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The 1990 Fall Stock Assessment Workshop (Eleventh 
SAW) was held in WOOds Hole, Massacliusetts in two ses
sions. The Stock Assessment Review Committee (SARC) 
met 15 - 19 October and the Plenary, 5-7 November 1990. 
The eighty-six participants included representatives of 
fisheries organizations in the states of Connecticut, Massa
chusetts, New York and the Atlantic States Marine Fisher
ies Commission; Mid-Atlantic and New England Fishery 
Management Councils; and NOAA's National Marine 
FISheries Service, Northeast Fisheries Center (NEFC) and 
Northeast Regional Office (NERO). 

The objective of the SARC was to provide a thorough 
technical review of submitted analyses on sea herring, 
summer flounder, scup, black sea bass, bluefish, silver 
hake, American plaice, cod, ocean pout, white and red 
hake, and smail elasmobranchs (skates and dogfish). New 
analytical assessment estimates of fishing mortality rates 
and stock sizes at age for eod, herring, and summer floun
der; and a new yield-per-recruit analysis for bluefISh were 
reviewed. An analytical assessment of silver hake was 
performed at the meeting. Survey indices and trends in 
landings and catch per unit effort (CPUE) were examined 
for American plaice, scup, black sea bass, ocean pout, 
white hake, red hake, skates, and dogfish. 

The SARC sought to determine: 

• The best current assessment of the resource 

• The major sources of uncertainties in the assessment 

• How these uncertainties might affect the picture of 
stock status 

The group also performed or recommended additional 
analyses to improve the presented work, and identified and 
discussed some generic issues to be considered by the 
Plenary and/or SAW Steering Committee. These issues 
include: 

• Terms of reference for conducting species reviews 

• SARC development of routine standard projections 
based on certain biological reference points 

• Implementing a research document series 

• Need for a joint U.S./Canada assessment of herring 
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• Survey gear modification analysis 

The technical review and recommendations to im
prove analyses are presented in the SARC Consensus 
Summary of Assessments, Part II of this report. 

A major objective of the Plenary was to review the 
report of the SARC and to prepare an Advisory Report on 
Stock Status of the Eleventh Stock Assessment Workshop, 
Partillofthis report. The Advisory Report summarizes the 
technical information in the SARC report and notes the 
states of exploitation and depletion of the reviewed spe
cies. The Advisory Report is intended to serve as scientific 
advice for fIShery managers on resource status. 

Other objectives of the Plenary were: 

• To agree to a set of guidelines for the presentation of 
assessment reports 

• To review the Atlantic salmon assessment program, 
organization and work of the Marine Mammals Inves
tigation, available information on the tilefish fishery, 
sea sampling progress, and modeling stock rebuilding 
strategies 

• To present an overview and methodology of squid 
assessments 

The Plenary confirmed that the SAW Steering Com
mittee would be in place within several weeks to guide the 
next SAW process and to set priorities for species to 
review. Twenty species/stocks, as well as methodology 
used to estimate harbor porpoise by-catch, were identified 
to be in need of a technical review as soon as possible. The 
Plenary also identified the need to form a Sea Sampling 
Priorities Working Group with specific reference to studies 
that might be performed to provide a better basis for 
program design and definition, a working group on Model
ing Rebuilding Strategies for the purpose of reviewing 
existing models and work to date, and a working group on 
Long Term Stock Trends to review evidence of physical 
and biological factors explaining historical abundance and 
distribution patterns; and to review the work of several 
existing working groups. 

Recommended timing for SAW 12 includes a SARC 
meeting in the latter half of May, and a Plenary meeting in 
late June. 
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The Fall 1990 Northe&t Fisheries Center (NEFC) 
Stock Assessment Workshop (Eleventh SAW) was held in 
two sessions according to the new structure-recommended 
by the 10th SAW. The Stock Assessment Review Commit
tee (SARC) met 15 - 19 October and the Plenary 5 - 7 
November 1990. Both sessions were held at the Northeast 
FISheries Center Aquarium Conference Room in Woods 
Hole, MA. Eighty-six individuals from marine fISheries 
management and scientific institutions and agencies at
tended all or part of the workshop. 

This report presents an overview of the special topics 
(recommended during the 10th SAW) and reports pre
sented at the Plenary: review of the Atlantic Salmon 
Assessment Program: overview and methodology of squid 
assessments; overviews of the NEFC Marine Mammals 

Table 1. SAW list of participants 

National Marine Fisheries Service 

Northeast Fisheries Steven Murawski 
Center Helen Mustafa 

Frank AImeido Arthur Neill 
Janet Andersoo John Nicholas 

Vaughn Anthony Loretta O'Brien 
Thomas Azarovitz William Overholtz 

John Boreman Joan Palmer 
Ray Bowman Lindo Patanjo 
Jon Brodziak John Pearce 
Jay Burnett Thomas Polachock 

o,erl ... Byrne Barhara Pollard 
Darryl o,ristensen David Potter 

Stephen Clark Gregory Power 
Edward Cohen Anne Richards 

Ray Conser Andrew Rosenberg 
David Dow Ronnee Schultz 

Steven Edwards Frederic Sen:huk 
Don Flescher Gary Shepherd 

Michael FOgarty Vaughn Silva 
Kevin Friedland Michael Sisscnwine 
Wendy Gabriel Tim Smith 
Patricia Gonia- Herb Stem 

Richard Greenfield Mark Ter<:eiro 
Dennis Hanafnrd Gordon Waring 

Daniel Hayes Alan White 
Eugene Heyerdnbl Susan Wigley 

Bruce Higgins Mikolay Wojnowski 
Joseph ldoine Patricia Yoos 

Ambrose Jearld 
Kathy Lang 
Philip Logan 

Northeast RegIon James Manning 
Garry Mayer Onug Beach 

Ralph Mayo Pat Kirkul 

William Michaels Robert Pawlowski 

Nancy Munroe Keith Rodrigues 

Thomas Morrissey Lindo Shaw 
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Investigation, and sea sampling progress; reviews of avail
able information on the liIeflSh fishery, and modeling and 
stock rebuilding strategies; guidelines for the presentation 
of assessment reports; and the SARC report. In addition to 
this report, Eleventh SAW documentation includes a SARC 
Consensus Summary of Assessments, which provides a 
thorough technical review of the twelve species included in 
the SARC agenda, and a SAW Advisory Report that is 
based on the technical reviews. These reports serve as the 
most current source of information on the status of the 
reviewed fishery resources In the New England and Mid
Atlantic are&, and are designed for use by fIShery scientists 
and managers. 

Table 1 lists SAW participants. Table 2 shows the 
agenda. Table 3 is a list of working papers. 

New York Department or Marine Resources! 
Atlantic States Marine Fisheries Commissionon 

John Mason 

Maine Department of Marine Resources 
David Stevenson 

Maasachusetts Division or 
Marine Fisheries 

Steven Correia 
Thomas Currier 
Arnold Howe 

Dan McKiernan 
Paul Pie"," 

David Witherell 

Connecticut Department or 
Environmental Protection 

Penny Howell 
David Simpsoo 

Mid-Atlantlc Fishery Management Council 
Tom Hoff 

Dave Keifer 
a,ns Moore 

New England Fishery Management Council 
a,ns Kellogg 
Pamela Mace 

Monomet Bird Observatory 
Friedrich von Krusenstiern 

Marine Biological Laboratory 
Edward Enos 

USCGA 
Jan McLeavey 
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Table 2. SAW SARC agenda 

Eleventh Stock Assessment Workshop 
STOCK ASSESSMENT REVIEW COMMIJTEE 

NEFC Aquarium Cunference Room 
Woods HoIe,MA 

AGENDA 

Order of presentation for Species Reviews, expected Sources 
of analyses, and Suggested Rapporteurs: Days of reviews 
are subject to change. 

Species Source/Presenler 

Monday, 15 October 

Sea herring! Maine DMR - Stevenson 
Summer flounder! NEFC - Gabriel 

Tuesday, 16 October 

Scup' Conn. - Howell 
Black sea bass' NEFC - Shepherd 
Bluefish' NEFC - Gabriel 
Silver hake' NEFC-Mayo 

NEFMC - Russell 

Wednesday, 17 October 

Sea scallops' NEFMC - Russell 
American plaice' NEFC- Serchuk 
Cod' NEFC - Serchuk 

Thursday, 18 October 

Haddock' NEFC-Mayo 
Ocean poutZ NEFC - Wigley 
White hake' NEFC-Mayo 
Red hake' NEFC- Wigley 

FrIday, 19 October 

Skates' NEFC - Murawski 
DogfISh' NEFC - Murawski 

Review of SARC Report 

1 Review DeW asstSamelll or aaalysil 
2 New assessmeot or analysis 
3 Analysis aDd review 

Rapporteur 

Hoff 
Mace 

Fogarty 
Fogarty 

Mace 
Polachek 

Conser 
Goodyear 
Goodyear 

Overholtz 
Overholtz 
Stevenson 
Stevenson 

Mayo 
Mayo 

9:30 

9:45 

10:45 
11:00 

12:00 
1:30 

2:00 

3:00 
3:15 

9:30 

10:30 
10:45 

12:00 

1:30 

9:30 
10:00 
12:00 

1:30 

PLENARY 
Northeast Fisheries Cenler 

Aquarium Conference Room 
Woods Hole, MA 02543 

AGENDA 

Monday, S November 

Opening remarka A Peterson, Jr. 
A Rosenberg, 
Moderator 
Review Atlantic salmon K. Friedland 
assessment program 
Coffee 
Squid assessments: Overview S. Murawski 
and methodology ARosenberg 
Lunch 
Overview of Marine Mammals T. Smith 
Investigation 
Review of avai1able information S. Murawski 
on the tileflSh fIShery 
Coffee 
Guidelines for presentation of A Rosenberg 
assessment reports 

Tuesday, 6 November 

Overview of sea sampJing 
progress 
Cuffee 
Modeling stock rebuilding 
strategies 

Lunch 

D. Christensen 

A Rosenberg 
P. Mace 

Report of the Stock Assessment A Rosenberg 
Committee 

Wednesday, 7 November 

12th SAW terms of reference, timing 
Preparation of SAW Advisory Report 
Lunch 
Completion and approval of SAW Report 
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Table 3. SAW-ll SARCand Plenary Papers 

SA W/ll/SARCIl 

SAW /ll/SARC/2 

SAW/11/SARC13 

SAW /1l/sARC/4 

SAW/ll/SARC/S 

SAW/ll/sARC/6 

SAW/ll/sARcn 

SA W/ll/SARC/8 

SAW/ll/SARC/9 

SAW/11/SARCIlO 

SA W/11/SARC/11 

SAW/ll/sARCIl2 

SAW/11/sARCIl3 

SAW/ll/PU1 

SAW/11/PU2 

SAW/ll/PU3 

SAW/11/PU4 

SAW/11/PUS 

SAW/11/PU6 

SAW/11/PU7 

SAW/11/PL/8 

SAW 11 SAKC Papers 
Presenter 

Revised assessment of the Georges Bank cod stock 1990 F. Serchuk 

Marine FinfISh Survey Section 2.3 stock assessment of scup P. Howell 

Status of black sea bass north of Cape Hatteras, NC G.S hepherd 

The calculation of replacement fIShing mortality rates, F ,for H. Russell 
Gulf of MaineINorthern Georges Bank and the Soutbern Georges BanklMid-Atlantic 
stocks of whiting 

Yield-per-recruit analysis for Atlantic coast blueflSh-l990 W. Gabriel 

Virtual population analysis of the Gulf of Maine Atlantic herring stock D. Stevenson 

Report of the Stock Assessment Workshop Summer Flounder Working Group (WG#21) W. Gabriel 

Updated assessment of American plaice in the Gulf of Maine- F. Serchuk 
Georges Bank region: Data tables and figures, 1990 

Overview of smaJl elasmobranch stock status and population S. Murawski 
dynamics of the Northeast USA 

Ocean pout - Status of the fisheries resources off the Northeastern United States for 1990 S. Wigley 

White bake - Status of the fISheries resources off tbe Northeastern United States for 1990 R. Mayo 

Red bake - Status of the fISheries resources off the Northeastern United States for 1990 S. Wigley 

Scup - Status of the fISheries resources off the Northeastern United States for 1990 W. Gabriel 

SAW 11 Plenary Papers 

Report of the 11th NEFC Stock Assessment Workshop Stock Asseasment 
Review Committee: Consensw; summary of Assessments 

Guidelines for the presentation of assessment analyses 

An overview of the Northeast Fisheries Center's Marine Mammals Investigation 

ICES guidance 10 Assessment Working Groups from ACFM and Secretarist 

Overview of squid assessments and methodology: Northeast USA 

Advisory report on stock: status of tbe Eleventh Stock Assessment Workshop, 
National Marine FlSberies Service, Northeast Fisheries Center 

Stock rebuilding strategies over different time scales 

Overview of sea sampling progress 

A Rosenberg 
SARe Chairman 

A Rosenberg 

T. Smitb 

S. Murawski 

A Rosenberg 

A Rosenberg 

D. Christensen 
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The Northeast FIsheries Center (NEFq Atlantic salmon 
resean:h prognun consists of assessment activities and 
basic resean:h on assessment and stock identification tech
niques. Dr. Kevin Friedland of the Center described the 
prognun for the SAW. The NEFC involvement in salmon 
research increased in the mid-l980s after the United States 
joined the North Atlantic Salmon Conservation Organiza
tion (NASCO). The Center resean:h prognun is organized 
into three areas of resean:h: Carlin tagging, coded-wile 
tagging (CWI'), and non-tag stock identification. Addi
tionally, the Center performs routine assessment and advi
sory activities associated with all aspects of the research 
program. 

