva surfclams, and estimate an “optimal”
density of surfclams off Delmarva.

I. Estimate the long-term outlook/projection for the
Delmarva surfclam resource if the harvest contin-
ues at the present level. '

Introduction
The history of surfclam and ocean quahog man-

agement along the Atlantic coast of the US is summa-
rized, through 1986, in Murawski and Serchuk

(1989). Surfclams were assessed in 1992 and 1994
(NEFSC 1993, 1995), for SAW-15 and SAW-19, re-
spectively. Those assessments reported historical
trends in commercial landings and effort by region,
size composition of the landings, levels of discarding,
trends in survey abundance indices, and population
size structure. Additional comments on the uncertain-
ty of assessment advice and the necessity for addition-
al research on abundance were highlighted at SAW-
22 (NEFSC 1996a,b).

Estimates of exploitable surfclam biomass and
fishing mortality rate were derived for SAW-19 from
a modified DeLury model (Conser 1995) based on a
time series of catch and abundance information begin-
ning with 1982. The surfclam biomass estimates for
1994, derived from this model with uncertainty in-
corporated via a bootstrap procedure, were then used
as inputs to a stochastic depletion model which com-
puted the number of supply years available under var-
ious harvesting scenarios and under various assump-
tions about recruitment. It was noted that the catch-
ability of surfclams in the 1994 NEFSC survey ap-
peared to differ substantially from previous surveys,
and this was noted as a source of uncertainty for the
assessment (NEFSC 1995). Additional analyses of the
modified DeLury model during SAW-22 (NEFSC
1996a), with a time series extended back to 1980,
produced model results that were very similar to
those based on the shorter time series. The SARC
noted that the modified DeLury model estimated a
probability of capture given encounter for the clam
dredge that was unreasonably high. Based on the un-
usual 1994 survey catch per tow and the unrealistic
dredge efficiency estimate from the model, SAW-22
concluded that current abundance was uncertain
(NEFSC 1996b). That uncertainty motivated the
comprehensive list of terms of reference for the cur-

rent assessment.

The current assessment relies heavily on new data
collected in 1997. The data include a stratified ran-
dom survey of the EEZ stock as well as experiments
conducted to understand the behavior and efficiency
of the NEFSC clam dredge. The new Shipboard
Computing System and environmental sensors on the
Delaware II were used to gather, for the first time,



continuous data on ship speed, position, and dredge
angle during every tow. These data allowed for a di-
rect estimate of distance sampled per tow by the
dredge. Depletion studies of dredge efficiency were
also conducted for the first time and were carried out
in a cooperative program between NMFS, the clam
industry, and academia (see Acknowledgments).
Stock biomass and net annual production were esti-
mated for each region along the east coast of the US.
Confidence intervals on stock size were obtained via
a bootstrap procedure. Because this fishery is highly
localized, considerable attention was also given to
temporal and spatial trends in the commercial data.
Detailed analyses of vessel logbook information in-
cluded evaluating changes in the spatial distribution of
fishing in relation to resource abundance, and the ade-
quacy of LPUE as a measure of relative abundance.

The current assessment also includes revised bio-
logical reference points for three important regions
using shell length and age data collected during the
1997 survey. These reference points are used for
comparison with observed fishing mortality rates.

Finally, a set of analyses were devoted to that part
of the stock off the Delmarva Peninsula. The overall
purpose was to determine whether these clams were
“stunted” and the extent to which their growth was
affected by density. Papers by Weinberg and Helser
(1996) and Weinberg (in press) on surfclam growth
provided a background for analysis of the 1997 data
from the Delmarva region.

This report presents an outline of technical analy-
ses undertaken and specific conclusions regarding ma-
jor research findings. A list of research recommenda-
tions, sources of uncertainty, and SARC comments
are included.

Executive Summary

(TOR a) Evaluate the efficiency of current research

vessel dr: v hr fiel ies of dr
tow path length_ size selectivity and retention of surf-
lams an n h nd other factors, as ap-
propriate

» Performance of the dredge in the 1997 survey was
monitored with additional new technology includ-
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ing bottom contact sensors, an angle indicator
(which was the main method to determine when
the dredge was and was not fishing), pressure/
depth sensors, amperage gauge, P-code GPS to
determine ship’s position and velocity, and some
video monitoring of dredge performance.

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 indi-
cator, 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 retrieval
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 above. Based on this proce-
dure and associated monitoring, confidence in the
estimation of path length has increased, although
there is still some uncertainty based on the arbi-
trary assumption of an appropriate dredge angle
(2.3° associated with the knife depth of 4 in) indi-
cating bottom contact. The results were not parti-
cularly sensitive to this assumption.

Field studies of dredge efficiency for surfclams
were undertaken employing a series of six small-

“scale depletions at sites along the New Jersey

coast. These udies involved the Delaware II and
three commecial clam vessels. At each site, re-
peated dredge tows were taken wherein the catch
rate on each tow (bushels and numbers of clams)
vs the cumulative catch was monitored. The rela-
tionship between the decline in catch rate over the
experiment and total removals was used to esti-

mate initial site clam density (clams per unit area

of the depletion site). Prior to the commercial ves-
sel surveys, the Delaware II conducted eight ‘set-
up’ tows at each site which were used to indepen-
dently estimate clam density at each location. The
Delaware II conducted its own depletion study at
one site, '

Shell size selectivity between survey and commer-
cial dredges was evaluated by comparing length
compositions among the Delaware I] set-up tows



and the commercial depletions. The Delaware II
catches included higher frequencies of animals at
small sizes (e.g., below 12 cm), but these differ-
ences in volume or weight probably do not signifi-
cantly influence efficiency estimates.

New estimators of population parameters from
depletion studies based on maximum likelihood
procedures were implemented and compared with
those from the Leslie-DeLury model. The alterna-
tive estimators were more robust, but gave point
estimates of initial population size and dredge ef-
ficiency similar to those from the traditional linear
regression methods.

Based on the depletion studies, efficiency (pro-
portion of clams in the dredge path retained in the
-dredge) of the Delaware IT dredge was estimated
to range from 0.2 to 0.6 (point estimates from
average density from set-up tows relative to com-
mercial vessel depletions and the Delaware II
study). The Delaware II depletion study resulted
in an estimate of efficiency 0f 0.59 (95% CI 0.3-
0.9). Commercial vessel efficiencies ranged from
0.38 to 1.0. Analyses conducted during the SARC
meeting suggested that these dredge efficiency es-
timates are biased high. The magnitude of the bias
remains to be determined. Based on the depletion
studies, there is strong evidence that dredge effici-
ency varies by sediment type and sea state. For
abundance studies, the average Delaware II
dredge efficiency point estimate of 0.59 was used,
which results in conservative (e.g., lower) bio-
mass than if efficiency were assumed to be lower.

» During the 1997 survey, re-sampling at stations

originally sampled in 1992 and 1994 surveys oc-
curred. After adjusting for clam mortalities in the
intervening years at each site {(e.g., natural mortal-
ity), the catch rates in 1994 were anomalously

monitorin

rvey, in in i 1
fdr rforman flicien

» Preliminary analysis of experiments on factors in-

fluencing survey dredge catches, conducted prior
to the 1997 survey, confirmed the utility of basic
sampling protocols (tow speed, scope of towing
hawser, dredge handling). The 1997 survey used
these procedures as in previous years.

The 1997 clam survey assessed resources in all
survey areas from Southern Virginia-North Caro-
lina through Georges Bank. A total of 304 survey
dredge tows were completed in surfclam strata,
with additional stations in areas containing pri-
marily ocean quahogs. Survey effort was increas-
ed in some areas (e.g., Northern New Jersey) to
assure adequate spatial coverage of stations to al-
low for swept-area population estimates. Average
coefficients of variation in survey numbers per
tow were 0.13 in Northern New Jersey and 0.18
in Delmarva, the areas containing the bulk of the
Mid-Atlantic resource. CVs were greater else-
where.

A bootstrap procedure was used to compute
means and 95% confidence intervals from the sur-
vey estimates. These bootstrap estimates are pre-
ferred, given the modest sample sizes within com-
plex survey designs and the fact that they preclude
negative Cls (e.g., are asymmetrical).

Minimum swept-area surfclam biomass estimates
and 95% ClIs for 1997 were computed based on
the average catch (meat weight) per tow, strati-
fied by assessment area (e.g., a different stratified
mean appropriate to each assessment region).
These estimates are:

high when compared to 1992 and 1997 results.  |<&*" Loral (0085 mt) Full recruts (0095 )
There was no evidence that the 1997 dredge effi- Lower C1} Mean| UpperCl|LowerCl| Mean] Upper Cl
ciency differed from that in 1992, Based on the [SEX i L 263 il 120
average dredge efficiencies calculated from deple-  |SM% 5] 48 82 S 5
tion studies, the 1994 results could be explained |1 S ! ? 17
by high dredge efficiencies in that year. NNJ _189) 240 294 lo8) 12 277
SNF A ET 39 7l 37
(TOR b) Develop and implement a sampling plan for  [PMV 10| 167 227 64| 99 146
the proposed 1997 region-wide surfclam and ocean  [SVANC 3 6 10 2 2 2
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» If an average Delaware II dredge efficiency of

»

»

»

0.59 is used, the means increase to:

Region Total (00s | Fuil recruits
mt) (000s mt)

Mean Mean
GBK 291 144
SNE 78 76
LI 19 15
NNJ 407 376
SNJ 35 36
DMV 283 168
SVA/NC 10 3

These biomasses are significantly larger that those
calculated in previous assessments of the re-
source, reflecting greater confidence in the use of
swept-area population estimates, given the cali-
bration studies undertaken this year. Several addi-
tional research issues related to swept-area meth-
ods remain, including precise estimates of stratum
areas, and accounting for variations in dredge ef-
ficiency by depth, substrate type, and sea state,
and bias in parameter estimation.

(TOR ¢) Develop, test, and implement models to es-
timate surfclam abundance and mortality rates, using

proprate indi f abu c

nd total catch

EEZ surfclam catch continues to be taken primar-
ily from the NNJ assessment area (81% in vol-
ume/weight in 1996), with minor proportions
from Delmarva (11%) and Southern New Jersey
and elsewhere.

Detailed analysis of the spatial distribution of fish-
ery catches and effort from vessel logbooks indi-
cated an eastward and northward expansion of
the fishery from 1987 to 1996. Interpretation of
CPUE prior to 1991 is confounded by the maxi-
mum allowed fishing times in force in the fishery.
Since 1991, however, the CPUE data present a
consistent picture of the distnibution and relative
catch rates by the fishery in areas under exploita-
tion. Average CPUE off NNJ has declined since
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1991 (from about 1.1 to 0.7 mt of meats per hour
fishing).

The spatial distribution of the resource (based on
research vessel surveys) was mapped over the dis-
tribution of the catch (based on vessel logbook
data) in various years. Currently, there is little of
the surfclam resource in the NNIJ area outside the
zone of active fishing (e.g., no additional untap-
ped resource to which the fishery can expand).
The catch and CPUE of the fishery are spatially
coincident with the resource distribution from sur-
veys. Off Delmarva and elsewhere, major portions
of the resource are currently unfished due to eco-
nomic considerations.

Size composition data from the fishery indicate lit-
tle change in the average composition of landings
in the past several years. Animals removed from
Delmarva are significantly smaller, on average,
than those from New Jersey, reflecting the differ-
ences in the resources between areas. Length/
weight data collected from the 1997 survey indi-
cate that Delmarva clams have significantly lower
condition factors (about 15% in meat weight at
120 mm length) that those off New Jersey.

Potential differences in survey catchability among
surveys (e.g., 1994 and 1997) preclude a reliable
time-series approach to models relating fishery-in-
dependent abundance to removals. Likewise,
LPUE data, although consistent over the last sev-
eral years (1991-1997) in NNJ, cannot be used to
model resource abundance in all areas consistently
(e.g., large fractions of the Delmarva resource are
not exploited and thus not reflected in the LPUE
indices).

A model of biomass production and harvesting in
the various assessment areas was developed based
on annual biomass production from survey-based
estimates. Annual production (biomass gain from
individual growth) minus losses (natural mortality,
landings and unobserved fishing mortalities) was
estimated for each area based on survey size com-
positions, length-weight parameters, growth equa-
tions (in shell length), swept-area population esti-



mates from surveys, and natural mortality rates.
Effects on net productivity of uncertainty in esti-
mates of dredge efficiency and natural mortality
were evaluated. The effects of alternative length/
weight parameters and other inputs were also
considered.

Nominal results of the biomass production model
indicate that net production (increases minus de-
creases) is about zero off NNJ, indicating that the
fishery removals are approximately balanced by
growth, These results are sensitive to the estimate
of natural mortality (M), which is poorly known.
M may likely exceed the nominal value used.
Likewise, the nominal model run used a dredge
efficiency of 0.59, which is the highest point value

“estimated experimentally and is known to have a
positive bias, and thus produces a more conserva-
tive (e.g., lower) biomass estimate than if other
experimentally-derived estimates of efficiency
were used.

Net biomass production is likely positive for the
entire Mid-Atlantic area at 16,000 mt per year,

with the majority generated off Delmarva (about

12,000 mt per year). For SNE, LI, NNJ, SNJ,
and combined, new production approximately
balances removals. On Georges Bank, net pro-
duction is about 30,000 mt. However, this esti-
mate is probably inflated because significant por-
tions of the survey strata used in the swept-area
‘biomass calculation on Georges Bank may not be
suitable as surfclam habitat.

Results of the biomass production models can be
used to provide short- and long-term guidance to
managers regarding removal strategies. In the
short term, the production model indicated ade-
quate resource to sustain the fishery at current re-
moval rates for the NNJ area, wherein the bulk of
the fishery is concentrated. Any additional in-
creases in catch there would probably result in
declining resource abundance, with the rate of re-
source decline dependent on the level of removal.
Given that all the known resource is now within
the area of active fishing, further continued de-
clines in CPUE off NNJ are likely. The fishery
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could be expanded in the Delmarva area since that
is the one Mid-Atlantic area in which there is sig-
nificant annual surplus production. However,
carefil consideration needs to be given to the po-
tential impacts on the NNJ area of any global quo-
ta adjustments (e.g., the sustainability of the NNJ
harvest area). Owing to the apparent balance be-
tween production and removals and uncertainty in
important parameters (e.g., natural mortality,
dredge efficiency, non-landings mortality) in the
NNJ area, increases in removals should be consid-
ered carefully. The region should be monitored at
a greater frequency {e.g., resource survey every
two years) and intensity (station density). Finer-
scale information on the geographic locations of
removals is also necessary.

{TOR d) Review existing biological reference points
and advise on new reference points consistent with
SFA requirements

»

Traditional F-based reference points were revised,
considering new information on growth. These
revised estimates (by region) are:

Area - Fo, Fag0iumsp
NNJ 0.21 0.07 0.18
Delmarva 0.21 0.07 0.18
Georges Bank 0.19 0.07 0.17

| 3

The F-based reference points given above are
likely greater than current harvest rates and
should only be considered as potential LIMIT
(THRESHOLD) REFERENCE POINTS. Fur-
thermore, given the results from the biomass pro-
duction approach, it is recommended that TAR-
GET reference points be set no greater than the
annual net productivity of the resource, thereby
ensuring resource and fishery sustainability. To
ensure sustainability of existing fisheries and re-
sources and to proceed cautiously with new or ex-
panded fisheries, policies which result in F, < min
(Fpr Fo.1, Fmax Figyr) are recommended, where F,
= fishing mortality in year y, F,, = fishing mortal-
ity resulting in zero net annual stock production,



and F,y,, = fishing mortality assuring a 10-year
supply to the fishery at constant annual catch.
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» Runs of 10-year supply calculation and a net pro-
duction model, with swept-area btomass from the
1997 survey are provided along with quota op-
tions,

Estimates of current Fs and quotas associated
with various reference points are provided.

T Esti he resource level, densi n -
tential harvest from the surfclam beds located off
Delm r current FMP criteri

» These data are included in area-specific results
above from biomass production and supply-years

calculations

TOR mpare_the gver ize, growth an

yvield of Delmarva surfclams with surfclams harvested
in other areas

» Based on the 1997 data, the average size and

yield from clams in the Delmarva region are less.

than from Northern New Jersey.

(TQR_h) Determine if high density is constricting
growth of Delmarva surfclams, and estimate an “opti-
mal” density of surfclams off Delmarva

» Based on published results for data collected dur-
ing 1980-1994, growth is negatively correlated
with density. In 1997, meat weight for a given
shell length is lower at higher densities off Del-
marva, but density apparently does not influence
shell length, Surfclams in this area are now appar-
ently not able to grow to shell lengths previously
observed in the region. However, because of the
potential confounding with environmental effects
and lack of data on phytoplankton, temperatures,
flow fields, etc., no definitive determination of the
optimal density off Delmarva can be made at this
time. '
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» In the short term, the fate of the resource depends
primarily on the intensity of the regional fishery.
If the bulk of the resource continues to be avoided
by the fishery, most animals will die of natural
mortality, and annual biomass production will de-
cline, eventually approaching the carrying capacity
of the region. Density-dependent growth effects
will be exacerbated. Conversely, even if exploita-
tion rates increase, they may not be sufficient to
ameliorate the slow growth rate of the Delmarva
clams because of the potential effects of other en-
vironmental factors.

Commercial Data

Commercial landings and effort data from 1982 to
1997 (partial year) are from mandatory vessel log-
books. It is assumed throughout this assessment that
one bushel of surfclams = 17 Ibs = 7.711 kg of usable
meats. Parameters relating shell length to meat weight
are from Serchuk and Murawski (1980}, are region
specific, and were based on samples obtained in the
winter. Revised length/weight information were col-
lected during the summer 1997 resource survey
aboard the R/V Delaware II. Vessel size class catego-
ries are; Class 1 (small, 1-50 GRT), Class 2 {medium,
51-104 GRT), and Class 3 (large, 105+ GRT). Com-
mercial length frequencies were estimated by region
from port agent sampling.

Landings

Between 1965 and 1974, total landings rose from
20,000 to 44,000 mt of meats (Table B1, Figure B1).
After 1974, total landings declined steadily to 16,000
mt in 1978. Major recruitment of surfclams in the
Mid-Atlantic region from Delmarva through New Jer-
sey in the late 1970s resulted in increased landings
throughout the early 1980s. Annual EEZ quotas have
been set since 1978. Between 1983 and 1997, annual
EEZ landings have been fairly constant, ranging from
20,000 to 25,000 mt. In the 1980s, approximately
75% of the landings were from the EEZ, the remain-



der were taken from state waters. In the 1990s, the
percentage of landings from the EEZ has decreased
slightly to approximately 70%. EEZ landings have
typically been very close to the annual quota.

Since 1994, virtually all of the EEZ landings have
been taken from the Mid-Atlantic region. In the per-
iod between 1986 and 1997, 74-91% of the Mid-
Atlantic landings came from Northern New Jersey, 5-
16% came from Delmarva, and 0-10% came from
Southern New Jersey (Table B2, Figure B2). This re-
presents a shift away from the Delmarva region
which had been a major location for landing surf-
clams in the late 1970s and to a lesser degree in the
early 1980s. In recent years, the fishery is currently
focused off the coast of New Jersey (Figures B3-B5).

Landings/Effort
FEffort trends

In the early 1980s, similar high annual efforts of
15,000 - 16,000 hrs were being exerted in Delmarva
and Northern New Jersey (Figure B6). Effort subse-
quently declined in Delmarva, but remained high in
Northern New Jersey. From 1985 to 1990, reported
hours fishing per year in each area were well below
levels of the early 1980s. Hourly trip limits were in
effect during this period. Since 1991, effort has risen
modestly, reflecting declining LPUE over this period
(see below).

LPUE

Nominal trends: In the Mid-Atlantic region, typ-
ically >80% of the annual surfclam catch is taken by
large (105+ GRT) vessels (Table B3). In the North-
emn New Jersey area, LPUE peaked for all vessel size
classes in 1986, and has since declined (Table B3,
Figure B7). Since 1991 (after the period of effort
regulation), LPUE has decreased from 1,063 kg/hr to
745 kg/hr (-30%) for vessel class 3, -40% (1995-
1997) for class 2, and has varied without trend for
the few class 1 trips.

Off Southern New Jersey, class 3 nominal LPUE
declined from 2,008 kg/hr in 1992 to 774 kg/hr in
1997 (-61%). Class 2 LPUE declined 79% between
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1993 and 1997, while class 1 LPUE again varied
without trend.

In the Delmarva area, LPUE since 1991 has var-
ied widely, primarily reflecting the few number of ves-
sel trips taken in the region. Indices have since tended
downward for classes 3 and 2.

General linear models: GLMs were carried out, by
region (Tables B4 and B5), on the natural log of
LPUE to obtain a standardized abundance index from
the commercial data. For Northern New Jersey (NNJ)
and Delmarva (DMYV), year, vessel ton class, and sub-
regions were included as explanatory variables. "Sub-
regions" were created by partitioning the NNJ and
DMV regions into approximate halves.

GLM results from NNJ (Table B4) and DMV
(Table B5) are most important because the fishery is
active in these areas, and NMFS research surveys
have indicated that these areas contain the majority of
the stock biomass. Bias-corrected and back-trans-
formed year coefficients for landings in weight per ef-
fort from the GLMs are plotted in Figure B7. The
standardized LPUEs follow the nominal LPUEs of
large vessels rather closely, indicating an approximate
30% decrease in LPUE since 1991 off NNJ and a
sharp decline off DMV since 1994,

Effort reporting problems prior to 1991 confound
the interpretation of LPUE as a consistent measure of
relative resource abundance over the whole time ser-
ies (1980-1997). Nevertheless, the rapid rise in LPUE
in NNJ and DMYV is consistent with improving re-
source conditions in the mid-1980s, peaking in the
late 1980s-early 1990s. Modest declines in LPUE in
recent years (e.g., 1991 onward) off NNJ are proba-
bly indicative of changes in the abundance of the
stock, since virtually all of the resource is within the
zone of coverage by the fishery (see following sec-
tions of this report).

ize Composition

Length frequency distributions for surfclams land-
ed between 1982 and 1996 are presented for the New
Jersey and Delmarva regions in Figures B8 and B9,



respectively. Sampling data are summarized in Table
B6. Between 1982 and 1990, the average size of
clams landed from Southern New England (approxi-
mately 150 mm - 160 mm) was greater than that from
areas to the south (typically 120 mm - 140 mm,; Table
B6). No data are available from Southern New En-
gland after 1990. Mean length of clams landed from
the Delmarva area has decreased steadily from 159
mm in 1982 to 124 mm in 1997. Small clams sampled
in 1994 are probably more indicative of poor sam-
pling effort since size distributions in 1995 and 1996
were similar to those in 1991-1993.

Mean length of clams landed from the New Jersey
area has remained relatively steady throughout this
period (138-145 mm), although the percentage of
smail clams (90-110 mm) taken has increased since
1993. The proportion of clams in the 150-159 mm
category increased beginning in 1991 off NNJ and
has remained high since then.

Research Surveys

Uncertainty in dredge performance has confound-
ed the interpretation of survey indices (e.g., 1994)
and has led to low confidence in swept-area popula-
tion estimates. To address this shortcoming, changes
to some operational procedures were implemented.

nsor D

Better monitoring of dredge performance 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, sensors were attached to the
clam dredge. During most tows, these sensors col-
lected data on ship’s speed, ship’s position, dredge
angle, power to the hydraulic pump, and water pres-
sure from the pump at depth. Depending on the sen-
sor, the sampling interval varied from once per sec-
ond 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 window was

considered appropriate for smoothing the data and
conserving patterns in the data.

Estimation of Distance Towed

Contact time of the dredge with the bottom was
computed from data on ship’s speed and dredge
angle, each measured continuously during a tow.
Ship’s speed was measured in knots with P-code
GPS. Dredge angle was determined from inclinometer
data collected from a sensor mounted on the outside
of the dredge at an angle of 25° (this angle was de-
termined from field measurements and blueprints of
the dredge). For data analysis, the dredge was consid-
ered to be in contact with the substrate whenever its
angle was 2.3° or less during a tow. The maximum
possible depth of the blade is 8 in, and 2.3° to a blade
depth of 4 in into the bottom. This was selected as a

. reasonable critical fishing angle for the dredge 1) bas-
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ed on videos of the dredge while being towed, 2) be-
cause the action of the hydraulic jets turns the bottom
into a fluid and causes the clams to be at or near the
surface, 3) surfclams have relatively short siphons and
do not have deep burrows, and 4) 4 in is the midpoint
between the maximum and minimum possible values
of possible blade penetration. A sensitivity analysis
(below) was performed to determine how the esti-
mate of tow distance varied as a function of critical
dredge angle.

Distance sampled while towing was computed as
the product of ship’s speed, dredge width, and an in-
dicator variable for whether the dredge was “fishing”
at that second, summed over time.

Dredge Performance

Sensors were used to measure when and for how
long the dredge was in contact with the bottom dur-
ing each tow. Examples of the sensor data collected
at each station are shown in Figures B10 and B11.
These were chosen because they illustrate that the
sensors are sensitive to bottom type. Figure B10 re-
presents a tow off the New Jersey coast where the
bottom is sandy. Note that the inclinometer profile
(dredge angle) is smooth. Figure B11 represents a
station from a bottom on Georges Bank with more



rocks. The angle of the dredge and its relation to the
depth of penetration of the blade into the sediment
are given in Table B7. When a critical blade depth is
assumed (i.e., the dredge is fishing when the depth is
> this value) it affects the estimate of distance towed.
The estimate is relatively insensitive for assumed
blade depths of 2 in to 6 in (Table B7). Likewise, the
catch per tow, adjusted for tow distance, is affected
by the assumed blade depth. Table B8 gives the rela-
tionship between blade depth and a) number per tow
and b) weight per tow. For most regions, the esti-
mates of catch are relatively insensitive to choices of
blade depth from 2 in to 6 in. Sensitivity appears
greater for the Georges Bank region than for other
regions,
f n loci

To determine the effect of scope and towing
speed on catch, a randomized block experiment was
conducted in May 1997 off the coast of New Jersey
for surfclams, and off Long Island for ocean quahogs.
These data have not been completely analyzed. Pre-
liminary analyses of those data, conducted in prepara-
tion for the 1997 research survey, did not indicate
that the methods (speed, scope) used in previous sur-
veys should be altered. A final analysis will require
standardization of catch per tow for tow distance.

Resampled Stations from Earlier Surveys

A set of stations from earlier surveys was resam-
pled in 1997 to examine the efficiency of the NMFS
clam dredge in 1997 relative to that in 1992 and
1994. The experiment was conducted on surfclams
from Stratum 9 of the Delmarva region (n =12 and
16 stations repeated from the 1992 and 1994 surveys,
respectively) (Figure B12). Little commercial fishing
had taken place at these sites between 1992 (1994)
and 1997.

For each species, predicted catches of clams for
1997 were based on the model:

Ng; = N,,,, exp(-Mt)

where, t =3 and 5 years for stations sampled in year
= 1994 and 1992, respectively. The model describes

59

the decline in abundance of clams due to natural mor-
tality (M), which was assumed to be 0.05.

Clams that recruited to the population after the
1992 (or 1994) survey were subtracted from the ob-
served catch in 1997 before testing the fit of the mod-
el because the model only deals with that portion of
the population alive during the entire period. Those
subtracted included clams born after the 1992 (or
1994) survey, as well as those that were alive during
those early surveys that were too small to catch with
the dredge. For surfclams, the cutoff shell lengths
were 110 mm and 91.1 mm for repeats of 1992 and
1994 stations, respectively. These sizes were deter-
mined from age/length data from the Delmarva region
collected in 1997.

Table B9 summarizes the fit of the 1992 and 1994
data sets to the population model. The table gives the
median deviation from expectation, as well as results
of the signed rank test of the null hypothesis that the
median of the deviations = 0,

Figure B13 shows that, for the resampled stations
from 1992, deviations in abundance from expectation
were evenly distributed around 0 (i.e., the observed
catches were consistent with the prediction of the
model). The median deviation from the expected val-
ue was < 10 individuals for all blade depths examined
(the 4-in depth is plotted in Figure B13). The signed
rank test was not significant, which suggests that the
efficiency of the NMFS dredge was similar in 1992
and 1997. In contrast, observed catches in 1997 from
the resampled stations of 1994 were typically below
the value predicted by the model (Figure B13), and
the signed rank test was significant for all blade
depths examined. This suggests that the efficiency of
the NMFES clam dredge in 1997 was lower than that
in 1994,

Depletion Experiments to Estimate Dredge Efficiency

Although studies of clam dredge efficiency have
been conducted (Myer ef al. 1981; Smolowitz 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 with-
out replacement two or more times, and the rate of
decline in catch per unit effort is a measure of the re-
maining 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 pur-
poses of this study, estimates of population size were
based on the model of Leslie and Davis (1939) in
which catch per tow is written as:

C=p NN-T,.)

where T,, represents the cumulative catch through
the I-th minus 1 tow. The parameter N denotes the
population size and p represents the catchability co-
efficient.

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-
creases. As a result, the statistical error structure
(i.e., the pattern of differences between observed and
predicted values) is neither independent nor identical.
Both of these conditions are required for linear re-
gression models. Instead, the likelihood model for the
expertment 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 a 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 (Figure B14). [Two other depletion experiments
targeting ocean quahogs were also conducted. Re-
sults from these experiments are not included herein,
but will be reported at SAW-27 in June 1998.] The
primary goal was to determine the efficiency of the
dredge used by the Delaware II, although estimates
of some commercial dredges were also obtained. The
efficiency of the Delaware II dredge was estimated by
1) direct estimation via a depletion experiment, 2) by
comparing a density estimate based on eight Dela-
ware II tows with the density based on a depletion ex-
periment using a commercial vessel, and 3) by com-
paring density estimates of initial tows to that esti-
mated for the entire depletion experiment. Method 3
was also applied to each commercial depletion experi-
ment. It provided a way of checking the internal con-
sistency of the estimate of population size, particular-
ly the assumption of constant catchability over the ex-
periment.

Experiments

Five separate depletion experiments of Atlantic
surfclam were conducted aboard three commercial
fishing vessels during June 9-11, 1997. Study loca-
tions are presented in Figure B14. A total of five de-
pletion experiments were conducted, two replicates at
each Atlantic City location, and a single, larger area
was depleted off Point Pleasant. Each experiment
consisted of making repeated passes with the dredge
over an area approximately 2.0 microseconds in
length, 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 re-
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corded each minute. The catch from each dredge haul
was sorted and measured into US standard level
bushels. Subsamples for length frequency (one bush-
el) and numbers per bushel (one additional bushel
sample) were obtained every fifth haul. Data were re-



corded on standard log sheets (see Appendix A for
additional details on these experiments).

In five of the experiments (PP-1, AC1-1, AC1-2,
AC2-1, and AC2-2), the Delaware I took set-up
tows to estimate virgin density in the area, and then
a commercial vessel came in and depleted the area.
Cruise tracks for the Delaware II set-up tows are
shown in Figures B15-B17. In a sixth experiment
(ACO), the Delaware II did the entire depletion (i.e.,
no commercial vessel was involved). Cruise tracks
for that experiment are shown in Figure B18.

The catchability coefficient in the Leslie-Davis
model is related to gear efficiency e by the relation-
ship e = (4/a)p where 4 is the total area swept at
least once by the dredge and a is average area swept
by an individual tow. The total area 4 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. For Delaware II tows, a
further adjustment for contact time (using inclinome-
ter data) was made. Results of these computations
are presented in Table B10.

To determine area depleted, the tows were plot-
ted using ARCINFO and SYSTAT. Tows were ex-
cluded if a significant portion of the tow (typically
greater than half) 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% confidence contour of tow loca-
tions, based on the Epanechnikov-kernel function
(Cressie 1988, implemented in SYSTAT). The de-
cision was made to remove one tow from the AC1-1
experiment, and two tows from the AC1-2 experi-
ment. Area depleted was then computed as the inter-
section of the remaining tows. Cruise tracks for each
of these experiments are shown in Figures B18-B23,
An example of the kernel function for the Delaware
IT site is depicted in Figure B24. The concentric
boundaries of the bivariate nonparametric kernel cor-
respond to 50, 75, and 90% confidence regions on
the sample points. Figure B24 also shows the mar-
ginal nonparametric distribution of the sampling
points in the x direction (longitude) and y direction
(latitude). The marginal distributions appear to be
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almost normal; each marginal distribution is overlain
with a corresponding normal distribution.

Results of the within-vessel depletion experiments
are summarized in Tables B11-B12. Least-squares-
based estimates of model parameters (Table B11)
generally agree well with the MLE results with no
consistent pattern of bias. The work by Gould and
Pollock (1997) suggested considerable advantages of
MLE over least-squares methods, apparently refuting
the arguments advanced earlier by Bishir and Lancia
(1996).

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 meter) are summarized in Table
B12. Estimates of efficiency and density were remark-
ably similar for the replicated experiments (i.e., con-
trast AC1-1 with AC1-2 and contrast AC2-1 with
AC2-2). These results suggest that the depletion ex-
periments are repeatabie and are likely measuring the
same quantity. Efficiency estimates for the Delaware
1T lie within the range of estimates for the commercial
vessels. The derived efficiency estimates are influ-
enced by sea state and bottom type. Moreover, the
size of the area depleted is also important. Experi-
ments AC2-1 and AC2-2 by the F/V Jersey Girl
yielded efficiency estimates near 1.0. The tow paths
for this study were relatively narrow and deviated
little from the center line of the initial tow. More
work on the relationship between the size of the de-
pletion area and its implications for estimation are
underway.

Between-vessel comparisons of efficiency were
made by comparing the mean density estimate from
eight tows by the Delaware II (see Table B13) with
the estimate of density obtained from the commercial
vessel’s depletion experiment. The ratio of these two
quantities is an estimator of the Delaware [l dredge
efficiency for the particular depth, substrate, and pre-
vailing weather conditions. For example, differences
in sea state could affect dredge performance, particu-
larly for the Delaware IT set-up tows. Weather con-
ditions are also problematic for the depletion experi-
ments because of potential increased variability in
catch per tow. Such variation could reduce the nu-
merical stability of the solution and introduce bias.



Between-vessel comparisons for efficiency pro-
vide valuable insight into the range of performance
likely to be encountered over the course of a survey
(Table B14). Results of these comparisons suggest a
range of Delaware II efficiencies from 0.23 to 0.48.
The Atlantic City site 1 (F/V Judy Marie) and Point
Pleasant (F/V Sheri Ann) results lie within the 90%
profile likelihood confidence interval of the Delaware
II Additional work is necessary to characterize the
variation in this estimator as it is a function of both
the variation in R/V density estimate and the F/V de-
pletion-based estimate. As a first approximation, it is
instructive to consider the range of efficiency esti-
mates from a single comparison. Figure B25 depicts
the variation in the set-up tow with the variation in
density estimatss from the depletion experiment; the
Point Pleasant ¢xampiz is chosen as a specific case.
The horizontal and verzical dashed lines correspond
to the range of density estimates for the set-up and
depletion-based experiments, respectively. The line
from the origin to the point estimate is the average
efficiency. Lines drawn to the upper left and lower
right corners of the dashed box represent the highest
and lowest estimates consistent with the observa-
tions. The 100% efficiency line (i.e., when both den-
sity estimates are equal) is shown as the line with the
steepest slope. Application of this technique to each
between-vessel comparison is depicted in Figure B26
(open boxes). Solid bars in Figure B26 correspond to
the depletion-based estimator of efficiency confidence
interval (Table B12).

One of the key assumptions in depletion studies
is that the catchability coefficient is constant over the
experimental duration. Unperceived reductions in ef-
ficiency would bias the slope of CPUE (y) vs. cumu-
lative catch (x) upward and increase the population
estimate. As a test of this assumption, the density es-
timate of the initial 3-5 tows within an experiment
were compared to the overall density estimate from
the experiment. This ratio should be equal to the
overall estimate of efficiency of the experiment. Re-
sults of this comparison are shown in Figure B27 and
Table B15. No significant departures from the null
hypothesis wers noted (Figure B27).

A complete summary of the raw data for the de-
pletion experiments may be found in Appendix B. A
summary of the maximum likelihood model fits, pro-
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file likelihood plots, and residuals is presented in Ap-
pendix C.

Shell-size selectivity between survey and commer-
cial dredges was evaluated by comparing length com-
positions among the Delaware II set-up tows and the
commercial depletions. The Delaware II catches in-
cluded higher frequencies of animals at small sizes
(e.g., below 12 cm), but these differences in volume
or weight probably do not significantly influence ef-
ficiency estimates.

New estimators of population parameters from
depletion studies, based on maximum fikelihood pro-
cedures, were implemented and compared to those
from the Leslie-DeLury model. The alternative esti-
mators were more robust, but gave point estimates of
initial population size and dredge efficiency similar to
those from the traditional linear regression methods.

Based on the depletion studies, efficiency (propor-
tion of clams in the dredge path retained in the
dredge) of the Delaware I dredge was estimated to
range from 0.2 to 0.6 (point estimates from average
density from set-up tows relative to commercial ves-
sel depletions and the Delaware II study). The Dela-
ware II depletion study resulted in an estimate of ef-
ficiency of 0.59 (95% CI =0.3-0.9). Commercial ves-
sel efficiencies ranged from 0.38 to 1.0. Based on
these studies, there is strong evidence that dredge ef-
ficiency varies by sediment type and sea state. Fur-
thermore, it was noted that reported efficiency esti-
mates for commercial and research vessels used in de-
pletion experiments are biased high due to the method
of analysis. Some additional analyses indicated that it
should be possible to estimate the magnitude of this
bias and correct the stock biomass estimates, which
are currently underestimated. For abundance studies,
the average Delaware II dredge efficiency point
estimate of 0.59 was used, which results in a more
conservative (e.g., lower) biomass estimate than if
efficiency were assumed to be lower,

Survey Results
Description bf surveys

A series of 21 research vessel survey cruises have
been conducted between 1965 and 1997 (Table B16)



to evaluate the distribution, relative abundance, and
size composition of surfclam and ocean quahog pop-
ulations in the Mid-Atlantic, Southern New England,
and Georges Bank areas (Figure B28). Information
from these surveys is used to predict relative year-
class strength and to evaluate the effects of fishery
management measures. '

Assessment areas have been subdivided into strata
which remain fixed through time (Figure B28). 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 and speed are 5 min-
utes 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 category. By averaging over all tows
within a stratum, representative size frequency distri-
butions per tow are computed by stratum. Represen-
tative size frequency distributions and mean number
of clams per tow are also computed by region using
as a weighting factor the area of each stratum within
the region.

In years prior to 1997, doppler distance was used
to standardize every tow's catch to a common tow
distance (0.15 n. mi). As described in previous sec-
tions, tow distance in the 1997 survey was standard-
ized by imputing tow distance from ship’s 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.

Confidence intervals on catch-per-tow indices
were computed by two methods. A parametric con-
fidence interval was computed assuming normal the-
ory. Additionally, Smith’s (1997) bootstrapping pro-
cedure was applied for complex survey designs. The
latter approach allows for quantitative evaluation of
the efficiency of the stratified random design employ-
ed for surfclams, as well as for asymmetric confi-
dence intervals, which eliminates the difficulty associ-
ated with negative estimates at the lower bound of
the interval.
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Abundance indices

Stratified mean number per tow from 1965-1994
are given by region in Table B16. The 1994 survey
data point stands out as a maximum for the 30-yr time
series in the Northern New Jersey and Delmarva re-
gions. The 1997 data points were considerably lower
than those in 1994 in both regions.

Calculated abundance indices and associated sta-
tistics are given in Tables B17-B20 for surveys con-
ducted in 1997, 1994, 1992, and 1989. Statistics are
computed for total number per standardized tow, to-
tal catch weight (kg of meats) and catch weight of
fully-recruited (e.g., > 12-cm shell length) animals.
These estimates are expanded to minimum swept-area
population estimates (e.g., assuming 100% dredge ef-
ficiency) by determining the number of possible stan-
dard tow paths in each stratum, and multiplying by
the average and upper/lower 95 percentiles.

Total minimum biomass was 664 kmt of meats in
1997 (all sizes) and 482 kmt of fully-recruited surf-
clams. The majority of the resource was concentrated
in NNJ, Delmarva, and Georges Bank (Table B17).
Similar computations for previous years gave approx-
imately the same relative resource distributions
among areas, with minimum population sizes greater
in 1994 than the other years evaluated (Tables B18-
B20). In general, estimates of clam abundance were
relatively precise, with greatest precision computed
from NNJ and DMV, Temporal estimates of mini-
mum swept-area biomass for Georges Bank, NNJ,
and Delmarva are given in Figure B29.

Areal distribution of survey catches

The distribution of sampled survey stations in
1997 is given in Figure B30. Station intensity was
greater in 1997 in some areas (e.g., NNJ) since the
estimation of population abundance via swept-area
methods was anticipated. Clam abundance-per-tow
data from the 1997 survey were partitioned into three
size classes; small (1-87 mm), medium (88-119 mm),
and large (= 120 mm) size groups. Detailed distribu-
tion data by size class are plotted in Figures B31-B36.
The largest concentration of small animals was on
Georges Bank and off southern Delmarva. Large
animals were most abundant off New Jersey.



Size frequency distributions

Size frequency distributions from the 1997 survey
are plotted in Figure B37 for the Georges Bank,
Southern New England, and Long Island regions, and
in Figure B38 for NJ-SVA-NC. Highest proportions
of large animals were found in Southern New Eng-
land and Southern New Jersey. Smallest average
sizes were off SVA-NC, Georges Bank, and Delmar-
va.

Size frequencies by stratum for the NNJ area are
given in Figures B39 and B40. DMV-NC size com-
positions by stratum are given in Figure B41. For
NNJ, relative sizes were similar among strata, al-
though stratum 23 ad the greatest proportion of
small clams. In the {:3MV-NC area, there was great
variation in average sizes by stratum, with small
clams in stratum 1 and largest clams in stratum 13,

Temporal trends in size composition for Georges
Bank (Figure B42), Northern New Jersey (Figure
- B43), and Delmarva (Figure B44) are assessed for
1992-1997. In all cases, the size structure of animals
within a region changed little over the 5-year period.

Age frequency distributions

Age-length keys from 1997 were applied to re-
gional size frequency distributions to obtain the age
composition of the NNJ and DMV surfclam popula-
tions for 1997 (Figure B45). In each region, the pop-
ulation consists of at least 15 cohorts. NNJ appears
to be composed of a greater proportion of older indi-
viduals than DMV.

Evaluation of Survey Design

Smith (1996) presents a strategy and evaluation
of the benefits in error reduction owing to the incor-
poration of strata in the allocation of stations, and in
the specific allocation of stations within strata. His
method provides an evaluation of stratified random
surveys by taking the difference between the variance
of the mean from the stratified random design with
that assuming a simple random sample for the same
data. A positive difference between the two variances
indicates that the stratified design results in a smaller
variance for the mean and thus the stratification pro-
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viding measurable improvement over a simpler design
(Smith 1996). The difference between the two vari-
ances is;

AN AN L L _ L
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The difference between variances can be decomposed
into two components. The first term to the right of
the equality, the ‘allocation’ component, measures the
contribution of the number of dredge tows allocated
to each stratum. The allocation term will be positive,
zero, or negative depending on if the numbers of tows
were allocated in proportion to the stratum variance,
stratum size, or arbitrarily.

The second term on the right hand side determines
whether the variance between strata is larger than that
within strata. The larger the difference, the larger
amount of information gained by employing the strati-
fication scheme over simple random sampling.

The method was applied to evaluate the effects of
station allocation and stratification in the clam survey
(Table B21), based on numbers per tow and weight
per tow indices. In most cases, both the allocation
components and the stratification components were
positive. In 1997, the stratification component ac-
counted for about 70% more variance than the alloca-
tion component for all areas combined (both numbers
and weights). In other years (especially 1994 and
1992), the two components contributed approximate-
ly equally to the variance. These analyses indicate that
the allocation of stations is efficient and improves var-
iance estimates over simple random sampling. Fur-
ther, the stratification scheme itself is equally, and in
some cases more, efficient than station allocation in
contributing to variance reduction. The basic utility of
the sampling design is thus emphasized by these anal-
yses.

Co-Distribution of the Fishery with the Resource

This section is intended to integrate geographical
information on catch locations by the fishery with re-
search vessel survey information on the distribution
and abundance of the resource. This integration is key
to reconciling the declining trend in LPUE (see results
in Commercial Data section) with the apparent large



standing stock (section on Survey Results) relative to
catch.

Recent information on the distribution of catches
by 10-min square (based on logbook reporting) is
given for 1992-1997 in Figures B3-B5. These plots
document a progressive change in fishing intensity
over time. A more detailed analysis was undertaken
to evaluate in a systematic way the changes in latitu-
dinal and longitudinal displacement of the fishery.
Logbook data from 1985-1997 were included in the
analysis. Two approaches were used. First, the fre-
quency distributions of the longitude and latitude of
individual trip catches was determined and these mar-
ginal distributions over time were plotted. Second,
the distributions of survey catches were contoured
over similar contours of commercial catch per trip
data to evaluate the coincidence of fishing with re-
source distribution. These latter analyses were con-
fined to the New Jersey region since there is little
fishing elsewhere.

In order to derive latitude and longitude locations
for individual fishing trips in sufficient detail for fit-
ting of marginal distributions, the 10-min square loca-
tions of each trip catch were randomly allocated to
degrees and minutes within the appropriate 10-min
square. In many cases, more detailed catch locations
are recorded in logbooks, but only 10-min square lo-
cations are currently recorded in the database. Based
on these locations, smoothed distributions of catch
latitude and longitude for each year were derived
(Figures B46 and B47). From there data, there ap-
pear to be progressive shifts of the New Jersey fish-
ery northward (Figure B46), and, more apparently,
offshore (Figure B47).

The obvious shift of the fishery offshore is em-
phasized in plots of the contours of survey and com-
mercial catch for 1989 and 1997 (Figures B48 and
B49). The commercial catches (plotted as contours
of mt/ trip with dashed lines) were primarily inshore,
with the majority of high density catches off the cen-
tral New Jersey coast in 1989 (Figure B48). By 1997,
most high density catches are now taken much fur-
ther east (east of 74° W. longitude), with few catches
inshore. Likewise, survey density estimates (kg/tow,
plotted as solid contour lines) show a progressive
shift offshore as inshore areas were reduced in den-
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sity and the fishery pursued higher catch rates off-
shore.

1t is apparent from these contour information as
well as a plot of the magnitude of survey catches by
station plotted over commercial catch rates by 10-min
square (Figure B50) that the fishery now (1997) is ex-
ploiting virtually all of the areal distribution of the
stock off Northern New Jersey. Off Southern New
Jersey, and especially in Southern Delmarva, major
portions of the extant resource are not currently sub-
ject to significant harvesting (Figure B50), likely due
to economic factors.

Declines in LPUE in the Northern New Jersey
area (particularly since 1991) coincide with the pro-
gressive offshore (and somewhat northern) shift in
fishing grounds. The fishery is apparently seeking
higher catch rates for preferred sizes of clams by
moving to these more distant fishing areas. The in-
crease in frequency of clams in the 150-159 mm size
class since 1991 suggests that the fishery may be tar-
geting larger clams in recent years (particularly since
the institution of the ITQ regulation scheme). Given
that virtually all the area occupied by the Northern
New Jersey stock is now subject to fishing, and large
recruitment pulses are not apparent in survey catches,
the declining trend in LPUE will likely continue off
NNJ as the resource there is progressively fished
down. In the section on Stock Size Models and Bio-
logical Reference Points, harvest levels are evalu-
ated in relation to short-term biomass production for
NNTJ and the other surfclam assessment regions.

The distribution of the surfclam resource on
Georges Bank and in Southern New England, relative
to the presence of gravel and cobble sediment types,
is presented in Figure B51. This figure emphasizes .
that major portions of survey strata containing the
bulk of the clam resources in these regions may be
unsuitable as habitat for the clams or otherwise may
be unharvestable with current technology. The impli-
cation of these co-distributions of habitat type and
clam abundance is that swept-area population sizes
(which assume random distributions within strata)
may be overestimated if the rocky habitats have lower
average surfclam density than elsewhere within the
strata.



Stock Size Models and
Biological Reference Points

This section contains results pertaining to stock
size, fishing mortality and exploitation rates, and bio-
logical reference points.

10-Year 1 Iculation

The current harvest policy adopted by the
MAFMC is guided by the principal that the annual
harvest should be set no higher than that which
would allow a 10-year supply of constant catches,
given input data on standing stock, growth, recruit-
ment, and natural mortality. Accordingly, a series of
spreadsheet calculations of harvests under various
catch and fishing mortality rate policies was under-
taken for the Northern New Jersey (Tables B22-B24;
Figures B52-B54) and combined Mid-Atlantic assess-
ment regions (Tables B25-B27; Figures B55-B57).

For both regions, supply-year calculations were
undertaken with natural mortality rates varying from
0.05 to 0.15. Initial population sizes were minimum
swept-area biomasses (section on Survey Results) di-
vided by a dredge efficiency of 0.59, calculated from
the Delaware II depletion study. Annual recruitment
was based on the fraction of the survey catch biomass
~ from 1989-1997 surveys that would recruit to har-
vestable size in one year. An assumption of the cur-
rent version of the model is that annual recruitment is
constant (i.e., independent of stock size). This is
known to be somewhat unrealistic and was discussed
during SAW-22, There are various options for mod-
eling recruitment. However, given the available data,
no single option was recommended at this time.
Growth rates of the biomass were based on calcula-
tions from SAW-22. Exploitation rates were calcu-
lated as the fraction of initial exploited biomass re-
moved by the fishery each year. The method re-cal-
culates the harvest level which would result in a 10-
year supply of constant catches each year in the sim-
ulation (e.g., simulates a re-evaluation of the resource
in terms of 10-year supply implications each year).

Northern New Jersey

This run models the resource in Northern New
Jersey and does not consider other regions. The 10-

year supply policy for M = 0.05 results in catches in-
creasing from about 19,300 mt in 1998 to 81,600 mt
in 1999 and declining thereafter to about 60,000 mt
in the Sth year of the simulation (Table B22, Figure
B52). The initial exploitation rate (i.e., for 1998, us-
ing the 1998 EEZ quota) is 5%, but this increases
rapidly to about 20-25%, and in all years but the first
exceeds the current overfishing definition (Fgequsp =
0.18; equivalent to a 16% exploitation rate). As M is
increased from 0.05 to 0.15, the catches associated
with the 10-year policy decline, initial exploitation
rates increase slightly, and population sizes decline
more steeply (Figures B53 and B54 and Tables B23
and B24). Population sizes decrease steadily and sig-
nificantly throughout the simulation period. In the
case of M = 0.05, biomass declines by 50% from year
2 to year 9. Declines in biomass are steeper for higher

values of M.

Mid-Atlantic region (LI-SVA)

This run models the resource from LI to SVA and
does not consider SNE or GBK. The 10-year supply
policy for M = 0.05 results in catches increasing from
19,800 mt in 1998 to 144,000 in 1999, declining
thereafter to 108,600 mt in the Sth year of the simula-
tion (Table B25, Figure B55). Harvest rates increase
from 3% in 1998 to about 20% in 1999 (in excess of
the overfishing definition). As for the NNJ area, high-
er values of M result in lower 10-year supply catches
and higher exploitation rates (Tables B26 and B27,
Figures B56 and B57).

The 10-year supply approach is an ad hoc quanti-
fication of catch harvest policy that would assure rela-
tive continuity of catches from year to year while at-
tempting to assess the balance between stock produc-
tion and removals. Because the policy results in new
‘10-year’ constant catches periodically, the result is
less risk-prone than constant harvest policies are gen-
erally perceived. However, the policy does result in
continuously declining stock sizes for the NNJ and
combined Mid-Atlantic areas since removals are not
necessarily balanced by growth and recruitment. For
particular areas such as Delmarva and Georges Bank,
the low harvest rates imply harvestable surpluses over
net production (see section on Production Forecast).
The 10-year supply policy may not be sufficient to
meet new SFA guidelines which specify that harvest
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rates and stock sizes should be based on limits which
produce MSY and which incorporate target manage-
ment policies that are precautionary to uncertainty in
population parameters (e.g., population size, M,
dredge efficiency). Given that the 10-year policy may
result in Fs exceeding the current overfishing defini-
tion (Fyese), the Fs can aiso exceed F,,, and,
therefore, may not be consistent with the new guide-
lines.

Production Forecast

An alternative approach to providing management
advice more consistent with SFA requirements is to
evaluate, in the short term, the impact of various
catch levels on the level and trajectory of stock bio-
mass. If the resource is considered to be at appropri-
ate levels of stock size (e.g., now), then it may be ap-
propriate to establish explicit targets which result in
catch and unaccounted fishing mortalities balancing
growth and recruitment (e.g., no net change in re-
source abundance). Such a policy would imply stable
catch rates if fishing is distributed equally over the
stock (as it appears to be now off NNJ, not so off
Delmarva). In order to calculate the effects of various
harvests on production of the stock, swept-area bio-
mass calculations from the 1997 survey, size compo-
sitions, and various other population dynamics as-
sumptions were used, as described below.

A model was developed for surfclams to deter-
mine whether annual production could balance the di-
rect and indirect losses in biomass due to fishing. The
model is used for short-term projections. The equa-
tion relating numbers at length (N;) over the 1-yr
time step is:

The vector of numbers at length was computed from
1997 research survey data. Natural mortality (M) was
initially set at 0.05. This was the value used in previ-
ous assessments. Production in region 7, P, is the dif-
ference in biomass (B) at the beginning and end of 1
year:

67

where B is the sum product of the observed numbers
at length and the predicted average weight at length.

This is rewritten as:

P=(Ca LN, - D aLl Ny CEY D
where @ and b are the parameters of the equation re-
lating shell length (L) to meat weight, E is the effici-
ency of the dredge, and T is the number of tows in re-
gion /. The change in shell length over one time step
is computed from:

L:,, =L, + AL (ti-l).
where

AL gy = Lo~ L) (1-e™

Parameters in the age/length equations were re-
vised for NNJ, DMV, and GBK using data collected

in 1997. Net production (NP) in region [ is equal to
production (P) minus removals (R):

NP, = (P, - R,)
where
R =(C, +IC,)

C and IC represent the landed catch and the indirect
catch, respectively. Indirect catch refers to all mortal-
ity on surfclams caused by dredging, other than that
landed. Based on descriptions (Myer et al. 1981) of
damage to clams on the bottom as well as the in-
creased number of predators shortly after a dredge
passes an area, JC was set at 20% of C.-

Results

Table B28 describes basic calculations implement-
ing the production model described above. In particu-
lar, the calculation of net resource production is sen-
sitive to estimates of dredge efficiency, natural mor-
tality rate and error in minimum swept area biomass
estimates. Assuming M = 0.05, point estimates sug-
gest that there is a net 51,000 mt annual production



all of the net surplus comes from Georges Bank
(34,000 mt) and Delmarva (12,000 mt). The remain-
ing areas produce approximately zero net production
of clam biomass. [Note that the Georges Bank popu-
lation may be seriously overestimated due to inclu-
sion of non-suitable habitat in swept-area estimates,
see section on Co-Distribution of the Fishery with
the Resource]. Thus, the NNIJ area, which supports
the bulk of current harvests, generates approximately
zero net production.

The sensitivity of these calculations to dredge ef-
ficiency and natural mortality is assessed in Figures
B58-B65. Separate analyses are conducted for NNJ,
DMV, all Mid-Atlantic assessment areas (LI-SVA)
and all areas including the Mid-Atlantic, Southern
New England, and Georges Bank regions. Two fi-
gures are given for each area. The first presents con-
tours of net production (000s of mt) for combinations
of M and dredge efficiency. The second figure ex-
presses net production as a percentage of the esti-
mated 1997 stock size (e.g., production rates). The
nominal point representing M = 0.05 and dredge ef-
ficiency of 0.59 is indicated by an ‘X’ on each graph.

For Northern New Jersey, the assumption of zero
(or very low) net production is robust over a wide
range of parameter values (Figures B58 and B59). If
M is as high as 0.1, a net decline in production of 5%
per vear is indicated, which approximates the annual
rate of decline in LPUE since 1991 off NNJ.

For Delmarva, net production is positive, and this
result is robust to values of M up to 0.09 (Figures
B60 and B61). Likewise, for the Mid-Atlantic and all
areas combined, nominal net production is positive.

In the short term, the production models indicate
adequate resource to sustain the fishery at current re-
moval rates for the NNJ area, wherein the bulk of the
fishery is concentrated. Any additional increases in
catch there would probably result in declining re-
source abundance, with the rate of resource decline
dependent on the level of removal. Given that 1) all
the known resource is now within the area of active
fishing and 2) uncertainty with respect to M, dredge
efficiency, and non-catch mortality, further declines
in LPUE off NNJ could take place. The fishery could

be expanded in the Delmarva area since that is the
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one Mid-Atlantic area in which there is significant an-
nual surplus production. However, it is recommended
that careful consideration be given to the potential im-
pacts on the NNJ area of any global quota adjust-
ments (e.g., the sustainability of the NNJ harvest
area). Owing to the apparent balance between pro-
duction and removals and uncertainty in important pa-
rameters (e.g., natural mortality, dredge efficiency,
non-landings mortality) in the NNJ area, increases in
removals should be considered carefully.

Biological Reference Points
Per-recruit calculzitions

Given new information on growth (i.e., age/
length), yield-and spawning-biomass-per-recruit ref-
erence points for Georges Bank (Figures B66 and
B67, Table B29), Northern New Jersey (Figures 68
and 69, Table B30), and Deimarva (Figures B70 and
B71, Table B31) were recomputed. Specifically, re-
vised estimates of F,,, Fy |, and F,gu,cp Were gener-
ated. In all cases, these estimates were generally sim-
ilar to those reported previously. Note that these esti-
mates were produced with a nominal M of 0.05. The
large fraction of the age structure in the 28+ age
group indicates that this assumed rate may be too
low.

Biological reference point calculations were based
on length/weight relationships from earlier studies
(Serchuk and Murawski 1980; Gledhill 1984). Values
derived from 1997 samples were not used because
there was considerable uncertainty about the degree
to which season of collection affected these estimates.
Biomass in bivalves changes greatly depending on re-
productive condition. Switching to the higher meat
weights associated with the 1997 data from spring/
summer may have overestimated the average yield
OVer an entire year.

Current mortality rates

Current (e.g., 1997) exploitation (U) and instanta-
neous fishing mortality rates (F) were estimated by
calculating the proportion of the stock biomass re-
moved (an estimate of the utilization rate) and iter-
ating the catch equation to solve for F (U = F/Z*[1 -
exp(-F + M)]}. These analyses incorporated uncer-



tainty in minimum swept-area population estimates,
calculated dredge efficiency based on the Delaware
IT experiment, and provided results for each assess-
ment area separately (Table B32a,b). Three major
components of uncertainty in the estimates of F are
1) positive bias in estimates of dredge efficiency, 2}
variation in survey abundance estimates and 3) vari-
ation in gear efficiency over sampled strata. The lat-
ter two factors are not mutually exclusive. For ex-
ample, variation in efficiency over depths or sub-
strates contributes to the survey variability estimates
by the bootstrapping approach. Therefore, analyses
of these factors were conducted separately, first for
the effects of sampling variation (i.e., bootstrap CI)
on estimates of F and second for effects of variations
in ‘efficiency using the profile likelihood confidence
intérval from efficiency experiments on estimates of
F. -

These two factors were assessed as follows. The
point estimate of dredge efficiency (0.59) was divided
into the mean and bootstrap 95% CI to give three
estimates of stock biomass in 1997 for each area. The
1996 catch (mt) was divided by these three estimates
to derive exploitation rates assoctated with the CI of
stock biomass, which were then solved for F (Table
B32a). Uncertainty in the point estimate of the Del-
aware II dredge efficiency was incorporated by multi-
plying the CI on the efficiency estimate by the lower,
mean, and upper bounds of the stock biomass esti-
mates (Table B32b) and solving for U and F as

“above.

For NNJ, current exploitation rates are 0.02-0.06,
depending in the method used, with the point esti-
mate of 0.04 equivalent to an F of 0.04. The SNJ
area has a similar point estimate for fishing mortality
rate. Other areas show exploitation rates lower than
those off New Jersey.

In Figures B72 and B73, estimated average fish-
ing mortality rates are indicated by a vertical line
within a rectangular box, and fishing mortality rates
corresponding to biological reference points are indi-
cated by symbols Both figures have the same refer-
ence points plotted, but the figures differ with respect
to confidence intervals (CI) for estimated Fs. In Fig-
ure B72, the ranges of the F estimates are determined
by the size of the bootstrap CI on total population
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biomass for each region. This is referred to as “sur-
vey” variability. In Figure B73, the width of the CI on
estimated F is determined by the lower and upper
confidence limits on the estimate of dredge efficiency
from the Delaware II depletion experiment. There are
three main results. First, for the regions that are cur-
rently fished heavily (New Jersey), the estimated fish-
ing mortality rates approximate F,. That is, current
harvests are approximately equal to annual produc-
tion by those regions. Estimated Fs are less than all
reference Fs for the other regions, as well as for the
stock as a whole. Second, for the NNJ region, the
precision of the estimated F is greater when “survey”
variability is considered (Figure B72) than when “ef-
ficiency” variability is considered (Figure B73). Third,
in general, F, is the minimum from the list of biologi-
cal reference points.

Due to uncertainty about the natural mortality
rate, biological reference points were computed over
arange of Ms (Table B33). The reference point esti-
mates are sensitive to the assumed value of M.

Delmarva

Data were collected during May -July 1997 to
evaluate the relationship between length and weight
in surfclams. Sample sizes and parameter estimates
are given in Table B34. For all regions, meat weight
at length is greater than that measured in 1980 (Ser-
chuk and Murawski 1980). Differences may reflect
seasonal changes related to time of spawning,
changes in the clams over a long time-frame (10-15
years), and/or differences in methods between studies.
The earlier data from NJ and DMV were collected in
winter, and the clam tissue was frozen and then thaw-
ed for a biomass estimate. The 1997 data were col-
lected in spring/summer and the tissue was weighed
at sea immediately after shucking and removing all
excess liquid from the clam meat with paper towels.

In 1997, the shell length of surfclams from the
Delmarva region was smaller than in NNJ. The modal
shell lengths in these regions were 115 mm and 145
mm, respectively (Figures B43 and B44).

