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MEETING OVERVIEW 

The Stock Assessment Review Committee 
(SARC) meeting of the 25th Northeast Regional 
Stock Assessment Workshop (25th SAW) was held 
at the Northeast Fisheries Science Center (NEFSC), 
Woods Hole, MA during 21 - 25 July 1997. The 
SARC Chairman was Dr. Emory Anderson (NEFSC). 
Members of the SARC included scientists from the 
NMFS Northeast and Southeast Fisheries Science 
Centers (NEFSC and SEFSC), Mid-Atlantic and New 
England Fishery Management Councils (MAFMC and 
NEFMC), Atlantic States Marine Fisheries Commis
sion (ASMFC), the States of Maryland and North 
Carolina, and the University of Maryland (Table 1). In 
addition, about 20 other persons attended some or all 
of the meeting (Table 2). The meeting agenda is pre
sented in Table 3. 

Table 1. Composition of the SARC. 

Chair: 
Emory Anderson, NMFSINllFSC 

(SAW Chairman) 

Four ad hoc experts chosen by the Chair: 
RusseD Brown NMFSINllFSC 
Pamela Mace, NMFS/SEFSC 
Ralph Mayo, NMFSINllFSC 

Loretta O'Brien, NMFSINllFSC 

One person from each regional Fisheries Management Council: 
Andrew Applegate, NEFMC 

Christopher Moore, MAFMC 

Atlantic States Marine Fisheries Commission/State personnel: 
John Carmichael, ASMFC 

Steve Doctor, MD DNR 
Rick Monaghan, NC DMF 

One or more scientists from: 
Academia - Tom Miller, CEESIUMD 

Other Regions - John Merriner, NMFS/SEFSC 

Opening 

Dr. Emory Anderson welcomed the participants 
and introduced the SARC members, as well as Dr. 
Steven Murawski, Chief of the NEFSC Population 
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Dynamics Branch, the "ex officio" member. As he re
viewed the composition of the SARC, Dr. Anderson 
noted that, in numbers, this was one of the smaller 
SARCs. 

Table 2. List of participants. 

National Marine 
Fisheries Service 
Northeast Fisheries 
Science Center 
Frank Almeida 
Gavin Begg 
Steve Cadrin 
Steve Clark 
Kevin Friedland 
Wendy Gabriel 
Ralph Mayo 
Helen Mustafa 
William Overholtz 
Fred Serchuk 
Gary Shepherd 

Mark T erceiro 
Atlantic States ~larine 
Fisheries Commission 
Najih Lazar 
Massachusetts Division 
of Marine Fisheries 
Mike Armstrong 
Steven Correia 
Tom Currier 
AmoldHowe 
Jeremy King 
David Pierce 
Maine Department of 
l\larine Resources 
Dan Schick 

The Process 

The Chairman reviewed the SAW process and the 
individual responsibilities of the presenters, rappor
teurs, and SARC leaders. SARC leaders ensure that 
final documents appropriately reflect the consensus of 
the SARC and that research recommendations are 
properly recorded. 

The SAW process has evolved since its establish
ment in 1985 and, for the past few years, has been 
operating under a formalized partnership among 
NMFS (NEFSC and Northeast Regional Office), 
MAFMC, NEFMC, and the ASMFC. The four major 
elements of the process are a Steering Committee, 
Working Groups, SARC, and Public Review Work
shop. The SAW cycle is normally repeated twice a 
year. This year, however, was an exception in that an 
additional third SAW was held to accommodate the 
needs of a Congressionally mandated peer review of 
Northeast groundfish assessments by the National Re
search Council (NRC). 



Table 3. Agenda of the 25th Northeast Regional Stock Assessment Workshop (25th SAW) Stock Assessment 
Review Committee (SARC) meeting. 

TOPIC 

NEFSC Aquarium Conference Room 
166 Water Street 

Woods Hole, MA 
21 (l00 PM) - 25 (600 PM) July, 1997 

AGENDA 

WORKING GROUP 
& PRESENTER 

SARCLEADER 

MONDAY. 21 July (1:00 PM - 6:00 PM) ........................................................... . 

Opening 
Welcome 
Agenda 
Conduct of Meeting 

Black Sea Bass © 

E. Anderson, Chairman 

CoastaUPelagic 
W. Overholtz J. Merriner 

TUESDAY, 22 July (9:00 AM - 6:00 PM) ................................................................................................... .. 

Northern Shrimp CD) ASMFC Technical Committee 
D. Schick J. Carmichael 

Scup (B) CoastallPeiagic 
W. Overholtz P. Mace 

RAPPORTEUR 

H. Mustafa 

G.Shepherd 

S.Cadrin 

T. Currier 

WEDNESDAY. 23 July (9:00 AM - 6:00 PM) .................................................................................................................... . 

Summer Flounder (A) 

Review Advisory Report Section 
Review Available SARC Consensus Summary Section 

THURSDAY. 24 Julv (9:00 AM - 6:00 PM). 

Review Available Advisory Report Sections 

Southern Demersal 
W. Gabriel 

Review Available SARC Consensus Summary Sections 

SOCIAL at the Sissenwines' (7:00 PM) 

FRIDAY, 25 Julv (9:00 AM - 6:00 PM) .............. . 

Complete Advisory Report Sections 
Review Research Recommendations 
Complete SARC Consensus Summary Sections 
Review List of Recommended Publications for SAW-25 

Other Business 
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C.Moore M. Terceiro 

H. Mustafa 



Steering Committee 

The Steering Committee consists of five members 
representing the partners in the SAW process and is 
chaired by the SAW Chairman. The Committee is re
sponsible for managing the process and setting the 
agenda and terms of reference for each SAW cycle. 

Working Groups 

There are currently five SAW Working Groups: 
Northern Demersal, chaired by Ralph Mayo; Southern 
Demersal, chaired by Wendy Gabriel; CoastaVPelagic, 
chaired by William Overholtz; Invertebrate, chaired 
by Paul Rago; and Assessment Methods, which is 
currently without a chair and has been inactive for 
several years. Working Groups assemble input data, 
agree on analytical methodology, and prepare stock 
assessments, working papers, and draft advice for 
SARC review. ASMFC Technical Committees (or 
their assessment subcommittees) also provide input to 
the SARC in the same way as SAW Working Groups. 
For SAW-2S, the ASMFC Northern Shrimp Techni
cal Committee performed the northern shrimp assess
ment, assembled a report, and prepared draft advice 
for consideration by the SARC. 

The Working Group meetings and meeting par
ticipants associated with SAW -25 are presented in 
Table 4. 

Stock Assessment Review Committee (SARC) 

The SARC peer reviews assessments and other 
information prepared by the Working Groups, formu
lates management advice, develops and approves re
search recommendations, and specifies Working Pa
pers for publication in the NEFSC Research Docu-. ' 

ment series. This diverse group of experts from within 
and outside the Region, by virtue of its consensus 
peer review, places a "stamp of approval" on the as
sessments which it considers. 

Public Review Workshop 

The SAW Public Review Workshop is a forum for 
the public presentation of the results from the SARC 
meeting, including the management advice. Each 
Workshop is held in two sessions at meetings of the 
NEFMC and MAFMC. 

Agenda and Reports 

The SAW-2S SARC agenda was devoted to the 
peer review of assessments for summer flounder, 
scup, black sea bass, and Gulf of Maine northern 
shrimp (Table 3). A chart of US commercial statisti
cal areas used to report landings in the Northwest 
Atlantic is presented in Figure 1. A chart showing the 
sampling strata used in NEFSC bottom trawl surveys 
is presented in Figure 2. 

Draft sections of this report, as well as the advi
sory document, were reviewed before the SARC ad
journed and were assembled into the draft Report of 
the 25th Northeast Regional Stock Assessment Work
shop (25th SAW) Stock Assessment Review Commit
tee (SARC) Consensus Summary of Assessments and 
the Advisory Report on Stock Status for distribution 
to the SAW Steering Committee and subsequently to 
the participants of the SAW-2S Public Review Work
shop. Only one Working Paper was recommended for 
publication in the NEFSC Reference Document ser
ies: "Stock assessment of Gulf of Maine northern 
Shrimp" by S. Cadrin, D. Schick, D. McCarron, S. 
Clark, M. Armstrong, B. Smith, and B. O'Gorman . 
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A. SUMMER FLOUNDER 

Terms of Reference 

a. Assess the status of summer flounder through 
1996 and characterize the variability of estimates 
of stock abundance and fishing mortality rates. 

b. Provide projected estimates of catch for 1997-
1998 and SSB for 1998-1999 at various levels of 
F, including F""". 

c. Provide medium- to long-term stock size and 
catch projections under various constant fishing 
mortality or constant catch scenarios with the aim 
of achieving stock rebuilding at an MSY level. 

Introduction 

For assessment purposes, the previous definition 
of Wilk et al. (1980) of a unit stock extending from 
Cape Hatteras north to New England was accepted. 
The Mid-Atlantic Fishery Management Council 
(MAFMC) Fishery Management Plan (FMP) for sum
mer flounder has as a management unit all summer 
flounder from the southern border of North Carolina, 
northeast to the US-Canada border. Amendment 1 to 
the FMP (1990) established the overfishing definition 
for summer flounder as Fm", = 0.23. Amendment 2 to 
the FMP (August 1992) set target fishing mortality 
rates for summer flounder for 1993-1995 (F "'g" = 
0.53) and 1996 and beyond (F ""'" = 0.23). Major regu
lations enacted under Amendment 2 to meet those 

. fishing mortality rate targets included: 1) an annual 
fishery landings quota, with 60% allocated to the 
commercial fishery and 40% to the recreational fish
ery based on the historical (1980-1989) division of 
landings, with the commercial allocation further dis
tributed among states based on their share of com
mercial landings during 1980-1989; 2) commercial 
minimum landed fish size limit at 13 in (33 cm), as 
established in the original FMP; 3) a minimum mesh 
size of5.5 in (140 mm) diamond or 6.0 in (152 mm) 
square for commercial vessels using otter trawls that 
possess 100 Ib (45 kg) or more of summer flounder, 
with exemptions for the flynet fishery and vessels fish
ing in an exempted area off Southern New England 
(the Northeast Exemption Area) during 1 November -
30 April; 4) pennit requirements for the sale and pur-
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chase of summer flounder; and 5) annually adjustable 
regulations for the recreational fishery, including sea
sons, a 14-in (36-cm) minimum landed fish size, and 
possession limits. 

Amendment 3 to the FMP revised the western 
boundary of the Northeast Exemption Area to 72 030' 
W (west of Hudson Canyon), increased the large 
mesh net possession threshold to 200 Ibs during 1 
November - 30 April, and stipulated that only 100 Ibs 
could be retained before using a large mesh net during 
1 May - 31 October. Amendment 4 adjusted Connect
icut's commercial landings of summer flounder and 
revised the state-specific shares of the commercial 
quota accordingly. Amendment 5 allowed states to 
transfer or combine the commercial quota. Amend
ment 6 allowed multiple nets on board commercial 
fishing vessels if properly stowed, and changed the 
deadline for publication of overall catch limits and an
nual commercial management measures to 15 Octo
ber and of recreational management measures to 15 
February. 

The results of previous assessments indicated that 
summer flounder abundance was not increasing as 
rapidly as projected when Amendment 2 regulations 
were implemented. In anticipation of the need to dras
tically reduce fishery quotas in 1996 to meet the man
agement target ofFmax = 0.23, the MAFMC and At
lantic States Marine Fisheries Commission (ASMFC) 
modified the fishing mortality rate reduction schedule 
in 1995 to allow for more stable landings from year to 
year while slowing the rate of stock rebuilding. 
Amendment 7 to the FMP set a target fishing mortal
ity rate (F"",,) of 0.41 for 1996 and 0.30 in 1997, 
with a target ofF max = 0.23 in 1998 and beyond. Total 
landings were to be capped at 8,400 mt (18.51 million 
Ibs) in 1996-1997 unless that quota provided a real
ized F = 0.23. 

The Fishery 

Northeast Region (NER: Maine-Virginia) com
mercial landings data for summer flounder in years 
prior to 1994 were obtained from trip-level detailed 
landings records contained in master data files main
tained by the Northeast Fisheries Science Center 



(NEFSC; the weighout system; 1963-1993) and from 
summary reports of the Bureau of Commercial Fish
eries and its predecessor the US Fish Commission 
(1940-1962). Prior to 1994, summer flounder com
mercial landings were allocated to statistical area 
according to port agent interview data (Burns et al. 
1983). 

Beginning in 1994, landings estimates were deriv
ed from mandatory dealer reports under the current 
National Marine Fisheries Service (NMFS) NER 
summer flounder quota monitoring system. For 1994-
1996, dealer landings were allocated to statistical area 
using fishing vessel trip reports (VTR data) according 
to the general procedures developed by Wigley et ai. 
(1997) in which a matched set of dealer and VTR 
data is used as a sample to characterize the statistical 
area distribution of monthly state landings. Thus, sim
ilar to the way information from port agent interviews 
was used to characterize the 1982 - April 1994 
weighout landings under the voluntary reporting sys
tem, the data from the May 1994 - December 1996 
vessel logs were used to characterize the spatial dis
tribution ofthe market category landings reported by 
dealers. 

The reported total commercial landings in 1996 
were 5,770 mt (about 12.7 million Ib), about 14% 
over the initial 1996 commercial fishery quota of 
5,040 mt (11.1 million Ibs) (Table AI). Recreational 
landings (catch types A - catch available for inspec
tion, plus B 1 - catch reported by anglers as landed) 
were based on statistics from the NMFS Marine Rec
reational Fishery Statistics Survey (MRFSS). Recre
ational fishery landings increased 118% by number 
and 89% by weight from 1995 to 1996, with the fish
ery landing 140% (4,704 mt, 10.4 million Ibs) of the 
3,360 mt (7.4 million Ibs) quota established for 1996. 
The 1996 recreational landings of summer flounder 
were the highest since 1988. Total comme~cial and 
recreational landings were 10,474 mt, exceeding the 
1996 total landings quota of8,400 mt by 25% (Table 
AI). 

Length and age samples were available to con
struct the landings-at-age matrix for the NER 
commercial landings for the period 1982-1996 (Ta
bles A2-AS). A landings-at-age matrix for 1982-1996 
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was also developed for the North Carolina winter 
trawl fishery (Table A6) which historically accounts 
for about 99% of the summer flounder commercial 
landings in North Carolina. The matrix is based on 
North Carolina Division of Marine Fisheries 
(NCDMF) fishery length frequency samples and age
length keys from NEFSC commercial and spring 
survey data (1982-1987) or NCDMF commercial 
fishery data (1988-1996). 

Changes in the estimation of commercial fishery 
discards have been made for this assessment. First, 
NER sea sampling data for 1994-1996 are now avail
able enabling estimates for 1994-1995 to be revised 
using those data rather than assuming the 1989-1993 
average rate and length composition as in the SAW-
22 assessment (NEFSC 1996b). Second, as a result of 
comments from representatives of the commercial 
fishing industry (J. Fletcher, personal communica
tion), estimates of discard are now stratified by two 
gear types (scallop dredge and trawl) for years when 
data are adequate (1992-1996). Estimates at length 
and age are stratified by gear only for 1994-1996, 
again due to sample size considerations. 

While estimates of catch rates from the NER sea 
sampling data are used in this assessment to estimate 
total discards, information on catch rate is also re
ported in the VTR data. A comparison of discard-to
kept ratios for the sea sampling and VTR data sets for 
trawl and scallop dredge gear indicated very similar 
discard rates in the trawl fishery from the two data 
sources, while discard rates in the scallop dredge fish
ery were higher in the sea sampling data. Overall, sea 
sampling and VTR discard-to-kept ratios were very 
similar during 1994-1996 (Tables A7-A8). 

Discards from the commercial fishery during 
1989-1996 were estimated using observed discards 
and days fished from NEFSC sea sampling trips to 
calculate fishery discard rates by two-digit statistical 
area and calendar quarter (estimates were calculated 
separately for trawl and scallop gear for 1992-1996). 
These rates were applied to the total days fished (days 
fished on trips landing any summer flounder) from the 
weighout (1989-1993) and VTR (1994-1996) data 
bases in the corresponding area-quarter cell to pro
vide estimates of fishery discard by cell. Discard esti
mates were aggregated over all cells. That total was 



then raised to reflect potential discard associated with 
general canvas and North Carolina state waters land
ings and for fishing activity resulting in discard when 
summer flounder landings are prohibited (Table A9). 
Because existing sea sampling length-age data are not 
adequate to characterize discards at this level of reso
lution, with large amounts of estimated discard repre
sented by one or no length-age samples, length-age 
samples are applied at a coarser stratum level as need
ed. 

A NER commercial fishery discard-at-age matrix 
for 1989-1996 was developed using sea sampled 
length frequency and age-length distribution samples 
from 1989-1996, assuming a commercial fishery dis
card mortality rate of 80%, as recommended by 
SAW-16 (NEFSC 1993)(Table AI0). Sampling inten
sity was at least one sample of 100 lengths per 34 mt. 
Although data are inadequate to develop a commer
cial discard-at-age matrix for 1982-1988, it is likely 
that discard numbers were small relative to landings 
during that period because there was no minimum 
size limit for fish caught in the EEZ. Discards likely 
increased with the implementation of minimum size 
regulations for the EEZ beginning in 1989. Not ac
counting directly for commercial fishery discards will 
result in a small underestimation of fishery mortality 
and stock sizes in 1982-1988. 

Estimates of recreational landings at age (catch 
types A+B 1) were developed from MRFSS estimates 
of total catch, MRFSS sample length frequencies, and 
NEFSC commercial and survey age-length data 
(Tables All-Al3). Estimates of recreational discards 
at age were based on assumptions that the ratio of 
age 0 to age I fish in type B2 catches (fish reported 
by anglers as released alive) were the same as in the 
landings and that 25% of type B2 catches die of 
hooking mortality (Table AI4). Type B2 catches have 
become a more significant component of the total 
recreational catches (up to 79% in 1995) as minimum 
size regulations have been implemented on a state-by
state basis. Because discard lengths and weights are 
unobserved, mean weight at age in the discard was set 
equal to mean weight at age in the landings. The 
SARC noted that discard weight at age consequently 
would be overestimated (although sub-legal sized fish 
are observed in landings). 
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NER total commercial landings and discards at 
acre North Carolina winter trawl landings and dis-", 
cards at age, and MRFSS recreational landings and 
discards at age totals were summed to provide a total 
fishery catch-at-age matrix for 1982-1995 (Table 
A15). The numbers and proportions at age of fish age 
4 and older are low and quite variable, reflecting the 
limited numbers offish available to be sampled. Over
all, mean lengths and weights at age for the total 
catch were calculated as weighted means (by number 
in the catch at age) of the respective mean values at 
age from the NER commercial (Maine - Virginia), 
North Carolina commercial winter trawl, and recre
ational (Maine - North Carolina) fisheries (Tables 
A16-A17). 

Biological Data 

Work performed for the SAW-22 assessment 
(NEFSC 1996b) indicated a major expansion in the 
size range of l-year-old summer flounder collected 
during the 1995 and 1996 NEFSC winter bottom 
trawl surveys and brought to light differences be
tween ages determined by the NEFSC and NCDMF 
age readers. Research and age structure exchanges 
have been performed since the SAW -22 assessment 
to explore these aspects of summer flounder biology. 
The results ofthe first two exchanges, which were re
ported at SAW-22, indicated low levels of agreement 
between age readers at the NEFSC and NCDMF (31 
and 46%). In 1996, research was conducted to deter
mine inter-annular distances and to back-calculate 
mean length at age from scale samples collected on all 
NEFSC bottom trawl surveys (winter, spring, and 
fall) for comparison with NCDMF samples. While 
mean length at age remained relatively constant from 
year to year, inter-annular distances increased sharply 
in the samples from the 1995-1996 winter surveys 
and increased to a lesser degree in samples from other 
1995-1996 surveys as well. 

Age data from the winter 1997 bottom trawl sur
vey, aged utilizing both scales and otoliths, initially in
dicated a similar pattern as the previous two winter 
surveys (i.e., several large age 1 individuals) from 
scale readings and some disagreement between scale 
and otolith ages obtained from the same fish. Because 



of these problems, a team of five experienced NEFSC 
age readers was formed to re-examine the scales aged 
from the winter survey. After examining several hun
dred scales, the team determined that re-ageing all 
samples from 1995-1997, including all winter, spring, 
and fall samples from the NEFSC and MA state bot
tom trawl surveys and all samples from the commer
cial fishery would be appropriate. The age determina
tion criteria used remained the same as those devel
oped at the 1990 summer flounder workshop (Almei
da et al. 1992) and described in the standard ageing 
manual utilized by NEFSC staff (Dery 1997). Only 
those fish for which a 100% consensus was reached 
by all group members were included in the revised 
database. The re-aged database was used in the com
pilation of fishery and survey catch-at-age matrices 
used in the SAW -25 analyses. Age structure ex
changes between the NEFSC and NCDMF were re
initiated during SAW -25. The results of these ex
changes will be provided to the SAW Southern De
mersal Working Group as soon as they are available. 

Research Survey Abundance and Biomass 
Indices 

Age-specific mean catch rates (in numbers) from 
the NEFSC spring offshore survey (TableAI8, 1976-
1997, 1997 preliminary), NEFSC fall inshore/offshore 
survey (Table A19, 1982-1996), NEFSC winter off
shore survey (Table A20, 1992-1997), Rhode Island 
Department of Fish and Wildlife fall survey (Table 
A21, 1980-1996), Massachusetts Department ofMa
rine Fisheries (MADMF) spring and fall inshore sur
veys (Tables A22-A23, 1978-1996), Connecticut De
partment of Environmental Protection (CTDEP) 
spring and fall trawl surveys (Tables A24-A25, 1984-
1996), and New Jersey Bureau of Marine Fisheries 
spring to fall trawl survey (Table A26, 1988-1996) 
were used as indices of abundance in VP Atuning. 

Young-of-year (YOY) indices from the NCDMF 
Pamlico Sound trawl survey (1987-1996), Virginia 
Institute of Marine Science (VIMS) juvenile fish trawl 
survey (1979-1996), and Maryland Department of 
Natural Resources (MDDNR) trawl survey (1972-
1996) were also used in VPA tuning (Table A27) 
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AlthOUgh some surveys may not reflect the coast
wide trends in the abundance of summer flounder in
dicated by VP A, the surveys may provide accurate in
dices of localized summer flounder abundance and 
serve as useful tools for local fisheries management. 

Estimates of Mortality and Stock Size 

Natural Mortality Rate 

Instantaneous natural mortality rate (M) for sum
mer flounder was assumed to be 0.2 in all analyses, 
although alternative estimates of M were considered 
in the SAW-20 assessment (NEFSC 1996a). In the 
SAW-20 work, estimates were derived with the meth
ods described by 1) Pauly (1980) using growth pa
rameters derived from NCDMF age-length data and 
a mean annual bottom temperature (17.5' C) from 
NC coastal waters, 2) Hoenig (1983) using a maxi
mum age for summer flounder of 15 years, and con
sideration of age structure expected in unexploited 
populations (5% rule, 31M rule, e.g., Anthony 1982). 
SAW-20 concluded that M = 0.2 was a reasonable 
value given the mean (0.23) and range (0.15-0.28) 
obtained from the various analyses. 

Virtual Population Analysis (VP A) Calibration 

ADAPT tuning for the summer flounder VP A was 
used (parrack 1986, Gavaris 1988, Conser and Pow
ers 1990). As in the SAW-22 summer flounder as
sessment (NEFSC 1996b), research survey indices 
with trends that did not reasonably match correspond
ing patterns in abundance, as estimated by the VP A, 
were eliminated from the VP A tuning. All indices in 
the VP A tuning were given equal weight. Instantan
eous natural mortality rate (M) was assumed to be 
0.2. Fishing mortality rates in 1996 and abundances of 
ages 1-4 in 1997 were directly estimated, while abun
dance of age 5+ was estimated from F s estimated in 
1996. Stock size at age 0 in 1997 was not estimated. 
The F on age 4 (oldest true age) was estimated from 
back-calculated stock sizes for ages 2-4. The F on the 
age 5+ group was set equal to the rate for age 4. 

Fishing mortality rates on fully recruited ages of 
summer flounder have been high during 1982-1996, 



varying between 1.0 and 2.1 (58-85% exploitation 
rate). The fishing mortality rate peaked in 1992 at 
2.1, but has since declined to 1.2 in 1994, 1.1 10 

1995, and 1.0 in 1996 (Table A28, Figure AI). 

Summer flounder spawn in the late autumn and 
into early winter (peak spawning on November 1), 
and age 0 fish recruit to the fishery the autumn after 
they are spawned. For example, summer flounder 
spawned in autumn 1987 (from the November 1, 
1987 spawning stock biomass) recruit to the fishery 
in autumn 1988 and appear in VP A tables as age 0 
fish in 1988. This assessment indicates that the 1982 
and 1983 year classes were 76 and 83 million fish, re
spectively, the largest of the VP A series. The 1988 
year class was the smallest of the series at only 13 
million fish. The 1994 year class is estimated at about 
40 million fish and the 1995 year class at 47 million 
fish, the largest since 1983. The 1996 year class, 
however, at about 23 million, is estimated to be the 
weakest since 1988 (Table A28, Figure A2). 

Total stock size in 1996 (ages 0 and older) was 
estimated at about 84 million fish, about 52% of the 
peak abundance estimated for 1983 (163 million). 
Spawning stock biomass (SSB) on November 1, 1996 
was estimated to be 17,402 mt, 92% of the peak esti
mated for 1983 (18,939 mt). Age 2-5+ SSB, which 
may be a more realistic estimate of viable spawners 
given the uncertain spawning potential of age 0 and 
age 1 summer flounder, was estimated to be 5,877 
mt, about 3% higher than the age 2-5+ SSB estimated 
for 1983 (5,703 mt) (Table A28, Figure A2) A com
parison between catch biomass calculated in the VP A 
and reported landings plus estimated discard is pre
sented in Table A29. 

In summary, the VP A results indicate that fishing 
mortality rates on summer flounder have"declined 
since 1992, but are currently above the management 
target (F_ = OAI in 1996) and the overfishing defi
nition (F m'" = 0.24). Fishing mortality rates on age 1 
fish in 1995-1996 are lower relative to fully recruited 
ages (2-4) than in 1993-1994. Spawning stock bio
mass has tripled since 1989, but this biomass contin
ues to be concentrated in a few age classes, with 
about 34% of the total SSB at ages 2 and older in 

1996. In contrast, about 85% of the spawning stock 
would be expected to be age 2 and older if the stock 
were rebuilt and fished at F max = 0.24. Spawning stock 
biomass and corresponding recruitment estimates are 
summarized in Figure A3. 

A bootstrap procedure (Efron 1982) was used to 
evaluate the precision of the current 1996 VPA esti
mates with respect to random variation in tuning data 
(survey abundance indices). The procedure does not 
reflect uncertainty in the catch-at-age data. Two hun
dred bootstrap iterations were used to generate dis
tributions of the 1996 fishing mortality rate and S SB. 
The bootstrap estimate of the 1996 S SB was relative
ly precise, with a corrected CV of 14%. The boot
strap mean (17,771 mt) was slightly higher than the 
VPA point estimate (17,402 mt). The bootstrap re
sults suggest a high probability (>90%) that SSB in 
1996 was at least 15,000 mt, reflecting only variabil
ity in survey observations (Figure A4). 

The corrected coefficients of variation for the Fs 
in 1996 on individual ages were 28% for age 0, 20% 
for age 1, and 15% for fully recruited ages. The distri
bution of bootstrap Fs was not strongly skewed, re
sulting in the bootstrap mean F for 1996 (1. 00) being 
about equal to the point estimate from the VP A 
(0.99). There is an 80% chance that Fin 1996 was 
between about 0.8 and 1.2, given the variability in 
survey observations (Figure A5). 
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VP A Retrospective Analysis 

Retrospective analysis of the summer flounder 
VP A was carried out for terminal catch years 1990-
1996 using the final configuration of the current 
VP A. Convergence is generally evident within 4 years 
prior to a given terminal year. As in the SAW-22 as
sessment, F was underestimated and stock sizes over
estimated for the years 1991-1993. This pattern has 
reversed for the 1994-1995 estimates in the current 
assessment, with a tendency to overestimate F in 
those years. This is different from the pattern for 
those estimates that was indicated in the SAW-22 
assessment and may reflect more accurate 1995-1996 
estimates of catch and indices of stock size due to re
vised ages and better accounting oflandings and esti
mation of discards. 



The retrospective analysis shows that fully recruit
ed F (ages 2-4) was underestimated for 1991-1993, 
but overestimated in 1994-1995 (Table A30). The 
largest retrospective difference occurred for 1992 
(1992 terminal year estimate ofF = 1.1, 1996 termi
nal year estimate ofF = 2.1). Over the terminal catch 
years of 1990-1996, fully recruited F was underesti
mated by an average of 0.02. 

Spawning stock biomass was overestimated since 
1990, except for 1994 (Table A30). The largest retro
spective error occurred for 1992, with SSB overesti
mated by 5,300 mt relative to the 1992 estimate with 
a 1996 terminal year. Over the terminal catch years of 
1990-1995, SSB was overestimated by an average of 
1,128 mt. 

Summer flounder recruitment at age 0 was under
estimated for 1992 and 1993, but overestimated for 
the years 1990, 1991, 1994, and 1996 (Table A30). 
No pattern for the 1995 year class was evident. The 
largest retrospective error occurred for 1994, with 
age 0 recruitment overestimated by 20.6 million fish 
relative to the 1994 estimate with a 1996 terminal 
year. Over the terminal catch years of 1990-1996, re
cruitment was overestimated by an average of 6.9 
million fish. For average recruitment of34.7 million 
fish during 1990-1996, recruitment has been overesti
mated by an average of20%. 

Integrated Catch-at-Age Analysis (ICA Model) 

The ADAPT calibration of the VPA assumes no 
error is present in the fishery catch data. Given that 
the recreational fishery landings and discard and com
mercial fishery discard components of the summer 
flounder catch-at-age matrix are estimated quantities, 
an alternative assessment model which can estimate 
the error in the catch at age was considered. Integrat
ed catch-at-age analysis (rCA) is a hybrid method 
which can use a separable catch model for a variable 
number of years at the end of the catch time series, 
combined with a VP A for the earlier years (Patterson 
1995, Patterson and Melvin 1995). The separable 
portion is a log catch model where the objective func
tion to be minimized is the deviations of the observed 
minus the predicted catches. Predicted catch is a func
tion of abundance, mortality rate, and partial selec
tion. Relaxation of the true catch assumption for the 
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most recent years (1993-1996) was made for summer 
flounder (separable model for 1993-1996), with the 
thought that this might provide a better solution capa
bility and appraisal of uncertainty in the terminal catch 
year estimates. 

An rCA run was configured using the same catch 
at age, natural mortality rate, mean weights at age, 
and maturity vector as in the current ADAPT -tuned 
VP A. A limitation on the number of tuning indices 
possible in ICA required the use of a reduced set. 
Five age-structured indices (NEFSC spring, NEFSC 
fall, CTDEP spring, CTDEP fall, and NJBMF survey 
series) were included as the longest available age
structured series. The MADMF spring, MADMF fall, 
and RIDFW fall surveys were aggregated to biomass 
indices. Flat-topped partial recruitment was assumed, 
with a reference age for full recruitment to the fishery 
assumed at age 2. Other model configuration details 
included linear catchability relationships between sur
vey indices and estimated stocks sizes, within-survey 
error correlations set at 0.50 (degree to which indices 
at age within a survey series vary together), and equal 
weighting among indices, as in the previous assess
ment. 

The magnitude of and trends in SSB and recruit
ment estimated by ICA are comparable to those esti
mated by the ADAPT -tuned VP A model. The magni
tude of and trend in fishing mortality estimated by 
rCA is comparable to that of the ADAPT-tuned VPA 
for the 1982-1993 period. The ICA model estimates 
a substantially higher F in 1994 (2.6) than the 
ADAPT-tuned VPA (1.2) and indicates a steeper de
cline to an estimated F of 0.7 in 1996. 

Estimates of Mortality from ALS Tagging Data 

Tagging data for summer flounder from the Amer
ican Littoral Society (ALS) angler program were used 
to estimate fishing mortality. Since 1983, a total of 
23,930 summer flounder have been tagged by ALS 
anglers, of which a total of 1,758 had been recovered 
through 1996. Based on reported length at tagging, 
most summer flounder tagged by anglers were ages 0 
to 2. Tag release and recapture data were compiled 
for 1983-1996. Estimates of survival rates were made 
using the MARK framework (White and Burnham, 
1996), recently adopted by the ASMFC Tagging 



Working Group for striped bass mortality estimates. 
The statistical framework consists of a series of mod
els which consider tag recoveries in sequential years 
following release to be multinomial random variables. 
Model structure in terms of recovery rate and survival 
probability proceeds from most restrictive (no time 
dependence) to most general (time-dependent param
eters). Maximum likelihood methods are used to esti
mate parameters and provide a covariance matrix for 
the estimates. Goodness of fit, likelihood ratio tests 
and Akaike's Information Criteria (AlC) are used t~ 
select the most parsimonious model which adequately 
fits the data. The models estimate survival rate direct
ly, which is transformed into total instantaneous mor
tality rate (Z). Total mortality rate was corrected for 
tag loss on the basis of Sprankle's (1994) study on 
striped bass which indicated an instantaneous loss of 
OA8 per year for the ALS tags. Fishing mortality rate 
was estimated by subtracting M = 0.20 from correct
ed Z values. 

The model allowed estimates of survival and re
coveries for the entire time series (1983-1996) via nu
merical maximum likelihood techniques. The selected 
model that best fit the data assumed time-independent 
recovery and survival rate, also known as a general 
model. Survival rate (S) ranged from 0.11 (SE = 
0.04) in 1985-1986 to 0.38 (SE = 0.12) in 1988-1989 
without a trend. The period of inference for the survi
val estimate was from July of one year to July of the 
next year. The estimated survival rates correspond to 
a total instantaneous loss rate ranging from Z = 0 A6 
to Z = 1. 7. Allowing for tag loss, as estimated in the 
Sprankle (1994) retention study and natural mortality 
losses, fishing mortality rate ranged from F = 0.26 to 
1.5, and the estimate of F in the tertninal year (July 
1995 - July 1996) was 0.91 for ages 1 and 2. Assum
ing no uncertainty in the natural mortality or tag loss 
adjustment rates, a 95% confidence interval on F in 
1995-1996 was 0.60 - 1.36.' 

Biological Reference Points 

The calculation of biological reference points for 
summer flounder, using the Thompson and Bell 
(1934) model, was detailed in NEFC (1990) The 
1990 (SAW-ll) analysis indicated that Fo, = 0.136 
and F""", = 0.232. A revised yield-per-recruit analysis 

reflecting recent conditions in the fisheries was con
ducted for the current assessment. The partial recruit
ment pattern (including discards) was estimated as the 
geometric mean of F at age for 1995-1996. Mean 
weights at age were estimated as the arithmetic means 
of 1995-1996 values. The current analysis indicates 
that FO' = 0.141 and F rna< = 0.242 (Table A31, Figure 
A6). 

Projections 

Stochastic projections oflandings, discards, SSB, 
and fishing mortality were made for 1997-1999 start
ing with three different levels of exploitation in 1997 
(projection sets), and four subsequent levels of ex
ploitation during 1998-1999 (projection options). 
One hundred projections were made for each of the 
200 bootstrapped realizations of 1997 stock sizes 
from VP A runs using algorithms and software de
scribed by Brodziak and Rago (MS 1994). Recruit
ment in 1997-1999 was generated randomly from 
recruitment levels estimated by VPA for 1982-1996. 
The partial recruitment pattern (including discards) 
used in the projections was estimated as the geomet
ric mean ofF at age for 1995-1996 to reflect the most 
recent conditions in the fisheries resulting from the 
implementation of FMP Amendment regulations. 
Mean weights at age were estimated as the arithmetic 
means of 1995-1996 values. Separate mean weight
at-age vectors were developed for the SSB, landings, 
and discards (Table A32). Uncertainty in partial re
cruitment patterns, discard rates, reported landings, 
or components other than survey variability was not 
reflected. 
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The first projection set assumes the adjusted 1997 
quota of 7,162 mt will be landed, and estimates a me
dian (50% probability) F = OAO and a median spawn
ing stock biomass of25,200 mt, with a 95% probabil
ity that the target F for 1997 (i.e., F = 0.30) will be 
exceeded. Under Option 1, landings of 6,276 mt and 
discards of622 mt in 1998 will result in a median F = 

0.24 and a median SSB of36,100 mt in 1998 (Tables 
A32-A33; Figure A7). Landings of 9, 185 mt and dis
cards of 628 mt in 1999 will generate a median F = 
0.24 and a median SSB of 47,700 mt in 1999. Addi
tional projection options for 1998-1999 were 



Option 2: landings of 8,400 mt in 1998, equal to the 
original 1995-1996 quotas, and F level of 0.24 in 
1999; 

Option 3: landings of9,000 mt in 1998-1999, a level 
25% higher than the adjusted 1997 quota; 

Option 4: landings of 14,400 mt in 1998-1999, the 
total quota associated with commercial landings of 19 
million lbs (8,600 mt), a level indicated as desirable by 
the commercial fishing industry in North Carolina (J. 
Fletcher, personal communication). 

The second set of projections assumes the 1997 
landings will exceed the adjusted quota by the same 
percentage as in 1996 (25%) and will be 9,000 mt. 
Option 1 of the second projection set estimates a me
dian F = 0.53 and a median SSB of 23,600 mt, with 
a 99% probability that the target F for 1997 will be 
exceeded. Landings of 5,750 mt and discards of 605 
mt in 1998 will result in a median F = 0.24 and a 
median SSB of34,200 mt in 1998. Landings of 8,667 
mt and discards of 625 mt in 1999 will generate a 
median F = 0.24 and a median SSB of 45,800 mt in 
1999 (Table A32). 

The third set of projections assumes the 1997 fish
ing mortality rate will be the same as in 1996 (i. e., F 
= 1.0) which will result in landings of 14,280 mt and 
a median SSB of 18,900 mt, with a 100% probability 
that the target F for 1997 will be exceeded. Option 1 
of the third set indicates that landings of 4,270 mt and 
.discards of 558 mt in 1998 will generate a median F 
= 0.24 and a median SSB of 28,700 mt in 1998. 
Landings of7,167 mt and discards of612 mt in 1999 
will result in a median F = 0.24 and a median SSB of 
40,500 mt in 1999 (Table A32). 