The Carlin tag resean:h program at the Northeast 
FIsheries Center is a cooperative program witb state and 
otber federal agencies. Carlin tags are affixed to smolts 
from the Penobscot River, Maine, thus continuing the time 
series of release-return data for Maine stocks begun in the 
early 1960s (Figure 1). Efforts have been made to tag other 
restored US. stocks, for example smolts from the Con
necticut River, but the limited success of tbese tagging 
experiments has lead to a suspension of this part of the 
program. 

The coded-wire tagging (CWI') prognun at the Center 
was begun in 1985 and is also a cooperative prognun 
between state and federal agencies (Figure 2). The cwr 
program is a fisbery independent tagging system designed 
to ameliorate the suspected biases associated with Carlin 
tag return data. The cwr study necessitates a sampling 
program for the target fisheries since the tags cannot be 
detected by the fishermen. The Center Coordinates U.S. 
participalionln the Greenland and Canadianfisberies sampling 
programs. 

Assessments based on Carlin tag returns from distant 
water fisheries have consisted of harvest estimation and 
modeling of restored salmon runs. Harvest estimates from 
Peterson type estimatOls that include parameters to account 
for the reporting rate of tags and non-catcb fishing mortal
ity. Harvest model sensitivity bas been tested for parame
ters associated with distant-water recovery and run estima
tion. The mndel is most sensitive to values used for the 
distant-water fIShery reporting rate (Figure 3). The harvest 
estimates have been summarized for the Greenland and 
Canadian fisheries by year, area, and week of recapture. 
Interceptions of U.S. salmon occur primarily along the 
north shore of Newfoundland during spring. simuitanc-

T .~h=o=u=s=a~nd=8=-____________________________________________ ~ 
160 .... 

140 

120 

100 

80 

60 

40 

20 

o I 

1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 

Year 

_Maine RConn UMerr 

figure 1. Carlin tagging of Atlantic salmon from the Penobscot!, Connecticut, and Merrimack Rivets, 1966-1990. 
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Figure 2. Coded-wire tagging of Atlantic salmon from the Penobscott, Connecticut, and Merrimack Rivers, 1989-1990 
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Figure 3. Harvest model for Greenland and Canadian AI1antic salmon fisheries. 
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Figure 4. Summary of Greenland and OlDadjaD Atlantic salmon fisheries. 

ously in Labrador and West Greenland during summer, and 
again along the north shore of Newfoundland during ran 
(Figure 4). These patterns have been modified in recent 
years by management changes affecting fishing dates in the 
respective fisheries. 

Coded-wilc tag based harvest estimates arc only avail- . 
able for recent years. Because Ihcsc estimates arc not 
affected byrcporling rate bias, they arc considered more 
accurate than Carlin tag-based estimates. cwr-based 
estimates for Maine stock harvested at West Greenland arc 
significantly higher than those based on Carlin tag data and 
suggest that there Is a systematic downward bias in the 
estimates resulting from Carlin tagging (Figure S). 

Run reconstitution J!!OdeIlng of the U.s. stock com
plex has been performed Cor the extant stock (entire stock 
across all fisheries) and stock components in specific 

component Is harvested at a mean level of 60 percent 
(Figure 6). Extant exploitation rate of the two sea-winter 
component (fish destined to be three sea-winter spawners) 
is at levels exceeding 80 percent (Figure 7). To estimate 
explOitation rate in specific fishing zones (i.e., OIDada 
versus Greenland) it Is nec:essary to assign or estimate a 
migration factor P (the fraction oflhe stocks returning from 
Canada). Estimation of P Is a non-linear process and is the 
Subject of ongoing research. 

Stock identification rcscan:h at the Center consists of 
ongoing image processing projects. Image processing. the 
coUcction of morphometric and meristic data on a compu
terized video system, Is being applied to scales and otoliths 
10 develop classification models for identification to 
county and conlincDl of origin. 
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• 33351 in 1980 
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Figure S. Comparison ofharves1 estimates of Mainc-origin salmon at West Greenland based on coded-wire an4 Carlin tag 
data. 



Page 14 

E 
O.8.-------------------------~--------------------~ 

0.2r-£-------------------------------------------~ 

0r-~~~_4--~+_~_+~~+_~~~--~~~~~r_~~ 

1967 1969 1971 1973 1975 1977 1980 1982 1984 1986 1988 

Year 

-.- mean 1X model -e- mean 2X model 

. Figure 6. Exploitation rate for tilc extant one sea-winter stock. 

E 
1.-~--------------~------~------~--------------~ 

0.6r-----------------~~+_--~L-------------~~~~ 

O.4r-------------------~----------------------~-+~ 

0.2r-------------------------------~--------~~~ 

0r-~~~--+_~_+--~+_-L_4--~~~--~~~~--~~ 

1968 1970 1972 1974 1976 1978 

Year 
1981 1983 1985 1987 

-.- mean 1X model -e- mean 2x model 

Figure 7. Exploitation rate for the extant two sea-winter stock. 



The assessment of squid stocks in the Northeast region 
is the responsibility of the Mid-Atlantic.Offshore Investi
gation at NEFC. Dr. Steve Murawski described some of the 
problems of assessing the resource and sought guidance on 
future directions in evaluating squid stocks. 

The priority for improving the level of assessment for 
long-finned (£Oligo pea lei) and short-fmned squid (II/ex; 
illecebrosus) populations has been relatively low in com
parison to other species (yield-per-recruit and indexed 
assessments are currently used for Loligo and J/lex, respec
tively). Both species produce two cohorts per year and 
exhibit a cross-over life cycle in which spring cohorts 
spawn in faU and faU cohorts spawn in spring. The cross
over of cohorts complicates the use of bottom trawl survey 
indices to monitor squid abundance because the survey 
data provide information on a mixture of cohorts. 

Population abundance ~timates based on survey indi
ces need to account for the relative strength of cohorts. 
Length-based disaggregation of survey data was discussed 
as a way to assess cohort strength. Tracking relative cohort 
strength was also considered to be important for the deter
mination of biolOgical reference points for hoth species. 

The spatial distribution of hoth species appears to be 
influenced by water temperature. In particular, abundance 
estimates for £Oligo based on the area-swept model are 
probably dependent on the distribution of hottom tempera
ture and suggest the development of a model to calibrate 
the survey indices to incorporate observed bottom tempera
ture. The number of zero tows per cruise was mentioned as 
an alternative abundance indicator for Loligo in contrast to 
mean number- or mean weight-per-tow. Bottom tempera
ture is also likely to have a significant effect on the 
distribution of Illex pre-recruits and recruits along with 
other environmental factors. 

Further examination of catch and effort data, as weU as 
by-catch data, may improve £Oligo and Illex assessments. 

BACKGROUND 

Reauthorization of the Marine MarnmaI Protection 
Act (MMP A) in 1988 placed additional requirements on 
NMFS to monitor by-catch and determine optimum sus
tainable populations for marine mammal species. In 1990, 
the Center created a new research group, the Marine 
Mammal Investigation (MMl), to consolidate and expand 
its marine mammal research efforts. Dr. Tim Smith pre
sented an overview of the work of the investigation. Re
search ls orgartized into three projects: human interactions, 
optimum sustainable population size, and ecological roles 
and habitat requirements. 
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It was mentioned that the catchabUity of £Oligo may vary 
within a fishery making the estimation of abundance using 
catch and effort data problematic. In addition, market 
prices for squid were cited as an important factor in 
determining fishing effort within a season. Uncertainty 
ahout the level of post-spawning and natural mortality was 
also discussed. 

In summary, the discussion focussed on the direction 
of assessment research that should be pursued. Two, not 
necessarily dichotomous, possibilities were considered: 
continuing the status quo or increasing the technical level 
of assessment. It was argued that increasing the accuracy of 
technical assessments will be difficult due to data require
ments and current uncertainties ahout the spatial and tem
poral distribution and life history parameters of hoth spe
cies. It was also argued that improving the current level of 
assessment is highly desirable given the magnitude of squid 
landings in comparison to other species. 

There is currently a major fishery for squid in the 
Southwest Atlantic around the Falkland Islands. Dr. An
drew Rosenberg described the assessment and manage
ment system used there as background information for the 
discussion. Descriptions of assessment and management 
procedures for the Falkland fishery are discussed in Rosen
berg et aL 1990 and Beddington et aL 1990. 

REFERENCES 

Rosenberg, AA., G.P. Kirkwood, J.A Crombie, and J.R. 
Beddington. 1990. The assessment of stocks of annual 
squid species. Fish. Res. 8:335-350. 

Beddington, J.R., A.A Rosenberg, J.A Crombie, and G.P. 
Kirkwood. 1990. Stock assessment and the provision of 
management advice for the short-fin squid fishery in 
Falkland island waters. Fish. Res. 8:351-365. 

In the short term, MMI's highest priority is on the 
human interactions project. Objectives are to determine 
marine mammal by-catch rates, expand those rates to 
estimate total numbers kiUed in various commercial fISher
ies, and determine spatial/temporal differences in rates that 
may be useful for management. The focus will be on 
estimating the importance of the by-catch of marine mammals 
in the demersal gill net fishery in the Gulf of Maine and 
adjacent waters, and in the foreign and domestic Atlantic 
mackerel and squid trawl fISheries in the Mid-Atlantic 
Bight and Southern New England areas. DesCription of 
rates of by -catch and estimates of total kill are required for 
MMP A reauthorization in 1993. 
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In the medium term, the priority is on the optimum 
sustainable population size (OSP) project, where the focus 
is on estimating population sizes and vital rates for those 
species subject to by-catch in fisheries, and on monitoring 
humpback and right whale populations. Pilot whales and 
harbor porpoise are the main by-catch problem. Right and 
humpback whales are the subject of endangered species 
recovery plans. 

Over the longer term, the priority will he on the 
ecological roles and habitat requirements project, which 
will focus on changes in predator-prey relationships, espe
cially those involving interactions hetween pinnipeds and 
cetaceans and pelagic ftshery resources in the Mid-Atlantic 
Bight and Southern New England. Studies are planned 
using geographic information system (GIS) technology to 
analyze co-distribution of marine mammals and fIShery 
resources. 

DISCUSSION 

Research activities in FY91 will depend on funding 
and stafftng levels. MMI will address all three research 
projects to some extent. Ecological studies on co-distribu
tion of marine mammals and their prey were sidetracked 
when the RN Albatross IV was decommissioned. Much of 
the research will he done under contract to others. A 
program review will he held in March/April 1991. 

Concern was expressed over the effects of whale 
watching on right whales off Massachusetts. Airships 
could he used to observe the whales' hehavior, but the 

AI the request of the Mid-Atlantic Fishery Manage
ment Council, Dr. Steve Murawski summarized the avail
able information on tilefish. 