The relationship between shell length in mm (L)
and drained meat weight in grams (W) is described by
the equation:



In(#) = a+[B-(InL)]

Regional estimates of the parameters for 1997 are
given in Table B34. Meat weight at length, or “condi-
tion”, was lower in the Delmarva region than in NNJ
or GBK (Figure B74). Using data collected from the
Delmarva region during 1980-1992, it has been
shown that the rate of shell growth as a function of
clam age is density dependent (Weinberg, in press).
The newly-collected 1997 data were partitioned into
five density classes, listed in Table B35, and exam-
ined for differences in growth rate and condition. The
weight of meat at a given length is reduced at high
density in the Delmarva region (Figure B75). Density
dependence becomes important at very low clam den-
sities, <0.5 individuals per m®. In contrast to weight
and length, there was no obvious separation between
the age-length curves representing different densities
(Table B36, Figure B76).

SARC Comments and Sources of Uncertainty

Natural Mortality Rate

Annual production estimates and magnitudes of
biological reference points for surfclams (Fyge, Fppaeo
F,, Fpo) are sensitive to the assumed value of M over
the range 0.05-0.15. The natural mortality rate cur-
rently in use (M = 0.05) is not based on any life his-
tory information, is uncertain, and may be underssti-
mated. This is suggested by comparison of the theo-
retical equilibrium age distributions for various values
of M with the age distributions observed in Delmarva
and Northern New Jersey. Absence of old individuals
may in part be due to the massive die-off from the
anoxic event off New Jersey, The SARC recognized
that M is difficult to estimate, but strongly recom-
mended that studies be undertaken to estimate its
value. Studies could include field experiments, mod-
eling, and examination of surfclam age distributions
from additional regions.

Commercial Data -

The SARC noted that LPUE in Northern New
Jersey has declined by 30% since 1991, but did not
feel the decline was steep enough to conclude that
significant depletion was taking place. The SARC
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noted that other factors, such as targeting larger
clams, could have contributed to this decline. Con-
versely, LPUE may have been kept up by expansion
of the fishery to new areas and/or increases in the av-
erage efficiency of vessels in the fleet. To clarify if the
expansion of the fishery to the north and east was due
to resource depletion of traditional fishing areas or to
other factors, analysis of catch rate by vessel and by
10-min square was recommended. The SARC also re-
commended close monitoring of this area.

The SARC felt that LPUE data from 1990 and
earlier should not be used with more recent data be-
cause 1) effort was not reported accurately from 1986
to 1990, related to regulations on fishing effort per
trip in those years, and 2) the ITQ system was imple-
mented in 1991. The LPUE series from 1991 to 1997
can be used.

Depletion Experiments

The SARC felt that the depletion experiments
were carried out well and that they are appropriate
for estimating dredge efficiency. The SARC recom-
mended that similar experiments be conducted in the
future, as needed. It was noted that reported effici-
ency estimates for commercial and research vessels
used in depletion experiments are biased high due to
the method of analysis. Some additional analyses in-
dicated that it should be possible to estimate the mag-
nitude of this bias and correct the stock biomass esti-
mates, which are currently underestimated.

Survey Data

The SARC noted that the increased catches in the
1994 research survey were not likely to have been
caused by random selection of stations in areas of
unusually high clam density or by the influence of a
few tows with huge catches. These explanations were
unlikely because a large number of replicates were
taken in each survey, and the high catches per tow in
1994 were observed in multiple regions and in two
species.

The SARC expressed concern over both the loss
of the survey time series and the use of a single sur-
vey (i.e., 1997) to derive a species assessment. The
SARC recommended that efforts be made to develop



approaches that could make use of a longer survey
time series, if possible.

As described in SAW.22, the SARC advocates
developing a population model for estimating bio-
mass and fishing mortality rate that incorporates time
series of multiple types of information, including sur-
vey and commercial abundance indices.

To emphasize the utility of the sensors, the SARC
felt that the report should include a table or figure
with summary statistics of tow distance by region. It
also recommended that analysis be carried out to de-
termine to what degree catch rate is related to pump
pressure.
Production Estim nd Biological Referen

Points

The SARC recognized the utility of the produc-
tion model for localized management of the Northern
New Jersey region which has supported the fishery at
a consistent level for over 10 years. However, the bi-
ological reference point, Fy,, has limitations because
it is a status quo catch and biomass policy that may
not be appropriate in the long term. Further research
is needed on this topic. The Fp, estimate has the fol-
lowing basis/assumptions: 1) the estimate of Fp, is
based on a single survey and is highly subject to mea-
surement error, 2) it implicitly assumes that the cur-
rent stock size is optimal (maximum production),
which may not be true, and 3) the estimate of annual
production is sensitive to the assumed M, which is
uncertain.

The SARC noted that the production model as-
sumes that the catch is taken on the final day of the
projection period. This should be stated as an as-
sumption.

Reference points required for satisfying the 1997
SFA guidelines have not been examined yet and
should be addressed. The SARC discussed which ref-
erence points would be appropriate for managing this
species, but no clear choice was made. An interim ap-
proach to setting harvest levels in the surfclam fishery
is required because the 10-year policy is inappropri-
ate, and a replacement policy has not been developed
yet. The SARC concluded that, in the interim, a
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status quo catch approach is appropriate. Based on
trends in LPUE, the sizes of clams in the commercial
catch over time, and the 1997 survey biomass esti-
mates, the SARC felt that the recent (last 5 years)
level of annual landings from the Northern New Jer-
sey region is probably adequate to sustain the stock.

Research Recommendations

Dredge Imprgygmgn;s'

® For future research vessel surveys, a faster winch
(perhaps including a free-spootl option, if feasible)
needs to be employed aboard the Delaware II.
Slow pay-out and retrieval rates of the current
winch result in excessive bottom contact outside
of the ‘nominal’ tow time, which increases uncer-
tainty in the length of the tow path. A faster winch
would also improve the ability to conduct deple-
tion-type experiments.

© New sensors monitoring dredge performance (in-
clination, pump pressure, bottom contact, etc.)
were incorporated into the 1997 survey. These
data allowed for accurate standardization of tow
path length. Currently, information from these
sensors must be downloaded every few tows and
multiple clocks are in use for different sensors. It
is strongly recommended that the collection and
archiving of this information be fully integrated
with the shipboard computing system on Dela-
ware II and that only a single master clock be
used. This will speed data coilection and quality.

Incorporation of coaxial or standard monitoring
cable into the dredge power supply would estab-
lish a real-time link to monitor dredge perfor-
mance, perhaps to include video, pressure, amper-
age, and bottom contact. This link could improve
the standardization of dredge hauls.

Sampling effort could be more precisely control-
led by the use of a movable dredge knife carrier
which could be deploved remotely when the
dredge is intended to fish. Such a scheme could
virtually eliminate the ‘shoulder’ effect of contin-
ued sampling outside the nominal survey tow
time. '



® New sensors aboard the Delaware II clam dredge

allow for monitoring of tow path length by inte-
grating the velocity of the ship (measured from
GPS), multiplied by dredge contact/non-contact,
as indicated by the inclinometer. A more direct
approach would be to incorporate a mechanical
or electronic odometer directly on the dredge.
This device could monitor speed and distance in
real time, if the second recommendation above
were adopted.

h ign and Analvsi

® Annual surplus production is approximately zero
in the major region that has supported the fishery
throughout the 1990s (Northern New Jersey).
This calculation is sensitive to the assumption of
the natural mortality rate, which is poorly known.
In order to assure adequate monitoring of the re-
source to meet management needs, fished por-
tions of the resource need to be monitored via re-
search vessel surveys at a frequency of every sec-
ond year. Non-fished areas could be monitored
less frequently as long as risk-averse management
strategies for these portions of the resource are
implemented.

Precision in survey abundance indices and moni-
toring of interannual changes in dredge perform-
ance could potentially be enhanced with a survey
strategy that incorporates a sub-set of fixed sta-
tions, with a partial replacement design. A full
fixed-station design is not warranted, however,
given changes in the spatial distribution of re-
cruits and the fishery.

Calculations of stock biomass are based on the
stratified random design, with fixed stratum areas.
Although this procedure results in a relatively
precise estimate for major portions of the re-
source (New Jersey and Delmarva), alternative
integrated biomass estimation methods should be
considered (e.g., geostatistical techniques such as
kriging or Theissen polygon or other weighting of
sampling points).

One potential source of bias in the swept-area
calculations is the estimated stratum areas. These

areas were derived several years ago. More ac-
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curate computerized methods (e.g., GIS) have be-
come available. As the stratum areas proportion-
ally influence the biomass calculations, these areas
should be reviewed, and updated, as appropriate.

® Potential biases in the swept-area estimates arise

when portions of the survey strata include habitat
which is either not suitable for the target animal or
cannot be sampled (e.g., too rough). This situa-
tion occurs for surfclams primarily on Georges
Bank and in Southern New England. Bottom top-
ography information, as well as the historical rec-
ords of successful dredge hauls should be used to
establish the portions of affected survey strata
which should be eliminated from consideration in
the stratum area weighting coefficients.

® Depletion experiments aboard the Delaware II

and commercial vessels were an effective and ef-
ficient method to derive usable estimates of
dredge efficiency. Because of the potential for in-
terannual variation in survey dredge performance,
additional depletion experiments (at some level)
should be incorporated as a component of future
surveys. Sites depleted by the Delaware II could
be cross-validated by additional work with com-
mercial vessels. o

Biological Parameters

e The current assessment assumes a nominal natural

mortality rate (M) = 0.05. By inference, this rate
implies that, if not fished, 5% of the animals
should survive to age 60. This conflicts with the
aging information which has documented few ani-
mals older than age 30, even in areas not subject-
ed to massive die-offs in 1976. Given the sensitiv-
ity of net productivity, DeLury population esti-
mates, and YPR calculations to M, additional
studies to refine the assumed M are considered a
high priority. Better estimates of M could be de-
rived by making more complete use of historical
ageing information, as well as from field and lab-
oratory studies (mark-recapture experiments, shell
biochemical studies, clapper/live animal ratios,
‘longevity’ of clappers).

e Fishing mortality associated with animals that are

not landed is potentially important in the surfclam



assessment. Non-landings mortalities potentially
arise from 1) animals damaged by the gear on the
bottom, but not retained in the dredge, 2) animals
in the vicinity of dredging that may be killed by
release of sulfides or localized dissolved oxygen
depletions, 3) animals which go through the sort-
ing machines and are discarded dead, and 4) ani-
mals which are broken and retained in the sorting
machines, but which are then sorted overboard by
hand (e.g., for supplying to the ‘hand shucked’
market). Additional sea sampling combined with
specific in situ studies are needed to estimate
non-landings mortality.

.~ Seasonal change in condition factors of surfclams
- can be great, owing to changes in soft tissue mass
--associated with spawning and feeding. Monitor-
ing of changes in condition are important in esti-
" mating numbers of clams that are removed from
the population, since the quota is established in
volume-weight units (bushels converted from
meat weight). More intensive monitoring of meat
weights, including cooperative sampling with m-
dustry, is recommended. As part of this research,
implications of variations in environmental condi-
tions on meat yields could result in a predictive
capability, of use to industry.

Magnitude and variability of recruitment is a key
component in assessing sustainable harvest strate-
gies. Additional research should be conducted to
estimate relative and absolute recruitment (e.g.,
from swept-area estimates).

ntial Density Dependence of Condition F I

and Growth

e Evaluation of available evidence for density-de-

pendent growth and condition in the Delmarva re-
gion suggested that additional studies are needed.
Gradient sampling of age/length/weight, clam
density, and environmental factors is necessary to
establish and rank the importance of biotic and
abiotic factors. Studies of clam production in re-
lation to intraspecific density, chlorophyil flux,
and other environmental factors are appropriate.
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Research with Industry

@ Progress in addressing several critical elements of
this assessment was facilitated by direct coopera-
tion by industry. Additional high priority projects
could be undertaken in further such efforts. In
particular, additional depletion-type experiments
and seasonal/spatial sampling for variations in
meat weight could be undertaken.

@ There is a priority need for an intensive review of
logbook data collection, data transcription, and
interpretation of results, which could be under-
taken with the assistance of vessel captains and
owners. In particular, NMFS should record in
computer data bases the location fished in as fine
a resolution as is recorded in the logbooks. More
precise location data from historical logbook sub-
missions, especially those collected after 1990,
should be re-entered into the NMFS database.

SARC Research Recommendations

@ Compute the magnitude of the bias in the estimat-
ed dredge efficiencies and correct any parameters
that are functions of effictency (e.g., current and
projected biomass).

e Work toward developing a multi-index based,
- population model for estimating biomass and fish-
ing mortality rate that incorporates a time series

of survey and commercial abundance indices.

@ Estimate reference points required for satisfying
the 1997 SFA guidelines.

® Determine whether there is a relationship between
survey catch per tow and other variables (i.e.,
pump pressure, depth).
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Table B1. Total USA surfclam landings (metic tons of meats), total landings from the Exclusive Eco-
nomic Zone (EEZ), landings from state waters, percent of total from the EEZ!, and annual quotas.

Total EEZ State waters Percent of total EEZ
Year landings landings landings landed” from EEZ o quota
1965 19,998 14,968 5,029 75 -
1966 20,463 14,696 5,766 ' 72 -
1967 18,168 11,204 6,964 55 -
1968 18,394 9,072 9322 49 .
1969 22,487 7,212 15,273 32 -
1970 30,535 6,396 24,139 21 -
1971 23,829 22,704 1,126 95 -
1972 28,744 25,071 3,674 87 . -
1973 37,362 32,921 4,441 88 -
1974 43,595 33,761 9,834 77 -
1975 39,442 20,080 19,362 51 -
1976 22,277 19,304 2,982 87 -
1977 23,149 19,490 3,660 84 -
1978 17,798 14,240 3,558 80 13,880
1979 15,836 . 13,186 2,650 83 13,880
1980 17,117 15,748 1,369 92 13,882
1981 20,910 16,947 3,964 81 13,882
1982 22,552 16,688 5,873 74 18,506
1983 25373 20,485 4,887 81 18,892
1984 31,862 24,776 7,086 78 18,892
1985 32,894 23,691 9,204 T2 25,205
1986 35,720 24,923 10,797 70 24,290
1987 27,553 22,147 5,406 80 24,290
1988 28,824 23,951 4,873 83 24,250
1989 30,424 22,335 8,089 73 25,184
1990 32,556 24,027 8,528 74 24,282
1991 30,037 20,638 9,399 69 21,976
1992 33,831 22,109 11,722 65 21,976
1993 33,527 21,961 11,565 66 21,976
1994 31,048 21,942 9,106 71 21,976
19935 28,733 15,303 9,429 67 19,779
1996 28,775 19,795 8,930 69 19,779
1997 - 18,000 - - 19,779

'Landings through 1996 are from the US Dept, of Commerce series “Fisheries of the United States™ *The 1997 EEZ landings were projected from data
available in the 51032 database as of September 12, 1997.

Table B2, Annual EEZ surfclam landings from areas of the Mid-Atlantic region, and percent of Mid-
Atlantic landings by region.

Northern Southern Southern Virginia

Long Island New Jersey New Jersey Delmarva North Carclina
Year mt Yo mt % mt % mt Yo mt %
1978 - - 1,348 31 53 1 2,927 68 - -
1979 - - 1,463 38 97 3 2,268 59 - -
1980 - - 1,692 41 132 3 2,300 56 - -
1981 - - 6,462 97 114 2 95 1 - -
1982 49 <1 7,440 44 434 3 6,777 4} 1,988 12
1983 212 1 5,515 34 999 6 5,772 36 3,779 24
1984 6 <1 8,787 49 1,776 10 5,303 30 1,897 11
1985 - - 8,427 50 1,077 6 6,636. 39 772 3
1986 16 <1 14,703 75 1,474 8 2,604 13 849 4
1987 - - 17,238 87 749 4 1,306 7 387 2
1983 - - 15,196 91 195 1 1,147 5 591 3
1989 - - 16,415 82 90 <1 3,118 16 461 pd
1990 - - 16,996 74 £91 4 3,546 15 1,502 7
1991 15 <l 17,623 86 1,289 6 1,634 8 - -
1992 61 <1 18,334 85 2,064 10 L 6 -
1993 62 <1 16,338 75 2,023 9 3,418 16 - -
1994 7t <l 17,754 81 664 3 3,454 16 35 <1
1995 - - 15,749 82 713 4 2,752 14 5 <1
1996 26 <1 16,077 82 1,331 7 2,237 11 - -
1997 24 <1 7,345 8i 700 8 1,008 11 -

"The 1997 values are frorn data available as of September 12, 1997,
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Table B3. Comparison of Mid-Atlantic EEZ surfclam landings per unit effort (LPUE, kilo-
grams per hour fishing time) and percent of total annual catch from each region, by year, and
vessel class (3 = largest) for records with catch >0 and effort >0. Data as reported in logbooks.

Region/Year Vessel Class 1 Vessel Class 2 Vessel Class 3
LPUE %5 LPUE Ya LPUE %
Northern NJ
1980 246 5 407 36 646 39
1981 236 4 363 36 476 60
1982 170 7 219 44 317 49
1983 222 6 353 68 372 26
1984 363 5 569 72 697 23
1985 591 5 979 57 1,227 38
1986 739 3 1,300 as 1,848 61
1987 733 2 1,207 35 1,712 63
1988 725 2 1,154 33 . 1,699 64
1989 754 3 1,170 35 347 62
1990 730 2 1,188 33 1,566 66
1991 400 <] 939 29 1,063 71
1692 362 <1 1,018 22 - 851 77
1993 381 <i 1,118 20 904 79
1994 403 <1 1,058 26 791 73
1995 346 <] 1,179 29 796 70
1956 475 <l 971 35 764 65
1997 : 494 <l 706 24 745 76
Southem NI
1980 113 4 13¢ 35 284 62
1981 68 5 290 32 342 63
1982 97 7 182 40 289 53
1983 121 12 236 s4 399 35
1984 246 10 438 3l 595 59
1985 578 4 779 12 1,216 84
1986 575 3 1,119 17 1,519 80
1987 331 <l 1,003 22 1,604 78
1588 - - 3,789 31 1,437 69
1989 514 3 1,001 47 1,200 50
1990 227 <1 1,070 37 1,237 62
1991 247 <l 1,454 39 1,701 61
1992 - - 1,589 43 2,008 57
1993 390 <l 2,238 54 1,694 46
1594 343 1 2,072 16 1,272 83
1995 - - 997 14 1,033 86
1996 359 4 1,042 25 866 71
1997 286 4 461 33 774 58
Delmarva
1980 i17 2 157 21 308 77
1981 206 2 21 15 437 83
1982 173 5 197 14 309 81
1983 297 6 234 15 408 20
1984 350 3 444 . 15 734 80
1985 691 3 1,10 - 13 1,844 84
1986 624 4 1,068 13 1,934 83
1987 482 3 729 3 2,057 94
19838 532 2 1,693 10 1,959 88
1989 564 <l 1,401 13 £,945 87
1990 - - 1,305 21 1,688 79
1991 ' - - 1,008 20 1,406 80
1992 - v 1,733 34 1,326 66
1993 - - 1,361 44 1,353 56
1994 - - 1,612 43 1,937 57
1995 - - 1,772 40 1,756 60
1996 - - 1,443 36 1,362 44
1997 - - 1,542 38 1,247 62
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Table B4. Surfclam GLM of LPUE, 1980-1997. Factors are year, subregion, tonclass. Standards are yr =
1980, tonclass = 3 (large vessels). Region is NORTHERN NEW JERSEY.

General Linear Models Procedure

Dependent Variable: L_LPUE

Source DF Sum of Squares Mean Square F Value Pr > F
Model 20 8395.54206611 419.77710331  1758.54 0.0001
Error 30035 7169.56823907 0.23870712
Corrected Total 30055 15565.11030518
R-Square c.v. Root MSE L_LPUE Mean
0.539382 7.284032 0.48857662 &.70750276
Source DF Type [ SS Mean Square F Value Pr > F
YEAR 17 7904.15268696 464,95015806  1947.79 6.0001
SUBREG 1 10.90365711 10.90365711 45.68 0.0001
TONCL 2 480.48572204 240.24286102  1006.43 0.0001
Source DF Type III 38 Mean Square f Value Pr > F
YEAR 17 7096.67218085 417.45130476  1748.80 0.0001
SUBREG 1 15.51229780 15.51229780 64.98 0.0001
TONCL 2 480.48572204 240.24286102  1006.43 0.0001
T for HO: Pr > |T| std Error of
Parameter Estimate Parameter=0Q Estimate
INTERCEPT 6,005782497 B 150.80 0.0001 0.03982645
YEAR 1981 -0.208038622 B ~6.40 0.0001 0.03251237
1982 -0.708810433 B -21.89 0.0001 0.03237943
1983 -0.280034788 B -8.63 0.0001 0.03246366
1984 0.229831440 B 7.08 0.0001 0.03246429
1985 0.729814886 B 22.29 0.0001 0.03273600
1986 1.108928325 B 34.20 0.0001 0.03242837
1987 1.038406284 B . 32.45 0.0001 0.03199532
1988 1.007700367 B 31.73 0.0001 0.03176275
1989 0.971681395 B 30.41 0.0001 0.03195440
1990 1.003904383 B 31.33 0.0001 0.032045672
1991 0.742855513 B 23.15 0.0001 0.03209229%
1992 0.606131810 8 18.95 0.0001 0.03199338
1993 0.672037012 B 20.83 0.0001 0.03226480
1994 0.591772853 B 18,44 0.0001 0.03209300
1995 0.622825311 8 19.26 0.0001 0.03234127
1996 0.570981212 B 17.43 0.9001 0.03239335
1997 0.414909653 B 11.94 0.0001 0.03473959
9999 0.000000000 B .
SUBREG 2 0.210054093 B 8.06 0.0001 0.02605708
99 0.000000000 B . .
TONCL 1 -0.631029188 B -44,29 0.0001 0.01424756
2 -0.105190452 8 -17.24 0.0001 0.00610320
99 0.000000000 B . . .
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Table BS. Surfclam GLM of LPUE, 1980-1997. Factors are year, subregion, tonclass. Standards are yr =
1980, tonclass = 3 (large vessels). Region is DELMARVA.

General Linear Models Procedure

Dependent Variable: L_LPUE

Source DF Sum of Squares Mean Square F Value Pr » F
Medel 20 5659.30433866 482.96521693  1570.7M 0.0001
Error 12098 3719.91537644 0.30748185
Corrected Total 12118 13379.21971510
R-Square c.vV. Root MSE L _LPUE Mean
0.721963 9.014274 0.55451046 6.15147119
Source DF Type 1 SS Mean Square F Value Pr > F
YEAR 17 8947 . 75979719 526.33881160 1711.77 0.0001
SUBREG 1 0.45925039 0.45925039 1.49 0.2217
TONCL 2 711.08529108 ’ 355.54264554  1156.30 0.0001
Source DF Type 111 88 Mean Square F Value Pr > F
YEAR 17 8852, 14957681 520.71468099  1693.48 .0001
SUBREG 1 12.33986859 12.33986859 40.13 0.0001
TONCL 2 711,08529108 355.54264554  1156.30 0.0001
T for HO: pr> |T| std Error of
Parameter Estimate Parameter=0 Estimate
INTERCEPT 5.51566012% B 478.15 0.0001 _ 0.01153550
YEAR 1981 0.321472616 B 17.95 0.0001 0.01790852
1982 0.095192351 B 5.53 0.0001 0.01721516
1983 0.331303554 B 17.91 0.0001 0.01849353
1984 0.916166104 B 39.32 0.0001 0.02330300
1985 1.823527955 8 73.89 ) 0.0001 0.02468060
1986 1.817312315 B 50.30 0.0001 - 0.03612988
1987 1.821636140 B 35.50 0.0001 0.05132077
1988 1.907102175 B 33.98 0.0001 3.05612989
1989 1.970418570 B 56.54 0.0001 0.03485192
1990 1.864371483 B 57.64 0.0001 0.03234382
1991 1.793324173 B 41.99 0.0001 0.04271148
1992 1.967787709 B 43.75 0.0001 0.04497657
1993 1.961808290 8 69 .66 0.0001 0.02816157
1994 2.352956976 B 83.39 0.0001 0.,02821515
1995 2,2714691510 8 71.93 0.0001 0.03158394
1996 2.072820140 B 60.94 0.0001 0.03401448
1997 1.938222018 B 39.00 0.0001 0.04965740
9999 (.000000000 B . . .
SUBREG 2 0.075973908 B 6.33 0.0001 0.01199275
99 0.000000000 B . . .
TONCL. 1 -0.744691267 B -32.08 0.0001 0.02321521
2 -0.458752343 8 -39.87 0.000% 0.01150520
99 0.000000000 8 . . .
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Table B6. Summary statistics on surfclam commercial length frequency data by region/year. Data were col-
lected by port agents taking random samples from landings.

Number of
Region/Year Mean length {mm)’ Minimum length Maximum length clams measured’
New Jersey .
1982° 140.5 75 205 7477
1983 142.5 75 205 11,253
1984 142.1 45 195 12,751
1985 140.4 55 195 7.674
1986 1363 105 175 3,130
1987 1344 95 185 900
1988 11377 85 165 900 .
1989 1399 105 175 219
1990 136.5 95 175 901
1991 143.0 93 188 2272
1992 141.1 64 186 1,710
1993 139.8 g0 170 928
1994 138.5 85 185 900
1995 141.9 85 175 ' 510
1996 138.0 85 185 1,117
Delmarva
1982 159.0 85 . 205 7,756
1983 i51.5 45 205 5,923
1984 138.8 95 195 3,066
1985 132.0 ) 95 175 1,832
1986 130.0 95 155 1,260
1987 _ 1314 105 165 730
1588 [36.0 115 165 420
1989 136.6 115 175 866
1990 139.1 95 175 892
1991 125.5 20 183 1,080
1992 123.5 73 198 1,170
1993 1224 77 155 1,392
1994 109.2 85 135 119
1995 125.1 105 155 720
1996 124.0 95 155 1,154
S. New England
1982 1537 135 175 30
1983 150.0 125 165 30
1984 1479 115 175 90
1985 1516 115 175 150
1986 161.0 125 195 330
1987 160.9 115 195 569
1988 154.3 105 185 810
1989 155.8 115 185 449
1990 : 164.1 135 185 209
1991 K - - -
1992 - - - -
1993 . . . .
1994 - - - -
1995 - - - -
1996 - - - -

'"Mean length” is the expected value from the length frequency distribution, using size classes of 1 em. Length frequency distributions were derived
by weighting trips by their respective landings. *Total number of clams used in this assessment. Typically, 30 clams are measured per trip. The minimum
and maximum lengths of measured clams are reported. *Values from 1987-1990 and 1994 are from subsamples of the data. Subsamples contained
data from 30 randomly selected trips, when available. *"-" = no data available.
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Table B7. Relationship between blade depth into the sediment and dredge angle:

Blade depth (inches):

2 inches

4 inches

6 inches

8 inches

Dredge angle (degrees):

3.4

1.14

0.0

Relationship between the estimate of distance towed and the assumed blade depth required for “fishing”. Data
are all good tows from Cruise 9704, the 1997 NMFS clam survey. The maximum blade depth is 8 inches. N

2.3

=433 tows.
Blade depth (inches):
2 inches 4 inches 6 inches 8 inches
Mean tow distance (n.miles): 0.26 0.25 0.23 0.19
Median tow distance (n.miles): 0.26 0.25 0,23 0.19

Table B3. Relationships between clam catch (0.15 n.mi. distance) and assumed critical blade depth. Data are
all good tows from Cruise 9704, the 1997 NMFS clam survey. Traditional stratum areas and length/weight

parameters are assumed.

A. Number of surfclams per tow, by region, and the assumed blade depth required for “fishing”,

Blade depth (inches):
Region: 2inches | 4inches | 6inches | 8 inches
SVA 15 15 15 18
DMV 65 68 76 94
SNJ 18 18 19 21
NNJ 75 76 78 34
LI 3 3 4 4
SNE 9 10 11
GBK 51 56 67 91

Blade depth (inches):
Region: 2inches | 4inches | 6inches | 8 inches
SVA 0.2 0.2 02 0.2
DMV 3.8 4.0 4.5 5.6
SNJ 21 22 22 25
NNI 8.3 8.6 8.9 9.5
LI 04 0.4 0.4 04
SNE 1.3 1.3 1.4 L3
GBK 3.3 3.6 4.3 59
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B. Meat weight (kg) of surfclams per tow, by region, and the assumed blade depth required for “fishing”. Data are all good
tows from Cruise 9704, the 1997 NMFS clam survey.




Table B9. For the 1992 and 1994 resampled stations, the table gives the median deviation in number of
surfclams (i.e., observed - expected) collected in 1997, as well as the results of the signed rank test that the
median deviation = 0. “**; p<0.05 (L., significant lack of fit to the model). “ns”: the hypothesis that the data
fit the model can not be rejected. Results are given for three assumed minimum blade depths for the dredge
to be “fishing”. “n”: number of stations. Natural mortality rate (M) assumed: 0.05.

Critical blade depth (inches) for “fishing™

Resampled stations from: ) 24 >6 28
1992 Survey (n = 12) -10 [p=0.56, ns] -8 [0.67, ns] 0 [0.91, ns]
1994 Survey (n = 16) -73 [p=0.021, *] -69 [0.029, * ] -62 [0.05, *]

Table B10. Summary of relevant site, vessel, and experimental characteristics of commercial and research-
based depletion experiments.

Site Vessel Experiment
characteristics characteristics characteristics
Site name Latitude] Longitude| Depth Vessel name| Dredge| Number of] Area swept] Sum oftow| Effective coverage
(decimal] (decimal| (m) width| . tows (m"2)] areas (m"2) = sum of tow
deg) deg) {inches) included " areas/area swept
Point Pleasant 40.053%4| -73.83124 26|F/V Shen Ann 100 38| 221407 422217 1.5070
Atlantic City 1-1 | 39.36074|-73.85265|  30|F/V Judy Marie 100 16| 822238 15538.1 1.8896
Atlantic City 1-2 | 39.36282] -73.88905 30(E/V Judy Marie 100 17 12870 27394.7 2.1286
Atlantic City 2-1 { 39.39349] -73.90352 30{E/V Jersey Girl 130 13 6939.2 15097.1 2.1756
Aflantic City 2-2 | 39.39124| -73.90023 30|F/V Jersey Girl 130 18 11613.1 219445 1.8896
Delaware I -39.29403 ] -73.8593 30 {R/V Delaware If 60 61| 281375 36680.4 1.3036

Table B11. Comparison of parameter estimates for the Leslie-Davis depletion model. CPUE(]) = p(N-T(I-1))
where T(I-1) = cumulative catch.

Least squares approach

Simple linear regression Nonlinear regression Maximum likelihood
Site N P N p N p
Atlantic City 1.1 80.54 0.1052 76.68 0.1119 80.11 0.1006
Atlantic City 1.2 142.88 0.0715 142.88 0.0715 147.87 0.0675
Point Pleasant 549.03 0.0245 549.03 0.0245 527.38 0.0261
Atlantic City 2.1 84.52 0.1660 84.52 0.1660 81.27 0.1831
Atlantic City 2.2 137.02 0.1287 135.53 0.1393 13554 0.1323
Delaware I 289.73 0.0143 289.73 0.0143 33591 0.0115

Table B12. Profile-likelihood based confidence intervals for p and N in the Leslie-Davis depletion model.
Efficiency = (total area depleted/average area swept) * catchability coefficient. Population density = no. of
bushel * number/bushel/total area depleted.

Efficiency=P(captureiencaunter) Population size (density)

Site Lower Mean Upper Lower Mean Upper
Atlantic City 1.1 0.4472 0.691% ).9288 0.5368 0.5929 0.7348
Atlantic City 1.2 0.4307 0.72+" 19960 0.6005 0.6980 0.9696
Point Pleasant 0.2910 03792 0.4655 15616 1.7454 20586
Atlantic City 2.1 0.8273 1.0628 1.2918 0.7492 0.7769 0.8338
Atlantic City 2.2 0.8354 1.0093 1.1827 0.7648 0.7893 0.8297

Delaware II 0.2819 0.5879 0.8971 0.6129 0.7999 1.4146
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Table B13. Summary statistics for Delaware II set-up tows at sites used by commercial vessels for depletion experiments.

alpha=
Density/meter* 0.1 | Confidence interval on
. Mean
Experiment NMFS NMES Clam Clams Area Lengths Density Mean| Std. dev. cv Site| t-statistic Lower Upper
name cruise sta. no. species |- fow towed measured (no./m2)
code (m"2})

PP1 9703 183 3C 363 | 696.0439 Yes| 0.5215188
PP1L 9703 184 8C 556| 637.7886] Yest (0.8717622
PP1 9703 185 sC 316 688.6773 Yes| 0.4588506
PPI 9703 186 sC 28871 714.164 Yes| 04032687
PPl 9703 187 8C 328| 695.3101 No| 0471732
PP1 9703 188 8C 335| 739.8765 Nof 0.4798098
PP 9703 189 8C 289| 695.3101 Nol 0.4156419
PP 9703 190 8C 203} 6953101 NoJ 0.2519561] 0.489318] 0.169205] 0.345798 PPi) 2.364623] 0.347859] 0.630777
ACl.1 9703 166 sC 14631 766.464 Yes| 0.1904851
ACIL.] 9703 167 sC 158] 743.7997 Yes| 02124228
ACIL.1 9703 168 sC 194 784.4147 Yes| 0.2473181
ACIL.1 9703 170 sC 278 793.7288 Yes| 0.3502456
ACL.} 9703 171 sC 243 | 862.7941 Yes| 0.2816431
ACL.1 9703 172 sC 231 872.842 Yes| 0.2646527
ACLI 9701 173 sC 328 802.901%8 Yes| 0.4085182
ACHL 970} 174 sC 143 722.462 Yes| 0.1979343 0.269152| 0.076654] 0.284797 ACL.1| 2364623 0.205068| 0.333237
ACE?2 49703 166 s5C 1461 760.464 Yesf 0.1904851
AC1.2 Y703 167 5C 158 743.7997 Yes] 0.2124228
ACI.2 9703 168 sC 194 784.4147 Yes| 0.2473181
ACL2 9703 170 5C 278} 793.7288 Yes| 0.3502456
ACl1.2 9703 171 sC 243} 862.7941 Yes| 02816431
AC1.2 9703 172 sC 231 872,842 Yes| 0.2646527
ACt.2 9703 173 SC 328 | 8029018 Yes| 0.4085182
ACI.2 9703 174 sC 143] 722462 Yes| 0.1979343| 0.269152| 0.076654| 0.284797 AC1.2| 2364623} 0.205068] 0.333237
AC2 1 9703 169 sC 135] 769.9074 Yes| 0.1753458
AC2 1 9703 175 sC 10F]| 648.7679 Yes| 0.1556797
AC2 1 9703 176 sSC 156| 527.7131 Yes] 0.2956152
AC2 1 9703 177 sC 106] 655.7393 Yes| 0.1616496
AC2 1 9703 178 sC 88| 628.0794 Yes] 0.1401097
AC2_1 9703 179 sC 123} 645.4656 Yes| 0.1905601
ACZ_1 92703 180 sC 154} 764.6576 Yes| 0.2013973
AC2 1 9703 181 sC 106} 714.3051 Yes| 0.148396] 0.183594] 0.049818] 0.271348 AC2 1] 2.364623| 0.141945] 0225243
AC2_2 9703 169 sC 135] 769.9074 Yes| 0.1753458
AC2 2 9703 175 sC 101] 648.7679 Yes| 0.1556797
AC2 2 9703 176 SC I56| 527.7131 Yes| 0.2956152
AC2 2 9703 177 sC 06| 655.7393 Yest 0.1616496
AC2 2 9703 178 s8C 88| 628.0794 Yesy 0.1401097
AC2 2 9703 179 sSC 123] 6454656 Yes| 0.1905601
AC2 2 9703 180 8C 154 764.6576 Yes| 0.2013973
AC2 2 9703 181 5C 106 ] 714.3051 Yes 0.148396| 0.183594] 0.049818] 0.271348 AC2 2] 2.364623] 0.141945] 0.225243
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Table B14. Efficiency of Delaware /I dredge estimated as the ratio of the density in set-up tows to the model-based estimate of initial density.

DE I depletion set-up tows Commercial depletion experiments R/VDE I: FrvV
¢l c2 ¢3=cl/c2 c4 (] ch ¢T=c5*c6 c8 cS=c7/cB cl0 cl1=c3/co

Ave, catch| Ave. arca] Ave. density] DE I depletion- Total| Number per| Total population| Depletion Density| Depletion -based DE I relative
pertow|  periow per tow based est.| populationf - bushel (Number) | area (m®) (#/mY) comm. vessel efficiency
Site name {(number) {m®) {no./m?) efficiency| (bushels) efficiency (unadjusted)
Point Pleasant 3373 6953 0.485 0.587 5274 73.28 38645) 22140.7 1.745 0.379 0278
Atlantic City 1-1 215.1 7937 0271 0.587 80.1 60.86 4875 82228 0.593 0.692 0.457
Atlantic City 1-2 215.1 793.7 0271 0.587 147.9 60.75 8983 12870 0.698 0.727 0.388
Atlantic City 2-1 121.1 669.3 0.181 0.587 813 66.33 3391 69392 0.777 1.063 0.233
Aflantic City 2-2 121.1 669.3 0.181 0.587 135.5 67.63 9166 11613.1 0.789 1.009 0.229

Table B15. Comparison of efficiency estimate derived from Leslie-Davis depletion model with ratio of density in initial tows to overall density from
model. Confidence limits on initial density based on t-distribution with n-1 degrees of freedom and alpha= 0.1.

Initial tows from depletion experiments ) Mean, std. dev., and con{. limits for initial tows| Overall Leslie- | Relative efficiency = initial

- {no./m?) Davis estimates | density/ L-ID density
Site Fishing Day|Mon| Yr] Tow Catch Catch| Station| Arca Tow] Density| Average]| Std. dev.| t-siatistic] Lower| Upper] Mean| Efficiency] Lower| Average| Upper| Site code
code vessel (numbers)] (bushels)] Iabel| swept] distance] (no/m®)| density{ density| (alpha/2,{ bound] bound| density bound bound

(m*) (km) (no./m%] (no.m®)| n-1df)

PP1 SheriAnne g 6| 97 2 879 12 2| 1232]. 0.485 0.714
PPl SheriAnne 9 6| 97 3 907 12.38 3| 1110 0.437 0.817
PP1 SheriAnne o 6] 97 4 1081 14.75 4] 1074] 0423 1.006
PPI SheriAnne 9 6] 971 5 696 9.5 5] 1123} 0.442] 0.620 .
PPl SheriAnne 2 6| 97 6 733 10 6| 1105 0.435] © 0.663] 0.764] 0.154 2.132} 0.698] 0.830) 1.745] = 0379 0.400 0.438{ 0475 PPI
AC2 1 |JerseyGirl 0] 6| 97 1 962 12.5 1] 1198 0363] 0.803 :
AC2 1 |JerseyGirt 10y 6| 97| 2 1083 11.75 2| 1231F 0.373] 0.880
AC2_1 | JerseyGirt 100 6] 971 3 1061 9 3| 1135] 0344 0935
AC2 1 | JerseyGirl 1 6] 971 4 988 10.75 4| 1221] 0.370] 0.809 0.857} 0.063 2.353| 0820} 0.894) 0.777 L.063] 1.055F 1,103} 1.150] AC2 1
AC2 2 | JerseyGirl 10 6| 97 1 913 13.5 1] 1429 0433] 0.639
AC2 2 | JerseyGirl 10 6] 971 2 1353 20 2] 1571 0.476] 0.861
AC2 2 |JerseyGirl 10 6| 97 3 1142 16.88 31 1436 0.435 0.795
AC2 2 }lerseyGirl 0] 6| 97 4 609 9 4% 1465 0.444] 0415] 0678 0.198 2.353] 0.561| 0.794| 0.789 1.009| 0.711| 0.859| 1.007] AC2 2
AC1 1 [JudyMarie 11 6] 97 1 624 10.25 1l 978] 0.385] 0.638 i
AC1 1 |JudyMaric [} 6f 97| 2 251 4.13 2| %35] 0368 0269
AC1_1 |JudyMarie 11 6f 97| 3 548 9 3] 902] 03551 0607 0.505] 0.205 2.9201 0.305] 0.704] 0.593 0.692] 0.515] 0.851] 1.187] ACI1_1
AC1_2 {JudyMarie 11 6| 97 1 759 12.5 1] 1140§ 0.449] 0.666
AC1_2 }JudyMarie 11 6l 971 3 486 8 3] 11681 0.460] 0416
AC1_2 {JudyMarie 11 s 97 4 539 8.88 4] 1209 06.476] 0446
AC1_2 }JudyMarie 11 6l 971 5 418 6.88 5] 11403 0.449] 0.366
AC1 2 }JudyMarie 11 ol 97| 6 555 9.13 6] 1143] 0.450{ 0.485] 0476f 0.115 2.132] 0.427] 0.525] 0.698 0.727] 0.612] 0.682| 0.752] AC1 2
DEIl |DelawareII 5| 6] 97 1 285 425373 108] 5431 0.35%6] 0.525
DEII Delaware 11 5 6| 97 2 241 -3.59701 109] 547) © 0.359 0.440
DEIl {Delaware ] 51 6] 97| 3 300f 4.47761 110 660f 04331 0455
DEII Delaware II 5 61 97 4 323 4.8209 111] 669 0.439 0.483
DEIl | Delaware II 5 6] 97 5 371] 5.53731 12| 607] 6398 0611} 0.503| 0069 2.132] 0.473} 0.532]0.7999 0.588] 0.592{ 0.629] 0.665 DE IT



Table B16. Summary of research vessel survey abundance per tow data, by year, region, and
size class.

Northern New Jersey _ Delmarva

Recruits Fully Recruits Fully

Survey (105-119  recruited . (103-119  recruited

year mm) (120+ mm)  All sizes mm) (120+ mm)  All sizes
1965(A)! - - 38.1 - - 27.68
1965(B) - - 357 - - 28.02
1966 - - 304 - - 32.53
1969 - - 343 - - 26.26
1970 - - 257 - - 15.64
1974 - - 21.4 - - 36.66
1976 0.4 11.3 12.9 0.8 16.5 22.0
1977 ' 0.3 1.1 2.5 0.5 6.1 11.4
1978(A) 0.3 0.7 2.1 0.6 - 7.6 11.6
1978(B) 1.7 1.5 45.0 1.1 6.5 622.3
- 1980(A) 42 4.1 20.3 1.8 8.5 43.9
1980(B) 19.3 8.9 34.3 3.8 7.4 31.1
1981 7.9 8.6 231 326 14.8 93.5
19827 24.9 473 96.2 60.1 18.9 125.0
1983 31.1 386 86.3 243 314 63.3
1984 10.0 45.8 71.5 31.9 35.9 229.0
1986 6.9 425 58.1 ' 500 - 775 138.7
1989 6.9 47.0 61.1 12.0 322 49.5
1992 13.5 343 59.1 7.5 29.6 43.7
1994 27.2 105.9 176.5 39.2 63.9 1414
1997° 8.0 62.7 75.9 20.3 28.3 68.2

*Values from 1965-1981 are from NEFSC Lab. Ref. Doc. 86-14 and from Murawski and Serchuk (1989) and are
standardized to a 60-in wide dredge towed for 5 min. Values from 1982-1994 were standardized to a tow distance
of 0.15 n. mi. based on doppler distance. 1997 data were standardized to 0.15 nmi with data on bottom contact
of the dredge and towing speed.

35
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Table B17. Stock size estimates in number and meat weight by region, 1997. Estimates are based on
5-mm size intervals. Program by S. Smith.

1997
Traditional Areas
Number/Tow
Parametric Bootstrap
per fow per region . Ber fow ey region
N= ) ) : [ ®
Reglon SYst Syst  (lowsieglon) ] lower mean upper lower mean upper lower mean  upper |ower moan Upper
GBK 26E+09 S6.04 46,389,573 2373 5604 B3 1,101,010 2599579 4,008,1941 3227 55.50 85.18 1496992 2574621 3,951,464
SNE A.31E+08 9.29 35,629,709 -0.24 8.29 18.82 -3.551 331,000 670,851 .87 816 1820 137,594 326,404 541,538
5] 8.14E+07 3.41 23,875,093 -11.7% ad 18.57 -280,532 81,414 443,380 o111 3.43 596 2,812 81,796 166,089
NNJ 216E+09 7581 27,869,637 56.60 T76.81 95.22 1,577,421 2,115,524 2,653,747 5817 7658 9755 1,621,177 2,134,257 2,718,683
SNJ 1.82E+08 18.28 5 956,236 1.64 1828 3491 16,328 182,000 ur 62| 588 18.14 3442 56,551 180,606 339,506
DMy 281E+09 68.16 41,226,526 4318 68.16 9314 1,780,161 2,810,000 3,839,839 47.74 63.09 3400 1,968,154 2,807,114 3,875,293
SVA 3.48E+08 14.42 24,133,148| -11.62 1442 4045 280,427 343,000 976,188 1.6t 1510 41.85 38,734 364,411 1,009,900
ALL SATE+09 4050 209,135802] 3134 4050 49.68 6,554,316  B470,000 10383684] 3223 4072 5048 6,740,447 8516010 10557476
Tradltional Areas
Total Welght (Kg)
Parametric Boolstrap
per fow per region per fow per region
N= (Ka) {mt) (Kg) {mt)
Reglon SYst $yst (towslregion) lower  mean  upper lowel mean uppel lower mean  upper ower mean Uppef
GBK 170536176 .68 46,389,254 1.78 3.68 557 82,503 170,536 258,568 1.95 an 5.69 90,227 172,197 263,955
SNE 4 6EE+OT 1.3 35,545 890 -0.29 1.31 280 -10,308 46,565 103,083 044 1.30 232 15,553 46,103 82,434
u 9 42E+06 039 24,143,825 -1.35 0.39 214 -32,697 8,417 51,6721 0.02 0.45 0.85% T24 10,764 20,524
NNJ 241E+08 864 27,893,519 658 8.64 10.71 163,450 241,000 208,740] 6.78 4.60 10.54 189,118 239,912 283,998
SNJ 2.16E+07 247 9,935,396 029 247 4,04 2,881 21,560 40138] 061 213 383 8,015 24,182 30,056
DMV 1.67E+08  4.04 41,236,634 2.44 4.04 5.64 100,861 167,000 233,139} 267 4.04 549 110,493 167,165 226,855
SVA 4.10E+06 017 24,117,028 -0.01 0.17 0.35 -241 4,100 8441| 0.12 0.25 o.d1 2,894 6,029 8,777
ALL 6.60E+08 318 208,860,759 253 316 k%] 532,595 660,000 785316 248 318 377 560,165 684,177 TBY. 405
Traditional Areas
Full Recrult Weight (Kg)}
EBaramattic : Bootstrap
2ol fow Rer region Ror fow Rer region
N= {Kg} (mit) : (Kg) {mt)
Reglon Ivat Syxt  (towsegion) | lower mean  upper lower mean upper lower  mean  upper lowet mean upper
GBK 85131 1.84 46,389,043 1.02 184 265 41,618 85,133 12,750 t.18 1.83 2459 53,208 84,799 120,333
SKNE 4 42E+07 124 35,638,215 -0.31 .24 27 -14,048 44,192 99,4321 0.42 .27 232 14,679 45,2026 82,572
4] B.30E+D6 0.35 23,717,560 -140 035 210 33,205 8,301 49,807 0.03 0.36 0.72 868 8,603 17,103
NNJ 2.21E408 7.4 27,833,783 6.04 7.54 9.04 168,118 221,000 273884 802 7.97 994 167,754 221,752 275,640
SN 2.07E+07 208 9,969,628 024 208 an 23393 20,737 35,18tf 070 214 s 7.018 21,205 ar2od
DMV 9.85E+07 239 41,203,133 130 238 3.47 53,564 B8 475 142,975] 1.58 2.40 3.54 64,277 99,011 145,859
SVA 240E+05 003 23,973,900 0.000% 0.0 o002 2 240 479% 008 009 .10 1918 2,158 2,387
ALL 478E+08 220 208733624 1.87 229 21 390,332 473,000 565,668 1.91 2 274 394,681 482,178 571,930
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Table B18. Stock size estimates in number and meat weight by region, 1994. Estimates are based on 5-mm

size intervals. Program by S. Smith,

1994
Traditional Areas
Number/Tow
Parametric . ootsira
por fow per region per fow pey region
N« ) )] . U] L]
Reglon st Syst {towsireglon) lower mean upper lower mean upper fower mesn  upper lower mean upper
GEK 3.568E+09 76.92 46,389,751 19.68 76.92 134.16 912,950 3,563,300 6,223,649| 3843 T78.2% 125.60 1,689,979 3,535,363 5,826 553
SNE 1.38E+08 386 35,751,295 0.5 3.86 8.24 -18,233 134,000 204,591 0.86 386 1.39 34,296 138,107 264,338
Ll 2886408 12.49 23,859,087 7.59 12.49 17.40 181,000 298,000 413,148 871 123 16.53 207,808 263,708 304,438
NN 4.8TE+09  174.81 27,890,728 125,88 174.64 Z20.64 3,048,100 4,870,000 6,153, 810| 131.50 173.90 213.80 3,807,831 4,850,108 o,965,827
SNJ 2.05E+09 206.42 6,831,208 -60.07  206.40 472.90 -506, 568 2,049,801 £,696,465| 3031 203.80 45144 301,015 2,083,587 £,483.047
DMy 562E+09 14118 41,223,969 75.46 141.18 208 H 3,110,764 5,820,000 2,529,652| 8587 139.00 214.02 3,539,902 5,720,132 3,822,754
SVA 1.07E+09 44.28 24,164,408 441 44.28 8415 106,565 1,070,000 2,033 435| 13.72 4254 T4.32 331,536 1,027,854 1,795,895
ALL 1.78E+10 8520 208,920,188 63.56 8520 106.83 13,278,067 17800000 22,318,944| 6453 8368 107.57 13,565,158 17,500,282 22,473,545
Traditional Areas
Total Weight {Kg)
Parametric Bootstrap
ber fow per region per fow per region
N= (Ko} [mt) (Kg) {mt)
Reglon $Yst Syst {tows/region) lower mearn upper lower mean uppar fower mean Lpper fower mean upper
GBK 319E+08 6.87 46,433,770 1.35 6.87 12.39 62,686 315,000 575,314 2.86 6.82 11.95 132,986 316,446 554,651
SNE 1.59E+07 0.45 35,333,333 £0.21 0.45 1.10 7,420 15,900 38,867 0.08 0.45 o.88 2764 15,865 1,233
#] 2ZHEDT 122 23,852,459 0.65 122 1.80 15,504 29,100 42,934 0.79 1.21 1.66 18,908 28,790 35,566
NNJ 4.39E+08 1877 27,837,666 11.85 1577 19.69 20 876 439,000 648, 1241 12.11 15.79 19.48 337,114 439,557 542278
SNJ 130E+08 13N 9,916,095 -1.87 ian 34.08 <78,040 130,000 337,941 230 1268 34.58 2317 125,736 342,928
DMy A.57TE+08 8.64 41,318 444 4.80 864 12.49 188,333 357,000 516,080 4.96 8.60 1271 204,068 355,513 625,470
SVA 2.01E+07 0.53 24,218,867 0.27 0.83 1.39 6,539 20,100 33,661 043 080 1.32 11,563 21,894 3N
ALL 131E+08 627 208,831,419 456 627 7.08 552,727 1,310,000 1,667,273 471 820 8.05 984,903 1,208,002 1,681,680
Traditional Areas
Full Recruit Weight (Kg) .
Parametric Bootstrap
per low perregion per fow per yeglon
N= {Kg) ) {mt) Kg) {mt})
Reglken SYst $yst {towalreglon) lower mean upper lower mean upper lower mean  upper lower mean upper
GBK 250E+08  5.39 48,382,189 0.64 5.39 10,14 29,685 250,000 470,315 186 532 .70 85,211 . 246,660 449,768
SNE 1.33E+07 0.37 35,845,646 -0.27 0.37 1.02 8,705 13,300 35,685 0.07 £.33 . 0.80 2,646 13,458 28577
0 2.356+07 099 23,731,314 0.54 099 1.44 12,818 23,500 34,182 0.64 po8 1.40 15,118 3,172 33,216
NNJ J6TE+HE 1282 27,847,114 9.67 1282 15.97 269,282 357,000 444,718 9.90 1275 15.62 275,631 355,051 434,972
SMJ 1.02E+08 10.26 9,941,520 -6.86 10.26 27.39 -68,199 102,000 272,298 137 1042 27.90 13,570 103,594 218
DMV 2.39E+08 5.80 41,206,697 343 5.80 8.t5 141,340 239,000 335,836 7 £.80 8.12 153,619 238,124 334,682
8SvA 6.45E+06 027 23,885,889 0.03 0.27 0.51 7 6,450 12,183 0.17 0.35 0.58 4,066 8,204 13,285
ALL S.0ZE+08 474 209,282,700 3.38 474 6.13 703,100 #62,000 1,282,903 3.60 417 8.08 745,884 908,008 1,273,278
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Table B19. Stock size estimates in number and meat weight by region, 1992, Estimates are based on 5-mm size intervals.

Program by S. Smith.

1992
Traditional Areas
Number/Tow
arametric Bootstrap
per tow per region perfow pear pegion
N= * (] # L]
Region 5Vt Syst (tows/reglon} Tower maan upper lower mean uppar lowver mean upper fowar mean Upper
GBK 1121211046 2417 46,388,541 51 2417 4263 264,707 t421211 1,977,683 11.26 24.26 40.95 522338 1,124,822 1,899.81%
SNE 191671933 5.37 s e -1.04 537 11.78 -36,923 191,672 420,271 0.62 8.53 875 21,938 197,082 7001
] 199209167 - 835 23,858,814 -4.62 B.35 21.32 -110,273 194,209 508,589 1.90 X 13 13.40 45,232 201,774 219,708
NNJ 1652497691 52.30 27,859,090 33197 59,30 84.62 946,629  1,652498 2,358,338 ar.ie 59.13 83.68 1,035,615 1,647,899 2,387,824
SNJ 111569070 11.23 9,948,247 1.77 123 20.68 17,567 111,668 205,763 303 11.14 21.00 38,235 110,823 208,843
oMY 1795182347 43,52 41,252,435 18.34 43.52 68,70 788,408  1,795182 2833010 24.48 4384 7410 1,040,272 1,800,258 3,055,808
8VA 607068612 25.15 24,142,717 -8.34 2515 58.63 -201,358 607,069 1,415,509 235 25.98 64.08 56,615 626,745 1,547,138
ALL 5678500866 27.18 203,130,110 19.26 2715 35.05° 4027008 5678510 7329801 2022 273 35.37 4228611 5711343 7,396,832
Traditional Areas
Total Weight (Kg)
Parametric Bootstrap
par tow perregion pet fow per region
N= (Kg) (mty (Kg) {mt)
Reglon Irst Syst (towslreglon) lower mean upper lower mean upper lower mean upper lower mean upper
GBK 72243479 1.56 46,390,213 0.46 1.58 2.66 21,248 72,243 123,244 0,68 1.58 287 31,818 73,297 123,853
SNE 22350086 0.63 36,671,103 044 0.63 1.69 -15,600 22,350 60,300 0.07 0.69 131 2,59% 24,774 46,627
L 14039784 0.59 23,858,924 017 0.59 1.35 -4,091 14,040 krATal ¢.15 0.81 0.93 3,585 14,647 22217
NNJ 152509292 5.47 27,869,322 355 5.47 T.40 68,911 152,508 208,110 .68 5.44 7.39 ‘ 102,566 164,526 206,010
SNJ 14902795 1.80 9,948,461 0.19 1.50 281 1,895 14,993 27,910 0.35 1.48 2.82 T 3438 14,485 28,084
DMV 136520980 332 41,253 386 1.55 332 508 64,062 13§ 821 209,584 192 3.38 537 79,083 129,808 221,50
SVA 32716242 1.36 24,143,046 -0.81 1.36 322 -12,237 32,716 71,672 0.10 1.44 80 2,479 M, 742 B4562
ALL 445582658 212 209,134,825 1.58 213 2.87 333,089 445583 554,076 1.85 218 278 344, 854 451,104 574,284
Traditional Areas
Full Recrult Weight (Kg)
Parametric Bootstrap
per fow per reglont per tow per regrion
N= (Kg) {mt) {%g) (m$)
Reglon Irst Syst {towslregion) lower mean upper lower mean upper lowear mean upper lower mean upper
GBK 40443114 087 46,389,204 0.24 0.87 151 10,981 40,443 63,905 0.36 0.88 149 . 18,733 40,104 69,037
SNE 20585226 0.58 35,670,738 -0.49 0.58 1.65 -17,508 20,585 58,678 0.05 0.82 124 1,858 22234 44,188
u : 6795156 0.28 23,858,658 0.02 .28 0.55 | 5a7 6,798 13,003 0.12 0.30 045 2,861 A 10,770
NNJ 118544048 4.25 27,869,110 2.90 425 5.60 80,951 118,544 156,137 2.95 428 5.53 82,158 118,778 154,088
Sh) 13464108 1.38 9,948,355 0.15 1.3% 2.55 1,525 13,464 25,403 0.36 139 263 3,50 13418 26328
DMv 113585760 275 41,252,908 1.38 2.75 413 68,921 113,586 170,251 1.54 2n 43 63,853 114,312 178419
SVA 16707038 0.a2 24,142,498 013 0.82 238 -17,505 19,707 56,919 0.06 678 2.49 1,433 19,145 58,296
203,130,800 1.18 1.59 1.89 243,409 333,124 416,840 128 1.64 203 267,897 41,929 424,536

ALY 333124451 1.59
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Table B20. Stock size estimates in number and meat weight by region, 1989. Estimates are based on 5-
mm size intervals. Program by S. Smith.

1989
Traditional Areas
Numbar/Tow
Parametric Boolstrap
pertow per reglon pertow perregion
N= ) ) (U] i#)
Reglon $Yst Syst (tewaslreglen) lower  mean  upper lower mean upper| lower mean uppafr lower maean upper
GBK 1.30E+09 4275 30408357 -30.74 4275 11624 -934,784 1,300,000 3,534,784 6.36 43.19 114.48 193,373 1,313,380 3481324
SNE 2.81E+08 9.92 28,326,613 -0.02 5.92 15.84 -567 281,000 562,000 3.69 967 1873 104,412 274,032 473,876
LI 1.49E+08 6.26 23,801,917 -55.74 B8.26 65.28 -1,326,957 149,000 1,625,155 023 590 1216 5,398 140,527 289,362
NN 1.71E+D9  61.27 27,908,254 420t 6127 80.52 1,172468 1,710,000 2,247,253] 4560 60951 79.23 1,272,662 1699953 2,211,250
S5HJ 1.49E408 15.02 5,920,107 229 1502 2176 2217 149,000 278,382 536 1518 2775 53,172 160,687 275283
PMY 2.05E+09 4850 41,338,080 2279 4959 7640 942,118 2,050,000 3,158,208] 2340 4082 71.37 1,050,010 2,047,108  3,198387
5vaA A26E+08 1348 24,100,792 -11.62 13.43 k1.9.1) -280,166 325,000 729,815 1.01 12.24 3083 24,220 319,214 853,012
ALL 5G6E+09 3208 185,801,425 19.07 3208 45.06 3,545,140 5960000 8376710} 2235 3162 4378 4,154,867 §878,203 8,135,047
Traditional Areas
Total Welght (Kg)
Parametric Bootstrap
per fow pet region ber fow per region
h= {Kg) {mt) (Kg) (mt)
Reglon $Yst Syst (tows/reglon) lower mean  upper lower mean upper lower  mean  uppef lower maan upper
GBK 1.33E+08 4.38 30,355,297 -3.41 4.38 12.18 -103,546 133,000 369,849 0.79 4.52 9.95 23,989 137,221 302,135
SNE 3.68E+07 1.30 28,307,692 0.07 1.30 2.53 1,982 36,800 71,818 062 144 219 17,661 39,829 62,008
u 1.46E+07 0.61 23,934,426 -5.49 0.61 6.71 -131,400 14,600 160,600 0.04 0.56 1.15 952 13,29¢ 27,545
NN L7IEH08  6.19 27,948,304 447 619 7.83 124,929 173,000 218,835] 467 816 798 130,491 172,189 222,888
SHJ 2.22E407 223 9,955,157 0.61 223 386 6,073 22,200 38,427 0.90 .19 352 8,852 21,752 35,053
DMY 1.54E+08 a7z 41,397,849 1.94 372 550 5,312 154,000 27,608 2.18 75 5.68 90,144 155,242 234,933
SVA 2. 11E+0T 0.87 24,252,874 077 0.87 252 -18,675 21,100 61,117 0.12 0.88 2.61 2,835 21,324 63,334
ALL 5.54E+08 298 185,906,040 168 298 429 312322 554,000 797,537 217 3.03 419 403,230 562,738 Tia.mr
Tradlitional Areas
Full Recruit Welght (Kg)
Parametric Bootstrap
per tow f retion per tow per region
N= (Kg) (mt) (Xg) {mt)
Region $Yst $yst {tows/reglon} lower mean  upper lower mean upper lower  mean  upps’ lower maan upper
GBK 1L23E408 405 30,370,370! -3.38  4.05 14.46 «102,044 123,000 348044 060 431 1153 18,076 130,957 350,307
SNE 3. 48E+O7 123 28,292,683 [1X0] 123 2.41 1,415 34,800 68,185 0.4% 1.3¢ 213 11,524 38,922 60,201
i 1.23E407 0.51 24,117,647 -4.46 0.51 5,49 -107,565 12,300 132,406 0.05 047 0.98 1,235 11,415 23,069
NNJ 1.54E+08 5.54 27,797,834 4.02 5.54 7.07 111,747 154,000 166,531 4.20 58.53 124 116,779 153,778 201,229
SN 2AZEHOT 213 9,953,052 665 213 3.62 5,464 21,200 3030] 0% 214 59 8,804 24,200 35,763
DMV 1.21E+08 292 41,428,356 146 2.2 4.39 60,500 124,000 181,914 1.1 2.84 4.37 70,860 121,829 181,003
SVA 1.88E+08 0.78 241,025,641 -0.72 0.78 2.28 -173,538 188,000 549,638 010 0.8t 2.40 24,5948 196,219 578,124
ALL 4.85E+08 261 185,823,755 1.38 261 3.84 256,437 485,000 713,563 1.8 267 391 336,898 495,778 726,385




Table B21. Examination of stratified random survey efficiencies compared to a com-
pletely random survey. Values are percentages. "Allocation": effect of sampling intensity.
"Stratification": improvement due to choice of strata and their boundries.