Medium-term projection results (10 year-s, 1997-
2006) must be viewed with caution because the ef
fects of density dependence, future environmental 
conditions, and stock age structure on the stock-re
cruitment relationship at higher stock sizes are un
known for summer flounder. Medium-term projec
tions involve extrapolation of patterns in recruitment, 
growth, and maturity to levels of summer flounder 
stock abundance as much as four times higher than 

the population sizes estimated from VP A. Hind-cast 
estimates of stock and recruitment using NEFSC 
spring survey (kg/tow) as a proxy for spawning stock 
biomass and using Maryland age 0 indices as a proxy 
for recruitment did not provide estimates of SSB and 
recruitment (1972-1981) substantially larger than the 
ranges estimated by the VPA (1982-1996). 

If the landings in 1997 are 7,162 mt, medium-term 
(10-year) projections at F = 0.24 and assuming cur
rent stock productivity levels (median recruitment of 
41 million fish at age 1) indicate median landings of 
18,500-19,400 mt during 2004-2006, with median 
SSB of 81,200-84,400 mt (Table A34, Figure A8). 
Landings of8,400 mt in 1998 and fishing mortality at 
F = 0.24 during the 1999-2006 period provide median 
landings of 16,400-17,300 mt during 2004-2006, with 
a median SSB of 80,700-84,200 mt. Landings of 
9,000 mt during 1998-2000 and fishing mortality at F 
= 0.24 during the 2001-2006 period provide median 
landings of 18,600-19,400 mt during 2004-2006, with 
a median SSB of 81,600-84,500 mt. Landings of 
14,400 mt during the entire 1998-2006 period pro
vide a fishing mortality rate meeting the target ofF""", 
= 0.24 by 2005, with a median SSB of 72,800 mt. 

Conclusions 
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The stock is at a medium level of historical (1968-
1996) abundance and is over-exploited. Estimates 
from ALS tagging data, the lCA model, and the 
ADAPT -tuned VP A model indicate that the fishing 
mortality rate on summer flounder is high. The fishing 
mortality rate estimated by VPAwas 1.0 (58% ex
ploitation) in 1996 (Figure AI). This estimate is 
above the FMP management target (F tMgot = 0.41 in 
1996) and overfishing definition (F rn'" = 0.24). There 
is an 80% chance that the 1996 F was between 0.8 
and 1.2 (Figure A5). Spawning stock biomass (age 0 
and older) has increased from 5,200 mt in 1989 to 
17,400 mt in 1996, the highest level since 1983. The 
age structure of the spawning stock has begun to ex
pand, with 34% of the SSB at ages 2 and older in 
1996, although about 85% of the SSB would be ex
pected to be age 2 and older under equilibrium condi
tions at F rna,' There is an 80% chance that the 1996 
SSB was between 15,000 mt and 21,000 mt (Figure 



A4). The 1995 year class is about average (1982-
1996), but the 1996 year class is estimated to be the 
smallest since the poor 1988 year class (Figure Al). 
Fishing mortality needs to be reduced to meet the 
FMP target F level of 0.24 in 1998. If the adjusted 
quota for 1997 is not exceeded, total landings in 1998 
should not exceed 6,276 mt to meet the management 
target. Additional measures to minimize commercial 
and recreational discard mortality should be consid
ered. 

Sources of Uncertainty 

The following major sources of uncertainty in the 
current assessment were identified: 

1) VP A estimates of stock size in 1997 are not 
precise (e.g., with coefficients of variation from 26 to 
35%) because they depend on imprecise and, in some 
cases, preliminary research survey indices. The land
ings from the commercial fisheries used in this assess
ment assume no under-reporting of summer flounder 
landings. Therefore, reported landings from the com
mercial fisheries should be considered minimum esti
mates. The SARC noted that the fishing mortality rate 
in the terminal year of the VP A was underestimated 
in previous assessments (NEFSC 1993, 1994, 1996a, 
1996b), and underestimation of the true catch is a 
plausible cause of this pattern. An historical review of 
previous assessments shows that projections have 
consistently underestimated future fishing mortality 
rates and overestimated stock sizes (Table A35). Un
certainty in partial recruitment patterns, discard rates, 
reported landings, or components other than survey 
variability is not reflected in the projections. Projected 
landings should be considered with caution. 

2) There is evidence ofinconsistency in the age
ing of summer flounder by the NEFSC and·NCDMF 
age readers. The impact of this inconsistency on as
sessment results has not been quantified. The SARC 
supports the ongoing cooperative work between the 
NEFSC and NCDMF to ensure consistent ageing of 
summer flounder. 

3) Northeast Region (NER) commercial fishery 
landings-at-age estimates are based on preliminary 

vessel logbook data. The NER landings at age for 
1994-196 will again be revised in the next assessment 
if the vessel logbook database for 1994-196 is com
plete and ready for routine use. 

4) The current assumptions accepted to allow 
characterization of the age composition of the recre
ationallive discard (catch type B2) are based on data 
from a limited geographic area (Long Island, New 
York). 

SARC Comments 

SARC discussion focused on the options used in 
the short- and medium-term projections. In addition 
to projections starting with 1997 landings of 7, 162 
mt, which assume that the adjusted quota level will 
not be exceeded, the SARC performed two additional 
sets of projections. The second set of projections as
sumes that the 1997 total landings quota will be ex
ceeded by the same percentage as in 1996 (25%); ac
cordingly the assumed 1997 total landings were set at 
9,000 mt. The third set of projections assumes that F 
in 1997 will be the same as in 1996 (i.e., F = 1.00). 
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The SARC noted that the medium-term projec
tions (10 years, 1997-2006) involved extrapolation of 
patterns in recruitment, growth, and maturity to levels 
of stock abundance as much as four times higher than 
the population sizes estimated from VP A. The SARC 
emphasized that the medium-term projection results 
must be viewed with caution because the effects of 
density dependence, future environmental conditions, 
and stock age structure on the summer flounder 
stock-recruitment relationship at higher stock sizes 
are unknown. The SARC recommended that the 
Southern Demersal Working Group continue to in
vestigate the utility of alternative SSB-R models in 
medium-term summer flounder projections for the 
next assessment. 

Research Recommendations 

• The SARC supports the ongoing comparison of 
NEFSC age-length samples with those collected 
by the NCDMF to ensure consistent ageing of 
summer flounder. 



• The NEFSC sea sampling program should con
tinue collecting data for summer flounder, with 
special emphasis on a) comprehensive areal and 
temporal coverage, b) adequate length and age 
sampling, c) continued sampling after commercial 
fishery areal and seasonal quotas are reached and 
fisheries are limited or closed, and d) estimation 
of summer flounder discard in the scallop dredge 
fishery. Maintaining adequate sea sampling will be 
especially important in order to monitor a) the 
effects of implementation of gear and area restric
tions, both in terms of the response of the stock 
and the fishermen, b) potential continuing changes 
in "directivity" in the summer flounder fishery, as 
a result of changes in stock levels and regulations, 
and c) discards of summer flounder in the com
mercial fishery after quota levels have been attain
ed and the summer flounder fishery is closed or 
restricted by trip limits. 

• The SARC encourages research to determine 
length and age frequency of summer flounder dis
cards and discard mortality rates in the commer
cial and recreational fisheries. 

• The SARC encourages research to evaluate gear 
and handling modifications to reduce hooking 
mortality in the recreational fishery. 

• The present maturity ogive for summer flounder 
is based on simple gross examination of ovaries 
and may not accurately reflect the spawning po
tential of summer flounder, especially for age 0 
and 1 fish. The SARC encourages ongoing work 
(i.e., at the University of Rhode Island and else
where) using various methodologies that may pro
vide information to better characterize the spawn
ing contribution of young summer flounder. 

• Although NER commercial fishery biological sam
pling intensity meets the traditional standards for 
adequate sampling, when considered on an overall 
annual basis, the sample distribution is sparse for 
some strata of the fishery. Sampling intensity and 
coverage improved in 1996, and the SARC re
commends this level of coverage be continued in 
the future. 
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• The Southern Demersal Working Group should 
update the correlation analyses for candidate VP A 
tuning indices to formalize criteria for inclusion in 
VP A, and continue research on use of alternative 
SSB-R models in medium-term summer flounder 
proj ections. 
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Table Ai. Commercial and recreational landings (metric tons, A+ B 1 recreational type) of 
summer flounder, Maine to North Carolina. 

Year Comm. Rec. Total %Comm. % Rec. 

1980 14,159 14,149 28,308 50 50 
1981 9,551 4,852 14,403 66 34 
1982 10,400 8,267 18,667 56 44 
1983 13,403 12,687 26,090 51 49 
1984 17,130 8,512 25,642 67 33 
1985 14,675 5,665 20,340 72 28 
1986 12,186 8,102 20,288 60 40 
1987 12,271 5,519 17,790 69 31 
1988 14,686 6,733 21,419 69 31 
1989 8,125 1,435 9,560 85 15 
1990 4,199 2,329 6,528 64 36 
1991 6,224 3,611 9,835 63 37 
1992 7,529 3,242 10,771 70 30 
1993 5,715 3,484 9,199 62 38 
1994 6,588 4, III 10,699 62 38 
1995 6,977 2,496 9,473 74 26 
1996 5,770 4,704 10,474 55 45 

Ave. 9,976 5,876 15,852 63 37 
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Table A2. Summary distribution of 1994 NER commercial fishery landings and length 
samples. 

Market I-digit Item Quarters Quarters I Total 
category area 1&2 3&4 

I Metric tons 6 5 11 
I 

Small 5 No. samples 1 i 0 1 
No. lengths 103 0 103 
Metric tons 328 173 501 , 

Small 6 No. samples 2 3 5 
No. lengths 100 i 208 308 

Metric tons 541 311 852 
Medium 5 No. samples 7 7 14 

No. lengths 732 708 1440 
Metric tons 964 394 1358 

Medium 6 No. samples 2 5 7 
No. lengths 200 496 696 

Metric tons 260 200 460 
Large 5 No. samples 3 3 6 

No. lengths 288 203 491 
Metric tons 515 349 864 

Large 6 No. samples 1 4 5 
No. lengths 100 392 492 

Metric tons 95 59 154 
Jumbo 5 No. samples 1 2 3 

No. lengths 36 79 115 
Metric tons 108 53 161 

Jumbo 6 No. samples 0 2 2 
No. lengths 0 118 118 

Metric tons 31 18 49 
Unci ass 5 No. samples 0 0 0 

No. lengths, 0 0 0 
Metric tons 259 300 559 

Unc1ass 6 No. samples 1 3 4' 
No. lengths 46 141 187 

Metric tons 933 593 1526 
All 5 No. samples, 12 12 24 

No. lengths I 1159 990 2149 
Metric tons 2174 1269 3443 

All 6 No. samples 6 17 23 
No. lengths 446 1355 ! 1801 I 

Metric tons 3107 1862 4969 
All All No. samples 18 29 47 

No. lengths 1605 2345 3950 
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Table A3. Summary distribution of 1995 NER commercial fishery landings and length 
samples. 

Market I I : 

I-digit Item : Quarters Quarters Total 
category area ! 1&2 3&4 

Metric tons 3 3 6 
Small 5 No. samples 0 0 Oi 

No. le~gths 0 0 0 
Metric tons 176 163 339 

Small 6 No. samples 3 2 29~ I No. lengths I 194 100 

Metric tons 380 236 616 ! 
Medium 5 No. samples 9 0 74~ I No. lengths 748 0 

Metric tons 984 388 1372 
Medium 6 No. samples 4 3 7 

No. lengths 399 269 668 

Metric tons 321 354 675 
Large 5 No. samples 3 0 3 

No. lengths 289 0 289 
Metric tons 760 365 1125 

Large I 6 No. samples I 5 3 8 
No. lengths 439 239 678 

Metric tons 86 88 174[ 
Jumbo 5 No. samples 0 0 ~j No. lengths 0 0 

Jumbo I 
Metric tons 107 89!~ 

6 No. samples 2 o 2 

i I No. lengths 187 o 187 

Metric tons 16 41 ' 57 
Unclass 5 No. samples 0 0 0 

No. lengths 0 0 0 
Metric tons 159 192 351 

Unclass 6 No. samples 1 1 2: 

No. lengths 62 56 118 

Metric tons 806 722 1528 
All 5 No. samples 12 0 12 

No. lengths 1037 0 1037 
Metric tons 2186 1197 3383 

All 6 No. samples 15 9 24 
No. lengths 1281 664 1945 

Metric tons 2992 1919 4911 , 
All All No. samples 27 9 36[ 

, No. lengths I 2318 664 2982 i 
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Table A4. Summary distribution of 1996 NER commercial fishery landings and length 
samples. 

I 
Market I-digit Item Quarters Quarters Total I 
category area 1&2 3&4 

I 

I Metric tons 3 2 5 
i Small 5 No. samples 2 0 2 

No. lengths 105 0 105 
Metric tons 237 192 429

1 Small 6 No. samples 4 5 9
1 No. lengths 231 250 481 

Metric tons 332 140 472 . 

Medium 5 No. samples 4 
30! I 

71 
No. lengths 408 712 

I Metric tons i 770 470 1240 
Medium 6 No. samples 6 7 13 

No. lengths 576 626 1202 

Metric tons 372 151 523 
Large 5 No. samples 6 1 7 

No. lengths 338 100 438 i 

Metric tons 402 270 672 
Large 6 No. samples 7 3 10 

No. lengths 576 300 876 

Metric tons 138 62 200 
Jumbo 5 No. samples 4 2 6 

No. lengths 226 131 357 
Metric tons 106 75 181 

Jumbo 6 No. samples 4 I 5 I 

No. lengths 232 100 332 

Metric tons 25 41 66 
Unclass 5 No. samples 0 0 0 

No. lengths 0 0 0 
Metric tons 28 41 69 

Unclass 6 No. samples 1 1 2 
No. lengths 32 45 77 

Metri" tons 870 396 1266 
All 5 No. samples 16 6 22 

No. lengths 1077 535 1612 . 

Metric tons 1543 1048 2591 
All 6 No. samples 22 17 39 

No. lengths 1647 1321 2968 I 

I 
I 

Metric tons 2413 1444 3857 
All All No. samples 38 23 61 

I No. lengths 2724 1856 4580 I 
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Table AS. Commercial landings at age of summer flounder ('000), ME-VA. Does not include discards, 
assumes catch not sampled by NEFSC has same biological characteristics as port sampled catch. 

Age 
Year 0 1 2 3 4 5 6 7 8 9 Total 

1982 1,441 6,879 5,630 232 61 97 57 22 2 0 14,421 
1983 1,956 12,119 4,352 554 30 62 13 17 4 2 19,109 
1984 1,403 10,706 6,734 1,618 575 72 3 5 1 4 21,121 
1985 840 6,441 10,068 956 263 169 25 4 2 1 18,769 
1986 407 7,041 6,374 2,215 158 93 29 7 2 0 16,326 
1987 332 8,908 7,456 935 337 23 24 27 11 0 18,053 
1988 305 11,116 8,992 1,280 327 79 18 9 5 0 22,131 
1989 96 2,491 4,829 841 152 16 3 1 1 0 8,430 
1990 0 2,670 861 459 81 18 6 1 1 0 4,096 
1991 0 3,755 3,256 142 61 11 I I 0 0 7,227 
1992 114 5,760 3,575 338 19 22 0 1 0 0 9,829 
1993 151 4,308 2,340 174 29 43 19 2 I 0 7,067 
1994 119 3,698 3,692 272 64 12 6 0 5 0 7,868 
1995 46 2,566 4,280 241 40 8 0 1 0 0 7,182 
1996 0 1,401 3,187 798 156 15 ~ 0 1 0 5,559 0 

Table A6. Number ('000) of summer flounder at age landed in the North Carolina commercial winter trawl 
fishery. The 1982-1987 NCDlYIF length samples were aged using NEFSC age-length keys for comparable 
times and areas (i.e., same quarter and statistical areas). The 1988-1996 NCDlYIF length samples were aged 
using NCDlYIF age-length keys. 

Age 
Year 0 1 2 3 4 5 6 7 8 Total 

1982 981 3,463 1,021 142 52 19 6 4 2 5,691 
1983 492 3,778 1,581 287 135 41 3 3 <1 6,321 
1984 907 5,658 3,889 550 107 18 <1 0 0 11,130 
1985 196 2,974 3,529 338 85 24 5 <1 0 7,152 
1986 216 2,478 1,897 479 29 32 1 I <1 5,134 
1987 233 2,420 1,299 265 28 1 0 0 0 4,243 
1988 0 2,917 2,225 471 227 39 1 6 <1 5,887 
1989 2 49 1,437 716 185 37 1 2 0 2,429 
1990 2 142 730 418' 117 12 1 <1 0 1,424 
1991 0 382 1,641 521 116 20 2 <1 0 2,682 
1992 0 36 795 697 131 21 2 <1 0 1,682 
1993 0 515 1,101 252 44 1 <1 0 0 1,913 
1994 6 258 1,262 503 115 14 3 <1 0 2,161 
1995 <1 181 1,391 859 331 53 2 <1 0 2,817 
1996 0 580 2,187 554 132 56 13 <1 2 3,526 
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Table A7. Summary NER sea sampling data for trips catching summer flounder. Total trips (trips are not split 
for multiple areas), observed tows, catch, kept, and discard (lbs), and discard-to-kept ratio (%). 

Year Gear Trips Tows Total Total Total Discard: 
catch kept discard kept (%) 

1989 All 57 413 53,714 48,406 5,308 11.0 

1990 All 61 463 47,954 35,972 11,982 333 

1991 All 82 635 61,650 50,410 11,240 22.3 

1992 Trawl 66 643 136,632 118,026 18,606 15.8 

Scallop 8 178 1,477 767 710 92.6 

All 74 821 138,109 118,793 19,316 16.3 . 

1993 Trawl 37 410 74,982 67,603 7,379 10.9 

Scallop 15 671 2,967 1,158 1,809 156.2 

All 52 1,081 77,949 68,761 9,188 13 A 

1994 Trawl 51 574 174,347 163,734 10,612 6.5 

Scallop 14 651 5,811 435 5,376 1235.9 

All 65 1,225 180,158 164,169 15,988 9.7 

1995 Trawl 134 1,004 242,784 235,011 7,773 33 

Scallop 19 1,051 10,044 2,247 7,778 346.2 

All 153 2,055 252,828 237,258 15,551 6.6 

1996 Trawl III 653 101,389 90,789 10,600 11.7 

Scallop 24 1,083 9,575 1,345 8,230 611.9 

All 135 1,736 1l0,964 92,134 18,830 20A 
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Table AS. Summary NER Vessel Trip Report (VTR) data for trips reporting discard of any species 
and catching summer flounder. Total trips, catch, kept, and discard (Ibs), and discard-to-kept ratio 
(%). 

Year Gear Trips Total Total Total Discard: 
catch kept discard kept (%) 

1994 Trawl 4,267 2,149,332 2,015,296 134,036 6.7 

Scallop 85 70,353 22,877 47,476 207.5 

All 4,352 2,219,685 2,038,173 181,512 8.9 

1995 Trawl 3,733 2,444,231 2,332,516 111,715 4.8 

Scallop 113 78,758 25,084 53,674 214.0 

All 3,846 2,522,989 2,357,600 165,389 7.0 

1996 Trawl 2,990 1,662,313 1,459,155 203,158 13.9 

Scallop 79 69,557 16,657 52,900 317.6 

All 3,069 1,731,870 1,475,812 256,058 17.4 

Table A9. Summary of Northeast Region sea sampling data to estimate summer flounder discard 
at age in the commercial fishery. Estimates developed using sea sampling length samples, age-length 
data, and estimates of total discard in mt. An 80% discard mortality rate is assumed. Lengths for 
1995-1996 converted to age using 1995-1996 NEFSC trawl survey ages. NA = not available. 

Year Gear Lengths Ages Sea sampling Sampling Raised Raised SAW-22 raised 
discard intensity discard estimate with estimate with 

estimate (mt per 100 estimate 80% mortality 80% mortality 
(mt) lengths) (mt) rate (mt) rate (mt) 

1989 NI 2,337 54 642 27 886 709 709 

1990 Nl 3,891 453 1,121 29 1,517 1,214 1,213 

1991 Nl 5,326 190 993 19 1,315 1,052 1,052 

1992 Nl 9,626 331 755 8 862 690 918 

1993 Nt 3,410 406 817 24 1,057 846 650 

1994 Trawl 2,338 429 18 542 434 NA 

Scallop 660 590 89 590 472 NA 

Nl 2,998 354 "1,019 34 1,132 906 941 

1995 Trawl 1,822 130 7 173 138 NA 

Scallop 731 212 29 212 170 NA 

NI 2,553 NA 342 13 385 308 947 

1996 Trawl 1,873 319 17 444 355 NA 

Scallop 854 135 16 135 108 NA 

NI 2,727 NA 454 17 579 463 NA 
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Table AlO. Estimated summer flounder discard at age, mean length 
at age, and mean weight at age in the commercial fishery. 

Discard numbers at age (OOOs) 

Year Gear 0 2 3+ Total 

1989 Ail 775 1,628 94 0 2,497 
1990 Ail 1,441 2,755 67 0 4,263 
1991 Ail 891 3,424 <I 0 4,315 
1992 Ail 1,155 1,544 36 3 2,738 
1993 Ail 1.041 1,532 179 1 2,753 

1994 Trawl 571 1,014 95 0 1,680 
Scallop 0 663 398 36 1,098 

Ali 571 1,677 493 36 2,778 

1995 Trawl 141 294 58 2 495 
Scaliop 0 114 148 20 282 

Ail 141 408 206 22 777 

1996 Trawl 23 417 167 56 663 
Scaliop <I 221 72 5 298 

Ail 23 638 239 61 961 

Discard mean length at age 

Year Gear 0 2 3+ Ali 

1989 Ail 25.9 31.5 44.2 30.2 
1990 Ali 29.0 31.7 38.9 30.9 
1991 Ail 24.0 30.9 37.0 29.5 
1992 Ail 293 30.0 36.6 51.2 29.8 
1993 Ali 30.0 32.5 34.8 55.0 31.7 

1994 Trawl 26.0 31.3 34.5 29.7 
Scaliop 30.8 38.2 52.1 34.2 

Ail 26.0 31.1 37.5 52.1 31.5 

1995 Trawl 29.6 29.4 37.0 50.9 30.4 
Scaliop 30.7 40.6 52.4 37.4 

Ali 29.6 29.8 39.6 52.5 33.0 

1996 Trawl 28.9 32.0 38.1 55.8 35.5 
Scaliop 31.4 30.7 38.2 48.5 32.8 

Ail 29.0 31.6 38.1 55.2 34.7 

Discard mean weight at age 

Year Gear 0 2 3+ Ail 

1989 Ail 0.182 0.296 0.909 0.284 
1990 Ail 0.235 0.304 0.559 0.285 
1991 All 0.124 0.275 0.491 0.244 
1992 Ail 0.238 0.256 0.498 1.450 0.252 
1993 Ail 0 .. 253 0.332 00413 0307 

1994 Trawl 0.177 0.291 0392 0.258 
Scaliop 0.287 0.565 1.565 0.430 

Ail 0.177 0.289 0.532 1.565 0326 

1995 Trawl 0.244 0.242 0.522 1.505 0.280 

Scaliop 0.281 0.702 1.604 0.595 
Ali 0.244 0.253 0.651 1.597 0395 

1996 Trawl 0.226 0312 0.586 2.004 0.521 
Scaliop 0305 0.274 0.572 1.254 0363 

Ail 0.227 0.299 0.582 1.937 0.472 
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Table All. Estimated total landings [catch types A + B I, (OOOs)) of summer flounder by recreational fishermen. Shore mode includes fish taken 
from beach/bank and man-made structures, PIC indicates catch taken from party/charter boats, while P/R indicates fish taken from private/rental boats. 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 

N2!!h 

Shore 167 144 62 10 70 39 42 4 16 9 26 36 49 19 22 

PIC boat 138 201 5 3 48 7 8 10 24 6 7 

PIR boal 1,293 747 568 382 2,562 648 379 137 99 173 211 250 596 449 717 

Total 1,598 1,092 635 395 2,680 694 422 142 116 190 238 296 669 474 746 

Mif! 

Shore 682 3,296 977 272 478 251 594 84 96 505 200 176 195 175 137 

PIC boat 5,745 3,321 2,381 1,068 1,541 1,143 1,164 141 412 589 374 872 773 267 1,167 

P/R boat 5,731 12,345 11,764 8,454 5,924 5,499 7,271 1,141 2,658 4,573 3,983 3,969 4,372 2,312 4,999 

0'0 Total 12,158 18,962 15,122 9,794 7,943 6,893 9,029 1,366 3,166 5,667 4,557 5,017 5,340 2,754 6,303 

Sooth 

Shore 272 523 316 504 689 115 306 91 150 51 50 113 180 48 46 

PIC boat 53 52 110 81 20 2 5 

PIR boat 1,392 367 1,292 292 289 162 355 117 361 159 156 236 197 100 274 

Total 1,717 942 1,718 877 998 278 662 209 512 211 207 350 379 149 325 

a!! 

Shore 1,121 3,963 1,]55 786 1,237 405 942 179 262 565 276 325 424 242 205 

PIC boat 5,936 3,574 2,496 1,152 1,609 1,151 1,166 143 414 598 376 883 799 274 1,179 

P/R boat 8,416 13,459 13,624 9,128 8,775 6,309 8,005 1,395 3,118 4,905 4,350 4,455 5,165 2,861 5,990 

Total 15,473 20,996 17,475 11,066 11,621 7,865 10,113 1,717 3,794 6,068 5,002 5,663 6,388 3,377 7,374 
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Table Al2. Estimated total landings [catch types A + B I, (mt)] of summer flounder by recreational fishermen. Shore mode includes fish taken from 
beachlbank and man-made structures. PIC indicates catch taken from party/charter boats, while PIR indicates fish taken from privateirental boats. 

North 

Shore 

PIC boat 

PIR boat 

Total 

Mid 

Shore 

PIC boat 

PIR boat 

Total 

South 

Shore 

PIC boat 

PIR boat 

Total 

All 

Shore 

PIC boat 

PIR boat 

Total 

1982 

87 

85 

875 

1,047 

295 

3,112 

3,085 

6,492 

87 

12 

629 

728 

469 

3,209 

4,589 

8,267 

1983 

59 

87 

454 

600 

1,254 

2,196 

8,389 

11,839 

134 

12 

102 

248 

1,447 

2,295 

8,945 

12,687 

1984 

17 

4 

388 

409 

399 

1,426 

5,<i86 

7,511 

98 

23 

471 

592 

514 

1,453 

6,545 

8,512 

1985 

7 

2 

328 

337 

140 

609 

4,187 

4,936 

230 

20 

142 

392 

377 

631 

4,657 

5,665 

1986 

25 

45 

2.597 

2,667 

293 

1,093 

3,521 

4.907 

425 

7 

96 

528 

743 

1,145 

6,214 

8,102 

1987 

21 

4 

582 

607 

129 

1,098 

3,596 

4,823 

34 

54 

89 

184 

1,103 

4,232 

5,519 

1988 

32 

<I 

289 

322 

329 

799 

5,003 

6,131 

113 

<I 

166 

280 

474 

801 

5,458 

6,733 

1989 

2 

<I 

141 

144 

52 

125 

985 

1,162 

57 

<I 

71 

129 

III 

127 

1,197 

1,435 

1990 

16 

<I 

89 

106 

56 

264 

1,665 

1,985 

76 

<I 

161 

238 

148 

266 

1,915 

2,329 

1991 

6 

6 

1 150 

162 

306 

364 

2,673 

3,343 

25 

<I 

80 

106 

337 

371 

2,903 

3,611 

1992 

20 

<I 

175 

196 

126 

267 

2,536 

2,929 

25 

<I 

91 

117 

171 

269 

2,802 

3,242 

1993 

25 

7 

181 

213 

88 

534 

2,453 

3,075 

59 

<I 

136 

196 

172 

542 

2,770 

3,484 

1994 

30 

14 

424 

468 

112 

478 

2,849 

3,439 

100 

103 

204 

242 

493 

3,376 

4,111 

1995 

14 

5 

371 

390 

108 

185 

1,699 

1,992 

29 

<I 

84 

114 

151 

191 

2,154 

2,496 

1996 

15 

13 

531 

559 

80 

746 

3,155 

3,981 

24 

2 

138 

164 

119 

761 

3,824 

4,704 



Table A13. Estimated recreational landings at age of summer flounder (OOOs), (catch type A + B 1). 

Year 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

o 
2,750 

2,302 

2,282 

1,002 

1,169 

466 

434 

74 

353 

86 

82 

71 

765 

235 

115 

8,445 

11,612 

9,198 

5,002 

6,404 

4,674 

5,855 

539 

2,770 

3,611 

3,183 

3,470 

3,872 

1,557 

3,093 

2 

3,498 

4,978 

4,831 

4,382 

2,784 

2,083 

3,345 

946 

529 

2,251 

1,620 

1,981 

1,549 

1,426 

3,664 

3 

561 

1,340 

1,012 

473 

1,088 

448 

386 

135 

118 

79 

90 

139 

171 

117 

372 

Age 

4 

215 

528 

147 

148 

129 

182 

90 

16 

23 

40 

<I 

<1 

26 

26 

129 

5 

<I 

220 

5 

59 

15 

3 

2 

<I 

27 

2 

<1 

16 

6 

4 

o 

<I 

o 
28 

5 

o 
5 

o 
o 
o 
5 

<I 

o 

7 

o 
16 

o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 

8 

o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 

Total 

15,473 

20,996 

17,745 

1l,066 

11,621 

7,865 

10,113 

1,717 

3,794 

6,068 

5,002 

5,663 

6,388 

3,377 

7,374 

Table A14. Estimated recreational fishery discard at age of summer flounder, (catch type B2). Discards 
allocated to age groups in same relative proportions as ages 0 and 1 in the subregional catch, the same mean 
weight at age as in the landings, and assuming 25% hooking mortality. 

Numbers at age Metric tons at age 

Year o Total 0 Total 
---------------------------- -----------------------------

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

431 1,591 2.'.:2 97 

437 2,329 2:'66 77 

526 2,551 3,077 108 

101 

375 

265 

139 

32 

151 

59 

43 

55 

443 

425 

60 

514 615 24 

3,043 3,418 84 

3,024 3,289 61 

1,673 

208 

1,176 

2,443 

1,684 

3,525 

2,143 

2,790 

3,032 

1,812 

240 

1,327 

1,502 

1,727 

3,580 

2,586 

3,215 

3,092 

28 

41 

8 

46 

16 

10 

14 

193 

181 

21 

643 

862 

929 

205 

1,360 

1,246 

816 

106 

541 

1,058 

849 

1,826 

1,249 

1,604 

1,613 

740 

939 

1,037 

229 

1,444. 

1.307 

857 

114 

587 

1,074 

859 

1,840 

1,442 

1,785 

1.634 



Table AlS. Total catch at age of summer flounder (OOOs), l'vfE-NC. Total catch estimates for 1992-1995 
revised since the SAW -22 assessment are listed at the bottom for comparison. 

Age 

Year 0 2 3 4 5 6 7 8 9 Total 

1982 5,604 20,378 10,149 935 328 116 67 26 4 0 37,607 

1983 5,187 29,838 10,911 2,181 693 323 16 36 5 2 49,193 

1984 5,118 28,113 15,454 3,180 829 95 4 5 4 52,803 

1985 2,139 14,931 17,979 1,767 496 252 30 5 2 37,602 

1986 2,167 18,966 11,055 3,782 316 140 58 12 3 0 36,498 

1987 1,296 19,026 10,838 1,648 544 25 29 33 11 0 33,450 

1988 878 21,561 14,562 2,137 644 121 19 15 6 0 39,943 

1989 979 4,915 7,306 1,692 353 55 9 3 0 15,313 

1990 1,947 9,514 2.187 995 221 30 8 2 0 14,905 

1991 1,036 13,615 7,148 742 217 32 3 0 0 22,795 

1992 1,394 12,207 6,026 1,125 151 70 2 0 0 20,975 

1993 1,318 13,350 5,601 566 73 45 20 2 0 20,976 

1994 1,904 11,648 6,996 982 205 26 14 0 5 0 21,780 

1995 847 7,502 7,303 1,239 397 77 2 0 0 17,369 

1996 198 8,744 9,278 1,785 417 71 16 3 0 20,512 

SAW·22 

1992 2,205 12,269 6,047 1,125 151 70 2 0 0 21,869 

1993 1,473 12,732 5,523 565 73 45 20 2 0 23,435 

1994 2,645 12,283 6,431 925 207 25 13 0 5 0 22,534 

1995 2,719 10,375 5,276 1,125 402 75 3 0 2 0 19,977 
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Table Al6. Mean length (cm) at age of summer flounder catch, ME-NC. 

Year 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

o 
29.4 

28.7 

29.3 

30.5 

29.6 

29.8 

32.3 

27.1 

29.7 

25.0 

29.6 

30.3 

32.7 

34.2 

32.7 

34.5 

34.5 

33.8 

34.8 

35.6 

35.3 

35.8 

35.8 

35.2 

34.6 

36.1 

36.7 

37.3 

37.5 

37.2 

2 

38.8 

40.9 

39.1 

38.8 

39.9 

39.7 

39.1 

40.8 

41.9 

40.4 

41.2 

40.6 

39.3 

39.9 

38.3 

3 

50.7 

46.5 

45.9 

46.8 

47.5 

46.9 

46.6 

45.5 

46.8 

47.1 

46.9 

50.4 

49.6 

44.9 

45.7 

Age 

4 

55.3 

48.8 

51.3 

53.9 

54.0 

55.8 

53.1 

50.6 

51.4 

54.3 

49.7 

52.9 

57.3 

52.4 

51.3 

5 

61.0 

51.6 

57.9 

58.6 

56.2 

63.3 

60.2 

58.5 

57.4 

61.0 

61.0 

54.7 

63.4 

62.2 

54.4 

6 

60.7 

60.7 

66.8 

61.5 

65.8 

65.9 

69.6 

59.1 

66.4 

61.7 

58.8 

62.6 

66.3 

70.5 

58.5 

Table Al7. Mean weight (kg) at age of summer flounder catch, ME-NC. 

Year 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

o 
0.254 

0.240 

0.248 

0.289 

0.253 

0.259 

0.316 

0.208 

0.252 

0.145 

0.245 

0.264 

0.355 

0.390 

0.330 

1 

0.418 

OA17 

0.396 

0.428 

0.453 

0.442 

0,463 

0.460 

0,431 

OA07 

0,470 

0.486 

0.528 

0.537 

0.510 

2 

0.616 

0.716 

0.632 

0.613 

0.668 

0.651 

0.624 

0.723 

0.810 

0.702 

0.749 

0.699 

0.628 

0.678 

0.570 

3 

1.447 

1.075 

1.046 

Age 

4 

1.907 

1.257 

1.500 

1.109 1.726 

1.160 1.739 

1.140 1.941 

1.130 1.739 

1.044 1.479 

1.169.. 1538 

1.186 1.811 

1.222 1.390 

1.461 1.659 

1.353 2.096 

1.056 1.639 

1.080 1.545 

30 

5 

2.795 

1,495 

2.163 

2.297 

1.994 

2.855 

2.485 

2.249 

2.121 

2.527 

2.696 

1.859 

2.736 

2.628 

1.957 

6 

2.673 

2.572 

3.302 

2.671 

3.311 

3.326 

3.888 

2.399 

3,461 

2.837 

2.302 

2.816 

3.437 

3.750 

2.546 

7 

68.0 

60.9 

68.4 

74.5 

66.4 

632 

68.5 

63.1 

71.7 

68.1 

72.2 

70.6 

71.9 

630 

7 

3.758 

2.594 

3.620 

4.682 

4.000 

3.314 

3.545 

2.861 

3.951 

3.586 

4,479 

4.136 

4.047 

3.200 

8 

71.2 

69.3 

74.0 

73.3 

72.8 

73.5 

72.7 

59.0 

75.2 

75.5 

68.5 

66.0 

8 

4.408 

3.849 

4.640 

4.780 

4.432 

4.140 

4.316 

2.251 

5.029 

5.199 

3.703 

3.164 

9 

72.0 

70.7 

75.0 

9 

4.370 

4.030 

4.800 

All 

35.7 

36.2 

36.0 

37.5 

38.1 

37.5 

37.9 

39.1 

36.5 

36.6 

37.9 

37.9 

383 

39.3 

38.7 

All 

o. 

0 .• 

O.S l2 

0.573 

0.602 

0.570 

0.584 

0.666 

0.535 

0530 

0.590 

0565 

0.6·J2 

0.661 

0.613 



Table AIS. NEFSC spring trawl survey (offshore strata 1-12, 61-76) stratified mean number of summer 
flounder per tow at age. Values for 1995 and 1996 revised since the SAW-22 assessment are listed at the 
bottom. Indices for 1997 are preliminary and use the 1997 age-length key. 

Age 

Year 2 3 4 5 6 7 8 9 10 All 

1976 0.Q3 1.70 0.68 0.28 0.01 0.01 0.01 2.72 

1977 0.61 1.30 0.70 0.10 0.09 0.01 0.01 2.82 

1978 0.70 0.95 0.66 0.19 0.04 0.Q3 0.Q3 0.Q2 2.62 

1979 0.06 0.18 0.08 0.04 0.Q3 0.01 OAO 

1980 0.01 0.71 0.31 0.14 0.Q2 0.06 0.Q3 002 om 131 

1981 0.59 0.53 0.17 0.08 0.05 0.03 0.02 0.01 lA8 

1982 0.69 lAl 0.12 0.02 2.24 

1983 0.32 0.39 0.19 0.Q3 0.01 0.01 0.95 

1984 0.17 0.33 0.09 0.05 om 0.01 0.66 

1985 0.55 1.56 0.21 0.04 0.Q2 2.38 

1986 lA9 0,43 0.20 0.G2 0.01 2.15 

1987 0,46 0,43 0.G2 0.01 0.92 

1988 0.59 0.79 0.G7 0.02 1,47 

1989 0.06 0.23 0.02 0.01 0.32 

1990 0.62 0.03 0.06 0.71 

1991 0.79 0.27 0.02 1.08 

1992 0.76 0,41 om 0.01 Ll9 

1993 0.73 0.50 0.04 1.27 

1994 0.35 0.53 0.04 0.01 0.93 

1995 0.79 0.27 0.02 om l.09 

1996 1.08 0.56 0.12 1.76 

1997 0.04 0.58 0.32 0.12 1.06 

SAW·22 

1995 0.85 0.23 0.01 1.09 

1996 0.66 Ll6 0.10 0.Q3 1.95 
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Table A19. NEFSC fall trawl survey (inshore strata 1-61, offshore strata ,;55 m (1,5,9, 
61,65,69,73) mean number of summer flounder per tow at age. 