Tilefish (Lopholatiluschamaelemuiceps) is found along 
the outer continental shelffrom Nova Scotia to Surinam. In 
the Southern New England and Middle Atlantic Bight 
regions they concentrate in depths of 80 to 240 m, often 
occupying horizontal excavations in submarine canyon 
walls (Le., "pueblo villages"). The tileflSh is a fairly long
lived species (maximum ages of 26 for males and 35 for 
females), and grow to 100 cm (females) and 112 cm (males) 
with weights up to 30+ kg. Growth rates are similar for both 
sexes for the ftrst four years (about 10 cm per year), after 
which the rates diverge, with females growing slower. Sex 
ratios are skewed by age and size (females live longer, 
males grow larger). 

priority for this work is not high now. Contract research is 
heing done on right whale individual identiftcation, habitat 
requirements, and population modeling. 

NMFS is reviewing OSP methodology, which is based 
on the MMPA's rigid, singie-species concept, and MMI is 
trying to organize a workshop with the Northwest Fisheries 
O:nter. Quality of the data is an important issue. Concern 
was voiced that the workshop would not supply informa
tion on alternatives to OSP in time to meet NMFS's January 
1992 deadline for preparation of a draft environmental 
impact statement (EIS) for controlling incidental take. If 
NMFS does not have alternatives to OSP by then, it will 
have to proceed as is, with adverse consequences for 
ftsheries. 

Another unresolved issue is the by-catCh of marine 
mammals in foreign ftsheries. Harbor porpoise stock 
structure across the North Atlantic and in the North Sea is 
unclear. Beaked whales also could he affected if the 
swordfISh driftnet fIShery expands toward Iceland. MMI is 
exchanging tissue samples with other nations, and partici
pates on several international scientiftc committees. 

The needs ofMMI will prompt a rethinking of resource 
survey boundaries: the shelf break 200 m contour is not 
sufficient to encompass marine marnmal distributions off
shore. There are some potential methodology interactions 
with other surveys, but marine marnmal observers take up 
bunk space, and there are problems of shifting from one 
ftshery to another. There are possible interactions with 
pelagic fisheries investigations, and MMI could use stan
dard methodologies developed by others. But problems of 
covering under-tonnage vessels (important for marine 
mammals but not for demersal fishes) must he considered. 

The commercial exploitation of tilefish in the South-
ern New England-Middle Atlantic region hegan in 1915, 
and has followed a cyclic pattern since, ranging from 4,500 
mt in 1916 to less than 1 mtduring the 1940s and late 19605 
(see Figure 1). Some of this fluctuation reflects changes in 
effort (e.g., no fIShing during World War IT, a developing 
longline fishery centered around New York and New Jersey 
in the late 1970s). The majority <lflandings (Figures 2 and 
3) have come from statistical areas 616 and 526 (with the 
main landing ports in New York and New Jersey). There 
was an increase in effort from the mid 1970s to 1980 
(Figure 4;-auniUJf-efforl-measured~-2S()"hook-tub-trawl----
line), with a subsequent drop in 1981-82. CPUE analyses 
for this same period (Figure 5) show a consistent decline. 

Yield-per-recruit (YPR) analyses give an F mu of 0.1 to 
0.2, and estimates of mortality rates from 1987to 1982 
suggested F = 0.4 to 0.6. 
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Figure 1. Tilefisb landings in !be southern New England·Mld41e Atlantic region, 1931·1989. 

CONCERNS OF THE SAW 

Several questiollS related to future work on this resource 
were raised during !be discussion and are summarized 
below. 

• Since !be tilefish is ainIiIar to a reef fish (in lenus of 
growth, and reproduction) !be assumptiOIlS of conven· 
tional YPR methods do nol hold. Work done on 
ainIiIar species (e.g~ black sea bass) and al !be South· 
easl Center should be investigated and !be sensitivity 
of the results of !be analyses to violatiollS of !be 
underlying assumptions evaluated. 

• Was !be stock overfished and Is il still being over· 
fished? Is il depleted and in need of rebuilding? 

• If we are data·limited, can !be council (MAFMC) 

institute a 303 requesl for data necessary for an FMP. 
and institute a log book program? Should log books be 
mandatory or voluntary? The meeting generally con· 
curred thaI a voluntary logbook system would be 
beneficial. 

• Could sea sampling be used as a proxy for or supple
menl to log books? 

• Should !be VP A be updated with current CPUE data 
(old analysis was done in 1982, at the point landings 
began to decline again)? If so, do we need new age 
data, or can !be old data be used along with !be new 
CPUE and landings information? Whether this analy· 
ses is warranted depends on !be need for management 
advice. 
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Figure 2. Tilefish landings In 1989 by statistical area. 
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Under the new structure of the SAW, techitical reviews 
of assessment analyses are to be conducted on a regular 
basis. Standardizing the form in which assessment reports 
are presented would facilitate this process. Dr. Andrew 
Rosenberg presented a working draft of guidelines for 
assessment reports for discussion and revision by the Ple
nary. The recommended guidelines with additional com
ments by the session are given below. 

RECOMMENDED GUIDELINES FOR 
PRESENTATION OF ASSESSMENT 
ANALYSES 

These guidelines are intended to facilitate the report
ing of assessment results to the SAW for review. Working 
groups and individual scientists should try to put their 
reports in this format wherever possible to help reviewers 
understand their work. 

The section and subsections headings which should be 
included where possible are listed. If a section heading is 
not applicable to a report it should simply be omitted. 
However, if it is relevant but no data or analyses are 
available in the report, an explanatory note should be 
included. There are tables and figures associated with most 
sections. A brief description is needed for each table. 
Examples are given of table and figure formats. 

Section Format 

L Title Page: At the top of the page please include in 
underline bold the statement: 

This paper Is not to be cited without permission oUhe 
senior author. 

In the right hand comer please put an identification line 
in the format: 

NEFC SAW/##/sARC/## for the Stock Assessment 
Review Committee 
or 

NEFC SAW/##/PV## for the Plenary Sessions 

Numbers will be assigned by the Secretariat. 

The title should identify the stock and the purpose of the 
paper. Please give authorship under the title and if he 
contact person for questions, revisions and data is not 
the fust author please clarify in a footnote. if the paper 

is authored by a Working Group please designate a 
contact person and tist the working group members in a 
page following the title page. The title page should be the 
first numbered page. 

II. Introduction: Review briefly the context for the paper 
including: 

• Stock definition 
• History of the fishery 
• Current fIShing activity (scale, type of gear, where) 
• Current management plan 
• Reference to previous assessments if any (at least 

the most recent as appropriate) 
• If paper is a response to a specific request 

III. Data Sources 

A Commercial fishery data: 

1. Landings in weight broken down by area, nation 
and gear type as appropriate with a totals col
umn; include description of data sources (e.g. 
weigh-out;Table 1) 

2. Length composition including sampling inten
sity for length and age (Table 2); include sam
pling intensity in numbers of fish sampled per 
200 mt (not included in example) 

3. Age composition of the landings 

4. Discarding pmctices and analysis where avail
able 

5. Mean weights-at-age in the commercial catch 
(Table 3) 

6. Commercial catch-at-age (Table 4) 

7. Commercial CPUE and standardization analysis 
where available (Table 5) 

B. Recreational fisheries data 

1. Landings in weight by area with a totals column; 
include data source description (Table 6) 

2. Length composition and sampling intensity for 
length and age. (Figure 1) In general, length fre
quency histograms should be plotted on the same 
scale for compamtive purposes 



3 Age composition 

4. Released catch and hooking mortality 

5. Mean weight at age in the recreational catch 
(as with Table 3) 

6. Recreational catch at age (as with Table 4) 

7. Recreational CPUE and standardization 
analysis where available 

C. Research survey data: 

1. Total abundance indices, catch per tow in 
weight and numbers, for each survey available 
including standard errors or coefficients of 
variation and sample sizes (Table 7) Eighty 
percent confidence intervals should be reported 
where possible 

2 Abundance at age indices in numbers includ
ing recruitment and spawning stock biomass 
indices with standard errors (Table 8) 

3. Length composition of the survey catch (as 
Figure 1) 

4. Sampling intensity for age/length keys 

5. Maturity at age 

D. Other input data: 

1. Life history parameters (e.g. natural mortality, 
growth) 

2. Special studies (e.g. selectivity, tagging) 

E. Totals 

1. Include description of aggregation of the data 
to obtain, for example, the total catch at age 
matrix 

2. Derived data such as stock weight at age at 
beginning of !be year (Table 9) 

IV. Analysis 

A Abundance and mortality 

1. Relative abundance indices 

a)Trends including interpretation, standard erors 
and tests of significance if possible 

2 
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b )Mortality estimates from age and/or length 
composition 

Absolute abundance estimates 

a) Analytical assessment (e.g. VPA, DeLury): in
clude method citation, description of input da
taused from ill above, interpretation and resid
uai or other diagnostic analysis (Table 10 and 
11) 

b) Survey (e.g. acoustics) with precision and accu
racy estimates if possible 

3. Partial recruitment or selectivity: analytical as
sessment (e.g. SVPA) including diagnostics and 
residuai analysis (Table 12) 

B. Biological reference points 

1. Yield-per-recruit/ spawning biomass per recruit 

a) Input data; PR, weight-at-age, maturity at 
age, mortality rates 

b) Table and graph of results with interpretation 
including reference points in fishing mortality 
and percent MSP (Table 13 and Figure 2) 

2. Stock and recruitment analysis 

a) Input data description 
b) F N and other reference points (Figure 3) 
c) Fitled relationship parameters if any and diag

nostics_ 

3. Projections of catch and stock size 

a) Input data description 
b) Results with interpretation and assessment of 

uncertainty (Table 14) 

v. Discussion 

VI. Literature Cited 

DISCUSSION 

Several recommendations were discussed by the SAW 
Plenary under the commercial and recreational fishery data 
sections of the guidelines paper. It was decided that Table 
2 was an appropriate addition to all assessment documents, 
but it should also include the number of age and length 
samples taken annually on a per ton basis. This would 
reflect the relative contribution of the samples. Although 
no table of discarding information was included in the 
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guidelines, the participants felt that any information on 
discards that is available should be included whenever 
possible in assessment documents. Mean weight at age 
tables should be included in assessment documents and the 
methods used to obtain the data should be spelled out 
explicitly in the text and tables. The format for catch-at
age tables included in documents should have ages at the 
top and years along the side if a single table is produced. If 
a catch-at-age table is included with fishing mortality and 
stock size tables from a VPA, then the format should be 
years at the top and ages along the side. 

Length frequency graphs should be included so that 
trends in cohorts and size distributions are easily followed. 
These figures should be bar graphs that contain the actual 
numbers of fish sampled. The same scale should be used on 
each axis of length frequency graphs. 

Research survey results should include point estimates 
of catch per tow data with CYs and 80 percent CIs where 
possible. Fitted data from IMA models and other sources 
should be presented as figures with appropriate CIs. Age 
specific data was discussed, but it was agreed that age 
specific confidence intervals were not appropriate. 

Standard VP A outputs should include F, stock size, 
and catch-at-age tables. Projections of catch and SSB 
should all reflect the assessment. A table of input values 
used in projections should be provided. It was agreed that 
the procedure used in the Lowestoft SVP A table with all 
diagnostics should also be included. 

All Y /R figures should have SSB/R on the y axis 
instead of percent maximum SSB. Y/R tables should 
include a description of how the PR pattern used in the 
analysis was derived. 
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Table 2. 
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Table 27. Mean weight (kg) at age of all landed summer flounder, ME-Ne, 1982-88. 

AGE 

YEAR o 1 2 3 4 5 6 7 8 9 

1982 0.254 0.435 0.654 1.687 .2.135 2.795 2.621 3.762 4.284 

1983 0.218 0.447 0.786 1.297 1.466 1.706 2.567 3.169 3.875 4.370 

1984 ·0.228 0.399 0.640 1.055 1.592 2.245 3.476 3.620 4.640 4.030 

1985 0.282 0.426 0.612 1.092 1.782 2.343 2.670 4.682 4.780 4.800 

1986 0.256 0.454 0.659 1.173 1.790 2.503 3.267 2.994 4.415 

1987 0.237 0.445 0.651 1.121 1.933 2.852 3.080 3.020 4.140 

1988 0.290 0.474 0.648 1.158 1.985 2.699 3.968 3.913 4.500 

QjI 
~ 
l" 

MEAN WEIGHT 
ALL AGES 

0.534 

0.475 

0.:491 

0.611 

0.624 

0.557 

0.584 

I 
III 
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Table S. 