Number/tow Full recruit weight
Year Area Allocation Stratification Allocation Stratification
1997 GBK 10.31 21.12 22.77 36.09
SNE 8.71 38.27 931 34,27
LI 761 2.79 7.85 -2.62
NNJ 2.98 7.70 3.42 13.92
SNJ 0.27 12.21 0.26 13.48
DMV 9.54 '18.81 10.93 9.15
SVA-NC -23.97 -1.00 26.57 32.21
ALL 921 23.52 1927 32.66
1994 GBK 12.59 13.32 12.98 6.52
SNE -6.22 14.53 4.15 23.99
LI -1.62 88.10 -2.40 84.54
NNJ 19.94 18.88 7.75 33.41
SNJ 8.14 9.13 8.74 2.19
DMV 6.84 14.90 7.19 15.52
SVA-NC 24.97 32.97 22.86 38.70
ALL 20.13 18.84 16.55 16.48
1992 GBK 56.40 6.70 23.42 10.87
SNE 13.15 25.89 14.93 30.55
LI -4.02 43.36 -0.16 40.88
NNJ 25.70 587 . 15.73 20.04
SNJ 0.54 -5.12 0.51 -5.00
DMV 10.42 7.53 10.34 8.72
SVA-NC- 1980 -1.18 27.67 -0.29
ALL 35.57 8.57 19.09 19.30
1989 GBK 16.81 121 16.64 -1.30
SNE 821 35.65 12.49 43.79
LI 9.10 025 9.01 1.30
NNJ -6.26 21.07 228 35.79
SNJ 7.03 16.45 6.12 18.08
DMV 8.92 12.04 8.96 12.05
SVA-NC -24.61 -0.49 2411 -0.59
ALL 593 7.46 1.85 6.88

90
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Table B22. Surfclam supply-year calculations. NNJ run with M = 0.05, 10-year harvesting horizon policy (with option to harvest unexploited

stock).
ASSUMPTIONS / INPUTS:
Do not changa value
Full-Recruit Biomass estimate for 1997; {from S. Smith software, bootstrap) used in harvest calc:
Region Minimum Biomass Dredge Efficiency : 0.59 1+exp(M)+exp{2M)+...+exp(9h} =
NN 221.8 thousand mt g
00 {nate: M = meg)
Sum 221.8 Sum {Ad;. for Effic.); r 375.9 thousand mt
Full Rec. Stock Biomass (NNJ)
Commercial Catch Estimate from Exploited Area (units: mt):
Year Catch {mt} Sourca Conversion Fac: 17 ibsfou
1997 19,779 1997 quola
1998 19,779 1998 quota Policy: Harvest calcutated for 10-yr horizon
F_ref Label
Natural Mortality Rate, m : ¢.03 Overflshing Def: D.18 = F_20% MSP
Portion of total biomass that Annual Recruitment: Based en mean fraction of pre-recr. wt in last 4 surveys (1988-1987 ).
' is unexploited in 1997 : 0% {Pre-recruits grow to Full-Recruits} 37,059 mt.  Fraction is applied to “Actual” 1597 Stock Biomass
- mit, annual recruitment in unexploited areas (initially}
Want to exploit part of unexploited stock 7 Annual Growth of Full-Recruits: Instant. Growth Rate (g):
Enter fraction of unexpl, biomass {enter fractional increase in meat weight/ clam): 0.068% 0.063 {do not lype this vaiue,}
o make available (exploitable} : 0.00 {e.g., 0.08 represents 8% f yr} {computed by spreadsheet)}
Starting in Year {>=1999); 1999
Overfishing Ref. P1.
SIMULATION: Harvest from Expl. Area: Exploitation Rats: inst. Rate (F_ref) = Exploit. Rate =
Marker Year Biomass {Expt), mt Biomass (Unexpl), mt  Tot Biomass mt bushels Expl Areas Al Areas F_20% MSP {F_ref 1 2)*(1-exp{-Z))
v 1 1993 348,265 - 398,265 19,779 2,565,014 5.0% 5.0% 0.18 18.1%
= 2 1999 420,971 . 420,571 10,589,469 19.4%  19.4% 0.18 16.1%
[+ 3 2000 351,289 - 381,289 77,452 10,044,295 20.3% 20.3% 0.18 18.1%
e 4 2001 345,348 - 345,348 73,845 9,550,511 21.3% 21.3% 0.18 16.1%
0 5 2002 312,794 - 312,794 70,156 9,103,273 22.4% 22.4% 018 16.1%
[ 6 2003 283,309 - 283,309 87,072 8,698,193 23.7% 23.7% 018 16.1%
[ 7 2004 256,604 e 256,604 84243 833129 25.0% 25.0% 018 16.1%
0 8 2005 2324186 - 232,418 61,681 7,998,985 26.5% 26.5% 0.18 16,1%
0 9 2006 210,507 - 210,507 59,360 7,697,998 28.2% 28.2% Q.18 16.1%
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Table B23. Surfclam supply-year calculations. NNJ run with M = 0,10, 10-year harvesting horizon policy (with option to harvest unexploited
stock).

ASSUMPTIONS / INPUTS:
. : Do not change valug
Full-Recruit Biomass estimate for 1997: (from 5. Smith software, boolsirap) . used in harvest calc:
Ragion Minimum Biomass : Dredge Efficjency : 0.59 1+exp{M)+oxp({2M}+.. +exp(OM) = )
NN 221.8 thousand mt 12
0.0 {note: M = mg)
Sum 2218 Sum (Adj. for Effic.): [ 375.9 thousand mi

Full Rec. Stock Bjomass (NNJ)

Commercial Catch Estimate from Exploited Area (units: mt):

Year . Catch {mt) Source Conversion Fac: 17 kesfbu
1997 19779 1997 quota
1988 18,779 1598 quota Policy: Harvest calculated for 10-yr horizon
F_ref Label
Natural Mortality Rate, m : 010 Overfishing Def: 018 = F_20%MSP
Portion of total biomass that - Annual Recruitment: Based on mean fraction of pre-recr. wt in last 4 surveys (1989-1997 ),
is unexploited in 1997 : 0% {Pre-recruits grow 1o Full-Recruits) 37,059 mi._ Fraction s appliad to "Actual" 1997 Stock Biomass

- mt, annual recruitment in unexploited areas {initially}

Want to exploit part of unexpleited stock ? Annual Growth of Full-Recruits: Instant. Growth Rate (g):
Enler fraction of unexpl, bismass {enter fractional increase in meat weight/ clam): 0.065 0.063 {da not lype this value,}
lo make availahle (exploitable) : 0.00 (e.9.. 0.08 represents 8%/ yr) {computed by spreadsheef)
Starting in Year {(>=1889): 1959

Cverfishing Ref. PL.

SIMULATION: Harvest from Expl. Area: Exploitation Rate: Inst. Rate {F_ref} = Exploit. Rate =

Markar Year Biomass {Expl), mt Biomass {(Unexpl), mt  Tot Biomass mt bushels Expl Areas  All Areas F_20% MSP (F_ref I Z)* (1-exp{-Z})

¢ 1 1988 378,841 - 378,841 19,7789 2,565,014 52% 5.2% 0.18 15.7%
- 2 1999 381,723 . 381,723 8,972,911 181%  18.1% 0.18 15.7%

o 3 2000 336,884 B 336 884 85,416 8,483,439 19.4% 19.4% 0.18 157%

4 4 2001 297,312 . 297312 2,085 8,051,463 20.9% 20.9% 0.18 15.7%

0 5 2002 262,388 - 262,388 £9,146 7,670,229 22.5% 22.5% 0.18 15.7%

o 6 2003 231,567 - 231,567 56,551 7,383,777 24.4% 24.4% 018 15.7%

i 7 2004 204,366 - 204,366 54,262 7,036,845 26.6% 26.6% 0.18 15.7%

0 8 2005 180,361 . 180,361 52,241 6,774,792 29.0% 25.0% 0.18 157%

0 9 2006 159,175 - 158,175 50,458 6,543,522 31.7% 31.7% 0.18 15.7%
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Table B24. Surfclam supply-year calculations. NNJ run with M = 0.15. 10-year harvesting horizon policy (with option to harvest unexploited

stock).
ASSUMPTIONS 1 INPUTS;
Do not change value
Full-Recruit Biomass estimate for 1997: (from S. Smith sofiware, bootstrap) used in harvest calc;
Region Minimum Biomass Dredge Efficiency 0.59 1+exp(My+exp(2M)t...+axp{SM) =
NNJ 2218 thousand mt 15
0.0 {note: M = m-g)
Sum 2218 Sum {Adj. for Effic.) : ! 375.9 thousand mi
Full Rec. Stock Biomass (NNJ)
Commercial Gatch Estimate from Exploited Area (units: mt):
Year Catch {mt Source Conversion Fac: 17 Ibs/bu
1897 19,779 1987 quota
1998 18,779 1988 quota Policy: Harvest calculated for 10-yr horizon
F_rof Label
Natural Mortality Rate, m: 015 Overfishing Def; 048 = F_20% MSP
Portion of total blomass that Annual Recruitment: Based on mean fraction of pre-recr. wi in last 4 surveys (1889-1997 ).
is unexploited in 1997 : 0% (Prerecruits grow to Full-Recruits) 37,059 mt.  Fraclion is applied to “Aclual” 1897 Stock Biomass
- mt, annual recruitment in unexploited areas (initially)
Want to exploit part of unexploited stock ? Annual Growth of Fuil-Recruits: Instant. Growth Rate {g}:
Enter fraction of unexpl. biomass (enler fractional increase in meat weight/ clam): 0.065 0.083 (do not type this value,}
io make available {exploitable) : .00 {e.n., 0.08 represents 8% /yr) (computed by spreadsheet)
Starting in Year {>=1999): 1999
OGverfishing Ref. Pt
SIMULATION: Harvest frem Expl. Area: Exploitation Rate: Inst. Rate (F_ref) = Expleit. Rate =
Marker Year Biomass {Expt), mt Biomass {Unexpl), mt  Tot Biomass mt bushais Expl Areas Al Areas F_20% MSP {F_ref { Z)* (1-exp(-Z})
] 1 1998 360,365 - 360,365 19,779 2,565,014 5.5% 5.5% 0.18 15.3%
== 2 4999 346,170 - 346,170 7,747,758 17.3%  17.3% 0148 15.3%
o 3 2000 296,524 - 295,524 56,480 7,326,857 19.1% 19.1% 0.18 15.3%
o 4 2001 253,998 - 253,998 53,763 6,964,463 21.1% 21.1% 0.18 15.3%
o 5 2002 217,571 - 217,571 51,316 6,654,898 23.6% 23.6% 0.18 15.3%
0 6 2003 186,368 - 186,368 49,272 6,383,730 26.4% 26.4% 018 15.3%
0 7 2004 159,640 - 159,640 47,520 6,162,590 29.8% 29.8% .18 15.3%
0 8 2005 136,745 - 136,745 48,020 5,868,026 33.7% 35.7% 0.18 15.3%
[} 9 2006 117,124 - 117,134 44,735 5,801,365 38.2% 38.2% 0.18 15.3%
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Table B25. Surfclam supply-year calculations. Mid-Atlantic (LI-SVA) run with M = 0.05. 10-year harvesting horizon policy (with option to

harvest unexploited stock).

ASSUMPTIONS !/ INPUTS:

Da not change value

Full-Recruit Blomass estlmate for 1987: (ffom S. Smith software, boolsirap}

Region Minimum Bicmass
thousand mt

NNJ 2218

DMV 99.0

Sum 3208

Dredge Efficiency :

Surm {Adj. for Effic.} :

0.59

usad in harvest calc:
T+exp(M+exp(2M)+...+exp(oM) =

{note. M= m-g)

—

543.7 thousand mi

Full Rec. Stock Biomass (1997, Exploited Area only)

Commerclal Catch Estimate from Exploited Area {(units: ml):

Year Calch (mt
1997 19779
1998 19,779
Natural Mortality Rate,m : 0.05

Portion of total blomass that

12 unexplolted In 1997 : 8%

Source
1997 quola
1998 quota

Want to explolt part of unexplolted stock ?

Enter fraction of unexpl. biomass
te make available {exploitable) :
Starting in Year {>=1999):

100
2027

SIMULATION:

Marker Yeal Blomass (Expl), mt  Biomass (Unexp!), mt
1] 1 1998 604,750 54,329
a 2 16500 866,033 61,478
0 3 2000 803,794 6a715
0 4 2001 546,878 76,049
1} 5 2002 495328 83479
o ] 2603 448 637 91,006
o 7 2004 406,347 98,631
o ] 2005 368,044 106,356
1] 9 2006 333,351 114,182

Tol Biomass
£50,079
728,108
672,600
622,928
578,807
539,643
504,978
474 400
447,533

Converslon Fac:

Pollcy:

Overfishing Def:

Annual Recrultment:

{Pra-recruits grow fo Full-Recruils)

Annual Growth of Full-Recrults:
(enter fractional increasa in meat weight! clamy.

{e.g., 0.08 represents 8% / yr}

Harvesl frém £xpl. Araa; -

m

19,779
143,691
137,024
131.004
125,543
120597
116,116
112.059
108,383

bushals

2,565,014
18,634,357
12,771,042
16,989,107
16,280,879
15,639,411
15,058,409
14,532,174
14,055,544

17

73,068

ibsibu
Harvest calcutated for 10-yr horizen

Label
= F_20% MSP

Based on mean fraction of pre-recs. wtin Jast 4 surveys (1989-1997 ).
mt,__ Frackion is applied to "Actual” 1997 Stock Biomass

6,354

mt,_annual recruilment in unexploited areas {initially)

0.065
Exploitation Rate:
Expl Araas All Areas

32% 30%

21 0% 18 7%

22 I 20 4%

24 0% 21.0%

25.3% 217%

26.9% 22.3%

28 6% 23.0%

30.4% 236%
32.5%

24 2%

Instant. Growth Rats {g):
0063 {do not typa this value,}
{computed by spreadsheet}

Overfishing Ret, P,

Inst. Rate (F_ref} = Exploit. Rate =
F_20% MSP {F ref ¢ 2" (1-exp(-Z)}

018 16 1%

n18 16 1%

o8 1%

LR 1] 16.1%

o18 16.1%

418 16.1%

0.18 16.1%

018 16.1%

.18 16.1%
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Table B26. Surfclam supply-year calculations, Mid-Atlantic (LI-SVA) run with M = 0.10. 10-year harvesting horizon policy

harvest unexploited stock).

ASSUMPTIONS / INPUTS:

Do not changa value

Full-Recruit Biomass estimate for 1997: (from 5. Smith scftware, booislrap)

Region Minimum Biomass
thousand mt

NN 221.8

DMV 99.0

Sum 3208

Dredge Efficiency : 059

used in harvest calc:
1+expiM)+exp(2ZM)+.  +exp(SM) =

{note: M = m-g)

Sum (Adj. for Efiic.): |

543.7 thousand m!

Fuit Rec. Stock Biomass (1997, Exploited Area only)

Commercial Catch Estimate from Explolted Area {unlis: mt):

Year Caich (mt) Source

1597 19,779 1997 quota

1598 19,779 1998 quata
Maiural Mortality Rate, m : 0.10

Portlon of total biomass that
Is unexploited In 1997 : 8%

Want to explolt part of unexploited stock 7
Enter fraction of unexpl. biomass

10 make available (exploitable) : 1.00
Starling in Year (>=1599): 2027
SIMULATION:

Marker Year Biomass (Expl), mi  Biomass (Unexpl), M Tol Biomass
a 1 1558 575,256 ’ 51,680 626,935
0 2 1939 605,699 55,924 661,623
0 3 2000 534,551 60,014 594,565
0 4 2001 471,760 63,956 535,716
0 5 2002 416,345 67,754 484,099
0 <] 2003 367,439 71,414 438,853
0 7 2004 324,278 74,941 399,219
0 8 2005 286,187 78,340 364,527
o] 9 2006 252,570 81,615 334,185

Conversion Fac:

Policy:

Overfishing Def:

Annual Recrultment:
({Pre-recruits grow to Full-Recruits)

Annual Growth of Full-Recruits:
{enter fractional increase in meat weight/ clam):
{a.g., 0.08 represenis 8%/ yr}

Harvest from Expl. Area:

mi bushals Expl Areas
18,779 2,565,014 34%
124,054 16,087,744 20.5%
118,065 15,311,075 22.1%
112,779 14,625,637 23.8%
108,115 14,020,714 26.0%
103,998 13,486,847 28.3%
100,385 13,015,691 31.0%
97,158 12,599,879 33.%%
94,325 12,232,910 7.3%

17 bsibu

Harvest calculated for 10-yr horizon

F_ref Label
0.18 = F_20% MSP

(with option to

Based on mean fraction of pre-recr. wt in last 4 surveys (1$89-1997 ).
72068 mt.  Fraction is applied to "Actual* 1997 Stock Bicmass

6354 mt, annual recruilment in unexploiled areas {inillally)

Exploitation Rala:

Instant. Grewth Rate {g);
0065 0.063 (da not type this value,)
(computed by spreadsheet)

Overfishing Ref. Pt.

Inst. Rate (F_sef) = Exploit, Rate =

All Areas F_20% MSP (F_ref 1 2) " (1-exp{-Z))

2% 018 15.7%
18.7% 18 15.7%
19.9% 018 15.7%
21.1% 018 157%
22.3% 0.18 15.7%
237% 018 16.7%
251% 018 16.7%
26.7% 018 . 157%
28 2% 0.18 A57%




Table B27. Surfclam supply-year calculations. Mid-Atlantic (LI-SVA) run with M = 0.15, 10-year harvestmg horizon policy (with option to
harvest unexploited stock).

96

ASSUMPTIONS / INPUTS:
. Do not change value
Fuil-Recrult Biomass estimate for 1997: (from §. Smith soltware, boolstrap) used in harvest calc;
Region Minimum Biomass Dredge Efficlency : 0.59 1+exp{i)raxp{2M)+.. taxp(sh) =
thousand mt 15
NNJ 221.8 {nota: M = m-q)
DMV 99.0
Sum 320.8 Sum (Ad]. for Effic.): | 5437 thousand mt
Full Rec. Stock Biomass {1997, Exploitad Area only)

Commercial Catch Estimate from Explolted Area [units: mt):

Year Caich (mt) Source Conversion Fac: 17 ibsfbu
1597 19,779 1997 guoata
1998 19,779 1948 quola Palicy: Harvest calculated for 10-yr horizon
F_ref Label
Natural Mortallty Rate, m ; 0.15 Qverfishing Def: 014 = F_20% MSP
Portion of total blomass that Annual Recruftment: Based on mean fraclion of pre-recr. wl in last 4 surveys (1989-1897 ).
is unexploited in 1997 : 8% (Pre-recruits grow lo Full-Recruits} 73068 mt.  Fraction is applied o "Actual’ 1987 Stock Biomass

6.354 m, annual recruiiment in unaxploited areas (initially)

Want to explait part of unsxplolted stock ? Annual Growth of Full-Recruits: Insian. Growth Rate (g):
Enler fraction of unexpl, biomass {enter fractional incraasa in meal waight/ clam) 0085 0063 (do not typa {his valua,)
to make available {exploitable) : 1.00 . {e.g., 0.08 ropresents 8% / yr} [computed by spreadsheet)
Slarling in Year (>=1899): 2027

Overfishing Ref. Pt.

SIMULATION: Harvest from Expl. Area: Exploilation Rate: Inst. Rate (F_yef) = Exploit. Rale =
Marker Year Biomass {Expl), mt  Biomass {{Unexpl), m  Tot Bicmass mt bushsis Expi Areas All Areas F_20% MSP {F_rel I Z)* (V-exp(-Z))
a 1 1998 547,260 49,159 596,359 19,779 2,565,014 3.6% 3.3% 018 15.3%
a 2 1898 550,441 50,886 801,327 109,139 14,153,561 19.68% 18.1% 0.18 15.3%
¢] 3 2000 471,500 52,469 523,963 103,966 13,482,700 22.1% 19.8% 18 15.3%
0 4 2001 403,880 53,920 457,800 99,535 12,908,051 24.6% 21.7% .18 15.3%
0 5 2002 345958 55251 401,208 95,739 12,415,814 27.7% 23.9% 0.18 15.23%
4] 3 2003 298,342 56,470 362,812 92,488 11,994,172 H 2% 26.2% 0.18 15.3%
8] 7 2004 253,842 67,588 311,430 89,703 11,632,899 35.3% 28.8% 018 15.3%
0 -] 2005 217,438 58,612 276,050 87,317 11,323,624 40.2% 31.6% 0.18 15.3%
0 9 2006 186,254 59,551 245,805 85,274 11,058,618 45.8% 7% 018 15.3%
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Table B28.

[Blomass Production Model = Strfclam_| Nat. modtality (m) : 0.05 Area S Tow = e:/survey/progs/scB71mm.xis
{1-yr projection} INPUTS : Dredge Efficiency (0-1): 0.59 (sq. n.mi) Nov, 10, 1997
Time T = 1997 (Assumptions) MNon-catch mortality (0-1); 0.2 0000123434
La. {fraction dying| impacted)
2-parameter vonBert. mode! results:
vonBeral. Params Source Len/\\ Params Source
Region L_inf [ [ Region alpha beata
1 8VA 139.4189 02533 0| DMV 1997 1 SVA -7.0583 2.3033 | Murawski
2 Dy 139.4189 0.2533 01997 data 2 DMV -9.1063 2.7675 | Murawski
3 sy 183.2525 0.24894 Ofarid 1097 3 SNJ -8.2081 2.8251 [Murawski
4 NN 163.2525 0.24694 0] 1997 data 4 NNJ -9.2061 2.8251 | Murawski
5u 159.0046 0.20792 0|80+02 data 5 LE -7.9837 2.5802 | Murawski
B SNE 67,1082 0.23438 ©|a0+92 data & SNE -7.9837 2.5802{Murawski
768K 152.0832 0.22387 0|88+p2 data 7 GBK -7.6967 2 5772 |Murawski
Cther notes: Catch per tow was adjusted to 0.15 nmi based on sensor data, assurning a critical cutting depth of 4 inches. A 1-mm size intenval was used.
Traditional stratum areas used. Strata composing SNE and GBK were fevised to foltow suriclam habitat more closely.
Production : Production : : Total Biomass Estimate: Total Biomass Extmale:
NOT ABJUSTED FOR DREDGE EFFICIENCY: ADJUSTED FOR THE DREDGE EFFICIENCY LISTED ABOVE ; ed for ofl. NOT Adusted for off.
OUTPUTS : Wt per tow by Region {grams} Wt per tow by Region {grams) Regional Biomass {MT) Regional Biomass (MT)
Region Time=T Tima=T+1 [Region Time=T Time=T+1 Time=T (199N Time=T (1997)
SVA 189.4 266.4 SVA 2871 4516 8,930 4,089
DMV 4,025.8 4,238,0 DMV 68230 7.183.1 281,467 166,085
SNJ 2,155.3 2,244.5 SNJ 368631 3,804.2 36,343 21,443
NNJ 8,621.7 9,047.3 NNJ 14,6131 15,3344 ' 407,255 240,280
8] 2943 408.0 u 8883 881.5 15,845 8,408
SNE 1,294.6 1.281.0 SNE 2,184.2 2,188.1 78,269 48178
GBK 36459 4,078.3 GBK 8178.5 6,909.0 2B8 662 169 131
1,112,871 £56 594
ADJUSTED FOR DREDGE EFFICIENCY: ADJUSTED FOR DREDGE EFFICIENCY & HDIRECT FLSHING MORT.
T ===> T+1 comparisons Production : Removals : Net Production of Biomass:
Region Change in % change [Region Area Possible Regional Changs Regional Biomass 1998 {Production - Removals)
Biomass / Tow {ar) per tow (sq n.mi} Tows/ Region in Biomass (M Tons) Contributions (%) Landings {dir + indir} M. Tons)
1 SVA 185 571.3 2680 24,142,457 39716 53 1] 3,871.8 SVA
2 DMV 380 53 5062 41,252,815 14,8545 19.9 2,884 12,1701 DMV
3 SNJ 151 At 1228 9,048,637 1,503.4 20 1,597 -83.8 SNJ
4 NNJ 7 4.9 3440 27,868,145 20,1028 20.9 18,292 810.4 NNJ
5u 23 35 2845 23,858,904 5633 0.7 31 5.1 Ll
8 SNE & 03 4403 35,670,885 -215.7 0.3 98 3141 SNE
7 GBK 728 11.8 5726 46,389,163 33833.8 45.4 0 33,838.8 GBK
74,608.7 100 23,704 _50.905.1] Sum (MT)

Annual Total (MT)




Table B29. Summary of input parameters for yield per recruit and SSB per recruit for Georges Bank.

[Proportion of F and M before Sp 0.5 von Bertalanfly Growth Parameters
Natural Monrtality is constant at: 0.05 L_inf K to
initial Age . 1] . 152.0832 0.22387
Last Age 28
Last age is a PLUS group | LengthWeight Regression
a b ‘
0.000337 25772
Partial
Recruitm [Fraction {Ave WtinjAve Wt in|Ave Shell
Age ent Rate {Mature [Stock (g) [Catch (g) |Length (mm)
1 0 0.9 2.25 2.25 30.50
2 0 1 10.24 10.24 54.89
3 0 1 22.40 22.40 74.39
4 0 1 36.58 36.58 89.97
5 0.5 1 51.09 51.09 102.43
8 1 1 64.89 64.89 112.329
7 1 1 77.41 77.41 120.35
8 1 1 88.41 88.41 126.72
9 1 1 97.85 97.85 131.80
10 1 1 105.82| 105.82 135.87
11 1 1 112.47] 112.47 139.12
12 1 1 117.97) 117.97] 141.72
13 1 1 122.48 122.48 143.80
14 1 1 126.16] 126.16 145.46
15 1 1 129.15 129.15 146.79
16 1 1 131.57 131.57 147.85
17 1 1 133.52f 133,52 148.70
18 1 1 135.10 135.10 149.38
19 1] 1 136.37 136.37 149.92
20 1 1 137.39] 137.39 150.36
21 1 1 138.20 138.20 150.70
22 1 1 138.86 138.86 150,98
23 1 1 139.39] 139.39 151.20
24 1 1 139.81 139.81 151.38
25 1 1 140.14 140.14 151,52
26 1 1 140.41 140.41 151.63
27 1 1 140.63 140.63 151.72}
Pius Group _
28 1 1 140.80] 140.80 151.79
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Table B30, Summary of input parameters for yield per recruit and SSB per recruit for Northern New Jersey.

Broportion of F and M before Spj 0.5 von Bertalanfly Growih Parameters
Natural Mortality is constant at: 0.05 N K o
Initial Age 1 163.2525} 0.24894
Last Age 28 . i _ :
Last age is a PLUS group . | LengthWeight Regression |-

a b
0.000111 27675
Partial
Recruitm |[Fraction [Ave Wtin|Ave Wt in|Ave Shell
Age ent Rate |Mature |Stock (g) jCatch (g) |Length {mm)
1 Q 0.9 2.50 2.50 35.98
2 0 1 12.73 12.73 64.02
3 0 1 29,20 29.20 85.89
4 0 1 48.71 48.71 102.94
5 0.5 1 68.64 68.64 116.23
6 1 1 87.37 87.37 126.59
7 1 1 104,06 104.06 134.67
8 1 1 118.40] 118.40 140.97
9 1 1 130.42] 13042 145.88
10 1 1 140.33) 140.33 149.71
11 1 1 148,37 148.37 152.68
12 1 1 154.85] 154.85 155.02
13 1 1 160.02[ 160.02 156.83
14 1 1 164.13] 164.13 158.25
15 1 1 167,39 167.39 159.35
16 1 1 169.95{ 169.95 160.21
17 1 1 171.97¢  171.97 160.88
18 1 1 173.55] 173.55 161.40
19 1 1 174.79] 17479 161.81
20 1 1 175,76 175.76 162,13
21 1 1 176,52 176.52 162.38
22 1 1 177.11 177.11 162.57
23 1 1 177.58] 177.58 162.72
24 1 1 177.84]  177.94 162.84
25 1 1 178.22] 178.22 162.93
26 1 1 178.44] 178.44 163.00
27 1 1 176.61 176.61 163.08
Plus Group

28| 1 1 178.75] 178,75 163.10
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Table B31. Summary of input parameters for yield per recruit and SSB per recruit for Delmarva.

Proportion of F and M before Sp 0.5 von Bertalanify Growth Parameters
Natural Mortality is constant at: 0.05 L_inf K to
lInitial Age 1 - ' 139.4189 0.25339 —
Last Age 28 .
LastageisaPLUSgroup .. |. LengthWeight Regression
a b
0.000111 2.7675
Partjal
Recruitm |Fraction |Ave Wtin]|Ave Wt in]|Ave Shell
Age ent Rate |Mature |Stock (g) {Catch (g) [Length (mm)
1 0 0.9 1.52 1.52 31,21
2 0 1 7.43 7.43 55.43
3 0 1 16.67 16.67 74.23
4 0 1 27.40 27.40 88.82
5 0.5 1 28.19 38.19 100.16
6 1 1 48.20 48.20 108.94
7] 1 1 57.03 57.03 115.76
3 1 1 64.54 64.54 121.06
9 1 1 70.79 70.78 125.17
10 1 1 75.90 75.90 128.36
11 1 1 80.02 80.02 130.83
12 1 1 83.31 83.31 132.75
13 1 1 85.93 85.93 134.25
14 1 1 88.00 88.00 135.40
15 1 1 89.62 89.62 136.30
16 1 1 90.90 90.90 137.00
17 1 1 91.90 91.90 137.54
18 1 1 92.68 92.68 137.86
19 1 1 93.28 93.28 138.28
20 1 1 93.76 93,76 138.54
21 1] . 1 94.13 94,13 138.74
22 1 1 94.41 94.41 138.89
23 1 1 94,63 94 63 139.01
24 1 1 94.81 94.81 139.10
25 1 1 94,94 94,94 139.17
26 1 1 895.05 85.05 138.23
27 1 1 95,13 95.13 139.27
Plus Group
28[ 1 1 95.19 85.19 139.30
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Table B32a. Fishing mortality rates (F) on surfclams by region, based on the bootstrap estimates and
95% ClIs of total biomass from the 1997 survey, and the landings from 1996 (the last complete year
of data). These estimates are based on the assumption that indirect mortality from clam harvesting
= 0, that all landings are reported, and that M = 0.05. In this table, the efficiency is set at the
maximum likelihood for the Delaware II experiment = 0.5879.

Efficiency Estimate 0.5879
Region  Stock Stock biomass 1996 Catch Exploitationrate  Estimate of [U-FA/Z)]=0
estimate from 1997 (mt) (mt) U F objective function
GBK LowerCI - 153,473 0 0.0000 0.0000 0.0000
Mean 292,902 0 0.0000 0.0000 0.0000
Upper CI 448,979 0 0.0000 0.0000 0.0000
| SNE Lower CI 26,464 82 0.0031 0.0032 0.0000
Mean 78,420 82 0.0010 0.0011 0.0000
Upper CI 140,218 82 0.0006 0.0006 0.0000
1LI Lower C1 1,232 26 0.0211 0.0219 0.6000
Mean 18,309 26 . 0.0014 0.0015 0.C000
Upper CI 34,911 26 0.0007 0.0008 0.0000
NNJ Lower CI 321,684 16,077 0.0500 0.0526 0.0000
Mean 408,083 16,077 0.0394 0.0412 0.0000
Upper CI 500,082 16,077 0.0321 0.0335 0.0000
SNJT Lower CI 10,333 1,331 0.1288 0.1415 0.0000
Mean 36,030 1,331 0.0396 0.0386 0.60Go
Upper CI 66,433 1,331 0.0200 0.0208 0.6000
DMV Lower CI 187,545 2,237 0.0119 0.0123 0.0000
Mean 284,343 2237 , 0.0079 0.0081 0.0000
Upper CI 385,873 2,237 0.0058 0.0060 0.0000
SVaA/ Lower CI 4,923 0 0.0000 0.0000 0.00C0
NC Mean 10,255 0 0.0000 0.0000 0.6C00
Upper CI 16,630 0 0.0000 0.0000 0.0000
ALL Lower CI 952,824 19,753 10.0207 0.0215 0.0060
Mean 1,129.745 19,753 0.0175 0.0181 0.0000
Upper C1 1,339,352 19,753 0.0147. 0.0152 0.0000
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Table 32b. Fishing mortality rates (F) on surfclams by region, based on the bootstrap estimates and
95% CIs of total biomass from the 1997 survey, and the landings from 1996 (the last complete year
of data). These estimates are based on the assumption that indirect mortality from clam harvesting
=(, that all landings are reported, and that M =0.03. In this table, the efficiency is set at the maximum
likelihood for the Delaware IT experiment = 0.5879, and at lower and upper confidence interval
values 0f 0.2819 and 0.8971, respectively.

high mean low
Efficiency Estimate = 0.8971 0.5879 0.2819
Region Stock Stock biomass 1996 Catch Exploitation rate  Estimate of [U-FA/Z)]=0
estimate from 1997 (mt) (mt) U F objective function
GBK Lower CI 191,949 0 0.0000 0.6000 0.0000
Mean 292,902 .0 0.0000 0.0000 0.0000
Upper CI 610,344 0 0.0000 0.0000 0.0000
SNE Lower CI 51,391 82 0.0016 0.0016 0.0000
Mean 78,420 82 0.0010 0.0011 0.0000
Upper CI 163,544 82 0.0005 0.0005 0.0000
LI Lower CI 11,999 26 0.0022 0.0022 0.0000
Mean 18,309 26 0.0014 0.0015 0.0000
Upper CI 38,184 26 0.0007 0.0007 0.0000
NNJ Lower CI 267,431 16,077 0.0601 0.0636 0,0000
Mean 408,083 16,077 0.0394 0.0412 (.0000
Upper CI 851,054 16,077 0.018% - 0.0196 0.0000
SNJ Lower Cl 23,612 1,331 0.0564 0.0595 0.0000
Mean 36,030 1,331 0.0396 0.0386 0.0000
Upper CI 75,140 1,331 0.0189 0.0183 0.0000
DMV Lower CI 186,339 2,237 0.0120 0.0124 0.0000
Mean 284,343 2,237 0.0079 0.0081 0.0000
Upper CI 592,594 2,237 0.0038 0.003% 0.0000
SVA/ Lower CI 6,721 0] 0.0000 0.0000 (.0000
NC Mean 10,255 0 0.0000 0.0000 = 0.0000
Upper CI 21,387 0 0.0000 0.0000 0.0000
ALL Lower CI 740,360 19753 0.0267 0.0277 0.0000
Mean 1,129,745 19,753 0.0175 0.0181 0.0000
Upper CI 2,356,073 19,753 0.0084 0.0086 0.0000
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Table B33. Biological reference points for surfclams of Northern New Jersey, corresponding to three
assumed levels of natural mortality (M). F,, = fishing mortality rate that would occur if the annual
production of the region were landed (and assuming no indirect fishing mortality). NC indicates can-
not be computed because annual production is negative when M = 0.10 and 0.15.

M
- Reference point 0.05 0.10 0.15
Faw 0.18 045 113
Fo, 0.07 0.14 .0.20
Fo. 0.21 0.43 0.85
Fa 0.05 NC NC

Table B34. Length and weight in surfclams. Parameter estimates for the relationship between drain-
ed meat weight (gr) and shell length {mm) for surfclams collected in June-July, 1997. Overall esti-. ..
mates are given by region for Northern New Jersey and Delmarva. Parameter estimates are also given
by density class for the Delmarva region.

Region /Year sample  Partitioned by Density class o B n
collected density

GBK 1997 No - -8.5583 2.7307 116
NNJ 1997 No - -2.4116 2.8997 149
DMV 1997 No - -9.9206 2.9619 702
DMV 1997 Yes A.(Lowest) -9.0939 2.8166 27
DMV 1997 Yes B. -10.4758 3.0860 23
DMV 1997 Yes C. -10.3642 3.0605 108
DMV 1997 Yes D. -9.7983 2.9341 358
DMV 1997 Yes E. (Highest) -9.8170 2.9375 186

Table B35, Relationship between density classes, number of surfclams per tow,and number of clams
captured per square meter. Numbers are not adjusted for dredge efficiency. Catches were standard-
ized to a tow length of 278 meters (0.15 nmi.). This distance corresponds to an area towed of 423
m2. .

Density class No./tow No./m?
(standardized)

A 0- 0-

B 10- 0.0236-

C 25- 0.0590-

D 50- 0.1181-

E 200+ 0.4724-

Table B36. Age and length in surfclams from the Delmarva region (strata 9 and 13) in 1997 as a
function of clam density. Parameter estimates, asymptotic standard errors (ASE) and sample sizes (n)
for the von Bertalanffy growth model, fit to five density classes of surfclams, Estimates are from
samples collected in June-July, 1997. Shell length in mm. Class “A” not fit due to low sample size.
Catch per tow was standardized to 0.15 nmi, assuming a 4-in blade depth.

Density class (no.tow) L, (ASE) k (ASE) - ty n
A(<10) - - - 14
B(10-24.9) 138.62 (5.65) 0.2833 (.0298) 0 61
C (25-49.9) 137.69 (3.91) 0.2715 (0201 0 109
D (50-199.9) 138.40 (2.16) 0.2469 (0106) 0 334
E (2200) 143.39 (2.46) 0.2372 (0113) 0 108
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by area and year, 1978-1997. Landings for 1997 were estimated from
logbook data available on September 13, 1997.



601

78 75 74 72 " 76 75 74 73 72
41 b+ } 41 ———— ‘ =
Meat weight landed {MT) ' Meat weight landed (MT)
1. 50 n 21 1-s0 ‘
SN 51 - 400 51 - 400
T 401 - 1,000 1 401 - 1,000 1
B 1001 - 4,200 B¥ 1.001-2600
. . ‘
40 4+ ’-_‘ & 440 L
[-- 4 1
39 a9 4
38 a8 1
e
&
3 37 { 1 f i t } t

Figllre B3. Distribution

of surfclam landings by 10-min. squares during 1992 (left) and 1993 (right).




40

901

as

76 78 74

. i 76 75
41 bt~ t gt —t 41 b4
Maal welght landed (MT) Meat weight landed (MT)
1-50 : ] 1-s0
51 - 400 . A 51-400
T 7 401 - 1,000 A - T 1 &2 401 -1,000
I 1.001-2,600 = B 1001 - 2600 ,
, 1 {
40 -
39 L
!
§
S
)
3
)
K1 QI
oy et a7

Figure B4, Distribution of surfclam landings by 10-min. squares during 1994 (left) and 1995 (right).



72

| Meat welght fanded {MT)
1-50

N

51-400

401 - 1,000
BB 1.001-2500

76

72

73

74

.....
.....
v

0
Y

Meat welght landed (MT)
1-580

2]

51 - 400
401 - 1,000

N

B 1.001-2,600

76
41

107

Figufé BS. Distribution of surfclam landings by 10-min. squares during 1996 (left) and 1997 (right).




801

2000

J+large -
14 medium NNJ -3.5
. = small " 5
E 1500 < 4 standard -3 %
£ ] : 2
60 ;::l'— ;2.5 §
o 1 o -
= 1000 - F2 0
= 1 r N
= L
50 4 % ;‘1.5 ':'g:
E I “ 500 2 g
_g L 0.5
8 40 . Q T . T ﬁ“o
= & \Q‘é" & R & .\o;a“ S \QO? \q%""’ \qcﬁﬁ
— YEAR
(na
O 30 1 2500 -+ large F 1
Lt Jamedium DMVLE 12
m 2300: = small L =
0 5 1= standard L 10 E
£ n S
=20 ML |l Neal (| | ] |PB e -3 - =
= =1500 L g §
5 : N
T 2 1000- Fe 8
= 1000- 1 P
10 = by =
g 1 rt 2
500 [ =
- [ > 1753
0 . : - 04— yp—r—p—r T T T 0
1983 1985 1987 1989 1991 1993 1995 1997 LN N I G
' YEAR YEAR
Figure B6. Total reported hours fishing during surfclam trips by re- Figure B7. Nominal surfclam LPUE by year for two regions (Delmar-
gion year. 1997 data no not represent a full year. va and Northem New Jersey) and three vessel classes (small, medium,

and large). Also shown is standardized LPUE from GLM analyses.



20 4 1582

1 1983

0] 1984

401 1985

a0 { 7986

40 A '
4071 1987

301 1988

a0 '
401 1989

1990

404 7991

Percent Composition

g4 1982

Jo0 4 71993

304 7994

304 7995

1] 1996

2 4 5 8 1.u 12 14 16 18 20 2
Shell Length (cm)

Figure B8. Length frequency of surfclam landings from New Jersey region, 1982-1996, 'expressed as percent
composition of shell length (cm).

109



10 T

2172 DELMARVA i l I N
22'. 1963 | | I. | |
o I .llllm___

204 1984
20 -
10 4
SG T T T T
40

30 ] 7985

20 -
10 -
50 . - ;
40 4

0 1 1986

20 -
10 A

40 4
20 +
10 1
. 50 : , -

397 1988
20
10 4

40 4 '
401 1989

20
10 -
40 .
304 1990

20 4
10 4
40

o4 1991

20 4

10 4

30 : : - : ‘

2] 1992 ‘

o __q_l_l_l_l_l_‘-,
30 - T T T

0] 1993

40 , :

T L

Percent Composition

04 1994

20 4 - .

10

40 H) ] T 1) 1]

301 1995

20 4

10 4

"O 13 T N
10

304 1996
20 |
10+

i
ol
alln

1‘8 20 22
Shell Length (cm) |

Figure BY. Length frequency of surfclam landings from Delmarva region, 1982-1996, expressed as percent
composition of shell length (cm).

110



111

100 - |

100 T 7 T i i T |
o
- 2
9 P
= 3
S =
Z
9]
o
5
>
9]
_{
o
ul
Lt
o
&
. |/'
B — 60
: _ H40 © - - 30
L 40 & 3.4 : ; ' 0
0 SR S S M s S s R g s2r o fore e, ]
8 3.0} - 3.0 . : i
c'% 1.5 j . 28 1 |
0.0 | | t ! L 1 | 194 670 194.675 194 680 194 685
158.927 156,928 158.920 158.930 158.931 158.932 156,933 158.934 158.935 JULDAY
JULDAY
40,064 41.144 T T | ; | . ;
' ‘ b ' ] 41.143} o i
40.063 - . —
41142} 2, ]
40,062 - - D
'25" 6 5 41.141|- ‘ i
40.061}- . Qﬁ%
40.060 | | Hor g - © ]
' 41,139 ' ' ' ' I I I
40.059 ' * ! ! A L S L LN AP LR
-73.844 73843 73842 73841 -73.840 -73.839 #7 @ @7 @ @7 7 ¥ e @
LON
Figure B10. Example of sensor data collected at every station for Figure B11. Example of sensor data collected at every station for

1997, This was a station off New Jersey. 1997. This was a station on Georges Bank.

LIVINOD

yidag




AN

. REPEATS FROM DMV 1992 SURVEY
74 150
.
120
~
@
B %0
ke
° *
6.'_ €0 9 Fy
S / *
54
.
g a—
0 30 60 50 120 150
No. Observed 1387
7 : 800 REPEATS FROM DMV 1994 SURVEY
700 - ——
]
@ 0 B¢ .
% 500 |
3
- I
4 300
o]
Survey Year ’ = 20 1.}
. 1982 100 4 &
s 1934 0 I;, d
0 100 200 300 400 500 600 700 800
No. Observed 1997
36° .
Figure B12. Clam survey stations from 1992 and 1994 that were re- Figure B13. Results from re-sampling of surfclam stations in 1997
sampled. off Delmarva during the 1997 Delaware II clam survey. that were previously occupied in 1992 or 1994. Predicted catch is bas-

ed on a mortality rate of 0.05. Numbers were adjusted to a tow dis-

Stratum number is given.
' tance of 0.15 nmi.



76°

3900

40°-

point
. -Pleasant

@
oL}
4

Figure B14. Locations of surfclam depletion studies conducted during June 1997.

113



e
Pt

4

LAT

40.058
40.057
40.056
40.055
40.054
40.053
40.052

40.051

-73.850 -73.845 -73.840 -73.835 -73.830

T

I

T

T

T

i 1 !

LON

Figure B1S. Point Pleasant set-up tows.

LAT

39.370
39.369
39.368
39.367

39.366 |~

39.365
39.364
39.363
39.362

-73.905

-73.900 -73.895 -73.890

I.ON

Figure B16. Atlantic City 1 set-up tows.

LAT

Figure B17. Atlantic City 2 set-up tows.

39.400

38.395

39.390

9.385
-73.920 -73.915 -73.910 -73.905 -73.900

1

1

1

LON




611

73° 51.72°73° 51.66°73° 51.60°73° 51.54'73* 51.48"
3g9° 17.88°

73°49.920°  73°49.860° 73" 49.800

40° 3,360°
ag° 17.82° ¢ T 1
) 40° 3.360°
39" 17.76 1
age 17.70° 4
40° 3.240" -
39" 17.64" |
_ 40° 3.180° | 1
39° 17.58" + T
3g° 17.52" 1
40° 81207
3g° 17.46° T
39" 17.40° - f 40° 3.060°
Figure B18. Depletioﬁ study ACO, conducted with the Delaware 11, Figure B19, Depletion study PP_1 off the coast of Point Pleasant, NJ.
off the coast of Atlantic City, NJ. Excluded tows are 118, 120, 122, No tows were omitted.

and 153.



73°53.700° 73°53.640° 73°53.580° 73°53.520° 73° 53.460°

L

l

39° 21 .?BO'T . i

39° 21.720"F

911

39° 21.660"

39* 21.6007+

39° 21.540°1

Figure B20. Depletion study AC1_1 off the coast of Atlantic City,
NJ. Excluded tow10.

73°53.52" 73°53.46" 73° SIB.40‘ 737 53.34" 73°53.28" 73° £3.22" 73°53.16°

ag* 21.78° l P

390 21.72° -M

=

Figure B21. Depletion study AC1_2 off the coast of Atlantic City,
NIJ.



LTT

73" 54,240° 73° 54.180°

3ag° 23.760°

+

39* 23.700

T

3g° 23.640°

39° 23.580'

a9° 23.520'

39° 23,4607

Figure B22. Depletion study AC2_1 off the coast of Atlantic City,
NJ. No tows excluded.

73° 54,180°73° 54,120° 73° 54.060' 73" 54.000°73° 53.840°73% 53.880°73° 53.820'

39° 23.520°

39* 23.460° T

39°* 23.400°

Figure B23. Depletion study AC2_2 off the coast of Atlantic City,
NIJ. No tows omitted.



811

39.298 :
39.296 - ]
1.0 — e
T 30.204} - ) Y & -
1 P | ! E/
0.8+ 13) : 1 ! —
0.7+ é} VA ]‘P ]
= Y A I v
& 0.6F 7" |
- 1 05 Vs E
39.292 . 2 { VAl l/9“’
3 04r L y
03f/ /T T T
1 i
0.2+ Lo .
: --I | 0.1 L 7
39.290 A N 5 > 0 i L |
G @ B B B :
:\‘btb :\’b‘-b :\"b?’ :\".)('b :\"b‘-b 0 1 _ 2 3 4
Density Estimate by Sherri Anne at Point Pleasant
LON
Figure B24. Kerne! of tow intensity for depletion site Atlantic City Figure B25. Point Pleasant site: Delaware II set-up density vs com-

#0. : mercial fishing vessel density.



13 I T T | 1 I

1.0~ -

0.4} .

0.1 !LBSI

A 1 M 1. \Y A
Site

Efficiency. DE I}/ Comm
o
-\1
I

1

Figure B26. Delaware I efficiency (boxes) vs commercial vessel (triangles).

120 — .

e AC2Y

0.95

Q.70

0.45

Ratio: Initial Density to Final

0.20 * ’ '
020 045 070 095 1.20

Leslie Davis Exp.Efficiency

Figure B27. Initial efficiency vs experiment efficiency.

119



-
[y
7
S
I
'.m
?—l
=] i
<
[te)
0
2 o]
Jwﬁ
[T
/ B = 7

&

Xt

N\

.|W.r I.ul.\..-n
”.TD /‘

TERC

14 15 16 10

120

Figure B28. Survey strata (sampling areas), National Marine Fisheries Service, Northeast Fisheries Science Center, Surfclam/Ocean quahog survey.



GBK

506,000

400,000

300,000

Blomass

200,000

100,000

0 t t 1 { t } t t : |
1988 1989 1990 1991 1882 1993 1994 1995 1996 1997 1998
Year

NNJ

g 8
: &

&
8

Blomass
8
g

200,060

100,000

1988 1989 1990 191 1992 3(993 1994 1995 1896 1997 1998
ear :

DMV

500,600

400,000

300,000

Blomass

200,000

100,000

o] 3 $ + t t + { } } 1
1938 1989 1990 1991 1992 1093 1994 1995 1996 1897 1998
Year ’
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95% CIs are from a bootstrap procedure with 5-mm size intervals including all size classes. Biomass is not
adjusted for dredge efficiency.
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Figure B30. Random survey station of the 1997 Delaware II clam survey.
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Figure B31. Distribution of 1997 survey surfclam abundance per tow (2120 mm) adjusted to 0.15 nmi tow
distance with sensor data. Blade depth = 4 in.
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Figure B32. Distribution of 1997 survey surfclam abundance per tow (88-119 mm) adjusted to 0.15 nmi tow
distance with sensor data. Blade depth = 4 in.
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Figure B33, Distribution of 1997 survey surtclam abundance per tow (1-87 mm) adjusted to 0.15 nmi tow
distance with sensor data. Blade depth =4 in.
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Figure B34, Distribution of 1997 survey surfclam abundance per tow
(=120 mm) adjusted to 0.15 nmi tow distance with sensor data. Blade
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Figure B35. Distribution of 1997 survey surfclam abundance per tow
(88-119 mm) adjusted to 0.15 nmi tow distance with sensor data.
Blade depth =4 in.
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Figure B36. Distribution of 1997 survey surfclam abundance per tow
(1-87 mm) adjusted to 0.15 nmi tow distance with sensor data. Blade

depth = 4 in.
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Figure B37. Size frequency distribution of surfclams, by region
(northern), based on data from 1997 survey. Number per tow is stan-
dardized to a tow distance of 278 m (0.15 nmi) based on sensor data
assuming a minimum biade penetration depth of 10.2 cm (4 in) for

fishing.
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Figure B39. Surfclam size frequency distributions in the inshore EEZ
off New Jersey. Data were collected during the 1997 NMFS survey
and standardized to a tow distance of 287 m (0.15 nmi) assuming a
critical blade depth of 10.2 cm (4 in).
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Figure B40. Surfclam size frequency distributions in the offshore
strata off New Jersey. Data were collected during the 1997 NMFES
survey and standardized to a tow distance of 287 m (0.15 nmi) as-
suming a critical blade depth of 10.2 cm (4 in).
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Figure B41. Surfclam size frequency distributions in the offshore
strata from Delmarva to North Carolina. Data were collected during
the 1997 NMFS survey and standardized to a tow distance of 287 m
(0.15 nmi) assuming a critical blade depth of 10.2 cm (4 in).
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NNJ Population Age Frequency: Surfctam, 1997
(Age-Length Key: n = 227 shells aged)
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Figure B45. Age frequency distribution in 1997 for surfclams off Northern New Jersey and Delmarva. Age/
length keys were applied to the size frequency distributions for each region.
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depth = 4 in) and 1997 landings (meat weight in mt).
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Figure B52. Surfclam 10-year supply model.

In each year, the catch is set at that which could be taken for

10 years. The model assumes an average level of recruitment and accounts for growth and natural mortality.
This model does not consider “indirect” mortality from clam harvesting.
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Figure BS3. Surfclam 10-year supply model. In each year, the catch is set at that which could be taken for
10 years. The model assumes an average level of recruitment and accounts for growth and natural mortality.
This model does not consider “indirect” mortality from clam harvesting.
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Figure BS54, Surfclam 10-year supply model. In each year, the catch is set at that which could be taken for
10 years. The model assumes an average level of recruitment and accounts for growth and natural mortality.
This model does not consider “indirect” mortality from clam harvesting.
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Figure B55. Surfclam 10-year supply model. In each year, the catch is set at that which could be taken for
10 years. The model assumes an average level of recruitment and accounts for growth and natural mortality.
This model does not consider “indirect” mortality from clam harvesting,
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Figure B56. Surfclam 10-year supply model. In each year, the catch is set at that which could be taken for
10 years. The model assumes an average level of recruitment and accounts for growth and natural mortality.
This model does not consider “indirect” mortality from clam harvesting.
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Figure B57. Surfclam 10-year supply model. In each year, the catch is set at that which could be taken for
10 years. The model assumes an average level of recruitment and accounts for growth and natural mortality.
This model does not consider “indirect” mortality from clam harvesting. -
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Figure B58. Net biomass production {mt of meats) in Northern New
Jersey. Traditional L/W equations were used,
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Figure B59. Net biomass production (% of 1997 stock size) in
Northern New Jersey. Traditional L/W equations were used.



Production [rmtric tons)

A

Natural Mortality Rate (M)

Efficiency of Delaware Il Dredge

Figure B60. Net biomass production (mt of meats) in the Delmarva
assessment area. Traditional L/W equations were used.
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Figure B61. Net biomass production (% of 1997 stock size) in the
Delmarva assessment area. Traditional L/W equations were used.
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Figure B63. Net biomass production (% of 1997 stock size) in the
Mid-Atlantic assessment areas (LI-SVA-NC). Traditional L/W equa-
tions were used.
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areas (MAB + GBK & SNE). Traditional L/W equations were used.
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Figure B66. Summary of yield per recruit and spawning stock biomass per recruit and associated biclogical
reference points for region = GBK-t2, where GBK = Georges Bank, DMV = Delmarva, and NNJ = Northern

New Jersey. Two-parameter von Bertalanffy growth models are denoted by “-t2". The three-parameter model
is denoted by “~t3".

Yield and Spawning Stock Biomass per Recruit for Region = GBK-t2
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Figure B67. Summary of input parameters: A - partial recruitment, B - maturity, C - weight vs length, D -
shell length and weight at age for computation of yield per recruit and spawning stock biomass per recruit.
Panel E and F represent the predicted percent composition of age structure and spawning stock biomass by
age, respectively, under a fishing mortality rate of F,, = 0.056.
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Figure B68. Summary of yield per recruit and spawning stock biomass per recruit and associated biological
reference points for region = NNJ-t2, where GBK = Georges Bank, DMV = Delmarva, and NNJ = Northern
New Jersey. Two-parameter von Bertalanffy growth models are denoted by “-t2". The three-parameter model
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Figure B69. Summary of input parameters: A - partial recruitment, B - maturity, C - weight vs length, D -
shell length and weight at age for computation of yield per recruit and spawning stock biomass per recruit.
Panel E and F represent the predicted percent composition of age structure and spawning stock biomass by
age, respectively, under a fishing mortality rate of F,, = 0.07586.
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Figure B70. Summary of yield per recruit and spawning stock biomass per recruit and associated biological
reference points for region = DMV-12, where GBK = Georges Bank, DMV = Delmarva, and NNJ = Northern
New Jersey. Two-parameter von Bertalanffy growth models are denoted by “~t2". The three-parameter model
is denoted by “-~t3".
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Figure B71. Summary of input parameters: A - partial recruitment, B - maturity, C - weight vs length, D -
shell length and weight at age for computation of yield per recruit and spawning stock biomass per recruit.
Panel E and F represent the predicted percent composition of age structure and spawning stock biomass by
age, respectively, under a fishing mortality rate of F,, = 0.0756.
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Effects of Survey Variability
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Figure B72. Estimates of fishing mortality rate (F) (boxes) and Fs corresponding to biological reference
points (symbols). F, =F given a harvest of the annual production, F,, = F at 20% MSP, F,; =F for maximum
yield per recruit. Boxes: vertical line represents the mean estimate of F. Range enclosed by each box
corresponds to the bootstrap 95% CI on total population size.

Effects of Efficiency Variability
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Figure B73. Estimates of fishing mortality rate (F) (boxes) and Fs corresponding to biological reference
points (symbols). F, = F given a harvest of the annual production, F,, = F at 20% MSP, F,, = F for maximum
yield per recruit. Boxes: vertical line represents the mean estimate of F assuming a mean dredge efficiency
0f 0.5879. The lower and upper limits for each box correspond to caleulations based on Cls representing high
and low dredge efficiency, respectively..
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Surfclam — 1997 ~ Length / Meat Weight by Region
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Figure B75. Surfclam shell length and meat weight as a function of
surfclam density off Delmarva. Samples collected in 1997. Density
classes in #/tow, standardizzed to 278 m (0.15 nmi), are “A”: <10,
“B”: 10-24.9, “C”:25-49.9, “D”: 50-199.9, “E”: 200+.
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APPENDIX A. ‘
Cruise Results, Surfclam Depletion Studies
June 9-11, 1997, New Jersey Coast

Depletion Experiment #1

Location: Point Pleasant
B/ Sherri Ann

Date, Time: 6/9/97 0700-1545 hrs.
Seas 1-3 feet, wind NE-NW approx. 10-15 kn, skies sunny

Captain: James Harry

Owner: Tom McNulty

Science Personnel: M. Chintalla Rutgers
S. Murawski  NMFS
E. Powell Rutgers
C. Weidman WHOI

Location of Experiment:

LAT: 40° 03.19'

LONG: 73° 50.35'

LORAN C x-26853.6

LORAN C y-43455.0

Water Depth: 14-15 fathoms, Knife Blade Width = 100 inches

Operations:

Two buoys deployed, tow direction due north between buoys. Approx. 200-205 feet of towing
hawser. Forty dredge tows completed. A total of 10 length frequency samples were obtained.

Depletion Experiment #2
Location: Atlantic City #2, First Site

E/V Jersey Girl

Date, Time: 6/10/97 0900-1130 hrs,
Seas 1-3 feet, wind NE-NW approx. 10-15 kn, skies sunny
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Captain: Joe Karsch
Owner: Barney Truex

Science Personnel: M. Chintalla Rutgers
R. Mann VIMS
S. Murawski NMFS
C. Weidman WHOI

Location of Experiment:

LAT: 39° 23.59'

LONG: 73° 54.62'

LORAN C x-26800.7

LORAN C y-43049.2

Water Depth: 16 fathoms

Knife Blade Width = 130 inches

Operations: - -
One buoy deployed, tow direction due north. A total of 13 dredge tows were completed. A total

of four length frequency samples were obtained.

Depletion Experiment #3
Location: Atlantic City #2, Second Site
F/V Jersey Girl

Date, Time: 6/10/97 1130-1530 hrs.
Seas 1-3 feet, wind NE-NW approx. 10-15 kn, changing to southwest later in day
skies sunny
Captain: Joe Karsch
Owner: Barney Truex
Science Personnel: M. Chintalla Rutgers
R. Mann VIMS
S. Murawski NMFS .
C. Wetdman WHOI

Location of Expertment;
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LAT: 39° 23.59

LONG: 73° 54.62'

LORAN C x-26800.7

LORAN C y-43049.2

Water Depth: 16 fathoms

Knife Blade Width = 130 inches

Operations:

One buoy deployed, tow direction east. A total of 18 dredge tows were completed at this site. A
total of four length frequency samples were obtained.

Depletion Experiment #4

Location: Atlantic City #1, First Site
FIV Judy Marie

Date, Time: 6/11/97 0945-1300 hrs. -

Seas 1-3 feet, wind NE-NW approx. 10-15 kn,

skies sunny

Captain: Rocky

Owner: Peter LaMonica

Science Personnel: M. Chintalla Rutgers
R. Mann VIMS
S. Murawski NMFS
C. Weidman WHOI

Location of Experiment:

LAT: 39° 21.9'

LONG: 73° 53.9'

LORAN C x-26793.2

LORAN C y-43031.3

Water Depth: 16 fathoms

Knife Blade Width = 100 inches

Operations:
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One buoy deployed, tow direction due north. A total of 17 dredge tows were completed at this
site. A total of four length frequency samples were obtained.

Depletion Experiment #3

Location: Atlantic City #1, Second Site
F/V Judy Marie

Date, Time: 6/11/97 1330-1720 hrs.