Age 

Year 0 2 3 4 5+ All 

1982 0.55 1.52 040 0.03 2.50 

1983 0.96 1.46 0.34 0.12 0.01 0.01 2.90 

1984 0.18 1.39 0.43 007 0.01 0.01 2.09 

1985 0.59 0.80 0.46 0.05 0.02 1.92 

1986 0.39 0.83 0.11 0.11 1.44 

1987 007 0.58 0.20 0.03 0.02 0.90 

1988 0.06 0.62 0.18 0.03 0.89 

1989 0.31 0.21 0.05 0.57 

1990 0.44 0.38 0.03 0.04 0.89 

1991 0.76 0.84 0.09 0.01 1.70 

1992 0.99 1.04 0.25 0.03 0.01 2.32 

1993 0.23 0.80 0.G3 0.01 1.07 

1994 0.75 0.67 0.09 0.01 0.01 1.53 

1995 0.93 1.16 0.28 0.02 om 2.40 

1996 0.11 1.24 0.57 0.04 1.96 
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Table A20. NEFSC Winter trawl survey (offshore strata from 27-185 meters (15-100 fathoms): 1-3, 5-7, 9-
ll, [3-14, 61-63, 65-67, 69-71,73-75; Southern Georges Bank to Cape Hatteras), mean number, mean weight 
(kg), and mean number at age per tow. 

Year Stratified mean Coefficient of Stratified mean Coefficient of 
number per tow variation weight (kg) per tow variatlon 

1992 12.295 15.6 4.898 15.4 

1993 13.604 15.2 5.497 11.9 

1994 12.051 17.8 6.033 16.1 

1995 10.930 12.0 4.808 11.6 

1996 31.246 24.2 12.351 22.0 

1997 9.990 24.0 5.386 16.6 

Age 

Year 2 3 4 5 6 7 8 Total 

1992 7.15 4.74 0.33 0.04 0.01 0.03 0.00 0.00 12.29 

1993 6.50 6.70 0.31 0.05 0.02 0.Q2 0.00 0.00 13.60 

1994 3.42 6.95 1.22 0.27 0.15 0.03 om 0.00 11.92 

1995 6.07 4.59 0.25 0.Q2 0.00 0.02 0.00 0.00 10.93 

1996 22.17 8.33 0.60 0.12 0.03 0.00 0.00 0.00 31.25 

1997 3.75 4.67 1.00 0.42 0.11 0.04 0.00 0.00 9.99 

SAW-22 

1995 7.70 3.01 0.08 0.01 0.00 0.00 0.00 0.00 10.80 

1996 24.60 6.35 0.40 0.11 0.01 0.00 0.00 0.00 31.46 
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Table A2l. RIDFW fall trawl survey summer flounder index of abundance 

Year Mean number/tow Mean Mean age 0 Mean age 1 Mean age 2+ 
kg/tow number/tow l number/tow number/tow 

1979 0.00 0.00 0.00 0.00 0.00 

1980 0.81 1.37 0.08 0.25 0048 

1981 3.24 2.13 0.16 2.10 0.97 

1982 0.83 0.68 0.00 0.36 0.47 

1983 0.62 0.57 0.Q2 0.25 0.35 

1984 1.35 0.95 0.16 0.85 0.34 

1985 0.95 0.52 0.33 0.33 0.29 

1986 3049 2.05 0.63 2.20 0.66 

1987 1.41 0.90 0044 0.72 0.25 

1988 0.57 0042 0.02 0041 0.15 

1989 0.07 0.10 0.00 0.04 0.Q3 

1990 0.83 0.54 0.06 0.47 0.30 

1991 0.23 0.23 0.04 0.07 0.12 

1992 1.37 1.20 0.00 0.77 0.60 

1993 0.74 0.84 0.00 0.21 0.53 

1994 0.19 0.15 0.00 0.12 0.07 

1995 0.76 0.76 0.00 0.29 0048 

1996 2.09 1.44 0.09 1.00 1.00 

lProportion of catch <30 em 
2Proportion of 30 em ::: catch < 40 ern 
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Table A22. MADMF spring survey cruises: stratified mean number per tow at age. 

Year Age 

0 2 3 4 5 6 7 8+ Total 

1978 0.097 0.520 0.274 0.221 0.042 1.154 

1979 0.084 0.087 0.147 0.048 0.011 0.377 

1980 0.055 0.061 0,052 0.075 0.053 0.055 0.011 0.362 

1981 0.405 0.558 0.074 0.031 0.043 0.060 0.031 1.202 

1982 0.376 1.424 0.118 0.084 0.020 0.010 2.032 

1983 0.241 1.304 0.544 0.021 0.009 0.003 2.122 

1984 0.042 0.073 0.063 0.111 0.010 0.299 

1985 0.142 1.191 0.034 0.042 1.409 

1986 0.966 0.528 0.140 0.008 1.642 

1987 0.615 0.583 0.012 0.011 1.221 

1988 0.153 0.966 0.109 0.012 1.240 

1989 0.338 0.079 0.010 0.421 

1990 0.247 0.021 0.079 0.012 0.359 

1991 0.029 0.048 0.010 0.087 

1992 0.274 0.320 0.080 0.011 0.011 0.696 

1993 0.120 0.470 0.060 0.010 0.020 0.680 

1994 1.770 1.160 0.050 0.020 0.020 3.020 

SAW-2295 0.450 0.890 0.040 1.380 

1995 0.089 1.145 0.050 1.384 

1996 0.072 0.641 0.110 0.012 0.835 
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Table A23. MADMF fall survey cruises: stratified mean number per tow at age. 

Year Age 

0 2 3 4 5 6 7 8+ Total 

1978 0.011 0.124 0.024 0.007 0.166 

1979 0.047 0.101 0.019 0.167 

1980 0.114 0.326 0.020 0.020 0.010 0.490 

1981 0.009 0.362 0.367 0.011 0.749 

1982 0.255 1.741 0.016 2.012 

1983 0.026 0.583 0.140 0.004 0.753 

1984 0.033 0.453 0.249 0.120 0.008 0.863 

1985 0.051 0.108 1.662 0.033 1.854 

1986 0.128 2.149 0.488 0.128 2.893 

1987 1.159 0.598 0.010 0.004 1.771 

1988 0.441 0.414 0.018 0.873 

1989 0.286 0.024 0.310 

1990 0.108 0.012 0.120 

1991 0.021 0.493 0.262 0.010 0.786 

1992 1.110 0.170 1.280 

1993 0.010 0.300 0.430 0.020 0.020 0.780 

1994 0.050 2.130 0.070 2.250 

SAW·2295 0.032 0.401 0.323 0.013 0.769 

1995 0.011 0.316 0.445 0.772 

1996 0.717 1.196 0.101 0.004 2018 
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Table A24. CTDEP spring trawl survey: summer flounder index of abundance, geometric mean number per 
tow at age. 

Year 

19S4 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SAW-2295 

1995 

1996 

o 
0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.314 

0.QJ5 

0.751 

0.951 

0.232 

0.013 

0.304 

0.392 

0.319 

0.320 

0.496 

0.231 

0.199 

0.578 

2 

0.271 

0.282 

0.090 

0.086 

0.223 

0.049 

0.022 

0.189 

0.188 

0.151 

0.314 

0.029 

0.051 

0.266 

3 

0.044 

0.028 

0.074 

0.014 

0.035 

0.024 

0.013 

0.029 

0.021 

0.Ql5 

0025 

0.014 

0.020 

0.086 

Age 

4 

0.000 

0.052 

0.008 

0.004 

0.009 

0.016 

0.006 

0028 

0.004 

0.018 

0.018 

0.000 

0.005 

0.023 

5 

0.000 

0.000 

0.005 

0.001 

0.001 

0.000 

0.001 

0.001 

0.023 

0.003 

0.005 

0.000 

0.000 

0.004 

6 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

7 

0.000 

0.000 

0.000 

0.001 

0.000 

0.000 

0.001 

0.000 

0.000 

0.001 

0.002 

0.006 

0.006 

0.004 

Total 

0.63 

0.38 

0.93 

1.06 

0.50 

0.10 

0.35 

0.64 

0.56 

0.51 

0.86 

0.28 

0.28 

0.96 

Table A2S. CTDEP falI trawl survey: summer flounder index of abundance, geometric mean number per tow 
at age. 

Year 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

SAW-2295 

1995 

1996 

o 

0.000 

0.238 

0.170 

0.075 

0.Ql5 

0.000 

0.032 

0.036 

0.013 

0.0S4 

0.132 

0.149 

0.023 

0.069 

0.571 

0.351 

1.170 

1.067 

0.884 

0.029 

0.674 

0.826 

0.570 

0.827 

0.300 

0.312 

0.3S4 

0.887 

2 

0.331 

0.485 

0.268 

0.223 

0.481 

0.095 

0.110 " 

0.340 

0.366 

0,152 

0.085 

0.058 

0.117 

1188 

3 

0.072 

0.078 

0.068 

0.033 

0.037 

0.015 

0.042 

0.036 

0.046 

0.039 

0.024 

0.018 

0.012 

0.042 

37 

Age 

4 

0.014 

0.000 

0.004 

0.003 

0.002 

0.001 

0.007 

0.013 

0.016 

0.003 

0.009 

0.002 

0.002 

0.005 

5 

0.004 

0.008 

0.000 

0.000 

0.001 

0.000 

0.005 

0.005 

0.009 

0.001 

0.000 

0.001 

0.001 

0.000 

6 

0.004 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.004 

0.000 

0.002 

0.000 

0.000 

0.000 

0.000 

7 

0.003 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.001 

0.000 

0.000 

0.002 

0.000 

Total 

1.00 

116 

1.68 

1.40 

1.42 

0.14 

0.87 

1.26 

1.02 

111 

0.55 

0.54 

0.54 

2.19 



Table A26. NffiNlF trawl survey, April - October: index of summer flounder abundance. 

Year Age 

0 2 3 4+ Total 

1988 0.29 4.22 1.19 0.01 0.00 5.71 

1989 125 0.54 OAO 0.01 0.01 2.21 

1990 1.88 1.89 0.15 0.05 0.00 3.97 

1991 1.50 3.11 0.32 0.Q2 0.01 4.96 

1992 1.34 3.76 0.76 0.08 0.05 5.99 

1993 3.52 6.95 0.27 0.04 0.02 10.80 

1994 2.22 1.46 0.13 0.01 0.03 3.85 

1995 4.95 2.93 0.28 0.05 0.16 8.37 

1996 1.65 5.16 2.71 0.18 0.05 9.75 
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Table A27. Summary of age 0 summer flounder recruitment indices from NEFSC and state surveys, Massachusetts to North Carolina. 

Year class 

Survey 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 

CT ran 0.24 0.17 0.08 0.Q2 0.Q3 0.Q4 O.QI 0.08 0.13 0.15 0.08 

RI trawl 0.08 0.16 0.02 0.16 0.33 0.63 0.44 0.02 0.06 0.04 0.09 

MAseine 3 3 19 5 5 2 3 II 4 2 13 7 

NJ trawl 0.29 1.25 1.88 1.50 1.34 3.52 2.22 4.95 1.65 

DE: 16ft 0.12 0.06 0.11 0.Q3 0.08 0.06 0.10 0.14 0.01 0.12 0.23 om 0.31 0.Q3 0.29 0.17 0.03 

trawl 

w DE: 30 ft 1.44 0.47 0.Q4 2.03 0.95 0.46 
\D 

trawl 

MD 4.2 3.9 2 10.6 5.4 5.6 16.2 4.6 0.5 1.3 2.1 3.1 3.5 1.6 8.2 5 2.6 

VIMS 7.64 5.29 3.22 5.21 1.90 0.92 1.17 0.45 0.54 0.96 2.61 1.42 0.49 0.49 1.08 0.74 0.62 

rivers only 

VIMS 0.53 1.23 2.54 2.78 0.91 0.53 2.50 0.72 0.86 

rivers and 
bay 

NC 19.86 2.61 6.63 4.27 5.85 9.41 5.13 8.17 5.59 30.88 

Pamlico 
trawl 

NEFSC 0.55 0.96 0.18 0.59 0.39 om 0.06 0.31 0.44 0.76 0.99 0.23 0.75 0.93 0.11 

fall trawl 



Table A2S. SAW-25 VPA summary results for summer flounder 

CATCH AT AGE (thousands) 

• 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
---+-------------------------------------------------------------.------.---------------.---------------------
o • 5604 5187 5118 2139 2167 1296 878 979 1947 1036 1394 1318 1904 847 198 
1 • 20378 29838 28113 14931 18966 19026 21561 4915 9514 13615 12207 13350 11648 7502 8744 
2 • 10149 10911 15454 17979 11055 10838 14562 7306 2187 7148 6026 5601 6996 7303 9278 
3 • 935 2181 3180 1767 3782 1648 2137 1692 995 742 1125 566 982 1239 1785 
4 • 328 693 829 496 316 544 644 353 221 217 151 73 205 397 417 
5 • 213 382 109 290 213 98 161 68 41 36 73 68 44 81 91 

0.. 37607 49192 52803 37602 36499 33450 39943 15313 14905 22794 20976 20976 21779 17369 20513 
---+--------------------------------------------------_.------------------ .. __ .. _---------------------- .. ---_.-.---------_. 

STOCK NUMBERS (Jan 1) in thousands 

• 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
---+----------------------------------------------------------------------------------------------------------------------
o • 76468 82679 49173 51168 56273 45218 13127 28219 32296 30232 35228 34366 40696 46565 23361 0 
1 • 43770 57536 62998 35628 39957 44112 35849 9953 22218 24680 23814 27581 26944 31596 37358 18948 
2 • 15736 17397 20108 26141 15660 15553 18900 9841 3701 9582 7887 8452 10501 11520 19081 22674 
3 • 2370 3701 4371 2480 5134 2818 2927 2298 1447 1052 1377 1005 1852 2268 2824 7227 
4 • 525 1094 1056 701 431 781 816 463 350 284 190 109 311 628 735 697 
5 • 334 591 134 400 283 137 197 86 64 46 89 100 65 125 158 273 

---+----------------------------------------------------------._----------------------------------------._--_ .. ---------_._-
0 •• 139204 162997 137841 116517 117738 108620 71816 50860 60076 65875 68584 71612 80369 92702 83517 

---+--_._----_._---_. __ ._---------------------------------------_._ .. _-------------------------_._-_._-------_ .. _. 
Summaries for ages 2-5 

---+_. __ ._---------------------------_._-----------_ .. ----_._ ... _ •. __ ._--------_ •. _--------------_ .. _-._----------
• 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

---+------_._------------------_ .. _---_._ ...... -----_ .. _---------_ .. _-_ ... _-_.-----------_ .. _-----_ .... _ .. --------
• 18965 22783 25670 29722 21508 19290 22841 12689 5562 10963 9542 9666 12729 14541 22797 30871 

---+--_._-------------------------_._._-_._--------_.----------_ ... __ ._-------.-_._ .. _ .. _------
FISHING MORTALITY 

_._+_._------_._ .. _----_._---------------------_ .. _._.----- ...... _---------_._---------_._--_.-
• 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 

_._+._._----_. __ ._-----_._------------_._--------_._--_._--------------.------_ ..... _-------_ .. 
o. 0.08 0.07 0.12 0.05 0.04 0.03 0.08 0.04 0.07 0.04 0.04 0.04 0.05 0.02 0.01 
1 • 0.72 0.85 0.68 0.62 0.74 0.65 1.09 0.79 0.64 0.94 0.84 0.77 0.65 0.30 0.30 
2. 1.25 1.18 1.89 1.43 1.51 1.47 1.91 1.72 1.06 1.74 1.86 1.32 1.33 1.21 0.77 
3. 0.57 1.05 1.63 1.55 1.68 1.04 1.64 1.68 1.43 1.51 2.33 0.97 0.88 0.93 1.20 
4. 1.17 1.20 2.02 1.52 1.66 1.47 2.06 1.85 1.19 1.86 2.12 1.34 1.31 1.20 0.99 
5. 1.17 1.20 2.02 1.52 1.66 1.47 2.06 1.85 1.19 1.86 2.12 1.34 1.31 1.20 0.99 

Avg F for ages 2-4,u 
---+ .. _--------_._---_._--------------_._-------_._ .. -----------_._------------_. __ ._----------

• 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
_._+-----------------------_._----------_._---------------------------_ .. _---------------_ .... 

• 1.00 1.14 1.85 1.50 1.62 1.33 1.87 1.75 1.23 1.70 2.10 1.21 1.17 1.110.99 
---+------------------------_.-._------------------------_ .. _---------------------_._---------

BACKCALCULATEO PARTIAL RECRUITMENT 
---+---------------_._----_ ... _--------------_._----------------------_ .. _----. 

• 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
---+--------------------------------------_.-._-_.--_.-----------_._--_.-------
o • 0.07 0.06 0.06 0.03 0.03 0.02 0.04 0.02 0.05 0.02 0.02 0.03 0.04 0.02 0.01 
1 • 0.58 0.71 0.34 0.40 0.44 0.44 0.53 0.43 0.45 0.51 0.36 0.57 0.49 0.25 0.25 
2 • 1.000.980.940.920.90 1.00 0.93 0.93 0.74 0.94 0.80 0.99 1.00 1.000.64 
3 • 0.460.880.81 1.00 1.00 0.71 0.800.91 1.000.81 1.000.73 0.66 0.77 1.00 
4 • 0.94 1.00 1.00 0.980.991.00 1.00 1.00 0.84 1.00 0.91 1.000.980.990.82 
5 • 0.94 1.00 1.00 0.980.991.001.00 1.00 0.84 1.00 0.91 1.000.980.990.82 
---+---------------------------------------------~--.- ------_._----------------

sse AT THE START OF THE SPAWNING SEASON - males & females (mt) 
---+ .. _----------------------------------------------- ... _-----------------_._------------_._-----_.----

• 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
---+-------------------_._----------_._-----------------------------------------------------------------
o • 5829 6017 3547 4576 4420 3670 1253 1829 2474 1366 2677 2817 4450 5748 2462 
1 • 6125 7219 8655 5550 5955 6947 4087 1450 3430 2806 3411 4330 5060 8038 9064 
2 • 2624 3562 2013 3735 2268 2278 1846 1304 949 1210 961 1508 1663 2188 4373 
3 • 1806 1405 1001 644 1248 1149 716 504 438 301 206 554 1021 941 955 
4 • 321 429 251 290 160 380 218 125 169 93 38 51 186 322 425 
5 • 311 307 50 230 151 114 86 36 50 21 35 60 57 105 124 

___ + _________ • __________________ • _____ • ___________________ 0 ____ ._---------_._------_._----------------_. 

0.. 17015 18939 15518 15026 ,4203 14538 8206 5248 7512 5798 7328 9321 12437 17342 17402 2.. 5062 5703 3315 4899 3827 3921 2866 1969 1606 1625 1240 2173 2927 3556 5877 
---+---------------_._---_._-_._ ... _-_._-----------_.------------------------------------------------_.-
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Table A29. Commercial and recreational fishery landings, estimated discard, and total catch statistics (metric tons) as used in the assessment 
of summer flounder, Maine to North Carolina, compared with VPA estimates of total catch biomass. 

Commercial Recreational Total 

Year Landings Discard Catch Landings Discard Catch Landings Discard Catch VPA VPA:Catch 
catch ratio 

1982 10,400 NA 10,400 8,267 740 9,007 18,667 740 19,407 19,077 0.983 

1983 13,403 NA 13,403 12,687 939 13,626 26,090 939 27,029 25,788 0.954 

1984 17,130 NA 17,130 8,512 1,037 9,549 25,642 1,037 26,679 27,590 1.034 

1985 14,675 NA 14,675 5,665 229 5,894 20,340 229 20,569 21,970 1.068 

1986 12,186 NA 12,186 8,102 1,444 9,546 20,288 1,444 21,732 22,449 1.033 

1987 12,271 NA 12,271 5,519 1,307 6,826 17,790 1,307 19,097 19,406 1.016 

1988 14,686 NA 14,686 6,733 857 7,590 21,419 857 22,276 23,928 1.074 

1989 8,125 709 8,834 1,435 114 1,549 9,560 823 10,383 10,446 1.006 

+> 1990 4,199 1,214 5,413 2,329 587 2,916 6,528 1,801 8,329 8,091 0.971 
>-' 

1991 6,224 1,052 7;176 3,611 1,074 4,685 9,835 2,126 11,961 12,354 1.033 

1992 7,529 690 8,219 3,242 859 4,101 10,771 1,549 12,320 12,665 1.028 

1993 5,715 846 6,561 3,484 1,840 5,324 9,199 2,686 11,885 12,048 1.014 

1994 6,588 906 7,494 4,111 1,442 5,553 10,699 2,348 13,047 13,325 1.021 

1995 6,977 308 7,285 2,496 1,785 4,281 9,473 2,093 II ,566 11,656 1.008 

1996 5,770 463 6,233 4,704 1,634 6,338 10,474 2,097 12,571 12,735 1.013 

Mean 9,725 774 . 10,138 5,393 1,059 6,452 15,118 1,472 16,590 16,902 1.017 
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Table A30. SAW-25 VP A retrospective analysis. 

Eisbing Moru~ i~:x:: 

Terminal 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
Year 

1990 1.0 1.2 1.9 1.5 1.6 1.4 1.9 1.7 1.2 
1991 1.0 1.2 1.9 1.5 1.6 1.4 1.9 1.8 1.2 1.4 
1992 1 .0 1.2 1.9 1.5 1.6 1.4 1.9 1.8 1.2 1.4 1.0 
1993 1.0 1.2 1.9 1.5 1.6 1.4 1.9 1.8 1.2 1.7 1.9 0.9 
1994 1.0 1.2 1.9 1.5 1.6 1.4 1.9 1.8 1.2 1.8 2.2 1.4 1.7 
1995 1.0 1.2 1.9 1.5 1.6 1.4 1.9 1.8 1.2 1.7 2.1 1.3 1.4 1.6 
1996 1.0 1.2 1.9 1.5 1.6 1.4 1.9 1.8 1.2 1.7 2.1 1 .2 1.2 1.1 1.0 

SQ9~oing ~XQ~~ aiom~ss ('000 mt) 

Terminal 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
Year 

1990 17.0 18.9 15.5 15.0 14.2 14.6 8.3 5.3 8.4 
1991 17.0 18.9 15.5 15.0 14.2 14.6 8.3 5.4 8.5 8.8 
1992 17.0 18.9 15.5 15.0 14.2 14.6 8.2 5.4 8.1 7.5 12.6 
1993 17.0 18.9 15.5 15.0 14.2 14.5 8.2 5.3 7.6 6.0 8.1 10.6 
1994 17.0 18.9 15.5 15.0 14.2 14.5 8.2 5.2 7.5 5.7 6.9 7.9 10.0 
1995 17.0 18.9 15.5 15.0 14.2 14.5 8.2 5.2 7.5 5.8 7.2 8.9 12.1 18.2 
1996 17.0 18.9 15.5 15.0 14.2 14.5 8.2 5.2 7.5 5.8 7.3 9.3 12.4 17.3 17.4 

!g~ Q B~~cuitm~ot ,N miBion~J 

Terminal 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 
Year 

1990 76.5 82.7 49.2 51.2 56.3 45.7 12.3 28.5 43.1 41. 7 
1991 76.5 82.7 49.2 51.2 56.3 45.2 13.3 29.2 40.3 47.1 34.2 
1992 76.5 82.7 49.2 51.2 56.3 45.2 13.3 29.4 35.0 41.7 40.7 33.2 
1993 76.5 82.7 49.2 51.2 56.3 45.2 13.1 28.3 32.7 31.0 39.6 28.0 61.3 
1994 76.5 82.7 49.2 51.2 56.3 45.2 13.1 28.2 32.2 29.4 33.1 28.7 53.6 42.5 
1995 76.5 82.7 49.2 51.2 56.3 45.2 13.1 28.2 32.2 30.1 34.1 33.8 44.2 53.8 34.9 
1996 76.5 82.7 49.2 51.2 56.3 45.2 13.1 28.2 32.3 30.2 35.2 34.4 40.7 46.6 23.4 
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Table A31. SAW-2S yield-per-recruit analysis for summer flounder. 

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

SUMMER FLOUNDER • SO 25 1995·96 PR, MEAN WEIGHTS AT AGE 

Proportion of F before spa~ning: .8300 
Proportion of M before spa~ning: .8300 
NaturaL Mortality is Constant at: .200 
Initial age is: 0; Last age is: 15 
last age is a PLUS group; 

Age-specific Input data for YieLd per Recruit AnaLysis 
---------------------.----------------------.---------------

Age 

I 
Fi sh Mort Nat Mort 

I 
Proportion I Average Weights 

Pattern Pattern Mature Catch Stock 
-----------------------------------------------.-.----------

0 .0100 1.0000 .3800 .360 .360 
1 .2800 1.0000 .7200 .524 .524 
2 .8900 1.0000 .9000 .624 .624 
3 1.0000 1.0000 .9700 1.068 1.068 
4 1 .0000 1.0000 .9900 1.592 1.592 
5 1.0000 1.0000 1.0000 2.441 2.441 
6 1.0000 1.0000 1.0000 3.244 3.244 
7 1.0000 1. 0000 1.0000 4.342 4.342 
8 1.0000 1.0000 1.0000 4.592 4.592 
9 1 .0000 1. 0000 1.0000 4.841 4.841 

10 1.0000 1.0000 1 .0000 5.336 5.336 
11 1.0000 1.0000 1.0000 5.767 5.767 
12 1.0000 1.0000 1.0000 6.135 6.135 
13 1.0000 1.0000 1.0000 6.445 6.445 
14 1.0000 1.0000 1.0000 6.704 6.704 
15+ 1.0000 1.0000 1.0000 6.917 6.917 

Summary of YieLd per Recruit Analysis for: 
SUMMER FLOUNDER • SO 25 1995·96 PR, MEAN WEIGHTS AT AGE 

SLope of the Yield/Recruit Curve at F=O.OO: --> 10.1271 
F level at slope=1/l0 of the above slope (FO.l): -----> .141 

Yield/Recruit corresponding to FO.l: -----> .5631 
F level to produce Maximum YieLd/Recruit (Fmax): ----.> .242 

Yield/Recruit corresponding to Fmax: -----> .6031 
F level at 20 X of Max Spawning Potential (F20): -----> .298 

SSB/Recruit corresponding to F20: --------> 1.9440 

At Fmax = .242 

Age 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15+ 

Tot 

Catch 
NLITlber 

.0022 

.0486 

.1101 

.0807 

.0519 

.0333 

.0214 

.0138 

.0089 

.0057 

.0037 

.0024 

.0015 

.0010 

.0006 

.0011 

.3867 

Catch 
Weight 

.0008 

.0254 

.0687 

.0862,. 

.0826 

.0814 

.0695 

.0598 

.0406 

.0275 

.0195 

.0136 

.0093 

.0063 

.0042 

.0078 

.6031 

stock 
Nunber 

1.0000 
.8168 
.6249 
.4125 
.2651 
.1704 
.1095 
.0704 
.0452 
.0291 
.0187 
.0120 
.0077 
.0050 
.0032 
.0057 

3.5962 

stock SpStock SpStock 
'Weight NlITlber \.Ie;ght 

.3600 .3212 .1156 

.4280 .4709 .2467 

.3899 .3984 .2486 

.4405 .2772 .2961 

.4221 .1819 .2895 

.4159 .1181 .2882 

.3553 .0759 .2462 

.3057 .0488 .2118 

.2078 .0314 .1440 

.1408 .0202 .0975 

.0997 .0130 .0691 

.0693 .0083 .0480 

.0474 .0054 .0328 

.0320 .0034 .0222 

.0214 .0022 .0148 

.0397 .0040 .0275 

3.7754 1. 9801 2.3987 
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Table A32. Input parameters and short-term stochastic projection results for summer flounder. Starting stock 
sizes for ages 1 and older on January 1, 1997 are as estimated by VP A bootstrap procedure. Age 0 recruitment 
levels in 1996-1998 are estimated as the mean of 200 random estimates selected from VP A estimated numbers 
at age 0 during 1982-1996. Fishing mortality was apportioned among landings and discard based on the 
proportion ofF associated with landings and discard at age during 1995-1996. Mean weights at age (spawning 
stock, landings, and discards) are weighted (by fishery) arithmetic means of 1995-1996 values. F97 is the F 
realized for different levels of total catch (landings plus discards) in 1997 (e.g., for set 1 total catch = 7,802 
mt). Proportion ofF and M before spawning = 0.83 (spawning peak at 1 November). 

Age Median stock Fishing Proportion Proportion Mean weights Mean weights Mean weights 
size in 1997 mortality landed mature spawning landings discards 

(OOOs) pattern stock (kg) (kg) (kg) 

0 40696 0.01 0.38 0.38 0.360 0.376 0.346 

18220 0.28 0.58 0.72 0.524 0.531 0.513 

2 22764 0.89 0.97 0.90 0.624 0.624 0.617 

3 7235 1.00 0.97 1.00 1.068 1.048 1.767 

4 713 1.00 1.00 1.00 1.592 1.592 

5+ 271 1.00 1.00 1.00 2.612 2.395 

Forecast medians (50% Qrobabilitv level) (landings discards, and SSE in '000 mt) 
1997 Landings ~ 7 162 mt 

1997 1998 1999 

Option F Land. Disc. SSB F Land. Disc. SSB F Land. Disc. SSB 

1 0.40 7.2 0.6 25.2 0.24 6.3 0.6 36.1 0.24 9.2 0.6 47.7 
2 0.40 7.2 0.6 25.2 0.34 8.4 0.8 34.4 0.24 8.6 0.6 45.5 
3 0.40 7.2 0.6 25.2 0.37 9.0 0.9 33.9 0.26 9.0 0.7 44.5 
4 0.40 7.2 0.6 25.2 0.65 14.4 1.5 29.1 0.57 14.4 1.3 33.1 

1997 Landings ~ 9 000 mt 

1997 1998 1999 

Option F Land. Disc. SSB F Land. Disc. SSB F Land. Disc. SSB 

1 0.53 9.0 0.8 23.6 0.24 5.8 0.6 34.2 0.24 8.7 0.6 45.8 
2 0.53 9.0 0.8 23.6 0.34 8,4 0.9 32.0 0.24 7.9 0.6 43.1 
3 0.53 9.0 0.8 23.6 0.37 9.0 1.0 31.5 0.26 9.0 0.7 41.5 
4 0.53 9.0 0.8 23.6 0.65 14.4 1.7 26.7 0.57 14,4 1.5 30.2 

1997F~ 1 QQ 

1997 1998 1999 

Option F Land. Disc. SSB F Land. Disc. SSB F Land. Disc. SSB 

1 l.00 14.3 1,4 18.8 0.24 4.3 0.6 28.7 0.24 7.2 0.6 40.5 

2 1.00 14.3 1.4 18.8 0.34 8.4 1.2 25.1 0.24 6.0 0.6 36.2 
3 1.00 14.3 1.4 18.8 0.37 9.0 l.2 24.6 0.26 9.0 0.9 32.9 
4 1.00 14.3 1.4 18.8 0.65 14.4 2.1 20.5 0.57 14.4 :U 22.1 
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Table A33. Stochastic projection results for summer flounder from Bootstrapped SAW -25 VP A stock sizes. 
Probability of exceeding 1998 target F level (0.24) for 1997 landings = 7,162 mt and alternative 1998 quota 
levels. 

Quota level, 1998 Probability Median 
(metric tons) F > 0.24 F 

1,000 0.00 0.04 

2,000 0.00 0.07 

3,000 0.00 0.11 

4,000 0.01 0.15 

5,000 0.23 0.19 

6,000 0.46 0.23 

6,276 0.50 0.24 

7,162 0.88 0.28 

8,400 0.96 0.34 

9,000 0.97 0.37 

10,000 0.99 0.41 

14,400 l.00 0.65 
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Table A34. Stochastic medium-term projections of fishing mortality (F), landings (total, mt), and spawning 
stock biomass (SSB, mt) for summer flounder under various projection options. Input parameters are the same 
as for short-term projections in Table A32. The lower and upper quartiles and the median of bootstrap simu-
lations are given. In all projections, median recruitment is 40.7 million fish, with upper and lower quartiles of 
30.2 and 51.2 million fish, respectively. 

Olltion 1: Land guota (7 162 mt landings) in 1997 F mU = 024 in 1998·2006 

F Landings SSB 

Year L·25 Median U·75 L·25 Median U·75 L·25 Median U·75 

1997 0.36 0.4 0.45 7,162 7,162 7,162 22,104 25,182 28,143 

1998 0.21 0.24 0.28 6,276 6,276 6,762 31,644 36,143 41,007 

1999 0.24 0.24 0.24 7,925 9,185 10,472 42,104 47,663 53,660 

2000 0.24 0.24 0.24 10,619 12,050 13,676 51,939 58,361 65,294 

2001 0.24 0.24 0.24 12,638 14,280 16,143 59,318 66,354 73,906 

2002 0.24 0.24 0.24 14,452 16,310 18,352 65,916 73,491 81,704 

2003 0.24 0.24 0.24 15,704 17,665 19,788 70,236 78,263 86,698 

2004 0.24 0.24 0.24 16,515 18,520 20,682 73,026 81,173 89,921 

2005 0.24 0.24 0.24 17,018 19,061 21,239 74,952 83,107 91,879 

2006 0.24 0.24 0.24 17,352 19,380 21,606 76,116 84,352 93,160 

Olltion 2: Land guot. (7 162 mt landings) in 1997 land 8 400 mt in 1998 F m .. = 0.24 in 1999-2006 

F Landings SSB 

Year L-25 Median U-75 L-25 Median U-75 L·25 Median U-75 

1997 0.36 0.4 0.45 7,162 7,162 7,162 22,104 25,182 28,143 

1998 0.30 0.34 0.40 8,400 8,400 8,400 29,849 34,356 39,216 

1999 0.24 0.24 0.24 7,340 7,340 8,599 39,946 45,520 51,508 

2000 0.24 0.24 0.24 10,069 10,069 11,497 49,984 56,391 63,298 

2001 0.24 0.24 0.24 12,202 12,202 13,843 57,775 64,805 72,343 

2002 0.24 0.24 0.24 14,146,' 14,146 15,996 64,799 72,369 80,588 

2003 0.24 0.24 0.24 15,506 15,506 17,463 69,523 77,537 85,966 

2004 0.24 0.24 0.24 16,390 16,390 18,390 72,565 80,704 89,467 

2005 0.24 0.24 0.24 16,934 16,934 18,977 74,652 82,797 91,577 

2006 0.24 0.24 0.24 17,298 17,298 19,327 75,933 84,158 92,974 
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TableA34. Continued. 

O~tian 3: Land guata (7 162 mt landings) in 1997 land 9 000 mt in 1998-00 F mu - 0.24 in 2001-2006 

F Landings SSB 

Year L-25 Median U-75 L-25 Median U-75 L-25 Median U-75 

1997 0.36 0.40 0.45 7,162 7,162 7,162 22, I 04 25,182 28,143 

1998 0.32 0.37 0.43 9,000 9,000 9,000 29,326 33,850 38,709 

1999 0.22 0.26 0.31 9,000 9,000 9,000 37,960 44,452 51,372 

2000 0.16 0.19 0.23 9,000 9,000 9,000 48,474 57,058 66,497 

2001 0.24 0.24 0.24 11,903 14,280 16,658 56,971 65,979 75,807 

2002 0.24 0.24 0.24 14,021 16,295 18,819 64,531 73,518 83,262 

2003 0.24 0.24 0.24 15,544 17,753 20,140 69,622 78,547 87,801 

2004 0.24 0.24 0.24 16,470 18,599 20,879 72,880 81,564 90,557 

2005 0.24 0.24 0.24 17,033 19,118 21,337 74,964 83,347 92,154 

2006 0.24 0.24 0.24 17,365 19,429 21,648 76,215 84,504 93,280 

O~tian 4: Land guata (7 162 mt landings) in 1997 land 14 400 mt (19.0 million Ibs commercial) in 1998-2006 

F Landings SSB 

Year L-25 Median U-75 L-25 Median U-75 L-25 Median U-75 

1997 0.36 0.40 0.44 7,162 7,162 7,162 22,104 25,182 28,202 

1998 0.56 0.65 0.78 14,400 14,400 14,400 25,045 29,500 34,255 

1999 0.46 0.57 0.72 14,400 14,400 14,400 27,447 33,573 40,336 

. 2000 0.37 0.48 0.64 14,400 14,400 14,400 30,228 38,492 47,684 

2001 0.31 0.40 0.56 14,400 14,400 14,400 33,465 43,799 55,402 

2002 0.25 0.38 OA8 14,400 14,400 14,400 37,675 50,492 64,660 

2003 0.22 0.29 OAI 14,400 14,400 14,400 42,550 57,835 74,302 

2004 0.19 0.25 0.36 14,400 14,400 14,400 47,722 65,285 83,774 

2005 0.17 0.22 0.31 14,400 14,400 14,400 53,381 72,780 93,077 

2006 0.15 0.20 0.28 14,400 14,400 14,400 59,381 79,955 101,591 

47 



Table A35. Summary of summer flounder quotas, reported landings, projections, and subsequent estimates 
of the fully-recruited fishing mortality rate (F). 