Table 6. Indices of abund~nce (llean total catch nWllber per angler-trip 
with upper and lower '95' confidence intervals) for summer 
flounder calculated froll KRFSS 1979-88 intercept data (catch 
types A + B1 + B2). Indices calculated for the Mid-Atlantic 
private/rental boat strata, and for all subregion/mode strata 
coastwide. Coastwide indices are the product of retransformed 
year category regression coefficients estimated by a weighted 
least-squares regression model of 109 transformed mean total 
catch nWllber per trip (year, subregion, and fishing mode main 
effects) and the catch rate tor the standard (1988, Mid 

YEAR 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

-Atlantic, private/rental boat strata). . 

MID-ATLANTIC (NY-VA) 
PRIVATE/RENTAL BOAT 

MEAN TOTAL NUMBER/TRIP 

MEAN 

4.755 

4.210 

4.241 

4.421 

5.243 

5.307 

3.324 

4.503 

5.965 

4.756 

2.145 

L95 U95 

4.387 5.123 

3 • 9"73--4-.-441 

3.996 4.486 

4.137 4.705 

4.929 5.557 

4.931 5.683 

3.106 3.542 

4.250 4.756 

5.632 6.298 

4.495 5.017 

1.992 2.229 

COASTWIDE GLM 
INDEX 

MEAN 

2.550 

3.132 

3.891 

3.874 

2.782 

2.490 

3.915 

3.372 

3.402 

2.145 

L95 U95 

1.980 3.327 

2.379 4.125 

2.969 5.099 

2.876 5.217 

2.162 3.576 

1.911 3.248 

2.964 5.169 

2.531 4.494 

2.501 4.631 

--- -----
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Table 6. 
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Table 7. 

Table 3. Summer flounder sprinq offshore mean weiqht per tow 
delta val.ues fitted to an ARIHA model with theta 
value - 0.240. 

". FITTED FITTED 
DELTA FITTED UPPER LOWER 

YEAR MEAN MEAN 951 c1 951 c1 

1968 0.16 0.16 
1969 0.16 0.15 
1970 0.09 0.12 
1971 0.28 0.23 0.390 0.136 
1972 0.21 0.26 0.447 0.156 
1973 0.52 0.52 0.892 0.311 
1974 1.27 1.08 1.833 0.639 
1975 1.63 1.51 2.563 0.894 
1976 1.94 1.77 2.999 1.045 
1977 1.84 1.66 2.816 0.982 
1978 1.50 1.22 2.071 0.722 
1979 0.35 0.55 0.931 0.324 
1980 0.79 0.73 1.241 0.432 
1981 0.81 0.81 1.378 0.480 
1982 1.15 0.91 1.546 0.539 
1983 0.52 0.59 0.996 0.347 
1984 0.38 0.51 0.863 0.301 
1985 1.21 0.89 1.514 0.528 
1986 0.85 0.76 1.281 0.446 
1987 0.39 0.48 0.817 0.285 
1988 0.66 0.51 0.864 0.311 
1989 0.24 0.30 0.494 0.177 
1990 0.27 0.28 0.490 0.157 



0;1 1 ~ • !lO t!l 
Table 4. Summer flounder sprinq offshore mean I per tow (fitted delta values), HEFe survey 

offshore strata 1-12, 61-76. 

AGB 
XIAB 0 1 2 3 4 5 , 7 8 , 10 'lODL 

1976 0.00 0.03 1.50 0.60 0.25 0.06 0.01 0.01 2.46 

1977 0.00 0.54 1.17 0.62 0.09 0.08 0.01 0.01 2.51 

1978 0.00 0.52 0.71 0.49 0.14 0.03 0.02 0.02 0.01 1.92 

1979 0.00 0.11 0.32 0.15 0.07 0.06 0.02 q.73 

1980 0.00 0.01 0.64 0.28 0.13 0.02 0.05 0.03 0.01 0.01 1.18 

1981 0.00 0.58 0.52 0.17 0.08 0.05 0.03 0.02 0.01 1.46 

1982 0.00 0.53 1.09 0.09 0.02 1.72 

1983 0.00 0.36 0.44 0.21 0.05 0.01 0.01 1.08 

1984 0.00 0.24 0.46 0.13 0.07 0.01 0.01 0.93 

1985 0.00 0 •. 42 1.18 0.16 0.03 0.02 1.80 

.1986 0.00 1.23 0.36 0.17 0.02 . 0 •. 01 1.78 

1987 0.00 0.55 0.51 0.02 0.02 1.11 

1988 0.00 0.41 0.57 0.05 0.02 1.05 

1989 0.00 0.07 0.32 0.03 0.01 0.45 

1990 0.00 0.56 0.03 0.05 0.64 
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Table 9. 

1'_1_ ,. He • ..tah~ at. ... (q) .Co tile ~J.aa of tbe 7 .... (.J-..q 1) tM' ..u.uc cod ho. til. 
Geo~ ••• • -nII:: uwI Sout:.b cod atocJt (1IAlO D1Y1d_ 5Z .... SUUaUcal Az •• 6). 1"1 .. I"'. 
Val" •• d.~l'" fn. caub __ .. lpt.-.' ... t.a Celcl..,..ac) _t.aa pcocecluz .. daacd1M4 ..,. 
JU.,ud (1'10). 

Aao 
----------------------------------------------------------------------------------------------------

y .... 1 2 3 0 5 , 7 • • 10 

197' (0.'13) 0.'33 1.'73 3.1H (3.'52) (O.un '.433 (7.'20) (10.1'0) (U.IZt) 
un 0."0 1.157 1.7A 3.UO 4._ 5.716 ' •• n •. n, ".553) 13.071 

UH 0.'2' 1.1" 1. t4a 3.134 4."1 5.77. 7.'77 ".000) (10.77<) (U."8) 
1911 0.68' 1.UZ 1.875 :I.at. 0.557 '.520 7.506 '.U5 11.311 (14.'11) 
U.2 0.'.' 1.10Z Z.O" 3.0U. O.zn 5.7" '.3<0 '.311 11.U. 15.424 

nd 0.7" 1.072 1.'51 3.130 4.a53 5.907 7.157 , •• 7< 10."2 U.702 

1'" 0.U3 1.212 1.'Z' 2."0 0.311 5.'" 7.591 '.835 10.821 U.0<5 • 

n" 0.725 1.201 1.'87 3.172 4.3" 5.981 7.07' '.1S0 11.283 U.OI< 

n .. 0.737 1.164 1.,,0 2.H3 0.7" 1.113 7.703 '.0<5 11."7 13.456 
n., 0.501 1.173 1.tO' 3.1" 0.110 1.571 '.Oa7 '.<52 10.5" 13.092 

n .. 0.514 1.047 1.'" 2.nS o.7<a 1.1" '.US ,."', 10.07' U.l11 

lt1' (0."0) 1.130 1.'41 a.tSO 4.Zn 5.937 7.007 , . ." 10.'21 U.l11 

raJ He. wetaht.-at.-... valv. •• fu 11+ ... equl to ..... (1t7'-UII) catcll (ldd..,..") _lPt. 
at. ... y&1 •• fo~ 11+. 

) V.lu.. m pa.uatlle... an -'S.fled ta- •• 1..s.._ ft1tIee. 

11+ ra] 

17.300 
17.300 
17.300 
17.300 
17.300 
17.300 
17.300 
17.300 
17._ 
17.300 
17._ 
17.300 

i. 
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Table 10. 

faltle U. -,. _&10&1 •• '- z.-.._.,... ... & ... 1 ... OC .A eo. -. ... _ .od 
(lIAI'O D1Yial_ 51 ad StaUa"ul 1.&' .. .,. 197. - 1 .... 

Dh~.I.t" q'.: Loa U .. f'oa:..t.1oIU 110 ezpl. ... t.ozy vulat.. < __ ..... ,. 
Fleat. 1 (lIIIC Sprlac hrN7) 11 .. t • .ra1JI~ III •• U •• ted •• tJt ....... 
Fle.t 2 (lIEFe Aut.~ ~) b.. t.andAal III .. tt..e.t... .. tile _a. 
Fl .. e. 3 (USA Fl .. e.) baa uzai .. al III .. t.1aated .. u. •• _. 
FleaC.. c .... laed by - vuiaaca •• : t.a.ca1aal ,f ... t.t..atecl uiJll; ~1IC/Sb.eI:'d. .. thod • 
. Old .. , ... r - 1.0 • .".C' ... of' , J'owaaaC' ..... 'l •• c.. c ... l .... by vu1aaca of' ~ecI1CUOD. 

Fi.blac 8Ort.lltl •• 
AI·. lt7', lt7t. lt80, UII, UIZ, It'3, It •• , It.5. ltl6, ttl7, 19", 1'" 

1. 0.000. 0.002. 0.007, 0.001, o.oat. 0.013. 0.003. 0.022, 0.004, O.OOZ. 0.001, 0.000 
2. 0.165. 0.0". 0.231, 0.3.3. 0.'''. 0.440, 0.216. D.3tG, 0.251. 0.217. O.16t, 0.1" 
3. 0.401. 0.40t. 0.'70. o.sal. O.U'. o.'ta. 0.722. 0.71'. 0 ..... 0 ..... 0 .. 527. 0.572 

•• 0.371. 0.4". 0.375. D.3'3. O.'U. 0.'7', D.,t" D.'''. 0.'84. 0.431. 0.742. 0.57 • 
S. 0.375. 0.321. 0.45'. 0.22'. 0.551. 0.653. 0.54'. 0.73'. O.SU, 0.3". 0.'23. 0.5.2 

'. 0.105. 0.3n. 0."'. 0.50'. 0.54'. 0.n7. 0.''', 0.701, 0.'4', O.Stl. o.no, O.46a 
7. 0.3'2. 0.143. 0.111, 0.547. 0.534. O.It,. 0.'21, O.'U. o.nt. a .• u. a."'. O.SH 

'. %.311. 0.50'. 0.27'. 0.313. 0.453. 0.410. 0.'''. 0."1. 0.540. 0.534. 1.401. 0.667 

'. 0.210. 0.31f. 0.71f, 0."0, 0.61', 0."0, 0.72', 0.13', 0.66'. 0.565. 1.3.7. 1.57% 
10. 0 ..... 0.334, 0.'01. 0.50'. 0.541. 0.'''. 0.'''. o."a. O.Sst. 0.5.2. 1.0Z0. 0.754 

La, cat.cbu111c.7 •• t.1aac. •• 

AI. 1 
1'1 •• ", 1171, It". UIO, It'l, nu, ltU. 1''', l'as, 1''', 1"7, n ... 19., 
---'-'---'---'---'---'---'-'-'---'-'-'-1 .-11.'4,-11.22,-11.37, -'.13,-10.'2.-10.51,-11.52,-11.22,-10.70.-12.11.-10.01,-11.21 

2 .-12.21,-11.0'.-12.03.-12.04.-11.25,-10.'2,-10.57,-11.03,-10.4',-11.77.-11.31.-11.0' 
3 ,-21.25.-1'.0',-15.04.-17.13,-13.72,-14.4',-15.11,-14.01,-15.4',-1'.",-1'.",-20." 

AI. 2 

1'1 .. & 

1 
2 
3 

fIIu 0._ 

_STAtISTICS 

h". $l1.1 •• ort101.IA1 .... 