Seas 1-3 feet, wind NE-NW approx. 10-15 kn, changmg to SW later in the day

skies sunny

Captain: Rocky

Owner: Peter LaMonica

Science Personnel: M. Chintalla Rutgers
R. Mann VIMS
S. Murawski NMFS
C. Weidman WHOI

Location of Experiment;

LAT: 39° 21.9'

LONG: 73° 53.9

LORAN C x-26793.2

LORAN C y-43031.3

Water Depth: 16 fathoms

Knife Blade Width = 100 inches

Operations:

One buoy deployed, tow direction east. A total of 19 dredge tows were completed at this site. A
total of four length frequency samples were obtained.
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4 |Appendix B. ‘

__T__ CATCH PER TOW DATA FOR DEPLETION EXPERIMENTS 1997
[

included? |Adjusted Adjusted  |Area .
Clam Fishing Catch Calch Cumulative |(1=yes, Cumulalive |Station {Cumulative |Swept _ 1TowDist

7 |Species |SHe Code {Vessal Day |Mon |Year |Tow {(numbers) {bushels) |Catch 0=no) Catch Label Effort {m*2) {km)
5 {3C PP1 - |SheriAnne 9 B8] o7 ) 36.63888 9.5 0 0 0 1 cf 1130.30 0.445
9 {5C PP1 SheriAnne 9 6] §7 21 878.33336 12 0.5 1 12 2 1] 1231.90 0.485
10]SC PP1 SheriAnne g 6 g7 3| 907.178916 12.38 12.5 1 24.38 3 2] 1109.98 0.437
11|SC PP1 SheriAnne 9 6 87 4] 1080.84726 14.75 24.38 1 38.13 4 3f 1074.42 0.423
12]SC PP1 SheriAnne ] 6{ 97 51 656,135 9.5 39.63 1 48,63 S 41 1122.68 0.442
13}15C PP1 ShertAnne - 9 B8] 97 5 7327778 10 48.13 1 58.63 <] 5] 1104.80 0.435
14|SC PP SheriAnne 9 6| 97 7 7327778 10 59.13 1 68.63 7 6| 1120.14 0.441
15{5C PP SheriAnne 9 Bl &7 5| 842.69447 11.5 69.13 1 80.13 8 7] 110236 0.434
16{SC PP ShariAnne 9 6! 97 91 531,263908 7.25 80.63 1 87.38 ] 8] 1115.08 0,439
1715C FP1 SheriAnne 9 6] &7 10| 1025.88892 14 87.88 1 101.38 10 9| 1191.26 0.469
18|SC PP1 Sherifnne gl - 6| 97 11| 806.05558 11 101.88 1 112.28 11 10] 1102.36 0.434
131850 PP1 SheriAnne g 6| §7 124 1209.08337 16.5 112.88 1 128.88 12 118 1097.28 0.432
20{5C PF1 SheriAnna g 6| 97 13] 1025.88592 14 125.38 1 142.88 13 12| 1117.80 0.440
21|55 PP1 SheriAnne 9 8| 97 14| £96.13891 9.5 143,38 1 152.38 14 13| 1107.44 0.436
22(3C PP1 SherlAnne 9 8] 97 15| 714.458355 8.75 152.88 1 162.13 15 14| 1005.84 0.396
23|SC PP SheriAnne 9 & 97 18| 494.625015 6.75 162.63 1 168.88 16 15| 1028.70 0.405
24 |SC PP1 SheriAnne 9 68f 97 17| 69513391 8.5 165,38 1 178,38 17 16{ 1049.02 0.413
25{SC PP4 SheriAnne S 6] &7 18] 522.470571 713 178.88 1 185.51 18 174 1021.08 0.402
26{SC PP SheriAnne 9 6| §7 19] 761.097245 10.25 186.01 1 185.76 19 18| 1051.56 0.414
27|8C PP1 SheriAnne 9 6| 97 20| 815,581691 1113 196.26 1 206.89 20 19| 1102.38 0,434
28|SC PP1 Sherifnne 9 G| 97 21| 879.33338 12 207.39 1 218.8% 21 20] 1089.65 0.429
23|5C PE1 SheriAnne 9 6| 97 22| 696.13891 8.5 218,39 1 228.39 22 21} 1150.62 0.453
w0 |5C PP1 SherfAnna 9 8] 97 23] 879.33336 12 228.89 1 240.38 23 22| 1078.96] - 0.424
1|8C PP1 SheriAnne 9 6, 87 24| 559,109461 7.63 240.89 1 248,02 24 23| 1005.84 0.3%
3318C PP1 SheriAnne g 6, 87 25| 348.069455 4.75 248.52 1 252.77 25 241 965.20p 0.380
33{SC PP1 SheriAnna 5 6| 97 26 366.3889 5 25327 1 257.77 26 25| 1008.38 0.397
34|5C PP Sherifnne 9 6| 97 27| 384.708345 5.25 258.27 1 283.02 27 26| 1003.30 0.395
15|S5C PP1 SheriAnne 8 6| 97 28| 622.856113 8.5 263.52 1 271.52 28 271 1104.90 0.435
3615C PP1 SheriAnne 9 8| 97 29| 58622224 5 272,02 1 279.52 29 28} 1018.54 0.401
37 |8C PP1 SheriAnne 9 61 97 30| 384.708345 5.25 280,02 1 284,77 30 29| 980.44 0.386
R [SC PP1 SheriAnne 9 6 97 31| 604.541685 8.25 285.27 1 283.02 31 303 1125.22 £.443
13 [(SC PP1 SheriAnne 9 6] 97 321 512,94448 7 293,52 1 300.02 32 31| 1153.16 0.454
40{5C PF£1 SheriAnne g 6| 97 33| 476.305857 6.5 300.52 1 306.52 33 32] 112014 0.441
41|5C PP SheriAnne 9 6| 97 34| 357.555566 4.88 307.02 1 311.4 34 33} 1021.08 0.402
42}8C PP1 SheriAnne 9 6] 97 35| 284.317785 3.88 311.9 1 315.28 35 34| 1084.58 0.427
43[SC PP1 SheriAnne 9 6 97 36| 504.151128 6.88 315.78 1 322.16 36 35| 1247.14 0.491
44 |SC PP1 SheriAnne g 5 87 37| 219.83324 3 322.68 1 325.16 37 36) 1100.98 0.437
45]SC PP1 SheriAnne ] 6] 97 38| 274,791675 3.75 325,866 1 3258.91 38 37| 157.48 0.062
45{SC PP1 Sherifnne 9 6] 97 39| 512.94446 7 328.41 1 335.91 39 38| 683.26 0.269
47| 3C PP SheriAnne 9 8| 97| 40| 219.83334 3 336.41 1 338.91 40 39] 1079.50 0.425
48|SC AC2 1 |JerseyGirl 10 Bi 97 1| 829.16625 12.5 0 1 12.5 1 1} 1197.90 0.363
43 [SC AC2_1 |JerseyGirl 10 8: 87 2| 779.416275 11.76 12.5 1 24.25 2 2| 1230.90 0.373
50|SC AC2_1 |JerseyGirl 10 6| 97 3 586.8987 9 24.25 1 33.25 3 3 1135.20 0.344
5115C AC2 1 lJerseyGirl 10 6| 97 4] 713.082975 10.75 33.25 1 44 4 4 1221.00 0.370
52|SC AC2 1 |JerseyGirl 10 B[ 97 5| 522.706404 7.88 44 1 51.88 S 5] 1273.80 0.386

| s3|SC AC2 1 |JerseyGirl 10 6| 97 6] 497.49875 7.5] 51.88 1 59.38 5 8| 1260.60 0.382
54|SC ACZ 1 lJerseyGirl 10 6} 57 7 331.6865 5 58.38 1 64.38 7 71 1260.60 0.382
55|SC AC2 1 |JerseyGirl 10 6/ 87 8] 323.706504 4.88 £4.38 1 59.26 8 g3 1260.60 0.382
56 |SC AC2 1 |JerseyGir 10 6] 97 9| 74.956679 1.13 69.26 1 70,39 3 9| 1257.30 0.381
57950 AC2 1 |JerseyGirl 10 B8l 97 10 41.789973 0.63 70.39 1 71,02 10 16{ 1181.30 0.361
58| 5C ACZ 1 |JerseyGirl 10 gl 97 11} 58.373304 0.88 71.02 1 71.9 11 11] 1201.20 0.364
59|SC AC2_1 |JerseyGirl 10 6; 87 12| 116.746608 1.76 71.9 1 7366 12 12| 1092.30 0.331
50|SC AC2 1 |JerseyGirl 10 6] 97 13| 149.249925 2.25 73.65 1 75,91 13 13] 1197.90 0.363
81 |3C AC2 2 |JerseyGir 10 6| o7 1 12,9375 13.5 o] 1 13.% 1 1| 1428.90 0.433
52{SC AC2 2 |JerseyGirl 10 5{ 97 2 1352.5 20 13.5 1 33.5 2 2| 1570.80 0.476
53] SC AC2 2 |JerseyGirl 10 6| 97 3 1141.59 16.88 33.5 1 50.38 3 3 1435.50 0.435
54|SC AC2 2 |JerseyGirl 10 8l oy 4 508.625 g 50.38 1 59.38 4 41 1465.20 0.444
55{SC ACZ 2 |JerseyGirl 10 B; 87 5 £634.3225 9.38 55.38 1 68.78 5 5] 16823.80 0.492
86 |SC AC2 2 |JerseyGir 10 6y 97 5] 439.5625 8.5 68,76 1 75.28 <] 6| 1800.50 0.485
67 {5C AC2 2 |JerseyGirt 10 6! 97 71 549.79125 8.13 75.26 1 83.39 7 7| 1488.20 0.454
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56{SC AC2 2 1JerseyGir 10 el 87 ) 465,26 6,88 83.39 1 90.27 [:19 3] 1494.90 0.453
53{SC AC2 2 iJerseyGirl 10 8| &7 9| 321.21875 4.73 90.27 1 95.02 9 S| 1511.40 0.458
70|5C AC2 2 iJerseyGirl 10 6| o7 10 507.1875 7.5 55.02 1 102.52 10 10| 1461.90 0.443
1|SC AC2 2 |JerseyGirl 10 gl 97 1] 219.78125 3.25 102.52 1 105.77 11 11] 1603.80| 0.486
712|SC AC2 2 |JerseyGirl 10 6] 97| 121 482.16825 7.13 105.77 1 112.8 12 12| 1706.10} 0.517
73}SC AC2 2 |JerseyGir 10 6| 97] 13] 152.15625 2.25 112.9 1 115.15 13 13| 1508.10F 0.457
74}5C AC2 2 |JerseyGirl 10 6| 97 14| 287.40625 4.25 115.15 1 118.4 14 14} 1803.80 0.4886
75{SC AC2 2 [JerseyGir 10 6| 97 15 160.5475 2.38 119.4 1 121.78 15 151 1531.20 0.464
7815C AC2 2 |JerseyGirl 10 6} 97 18] 118.34375 1.75 121.78 1 123.53 16 16} 1504.80 0.455
17{8C AC2 2 |JerseyGirt 10 6] §7 17 67.525 1 123.53 1 124.53[ 17 17] 1452,00 0,440
78 |SC AC2_2 |JerseyGirl 10 S| 97 18 33.8125 0.5 124.53 . 1 125.03 18 18} 1501.50 0.455
79|SC AC1_ 1 [JudyMarie 11 6] g7 1{ 623.785585 10.25 0 1 10.25 1 1] 977.9C 0.385
30 |SC AC1_1 udyMarie 11 a8 87 2| 251,339988 4.13 10.25 1 14.38 2 21 934,721 0,368
31 1SC AC1 1 |JudyMarie 11 & 9v 3| 547.71426 9 14.38 5 23.38 3 3l 801.70 0.355
82i5C AC1_ 1 |JudyMarie 11 8] 97 4| 258.642845 4,25 23.38 1 27.63 4 4] 1013.46 0.309
33|SC AC1_1 |JudyMarie 11 561 97 5| 410.785685 6.75 27.63 1 34.38 5 5] 919.48 Q.382
34{SC AC1 1 |JudyMarie 11 5| 87 B} 182.57142 3 34,38 1 37.38 3] 6] 932,18 0.367
35| 5C AC1 1 {JudyMarie 11 6 97 71 286.982843 4.88 37.38 1 42,26 7 7| 982.08 0.387
35 | S0 AC1 1 iudyMarie 11 6| 97 8 304.2857 5 42.26 1 47.26 8 g| 932.18 0.367
37 |SC AC1 1 {JudyMarie 11 6/ 97 9] 175,268563 2.88 47.28 1 50.14 g 9} 1104.90 0.435
23| SC AC1 1 |JudyMarie 11 6f 97 10| 243.42858 4 50,14 0 50.14 10 9| 980.44 0.386
1[50 AC1 4 [JudyMarie 11 6} 97 11| 281.768558 4.63 54.14 1 54.77 11 10] 1003.20 0.395
20 fSC AC1_ 1 HudyMarie 11 6{ 57 2] 129.625708 2.13 58,77 1 56.9 12 11 972.82 0.383
31 §SC AC1 1 |JudyMarie 11 6j 97 13| 53.5542832 0.88 80.9 1 57.78 13 12F 967.74 0,381
32|SC AC1 1 |JudyMarie 1] g &7 14! 18257142 3 61.78 1 50.78 14 13] 952.50 0.375
93{5C AC1 1 |JudyMarie 11 g 9v 15| 35.3399982 0.63 64.78 1 51,41 15 141 934.72 0.358
94 {SC AC1_1 |JudyMarie 11 6] 971 18] 121.71428 2 65.41 1 §3.41 16 151 944.88 0.372
L EL SC AC1_ 1 |JudyMarie 11 8| o7 17 121.71428 2 67.41 1 55.41 17 16| 980.44 0.386
36{SC AC1 2 |JudyMarie 11 6] 97 1 759.375 12.5 0 1 12.5 1 1] 1140.46 0.449
97 |SC AC3 2 |JudyMarie 11 B 67 2 402.7725 6.63 12.5 1 1613 2 2] 1160.78 0.457
98 |SC AC1 2 |JudyMarie 11 6] 97 3 486 8 19.13 1 27.13 3 3] 1168.40 0.480
99 |SC AC1_ 2 |JudyMarie 11 6] 97 4 539,46 5.88 27.13 1 36.01 4 4] 1208.04 C.476
106/ SC AC1 2 [JudyMarie 11 B] 97 5 417.96 6.88 35.01 1 42.89 5 5{ 1140.48 C.449
101|5C AC1_ 2 JudyMarie 11 6 97 8 554 6475 9,13 42.89 1 52.02 6 6l 1143.00 .450
102{SC AC1 2 |JudyMarie 11 8| 97 7 342.0225 5.63 52.02 1 57.65 7 71 1148.08 C.452
103} SC AC1 2 |JudyMarie 111 6| o7 8 326,835 5,38 57.65 1 63.03 ] 8| 1186.18 ¢.467
104)SC AC1_ 2 {JudyMarie 11 6 97 9 410.0623 8.75 §3.03 1 69.78 9 9] 1203.86 0.474
105|SC AC1 2 |JudyMarie 11 6| 97 10 470.8125 7.75 69.78 1 77.53 1Q 10{ 1145.54 0.451
106|SC AC1 2 |JudyMarie 11 6] 97 bkl 197.4375 3.25 77.53 1 80.78 11 111 1181.10 0.465
107| 5C AC1 2 JJudyMarie 11] - 6] 97 12 182,25 3 80.78 1 83.78 12 121 1145.54F  0.451
08| SC AC1 2 |JudyMarie 11 6f 9r] 13 266,085 4.38 83.78 1 88.16 13 13] 1244.60 0.480
109 3C AC1 2 |JudyMarie il 5f 987 14 114.21 1.88 88.16 1 90.04 14 14] 1165.86 0.459
110 3C AC1 2 |JudyMarie 11 s 97 15 197.4375 3.25 90.04 1 53.29 15 15 1143.00 0.450
111|SC AC1 2 |JudyMarie 11 6| 97 168 227.8125 3.75 93.29 3 g97.04 16 18| 1165.86 0.459
112{ SC AC1_2 |JudyMarie 11 §) 97 17 486 8 97.04 0 97.04 17 18| 1272.54 0,501
113 3C AC1 2 |JudyMarie 11 5| 97 18 3493125 5.75 105.04 1 102,79 18 17| 1158.24 0.458
114{SC AC1_2 |JudyMarie 1 8| §7 19 546.75 9 110.7¢ 0 102.79 19 17| 1208.04 0.475
115/ SC DE iI Delaware || 5 s 97 1 285] 4.25373 ¢] 1] 4.253731 108 1| 542.70 0.356
148 SC DE il Delaware |l 5 Y 2 241| 3.59701] 4.253731 1| 7.850746 108 2| 547.24 0.359
117]SC DE Il Delaware | 5 6| 97 3 300| 4.47761( 7.850748 1| 12,32836 110 3| 660.06 0.433
118 5C DE Il Delaware |l 5 8] 97 4 323| 4.82091 12.32836 1| 17.14925 111 4| 669.23 0,439
119 8C DE I} Delaware || 5 6] 97 5 371] £.53731] 17.14925 1| 22.68657 112 5| &07.05 0.398
120|3C DE Il Delaware Il 5 8] 97 5 1861 2.77612] 22.68657 1] 25.46269 113 8| 560.52 0.433
121|3C DE I Delaware |l 5 81 97 7 2501 3.73134] 25.46268 1] 29.19403 114 7| 567.23 0.372
122|SC DE Ii Delaware Il 5 5] 97 8 290] 4.32835| 29.19403 1} 33.52238 115 8| 553.99 0.364
123 SC DE If Delaware | 5 5| 97 9 284| 423881} 33.52238 1] 37.76118 116 9] 635.59 0.417
124| 3C DE Il Delaware il 5 8 97] 1o 259] 3.86567| 37.76119 1] 41.52687 147 10| 491,90 0.323
125|3C DE I Delaware Il 5 8] 971 11 335 5/ 41.62687 0| 41.62687 118 10| 504.74 0.331
128| 3C DE Il Delaware il 3 5] 971 12 234| 3.49254| 46.62687 1[ 45.1194 119 11| 50544 0.332
127|150 DE Il Delaware li 5 8§ 97 13 175| 2.62657; 50.1194 0] 45,1194 120 11|  555.54 0.365
123|SC DE Il Delaware i [§ 6] 97| 14 160| 2.38806! 52.74627 1] 47.50746 121 12| 466,80 0.306
120|SC DE Delaware | 3] 61 97 15 304| 4.53731] 55.13433 0] 47 50746 122 121 498.78 0.327
130/ SC DE I Delaware I [ 5] 97 16 155} 2.31343| 59.67164 1| 48.8209 123 13| 583.00 0.383
134|SC DEII Delaware It 8 6| 97 17 169] 2.52239| 61.98507 1] 52,34328 124 14| £33.55 0.416
132|SC DE Il Delaware i 5 6] 97| 18 324| 4.833582| 64.50746 1] 57.1791 125 18] 639.12] 0.418
13330 DE || Delaware |} B 61 97| 1% 199 2.97015| £9.34328 1] 60.14925 126 16| 585.48 (.384
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134] 5C DE U Deigware It 5 6| 97 20 280) 4.1791] 72.31343 1| 64,32836 127 171 532,06 0.350
135{SC DE Il Dalaware il 6 sl 9r] 21 191{ 2.85075| 76.49284 11 671791 128 18] 537.90 0.353
s 5C DE |l Delaware f| 6 B 97 22 284| 4.23881| 79.34328 1] 71.41791 129 19| 565.51 0.371
137|3C DE Il Delaware |l 8 5| 97 23 1251 1.86567| 83.58209 1] 73.28358 130 20| 563.70 0.370
138} 5C DE it Delgware |1 5 6| 97 24 . 260] 3.8806] 85.44776 1| 77.18418 131 21 509.76 0.334
133/ SC DE Il Delaware I 8 6l 97| 25 1951 2.91045] 89.32836 1| 80.07483 132 22| 489.86] 0.321
140 SC DEII Delaware [l El 6l o7l 26 183] 2.73134{ 92.23881 11 B2.80597 133 23] 472.14] 0.310
141 SC DE Il Delaware (| s} 6l 97] 27 180] 2.68657| 94.97015 1| 85.48254 134 24| 423.08{ 0.278
142| SC DE Il Dejaware [l 6 6] 97{ 28 104| 1.55224| §7.65672 1) 87.04478 135 25| 442.19] 0.280
143|SC DE I Delaware Il 6 6| 97 28 145 2.16418| 99.20896 1} 89.20888 138 26{ 444.00 0.221
144/ SC DE il Delaware i 8 6 97\ 30 80} 1.19403| 101.3731 1] 90.40288 137 27] 488.32] 0.308
145)SC DE Il Delaware || 6l - 6] 97} 31 188| 2.80597{ 102.5672 1] 93.20886 138 28| 604.79] 0.397
146| SC DE I Delawara || 8 6] 87 32 177} 2.64179] 105.3731 1| £5.85075 139 29| 587.28 Q.385
147|SC DE Il Delaware 1 6 8| 97 33 99| 1.47761] 108.0149 1} 87.32836 140 30| 548.97 0.360
148}8C DE i Defgware I} 5 6] 97 34 373) 6.56716| 109.4925 11 102,8985 141 3 597.82 0.392
m 5C DE Il Delaware |1 8 6| o7 35 63| 0,9403] 115.0587 1] 103.8358 142 32| &74,03 0.442
150{ SC DE Il Delaware & 6| 97 36 169| 2.52239 116 11 106.3582 143 33] 554.44 0.364
151 SC DE Il Delaware || 6 6f 97| 37 1451 2.18418| 118.5224 1] 108.5224 144 34| 563.18] 0,370
1_51' SC DE Il Delaware 1 6 8] 97 38 184] 2.74627) 120.6866 11 111.2687 145 35] 594,52 0.390
153)8C DE li Delaware I 6 61 97 38 251| 3.746271 123.4328 11 115.0149 146 36( 558.62 0.367
154 SC DE (I Delaware {| & 6] 97] 40 93{ 1.38806| 127.17H 1] 115403 147 37| 509.99F 0.235
155( SC DE Il Delaware | 5 5 87 41 2768| 4.1194| 128.5672 1] 120.5224 148 38| 483.26 0.317
158{SC DE Il Delaware [| B g} 97 42 133] 1.98507] 132.6866 1| 122,5075 149 38| 425.62 0.281%
157]3C DE Il Dealgware || 7 6 97 43 103} 1.53731| 134.6716 1] 124,0448 150 40} 414.82 0.272
1581 SC DE I} Delaware I 7 6] 97 44 180| 2.68657; 136.20%9 11 126.7313 151 41| 432,94 0.284
159} SC DE {1 Celaware || 7 6| 97| 45 112| 1.67164| 138.8955 11 128.403 162 42| 548.901 0.3860
160| SC DE I Delaware il 7 el &7 46 172| 2.56716| 140.5672 Q| 128.403 153 42| 468.53 0,307
161 SC DEl Delgwars |l 7 6f 97 47 188| 2,80597| 143.1343 o 131.209 154 43F 503,89 0,331
162 SC DE Il Dalaware | 7 6| 97 48 125} 1.86567| 145.9403 1] 133.0746 155 A4 691.10] 0453
163} SC DE I Delaware Il 7 61 97| 49 198| 2.955221 147.806 1} 136.0289 156 45; 570.300 0.374
164|SC DE !l Delaware il 7 6l &7 30 179| 2.57164| 150.7612 1| 138.7015 157 45] 555.23 0.391
16515C DE Il Delaware 1| 7 6f 97| 51 144 2.14925| 153.4328 1| 140.8507 158 47§ 617.02] 0.405
168] SC DE Il Delaware |l 7 6| 97 32 228| 3.40299| 155.5821 1] 144.2537 159 48] 56558 0.371
1671SC DE I Delaware |l 7 6f 97| 53 178) 2,65672} 158.9851 1] 146.9104 160 491 521.22] D.342
168 SC DEII Delaware il 7 6| 87| 54 182] 2.71642| 161.6418 1] 149.6269 161 501 517.82] 0.340
169/ SC DEII Delaware il 7 6! 97| 55 131] 1.95522| 164.3582 1] 151.5821 162 51} 514.48] 0.338
4701 S0 DE Il Delaware || 11 6] 97 56 113} 1.68657| 186,3134 1] 153.2687 193 52} 548,90 0.3680
171{SC DE Nl Delaware Il 11 6] 87 57 147] 2.19403 168 1) 155.4627] 194 53] 548.80] 0.360
172{SC DE Delaware il 11 6] 97 58 189] 2.8209| 170,184 1| 158.2838 195 54 522.07 0.343
173 5C DE Il Delaware [l 11 6| 97 39 123| 1.83582] 173.0149 1| 160.1194 196 55f 633,16 0.415
174/ SC DE Il Dalaware |1 11 6] 97 680 102| 1.52239| 174.8507 1] 161.5418 197 56| 564.09 0.370
175 5C DE If Delaware |l 11 6] 87 g1 177] 2.64179) 175.3731 1| 164.2838 168 571 604.17 0.396
176| 50 DE tI Delaware |l 11 8] 97 62 124 1.83075] 179.0149 1] 166.1343 159 58| 603.52 {.395
177/ SC DE Il Delaware il 11 6, 97 63 78| 1.16418| 180.8657 1| 167.2983 200 59] 548.80 0.360
178] 5C DE Il Delaware || 11 6] 97 &4 114 1.70149| 182.0299 1 169 201 80F 562289 0,369
179|SC DE If Delaware |l 11 6| &7 65 48| 0.71642] 183.7313 1] 169.7164 202 81 516.42 0.33g%

180

156
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Appendix C.
Delaware 1l Depletion Experiment

Pop Est
{bushels)

r Para
meter

Area
(m*2)

Density (bu
im*2)

Ave Area
of Tow
(m*2)

Estimated
Efficiency

335.912

0.011

28137

0.011938

548.8968

0.5874937

Density
Number / {numbers /
Bushel m*2)
87 0.7008758

Maximurm likelinood model to estimate population size using the method of Gould and Pollock 1997

Structural Model

Monlinear
Least Squares
Calch (Obs-
Calch# |Tow [{bu) Obs T Pred C Pred)"2

285 1] 4.254 0] 4.145863] 0.011636
241 2| 3.597| 4.253731] 4.084984] 0.238123
300 3| 4.478| 7.850746] 4.033522| 0.197216
323 4| 4,821| 12.32836] 3.969448] 0.724961
371 5| 5.537] 17.14925| 3.900464| 2.679275
186 6| 2.776| 22.68657| 3.821228| 1.092252
250 71 3.731| 25.46269| 3.781503| 0.002518
290 8| 4.328| 29.19403| 3.728109| 0.360299
284 9| 4.230] 33.52239( 3.666172] G6.327909
259 10| 3.866] 37.76119| 3.605517] (.067681
234 14| 3.493] 41.62687| 3.560201) 0.003325
160 12| 2.388) 45.1194] 3.500224] 1.23891
155 13| 2.313| 47.50746| 3.466052] 1.328531
169 14| 2522 49.8209] 3.43204B] 0.829119
324 15| 4.836{ 52.34328! 3.396854{ 2.070627
199 16| 297} 57.1791| 3.327685] 0127811
280 17| 4.179] 60.14825! 3,285184| 0.799148
191 48| 2.851; 64.32836| 3.225353| £.14033
284 19 4.239] 671781 3.18458] 1.111435
125 20| 1.866] 71.41791[ 3.123904} 1.583149
260 21| 3.881] 73.28358| 3.097207{ 0.513699
195 22 2.91] 77.16418| 3.041678} 0.017221
183 23| 2.731; 80.07463| 3.000031f 0.072193
180 24{ 2.6B7] 82.80597] 2.960945| 0.075284
104 25( 1.552| 85.492541 2.920503| 1.877623
145 26| 2.164| 87.04478] 2.800201| 0.541861
80 277 1.184| 89,20806| 2.860322| 2.806605
188 28] 2.806] 90.40299| 2.852236] 0.002141
177 29| 2.642| 93.20896| 2.812084 0.029
99 30| 1.478[ 95.85075] 2.774281] 1.681352

Gould and Pollock Method

Residuai Bounds

-Pred
tikelih Predicted Chi- 5id +Pred Std
Term |Q(p*) ood Loglike Catch JResidual [SS{N,p} |Square Esror  |Esror

0] -0.01147| £.023, -16.102 3.852749| 0.400982| 0.1608] 0.04173 -1.952 1.951553
1] -0.011338| 0.022] -13.657 3.803861| -0.20885| 0.0428; 0.01128 -1.939 1.938157
2| -0.0%1203| 0.022! -17.053 3.762705| 0.714907| 0.5111; 0.13583 -1.924 1.928613
3| -0.0110679) 0.022] -18.416 3.711349] 1.109547| 1.2311] 0.33171 -1.915 1.515406
4| -0.040952| 0.022} -21.216 3.656056| 1.881258| 3.5391| 0.96802 -1.901 1.801085
5| -4.010827| 0.021] -10.669 3.592545) -0,81643; 0.6666] 0.18554 -1.885 1.8845
6| -0.010703{ 0.021] -14.383 3.560705| 0.170639( 0.0201] 0.00818 -1.876 1.87613
71 -0.01058] 0.021] 16734 3.517908| 0.81045| 0.6568| 0.19671 -1.865 1.864B821
8t -0.010458( 0.021| -16.437 3.468264| 0.770542| 0.5837| 0.1711% -1.852 1.851617
9! -0.010333| 0.02| -15.034 3.419647| 0.446025( 0.1989| 0.05818 -1.839 1.838593
1G] -0.01022( 0.02{ -13.623 3.375309[ 0.117228| 0.0137| 0.00407 ~-1.827 1.826535
11] -0.010103] 0.02{ -9.3427 3.335251( -0,84719] 0.8972 0.269 -1.816 1.815764
12| -0.000957| 0.02! -9.0774 3.307862| -0.99443| 0.9889| 0.29895 -1.808 1.808293
13| -0.009872| 0.02} -9.9264 3281328 -0.75894| 0578 0.17554 -1.801 1.801025
14| -0.009759| 0.019¢ -19.086 3.252397| 1.583424| 2.5072| 0.77089 -1.793 1.793068
15| -0.009647| 0.019] 11,757 3,196932f -0.22678| 0.0514| G.01608 -1.778 1.777713
16| -0.009536| 0.019] -16,591 3162866 1.016238; 1.0327| 0.32652 -1.768 1.768217
17] -0.009427| 0.015; -11.35 3.114934] -0.26419| 0.0698| 0.02241 -1.755 1.754787
18| -0.009319| 0.018{ -16.925 3.082237] 1.156589| 1,3377| 0.433889 -1.746 1,745533
19| -0.000212| 0.018¢ -7 4711 3.03362{ -1.16795| 1,3641| 0.44966 -1.732 1.731712
20{ -0.009106| 0.018} -15.585 3.0122221 0.868375| 0.7541| 0.25034 -1.726 1.725584
21 -0.009002| 0.018! -11.722 2.867713| -0.05727| 0.0033[ 0.0011% -1.713 1.712797
22| -0.008899| D.01B8; -11.032 2.634332| -0.20299( 0.0412) 0.01404 -1.703 1,703137
23| -0.008797| 0.017% -10.882 2.503005{ -0.21644| 0.0468% 0.01614 -1.684 1.694021
24| -0.00B696| 0.017; -B.3055 2872191} -1.31995| 1.7423] 0.68066 -1.685 1.685007
25| -0,008586] 0.017] -B8.8183 2.B54388{ -DA9021| 0.0151] 0.0053 -1.68 1.679776
26| -0.008497: 0.017| -4 8779 2.820565| -1.63564| 0.0204; 0.00723 -1.672 1.672457
27 -0.0084; 0.017| -11.495 2.815387( -0.0009| 1.5968} 0.58706 -1.668 1.663405
28{ -0.008304} 0.018| -10.853 2783687 -0.1419| 0.3838{ 013787 -1.659 1.658843
29{ -0.008208; 0.016] -4.9183 2.753387] -1.27578{ 2.4316| 0.68313 «1,65 1.64879
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373 31| 5.567! 97.32836( 2.753137 7.918@_}
683 32 0.84| 102,8955| 2673474 3.003887
169 33| 2.522| 103.8358| 2.660019{ 0.018942
145 34| 2.164| 106.3582| 2.623924| 0.211366
184 356] 2.746] 108.5224| 2.6592956| 0.023505
251 36] 3.746| 111.2687| 2.553658 1.42232
93 37| 1.388[ 115.0149| 2.500051{ 1.236524
276 38| 4.119 116.403] 2.480188| 2687025
133 39] 1.985] 120.5224] 2.421241| 0.190241
103 40f 1.537( 122.6075| 2.392838| 0.731918
180 41| 2.687| 124.0448| 2.370837; 0.099685
112 421 1.672] 126.7313( 2.332394| 0.438593
188 43( 2.806 128.403| 2.308473] 0.247503
125 44| 1.866 131.200| 2.268321| 0.162127
198 45| 2.955] 133.0746] 2.241624| 0.509224
178 46| 2.672| 136.0299| 2.199336{ 0.223072
144 47| 2.149) 138.7015] 2.1611086 0.00014
228 48{ 3.403| 146.8507( 2.130352] 1.619598
178 49] 2.657| 144.2537) 2.081656] 0.330694
182 501 2.716] 1469104 2,04364 0.45283 .
131 51| 1.955| 146.6269| 2.004765! 0.002455
113 52| t.687( 151.5821( 1.976791 0.08423
147 53; 2.124] 153.2687( 1.852657| 0.058261
189 541 2.821] 155.4627| 1.921261; 0.809342
123 55| 1.836| 158.2838| 1.880896| 0.002032
102 56| 1.522| 160.1184] 1.854626| 0.110382
177 57| 2.6421 161.6418| 1.832841 0.6544
124 58) 1.85t| 164.2836| 1.795038! Q.003103
78 591 1.164| 166.1343| 1.768555 0.36527
114 60| 1.701| 167.2085] 1.751896| 0.002541
48 61] 0.716 169] 1.727548| 1.022385
Total Cateh
168.7164
Parameter Estirnates Nonlinear
N p SumSquares
289.7] 0.01431

-.008114| 0.016

Nen Linear LS Model: Catch=p{N-T)

Initial Parameter Estimates

p

q
0.0114695 0.089

Simple Linear Regression Estimates

a=Np |b=-p

4,146

-0.01431

R_sqr
0.382335

N_hat
289.7275

N_hat
335912

0.89854

Chi2GOF

30 -11.503 2.73644] 2.830724]| 0.0048] 0.00177 -1.645 1.644705
311 -0.008021] 0.0168]| -10.945 2.672687| -1.732291 0.000%: 0.00035 -1.625 1625403
32| -0.007928} 0.016] -6.1387 2.661802| -0.13941| 1.4023] 0.52683 -1.622 182212
33| -0.067838 0.016( -23,183 2.632872| -0.46869| 8.6101) 3.27022 -1,613  1.61328
34| -0.007748| 0.015| -3.9282 2.60805| 0.138218] 2.7814] 1.06647 -1,606 1.605658
35] -0.007659| 0.015| -10.567 2.5766511 1.169717| 0.0029| 0.00114 -1.696 1.595932
36| -0.007572| 0.045| -9.0909 2.533583| -1.14552( 0.1365| 0.05386 -1.583 1.582569
37| -0.007485)| 0.015| -11.568 2.517663| 1.60174| 0.0523| 0.02078 -1.578 1.577589
38| -0.00739%! 0,015; -15.823 2.470415| -0.48534| 1.6278] 0.65692 -1.563 1.562716
39| -0.007314| 0.014| -5.8788 2.447648| -0.91033| 1.1227; 0.4587 -1.586 1.555498
40f -0.00723| 0.014| -17.494 2.430015] 0.2566552] 2.854| 1.17449 -1.55 1.549885
41| -0.007147] 0.014} -8.4531 2.399202| -0.72756( 0.1715| 0.07148 -1.54 1.540027
42| -0.007065] 0.014[ -6.5641 2.380029| 0.425941] 0.7102§ 0.29839 -1.534 1.533861
43| -0.006984| 0.014| -11.502 2.347846] -0.48217( 0.1147| 0.04887 -1.523 1.523456
44| -0.006904{ 0.014f -7.17682 2.326447] 0.628777| 0.4288; 0.1843 -1.516 1.516497
45| -0.006825| 0.014| -12.678 li292552 0.379089| 0.2836] 0.11498 -1.505  1.50541
46| -0.006747| 0,013 -8.0522 2.26191| -0.11268| 0.157] 0.06941 -1.495 1495315
47] -0.006669| 0.013 -12.7894 2.237259] 1.165726] 0.5155| 0.2304 -1.4B7 1.487144
| 48] -0.006593| 0.013] -11.592 2.198228| 0.458488] 0.2241| 0.10185 -1.474 1.474115
49| -0.006517| 0.013] -9.3505 2.167757| 0.548661] 0.0003] 0.00018 -1.464 1.463863
50; -0.006442| 0.013| -14.844 2.136601¢ -0.18138] 1.6037| 0.7506 -1.453 1.453305
511 -0.00636%| 0013| -11.62 2.114176] -0427611 0.2944| 0.13923 -1.446 1.445658
52| -0.006285( 0.012| -11.912 2.094831| 0.098198| 0.3864| 0.18444 -1.43% 1.438029
53{ -0.006223| 0.012| -8.5966 2.069667| 0.751228] 0.0131) 0.00633 -1.43  1.43036
54| -0.006152| 0.012] -7.4349 2.037313| -0.20149| 0.123| 0.06038 «1.419 1.419136
55| -0.006081) 0.012] -9.6972 2.016257| -0.49387| 0.0316] 0.01567 -1.412 1411783
56| -0.006012] 0.012 12,5 1.998796| 0.642095| 0.6768| 0.33813 -1.406 1.405657
§7| -0.005943) 0.012| -8.1563 1.968496) -0.11775] 0.0176| G.00894 -1.395 1.394962
| 58] -0.005874) 0.012] -6.7814 1.947268} -0.78300] 0.1805| 0.09271 -1,387  1.38742
59| -0.005807) 0.011]| -11.798 1:933916| -0.23242( 0.5011| 0.25911 -1.383 1.382655
60| -0.00574} 0.011{ -8.2867 1.9144| -1.19798( 0.0041] 0.00212 -1.376 1.375661
] 0.4947593 706,743 |LogLikelihood 0.022473 48517 17.5654
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Delaware |l Depletion Experiment

Obs vs Pred: DE Il MLE estimates

Mode! Residual

Populatlon Size {bushels)

Probabllity of Capture
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Allantic City Site #1. Station #1

Sum of
Number Ave Area Tow
Fop Est  |p Para |Area  |per Total Density |of Tow Est Areas
(bushels) |meter [{m*2) [Bushel [Number |(#/m~2} |(m*2) Efficiency |(m*2)
80.11005] 0.10%] 8223| 680.B571] 4875.27] 0.5928] 1195.23: 0.691752| 15097

Maximum likelihocd modet to estimate population size using the method of Gould and Pallock 1957

Site= AC1-1
Nonlinear
Least Squares
Catch
(bushei (Obs-
Tow  {s) Obs T Pred C_ Pred)*2
1] 1025 0] 8.4761| 3.14672
2 4.13 10.25] 7,39736| 10.6756
3 g 14,38 6.9627| 4.15057
4 4.25 23.38} 6.01552| 3.11705
5 6.75 27.63{ 5.56823| 1.39657
& 3 34.38! 4.85784| 3.45158
I 4.88 37.28| 4.54211] 0.11417
o 8 5 42.26| 4.02853| 0.94376
9 2.88 47.26| 3.50231| 0.38727
10 4.63 50.14| 3.19921| 2.04718
11 2.13 54.77] 2.71194| 3.67897
12 0.88 56.9{ 2.48777 Q0.128
13 3 57.78| 2.39515| 2.29569
14 0.63 60,78 2.07942| 0.B47486
15 2 61.41f 2.01312] 1.91303
(18] 2| 63.41] 1.80264] 0.03895
65.41 38.3328
Parameter Estimates
N p SumSquares
80.54] 0.10524
Non. Linear LS Model: Catch=p(N-T)
Simple Linear Regression Estimates
a=Np |b=-p R_sqr {N_hat
8.578| -0.11187] 0.68828] ¥B.6764

Gould and Polleck Method

Likeliho LogLik
od e
0.123 -21.47

Term Q(p*)
0 -0.10t

t -0.09 0111 -9.087
-20.76
-10.25
-17
-7.873
-13.32
-14.18
-8.473
«14.11
-14.6
~6.944
-2.962
-10.42
-2.254
-7.368

-0.081
-0.073
-0.066

2 01
3

4

5 -0.059

6

7

8

0.09
0.081
c.072
0.065
0.059
0.053
0.047
0.043
0.038
0.035
0.031
0.028
0.025

-0.053

-0.048

-0.043
& -0,039
-0.033
-0.031
«0.028
-0.025
-0.023
-0.021

Q 0.183 1811

Initiaf Parameter Estimates
N p q N_hat

0.101 0.898] 80.11

-Pred |+Pred

Predicted |Resid= Obs - 1Chi- Sta Std
Catch Pred SS8(N.p) [Square Error _ !Errer
B.055072 2.194928] 4.81771 0.5981 -2,692| 2.692
7.024434| -2.8944336| 8.37775] 1.19266 ';2,'514 2.514
6.609162] 2.3908382| £.71611| 0.86488 -2.438| 2.438
5.704211[ -1.4542111| 2.11473] 0.37073 -2.265| 2,265
5.276673| 1.4731268; 2.1701] 0.41125 -2.179] 2.17%
4.59816| -1.5981602{ 2.55412| 0.55546 -2.0341 2.034
4.29651| 0.5834901] 0.34046| 0.07924 -1.966: 1.966
3.805826| 1.1941745¢ 1.42605| 0,3747 -1.85] 1.85
3.303075( -0.4230751| 0.17699| 0.05419 -1.724] 1.724
3.013491) 1,6165091| 2.6131| 0.86713 -1,646| 1.646
2.5479441 -0.417944] 4.33496] 1.70135 -1.514] 1.514
2,333772| -1.4537723] 0.04152; 0,01779 -1.448] 1.449
2.245288( 0.7547117] 1.86401| 0.83019 «1421] 1.421
1.943638] -1.313638| 1.1159| 0.57413 -1.322| 1,322
1.880291] 0.1197085] 1.56323] 0.83138 -1.3 1.3
1.679191| 0.3208087} 0.10292| 0.06128 -1,229] 1,229

LogLikelihood 39.3317 9.38447
Chi2GOF
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Atlantic City Site #1, Station #1.

Obs vs Predicted MLE AC1-1

Model Residual
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Altantic City SHe #1. Station #2

Pop Est
{busheis)

p Para
meter

Area
(m*2)

Number
per
Bushel

Total
Number

#m"2) |Tow

Density [Ave Area of

(m*2)

Est
Efficiency

Sum of Tow
Areas (m*2)

147.8727

0.067

12870

8983.3

0.688

1196.23

0.7267022

21944.5

Maxirmum likefihood model to estimate population size using the method of Gould and Pollock 1997

60.75

Site= AG1-2  Tows 17 and 19 deleted
Structural Model
Nonfinear
Least Squares
(Obs-
Tow |Catch jObsT |PredC |Pred)*2
1 12.5 0| 10.212] 52383
2| 6.83 12.5| 9.3183] 7.22715
3 8 19.13] 8,8445| 0.71317
4 8.88 2713} B.2727| 0.36877
5| 688 36.01] 7.6381; 05747
8] 9.13 42.89| 7.1464[ 3.93475
7 5863 52.02] 64939| 0.74626
8l 538 57 651 8,0915! 0.50622
9| 6.75 63.03| 5.707| 1.087838
10| _7.35 69.76] 5.2246| 6.37782
11 3.25 77.53] 4.6707| 2.01832
12 3 80.78| 4.4384 2.069
13| 4.38 83.78 4.2241 0.02434
14| 1.88 88.15 3.511; 4.12479
15! 3.25 90.04| 3.7766] 0.2773
16 3.75 93.29| 3.5443| 0.0423
17| 5.3I& §7.04) 3.2763]| 6.11915
102,79
41,4482
Parameler Estimates
N p SumSquares
142.8] 0.07147 [ 41.4482]

Nen Linear LS Model: Catch=p{N-T)

Simpie

Linear Re:

gression Estimates

a=Np
10.21

b=-p
-0.0715

R_sqr
0.6501%

N_hat
142,882

Check number of tows

1372

Gould and Peltock Method
-Pred |+Pred
Likeli Predicted |Resid= Obs Chi- Std Std

Term |Q(p*) ihood [Loglike Catch Pred SS{N,p) |Square Error _|Error
0] -0.067 0.1| -29.952 9.979697} 2.5203028] 6.35193| 0.63648 -3.051| 3.051
1] -0.083] 0.09 -15.9&5_‘ 9.136092| -2.506092; 6£.2805| 0.68744 -2.919| 2.51%
2| -0.059} .08 -19.775 8.688643| -0.688643| (6.47423] 0.05458 -2,846{ 2.846
3| -0.085] 0.08| -22.571 8,148736| 0.7312643| 0,53475| 0.06562 -2.757| 2.757
4] -0.051| 0.07| -17.968 7.549438] -0.669438] 0.44815| 0.05936 -2.653| 2.653
5{-0.048| 0.077 -24.482| 7.085118| 2.0448822| 4.18154| 0.5501% -2.571 257
6| -0.044{ D.08| -15.48 6,468948| -0.838948| 0.70383; 0.1088 -2.456| 2.458
71 -0.041] 0.061 -15.178 6.088988| -0.708988| 0.50266( 0.08255 -2.3831 2383
8| -0.039| 0.06] -19.515 5.7259| 1.0240995| 1.04878| 0.18316 -2.311| 2311
49| -0.036| 0.05| -22.948 5.270353| 2.4796465| 6.14865| 1.16665 -2.217| 2217
10| -0.034| 0.05| -9.8503 4.747318| -1.497318| 2.24196| 0.47228 -2.104| 2.104
11| -0.031| 0.05]| -9.3022 4.527981| -1.527981| 2.33472| 0.51562 -2,055| 2.055
i2| -0.029| 0.04| -13.887 4,325515) 0.0544848| 0.00297| 0.00069 -2.00B| 2.008
13| -0.627( 0.04| -6.0921 4.020916] -2.149916( 4.62214| 1.146986 -1.938( 1.935
14| -0.025( 0.04| -10.759 3.903038] -0.653033( 0.42646| 0.10928 -1.908( 1.908
15| -0.024| 0.03| -12.676 3.6837( 0.0662999! 0.0044| 0.00119 -1.853[ 1.853
16§ -0.022| 0.03} -19.838 3.430618| 2.3153816{ 5.37953! 1.56808 -1.7891 1.78S

Q 0,305 ] 285.409|Loglikelihood 416872 T.44892

Initial Parameter Estimates

N p q N_hat Chi2GOF 0.964

Q.067 0.93[ 147.873
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Attantic City Site #1, Station #2.

Observed vs Pred MLE, AC1-2

Model Residuals

Population Slze (bushels)

Probablliby of Capture
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Point Pleasant Site #1.

Pop Est [pPara
{busheis) | mater

Area
(m*2

Number
per
Bushel

Totat
Number

Ave Area
Density  |of Tow
#mr2) |(me2)

Est

Efficiency |Areas (m*2)

Sum of Tow

527.377

0.026

22141

73.278

386845

3.74543] 1521,93

0.378231

42221.7

Maximum likelihood medei to estimate population size using the method of Gauld and Pellock 1697

Site= PP1
Structural Model
Nenlinear
Least Squares
{Cbs-
TJow |Catch [ObsT [PredC  [Predit?
1 12 0] 13,4396, 2.07245
2{ 12.75 12] 13.24591  0.1587
3| 14.75| 24.75] 12.8338] 3.67201
4 2.5 38.5{ 12.4727! 883689
5 10 48] 12.2401| 5.01824
=] 10 53] 11.9954| 3.98145
7. 115 €3] 11.7506| 0.06278
8| 725 B0.5] 11.4691] 17.8005
] 14f  87.75| 11.2916| 7.33547
10 11| 101.75| 10.8489| 0.00261
111 16.5| 112.75| 10.6796) 33,8768
12 14| 12925\ 10,2757] 138792
13 9.5{ 143.25( 5.93302| 018751
14| 9.75{ 152.75] 8.70048| 0.00245
15 &.75 162.5| 9.46181|- 7.3539
16 9.5| 168.25| 9.29688] 0.04128
17 7.5! 178.75; 9.06403) 2.44618
18] 10.25[ 186.25/ B.BBO44| 1.8757
19 11,13 196.5| 8.62953| 622738
20 12| 207.63| 835721 13.27
21 9.5] 219.63| 8.06346] 2.06354
22 12| 229.13{ 7.83081! 17.3813
23] 7.625{ 241.13) 7.53717| 0.00771
24| 4.75| 248.75| 7.35052| 6.76269
25 5 253.5| 7.23424| 499185
26] 525 258.5| 7.11185] 3,46649
27 8.5| 263.75| 6.88334] 230027
28 Bl 272.25 6.77527] 1499397
29| 5.25| 2680.25] 6.57944| 1.76741
30) 8.261 2855} 6.45092| 323667
3 7] 293.75| 6.24898| 0.56404
32] 6.5| 300.758] 6.07762| 0.1784
33| 4.875| 2307.25] 5.91851| 1,08892
34| 3.875] 312.13f 5.79918| 3.70246
35t 6.875 316] 5.70432| 1.37048
36 3| 322.88| 5.53603| 6.43146
37| 3.25] 2325.88| 5.4626] 4.99558
38 7| 329.13| 5.38304{ 261456
39 31 336.13] 5.21169| 488157
187.306 Tolal S8
339.13

Paramater Estimataes Nonlinear
N q Sum$aquares
545] 0.0245] { 197.308]

Naon Linear LS Model: Catch=p(N-T}

Simple Linear Regression Estimates

a=Np
13.44

b=-p

-0.0245

R_sqr
0.5516

N_hal
549,032

164

Gould ang Poilock Method
. Rasid= -Pred |+Prad
Likeli Predicted {Obs- Chi- Std Std
Term {Q(p") |nood [LogLike Catch Prad |8S{Np) |Square |Error [(Error
0] -0.03] 0.04| -28.466 13.74762| -1.748| 3.0542| 0.22216}] -3.66| 3.5591
1} -0.03| 0.04{ 41207 13.43481] -0.685] 0.469| 0.03481) -3.62| 3.6173
2| -0.02| 0.04]{ -4B.08 13.10244] 1.548| 2.7145| 0.20717] -3.57| 3.5722
3| -0.02| 0.041-31.205 12.71794| -3.218] 10.355] 0.81421] -3.52] 3.5194
4| -0.02| 0.04] -33,142 12.47025] -2.47] 6.1023] 0.48935| -3.48] 3485
5| -0.02] 0.04] -33.378 1220861 -2.21] 4.8824| 0.39988| -3.45| 3.4484
6| -0.02] 0.03] -38.688 11.94893| -0.449} 0.2015; 0.01687| -341]3.4114
7| -0.02] 003} -2458 11.649815| 4.389] 18.353| 1.66128| -2.27| 3.35683
8] -0.02| 0.03; 47 835 11.46016] 2.54] 64508| 0.562891 -3.34| 3.3409
9| -0.02| 0.03( -37.875 11.09521| 0.095( 0.0091] 0.00082{ -3.29{ 3,2872
10] -0.02} 0.03| -57.249 10.808468] 56921 32.394| 2.99706| -3,24] 3.2445
11] -0.02f 0.03]| 48,945 10.37834] 3.622| 13.118] 1.26383] -3.18( 3,4793
12} -0.02| 0.03{ -33.463 10.01338) -0.513| 0.2636| 0.02632] -3.12| 3.1229
13| -0.02| 0.03{ -34.802 9.765744} -0.016| 0.0002| 2.56-05| -3.08| 3.084
14| -0.02| 0.03| 24133 $.511581| -2.762] 7.6263) 0.80179} -3.04/ 3.0438
15| -0.02{ 0.03] -34.218 $.3356231 0.164| 0.027] 0.002858| -3.02] 3.0153
161 -0.02! 0.03] -27.211 §.0872771 -1.588| 2.5217| 0.27747| -2.98} 2.8751
17{ -0.02] 0.03( -37.459 8.892468] 1.358| 1.8429] 0.20724] -2.94| 2.9429
18] -0.02] 0.03| 40.951 8.625271 2.5] 8.2486] 0.72445 -2.91 2.8983
19| -0.02| 0.02( a4 488 8,335266] 3.665 13.431 1.51126| -2.85{ 2.8492
20| -0.02] 0.02| 35471 8.02245] 1.478| 2.1832| Q.27213| -2.8|2.7552
211 -0.01] 0.02|-45.122| 7.774805) 4.225| 17.852| 2.29617| -2.75] 2.7518
220 001} 0.02) -28.873 7.46199! 0.163| 0.0266| 0.00356 -2.7| 2.6958
23| 0.01| 002{-18112 7.263222] -2,513| 6.3163| 0.86963| -2.66( 2.6597
24| 001! 0.02] -19.197 7.139399] -2.139] 4.577| C.B4108| -2.64! 26359
25| 0.01] 0.02]-20.256 7.009059{ -1.759| 3.0943| 0.44147| -2.61} 2.6127
26] 00| 6.02] -33.084 £.8722031 1.628] 2.6487| 0.38557] -2.59| 2.5871
27{ -0.01] 0.02} -31.349 6.650625] 1.349( 1.8208| 0.27378| -2.55{ 2.545
28| -0.011 0.021 -20.712 6.442082| -1.192| 1.4211| 0.220859 -2.5i 2.5048
28] 0.011 0.02] -32.765 6.305225] 1.945| 3.7821| 0.59984| -2.4812.4781
30| 0.01 0.02| -27.885 6.090164] 0.81] 0.8278] 0.13592| -2.44| 2.4354
31 0.01] 0.02] -26.158 5.907668| 0.582] 0.3508] 0.05939 -2.4| 2.3987
32| -0.01] 0.02] -19.747 5.7368247| -0.863] 0.7452) 012986} -2.36 2.384
33| 0.01{ 0.02! -15799 5.611186| -1.736; 3,0143} 0.53719] -2.34 2.3377
34| -0.01: 002! -28.212 5.510153| 1.365| 1.8628 0.33807| -2.32| 2.3166
35] -0.0¢1 D.02| -1238 5.330936| -2.331| 54333 1.01919] -2.28| 2.2786
36| -0.01| 0.02] -13.508 5.252732| -2.003| 4.0109| 0.76359] -2.26| 2.2618
371 -0.01| 0.02} -2928 5.168011| 1.832| 3,3562| 064841 -2.24| 2.2435
38 _-0.01] 0.01} -12.628 4.985536] -1.986{ 3.9424| 078078 -2.2| 2.2035
Q 0,357 I 1227.8|Laglikelihocd 188.33 22.74%1
Initial Paramater Estimates
N p q  [N_rat ChiGO 0,968
0.026 0.897| 527.38
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Point Pleasant Site #1.

Obs vs Predicted Catch, Point Pleasant Site: MLE
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Atlantic City Site #2. Station #1

Number
Fop Est p Para |Area [per Total Density |Ave Area of|Est Sum of Tow
{bushels) Imeter {{m*2) (Bushel |Number {@#m*2) |Tow (m*2) |Efficiency |Areas (m"2)
81.272671] 0.183] 6939| 66.3333| 5391.09 0.7769 $195.231 1.0627583 16538.1

Maximum likelihood model to estimate population size using the method of Gould and Pollock
Site = AC241

Siructural Model

Nonlinear
Least Squares
(Obs-
Tow |Catch |ObsT |Pred C |[Pred)*2
1 12.5 0} 14.0325} 234848
2| 11.75 12.5] 11.95673] 0.04206
3 g} 24,25 10.0066| 1.01315
4] 10.75 33.251 B.5124| 5.00685
51 7.78 44! 6.72771] 1.10731
6 7.5 51.78] 543811 425968
7 5 59.28| 4.19097] 0.65453
B| 4.875 £64.28| 3.36088| 2.29255
9| 1.125] 69.155[ 2.55155( 2.03504
10| 0.625 70.28) 2,36478| 3.02683
111 0.875| 70.905] 2.26102] 1.92105
12| 1.375 79.78| 2.11575] 0.54872
13| 2.25{ 73.155] 1.88748| 0.13742
75.405
Initial Parameter Estimates  24.3886
Parameter Estimates
N [p SumSquares
84.52] 0.16602 | 24.3888]
Non Linear 1.8 Mcdel: Catch=p(N-T)

Simple Linear Regression Estimates

a=Np

14.03

b=-p
-0.166

R_sqr
0.89323

N_hat
84.5243

Gould and Pollock Methad

I
Resid= -Pred [+Pred
Liketih Predicted |Obs- Chi- Std Std

Term  |Q{p*) lood [Loglike Catch Pred SS{N,p} |Square Error  |Error
Q) -0.183) 0.197) -20.288 14.8772} -23772| 5.65107 0.37985 -3.486] 3.4856
i| -0.18] 0.161] -21.448 12,58904| -0.839| 0.70388| 0.05592 -3.207| 3.207
2| -0.122] 0.132| -18.247 10.43816( -1.4382; 2.08832| 0.19815 2,92 292
3 -0.1| 0.108| -23.968 8.790689| t.9593| 3.8389 0.4367 -2.68 2.68
4] -0.082| 0.088] -18.919 6.82287| 0.9571| 09161] 0.13427 -2.361] 2.361
5! -0.087} 0,072} 15755 5388719 2.1013| 4.41538} 0.81786 -2.1 2.1
6! -0.054| 0.059] -14.181 40258221 0.9742| 0.94902] 0.23573 -1.814} 1.814
7( -0.044| 0.048: -14.812 3.110558] 1.7844| 3.11326; 1.00087 -1.594; 1.594
8| -0.036( 0.039| -3.6456 2.218175| -1.0932| 1.19503] 0.53875 -1.346| 1.346
9| -0.03{ 0.032] -2.1517 2.01224| -1.3872] 1.92444| 0.95636 -1.282| 1.282
10} -0.024] 00261 -3.1882 1.897832| -1.0228{ 1.04619] 055125 -1.2450 1.245
11} -0.02] 0.021] -5.2897 1.737661; -0.3627| 0.13152! 0.07569 -1.191¢ 1.191
12 -0.016! 0.017| -9.1107 . 1.485963 0.764] 0.58375| 0.39284 -1.102| 1.t02

Q 0.072 | 175.002|LogLikelihood 26.537 5.77424

Initial Parameter Estimates . )

N q N_hat Chi2GOF

0.183 0.817] 81.2727

0.183
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Aflantic City Site #2, Station #1.

Obs vs Pred. MLE, AC2-1
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Affantic City Site #2. Station #2

Pep Est
(bushels)

p Para
meler

Area
(m*2)

Number
per
Bushel

Total
Number

Ave Area
Density |of Tow Est
(#mA2) |2y Efiiciency

Sum of Tow
Areas {(m*2)

[ 135.5443

11613

67,625

9166.18

0.7893| 1521,93| 1.009276

273947

Maximum likelihood medel to eslimate population size using the method of Goutd and Pollock 1987

0.132

Site= AC2-2

Structural Model

Nenlinear
Least Squares
Tow |Catch (ObsT |Pred C  [(Obs-Predy*2
1 135 G| 17.6283] 17.043
2 20 13.5] 15.8914| 16.88
3] 16.88 33.5] 13.3183| 12.65
4 9] 50,375( 11.1472] 46108
5| 9.375] 59.375| 9.9893} 0.3774
5] 6.5 68.75| B.783t5{ 5.2128
7| 8125 75.25] 7.94688{ 00317
8] 6.875] 83.375| 6,90155| 0.0007
9 4.75 90.25] 6.01704| 1.5054
10 7.5 95] 5.40592| 4.3852
11 3.25 102.5 4.441] 1.4185
121 7.125] 105.75{ 4.02286| 9.6233
13| 2.25| 112.875| 3.10619] 0.7331
14| 4.25} 115.125| 2.81671] 2.0543
15 2.375) 1189.375] 2.26992; 0011
18 1.78| 121.75] 1.968436 0.046
17 1 123,6{ 1.73921| 0.5464
18 0.5 124.5] 1.61055] 1.2333
125
78463
L
Pararneter Estimates
N ] SumSquares
137]0.12865]. | 78.463]

Non Linear LS Model: Calch=p(N-T}

Simpte

Linear Re

gression Estimates

a=Np
18.88

b=-p
-0.1383

R_sqr
0.7364

N_hat
135.53

Gould and Paliock Mathod

Resid= -Pred |+Pred
Likelih Predicted |Cbs- Chi- Std Std

Term Q(pM |ood  |loglike Calch Pred  |SS(N.p) |Square |Error  iError
0f -0.132| 0.143| -26.216 17.92824| -4.428] 15.6093] 1.09377] -3.044] 3.0442
1] -0.115) 0.124| -41.676 16.14262| 38571 14.8794] 0.92175! -3.743| 3.7427
2! -0.1} 0.108| -37.558 13.45725| 3.378] 11.4092| 0.8453 -3.422| 3.4223
3i -0.086] 0,094| -21.308 11.26622| -2.285| 51312| 0.45549] -3.127] 3.1285
4] -0.075| 0.0815 -23.528 10.0748 -0.7]| 0.48072] 0.04861] -2.957| 29567
5| -0,065] 0.071] -17.233 8.834782] -2.335| 5.45121] 0.61702) -2.769| 2.7688
6| -0.056] 0.061| -22.895 7.9750371  0.15] 0.02249] 0.00282] -2.631| 2.6306
7] -0.049| 0.053| -20.178 6.900355] -0.025] 0.00064| 9.3E-05{ -2.447| 2.447
8] -¢.043] 0.046]| -14.615 5991009 -1.241:  1.5401] 0.25707¢ -2.28 228
9| -0.037| 0.04] -24.141 53627341 2.137{ 456791} 0.85179f 2. 167 2.1572
19] -6.032| 0.035| -10.922 4.37072] -1.1211 1.25601] 0.28737] -1.947| 1.9475
$1: -0.028] 0.03| -24.956 3.940848] 3.184| 10.1388| 2.57275] -1.849( 1.8492
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C. STRIPED BASS

Terms of Reference

a. Assess the status of the Atlantic coast striped bass
stock complex through 1996 by means of virtual
population analysis and characterize the variability
of estimates of stock abundance and fishing mor-
tality rates.

b. Provide projected estimates of catch for 1998 and
SSB for 1999 at various levels of fishing mortality

incorporating uncertainty in recruitment and stock:

size estimates.

¢. Estimate fishing mortality rates for specific com-
ponents of the coastal stock complex using tag-
ging data.

d. Review the estiniation Of F,,,, defined as the over-
fishing definition by the ASMFC Striped Bass
Management Board.

e. Review the historical SSB model concept and its
use in defining stock reconstruction.

f  Review the current SSB model methodology for
estimating TACs under ASMFC management.

Introduction

Atlantic striped bass, Morone saxatilis, is an anad-
romous species distributed from Texas to the Cana-
dian Maritime Provinces. Striped bass are also present
on the west coast of the United States as the result of
stocking in the late 1800's. Spawning occurs in brack-
ish to freshwater portions of estuaries where juveniles
remain for several years before emigrating to coastal
waters. North of Cape Hatteras, striped bass undergo
seasonal migrations between their estuarine spawning
grounds and the Atlantic coast. Coastal migrations
generally proceed northward during the spring and
summer, with farger fish moving as far north as the
Bay of Fundy. In the fall, the direction of migration
reverses and the fish move south to overwintering
areas. Although overwintering striped bass have been
found from the Guif of Maine to North Carolina, the

major areas of concentration appear to be in the New
York Bight and along the coast of North Carolina. In
March to April, mature striped bass migrate to estu-
arine spawning grounds where spawning occurs over
the course of several weeks. After spawning, they re-
turn to coastal waters and the feeding migration be-
gins again.