Assessment Terminal Forecast Reported Tenninal F Projected F SAW-25 Percent 
catch landings! landings estimate VPAF difference in F 
year quota SAW-25 

projection 
YearT Year T+I YearT+I YearT YearT+I 

(mt) (mt) 

SAW-II 1988 9,700 9,560 F88 = 1.42 F89 = 1.42 F89 = 1.78 +25% 

SAW-13 1990 12,330 9,835 F90 = 1.07 F91 = 1.07 F91 = 1.74 +63% 

SAW-16 1992 9,400 9,199 F92 = 1.08 F93 = 0.48 F93 = 1.24 +158% 

SAW-18 1993 12,100 10,699 F93 =0.54 F94 =0.77 F94 = 1.21 +57% 

SAW-20 1994 10,200 9,473 F94 =0.69 F95 = 0.50 F95=1.l3 +126% 

SAW-22 1995 8,400 10,474 F95 = 1.50 F96 = 0.52 F96 = 0.99 +90% 

SAW-25 1996 7,162 NA F96 =0.99 F97 = 0.40 F97 = 0.75 Mean = +87% 
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B. SCUP 

Terms of Reference 

a. Assess the status ofscup through 1996 and char
acterize the variability of estimates of stock abun
dance and fishing mortality rates. 

b. To the extent feasible. provide projected estimates 
of catch for 1997-1998 and SSB for 1998-1999 
and characterize the variability of estimates of 
stock abundance and fishing mortality rates. 

Introduction 

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

The Mid-Atlantic Fishery Management Council 
(MAFMC) and the Atlantic States Marine Fisheries 
Commission (ASMFC) manage scup under Amend
ment 8 to the Summer Flounder, Scup, and Black Sea 
Fishery Management Plan (FMP). In, 1996, the FMP 
implemented minimum size requirements of 9 in for 
commercially-landed scup and 7 -in size limits for rec
reationally-landed scup, and a minimum mesh size of 
4.0 in for vessels retaining more than 4,000 lbs of 
scup. Exploitation rates are to be reduced to 47% in 
1997,33% in 2000, and 19% in 2002 through coast
wide commercial quotas, and season and possession 

limits in the recreational fisher. Overfishing for scup 
is defined as fishing in excess of F max' The 19% ex
ploitation rate corresponds to the current estimate of 
F ma' The FMP has as a management unit all scup 
from Cape Hatteras northward to the US-Canadian 
border. 

The Fishery 

Commercial Landings 

US commercial landings averaged less than 
10,000 mt annually during 1930-1947 (Figure Bl), 
averaged over 19,000 mt per year during 1953-1964 
(peaking at over 22,000 mt in 1960), and declined to 
around 4,000 mt per year in the early 19705. From 
1974 to 1986, landings fluctuated between 7,000 and 
10,000 mt and have since declined to between 3,700 
and 6,900 mt (Table B 1). Landings in 1996 were 
about 2,500 mt, the lowest observed in the time series 
beginning in 1930. 

Commercial landings in 1994-1996 were reported 
by dealers, by market category, but not by area of 
catch. Procedures developed by Wigley et al. (1997) 
were used to allocate those landings by market cate
gory to statistical area based on information collected 
under the Vessel Trip Report (VTR) system. In those 
procedures, a monthly set oflandings reported in both 
dealer and VTR databases are used to characterize 
the distribution of dealer-reported landings by statisti
cal area. This proration procedure contributes to un
certainty in the attribution of market category land
ings by area, especially if vessels which are not parti
cipating in any fishery with mandatory VTR require
ments land scup from different areas than those which 
produce landings for participating vessels. Other 
sources of uncertainty include unreported landings by 
dealers. 
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Distant-water-fleet landings (principally from the 
Southern New England area) were reported for 1963-
1981 (Figure B 1). Landings peaked at about 5,900 mt 
in 1963, averaged only about 1,100 mt per year dur
ing 1964-1975, and were only a few mt annually in 
1976-1981. 



Landings ofscup in Rhode Island and New Jersey 
have accounted for about 68% of the total during 
1979-1996 (Table B2), with Rhode Island averaging 
about 39% of the total and New Jersey about 29% of 
the total. New York landings comprised an average of 
15% of the total. 

The principal commercial fishing gear is the otter 
trawl, accounting for an average of 77% of the total 
catch during 1979-1996 (TableB3). The remainder of 
the commercial landings are taken by floating trap 
(12%), with pair trawl, pound net, pots and traps, and 
hand lines each contributing between 2 and 3%. Ap
proximately 30% of the commercial landings during 
this period have occurred in state waters and 70% in 
theEEZ. 

Commercial Discards 

The NEFSC sea sampling program has collected 
information on landings and discards in the commer
cial fishery during 1989-1996. The number of trips in 
which scup were landed and/or discarded is tabulated 
in Table B4. Between 7 and 91 otter trawl trips per 
year were sampled in which scup were landed or dis
carded. The number of sampled trips was especially 
low in 1994-1996, with between 7 and 27 otter trawl 
trips sampled per year. 

The intensity oflength frequency sampling of dis
carded scup from sea sampling has declined in 1992-
1995 relative to 1989-1991. In the first half of 1992, 
length frequency samples were collected from 16 
tows, but in the second half of 1992, no length fre
quency data were collected (Table B4). In 1993 and 
1994, samples were collected from only 7 and 10 
tows, respectively; in 1995, 31 tows were sampled. 
Depending on how discard tonnage is estimated, this 
level of sampling corresponds to 100 lengths sampled 
per 330-500 mt in 1992-1995, which does~ot meet 
the informal criterion of 100 lengths sampled per 200 
mt. No age data are available from sea samples. 

Previous analyses reviewed during SAW-19 indi
cated that the NEFSC sea sampling data are inade
quate to develop reliable estimates of discard at age 
in the commercial fishery. As in the previous assess-
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ment, ratios of discardsllandings by landings level (for 
trips landings < 0.3 mt or > 0.3 mt) and half-year 
were also calculated (uncorrected geometric mean by 
cell) and multiplied by corresponding observed land
ings levels from the weighout data base to provide es
timates of discards (Table B4). In 1995-1996, how
ever, no sea-sampled observations were available for 
trips landing more than 0.3 mt per trip in the first half 
of 1995 and the second half of 1996, one observation 
was available for trips landing more that 0.3 mt per 
trip in the second half of 1995 and two observations 
at that landings level were available for the first half 
of 1996. Consequently, the 1989-1994 average rate 
for trips with landings greater than 0.3 mt (from both 
half-years) was used for 1995-1996 rates in both half
years. Because 1994-1996 "N"EFSC landings estimates 
included all currently available data from ME-VA, 
1994-1996 discard estimates were only raised to ac
count for North Carolina data. 

Total weight of commercial discard is displayed in 
Table B5, and estimated discard at age is displayed in 
Table B7. For 1989-1996, the total weight (mt) of 
discard was estimated from the observed ratios of dis
card to landings (as described above), and an aggre
gate length frequency distribution was developed by 
half-year (where component length frequency samples 
were weighted by weight of discard in the tow sam
pled). Mean weight was cctimated from length fre
quency data and a length-\\ .. tht equation, total num
bers were estimated by divtg total weight by mean 
weight, and numbers at k· 'lth were then calculated 
from the length frequency distribution. Numbers at 
length were converted to numbers at age by applying 
age-length keys derived from NEFSC survey catches 
of scup. Age-length keys from spring surveys were 
applied to numbers at length from the first half of the 
year, while age-length keys from autumn surveys 
were applied to numbers at length from the second 
half of the year. For years in which no discard data 
were collected (1984-1988 and the second half of 
1992), commercial landings at age were raised by the 
geometric mean of the ratios of discards to landings 
at age for 1989-1993. In the absence of any published 
estimates of discard mortality rates for this species, a 
discard mortality rate of 100% was assumed. 



No clear pattern of age- or cohort-specific trends 
emerged from examination of the example calculation 
of discards at age (Table B7). Discards were domi
nated by scup at ages 0, 1, or 2, depending on the 
year under consideration. There is some evidence for 
a strong 1994 year class, based on the changes in age 
composition of discards between 1994 and 1996, but 
tempered by uncertainty due to poor sampling in 
those years. 

Recreational Catch 

Scup is an important recreational species, with the 
greatest proportion of catches taken in the Southern 
New England states and New York. Estimates of the 
recreational catch in numbers were obtained from the 
NMFS Marine Recreational Fishery Statistics Survey 
(MRFSS) for 1979-1996. These estimates were avail
able for three categories: type A - fish landed and 
available for sampling, type B 1 - fish landed but not 
available for sampling, and type B2 - fish caught and 
released). The numbers of type A and B 1 were com
bined and converted to weight (mt) by estimating 
numbers at length from the length samples taken from 
the recreational landings and by applying a length
weight equation (Morse, 1978) to those estimated 
numbers at length. 

The estimated recreational landings (types A and 
B 1) in weight during 1979-1996 ranged between 600 
and 5,300 mt (Table Bl) and averaged about 2,250 
mt per year. The 1995 estimate was 600 mt, a 50% 
decrease from 1993 and the lowest value in the 1979-
1996 time series. The 1996 estimate of 1,015 mt is 
the second lowest value in the time series. Since 
1979, the MRFSS data indicate that the recreational 
landings have comprised approximately 113 of the 
commercial and recreational total. 

The estimated recreational discard removals in 
weight during 1984-1996 ranged from 30 mt in 1984 
to a high of 87 mt in 1986, while averaging about 45 
mt per year (Table B5), based on the assumption that 
15% of the discards (type B2) die. The 1995 and 
1996 estimates were 33 mt and 47 mt, respectively. 
Mortality due to discarding in the recreational fishery 
has been reported to range from 0 to 15% (Howell 

and Simpson 1985) and from 0 to 13.8% (Williams, 
pers. comm.). Howel! and Simpson found mortality 
rates positively correlated with size, due largely to the 
tendency for larger fish to take the hook deep in the 
esophagus or gills. Williams more clearly demonstrat
ed increased mortality with depth of hook location as 
well as handling time, but found no association with 
fish size. Based on these studies, discard mortality in 
the recreational fishery between 5% and 15% appears 
reasonable. In this report, 15% was assumed. 

Total Catcb 

Estimates of the total catch of scup during 1984-
1996 are given in Table B5. These estimates include 
commercial and recreational landings and discards. 
The total catch during this period varied from a high 
of nearly 14,300 mt in 1986 to a low of about 5,000 
mt in 1996. The total catch decreased by nearly 65% 
from 1991 (14,100 mt) to 1996. 

During this 13 -year period, commercial landings 
averaged about 50% of the total catch, with discards 
and recreational landings each accounting for about 
25%. 
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Sampling Intensity 

Length samples of scup are available from both 
commercial and recreational landings. The intensity of 
sampling during 1979-1996 is summarized in Table 
B6. In the commercial fishery, annual sampling in
tensity varied from 35 to 481 mt per 100 lengths. In 
nearly all years, the overall sampling exceeded the in
formal criterion of 100 lengths sampled per 200 mt. 
This alone does not indicate adequate sampling be
cause scup are landed in seven commercial market 
categories from over 20 statistical areas. 

In the recreational fishery, sampling intensity var
ied from 48 to 443 mt per 100 lengths. Sampling in all 
years except one during 1979-1987 failed to satisfy 
the above informal criterion, but during 1988-1993, 
sampling averaged 77 mt per 100 lengths. Since no 
length frequency distribution data on scup discard are 
collected under the MRFSS program, recreational 
discards were assumed to be fish age 0 and 1, in the 



same relative proportions as in the landed catch, con
sistent with regulated minimum fish sizes and informal 
inspection of samples collected from the New York 
recreational fishery. 

Age Compositions 

Numbers at age were estimated for 1984-1996 for 
the commercial landings (separately for Maine - Vir
ginia, i.e., NEFSC weighout landings; and North Car
olina), commercial discards, recreational landings, and 
recreational discards (Tables B7-B9, and summarized 
over all sources in Table BI0). Numbers at length for 
each of these categories were determined based on 
available length frequency samples and were convert
ed to numbers at age by applying age-length keys de
rived from NEFSC survey catches of scup and com
mercial samples (the latter available for 1990-1996). 
Age-length keys from spring surveys and first and 
second quarter commercial samples (1990-1996) 
were applied to numbers at length from the first half 
of the year, while age-length keys from autumn sur
veys and third and fourth quarter commercial samples 
(1990-1996) were applied to numbers at length from 
the second half of the year. 

Mean weights at age for the commercial landings, 
commercial discards, recreational landings, and recre
ational discards for 1984-1996 are given in Tables 
B ll-B 13, and estimates of mean weight at age of re
movals from all sources are given in Table B 14. 
Variability in mean weights at age in catch is partially 
a function of the relative magnitude of discards in any 
particular year, e.g., age 1 in 1995. 

Stock Abundance and Biomass Indices 

Research Vessel Survey Indices 

Indices of scup abundance and biomass were cal
culated from catch-per-tow data from research vessel 
surveys conducted by the NEFSC, Massachusetts Di
vision of Marine Fisheries, Rhode Island Division of 
Fish, Wildlife, and Estuarine Resources, Connecticut 
Department of Environmental Protection, and Virgin
ia Institute of Marine Science. 

NEFSC surveys 

Mean number-per-tow and weight-per-tow indices 
were determined from autumn (1963-1996), spring 
(1968-1996), and winter (1992-1996) NEFSC bottom 
trawl surveys. Indices from the spring and autumn 
surveys were based on tows in offshore strata 1-12, 
23,25, and 61-76 and inshore strata 1-61. The indices 
from the relatively short winter survey series were 
based on tows in only the above-indicated offshore 
strata. 

Mean weight-per-tow indices for the spring and 
autumn survey time series are illustrated in Figure B2, 
which include only offshore strata for consistency 
over the early part of the time series. Although the in
dices exhibit considerable year-to-year variability, 
both surveys indicate that current levels of biomass 
are much lower than previously. The spring indices 
show a high level from the late 1960s to the late 
1970s followed by a sharp, almost continuous decline 
to the present time. The autumn indices, although 
much more variable, may indicate an increase in bio
mass from the early 1960s to the mid-1970s, drop
ping thereafter, and have declined to lowest observed 
levels in the time series in 1996. The winter indices 
fluctuate without trend, although a downward trend 
would be indicated with a delta transformation of the 
data. 

Catch per tow in numbers at age from the NEFSC 
spring and autumn surveys in 1984-1996 are present
ed in Table B15. 
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State surveys 

Massachusetts: 

The Massachusetts Division of Marine Fisheries 
(MADMF) has, since 1978, conducted a semi-annual 
bottom trawl survey of Massachusetts territorial wa
ters in May and September. Survey coverage extends 
between the boundaries of New Hampshire and 
Rhode Island and seaward to three nautical miles, 
including Cape Cod Bay and Nantucket Sound. The 
study area is stratified into geographic zones based on 
depth and area. Pre-determined trawl sites are allo-



cated in proportion to stratum area and are chosen 
randomly within each sampling stratum. 

A 20-minute tow at 2.S knots is made at each 
station with a 3/4-size North Atlantic two-seam otter 
trawl (1l.9-m headrope, IS.S-m footrope) rigged 
with a 19.2-m chain sweep with 7.6-cm rubber discs. 
The net contains a 6.4-mm mesh codend liner to re
tain small fish. Approximately 9S stations are sampled 
during each survey. 

Standard bottom trawl survey techniques are used 
to process the catch of each species. Generally, the 
total weight (nearest 0.1 kg) and length frequency 
(nearest cm) are recorded for each species on stan
dard trawl logs. Collections of age and growth struc
tures, maturity observations, and pathology observa
tions are taken. 

The MADMF spring indices dropped sharply from 
a high in 1980 to remain at fairly low levels until in
creasing briefly in 1989 and 1990 (Figure B3A). In
dices in the last two years have been low. Catch per 
tow in numbers at age for the spring and autumn sur
veys are given in Table B 16. 

Rhode Island: 

The Rhode Island Division ofFish, Wildlife, and 
Estuarine Resources (RIDFW) has conducted an au
tumn and spring survey since 1979 based on a strati
fied random sampling design. Three major fishing 
grounds are considered in the spatial stratification, in
cluding Narragansett Bay (NB), Rhode Island Sound 
(RlS), and Block Island Sound (BIS). Stations are 
either fixed or randomly selected for each stratum. In 
order to maintain continuity in the number of stations 
sampled per stratum each season, an alternate list is 
generated for substitution in the event of an u~expect
ed hang-up or questionable bottom type. At each sta
tion, a 314-scale high rise bottom trawl is towed for 
20 minutes at an average speed of 2. S knots using the 
RIV Thomas J. Wright, a 42-ft Bruno Stillman west
ern-rigged dragger. The average vertical opening of 
the net is estimated at 10 feet. The doors are 2 ft by 
4 ft running 7.S fathoms ahead of the wings. 

Survey results are expressed as unweighted arith
metic mean weight and number per tow for the three 
major areas (NB, RlS, and BIS). Indices have shown 
a modest increase in the mean number of scup per 
tow since 1989, particularly in the autumn surveys. 
Analysis of length frequency data indicates seasonal 
variability in mean length, with a spring mean of 23 
cm and an autumn mean of 10 cm. Further examina
tion indicates that about 99% of the scup caught in 
the autumn survey are ages 0 and l. Because the in
dex is dominated by the autumn component of the su
rvey, that portion of the index was used as the index 
of abundance for VP A tuning. 

The mean weight-per-tow index for the Rhode Is
land survey was relatively high in 1980, but has since 
remained at low levels. Number-per-tow indices (Fi
gure B3B) indicate a potential increase in the early 
1990s, but declines in recent years. Catch per tow in 
numbers at age for the autumn survey are given in 
Table B17. 

Connecticut: 

The Connecticut Department of Environmental 
Protection (CTDEP) trawl survey program was initi
ated in May 1984 and encompasses both New York 
and Connecticut waters of Long Island Sound. The 
stratified random design survey is currently conducted 
in the spring (April-June) and autumn (September
October). Each survey consists of three cruises, with 
40 stations sampled during each cruise, providing a 
sampling density of one station per 20 sq nmi per 
cruise. Prior to 1990, the survey was conducted 
monthly from April to November. 

Scup are caught in all months sampled, but are 
most common in the autumn when 4,000-40,000 fish 
between 4 and 38 cm are taken. Large autumn 
catches can be attributed to age 0 fish «12 cm) 
which comprise 80-90% of the catches. In May and 
June, 2,000-4,000 age 1+ (9-37 cm) scup are typically 
collected during the 120 tows. Scup occur in 40-S0% 
of the spring tows and more than 95% of the autumn 
samples. Proportional standard errors (PSE) of spring 
log mean number/tow indices range from 12 to 14%, 
whereas autumn PSEs are between 2 and 7%. 
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Age-length keys have been developed for both 
spring and autumn for 1984-1993 and for summer 
(July-August) and November 1984-1990. A total of 
4,054 fish have been aged since 1984 (spring 1,370, 
summer 1,109, autumn 1,304, and November 334). 
Because the pooled index is dominated by the autumn 
component, that portion of the index was used as the 
index of abundance for VP A tuning. 

The mean weight-per-tow index remained rela
tively stable during 1984-1989, increased to a peak in 
1991, and has since declined. Number-per-tow indices 
(Figure B3B) indicate potential increases during 
1984-1991, but abundance has been stable or declin
ing thereafter Catch per tow in numbers at age for 
the autumn surveys are presented in Table B18. 

Virginia Institute of Marine Science: 

The Virginia Institute of Marine Science has con
ducted a juvenile scup survey in lower Chesapeake 
Bay during June-September since 1988. Age 0 geo
metric mean indices based on an average of 104 sam
ples per survey are presented in Table B19. The 1989 
index is about 6 times higher than the mean level in 
the other six years. 

New York: 

The New York Department of Environmental 
Conservation initiated a small-mesh trawl survey in 
1985 to collect fisheries-independent data on the age 
and size composition of scup in local waters. This 
survey is conducted in the Peconic Bays, the estuarine 
waters which lie between the north and south forks of 
eastern Long Island. The R!V David H. Wallace, a 
35-ft Bruno Stillman, is used to sample sixteen sta
tions each week during May - October. Tows are 20 
min in duration. The net used has a 16-ft head rope 
and a 19-ft footrope and is constructed of polypropy
lene netting with U-in stretch mesh in the body and 
1.25-in stretch mesh in the codend. 

For this analysis, a young-of-the-year index was 
provided based on slicing at length. Fish were cate
gorized as young of the year if they were ! 75 mm in 
the July survey, ,; 100 mm in August, and,; 125 mm 
in September. The time series extends from 1987 to 
1996. 

The young-of-the-year index peaked in 1991-1992 
and declined thereafter. Geometric mean catch per 
station in numbers at length pooled over the survey 
season are presented in Table B 19. 

New Jersey: 

The New Jersey Bureau of Marine Fisheries has 
conducted a stratified random bottom trawl survey of 
New Jersey coastal waters from Ambrose Channel 
south to Cape Henlopen Channel, and from about the 
18-ft isobath to approximately the 15-ft isobath off
shore. Latitudinal strata boundaries correspond to 
those in the NMFS groundfish survey; longitudinal 
boundaries correspond to the 30-, 60-, and 90-ft iso
baths. Each survey includes two tows per stratum 
plus one additional tow in each of nine larger strata 
for a total of 39 tows. A three-in-one trawl with a 
100-ft footrope, 82-ft headrope, 3-4.7-in mesh 
throughout most of the body, and a O.25-in mesh 
codend liner is used. Two vessels have been used dur
ing the survey, the FN Amy Diane during 1988-1991 
and the FN ARGO Marine from 1991 to the present. 
From 1991 to the present, the area has been surveyed 
in January, April, June, August, and October; during 
1988-1990, February and December surveys were in
corporated instead of the January survey. 

Catch per tow at length was reported by survey, 
pooled, and aged using NEFSC survey age-length 
keys (augmented with commercial age-length keys 
when available and necessary). Results are reported in 
Table B20. The index increased overall from 1989 to 
1993, then declined to the lowest levels in the 1989-
1996 series in 1995-1996 (Figure 3B). 
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Coherence among surveys 

The surveys conducted by the NEFSC and several 
states have each produced indices of scup abundance 
and biomass. Since each of these surveys samples dis
tinct geographic regions, it is possible that they pro
vide indices for different components of the overall 
stock. In addition, seasonal movements can influence 
the availability of scup and the effectiveness of the 
various surveys in producing indices that accurately 
reflect total stock abundance or biomass. Since the 
objective ofthis assessment was to employ these sur
vey indices to interpret scup abundance from Massa-



chusetts to North Carolina, it is important to examine 
the coherence between these indices. An earlier exam
ination of correlation analyses of average catch per 
tow in number at each age was continued to deter
mine if the indices exhibited comparable trends and 
patterns. Pearson correlations indicated sporadic sig
nificant relationships, but these were not consistent 
between ages, and no strong trends emerged. Various 
indices were likely measuring different components of 
the stock distributed differentially in time and space. 
No clear indication of which survey time series was 
most indicative of the total stock emerged from the 
analysis. In light of this, all relevant tuning indices 
were included in the ADAPT tuning model for 
estimating stock size and fishing mortality. 

Overall, stock sizes (as indexed by mean weight per 
tow) appear to have dropped during the late 1970s 
(NEFSC spring survey) to early 1980s (MADlYiF 
spring survey) (Figures B2 and B3). Since then, bio
mass has continued to trend downward to the lowest 
observed levels in 1996 (NEFSC and MADlY1F spring 
surveys). Intermittent increases in biomass were not 
sustained for more than three years in either index. In 
recent years, the fluctuating NEFSC autumn survey 
index has included several of the lowest observations 
in the 34-year time series. Other indices of abun
dance, based on number per tow, are much shorter, 
beginning in 1984 (Figure B3). While several of those 
indices show increasing trends from 1985 to 1993, in
dices in 1996 are at or near the lowest values in the 
survey senes. 

Mortality and Stock Size Estimates 

Natural Mortality 

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

Virtual Population Analysis 

Tuning 

Numbers at age on 1 January 1997 and corre
sponding fishing mortality (F) rates in 1996 were 
estimated using a non-linear least squares technique 
to calibrate VP A estimates of numbers at age with 

survey abundance indices (ADAPT, Parrack 1986, 
Gavaris 1988, Conser and Powers 1990). Abundance 
at ages 0-5 was estimated separately; ages 6 and older 
were combined as a plus group because, on average, 
less than 1% of the catch was ages 6 and older. Stock 
sizes in 1997 were directly estimated for ages 1-4, 
with abundance of ages 5 and 6+ calculated from F 
estimated for age 4 in 1993. Stock size at age 0 in 
1997 could not be estimated because no 1997 survey 
indices of age 0 abundance were available. Initial par
tial recruitment patterns from separable VP A indicat
ed full recruitment at age 3. F at age 5 was estimated 
from back-calculated stock sizes at ages 3-4; F at age 
6+ was assumed equal to F at age 5. 

Performance of the following research trawl 
survey indices was inspected for use in tuning: 

1) NEFSC spring survey, ages 1-4 
2) NEFSC autumn survey, ages 0-4 
3) MADlY1F spring survey, ages 1-4 
4) MADlY1F autumn survey, ages 0-2+ 
5) RIDFW autumn survey, ages 0-4 
6) CTDEP autumn survey, ages 0-5 
7) VIMS autumn survey, age 0 
8) NEFSC winter trawl survey, ages 1-4 
9) NYDEC spring-autumn survey, age 0 

10) NJBlY1F spring-autumn, ages 0-3 

Spring and NEFSC winter survey indices at age 
were compared to stock sizes at age at 1 January of 
the survey year; spring-autumn survey indices were 
compared to stock sizes at age at mid-year, and au
tumn survey indices were compared to stock sizes 
one year older on 1 January the following year. In the 
previous assessment, residual patterns and partial var
iances contributed by individual indices lead to the 
elimination of the MADlY1F age 1, RIDFW age 3-4, 
and NEFSC winter survey age 1-4 indices based on 
high partial variances, and CTDEP age 0 based on a 
trend in residual patterns. Because there was consid
ered to be uncertainty in both catch-at-age (e.g., com
mercial discard-at-age component) and tuning-index 
components, iterative re-weighting was not incorpo
rated in the final run. 

Approximate coefficients of variation for estimates 
of numbers at ages 1-3 ranged from 36 to 57% and 
increased to 82% for estimates of age 4 abundance. 
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Approximate coefficients of variation for survey 
catchability coefficients ranged from 27 to 50%. Ab
solute values of correlation coefficients between esti
mated parameters were all less than 0.29, with nearly 
all below 0.15. No trends in standardized residuals 
were observed. 

Exploitation pattern 

The exploitation pattern has been variable from 
year to year, but full recruitment has occurred be
tween ages 2-3 during 1989-1994, influenced by the 
magnitude of annual commercial discard-at-age pat
terns. An average exploitation pattern was calculated 
as the ratio of the geometric means (1992-1996) of 
the fishing mortality rates at ages 0-2 to the geometric 
means of the fishing mortality rates at ages 3 -5. The 
resulting pattern indicates, on recent average, 6% re
cruitment at age 0, 21% at age 1, and 87% at age 2. 
In previous yield-per-recruit calculations, full (100%) 
recruitment was assumed at ages 2 and older, consis
tent with these observations. 

Evaluation of VPA adequacy 

The SARC believed that the exploratory VP A in
tegrated existing data to produce estimated trends in 
fishing mortality rates and biomass that were gener
ally indicative of actual trends, but due to gross inade
quacies in the input data, the SARC rejected the ex
ploratory VP A as a basis for fonmal projections. Simi
lar to other assessments in the region, the amount of 
variance in each component of the catch-at-age ma
trix had not been estimated. In the case of scup, this 
amount of variance was believed by the SARC to be 
unreasonably large. In the case of the 1993-1994 
commercial landings reported through the NEFSC 
system, 37-46% ofthe total tonnage was unsampled 
at the resolution of market category, quarter, and 
two-digit statistical area, and consequently was char
acterized by size compositions from landing~ of mar
ket categories from different statistical areas or quar
ter, or from a combination of market categories. 
While market category is more likely to be related to 
size ;:omposition of landings rather than statistical 
are. of catch, that SARC felt that, overall under
sampling produced a significant source of uncertainty 
in the development of the NEFSC commercial 
landings-at-age component. In the case of commercial 
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discard-at-age estimates, sampling was not adequate 
to cover all cells in the stratification scheme (landings 
level and half-year) in the past two years, requiring 
substitution oflong-tenm average cell means; in 1993, 
only seven otter trawl trips catching scup were sam
pled. For years before the implementation of the sea 
sampling program, the discard-at-age matrix was esti
mated using average observed ratios of discard to 
landings from later years; consequently, early esti
mates of discard do not include any direct observa
tions. Because discard levels appear to be highly vari
able even between tows on the same sea-sampled trip, 
typical estimators such as ratios of discards to land
ings or discards per day fished are highly variable and 
can range over three orders of magnitude simply de
pending on the fonm of the mean used, based on com
parisons in the previous assessment. Identification of 
specific mechanisms or factors which lead to differ
ences in discard rates is complicated by the wide spa
tial and temporal range of the component fisheries as 
well as operational characteristics of fisheries, e.g., 
target species, gear type. This combination of variable 
discard rates within trip and the range of temporal, 
spatial, and operational characteristics of component 
fisheries will continue to make accurate characteriza
tion of discard levels difficult, even if sampling levels 
were to increase. Performance of tuning indices was 
also generally poor: year classes are poorly tracked 
over time by individual surveys, and indices may re
flect local patterns in ava:iability or recruitment rather 
than abundance of the stock. Even surveys whiCh 
cover the entire range of the stock (NEFSC spring 
and autumn surveys) exhibit large interannual fluctua
tions, in part due to domination of indices by incom
ing year classes which are rarely abundant in surveys 
in following years, and in part due to availability. The 
coefficients of variation for parameter estimates ob
tained from the exploratory VP A were larger than 
those obtained in the previous assessment (SAW-19), 
and ranged from 36 to 82%, depending on the age
specific stock size being estimated. That SARC con
cluded that the precision of the estimates of fishing 
mortality and stock size was unacceptably low and 
would provide an unreliable basis for any forecasts. 

Fishing mortality 

Fishing mortality (F) rates averaged over ages 2-5 
have fluctuated above 1.0 without trend from 1984 to 



1996 and could have been as high as 2 in some years, 
based on trends in the exploratory VP A and on catch
curve analyses of survey data in the 1995 assessment. 

Stock biomass 

Indices of spawning stock biomass have fluctuated 
widely over time, but have trended downward since 
1984. The 1995-1996 levels are the lowest observed 
in the 1984-1996 exploratory VP A time series and are 
among the lowest in the 1968-1996 NEFSC spring 
survey series (Figure B4). 

Recruitment 

The 1996 index of age 0 abundance from the 
NEFSC autumn survey is the lowest of the 1984-
1996 (age-based) series, and the five most recent 
years include the four lowest indices of age 0 abun
dance in the 1984-1996 series. The 1996 index of age 
1 abundance from the NEFSC spring survey is the 
second lowest in the 1984-1996 (age-based) series. 

Biological Reference Points 

Yield and Spawning Stock Biomass per Recruit 

The MAFMC and ASMFC have jointly adopted an 
F""" overfishing definition. Analysis from the SAW-19 
assessment indicated that FO.1 = 0.141 and F"",< = 

0.236, with yield including both landings and discard. 
At F max> about 24% of the maximum spawning poten
tial (%MSP) is obtained, while at F 0.1> 39% MSP is 
obtained. Yield-per-recruit analyses were not re-eval
uated in the current assessment. 

Projections of Catch and Stock Biomass 

Recent levels of fishing mortality are likely to re
sult in further declines in stock biomass to new record 
low levels. IfF were reduced by 50% (i.e., 34% re
duction in exploitation rate), fishing mortality would 
likely be reduced to below 1.0. This would imply a 
34% reduction in catch from the 1996 level of 5,000 
mt to 3,300 mt in 1998. Given recent declines in 
stock biomass and uncertainties in the assessment in
put data, a reduction in catch to 3,300 mt in 1998 
may be insufficient to achieve the target level of fish
ing mortality. Reversing the decline in stock size will 

also depend on levels of incoming recruitment, but 
survey indices indicate that recent year classes have 
been low. 

Conclusions 

The results of analyses presented in this report in
dicate that the scup stock is over-exploited and near 
record low abundance levels. This conclusion is based 
on a truncated age structure (less than 1% of the 
landed fish are older than age 5, on average), esti
mates of fishing mortality from exploratory VP A and 
previous survey catch-curve analysis in excess of 1.0, 
and declining trends in spawning stock biomass as es
timated by exploratory VP A and survey indices. 

SARC Comments 
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The SARC discussed at length the poor quality of 
the input data. Agreement on the uncertainties associ
ated with the data and lack of confidence in the VP A 
results led the SARC to conclude that an analytical 
assessment (VP A) would be inappropriate. VP A re
sults can be used to identifY data needs and to corrob
orate other data sources. The SARC noted the poten
tial for under-reporting of historical landings, but the 
degree is unknown. The SARC concluded that high 
levels of sampling will be required to characterize 
commercial catch at age due to the large number of 
market categories, wide geographical range, and 
many types of fisheries that prosecute this species. 
Discards of ages 0-3 from directed and non-directed 
fisheries are a significant component of the catch at 
age. However, discards are poorly estimated because 
sea sampling is not adequate to characterize discards 
in various components of this fishery. A VP A and 
catch projection will not be feasible until the quality 
of the input data, particularly the precision of discard 
estimates, is significantly improved. 

Despite the high degree of imprecision of point 
estimates in the exploratory VP A, the SARC felt that 
the general trends and magnitude of the fishing mor
tality and biomass estimates were useful. A truncated 
age distribution of the catch at age and declines in 
survey biomass indices suggest that fishing mortality 
is well above reference points. Biomass will not re
build unless the exploitation pattern improves signifi
cantly and fishing mortality is reduced. 



The use of a constant maturity ogive across years 
may be problematic when the stock has a truncated 
age distribution. Age at maturity may have changed in 
response to the truncated age distribution and decline 
in biomass. 

Mean weights in the stock may not correspond to 
mean weights in the catch because mean weights in 
the catch depend on discard rates which may vary an
nually. More accurate estimates of mean weight at 
age in the stock may be obtained from research vessel 
survey data. 

Research Recommendations 

• Increased and more representative sea and port 
sampling data from the various fisheries in which 
scup are landed and discarded is critical to charac
terize adequately the length composition of both 
landings and discards. The current level of sam
pling, particularly of discards, seriously impedes 
the development of analytic assessment and fore
casts of catch and stock biomass for this stock. A 
pilot study to develop a sampling program to esti
mate discards should be implemented. This would 
quantifY the advantages to obtaining sea samples 
from freezer trawlers and other small mesh fleets 
from which few samples have been collected, and 
would provide an opportunity for joint industry re
search programs. Use of port of landing rather 
than statistical areas to characterize length compo
sitions by market categories should also be exam
ined. 

• Additional information on compliance with regula
tions (e.g., length limits) and hooking mortality is 
needed to interpret recreational discard data. 

• Commercial discard mortality was assumed to be 
100%. Studies to better characterize the mortality 
of scup in different gear types should be conduct
ed to more accurately assess discard mortality. 

• Expanded age sampling of scup from commercial 
and recreational catches is requ:"ed, with special 
emphasis on the acquisition oEirge specimens. 
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• Further biological studies are needed to examine 
factors affecting annual availability to research 
surveys and maturity schedules. 
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Table Bl. Landings (mt) of scup from Maine through North 
Carolina, 1979-1996. 

Year Commercial Recreational Total 

1979 8,584 1,198 9,782 

1980 8,424 3,109 11,533 

1981 9,856 2,636 12,492 

1982 8,703 2,361 11,064 

1983 7,794 2,836 10,630 

1984 7,769 1,096 8,865 

1985 6,726 2,764 9,490 

1986 6,918 5,264 12,182 

1987 6,069 2,806 8,875 

1988 5,728 1,936 7,664 

1989 3,716 2,521 6,237 

1990 4,318 1,878 6,196 

1991 6,867 3,668 10,535 

1992 6,002 2,001 8,003 

1993 4,463 1,450 5,913 

1994 4,151 1,192 5,343 

1995 2,894 596 3,490 

1996 2,545 1,015 3,560 

Table B2. Commercial landings (mt) of scup by state, 1979-1996. One mt was landed 
in DE in 1995, 

Year ME MA RI CT NY NJ MD VA NC Total 

1979 782 3,123 91 1,422 2,159 21 397 589 8,584 

1980 706 2,934 17 1,294 2,3lJ 32 531 599 8,424 

1981 523 2,959 44 1,595 2,990 9 1,054 682 9,856 

1982 545 3,202 25 1,473 1,746 2 1,042 668 8,703 

1983 672 2,583 49 1,103 2,536 13 536 302 7,794 

1984 540 2,919 32 904 2,217 6 673 478 7,769 

1985 387 3,583 41 861 1,492 17 74 271 6,726 

1986 619 2,987 67 893 1,894 14 272 172 6,918 

1987 5 529 2,162 301 911 1,816 232 113 6,069 

1988 9 320 2,833 359 687 1,334 127 58 5,728 

1989 31 311 1,402 89 603 1,219 45 15 3,716 

1990 4 443 1,786 165 755 1,005 4 75 81 4,318 

1991 15 340 2,902 287 1,223 1,960 15 56 69 6,867 

1992 398 2,676 193 1,043 1,475 17 73 127 6,002 

1993 296 1,332 148 729 1,822 10 73 53 4,463 

1994 112 1,514 142 688 1,455 7 93 139 4,150 

1995 128 1,048 89 511 1,085 1 20 11 2,893 

1996 176 764 NA 347 1,141 20 70 27 2,545 
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Table B3. Commercial landings (mt) ofscup by major gear types, 1979-1996. All North 
Carolina landings in 1990-1996 are assumed to be taken by otter trawls. Midwater pairtrawl 
landings are combined with other gears in 1994-1996. 

Otter Pair Floating Pound Pots and Hand Other 
Year trawl trawl trap net traps lines gear Total 

1979 6,387 146 1,305 429 26 215 76 8,584 

1980 6,192 160 1,559 194 8 303 8 8,424 

1981 7,836 79 1,291 246 49 306 49 9,856 

1982 6,563 104 1,514 244 9 226 43 8,703 

1983 5,861 398 850 390 8 265 22 7,794 

1984 5,617 272 1,266 295 8 287 24 7,769 

1985 4,856 417 1,022 229 5 182 15 6,726 

1986 5,189 540 630 332 7 208 12 6,918 

1987 4,607 237 589 194 237 188 17 6,069 

1988 4,142 166 1,054 52 115 155 44 5,728 

1989 3,174 89 193 74 104 67 15 3,716 

1990 3,205 200 505 60 239 87 21 4,317 

1991 5,217 152 988 40 258 182 30 6,867 

1992 4,371 94 934 67 303 190 42 6,001 

1993 3,865 46 166 24 202 85 74 4,462 

1994 3,416 331 79 76 97 152 4,151 

1995 2,208 331 41 146 26 142 2,894 

1996 2,088 229 6 111 101 10 2,545 

Table B4. Summary of sampling in the Northeast Region sea sampling program, 1989-1996. OT = 

number of trips sampled in which otter trawl gear was used. HI = first half year; H2 = second half 
year. SS discard reflects the estimate of discard based on applying ratios of discards to landings by 
trip, stratified by landings level « OJ mt per trip, > 0.3 mt per trip) to reported weighout landings. 
Estimates of tonnage reflecting potential discard in the entire fishery are reported in Table B5. 
(Eleven length measurements from scallop dredges were not used in 1995.) 