• r r 
'-'---' ,-11.24 1.057.0.0000 ,0.0000, 

,-U.2' ... ,a •• 0 • 0000 .0.0000. 
.-16.70 2.'''.0.0013 .o.oou, 

SI_(lII&.1 
'.517 

stDrI $I .DIDCft. $I 

S~ .-.. 
'-

0.000I+00, 0.000I+00,-11.235, O.DI 
O.OOOE+OO, 0.OOOI+OO.-l1.a9O. 0.171 
O.OOOE+OO. 0.0001+00.-1'.701. 0.71' 

SlGM.CcrYUaU) •• 1_. caU_ 
•• 551 1.103 

11eR, I"'. It". ,,_. 1"1. Itll. l'U. ltl4. lMS. 1'''. lt11. " .. , 1'" 
---'-'-'-'-'-'-'-'-'-'-'-'---1 ,-10.01.-10.00. -t.25. -..... -t.1I. -t.05. ·'.14. ·1.'1. -t.43. ·t.75. ·'.53. -'.t, 

2 , -t.54, ...... -t.'S. -'.11 •• , .... -, .... -t .... ·'.Jl.-1 ..... -t.'I,-10.0I. -t." 
3 ,-11.61.-11.11.-11.'5,-11.".-10.".-10.11.-11.61.-11.4',-11.1'.-11.77.-12.07.-12.01 

r1H& 

1 
:& 
a 

..... 
G.lfa 

-. • • 
-9.a, 

• -9." 
• -U.S4 

_SUtISnCI 
$l1.1 •• ortlo1.Ia1 .... 

• • r 
'---'---' ' •• 71.'.0001 .0.11,a. 

0."'.'.0001 .'.1":&. 
1 •• at.'.2II' .0.3135. 

- • . 
.DIDCft. • • 

• S~ .lDt.J:cp& 

'---
0.0001+00. 0.0001+00. ·'.3'2, 0.131 
0.0001+00. '.I00I+00. -t.SU. 0._ 
0 • .-... • ..~.-l1.S.S. '.Ut 
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table 14 (eoat.lDu"'). 

q. 3 

~~.~.~.~.~~.~.~.~.~.~~.~ 

~:-:;:v:-=t.i7:-:a.ii:-=i:ii:-:ui:-:a.7i:-=t:'ii:7a:37:-=u.:-::e:n:-::a.;o:-:e.u 
Z • ·1.12. -I.". ·'.0' •• , •••• ·1.031. ·t.14. -1.9 •• -10.12, ... t.3'. ·, •• t. -9.3., "".44 
3 .-10.71.-10.12.-10.77,-10.".-10.".-10.63,-10 •• '.-10.'1.-10.11.-11.3'.-11.13,-10.19 

q •• 

Fl •• , ...... 
• 

"-
SIHWlY STAnSTICS 
• SI(.) •• ~la1."l.ed. , , SE 

Slope 

--:-- -:-:C:-'--'--'-'-:-C=-= -::--=:=' . 1 ..... ,. 0.29',0.0002 .0.5590. 0.0001+00. O.OOGI+OO.7a:m.G.iii 
2 "".31 0.707.0.0001 .0.650'. 0.0001+00. 0.000£+00. -t.307. 0.19' 
3 ,-10.79 0.Z.',O.4'" .0.57as, 0.0001+00, 0.0001+00,-10.79.. 0.0" 

FIIu 
0_57Z 

II_U .... I 
0.183 

11_1_.1 
O.U7I:-Ol 

SIGttA.(ov.ulU 
0.183 

V.dance .e'at.10 
0.020 

Fl •• C., lt7', 1t7t. 19ao, ltll. 1912. 1913, U", It.S. 19". 1'17. U". It" 

--l-:-=t.1i:-:a.ti:-:e:u:-:ua:-:w:-=a.n:-:e.t4:-=7.ii:-:u;:-:a.n:-:UO:-:a:2i 
2 ~.-'.23. -7.97, -'.52, -9.23. -1.06. "".7' .... t.31. -'.11. -f.50. -, •••• -' •• 0. -I." 
3 ,-10.'0,-10.52.-10.".-10.",-10.'7.-10.50,-10.70,-10.7',-10.f',-11.ZI,-10.ll,-10." 

qe 5 

P1 .. ~ 

1 
:l 
3 

lIIu 
0.574 

SIIttAU ST.UISTICS 
'.ced. • acq) ,.ut.la1.&a1 .... 

• , , 
.----_.------.----_. 

-1.50 0 •• 74.0.0002 .0 •• 37'. 
-I.n 0.6.1.0.0001 .0.'''3. 

• -10.1Z 0.230 •••• 729 .'.61" • 

SIGIIAU ••• 1 
0.1'7 

SIGIIAC_.I 
0.111£-01 

11.01'1 SE .nracn. SE 
Slope ,IIlucpt. 

'---'-0.0001:+00. 0.0001:+00. -1.50Z. 0.131 
0.0001:+00. O.OOGE+OO. -I."', O.17f 
O.OOOE+OO. 0.000I+OO.-10.az3. 0.0&4 

S%GMA.c .... Z'aU) Vulmc. nUo 
0.197 O.ZOO 

Fl •• t, 1'71. 1"', 19", I'll. l,a. 19a, 1'.... 1"5, 19". 1"', 1"', 19a, 

-'-'-'-'-'---'-'-'---'---'---'---'-1 , -1 •• 0, -'.1', -1.$1. -'.13, -'.21, -'.27, -'.24. -7.50. -7 •• 0, "'.34, -1.20, -7.'0 
2 , -'.30, -1.3', -1.2., -'.0', -1.15,-10.SI,-10.34, -1.37, -1.".-11.13. -t •• o, -1.7' 
3 ,-10.1O.-10.t'.-10.",-11 •• '.-1O.77,-10.53,-10.12.-1O.'I,-10 .... -11.32.-10.'1.-11.10 

_ SfAflST1CS 

Floe. .... - SlC.).'CEtial.aai .... 

• , , 
'-'-' 

1 -I.U 0.6",0.0001 ,o.za,., 
Z -'.21 O.t72,O.OOOI ,'.UOI, 
S ,-10.tl. '.Zlt,O.4'" .0.6'61. - SIGllAU .... , SIGllAC_.1 

0.54Z 0.214 O.ZSlI 

Ac. 6 

II 
llope 

,~. 51 
.IIlc.Z'cpt:. 

O._+OO.-:O:-.~_=+OO=:-:uu:o:-m 
0 ___ • 0._+0'. -'.21Z. 0.270 
o. OOOI-tOO, 0.0001+00. -10. to., 0.0'0 

SIGllAC_oUl Yod ...... to 
0.U4 O."Z 

nH', It7', lt7t. It... It.l. Ita, Ita. 1''', 1,." 1'''. 11'7, 1''', 1'" 
-'-'-'-'-'-'-'-'-'-'-'-'-1 • - •• ,.. -t.OI. -..... • •• 11.-11 .... -1.11, -7.'1. -7.41. -7.35, :7.75. -..... -7.'. 

2 , - ••••• -1 •• 1. -I.". -1.41. -..... -11.11.-10.11.-10 .... -1.11. ".11. -'.35, -'.7' 
3 .-12.07.-10.7',-10.'1.-10.",-10.7'.-10.'5.-10.'1,-10.62.-10.".-10.'1,-10.74,-11.20 

..... 
• 

_STAtIStICS 
• SlC.).rut.la1.au .... , , • DJ:ICrt, II 

.IDUcpC. 

--::- -::-::=-'-'-'--'.--=-=-= -::--=:='--'-1 -1.37 ••• 1 •••• 0001 .'.an., •. 0001.... '.0001+00. -1.167. 0.221 
2 -'.25 '.740.'.0001 .'.275'. 0.0001..... • .... 1+00. ·'.254, 0.205 
3 ,-10." 0 •• ,. •••• '33 .'.''''. 0.0001+00, 0.OOOZ+OO.-10...... O.US -O.4&Z 

IJatlCO'I'UeU) Yecl.c. &'.&10 
0.:141 0.757 
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.... 7 

Fl.... It". 111', lH1. UII, 1~. UU, 1''', INS. 1''', 1M', UU, 1'" 
---'---'-'-'-'---'---'-'---'---'---'---'-1 • -7.75. -'.01, -1.42, -'.15. -'.53, -1.20. -1.35. -7.33, -'.11. -7.t" -I.t •• -7 • .-

2 • -1.11. -1.20, - •• 25. ·t.77. -7.17.-11.75.-12.62, -1.t'.-12.30, -I •• ' •• '.4t.-l1." 
3 .-10.'3.-11.77.-10.13.-10.62.-10.10.-10.22.-10.50.-10.'.,-11.16.-11.06.-10.'t.-l1.07 

..... 

Pl •• " 

1 
2 
3 

rII_ 

0.'2' 

SIHNr sunsncs 
hod. SlC.) •• ~ta1.a.ta ... 

• P P 

'---'-' -'.22 0.530,0.0003 .0.3010, 
-'.10 1.'91,0.0001 ,'.UH, 

,-10.7' 0.463,0."26 ,O.70S1. 

SI_(lD&.1 
0.343 

-
0.0001+00, 
0.000+00, 
0.000&+00, 

a .lII1IICft • 51 
s~ .Ia_ 

'-'-0.000&+00, - •• a17. 
0.0001+00, ·t.102. 
0.0001+00,-10.713, 

Yulee. Z'at.to 
1.2U 

0.147 
o.m 
0.121 

11.... lt7'. It". ltlO, ltll, ltll, ltll, 1'''. 1"5, 1'''. It.7. 1'''. 1'" 
---'---'---'---'---'-"-'-'-'-'---'-'-_._._. 1 -1.37. -1.72. ·'.7', -7.", - ..... -'.SI.-l0.1S, -7.07, -7.01. -1.17, -7 .... -7.01 

2 -1.07. -7.61. -t.33. -I.SI. -'.00.-11.01.-12.". -t.OO.-ll.ll. -1.17.-11.aI. -1.S3 
3 - •• '3.-10.'O.-11.2t.-l0.t7.-10.t7.-10 .... -IO.'7.-10.27.-10.75.-11.01.-10.'0.-11.10 

.... , 

riM" 

1 
2 
3 

rII_ 
0.667 

_sunsncs 
hod. • SI(.).'ac&l&1.~.". 

• P • P 

'---'-'---' -'.20 1.321.0._ .0.2014. 
-'.n 1.7".'.0011 ,O.216S, 

• -10." 0.640.0.5sa .1.oatl. 

S_(_.I 

0.'" --., .. -
- II ,-. IE 

I~ ,Ia-,& 

'-
0.0001+00, 0.0001+00, -1.1H, 0._ 
0.000I+00. 0.000&+00. -'.6'1, 0.41" 
0.--.00. 0.000&+00,-10.661 • 0.177 

SDatlC .... a11) "'.'_e zo."'. 0._ ..... 

n .. &. lt71. 1'79. ltll. ltll. Ita. ltG. 1,... ltn. 1"'. 1",. 1,... 1'" 

---'---'---'---'-'-'---'-'-'---'---'-'-1 • -7.'7, -5.'1. -t.Sl.-lI.SI. -'.12.-12 .... -7.t2. -t.SI. -1.'1. -7.77.-10.S', -S.S. 
2 , -I.tt. -4.SS, -7.,a. -I.tI. -7.71.-12 .... -11 •• 5. -1.41. -t.7'.-11.06.-10.5I, -t.Sl 
3 .-11.37.-10 .... -10.14.-11.15.-11.".-11.11.-11 .... -11 .... -1 ..... -11.OS.-1O.7'.-10.77 

_aunsJ11:8 
Plod • hod. • ac.,.-"'-. _ • • .DIKIr •• 

., • r • r • • as.,. • .t.&npc. 

--::~"-:::-:::-"-,-,-,,-,,,,,,==~'-"""==~'-'---1. • -1.5' • 1.,n.O.OOOI •••• 7M. .......... • ........ -'."'. 0.71t 
a • -I." • Z.21',O.00I1 .1.1", ........ • ........ -I.tol. I.'U 
3 .-10." • l.ut ••• SUI .1."", ......... • ........ -11.163. '.OM 

rII.., 
1.571 

-(_.) 
t.313 

IIIItlCOWl'aU) .u!aace uU. f._ 1.11' 
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l'aIt1.a u. &at.lM&ft or a--. wct.u.c, CI'J ........... M .... .e CbII) ..... bta.ua c-cn. __ I ded.~ 
~ Ylctaal .as I.us. ~ ~ 6e ~ ~ .. (IIIIQ IN.YUS- sa .. SkUacScal.an. .,. 
1"1 ... "D. 