Atlantic coastal stocks of striped bass are primar-
ily the product of four distinct spawning stocks; Roa-
noke River, Chesapeake Bay, Delaware River, and
Hudson River. Historically, the Roanoke stock was
believed to have contributed to the mixed coastal
group, but tagging records over the last several de-
cades suggest emigration during that period has been
minimal. The largest producer area is the Chesapeake
Bay and includes most of the rivers and estuaries
within the Bay. The second largest producer is the
Hudson River, followed by the Delaware River
(ASMFC 1990).

Striped Bass Management History

Striped bass have been the focus of fisheries from
North Carolina to New England for several centuries
and have played an integral role in the development of
numerous coastal communities. Striped bass regula-
tions in the United States date to pre-Colonial times
when striped bass were prohibited from being used as
fertilizer (circa 1640). During the 20th century, initial
attempts at regulation were made by states during the
1940s when size limits were imposed. Minimurmn size
limits ranged from 16 in for many coastal states to 10
in in some southern states. By the 1970s, it became
increasingly evident that stronger regulations would
be needed to maintain stocks at a sustainable level.
Recruitment in the Chesapeake Bay stock had reach-
ed an all-time low, as determined by a juvenile survey
conducted by the Maryland Department of Natural
Resources since 1954. In response to the decline, the
Atlantic States Marine Fisheries Commission
(ASMFC) developed a fisheries management plan to
increase restrictions in commercial and recreational
fisheries. To strengthen the regulations, a Federal law
was passed in 1984 which mandated that coast-wide
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regulations already implemented would be adhered to
by Atlantic states between North Carolina and Maine
(for striped bass management, the areas under the jur-
isdiction of ASMFC include coastal waters of North
Carolina, Virginia, Potomac River Fisheries Commis-
sion, District of Columbia, Maryland, Delaware,
Pennsylvania, New Jersey, New York, Connecticut,
Rhode Island, Massachusetts, New Hampshire, and
Maine).

The final version of the ASMFC plan to restore
striped bass called for size regulations to protect the
1982 year class, which was the first modest size co-
hort since the previous decade. The objective was to
increase size limits to allow at least 95% of the fe-
males in the cohort to spawn at least once. This re-
quired an increase in the size limit as the cohort grew,
and resulted in a 36-in size limit by 1990, Several
states, beginning with Maryland in 1985, opted for a
more conservative approach and imposed a total mor-
atorium on striped bass landings. By 1989, Massachu-
setts was the only state with an active commercial
fishery. Fishing in the EEZ was closed in 1989 and
has remained closed to all recreational and commer-
cial striped bass fishing.

Most of the restrictive regulations were intended
to restore production in Chesapeake Bay. The Hud-
son stock did not suffer the same decline in produc-
tion, in part because the fishery in the river was
closed in the 1970s as a result of PCB contamination.
There was no indication of any significant production
from the Delaware River stock during the 1970s and
early 1980s.

In addition to the restrictions, the management
plan contained a trigger mechanism to reopen the
fisheries when the 3-year moving average of the
Maryland juvenile index exceeded an arithmetic mean
of 8.0. That level was attained with the recruitment of
the 1989 year class. Consequently, the management
plan was amended to allow state fisheries to reopen in
1990 under a target fishing mortality of 0.25 which
was half the 1990 F, ., estimate of 0.5.

The management plan has been amended several
times since 1990 to allow states increased flexibility
in regulating fisheries. Traditionally, estuaries have
been considered producer areas and have been man-

aged under different minimum sizes than coastal wa-
ters. The rationale 1s that the migration of fish out of
the producer areas after spawning reduces the avail-
ability of larger fish. Therefore, producer areas had a
minimum size of 18 in, while coastal states had a 34-
in standard.

The management plan [Amendment 4 to the FMP
(ASMEFC 1989)] implemented to control the reopen-
ing of the fishery in 1990 allowed an increase in the
target F once the spawning stock biomass was re-
stored to levels experienced from 1960-1972. In
1995, striped bass were declared restored by the
ASMFC. The basis was the results of a model simula-
tion of the increase in spawning stock biomass (Ru-
golo et al. 1994). The. model, known as the SSB
model, was a life history model which resulted in a
relative index of SSB. The basis of the model was the
relationship between the Maryland juvenile indices
and subsequent stock size. This relationship has been
demonstrated by several studies, most notably Good-
year (1985). Growth coefficients were applied to the
juvenile indices and the cohorts allowed to grow over
a 20-year period. Fishing mortality rates for Chesa-
peake Bay fisheries were applied to each cohort. An
emigration rate at age was applied to each cohort
which allowed fish to enter the fishing mortality re-
gime imposed by coastal fisheries. A constant natural
mortality rate at age was used. Maturity at age, by
sex, was applied to surviving fish and the sum of ma-
ture striped bass across cohorts resulted in an index
of relative spawning stock biomass. When the time
series of SSB crossed the level comparable to the
1960-1972 average, the stock reached the criteria for
a restored stock. Consequently, under Amendment 5
(1995), target F was increased to 0.31, midway be-
tween the initial F (0.25) and F_,, which was revised
to equal 0.4, ‘

Amendment 5 retained the same size regulations
in coastal waters (28-in minimum size, two fish per
day and commercial quota), but instituted a bag limit
of two fish per day at 20 in and a commercial quota
in producer areas'. Commercial fisheries have oper-
ated under quotas based on state allocations during
the period 1972-1979 (with the exception of Mary-

! Size limits on the coast were increased in 1994 to 34 in, but_
reduced in 1995 to 28 in.
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land, which calculated quotas based on estimated bio-
mass). States may adjust the minimum size, as long as
the size change is compensated with a change in sea-
son length, bag limits, commercial quotas or a combi-
nation of changes. A chronology of commercial and
recreational minimum sizes is summarized in Tables
C1 and C2.

Fishery Data

Commercial Fishery

Landings reached 5,888 mt in 1973 then dropped .

sharply to a low of 63 mt in 1987. Since the reopen-
ing of the fishery in 1990, landings have been con-
trolled by quota with the highest landings in 1996 of
2,178 mt (Table C3, Figure C1).

The predominant gear types in the commercial
fisheries are gillnets, pound nets and hook and line.
Commercial fisheries operate in 8 of the 14 jurisdic-
tions regulated by the ASMFC management plan.
Commercial fishing for striped bass is prohibited in
New Jersey, Pennsylvania, Connecticut, New Hamp-
shire, Maine, and the District of Columbia. Massachu-
setts allows commercial fishing with hook and line
gear only, while other areas allow net fisheries.

The largest commercial landings are from Mary-
land, Virginia, PRFC, New York, and Massachusetts
(Table C4). Since 1990, the Chesapeake Bay jurisdic-
tions have accounted for 64% of the total followed by
Massachusetts (18%) and New York (11%) (Figure
C2). :

Recreational Fisherv

Striped bass recreational landings and discards
were estimated using the Marine Recreational Fisher-
ies Statistics Survey (MRFSS). This survey, adminis-
tered by the National Marine Fisheries Service
(NMFS), combines a telephone survey and field in-
tercept to estimate catch and effort for the major rec-
reational fisheries along the Atlantic coast. The preci-
sion on the estimated catch, expressed in percent
standard error (PSE), is a function of the intensity of
the survey coverage for each state, Most states add
field intercepts for striped bass, in addition to the

MREFSS allocation, in order to improve the estimates
of catch and effort. Overall, the PSEs of landings and
discards ranged from 39% in earlier years (1981-
1985) to as low as 6.5% for the period 1990-19962,

Recreational landings from Maine to North Car-
olina has risen steadily since 1990, from a harvest (A
+B1) in 1990 of 1,010 mt to 6,620 mt in 1996 (Table
C5, Figure C1). This represents a 30% increase from
the 1995 catch estimate of 5,080 mt and a 114% in-
crease from the 1994 estimate of 3,084 mt. According
to the MRFSS survey, more fish were caught in the

last two years (1995~1996) than during 1982-1993

combined. In 1994, the coastal recreational fishery
operated under a 1-fish bag limit and a 34-in mini-
mum size. This was an increase over the 28-in mini-
mum size in effect in 1993 (Table C2). A number of
states, however, opted for the larger minimum size of
36 in. Producer areas, other than Maryland, were per-
mitted a size limit-of 18 in and a 1-fish bag limit, but
harvest was capped. Maryland harvest was based on
a harvest control model calculation (Rugolo and
Jones 1989). Since 1995, coastal states have a 28-in
minimum size and 2-fish bag limit and producer areas
are allowed 2 fish at 20 in (Chesapeake Bay jurisdic-
tions have opted for a 18-in minimum with a reduced
season length). The total harvest estimate in numbers
in 1996 was 1.29 mullion fish, representing 63% of the
total landings and the record catch since 1979,

Recreational landings were highest in Maryland,
followed by New York and Virginia (Figure C3).
Chesapeake Bay states (MD and VA) harvested about
21% of the total landings by weight and 53% of the
total harvest by number in 1996. In the North Atlantic
sub-region, the majority of the landings occurred in
the summer and fall (Waves 3-5), however, most of
the harvest in the Mid-Atlantic sub-region took place
in Wave 5 and 6 (Salz 1997). The private/rental boat
mode accounted for 68% of the total catch and 64%
of the total harvest in 1996, Shore mode angling ac-
counted for 19% of the total striped bass caught, but
only 2% of this catch was harvested. The party-boat/

2 Under the FMP, states with substantial recreational fisheries
are required to augment the number of intercepts, if necessary,
to preduce PSEs on landings of < 20%.
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charter mode accounted for 32% of the total harvest
in 1996.

Overall, the percent discards (B2/(A+B1+B2)) in-
creased from an average of 71% for the period 1982-
1985 to 90% in 1986-1996 as the minimum size in-
creased during the mid-1980s. The number of fish re-
leased increased significantly when Amendment 5 of
the striped bass FMP was implemented in 1995 and
reached a record 12.6 million fish in 1996. Massachu-
setts accounted for the greatest proportion of the tot-
al discards in 1996 (26%), followed by Maryland
(22%) and New York (13%) (Table C6, Figure C4).

Catch at Age

Age data was assembled from commercial, recre-
ational and research samples collected since 1982.
Semi-annual age-length keys were developed on a
regional basis. Region 1 was applied to length fre-
quencies for the area of coastal New Jersey through
Massachusetts; Region 2 was Hudson River; Region
3 was Delaware Bay; Region 4 was coastal Delaware
to North Carolina; and Region 5 was the Chesapeake
Bay. Age-length keys were audited for outliers. Miss-
ing age data at length were interpolated based on the
numbers at age of adjacent lengths. The number of
age samples available for development of age-length
keys ranged from 2,104 to 17,562 and averaged
8,241 per year,

Data were generally collected in pounds and con-
verted to metric measure in the data summaries.

Commercial Landings

Development of the striped bass commercial catch
data involved expansion of landings data, stratified by
state, gear and six month periods. The years included
in the analysis were 1982-1996. Harvest taken in the
EEZ prior to the closure (1989) were included with
the state of landing regardless of the location of cap-
ture, since that information was not available. Land-
ings were compiled from NEFSC landings data by
state and gear, for 1982-1989. Landings have been
more closely monitored by state agencies since 1990.
Since the reopening of the fishery in 1990, New

York, Delaware, Maryland, Virginia, Potomac River
Fisheries Commission, North Carolina and Rhode Is-
land have required commercial fishermen to tag in-
dividual fish prior to sale. Massachusetts has a weekly
dealer reporting system and fishermen’s logbooks,
while Rhode Island and North Carolina also require
weekly dealer reports.

Biological samples (total length in inches) from
striped bass commercial landings were collected by
state agencies for a variety of gear types. When length
data by strata were not available, the length frequency .
most closely associated with the missing strata were
applied. Length-weight equations from the nearest
strata were used to expand length frequency to total
landings.

New England

Landings for Maine in 1985 were combined with
1985 Massachusetts landings. No commercial land-
ings were reported for New Hampshire during 1982-
1996, Massachusetts landings were predominately by
hook and line (>98%), with small contributions from
other gears such as trawls. Landings from other gears
were assumed to have the same age distribution as the
hook-and-line landings. Annual length frequencies
from 1982-1995, supplied by MA DMF, were sam-
pled from July to December which corresponded with
the majority of the landings. Annual autumn age/
length keys were applied to the length data.

Rhode Island landings were primarily from trap-
net, gilinet, and hook-and-line fisheries. Length fre-
quencies from 1982-1986 were available from the
spring trapnet fisheries and were expanded using an-
nual spring age keys. Gillnet and hook-and-line land-
ings were expanded, assuming the same age distribu-
tion as New York spring landings from the same gear
type. Length data for 1990-1995 were available from
RI gillnet and hook-and-line fisheries and were ex-
panded using annual spring and autumn age keys, re-
spectively.

Although Connecticut prohibits commercial fish-
ing in state waters, landings of 1-3 mt were reported
between 1982 and 1985. The age composition from
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New York for the same year/season/gear combination
was used and prorated based on the relative weight of
the landings.

Mid-Atlantic

New York coastal fishery length frequencies, by
gear, were available from 1982-1984 and 1990-1995.
No length frequencies were available for 1985 or
1989. No landings were reported for 1986-1988.
Lengths were converted to weight using a length-
weight equation provided by New York DEP. Com-
mercial hook-and-line landings from 1985 accounted
for 26% of total landings and were expanded using
the NY volunteer angler length data. The remaining
1985 landings, dominated by haul seine, were expand-
ed, assuming the same age distribution as the hook-
and-line landings. The age distribution of landings
from 1990-1995 were based on random sampling of
landings as reported in the annual state fishery re-
ports. Percent at age in the samples was expanded to
total landings in number. The Hudson River commer-
cial fishery has been closed since the 1970s.

New Jersey/Delaware landings were divided into
coastal or Delaware Bay landings. Landings from
northern New Jersey estuaries were assumed to have
the same length distribution as the coastal landings.
Delaware landings were combined with New Jersey
for the period 1982-1986. No commercial length fre-
quencies were available from 1982 to 1985. Gillnet
fandings in 1982 and 1983 were divided by age, based
on the length/age composition of New York gillnet
landings. Ocean trawl landings for 1982 and 1983
were expanded based on New York pound net or haul
seine length data. For 1984, trawl landings were ex-
panded using traw! length data from New York. New
Jersey had no commercial landings after 1986, and no
landings were recorded for Delaware from 1986 until
1990. In the 1990s, the age composition of Delaware
landings sampled by DE DFW were expanded to total
number landed.

Maryland provided age composition of total land-
ings (combined gears) for the period 1982-1984, bas-
ed on random sampling by gear and expansion to the
total catch. A moratorium occurred from 1985 to

1990 and no landings were reported. For the period
1990-1995, Maryland provided the expanded num-
bers at age by gear and fishery based on random sam-
pling of landings. The reported number landed in the
commercial fishery were redistributed to coincide
with calendar year rather than fishing year. Fisheries
where no age data were available were divided based
on the age composition of all fisheries combined.
These represented less than 5% of the total landings.
Catch at age for 1996 was estimated using 1996
length frequencies and a 1995 age-length key.

Striped bass harvest during the 1980s recorded by
the Potomac River Fisheries Commission were parti-
tioned from landings, by gear, attributed to Virginia
and Maryland. :

Virginia length frequencies of legal size fish, by
gear and season, were applied to PRFC landings. The
extended size structure of landings in 1982 and 1983
was due to spring landings from anchor gillnets. The
associated Virginia age data were applied. In subse-
quent years, landings were primarily from fall fisheries
which target smaller non-migratory fish. PRFC land-
ings in the 1990-1996 period were partitioned by age,
based on samples collected by the Commission and
supplemented with Virginia samples.

Virginia landings at age were based on sampling
done by the Virginia Institute of Marine Science
(VIMS) during the 1980s and by the Virginia Marine
Resources Commission (VMRC) in the late 1980s
and the 1990s. For the period 1982-1988, length fre-
quencies by gear were applied to seasonal landings.
For landings with no associated length data, either the
overall age composition was applied or a gear type
with similar characteristics was used. Landings-at-age
data for the fishery from 1990 to 1996 were supplied
by VMRC.

North Carolina landings from Albermarle Sound/
Roanoke River were excluded from this analysis.
Coastal landings from 1982 to 1985 were expanded
based on length and age data collected by NC Divi-
sion of Marine Fisheries. The catch at age for the
1990-1992 and 1994-1995 landings were expanded
based on age data provided by NC DMF. No length
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frequencies were available for the landings from 1993;
therefore, age composition of fisheries-independent
samples greater than the minimum commercial size
were used. Length data for landings in 1996 were also
unavailable, so the age composition for coastal land-
ings was assumed to reflect the age structure of the
mixed stock wintering off North Carolina.

Catch at age of commercial landings are summa-
rized in Table C7.
Adequacy of Commercial Length Samplin

Commercial length sampling was evaluated by
year and gear type (Table C8). Sampling generally
reflected the fisheries directed at striped bass. Overall,
the sampling intensity was highest for gillnets and
pound nets, particularly in recent years. Sampling has
ranged from 2.2 mt per sample (assuming a sample 1s
equivalent to 100 lengths) to 59.2 mt per sample. A
subjective benchmark for samples in the NEFSC has

been 200 mt per sample, so striped bass sampling has
been comparatively intensive.

Commercial Discards

Striped bass are not routinely encountered in fish-
eries sampled by the NEFSC Sea Sampling program.
Sea sampling by state agencies occurs infrequently
and does not provide adequate samples to estimate
discards in the entire coastwide fishery. An alternative
procedure was used involving tag-return data which
would allow estimation of discard losses in non-di-
rected fisheries.

The cooperative striped bass tagging program was
developed to provide a database of releases and re-
coveries of striped bass integrated across a variety of
state and Federal programs. Since 1986, nearly
168,000 striped bass have been released using an in-
ternal anchor tag supplied by the US Fish and Wildlife
Service (FWS). The FWS maintains the database con-
taining recapture information from researchers, com-
merctal fishermen and recreational fishermen. Recap-
ture records contain information on the disposition of
the catch (killed or released) and the type of gear
used.

The total number of commercial discards was esti-
mated using the ratio of discards between commercial
and recreational fisheries in the tag return data. The
assumption was made that the tag reporting rate was
equal from commercial and recreational fisheries. The
ratio of tag recoveries was calculated for 1987-1996
for all areas combined. Sample sizes of tag returns
from striped bass discarded in commercial fisheries
ranged from 200 in 1987 to 2,064 in 1990 (Table
C9). The 1988 sample size of recoveries was unusu-
ally low (n=47), so an average of 1987 and 1989 re-
coveries was used. The ratio of commercial to rec-
reational bycatch tags ranged from 0.76 in 1990 to
0.09 in 1996.

Recapture data included all size categories, since
discards of legal size fish occurred during closed
commercial fishing seasons. Recaptures from pound
nets in Virginia were eliminated because of biased re-
capture rates {pound net fishermen using nets adja-
cent to the tag release area were recapturing fish and
reporting tags often within a matter of days). Other
trap-based tag recoveries were restricted to fish at
large for longer than 20 days. Since tag-return data
began in 1987, ratios for 1982-1986 were hindcast
using the trend in ratios between 1987 and 1990.
Subsequent to 1990, management regulations chang-
ed the size structure of discarded striped bass which
biased these ratios relative to the period prior to strict
regulations. The hindcast estimated a declining ratio
back through time as would have been expected, giv-
en the lower size limits in the early fishery and lack of
commercial quotas. The resulting ratios are presented
in Table C10.

- The tag ratios were multiplied by the MRFSS esti-
mate of total recreational discards to estimate total
commercial discards. Total commercial bycatch per
year was estimated as:

# tags from commercial discards / # tags from recreational
discards) * total B2 estimates

The result of the expansion was total number of
fish discarded in the commercial fishery per year
among all areas combined. This total was subdivided
by gear, based on the ratio of tag recoveries among
gear types. Gear categories included anchor gilinets,
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drift gillnets, trap nets (includes pound nets), seines,
fyke nets, hook and line, trawls, and other. From
1993 to 1996, the relative contribution of discards
from traps, as calculated from tag recaptures, was
considered biased high due to the proximity of the
gear to the released fish. Therefore, the average re-
capture percentage by gear for the period 1987-1992
was substituted for the 1993-1996 period. Similarly,
discards for 1982-1986, by gear type, were calculated
using the average ratio from 1987 to 1992.

Various discard mortality rates were applied to
each gear type. A 42.75% mortality- was applied to
anchor gillnet discards [average of 47% (Seagraves
and Miller 1989) and 38.5% (MD DNR}], 8.6% to
drift gillnets (Seagraves and Miller 1989), 8% to
hook and line (Diodati and Richards 1996), 35% for
trawls (Crecco 1990), 5% for trap and pound nets,
15% for seines, and 5% in other categories (fyke nets,
etc.) based on consensus opinion of the Technical
Committee. The MRFSS survey does not cover the
Hudson River, so no B2 estimates were available for
expansion. Discard losses from bycatch in the Hudson
River shad fishery were estimated by NY DEC based
on weekly sea sampling of the shad fishery, then ex-
panded to total shad gillnet effort. Total discard loss-
es were the sum of estimates from tag recoveries and
Hudson River estimates.

The sum of the resulting coast-wide estimates
ranged from 37,600 fish in 1983 (47.7 mt) to 511,100
fishin 1995 (1,139.9 mt) (Tables C10 and C14). The
partial sum of estimated commercial by-catch losses
reported by states were the same order of magnitude.
In 1992, the year with the most complete estimates,
the sum of available state estimates was 163,780 fish
compared to a tag-based estimate of 178,737 fish.
From 1986 to 1994, when strict commercial quotas
were implemented, discards exceeded the landings.
The highest estimated percentage of discards was
from anchor gillnets.

The age structure of the discards was estimated by
year and gear type. Percent at age from anchor gillnet
discards was a composite of Maryland, Virginia, Del-
aware, and Hudson sampling of commercial catches
or fisheries-independent surveys using commercial

gear between 1982 and 1996. An average percent at
age was estimated, with equal weighting among all
gillnet samples. Hook-and-line samples were based on
logbook data collected by MA DMF between 1990
and 1996. Prior to 1990, age composition of hook-
and-line discards was not estimated. Age composition
of pound net bycatch was based on sampling of Vir-
ginia pound net catches during 1982-1995. Pound net
discards at age for 1996 were assumed the same as
for 1995. Hudson River bycatch in the gillnet fisheries

- was estimated from at-sea sampling of bycatch during

the shad fishery, Total annual discards by gear were
expanded by the percent at age. Discards with no as-
sociated age data were assumed to have the same age
composition as the overall estimate. The catch at age
of commercial discards is summarized in Table C7.

Recreational Fishery

The recreational catch was determined using the
MRFSS landings and discard data. In addition to the
MREFSS, New Hampshire, Rhode Island, Connecticut,
New York, and Maryland conducted volunteer angler
survey programs for several years; NH (1993-1996),
RI (1990-1996), CT (1979-1996), MD (1995-1996),
and NY (1985-1996). The general purpose of these
programs is to provide basic catch-and-effort data in
addition to length frequency data. In some programs,
anglers were asked to fill out log books indicating
whether a fish was kept or released. This data was us-
ed to characterize the portion of discards (B2). Infor-
mation from the American Littoral Society (ALS}
tagging program was used to characterize the lengths
of recreational discards. This program was initiated in
the early 1960s to study patterns of seasonal migra-
tion and stock delineation of striped bass. Data from
this program were available since 1983 (records of
striped bass tags prior to that were not available).
Lengths of tagged and recaptured fish from 1983
were used for 1982 length data. The MRFSS length
frequencies in fork length were converted to total
length using the following relationship from Vecchio
and Greco (1997):

In(TL) = In(FLY*0.985-+0.162

North Carolina landings and discards were from coas-
tal areas only.
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The age/length keys from the North Atlantic were
used to substitute for missing age/length keys from
the Bay jurisdictions and North Carolina coastal wa-
ters.

Recreational Landings

The MRFSS, ALS, and CT volunteer angler sur-
vey length distributions were used to characterize the

total harvest of the North Atlantic sub-region for .

1982-1984. For 1985-1990, lengths from the NY vol-
unteer angler program were added to the MRFSS,
ALS, and CT volunteer angler program length data.
The length samples from the RI volunteer program
were combined for 1990-1995 to characterize the
landings. In 1996, additional samples from New
Hampshire were added to characterize the New
Hampshire and Maine landings. Pooled annual length
frequencies were applied to each state's annual har-
vest taking into account the minimum size in effect
for that state (Table C2). Recreational landings were
dominated by ages 1-5 from 1982-1986. When the le-
gal size increased in most states in 1987, these young
age classes only represented about 11% of the total
catch,

Pooled MRFSS and ALS length frequencies from
Delaware, Maryland, and Virginia were used for
1982-1988 to characterize the recreational landings in
Chesapeake Bay. Additional lengths from Maryland’s
recreational/charter fisheries for fall and spring were
used from 1990 to 1995. For the 1995-1996 landings,
lengths from Maryland’s volunteer angler survey were
added for the spring, summer, and fall harvests. Rec-
reational Jandings in this area were dominated by rel-
atively young fish because of the small legal sizes al-
lowed in the Chesapeake Bay. Over the 1982-1996
period, ages 1-5 accounted for over 85% of the land-
ings by number. The recreational catch at age is sum-
marized in Table C11.

Adequacy of Recreational Sampling

Sampling intensity was calculated as metric tons
of [andings per hundred lengths measured by sub-re-
gion for the portion of the recreational harvest (Table
C12). Sampling intensity since 1990 averaged 102
and 52 mt of landings per 100 lengths in the North

Atlantic and the Mid-Atlantic sub-regions, respective-
ly. The subjective criteria of 200 mt per 100 lengths
was used as a benchmark for an adequate sample size.
Based on this criterion, length frequency samples
were adequate for both sub-regions, with the excep-
tion of 1982-1984 in the Maine-New Jersey sub-re-
gion.

Recreational Discards

A hooking mortality rate of 8% was used for all
areas and years (Diodati and Richards 1996). Length
data from volunteer angler programs show that a sig-
nificant portion of the legal catch is released. How-
ever, this varies from state to state. In Connecticut,
over 60% of the legal catch was released during
1996. Similar proportions were observed in Rhode
Island. However, in New York and Maryland, these
proportions were as low as 8% in 1995 and 1996.
Because of this variation and the potential bias in the
level of experience and conservation ethic of the par-
ticipants, lengths below legal size were applied. With
the exception of the MRFSS lengths, the same lengths
used to characterize the landings were used for dis-
cards (B2), but below legal size by state and season.
The sampling intensity was calculated as a ratio of
lengths measured to total discard weight. Overall the
proportion of fish sampled was less than 10 mt per
sample for the North Atlantic area, but 1 to 220 mt
per sample in the Bay areas and North Carolina. Dis-
card catch at age is summarized in Table C11.

Hudson River

The Hudson River has a recreational striped bass
fishery which is not sampled under the MRFSS pro-
gram. Estimates of catch were supplied by NY DEC.

Estimates of recreational catch, landings, and dis-
cards in number and weight at age from the Hudson
River were made in several steps. The recreational
fishery for striped bass in the Hudson River occurs in
the spring and targets pre-spawning and spawning
fish. Most fish are taken from private boats and shore.

Estimates of the number of striped bass caught by
boat anglers in 1991-1995 were made by multiplying
reported catch rates by estimated effort. The estimat-
ed catch was then partitioned into released fish and
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creeled fish. Data on catch rates, percent creeled, and
length of creeled and released fish were obtainied from
volunteer anglers. Effort was estimated by expanding
observed effort during the spring at the center of the
. fishing reach with reported estuary- and season-wide
effort from volunteer anglers. Effort estimates were
periodically corroborated by areal overflights of the

entire estuary. The 1996 estimate was from an access

creel survey of boat and shore anglers combined with
areal overflights for counts of effort. Results from
1996 were then used to expand the 1991-1993 boat
estimates to account for catches by both boat and
shore anglers. Catch and landings in 1980-1990 were
estimated from the relationship between abundance,
as measured in the bycatch of the commercial shad
gillnet fishery, and catch and landings in 1991-1996.
Discards losses were estimated by applying an 8% re-
lease mortality to B2 estimates.

Age composition of harvested and released fish in
1990-1991 was estimated from scale samples obtain-
ed from volunteer anglers. Age composition for 1980-
1990 and 1992-1996 was estimated from age fre-
quency of the fall recreational harvest in Connecticut
advanced a year to the following spring. The data
showed a positive correlation with empirical data for
~ the 1990-1991 Hudson spring fishery.

Total weight and number of striped bass losses in
commercial and recreational fisheries are summarized
in Tables C13 and C14. Total catch at age 1s present-
ed in Table C15.

Weight at Age

Commercial Landings

Weight at age (kg) estimated from length frequen-
cy data and length-weight equations was calculated
by year, period, and state, Total weight at age was the
average among states, weighted by number at age.

Weight at age in the landings varied through time,
depending on the changes in management. For in-
stance, all fisheries were open in 1982 and minimum
sizes were 12 in - 16 in. The weight at age 6 was 4.1
kg. By 1989, Massachusetts was the only commercial

fishery and was operating at a 36-in minimum size.
Consequently, the weight at age 8 was 7.5 kg. When
other fisheries reopened in 1990, weight at age 8
dropped back to 3.3 kg.

Commercial Discards

Weight at age from commercial discards was esti-
mated from several sources. Length data of tag re-
turns between 1987 and 1996 were subset to include
fish captured and then discarded in commercial fish-
eries. The subset was divided among gear groups.
Length frequencies were expanded and weighted by
total discard losses by gear. An age-length key for
spring mixed-stock fisheries were applied and length
at age was calculated. The length-weight equation
was a composite equation from MA, RI, NY, and
VA:

In wt (Ib) = -7.71049 + [In length (in) * 2.93999]

Due to a bias-in size of released fish, these weights at
age (converted to kg) were only used for fish less
than age 5 from 1987 to 1996, for age 5 from 1990 to
1996, and age 6 from 1991 to 1996. Weight at age in
the Hudson River bycatch were applied to fish older
than age 8. Weight at age of recreational catch was
used for fish less than age 8 from 1982 to 1986.

Total commercial weight at age is summarized in
Table C16.

Recreational Landings and Discards

Length-weight relationships from Massachusetts
fall sampling for three blocks of years, 1982-1986,
1987-1991, and 1992-1996, were used to calculate
annual mean weights at age from the estimated age-
length frequency distribution for the North Atlantic.
Similar relationships from Virginia and Maryland
samples were used for the Bay states and North Caro-
lina.

Mean weight at age from striped bass in the Hud-
son River recreational fishery was estimated from
length, weight, and age data collected from annual
surveys of the spring spawning stock, 1985-1995.
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Total recreational mean weights at age are sum-
marized in Table C16.

Virtual Population Analysis

h-at-Age Developmen

Striped bass fisheries exploit native stocks within
producer areas and mixed stocks along the coast.
Since stock-specific catch estimates were not avail-
able from the coastal component, a VPA was devel-
oped for a mixed stock. Maximum age in the catch
matrix was 23 years, but the matrix was truncated to
a 15+ age group. Since minimum size along the coast
in the late 1980s was 36 in, the Technical Committee
felt estimation of a plus group at a younger age might
compromise the ability of the VPA to estimate the
age at full recruitment. Less than 1% of the total
catch was included in the plus group. The age data
used in the analysis were based on scale readings.
Recent evidence suggests that scales may be under-
estimating the true age beyond age 12, based on com-
parison to otolith ages and known age fish (Secor et
al. 1995). The catch beyond age 12 comprised only
1-3% of the total catch, so the ageing error would be
a relatively minor problem. It is clear, however, that
further research needs to be done on the age analysis
for striped bass. '

" Fishery-Independent Indices

Fishery-independent indices collected since 1982
and used as tuning indices were:

New York Department of Environmental Conserva-
tion

An index of young of year striped bass in the Hud-
son River, 1982-1996, was included as a tuning index
(Table C17, Figure C5). The directed striped bass
survey uses a 200-ft beach seine with a 5-mm stretch-
ed mesh bag. Sampling is conducted bi-weekly from
mid-August to early November at 25 fixed stations
selected from a pool of 33 stations. A GM mean num-
ber per tow of age 0 was calculated. The index has
been validated with the abundance of age 1 fish in
Long Tsland Sound and age 2 estimates from Hudson
River Utilities data. An index of age 1 striped bass

sampled in western Long Island Sound with a beach
seine during spring/summer 1985-1996 was included
{Table C18, Figure C6).

Each fall since 1987, a survey of coastal migrating
striped bass has been conducted from beaches of
southwestern Long Island using a 1,800-ft ocean haul
seine. A minimum of 10 fixed stations are sampled,
and 54-60 hauls are conducted from September to
November. Indices of abundance at age, calculated as
mean number per haul, were included as tuning in-
dices for ages 4-15+ (Table C19, Figure C6).

New Jersey Department of Environmental Protection

An index of young of the year striped bass in the
Delaware River is calculated as mean catch per haul
from a beach seine survey conducted since 1982
(Table C17, Figure C7). The survey samples 16 sta-
tions bimonthly within the Delaware River. The de-
sign uses both fixed and random station selection and
samples from mid-July to mid-November using a 100-
ft seine with 1/4-in mesh. Indices since 1982 were in-
cluded as tuning indices in the VPA.

Delaware Division of Fish and Wildlife
A stratified random trawl survey has been con-

ducted during the spring in Delaware Bay since 1989.
An index of young of the year striped bass, calculated

_as mean number per tow, was used as a tuning index

(Tabte C17, Figure C7).
Maryland Department of Natural Resources

A survey of young of the year striped bass in
Maryland waters of the Chesapeake Bay has resulted
in an annual abundance index since 1954. The survey
is conducted at fixed stations; seven stations in the
Upper Bay and Potomac River and four stations each
in the Nanticoke River and Choptank River. Sampling
is conducted monthly from July through September,
using a 30.5-m beach seine. A validation of the index
is described in Goodyear (1985). The index, calculat-
ed as geometric mean number per haul, was included
as a tuning index (Table C17, Figure C8). In addition,
an index of age 1 striped bass from the same survey
was used in tuning (Table C18, Figure C8).
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A survey of striped bass spawning areas was con-
ducted in the Maryland tributaries of the Chesapeake
Bay (Choptank River, Upper Bay, and Potomac Ri-
ver) during April and May of 1985-1997. A multiple

mesh gillnet, with mesh sizes (inches) of 3.0, 3.75, -

4.5,525, 60, 6.5, 70, 8.0, 9.0, and 10.0, was set
daily 10-20 times per month at stratified random sta-
tions. Catch per unit effort (number of fish per hour)
was adjusted for selectivity differences between mesh
sizes using the method described in Stagg (1996). In
1994, the Potomac River was not sampled, and in
1995, the Choptank River was not sampled. A com-
posite Bay-wide index was developed using a weight-
ed sum of the CPUE. The weighting factors were bas-
ed on nursery area (Hollis 1967); with a Choptank
weighting of 0.04, Potomac River weighting of 0.37,
and the Upper Bay weighting of 0.59. Combined indi-
ces of abundance at ages 2-15+ were used as tuning
indices in the analysis (Table C20, Figure C8).

Virginia Institute of Marine Science

A survey of striped bass young of the year in Vir-
ginia waters of the Chesapeake Bay was done annu-
ally since 1980. Eighteen fixed stations on the James,
York, and Rappohannock Rivers were sampled with
a 30.5-m beach seine five times a year on a bi-weekly
basis from mid-July through September. An index of
abundance, number of striped bass per haul, was used
as a tuning index (Table C17, Figure C8).

Further details of specific juvenile surveys are
available in ASMFC Special Report No. 48, ‘Report
of the Juvenile Abundances Indices Workshop® (Rago
et al. 1995). |

Fisheriés—Dgpgnden‘c Indices

Massachusetts

CPUE and length frequency data from Massachu-

setts commercial anglers were available since 1989. .

Catch per hour fished (autumn 1989-1996) was sub-
divided for ages 6-14 based on the associated age/
length data, Indices of abundance for ages 7-14 were
used as tuning indices in the VPA (Table C21, Figure
C6). Age 6 striped bass were not considered fully re-
cruited to the fishery.

Connecticut

Since 1979, CT DEP has collected recreational
striped bass CPUE data using volunteer angler log-
books. The CPUE (catch per trip) was subdivided in-
to ages 1-15+ using the associated length data applied
to an age-length key. The indices of abundance were
used as a tuning index (Table C22, Figure C6). The
fishery is prosecuted in summer/fall and was consid-
ered as a fall tuning index. '

New York
CPUE of striped bass in the Hudson River com-
mercial shad gillnet fishery (number caught per yd® x

hrs x 107, ages 6-15+) was available for the period
1982-1996. The abundance was estimated based on

" CPUE determined from sea sampling trips expanded

to total effort in the shad fishery. Indices of abun-
dance for ages 6-8 were used as tuning indices (Table
C23, Figure C5). Other ages were not considered due
to the selectivity of the shad gillnets on larger striped
bass.

Virtual Population Analysis

A virtual population analysis for striped bass was
run using the software ADAPT (Parrack 1986, Ga-
varis 1988, Conser and Powers 1990), The program
provides the best estimate of an objective function
(the difference between observed and predicted indi-
ces) using non-linear least squares methods. The
model structure assumes the catch-at-age matrix is
determined without error and tuning indices are re-
presentative of population abundance. The time series
of the catch-at-age matrix was 1982-1996. Ages used
in the VPA estimation were 1-14, with all ages equal
to or greater than 15 included in a plus group. A total
of 58 age-disaggregated indices were used. The VPA
indices were tuned to stock sizes as of January 1 and
indices were adjusted to reflect stock size as of Janu-
ary 1. Spring indices were considered indicative of
stock size for January 1 of that year. Fall indices were
adjusted forward one year to tune to stock size at the
beginning of the next year; e.g., indices of age 1 fish
in the fall of 1982 better reflected stock sizes of age
2 fish on January 1, 1983 than January 1, 1982. All
young-of-the- year indices in year i were transformed
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to age 1 indices in year i+7 (i.e,, YOY index for 1985
= age 1 index in 1986).

Spawning was assumed to occur in April, and
33.3% of the natural mortality occurred prior to
spawning, while 10% of fishing mortality was assum-
ed to occur prior to spawning. Natural mortality was
held constant among ages at 0.15. This value of M,
determined by the Technical Committee, assumes a
maximum age of 20 years. Maturity at age was: age
1 (0), age 2 (0), age 3 (0), age 4 (0.04), age 5 (0.13),
age 6 (0.45), age 7 (0.89), age 8 (0.94), and ages 9
and older (1.0) (Rugolo and Jones 1989). Sex ratio at
age was assumed equal to 50:50. Full recruitment, as
determined by age at maximum fishing mortality in
the VPA results, ranged from age 3 (1984) to age 12
(1994), but the peak age in the catch varied between
ages 2 and 6 (Figure C9). Based on the peak age in
the catch, fishing mortality of the oldest true age was
estimated from the average of ages 4-14. Fishing
mortality on the plus group was equivalent to F at age
14. Partial recruitment input to the model was set at
0.005 for age 1, 0.05 for age 2, 0.22 for age 3, 0.52
for age 4, 0.70 for age 5, 0.75 for age 6, and 1.0 for
ages 7 and greater based on preliminary runs of the
VPA.

An iterative re-weighting of the indices was used
due to the mixed stock nature of the catch-at-age data
and tuning indices.

Diagnostic Evaluation of VPA

The evaluation of the VPA output presented
unique problems for striped bass. The input data con-
sisted of catch from three stocks. Historically, popu-
lation abundance, based on juvenile indices and land-
ings, has varied among stocks. The Chesapeake stock
was severely depleted by the early 1980s, the Dela-
ware stock was almost completely extirpated by the
1970s, while the Hudson stock maintained a relatively
stable production during the 1980s and 1990s. As a
result, a stock-specific index may not be linearly re-
lated to overall population abundance, as indicated
from the catch-at-age matrix. The residual patterns,
as diagnostic indicators, reflect the adequacy of the
indices for tuning as well as the relative contribution

of that stock to the overall stock mixture. For in-
stance, the Delaware River young-of-the-year index
has increased exponentially since the mid-1980s at a
much greater rate than the overall mixed stock
growth. As a result, the residuals have a negative
trend in early years and a positive trend in later years.
The decision was made to reject indices based on the
overall contribution to the residual sums of squares
rather than time trends in specific indices. In addition,
indices were rejected if the index was not considered
representative due to gear bias or other factors.

VPA Results

The final VPA model resulted in an overall mean
square residual of 0.010 (Table C24). The coefficient
of variation on the population estimates ranged from
0.20 for age 4 to 0.33 at age 13, with an overall aver-
age of 0.26. The correlation among abundance esti-
mates showed a moderate positive correlation for
ages 8-13. This may be due to ‘smearing’ among age
groups as a result of increased aging errors in older
fish.

Population abundance (January 1 stock sizes) in-
creased steadily from a low of 5.3 million fish in 1982
to a high 0of 40,1 million in 1997 (Figure C10). Strong
year classes occurred in 1989, 1993, and 1996 (Fig-
ure C11). The 1982 year class, which was the focus
of early FMPs, was only of average size coast-wide,
although juvenile indices in Chesapeake Bay suggest-

. ed an above-average 1982 year class. Abundance in-

creased significantly in 1994 and 1997 due to the
large 1993 and 1996 year classes.

Fishing mortality rates decreased in the mid-1980s
probably as the result of management restrictions.
With the reopening of the fisheries in 1990, fishing
mortalities increased, but were still at or below the
target F (Figure C12). In recent years, highest mortal-
ity occurred on fish greater than age 5, which are the
age groups susceptible to fisheries in both coastal and
producer areas. F on fully-recruited ages (ages 5-13)
in 1996 was 0.31, which corresponds with the target
F of 0.31. An approximation of fishing mortality in
producer areas is F on ages 3-8, which was 0.26 in
1996. An overall F on ages 4-13 was equal to 0.30.
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The VPA estimates of fishing mortality in 1982-
1984 were lower than expected. Historical tagging es-
timates of F from the Chesapeake Bay during that
period indicated an F possibly approaching 0.9. This
uncertainty about F in the converged portion of the
VPA may be the result of several factors. First, there
are fewer tuning indices for the early years of the time
series. Consequently, any index which overestimates
relative abundance would have a greater influence in
over-estimating population abundance and under-es-
timating fishing mortality. Second, estimates of recre-
ational landings in Chesapeake Bay prior to 1985 may

have been underestimated (Table CS5). Although -

Maryland increased the number of intercepts in the
MRFSS survey during the early 1980s, Virginia land-
ings of 0 fish seem unrealistic. A sensitivity analysis
was made by increasing the recreational catch of ages
2-4 during 1982-1985 proportional to the commercial
landings. The total catches were increased by factors
of 3.6,3.1, 7.3, and 2.8 in 1982-1985, respectively.
The result was an increase in F for ages 3-8 (approxi-
mation of ages in the producer area fisheries) from
0.22 t0 0.36 (1982), 0.25 to 0.28 (1983), 0.21 t0 0.91
(1984), and 0.17 to 0.40 (1985) (Figure C1). The
changes in catch in 1982-1985 decreased the esti-
mates of fully-recruited F in the terminal year from
0.31 to 0.23. A more modest (and realistic) under-es-
timation of catch (a factor of 2x) in the early years of
the time series had little influence on the estimates of
fishing mortality in 1982-1985 or the terminal year.
Third, the VPA estimates for the mixed stock may al-
so poorly reflect geographic variation in F. The Ches-
apeake stock, as referenced by the MD juvenile in-
dex), was at its lowest point in the early 1980s while
praduction in the Hudson was relatively stable. Since
the fishery within the Hudson River was closed, fish-
ing mortality on that component of the stock may
have been low to moderate. Consequently, if the pro-
portion of Hudson fish in the mixed stock were high,
the high F in the Bay would have been diluted relative
to the overall mortality estimate.

The trend in partial recruitment has followed the
trends in management regulations (Figure C13). At
the beginning of the time series, the minimum size
was generally 12-16 in. During this period, full re-
cruitment occurred around ages 3-5. During the mid
to late 1980s, the minimum sizes in coastal fisheries

were steadily increased until reaching a 36-in mini-
mum in 1990, at which point full recruitment was
reached by age 9. Age at full recruitment remained
between 9 and 12 until 1996. With liberalization of
management restrictions in 1996 and increased effort
likely associated with the large 1993 year class, full
recruitment was reduced to age 5.

Spawning stock biomass of females increased
from a low of 2,400 mt in 1983 to a 1996 level of
13,100 mt (Figure C11). The spawning biomass is ex-
pected to increase even further with the maturation of
the 1993 and 1996 year classes.

Precision Estimates of F and SSB

Uncertainty in the results of the terminal year es-
timates of F and SSB in the VPA was evaluated using
a bootstrap procedure (Table C25) (Efron 1982).
Two hundred iterations were made to obtain standard
errors, coefficients of variation (CVs), and bias esti-
mates for stock size estimates of ages 1-13 at the be-
ginning of 1997 and for fishing mortalities of ages 4-
13 in 1996. Results indicate an 80% probability that
the 1996 F was between 0.27 and 0.34 (Figure C14).
The estimate of bias was less than 5% for ages 1-13.
The bootstrap mean of the fully-recruited F in 1996
was 0.32 with less than a 5% bias and a CV of 0.14.
The 1996 SSB of females was between 11,800 mt
and 14,300 mt (Figure C15) with a probability of
80%. The bootstrapped mean SSB in 1996 was
12,918 mt with a percent bias of 0.4% and a CV of
0.1.

Retrospective Patterns

A retrospective analysis was made to determine
any directional bias in the terminal year estimates. The
VPA was run, without the iterative re-weighting op-
tion, using the years 1992-1996 as terminal years. Al-
though there was some indication of an under-esti-
mation of fishing mortality in the terminal year, there
was no consistency in the direction of the bias among
years (Table C26, Figure C16).

Tagging Estimates of Mortality

Estimates of 1996 fishing mortality were made us-
ing tag recovery data from several tagging programs.
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Since the 1980s, striped bass have been tagged 1) on
the spawning grounds in the Delaware River, Hudson
River, and tributaries of the Chesapeake Bay, 2) dur-
ing the fall coastal migration along Long Island, 3)
during the fall sport fishery in southern Massachu-
setts, and 4) on the overwintering grounds of coastal
North Carolina. In addition, Maryland has conducted
a tagging program since 1992, and Virginia and
PRFC since 1994, to determine fishing mortality dur-
ing the autumn fisheries. These fisheries have tradi-
tionally targeted smaller fish which constitute the pre-
migratory component of the stock. The release and
recovery information is maintained by the US Fish
and Wildlife Service office in Annapolis, MD.

Survival estimates have been made using the
Brownie tag recovery model (Brownie ef al. 1985).
Recently, new software was developed called MARK
(White and Burnham 1997) which was used to anal-
ysis the tag recovery matrix. The resulting estimates
of fishing mortality (calculated from survival esti-
mates assuming M = 0.15) were 0.31 from the Dela-
ware tag releases and 0.34 from the Hudson releases.
The estimate of F from the 1996 autumn fishing sea-
son in Chesapeake Bay was 0.33.

In 1994 and 1995, the estimated fishing mortality
rate calculated from a bootstrap median of all tag es-
timates was equal to 0.25 compared with a VPA esti-
mate of 0.24 and 0.27 in 1994 and 19935, respectively.

- The 1996 VPA estimate of F for ages 3-8 (an approx-
imation of ages recruited to fisheries in producer
areas, which includes the Hudson River, Delaware
Bay, and Chesapeake Bay) was 0.26 compared to the
tag estimate of 0.33 within the Chesapeake Bay.

Biological Reference Points

The Striped Bass Management Board adopted
. 2s the definition of overfishing. The current tar-
get fishing mortality is 0.31. The overfishing defini-
tion and target apply to all striped bass stocks under
management by ASMFC. The estimate of I, (0.40)
was made in 1990 when the fishery was reopened in
all jurisdictions. In 1997, the value of natural mortal-
ity used in the assessment was changed from 0.20 to
0.15. Consequently, F,,, was updated and re-esti-
mated to be 0.38.

The estimation of F,,, involves a Shepherd S/R
model (Shepherd 1982) and a Thompson-Bell yield-
per-recruit model (Thompson and Bell 1934). Prior to
development of the VPA, stock-recruitment data
were not directly available for the coastal migratory
stock of striped bass. The model incorporated infor-
mation from other stocks of striped bass or related
species, and estimates of potential stock growth based
on trends in abundance indices to define parameters
in the Shepherd S/R model.. The yield mode! incorpo-
rated migratory schedules of fish moving from the
minimum sizes in Chesapeake Bay fisheries to the
minimum size in the coastal fisheries. The resulting
estimate of F,, was 0.38.

Projections

A stochastic projection of total coast-wide land-
ings, discards, and spawning stock biomass was made
for the population from 1997 to 1999 (Brodziak and
Rago 1994). One hundred simulations were made us-
ing a target fishing mortality of 0.31. A distribution of
initial stock sizes (ages 1-15+) was the results of 200
iterations in the VPA bootstrap procedure. Recruit-
ment in 1996 was the highest in the time series.
Therefore, the bootstrapped recruitment estimates
were not used to characterize recruitment at age 1 in
1998 and 1999. The distribution of recruitment was
based on the relationship between the VPA recruit-
ment estimates (age 1) and the Maryland juvenile
indices for 1981-1996. The relationship was defined
by the linear regression:

recruits = 2737.66 + 763.37(MD j1), r*=0.86

which was used to estimate recruttment strength from
juvenile indices for 1955-1977 and 1989-1996. Re-
cruitment during years when stock size may have
been substantially lower than current conditions
(1978-1988) was not included. Recruitment inputs in
the projection model were randomly selected from the
31 values. Partial recruitment, mean weights at age,
and fishing mortality were the averages for 1994-
1996. '

The results of the stochastic projection indicate a
steady rise in average female SSB, reaching 15,297
mt in 1999 (Table C27). Average recruitment (‘000s)
ranges from 6,417 to 6,500 between 1998 and 1999.
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Median recruitment (‘000s) is 5,226. Landings would
decrease to 7,803 mt in 1997, but increase to 8,515
mt by 1999. Similarly, discards would increase to
3,844 mt by 1999.

Conclusions

The Atlantic coastal stocks of striped bass are at
a high level of abundance and are being exploited at
a sustainable level. The estimates of fishing mortality
in 1996 were at the target level (0.31) and below the
level of F,,(0.38). Record high levels of recruitment
from the 1993 and 1996 year classes should approach
full recruitment by 1998 and 2001, respectively.
Spawning stock biomass should continue to increase
over the short term under current levels of exploita-
tion.

SARC Comments

SSB model

The Committee felt that the original formulation
of the spawning stock biomass model (SSB model)
provided useful information about historic trends in
Chesapeake Bay stocks of striped bass. Lack of time
and information precluded an in-depth analysis of
SSB model inputs, precision, and accuracy.

The current formulation of the model, used to
~ determine changes in coast-wide exploitable stock
biomass, is less robust than the VPA framework for
assessing stock status and appropriate TACs. Unlike
the SSB model, the VPA uses a high number of fish-
ery-dependent and independent indices from the en-
tire management unit to track changes in fishing mor-
tality and cohort strength over time.

VPA

Discard estimation: The SARC felt that use of co-
operative tagging data was a reasonable approach to
estimate commercial discards. The accuracy of com-
mercial discard estimates could be significantly influ-
enced by assumptions about equal tag reporting rates,
and could be improved with alternative tagging pro-
grams (e.g., high-reward tags) or alternative data col-
lection systems.

Estimating F on oldest true age: The SARC in-
vestigated and discussed the influence of age ranges
when estimating F on the oldest true age class of
striped bass in the VPA. No changes are recommend-
ed at this time, but alternative approaches for setting
F on the oldest age class should be explored.

Reference points: Biological reference points
should be recalculated using new information from
the VPA (e.g., stock-recruitment data, partial recruit-
ment vectors) and should incorporate information on
uncertainty in the reference point itself. Alternative
reference points for defining overfishing should be
evaluated.

TAC projections: The SARC endorsed a stochas-
tic approach to projecting stock size and total allow-
able catches (TACs) through 1999, Use of recruit-
ment indices from the entire time series ensured a
more accurate estimate of stock size in the near fu-
ture.

Sources of Uncertainty

1. Relative contributions to catch among the three
major stocks.

2. Migration rates from the three major producer
areas.

3. Age estimation using scales rather than otoliths.

4. Age distribution and estimation of commercial
discards.

5. Discard mortality rates among various types of
commercial gear and various environmental con-
ditions (e.g., temperature and salinity).

-6. Bias estimators in the tag-recapture models re-

main poorly defined.
Research Recommendations
e The Committee recommends that further study be

done on the discrepancy in ages between scale-
based and otolith-based ages. Particular emphasis
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should be placed on comparisons with known age
fish determined from coded wire tags. Compari-
sons should be made among age readers and
areas.

¢ An evaluation of the overfishing definition should
be made relative to uncertainty in biological pa-
rameters. There is uncertainty in the maximum
age, annual repeat spawning among females, age-
specific natural mortality, maturity ogives, and mi-
gration rates.

e Simulation models should be developed to look at
the implications of overfishing definitions relative
to development of a striped bass population which
will provide ‘quality’ fishing. Quality fishing must
first be defined.

® FExamination of the tag-recapture models and de-
velopment of a standard method for estimating
bias. '

@ Refine quota calculation methods which will allow
better estimates among various components of the
fishery.

e Increase sea sampling of commercial fisheries,
such as the dogfish gillnet fishery, which may have
high levels of discards.

e Examine the mechanisms which may contribute to
density dependence in striped bass as modeled in
the stock-recruitment relationship.

e Examine differential reporting rates between com-
mercial and recreational fishermen using high re-
ward tags.

e Continue in-depth analysis migrations, stock com-
position, etc. using mark-recapture data.
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Table C1. Commercial striped bass minimum sizes (total length in inches) of jurisdictions under the Striped Bass FMP, by season 1982-1996,

1982 1983 1984 1985 1986 1987 1988 1989
State Spring Fall  Spring Fall  Spring Fall  Sprng Fall  Spring Fall  Spring Fall  Spring Fall  Spring Fall
ME 16 - - . . . 24 . 33 . ; B i . 36 ;
MA 24 . . . - - - . 30 . 33 . - . 36 .
RI 16 . - - - 18 ; 24 . 33 - - - - 34 36
NY 18 - - - 24 - - - - 0 0 0 0 0 0 0
NJ 18 - . - . . - 24 - ; 0 . . - - .
DE 12 - - - 14,24 - 0 . . . - - . - - -
MD bay 12/14-32 - - 14-32 - - 0 - - - - - - . - R
MD ocean 24 - - - - - 0 - - - - - - - - -
PREC 1232 - 1434 . . - 1834 - 2434 . . - . . 0 .
VA bay 14 - - - - - 1840 - 24 - - - - - 0 -
VA ocean 24 - - - - - - - 30 - - - 33 - 0 -
NC ccean 16 - - - 24 - - - - - - - - - - 0
1950 1991 1952 1993 1994 1995 1996

State Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall

ME - - - - - - - - - - 33 - - -

MA - - - - - - - - - - 34 - - -

RI 18-26,40 - - - - - - - . - 20-2637 - - -

NY 0 24-29 - - - 24-39 - 24-36 - - 24-36 - - -

NJ - - - - - - - - - - 0 - - -

DE 28 - 18-28 - - - - - - - 18-28 - - -

MD bay - 18-36 - 18-36 - 18-36 - 18 - 18 - 18 - 18

MD ocean 28 - - - - - - - - - 24 - - -

PRFC 18-36 - - - - - - - - - 18 - - -

VA bay 18-36 - - - - - - - - - 18 - - -

VA ocean 28-36 - - - - - - - - - 28 - - -
NC ocean 28 - - - - - - - - - 28 - - -
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Table C2. Recreational striped bass minimum sizes (inches) of jurisdictions under the Striped Bass FMP, by season 1982-1996.

1982

) 1983 1984 1985 1986 1987 1988 1989
State Spring Fall Spring Fall Spring Fall Spring Eall Spring Fall Spring Fall Spring Falt Spring Fall
ME 16 - - - - - 24 - 33 - - - - - 36 -
NH 16 . - - - - 28 . 33 . . - . - 34 36
MA 24 - - - - - - . 30 - 33 . ; ; 36 ;
RI 18 - . . 24 - - - - 33 - - - - . 36
CT 18 - - - 26 . - - - - i3 - - - - 36
NY 18 - - - 24 - - - 0 0 33 - - - - 36
NJ 18 - - - - - - 24 - - - 33 - - - 35
DE 12 . . . 14 24 0 - - . - - . . - -
MD bay 12/14-32 - - 14-32 - - - - - - - - 0 - - -
MD ocean 24 - - - - - - - - - - - 0 - - .
VA bay 14 - - . - - 18-40 . 24 . . . ) ) 0 -
VA ocean 24 - - - - - - - 30 - - - 33 - 0 -
NC ocean 12 - - - 16 - 24 - - - 33 “ - - - 36

1990 1991 1592 1993 1994 1995 1996
State Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall
ME - . ] . - - - . ) 33 . - -
MA - - - - - - 34 - - - - - - -
RI 28 - " - - - 34 - . ; . 28 . "
cT - - - - - - 34 - - . - 28 - -
NY 38 36 . - - - - - - - . 28 - .
NJ 28 - - - - - - - 34 - - 28 - -
DE 28 - - - - - - - - - - - - -
MD bay - 18-36 36 18-36 36 18-36 36 i8 34 - 32/26 18 32/26 18
MD ocean 28 - - - - - - - - - - - - -
VA bay - 1836 . ; - . - - 18 - 1832 - - .
VA ocean 28 - - - - - - - - - 28 - - -
NC ccean 28 - - - - - - - - - 23 - - -




Table C3. Landings {mt) of striped bass from Maine to Virginia. Landings from 1981 to 1996 include Atlantic
Ocean landings from North Carolina.

Year Commercial Recreational  Total Year Commercial  Recreational Total
1930 883 1964 3,558

1931 608 1965 3,278

1932 509 1966 3,820

1933 424 1967 3,924

1934 1968 4,169

1935 629 1969 4,912

1936 1970 3,999

1937 1,756 1971 2,890

1938 1,579 1972 4,012

1939 1,553 1973 5,888

1940 1,075 1974 4 536

1941 1975 3,416

1942 1,780 1976 2,494

1943 1977 2,245

1944 2,579 1978 1,764

1945 2,160 1979 1,290

1946 1980 1,895

1947 2,085 1981 1,744 520 2,263
1948 2,726 1982 992 1,144 2,136
1949 2,543 1983 639 1,217 1,856
1950 3,128 1984 1,104 579 1,683
1951 2,444 1985 432 372 804
1952 2,148 1986 68 501 569
1953 1,960 1987 63 388 451
1954 1,759 1988 117 570 686
1955 1,906 1989 91 332 423
1956 1,686 1990 313 1,010 1,323
1957 1,619 1991 460 1,651 2,111
1958 2,266 ‘ 1992 ' 638 1,823 2,461
1959 3,317 1993 777 2,563 3,340
1960 3,524 1984 805 3,084 3.889
1961 4,042 1995 1,555 5,080 6,635
1962 3,567 1996 2,178 6,620 8,798
1963 3,879
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Table C4. Striped bass commercial landings by state (mt). Landings by calendar year. New Jersey commercial

landings from the recreational fishery,

Year ME NH MA RI CT . Ny NJ DE MD  PRFC VA NC Total
1982 - - 2917 122.6 27 2136 4.7 117 21638 617 24 .4 419 9918
1583 - - 1016 89.1 1.0 140.4 89 3.1 171.9 74.5 247 239  639.1
1984 - - 48.6 247 0.9 270.0 4.0 168 370.1 3552 1.0 6.6 11040
1985 03 - 339 27.8 25 2128 5.5 - 0.9 100.8 270 - 4318
1986 - - 441 5.0 - 0.5 45 - - 13.3 0.5 - 68.1
1987 - - 35.7 0.2 - - - - - 26.3 1.0 - 63.2
1988 - - 36.1 - - - . - - 523 28.2 - 1165
1989 - - 90,7 - Co- - - - - - - - 90.7
1990 - - 67.1 1.8 - 37.2 - 3.0 13 76.7 1214 44 3130
1991 - - 106.6 12.7 - 476 - 9.6 86.7 984 958 28 4602
1992 - . 108.4 17.7 - 103.0 - 3.1 2506 576 92.7 - 6380
1993 - - 1193 18.1 - 494 . 127 4158 64.9 96.9 - 1772
1994 - - 90.5 18.1 - 77.0 - i54 4014 68.0 92,6 420  805.0
1995 - - 3547 68.7 - 2272 - 17.5 3885 900 2530 1559 11,5554
1996 - - 316.1 71.7 - 2257 1.8 533 691.0 156.5 636.4 253 21779

Table C5. Striped bass recreational landings by state (A+B1 number, 000's). Includes NC Atlantic Ocean

landings.