Year Trips Lengths SS discard Intensity 

All OT HI H2 Total (mt) (mU100 lengths) 

1989 63 61 4,449 2,910 7,359 2,173 30 

1990 52 52 2,582 781 3,363 3,877 115 

1991 104 91 1,237 1,780 3,017 3,535 117 

1992 106 53 1,158 0 1,158 5,749 496 

1993 64 29 275 154 429 1,434 334 

1994 7 7 99 119 218 773 355 

1995 20 18 162 383 556 2,046 368 

1996 32 27 1,093 435 1,528 1,423 93 
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Table B5. Total catch (mt) ofscup from Maine through North Carolina, 1984-1996. 

Year 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

Commercial 
landings 

7,767 

6,723 

6,918 

6,070 

5,726 

3,711 

4,318 

6,868 

6,001 

4,463 

4,150 

2,893 

2,545 

Commercial 
discards l 

' 2,158 

' 4,184 

' 2,005 

J 2,537 

1,657 

2,229 

3,909 

3,530 

• 5,668 

1,436 

807 

2,057 

1,441 

Recreational Recreational 
landings discardsl 

1,096 30 

2,764 54 

5,264 87 

2,806 38 

1,936 31 

2,521 39 

1,878 38 

3,668 78 

2,001 47 

1,450 28 

1,192 37 

596 33 

1,015 47 

IBased on the assumption of 100% mortality of all scup discards from commercial fishing. 

lBased on the assumption of 15% mortality of all scup discards from recreational fishing. 

Total 
catch 

11,051 

13,725 

14,274 

11,451 

9,350 

8,499 

10,143 

14,144 

13,717 

7,378 

6,186 

5,579 

5,048 

3Estimated using geometric mean ratio of discards to landings at age (numbers), 1989·1993. 

4Discards for second half of 1992 estimated using geometric mean ratio of discards to landings at age 
(numbers) for 1989-1993. 

Table B6. Summary of the sampling intensity for scup in the commercial and recreational fisheries, 
1979-1996. 

Commercial fishe!I Recreational fishe!1 
Year No. of No. of Weighout Sampling No. of Estimated Sampling 

samples lengths landings intensity lengths landings intensity 
(ml) (mU100 (A + B1) (mU100 

lengths) (ml) lengths] 

1979 10 1,250 6,010 481 322 1,198 37: 

1980 26 3,478 5,870 169 1,263 3,109 24{; 

1981 16 2,005 6,400 319 642 2,068 322 

1982 81 9,896 6,470 65 1,057 3,100 293 

1983 72 7,860 6,270 80 1,384 3,432 248 

1984 60 6,303 6,310 100 943 1,434 152 

1985 31 3,058 5,500 180 741 3,282 443 

1986 54 5,467 4,960 91 2,580 5,908 229 

1987 61 6,491 5,600 86 777 2,980 384 

1988 85 8,691 5,250 
.' 

60 2,156 2,414 112 

1989 46 4,806 3,392 71 4,111 3,248 79 

1990 46 4,736 3,930 83 2,698 2,007 74 

1991 31 3,150 6,340 201 4,230 3,634 86 

1992 33 3,260 4,200 129 4,419 2,110 48 

1993 23 2,287 4,180 183 2,206 1,341 61 

1994 22 2,163 3,188 147 1,374 1,188 86 

1995 22 2,487 2,357 95 822 595 72 

1996 61 6,544 2,261 35 526 1,015 193 
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Table B7. Commercial landings and discard at age ofscup, ME-VA, 1984-1996 ('000). Assumes landings not 
sampled by NEFSC weighout have same biological characteristics as weighout landings. 

Landings Age 

Year 0 2 3 4 5 6 7 8 9 10 Total 

1984 2679 5291 6560 5437 1340 490 213 22011 
1985 69 3239 5439 7542 2594 343 516 157 19899 
1986 297 11899 4361 767 75 84 254 5 17742 
1987 1662 9890 10256 1666 161 102 14 17 23768 
1988 2 416 7623 9437 2406 58 122 34 20098 
1989 1483 4887 7053 683 22 69 24 14221 
1990 245 10079 6609 1002 349 144 18427 
1991 2405 12831 10124 2149 409 193 28112 
1992 1485 10409 3686 3772 1214 136 20703 
1993 226 6347 6826 1486 1141 123 16149 
1994 1051 13399 6211 752 64 23 21499 
1995 2198 8329 2873 883 245 31 7 14565 
1996 346 6343 1627 747 454 S9 9576 

Discard 

Year 0 2 3 4 5 6 7 8 9 10 Total 

1984 78 10847 6367 924 21 18237 
1985 52773 13093 6534 1060 10 73470 

1986 78 1180 14040 602 3 15903 

1987 78 6814 12215 1366 5 20478 

1988 1552 1698 9242 1339 10 13841 

1989 387 8943 13603 813 28 23774 

1990 822 8269 17249 2801 29141 

1991 1794 17231 5397 1733 S 26160 

1992 38804 10023 26380 72 75279 

1993 5386 1549 6960 224 14119 

1994 6858 3099 3422 74 13486 

1995 1855 50174 335 108 14 52486 

1996 188 2849 5671 654 20 9383 
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Table B8. Recreational landings and discard at age ofscup, Cape Cod to North Carolina, 1984-1996 ('000). 

Landings Age 

Year 0 2 3 4 5 6 7 8 9 10 Total 

1984 23 3036 1353 570 182 219 442 86 51 30 66 6057 
1985 431 4478 3054 1330 788 441 137 33 115 10810 
1986 538 4353 15570 2617 845 431 87 5 4 57 315 24823 
1987 77 2299 4686 1261 824 598 112 11 46 9914 
1988 9 1001 2229 1824 460 216 123 92 20 86 6061 
1989 311 3978 3371 823 86 235 154 13 50 148 9168 
1990 169 1352 5091 1102 147 112 36 7 2 3 22 8043 
1991 299 4838 3797 3319 700 210 19 2 20 68 13272 
1992 99 1850 4457 530 67: 84 12 6 8 7 30 7755 
1993 46 1245 3051 908 2: 133 2 2 2 7 5651 
1994 31 1473 1840 691 9' 88 21 6 4245 
1995 16 803 1193 200 106 37 3 6 2362 
1996 9 580 1735 422 200 117 11 5 3080 

Discard 

Year 0 2 3 4 5 6 7 8 9 10 Total 

1984 2 255 257 

1985 40 417 458 
1986 100 807 907 

1987 12 357 369 

1988 2 219 222 

1989 24 308 333 

1990 36 284 319 

1991 31 505 536 

1992 17 325 343 

1993 8 204 212 

1994 4 203 207 

1995 4 192 196 

1996 4 262 266 
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Table B9. North Carolina landings at age ofscup, 1984-1996 ('000). 

Age 

Year 0 2 3 4 5 6 7 8 9 10+ Total 

1984 12 823 530 356 78 46 38 1884 
1985 10 6 1328 154 46 3 4 2 1553 
1986 9 4 422 412 237 22 83 1189 
1987 2 17 62 143 59 16 22 7 330 

1988 15 7 86 89 18 5 5 225 
1989 17 0.5 56 18 2 0.2 94 
1990 2 124 172 20 6 5 2 0.2 331 
1991 7 125 78 12 OJ 0.4 223 
1992 21 92 474 51 25 29 2 0.1 694 
1993 0.8 4 211 51 14 2 0.7 284 
1994 145 147 84 18 16 411 
1995 16 5 8 3 0.4 32 
1996 13 23 15 3 54 

Table BIO. Total catch at age ofscup, Maine to North Carolina, 1984-1996 ('000). 

Age 

Year 0 2 3 4 5 6 7 8 9 10 Total 

1984 103 16830 13834 8584 5996 1637 978 337 52 30 66 48446 

1985 53324 21234 16355 10086 3438 787 657 192 liS 106190 

1986 725 6641 41931 7992 1852 506 193 342 9 57 315 60564 

1987 169 11149 26853 13026 2554 775 236 21 18 II 47 54859 

1988 1580 3342 19180 12689 2894 274 250 131 20 86 40447 

1989 739 14713 21917 8707 799 257 223 37 50 148 47589 

1990 1027 10151 32543 10684 1168 467 185 9 2 3 22 56262 

1991 2124 24986 22150 15254 2867 620 212 2 20 68 68302 

1992 38942 13776 41720 4339 4469 1327 150 6 8 7 30 104774 

1993 5441 3228 16569 8008 1754 1277 126 2 2 7 36415 

1994 6893 5826 18806 7123 931 170 59 6 39815 

1995 1875 53368 9872 3186 1010 284 34 13 69642 

1996 202 4036 13749 2717 989 588 73 5 22359 
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Table BU. Mean weight at age of scup landed and discarded in the commercial fishery, ME-VA, 
1984-1996 (kg). 

Landings Age 

Year 0 2 3 4 5 6 7 8 9 10 

1984 0.156 0.199 0.296 0.344 0.400 0.766 1.040 1.545 

1985 0.045 0.134 0.213 0.294 0.410 0.517 0.739 1042 

1986 0.075 0.141 0.220 0.352 0.672 0.670 1012 1.123 1616 

1987 0.137 0.203 0.244 0.406 0.540 0.754 1.220 1.072 

1988 0.Q28 0.124 0.201 0.263 0.441 0.636 0.713 0.949 1.545 

1989 0.070 0.144 0.189 0.275 0.367 0.651 0.721 1.036 

1990 0.140 0.189 0.246 0.366 0.517 0.849 

1991 0.187 0.195 0.263 0.389 0.511 0.729 

1992 0.179 0.201 O.~;25 0.419 0.506 0.860 

1993 0.142 0.199 0.261 0.442 0.510 0.782 

1994 0.203 0.193 0.257 0.425 0.645 0.717 

1995 0.161 0.209 0.295 0.395 0.479 0.724 

1996 0.206 0.200 0.324 0.468 0.554 0.792 

Discards 

Year 0 2 3 4 5 6 7 8 9 10 

1984 0.033 0.108 0.125 0.198 0.222 

1985 0.033 0.108 0.125 0.198 0.222 

1986 0.033 0.108 0.125 0.198 0.222 

1987 0.033 0.108 0.125 0.198 0.222 

1988 0.033 0.108 0.125 0.198 0.222 

1989 0.039 0.06 0.111 0.198 0.217 

1990 0.026 0.121 0.137 0.187 

1991 0.057 0.127 0.163 0.207 0.252 

1992 0.033 0.078 0.136 0.243 

1993 0.026 0.106 0.154 0.269 

1994 0.024 0.068 0.122 0.198 

1995 0.Q38 0.037 0.229 0.310 0.331 

1996 0.033 0.110 0.169 0.240 0.268 0.532 
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Table B12. Mean weight at age of scup landed and discarded in the recreational fishery, Cape Cod 
to North Carolina, 1984-1996, (kg). 

Landings Age 

Year 0 2 3 4 5 6 7 8 9 10 

1984 0.044 0.117 0.266 0.373 0.472 0.557 0.678 0.825 0.912 1.002 1.145 

1985 0.038 0.125 0.253 0.340 0.573 0.718 0.913 1.087 1.673 

1986 0.052 0.101 0.234 0.374 0.534 0.654 0.801 0.912 1.003 1.003 1.638 

1987 0.029 0.105 0.242 0.381 0.548 0.698 0.737 1.003 3.808 

1988 0.026 0.142 0.240 0.325 0.497 0.663 0.794 1.144 1.099 1.532 

1989 0.035 0.123 0.234 0.376 0.433 0.653 0.696 0.657 1.003 1.332 

1990 0.057 0.128 0.208 0.325 0.461 0.567 0.761 0.939 1.088 1.202 1947 

1991 0.064 0.150 0.275 0.361 0.474 0.714 0.675 1003 1003 1.305 

1992 0.092 0.140 0.240 0.373 0.454 0.598 0.804 0.859 1.311 1.003 2.117 

1993 0.087 0.135 0.226 0.336 0.460 0.524 0.912 0.827 1.026 1.100 

1994 0.054 0.180 0.281 0.357 0.467 0.674 0.905 1.430 

1995 0.065 0.169 0.291 0.456 0.529 0.532 0.912 1.205 

1996 0.095 0.178 0.274 0.419 0.529 0.643 0.881 1.311 

Discards 

Year 0 2 3 4 5 6 7 8 9 10 

1984 0.044 0.117 

1985 0.038 0.125 

1986 0.052 0.101 

1987 0.029 0.105 

1988 0.026 0.142 

1989 0.035 0.123 

1990 0.057 0.128 

1991 0.064 0.150 

1992 0.092 0.140 

1993 0.087 0.135 

1994 0.054 0.180 

1995 0.065 0.169 

1996 0.095 0.178 
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Table B13. Mean weight at age ofscup landed in the North Carolina commercial fishery, 1984-1996 (kg). 

Age 

Year 0 2 3 4 5 6 7 8 9 10 

1984 0.033 0.033 0.132 0.258 0.349 0.368 0.778 1.066 

1985 0.029 0.370 0.133 0.248 0.366 0.481 0.772 1.051 

1986 0.03<i 0.055 0.201 0.410 0.691 1.000 1.623 

1987 0.034 0.077 0.152 0.263 0.431 0.579 0.713 1.141 1.000 

1988 0.046 0.069 0.170 0.242 0.488 0.766 1.207 

1989 0.025 0.037 0.122 0.232 0.269 0.843 0.962 

1990 0.155 0.190 0.244 0.408 0.599 0.650 0.846 1.096 

1991 0.158 0.049 0.142 0.246 0.323 0.685 0.672 0.632 

1992 0.039 0.078 0.162 0.322 0.395 0.385 0.778 1.236 1.096 

1993 0.031 0.043 0.140 0.291 0.471 0.661 0.798 1.159 1.096 

1994 0.154 0.171 0.325 0.475 0.728 0.777 1.200 1.264 

1995 0.195 0.343 0.485 0.598 0.746 

1996 0.206 0.418 0.483 0.562 0.618 

Table B14. Mean weight at age ofscup caught in commercial and recreational fisheries, ME-NC, 1984-
1996 (kgs). 

Age 

Year 0 2 3 4 5 6 7 8 9 10 

1984 0.036 0.117 0.168 0.288 0.348 0.419 0.727 0.988 924 1.002 1.145 

1985 0.033 0.116 0.179 0.289 0.446 0.630 0.776 1.050 1.673 

1986 0.050 0.104 0.193 0.351 0.611 0.656 0.915 1.241 , .341 1.003 1.638 

1987 0.031 0.112 0.174 0.253 0.452 0.662 0.742 1.194 1.068 1.003 3.727 

1988 0.033 0.122 0.169 0.265 0.449 0.658 0.754 1.096 1.099 1.532 

1989 0.037 0.087 0.147 0.277 0.369 0.653 0.704 0.903 1.003 1.332 

1990 0.032 0.123 0.164 0.239 0.379 0.530 0.827 0.917 1.088 1.195 1.947 

1991 0.058 0.138 0.201 0.278 0.409 0.580 0.724 1.003 1.003 1.305 

1992 0.033 0.099 0.164 0.329 0.424 0.509 0.854 0.859 1.311 1.004 2.117 

1993 0.027 0.121 0.184 0.270, 0.445 0.512 0.785 0.827 1.026 1.100 

1994 0.024 0.124 0.188 0.267 0.434 0.669 0.799 1.430 

1995 0.038 0.045 0.220 0.306 0.409 0.487 0.740 0.528 

1996 0.037 0.132 0.197 0.319 0.477 0.572 0.798 1.311 
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Table B16. MADMF spring and autumn trawl survey mean number of scup per tow at age. 

Spring Age 

Year 0 2 3 4 Total 

1984 0.07 4.18 1.95 2.14 8.34 

1985 55.75 8.08 0.83 0.20 64.86 

1986 0.15 38.48 3.07 0.20 41.90 

1987 0.33 2.20 2.61 0.45 5.59 

1988 10.75 2.33 0.30 13.38 

1989 0.08 125.62 16.40 0.43 142.53 

1990 3.71 107.96 24.33 2.26 138.26 

1991 0.58 7.80 17.65 1.82 27.85 

1992 0.05 12.50 0.84 0.40 13.79 

1993 0.05 10.01 6.77 0.92 17.75 

1994 0.24 2.52 2.61 5.37 

1995 42.60 4.58 0.72 0.33 48.23 

1996 0.38 4.50 0.12 0.04 5.04 

Autumn Age 

Year 0 2+ Total 

1984 881.8 24.3 1.1 907.2 

1985 544.6 33.4 15.4 593.4 

1986 692.3 27.9 7.2 727.4 

1987 518.8 7.8 2.3 528.9 

1988 1255.2 13.3 1.2 1269.7 

1989 487.8 39.6 1.2 528.6 

1990 1039.0 9.8 3.1 1051.9 

1991 1076.7 10.5 0.6 1087.8 

1992 2258.6 12.7 1.2 2272.5 

1993 947.3 1.6 1.0 949.9 

1994 778.4 2.0 0.7 781.1 

1995 472.9 8.5 0.4 481.8 

1996 958.2 5.6 1.2 965.0 
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Table BI7. RIDFW autumn trawl survey mean number of scup per tow at age. 

Autumn Age 

Year 0 2 3 4 5 6 Total 

1984 539.56 45.58 3.23 0.92 0.32 0.05 589.67 

1985 71.42 2.62 0.17 0.04 0.Q2 74.27 

1986 262.97 54.40 9.25 18.63 1.22 346.47 

1987 289.99 23.52 1.39 314.90 

1988 759.01 44.68 0.00 0.31 804.00 

1989 263.55 61.77 1.53 326.85 

1990 512.39 14.01 0.91 527.31 

1991 557.85 97.81 655.66 

1992 976.65 12.05 0.55 2.88 992.13 

1993 1234.70 11.03 0.63 1246.35 

1994 227.63 8.47 0.Q2 236.12 

1995 400.77 22.09 0.16 423.02 

1996 170.10 13.95 0.65 om 184.71 

Table BI8. CTDEP autumn trawl survey, mean number of scup per tow at age. 

Autumn Age 

Year 0 2 3 4 5 6 Total 

1984 7.47 0.97 0.73 0.49 0.26 0.08 0.Q2 1O.Q2 

1985 23.96 4.65 0.39 0.53 0.19 0.04 0.Q3 29.80 

1986 12.88 9.89 2.68 0.26 0.01 0.01 0.01 25.74 

1987 12.57 3.97 1.27 0.61 0.08 0.01 0.Q2 18.53 

1988 31.70 5.88 1.81 0.24 0.05 39.68 

1989 38.71 24.67 1.53 0.11 0.Q3 65.05 

1990 54.19 6.83 7.57 0.84 0.03 0.02 69.47 

1991 291.25 17.32 1.67 1.21 0.11 0.Q2 311.57 

1992 47.04 29.45 6.39 0.52 0.29 0.Q4 83.72 

1993 73.91 1.74 1.09 .' 0.16 0.01 0.01 77.04 

1994 90.64 1.08 0.52 0.22 0.01 92.00 

1995 32.39 26.60 0.15 0.01 59.14 

1996 51.50 8.39 1.53 0.03 0.01 61.46 
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Table B19. New York State Department of Environmental Conservation young
of-year index, geometric mean catch per station (August - September); Virginia 
Institute of Marine Science juvenile fish survey, lower Chesapeake Bay, mean 
number of scup per tow at age O. 

Year 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

NY 

0.12 

0.24 

0.22 

0.70 

1.47 

1.26 

0.09 

0.69 

0.18 

0.13 

VIMS 

0.179 

0.909 

0.043 

0.030 

0.163 

0.258 

Table B20. New Jersey Division ofFish, Game and Wildlife 
bottom trawl survey index. 

Age 

Year 0 2 3 4 Total 

1989 198.97 146.30 6.82 0.05 352.14 

1990 190.53 153.24 20.82 0.87 365.45 

1991 681.32 273.69 0.25 0.06 0.01 955.33 

1992 643.83 413.83 11.74 0.04 0.Q2 1069.46 

1993 987.49 211.95 8.31 0.01 1207.75 

1994 305.69 101.34 0.15 407.17 

1995 40.77 86.97 0.58 0.Q2 128.34 

1996 15.06 127.95 .'2.22 0.10 145.33 
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Figure Bl. Total catch of scup from Maine through North Carolina, 1930 - 1996, 
including US commercial landings (does not include North Carolina prior to 1979), 
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Figure B3. Mean catch-per-tow indices for scup. A. Massachusetts spring research 
vessel survey, stratified mean kg/tow; B. Rhode Island autumn, Connecticut autumn, 
and New Jersey spring-autumn research vessel surveys, stratified mean number/tow. 
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Figure B2. Mean catch-per-tow indices for scup from NEFSC spring and autumn 
research vessel surveys, offshore strata 1-12, 23, 25, 61-76, stratified mean kg/tow. 
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C. BLACK SEA BASS 

Terms of Reference 

a. Assess the status of black sea bass through 1996 
and characterize the variability of estimates of 
stock abundance and fishing mortality rates. 

b. To the extent feasible, provide projected estimates 
of catch for 1997-1998 and SSB for 1998-1999 
and characterize the variability of estimates of 
stock abundance and fishing mortality rates. 

Introduction 

Black sea bass (Centropristis striata) is a demer
sal species inhabiting the continental shelf from Cape 
Cod, MA to southern Florida (Kendall and Mercer 
1982). The species has been divided into two stock 
units, north and south of Cape Hatteras, NC (Mercer 
1978), although there is some evidence ofheteroge
neity among the areas comprising the northern stock 
(Shepherd 1991). The northern stock undergoes sea
sonal migratory movements, moving northward and 
inshore to coastal waters during spring, and offshore 
and south to the edge of the continental shelf during 
the late autumn. Spawning occurs from May to Au
gust, with the season varying latitudinally. Juveniles 
inhabit coastal and estuarine areas and it is believed 
that most participate in the seasonal offshore migra
tion during the fall (Able et al. 1995). 

Sea bass are protogynous hermaphrodites, trans
forming from females to males between the ages of 2 
and 5 (Lavenda 1949, Mercer 1978). Sexual maturity 
occurs at age 2 for both sexes. Male sea bass reach a 
maximum length of 60 cm and a maximum age of 15 
years. 

Black sea bass fisheries in the EEZ were originally 
to be managed under a summer flounder-scup-black 
sea bass plan implemented by the Mid-Atlantic Fish
ery Management Council. However, summer flounder 
management was initiated first, and a black sea bass 
plan was not begun until 1993. The results of that ini
tiative are currently in the process of implementation. 
The plan instituted a number of management mea-

sures in 1997 including a minimum fish size, gear re
strictions for otter trawl and pot fishermen, and a 
moratorium on commercial entrants. The plan calls 
for further restrictions, beginning in 1998, of the man
agement program which will include commercial quo
tas and recreational possession limits. In addition, 
several states (MA, RI, NY, CT, and NJ) have histor
ically had size limits on black sea bass. Minimum sizes 
range from 8 in. in New Jersey and Connecticut, 9 in. 
in New York, 10 in. in Rhode Island and 12 in. in 
Massachusetts. 

The Fishery 

Commercial Landings 

Commercial landings north of Cape Hatteras fluc
tuated around 2,600 mt prior to 1948, in which year 
landings increased to 6,900 mt (NEFSC 1993). Land
ings peaked at 9,900 mt in 1952, declined steadily to 
600 mt in 1971, and increased to 2,400 mt in 1977 
(Table Cl). Between 1983 and 1996, commercial 
landings ranged from 896 to 1,965 mt. Distant water 
fleet landings were 1,500 mt in 1964, but only ranged 
from 4 to 33 mt between 1983 and 1987 and have 
been non-existent since 1988. 
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The predominate gear types in the commercial 
fishery are otter trawls, which have accounted for 25-
76% of the landings since 1983 (an average of 54%), 
and fish pots, which accounted for 17-62% (average 
of36%) (Table C2). Handlines account for 3-11 % of 
the commercial landings (average 6%), with minor 
contributions from lobster pots, floating trap nets, and 
pound nets. 

The states of New Jersey and Virginia have ac
counted for the majority of the landings since 1994 
with averages of 41 % and 21% of the commercial 
landings, respectively. Among the remaining states, 
Massachusetts, Rhode Island, Maryland, and North 
Carolina each account for 9-14%. 

The otter trawl landings are primarily the result of 
bycatch in the summer flounder and squid fisheries 



(Shepherd and Terceiro 1994). The bulk of these fish
eries occur during the winter months along the edge 
of the continental shelf The pot fishery, which occurs 
in coastal waters from April to November, is directed 
towards black sea bass (Eklund and Targett 1991, 
Shepherd and Terceiro 1994). 

Commercial Discards 

The NEFSC sea sampling program has collected 
information on landings and discards in the commer
cial fishery since 1989. The number of otter trawl 
trips in which black sea bass were landed and/or dis
carded are tabulated by year, quarter, and division in 
Table C3. Between 28 and 67 otter trawl trips per 
year were sampled in which sea bass were landed or 
discarded. During 1994-1996, no pot fishery trips 
were sampled. The reason for discarding was gener
ally undersized fish due to state regulations or mar
ketability. 

In addition to sea sampling data, a logbook pro
gram initiated in July 1994 has collected data from 
fishermen on the amount of fish discarded. A subset 
of vessel trip report (VTR) data was created from trip 
records where discards for at least one species were 
recorded (DeLong et al. 1997). This subset was eval
uated for black sea bass discard information. 

Discard data were pooled into half-year periods 
(January - June, July - December) across all areas for 
estimation of discards. Ratios of discards to landings 
from sea samples for the period 1989-1996 were cal
culated on a half-year basis (Table C4). The discard 
rate for the second half of 1992 (47.7%) was abnor
mally large and was replaced by an average of the 
rates for the second halves of 1991 and 1993. Prior to 
1989, an average ratio from 1989-1993 was used as 
the ratio of discards to landings. For the period 1994-
1996, discard ratios were calculated using''sea sam
pling and VTR data. The sea sampling data produced 
unrealistically high discard ratios compared to previ
ous years (average of 0.653 for 1994-1996 compared 
to 0.092 for 1989-1993). The expectation was for a 
decrease in the discard-to-Iandings ratio due to imple
mentation of several management regulations in the 
summer flounder fishery, which is a major source of 
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sea bass bycatch. Elimination of several sea sampling 
trips containing unusually high levels of discards re
sulted in a ratio similar to historic sea sample ratios 
and current ratios from VTR data. The VTR data had 
considerably larger sample sizes per period and ratios 
which were comparable to historic sea sampling data 
(Table C5). The logbooks from trawlers accounted 
for 86-87% of dealer reported landings in 1995 and 
1996; logbook requirements were in place for only 
part of 1994 (Table C6). For that reason, the discard 
ratios from VTR data were chosen to calculate total 
discard weight in the trawl fishery for 1994-1996. Sea 
sampling ratios were used for estimations prior to 
1994, as described. The shortcomings of the VTR 
data included concerns about correct reporting of dis
cards in the logbooks and the high proportion of trips 
reporting zero sea bass discards (Table C7). In the 
trawl fishery, 97% of trips reporting some black sea 
bass landings reported no sea bass discards. This may 
be a result ofmisreporting or a reflection of gear reg
ulations and norninimum sizes. A discard mortality of 
100% in the trawl fishery was assumed (Rogers et al. 
1986). 

Landings from the pot fishery are primarily from 
New Jersey and Maryland (80-85%). New Jersey had 
an 8-in (20 cm) minimum size during 1994-1996 
while Maryland had no minimum. SAW-20 accepted 
that pot fisheries north ofN ew Jersey 'Here primarily 
shallow water fisheries where discard r' calities ap
proached O. Data from a trap escape ve, ·.~periment 

conducted during 1994 off Delaware w',e the only 
length information available (Black Sea Bass FMP, 
June 1996). The length frequency suggested that all 
fish retained in traps would be marketable in states 
without minimum size restrictions. Therefore, no pot 
discard losses were assumed south of New Jersey. 
Discards from the New Jersey pot fishery were esti
mated using a subset of logbook data collected in 
New Jersey (Table C5). The ratios of discard to kept 
were applied to NJ landings in half-year periods. 

Estimates of total commercial discards are shown 
in Table C8. SAW-20 concluded that discards from 
the commercial hook and line gear would likely be 
negligible due to the nature of the fishery (targeting 
larger fish, gear selectivity, etc). 



Recreational Landings 

Black sea bass is an important recreational spe
cies, with the greatest proportion of catches taken in 
the Mid-Atlantic states (New Jersey to Virginia). 
Estimates of catch in numbers were obtained from the 
NMFS Marine Recreational Fishery Statistics Survey 
(MRFSS) for 1979-1996. The 1979 and 1980 esti
mates have a higher degree of uncertainty due to dif
ferent estimation procedures. Estimates were avail
able for three categories: type A - fish landed and 
available for sampling, type B 1 - fish landed but not 
available for sampling, and type B2 - fish caught and 
released. Catch estimates for North Carolina north of 
Cape Hatteras were determined based on the total 
catch from counties north of Cape Hatteras. Catch 
estimates in number for 1984-1996, the period cover
ed by this assessment, are presented in Table C9. 
Landings ranged from 1.8 million in 1984 to 21.7 mil
lion in 1986; although the 1986 catch was unusually 
large, it has been considered legitimate by MRFSS 
analysts. The 1995 landings of 6.7 million were the 
highest since 1986. Periodic recreational surveys con
ducted prior to 1979 suggest that the percentage of 
recreational landings relative to total landings have 
been similar to the MRFSS time series (average 52% 
recreational landings ) since the 1960s. The estimated 
recreational landings (types A and Bl) in weight dur
ing 1984-1996 ranged between 667 mt and 5,622 mt 
(Table Cl). The recreational landings in 1996 by 
weight were the highest since 1986. 

Recreational Discards 

The estimated recreational discards (type B2) in 
number during 1984-1996 ranged from 1.59 million 
in 1984 to 7.69 million in 1995 (Table C9). Mortality 
of black sea bass recreational discards has been es
timated as 5% (Bugley and Shepherd 1991) ~n a shal
low water fishery and 27% (Rogers et al. 1986) in 
deeper water. Since most of the recreational catch oc
curs in the EEZ, 25% mortality was assumed for this 
assessment. Based on that rate, discard mortality in 
number ranged from 397,175 in 1984 to 1,923,550 in 
1995. Total discards by weight are presented in Table 
CIO (see section on Recreational Age Composition 
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for information concerning calculation of mean 
weight of discards). 

Total Catch 

Estimates oftotal catch ofblack sea bass are giv
en in Table CI0. These estimates include commercial 
and recreational landings and discards. The total catch 
during this period varied from a high of7,823 mt in 
1986 (influenced primarily by a high recreational 
component) to a low of 2,421 mt in 1994. The 
current catch has increased to 4,287 mt. Except for 
1986, the total catch has been relatively stable for the 
last 13 years. 

Sampling Intensity 

Length samples of black sea bass were available 
from both commercial and recreational landings. The 
sampling intensity for 1983-1996 is summarized in 
Table Cll. In the commercial fishery, annual sam
pling intensity varied from 40-412 mt per 100 lengths. 
Length samples were available from North Carolina 
for 1994-1996. Since that sampling program is inde
pendent of NMFS commercial sampling, total sam
pling intensity was not calculated for that period. In 
all years except 1993, sampling exceeded the informal 
criterion of 100 lengths per 200 mt. The temporal and 
spacial distribution oflengths available for expansion 
are presented in Table C 12 by quarter and NER sta
tistical division. Samples for 1994-1996 were a com
bination ofNER and NC samples and were not avail
able by statistical division. 

In the recreational fishery, sampling intensity var
ied from 37 to 228 mt per 100 lengths. In all years ex
cept 1995, sampling exceeded the minimum require
ments. 

Commercial Age Composition 

Age samples for expansion oflength data are sum
marized in Table C13. Numbers and mean weights at 
age were estimated for 1984-1996 for the commercial 
landings and discards (Tables C8 and C9). Expanded 
length frequencies of commercial landings were deter
mined by market category in half-year intervals for all 



areas combined. The overall expanded length frequen
cies were assumed to be representative of the total 
landings and were applied to unsampled landings 
(general canvas data and unclassified landings). 
Where samples were available, the length frequencies 
by market category were expanded using a 
corresponding age-length key by market category. 
When commercial age data were not available, the 
summarized length frequencies by half-year periods 
were partitioned into ages using age-length keys 
derived from NEFSC survey data. Age-length keys 
from spring surveys, and winter surveys when avail
able, were applied to numbers from the first half of 
the year, and keys from autumn surveys were applied 
to numbers at length from the second half of the year. 
Large fish with no associated age-length data were 
aged using ages from large fish from all surveys pool
ed into annual keys. This pooling applied to most fish 
greater than age 7. Landings were predominated by 
ages 2-4 (Table C 14). These ages accounted for an 
average of 93% of the landings between 1984 and 
1996. 

Discard length frequency data for otter trawls col
lected by observers during sea sampling trips were ex
panded to total discard estimates by season. No sam
ples were available in the first half of 1994, so second 
halflength data was applied. Sample sizes were lim
ited (number of discards measured by season were 
1994: 26; 1995: 16 and 86; 1996: 438 and 86). Ap
propriate NEFSC survey age-length keys were ap
plied to expanded trawl discards at length. Discards 
at age for 1994-1996 pot fisheries were disaggregated 
by age using lengths from the 1994 trap experiment 
and corresponding survey age-length keys. The re
sults (Table C14) indicated that discards ranged in 
age from 1 to 4 with the majority of the discards at 
ages 1 and 2. 

Commercial Weight at Age 

Mean weights at age were calculated from the 
length-at-age data and length-weight equations deriv
ed from NEFSC survey data (SAW-20). Mean 
weights at age of the landings increased in 1994-1995 
for ages 1-4 (Table CI5). Mean weights at ages 1 and 
2 nearly doubled compared to previous years. Discard 
mean weights at age were higher in 1994-1996, par-
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ticularlyat ages 0 and 1 (Table CI5). Possible reasons 
include the inclusion of length frequency data from 
North Carolina, not included in previous years, with 
no corresponding age samples; increased commercial 
age samples available in 1996 which changed the age 
characterization of the length data; changes in man
agement regulations influencing the proportion of dis
cards at age; or density-dependent changes in the 
population dynamics of the stock. Changes in age 0 
mean weight in 1996 was the result of larger age 0 
fish in the autumn survey age-length key creating 
larger fish expanded to age 0 discards. 

Recreational Age Composition 

NEFSC age-length keys for spring and autumn 
were applied to the recreational length frequencies for 
the corresponding half-year periods. The weights at 
age were determined using annual length frequencies 
by age and NEFSC length-weight equations. 

Length frequencies of kept and discarded black 
sea bass were available from the New York party 
boat fishery for 1992-1994, 1995, and 1996 (Table 
CI6). Minimum size in the New York recreational 
fishery was 9 in (23 cm) during 1995 and 1996. Min
imum size varied among states from New Jersey to 
Massachusetts. An average selection ogive was devel
oped using the New York data and applied to the 
length frequency according to the minimum size of 
each state. Using the criteria developed in SAW-20, 
minimum discard lengths were truncated at 15 em. An 
age-length key from NEFSC spring and autumn sur
veys was applied to the expanded discard length fre
quency. Survey length-weight equations were used to 
estimate mean weights at age. 

The numbers at age from the recreational landings 
and discards are presented in Table C17. Recreational 
landings were dominated by ages 1-3. Young-of-the
year fish were generally absent from the landings. The 
large landings in 1986 were dominated by the 1985 
year class. The discards as calculated were ages 1-3 
and were dominated by age 2 fish. 

Recreational Weight at Age 

Recreational mean weights at age are presented in 
Table C18. Mean weights oflandings at ages 1 and 3 



increased in 1995 and 1996, while for other ages they 
were comparable to previous weights. Discard 
weights at age increased at age 1 in 1994-1996. Num
bers at ages greater than 2 increased the annual var
iabi�ity in weights. Reasons for the increases may be 
due to changes in the dynamics of the population or 
age variability in the limited number of survey age 
samples. 

Total Age Composition 

The age composition of the catch has been domi
nated by ages 1-3 (Table CI9). During 1994-1996, 
age 1 fish in the catch-at-age matrix accounted for 
24% of the total, while age 2 fish accounted for 32%. 
Fish greater than age 4 comprised only 5% of the 
total catch. 

Stock Abundance and Biomass Indices 

Commercial LPUE 

Due to the uncertainty in the effort information 
provided in logbooks, commercial LPUE (landings 
per unit effort) was not updated from the previous 
assessment. 

Recreational LPUE 

Recreational effort was considered to be all trips 
which landed black sea bass or in which sea bass was 
the primary or secondary species sought. LPUE was 
calculated as number landed divided by number of 
angler trips per year. The indices (Table C20) show 
an increasing LPUE since 1984. It was concluded that 
the nature of the fishery, which effectively targets sea 
bass habitat, prevents use of an LPUE as an unbiased 
index of population abundance. A GLM model was 
not applied to the LPUE values. 

Research Vessel Indices 

Indices of black sea bass abundance and biomass 
were calculated from catch-per-tow data of fishery
independent surveys conducted by the NEFSC during 
winter, spring, and autumn and Massachusetts Divi-

sion of Marine Fisheries spring and autumn surveys 
(Table C21). 