---------- ------ ------------------........... ----------.. 117' 117' IfIO It11 Ita 1,.. 1 ... 11., .... It17 1'" 1'" ...... ........,.. 
1 0._ a.N7 0.001 o.la, 0.013 0._ 0.021 0.004 0.002 '.001 • 0 .. 11' 0.'" 0.U8 0._ 0.447 0."-. 0.2U 0.3to 0.251 0.277 '.16' I.ln • 0.408 0.40' 0.4" 0._ •. m 0.511 '.>2:1 0.7U 0."" 0 ...... 0.527 0.572 
• D.ns 0."''' 0.375 0._ o.no a.'" ..... 0.&73 0 .... 0.431 0.742 0.574 • 0.375 O.~20 0.454 0 .... o.ssa 0.'" 0.S4' 0.714 0.'42 o.,tt ..... 0 .... • 0.105 0.312 0.'" O.50S 0.5"" I.U" 0.'., 1.1" 0.110 o.Sft 0.740 0.461 
7 0.3" 0.163 a.lu 0.543 O.SZI 0._ 0.114 0.'" 0.3'7 0.SS3 0."7 0.521 • 0.322 0."'11 0 .... D.'. 0.,,41 0.471 0.1" ..... O.SOl O.SO, 1.075 D.'" • 0.227 0.'''' ..... '.61' I.'''' 0.70 O.IaS 0.1:13 0.496 1.1tZ 0.700 

1. a.3U 0.372 0.427 0.511 .... , ..... 0.73' O.SIt 0."" '.fa O.SM 
11> 0.312 a.,n 0.'" ..... 0 .... o.SIt I.'" 1.71Z I.SS' ----............... _-_ .... --_ .......... _---_ .. __ .. _---- --_ .... _-_ ..... _ ........... ,_ ... _--_ .... _-----

1'(3 ..... 0) O.3U 0.37.l 0.521 0.'27 0.551 0.'" 0."4 0.73' O.SIt 1.4" 1.71Z D.SS' 
FU-I.W) 0.3" 0.437 0.490 0.'" I.sn 0.'" 0.15. 1.7Ot 0.511 0.6'2 I.'" 0.5'" ------.. --_ .... _---_ ...... _-_ ... _ ... _-----------------------_ ..... -------------_ ... _-----------------_ .. _---_ .. _-----... ----- ... ---_ ... __ ...... _------

--_ .. _--------_ ... _--------_ ... _--_ .... __ ... -------------------_ ........ -_ ...... _---_ .. _-- _ .. _---.. 1'" It" 1." lt11 ltl2 lt87 .... ltiS .... lt17 ltll l,.t 1 ... ---_ ..... ------.... -----_ ..... _------------- -----_ ..... - ....... _--- ----....... -
• Z7Z4S Uf'. .7123 U4a 11221 . - ZI,. • '17' 4Z7U 13nt U521 ,41000,' naH. 
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• .... 13&45 UN .... 51S. HIS - 2131 "It" ,4f, ... 10451 "ts • .... .... .. 15 .... .m 26U 15" 31 .. uu .. 7 "51 ... 411t 

• 712 "47 .... 35" . ., 2I:M 11" 7" 15 •• ... ... 15 .. ... 
7 1'3' 577 ... .on 1751 2U .n '10 21. 67' 272 .95 7" 

• 187 121 - , .. 5" ... 71 .,. .U • 07 ... .. •• • ... .It '" .7' ... ''1 .. • ot 10 • 12 ., U 

•• '0 131 110 IS 71 .15 175 11 •• .. .. .. 
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Table 12. 

Table 31. Results of separable virtual population analysis, 
1985-1988" ages 0-4, summer flounder. 

NATURAL MORTALITY - 0.200 
TERMINAL F - 1.500 
TERMINAL S - 1.000 

REFERENCE AGE (FOR UNIT SELECTION) IS 2 

NO. OF ITERATIONS CHOSEN IS 30 
MINIMUM DIFFERENCE BETWEEN ITERATIONS IS 10**-5 

ITERATION 
1 

21 

SSQ 
43.7316 

0.6231 

APPROX. COEFF. VARIATION OF CATCH DATA - 22.8 t 

YEAR 1985 
F(I) 1.5544 
S(J) 0.0428 

1986 
1.5321 
0.4634 

1987 
1.2200 
1.0000 

1988 
1.5000 
1.0361 

LOG CATCH RATIO RESIDUALS 22 
85/86 86/87 87/88 

01 1 
112 
21 3 
31 4 

-0.087 
-0.022 
-0.309 
0.420 

0.156 -0.070 
-0.156 0.180 
0.012' 0.300 

-0.009 -0.409 

0.001 0.002 0.001 

1.0000 

-0.001 
0.001 
0.002 
0.002 

0.004 
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Table 13. 

Table 32. summary of input data and results, 1990 revised yield per 
recruit analysis for summer flounder, aqe 0-15 model. 

Fraction F before spawninq - 0.83 
Fraction M before spawninq - 0.83 
First aqe ,. 0 
Last aqe ,. 15 

WEIGHT IN 
AGE FPATTERN MPATTERN MA'l'tJRITY CA'l'CH AND S'l'OCK 

(KG) 

0 0.050 0.200 0.380 0.237 
1 0.500 0.200 0.720 0.432 
2 1.000 .0.200 0.900 0.642 
3 1.000 0.200 0.970 1.164 
4 1.000 0.200 0.990 1.811 
5 1.000 0.200 1.000 2.449 
6 1.000 0.200 1.000 3.074 
7 1.000 0.200 1.000 3.434 
8 1.000 0.200 1.000 4.380 
9 1.000 0.200 1.000 4.841 

10 1.000 0.200 1.000 5.336 
11 1.000 0.200 1.000 5.767 
12 1.000 0.200 1.000 6.135 
13 1.000 0.200 1.000 6.445 
14 1.000 0.200 1.000 6.704 
15 1.000 0.200 1.000 6.917 

SLOPE AT FFACTOR - 0: 10.090 
Fo.OI : 0.136 
F_: 0.232 

PERCEN'l' 
FFACT MFACT CATCH SPAWN MAX. SPAWN 

WBIGHT WEIGHT WEIGHT 

0.00 1.00 0.0000 9.4975 1.0000 
0.02 1.00 0.1711 8.0073 0.8431 
0.10 1.00 0.4903 4.5022 .0.4740 
0.20 1.00 0.5756 2.5925 0.2730 
0.30 1.00 0.5660 1.6880 0.1777 
0.40 1.00 0.5433 1.1969 0.1260 
0.60 1.00 0.4878 0.7146 0.0752 
0.80 1.00 0.4457 0.4953 0.0522 
1.00 1.00 0.4158 0.3712 0.0397 
1.20 1.00 0.3943 0.3055 0.0322 
1.40 1.00 0.3786 0.2582 0.0272 
1.60 1.00 0.3669 0.2249 0.0237 
1.80 1.00 0.3578 0.2001 0.0211 
2.00 1.00 0.350' 0.1810 0.0191 
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Table 14. 

Table I7a. COD STOCl( PROJECTIONS 

===- == 

PROJBCTZON 1: STATUS QUO F 

F(1990) = F~ ~ 0.56: thereafter F .. F~ .. 0.56 

YEAR 

Jan 1 2+ Stock Size (OOO's) 
Mar 1 SSB (mt) 
Annual Catch (mt) 

1990 

53570 
66208· 
40015 

1991 

45715 
72961 
43768 

1992 

40241 
69529 
40538 

=-=====,=-=--====-===--=======---~--= =-====---, ==== 
PROJBCTZON 2: FO.I 

F(1990) - F~ - 0.56: thereafter F .. FO.I .. 0.149 

YEAR 

Jan 1 2+ Stock Size (OOO's) 
Mar 1 SSB (mt) 
Annual Catch (lit) 

PROJBCTION 3: P_ 

1990 

53570 
66208 
40015 

== --

1991 

45715 
77855 
13892 

P(1990) - P~- 0.56: thereafter P - P_ - 0.274 

Jan 1 2+ Stock Size (000'.) 
Mar 1 SSB (mt) 
Annual Catch (at) 

PROJBCTZO. 4: p ... 

1990 

53570 
66208 
40015 

1991 

'45715 
76332 
24177 

P(1990) - p. - 0.56; thereafter P - p ... - 0.47 

Jan 1 2+ Stock Size (OOO's) 
Mar 1 SSB (mt) 
Annual Catch (at) 

1990 

53570 
66208 
40015 

1991 

45715 
74005 
38136 

1992 

49505 
103783 

17765 

=-

1992 

46325 
91686 
27951 

1992 

41994 
75769 
37820 

====== 
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Table 14. (con't.) 

Table 17b. QetAil~d information on egg statys gyo R~ojection 
(F90 ... F91 ... F92 ... ·0.56 

Jan 1 stock size (. OOOs) (nmMer) 

~ XYI: 

129Q 1221 1296 
1 18300 20000 20000 
2 33568 14929 16316 
3 10232 21440 9535 
4 3595 4785 10027 
5 4819 1681 2238 
6 390 2254 786 
7 783 182 1054 
8 94 366 85 
9 35 44 171 
10 36 16 21 
11 18 16 8 
Mar 1 558 (mt} 
1 480.3 524.9 524.9 
2 13570.4 6035.4 6596.0 
3 14183.0 29719.1 13217.4 . 
4 9299.8 12378.6 25938.2 
5 19309.3 6736.7 8966~9 
6 2143.0 12383.9 4320.5 ., 5440.1 1267.2 7322.8 
8 788.7 3072.3 715.6 
9 323.8 406.7 1584.4 
10 395.7 179.9 226.0 
11 274.4 256.6 116.7 
AIlllUlll catcb (mt } 
1 45.6 49.8 49.8 
2 10230.4 4549.9 4972.6 
3 9451.7 19805.2 8808.2 
4 5347.2 7117.4 14913.9 
5 10367.9 3617.2 4814.7 
6 1064.6 6151.7 2146.2 
7 2664.3 620.6 3586.4 
8 375.6 1463.2 340.8 
9 151.9 190.8 743.1 
10 193.6 88.0 110.6 
11 122.1 114.2 51.9 
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Figure 1. 
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Figure 2. Length frequency distribution of summer flounder. Delaware Bay. 
Delaware Division of Fish and Wildlife trawl survey. 1966-71. 
1979-84. 1990. 
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Danyl Christensen, Cbief of the NEFC Fishery Statis
tics and Economics Branch, reviewed activities in the Sea 
Sampling Program since its initiation in 1988. Fieldwork 
and development of software modules for data processing 
are continuing under separate contracts to the Manomet 
Observatory and Technology Management Systems. To 
date modules have been developed for the trawl, gill net, 
and marine mammal databases. Data for these fisheries 
have been processed and are available through July of 
1990. Length frequency data are available for 1989. 
Modules for length frequency data are being developed 
internally. Modules have not as yet been developed for pot, 
shellfish dredge, and longline fISheries. Currently, a new 
fieldwork contract is being advertised and should be awarded 
by the first of the year. The present contract is constrained 
by the number of trips initially specified; the new one will 
allow for additional trips with increased funding. 

Less than 1 percent of all fishing trips in New England 
and Mid-Atlantic fisheries are now being covered in the 
program. Work to date has raised a number of challenging 
problems and issues such as the large number of variables 
and the volume of data being collected, trip definition in 
space and time, and the need to find acceptable proration 
procedures, particularly for effort data. Experience and 
information being gained in working with these data are 
providing valuable insights for dealing with similar prob
lems in other data sets and analyses. 

A summary of work completed to date is as follows: 

Year 

1989 (Jan-Dec) 
1990(Jan-June) 

Number 
oCTrips 

357 
174 

Days Number 
Absent of Tows 

896 3,601 
355 1,607 

Roughly one-third ofthe total numberoflrips were made in 
the groundflSh sink gill net fishery, primarily due to the 
need for information on marine mammal kills. More 
detailed breakdowns of trips in each year are given in Table 
1. 

Several data sets for 1989 were reviewed. For the 
northern shrimp fishery, whiting, Atlantic herring, cod, red 
hake and dabs were the major discard components and for 
most of these species the amount discarded substantially 
exceeded the amount landed (Table 2). For American 
plaice, simple prorations based on ratio of shrimp landings 
to discard by weight and mean weight of discarded fish 
provided a 1989 discard estimate of 4.4 million dabs for this 
fishery. For the large mesh trawl fIShery, most of the 
groundfish catch was kept with skates and dogfISh being the 
major discard components (Table 3). 