Year ME NH MA RI CT NY NJ DE MD VA NC Total
1982 0.9 - 239 1.8 50.1 213 58.3 - 1.0 - - 2173
1983 T2 4.6 393 2.0 42.8 43.8 1279 0.1 31.7 - - 2995
1984 - - 35 12 5.7 575 13.6 16.6 16.8 04 - 1153
1985 11.9 - 66.0 0.7 154 233 13.1 - 3.0 - - 1333
1986 - - 294 33 1.8 27.6 37.0 - 4.1 1.6 - 1147
1987 - 0.1 10.8 24 0.5 14.83 9.3 - 4.0 24 - 444
1988 - 0.6 21.1 52 27 21.1 12.1 - 0.2 243 04 87.7
1989 0.7 - 130 43 5.8 14.8 1.3 - - - - 399
1990 29 0.6 20.5 4.7 6.1 264 44.9 2.0 752 56.0 - 2394
1991 33 0.3 208 17.2 49 55.5 383 2.7 118.5 422 0.4 304.1
1992 6.4 22 57.1 149 92 474 414 23 169.2 211 1.0 3722
1993 0.6 1.5 58.5 17.8 193 83.7 - 64.9 4.1 177.2 785 03 5064
1994 38 3.0 74.5 59 169 95.6 349 4.1 1938 127.9 7.4 568.0
1995 2.0 4.4 70.1 298 389 153.8 171.0 12.6 482.0 148.4 11.3  1,124.5
1996 2.1 6.9 73.0 60.8 64.2 279.9 119.3 28.1 406.9 235.3 164 12929

Table C6. Striped bass recreational discards by state (B2
cards.

number, ‘000s). Inciudes NC Atlantic Ocean dis-

Year ME NH MA RI CT NY NJ DE MD VA NC Total
1982 0.7 - 6.4 2.6 643.2 123 87.6 - 304 - - 783.2
1983 - « 34.0 54 - 1.5 117.8 - 213.5 12.0 - 384.2
1984 1.9 - 98.4 85.1 31.2 405 529 - 104.1 88 - 4229
1983 81.2 0.1 124 40.6 269 375 3.5 0.7 147.1 2.6 - 374.6
1986 44 - 4423 20 12.5 12338 - - 3501 7.5 - 980.6
1987 18.1 04 93.7 63.3 784 2540 56.7 17.0 118.4 7.6 - 708.2
1938 4.5 6.7 209.6 233 253 926 486.3 2.5 1323 56 - 989.0
1989 16.0 4.8 193.1 33.0 1254 3657 . 2660 4.8 1143 72.8 - 1,2008
1950 12.5 153 339.5 67.5 89.3 265.1 254.4 14.4 420.1 175.0 - 1,6536
1991 67.5 6.6 448.7 31.0 301.5 756.7 166.2 383 10360 2084 03 30610
1992 312 276 779.8 1204 2923 759.1 413.5 36.9 750.0 1159 0.7 33674
1993 3731 150 833.6 101.0 2713 694.1 3083 895 1,556.8 100.4 1.5 43446
1994 363.5 435  2,1025 135.0 4900 1.132.7 5680 1040 27854 197.0 50 759306
i995 505.5 3023 32457 339.2 6323 116335 678.6 1064 223506 369.9 16,6 96306
1996 1,623.7 2690 33476 3095 10423 1.3829 766.3 994 27566 7342 112.1 126435




Table C7. Commercial catch at age (‘000s), 1982-1996, Maine to coastal North Carolina.

Landings Age

Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1982 . 451 2002 1172 229 5.0 33 29 1.9 44 5.8 76 2.8 2.8 69
1983 - 543 1206 1210 383 74 2.0 0.7 0.6 17 13 2.4 2.7 1.9 2.7
1984 - 4783 2701 556 306 217 6.4 1.7 Lo 0.8 0.1 03 11 L0 2.1
1985 - 537 455 7.5 94 192 216 66 37 L5 0.5 0.6 0.5 0.9 34
1986 - 0.6 6.0 3.2 02 07 1.4 12 0.5 0.2 0.1 0.2 03 10 2.0
1987 . - 3.1 43 L6 03 1.1 11 0.4 02 0.1 03 03 0.2 0.6
1988 . - 2.1 40 155 6.5 7.8 0.5 0.5 0.2 03 0.1 0.3 - 0.5
1989 . - . . - 0.1 1.1 L0 1.0 0.6 0.5 02 03 04 2.1
1990 . 07 126 480 296 151 3.1 24 11 0.5 0.3 0.1 0.4 03 14
1991 . 21 224 447 40 216 3.5 4.4 4.8 12 03 0.1 0.1 06 19
1992 . 06 323 580 467 416 222 115 8.7 63 1.1 0.5 0.2 03 0.7
1993 - 18 211 939 874 421 325 138 3.4 6.4 4.0 0.8 0.2 0.1 0.4
1994 . 12 229 716 10L5 483 285 149 8.9 53 2.5 13 02 0.1 03
1995 = - 67 352 1145 1347 985 389 342 373 218 8.4 32 1.0 0.4 0.1
1996 - 06 300 1278 1790 1614 1207 520 299 189 1LY 9.7 23 L1 14
Discards Age

Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1982 . 316 36 115 5.6 13 2.4 1.0 0.4 0.1 0.1 - i . .
1983 . 241 1.5 29 78 23 0.6 0.6 03 0.2 . . . ; .
1984 . 336 16 5.8 97 113 2.8 0.1 0.6 0.1 . 0.1 . . .
1985 - 77 305 59 109 3.4 27 1.0 03 0.1 0.1 . . . -
1936 - 58 208 1001 280 133 43 1.4 03 - . . . . .
1987 . 42 144 286  S14 169 6.5 13 1.0 0.4 0.1 0.1 0.1 - .
1988 - 61 226 366 710 L7 132 9.1 3.1 17 0.2 02 - ;
1989 . 139 S02 490 834 828 335 155 6.3 0.7 1.4 14 0.7 .
1990 . 145 687 805 11159 1157 716 363 5.9 1.5 1.4 1.5 - .
1991 01 126 370 642 773 569 369 249 6.6 4.1 6.5 ; - . .
1992 0.1 37 342 367 444 347 148 112 3.4 2.4 1.0 . . -

1993 - 74 502 790 951 635 209 154 93 46 17 0.5 03 - .
1994 - 318 472 451 881 846 392 125 62 3.7 0.7 0.4 . . .
1995 . 728 755 536 942 1216 6L4 191 76 43 23 23 0.8 . .
1996 - 271 1141 763 619 588 308 149 6.1 4.0 0.2 0.5 - - -
Catch Age

Year 1 2 3 4 5 6 7 g 9 10 11 12 13 14 1S+
1982 - 768 2039 1286 286 63 57 39 22 4.5 59 76 2.5 2.8 6.9
1983 - 784 1221 1239 460 9.7 2.6 13 0.9 19 13 2.4 27 19 2.7
1984 - 5118 2718 614 403 330 93 19 16 0.8 0.1 0.3 1! 1.0 2.1
1985 - 614 760 135 203 226 243 7.6 40 16 0.6 0.6 0.5 0.9 34
1986 . 65 268 1033 282 140 5.7 26 09 0.2 0.1 0.2 03 1.0 2.0
1987 . 42 175 39 50 172 16 24 1.5 0.6 0.2 0.4 0.4 0.2 0.6
1983 - 61 247 405 %64 732 260 97 3.7 1.9 0.5 0.3 03 ; 0.5
1989 - 139 502 490 834 829 346 165 73 13 19 16 ) 0.5 21
1990 . 152 813 1290  14L5 1308 747 386 7.1 2.1 1.7 16 0.4 03 14
1991 01 147 594 1089 1184 785 455 293 114 52 6.8 0.1 0.1 0.6 19
1992 0.1 43 665 948 SL1 763 370 227 121 8.7 21 0.5 02 03 0.7
1993 . 93 712 1729 1826 1056 s34 292 177 110 5.6 13 0.4 0.1 0.4
1994 - 329 700 1167 1896 132.8 678 274 151 9.0 32 17 ¢.2 8.1 03
1995 - 795 1107 1681 2289 2201 1004  S33 449 261 107 5.5 1.8 0.4 0.1
1996 - 717 1642 2042 2409 2201 ISL5 669 361 229 118 102 23 L1 14

191




Table C8. Sampling intensity of commercial landings (mt), 1982-1996.

Hook and line Trap/pound net Gillnet Fyke net

Number Landings Number Landings Number Landings Number Landings
Year sampled (mt) sampled (mt) _ sampled {mt) sampled {mt)
1982 978 407 1,118 94 1,381 364 - -
1983 790 196 1,059 78 1,364 288 . -
1984 524 194 313 173 495 340 . 11
1985 1,230 156 631 112 534 49 - -
1986 199 55 18 3 102 6 - -
1987 238 31 ’ 8 10 231 13 -
1988 352 36 43 26 867 55 4 -
1989 224 90 1,322 - 583 - -
{950 1,494 97 1,485 62 3,033 145 17 1
1991 1,498 179 8,168 80 5,426 178 - 1
1992 996 160 7,604 105 6,518 354 129 2
1993 1,041 187 6,228 123 9,044 452 - -
1994 886 63 5,082 146 10,148 444 112 -
1995 1,060 543 6,251 276 10,228 559 1,077 6
1996 1,072 459 1,773 391 3,750 1,261 27 8

Haul seine Otter trawl Other gear Total

Number Landings Number Landings Number Landings Number mt/100
Year sampled {mt) sampled (mt}) sampled (mt) sampled  lengths:
1982 985 64 - 20 - 1 4462 213
1983 338 27 - 24 - 2 3551 16.0
1984 306 146 97 33 - - 1638 59.2
1985 - 97 - 17 - 1 2395 15.4
1986 23 - - 4 - 68 342 20.0
1987 - - - 9 - - 477 15.7
1988 598 - - - - - 1869 6.9
1989 239 - - 1 - - 2368 23
1990 214 2 - 2 - 309 6243 5.0
1991 719 6 - 13 - - 15811 22
1992 451 7 - 10 - - 15698 39
1993 - 10 - 5 - - 16313 38
1994 138 12 - 9 - 89 16366 4.7
1995 207 7 - 9 - - 18823 6.7
1996 433 18 - i3 - ] 7055 28.5
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Table C9. Commercial by-catch estimated from ratio of recreational and
commercial tag return data. Bold italicized forecasts from 1987-1990 values
based on the changes in regulations and no quota.

Ratio of commercial Estimated
Tag returns  to recreational  Recreational commercial
Year n by-catch B2 by-catch
1982 - 0.20 783,187 157,421
1983 - 0.27 387,794 105,480
1984 - 0.34 426,402 146,256
1985 - 0.41 392,590 162,532
1986 - 0.49 993,009 481,609
1987 200 0.55 721,427 397,064
1988 47 0.63 990,481 623,733
1989 1,357 0.71 1,203,905 853,651
1990 2,064 0.76 1,654,199 - 1,256,514
1991 1,728 0.31 3,067,385 935,969
1992 1,640 0.17 3,373,883 572,742
1993 1,585 0.22 4,349,278 965,761
1994 1,938 0.13 7,935,579 1,000,593
1995 1,486 0.15 9,645,613 1,432,717
1996 1,169 0.09 12,554,314 1,097,588
0.8
07+
0.6
05+
=y
0371 projected
0.2
0.1
0
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Table C10. Total number (000's) of striped bass mortalities from commercial discards by year and gear type.

Anchor Drift Hook Trap/ Haul |
Year gillnet gillnet & line Trawl pound net seine Other Total
1982 53.3 1.3 0.5 0.3 0.5 0.2 0.1 56.2
1983 35.7 0.9 0.3 0.2 0.3 0.1 0.0 37.6
1984 49.5 1.2 0.4 0.3 0.5 0.2 0.1 52.2
1985 55.0 1.4 0.5 03 0.5 0.2 0.1 58.0
1986 163.1 4.0 1.4 1.0 1.6 0.6 0.2 171.8
1987 107.6 6.5 1.3 14 2.2 0.0 0.3 115.3
1988 2320 1.3 2.4 22 1.5 0.0 0.0 239.3
1989 318.9 29 2.0 1.1 1.0 2.3 0.5 328.7
1990 493.0 1.3 2.0 0.4 .22 2.3 0.0 501.3
1991 300.1 7.1 3.7 5.6 3.7 0.8 0.4 3215
1992 164.0 8.7 1.4 0.5 29 1.0 0.2 178.7
1993 327.0 8.0 2.8 2.0 32 1.2 0.4 344.5
1994 338.8 8.3 29 2.1 33 1.2 0.4 357.0
1995 485.2 119 4.1 3.0 4.7 1.7 0.5 5111
1996 3717 9.1 3.2 2.3 3.6 13 0.4 301.6
-catchlosst
Anchor gillnet  0.4275 ave. of Seagraves and Miller (1989) (0.47) and MD DNR (0.385)
Drift gillnet 0.08 Seagraves and Miller (1989)
Hook and line 0.08 Diodati and Richards (1996)
Trawl 0.35 Crecco {1990)
Trap/pound net 0.05 Consensus opinion
Haul seine ~ 015 NY DEP estimate
Other 0.05 Consensus opinion
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Table C11. Recreational catch at age (000's), Maine to coastal North Carolina, 1982-1996.

Landings Age

Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 134+  Total
1982 - 5 36 82 25 11 17 12 g 6 5 6 1 1 1 217
1983 3 15 46 67 103 29 16 3 2 2 3 3 2 2 2 208
1984 1 18 21 17 19 18 9 3 - 1 1 . 1 3 3 115
1985 - 2 12 23 37 20 19 10 2 2 - - - - 6 133
1986 9 3 5 11 13 15 14 21 8 5 3 1 1 1 4 114
1987 1 1 3 2 5 4 4 3 4 2 1 2 3 2 7 44
1988 1 8 5 5 6 11 10 12 9 3 3 3 2 3 4 85
1989 - - -3 2 4 6 7 4 2 2 1 - 1 1 3 36
1990 - 3 19 51 31 33 28 31 15 [ 4 2 4 4 6 237
1991 1 i3 30 38 28 15 32 41 42 16 6 2 2 3 15 304
1992 2 15 56 50 57 25 20 39 43 36 7 4 2 5 9 370
1993 - 9 43 88 66 52 24 32 63 64 36 8 4 1 12 502
1994 1 28 96 67 68 40 33 40 67 61 28 18 2 1 9 559
1995 - 87 171 145 91 160 73 103 87 54 34 10 7 1 3 1,026
1596 - - 143 242 139 145 244 132 101 48 30 38 11 3 1 1277
Discards Age

Year 1 2 3 4 5 6 7 8 9 10 11 i2 13 14 15+  Total
1982 2 24 17 11 5 2 2 1 - - - - . - - 64
1983 1 16 10 2 1 - - - - - - - - - - 30
1984 4 13 10 4 1 1 . - - - - - - - - 33
1985 1 g 14 3 1 - - - - - - - - - - 28
1986 2 12 32 19 8 3 1 2 - - - - - - - 79
1587 1 5 17 16 9 4 2 1 1 - - - - - - 56
1988 1 16 15 16 14 8 4 2 1 - - - - . 77
1989 1 23 27 16 18 7 3 1 1 - - - - - - 97
1990 3 36 35 23 9 10 8 5 2 1 - - - - - 132
1991 - 50 63 50 19 10 18 17 10 4 2 - - - - 243
1992 1 32 93 55 40 13 9 12 8 5 1 - - - - 269
1593 - 57 82 82 51 35 13 8 8 6 3 1 - - - 346
1994 5 85 133 107 110 58 33 18 17 11 4 3 - - - 634
1995 4 247 165 124 65 81 27 30 15 6 6 1 - - - n
1996 1 71 351 218 171 111 60 16 5 - 2 - - - - 1006
Total Age

Year 1 2 3 4 5 6 7 3 S 10 11 12 13 14 15+ Total
1982 18 288 530 924 299 129 185 130 9.5 6.1 51 6.0 0.9 13 1.2 2805
1983 36 320 563 694 1042 296 162 2.8 20 13 33 33 22 2.2 1.5 3309
1984 56 312 313 212 203 189 9.1 2.8 0.5 1.3 06 - - 1.1 32 2.7 1499
1985 13 1.1 261 271 385 205 193 9.7 24 18 04 0.2 - - 55 1641
1986 114 146 372 297 218 180 147 215 83 51 33 14 0.6 1.6 4.7 1940
1987 14 68 206 189 145 8.0 5.7 4.2 5.0 24 13 16 2.9 19 71 1025
1988 26 247 170 226 206 197 145 147 103 39 32 29 21 30 36 1654
1989 08 230 305 199 223 13.0 115 47 32 2.5 14 04 09 12 33 1386
1990 27 393 546 745 401 434 374 370 172 6.6 43 24 4.5 39 62 3737
1991 19 632 933 1085 474 249 498 583 514 205 8.0 28 28 30 157 5515
1992 32 468 1503 1066 971 375 287 509 522 407 82 4.1 18 52 96 6427
1993 03 668 1264 171.1 1174 884 367 423 719 721 394 89 4.6 1.2 125 8600
1994 57 1131 2805 1750 1792 1001 681 396 853 724 330 208 32 1.5 9.5 12068
1995 3.7 3352 3362 2700 1568 2419 1008 1328 103.0 4603 401 106 75 i.5 32 18036
1996 05 711 4953 4623 311.]1 2568 3056 1508 1072 488 324 382 109 35 1.2 22958
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Table C12. Sampling intensity for striped bass recreational landings and discards, 1982-
1996,

Landings (A+B1) Maine - New Jersey Chesapeake & Delaware Bays
Landings Lengths mt/100  Landings Lengths mt/100

Year (mt) lengths {mt) lengths
1982 1,144 410 279.0 3 113 2.7
1983 1,149 519 221.4 68 102 66.7
1984 496 166 298.8 83 69 120.3
1985 367 469 78.3 6 65 92
1986 497 726 68.5 4 82 4.9
1987 360 175 205.7 28 86 326
1988 488 264 184.8 82 126 65.1
1989 332 353 94.1 - - -
1990 795 676 117.6 215 - 496 433
1991 1,281 1,323 96.8 370 663 55.8
1992 1,448 1,434 101.0 375 837 44.8
1993 1,949 1,678 116.2 614 1,037 59.2
1994 2,131 1,463 145.7 921 2,213 41.6
1995 3,600 4,708 76.5 1,399 2,195 63.7
1996 4,939 8,230 60.0 1,559 3,010 51.8
Discards (B2) Maine - New Jersey Chesapeake & Delaware Bays
Discards Lengths mt/100 Discards Lengths mt/100
Year (mt) lengths (mt) lengths
1982 . 83.1 994 8.4 0.7 123 0.6
1983 10.3 954 1.1 5.1 123 4.1
1984 26.2 825 3.2 3.8 373 1.0
1985 227 1,918 1.2 7.6 135 5.6
1986 76.1 2,593 29 472 115 41.0
1987 ' 931 4,402 2.1 221 63 35.1
1988 159.6 5,555 2.9 18.2 71 256
1989 192.0 7,250 26 43.6 24 181.7
1990 193.2 10,325 1.9 75.3 108 69.7
1991 3385 12,743 27 249.0 112 2223
1992 452.1 15,652 2.9 182.1 145 1256
1993 4899 14444 34 3396 198 171.5
1994 974.6 14,383 6.8 520.4 575 90.5
1995 1,176 4 12,854 9.2 483.5 676 71.5

1996 1,155.0 17,363 6.7 386.0 1,940 19.9
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Table C13. Summary of striped bass catch in number (000's), 1982-1996.

Commercial Recreational
Year Landings Discards Landings Discards
1982 429 58 217 64
1983 358 40 298 30
1984 87 66 115 33
1985 175 63 133 28
1986 18 174 114 79
1987 14 125 44 56
1988 33 246 85 77
1989 7 339 36 97
1990 116 510 . 237 132
1991 154 327 304 243
1992 231 187 370 269
1993 313 348 302 346
1994 307 360 559 634
1995 535 515 1,026 77
1996 ' 767 395 1,277 1,006

Table C14. Commercial and recreational landings and discard total weight (mt), 1982-1996.

Commercial Proportion
Year Landings Discard discarded
1982 991.8 69.2 0.07
1583 639.1 477 0.07
1984 1,104.0 99.8 0.08
1985 431.8 97.1 0.18
1986 68.1 3592 0.84
1987 632 2835 0.82
1988 116.5 703.5 0.86
1989 50.7 905.0 0.91
1990 3130 1,356.6 0.81
1991 460.2 859.3 0.65
1992 : 638.0 454.0 0.42
1993 7772 823.5 0.49
1994 805.0 853.5 051
1995 1,5554 1,139.9 0.42
1996 2,177.9 807.6 0.27
Recreational Proportion
Year Landings Discard discarded
1982 1,144 83.7 0.07
1983 1,217 15.4 0.01
1984 579 30.0 0.05
1985 372 304 0.08
1986 301 123.3 0.20
1587 388 115.1 023
1988 570 1778 024
1989 332 2356 0.42
1990 1,010 268.5 021
1991 1,651 587.5 0.26
1992 1,823 634.1 0.26
1993 2,563 829.5 . 024
1994 3,084 1,495.0 033
1995 5,080 1,659.9 0.25
1996 6,620 1,541.1 0,19
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Table C15. Striped bass catch at age in 000's, 1982-1996, Maine to coastal North Carolina.

Age
Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+ Total
1982 18 1054 2567 2210 584 192 242 168 117 106 1.0 137 3.4 4.1 0.8 758.8
1983 36 1101 1782 1932 1502 393 187 4.1 29 3.7 4.6 5.7 4.9 4.1 4.6 727.9
1984 56 5425 3027 825 605 518 184 4.7 2.1 2.1 0.7 0.3 22 43 47 1,085.2
1985 1.3 724 1017 403 587 431 436 173 6.4 34 1.0 0.8 05 0.9 8.9 4004
1986 114 210 637 1328 499 320 204 241 92 53 34 16 09 25 6.7 3848
1987 14 109 378 512 669 250 132 6.6 6.4 3.0 1.5 20 34 2.1 7.7 239.0
1988 26 307 419 632 1059 971 405 245 139 5.7 3.6 3.2 2.4 3.0 4.1 442.4
1989 08 368 807 670 1047 952 455 208 104 3.7 3.3 2.0 1.9 1.6 5.4 479.8
1990 27 543 1352 2028 1814 1739 1114 753 241 8.4 5.8 3.9 438 42 76 995.6
1991 19 778 1519 2165 1655 1033 951 873 626 256 146 2.9 2.8 35 176 1,029.0
1992 33 509 2163 2006 1876 113.6 656 733 639 491 101 4.4 1.9 55 104 1,056.6
1993 0.1 747 1959 3424 2991 1930 893 697 893 817 449 100 5.0 13 130 1,509.5
1994 5.6 1457 3494 2904 3675 2313 1341 8.0 993 805 353 220 2.9 1.1 98 1,861.0
1995 3.7 4132 4460 4370 3850 4612 2006 1857 1476 859 505 160 92 . 19 33 02,8468
1996 05 982 6581 6648 5508 4762 4559 2155 1426 708 437 478 132 4.6 26 34453




Table C16. Total (landings and discards combined) mean weights at age (kg) for commercial, recreational, and
total fishery, 1982-1996.

Commercial Age
Year i 2 3 4 5 6 7 2 9 10 11 12 13 14 15+
1982 - 0.72 1.20 1.55 241 3.97 5.40 7.19 8.17 1117 1234 1263 1390 1422  16.09
1583 - 0.62 1.06 1.37 234 3.06 4.10 6.01 7.68 874 1277 1236 1229 1211 1167
1984 - 0.60 1.78 1.64 2.96 3.73 4.66 5.18 7.00 792 1109 1271 1102 1327 1680
1985 - 0.60 1.08 1.85 2.58 3.88 5.18 6.31 1.70 920 1044 1157 1167 1448 1554
1986 - 0.62 1.08 2.53 245 3.18 4.43 6.41 7.62 9.12 1043 1244 1448 1302 1555
1987 - 0.59 1.23 2.22 2.51 2.93 3.83 5.66 6.34 7.43 9.04 1184 1472 1458 1644
1988 - 0.42 0.78 192 3.09 4.03 4.42 4.79 573 591 10.83 11.80 1354 1492  17.80
1989 - 0.75 0.91 1.97 3.06 4.53 .39 6.26 6.15 9.34 9.38 9.82 1507 1392 1793
1990 - 0.55 0.37 1.78 2.09 382 491 6.01 5.91 6.41 7.88 925 1219 1708 1894
1991 0.41 1.02 127 1.98 236 234 4.74 5.83 732 6.72 9.46 9.06 9.28 1450 1723
1992 0.09 0.64 1.20 1.67 235 3338 4.65 573 7.22 9.14 9.82 1119 1350 1641 18.01
1993 - 041 1.32 1.79 2.55 3.26 4.64 6.25 7.45 8.57 973 1047 1262 1343 1642
1994 - 111 1.38 1.9¢ 2.63 3.11 4.98 6.49 7.43 8.15 9.41 10,06 13.03 1759 1820
1995 - 0.44 1.08 172 248 3.11 5.25 6.21 7.15 8.62 9.07 979 1255 1470 2153
1596 - 0.65 0.83 1.59 197 2.74 4.55 7.31 7.56 8.30 9.01 1193 1251 1157 1740
Recreational
Year 1 2 3 4 5 6 7 ] 9 10 11 12 13 14 15+
1982 0.13 0.44 0.68 1.52 2.44 3.64 4.66 5.38 5.74 6.84 9.03 9.40 1047 1116 1493
1983 0.20 0.37 0.67 1.37 238 3.36 372 5.08 5.33 6.47 828 8.97 969 1026 1033
1984 0.24 0.62 0.87 1.54 2.14 2.89 543 5.96 6.12 7.65 71.70 703 1027 1126 13.1%
1985 0.06 0.68 LO2 1.56 2.01 3.29 4.57 4.82 5.26 5.84 7.16 8.26 7.09 859 1624
1986 0.14 0.55 L41 1.93 243 3.07 377 4.89 521 599 7.67 8.52 926 10.64 1595
1987 0.20 0.88 L.57 1.52 2.43 2.88 335 425 5.30 6.26 7.58 933 1094 1125 1646
1988 031 1.04 1.60 2.08 3.20 397 432 4.63 5.07 5.48 826 1025 1126 1126 16.38
1989 a.16 0.88 173 292 3.06 4.52 5.31 6.15 576 833 8.36 943 1086 840 16.59
1990 0.08 1.02 1.54 2.53 327 3.88 4,90 591 5.62 5.84 726 8.96 9.08 1027 1736
1991 0.21 0.9¢ 131 236 328 421 487 5.55 6.27 612 9.47 826 9.63 16.23 17.07
1992 0.10 0.69 1.35 2.17 33 425 522 5381 6.90 795 975 12.58 13.07 1030 17.62
1993 0.07 0.81 1.30 2.20 312 3.96 5.03 6.01 6.93 192 9.50 1080 1463 13.83 1533
1994 0.24 1.03 177 242 3.10 4.03 4,89 6.06 6.68 7.45 9.77 10,74 1125 850 1774
1995 0.28 0.77 143 2.46 3.19 4.14 3,51 6.14 7.30 8.97 717 570 1430 1587 2031
1996 0.25 0.67 1.50 2.39 3.25 4.13 5.04 591 - 6.68 749 893 10.17 1305 1539 17.25
Total
Year 1 2 3 4 3 [ 7 8 9 10 1l 12 13 14 15+
1982 0.13 0.64 1.09 1.54 2.42 375 4.83 5.79 6.20 868 10.80 1120 1297 1326 1591
1983 0.20 0.55 0.94 1.37 2.37 3.29 v 533 6.01 8.10 9.57 103% 1nLi1  1L10  1L12
1984 024 0.60 1.69 1.61 2.67 3.39 3.07 5.65 6.76 776 8.41 12.65 10,65 1175 1475
1985 0.06 0.61 1.07 1.65 219 3.59 491 5.46 677 7.45 900 10,69 1142 1434 1598
1986 0.14 0.57 1.27 2.40 2.44 312 3.95 5.05 5.44 6.09 1.75 9.15 1097 il55 15.83
1987 0.20 0.77 1.41 .1 2,50 291 36l 474 5.52 6.49 177 978 1138 11.62 1646
1988 0.31 091 1.1¢ 1.98 3n 402 438 4.70 5.24 5.62 858 1039 1150 1131 17.00
1989 0.16 0.83 122 223 3.06 4.53 537 6.23 6.03 8.68 8.94 974 13.04 993 1711
199¢ 0.08 .89 1.14 2.05 235 3.83 491 - 596 5.70 5.97 7.44 9.08 936 1080 1765
1991 0.21 0.92 1.29 2.17 2,62 317 481 5.64 6.46 6.24 9.46 8.30 9.62 1596 17.09
1992 0.10 0.69 1.30 193 231 367 480 579 6.96 8.15 977 1244 1310 1L1S 17.65
1993 0.07 0.76 1.31 1.99 21 3.58 4.80 6.11 7.03 8.00 953 1076 1445 1385 1536
1994 0.24 1.05 1.69 221 2.85 3.50 4.94 6.20 6.79 7.53 973  10.6% 1137 9.06 1775
1995 0.28 0.70 1.35 2.18 2,77 3.65 538 6.16 727 8.86 7.57 973 1397 1565 2037
1996 0.14 1.05 1.47 232 3.22 4,52 639 7.11 7.81 9.20 9.31 1009 1136 1245 1730
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Table C17. Young-of-year striped bass indices by system.

Kennebec Hudson Hudson  Delaware  Delaware Chesapeake Chesapeake

River River River River River Bay Bay
Year - (ME) (NYDEP) (NY UTIL) (DE) IND MD) (VA)
1981 - 8.86 6.61 . 0.00 0.59 1.57
1982 - 14.17 3.83 - 0.12 3.54 2.71
1983 . 16.25 6.58 - 0.03 0.61 3.40
1984 - 15.00 5.06 - 0.29 1.64 4.47
1985 - 1.92 1.07 ; 0.02 0.91 2.41
1986 - 2.92 1.62 - 0.28 1.34 4.74
1987 0.35 15.90 1282 . 0.41 1.46 15.74
1988 0.04 33.46 4.91 - 035 0.73 7.64
1989 001 - 2135 5.66 0.42 1.03 4.87 11.23
1990 0.06 19.05 6.41 0.11 1.00 1.03 7.34
1991 0.25 3.60 5.03 0.18 0.47 1.52 3.76
1992 0.01 11.43 3.68 1.13 1.19 2.34 7.32
1993 0.01 12.59 7.50 1.14 1.78 13.97 18.12
1994 0.33 17.64 5.83 0.19 0.96 6.40 10.48
1995 0.02 16.23 6.04 0.42 1.98 4.41 5.45
1996 - 9.30 - 136 1.70 17.46 23.05
1997 - - - - - 3.91 -

Table C18. Indices of age on striped bass by system.

Hudson Western Chesapeake

River LI Bay

Year (NY) (NY) MD)
1981 o 025 - .02
1982 (.84 - 0.02
1583 0.08 - .32
1984 0.68 - -
1985 1.23 061 0.15
1986 0.33 8.3 0.03
1987 0.16 0.21 0.03
1988 0.45 0.77 0.06
1989 0.64 173 0.15
1990 Q.35 0.37 0.33
1991 0.65 1.24 0.19
1992 0.53 1.34 011
1993 0.51 0.72 (.19
1994 0.43 137 0.76
1995 0.9 £.26 0.12
. 1996 0.17 1.52 0.08
1997 _ - 0.71 -
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Table C19. Indices at age from New York ocean haul seine survey, 1987-1996.

Age
Year 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1987 073 598 87t 771 289 113 028 015 - 00 - 001 003 -
1988 320 473 486 449 265 05 045 013 007 002 - 007 001 009
1989 140 220 127 203 142 118 032 009 011 002 001 001 001 004
1990 185 649 438 1953 212 160 128 047 019 004 - 001 00l -
1991 395 749 512 164 077 105 146. 080 036 009 008 002 008 002
1992 099 468 358 193 062 041 070 063 041 016 009 001 002 006
1993 297 792 665 275 180 074 046 057 045 031 012 004 002 003
1954 210 670 322 315 151t 129 056 056 058 028 032 006 006 002
1995 491 351 234 070 076 039 021 014 o0l6 014 005 006 001 001
1996 681 4691 770 297 09 083 037 016 012 001 011 001 001 -

Table C20. Maryland spawning stock survey indices at age, all systems combined for males and females com-
bined, 1985-1997.

Age
Year 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1985 72.83 24305 4179 1502 888 825 144 183 219 03% 174 131 031 701
1986 62.72 164774 46730 7.10 444 316 263 094 Q73 - - 0% 065 222
1987 60.93 204,10 128,14 33533 372 295 348 012 - - - - 725 494
1988 3221 6775 7347 7233 10736 216 - - 073 - 002 - 008 186
1989 15.52 12159 100,51 7151 9%1.10 5962 (.38 - 037 - 019 - - 034
1990 2563 18233 204.18 8867 6895 6702 5292 046 018 002 024 026 005 039
1991 4031 18640 7220 6843 4060 3894 3544 1497 043 030 - 011 010 045
1992 17.40 240.64 19949 6324 8436 5962 4181 1913 879 0.15 - 003 109 072
1993 3340 130.16 22242 9853 6037 5734 4652 2228 792 327 033 031 046 035
1994 11.12 3790 6764 9817 3734 2050 3006 1222 334 063 036 009 - 003
1995 4290 110.10 71.81 7213 5629 4963 3355 4138 1783 2486 821 2.14 - 034
1596 838 51092 140.80 47.65 93.05 10970 8501 66.80 3479 1659 505 166 - -
1597 412 11098 12194 7185 6203 6800 4258 12736 1880 1253 332 146 - -
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Table C21. Massachusetts commercial striped bass CPUE at age, 1990-1996

Age
Year 6 7 8 9 10 11 12 13 14 15+
1990 0.01 0.56 2.30 0.92 0.43 0.28 0.12 0.44 0.35 1.60
1991 - 0.86 3.51 4.99 0.92 0.31 0.31 0.07 0.25 1.79
1992 - 0.38 3.17 5.89 4.78 0.51 0.22 0.06 0.26 0.74
1993 - 0.19 1.97 6.41 8.59 5.33 0.86 0.17 007 = 043
1994 - 0.43 3.74 9.74 6.26 2.18 1.03 0.10 0.10 0.43
1995 0.1 1.13 5.62 9.13 6.75 2.84 1.08 0.27 0.05 0.05
1996 - 0.90 4.81 6.12 5.58 4.68 2.47 0.75 0.28 0.13

Table C22. Connecticut volunteer angler CPUE at age, 1981-1996.

Age

Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1981 0221 0316 0163 0.136 0114 0056 0033 0021 0015 0005 0001 0002 0001 0001 0002
1982 0330 0212 0109 0091 0077 0037 6022 0014 0010 0003 0001 0,001 - - 0.001
1983 0399 0.190 0080 0038 0027 0009 0.002 0.002 - - 0002 - 0.001 -
1984 0122 0333 0226 0135 0051 0037 0009 0003 - 0.001 - 0001 0.001 -
1985 0058 0315 0222 0120 0092 0041 0027 0011 0001 0001 0001 0.001 - . .
1986 0.077 0.198 0466 0445 0180 0051 0009 0051 0023 0002 - . - 0.008 -
1987 0.035 0244 0342 0202 0144 0064 0042 0032 0027 0008 0004 0002 0001 0.001 0.001
1988 0021 0522 0280 0179 0152 0118 0045 0028 0007 0002 - - 0001 .

1989 0268 0484 0468 0160 0.182 0126 0090 0031 0015 0007 - - - - .
1990 0.174 0.582 0555 0273 0119 0.26 0148 0.27 0053 0017 0005 0005 0002 0.003 0003
1991 0.147 0668 0431 0347 0135 0066 0094 ©€.131 0087 0032 0008 0.002 . 0.001
1992 0.171 0477 0574 0294 0234 0107 0095 0160 0.145 0093 0021 0004 0.001 - 0,002
1993 0070 0704 0623 048 0279 0220 0095 0077 0110 0099 0053 0013 0.004 0002 0007
1994 0205 0613 0877 0461 0569 0355 0234 0.159 0195 0139 0070 0052 0008 0001 0003
1995 0600 1198 1343 0591 059 0322 0183 0189 018 0116 0054 0018 0006 0.002 .
1996 D473 1091 2393 0903 0837 0375 0595 0374 0233 0098 0075 0101 0016 0008 0.007
Table C23. Hudson River striped bass CPUE at age from shad gillnet by-catch, 1982-1996,

Age

Year 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1982 - 0.006 0081 0053 0012 0023 0010 0.004 0.001 - - - 0.001 -
1983 - 0074 0967 0641 0147 0273 0.116 0042 0011 - - - - -
1984 - 0009 0228 0379 0443 0.110 0.005 0023 - - 0.005 - - -
1985 - 0016 0118 0272 0085 0069 0026 0.007 0003 0.003 - - - -
1986 - 0011 0233 0359 0248 0.080 0031 0.008 - - - - - -
1987 - 0.004 0170 0490 0413 0234 0055 0043 0.017 0.004 - 0004 0004

1988 0.005 0.005 0.100 0600 0536 0327 0164 0068 0.036 0.005 - 0.005 - -
1989 0.042 0.028 0.056 0983 1278 0562 0309 0.126 0014 0028 0028 - 0014 -
1990 - 0.048 0254 039% 085 0682 0365 0.095 0032 0032 0.032 - -
1991 - - 0286 0572 0477 0382 0382 0095 0095 0.1591 . - -
1992 - 0077 0753 1430 0707 0200 0354 0154 0.138 0.077 - -
1993 - 0132 0823 2732 272 079 0559 0823 0494 0197 0.066 - 0.033
1994 - 0185 0955 1509 1755 1047 0277 0185 0246 0.031 - 0.031 -
1995 0.026 - 0369 1422 0869 0448 0263 0105 0079 0053 0079 0026 -
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Table C24. Results of VPA for Atlantic striped bass, 1982-1996.

Naturat mortality is 0.15
- Oldest age (not in the plus group) is 14

For all yrs prior to the terminal year (1996), backcalculated stock sizes for the following ages used to estimate total
mortality (Z) for age 14: 456789101112 13 14

This method for estimating F on the oldest age is generally used when a flat-topped partial recruitment curve is thought
to be characteristic of the stock.

F for age 15+ is then calculated from the following ratios of Flage 15+] to Flage 141: 1.000

The following indices of abundance are used in the analysis:

2 HUD YOY &3 CT CPUE 1
3 NJ YOY 64 CT CPUE 2
4 DEL YOY &5 CT CPUE 3
5 MD YOY 66 CT CPUE 4
6 VA YOY 67 CT CPUE 5
9 WLl sV 1 68 CT CPUE 6
10 MD SV 1 69 CT CPUE 7
12 MD SSB 2 70 CT CPUE 8
13 MD SSB 3 71 CT CPUE 9
14 MD SSB 4 72 CT CPUE 10
15 MD SSB 5 73 CT CPUE 11
16  MD SSB 6 74 CT CPUE 12
17 D SSB 7 75 CT CPUE 13
18 MD $SB 8 76 CT CPUE 14
19 MD SSB 9 81 HUD SHAD 6
20 MD SSB 10 82 HUD SHAD 7
21 MD SSB 11 83 HUD SHAD 8
22 MD SSB 12 92 NY OHS 4
23 MD $SB 13 93 NY OHS 5
24 MD SSB 14 9% NY OHS 6
25 MD SSB 15 95 NY OHS 7
55 MA COM 7 9 NY OHS 8
56 MA COM 8 97 NY OHS 9
57 MA COM 9 98 NY OHS 10
58 MA COM 10 99 NY OHS 11
59 MA COM 11 100 NY OHS 12
60 MA COM 12 101 NY OHS 13
61 MA COM 13 102 NY OHS 14
62 MA COM 14 103 NY OHS 15

ITERATIVE RE-WEIGHTS BY INDEX (chi)

= 2 3 4 5 é g 10 12 13 14
"7 00126 0.0026 0.0199 0.0226 0.0703 0.0252 0.0065 0.0076 0.0190 0.0129
E 15 16 17 18 19 20 21 22 23 24
"4 0.0161 0.019 0.0202 0.0086 0.0048 0.0078 0.0038 0.0039 0.0081 0.0033
R 25 55 56 57 38 39 &0 81 &2 63
" 0.0042 0.0320 0.0870 0.0729 0.0267 0.0188 0.0086 0.0117 0.0341 0.0076
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E 0.0056 0,0053 0.6067 0.0114 0.0104 0.0074 0.0306 0.0229 0.0113 0.0084

s (.0083 0.0092 0.0112 0.0101 0.0041 0.0050 0.0067 0.0105
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Table C24. (Continued).

CATCH AT AGE (thousands) - SBASS96

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
2 4 [ 1 " 1 3 1 3 2 3 0 é 4 1
106 110 543 73 21 11 31 37 354 78 51 76 146 415 99
257 178 303 102 64 38 42 81 136 153 217 198 350 447 659
221 193 83 41 133 52 &4 69 203 217 201 344 292 438 666
50 68 106 106 182 166 188 300 369 386 552
32 25 97 96 174 103 14 196 233 482 477
24 19 18 44 20 13 41 46 112 95 66 90 136 201 457
24
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+

7 25 21 76 88 74 71 87 186 218
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12 3 2 6 7 14 11 24 63 64 90 100 148 143
" 4 2 3 5 3 6 4 4 26 49 g3 & 86 72
1 5 1 1 3 1 4 3 15 10 45 36 31 44
14 ] 0 y 2 2 3 2 & 3 5 10 22 16 48
3 5 2 1 1 3 2 2 5 3 2 5 3 9 13
14 4 4 4 1 3 2 3 2 4 3 [ 1 1 2 5
15 8 5 5 9 7 8 4 5 8 18 10 13 - 10 3 3

1086 401 386 241 445 485 999 1032 1060 1521 1874 2854 3457
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CAA summary for ages 3-9 3-13 4-13 5-13
m 1582 1983 1984 1985 19846 1987 1988 1989 1990 1991 1992 1993 1994 1995 1994

3 ® 408 587 523 312 333 209 389 429 907 885 924 1287 1567 2268 3173
I M 647 406 529 318 344 219 404 440 930 931 990 1430 1711 2430 3350
4 W 390 428 226 216 280 181 362 359 795 779 773 1232 1360 1983 2691
5 W 189 234 143 175 147 129 298 290 591 561 572 888 1069 1545 2025
UT AT AGE (JAN 1) in kg.
| 1982 1983 1984 1985 1986 1987 1988 1989 19%0
CMAjmeasAmamsmmmEmEmEmsEEmEEEEESSSesmsemmsecemmammamfaEsTEtETEEEEEETTmAEsTem==c==
1w 0063 0.5 0,151 0.01%  0.060 0.09 0,189 0.068 0.024
2® 0,528 0.267 0.346 0.383 0.185 0.328 0.427 0.507 0.377
Im 0.972 0.776 0.964 0.801 0.880 0.896 0.920 1.054 0.973
4w 1,241 1,222 1.230 1.670 1,602 1.637 1.671 1.566 1.581
5w 2,076 1.910 1.913 1.878 2.006 2.449 2.562 2.461 2.289
6® 3740 2.822 2.834 3.096 2.614 2.665 3.170 3.733 3.423
7w 4,589 3.760 4.084 4.080 3,766 3.356 3.570 4.8646 4.716
8m 5683 5.083 4.615 5.261 4.980 4.327 4. 119 5,224 5.657
9 m 5424 5.899 46.074 6.18% 5,450 5.280 4.984 5.324 5.959
10 = 8,267 7.087 6.829 T7.097 6.421 5.942 5.570 6.7446 4,000
11 ® 11,011 9.114 8,254 8.357 7.599 6.879 7.462 7.088 8.036
12 m 11,245 10.393 11.003 9.482 9.075 8,706 B8.985 9.142 9.010
13 & 14,020 11.155 10.519 12.019 10.829 10.204 10.605 11.640 9.548
14w 13,114 11,999 11.426 12.358 11,485 11.290 11.345 10.486 11.B67
15 = 15,910 11.120 14.750 15.980 15.830 16.460 17.000 17.110 17.650
= 1991 1992 1993 1994 1995 1996 1997
T e R
18 0,116 0.03& 0.018 0.141 0.145 0,036 0,066
2®  0.271 0.381 0.276 0.271 0.410 0.542 0,542
Im 1,071 1.094 0,951 1.133 1,191 1.014 2.033
4w 1,573 1.578 1.608 1.701 1.%19 1.770 2.130
58 2,318 2.469 2.312 2.381 2.4T4 2.64% 3.041
6w 2,729 3,101 3,172 3.114  3.225 3.538 3.913
TR 4,292 3,941 4,197  4.205 4.339 4.829 5.774
8 m 5,262 5.277 5.472 5.455 5.516 6.185 B.455
9 ® 6,205 6,265 6.380 6,441 6,716 6.936 B.1T4
10w  5.964 7.256 T.462 T7.276 7.756 " 8,178 B.79%4
1M1= 7,515 7.808 8.813 8.823 7.550 9.082 10,349
12 =« 7,858 10,848 10.253 10.093 9.730 8.740 9.543
13 ®m 9.346 10.427 13.407 11.061 12.220 10.513 11.649
14 W 12,222 10.357 13.470 11.442 13,339 13.188 12.275
a

17.090 17.650 15.360 17.750 20,370 17.300 17.300



Table C24. (Continued).

Weights at age at the start of the spawning season are assumed
to be the same as the Janl weight at age estimates.

PERCENT MATURE (females)

B 1582 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996

P L L R e L LT P P
1= g 0 0 0 ] 0 0 0 0 Q 0 v} 0 ¢ 0
2® g 0 O0O © 0 0 0 0 0 ¢ O0 0 0 6 0
inm 0 0 0 0 0 0 0 0 0 0 0 0 s} 0 0
4L ® 4 A 4 4 [A 4 4 [A 4 4 4 4 4 4 4
58 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13
& B 45 45 45 &5 45 45 45 45 45 45 45 45 45 45 45
7® 8 B89 89 8 8 8 89 BF 89 89 & 89 8% 89 89
8 = 94 9% 94 94 G4 94 94 94 94 9% 94 G4 94 G4 94
¢ @ 100 100 100 100 100 100 100 00 100 100 100 100 100 100 100

10 8 100 1060 100 100 100 100 100 100 100 100 100 100 110G 100 100

11.% 100 100 100 100 100 100 100 100 100 100 1000 100 100 100 100

12°® 100 100 100 100 100 100 100 100 1GC¢ 100 100 100 100 100 100

132 100 100 100 100 100 100 100 100 160 100 100 110G 100 100 100

14 ® 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

15 & 100 100 100 100 10C 100 100 100 100 160 100 100 100 100 100

SEX RATIO (Percent Female) BY YEAR and AGE = 50:50

RESULTS

APPROXIMATE STATISTICS ASSUMING LINEARITY NEAR SOLUTION

SUM OF SQUARES ......eceeeen- 6.173218
ORTHOGONALITY OFFSET..... avaa 0.010170
MEAN SQUARE RESIDUALS ....... 0.010038

PAR. EST. §TD. ERR. T-STATISTIC c.v.
N1 1.50988E4 4. 14494E3 3.64269E0 0.27
N2 5.06291E3 1.30217€3 3.88807E0 0.26
N3 4.01302E3 9.39614E2 4.27092e0 0.23
N & 9.02464E3 1.80817€3 4.99105€0 0.20
NS 2.55901E3 5.51230€2 4.64236E0 0.22
N 6 1.29445E3 3.20813E2 4 .03490E0 0.25
N7 1.06829E3 2.65628E2 4.02175€E0 0.25
N8 1.15604E3 2.80570E2 4.12032€0 0.24
N9 6.52442E2 1.42349E2 4.58339€E0 0.22
N10 3.76760E2 8.69735E1 4.33190€0 0.23
N11 1.98092E2 5.32598E1 - 3.71935€0 0.27
N12 1.12550E2 3.62828E1 3.10202e0 0.32
N13 1.20386€E2 3.93350€e1 3.06052€0 0.33

CATCHABILITY ESTIMATES IN ORIGINAL UNITS

ESTIMATE STD. ERR. C.v.
gHUD YOY 2.34881E-3 5.41161E-4 0.23
qNd YOY 5.36126€E-5 2.66309E-5 6.50
qQDEL YOY 5.71357E-5 1.52667E-5 0.27
gMD YOY 4. 69T49E-4 B.24321E-5 0.18
qvA YOY t.31545E-3 1.42884E-4 0.1
gWll SV 1 1.37910E-4 2.67702E-5 0.19
gD sV 1 1.99413E-5 6.50065E-6 0.33
oMb 558 2 5.84728E-3 1.89706E-3 0.32
coMD SSB 3 4.L7356E-2 9.34224E-3 0.21
gMD SSB 4 5.10192E-2 1.27888E-2 0.25
gD SSB 5 4.33341E-2 9.75456E-3 0.23
QMD SSB 6 4.16383E-2 8.56239E-3 0.21
oMD SSB 7 3.99551E-2 8.12087E-3 0.20
gMD SSB 8 3.43435E-2 1.10344E-2 0.32
gMD SSE ¢ 2.19B4TE-2 9.69427E-3 0.44
oMD S$SB10 1.79533E-2 6.02592€E-3 0.34
agMD SSB11 1.19754E-2 6.60832E-3 0.55
gD SSB12 $.53825e-3 5.18502E-3 0.54
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Table C24. (Continued).

206

gMD $SB13 1.14366E-2 4. 74857€E-3 0.42

gMD $SB14 1.431528-2 8.85774E-3 0.62

gMD $8815 9.79823E-3 4.62872E-3 0.47

QMACOM 7 7.13136E-4 1.62144E-4 0.23

GMACOM 8 7.13548E-3 1.07584E-3 0.15

GMACOM 9 2.08680E-2 3.40828E-3 0.16

QMACOM 10 2.7T1546E-2 6.7B655E-3 0.25

MACOM 11 2.311426-2 6.78176E-3 0.29

GMACOM 12 1.57839€-2 6.84513E-3 0.42

gMACOM 13 8,44569E-3 3.06138E-3 0.36

gMACOM 14 1.30453€-2 2.90484E-3 0.22

gCTCPUE 1 4.30B05E-5 1.26024E-5 0.29

qCTCPUE 2 1.47172E-4 2.39726E-5 0.16

qCTCPUE 3 2.17015E-4 2.29059€-5 0.1

qCTCPUE & 2.05042E-4 2.90461E-5 0.14

qCTCPUE 5 2.28504E-4 3.97777E-5 0.17

qCTCPUE & 1.91690E-4 2.99601E-5 0.16

qCTCPUE 7 1.69601E-4 3.,32924E-5 0.20

qCTCPUE 8 2.12857E-4 4.68799E-5 0.22

qCTLPUE 9 1.51835€-4 7.06722E-5 0.47

qCTCPUE1TD 1.34297E~4 5.22397E-5 0.39

qCTCrUEYT 1.32441E-4 5.80598E-5 0.44

qCTCPUE12 1.23274E-4 4 .66319€-5 0.38

qCTCPUET3 7.00379E-5 2.70533€-5 0.3%

gCTCPUET4 4,54035€-5 1.5697SE-5 0.35

gHDSHAD 6 6.64872E-4 1.69044E-4 0.25

gHDSHAD 7 5.05366E-4 1.34991E-4 0.27

gHDSHAD 8 3.27481E-4 1.03465E-4 0.32

gNY OHS 4 2.10755€-3 4.02958E-4 0.19

gNY OHS S 2.11155€-3 4.61755E-4 0.22

GqNY OHS 6 1.82953E-3 5.59346E-4 0.31

gNY OHS 7 1.64398E-3 5.BOCGE5E-4 0.35

gNY OHS 8 1,68003E-3 5.95557E-4 0.35

GNY OHS ¢ 1.76882€-3 5.95713E-4 0.34

oNY OHS10 1.65924E-3 5.12186E-4 0.31

aNYCHS 11 2.13692e-3 7.31780E-4 0.34

GNYOHS 12 9.55414E-4 4.79501E-4 0.50

QNYCHS 13 2.28803E-3 1.25598¢E-3 0.55

gNYOHS 14 B8.96621E-4 3.55253E-4 0.40

qHYOHS 15 7.91046E-4 2.52265€-4 0.32

Partial variance (and proportion of total) by index

] 2 3 4 5 ] 9

P R e L R I

** ® 0,00998050 0.01068167 0.00896165 0.01007822 0.00962666 0.01055901

> 0.1M715479 0.01835998 0.01540356 0.01732277 0.01654661 0.01814915
L 10 12 13 14 135 16

R R R R e R L E L

** ® 0.01033875 0.00973983 0.00931137 0.00960127 0.00921356 0.00958134

** ® 0.01777056 0.01674112 0.01600467 0.01650296 0.01583656 0.01646871
n 17 18 19 20 21 22

el e L L T T R L R T R L T

** m 0.071111807 0.01069255 0.01074888 0.01112361 0.01151662 0.01113247

** m (3,01911009 0.01837869 0.01850988 0.01911960 0.01979513 0.01913484
u 23 24 25 55 56 57

R R L L R L L

** m (.01021613 0.01005744 0.00957802 0.00963715 0.00784953 0.01137367

o m 0.01755980 0.01728705 0.01646300 0.016564563 0.01349201 0.01954941
= 58 59 60 61 62 63

R R e e T L

** m 0.01100540 0.01055387 0.01092233 0.01154821 0.01054%949 0.00993955

** m 0,01891642 0.01814033 0.01877364 0.01984942 0.01813280 0.01708441



Table C24. (Continued).

B 0.00888899 0.00817626 0.00862695 0.01003655 0.00943354 0.01098197
** @ 0,01527868 0.01405361 0,01482827 0.01725113 0.01655843 0.01887615

** ® (,01073125 0,01060354 0.01103317 0.01130780 0.01196470 0.01156952
B 0.01844520 0.01822569 0.01896416 0.01943620 0.02056531 0.01988606

0.01155054 0.01006672 0.00986112 0.01009514 0.00923380 0.00879187
0.01985343 0.01730300 0.01694961 0.01735184 0.01587135 0.01511174

»
*
EE+taR

0.00884841 0,00835145 0.00829116 0.00873015 0.00863390 0.00844544
0.01520893 0.01435474 0.01425110 0.01500566 0.01484022 0.01451629

*
*
ae+e

100 101 102 103wk

0.00955677 0.00982483 0.41056032 0.01013797 0.58179068
0.01642647 0.01688723 0.01815141 0.01742546 1.00000000

E gt A

STOCK NUMBERS (Jan 1) in thousands
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1378 2739 2445 3180 2710 3309 4326 5122 7291 5320 5174 6623 15638 5545 5883 15099
966 1184 2354 2099 2736 2322 2847 3721 4408 6273 4577 4450 5700 13455 4769 5063
887 733 947 1522 1739 2335 1988 2422 3168 3744 5327 3892 3Ve0 4771 11196 4013
958 525 466 508 1216 1438 1974 1672 2009 2601 3080 4384 3167 2911 3491 $025
350 620 273 3246 400 923 1189 1640 1375 1541 2037 2465 3454 2455 2099 2559
198 247 394 179 224 298 732 925 1316 1015 1172 1579 1843 2631 1755 1294
125 133 176 291 114 163 233 539 707 969 77 904 1179 1370 1836 1068

694 a89 993 1156

102 97 69 9% 100 158 62 88 120 293 353 573 457 517 592 652
59 77 81 58 73 7 130 40 66 81 194 244 410 300 307 377
34 41 63 68 46 59 64 107 3 49 46 121 133 278 178 198
64 19 31 53 57 37 50 52 89 21 28 30 62 al 192 113
25 L2 " 26 45 48 30 40 43 73 15 20 16 33 55 120
21 18 32 7 22 38 38 23 33 32 60 1 13 1 20 35
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3-8 B 2649 2363 2340 2959 3903 5235 6245 7341 8995 10374 13140 13831 14097 15026 21570 19115
3-13 ®m 2932 2639 2594 3257 4226 5615 6580 V686 9343 10890 13776 14820 15176 16235 22895 20576
4-13 B 2045 1905 1677 1735 2487 3280 4592 5265 6175 7147 B449 10928 11416 11464 11699 16563
5-13 ® 1087 1380 1211 1227 1271 1842 2618 3593 4166 4546 5369 6544 B250 8553 8008 7538
FISHING MORTALITY
B 1982 1983 1984 1985 1986 1987 1988 1989 1990 1951 1592 1993 1994 1995 1996
e e R memeasaeasammEmteemammemEemeAememmmmaa+ e eeeammmreamemeeeenan————-
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G.CO 0.00 0.00 0.00 0.00
2 ® 0.13 0.11 0.29 0.04 0.01 0.01 0.01 0.01 0.01 0.01 6.01 0.02 0.03 0.03 0.02
3 B 0.37 0.30 0.44 0.08 0.04 0.02 0.02 0.04 0.05 0.04 0.04 0.06 .11 0.11 0.07
4 ® 0.29 6.51 0.21 ¢.0% 0,13 0.04 0,04 0.05 0.12 0.0%9 0.07 0.0% 0.10 0.18 0.22
5 ® 0.20 0,30 0.27 0.22 0.14 0.08 0,10 0.07 0.15 0.12 ¢.10 0.14 0.12 0.1%9 0.33
6 % 0.110.19 0.15 0.30 0.17 0,10 €0.15 0.12 0.15 0.12 0.11 0.14 0.15 0.21 0.35
7B 0.24 0.14 0,12 0.18 0.22 0.09 0.21 0.10 0.1% 0.11 Q.10 0.11 0.13 0.17 0.31
8 ® 0.15 0.05 0.05 0.15 0.13 0.09 0.23 0.15 0.21 0.21 0.11 0.14 0,15 0.26 0.27
9 ® 0.13 0.03 0.03 0,08 0.10 0.05 0.28 0.14 0.25 0.26 0,22 0.18 0.27 0.37 0.30
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Table C24. (Continued).

10 = 0,22 0.05 0.03 0.07 0.08 0.04 0.05 0.11 0.15 0.42 0.32 0.46 0.24 0,37 0.29
11 m 0,44 0.13 0.01 0.02 0.08 0.03 0.06 0.03 0.23 0.40 0.27 0.51 0.35 0.22 0.31
12 m 0.26 0.40 0.01 0.02 0,03 0,06 0.07 0.04 0.05 0.17 0.19 0.46 0.49 0.24 0.32
13 = 0,16 .13 0,25 0.02 0.02 0.08 0,09 0.05 .13 0.04 0.14 0.31 0.25 0.37 0.30
14 w 0.23 0.28 0.16 0.14 0.13 0.06 0.0% 0.08 0.15 0.13 0.10 0.13 0.14 0.21 0,30
15 ® 0,23 0.28 6.16 0.14 0.13 0.06 0.09 0.08 0.15 0.13 0.10 0.13 0,14 0.21 0.30
Avg F for ages 3-8 3-13 4-13 5-13
] 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
PR T I I e L RN R e EEE]
3-8 = 0.23 0.25 0.21 0.17 0.14 0.07 0,13 0.09 0.15 0,12 ¢.09 0.11 0.13 0.18 0.28
3-13 = 0.23 0.20 0.14 0.17 0.10 0.06 0.12 0.08 0,15 0.18 0.15 0.24 0,21 0.24 0.28
4-13 = 0,22 9.19 0.11 0.41 0.11 0.07 0.13 0.09 0.16 0.19 0.16 0.25 0.23 0.26 0.30
5-13 ® 0.21 0.16 0.10 0.12 0.11 G.07 0.14 0.09 0,17 0.21 0.17 0.27 0.24 0.27 0.31
BACKCALCULATED PARTIAL RECRUITMENT .
o 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
e I e A
1 = 0,00 0.00 0.01 0.00 0.02 0,00 0.00 ¢.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 = (0,29 0,21 0,85 0.13 0.04 0.05 0.04 0.07 0,05 0.03 0.04 0,04 0.06 0.09 0.07
3 M 0.86 0.60 1.00 0.25 0.19 0.18 0.08 0.24 0.19 0.11 0.14 0.11 0.22 0.29 0.19
4L ® 0,65 1.00 0.48 0.30 0.58 0.41 0.13 0.30 0.47 0.23 0.23 0.17 0.21 0.48 0.62
5% 0,45 0.60 0.62 06.72 0.67 0.86 0.36 0.48 0.63 0,29 0.33 0.27 0.25 0.50 0.9%
6 m Q.25 0.37 0.35 1,00 0,78 1.00 0.55 0.78 0.63 0.28 0.34 0.28 0,30 0.57 1.00
7 = 0,54 0,28 0.27 0.58 1.00 0.96 0.74 0.64 0.76 0.27 0,30 0.22 0.27 0.46 0.9¢
8 = 0,34 0,11 6,10 0.49 0.61 0.99 0.83 1.00 0.88 0.49 0.35 0.26 0.30 0.69 0.78
9 m 0,30 0.06 0.08 0.25 0.49 0.47 1.00 0.91 1.00 0.63 0.68 0.34 0.55 0,99 0.87
10 ® 0.4% 0.11 0.06 0.22 0.37 0.45 0.18 0.71 0.62 1.00 1.00 0.89 0.49 1.00 0.84
11 = 1,00 0.26 0.03 0.05 0.38 0.29 0,23 0.22 0.95 0.95 0.85 1.00 0.70 0.59 0.%90
12 w 0,60 Q.79 0.02 0.05 0.14 0.63 0.26 0.28 0.20 0.40 0.59 0.8% 1.00 0,65 0.91
13 w 0,37 0.26 0.57 0.07 0.10 0.83 0.32 0.35 0.54 0.10 0.44 0.61 0.52 0.99 0.87
14 = 0.53 0.55 .36 0.48 0.60 0.44 0.32 0.51 ¢.61 0.30 0,32 0.25 0.28 0.56 0.87
1% m 0.53 0.55 0.36 0.48 0.60 0.64 0.32 0.51 0.41 0.30 0.32 0.25 0,28 0.56 0.87
MEAN BIOMASS (MT)
= 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993
B e R R R R e e R T
. 166 508 544 177 3532 614 1245 761 542 1037 480 430
2 WS40 579 1145 1167 1442 1656 2392 - 2853 3619 5326 2916 3112
3= 753 554 1170 1459 2011 3031 2008 2695 3278 43BB 6292 4807
4w 1196 528 629 745 2550 2763 3568 3386 3618 5007 5329 7762
sm 716 1181 594 594 844 2059 3271 4501 2787 3532 5053 5925
& m 454 630 1152 516 4600 768 2535 3675 4338 2824 3788 4901
7 H 499 499 784 1219 376 524 857 2567 2948 4100 3378 3812
8w 455 410 585 634 924 331 501 875 2105 2395 3797 3233
9 w550 533 427 548 480 794 263 459 566 1548 2057 3426
10 m 428 563 574 385 407 457 664 307 338 386 1257 1466
11 m 274  34% 487 561 321 423 493 872 192 354 365 B4t
12 ® 586 149 360 525 479 324 464 457 731 150 296 242
13- 277 409 95 276 455 486 304 471 347 636 175 231
G m 236 164 322 20 223 398 382 208 304 447 591 139
15 w557 184 441 986 817 2064 7383 1207 894 2415 1744 1534
B L L T R L e L L L L L LT L PR N
1+m 8087 7288 9309 9903 12281 16694 19730 25292 26607 34545 37539 41666
Sumaries for ages 3-8 3-13 4-13 5-13
| ] 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993
B L L L L L L L e L R T I L L e kR rye P RS
3-8 m 4472 3862 4914 5168 7306 9477 12740 17699 19073 22247 27637 30241
3-13 W 5587 5857 6856 7483 9447 11961 14928 20264 21247 25321 31788 356448
4-13 m 5835 5303 5486 6024 T436 8930 12920 17569 17969 20933 25496 31840
5-13 ® 44638 4775 5057 5279 4886 H166 9352 14183 14351 15926 20167 24078

208

99

1995 1996
1441 745
8604 4599
5681 14805
3412 7170
5777 5359
8065 6253
6302 9392
4499 5764
2930 3721
2074 2289
1758 1331
653 1548
357 502
144 196
324 150
54022 63844
1995 1996
35737 ABTV44
43509 58134
37828 43329
32616 36159



Table C24. (Continued).