NEFSC spring survey 

Long-term trends in black sea bass abundance 
were derived from stratified random bottom trawl 
surveys conducted between Cape Hatteras and Nova 
Scotia since 1963 (Clark 1978). Prior to 1972, the 
survey was not conducted in inshore strata. The strata 
area defined for black sea bass extends from Cape 
Cod, MA to Cape Hatteras, NC and includes inshore 
and offshore strata. During the spring period, black 
sea bass tend to be congregated offshore along the 
edge of the continental shelf (Shepherd and Terceiro 
1993). Total indices show an overall reduction since 
the mid-1970s. Number-per-tow indices dropped 
from 7.151 in 1977 to 0.253 in 1994. Indices since 
1994, including a preliminary 1997 index, have all 
been less than 1 fish per tow. Age composition data 
were only available since 1984. The 1997 index was 
aged using the fall 1996 age-length key advanced one 
year. The spring survey catches fish at ages 1-10, 
with age 1 fish averaging 6 cm in length. The high 
value for age 2 in 1986 corresponds with the high 
recreational landings in the same year. However, that 
year class (1984) did not exhibit a high index at age 3 
in 1987. There is no indication of any large pulses of 
juvenile recruitment during this period. There was an 
indication of poor recruitment in 1992 and 1993. The 
overall age composition has remained relatively stable 
with few fish greater than age 5 (Table C22). An off
shore spring survey index since 1968 was calculated 
for comparison with commercial landings trends. 

NEFSC autumn survey 
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The autumn survey covers the period 1972-1996. 
The strata used for this survey are the same as for the 
NEFSC spring survey. The indices peaked in 1977, 
but have since shown considerable annual variation. 
During the autumn survey period, sea bass are distri
buted inshore in coastal and estuarine waters. The 
affinity of sea bass to structured habitat generally un
suitable for otter trawling may influence the availabil
ity of sea bass to the survey gear and subsequently 
cause significant annual variation in survey indices. 



Age data for 1984-1996 includes fish at ages 0-7 
(Table C22). Indices suggest above-average recruit
ment during 1985 and 1986. The majOrity of sea bass 
in the survey are less than age 4. The index for age 0 
in 1993 indicates a poor 1993 year class, as suggested 
by the spring survey. However, the year class failure 
is not indicated by age 1. The juvenile abundance for 
1994 appears above average and is also evident as 
age 1 in the 1995 spring survey. The 1995 autumn in
dex at age 0 was the highest in the time series, but the 
spring 1996 age 1 index was not high. 

NEFSC winter survey 

A winter trawl survey was initiated in February 
1992 using gear specifically designed to capture flat
fish. Indices for 1992-1997 suggest that the gear 
modification was also effective for capturing black 
sea bass. With only six years of data it is difficult to 
determine any trends. The 1994 index was substanti
ally lower than in previous years possibly due to a re
duced sample size. The 1994 survey included a large 
number of IS-minute tows rather than the standard 
30-minute tow; the 15-minute tows were not included 
in the index. The index rose sharply in 1996, but 1997 
was the second lowest in the. series. The index is com
posed primarily of fish between ages 1 and 5 (Table 
C23). 

Massachusetts Division of Marine Fisheries spring 
survey 

The MA Division of Marine Fisheries (MADMF) 
bottom trawl survey has been conducted within state 
waters from the New Hampshire to Rhode Island 
state borders since 1978. The strata used in the anal
ysis of black sea bass comprised the area south of 
Cape Cod and Buzzards Bay. The overall index has 
declined steadily to a recent low value of 0.09 in 
1992. Since the areas covered by this survey include 
black sea bass spawning grounds, immature fish (pri
marilyage 1) are under-represented in the spring sur
vey. Sea bass up to age 9 have been collected in this 
survey, although ages 2, 3, and 4 tend to be the most 
dominant. The survey indicated an above-average in
dex for age 2 fish in 1986, similar to what was shown 
by the recreational landings data. In the 1993 and 
1994 indices, there was a conspicuous absence of age 

2 sea bass. No age data were available for the 1994-
1996 indices. 

Massachusetts Division of Marine Fisheries autumn 
survey 

The strata evaluated from the autumn survey are 
the same as for the spring survey. The overall autumn 
index dropped steadily until 1989 and has since re
mained at a low level. The autumn index is dominated 
by young-of-the-year sea bass, probably the result of 
spring/summer spawning in local waters. Recruitment 
in 1993 was nearly absent, although the 1994 cohort 
appeared to be above average. The strong 1984 year 
class was evident in 1985 and 1986. No age data 
were available for the 1994-1996 indices. Young-of
the-year (YOY) indices (stratified mean number per 
tow) were developed based on length frequencies of 
fish <12 cm. The YOY index indicated very high re
cruitment in 1982-1985, followed by a declining index 
to a low in 1993. Recent indices have increased, but 
are still an order of magnitude below levels seen in 
the early 1980s (Table C24). 
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Summary of fishery-independent surveys 

The five surveys (NEFSC spring, autumn, and 
winter, and MADMF spring and autumn) all show a 
decreasing trend in indices over the time series. The 
NEFSC spring and autumn indices were an order of 
magnitude higher in the mid 1970s than in the 1990s. 
The Massachusetts indices were an order of magni
tude higher in the early 1980s than currently. 

Mortality and Stock Size Estimates 

Natural Mortality 

A natural mortality rate of 0.2 was assumed based 
on a maximum age of 15. 

Virtual Population Analysis 

Tuning· 

A nonlinear least squares sequential population 
analysis available in the software ADAPT (Conser 
and Powers 1990, Gavaris 1988) was used to deter
mine fishing mortality (F) and stock size estimates. 



For all years prior to 1993, back-calculated stock 
sizes for ages 3, 4, and 5 were used to estimate mor
tality on the oldest age (5). The F at age 6+ was as
sumed equal to the F at age 5. 

Tuning indices used were from the NEFSC spring, 
autumn, and winter surveys. Spring and winter survey 
indices at age were compared to stock size at age 1 in 
January of the survey year; autumn survey indices 
were compared to stock sizes one year older on J an
uary 1 the following year. Iterative re-weighting of 
the indices was not incorporated in the final run. 
Approximate coefficients of variation for estimates at 
ages 2-4 ranged from 44% to 53%, and for survey 
catchability, coefficients ranged from 29 to 54%. 

Exploitation pattern 

The exploitation pattern has been variable from 
year to year, but full recruitment has occurred be
tween ages 3 and 4 since 1984. An average exploita
tion pattern was calculated as the ratio of the geo
metric means (1993 -1996) of the fishing mortality 
rates at ages 0-2 to the geometric means of the fishing 
mortality rates at ages 3-5. The resulting pattern in
dicates <1 % recruitment at age 0, 13% recruitment at 
age 1, 39% recruitment at age 2, and full recruitment 
(100%) at ages 3 and older. 

Evaluation ofVPA adequacy 

The SARC believes that an exploratory VP A inte
grates existing data to produce estimated trends in 
fishing mortality rates and biomass that are generally 
indicative of actual trends, but due to gross inadequa
cies in the input data, the SARC rejects the explora
tory VP A as a basis for formal projections. Similar to 
other assessments in the region, the amount ofvar
iance in each component of the catch-at-age matrix 
has not been estimated. In the case of black. sea bass, 
this amount of variance is believed by the SARC to be 
unreasonably large. The SARC felt that, overall, un
dersampling oflandings produces a significant source 
of uncertainty in the development of commercial land
ings at age. In the case of commercial discard-at-age 
estimates, sea sampling was not adequate to cover all 
cells in the stratification scheme (landings by gear and 
half year) and resulted in significantly different discard 
estimates than corresponding logbook data. For years 

before the implementation of the sea sampling pro
gram, the discard-at-age matrix was estimated using 
average observed ratios of discards to landings from 
later years. Consequently, early estimates of discards 
do not include any direct observations. Because dis
card levels appear to be highly variable even between 
tows on the same sea-sampled trip, typical estimators 
such as ratios of discards to landings or discards per 
day fished are highly variable. Identification of spe
cific mechanisms or factors which lead to differences 
in discard rates is complicated by the wide spatial and 
temporal range of the component fisheries as well as 
the operational characteristics offisheries, e.g., target 
species and gear type. This combination of variable 
discard rates within trips and the range of temporal, 
spatial, and operational characteristics of component 
fisheries will continue to make accurate characteriza
tion of discard levels difficult, even if sampling levels 
were to increase. The affinity of black sea bass to 
structured habitat could also result in biased sampling 
from gear unsuitable for sampling such habitat. Most 
of the age data was collected using trawls which, in 
the case of commercial samples, come from a bycatch 
fishery. The majority of catch occurs in directed fish
eries using hook and line (recreational) and fish pots 
which can target removals from structured habitat. 
Performance of tuning indices was also generally 
poor. Year classes are poorly tracked over time by 
individual surveys, and indices may reflect local pat
terns in availability or recruitment rather than abun
dance of the stock. In addition, unique biological 
characteristics of black sea bass could affect conclu
sions of traditional age-based assessments. Sexually 
dimorphic growth coupled with density-dependant 
rates of sex transitions and potentially sex-specific or 
ontogenetically differing natural mortality rates could 
increase the variability of the results. 
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Fishing mortality 

Fishing mortality for fully recruited ages (3-5) has 
been high throughout the time series (1984-1996) 
ranging without trend between 0.9 and 2.0. There 
was no indication of a reduction in F in recent years. 

Stock biomass 

In general, stock size was relatively stable be
tween 1984 and 1996 (Figure Cl). Spawning stock 



biomass (SSB), including both sexes, has remained 
constant with the exception of an increase in the ter
minal year (1996). Although stable during the time 
series, biomass levels remain low. 

Recruitment 

Variation in recruitment strength was evident with 
a strong year class in 1985 and poor recruitment in 
1988, 1992, and 1993. The survey indices indicated 
a 1996 year class of average strength. 

Alternative TP A runs 

Alternative runs were made to determine the in
fluence of several sources of uncertainty in the catch
at-age data. The first alternative reduced the extreme
ly large recreational catch in 1986. The average catch 
in 1985 and 1987 was disaggregated using percent at 
age from the 1986 data. The second alternative VP A 
used observer discard ratios for 1994-1996 instead of 
VTR-based ratios to estimate discards from commer
cial otter trawls. Both runs resulted in an impact on 
estimates in the immediate years of data changes, but 
had little effect on terminal year estimates. 

Biological Reference Points 

Yield per Recruit 

Estimates of biological reference points w, : de
rived from the Thompson and Bell (1934) mod, pre
sented in the report of SAW-20. The estimate'crFm", 
was 0.32 and ofFo.l was 0.18 (Table C26). Partial re
cruitment was calculated using the GM of Fs for 
1993-1996. The partial recruitment vector (1993-
1996) decreased from the previous estimates (SAW-
20) to include full recruitment at age 3. The percent 
maximum spawning potential at F mox is equivalent to 
30% of the maximum. 

Projections of Catch and Stock Biomass 

Recent levels of fishing mortality are likely to re
sult in further declines in stock biomass. IfF weji' re
duced by 50% (i.e., 33% reduction in exploit:: .on 
rate), fishing mortality would likely be reduced te Je
low 1.0. This would imply a 33% reduction in catch 
from the 1996 level of 4,100 mt to 2,800 mt in 1998. 

Given recent declines in stock biomass and uncertain
ties in the assessment input data, even a reduction in 
catch to 2,800 mt in 1998 may be insufficient to 
achieve the target level of fishing mortality. Reversing 
the decline in stock size will also depend on above
average levels of incoming recruitment, but survey in
dices indicate that recent year classes have been low. 

Summary and Conclusions 

The SARC concluded that the stock of black sea 
bass north of Cape Hatteras, NC was over-exploited 
and at a low biomass level. Estimated fishing mortal
ity rates have been well above Fmax since 1984, the 
first year in the time series considered in this assess
ment. 

The analyses have shown cCl:tinuous levels of 
fishing mortality in excess of 1.0. Although landings 
have been stable at the current level for at least 15 
years, the stock is not expected to sustain this level of 
mortality indefinitely. Current levels of spawning 
stock biomass have increased due to recent pulses of 
recruitment, but are expected to decline. Some bene
fits may accrue from increased mesh size require
ments in the summer flounder and scup fisheries, uni
form 9-in minimum sizes for recreational and com
merciallandings, and trap/pot mesh and escape vent 
requirements. 
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SARC Comments 

The SARC was concerned about the estimation of 
discards based on limited data. The observer data 
were not judged adequate in coverage of all gear 
types (pots and freezer trawlers) and geographic areas 
to sufficiently characterize the extent of commercial 
discarding. VTR data provided better coverage of the 
fishery, but the quality of the discard estimates re
mains unknown. Regardless of the estimation of dis
cards with either VTR or observer data, the sea sam
pling data were necessary to characterize the length 
distribution of the discards. The length data from sea 
sampling were insufficient to use with any degree of 
certainty. In addition, the length and age of recrea
tional discards was inadequately sampled. Ages and 
lengths oftotal recreational discards were based on a 



limited number of length samples from New York 
party boats, disaggregated using survey age-length 
keys. 

There was also concern that the sampling ofland
ings was not reflective of landings by area and gear 
types. In 1994-1996, the majority of commercial 
lengths were collected in North Carolina. The SARC 
questioned whether areas sampled in the NC data 
were representative of the Mid-Atlantic fisheries. Al
though the number of length samples from the rec
reational fishery were near the minimum standards, 
sample sizes have declined in recent years. Applica
tion of survey age-length keys, which were developed 
with relatively small sample sizes, to recreational 
landings also increased the uncertainty in the catch-at
age data. The SARC also noted that the natural mor
tality estimate of 0.2 used in the analysis may be in
appropriate given the protogynous reproductive stra
tegy of black sea bass. 

The SARC concluded that future development of 
an age-based assessment for black sea bass cannot be 
done without adequate levels of sampling of landings 
and discards in both the commercial and recreational 
fisheries. This will require at least several years of 
sampling at appropriate levels to correct the current 
shortcomings in the black sea bass database. 

Research Recommendations 

• Sampling should be increased for commercial 
landings in black sea bass fisheries, specifically the 
fish pot fisheries in the Mid-Atlantic. Age sam
pling should be increased across all components 
of the commercial fishery. 

• Sampling should be increased in the recreational 
fisheries. Age data should be collected from the 
total catch, and length sampling should be done to 
characterize size structure of discards. States 
should sample several party boat trips per year to 
gather discard and age samples. The trips could 
also provide the opportunity to sample scup and 
summer flounder. 
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• Increased sea sampling to verify information from 
commercial logbooks would provide better esti
mates of discards. Sea samples from fish pot trips 
would be beneficial. 

• Alternative population models should be consid
ered, including non-age-based methods. 

• A large percentage of the commercial fishery oc
curs in offshore waters along the edge of the con
tinental shelf. There is virtually no information 
available about habitat use by black sea bass dur
ing their offshore migration. Questions about 
availability to trawl gear and fish distributions 
should be addressed. 

• Initiating new time series of abundance indices 
should be considered using alternative survey gear 
(e.g., fish pots). 

• Many aspects of the biology of black sea bass are 
poorly understood. The implications of sexual di
morphic growth and natural mortality should be 
considered, as well as the impact on reproduction 
of removal of large males from the population. 
Closed areas encompassing natural or artificial 
reefs should be considered for use as research 
sites. 
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Table Cl. Landings (mt) of black sea bass from Table C2. Black sea bass percent of commercial 
Maine to Cape Hatteras, NC. landings by year and gear type. 

Year Commercial Recreational Foreign Total Year Otter trawl Pots Handline Other 

1950 5736 5736 1983 67.7 22.8 4.7 4.8 
1951 8361 8361 1984 75.6 16.7 3.0 4.7 
1952 9883 9883 1985 66.9 17.0 7.0 9.\ 

1953 6521 6521 1986 60.7 28.5 6.3 4.5 

1954 5141 5141 1987 61.5 32.6 3.5 2.4 

1955 5131 5131 1988 59.1 33.5 5.2 2.2 
1956 5251 5251 1989 51.9 39.4 6.6 2.1 
1957 4320 4320 1990 48.7 43.2 6.2 1.9 
1958 5242 5242 1991 24.6 61.9 10.7 2.8 
1959 3655 3655 1992 37.0 50.8 8.5 3.7 

1960 3\02 5801 1993 61.8 33.3 2.3 2.6 

1961 2483 2483 1994 50.3 38.5 4.5 6.7 

1962 3692 3692 1995 38.1 45.5 9.3 7.1 

1963 3798 3798 1996 52.9 37.4 6.6 3.\ 

1964 3199 3199 
1965 3604 5690 

1966 1652 1652 

1967 1302 1302 

1968 1201 1201 

1969 1199 1199 

1970 1100 2762 
1971 614 614 

1972 760 760 
1973 1161 1161 

1974 1069 \069 

1975 1885 1885 

1976 1690 1690 

1977 2424 2424 

1978 2115 5 2115 
1979 1875 560 41 2435 

1980 1252 1002 14 2254 

1981 1129 1062 39 2191 

1982 !l77 4499 21 5676 

1983 1513 1967 14 3480 

1984 1965 667 18 2632 

1985 1551 1052 33 2603 

1986 1901 5622 \0 7523 
" 

1987 1890 901 4 2791 

1988 1879 1241 3120 

1989 1324 1509 2833 

1990 1588 1268 2856 

1991 1272 1887 3159 

1992 1364 1199 2563 

1993 1412 2031 3443 
1994 896 1350 2246 

1995 925 2592 3517 
1996 1472 2637 4109 
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Table C3. Number of sea sampling trips by year, quarter, and division which caught black sea bass. 

1989 
Division 

51 

52 
53 
61 
62 
63 

1990 
Division 

51 

52 
53 

61 
62 

63 

1991 
Division 

1 

1 

5 

52 
53 

6 

62 

63 

1992 
Division 

51 

52 
53 

61 

62 

63 

-
-
2 

4 
5 
2 
13 

,..-"' 

i-

c--' 
2 

8 

3 
1 

14 

1 

-
-
4 
4 

5 

-
13 

2 

2 
6 

14 

13 

4 
41 

Quarter 

2 
1 

1 
9 

5 
2 

-
18 

Quarter 

2 .. 
-

.~ .. 

2 
4 

5 
7 

-
18 

Quarter 

2 

-
-
5 

3 

3 

-
11 

Quarter 

2 

-
-
2 
3 

2 

-
7 

3 

1 

-
-
-
6 

-
7 

3 

-
-
-
-
-
-

3 

-
-
-
-
3 

-
3 

3 

-
-
-
1 
4 

-
5 

4 

1 

1 
3 

4 
1 

-
10 

4 

-
-
2 
2 
3 

-
7 

4 

1 

-
., 

.-
.-
~ 

.-

26 

4 

-
-
3 
'3 

3 

1 
10 

3 

2 

14 

13 

14 
2 

48 

2 
8 

15 
13 

1 
39 

12 
21 

15 

4 
53 

2 

2 
11 

21 

22 
5 

63 

92 

1993 
Division 

1 

1 

5 

52 
53 

6 

62 
63 

1994 
Division 

51 
52 

53 

61 
62 

63 

1995 
Division 

51 

52 
53 

61 

62 

63 

1996 
Division 

51 
52 

53 

61 
62 

63 

I 
I 

-
1 
6 

6 
1 

-
14 

-
-
3 

7 

6 

-
16 

1 

-
1 
, 

- .. , 
----':. 

~.~. 

17 

1 

-
1 
4 

4 

1 

11 

Quarter 

2 

-
1 
3 

2 

-
-
6 

Quarter 

2 

-

-
1 

2 

1 

-
4 

Quarter 

2 

-
1 

-
8 

5 

-
14 

Quarter 

2 

1 

-
4 

6 
9 

2 
22 

3 4 

- -
- -
- 6 

- 2 

- 1 

- 2 
I I 

3 4 

- -

- -
- 4 

- -
1 -
- 3 

7 

3 4 

- -
- -
1 3 

6 

6 

2 

9 17 

3 4 

- -
- -
2 3 

12 8 

5 3 

- 1 
19 15 

2 

15 

10 

2 

2 

31 

8 

9 

8 

3 

28 

1 

5 

24 

24 

2 

57 

2 

10 

30 
21 

4 

67 



Table C4. Sum of black sea bass kept and discarded Table CS. Sum of black sea bass kept (mt) and dis-
(lbs) and ratio of discard to kept by half-year periods carded (mt) as reported in VTR and observer data. 
from sea sampled otter trawl trips, 1989-1996. 

POT VTRdata 
Year Discard Ibs Kept Ibs Ratio Discard wt Keptwt n (trips) Ratio 

1989 1994 

1 824 4,648 0.177 0.61 4.88 8 0.126 
2 167 4,575 0.037 2 0.26 2.64 47 0.097 

1990 1995 
I 547 5,477 0.100 I 0.11 12.25 17 0.009 
2 71 564 0.126 2 0.14 31.85 100 0.004 

1991 1996 
I 64 3,055 0.021 1 000 7.16 11 0.000 
2 227 1,397 0.179 2 0.09 1.76 56 0.050 

1992 TRAWL VTR data 
1 1,059 11,651 0.091 Discard wt Keptwt n (trips) Ratio 
2 average 1991 & 1993 0.094 1994 

1993 
1 4.80 36.98 832 0.130 

1 247 2,834 0.087 
2 6.74 24.25 592 0.278 

2 4 518 0.008 
1995 

1994 
1.27 218.95 1686 0.006 

1 227 2,144 0.106 
2 0.35 23.75 566 0.015 

2 164 330 0.498 

1995 
1996 

197 2,224 0.088 
6.69 536.77 2052 0.012 

2 351 693 0.506 
2 5.56 90.46 1417 0.061 

1996 TRAWL Observer data 

I 14,450 17,864 0.809 Discard wt Keptwt n (trips) Ratio 

2 106 467 0.228 1994 

1 0.10 0.97 20 0.106 

2 0.07 0.15 8 0.498 

1995 

0.09 1.01 31 0.088 

2 0.16 0.31 26 0506 

1996 

6.55 8.10 33 0.809 

2 0.05 0.21 34 0.228 
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Table C6. Proportion of landings (Maine to Virgin- Table CS. Commercial bycatch and discard esti-
ia) reported in logbook data, 1994-1996. mates (mt) for otter trawl and pot fisherie&, 1984-

1996. Bycatch is weight caught. Pot discards esti-
Year/Gear MT % of total mated assuming 50% mortality. 

1994' 
Discard Discard mortality 

Trawl 61.2 14.55 
Year Trawl Pot Trawl Pot Total 

Pot 7.5 2.26 1984 168.3 12.5 168.3 6.2 174.5 

1985 119.8 12.5 119.8 6.2 126.0 

1995 1986 131.8 22.0 131.8 11.0 142.8 

Trawl 242.7 87.33 1987 131.8 18.0 131.8 9.0 140.8 

Pot 44.1 10.43 
1988 125.2 21.0 125.2 10.5 135.7 

1989 93.6 24.0 93.6 12.0 105.6 

1990 83.4 30.4 83.4 15.2 98.6 
1996 1991 32.0 46.3 32.0 23.1 55.1 

Trawl 627.2 85.88 1992 124.4 45.0 124.4 22.5 146.9 

Pol 8.9 16.37 1993 55.6 26.1 55.6 13.1 68.7 

ILogbooks in 1994 were not required for the entire year. 1994 62.8 13.0 62.8 6.5 69.3 

1995 2.2 22.4 2.2 11.2 13.4 

1996 13.3 4.4 13.3 2.2 15.5 

Table C7. Proportion of VIR trips reporting black Table C9. MRFSS black sea bass landed (A + B 1 in 
sea bass landings with no discards among trips with ODDs) and release (B2 in ODDs) estimates, Maine to 
reported discards of other species. Cape Hatteras, NC. 

Pol Trawl Yc A+BI B2 %B2 

Year Pet. No. Pet. No. 1% 1880.6 1588.7 45.7 

1994 198., 3770.6 2701.3 41.7 

I 62.5% 8 96.3% 828 1986 21747.2 7114.4 24.6 

2 72.3% 47 98.5% 581 1987 2935.7 2134.2 42.1 

1988 2949.3 4965.7 62.7 

1995 1989 4285.5 2174.7 33.6 

76.5% 17 95.9% 1682 1990 3919.9 5196.4 57.0 

2 100.0% 11 97.3% 566 1991 5237.4 5529 51.3 

1992 3556.6 4112.8 53.6 

1996 1993 5539.9 2753.6 33.2 

I 57.1% 56 95.0% 2044 1994 3410.6 3963.9 53.8 

2 69.0% 100 96.7% 1411 1995 6705.3 7694.2 53.4 

1996 5038.4 5044.8 50.0 
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Table CIO. Catch (mt) of black sea bass from Maine to Cape Hatteras, NC. Discard mortality for trawls = 

100%, pots = 50%, and hook and line = 25%. 

Landings Discards Total 

Year Commercial Recreational Foreign Recreational Commercial catch 

1984 1,965 667 18 34 175 2,859 

1985 1,551 1,052 33 66 126 2,828 

1986 1,901 5,622 10 147 143 7,823 

1987 1,890 901 4 66 141 3,002 

1988 1,879 1,241 137 136 3,393 

1989 1,324 1,509 69 106 3,008 

1990 1,588 1,268 135 99 3,090 

1991 1,272 1,887 143 55 3,357 

1992 1,364 1,199 153 147 2,863 

1993 1,412 2,031 96 69 3,608 

1994 896 1,350 112 69 2,427 

1995 925 2,592 205 13 3,735 

1996 1,472 2,637 165 16 4,290 

Table Cll. Summary of sampling intensity for black sea bass in the commercial and recreational fisheries, 
1984-1996. 

Commercial Recreational 

Year No. lengths Landings Sample intensity No. lengths Landings Sample intensity 

(mt) (mt/100 lengths) (A+B1, mt) (mt/100 lengths) 

1984 3841 1965 1.95 953 667 1.43 

1985 2509 1551 1.62 1887 1052 1.79 

1986 2922 1901 1.54 3400 5622 0.60 

1987 1545 1890 0.82 1087 901 1.21 

1988 1376 1879 0.73 1058 1241 0.85 

1989 883 1324 0.67 4096 1509 2.71 

1990 1142 1588 072 2739 1268 2.16 

1991 735 1272 0.58 2654 1887 1.41 

1992 605 1364 0.44 2560 1199 2.14 

1993 300 1412 0.21 1601 2031 0.79 

1994 13166 896 3.53 1559 1350 1.15 

1995 13233 925 3.50 1136 2592 0.44 

1996 15295 1472 3.60 1374 2637 0.52 

IIncludes NC length samples. 
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Table C12. Number of black sea bass commercial lengths by year, quarter, and division. 

Division 

Division 

Division 

Division 

Division 

1984 

5 

5 

5 

6 

6 

6 

1 

2 

3 

1 

2 

3 

1986 

5 

5 

6 

6 

6 

1 

2 

3 

1 

2 

3 

1988 

1 

2 

3 

5 

5 

5 

6 

6 

6 

1 

2 

3 

1990 

51 

52 

53 

61 

62 

63 

1992 

51 

52 

53 

61 

62 

63 

1994 

1995 

1996 

· 
· 
-

115 

1426 

453-

1994 

· 
· 
· 

490 

772 

77 

1339 

· 
· 
· 
· 

851 

· 
851 

942 

942 

99 

400 

499 

2549 

1817 

1798 

Quart" 
2 

· 
-

220 

627 

530 

1377 

2 

· 
· 
· 

200 

494 

· 
694 

2 

-
· 

95 

· 
324 

· 
419 

2 

2 

106 

106 

2 

465 

623 

994 

3 

· 
-
-

100 

-
-

100 

Quart" 
3 

· 
· 

95 

200 

· 
· 

295 

Quart" 
3 

· 

· 
· 

Quart" 
3 

Quarter 
3 

Quarter 
3 

· 
494 

1208 

4 

-
-

182 

100 

88 

-
370 

4 

-
· 

315 

279 

· 
594 

4 

1 

106 

· 
· 

107 

4 

200 

200 

4 

4 

152 

354 

1295 

402 

942 

2044 

453 
3841 

410 

1169 

1266 

77 

2922 

95 

106 

1175 

o 
1377 

1142 

1142 

205 

400 

605 

3166 

3288 

5295 

Division 

Division 

Division 

Division 

Division 

1985 

5 

5 

5 

6 

6 

6 

1 

2 

3 

1 

2 

3 

1987 

51 

52 

53 

61 

62 

63 

1989 

51 

52 

53 

61 

62 

63 

1991 

51 

52 

53 

61 

62 

63 

1993 

51 

52 

53 

61 

62 

63 

· 
· 

178 

417 

188 

760 

1543 

· 
· 
· 

222 

223 

225 

670 

682 

682 

511 

511 

300 

300 

Quarter 

2 

· 
· 

169 

· 
63 

· 
232 

2 

-
· 

267 

100 

2; , .--

-
577 

2 

100 

101 

201 

2 

2:;. ; 

224 

2 

3 

· 
· 
· 

200 

98 

· 
298 

Quarter 

3 

· 
· 

82 

· 
110 

· 
192 

Quarter 

Quart" 
3 

Quarter 
3 

'"1994-1996 data not available by division; includes NC. 

96 

4 

· 
· 
· 

367 

69 

436 

4 

· 

· 
106 

.. -=---
106 

4 

4 

4 

347 

984 

418 

760 

2509 

349 

322 

649 

225 

1545 

100 

101 

682 

883 

224 

511 

735 

300 

300 



Table C13. Number of black sea bass ages from commercial and survey sampling by season. Commercial samples strati-
fied by market category. 

Commercial Jan·JUll Jul-Dec 

Year Ex-small Small Med Large Jumbo Unci. Ex-small Small Med Large Jumbo UncI. 

1984 
1985 
1986 
1987 
1988 25 25 43 
1989 25 
1990 25 25 26 
1991 
1992 
1993 "-

1994 45 25 
1995 50 25 53 65 68 75 

1996 152 199 100 17 249 150 136 55 109 

'" Survey ...... 
Winter SEring Auttunn 

1984 54 52 
1985 82 110 

1986 119 92 

1987 152 88 

1988 156 83 

1989 87 87 

1990 76 142 

1991 63 122 

1992 189 128 78 

1993 61 61 73 

1994 40 58 67 

1995 158 57 127 

1996 335 64 63 



Table C14. Commercial landings and discard at age (OOs) for black sea bass from Cape Cod to North Carolina, 1984-1996. Otter trawl discard 
mortality assumed as 100% and pot/trap discard mortality assumed as 50%. 

Landings (OOs) Age 

Year 0 1 2 3 4 5 6 7 8 9 10 Total 

1984 2672 11912 28600 15921 1328 370 219 7 2 61031 
1985 298 11266 17133 11766 1897 1070 375 183 43 20 44051 
1986 2017 53434 10586 2015 215 17l 18 55 5 68516 
1987 20146 32424 4945 1396 218 79 59208 
1988 3305 30802 31052 7565 1868 74592 
1989 239 9569 12818 7565 1187 353 31731 
1990 13 10727 35775 5791 767 53073 
1991 654 32468 8610 3305 3525 63 48625 
1992 20 31632 20946 4924 64 38 57624 
1993 902 41450 14926 828 2 58108 
1994 885 4606 18284 5188 4619 1879 592 310 620 36983 
1995 3467 11434 10599 2190 161 25 27876 

1996 6680 22497 16040 6231 2132 991 218 7 54796 
<.0 Discards (OOs) co 

Otter trawl Pot 

Age Age Discard 

Year 0 2 3 4 Total 2 Total total 

1984 663 8175 10981 19819 679 196 875 20694 

1985 16974 11593 7158 35725 744 173 917 36642 

1986 11803 8237 5222 25262 1503 241 1744 27006 

1987 1950 12147 7438 21535 610 346 956 22491 

1988 2831 11177 8074 22082 1906 183 2089 24171 

1989 2988 4168 7108 14264 1105 397 1502 15766 

1990 1153 9501 4100 14754 2157 17 2174 16928 

1991 1394 7416 511 9321 4515 445 4960 14281 

1992 5275 3915 2297 11487 2952 270 3222 14709 

1993 274 5696 5970 1654 76 1730 7700 

1994 223 4074 967 539 5803 742 742 6545 

1995 II 51 65 18 2 147 250 262 512 659 

1996 4 170 680 94 948 252 252 1200 



Table CIS. Commercial landings and discard mean weight at age (kg) for black sea bass from Cape Cod to Cape Hatteras, 1984-
1996. 

Landings Age 
Year 0 2 3 4 5 6 7 8 9 10 

1984 0.122 0.178 0.261 0.456 0.839 1.183 0.834 1.290 1.722 

1985 0.104 0.167 0.253 0.491 0.875 1.267 0.854 1.590 1.951 2.372 

1986 0.101 0.162 0.404 0.585 0.978 1.232 1.190 1.595 1.722 

1987 0.200 0.327 0.529 0.768 1.066 1. 107 

1988 0.1I2 0.182 0.285 0.382 0.440 

1989 0.106 0.186 0.306 0.445 0.714 0.834 

1990 0.083 0.197 0.315 0.501 0.701 

1991 0.107 0.160 0.277 0.495 0.615 1.069 

1992 0.113 0.189 0.274 0.517 0.998 1.106 

1993 .0.143 0.207 0.294 0.499 

1994 0.295 0.313 0.419 0.434 0.508 1.102 1.560 1.807 1.810 

1995 0.272 0.293 0.375 0.528 0.806 1.181 

1996 0.237 0.376 0.520 0.656 0.738 0.729 0.721 1.096 
<D Discards Age 
<D 

Year 0 I 2 3 4 5 6 7 8 9 10 

1984 0.004 0.044 0.120 

1985 0.003 0.028 0.1I4 

1986 0.003 0.043 0.177 

1987 0.007 0.074 0.130 

1988 0.006 0.026 0.117 

1989 0.003 O.oJ8 0.120 

1990 0.004 0.033 0.126 

1991 0.014 0.033 0.112 

1992 0.004 0.060 0.117 

1993 0.075 0.094 

1994 0.01l 0.084 0.177 0.206 

1995 0.047 0.095 0.171 0.254 0.364 

1996 0.041 0.111 0.138 0.181 



Table C16. Black sea bass recreational fishery selection based on 
New York party/charter boat samples. 

1992-1994 1995 1996 Ave. discard 

Length n = 1156 n=484 n=975 with 9-in 

(cm) % discard % discard % discard rrunnnum 

8 1.00 

9 1.00 

10 0.80 

11 0.75 

12 0.75 

13 0.50 

14 0.60 

15 0.25 1.00 

16 0.67 1.00 1.00 1.00 

17 0.70 1.00 1.00 1.00 

18 0.76 0.91 1.00 1.00 

19 0.93 1.00 0.90 0.95 

20 0.67 0.90 0.87 0.95 

21 0.55 0.88 0.82 0.89 

22 0.34 0.55 0.55 0.85 

23 0.20 0.33 0.15 0.55 

24 0.10 0.05 0.24 

25 0.03 0.06 0.03 0.03 

26 0.01 0.05 

27 

28 0.G2 

29 0.03 

30 0.06 

31 

32 

100 



Table e17. Recreational landings (A+Bl) and discard (B2) at age (OOs) for black sea bass from Cape Cod to Cape Hatteras, 1984-1996. 
Discard mortality of25% assumed. 

Landings (OOs) Age 

Year a 2 3 4 5 6 7 8 9 10 Total 

1984 62 4176 5825 7449 644 66 169 14 6 14 18425 
1985 75 5088 18269 8209 4561 863 547 62 29 2 37706 
1986 32210 136599 35369 7498 2117 2197 176 708 221 377 217472 
1987 1430 14808 10850 914 218 912 18 15 147 29312 
1988 2935 14542 8625 2170 826 250 15 121 7 29492 
1989 14 1437 25273 13046 2134 339 418 60 55 58 15 42849 
1990 5175 15074 15070 2770 857 186 5 21 41 39199 
1991 19 1796 29178 12686 6039 2181 261 24 69 81 35 52369 
1992 44 1172 18027 12580 3192 296 180 22 28 26 35567 
1993 3914 34740 11612 4554 351 161 12 41 7 55392 
1994 15 3046 5876 20216 3986 793 105 34037 
1995 1873 18771 26482 16860 2668 390 67044 
1996 45 9244 21476 13959 3060 1209 852 124 101 212 7 50289 

...... 
Discards (OOs) Age 0 ...... 
Year 0 2 3 4 5 6 7 8 9 10 Total 

1984 3750 188 34 3972 

1985 4951 1532 27- 6753 

1986 14842 2944 17786 

1987 2321 2944 7- 5335 

1988 1-125 21-1 188 12414 

1989 1951 3416 69 5436 

199- 7546 5225 22- 12991 

1991 6 5485 76-8 146 13245 

1992 3199 6565 518 1-282 

1993 27-3 3732 449 6884 

1994 7223 11-9 1359 9691 

1995 1293 16913 1-29 19235 

1996 7598 5-14 12612 



Table CIS. Recreational landings and discard mean weight at age (kg) for black sea bass from Cape Cod to Cape Hatteras, 1984-
1996. 

Landings Age 

Year 0 1 2 3 4 5 6 7 8 9 10 

1984 0.026 0.115 0.230 0.415 0.816 1.114 1.282 1.154 1.290 1.722 

1985 0.016 0.070 0.163 0.288 0.593 0.793 1.236 0.921 1.290 1.917 2.469 

1986 0.083 0.194 0.391 0.684 0.999 1.341 1.200 1.531 1.832 2.369 

1987 0.081 0.171 0.355 0.564 0.868 1.392 1.140 1.370 2.444 

1988 0.094 0.252 0.442 0.519 0.693 1.164 1.184 1.265 1.878 2.223 

1989 0.012 0.Q75 0.207 0.378 0.555 0.837 1.242 1.334 1.500 1.906 2.127 

1990 0.091 0.179 0.340 0.553 0.684 1.179 1.128 1.529 2.460 

1991 0.050 0.079 0.171 0.329 0.519 0.658 1.413 1.213 1.571 2.337 2.237 

1992 0.083 0.083 0.211 0.362 0.568 0.994 1.322 1.176 1.290 1.898 

1993 0.106 0.213 0.358 0.601 0.927 1.383 1.253 1.469 1.818 

1994 0.016 0.101 0.233 0.377 0.546 0.809 1.093 1.717 

1995 0.037 0.139 0.239 0.505 0.886 0.876 

1996 0.042 0.180 0.294 0.535 0.690 0.721 0.754 0.750 0.795 0.968 0.659 

.... Discards Age 
C) 
N 

Year 0 1 2 3 4 5 6 7 8 9 10 

1984 0.016 0.Q78 0.177 0.379 0.390 

1985 0.016 0.075 0.150 0.216 0.338 

1986 0.070 0.148 0.296 0.294 

1987 0.067 0.165 0.323 0.358 

1988 0.016 0.083 0.212 0.461 0.332 

1989 0.078 0.153 0.240 0.213 

1990 0.056 0.163 0.357 0.703 

1991 0.050 0.067 0.133 0.317 0.470 

1992 0.075 0.164 0.396 0.338 

1993 0.076 0.180 0.189 0.358 

1994 0.110 0.182 

1995 0.067 0.107 0.155 0.386 

1996 o III 0.162 0.459 0.418 
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Table C19. Total catch at age (~Os) and mean weight at age (kg) for black sea bass from Cape Cod to Cape Hatteras, 1984-1996. 