Examination of data for the Southern New England 
yellowtail flounder trawl fIShery indicated that landings by 
weight for some other species (whiting, £Oligo squid) were 
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Table 1. Preliminary summary of domestic trips, January 
through December 1989, and January through June 1990 

Fishery Number of Days Number of 
Trips Absent Hauls 

January Through December 1989 
Trawl 

Northern shrimp 48 57 161 
Exempted fISheries 24 30 87 
Uitge mesh 68 308 1,507 

Gulf of Maine & Georges Bank 
Experimental whiting 10 35 130 
Southern New England 50 112 545 
Mid-Atlantic 28 93 400 

Pots 
Black sea bass 9 9 115 
Lobster 3 17 105 

Gill net 
Groundfish, sink 102 131 4n 
Mackerel, drift 2 2 25 
SwordfISh, drift 13 102 54 

Total 357 8% 3,601 

January Through Jun. 1990 
Trawl 

Northern shrimp 31 33 83 
Large mesh 18 79 406 

Gulf of Maine and Georges Bank 
Southern New England 22 77 361 
Mid-Atlantic 20 53 270 
Experimental whiting 1 4 18 

Pots 
Black sea bass 3 3 43 
Lobster 2 11 52 

Gill net 
GroundflSh, sink 76 89 368 
SWOrdfISh, drift 1 6 6 

Total 174 355 1,607 

higher and that discard by weight of yellowtail in 1989 
exceeded landings by more than four to one (Table 4). In 
the offshore winter fishery for summer flounder, landings 
were also higher for £Oligo with sea robins, skates and 
spiny dogfish being the major discard components (Table 
5). The species composition of the catch in this fishery 
differed in several respects from that observed for the 
spring 1989 groundfish survey, e.g, 82 percent of the 
survey catch consisted of spiny dogfish with summer floun
der being a relatively minor component. Several factors, 
e.g., fishing patterns and gear configuration, could have 
contributed to the discrepancy; but the result was surprising 
in that earlier studies had indicated a much closer corre
spondence. 
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Table 2. Gulf of Maine northern shrimp trawl fIshery, Table 3. Gulf of Maine and Georges Bank large mesh trawl 

January through May 1989 and December 1989 through fIshery hauls, January through July, 1990 and January 

May 1990; all observed hauls using shrimp trawls through December, 1989; all observed hauls where the cod 
end mesh was 5.5 inches or greater and no liner was used 

Species Catch.Hall Welglit 1ft Pounds 
Kept DIsca@e<I Total Speci .. Catch. Hail Weight in Pounds 

Kept Discarded Total 

January through May 1989' 
January Through December, 1989' Northern shrimp 36,805 24 36,829 

Silver hake 2,263 8,592 10,855 Skates 5,468 195,189 200,657 

Allantic herring 965 5,562 6,527 Allantic cod 129,441 6,588 135,429 

Aliantic cod 2,919 3,150 6,069 Spiny dogfISh 591 60,189 60,780 

Red hake 2,097 3,594 5,691 Pollock 49,812 3,137 52,949 

AlDerican plaice 1,041 3,846 4,887 White hake 17,967 2,091 20,058 

Skates 128 1,228 1,356 Haddock 17,808 1,558 19,366 

RedflSh 864 352 1,216 American plaice 13,834 3,592 17,426 

Lobster 66 1,133 1,199 Winter flounder 16,067 182 16,249 

Witch flounder 299 292 591 Angler 10,242 860 11,102 

Sculpins 0 500 500 Witch flounder 91J47 428 9,475 

Pollock 235 182 417 Ocean pout 54 8,486 8,540 

Angler 250 83 333 Yellowtail flounder 6,073 1,485 7,558 

White hake 35 193 228 Cosk 6,667 71 6,738 

Winter flounder lOS 90 198 Rock crab 0 6,201 6,201 

Ocean pout 0 176 176 Sculpins 0 6,146 6,146 

Spiny dogfISh 0 175 175 Northern puffer 0 5,893 5,893 

Yellowtail flounder 94 44 138 RedflSh 5,125 237 5,362 

LumpflSh 0 92 92 Windowpane flounder 4,346 635 4,981 

Northern puffer 0 79 79 Red hake 2,124 2,433 4,557 

Smelt 0 72 72 Unclassified crab 0 3,265 3,265 

WolfflShes 65 0 65 Squid (//la) 78 3,157 3,235 

Allantic halibut 50 5 55 WolfflShes 2,596 207 2,803 

Cosk 30 15 45 Lobster 897 647 1,544 

Bluehack herring 0 25 25 Unclassified flounders 545 0 545 
Mussels 0 537 537 

December 1989 Through May 1990' 
Northern shrimp 44,209 30 44,239 January Throup July, 1990' 

Silver hake 3,651 6,368 10,019 Skates 19,970 80,121 100,091 

Red hake 3,813 2,901 6,714 Allantic cod 90,362 4,931 95,293 

Allantic cod 2,112 4,517 6,629 Silver hake 14,041 7,676 21,717 

AlDerican plaice 683 5,731 6,414 Haddock 17,801 613 18,414 

Allantic herring 1,345 2,923 4,268 Wmter flounder 15,224 312 15,536 

Skates 212 2,186 2,398 Spiny dogfISh 0 9,853 9,853 

RedflSh 415 837 1,252 Yellowtail flounder 7,112 2,725 9,837 

Sculpins 0 784 784 Red hake 1,296 7,730 9,026 

White hake 20S 322 527 Pollock 7,075 382 7,457 

Lobster 18 S07 525 Ocean pout 0 7,417 7,417 

Winter flounder 173 315 488 Windowpane flounder 41J42 1,507 5,549 

Angler 361 97 458 Angler 5,129 397 5,526 

Witch flounder 132 275 407 Alnerican plaice 3,722 1,650 5,372 

Yellowtail flounder 89 184 273 Fourspot flounder 0 4,104 4,164 

Allantic mackerel 23S 35 270 Witch flounder 2,601 480 3,OSl 

Pollock 38 151 189 White hake 2,743 162 2,905 

Ocean pout 0 177 177 Sculpins 0 2,806 2,806 

Red '" white hake mix 10 116 126 Lobster 884 1,246 2,130 

LumpflSh 0 91 91 Rock crab 0 1,920 1,920 

Cusk 15 68 83 ButterflSh ·1,050 50s 1,558 

Wmdowpane flounder 0 79 79 Cosk 1,392 0 1,392 

Unclassified crab 0 44 44 RedflSh 1,178 145 1,323 

Sea robins 0 43 43 Squid (//la) 0 1,225 1,225 

Unclassified scallops 0 36 36 Mussels 0 1,194 1,194 
StarfISh 0 60S 60S 

• 31 iii.,., 38 day> abse.~ 94 haub • 48 iii.,., 232 day> .bse.~ 675 haub 
, 36 iii.,., 38 day> abse.~ 96 haub , 21 iii.,., 111 day> abse.~ 333 hauls 



Table 4. Southern New England yellowtail flounder trawl 
fishery, January through December 1989; all observed 
hauls in statistical areas 526, 537, 538, 539 and 613 
catching at least 100 pounds of yellowtail .flounder 

Species Catc:h-Hail Weight in Pounds 

Kept Discarded Total 

Skates 945 146,358 147,303 
Yellowtail flounder 13,815 64,829 78,644 
Silver hake 30,635 13,419 44,054 
Squid (£Oligo) 36,274 4,564 40,838 
Spiny dogflSh 0 30,279 30,279 
Ocean pout 970 25,420 26,390 
Butterfosh 4,765 11,999 16,764 
Sculpins 0 15,617 15,617 
Windowpane flounder 2,327 13,164 15,491 
Atlantic cod 11,415 894 12,309 
Red bake 375 11,245 11,620 
Winter flounder 2,255 3,033 5,288 
Fourspot flounder 0 5,250 5,250 
Soup 2,641 1,615 4,256 
Atlantic herring 25 3,081 3,106 
Atlantic mackerel 960 854 1,814 
Angler 1,563 236 1,799 
Black sea bass 1,509 7 1,516 
Unclassified crab 0 1,226 1,226 
Lobster 470 227 697 
Sea scallop 457 178 635 
Unclassified flounders 0 608 608 
Bluefish 403 38 441 
Summer flounder 270 53 323 
American shad 0 320 320 

DISCUSSION 

A number of issues were raised in this discussion, as 
follows: 

• Definition of a fishery. What criteria should be used; 
and for practical purposes is it necessary? 

• Methods for raising discard (should it be prorated 
based on catch of the "target species", effort data or 
some other means? 

• Prioritization of work. Currently efforts are being 
made to meet everyone's needs, and it may prove 
necessary to prioritize requests on some scientific 
basis. Input from the Councils and other management 
agencies, SAW meetings, .and the Steering Committee 
will also be useful. 

• Validity of the results. It was suggested that vessel 
charters might provide a better representation of events 
in the fIShery although the consensus appeared to be 
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Table 5. Summer flounder offshore winter trawl fishery, 
November 1989 through May 1990; all hauls from all trips 
west of 70"W long. where at least one haul caught 100 
pounds of summer flounder l 

Species Catch-Hail Weight in Pounds 

Kept Discarded Total 

Silver bake 57,306 10,731 68,037 
Squid (£Oligo) 54,562 3,110 57,672 
Spiny dogfish 0 49,906 49,906 
Summer flounder 19,715 9,171 28,886 
Soup 9,701 16,895 26,596 
Sea robins 97 14,629 14,726 
Starfosh 0 13,570 13,570 
Fourspot Ilounder 2 12,437 12,439 
Red bake 125 10,893 11,018 
Skates 0 10,820 10,820 
Butterfosh 5,916 2,688 8,604 
Angler 6,905 662 7,567 
Black sea bass 6,259 519 6,778 
Squid (Illex) 4,765 275 5,040 
Atlantic mackerel 4,211 94 4,305 
White bake 795 2,797 3,592 
Sea scallop 2,918 576 3,494 
Unclassified crab 113 761 874 
Horseshoe crab 81 737 818 
Blueback herring 0 795 795 
Rock crab 169 606 775 
Lobster 345 150 495 
Witch flounder 220 193 413 
Spotted weakfosh 21 350 371 
WeakflSh 277 0 277 

I 10 trips, 5S days absent. 182 hauk. 

that such an approach could contribute to bias through 
modification of behavior. It was felt that "checks," if 
any, could be done within the confines of the current 
program. For example, species and size/age composi
tions and changes from year to year could be compared 
directly with survey results. 

• Utilil}4ll"these data for research programs and assess
ment analyses. Suggested priorities include: estima
tion of discard amounts and rates for key fisheries, e.g., 
the northern shrimp fishery in the Gulf of Maine;. a 
broader scale review of the problem for several fisher
ies for which discard is known to be Significant; studies 
of "effective mesh size", and effects of tow length, 
liners etc. on selectivity; and use of sea sampling data 
to supplement bottom trawl surveys as a source ofbio
logical samples. 

The session concluded with a review of objectives and 
potential recommendations. It was noted that the original 
impetus for the program was to improve assessments by 
providing estimates of discard and other information; and 
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discard estimates would be the primary benefit although 
much other useful information could be derived as well. It 
was noted, however, that we have neither a clear statement 
of objectives nor a basis for evaluating the reliability of the 
information being developed. In other words, we need to 
determine what we want to estimate and how well we can 
estimate it. 

The Sea Sampling Analysis Working Group was charged 
with reviewing this situation with specific reference to 

A presentation was made by Dr. Pamela Mace of the 
NEFMC staff on the principles underlying stock models of 
rebuilding strategies. This was followed by a presentation 
by Dr. Rosenberg of NEFC on appropriate diagnostics for 
examining the efficacy of a rebuilding program. 

Guidelines for Fisheries Management Plans (FMPs) 
finalized in July, 1989 (50 CFR Part 602) require Regional 
FISheries Management Councils to: 

• Develop operational, measurable defmitions of over
fishing for each stock or stock complex managed under 
an FMP. The deadline for submission of the defini
tions for approval by the Secretary of Commerce is 
November 23, 1990. After February 25, 1991, all new 
and existing FMPs should contain approved defini
tions of overfishing. 

• Determine whether overflShing is occurring according 
to the accepted defmitions for each managed stllCk or 
stock complex. 

• Develop and implement stock rebuilding strategies for 
those managed stocks or stock complexes that are 
overflShed. 