SSB AT THE START OF THE SPAWNING SEASON - females (MT)

B 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
R L L N L L R R N L T
1\ 0 0 0 0 0 i ] 0 0 0 0 0 1} 0 0
2 ® 0 0 0 0 0 0 s} 0] 0 0 0 0 0 0 0
3= 0 0 0 0 0 0 0 Q 0 ] 0 0 a 0 0
4 @ 22 12 11 16 37 45 é3 50 &0 77 92 133 101 104 122
5 &y 71 31 37 49 139 187 248 192 218 308 347 502 349 333
6 B 157 147 235 115 124 168 489 T34 948 586 770 1057 1210 1779 1284
7TE 236 239 301 494 177 230 344 1051 1386 1741 1285 1587 2071 2474 3638
g8 327 191 234 312 461 151 231 374 1043 1164 1739 1468 1689 2136 2672
em 259 271 197 274 256 396 142 219 333 841 1030 1708 1343 1590 1896
10 @ 226 258 262 193 227 218 343 127 185 220 &47 829 1387 1068 1162
11 ® 168 179 246 268 166 194 225 359 116 167 166 481 5S40 976 T4T
12 = 333 90 161 240 246 151 21t 223 379 78 142 140 284 366 773
138 163 221 53 150 232 230 149 220 19t 322 75 123 84, 183 266
14 = 130 101 170 42 119 203 203 118 181 184 292 73 67 68 119
15 8 312 1046 240 534 440 1083 415 636 4B6 1298 Q40 827 481 180 86
e mdp e et mmmmmm e m e e m e w e m e m e mm e mm e m e mmame e aam e ——tamemm o ———————
1+8 2378 1881 2141 2674 2534 3207 3002 4359 5498 6895 7487 8773 9941 11293 13097
MEAN STOCK NUMBERS (thousands)

B 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
N A MAEE SRR AR SRR RN A ENAtEEEEE R MM ANEE AR E A AT A tEEEEm e ASEEEEEmmTeATrETEEES-meeEEEAEEERA YT EEEEEAsEEEEES S d———=
1 & 1279 2542 2268 2952 2511 3072 4016 4756 6769 4939  4B03 6130 14519 5147 S463
2 B B44 1045 1908 1914 2530 2151 2628 3437 4087 5787 4225 4095 5222 12291 4380
I E 690 590 692 1363 1584 2150 1825 2209 2875 3401 4840 3517 3317 4208 10071
4 B 777 3837 39 452 1063 1310 1802 1518 1765 2308 2741 3901 2796 2483 3091
5 = 296 498 222 271 346 824 1052 1471 1186 1348 1798 2139 3024 2086 1664
68 174 210 340 144 192 264 631 811 1133 891 1032 1369 1595 2210 1383
7E 103 132 155 248 95 145 196 478 &00 852 589 794 1027 17T 1470
g n 113 77 104 116 183 70 107 140 353 425 856 529 601 730 a1
g ® B9 ag 63 84 88 144 50 76 9% 240 296 487 373 403 476
10 = 49 70 74 52 &7 70 118 35 57 62 154 183 340 234 249
1= 25 36 58 62 41 54 57 97 26 37 37 88 105 232 143
12 B 52 14 28 49 52 33 45 47 80 18 24 23 46 67 153
13 = 21 37 9 24 41 43 . 26 35 37 66 13 16 13 26 44
14 & 18 15 27 & 19 34 34 21 28 28 53 10 11 9 16
15 & 35 17 30 62 52 125 46 71 51 141 100 100 a| 16 9

1+B 4567 5755 6369 7799 8865 10489 12633 15205 19127 20544 21483 23402 33060 31313 29423

+
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Table C25. Bootstrap estimates of precision in striped bass VPA.

Age-specific stocksizes (on Jan 1, 1997) estimated by NLLS

: NLLS BOOTSTRAP BOOTSTRAP C.vV. FOR
AGE ESTIMATE MEAN STD ERROR NLLS SOLN
1 151184 1.576E4 3.595E3 0.24
2 5.109€3 5.270e3 1.300€3 0.25
3 4.015E3 4, 180E3 9.041E2 0,23
4  9.030E3 9.204E3 1.808E3 0.20
5 2.561E3 2.610€E3 5.554€E2 0.22
& 1.296E3 1.330e3 3.198e2 0.25
7 1.070E3 1.066E3 2.527€E2 0.24
8 1.157e3 1.181€E3 2.514E2 0.22
9 6.530E2 6.591E2 1.366E2 0.21
10 3.771E2 3.742E2 7.104E1 0.19
11 1.984E2 1.977€2 4 .B06E1T 0.24
12 1.137E2 1.133e2 3.310e1 0.29
13 1.206E2 1.208e2 3.766E1 0.3
NLLS EST C.v FOR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS ESTIMATE
6.357€2 2.542€E2 4,34 1.443E4 0.25
1.615E2 9.193E1 3.16 4.947E3 0.26
1.642E2 6.393E1 4.09 3.851E3 0.23
1.740E2 1.279€2 1.93 8.856E3 0.20
4.874E1 3.927E1 1.90 2.512E3 0.22
3.452€1 2.261E1 2,66 1.261E3 0.25
-3.182E0 1.787E1 -0.30 1.073E3 0.24
2.410E1 1.778E1 2.08 1.133e3 0.22
6.106E0 9.65%E0 0.94 6.469E2 0.21
-2.929€E0 5.023€0 -0.78 3.800E2 0.19
-6.913E-1 3.398E0 -0.35 1.991E2 0.24
~3.955E-1 2.340€0 -0.35 1.141E2 0.29
1.231E-1 2.663E0 0.10 1.205€2 0.31

Futl vector of age-specific stock sizes on Jan 1, 1997

NLLS BOOTSTRAP BOOTSTRAP C.V. FOR
AGE ESTIMATE MEAN STD ERROR NLLS SOLN
1 1.511E4 1.576E4 3.595E3 0.24
2 5.109€E3 5.270£3 1.300e3 0.25
3 4.015E3 4 .180€3 9.041E2 0.23
4  9.030E3 9.204E3 1.808E3 0.20
5 2.561E3 2.610E3 5.554E2 0.22
6 1.296E3 1.330E3 3.198e2 0.25
7 1.070E3 1.066E3 2.527€2 0.24
8 1.157e3 1.181E3 2.514E2 0.22
9  6.530E2 6.591E2 1.366E2 0.21
10 3.771E2 3.742E2 7.104E1 0.19
11 1.984E2 - 1.977E2 4. BOSE1 0.24
12 1.137e2 1.133€2 3.31081 0.29
13 1.206E2 1.208E2 3.766E1 0.31
14 3.507E1 3.396E1 5.173E0 0.15
15 1.936E1 1.875E1 2.859e0 0.15
NLLS EST C.v FOR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS ESTIMATE
6.557E2 2.542E2 4.34 1.445E4 0.25
1.615€2 9.193E1 3.16 4.947E3 0.26
1.642€2 6.393E1 4.09 3.851E3 0.23
1.740E2 1.279E2 1.93 8.856E3 0.20
4.874€E1 3.927E1 1.90 2.512E3 0.22
3.452€1 2.261E1 2.66 1.261E3 0.25
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Table C25. (Continued).

-3.182E0 1.787€1 -0.30 1.07363 0.24
2.410E1 1.778€1 2.08 1.133E3 0.22
6.106EQ 9.659€0 0.94 6.469E2 0.21

-2.929€0 5.023€0 -0.78 3.800€2 0.19

-6.913E-1 3.398€0 -0.35 1.991E2 0.24

-3.995E-1 2.340€0 -0.35 1.141E2 0.29
1.231E-1 2.663E0 0.10 1.205€2 0.31

-1.113EC 3.658E-1 -3.47 3.619€E1 0.14

-6.150€-1 2.0226-1 -3.18 1.998€1 0.14

Full vector of age-specific terminal Fs (in 1996).

NLLS . BOOTSTRAP BOOTSTRAP C.V. FOR
AGE ESTIMATE MEAN S7D ERROR NLLS SOLN
1 9.08BlE-5 9.376E-5 2.485g-5 0.27
2 2.257E-2 2.273E-2 5.132€-3 0.23
3  6.556E-2 6.686E-2 1.371€g-2 0.21
4 2.163E-1 2.20%9E-1 4.513g-2 0.21
5  3.330E-1 3.401E-1 7.302€-2 0.22
6 3.662E-1 3.621E-1 7.802E-2 0.23
7 3.124E-1 3.180E-1 6.27T1E-2 0.20
8 2.6%95E-1 2.766E-1 5.308E-2 0.20
9 3.020E-1 3.124€E-1 5.236€E-2 0.17
10 2.891E-1 3.033E-1 6.574E-2 0.23
11 3.080E-1 3.304E-1 - 9,290g-2 0.30
12 3.159E-1 3.388E-1 9.243E-2 0.29
13 2.995e-1 3.133E-1 4.1326-2 0.14
14 2.995E-1 3.133€-1 4.132E-2 0.14
15+ 2.995E-1 3.133E-1 4.132e-2 0.14
NLLS EST C.vV FOR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE $TD ERROR BIAS FOR BIAS ESTIMATE
2.961E-6 1.757€-6 3.26 8.784E-5 0.28
1.586E-4 3.629E-4 0.70 2.241E-2 0.23
1.300E-3 9.691E-4 1.98 6.426E-2 0.21
4.633E-3 3.191E-3 2.14 2.116E-1 0.21
7.067E-3 5.164E-3 2.12 3.260E-1 0.22
1.589E-2 5.517-3 4.59 3.302E-1 0.24
5.570€E-3 4. 434E-3 1.78 3.068E-1 0.20
7.143E-3 3.753E-3 2.65 2.624E-1 0.20
1.042E-2 3.702E-3 3.45 2.916€-1 Q.18
1.419€-2 4. 649E-3 4. 2.749€-1 0.24
2.242E-2 6.569E-3 7.28 2.856E-1 0.33
2.296E-2 6.536E-3 7.47 2.929E-1 0.32
1.379€E-2 2.921E-3 4.60 2.857e-1 0.14
1.379€-2 2.921E-3 4.60 2.857E-1 0.14
1.379€-2 2.921€-3 4.60 2.857e-1 0.14

Ful ly-recruited (ages 4-13) F in the terminal year (1996)

- NLLS BOOTSTRAP BOOTSTRAP C.V. FOR
ESTIMATE MEAN §TD ERROR NLLS SCLN
2.995E-1 3.133e-1 4.1326-2 0.14
NLLS EST C.V FOR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS ESTIMATE
1.379€-2 2.921E-3 4,60 2.857E-1 a.14
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Table C25. (Continued).

Partial recruitment vector in the terminal year (1996)

NLLS BOOTSTRAP BOOTSTRAP C.V. FOR
ESTIMATE MEAN STD ERRCR NLLS SOLN
1 2.623E-4 2.197E-4 6.272E-5 0.24
2  6.520E-2 5.334E-2 1.369E-2 o.21
3 1.894E-1 1.569€-1 3.667E-2 0.19
4 6.,247E-1 5.186E-1 1.250E-1 0.20
5  9.620E-1 7.890E-1 1.485E-1 0.15
6 1.000E O 8.382E-1 1.438E-1 0.14
7 9.024E-1 7.415E-1 1.465E-1 ¢.16
8 7.785e-1 6.503E-1 1.497E-1 0.19
9 B8.724E-1 7.288E-1 1.292E-1 0.15
10 8.352e-1 7.062E-1 1.511E-1 0.18
11  8.898E-1 7.629E-1 1.706E-1 0.19
12 9.124E-1 7.821E-1 1.751E-1 0.19
13 8.451E-1 7.286E-1 8,994E-2 0.10
14 8.651E-1 7.2B6E-1 8.994E-2 ¢
15 8.651E-1 7.286E-1 8.994E-2 0.10
NLLS EST €.V FOR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS ESTIMATE
-4.261E-5 4. 435E-6 -16.25 3.049E-4 0.21
-1.186E-2 9,.4680E-4 -18.19 7.706€-2 0.18
~3.245€-2 2.593-3 -17.14 2.218E-1 0.17
-1.061E-1 8.836E-3 -16.98 7.308E-1 6.17
-1.730E-1 1.050E-2 -17.9%9 1.133€0 0.13
-1.618E-1 1.017€-2 -16.18 1.162EC g.12
-1.60%9E-1 1.036E-2 -17.83 1.063E0 0.14
-1.282e-1 1.058E-2 -16.47 9.067E-1 0.17
-1.436E-1 ¥.133E-3 -16.46 1.016E0 06.13
-1.290E-1 1.068E-2 -15.44 9.642E-1 0.16
-1,269€-1 1.206E-2 -14.26 1.017E0 6.17
-1.303e-1 1.238E-2 -14.29 1.043E0 0.17
-1.365E-1 6.360E-3 -15,78 1.C02E0 0.09
-1.365E-1 &.360E-3 -15.78 1.002E0 0.09
-1.365E-1 6.360E-3 -15.78 1.002€0Q 0.09

Mean stock biomass during the terminal year (1996)

NLLS BOOTSTRAP BOOTSTRAP C.V. FOR
ESTEIMATE MEAN STD ERROR NLLS SOLN
6.391E4 6. 4TTEL 6.679E3 0.10
NELS EST C.vV FOR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS ESTIMATE
8.580e2 4.723E2 1.34 6.305E4 o.n

$SB (females) at start of spawning season (1996)

NLLS BOOTSTRAP BOOTSTRAP C.V. FOR
ESTIMATE MEAN STD ERROR NLLS SCLAM
1.311E4 1.317E4 1.301E3 0.10
NLLS EST C.V FOR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS ESTIMATE
5.340€1 ¢.198€1 0.41 1.306E4 0.10
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Table C26. Strniped bass retrospective analysis using unweighted runs.

Year
Terminal yr 1982 1983 1984 1985 1986 1987 1588 1989 1990 1991 1992 1993 1594 1995 1996 1997
Recruits 1993 1,769 4,722 4,121 3,717 2,545 3,136 4,314 4479 5,504 4,561 3,251 5194 15253 - - -
(age 1) 1994 1,507 5,104 4,356 4,578 3,555 3,976 5,139 5,690 9,055 5,865 5,233 7,253 18,367 10,946 - -
{000's) 1995 1,391 2,923 3,360 3813 3,286 3,979 4,883 5,823 7,753 5,579 4,604 6,303 15,674 8412 9,757 -
1996 1,400 2,793 2,576 3,680 3,089 3,759 4,792 5,888 9,776 6,360 6,223 30,781 41302 40341 39921 48017
Stock 1993 6,124 9254 11,422 12,573 13015 14,116 16,062 17,888 20,809 21,649 20,871 22,145 32903 - - -
size (1t) 1994 5,964 5495 11,863 13,806 15096 16,754 19,152 21,765 27291 28555 28,785 31,009 43620 46,752 - -
(000's) 1995 5,562 6,973 8,696 10,313 11,791 13,874 16485 19608 24,151 25,551 25590 27313 37,752 39,106 40,768 -
1996 5,504 6,795 7,758 9373 10,784 12765 15461 18,793 25476 27467 28867 30781 41302 40341 39921 48,0'17
Fishing 1993 0.20 0.23 0.18 0.14 0.11 0.05 0.08 0.05 0.10 0.10 6.09 013 - - -
mertality 1994 0.15 0.22 0.18 0.14 011 0.05 0.09 0.05 0.08 0.08 0.07 0.09 0.10 - -
(ages 3-8) 1995 .21 0.23 0.20 0.16 0.13 0.06 0.11 0.07 011 0.09 0.07 0.09 0.11 0.17 -
1696 0.21 0.24 020 0.16 (.13 0.07 0.12 0.08 0.13 0.10 0.08 0.09 0.10 0.15 0.20
Fishing 1993 0.20 018 012 0.09 0.08 0.04 0.09 0.06 0.11 0.11 0.09 6.12 - - -
mortality 1994 019 18 0.12 0.09 0.08 0.04 0.09 0.06 0.10 0.12 0.09 012 0.10 - -
(ages 3-13) 1995 0.26 0.27 0.24 0.10 0.08 0.04 0.06 0.05 0.69 0.08 0.07 0.10 0.12 0.17 -
1996 0.22 0.19 0.14 0.10 0.10 0.06 0.11 0.07 0.14 0.16 0.13 0.20 0.17 0.18 020
Fishing 1993 0.18 0.17 0.10 0.10 0.09 0.05 0.09 0.06 0.12 0.12 0.10 0.13 - . -
mortality 1994 0.18 0.16 0.10 0.09 0.08 0.05 0.09 0.06 0.11 0.13 009 0.13 0.10 - -
{ages 4-13) 1995 0.21 0.26 0.15 0.14 0.12 0.05 0.07 (.06 0.12 0.10 0.08 0.11 0.12 0.19 -
1996 0.21 0.18 0.11 011 0.10 0.06 0.12 0.08 0.15 0.17 0.14 0.21 0.18 0.19 0.22
Fishing 1993 0.17 0.14 0.09 0.10 0.09 0.05 0.10 0.06 0.12 0.12 0.10 0.13 - - -
mortality 1994 0.17 0.13 0.09 0.10 0.09 0.05 - 0.10 0.06 0.11 0.13 0.10 0.13 0.1o - -
(ages 5-13) 1995 0.17 0.18 0.12 .15 0.12 0.07 0.10 0.07 0.13 0.11 0.10 0.13 0.12 0.18 -
1996 0.20 0.15 0.10 0.11 0.10 0.06 0.13 0.08 0.15 0.18 0.15 0.23 0.19 0.20 0.22
Female 1993 2972 2,453 2,765 3427 3,474 4,847 4,631 7,469 9475 11,107 11,624 12,877 - - -
SSB 1994 3,161 2,642 3,004 3,680 3,762 5117 4,891 8,055 10431 12,861 13967 16,053 17,322 - -
(mt) - 1995 2,632 2,131 2442 3,041 2,899 3,798 3,510 5,300 6,998 8,552 9970 11,780 13464 15,204 -
1996 2,501 2,001 2,266 2.880 2,738 3,456 3,264 4,754 6,090 7,885 8,778 10,589 12343 14,636 18,267




Table C27. Input parameters and stochastic projection results of striped bass: landings, discard, and spawning
stock biomass (female, 000's mt). Starting stock sizes on 1 January 1997 (age 1 and older) as estimated by
VPA bootstrap procedure (200 iterations) for ages 1-15+. Recruitment (age 1) level in 1998-1999 selected
at random from time series of recruitment equivalents determined from MD juvenile indices (1955-1977, 1989-
1996). Fishing mortality pattern, proportion discarded, and mean weights (kg) are weighted (by ﬁshery)
average values from 1994-1996. Fishing mortality is the target mortality from the FMP. Percent mortality prior
to spawning is 33%.

Partial Female Overall Mean Mean

recruitment Proportion proportion mean weight weight

Age pattern discarded mature weight landings discards

1 0,00 0.94 0.00 0.220 0.290 (0.290

2 0.06 0.86 0.00 ~0.933 1.110 0.690

3 0.20 0.63 0.00 1.503 1.710 1.160

4 0.63 0.46 0.04 2237 2.470 1.950

5 0.94 0.46 0.13 2.947 3.190 2.630

6 1.00 0.47 0.45 3.890 4,130 3410

7 1.00 0.39 0.89 5.570 5.400 4320

8 1.00 0.25 0.94 - 6.490 6.710 5.240

9 1.00 0.16 1.00 7.290 : 7.540 5.960

10 1.00 0.12 1.00 8.530 8.680 6.690

11 1.00 0.12 1.00 8.870 8.850 6.770

12 1.00 0.12 1.60 10.170 10.390 7.690

13 1.00 0.04 1.00 12.233 12.070 8.930

14 1.00 0,00 1.00 15.670 15.670 -

15+ 1.00 0.00 1.00 18.820 18.820 -
Year Recruitment SSB Landings Discards

Average Median  Average Median  Average Median  Average Median

{000) (‘000) (mt) (mt) {mt} (mt) (mt) (mt)

1997 15,760 15,621 13,096 12,975 7,803 7,725 3,246 3,198

1998 6,443 5,226 13,481 13,336 8211 8,120 3,543 3,508

1999 6,500 5,226 15,297 14,993 8,515 8,393 3,344 3,815
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Figure C1. Striped bass commercial and recreational landings, Maine to coastal North Carolina, 1930-1996.
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Figure C2. Percentage commercial striped bass landings in weight by state, 1982-1996 and 1990-1996.
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Figure C5. Fisheries-independent indices of Hudson River stock of striped bass.
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Figure C6. Indices of striped bass abundance in coastal regions.
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Figure C9. Striped bass catch at age by year, 1982-1996. Empty bar indicates age at maximum recruitment.
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Figure C13. Age at full recruitment of striped bass, Maine to coastal North Carolina, based on back-calculated
partial recruitment in VPA, 1982-1996.
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D. SPINY DOGFISH

Terms of Reference

a. Update the historical patterns of landings and

C.

summarize the size and sex composition of com-
mercial landings and research survey catches of
the coast-wide stock of spiny dogfish.

Summarize recent changes in minimum stock bio-
mass, population rate of change, size and sex
composition of commercial landings and survey
indices, and fishing mortality rates.

Evaluate the implications for sustainable harvest
rates and advise on appropriate biological refer-
ence points for this stock.

Introduction

Spiny dogfish (Squalus acanthias) were last as-

sessed by the Stock Assessment Review Committee
in June 1994 at SAW-18. The previous assessment in-
corporated landings data through 1993 and research
survey data through the spring of 1994, A summary
of the key findings of the SAW-18 results are summa-
rized below:

® Total landings of spiny dogfish peaked at about

26,000 mt in the mid 1970s owing to fishing by
foreign fleets. US commercial landings never ex-
ceeded 5,000 mt until 1981 and, from a level of
about 4,200 mt in 1987, increased five times to
over 22,000 mt in 1993,

About 70% of the current landings are taken by
sink gillnets, with most of the remainder by otter
trawls. Over 95% of the landings consist of ma-
ture females >80 cm in length.

Recreational catches have also increased in recent
years, apparently in parallel with abundance, but
they only constitute about 8% of the total land-
ings.

Discards from other fisheries, particularly by otter
trawlers targeting groundfish, contribute an un-
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known, but substantial, fraction of the total mor-
tality. Minimum estimates in 1993 suggest that an
additional 25,000 mt of dogfish were discarded,
of which 14,000 mt were killed.

Graphical analysis of the spatial distribution of
spiny dogfish catches from NEFSC winter, spring,
summer, and autumn surveys and Canadian sum-
mer surveys confirmed a distinct seasonal migra-
tion pattern. Dogfish are located primarily in Mid-
Atlantic waters in the winter and spring. By sum-
mer, they move north towards Canadian waters
and into bays and estuaries where they remain
throughout the autumn. Onset of cooler waters in
late autumn results in a return to the south.

A general linear model of NEFSC and Canadian
survey data provided statistical evidence of a unit
stock in the Northwest Atlantic.

Minimum swept-area biomass estimates reveal a
5-fold increase in abundance over the last 30 years
to about 650,000 mt in 1993. There is no evi-
dence, however, of a continuing increase in the
fishable stock (1.e., >80 cm in length) since 1990.
Most of the increase in overall biomass appears to
have been due to improved recruitment since the
late 1960s. Compensatory changes in average
weights appear to have contributed relatively little
to the overall change in biomass.

Mature females (280 cm) comprise over 95% of
the landings. Apparently as a result of the dramat-
ic increases in the fishery on mature females, com-
mercial catch/effort and mean lengths of dogfish
in commercial landings and research survey
catches have decreased in the last five years.

Commercial fishery information, research survey
data, and life history parameters from the litera-
ture were used to develop a size- and sex-struc-
tured equilibrium model for dogfish. Using the
concept of pups per recruit, preliminary biological
reference points for fishing mortality were deriv-
ed. With a minimum size limit of about 80 cm,



fishing mortality rates (F) in excess of 0.2 would
lead to the gradual decline of the spiny dogfish
stack.

e Change-in-sex-ratio estimators were used to de-
rive sex-specific F values. Results suggest a five-
fold increase in F on females from 1991 to 1993
to levels in excess of 0.25 per year. Such rates ex-
ceed levels for maximum yield per recruit and im-
ply reproductive rates insufficient for replacement.

® While current minimum biomass estimates of
650,000 mt are high, mature females may already
be over-exploited. In view of the delayed matura-
tion, low birth rates, and longevity of this species
and experiences in shark fisheries worldwide,
plans to increase exploitation rates should proceed
cautiously to avoid rapid depletion of the adult
stock.

This report, an update of the 1994 SAW-18 as-
sessment, incorporates Northeast Fisheries Science
Center (NEFSC) research trawl survey data through
spring 1997 and commercial landings data through
July 1997, Information on discard rates has not been
updated nor have any further analyses of the unit
stock hypothesis been conducted. New material in
this report includes:;

1) Detailed analyses of trends in length composition
of landings and surveys.

2) Analyses of trends in recruitment.

3) Application of the Beverton and Holt mortality es-
timator based on mean length and development of an
approximate confidence interval estimator.

4) Close agreement between observed length-specific
sex ratios and predictions of a mechanistic life history
model.

5) Correction to predicted yield-per-recruit estimates
from SAW- 18.

6) Implications of 1982-1996 fishing mortality pat-
terns for yield and pups per recruit.

7) Proposal of a new biological reference point for
spiny dogfish based on pup production per recruit ne-
cessary for equilibrium.

Many of the initial effects of size- and sex-specific
fishing that were apparent, but not yet conclusive in
1994, have been confirmed in the present assessment.
Mean lengths of spiny dogfish in the landings and sur-
veys have begun a rapid decline, minimum biomass
estimates of mature females have decreased by nearly
50% since 1990, and fishing mortality rates are well
above those compatible with sustainable harvest.
Mean sizes in the commercial fishery have declined to
the extent that the increase in total landings from
14,731 mt in 1990 to 27,241 mt in 1996 (an increase
of 85%) was accompanied by a 311% increase in
numbers landed. Percentage of males in the landed
jumped dramatically in 1996 to 17% by weight and
25% by numbers. Historically, males had been a small
(<5%) fraction of the total landings.

Estimated recruitment (i.e., dogfish <35 cm) in
1997 was the lowest in the 30-year time series.
Moreover, low numbers and small average size of
juvenile dogfish (<35 cm) in 1997 are consistent with
reduced biomass and average size of the female
spawning stock. Under the present magnitude and se-
lectivity of fishing mortality, the spawning stock will
continue a rapid decline and recruitment will be below
replacement. Minimum biomass estimates for the en-
tire resource remain high, about three times greater
than levels in the 1970s, but the spawning stock has
declined significantly in the last seven years. The ef-
fects of fishing mortality rates since 1990 will result
in a continued decline of the spawning stock, particu-
larly when the small cohorts born in the 1990s reach
maturity in 2005 and beyond.

Basic Life History

Spiny dogfish (Squalus acanthias) are distributed
in Northwest Atlantic waters between Labrador and
Florida, are considered to be a unit stock in NAFO
Subareas 2-6, but are most abundant from Nova Sco-
tia to Cape Hatteras. Seasonal migrations occur
northward in the spring and summer and southward
in the fall and winter, and preferred temperatures
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range from 7.2° to 12.8°C (Jensen 1965). In the win-
ter and spring, spiny dogfish are located primarily in
Mid-Atlantic waters but also extending onto southern
Georges Bank on the shelf break. In the summer, they
are located further north in Canadian waters and
move inshore into bays and estuaries. By autumn,
dogfish have migrated north, with high concentrations
in Southern New England, on Georges Bank, and in
the Guif of Maine. They remain in northern waters
throughout the autumn until water temperatures begin
to cool and then return to the Mid-Atlantic.

Dogfish tend to school by size and, for large ma-
ture individuals, by sex. Dogfish are predators of
some commerciaily-important species, mainly herring,
Atlantic mackerel, and squid. Maximum reported ages

for males and females in the Northwest Atlantic were -

estimated by Nammack (1982) to be 35 and 40 years,
respectively, whereas ages as old as 70 years have
been determined for spiny dogfish off British Colum-
bia (McFarlane and Bearnish 1987). In this report, a
maximum age of 50 years was assumed. Sexual ma-
turity occurs at a length of about 60 cm for males and
75 cm for females (Jensen 1965). Reproduction oc-
curs offshore in the winter (Bigelow and Schroeder
1953), and female dogfish bear live offspring. The
gestation period ranges from 18 to 22 months, with
2-15 pups (average of 6) produced. Females attain a
greater size than males, reaching maximum lengths
and weights of about 125 cm and 10 kg, respectively.

Fishery-Dependent Data

Commercial Landings

Commercial landings data and biological infor-
mation were obtained from the NEFSC commercial
fisheries database. The sex of commercial landings
was not recorded routinely until 1982. The commer-
cial landings sampling program is described in
Burns er al. (1983). Historical records dating back to
1931 indicate levels of US commercial landings of
dogfish in Subareas 5 and 6 of less than 100 mt in
most years prior to 1960 (NEFC 1990). Total land-
ings of spiny dogfish in NAFO Subareas 2-6 by all
fisheries climbed rapidly from the late 1960s to a peak
of about 25,600 mt in 1974 (Table D1). Substantial

harvests of dogfish by foreign trawling fleets began in
1966 in Subareas 5 and 6 and continued through
1977. Since 1978, landings by foreign fleets have
been curtailed, and landings by US and Canadian ves-
sels have increased markedly. A sharp intensification
of the US commercial fishery began in 1990; estimat-
ed landings in 1996 of nearly 28,000 mt were about
five times greater than the 1980-1989 average. His-
torical landings reported in Table D1 differ from
those presented at SAW-18 and reflect the incorpora-
tion of canvass data on landings. Details on the data-
bases used to estimate landings are summarized in
Appendix L.

US landings

US commercial landings of dogfish from NAFO
Subareas 2-6 were around 500 mt in the early 1960s
(Tabie D1), dropped to levels as low as 70 mt during
1963-1975 while averaging about 90 mt, and remain-
ed below 1,000 mt until the late 1970s. Landings in-
creased to about 4,800 mt in 1979 and remained fairly
steady for the next ten years at an annual average of
about 4,500 mt. Landings increased sharply to 14,900
mt in 1990, dropped slightly in 1991, but continued a
rapid expansion from 18,987 mt in 1992 to over
28,000 mt in 1996. Landings in 1996 were the highest
recorded since 1962, exceeding previous peak years
during the early 1970s when the fishing fleet was
dominated by foreign vessels (Figure D1). Data for
1997 are incomplete, but at least 14,500 mt had been
landed through September.

Foreign landings

A substantial foreign harvest of dogfish occurred
mainty during 1966-1977 in Subareas 5 and 6. Land-
ings, the bulk of which were taken by the former
USSR, averaged 13,000 mt per year and reached a
peak of about 24,000 mt in 1972 and 1974 (Table
D1). In addition to the former USSR, other countries
which reported significant amounts of landings in-
clude Poland, the former German Democratic Repub-
lic, Japan, and Canada. Since 1978, landings have av-
eraged only about 900 mt annually and, except for
those taken by Japan and Poland, have come primarily
from Subareas 4 and 3. Canadian landings, insignifi-
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cant until 1979 when 1,300 mt were landed, have
been sporadic, but again totaled about 1,300 mt in
1990. The 1992 Canadian landings were about 800
mt, and probably increased in 1993 (Hunt, pers.
comm.).

Gear types

The primary gear used by US fishermen to catch
spiny dogfish has been otter trawls and sink gillnets
(Table D2, Figure D2). The latter accounted for over
50% of the total US landings during the 1960s, while
the former was the predominant gear through the
1970s and into the early 1980s. Since the late 1980s,
sink gillnets have again taken most of the landings,
accounting for about 70% in 1993. Spiny dogfish
taken by the distant water fleets were caught almost
entirely by otter trawl. Recent Canadian landings have
been mainly by gillnets and longlines.

Temporal and spatial distribution

US dogfish landings have been reported in all
months of the year, but most have traditionally oc-
curred from June through September (Table D3). In
recent years, however, as total landings increased
sharply, substantial amounts were also taken during
autumn and winter months.

As noted at SAW-18, most landings during the
1980s originated from statistical area 514 (Massachu-
setts Bay). Following the intensification of the fishery
in 1990, statistical areas 537 (Southern New England)
and 621 (off Delmarva and southern New Jersey)
produced substantial quantities. In 1992 and 1993,
large landings were reported from statistical areas 631
and 635 (North Carolina). Landings from 1994 on-
ward were not prorated to statistical areas for this re-
port.

In most years since 1979, the bulk of the landings
occurred in Massachusetts (Table D4). After 1989,
important landings were also made in Maine, New
Jersey, Maryland, Rhode Island, and especially North
Carolina ports. In 1996, North Carolina landings were
roughly half those in Massachusetts.

Recreational Landings

Estimates of recreational catch of dogfish were
obtained from the NMFS Marine Recreational Fishery
Statistics Survey MRFSS (see Van Voorhees et al,
1992 for details). Recreational catch data have been
collected consistently since 1979, but sex is not re-
corded. Methodological differences between the cur-
rent survey and intermittent surveys before 1979 pre-
clude the use of the earlier data. The MRFSS consists
of two complementary surveys of anglers via on-site
mterviews and households via telephone. The angler-
intercept survey provides catch data and biological
samples, while the telephone survey provides a mea-
sure of overall effort. Surveys are stratified by state,
type of fishing (mode), and sequential two-month per-
iods (waves). For the purposes of this paper, annual
catches pooled over all waves and modes and group-
ed by subregion (ME-CT, NY-VA, and NC-FL) were
examined.

The MFRSS estimates are partitioned into three
categories of numbers caught and landed: A, B1, and
B2. Type A catches represent landed fish enumerated
by the interviewer, while B1 are landed catches re-
ported by the angler. Type B2 catches are those fish
caught and returned to the water. Inasmuch as dog-
fish are generally caught with live bait and are often
mishandled by anglers, 100% discard mortality was
assumed. The MRFSS provides estimates of landings
in terms of numbers of fish. Biological information on
dogfish is generally scanty, resulting in wide annual
fluctuations in mean weights. To compute total catch
in mt, an average weight of 2.5 kg per fish was as-
sumed for all years.

Total recreational catches increased from an av-
erage of about 350 mt per year in 1979-1980 to about
1,700 mt in 1989-1991 (Table D1). Since 1991, rec-
reational landings have decreased continuously from
nearly 1,500 mt to less than 400 mt in 1996. Landings
by number (Figure D3) suggest a similar but less pro-
nounced decline. Recreational landing are a small
component of the total fishing mortality on spiny dog-
fish. Even if all of the Type B2 catch died after re-
lease, recreational catches have comprised only about
8% of the total landings. Therefore, the imprecision
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in the estimate of recreational landings is inconse-
quential relative to the commercial landings and dis-
cards.

Size and Sex Composition of Commercial Landings

The seasonal distribution of biological sampling of
the landings generally coincided with the seasonal
pattern of landings (Tabie D5). Most samples were
taken in June through November, Sampling effort
from January to May has been low and should be in-
creased to more adequately assess the biological char-
acteristics of the catches in these months. It is impor-
tant to note that biological characteristics of the land-
ings are driven primarily by the market place, particu-
larly the acceptance of small dogfish. The major in-
crease in small males in the 1996 landings probably
reflects their acceptance by export markets as well as
the availability of processing equipment for smaller
dogfish. The estimated size and sex composition of
the landings are based on a pooled samples over the
entire year.

During 1982-1995, over 95% of the sampled
landings of spiny dogfish were females greater than
84 cm. Males comprised a small fraction of the land-
ings and were rarely observed above 90 cm in length.
In 1996, landings of male dogfish increased dramati-
cally, both in numbers and total weight (Table D6).

Shifts in length frequencies toward smaller sizes
reflect the marked increase in landings since 1989.
The average size of landed females appears to have
decreased by more than 10 cm since 1982 (Figure
D4). The average size of males has not changed ap-
preciably (Figure DS5), but there is a slight downward
trend since 1990. Error bounds (dashed lines in Fig-
ures D4 and D5} represent 99% confidence intervals
of the mean lengths for the period 1982-1989. Results
suggest that mean lengths of females were significant-
ly lower than the historical limits beginning in 1993,
after only three years of intensive fishing (Figure D4).
Male landings were negligible until 1996; the absence
of a significant change from 1990 to 1995 is consis-
tent with this fact. Note, however, the pronounced in-
crease in landings in 1996 and rapid decline in aver-
age size of males (Figure D5).

Reductions in average weight of females (Figure
D6) are dramatic, with a decline of average individual
weight greater than 1.3 kg per fish since 1992. Again,
the decline for males in 1996 is evident (Figure D7).
Decreases in average size are consistent with increas-
ed fishing mortality, but could also be due to changes
in the mix of otter trawl and sink gillnet catches. Cor-
roboration of these trends in the research surveys
(later section) suggest that these trends are the result
of increased fishing mortality. The implications of
sex-specific removals are considered further in the
section on Life History Model.

Mean sizes in the commercial fishery have declin-
ed to the extent that the increase in total landings of
14,731 mt in 1990 t0 27,241 mt in 1996 (an increase
of 85%) was accompanied by a 311% increase in
numbers landed. Percentage of males in the landings
jumped dramatically in 1996 to 17% by weight and
25% by numbers (Figure D8).

Discards

Spiny dogfish have been caught and discarded
during fishing operations both in the past and at pres-
ent. Unfortunately, information on which to base
quantitative estimates of discard has only been col-
lected in recent years. A large-scale fisheries observer
program for commercial vessels has been conducted
by NEFSC since 1989 (Murawski ef al. 1995, Ander-
son 1992). Species catch, effort, and associated bio-
logical and fishery data are collected for each trip. An
important attribute collected during each trip, deter-
mined from skipper interviews, is the "primary species
sought". Spiny dogfish discards per ton of target spe-
cies were calculated from the 1993 sea sampling data,
supplemented to some extent by data from 1990,
1992, and 1994. Total estimates of dogfish discards
were expanded by multiplying the discard/ton ratio by
the total tonnage of landings of the target species.

Recent information on the catch, discards, land-
ings, and size composition of spiny dogfish taken on
sea sampling trips aboard US fishing vessels from
1989 to early 1994 was summarized by year, gear
type, and primary species sought (= target species)
for SAW-18. A summary table from that report is re-
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produced herein (Table D7), but no further analyses
were conducted for this report. The summarized sea
sampling data indicate a significant level of spiny dog-
fish discards, but it was not possible to derive reliable
annual estimates of dogfish discards for all major
gear/area/target species cells.

These estimates are only provisional and are use-
ful to the extent that 1) sea sampled trips are repre-
sentative of fleet activity in each gear/area/target spe-
cies cell and 2) there are some components of the
fishery in which dogfish discards occur, but are not
accounted for in these calculations (e.g., other gears,
target species). The limited information available on
the mortality of discarded dogfish suggests higher
mortality rates in gillnets than in trawls. Discard
rates of 75% and 50% were assumed in gillnet and
otter traw! catches, respectively. Total discard esti-
mates are subject to considerable uncertainty, how-
ever, the assumptions were considered reasonable
(NEFSC 1994).

Total dogfish discards for 1993 were estimated by
this method to be 25,000 mt, with 13,500 mt of these
suffering mortality. Trawl components, particularly in
the Mid-Atlantic and Southern New England area,
probably account for the largest fraction of the dog-
fish discard mortalities. It must be emphasized that
these estimates are provisional; further work on dis-
card rates and the magnitude of total discard mortal-
ity is warranted.

Fishery-Independent Data

Research Vessel Abundance Indices

NEFSC surveys

The NEFSC has conducted spring and autumn
trawl surveys of the USA continental shelf annually
since 1963. The surveys extend from the Gulf of
Maine to Cape Hatteras. Details on the stratified ran-
dom survey design and biological sampling meth-
odology may be found in Grosslein (1969), Azarovitz
(1981) and NEFSC (1995). Sex of spiny dogfish was
not entered into the database until 1980.

Indices of relative stock biomass and abundance
for spiny dogfish were calculated from NEFSC spring

and autumn bottom trawl survey data. Overall indices
were determined using only the offshore strata (1-30,
33-40, and 61-76) in order to obtain longer time
series (i.e, 1967-1993 for the autumn survey and
1968-1994 for the spring survey). The autumn survey
could not be extended back to 1963 because sampling
of the Mid-Atlantic strata (61-76) did not begin until
1967.

In both the spring and the autumn surveys, there
was considerable variability in the indices (Tables D8
and D9, Figure D9). Both sets of indices indicate an
overall increase in abundance and biomass since the
early 1970s. The rate of change in the autumn survey
has generally been less than observed for spring. At
SAW- 18, it was determined that the higher vanability
in the fall survey is attributable to a variable fraction
of the population present in Canadian waters during
the NEFSC fall survey.

State surveys

Abundance indices for spiny dogfish from Massa-
chusetts spring and autumn inshore bottom trawl sur-
veys in 1980-1993 were higher in the autumn than in
the spring reflecting the greater availability of spiny
dogfish inshore in the autumn (Tables D10 and D11).
As in the case of the NEFSC survey results, there was
considerable year-to-year variability in these indices
(Figure D10), but nevertheless some suggestion of a
general increase in abundance and biomass during the
period. High variability in this survey is also a reflec-
tion of the seasonal use of the area surveyed by the
State of Massachusetts.

Canadian surveys

Indices of relative abundance for 1970-1993 from
the Canadian summer bottom trawl survey conducted
in NAFO Duivisions 4VWX (Dawe, pers. comm.)
were not updated for this report.

Size and Sex Compositions

Size frequency distributions of spiny dogfish
(sexes combined) from the spring and autumn NEFSC
surveys were examined (Figures D11-D13). The
spring survey length frequencies have three modes
corresponding to new recruits (<40 cm), mature
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males (70-80 ¢m), and mature females (95 cm). Large
numbers of recruits have appeared periodically in the
time series, especially in the early 1970s. The length
frequency patterns in the autumn survey catches are
much less consistent, and there is no apparent track-
ing of modal lengths over time. Some compression of
the maximum size categories is evident in 1990-1994.

Male length frequencies are strongly skewed and
nearly truncated, as predicted by the von Bertalanffy
growth model (Figures D14 and D15). Females grow
much larger than males. Truncation of male length
frequencies is also evident when catches of the fish-
able population (>80 cm) are plotted. Very few males
>80 cm appear over a 15-year time span (Figures
D14-D17), whereas females appear in large numbers.

Massachusetts survey data (Figures D18 and D19)
show the same general trend of decreasing length,
particularly in the autumn survey.

The median length of the mature adult population
increased steadily from 84 cm in 1968 to 95 c¢cm in
1981. Since then, median length has declined to 82
cmin 1997 (Figure D20). The average size of dogfish
less than 35 cm, (i.e., about 1 year old) has remained
fairly steady between 28 and 32 cm since 1968. In
1997, a year of lowest recruitment on record, the me-
dian length was 26 cm, also the lowest on record
(Figure D20). Reductions in average pup size may be
related to reduction in the average size of females
greater than 80 cm. NEFSC research survey results
for 1997 indicated the smallest average size of mature
females since 1980, exhibiting a drop of nearly 10 cm
in gverage size.

The removal of mature female dogfish has pro-
gressed steadily since 1990. Figure D22 depicts the
size composition of females greater than 70 cm. This
length could be considered the minimum size at which
a female could produce pups. For example, Silva’s
(1993) minimum size for viable pup production was
75 cm, corroborating earlier work by Templeman
(1944). Since 1990, the median length of mature fe-
males has declined from 85 cm to 76 cm in 1997.
Seventy five percent of the female dogfish in 1997
were below the L., for maturity (i.e., length at which
50% of the females are mature). Hence, only half of
the 70+ cm population is capable of producing off-

spring. These results, coupled with the nearly 50%
reduction in abundance of females >80 c¢m (Figure
D24), suggest large-scale reductions in the reproduc-
tive capacity of the stock.

Analysis of Biomass Trends

Swept-Area Method Biomass Estimate

Estimates of minimum stock biomass were deter-
mined from the NEFSC spring survey catches. Mean
numbers per tow by sex and 1-cm length class were
converted to average weights using the following
length-weight regressions:

females: W = exp (-15.0251) * L6054
males: W = exp (-13.002) * L2®7¥

These average weights were then multiplied by the
total survey area (64,207 n mi*) and divided by the
average area swept by a 30-min trawl haul (0.01 n
mi®), Three size categories were defined (<35 cm, 36-
79 cm, and >80 c¢m) which approximately correspond
to new recruits, males and immature females, and ma-
ture females, respectively (Table D12). Swept-area
estimates of stock biomass are considered to be min-
imum estimates because vulnerability of the stock to
the trawl is not incorporated. Ability to avoid the net
and dispersal of the stock above the bottom are two
factors that may result in lower overall estimates.

The minimum estimates exhibit high annual varia-
tion generally in excess of what is realistic for such a
long-lived species. Therefore, LOWESS smoothed
estimates of biomass were considered to be better
measures of population trends (Figure D23). Total
population biomass has been static since 1991 at
about 600,000 mt. The rate of increase in overall
numbers in the population appears to be decelerating
and has been coupled by a slight decrease in the av-
erage length in the population. As shown previously,
the apparent stability of the composite population
trends belie the substantial changes within size
groups. '

When trends in numbers are examined by size
grouping, the magnitude of the changes become evi-
dent (Figure D24). For the fishable stock (i.e., 280
cm), biomass estimates increased about six-fold from
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1968 to a peak in 1989 of slightly below 300,000 mt.
Since then the population appears to have declined to
less than 150,000 mt in 1997, The 36-79 cm group
continues to increase, perhaps reflecting higher levels
of recruitment in the late 1970s and early 1980s (Fig-
ure D24).

As NEFSC survey catches of spiny dogfish were

not routinely sexed until 1980, the available time ser-

ies for male and female biomass is only half as long as
for the total biomass. Since 1990, the biomass of fe-
males in the fishable stock continues a sharp decline
of nearly 50% (Figure D25); the male component of
the >80 cm biomass has been relatively stable since
1980 (Figure D25). Both female and male dogfish ex-
hibit parallel patterns for recruits (<35 cm) and the
pre-fishery stock (Figure D25). Recent decreases in
the minimum numbers of female dogfish are consis-
tent with the removals by the commercial fishery. The
implications of these sex-specific removals are consid-
ered further in the section on Life History Model.

Continued increase in the numbers and biomass in
the 36-79 cm length ranges might be attributable to
the pulses of recruitment during the early 1980s. A
simple test of this hypothesis was conducted by ob-
serving that the pool of 36-79 cm dogfish consists of
at least 7 or 8 cohorts. If true, then the population
size between 36 and 79 cm could be written as a
weighted sum of the cohorts that produced it. The
general model for this approach is:

Npss® =s RE-1) +$*R(t-2) + ¥ RE3) +... + S RED) (1)

The s term was estimated using nonlinear least
squares and plotted in Figure D26. For the 1975-1997
period, the expected value of the s parameters is
0.9456. This implies an average M of 0.06. Hence,
the simple model above supports the concept that in-
creased recruitment fueled the increase in the biomass
of 36-79 c¢m dogfish between 1981 and 1993. The
disparity between observed and predicted for 1994
onward might imply a change in total morality rate on
recruits.

Stock and Recruitment

Spawning stock and recruitment were examined
via analysis of the NEFSC spring research vessel sur-

vey data. The number of spawners was approximated
as the number of dogfish >80 c¢m, corresponding to
the predicted length at 50% maturity for females
(Silva 1993). In most years since 1980, this size range
consisted of more than 75% females; prior to 1980,
sex of survey catches of dogfish was not recorded in
the database. The >80-cm size group permitted an in-
vestigation of the entire spring time series since 1968,
Using the von Bertalanffy growth model (see section
on Life History Model), 80 ¢cm corresponds to 10.5
yr and older females. Recruits were defined as ail
dogfish <35 cm. For male dogfish, this corresponds
to a predicted age of 1.11 yr; for females, the pre-
dicted age is 1.04 yr.

Total numbers of spawners show an overall up-
ward trend since 1968 (Figure D27) with an apparent
three-fold increase through 1988 and a pronounced
decline since then. The number of recruits per tow ex-
hibits no consistent trend, although estimates appear
to have become more variable since 1981. Numbers
of recruits per tow are in the same range as the num-
ber of spawners, and recruits per spawner vary from
0.1 to 3. LOWESS smoothing of the recruits per
spawner (not shown) suggested a gradual decline
since 1968, but a linear regression of the ratio vs time
was not statistically significant (P = 0.18).

It is particularly interesting to note that the ex-
pected number of recruits per spawner (0.73, dashed
line in bottom panel of Figure D27), predicted by the
life history model described later in this assessment,
is close to the observed ratio since 1968. The length
model computes the equilibrium length frequency of
the population, given estimates of population growth
rate and fishing mortality (see section on Fishing
Mortality Estimates).

Low fecundity and longevity of dogfish suggest
that interannual variations in recruitment should be
small relative to most teleosts. Moreover, annual pup
production should be proportional to the number of
spawners. Temporal variations should be related pri-
marily to incomplete vulnerability to the survey gear
and sampling vanability. These deductions from life
history theory are supported by the observed patterns
in the spring survey. The observed range of recruits
per spawners is relatively small (0.1 to 3) and agrees
well with the independent predictions of the life his-
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tory model (next section). The implications for future
fisheries management are clear: "strong” year classes
are infrequent in dogfish and would be unlikely to
permit rapid recovery of the stock if overfishing oc-
curred.

- Fishing Mortality Estimates

Spiny dogfish collected or examined during rou-
tine research vessel surveys or port sampling of com-
mercial landings are currently not aged. Silva (1993)
used the software package MULTIFAN (Fournier et
al. 1990) to decompose the length frequencies from
research cruises into age groups, but was unable to
obtain accurate separation above 8 years old. This
limitation restricts the utility of such methods for pro-
viding management advice on the fishable stock. In
theory, tagging studies could be used to estimate total
mortality rates, but no contemporary tagging pro-
grams have been conducted.

Three length-based methods were examined in this
report. These include a change-in-ratio approach, the
Beverton-Holt model for Z as a function of mean
length, and a length-specific sex-ratio model. The last
method is derived from the expected sex-specific
length frequency distributions under different levels of
fishing mortality and knife-edge selection for length at
entry into the fishery, Close agreement between the
observed and predicted values suggest that a statisti-
cal estimator can be derived. Work on this theoretical
aspect is underway. Other methods based on length
frequencies (e.g., Wetherall ez al. 1987) were not at-
tempted for this assessment, but will be considered in
the future.

Change-in-Ratio Method

The potential utility of change-in-ratio (CIR) esti-
mators (Seber 1982) for mortality estimation was
suggested by large differences between maximum
lengths of males (L, = 81 ¢m) and females (L, = 105),
differential growth rates, and selection for females in
the fishery. The method of Chapman and Murphy
(1965) was applied to LOWESS (Cleveland 1979)
smoothed estimates of male and female numbers per
tow for spiny dogfish >80 cm in length from the

NEFSC spring survey for the period 1982-1997.
Length frequency samples from US commercial land-
ings were used to characterize the sex ratio of remov-
als. Let %, and x, represent the number of animals of
type x in the population at times 1 and 2, respectively.
Similarly, let y, and y, represent the comparable num-
bers of animals of type y. The removals of types x and
y that occur between times 1 and 2 are denoted as R,
and R,, respectively. Chapman and Murphy (1965)
demonstrated that the approximate instantaneous fish-
ing mortality rates (F) for types x and y animals can
be estimated as:

!
Foe T 08 and F = F )
1+ 05 log(ry) - y oo (2)
where
R X
- A and r,o= 2 4
Ry X X Y,

Chapman and Murphy (1965) illustrated that F,
and F, are insensitive to the rate of natural mortality
over the range M = 0-0.4. Note that F, and F, depend
only on the estimated ratios and not the absolute
numbers. Thus, removal ratios from the fishery are
sufficient for estimation, even though the numbers re-
moved are orders of magnitude greater than the num-
bers observed in the research vessel surveys.

A key assumption for application of CIR estima-
tors is the assumption that population sex ratios be-
fore and after removals are representative. Spiny dog-
fish are thought to comprise a single stock in the
Northwest Atlantic (NAFO Subareas 2-6) (Annand
and Beanlands 1986, Scott and Scott 1988), although
trans-Atlantic migrations have been recorded (Tem-
pleman 1976). The importance of transatlantic migra-
tions is unknown, but the extent of such movements
was considered negligible for the purposes of this as-
sessment. Spiny dogfish are distributed in Northwest
Atlantic waters between Labrador and Florida, but
are most abundant from Nova Scotia to Cape Hatter-
as. Analyses of spatial and temporal abundance pat-
terns in SAW-18 (1994) provide additional statistical
evidence of a single stock '
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Application of the change-in-ratio (CIR) method
to smoothed survey indices (Table D13) revealed an
increase in mortality rates on females since 1989 and
almost no change in males. Some estimates prior to
1989 are negative, indicating that the mortality signal
is obscured by the noise in the data (i.e., sampling er-
ror, or interannual variations in availability). CIR es-
timates of F must be viewed with some uncertainty.
The sex ratios in the landings may not be representa-
tive of the sex ratio in the catches. Discards contain a
higher proportion of males than the landed catch

(NEFSC 1994). It is evident that fishing mortality on

mature females has increased since 1990. Although
estimates since 1989 are all positive, further work is
necessary to evaluate the utility of this approach. This
increase in F on females agrees well with observed in-
creases in landings, the changes in the female fraction
in the NEFSC spring survey, and the decreases in av-
erage lengths of mature females.

Beverton and Holt Model

Instantaneous total mortality rates (Z) for dogfish
were also estimated using the length-based method of
Beverton and Holt (1956)

K(L_~L
;. ke
L-Lr

()

where K and L are from the von Bertalanffy growth
models and L is the stratified mean where K and L,
are from the von Bertalanffy growth model and L is
the stratified mean length of individuals in the spring
survey greater than the critical length L’ L’ is the
25th percentile of length in the commercial landings.
Parameters for males and females are summarized in
Table D14.

Minimum estimates of 95% confidence intervals
were developed from the standard error of the mean
length (>L") in which the effective sample size for the
survey estimate of mean length was set to 50. Use of
a sample size of 50 widens the confidence interval on
mean length. The probability density function (PDF)
of the mean length was assumed to be normal with
mean and variance set to their sample estimates from

the survey data. The PDF was estimated for the range
L’ to L, (Figure D28a) and adjusted for truncation.
The corresponding estimate of F was computed for
each mean value (Figure D28b) and multiplied by its
probability. The resulting PDF of total mortality (Fig-
ure D28¢) can be used to generate median F and con-
fidence intervals on Z corresponding to variation in L
and conditional on the von Bertalanffy growth param-
eters K and L_. The corresponding range in Z does
not include variance contributed by error in esti-
mation of K, L_, or I.’, nor any covariance among
terms. These estimates should be considered mini-
mum estimates of the potential range of Z.

Mortality rates averaged about 0.06 during the
period when landings averaged about 6000 mt (Table
D14). Landings nearly tripled between 1989 and 1990
and have increased since then to over 28,000 mt (Ta-
ble D1). The increase in fishing mortality rates reflects
the increase in landings (Table D14) with current
rates near 0.25 for the last three years. If mean and
standard deviation of length in the landings for 1997
remains similar to that observed in 1996, the predict-
ed fishing mortality is about 0.4, with a confidence in-
terval of 0.32-0.52,

Life History Model

Most attempts to assess stocks of elasmobranchs
have generally suffered from insufficient data and the
use of inappropriate models (Anderson 1990). One of
the major data deficiencies for assessing the spiny
dogfish stock in the Northwest Atlantic is age compo-
sitions of the catch. In the absence of such data to
employ in preferred age-structured models (e.g., vir-
tual population analysis), a greater dependence has to
be placed on the use of biomass-models and other ap-
proaches which incorporate known information about
the life history parameters of dogfish (Hoenig and
Gruber 1990).

Model Description

Difficulties in aging, sexual dimorphism, and
mammalian-like reproduction are some of the impor-
tant aspects of spiny dogfish biology relevant to the
derivation of biological reference points. The size-
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and sex-specific nature of the contemporary US fish-
ery present further difficulties. In spite of these ap-
parent constraints on population growth, the spiny
dogfish stock has increased greatly in the last 20
years. A model allowing insights into potential mech-
anisms and derivation of testable hypotheses is highly
desirable as the scientific basis of future fishery man-
agement decisions. A general model of dogfish life
history, incorporating literature-based, life history pa-
rameters and calibrated with empirically derived fish-
ing mortality rates and population abundances, is de-
scribed below.

The von Bertalanffy growth equation was used to
estimate the length at age for dogfish.

L, = L (1-e™) (4)

Parameters for Equation 4 were estimated by Nam-
mack ef al. (1985) and revised by Silva (1993) for
male and female spiny dogfish (Table D15, Figure
D29).

By inverting Equation 4 , it is possible to express
age as a function of length, i.e., t = f{L.). Therefore,

the age interval corresponding to a given length inter-
val {L; L, } is given by:

_.{1_3]
L.
,___..._._._..._...—+{o

(3)

i+l K

By considering a unit length step AL and dividing the
length range into J intervals (j = 1,...J), the variable
age intervals can be defined as At; = t;,, - ; The aver-
age age of fish within the length interval L; to L;,, can
be approximated as the midpoint of t; and t;,,.

The change in numbers at age over the interval At;
is modeled as:

tﬂ».‘.\tj =Nte (6)

where Fy is an age-specific mortality rate at length L,
and M is the natural mortality rate. Fishing mortality
was implemented using knife-edge recruitment. The
minimum length at entry to the fishery L_, was set at
84 cm, which corresponded approximately to the 5th
percentile of the observed length frequencies in the
commercial landings.

As for most elasmobranchs, natural mortality (M)
rates have not been estimated directly for spiny dog-
fish. Indirect estimates have been derived by analogy
from life history parameters, notably, maximum lon-
gevity T, Assuming a 50-yr maximum age for spiny
dogfish implies a natural mortality rate M of 0.083 in
Hoenig’s (1983) equation (InZ =1.46 - 1.01 T,
Wood et al. (1979) estimated M = 0.094 for dogfish
in the Northeast Pacific off British Columbia by solv-
ing for M required to obtain a net reproductive rate of
1.0 for an unfished population. Silva (1993) employed
a similar technique by assuming a variety of density-
dependent mechanisms and derived the natural mor-
tality rate necessary to balance the population growth
rate. T,,,, was assumed to be 50 yr and M was com-
puted as the level of mortality necessary to reduce the
recruited population to 1% of its initial value. The de-
rived M = 0.092, for spiny dogfish greater than 30
cm, agrees well with Wood ef al. (1979) and the em-
pirical value from Hoenig's (1983) equation. The
smoothing parameter from Equation 1 of 0.06 is con-
sistent with most approaches that natural mortality is
less than 0.1 for spiny dogfish.

Reproduction rates for a fixed length class L;, say
R, can be estimated using a similar approach. The av-
erage rate of reproduction, defined as the annual
number of pups surviving to a 30-cm minimum size,
can be written as a function of the fraction pregnant
within the length interval L; (£, .nun 1;), the gestation
time (toyuhon), the fraction of females in the length
class (frmue, 1;), the average number of embryo pups
present (litter size;;), and the probability surviving
from the large embryo stage to 30 cm (S,):
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SovegnantL
R = (L"E’:_z xj;.md’Lj x litter size, x s, (7)

gestation

Parameters in Equation 2 were taken from Silva
(1993). The maturation rate (£, . ;) Was estimated
using a cumulative logistic function:

e? + bL

fg’aregnant,AL T (8)

1+ea+b£

The average litter size for females in size interval
AL was approximated as a step function and ranged
from 4 to 9 pups per female,

The average survival rate from pup to recruit (S,)
can be estimated indirectly using a modification of the
method of Vaughan and Saila (1976). Let I and j re-
present indices corresponding to I-th and j-th length
intervals and S; corresponds to the fraction surviving
during age interval I corresponding to length interval
Lis S, = exp[-(F; + M)At]:

A
5

o~ K -l
R, +EHSiRj /AL ®)

J=2 i=l

The parameter A represents the finite rate of in-
crease and T;in Equation 7 represents the cumulative
age corresponding to the j-th length interval. If a unit
time step is used, then the exponent term of A would
reduce to ] - 1, as in the original Vaughan and Saila
publication, The parameter t_, represents the age cor-
responding to the minimum size class (30 cm). With
Equation 9, it is possible to estimate the average S,
necessary to obtain a specified level of A under a giv-
en schedule of reproduction and survival.

The expected number of female pups per recruited
female dogfish (PPR) over its lifespan is equivalent to
the net reproductive rate when A = 1. Using the nota-
tion in this report, PPR is defined as:

-1

J
Ri*E

2 =

PPR = S,

(10)

SR, Atj]

In order to apply the life history model, it is first
necessary to calibrate it to contemporary stock status,
Two measures of stock status are required: total pop-
ulation rate of change (4) and fishing mortality. Let A,
be defined as N, . /N, and represent a "pseudo-eigen-
value”. If the population is not at equilibrium, the es-
timate A, will incorporate transient effects attributable
to the current population structure and changes in the
population parameters. By smoothing the N, esti-
mates, a new value, say A', can be derived that ap-
proximates the steady-state condition of the popula-
tion. Linear regression of LOWESS smoothed values
of spring survey abundance for dogfish >70 c¢m
{SAW-18) vs year suggests a slight rate of increase A'
= 1.044 (P = 0.075) since 1987. This overall rate of
increase appears to be fueled by a steady increase in
the number of males. Females, in contrast, appear to
have peaked in 1991, with an average of 20 dogfish
per tow. Estimates for 1994 of 13.3 females per tow
are comparable to values observed in the early 1980s.

The average fishing mortality rate on females be-
tween 1986 and 1993 was 0.09. Substitution of A =
1.044 and F = 0.09 in Equation 9 suggests that S is
approximately 0.34.