Total catch 

Year 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

o 
725 

17,050 

11,803 

1,950 

2,831 

3,001 

1,154 

1,419 

5,319 

239 

3,189 

52 

19,453 

22,674 

58,809 

16,508 

29,448 

8,900 

24,393 

19,866 

11,259 

9,447 

15,970 

39,452 

23,944 

2 

29,102 

38,399 

198,439 

45,682 

55,702 

45,764 

35,143 

70,209 

58,791 

85,694 

12,557 

39,273 

49,667 

3 

36,083 

25,612 

45,955 

43,344 

39,865 

25,933 

51,066 

21,441 

34,044 

26,986 

40,398 

27,478 

30,093 

4 

16,565 

16,327 

9,513 

5,860 

9,735 

7,926 

6,075 

10,963 

5,791 

5,382 

9,174 

4,859 

9,291 

Age 

5 

1,395 

2,760 

2,333 

1,614 

2,694 

1,526 

1,624 

5,706 

360 

351 

5,412 

551 

3,341 

Mean weight at age (kg) Age 

Year 0 2 3 4 5 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

0.006 

0.003 

0.003 

0.007 

0.006 

0.003 

0.004 

0.014 

0.001 

0.005 

0.021 

0.042 

0.077 

0.049 

0.073 

0.073 

0.062 

0.042 

0.052 

0.049 

0.067 

0.095 

0.112 

0.091 

0.173 

0.166 0.293 0.470 0.852 

0.154 0.264 0.519 0.849 

0.172 0.394 0.663 0.997 

0.176 0.334 0.534 0.782 

0.192 0.320 0.413 0.518 

0.184 0.342 0.474 0.741 

0.176 0.323 0.527 0.692 

0.161 0.308 0.508 0.631 

0.190 0.308 0.545 0.994 

0.201 0.321 0.584 0.927 

0.254 0.387 0.483 0.552 

0.249 0.455 0.724 0.856 

0.315 0.526 0.667 0.732 

6 

539 

1,617 

2,367 

1,130 

250 

772 

186 

324 

218 

161 

1,984 

25 

1,844 

6 

1.214 

1.256 

1.333 

1.329 

1.164 

1.055 

1.179 

1.347 

1.284 

1.383 

1.101 

1.181 

0.741 

7 

232 

437 

194 

98 

15 

60 

5 

24 

22 
12 

592 

342 

7 

0.853 

0.864 

1.199 

1.113 

1.184 

1.334 

1.128 

1.213 

1.176 

1.253 

1.560 

0.731 

8 

13 

211 

763 

15 

121 

55 

21 

69 

28 

41 

310 

108 

8 

1.290 

1.549 

1.536 

1.370 

1.265 

1.500 

1.529 

1.571 

1.290 

1.469 

1.807 

0.814 

9 

15 

45 

226 

58 

81 

26 

7 

620 

212 

9 

1.722 

1.949 

1.830 

1.878 

1.906 

2.337 

1.898 

1.810 

0.968 

10 

24 

377 

Total 

104,122 

125,156 

330,779 

147 116,348 

7 140,669 

15 94,010 

41 119,708 

35 130,137 

115,858 

128,081 

87,256 

114,827 

66 118,959 

10 

2.377 

2.369 

2.444 

2.223 

2.127 

2.460 

2.237 

0.659 



Table C20. Recreational catch per angler, 1984-
1996. Effort defined as trips targeting or catching 
black sea bass among interviewed trips. 

Year Catch/angler N 
1984 3.16 871 

1985 4.78 1,956 

1986 5.44 3,727 

1987 4.66 1,261 

1988 4.48 1,603 

1989 4.81 4,189 

1990 5.54 3,659 

1991 6.39 4,508 

1992 6.08 4,254 

1993 4.79 2,672 

1994 5.84 2,827 

1995 804 2,807 

1996 6.64 2,729 
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Table e21. NEFSC and Massachusetts DMF spring and autumn bottom trawl survey mean. number and weight (kg) per 
tow. NEFSC strata set = 1-12,25,61-76 offshore and strata set 1-56 inshore. Massachusetts strata set = 11-21. 

NEFSC Massachusetts 

Mean number per tow Mean weight per tow Mean number per tow Mean weight per tow 

Spring Autumn Spring Spring Autumn Spring Autumn Spring Autumn 

Year offshore 

1968 0.699 

1969 1.245 

1970 0.118 

1971 0.262 

1972 0.917 0.818 0.092 

1973 0.912 1.596 0.969 0.290 0.090 

1974 2.571 1.075 2.399 0.855 0.255 

1975 2.016 2.570 2.149 0.796 0.161 

1976 2.945 3.326 3.161 0.897 0.178 

1977 7.151 8.872 8.213 1.223 0.156 

1978 3.806 0.796 4.593 0.767 0.075 79.635 0.873 

1979 4.311 1.651 5.258 1.153 0.066 0.988 74.554 0.728 1.111 

1980 2.436 0.662 2.996 0.338 0.060 0.997 93.509 0.787 0.979 
'-' 
0 
c.n 1981 0.871 1.128 1.076 0.290 0.172 2.233 63.842 1.334 0.314 

1982 0.229 3.065 0.283 0.143 0.082 2.158 398.247 0.903 1.482 

1983 0.578 0.802 0.715 0.124 0.072 4.291 215.300 1.387 1.180 

1984 0.227 2.381 0.278 0.095 0.153 1.597 202.234 0.673 1.601 

1985 0.447 2.641 0.537 0.140 0.093 1.208 197.966 0.573 0.900 

1986 1.907 2.631 2.352 0.491 0.085 1.567 79.558 0.735 0.851 

1987 1.171 0.814 1.418 0.343 0.138 0.705 34.826 0.203 0.329 

1988 1.957 0.678 2.361 0.416 0.050 0.420 60.690 0.200 0.416 

1989 0.764 0.855 0.757 0.143 0.057 1.067 6.610 0.354 0.054 

1990 0.835 2.267 0.997 0.137 0.248 0.698 4.285 0.449 0.090 

1991 0.937 1.889 1.131 0.066 0.113 0.381 9.459 0.428 0.053 

1992 1.640 1.396 1.993 0.324 0.076 0.087 10.899 0.037 0.081 

1993 1.399 0.313 1.728 0.188 0.048 0.112 1.073 0.081 0.007 

1994 0.253 1.860 0.313 0.074 0.078 0.219 45.073 0.190 0.170 

1995 0.596 2.612 0.735 0.139 0.115 0.465 32.657 0.153 0.198 

1996 0.366 0.781 0.447 0.118 0.073 0.154 23.692 0.089 0.148 

1997 0.711 



Table e22. Mean catch per tow (numbers) at age for NEFSC spring and autumn research vessel 
surveys, 1983-1997. 

Spring Age 

Year 0 2 3 4 5 6 7 8 9 10 Total 

1984 0.000 0.006 0.053 0.082 0.051 0.010 0.013 0.227 

1985 0.000 0.080 0.D91 0.127 0.124 0.019 0.008 0.447 

1986 0.000 0.146 1.182 0.502 0.063 0.000 0.002 1.907 

1987 0.000 0.023 0.673 0.343 0.063 0.027 0.040 1.171 

1988 0.000 0.401 0.703 0.620 0.127 0.079 0.020 0.008 1.957 

1989 0.000 0.199 0.409 0.101 0.026 0.015 0.764 

1990 0.000 0.355 0.199 0.229 0.030 0.014 0.835 

1991 0.000 0.625 0.210 0.059 0.D35 0.004 0.937 

1992 0.000 0.320 0.564 0.635 0.095 0.007 0.011 1.640 

1993 0.000 0.000 0.800 0.564 0.D28 1.399 

1994 0.000 0.005 0.029 0.141 0.062 0.011 0.004 0.001 0.253 

1995 0.000 0.149 0.278 0.147 0.023 0.596 

1996 0.000 0.062 0.087 0.126 0.043 0.021 0.015 0.366 

1997 0.000 0.012 0.246 0.406 0.026 0.021 0.711 
f-' 

Autumn Age 0 

'" Year 0 2 3 4 5 6 7 8 9 10 Total 

1983 0.531 0.065 0.138 0.050 0.020 0.800 

1984 0.212 2.071 0.070 0.012 0.005 2.380 

1985 1.961 0.494 0.108 0.030 0.020 0.011 2.640 

1986 1.521 0.958 0.137 0.020 2.630 

1987 0.135 0.298 0.279 0.060 0.012 0.030 0.002 0.810 

1988 0.229 0.370 0.059 0.008 0.007 0.680 

1989 0.428 0.189 0.218 0.027 0.001 0.860 

1990 0.399 1.169 0.609 0.064 0.014 0.011 2.270 

1991 0.276 1.190 0.408 0.013 0.002 1.890 

1992 0.678 0.299 0.409 0.008 1.400 

1993 0.000 0.137 0.171 0.002 0.001 0.310 

1994 1.142 0.578 0.042 0.093 0.004 1.860 

1995 2.006 0.460 0.100 0.034 0.005 0.007 2.610 

1996 0.350 0.228 0.194 0.002 0.012 0.790 



Table C23. Mean number per tow at age from NEFSC winter bottom trawl survey 1992-1997. 
strata 1-12,25,61-76; inshore strata 1-56. 

Year 

1992 

1993 

1994 

1995 

1996 

1997 

Age 

0 I 2 3 4 5 6 7 8 9 

0.658 3.321 1.157 0.120 0.010 

0.179 1.366 2.094 0.369 0.120 

0.207 0.256 0.410 0.044 

0.447 1.499 0.385 0.105 0.005 

1.904 3.042 0.924 0.074 0.027 0.039 0.029 0.003 0.005 

0.211 0.305 0.678 0.070 0.065 

Table C24. Black sea bass age 0 « 12 em) stratfied mean number per tow, 
regions 1-5, faU MADMF surveys, 1978-1996. 

Year Number per tow 

1978 42.8 

1979 40 

1980 51.8 

1981 34.3 

1982 216.7 

1983 117 

1984 109.9 

1985 107.3 

1986 42.9 

1987 19.2 

1988 33.7 

1989 3.6 

1990 2.3 

1991 5.3 

1992 6.1 

1993 0.6 

1994 24.6 

1995 17.8 

1996 12.9 
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10 

0.020 

Offshore 

Total 

5.286 

4.108 

0.930 

2.440 

6.070 

1.327 



Table C25. Black sea bass yield and stock size per recruit. 

Proportion of F before spawning: .3000 
Proportion of M before spawning: .5300 
Natural Mortality is Constant at: .200 
Last age is a True Age; 
Original age-specific PRs, Mats, and Mean Wts from file: 
==> yprin.dat 

Age-specific Input data for Yield per Recruit Analysis 

Age I Fish Mort Nat Mort I Proportion 1 Average Weights 
Pattern Pattern Mature Stock Catch 

.-.-------_.---- .. -._-------------_.-._.-.-.-._--_.---------
1 0.1280 1.0000 0.1000 .064 .117 
2 0.3910 1.0000 0.6500 .177 .254 
3 1.0000 1.0000 0.9000 .321 .422 
4 1.0000 1.0000 1.0000 .524 .615 
5 1.0000 1.0000 1.0000 .798 .767 
6 1.0000 1.0000 1.0000 1.254 1.102 
7 1.0000 1.0000 1.0000 1.132 1.181 
8 1.0000 1.0000 1.0000 1.437 1.363 
9 1.0000 1.0000 1.0000 1.931 1.389 

10 1.0000 1.0000 1.0000 1.997 1.997 
11 1.0000 1.0000 1.0000 2.163 2.163 
12 1.0000 1.0000 1.0000 2.380 2.380 
13 1.0000 1.0000 1.0000 2.575 2.575 
14 1.0000 1.0000 1.0000 2.747 2.747 
15 1.0000 1.0000 1.0000 2.898 2.898 

Summary of Yield per Recruit Analysis for: 
Btack Sea Bass YPR 1997 

Slope of the Yield/Recruit Curve at f=O.OO: --------> 3.570 
F level at slope=1/10 of the above slope (Fa.1); ---> .178 

Yield/Recruit corresponding to FO.1: _0_> .2527 
F level to produce maximum Yield/Recruit (Fmax): ---> .324 

Yield/Recruit corresponding to Fmax: ---> .2717 

Listing of Yield per Recruit Results for: 
Black Sea Bass YPR 1997 

FMORT TOTCTHN TOTCTHW TOTSTKN TOTSTKW SPNSTKN SPNSTKW PCNTMSP 
---------------------------------------------------------------------------

.000 .00000 .00000 5.2420 4.1171 3.5873 3.5863 1.0000 

.100 .24749 .20343 4.2141 2.4646 2.6010 2.0410 .5691 
FO.1 .178 .35485 .25275 3.7280 1.7852 2.1392 1.4169 .3951 

.200 .37784 .25945 3.6207 1.6470 2.0377 1.2912 .3600 

.300 .45704 .27142 3.2437 1.2026 1.6831 .8905 .2483 
Fmax .324 .47191 .27175 3.1719 1.1260 1.6161 .8222 .2293 

.400 .51057 .26990 2.9845 .9391 1.4416 .6568 .1831 

.500 .54958 .26433 2.7951 .7709 1.2667 .5098 .1421 

.600 .57956 .25779 2.6497 .6567 1.1339 .4114 .1147 

.700 .60352 .25130 2.5340 .5752 1.0294 .3421 .0954 

.800 .62326 .24520 2.4391 .5145 .9446 .2914 .0812 

.900 .63991 .23959 2.3595 .4679 .8743 .2529 .0705 
1.000 .65422 .23445 2.2912 .4310 .8149 .2229 .0622 
1.100 .66672 .22974 2.2318 .4012 .7638 .1990 .0555 
1.200 .67778 .22543 2.1794 .3766 .7194 .1795 .0501 
1.300 .68768 .22147 2 •. 1327 .3559 .6803 .1634 .0456 

F97 1.400 .69662 .21781 2.0905 .3382 .6456 .1498 .0418 
1.500 .70477 .21441 2.0522 .3229 .6145 .1383 .0386 
1.600 .71224 .21125 2.0171 .3095 .5864 .1283 .0358 

--------------------------------------------------------------------------------
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Figure Cl. Black sea bass fishing mortality on fully recruited ages, 3-5. Alternative 1 
with observer discard ratio; alternative 2 with modified 1986 recreational catch data. 
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Figure C2. Black sea bass stock size. Numbers (OOOs) on January t. AlternatIve 1 with 
observer discard ratio; alternative 2 with modified 1986 recreational catch data. 
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Figure C3. Black sea bass recruitment at age 1, numbers (ODDs) on January 1. Alternative 
1 with observer discard ratio; alternative 2 with modified 1986 recreational catch data. 
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Figure C4. Black sea bass spawning stock biomass. Alternative 1 with observer discard 
ratio; alternative 2 with modified 1986 recreational catch data. 
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D. GULF OF MAINE NORTHERN SHRIMP 

Terms of Reference 

a. Evaluate trends in stock abundance and fishing 
mortality rates for Gulf of Maine northern shrimp 
and characterize the variability of estimates. 

b. Assess stock status relative to biological reference 
points based on yield-per-recruit (e.g., F 0.1' F...J 
and percent maximum spawning potential (e.g., 

F20%)' 

c. Advise on long-term management strategies and 
overfishing definitions. 

Introduction 

Northern shrimp (Pandalus borealis) (also referr
ed to as pink shrimp) are distributed discontinuously 
throughout boreal waters of the North Atlantic, North 
Pacific, and Arctic Oceans (Shumway et at. 1985). In 
the Gulf of Maine, northern shrimp are considered to 
comprise a unit stock. They inhabit soft mud bottom 
at depths of 9 to 329 m, most commonly in the cold 
waters of the southwest Gulf of Maine (Haynes and 
Wigley 1969, Schick 1991). Temperature is an impor
tant factor in ontogenetic rates and reproductive suc
cess for this stock because the Gulf of Maine is the 
southern limit of the distribution of this species in the 
North Atlantic (Shumway et at. 1985). 

Northern shrimp are protandrous hermaphro
dites. In the Gulf of Maine, they generally spawn as 
males in their second year, then begin to transform 
into mature females in their third year. Ovigerous fe
males move to coastal waters in late autumn to 
spawn. Eggs hatch inshore, and juveniles migrate to 
deeper offshore waters as they begin to mature 
(Shumway et at. 1985). 

A directed otter trawl fishery for northern shrimp 
began in coastal waters of Maine and Massachusetts 
during winter months in the 1930s and further devel
oped in the 1940s, but inshore availability of shrimp 
soon declined (Scattergood 1952). An inshore winter 
fishery resumed in the late 1950s and steadily expand-

ed to offshore areas throughout the year until the 
stock collapsed in the late 1970s (Clark and Anthony 
1980; Clark 1981, 1982). After a regulated closure in 
1978, the fishery continued and grew to its current 
magnitude, which is a relatively valuable industry in 
New England (1995 landed value was $13 million; 
NMFS 1996). 

The Gulf of Maine fishery for northern shrimp is 
managed through interstate agreement among the 
States of Maine, New Hampshire, and Massachusetts. 
The management framework evolved from 1972 to 
1979 under the auspices ofthe StatelFederal Fisheries 
Management Program. In 1980, this program was re
structured in the Northeast Region as the Interstate 
Fisheries Management Program of the ASMFC (Mc
Innes 1986). Within the interstate structure, the 
Northern Shrimp Technical Committee (NSTC) pro
vides annual stock assessments and related informa
tion to the ASMFC Northern Shrimp Section. Man
agement has been conducted primarily by controlling 
the length of fishing seasons (within the time frame of 
December to June) and gear restrictions. Fishing sea
sons are labeled according to the calendar year for 
January of the fishing season (e.g., the 1996 season 
includes fishing from December 1995 to May 1996). 

Stock assessments initially consisted of total land
ings estimates, indices of abundance from Northeast 
Fishery Science Center (NEFSC) groundfish surveys, 
fishing mortality estimates from Maine survey length 
frequencies, and yield-per-recruit modeling (Clark 
and Anthony 1980; Clark 1981, 1982). The NSTC 
developed a port sampling program in the early 1980s 
to characterize catch at length and developmental 
stage, and established a research trawl survey in the 
summer of 1983 to monitor relative abundance, bio
mass, size structure, and demographics of the stock. 
Subsequent stock assessments provided more detailed 
description of landings, size composition of catch, 
patterns in fishing effort, catch per unit effort, relative 
year-class strength, and survey indices of total abun
dance and biomass. Length distributions from the 
summer shrimp survey have been used for size com
position analysis to estimate mortality rates, but did 
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not fit the length-based models well because of vari
able recruitment and growth (Terceiro and Idoine 
1990, Fournier et al. 1991). The present assessment 
is the first to integrate catch and survey indices of 
abundance for estimation of stock abundance and 
mortality rates, and provides estimates of egg produc
tion per recruit and revised estimates of yield per re
cruit. 

The Fishery 

Commercial Landings 

Small quantities of northern shrimp have been in
cidentally caught in New England otter trawl fisheries 
since 1905 (Scattergood 1952). A directed winter 
fishery in coastal waters developed in the late 193 Os 
which landed an annual average of 63 mt from 1938 
to 1953, but no shrimp were landed from 1954 to 
1957 due to lack of inshore availability (Wigley 1973) 
(Figure Dl). The fishery resumed in 1958, and land
ings increased steadily to a peak of 12,100 mt during 
the 1969 season (August 1968 to July 1969) as an 
offshore, year-round fishery expanded. After 1972, 
landings declined rapidly, and the fishery was closed 
in 1978. The fishery reopened in 1979 and seasonal 
landings increased gradually to 5,300 mt by 1987 and 
averaged 3,300 mt from 1988 to 1994 (Table Dl). 
Seasonal landings increased to 6,500 mt in 1995 and 
to 9,200 mt in 1996, which was only exceeded by the 
five years oflandings prior to the stock collapse in the 
late 1970s. The preliminary estimate oflandings for 
the 1997 fishing season is at least 6,500 mt. 

Maine landings comprised 75% of the season to
tals in 1984-1996, and New Hampshire and Massa
chusetts landed 8% and 17%, respectively (Table 
Dl). The majority oflandings generally occurred in 
January and February (Figure D2). 

Information on size and developmental stage of 
landed shrimp from intense port sampling (Tables D2 
and D3) suggests that landings have been predominat
ed by recruitment ofthree abundant year classes (Fi
gure D3) (recruitment patterns are more pronounced 
in survey catches, described below). Landings more 
than tripled with recruitment of a strong 1982 year 

class in 1985 and 1986. Landings declined sharply in 
1988 with the passage of this year class through the 
fishery. A strong 1987 year class began to recruit to 
the fishery in the spring of 1989 and was a major con
tributor to the 1990-1992 fisheries. The 1992 year 
class began recruiting to the fishery in 1995. The 
moderate-sized 1993 year class also contributed to 
relatively large annual landings in 1995 and 1996. 

Landings from January to March consist primarily 
of mature female shrimp (presumably ages 3 and old
er), and December, April, and May landings have in
cluded higher proportions of males (assumed ages 1 
and 2) (Figure D4). These patterns reflect shifts in 
distribution of fishing effort in response to seasonal 
movements of mature females: inshore in early winter 
and offshore after their eggs hatch. 

Catch in numbers was derived as the quotient of 
landings (Table D 1) and mean weight (Table D4) by 
year, state, and month. The general patterns in size 
composition oflandings are reflected in mean weight 
of individual shrimp landed by year, state, and month: 
the size oflanded shrimp generally increases from De
cember to January, peaks in February, and decreases 
through the spring. Three percent of the total landings 
for 1984-1996 were from specific year-state-month 
strata with no port samples, generally from the begin
ning or end of a fishing season. Mean weight for these 
landings was estimated by a general linear model of 
mean weight by year, month, and state. Some June 
landings, which had no associated port samples (126 
mt, 0.2% of total time-series landings), were describ
ed using May samples within the same year and state. 

Discarded Catch 

Sea sampling observations on shrimp otter trawl 
trips from 1984 to 1996 indicate that weight of dis
cards is less that 1 % of the total catch in all years 
(Table D5). Large year classes appear to contribute to 
discards as age 2 (e.g., the 1992 cohort produced al
most 1% discards in 1994). Industry representatives 
report substantial discards of shrimp in the small
mesh whiting fishery east of Jeffreys Ledge. Sea sam
pling observations from finfish trawl fisheries in the 
Gulf of Maine suggest that bycatch of northern 
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shrimp was inconsequential during 1984-1994. How
ever, in 1995 and 1996, the amount of discarded 
shrimp per trip increased considerably, and the in
crease was from small-mesh trips sampled in the area 
ofJeffreys Ledge. Although the observed discards in
creased, the total was less than 60 kg per observed 
trip. Unfortunately, no shrimp lengths were measured 
during sea sampling, and estimates of total number 
discarded would be difficult. Therefore, discard esti
mates were not included in the present assessment. 

Fishery Selectivity 

Selectivity of commercial trawl gear was estimat
ed from a field study conducted in July 1995, twenty 
miles south of Boothbay Harbor (Schick and Brown 
1997). Five paired tows were sampled with a trouser 
trawl over a two-day period. The trouser body con
sisted of 47.6 mm (F/a in) diamond polypropylene 
mesh, as did the vertical septum which divided the 
trawl in half The control codend was 12.7 mm (Y2 in) 
square polypropylene mesh with a 6.4 mm (Y4 in) 
mesh liner. The experimental cod end consisted of 
47.6 mm (F/a in) diamond polypropylene mesh. 

Three 5-kg samples from each codend were bag
ged, labeled, stored on ice at sea, and then frozen. 
Mid-dorsal carapace length (CL) was measured for 
500 shrimp from each sample. Sample length frequen
cies were expanded to total catch length frequencies 
using the ratio of sample weight to catch weight. Ob
served retention ratios at length were derived by di
viding the number at length from the experimental 
codend (large mesh) by the number at length from the 
control codend (small mesh). The average offive ra
tios, one from each tow, was used to fit a selectivity 
ogive (Nicolajsen 1988): 

P = 1/[ 1 +e'(aCL+b)] (1) 

where P is the proportion retained at size. The param
eters a and b were estimated using logistic regression. 
The CL range used in the regression was l3.5-28.5 
mm. 

Nominal Fishing Effort and Catch per Unit Effort 

The number of vessels participating in the Gulf of 
Maine northern shrimp fishery was estimated to range 

between 300 and 400 in recent years. The distribution 
of vessel sizes in the shrimp fishery, as indicated by 
gross registered tonnage, has been relatively stable 
since 1986: approximately 20% of the vessels less 
than 10 tons, 60% 10-50 tons, and 20% greater then 
50 tons. However, the relative proportion of smaller 
vessels ( <5 tons) in the fishery appears to have been 
more variable than participation by larger vessels. 
Most fishing is conducted by otter trawls, although 
traps are also used off the central coast of Maine. 
Trapping operations generally account for 4-8% of 
Maine's total number of trips. Trap landings have re
mained below 5% of the annual total reported for the 
State. 

From 1975 to 1994, nominal fishing effort (the 
number of trips which landed shrimp) was estimated 
from dealers' reported landings and landings-per-trio 
information from dockside interviews of vessel cap
tains. For the 1995 and 1996 fishing seasons, the ratio 
of landings from vessel trip reports to total dealer 
weighout landings was used to expand reported trips 
to total trips. This expansion assumes that unreported 
trips have the same catch rates as reported trips. 
Smaller vessels that are not required to file logbooks 
may have lower catch rates than those reported, and 
effort may be overestimated for 1995 and 1996. The 
interview system used for the 1975-1994 effort esti
mates had a similar bias toward sampling larger boats. 
Nominal effort inc;"ased in the late 1960s to average 
16,000 for the 19"0-1972 fishing seasons. Effort d~:
creased rapidly in the 1970s, but has increased cm:
siderably since the 1978 closure. The number of trips 
peaked at 12,300 during the 1987 season, decreased 
to 6,000 trips in 1994, and appears to have increased 
to 12,000 trips in 1996 (Figure DS). More detailed ef
fort information has been evaluated over the past six 
years by port sampling interviews in Maine and New 
Hampshire. The series of total hours fished reflects 
the pattern of total trips, suggesting that recent esti
mates of nominal trips are not substantially overesti
mated (Figure DS). The amount of offshore fishing 
effort has varied seasonally, reflecting movements of 
mature females (inshore in early winter and offshore 
followi.ng larval hatching) and fishermen's choices for 
fishing ·n concentrations of shrimp. 

Effort standardization was not possible because 
number of tows and haul duration data from vessel 
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logbooks have not been audited (NEFSC 1996). 
However, 1984-1993 standardized effort mirrored 
nominal effort quite closely (Richards 1993). 

Catch per unit effort (landings per hour fished) 
from Maine and New Hampshire port interviews indi
cates an increasing trend in catch rates and total hours 
fished since 1993 (Figure D5). The increase in catch 
rates may reflect increased biomass or denser aggre
gations of shrimp which make them much more avail
able to the gear. Another possible cause for an in
crease in catch rate is an increase in vessel fishing 
power. 

Research Trawl Surveys 

Trends in abundance have been monitored since 
the late 1960s using data collected by NEFSC spring 
and autumn bottom trawl surveys and summer sur
veys by the State of Maine and the NSTC (Figure 
D6). 

Maine Survey 

Maine conducted summer surveys in the Gulf of 
Maine from 1967 to 1983. Fixed stations were sam
pled with an otter trawl during daylight at locations 
where shrimp abundance was historically high (Schick 
et al. 1981) (Figure D7). The Maine survey biomass 
index began declining in 1968 and depicts the stock 
collapse in thellite 1970s (Figure D6) (Clark 1981, 
1982; Schick et al. 1981). 

Groundfish Surveys 

NEFSC autumn bottom trawl surveys have been 
conducted since 1963 and spring bottom trawl sur
veys since 1968. Stations are sampled from Cape Hat
teras to Nova Scotia according to a stratified random 
design (Figure D8) (Despres et al. 1988). Although 
these groundfish surveys catch relatively fewer north
ern shrimp and have more measurement error, they 
represent a longer time series than any of the shrimp 
surveys. Correspondence among research surveys and 
fishery indices of abundance suggests that the autumn 
survey monitors resource conditions more closely 
than the spring survey (Clark and Anthony 1980; 
Clark 1981, 1982). The autumn survey indicates a 
precipitous decline from peak biomass in the 1960s to 

3% of peak levels in the late 1970s. The index subse
quently increased in the 1980s and has fluctuated at 
approximately 40% of peak levels in the 1960s 
(Figure D6). 

NSTC Shrimp Survey 

The shrimp survey has been conducted each sum
mer since 1983 employing a stratified random sam
pling design and gear specifically designed for Gulf of 
Maine conditions (Blott et al. 1983, Clark 1989). The 
summer survey is considered to provide the most reli
able information available on abundance, distribution, 
population age structure, and other biological pa
rameters of the Gulf of Maine northern shrimp re
source. Indices of abundance and biomass are based 
on catches in the strata that have been sampled most 
intensively and consistently over time (strata 1, 3, and 
5-8) (Figure D9). Survey catches have been highest in 
strata 1, 3, 6, and 8, the region from Jeffreys Ledge 
and .scantum Basin eastward to Penobscot Bay. The 
1983 survey did not sample strata 6-8. 

The statistical distribution of survey catch per tow 
(in numbers) was investigated to determine the best 
estimator of relative abundance. Catches within strata 
were distributed with significant positive skewness, 
and arithmetic stratum means were correlated to stra
tum variances. Log transformed catches [Ln(n+l)] 
were more normally distributed. Log transformation 
is a common practice for estimating relative abun
dance from trawl surveys because stratum means and 
variances are seldom independent, and log transfor
mation generally normalizes observations, renders the 
variance independent, and reduces anomalous fluctua
tions (Grosslein 1971). Geometric means were esti
mated with more precision (mean CV = 2.4%) than 
arithmetic means (mean CV = 13.5%). Therefore, 
stratified geometric mean catch per tow was used to 
estimate relative abundance. The nontransformed and 
transformed indices have different magnitudes and 
temporal patterns, particularly in recent years (Figure 
DI0) The 1996 arithmetic mean is slightly below the 
time-series mean, but the 1996 geometric mean is the 
lowest in the time series. Annual variation in the dif
ference between the two series reflects varying de
grees of skewness, or patchiness of shrimp aggrega
tions from year to year, which is consistent with 
observations from the fishery. 
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Shrimp survey catches by length and developmen
tal stage (Figure D 11) reflect the predominance of the 
strong 1982, 1987, and 199. cohorts in the stock. 
Although size at age 1. 5 is annually variable, discrete 
length modes indicate the relative abundance of age 
1.5 shrimp (generally around 12-18.5 mm CL) and 
age 2.5 shrimp (generally 19-23 mm CL). Length 
modes for older cohorts overlap extensively. 

A "selectivity method" was used to derive indices 
of recruits and fully-recruited shrimp from survey 
length frequencies (NEFSC 1995). The number per 
tow at length was partitioned into three components: 
fully-recruited, recruits, and pre-recruits (as illustrat
ed in Figure DI2). The fishery selectivity curve 
(Schick and Brown 1997, described above) was used 
to define fully-recruited shrimp. The producs of se
lectivity at length and survey catch per tow at length 
were summed to derive total catch per tow of fully
recruited shrimp. The carapace length of each interval 
was increased by one year of growth according to a 
von Bertalanffy growth curve: 

(2) 

where CL. = 35.2 and K = 0.36 (McInnes 1986) to 
estimate fishery selectivity afIer a year of growth. The 
remaining length frequency of recruits and pre-re
cruits was then multiplied by the end-of-year selectiv
ity at length to obtain an index of recruits. Using the 
selectivity method, age classes recruit to the fishery 
over several years, and recruitment in each year is 
composed of several cohorts. Therefore, the defini
tion of recruitment used in this assessment is not sy
nonymous with year-class strength (previous northern 
shrimp assessments defined recruitment as age 2.5 
abundance). 

Indices of recruits and fully-recruited shrimp re
flect the aggregate survey index: 1996 values are 
among the lowest (observed values in Figure DB). 
Mean weight of recruits and fully-recruited shrimp 
were estimated accxding to length-weight equations 
for each developn:;tal stage from Haynes and Wig·· 
ley (1969) and 19 florthern shrimp survey observa
tions. 

Abundance and Fishing Mortality Estimates 

Methods 

A modified DeLury model (Collie and Sissenwine 
1983, Conser and Idoine 1992) was applied to the 
Gulf of Maine northern shrimp fishery: 

(3) 

where fully-recruited abundance at the end of the year 
(N,+,) equals fully-recruited abundance at the begin
ning of the year (N,), plus recruitment (RJ, minus 
catch (C,), all reduced by one year of natural mortality 
(e-M

). 

M was assumed to be 0.25, as approximated from 
the intercept of a regression of total mortality on ef
fort (Rinaldo 1973, Shumway et al. 1985). Estimates 
of Z for age 2+ shrimp from visual inspection of 
length modes from the Maine summer survey equaled 
0.17 for 1977-1978 when the fishery was closed 
(Clark 1981, 1982), suggesting, for the population as 
a whole, that M is low relative to other Pandalus 
stocks. 

Catch was assumed to be taken at mid-year, 
whereby the summer survey marks the beginning of 
the "survey year" (August 1), and catch was taken on 
February 1 of the next calendar yt:: (which was bas
ed on the time of 50% cumulative seasonal catch for 
1985-1996 (Figure D2): 

N = [(N + 1) \e-O•5M - C 1 e-O.5M 
t+1 t.l."tJ t (4) 

so that recruited shrimp (N, + RJ experience a half
year of natural mortality (e-O

.5M), catch is removed, 
then the survivors [(N, + RJe-O

.
SM 

- C,l experience 
another half-year of natural mortality. 

Abundance is related to survey indices of relative 
abundance: 

n' = qN e"' , n' (5) 

and 
r,' = q.Rt eO' (6) 
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where r,' and n,' are observed survey indices of re
cruits and fully-recruited shrimp, q is catchability of 
the survey gear, and e"' and e~' are lognormally dis
tributed measurement errors. The process equation is 
derived by substituting survey indices into equation 4 
and including lognormally distributed process error 
(e'~: 

n = [en + r Is )e-O·5M 
- q CJ e-O· 5M e" t+1 t t r n (7) 

fishing mortality (F) were calculated from abundance 
estimates: 

(9) 

and 

FR+N., = ZR+N" - M (10) 

where 
sr = q,.1 <In 

The fishing mortality can be partitioned according to 
the average partial recruitment (P) of recruits over the 

(8) survey year: 

is the relative selectivity of recruits to fully-recruited 
shrimp. Selectivity studies (Blott et al. 1983) and sur
vey catch at length suggest that age 1. 5 shrimp are 
sampled less efficiently than age 2+ shrimp because 
total catch per tow is greater at age 2.5 than at age 
1. 5 for some cohorts (Figure D 11). There are two 
components to survey selectivity of age 1.5 shrimp: 
the 32-mm codend mesh in the survey trawl may not 
retain some small shrimp, and in some years, age 1. 5 
males may not completely migrate from inshore areas 
to the survey strata (Figure D9). Precise estimation of 
survey selectivity at size was precluded by large varia
bility in catch at size and few comparative tows (Blott 
et al. 1983). For the present analysis, sr was approxi
mated from the relative sampling efficiency of < 19-
mm CL shrimp to that oflarger shrimp, and the rela
tive proportions of those sizes comprising total re
cruits and fully-recruited indices. Expected catch per 
tow of age 1.5 shrimp was estimated from the age 2.5 
catch per tow in the next year, increased to account 
for one year of total mortality. The ratio of observed 
to expected age 1.5 catch per tow approximated the 
relative selectivity of <19-mm CL shrimp. The 
proportion of recruits and fully-recruited shrimp <19 
mm and the relative selectivity of < 19-mm CL shrimp 
were used to estimate qr and q,. An annually varying 
Sr was used in the DeLury analysis ranging from 0.7 
to 1.0 because the proportion of recruits <19 mm var
ied according to year-class strength. 

The parameters no r" and qn were estimated by 
iteratively minimizing the sum of measurement errors 
(equations 5 and 6) and process errors (from equation 
7) for the entire time series. Total mortality (Z) and 

FN" = [FR+N" (R, +N,)] I pR, (11) 

and 

FR,t = pFN,t (12) 

Average partial recruitment was derived from the 
schedule of growth into fully-recruited sizes over the 
survey year, as approximated by observations of 
monthly growth of age 1.5 shrimp from a mean cara
pace length of 14.5 mm in July to 21.9 mm CL the 
next July (Haynes and Wigley 1969). 

Results 

DeLury results are summarized in Table D6, and 
more detailed model output is reported in Cadrin et 
al. (1997). Parameters were relatively well estimated. 
Coefficients of variation for fully-recruited abundance 
estimates ranged from 19% to 25%, estimates of re
cruitment were slightly less precise (CV = 23-25%), 
and qn was estimated with moderate precision (CV = 

21 %). There were no large correlations among the 26 
parameter estimates, but qn was weakly correlated to 
recruitment in 1996 and 1997 (r = 0.4). Standardized 
residuals ranged from -1.1 to 1. 0 without significant 
annual patterns, indicating that the data fit the model 
well (Figure DB). 

Recruitment estimates averaged 0.7 billion, peak
ed at 1.0 billion in 1990, but decreased in recent years 
to 0.4 billion in 1997. Fully-recruited abundance aver
aged 0.8 billion, peaked at 1.2 billion in 1991, and de
creased to 0.5 billion in 1997, the lowest level in the 
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time series. Comparison ofDeLury estimates of fully
recruited abundance to minimum abundance estimates 
from area-swept expansion suggests that the q esti
mate is realistic because area-swept estimates were 
less than DeLury estimates in all years, ranging from 
0.2 billion to 0.5 billion. Total stock biomass esti
mates averaged 12,500 mt, peaked at over 17,000 mt 
in 1991, and decreased to 7,300 mt in 1997. The pat
tern of biomass estimates is similar to those in bio
mass indices from the autumn groundfish survey, and 
the magnitude of biomass estimates is similar to those 
estimated for the early 1970s using total catch and 
survey estimates ofF (Anthony and Clark 1980). 