Equation 11 provides a means of evaluating alter-
native hypotheses related to observed rates of popula-
tion change. For example, let A" represent an alterna-
tive finite rate of increase. This value could be an ob-
served historical value or a desired future value. The
rates change in either fishing mortality, say «, or the
change in average reproductive output, say B, can be
interrelated as:

Equation 11 could be used to evaluate the feasibil-
ity alternative hypotheses related to the rapid increase
in stock biomass following cessation of foreign fishing

- A

K j-1

J=2 i=1

(11)

in the late 1970s. The P parameter is related to the
possible rate of increase in reproduction attributable
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to increased size or number of pups per female. If
Equation 11 results in an estimate exceeding a large
value, say 1.5, then the observed rate of increase A"
must be related to a smaller value of ¢ or a larger
value of S, By placing physiologically reasonable
bounds on [ and ¢, Equation 11 can be used to assess
the role of other life history parameters.
Predi ize Fr ncy and Sex Rati
One measure of the mechanistic model’s validity
can be obtained by comparing model predictions with
survey length frequencies (Figures D30-D32). The
high frequency of large individuals occurs because
dogfish approach their maximum size at about 1/3 of
their maximum lifespan. Hence, the larger sizes com-
prise many age classes. Expected population length
frequencies under two levels of fishing mortality are
depicted in Figure D30. The expected sex ratios for
these two levels of fishing are shown in Figure D31.
In general, the sex ratio “signature” for spiny dogfish
should follow the general pattern predicted by the
model. Results of such a comparison for each year are
summarized in Figure D32. Note that this comparison
does not include any tuning to match the observed
sex ratio. Instead, the estimated mortality rates from
the Beverton and Holt mean length model (Table
D14) are substituted into the model. Overall, the the-
ory and observation for length frequencies compared
favorably over most years examined.
- Yield per Recrui
Yield per recruit (YPR) can be estimated for the
sex- and size-structured model as the sum of separate
yield equations for males and females. The only modi-
fication to the standard yield equation is the need to
account for the duration of the age interval corre-
sponding to a unit length increment:

J
YPR = ; FN, i Ay (12)
Average N is obtained from the standard exponen-
tial mortality model. Average weight was obtained by
substituting the midpoint age (Equation 5) into the
von Bertalanffy growth equation (Equation 4) to ob-

2

tain a predicted average length which was then input
to a length-weight regression of form w = aL’. Pa-
rameters for the length-weight regression were ob-
tained by reformulation of the predictive equations
reported by Nammack (1982) (Tabie D15). Note that
Equation 12 must be applied separately to males and
females. Equation 12 can be used to generate yield
per recruit for alternative levels of F and length at
entry to the fishery L.

Yield isopleths (kg/recruit) for combined sexes of
spiny dogfish are depicted in Figure D33. The great-
est YPR of 1.23 kg/recruit occurs at 70 cm and F =
0.25.

Pups per Recruit

The expected number of female pups per recruited
female dogfish over its lifespan (PPR) is equivalent to
the net reproductive rate when A = 1. Using the nota-
tion in this report, PPR is defined as:

PPR = 5, (R,+iﬁ$ﬁj Az;.] (13)

jo2 ial

As for YPR, pups per recruit were computed for
various combinations of ¥ and minimum sizes. The re-
sulting isopleths (Figure D34) can be used to define
a domain of feasible parameter combinations that will
ensure population stability. For example, points inter-
1or {1.e., below and to the right) to the PPR = 1.0 iso-
pleth would result in a gradual decline in population
abundance. Results suggest that recruitment overfish-
ing could occur at Fs as low as 0.08 when the mini-
mum size 1s 65 ¢m. These computations, of course,
do not incorporate potential density-dependent re-
sponses to exploitation. Exploration of the potential
effects of compensatory responses could be investi-
gated using Equation 11,

The yield- and pup-per-recruit analyses can be
combined to define rates of harvest that ensure maxi-
mum yield while simultaneously ensuring sustainabili-
ty of the resource. Superposition of the YPR and PPR
isopleths (Figure D35) suggests that minimum sizes
lower than 75 cm would probably result in population
decline. Uncertainty in the estimation of such low lev-
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els of F would make it difficult to determine whether
recruitment overfishing were occurring. Given the
long life span of dogfish, the implications of recruit-
ment overfishing would take many years to be recog-
nized.

Discussion

The results of this assessment suggest that the
spiny dogfish stock in the Northwest Atlantic has be-
gun to decline as a consequence of the recent increase
in exploitation. Swept-area estimates of the fishable
biomass (defined as >80 cm fish) increased 6-fold
from 1968 to 1989 and have since declined to less
than 150,000 mt. Research vessel survey data docu-
ment a steady increase in both abundance and biomass
since the early 1970s, but total biomass indices in the
last several years have been stable at about 600,000
mt (Figure D23). More importantly, minimum bio-
mass indices of large fish (i.e.,>80 cm) already have
declined from about 300,000 mt in 1990 to about
150,000 mt in 1997, approximating levels observed in
the 1970s (Figure D24). Owing to the targeting of fe-
males in the landings, estimated minimum biomass of
females >80 cm has declined more sharply than the
combined male-female >80-cm biomass. Length fre-
quency data from both the US commercial landings
(Figure D4) and research vessel survey catches (Fig-
ure D20) indicate a pronounced decrease in average
length of females in recent years. In 1997, 75% of
the females landed in the NEFSC spring traw] sur-
vey were below the length at 50% maturity (Figure
D22) .

Following passage of the Magnuson Act and ex-
tension of the US exclusive economic zone in 1977,
landings dropped dramatically due to the exclusion of
foreign vessels from US waters. As more valuable
groundfish stocks have declined, directed fishing for
dogfish has resulted in a nearly 6-fold increase in
landings in the last ten years. Landings for 1996 ex-
ceeded levels reported prior to 1976 (e.g., 25,000
mt). In addition, the discarded catch, depending on
the percentage of the discards actually suffering mor-
tality, are at least 2/3 the level of and possibly equiva-
lent to or higher than the current reported landings.
Unfortunately, historical quantitative estimates of dis-
card are not available to permit estimation of histori-

cal total catches (i.e., landings plus discards). It
should be noted that anecdotal reports of landings
from former Soviet Bloc countries (Emory Anderson,
NEFSC, pers. comm.) suggest relatively little discard
of dogfish. Since most of the landings during that per-
iod were taken by trawlers, it is likely that a broad
range of size classes were landed. Most Soviet vessels
operated under high daily and monthly quota require-
ments that would tend to reduce discards. Hence, it is
likely that the size distribution of the landings in the
late 1960s and early 1970s was much different than
occurred in the 1990s.

Most attempts to assess stocks of elasmobranchs
have suffered from insufficient data and the use of in-
appropriate models (Anderson 1990). Assessments of
spiny dogfish, in contrast, have benefited from ex-
cellent syntheses by Wood ef al. (1979), and Silva
(1993} and from growth information of Nammack et
al. (1985). Earlier work by Holden (1974) on Squalus
acanthias in the Northeast Atlantic laid a firm theo-
retical foundation for the utility of life history analy-
ses. A greater dependence has to be placed on ap-
proaches which incorporate known information about
the life history parameters of dogfish. Clearly, the de-
ductions from life history models can provide useful
information for management (see Hoenig and Gruber
1990, Smith and Abramson 1990, Fogarty et al
1991, Cailliet 1992, Cailliet et al. 1992, Cortes 1995,
Cortes 1996, Sminkey and Musick 1996),

An obstacle for further improvements in assess-
ments of spiny dogfish stock in the Northwest Atlan-
tic is the absence of age composition of the catch.
Sharks are difficuit to age, but recent advances (see
Cailliet 1990) may permit routine updates of contem-
porary growth rate models. For this assessment, the
conclusions regarding stock status should be relative-
ly robust to the absence of contemporary aging data.

With an average F of 0.25 for the period 1994-
1996 and average minimum length at entry to the fish-
ery of 82 cm (Table D14), the estimated number of
pups per recruit is below 1.0, and yield per recruit is
less than 0.9 kg. Maximum yield per recruit (1.2 kg)
occurs at an F of about 0.25 and a minimum size of
70 cm. Yield per recruit decreases with increasing
minimum sizes, owing to the very slow growth rate at
these ages. However, since reproduction in females

237



occurs primarily in animals >80 cm, fishing mortality
rates in excess of 0.15 on animals >80 ¢m results in
negative female pup replacement. At an 84-cm mini-
murn size, the maximum F that would ensure replace-
ment recruitment is about 0.25. From sea sampling in-
formation, it is apparent that a substantial amount of
fishing mortality also occurs on dogfish as small as 50
cm. Consequently, the minimum size at entry to the
fishery is actually less than 84 cm. Thus, it is even
more likely that current fishing mortality is at a level
which will result in negative replacement. Under these
conditions, the stock will eventually decline.

Recent levels of fishing mortality have exceeded
the replacement rate of the stock. Removal of a large
fraction of the spawning stock since 1990 will likely
reverse the increase in population biomass that oc-
curred in the late 1970s and 1980s, Biomass of males
and immature females in the 36-70 cm range should
decrease over the next decade as the small cohorts
produced in the 1990s grow. Moreover, replacement
of the spawning stock, i.e., accumulation of large fe-
males in the 100-cm range, could take another de-
cade. Modeling efforts to evaluate potential rebuild-
ing scenarios will be considered.

In view of the important long-term consequences
of concentrated mortality on the spawning stock
could have for population growth rates, a manage-
ment program should be instituted expeditiously for
this species. Appropriate management targets for
stock biomass and fishing mortality rates should be
established. Dogfish are important components of the
marine ecosystem and consume commercially impor-
tant species including several species of herring, At-
lantic mackerel, sandlance, and others (Bowman et
al.1984). These factors are important ecological con-
siderations, but it must be noted that the high levels of
removals of mature females and probable high rates of
discarding in the 1990s have initiated a large-scale
ecosystem experiment. The consequences of this ex-
periment will become evident over the next decade.

Although the current level of biomass is high, all
indicators suggest continued reductions over at least
the next five years and probably more. The present
prominence of this species in the Northwest Atlantic

ecosystem, several lines of evidence demonstrating
the effects on stock abundance of increased fishing
mortality, and a lack of understanding as to the im-
pact of dogfish on other important fish species, con-
stitute strong justification for prompt management ac-
tion. Furthermore, given the evidence for a single unit
stock of spiny dogfish in the Northwest Atlantic, joint
assessment and management of this resource by the
USA and Canada should be considered.

SARC Comments

The SARC recommended continued work on the
change-in-ratio estimators for mortality rates and sug-
gested several options for analyses. The SARC also
noted the utility of the length-based estimators and
suggested the application of alternative estimators of
variance that incorporated variation in the estimates
of K and L_,,. It was noted that the Beverton-Holt
estimator is based on equilibrium assumptions. When
fishing mortality is increasing, F may actually be un-
derestimated due to the transient size structure of the
population.

The SARC noted the absence of projections for
this species and recommended the development of a
projection model. Such a model could be used to
forecast the expected effects of recent reductions in
spawning stock and expected contributions to the
fishery from dogfish presently in the 36-79 cm range.
Additional work on the stock-recruitment relationship
should also be conducted with an eye toward estima-
tion of the intrinsic rate of population increase. Work
toward these objectives has begun and will likely be
included as part of the work of the newly-formed
Dogfish Technical Committee of the Mid-Atlantic
Fishery Management Council.

Additional analyses of the effects of environmental
conditions on survey catch rates should be conducted.
It was postulated that at least some of the variation in
abundance estimates among years might be driven by
differences in temperatures at the time of the survey.

Sea sampling information was not updated in this
assessment. The SARC recommended additional anal-
yses of the data since 1994. A potential decline in dis-
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cards as the directed fishery increased was hypothe-
sized and should be testable with existing data. Furth-
er analyses of the commercial fishery is also warrant-
ed, especially with respect to the effects of gear types,
mesh sizes, and market acceptability on the mean size
of landed dogfish.

The SARC noted the potential importance of dog-
fish predation in the ecosystem and recommended
further work on the diet composition. Preliminary in-
formation on recent diet composition presented to the
SARC revealed very low incidence of regulated
groundfish species.

The SARC noted that increased biological sam-

pling of dogfish should be conducted on research

trawl surveys. Maturation and fecundity estimates by
length class will be particularly important to update.
Additional work on the survey database should be
done to recover and encode information on the sex
composition prior to 1980.

Research Recommendations

® The SARC recommended continued work on the
change-in-ratio estimators for mortality rates and
suggested several options for analyses.

@ The SARC noted the absence of projections for
this species and recommended the development of
a projection model.

¢ Additional work on the stock-recruitment rela-
tionship should also be conducted with an eye to-
ward estimation of the intrinsic rate of population
increase.

e Additional analyses of the effects of environmen-
tal conditions on survey catch rates should be
conducted.

e The SARC recommended additional analyses of
sea sampling data since 1994. Further analyses of
the commercial fishery is also warranted, especi-
ally with respect to the effects of gear types, mesh
sizes, and market acceptability on the mean size of
landed dogfish.

@ The SARC noted the potential importance of dog-
fish predation in the ecosystem and recommended
further work on the diet compaosition.

® The SARC noted that increased biological sam-
pling of dogfish should be conducted on research
trawl surveys. Maturation and fecundity estimates
by length class will be particularly important to
update. Additional work on the survey database
should be done to recover and encode information
on the sex composition prior to 1980.
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Table D1. Total spiny dogfish landings (mt, live}.

Year  Canada Us USSR Other foreign  US recreational Total
1962 - 235 - - NA 235
1963 - 610 - 1 NA 611
1964 - 730 - 16 NA 746
1965 9 488 188 10 NA 695
1966 39 578 9,389 - NA 10,006
1967 - 278 2,436 - NA 274
1968 . 158 4,404 . NA 4,562
1969 - 113 8,827 363 NA 9,303
1970 19 106 4,924 716 NA 3,765
1971 4 73 10,802 764 NA 11,643
1972 3. 69 23,302 689 NA 24,063
1973 20 89 14,219 4574 NA 18,902
1974 36 127 20,444 4069 NA 24,676
1975 1 147 22,331 192 NA 22,671
1976 3 550 16,681 107 NA 17,341
1977 1 931 6,942 257 NA 8,131
1978 84 828 577 45 NA 1,534
1979 1,331 4,753 105 82 NA 6,271
1980 670 4,085 351 248 NA 5,354
1981 564 6,865 516 458 1,789 10,192
1982 953 5411 27 337 420 7,147
1983 - - 4,897 359 105 607 5,968
1984 - 4 4,450 291 100 515 5,361
1985 i3 4,028 694 318 1,054 6,107
1986 21 2,748 214 i54 1,370 4,506
1987 280 2,703 1i6 23 1,362 4,484
1988 - 3,105 574 73 1,235 4987
1989 166 4,492 169 87 1,762 6,676
1990 1316 14,731 383 10 1,349 17,788
1991 292 13,177 218 i6 1,481 15,183
1992 829 16,858 26 41 1,233 18,987
1993 1,432 20,643 - - 1,230 23,305
1994 1,819 18,800 - - 1,123 21,742
1995 956 22,111 - - 692 24,359
1996 431 27241 - - 386 28,058

Table D2. US spiny dogfish commercial landings (mt, live) by gear

type.
Gear type
Year _ Lineirawl Otter trawl Sink gillnet Drift gillnet _Other gear Total
1962 18.7 783 - 1294 8.4 2349
1963 49.8 85.5 2972 1383 38.8 609.6
1964 12.5 75.4 89.5 529.5 234 7303
1965 55.1 523 129.8 2286 222 488.1
1966 84.7 952 173.2 184.8 40.1 578.1
1967 239 1108 54.9 43.1 449 271.5
1968 25 78.0 . 54.3 232 158.0
1969 1.9 88.4 0.5 59 16.7 1134
1970 1.8 80.5 9.6 2.8 11.0 105.7
1971 . 53.0 06 3.5 162 733
1972 0.6 53.5 06 0.1 14.4 692
1973 0.5 76.7 13 50 58 89.3
1974 19 792 1.1 102 349 1273
1975 0.3 89.4 4.1 163 428 146.9
1976 52 716 4329 54 345 549.7
1977 28 102.6 796.1 2.8 272 9314
1978 3.4 1214 680.8 6.3 16.6 828.5
1979 17.8  3,5176 1,1983 1.5 176 47527
1980 121 3370.1 634.2 4.0 647  4,085.1
1981 1.0 62871 560.8 73 87 68650
1982 29 50655 3108 94 220 54106
1983 02 336715 1,517.1 6.6 51 4,89.5
1984 0.9 24860 1,949.5 6.1 79 44504
1985 1587 28444 © 10076 98 76 40280
1986 26 12581 14672 31 167 27476
1987 78  1,848.1 8117 29 328 27034
1988 47  1,589.5 1,489.5 12,6 90  3,105.1
1989 1382 4865 3,839.0 75 208 44920
1990 168 70108 7,685.2 14.7 31 14,7306
1951 311 52086 7,805.8 107.6 236 13,1766
1992 98 47855  11,639.7 171.5 2515 16,8579
1993 2508 51002 152631 6.9 219 20,6429
1994 4824 30564 15,1001 27.1 1341  18,800.2
1995 14968 28180 17,7008 3409 3542 22,7106
1996 13130 34413 21,1224 1,265.3 990 272410
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Table D3. US spiny dogfish commercial landings (mt, iive) by month,

] Month
Year Unk Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
1964 6279 73 1.4 1.2 - 129 31.7 - 43 359 - - 7.4 7303
1965 3085 0.1 4.1 - 149 49 344 231 27.2 30.8 11.9 226 56 488.1
1566 3184 1.5 1.8 78 7.1 21 68.7 82.0 489 266 55 7.6 - 578.1
1967 188.3 - 39 - 43 6.0 15.9 427 5.3 72 0.9 25 0.8 2715
1968 157.6 - - - - 0.1 - - 02 - - - - 158.0
1969 . 113.4 - - - - - - - - - - - - 1134
1970 10238 - - - - - - 0.3 1.0 02 09 04 <0.} 105.6
1971 729 0.1 - - - 04 - - - - - - - 733
1972 60.2 - - - 0.1 04 03 - - - 18 47 1.7 69.2
1973 737 2.7 <0.1 - 0.7 24 43 24 03 - 1.6 038 04 895.3
1974 1226 6.1 - 09 - 08 03 1.1 0.2 0.6 04 02 0.1 1213
1975 136.0 0.2 0.1 04 2.6 0.3 0.2 0.2 0.1 - 0.1 36 29 146.9
1976 1162 0.1 0.5 - - - 241 126.2 70.9 119.7 91.8 0.1 0.1 5497
1977 954 - - - 300 2599 120.4 169.4 136.7 983 4.1 173 9314
1978 140 8 0l 0.8 59 .1 0.5 85.0 2945 162.2 54.2 133.0 9.1 23 828.5
1979 344 3 . - - - 16.7 2924 637.0 5023 1,043.1 1,137.5 389.8 389.5 4,752
1980 406.7 269 33 81.5 04 1123 803.0 540.5 8189 1,087.4 522 91.4 60.7 4,085.1
1981 1,729.4 1.2 0.4 - 0.8 107.6 945.4 LI21.0 1,156.8 1,005.2 6986 98.0 0.7 6,865.0
1582 65.8 143.1 369.6 1,287.8 2194 134.1 8304 819.7 4116 5176 256.4 2357 119.4 54106
1983 459 37 3.6 - 03 55.8 140.8 7100 9632 744.5 402.5 169.2 1,656.9 4,896.5
1984 46.8 - - - 03 i4 5595 2,077.1 1,111.6 3578 168.2 103.1 245 44504
1985 711 - - 08 19 275.5 690.6 7532 185.6 588.1 642.6 1754 430 4,0279
1986 131 1.0 58 25 11.8 145.5 483.1 468.0 473.7 622.8 3769 938 499 2,147.6
1987 6.0 4.8 1.5 4.0 8.6 176 3971 5558 3846 440.5 703.6 175.5 39 27034
1988 498 0.6 116.0 275 4.4 3848 566.3 5324 5026 508.8 401.1 9.9 09 3,105.1
1989 15.5 0.2 - 20 212 296.9 1,134.1 T35 961.4 924.5 3742 41.7 6.8 4,4920
1950 495 290.0 207.8 2832 3i8.6 4942 1,137.9 2,8816 2,8193 2,079.5 1,166.8 959.8 2,0426 14,7306
1991 2137 1,609.9 1,105.2 6614 12989 1,136.8. 624.5 14216 962.8 840.1 353.7 965.7 19826 13,1766
1992 3208 21173 1,620.4 1,402.6 703.7 1875 1,083.4 23274 1,549.7 808.9 1,362.7 1,887.9 8858 16,8579
1993 2817 1,5163 1,631.6 8349 260.7 517.8 2,001.0 34233 32274 2,587.2 19833 1,075.8 13018 206429
1994 77.1 1,277.0 1,438.2 12349 6289 653.1 19753 33912 42047 1,508.1 8782 409.5 1,1239 18,8002
1993 287 1,703.4 1,432.8 1,150.9 880.3 928.8 33869 4,181.5 2,2088 1,843.9 1,8872 1,4999 1,5776 227106 .
1996 0.2 2,628.1 23368 2,532.1 1,695.1 534.5 22219 3,630.6 2,466.7 2,143.6 25110 2,056.9 2,483.5 272410
1997 - 2,178.2 1,480.1 1,306.2 688.1 1,360.6 2,094.7 2,641.0 1,8853 863.8 NA NA NA  14,498.1
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Table D4. US commercial landings of spiny dogfish (mt, live) by state (includes 100% unclassified dogfish).

State
Year Connecticut Delaware Maine Maryland Massachusetis New Hampshire  New Jersey New York North Carolina  Rhode Island ~ Virginia Total
1962 26 - 216 17.4 - - 1.6 252 - 0.1 166.3 2349
1963 0.1 - 343.5 16.5 - - 1.9 354 - 6.1 2122 609.6
1964 47 - 1021 124 - - 02 331 - 0.4 5775 7303
1965 6.9 - 17113 72 16 - 07 439 - 0.7 2497 488.1
1966 4.9 02 259.6 6.7 - - 1.5 817 - 0.1 2234 578.1
1967 1.6 - 821 6.5 6.6 - 0.1 89.0 - 0.5 911 2715
1968 228 - - 72 03 - 33 61.8 - 0.1 62.5 158.0
1969 22 - - 79 - - 6.1 65.6 - 0.1 316 1134
1970 8.0 - - 6.1 24 - 0.6 541 - 0.7 338 1057
1971 4.1 - - 1.5 0.4 - 5.6 50.5 - 0.1 ill 733
1972 - - - 24 0.7 - 01 51.4 - 83 6.4 692
1973 0.1 - - 4.5 54 - 25 44.4 - 10.4 222 893
1974 - 0.6 - 6.5 32 - 03 79.8 - 22 34.6 1273
1975 - 1.8 - 26 1.8 - 0.9 101.1 - 9.1 295 146.9
1976 1.1 - 4283 3. 31 - 1.7 934 - 1.7 172 549.7
1977 1.0 01 792.8 36 17.4 - 4.7 78.1 - 264 74 9314
1978 22 0.4 647.0 3.5 315 316 6.4 88.1 - 28 11.1 8285
1979 4.1 0.1 1049.6 54 2,964.9 140.6 3924 96.7 - L6 97.6 4,152.7
1980 0.1 0.1 619.1 50 2,794.4 6.7 263.0 104.1 1.3 0.6 290.6 4,085.1
1981 20 38 516.2 695.4 4,523.3 - 25 50.1 20 17 978.1 6,865.0
1982 1.2 12 2826 895.2 2,8853 - 23 474 29 13 12910 54106
1983 43 20 2250 96.5 4,529.9 03 03 258 - - 124 4,896.5
1984 24 27 5654 1176 3,703.2 0.1 4.1 350 - 111 838 44504
1985 4.5 - 409.8 76.9 3.463.7 - 38 61.9 s 0.7 6.3 4,028.0
1986 8.7 - 3491 58.6 2,1656 - 240 1339 - 22 5.5 2,1476
1987 29 - 271.0 35 2,335.2 - 1.7 706 - 139 4.6 2,703 4
1988 428 - 2184 10.7 2,643.6 02 4.6 392 136.9 03 86 3,105.]
1989 04 - 22134 16 22338 - 103 219 - 20 8.7 44920
1990 110 - 2,8876 989.7 8,077.0 84.0 2,061.2 8.2 188 590.1 30 147306
1991 40 26 914.5 22404 6,5722 - 1,231.8 350 663.7 14335 789 13,1766
1992 10.1 - 7799 1,389.5 83352 1824 1,149.7 70.6 39168 9197 1039 16,8579
1993 6.8 - 1,598.9 814.6 12,1704 744.6 3493 433 39944 8729 417 20,6429
1994 771 - 8225 648.0 10,530.0 1,1784 3125 107.7 4,480.5 240.6 2030 18,800.2
1995 1332 285 754.6 1414.1 13,045.6 9554 1,083.4 4239 4,244.3 260.3 3673 22,7106
1996 320.2 - 4133 32437 12,2287 489.7 2,102.6 602.2 6,202.4 511.9  1,1263  27241.0




Table DS. Numbers of spiny dogfish sampled from US commercial landings by year, month,
and sex, 1982-1996.

Year Sex Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec Total

1982 M 2 - 2 - - - - T . LT T
F 198 101 281 - - - - - . - . 100 680
1983 F - - - - - 104 - - 121 133 134 - 492
1984 M - - - - - 1 3 4 1 - . . 9
F - - - - . 2% 745 351 117 - - - 1499
1985 M - - - - -« - 1 1 14 1 4 - 2
F - - - - . 267 135 389 368 252 246 - 1657
198 U - - - - . 232 - . . - .. 23
M - - - « - - 4 1 10 8 - - 6
F - - - - - 13 129 s21 168 217 - - 1165
1987 M - - - - < 16 4 - 1 1 9 - 3
F - - - - . 457 800 257 128 243 115 - 2,000
1988 M - - - - - - 1 1 - 5 . . 7
F - - - - 371 364 238 128 230 433 - - 1764
1989 M - - - - - -+ - 6 6 23 - - 3
F - - - - ..35 127 137 3% 369 - - 1375
1990 M - - - - . - 4 - - 1 14 - 1
F - - -~ - . 593 775 358 135 111 123 135 2,230
1991 U - - - - . . 108 - - 109 - - 217
M - - - - - 1t 1 12 - - 8 3 35
F - - 101 125 - 226 3% 272 - - 116 282 1,518
992 U - - -~ - 123 - - - - - . In
M - - - - -2 1 - . .8 12
F - - - 109 219 409 829 503 124 296 556 142 3,187
1993 U - - - - 133 - - - . . . . 3
M - - - - ... 41919 - - @
F - -« - - 400 682 776 369 545 - - 2772
1994 U - - - - < - 134 - - .- 13
M - - - - .23 4 - - - o T
F - -« - - 423 758 649 262 - - - 209
1995 M - - - - 5 3 4 13 - - . - 2
F - - - - I8 373 1124 611 - - - - 23266
1996 M - - - - - 1 9% 30 - 157 127 158 569
F - - - - . 142 784 504 - 9 118 18 1662

Grand total 200 IOl 404 234 886 4917 7,955 3,542 2,463 3,019 1,578 835 28138
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Table D6. Biological characteristics of US commerctial landings of spiny dogfish, 1982-1996.

Commercial landings (mt) Mean weight (kg) Total number caught Mean length (em)

Year Total Females Males Female% Male %  Females Males Females Males Female% Male%  Females  Males
1982 54106 53189 91,7 9830% 1.70% 4,44 217 1,199,204 42,325 96.59% 3.41% 97.0 84.8
1983 4,896.5 4,896.5 - 100.00% - 4.09 - 1,197,182 - 100.00% 0.00% 94.7

1984 4,450,4 44398 106 99.76% 0.24% 442 1.76 1,004,315 6,030 99.40% 0.50% 96.7 79.4
1985 4028  4,007.2 20,8 99.48% 0.52% 4.10 1.68 976,479 12,375 98.75% 1.25% 948 78.1
1986 © 27476  2,687.7 599 97.82% 2.18% 4.01 1.63 670,564 36,838 94.79% 5.21% 93.7 77.6
1987 2,703.4 26847 187 9931% 0.69% 3.78 1.70 711,085 11,022 98.47% 1.53% 923 78.8
1988 3,105.1  3,099.0 6.1 99.80% 0.20% 429 2.11 722,972 2,869  99.60% 0.40% 96.0 84.6
1989 4492  4,437.9 54.1 98.79% 1.21% 4.02 1.93 1,103,734 28095 97.52% 2.48%% 942 82.0
1990 14,730.6 14,6752 554  99.62% 033% 4.00 1.77 3,669,820 31,268 99.16% 0.84% 94.1 79.3
1991 13,1766 13,092.8 8383 9936% 0.64% 3.90 1.08 3,354,707 77348 97.75% 2.25% 93.4 779
1992 16,8579 16,827.0 309 9982% 0.18% 3.82 1.86 4,402,269 16,576 99.62% 0.38% 929 81.1
1993 20,642.9 20,481.1 161.8 99.22% 0.78% 3.58 1.87 5,721,367 86,687 98.51% 1.49% 91.5 gl1.2
1994 18,300.2 18,5582 2420 98.71% 1.29% 3.17 1.84 5,846,452 131,350 97.80% 2.20% 88.1 80.9
1995 22,7106 22,579.2 131.4 99.42% 0.58% 2.95 1.55 7,662,456 84,537 9891% 1.09% 86.3 76.4
1996 27,2410 22,6706 4,570.4 | $3.22% 16.78% .65 1.56 8,567,153 2,933,039 74.50% 25.50% 34.1 76.4

Table D7. Calculations of total discard mortalities of spiny dogfish from various fisheries for 1993. Where
indicated, 1993 sea sampling data are expanded to gear/area total catches.

Seasampled  Total 1993 Est. 1993 Est. 1993

Gear Target species Area discard per ton' landings® dogfish discards  discard mort.?
Sink gillnet Dogfish GOM-SNE 0.110 6,818 750 562
Dogfish MAB* 0.135 4,000 540 405

Groundfish (cod) GOM 1.038 2,130 2,211 1,659

Otter trawl Dogfish GOM-SNE* 0.434 4,389 1,905 852
Groundfish (cod) GOM 0.924 6,391 5,906 2,953

Groundfish {cod) GBK*® 0377 11,700 4,411 2,205

Groundfish (fluke) SNE-MA i.744 5,500 5,592 4,796

Total 23,315 13,532

"Mt of dogfish per mt of target species (given in parentheses} “Total 1993 landings of target species by designated gear type. Data
are preliminary. *Assumes 75% of discards dead by gillnets, and 30% of discards dead by otter trawls. Data given in mt. '1594 otter
trawl sampling substituted for 1993. *1990 otter trawl sampling substtuted for 1993. #1992 otter traw] sampling substituted for 1993.
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Table D8. Number per tow indices for spiny dogfish from NEFSC spring (1968-
1997) and autumn (1967-1996) bottom trawl surveys (offshore strata 1-30, 33-
40,61-76; Footnotes A-C).

Spring Autumn
Year Unsexed Male Female Total Unsexed ~Male Female Total
1967 - - - - 340 - - 340
1668 243 - - 243 19.7 - - 197
1969 13.3 - - 13.3 277 - - 2717
1970 15.3 - - 153 16.6 - - 166
1971 159 . - 159 12.9 - - 129
1972 27.6 - - 276 10.5 - - 1035
1973 356 - - 356 15.0 - - 150
1974 391 - - 39.1 47 - - 4.7
1975 354 - - 354 17.7 - - 177
1976 23.1 - - 231 14.9 - - 149
1977 13.1 - - 131 6.8 - - 6.8
1978 225 - - 22.5 26.0 - - 260
1979 101 . - - 10.1 22.0 - - 220
1980 6.1 129 10.0 290 - 1.4 38 5.1
1981 0.5 13,2 230 417 - 36.0 397 757
1982 - 23.7 278 516 - 6.9 6.8 137
1983 - 23.6 18.1 41.7 - 14.3 180 324
1984 - 13.3 9.2 22.5 . 10.6 11.9 22.5
1985 - 80.2 37.1 117.3 - 19.0 19.7 387
1986 - 95 19.3 287 - 123 152 274
1987 - 393 258 65.1 - 16.5 16.3 328
1988 - 29.5 351 64.6 - 15.5 139 353
1989 - 29.6 27.1 56.7 - 6.7 6.0 12.8
1990 - 478 440 91.8 - 147 115 261
1991 - 32.3 300 62.3 - 20.9 174 384
1992 B 38.2 413 79.5 - 12.9 262 391
1993 - 32,6 283 60.9 - 4.5 2.4 6.9
1994 - 53.4 38.1 91.5 - 16.6 142 309
1995 - 258 250 50.8 - 16.9 13.7 306
1996 - 526 446 97.3 - 12.8 201 328
1997 - 29.6 29.1 58.7 - - - -

A. Duning 1963-1984, BMV oval doors were used in the spring and autumn surveys; since 1985,
- Portuguese polyvalent doors have been used in both surveys. No adjustments have been made
because no significant difference was found between the two types of doors for spiny dogfish
(NEFSC 1991).

B. Spﬁn‘g surveys from 1973-1981 were accomplished with a'41 Yankee' trawl; in all other years,
spring surveys were accomplished with a 36 Yankee' trawl. A factor of 0.71 was applied to all
tows i these years (Sissenwine and Bowman, 1978).

C. During the fall of 1970, 1975, 1978, 1979, 1980, 1981, 1985, 1986, 1988, 1989, 1990, 1991,
and 1993 and the springs of 1973, 1976, 1977, 1979, 1980, 1981, 1982, 1587, 1989, 1990, -
1991, and 1994 the Delaware Il was used entirely or in part to conduct the survey. All other
years, the Albatross IV was the only vessel used {or the survey, A factor of 0.79 was applied to
all Delaware ] tows (NEFSC 1991),
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Table D9, Weight per tow (kg) indices for spiny dogfish from NEFSC spring
(1968-1997) and autumn (1967-1996) bottom trawl surveys (offshore strata 1-30,
33-40,61-76; Footnotes A-C).

Spring Autumn
Year Unsexed Male Female Total Unsexed Male Female Total
1967 . - - - 349 - - 349
1968 258 - - 258 224 - - 224
1969 16.1 : - - 16.1 553 - - 553
1970 13.3 - - 13.3 238 - - 238
1971 24.0 - - 24.0 15.5 - - 155
1972 490 - - 49.0 16.1 - - 161
1973 57.1 - - 57.1 21.7 - - 217
1974 - 67.0 - - 67.0 8.1 - - - 81
1975 456 - - 45.6 209 . - - 209
1976 370 . - 37.0 19.8 - - 198
1977 24.1 - - 24.1 l6.1 - - 16l
1978 36.3 - - 363 19.3 - - 193
1979 13.4 - - 134 26.6 - - 266
1980 134 342 1.6 491 - 4.0 151 191
1981 0.6 20.4 482 69.2 - 12.7 349 476
1982 - 311 86.0 117.0 - 52 97 149
1983 - 211 17.7 389 - 13.7 22.1 358
1584 - 19.3 23.0 42.4 - 8.7 139 225
1985 - 100.4 66.7 167.1 - 14.6 250 397
1986 - 58 35.0 44.9 - 13.4 237 371
1987 - 40.6 61.7 102.3 - 10.6 1.2 218
1988 - 26.9 77.4 104.4 - 153 -~ 243 396
1989 - 348 43.1 77.8 - 6.1 55 115
1990 - 60.6 89.2 149.8 - 14.9 149 298
1991 - 36.5 53.0 895 - 246 267 513
1992 ' - 448 70.1 1149 - 141 41.6 557
1993 - 357 522 87.9 - 5.1 2.1 7.2
1994 - 49.9 353 85.1 . - 185 142 328
1995 - 348 40.0 74.8 - 16.7 il4 280
1996 - 39.0 60.5 119.5 - 14.4 267 411
1997 - 37.5 449 82.4 : - - - -

A. During 1963-1984, BMV oval doors were used in the spring and autumn surveys; since 1983,
Portuguese polyvalent doors have been used in both surveys. No adjustments have been made because
no significant difference was found between the two types of doors for spiny dogfish (NEFSC 1991).

B. Spring surveys from 1973-1981 were accomplished with a ‘41 Yankee' trawl; in all other years,
spring surveys were accomplished with a '36 Yankee' trawl. A factor of 0.69 was applied to all tows
in these years (Sissenwine and Bowman, 1978).

C. During the fall of 1970, 1975, 1978, 1979, 1980, 1981, 1985, 1986, 1988, 1989 1990, 1991, and
1993 and the springs of 1973, 1976, 1977, 1979, 1980, 1981, 1582, 1987, 1989, 1990, 1991, and
1994 the Delaware [/ was use entirely or in part to conduct the survey. All other years, the Albatross
IV was the only vessel used for the survey. A factor of 0.81 was applied to all Delaware If tows

NEFSC 1991).
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Table D10. Number per tow indices for spiny dogfish from the state of Massachu-
setts spring and autumn inshore bottom trawl surveys.

Spring Auntumn
Year Unsexed Male Female Total Unsexed Male Female Total
1978 10.9 - - 10.9 - 1491 - - 1491
1979 1.9 - - 1.9 12.6 - - 12.6
1880 1.7 - - 1.7 - 0.1 47 48
1981 0.5 - 1.0 1.6 11.2 0.1 0.3 116
1982 - - 2.0 2.0 - 8.2 459 54.1
1983 - - 0.8 0.8 - 31 11.5 147
1984 - 1.4 55 6.9 - 511 17.4 68.5
1985 - 0.1 0.8 0.8 - 125 1166 129.1
1986 - 0.1 22 2.2 - 452 77.9 1231
1987 - - 0.2 0.2 - 14.1 36.8 50.9
1988 - 1.5 11.5 12.9 - 340 1819 21559
1989 - 9.2 16.4 25.6 - 25677 7646 1,021.3
1990 - - 2.3 2.3 - 16.3 41.5 578
1991 - - ¢.9 0.9 - 2.8 256 28.4
1692 - - 22 2.2 . 51.4 676 119.1
1993 - 04 10.5 19.8 - 15.8 939 1097
1994 - - 0.2 0.2 - 18.7 1.3 20.0
1995 - 7.5 212 28.6 - 40.0 33.1 73.1
1996 - - - - - 14.2 21.1 353
1997 - 2.1 11.1 13.2 - - - -

Table D11. Weight per tow (kg) indices for spiny dogfish from the state of Massa-
chusetts spring and autumn inshore bottom trawl surveys.

Spring , Auturnn

Year Unsexed Male Female Total Unsexed  Male Female  Total
1678 22.9 - - 229 2257 - - 2257
1979 0.4 - - 6.4 40.2 - - 40.2
1980 6.1 - - 6.1 0.1 0.1 17.8 18.1
1981 2.6 - 4.3 6.9 449 0.2 13 46.4
1982 - 0.1 9.2 9.3 - 142 1662 1804
1983 - - 3.2 3.3 - 5.0 35.6 40.6
1984 - 1.6 108 124 - R0.6 437 1242
1985 - 0.1 3.4 35 - 180 2975 3155
1986 - 0.1 97 97 - 704 2241 2946
1987 - _ - 0.9 0.9 - 20,9 1053 - 1262
1988 - 1.9 393 41.2 - 472 5604 607.6
1989 - 4.8 14.0 18.9 - 3289 15462 18751
1990 - - 94 94 - 22.6 950 1176
1991 - - 4.5 4.5 - 3.4 80.7 84.1
1992 - - 85 8.5 - 68.6 107.0 1756
1993 - 104 19.5 29.9 - 233 2117 2350
1994 - - 0.8 0.8 - 308 28 336
1995 - 9.5 341 437 - 59.6 636 1232
1996 - - 0.1 0.1 - 20.8 44 4 65.2
1997 - 2.4 205 229 - -
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Table D12. Minimum biomass estimates (thousands of mt) based on area swept by NEFSC traw] during spring

surveys.
Lengths >80 cm Lengths 36-79 cm Length <35 cm
Year Females Males Total Females  Males  Total Females  Males Total All lengths
1968 - - 414 - - 1104 - - 1.52 1533
1969 - - 274 - - 69.3 - 0.66 97.3
1970 - - 36.7 - - 330 - - 3.19 72.9
1971 - - 1038 - - 276 - - 276 1342
1972 - - 126.6 - 145.9 - - 1.55 274.1
1973 - - 1787 - - 1653 - - 2.58 346.5
1974 - - 2219 - - 1796 - - 2,66 404.1
1975 - - 1051 - - 1250 - - 3.97 234.0
1976 - - 96.3 - - 1208 - - 1.20 2183
1977 - - 77.3 - - 68.0 - - 053 145.9
1978 - - 87.4 - - 1312 - - 1.24 219.8
1979 - - 52.3 - - 18.6 - - 1.82 727
1980 104.7 153 1681 i6.8 722 1235 0.32 0.39 0.84 252.4
1981 2665 - 244 2938 255 75.1 1006 2.14 2.80 5.06 399.5
1982 4540 346 4886 61.6 1433 2049 0.48 0.69 1.17 694.6
1983 777 301 1078 36.7 985 1353 3.09 3.95 7.03 250.1
1984 1156 275 1431 334 880 1214 0.14 0.21 0.35 264.9
1985 3170 1255 4426 1625 5025 6050 4.01 5.10 9.10 1,056.7
1986 191.3 35 19438 51.9 296 815 0.84 1.11 1.96 278.2
1987 2191 905 3096 615 1717 2331 2.46 476 7.22 550.0
1988 4331 262 4594 933 15336 2470 0.89 1.09 1.98 708.4
1989 1621 405 2026 100.4 1582 2586 1.14 1.54 2.68 463.9
1990 4003 707 4710 163.5  303.1  466.6 0.68 1.03 1.71 939.3
1991 2204 300 2503 1084 1863 2947 0.98 1.43 2.41 3474
1992 2805 419 3224 1799 2319 4118 0.73 1.00 1.73 7359
1993 2346 278 2625 104.1 1985 3026 0.55 0.65 1.21 566.3
1994 1653 371 1424 1083 2542 3625 4.28 5.54 9.82 514.8
1995 1024 295 1319 1540 1745 3285 0.25 0.35 0.59 460.9
1996 1965 334 2299 201.7 3348 5364 - 0.98 1.14 2.12 768.5
1997 837 175 1012 2052 209.1 4143 0.05 0.05 .10 51535

Notes: Total equals sum of males and females plus unsexed dogfish. Data for dogfish prior to 1980 are currently not available by sex.
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Table D13. Change in ratio estimators of fishing mortality on males and females from commercial fisheries for
1982 to 1996. Estimates are based on numbers of fish greater than 80 ¢m in both the spring survey and com-
mercial landings. Estimates of survey abundance are based on LOWESS smoothed survey values with tension
factor =0.5.

“Spring survey (yri}  Removalsvia fishery  Spring survey (yri+1)  Intermnediate variables  Instantancous rates
Males  Females Males Females Males Females  Survey MF
Year(i) X, Y, R, R, X, Y, f I, Males Females
1982 2.133 8.075 33.51 1,19391 2332 8.4058 0.1063 1.0504 00057 00549
1983 2.332 8.406 0.00 1,182.58 2.15% 82971 0.0000 0.9551 0.0000 -0.0459
1984 2.199 8.297 4.02 698.29 2.067 82152 0.0152 0.9496 -0.0008 -0.0526
1985 2.067 8215 530 961.75 2.325 9.5985 0.0219 0.9627 0.0009 -0.0389
1986 2.325 9.599 12.66 64121 2404 10.8518 0.0815 0.9145 -0.0083 -0.0977
1987 2404 10,85 498 663.09 2.504 11.7344 0.0339 0.9633 00013 -0.0387
1983 2.504 11.73 2.87 718.05 2.962 12,5187 0.0187 1.1087 0.0019 0.1050
1989 2.962 12,52 2167 1,093.30 3.06% 129575 0.0838 1.0013 ¢.0001 0.0014
1950 3.069 12.96 19.75 3,646.78 3.071 12,5464 0.0229 1.0334 0.0008 0.0336
1991 3.071 12.55 26.90 3323.77 2.967 11.4508 0.0331 1.0585 0.0019 003587
1992 2.967 11.45 11.05 4,342.87 2.828 29629 0.0098 1.0957 0.0009 00623
1993 2.828 9.963 38.52 3,627.44 2.669 89877 0.0374 1.0459 0.0017 0.0466
1594 2.669 8938 86.63 547179 2451 7.8266 0.0533 1.0546 00029 0.0561
1995 2.451 7.827 23.67 6,577.00 2227 6.6837 0.0115 1.0639 0.0007 0.0627
1996 2227 6.684 695.89 6,633.81 1.994 5.646 03149 1.0602 0.0258 0.0843
1997 1.994 5.646 - - - - - - - .
Average 0.0563 1.0212 0.0021 00214
Ave, (1982-1989) 0.0452 0.9832 H0005 -00141
Ave. (1990-1996) 0.0690 1.0589 0.0049 00620
i
Estimated Fishing Mortality Rate derived from Change in Ratio Method of Chapman 1
and Murphy (1965) :
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Table D14, Estimates of total (Z) and fishing (F) mortality rates using the Beverton and Holt estimator. Cutoff
values for commerciai landings were chosen as the 25th percentile of landed dogfish. Survey length frequency
distributions were used to estimate mean size of dogfish exceeding the 25th percentile. Parameters for von
Bertalanffy equation and natural mortality from text. Confidence intervals are based on the standard error of
the mean length estimate in the survey. An effective sample size of 50 was assumed for this computation,

Comm. fishery NEFSC spring survey

25%ile of data Biclogical data Derived mortality rates
Year length Lbar SD K Lmax M Z hat F _hat 5%ile of F 95%ilc of F Median F
1982 93 97218 32258 01128 165 0092 0.1e8 0.076  0.0378 0.1320 0.0738
1983 9N 97229 35213 01128 105 0092 0141 0.045  0.0231 0.0808 0.0487
1984 93 97.962 35217 01128 105 0092 0160 0.068  0.0327 0.1130 0.0670
1985 91 97.623 44197 01128 105 0.092 0126 0034 00101 00670 0.0327
1986 91 56.938 40136 01128 105 0.092 0151 0.059  0.0278 0.0961 0.0606
1987 87 95.621 53380 01128 105 0092 0123 0.031 0.0101 0.0545 0.0327
1988 92 98394 44093 01128 105 0092 0117 0.025  0.0022 0.0545 0.0231
1989 90 95.630 40483 0.1128 105 0.092 0.188 0.0%6  0.0606 0.1424 0.0961
1990 90 95.898 40370 0.1128 105 0.092 0.174 0082  0.0487 0.1222 0.0808
1991 39 94.892 45339 01128 105 0.092 0.194 0102  0.0670 0.1424 0.1043
1992 88 93240 5.1857 01128 105 0092 0253 0.161 0.1130 02210 0.1651
1993 87 93336 47925 01128 105 0092 0.208 0.116  0.0808 0.1534 0.1130
1994 84 89320 46156 01128 105 0092 0332 0240  0.1911 0.3201 02377
1995 82 8688 43779 0.1128 105 0092 0418 0326 02538 0.4403 03201
1996 80 37291 43409 01128 105 0.092 0274 0.182  0.1424 02210 01777
1997 80 84.607 34547  0.1128 105 0092 0499 0407 03201 0.5237 0.4054

Beverton-Holt model-basad ost_imateﬁ of fishing mortality based on mean length
of femnale dogfish in survey greater than the 25%ile of length in the commercial

0.600 fishery.
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Table D15. Summary of population parameters related to growth, survival, and reproduction of spiny dogfish
in the Northwest Atlantic. .

Symbol Parameter name Sex  Value Reference
L. Maximum length F 105 Approx 95th percentile of
catch and survey data
M 8§1.32 Nammack er al. (1985)
K von Bertalanffy eqn F 0.1128 "
M 0.1578 "
t, Age at length = 0, von Bertalanffy eqn F -2.552 _ "
: M -2.452 "
M Instantaneous natural mortality rate B 0.092 1% population at 50 yrs
F Instantancous fishing mortality rate B 0.04 Change-in-ratio estimator
| Minimum size length in fishery B 84 cm Commercial landings
a Maturation parameter, intercept F -46.9 Silva (1993)
M -59.8 "
b Maturation parameter, slope F 0.582 "
M 0.999 "
Lyestation Gestation time (yr) F 2 Templeman (1944)
A Estimated finite rate of popn increase B 1.044 Survey data
litter size;;  Number of large embryos per female F 80-85cm 3.86 Silva (1993)
of length class j 86-90cm  5.03
91-95em  6.07
96-100cm  7.00
101-105cm 8.33
106+ecm  9.50
Sex ratio at birth B 50:50 Templeman (1944)
a,b Length-weight regression W = al.® F W = @i 0%3] 3.6065% Reparameterization of
Nammack er al. (1985)
.?\/1 W= e-13.002L3.097787 it
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Figure D4. Box plots of length (cm) frequency distribution of female
dogfish landings (top panel), total numbers landed (middle panel), and
landings by weight (bottom panel), 1982-1996. For the box plots, as-
terisks denote outliers, the “whiskers” represent upper and lower non-
parametric confidence regions, the upper and lower boundaries of the
box represent the interquartile range, and the center line represents the
median length. Notches on either side of the centerline represent ap-
proximate 95% confidence intervals on the median. The dashed lines
in the upper panel represent the 99% parametric confidence interval
on average female length for the period 1982-1989,
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Figure DS5. Box plots of length (¢cm) frequency distribution of male
dogfish landings (top panel), total numbers landed (middle panel), and
landings by weight (bottom panel), 1982-1996. For the box plots, as-
terisks denote outliers, the “whiskers” represent upper and lower non-
parametric confidence regions, the upper and lower boundaries of the
box represent the interquartile range, and the center line represents the
median length. Notches on either side of the centerline represent ap-
proximate 95% confidence intervals on the median. The dashed lines
in the upper panel represent the 99% parametric confidence interval
on average male length for the period 1982-1989.
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Figure D6. Box plots of average weight (kg) distribution of female dogfish landings, 1982-1996. For the box
plots, asterisks denote outliers, the “whiskers” represent upper and lower non-parametric confidence regions,
the upper and lower boundaries of the box represent the interquartile range, and the center line represents
the median length. Notches on either side of the centerline represent approximate 95% confidence intervals
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Figure D7. Box plots of average weight (kg) distribution of female dogfish landings, 1982-1996. For the box
plots, asterisks denote outliers, the “whiskers” represent upper and lower non-parametric confidence regions,
the upper and lower boundaries of the box represent the interquartile range, and the center line represents
the median length. Notches on either side of the centerline represent approximate 95% confidence intervals
on the median. The dashed lines in the upper panel represent the 99% parametric confidence interval on av-
erage male weight for the period 1982-1939.
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Figure D9. Abundance (mean catch per tow in number) and biomass (mean catch per tow in kilograms)
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strata 1-30, 33-40, 61-76).
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Figure D11. Length composition of spiny dogfish from the NEFSC spring and autumn bottom trawl surveys,
1968-1977 (offshore strata 1-30, 33-40, 61-76). '
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Figure D12. Length composition of spiny dogfish from the NEFSC spring and autumn bottom trawl SUrveys,
1978-1987 (offshore strata 1-30, 33-40, 61-76). Note the scales for spring 1985 and autumn 1981 are higher.
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Figure D14. Length composition of male and female spiny dogﬁsh from the NEFSC spring bottom trawl
surveys, 1980-1989 (offshore strata 1-30, 33-40, 61-76). Note the scale for males in 1985 is larger.
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Figure D15. Length composition of male and female spiny dogfish from the NEFSC spring bottom trawl
surveys, 1990-1997 (offshore strata 1-30, 33-40, 61-76). Note the scales for males in 1990 and 1996 are
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Figure D16. Length composition of male and female spiny dogfish from the NEFSC autumn bottom trawl
surveys, 1980-1989 (offshore strata 1-30, 33-40, 61-76). Note the scale for males in 1981 is larger.
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Figure D18. Length composition of spiny dogfish from the Massachusetts spring and autumn bottom trawl
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Figure D20, Box plots of the length frequency distribution of male and female spiny dogfish for two size
categories: 280 cm and <36 cm. In the box plots, asterisks denote outliers, the “whiskers” represent upper
and lower non-parametric confidence regions, the upper and lower boundaries of the box represent the
interquartile range, and the center line represents the median length. Notches on either side of the centerline
represent approximate 95% confidence intervals on the median,
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Figure D21. Length frequency distribution of female dogfish greater than L, for maturity. Area of each dot
size is proportional to the numbers observed in the NEFSC spring trawl survey. The trend line represents a
LOWESS smoothing of the data with a tension factor of 0.5.
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Figure D22. Box plots of the length frequency distribution of mature females (>70 cm) from the NEFSC
spring trawl survey, 1980-1997. In the box plots, asterisks denote outliers, the “whiskers” represent upper
and lower non-parametric confidence regions, the upper and lower boundaries of the box represent the
interquartile range, and the center line represents the median length. Notches on either side of the centerline
represent approximate 95% confidence intervals on the median. The dashed line represents L., for maturity,
and 75 cm is the approximate lower limit on viable pup production.
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Figure D23, Estimated minimum swept-area biomass (mt), total num-
bers (thousands), and average weight for spiny dogfish from NEFSC
spring trawl surveys, 1968-1997. Lines represent LOWESS smoothed
series with tension factor = 0.5.
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Figure D24, Estimated minimum swept-area biomass (mt) by size
group for spiny dogfish from NEFSC spring trawl surveys, 1968-
1997. Lines represent LOWESS smoothed series with tension factor
= 0.5,
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Figure D25. Estimated total number (000s) of male (open dots, dash-
ed lines) and female (filled dots, solid lines) spiny dogfish by size class.
Lines represent LOWESS smoothed series with tension factor = 0.5.
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" Figure D26. Comparison of observed total number (000s) of male and

female spiny dogfish 36-79 cm in length with predicted number based
on seven-term moving average of lagged recruits (i.¢,, <36 cm). One
parameter model: Njzg7q(1) = 8 R(t-1) + & R(t-2) + $ R(t-3) + s*R(t-
4) + s R(t-5) + s*R(t-6) + 57 R(t-7). Smoothing parameter estimate
of s = 09456, implying M = 0.0560. See text for details.
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Figure D27. Total number of spawners (1.e., >79 cm), recruits (<36
cm), and spawner-recruit ratio from NEFSC spring surveys. Dashed
line in the bottom panel represents the predicted ratio of recruits to
spawners (= 0.73) from the life history model. Overall average for the
1968-1997 period was 0.748.
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Figure D28. Schematic diagram for the computation of variance of
total mortality estimate for the Beverton-Holt model. Panel A shows
the distribution of mean length for the survey population exceeding
the 25th percentile of length in the commercial fishery. The standard
error of the mean is estimated as the standard deviation of the length
divided by the square root of assumed effective sample size of 50.
Panel B shows the estimate of F for each value of mean length. Panel
C is the expected distribution of mortality rate estimates derived from
the convolution of probabilities in Panel with the mortality estimates
in Panel B.
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Figure D29. Von Bertalanffy growth equations for male and female
spiny dogfish in the Northwest Atlantic.
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Figure D32. Comparison.of observed female sex ratio (female to
total) by l-cm length interval from NEFSC spring trawl surveys,
1982-1983, with predicted sex ratio from life history model (lines).
Dots representing sex ratio are scaled consistently across years, and
diameters are proportional to the number of observations in the de-
nominator. Predictions from the life history model are based on mor-
tality rates estimated from the Beverton and Holt mean length model
as specified in the caption for each subplot. No statistical fitting of the
life history model was performed.
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Figure D32. [continued] Comparison of observed female sex ratio
(female to total) by 1-cm length interval from NEFSC spring trawl
surveys, 1984-1985, with predicted sex rano from life history model
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Figure D32. [continued] Comparison of observed female sex ratio
(female to total) by 1-cm length interval for NEFSC spring trawl sur-
veys, 1986-1987, with predicted sex ratio from life history model
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Figure D32, [continued] Comparison of observed female sex ratio
(female to total) by 1-cm length interval for NEFSC spring trawl sur-
veys, 1996-1997, with predicted sex ratio from life history model
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Figure D32. {continued] Comparison of observed female sex ratio
(female to total) by 1-cm length interval for NEFSC spring trawl sur-
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Figure D33. Yield-per-recruit isopleths for sum of male and female spiny dogfish as a function of fishing
mortality rate and length at entry to the fishery. Knife-edge selection is assumed. Contour labels represent
estimated yield per recruit in kg. Triangles represent the time series of estimated fishing mortality rates and
lengths at entry from the Beverton and Holt model, 1982-1997. Early years in the series are on the upper left;
later years are on the lower right.
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Figure D34. Female-pups-per-female-recruit isopleths (numbers) for spiny dogfish as a function of fishing
mortality rate and length at entry to the fishery. Knife-edge selection is assumed. Triangles represent the time
series of estimated fishing mortality rates and lengths at entry from the Beverton and Holt model, 1982-1997.
Early years in the series are on the upper left; later years are on the lower right.
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Figure D35. Superposition of female-pups-per-female-recruit (numbers) isopleths (solid lines) over yield-
per-recruit (kg) isopleths (dashed lines) for spiny dogfish as a function of fishing mortality rate and length
at entry to the fishery. Knife-edge selection is assumed. Triangles represent the time series of estimated fishing
mortality rates and lengths at entry from the Beverton and Holt model, 1982-1997. Early years in the series
are on the upper left; later years are on the lower right.
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Appendix Table 1. Source of data for unclassified dogfish by state and year.

Year CT DE ME MD MA NH NI NY RI VA
1962 Gencan Gencan Gencan Gencan Gencan Gencan Gencan Gencan Gencan  Gencan
1963 Gencan Gencan Genecan “~Gencan Gencan Gencan Gencan Gencan Gencan  Gencan
1964 Gencan  Gencan Weighout Gencan Weighout Gencan Gencan  Gencan  Gencan  Gencan
1965 Gencan  Gencan Weighout Gencan Weighout Gencan  Gencan Gencan Gencan  Gencan
1966 Gencan  Gencan Weighout Gencan Weighout Genvcan Gencan  Gencan  Gencan  Gencan
1967 Gencan  Gencan Weighout Gencan Weighout Gencan Gencan Gencan  Gencan  Gencan
1968 Gencan  Gencan Weighout  Gencan Weighout Gencan Gencan Gencan Gencan  Gencan
1969 Gencan  Gencan Weighout  Gencan Weighout Gencan Gencan Gencan  Gencan  Genecan
1970 Gencan  Gencan Weighout Gencan Weighout Gencan Gencan Gencan  Gencan  Gencan
1971 Gencan  Gencan Weighout Gencan Weighout Gencan Gencan  Gencan - Gencan  Gencan
1972 Gencan  Gencan Weighout Gencan Weighout Gencan Gencan  Gencan Gencan  Gencan
1973 Gencan Gencan Weighout QGencan Weighout Gencan Gencan Gencan Gencan  Gencan
1974 Gencan  Genecan Weighout  Gencan Weighout Genecan  Gencan  Gencan  Gencan  Gencan
1975 Gencan  Gencan Weighout Gencan Weighout Gencan Gencan Gencan  Gencan  Gencan
1976 Gencan  Gencan Weighout Gencan Weighout Gencan Gencan Gencan Gencan  Gencan
1977 Gencan  Gencan Weighout Gencan Weighout Genean Gencan  Gencan  Genecan  Gencan
1978 Gencan  Gencan Weighout  Gencan Weighout Gencan Weighout Gencan Gencan  Gencan
1979 Gencan  Gencan Weighout Gencan Weighout Gencan. Weighout Gencan Gencan  Gencan
1980 Gencan  Gencan Weighout Gencan Weighout Gencan Weighout Gencan  Gencan  Gencan
1981 Gencan  Gencan Weighout Gencan Weighout Gencan Weighout Gencan Gencan  Gencan
1982 Gencan  Gencan Weighout  Gencan Weighout Gencan Weighout Gencan Gencan  Gencan
1983 Gencan  Gencan Weighout Gencan Weighout Gencan Weighout CGencan Gencan  Genecan
1984 Gencan  Gencan Weighout Gencan Weighout Gencan Weighout Gencan Gencan  Gencan
‘1985 Gencan  Gencan Weighout Gencan Weighout Gencan Weighout Gencan Gencan  Gencan
1586 Gencan Gencan Weighout Gencan Weighout Gencan Weighout Gencan Gencan  Gencan
1987 Gencan  Gencan Weighout Gencan Weighout  Gencan Weighout Gencan Gencan  Gencan
1988 Gencan  Gencan Weighout  Gencan Weighout  Gencan Weighout Gencan  Gencan  Gencan
1989 Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout
1990 Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout
1591 Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout
1992 Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout
1993 Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout
1994 Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout
1995 Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout
1996 Weighout Weighout Weighout Weighout Welghout Weighout Weighout Weighout Weighout Weighout

Notes: Gencan = General canvas database. Weighout = NEFSC commercial dealer database.
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Appendix Table 2. Source of data for spiny dogfish by state and year.

Year CT DE ME MD MA NH NI NY Rl VA
1978 - - - - Weighout - - - - -
1979 - - Weighout - Weighout - - - - -
1980 . - Weighout - Weighout ~ Weighout - - -
1981 - - Weighout Gencan Weighout - - - -~ Gencan
1982 - - Weighout Gencan Weighout - Weighout - - Gencan
1983 - - Weighout Gencan Weighout Weighout - - - Gencan
1984 - - Weighout Gencan Weighout Weighout Weighout - Weighout Gen can
1985 - - Weighout Gencan Weighout Weighout Weighout - - Gencan
1986 - - Weighout Gencan Weighout Weighout Weighout Weighout - Gencan
1987 - - Weighout  Gencan Weighout Weighout Weighout - Weighout Gencan
1988 - - Weighout Gencan Weighout Weighout Weighout Weighout - Gencan
1989 - - Weighout Weighout Weighout Weighout Weighout - - Weighout
1990 - - Weighout Weighout Weighout Weighout Weighout - Weighout Weighout
1991 - - Weighout Weighout Weighout Weighont Weighout - Weighout Weighout
1992 - - Weighout Weighout Weighout Weighout Weighout - Weighout Weighout
1993 - - Weighout Weighout Weighout Weighout Weighout Weighout Weighout Weighout
1594 - - Weighout Weighout Weighout Weighout Weighout - Weighout Weighout
1995 Weighout Weighout Weighout Weighout Weighout Weighout Weighout - Weighout Weighout
1996 - - Weighout Weighout Weighout Weighout Weighout Weighout Weighout weighout

Notes: Gencan = General canvas database. Weighout = NEFSC commercial dealer database.
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