Annual estimates ofFR+N averaged 0.36 from the 
1985-1995 fishing seasons and increased to 0.90 in 
the 1996 fishing season (Figure DI4). The increased 
F in the 1996 season reflects the pattern in nominal 
fishing effort (Figure D5). Estimates of mortality in 
the first and last years are the least reliable in DeLury 
analysis because n 84 and n96 each contributed to only 
one process residual, whereas n8S to n9S were each us
ed to calculate two process residuals (i.e., as n, and 
n'+l)' Averages of terminal mortality estimates (e.g., 
F9S_96 = 0.65 or F94-96 = 0.54) are less sensitive to mea
surement error in the 1996 survey observation of ful
ly-recruited shrimp. However, averaging F 96 with pre
vious years may be inappropriate because of the ap
parently significant increase. Total mortality estimates 
were within the range of previous estimates using vis
ual inspection of survey length frequencies [previous 
NSTC reports), Shepherd's length composition anal

. ysis (Terceiro and Idoine 1990), and MULTIFAN 
(Fournier et al. 1991)]. 

Two hundred bootstrapped estimates, which were 
derived by randomly resampling model residuals, sug
gest that estimates of abundance, biomass, and mor
tality were relatively precise. The median b90tstrap
ped value for F 96 was 0.93 with an 80% confidence 
interval of 0.74-1.14 (Figure DI5). The median F9S-96 

was 0.72 (80% CI = 0.59-0.84) and the median F94_96 

was 0.58 (80% CI = 0.47-0.67). Abundance estimates 
were not bias-corrected because estimates of bias 
were not substantial «10% in most years) and did 
not indicate systematic model bias. 

Sensitivity Analyses 

Alternative DeLury analyses were conducted to 
evaluate the sensitivity of results to several assump
tions. Exploratory DeLury runs were made with alter
native estimates ofM, fishery selectivity, relative sur
vey selectivity of recruits, and survey catches (Table 
D7, Figure DI6). 

The level of M for northern shrimp is uncertain. 
As described above, there are two sources of infor
mation for the Gulf of Maine stock: M was estimated 
as 0.25 by regressing Z on effort, and as 0.17 from 
survey catches before and after the fishery closure. 
These M estimates are below most levels estimated 
for other stocks of northern shrimp (Pandalus bore
alis). An international working group was unable to 
precisely determine M, but used 0.5 for an Icelandic 
stock based on catch curves of survey length frequen
cies, and assumed M for other stocks based on the 
relative abundance of cod in the area (ICES 1977). 
An estimate for the Gulf of Alaska stock was 0.35 
(Abramson 1980). Frechette and Labonte (1980) re
ported several estimates ofM for the Gulf of St. Law
rence stock using three years of survey length distri
butions: 0.4 for age 2+ and 0.2-0.8 for age 3+. A De
Lury analysis with M = 0.35 was conducted to inves
tigate sensitivity of results to M. Greater values for M 
would exceed some estimates of total mortality. Z 
does not appear to be sensitive to the assumed value 
of M (Figure D 16), but q and abundance estimates 
were sensitive. Results from this sensitivity run sug
gest that substantial catch was produced with negligi
ble F (0.03) because stock abundance and biomass 
estimates were much greater than those from the base 
run (M = 0.25). 

Estimates of fishery selectivity from trouser trawl 
experiments described above (Schick and Brown 
1997) produced a very gradual selectivity curve (Fi
gure D 12). Survey and commercial data were used to 
derive retention ratios at length as an alternative 
method of approximating vulnerability at size 
(NEFSC 1995). The ratio of cumulative length fre
quencies from the 1996 NEFSC spring survey and 
April 1996 port samples was used to approximate a 
vulnerability-at-size curve. The resulting vulnerability 
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curve is steeper than the selectivity curve, and the es
timated length at 50% retention is slightly smaller. 
The "selectivity method" of estimating recruits and 
fully-recruited shrimp from summer survey catch at 
length, described above, was revised using the vulner
ability curve for an exploratory DeLury analysis. The 
results from the sensitivity run were similar to the re
sults using the selectivity experiment data (Figure 
D 16), suggesting that these results are not very sen
sitive to slight changes in Lso or substantial changes in 
the steepness of the assumed selectivity curve. 

Previous NSTC stock assessments did not log 
transform survey catches to derive abundance indices. 
Sensitivity of log transformation was evaluated by 
processing untransformed catch-at-length data to de
rive alternative indices of recruits and fully-recruited 
shrimp for an alternative DeLury analysis. Abundance 
and mortality estimates from this sensitivity run were 
similar to those using log transformed survey indices 
(Figure D 16) because the greater magnitude of non
transformed survey indices was compensated by a 
greater estimate of q. 

Sensitivity to the estimates of annually variable s, 
was evaluated by setting a time-series average (s, = 

0.9) to all years. Results using s, = 0.9 were nearly 
identical to the base run (Figure DI6). Increasing s, to 
1.0 decreased mortality estimates slightly, and de
creasing s, to 0.8 slightly increased mortality esti
mates (Figure DI6). 

Statistical diagnostics of all DeLury runs for sen
sitivity analyses were similar. All sensitivity analyses 
resulted in an average total mortality of approximate
ly 0.6. Estimated F was greatest in 1996 from all 
model runs. Therefore, the reported level and tempo
ral pattern of mortality estimates are robust to all as
sumptions which were evaluated. 

Retrospective Analysis 

Comparison of results from eight retrospective 
DeLury analyses to the results reported above was 
completed to investigate the stability of estimates in 
the last year of the analysis and the possibility that 
tenninal mortality estimates are systematically incon-

sistent. The analysis was sequentially truncated by de
leting the last year of survey and catch data to create 
a retrospective series of DeLury estimates (Figure 
DI7). Tenninal mortality estimates were quite stable 
in most years. Retrospective differences in Z were 
positive for the first two terminal estimates (1988 and 
1989), negative for the next three (1990-1992), and 
positive for the last three (1993-1995). 

Confirmatocy Analysis 

An alternative method of estimating stock size and 
F was explored to corroborate results from the De
Lury analysis. A nonequilibrium surplus production 
model (Prager 1994, 1995) was fit to seasonal catch 
and survey biomass indices from 1968-1996 (Table 
D8, more detailed output in Cadrin et al. 1997). The 
model assumes logistic population growth in which 
the change in stock biomass over time (dB/cit) is a 
quadratic function of biomass (B.): 

(13) 

where r is the intrinsic rate of population growth and 
K is the carrying capacity. For a fished stock, the rate 
of change is also a function ofF: 

dB/cit = (r-F,)B, - (r/K)B,2 (14) 

F or discrete time increments, such as annual fishing 
seasons, the difference equation is: 

Bt+l = B, + (r-F .)B, - (r/K)B,> (15) 

Initial biomass (El)' r, and K were estimated using 
nonlinear least squares of survey residuals. The fall 
groundfish survey catch per unit effort (CPUE) con
tributed to the total sum of squares as a series of ob
served effort (E = CPUE/C); the Maine summer sur
vey and the NSTC shrimp surveys contributed as in
dependent indices of biomass at the start of the fish
ing season. Note that no assumption about M is need
ed for the biomass dynamics analysis. 

One survey observation (fall 1982) was a statisti
cal outlier, and Maine and NSTC survey residuals 
suggest autocorrelation (Figure DI8). The majority of 
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the variance in the fall and Maine surveys was ex
plained by the model (R2 = 0.6 and 0.7, respectively), 
but much of the variation in the summer shrimp sur
vey was not resolved (R 2 = 0.2). The model did not 
account for peaks in biomass from strong recruitment. 

Estimates ofF from the biomass dynamics model 
generally confirm the pattern and magnitude of esti
mates from the DeLury model; F 96 was the highest 
value since 1975 (Figure D 19). Recruitment of the 
strong 1982, 1987, and 1992 cohorts is not as pro
nounced in the biomass trajectory from the produc
tion model because dynamic recruitment is not ex
plicitly estimated, as it is in the DeLury analysis. The 
biomass dynamics model suggests that a maximum 
sustainable yield (MSY) of5,000 mt can be produced 
when stock biomass is approximately 31,000. mt 
(BMSY) and F is approximately 0.2 (FMSY) (Figure 
D20). However, BMSY was only exceeded in the first 
three years in the analysis, which are not reliable 
(prager 1994, 1995). 

Survey residuals were randomly resampled 200 
times to estimate precision and model bias. Bootstrap 
results suggest that r, MSY, and FMSY were relatively 
well estimated (relative interquartile ranges were 
<17% and bias was <3%). Estimates ofK, BMSY, and 
q were moderately precise (relative IQS were 23-
25%, bias was <2%), and BJ was not as precisely es
timated (relative IQ = 45%). F96 was estimated with 
less precision than in the DeLury analysis (relative 
IQS were 24% from the DeLury analysis and 59% 
from the production model). Similarly, B96 was esti
mated with less precision than in the DeLury analysis 
(relative IQS were 24% from the DeLury analysis and 
76% from the production model). 

Biological Reference Points 

Yield per recruit (Thompson and Bell 1934) and 
percent maximum spawning potential (Gabriel et al. 
1989) were estimated for the Gulf of Maine northern 
shrimp fishery (Table D9, Figure D21). Yield and egg 
production were derived as a function of abundance 
at the time of spawning (i.e., abundance at the start of 
the year, approximately February 1) to reflect size and 
weight at age during spawning and the fishery. The 

model assumes that annual growth and ontogenetic 
transition occur before oviposition and the onset of 
the fishing season. As described above, M was assum
ed to be 0.25 (Rinaldo 1973). Length at age was esti
mated using the von Bertalanffy growth parameters 
L_ = 35.2 mm and K = 0.36 (McInnes 1986). Propor
tion female at the time of hatch was estimated by the 
average of 1984-1996 observed sex ratios at length 
from the summer survey applied to a carapace length 
which was increased by a half-year of growth using 
equation (2). Selectivity at size was estimated using 
the selectivity curve from Schick and Brown (1997), 
described above. Mean weight at length for males and 
females was estimated using relationships developed 
by Haynes and Wigley (1969). Estimates offecundity 
at oblique CL were from a linear relationship 
developed by Apollonio et al. (1984). 

Yield per recruit was maximum at F = 0.77 (F m.J 
(Table D9). The increase in yield per unit F decreased 
to one tenth the initial increase at F = 0.46 (Fa.!). 
Maximum spawning potential (i.e., with no F) was 
2,395 eggs per recruit. Spawning potential was re
duced by half at F = 0.25 (F,o%). 

Information from the stock collapse in the 1970s 
may provide guidance on the level of sustainable F for 
Gulf of Maine northern shrimp: Biomass indices from 
the Maine survey and the biomass dynamics model 
suggest that biomass was declining as early as 1968. 
Log catch ratios of assumed age 2+ shrimp from sur
vey length frequencies suggested that F was 0.7-0.8 
during 1968-1970, and continued annual harvests of 
over 5,000 mt increased F to an annual average of 1.6 
during 1971-1975 (Clark and Anthony 1980). Esti
mates ofF from the first several years of the produc
tion model time series (e.g., 1968-1972) are imprecise 
and are not considered reliable (prager 1994, 1995), 
butF estimates for 1973-1975 ranged from 0.6 to 1.1 
(Figure D 19). According to the present egg
production-per-recruit analysis and historical F 
estimates, the stock was not replacing itself when 
spaw' 'g potential was reduced to less than 18% of 
maxin1, and the stock collapsed when egg produc
tion w., reduced further. Therefore, F20% may be an 
appropnate overfishing threshold, which would result 
in target F s well below 0.6. 
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Reproductive success for Gulf of Maine northern 
shrimp is a function of population fecundity and 
spring seawater temperature (Richards et al. 1996, 
Richards and Clark 1996). Landings are also corre
lated to lagged population fecundity (Stickney 1980, 
Richards et al. 1996). Although temperature condi
tions affect survival and growth during the early life 
history, the shrimp survey index of age 1.5 biomass is 
significantly correlated to the biomass index of fe
males from two years earlier (r = 0.6) (Figure D22). 
A survey index of egg production, derived as the sum 
of catch per tow of females at length multiplied by 
fecundity at length (Apollonio et at. 1984), had a sim
ilar relationship to recruitment. The two dominant co
horts in the time. series were produced when spawn
ing stock biomass was among the highest levels in the 
time series. When spawning stock indices were great
er than 6 kg/tow, two offour cohorts were abundant. 
These relationships suggest that poor recruitment is 
more likely at low levels of spawning stock biomass 
and egg production, and adequate egg production per 
recruit should be conserved. The 1996 spawning 
stock index was 3 kg/tow; all cohorts produced by 
spawning indices of 3 kg/tow or less were below 
average. 

SARC Comments 

The SARC concluded that the high Fin 1996 was 
the result of a large removal from a low stock size 
and an increase in catchability. This interpretation was 
based on patterns in catch, effort, and survey indices. 
Landings and effort increased sharply in 1995 and 
continued to increase in 1996 (Figures Dl and D5), 
but the pattern of F showed a moderate increase in 
1995 and a more substantial increase in 1996 (Figure 
DI4). Survey indices suggest that abundance increas
ed in 1995 and then declined in 1996 (Figure Dl3). 
Catch per unit effort has steadily increased since 1993 
(Figure D5). 

The SARC noted that the patterns of F and abun
dance were similar between the runs with transformed 
and untransformed survey indices. However, inspec
tion of the statistical distribution of survey catch per 
tow, the relationship between stratum means and vari
ances, and aggregated distributions targeted by the 

fishery suggested that In transformation was appropri
ate. 

The SARC recognized that terminal estimates 
from DeLury analysis are typically sensitive to the 
statistical weighting of process and measurement er
rors (e.g., NEFSC 1995). The northern shrimp De
Lury analyses had equal weighting of error compo
nents. There was a slight pattern of positive process 
residuals in the middle of the time series, and process 
errors accounted for 45% of the total model error. A 
model run with double weighting of process error was 
attempted to assess the sensitivity ofF96 to weighting, 
decrease the proportion of process error, and perhaps 
reduce the residual pattern. The sensitivity run indi
cated an increase in F96 to 0.96 (from 0.90 with equal 
weighting), 31 % process error, and the same pattern 
of residuals. The SARC concluded that increasing the 
weight of the process error would increase F96 and 
downweighting the process error would not be appro
priate because it is unlikely that process errors are 
greater than survey measurement errors. 

The SARC noted that updating the analysis with 
1997 catch and survey information may change the 
estimates of abundance and F in 1996. However, 
given the magnitude of past measurement errors in 
survey indices and the large catch in 1996, it is un
likely that revised estimates ofF% will be substantially 
lower. 

Three alternative production model runs were re
quested. The first sensitivity run removed the summer 
shrimp survey, which did not fit the model well, to 
provide a more independent confirmation of the De
Lury analysis; the revised analysis had very similar pa
rameter estimates and trajectories of F and biomass. 
The second alternative run removed both the summer 
shrimp and Maine surveys; the model did not con
verge well, but did produce similar parameter esti
mates and slightly lower biomass traj ectories. The 
third alternative run included the preliminary estimate 
of 1997 landings (6,500 mt); parameter estimates and 
trajectories did not change from the base run, and F97 
increased to 2.5. The original run, with three series of 
survey indices and 1968-1996 landings, was accepted 
as the best run. 
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The SARC observed that recent temperatures in 
the Gulf of Maine, as illustrated by Boothbay Harbor 
observations, were well above average. Correlation 
analyses indicate that, although spawning stock is the 
principal determinant of year-class strength, larval 
survival is reduced at high temperatures (Richards et 
al. 1996, Richards and Clark 1996). It was also re
ported that catchability decreased in 1997 due to high 
winter temperatures. The SARC was concerned that, 
at high temperatures and low stock sizes, the proba
bility of a strong year class may be poor in the near 
future. Under conditions of high temperature, the risk 
of stock collapse at high F is greater. 

Appropriate target and threshold reference points 
for long-term manag('ment were discus,·d. The 
SARC noted that the ('oduction model eS.(Date of 
FMSY (0.17) was much hNer than the yield-peI-recruit 
reference points (F""" = 0.77, and FO.1 = 0.46), and re
quested F mod estimates from available stock and re
cruitment data. Survey indices of egg production and 
recruitment, spawning biomass and recruitment (Fi
gure D22), and historical estimates of spawners and 
recruits (Richards et at. 1996, Richards and Clark 
1996) suggested that, at median survival rates, great
er than 50% of maximum spawning potential is need
ed to replace the stock Provisional F mod estimates av
eraged 0.2 (0.10 based on eggs per recruit, 0.16 bas
ed on spawning biomass per recruit, and 0.35 based 
on the extended series of spawners per recruit), which 
is similar to FMSY' However, survival ratios and esti
mates of F mod may be underestimated because of not 
accounting for partial selectivity of recruits to the 
survey. 

The SARC noted that compensation in growth 
and transition/maturity are important considerations 
for determining the dynamics of spawning potential 
and should be investigated. There is some evidence of 
accelerated maturation after the stock collapse in the 
1970s and, conversely, delayed maturation. of large 
year classes. Examination of maturity at size from his
torical surveys before and after the stock collapse 
may offer guidance on compensatory maturation. 

The SARC concluded that yield-per-recruit refer
ence points may be too high to use as overfishing 
thresholds, and that spawner-recruit information is 
too preliminary to use for determining the level ofF 

which will provide adequate stock replacement. The 
SARC observed that the 1985-1995 mean F (0.36) 
produced relatively stable stock sizes. An F of 0.36, 
which corresponds to 38% of maximum egg produc
tion per recruit and is slightly below Fo.l> was suggest
ed as an interim management target pending more de
finitive analyses 

The SARC concluded that the DeLury model ap
propriately describes the biology and fishery dynamics 
of the stock Regular assessments of the Gulf of 
Maine shrimp stock with these methods should pro
vide a reliable basis for management of the fishery. 

Research Recommendations 

• The potential for improving estimates of mortal
ity, abundance, and biomass from historical fish
ery and survey data from the 1960s should be in
vestigated for further guidance on appropriate bi
ological reference points. 

• Development of a time series of standardized ef
fort would help to corroborate patterns of 
estimated F. Such analyses depend on completion 
of audits and processing of vessel logbook data. 
Standardized effort may also be useful to update 
the derivation of M from the relationship of Z to 
effort. 

• Methods for age determinc.tion from kngth and 
ontogenetic stage informat;>,.m should contin
ued to develop the possibility of using Qge-based 
assessment methods. 

• A standard set of non-random stations has been 
sampled during the northern shrimp survey sihce 
1995. When an adequate time series is achieved, 
catch data from these stations should be incorpo
rated into survey indices of abundance and bio
mass. 

• Estimates offecundity at length should be updat
ed, and the potential for annual variability should 
be explored. 

• Power am,iysis of estimates of mean weight from 
port sampling should be investigated to optimize 
sample design. 
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• Explore gear modifications, such as larger mesh, 
to minimize shrimp bycatch in finfish trawl fisher
ies. 

• Modify sea sampling protocol to characterize dis
cards of shrimp in the shrimp trawl fishery and the 
small-mesh whiting fishery. 

• Expand the time series of stock and recruitment 
data using catchability estimates from the produc
tion model. 

• Investigate changes in transition and maturation 
as a function of stock size and temperature. 
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Table Dl. Gulf of Maine northern shrimp landings (mt) from dealers' records. 

Fishing season 

Month State 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 

Dec ME 335.7 346.9 485.9 339.7 353.6 512.4 238.2 181.1 100.9 171.5 747.6 1124.1 

MA 91.7 154.3 103.5 14.4 26.2 75.6 90.5 17.1 19.6 27.1 160.6 167.9 

NH 67.0 57.7 18.4 13.0 28.5 111.3 107.3 33.4 33.5 117.2 210.7 189.8 

Jan ME 851.8 747.8 906.2 793.9 770.5 778.2 509.1 880.9 369.0 647.7 1397.7 1678.3 

MA 283.9 213.4 260.0 225.8 197.5 344.4 174.7 148.2 82.0 68.0 154.0 106.7 

NH 86.2 75.9 53.6 72.6 106.9 191.7 104.4 47.0 85.4 124.3 186.8 169.5 

Feb ME 1095.5 1405.3 1192.7 788.1 700.6 509.7 884.0 1278.9 597.0 971.9 1338.2 3004.6 

MA- 238.3 221.2 384.9 255.0 154.9 184.8 175.9 73.3 81.9 100.8 104.1 188.7 

NH 50.4 70.8 62.8 53.7 77.0 116.1 33.8 11.9 1017 128.7 118.3 234.0 

Mar ME 525.1 415.4 672.9 243.6 246.4 638.5 454.9 462.5 297.5 399.5 912.0 785.2 

..... MA 239.3 200.7 310.2 104.9 104.8 100.2 131.2 47.5 62.3 38.8 111.0 67.8 
N 
U1 NH 11.6 14.2 15.7 14.9 15.4 30.7 27.8 6.8 77.0 49.6 158.5 81.9 

Apr ME 116.8 104.2 287.6 24.6 218.7 514.0 251.7 163.6 127.8 48.7 627.2 350.4 

MA 57.8 111.2 180.8 8.6 160.9 158.9 93.3 2.9 42.0 12.8 140.7 66.5 

NH 1.3 1.3 7.3 0.3 3.7 1.4 7.8 1.0 59.8 8.2 99.0 78.8 

May ME 21.5 149.2 127.9 67.3 94.2 282.8 148.2 87.2 794.5 

MA 57.0 84.8 182.8 10.9 55.6 110.0 133.8 5.0 60.3 

NH 1.0 17.1 

Jun ME 99.4 7.0 1.2 0.1 2.0 

MA 0.8 150.7 5.7 4.3 1.6 0.1 

NH 0.2 10.6 0.1 3.1 

Total 4131.9 4635.0 5266.0 3035.6 3315.4 4665.1 3571.2 3443.4 2142.4 2914.8 6466.4 9166.1 



Table D2. Sample size (number oflengths measured) of Gulf of Maine northern shrimp port samples. 

Fishing season 

Month State 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 Mean 

Dec ME 212 67 318 497 502 820 417 278 394 1149 904 505 

MA 92 441 287 101 446 205 310 269 1611 1528 529 

NH 602 884 370 639 761 760 306 331 541 560 389 559 

Jan ME 326 519 849 825 1204 460 2191 2327 2136 1717 1498 2718 1,398 

MA 1108 426 354 741 1137 819 642 789 903 1342 1231 863 

NH 283 876 672 674 631 990 953 551 427 418 499 450 619 

Feb ME 642 283 187 667 898 190 2816 2058 1915 2722 1420 4862 1,555 

MA 776 195 161 512 900 515 726 198 714 277 835 1709 627 

NH 585 788 459 517 551 513 336 480 422 439 370 355 485 

Mar ME 368 205 127 506 571 1407 1419 1570 1502 1572 944 3378 1,131 

0-> MA 830 388 414 149 232 358 652 1133 607 633 540 
N 
0"> NH 91 298 499 75 639 508 97 375 550 598 392 375 

Apr ME 38 58 303 1076 526 108 563 2789 2882 927 

MA 647 236 245 81 313 103 377 1009 104 346 

NH 107 362 186 218 

May ME 751 1218 226 1031 287 5638 1,525 

MA 429 75 1382 127 216 648 480 

NH 

Jun ME 

MA 436 436 

NH 438 438 

Total 5997 6260 5603 6080 9352 8246 14611 10113 11557 11075 13978 27904 13554 



Table D3. Sampling intensity (number oflengths per million landed) of Gulf of Maine northern shrimp port samples. 

Fishing season 
Month State 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 Mean 

Dec ME 7.64 2.66 9.\1 13.64 9.60 44.14 35.76 32.42 24.94 18.66 11.10 19.06 

MA 11.12 31.81 32.95 65.28 52.99 25.41 160.71 80.81 88.57 96.13 64.58 

NH \28.06 569.24 313.23 292.63 72.31 86.60 102.54 85.04 28.01 25.96 19.59 156.66 

Jan ME 4.93 10.22 12.72 15.95 19.75 7.33 55.47 3806 61.70 30.24 14.16 20.38 24.24 

MA 38.85 16.42 23.38 34.63 28.57 42.70 51.82 83.54 108.72 76.62 122.53 57.07 

NH 40.65 150.33 148.04 110.90 85.21 53.83 106.93 133.62 52.92 28.06 26.46 27.29 80.35 

Feb ME 7.30 2.86 2.22 13.06 20.68 3.39 44.76 23.06 45.95 38.63 13.67 19.83 19.62 

MA 35.42 10.67 5.95 28.55 36.86 30.84 30.98 32.37 86.69 29.05 72.24 112.38 42.67 

NH 132.22 147.73 96.69 128.16 105.84 52.33 \18.73 388.23 39.22 28.67 25.80 16.88 106.71 
...... Mar ME 7.93 5.83 2.01 21.01 31.69 
N 

27.76 38.63 37.42 53.93 39.46 9.31 43.90 26.57 
...., 

MA 37.90 21.47 14.73 18.97 20.36 19.28 141.89 174.96 159.56 107.30 65.\3 

NH 93.53 222.54 311.40 68.12 200.26 217.oJ 150.15 39.88 96.50 31.96 41.47 133.89 

Apr ME 3.03 6.\3 1\.10 44.35 35.42 10.40 104.25 35.83 75.31 32.52 

MA 118.51 20.50 12.00 98.84 23.24 6.99 36.33 198.57 \07.81 69.20 

NH 13.63 29.22 26.22 45.00 

May ME 124.49 106.27 8.37 80.98 30.43 67.16 69.61 

MA 36.09 4.21 217.45 11.09 9.94 64.06 57.14 

NH 

Jun ME 
MA 35.36 35.36 

NH 567.36 567.36 

Total 17.00 17.33 13.17 26.61 32.97 18.64 45.62 38.53 59.33 40.96 22.72 34.91 35.78 



Table D4. Mean weight (g) of Gulf of Maine northern shrimp from trip-weighted port samples. 

Fishing season 

'",;nIh State 1985 1986 1987 1(':11\8 1989 1990 1991 1992 1993 1994 1995 1996 Mean 
U...;~ ME 12.120 13.761 13.9jJ ~ _ -' L. i 9.798 12.825 15.531 1l.756 12.142 13.793 12.497 

MA 11.087 11.130 11.900 9.307 8.982 11.228 10.161 8.141 8.830 10.560 10.133 

NH 12.276 11.849 11.009 13.042 10.578 12.223 11.189 8.598 6.071 9.759 9.555 10.559 

Jan ME 12.881 14.734 13.568 15.340 12.639 12.401 12.887 14.406 10.658 11.409 13.214 12.582 13.060 

MA 9.959 10.018 14.905 9.228 8.652 9.109 11.962 8.677 8.184 8.790 10.624 \0.010 

NH 12.395 13.024 11.815 11.944 14.439 10.425 11.718 11.396 10.591 8.349 9.905 10.278 11.357 

Feb ME 12.456 14.185 14.161 J ~: ,"(21 16.134 9.086 14.050 14J 13.793 12.886 12.256 13.590 

MA 10.871 12.076 14.232 14.217 6.346 11.077 7.507 II.Yb" ~.Y39 10.552 9.007 12.408 10.850 

NH 11.383 13.265 13.219 13.322 14.781 11.850 11.927 9.627 9.456 8.412 8.247 11.133 11.385 

Mar ME 11.323 11.836 10.651 10.113 13.678 12.596 12.387 11.021 10.684 10.029 8.992 10.204 11.126 

..... MA 10.922 11.103 
N 

11.037 13.338 8.808 7.060 10.340 9.617 10.199 11.502 10.393 
00 NH 11.923 10.600 9.790 13.533 9.629 11.886 10.526 8.190 8.704 8.468 8.654 10.173 

Apr ME 9.321 11.010 8.020 10.376 11.011 12.318 9.021 8.058 9.157 9.810 

MA 10.592 9.670 8.870 10.494 11.948 10.777 8.984 8.263 13.269 10.319 

NH 7.617 7.989 11.111 8.905 

May ME 11.156 8.215 10.469 11.637 9.241 9.465 10.031 

MA 7.133 10.267 8.749 9.606 6.157 5.960 7.979 

NH 9.005 

Jnn ME 12.973 

MA 12.223 12.223 

NH 13.723 13.723 

Mean 11.326 11.984 11.806 12.387 11.435 10.316 10.748 11.734 10.057 9.703 9.714 10.578 10.982 



Table D5. Observed northern shrimp discards from the 
shrimp trawl fishery and finfish trawl fisheries. 

Shrim{:l trawl fishery 
Fishing Sampled Ib Ib Proportion 
season trips kept discarded discarded 

1985 1 2400 0.000 
1986 3 4300 3 0.001 
1987 4 3575 0.000 
1988 9 18935 0.000 
1989 17 23260 24 0.001 
1990 17 22004 0.000 
1991 37 66936 159 0.002 
1992 57 67433 56 0.001 
1993 80 91636 32 0.000 
1994 80 101625 795 0.008 
1995 57 77346 20 0.000 
1996 31 49362.5 0.000 

Average 0.001 

Large-mesh fish trawl fishery 
Sampled Ib Discard! Discard! 

Year trips discard trip (lb) trip (mt) 

1989 63 5 0.08 
1990 36 0.03 
1991 71 35 0.49 
1992 56 5 0.09 
1993 25 9 0.36 

1994 15 
1995 43 22 0.51 
1996 22 

1997 10 0.01 
Average 9 0.17 

Small-mesh fish trawl fishery 
Sampled Ib Discard! Discard! 

Year trips discard trip (lb) trip (mt) 

1989 32 30 0.94 
1990 A6 
1991 38 43 1.13 0.001 

1992 28 II 0.39 

1993 17 

1994 4 
1995 37 1,084 29.30 0.013 

1996 47 5,355 113.94 0.052 
1997 34 33 0.96 

Average 728 16.30 0.007 
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Table D6. Summary of modified DeLury model input data, estimates, and coefficient of variation 
(CV) and relative interquartile range (IQR) from bootstrap estimates of fishing mortality. 

Fishing 
season 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

Input 

Recruits 
(#/tow) 

447.6 

619.5 

533.4 

436.3 

459.9 

700.7 

511.6 

374.1 

313.6 

410.0 

368.7 

485.9 

257.7 

Fully. 
recruited 

(#/tow) 

479.1 

925.4 

848.7 

693.6 

387.9 

817.5 

907.7 

611.9 

444.4 

320.6 

364.4 

653.1 

348.6 

Catch 
(millions) 

352.793 

36U71 

425.294 

228.434 

283.647 

442.429 

320.290 

262.434 

194.788 

270.406 

604.137 

799.368 

Results 

Recruits 
(millions) 

787.82 

929.21 

765.85 

545.74 

941.62 

1043.44 

652.22 

478.29 

403.52 

574.64 

837.16 

720.77 

404 .. 38 

Fully, 
recruited 

(millions) 

755.36 

1051.60 

1134.18 

937.35 

726.83 

1071.36 

1159.05 

899.32 

672.51 

547.20 

628.26 

768.81 

473.12 

q - 0.7081 (CV ~ 8%, lOR -11%) 

Biomass 
(mt) 

11,210 

16,850 

17,180 

13,560 

10,840 

16,030 

17,080 

13,050 

9,546 

7,200 

10,080 

12,190 

7,301 

F(N+R) 

0.13 

0.31 

0.46 

0.46 

0.19 

0.35 

0.45 

0.47 

0.43 

0.33 

0.40 

0.90 

CV 

69% 

29% 

19% 

21% 

45% 

23% 

21% 

21% 

23% 

31% 

23% 

18% 

lOR 
94% 

34% 

23% 

25% 

58% 

29% 

28% 

28% 

29% 

41% 

3P 

24 .. 

Table D7. Summary of results from sensitivity DeLury analyses of Gulf of Maine northern shrimp. 

Run no. 

M 
Selectivity 
Survey 

Sr 

Estimates 

MeanZ 

Min.Z 

Max. Z2 
q 

Min.N' 

Max.N 

Min.R 

Max.R 
Diagnostics 

ISS 

RSS 
-Rsq 

%SSn 

%SSr 

%SS process 

CVq 

Min. CVn 

Max.CVn 

Min. CVr 

Max. CVr 

No. r>O.4;<,O.4 

No. std.res.>2 

No. iterations 

'[04 

0.25 

S&B 1997 

Ln 
0.7,1.0 

0.66 

0.39 

U5 

0.7081 

473.12 

1159.05 

403.52 

1043.44 

0.08736 

0.02028 

0.77 

0.37 

0.18 

0.45 

0.21 

0.19 

0.25 

0.23 

0.25 

2 

6 

184 124 

0.35 0.25 

S&B 1997 '96 retention 

Ln Ln 
0.7,1.0 0.7,1.0 

0.66 

0.39 

1.07 

0.5439 

640.70 

1514.08 

526.43 

1392.49 

0.06541 

0.01668 

0.74 

0.42 

0.15 

0.43 

0.24 

0.17 

0.22 

0.21 

0.23 

5 

0.60 

0.29 

1.04 

0.7032 

573.65 

1447.82 

407.65 

1191.35 

0.07925 

0.01975 

0.75 

0.43 

0.13 

0.44 

0.23 

0.18 

0.24 

0.23 

0.25 

5 

144 

0.25 

S&B 1997 

Nontrans. 
0.7,1.0 

0.63 

0.44 

0.93 

1.6279 

573.20 

953.84 

321.90 

937.80 

0.06502 

0.01090 

0.83 

0.39 

0.18 

0.44 

0.16 

0.13 

0.18 

0.16 

0.18 

6 

164 

0.25 

S&B 1997 

Ln 
0.9 

0.66 

0.38 

U4 

0.7081 

483.05 

1136.15 

404.35 

1049.42 

0.09952 

0.02479 

0.75 

0.41 

0.17 

0.43 

0.23 

0.21 

0.27 

0.26 

0.28 

6 

174 

0.25 

S&B 1997 

Ln 
1.0 

0.61 

0.34 

1.05 

0.6091 

571.24 

1311.24 

423.12 

1110.79 

0.08839 

0.02361 

0.73 

0.44 

0.14 

0.42 

0.25 

0.20 

0.26 

0.25 

0.27 

5 

'Accepted run. 'Maximum mortality was in 1996 for all runs. 'Minimum abundance was in 1997 for all runs. 

130 

134 

0.25 

S&B 1997 

Ln 
0.8 

0.71 

0.44 

1.25 

0.8359 

402.00 

970.Q3 

385.35 

986.40 

0.11473 

0.02634 

0.77 

0.37 

0.21 

0.42 

0.21 

0.22 

0.28 

0.26 

0.28 

2 

7 



Table D8. Summary of biomass dynamics model input data, results, and bootstrap interquartile ranges 
(IQR). 

Input Results 

Fishing Fall Maine Summer Catch Biomass 
season (kg/tow) (kg/tow) (kg/tow) (mt) (mt) F Parameter Estimate rQR 

1968 3.2 45.8 5,708 45,140 0.128 B1969 45,140 45% 

1969 2.7 31.2 12,140 43,780 0.304 K(mt) 59,080 25% 

1970 3.7 40.8 11 ,330 36,520 0.340 r 0.3421 12% 

1971 3.0 9.4 10,590 30,470 0.383 qfaU 0.0984 23% 

1972 3.3 7.0 11,220 25,130 0.517 qMaine 0.5669 23% 

1973 1.9 7.8 9,691 18,740 0.618 qsummer 0.8878 23% 

1974 0.8 4.9 8,024 13,050 0.781 

1975 0.9 6.7 6,142 7,961 1.132 MSY 4,925 17% 

1976 0.6 4.8 1,387 3,509 0.413 Bmsy 29,540 25% 

1977 0.2 1.6 372 3,212 0.103 Fmsy 0.171 12% 

1978 0.4 3.2 17 4,003 0.004 B1997 6,381 76% 

1979 0.5 4.4 487 5,477 0.079 F1996 0.994 59% 

1980 0.5 2.7 339 6,895 0.043 

1981 1.5 3.0 1,071 8,912 0.110 

1982 0.3 1,530 10,670 0.133 

1983 1.0 1,397 12,350 0.104 

1984 1.9 10.5 2,951 14,560 0.196 

1985 1.6 17.7 4,131 15,530 0.267 

1986 2.5 19.6 4,635 15,380 0.309 

1987 1.7 14.8 5,253 14,650 0.379 

1988 1.2 12.8 3,031 13,090 0.227 

1989 1.8 17.0 3,315 13,660 0.239 

1990 2.0 18.1 4,662 14,040 0.345 

1991 0.9 11.7 3,571 13,000 0.275 

1992 0.6 9.4 3,444 12,960 0.265 

1993 1.6 9.1 2,143 13,040 0.155 

1994 2.2 8.7 2,915 14,580 0.193 

1995 1.8 13.3 6,466 15,590 0.456 

1996 1.1 8.8 9,166 12,870 0.994 

1997 6,381 
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Table D9. Yield and egg production per recruit of Gulf of Maine northern shrimp. 

M=0.25 F example = 0.20 
Transition Total Male Female Male Female Male Female Fecundity Egg 

Age Length rate Selectivity N N N catch catch wt wt Yield at length production 

I 11.l7 0.000 0.033 774 774 4 0.84 1.24 4 

2 18.43 0.000 0.230 575 575 31 3.79 4.82 117 

3 23.50 0.081 0.579 399 367 32 56 7.87 9.30 439 1,286 41,581 

4 27.04 0.922 0.799 265 21 244 48 4 12.00 13.58 635 1,876 458,156 

5 29.51 0.997 0.893 173 172 3 35 15.60 17.19 657 2,287 393,661 

6 31.23 1.000 0.933 112 III 26 18.50 20.04 523 2,574 287,027 

7 32.43 1.000 1.000 71 71 18 20.72 22.19 399 2,775 197,299 

Total 2,773 1,377,725 

Ref Total/re\.:. 2.773 1,378 
...... pornt F YPR %EPR %max 57.52 w 
N 

Fmax 0.77 4.2482 14.77 

FO.I 0.46 3.9897 29.83 

F50% 0.25 3.1449 50.00 

F40% 0.34 3.6213 40.00 

F30% 0.45 3.9676 30.00 

0.63 4.2087 20.00 

FIO% 0.95 4.2111 10.00 
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Figure 022. Relationships between summer survey indices of Gulf 
of Maine northern shrimp female biomass the summer before 
spawning and survey egg production index to age-l.S abundance two 
years later. Data labels indicate year of spawn. 
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