Both the New England and Mid-Atlantic Councils are 
in the process of completing the first two steps, and begin
ning to embark on the third step. The 602 Guidelines give 
little guidance on the development of rebuilding strategies. 
Section 602.11 (c)(6)(Iii) states: 

"If data indicate that an overfished condition exists, a 
program must be established for rebuilding the stock 
over a period of time specified by the Council and 
acceptable to the Secretary." 

The Guidelines also suggest that Stock Assessment 
and Fishery Evaluation (SAFE) Reports might provide 
information on the time necessary to allow a depleted stock 
to "rebuild to the MSY -producing level, threshold level, or 
other speCified level under various harvest levels and 
prevailing environmental conditions". 

The only variable that can be controlled directly by 
fisheries managers is the fishing mortality rate (F); manag-

studies that might be performed to provide a better basis for 
program design and definition. In particular the group was 
asked to evaluate properties of estimates of discarded 
catches of all species from the northern shrimp fishery and 
attempt to estimate the discarded amount of Atlantic cod 
from all fISheries. Membership of the Group is as follows: 
Darryl Christensen, Chair; Ray Bowman, Jon Brodziak, 
Steve aark, Tom Hoff, Chris Kellogg, Garry Mayer, Jan 
McLeavey, Joan Palmer, Greg Power, Andy Rosenberg, 
and Gordon Waring. 

ers do not have direct control over stock size. The problem, 
therefore, is one of defining an optimal or acceptable time
stream of Fs that will result in a high probability of a stock 
rebuilding to a prespecified level in a prespecified time 
period. It will probably be necessary to develop stochastic 
models to estimate likely stock responses to various time
streams of Fs. 

Two possible reasons for implementing rebuilding 
strategies are: 

• to reduce the probability of recruitment failure, or to 
avoid recruitment overflShing 

• to reduce growth overfishing and/or to maximize yields. 

Rebuilding strategies could be initiated immediately, 
or delayed to take advantage of the appearance of one or 
more above-average year classes in the fishery. The 
problem with the latter strategy is that the overfishing 
situation is likely to deteriorate in the interim. The time 
horizon for rebuilding should be related to the lifespan of 
the species: longer for long-lived species and shorter for 
short-lived, productive species. 

Stock rebuilding strategies will be influenced by the 
tools available for management, practical constraints and 
species priorities. Management tools can be categorized 
into those that affect the age or size at entry (partial 
recruitment) and those that affect the overall F. The former 
category includes gear restrictions and minimum fISh size 
restrictions; the latter includes indirect controls such as 
closed areas and closed seasons, and direct controls such as 
quotas and limited entry. There are practical constraints on 
both the implementation of each of these measures and 
their effectiveness. One of the major practical constraints 
on stock rebuilding strategies is that it will probably not be 
possible to implement poliCies requiring rapid changes in 
either effort or catch levels. 

Species priorities will also influence stock rebuilding 
strategies, although rebuilding strategies targeted towards 
one particular stock or species will almost certainly affect 
other stocks or species (including those that belong to the 
same multispecies assemblage, and those that are captured 
in alternative fisheries). While they recognize the multis-



pecies nature of most fIsheries, NEFMC staff have devel
oped a preliminary priority list for rebuilding depleted 
groundfIsh stocks. The order of priority is based on present 
and potential abundance and dollar val\le, as well as a 
subjective evaluation of the relative ease of -rehabilitation: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11 &: 12. 
13. 

Georges Bank cod 
Gulf of Maine cod 
Southern New England yellowtail flounder 
Georges Bank haddock 
Pollock 
Wmter flounder 
American plaice 
Georges Bank yellowtail flounder 
Witch flounder 
Gulf of Maine haddock 
Northern and southern stocks of silver hake 
RedflSh 

DISCUSSION 

A question was raised concerning the level of impor
tance of Georges Bank haddock on the NEFMC list of 
priorities, given the very low stock size and yet high 
potential yield in landings and dollars from the haddock 
stock. It was noted that the priority listing was based not 
only on the status of explOitation of the stocks, but also on 
the perceived likelihood of attaining some stock rebuilding 
in the near term. Therefore, scallops, Georges Bank cod, 
Gulf of Maine cod, and southern New England yellowtail 
were given higher priority than Georges Bank haddock. 

Discussion followed concerning the single species 
yield/SSB simulation approach being considered for evalu
ation of rebuilding strategies. Several alternative modes of 
evaluation were suggested, including: 

• A multispecies surplus production approach, which 
might be robust in terms of modeling long-term re
sponses of the groundfIsh complex 

• A yield/SSB simulation approach considering the 
mullispecies harvest characteristics of the contempo
rary fleet 

• Consideration of economic factors (e.g., value of the 
landings, employment levels) as goals of rebuilding 
strategies. 

It was noted that the current evaluations are intended to 
meet the 50 CFR Section 602 requirement for formulation 
of rebuilding strategies, relative to the biologically-based 
defInitions of overflShing. It was recognized that the 
rebuilding goal for a given fIshery, independent of the 602 
guidelines, may ultimately include biolOgical, economic, 
and social factors. 

There was considerable discussion of the need to 
recogoize the distinction, relative to the 602 regulations, 
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between a stock in an ·overfIshed condition" (Le. a de
pleted stOCk) and therefore in need of rebuilding, and a 
stock experiencing a level of fIshing exceeding some target 
F level over the short term, but not necessarily depleted. 
For stocks that are considered to be depleted, some com
mon target F levels (e.g., F.;> may not necessarily consti
lute an adequate rebuilding strategy. It was noted that 
NEFC annually considers the status of exploitation for the 
stocks on the NEFMC priority list, and provided a working 
paper to SAW 10 as a starting point for determining which 
stocks are overflShed. It was suggested that technical 
review by the SARC would be an appropriate mechanism 
to determine whether a given stock is overflShed. How
ever, this issue was discussed in detail by the Plenary in 
preparing the Advisory Report on stock status (see below). 

Dr. Rosenberg presented an overview of a paper by 
Rosenberg and Brault (1990), prepared for a recent NAFO 
symposium. In their analysis of stock rebuilding over 
different time scales for cod and haddock on Georges Bank, 
several diagnostics were used for evaluating different strate
gies. Expected yield is clearly important but should be 
expressed in probabilistic terms, Le., the probability of 
attaining a given yield level. Similarly, the spawning stock 
biomass level is some measure of the viability of recruit
ment year-to-year and can be thought of as an indicator of 
the risk of recruitment failure; a lower stock implies higher 
risk. Again, probability of maintaining the spawning stock 
above a given level is more informative than average or de
terministic levels of SSB. Finally, a rebuilt stock implies 
more than just an acceptable biomass level. It also should 
contain some rebuilt age structure. The measure of age 
structure suggested was the skewness of the age composi
tion. Examples for cod and haddock were presented for 
discussion. 

Discussion of Cod and Haddock Examples 

There was concern that under the "no reduction" simula
tion for cod, average yields did not decrease over the ten
year simulation, even though current F is high. It was noted 
that this phenomenon was due in part to the distribution of 
recruitment employed, which was based on empirical data 
for recent years during which recruitment of cod has been 
consistently good. The maintenance of yields in spite of no 
reduction in F was an important reason to look at other 
characteristics of stock dynamics, such as average spawn
ing stock biomass and the degree of truncation (skewness) 
of the age composition, in evaluating the different time 
frames for rebuilding. 

The Plenary felt that evaluations such as those done 
here for cod and haddock, and in previous work by Over
holtz, Sissenwine, and Clark (1986) for mackerel and 
haddock, was a good way to convey to managers the 
differing responses of stocks in terms of biomass and yield 
that could be expected given alternative time scales for 
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rebuilding. It was noted that multispecies interactions may 
have a significant impact on expected responses of stocks, 
and that future work might consider these interactions. 
Finally, it was suggested that a priority list of species to be 
evaluated in this manner could be developed, and that 
fonnation of SAW working groups might be a good way to 
pursue future evaluations. 

The report of the SARC was presented to the Plenary 
by Dr. Rosenberg for comment. These notes summarize 
the discussion and suggestions made during the session. 
The Advisory Report (see below) then synthesizes the 
information on stock status. 

GULF OF MAINE HERRING 

The current assessment is for Gulf of Maine only. If 
assessments in the future are prepared jointly with Cana
dian scientists, the assessment should include North Atlan
tic herring stocks as a whole. This will alleviate some of the 
problems identified with the current assessment concern
ing possible mixture of the Gulf of Maine stock with other 
stocks during the time period that surveys and the fisheries 
are executed. 

A question arose concerning the availability of vari
ances around the elements of the catch-at-age matrix and 
the effects this variability will have on our uncertainty 
about the assessment results. It was pointed out that these 
variances may be less a source of uncertainty than the issue 
of mixture of stocks during the sampling periods. 

A question was raised regarding the methods used to 
produce the mean weight-at-age table (fable A4, page 61.) 
Specifically, was the mean weight for the year unweighted . 
. by catch, or was the catch by month or quarter was used to 
weight the estimates. An examination of the total yield, 
mean weight-at-age and numbers-at-age tables suggests 
that the mean weighted by catch was used, thus producing 
a mean catch weight-at-age table. 

SUMMER FLOUNDER 

The Summer Flounder Working Group identified four 
major data needs at this point: 

• Estimates of hooking mortality in the recreational 
fishery. 

Estimates of age frequency of recreational discards 
coastwide. 

REFERENCES 

Overholtz, WJ. M.P. Sissenwine, and S.H. Qark. 1986. 
Recruitment vanabiity and its implications for managing 
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Fish. Aquat. ScL 43:748-753. 

Rosenberg, AA and S. Brault. 1990. Stock rebuilding 
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• Estimates of discard rates (including age composition) 
and discard mortality in the commercial fIShery. 

• Estimates of oldest observed ages (historical), as part 
of an evaluation of natural mortality rates for the 
species. 

A suggestion was made to remove F from Table B8 
(page 70) since it was previously conclud~ by the SARC 
that the value calculated for F .. was based on too short of 
a time series to be considered anything more than tentative. 
This suggestion was agreed to by the SAW chair and en
countered no dissenL 

AI the SARC it was recommended that aging be kept 
up-to-date for this species due to the compressed age 
structure of the population, but this recommendation was 
not included in this report. Accordingly, it was suggested 
that this recommendation be forwarded to the Steering 
Committee. 

SCUP 

An error in the text of the SARC report was noted 
concerning the methods documented for age-at-Iength keys. 
Penny Howell indicated that annual keys (from Massachu
setts) were used from 1982 to the present, and a pooled key 
was used for data prior to 1982. Since the assessment was 
perfonned focusing on Connecticut fisheries, there re
mains some uncertainty in the conversion from length to 
age in the assessment. 

The use of length-based estimators of mortality was 
recommended by the SARC for future assessments of this 
species. The SAW agreed that these methods may be 
appropriate where data for other methods are unavailable, 
but strongly recommends that the sensitivity of estimates to 

. the assumptions of the method (particularly stationarity of 
age composition) be closely examined. 

BLACK SEA BASS 

One of the SARC members thought that the statement 



about over-exploitation of this stock was stronger than it is 
currently stated in the consensus report. There was some 
disagreement about this since estimates of F are not mu 
definative, and the use of length-based "l'timates of F may 
be sensitive to estimates of the von Bertlanffy growth 
equation parameters. For black sea bass this is particularly 
a problem since the species undergoes sequential hermaph
roditism and growth rates are affected by the sex change. 
As for scup, the SAW strongly recommends that the sensi
tivity of estimates to the assumptions of the method (par
ticularly stationarity of age composition and fixed growth 
parameters) be closely examined. 

BLUEFISH 

It was pointed out that the yield-per-recruit analyses 
performed here include age 0 fish, which presumably 
includes eggs and larvae. Since mortality and growth rates 
change quickly for this species during the first year of its 
life, the use of a single mean weight and M for age 0 may 
have a large effect on the shape of the yield-per-recruit 
curve. It was suggested that future yield-per-recruit analy
ses for this species include quarterly or monthly values of 
M and mean weight for age 0 fish in order to determine the 
effects of the using a finer time resolution on the shape of 
the yield-per-recrult curve. 

SILVER HAKE 

This assessment contained many problems and uncer
tainties. Most oflhe discussion focused on the conclusions, 
particularly from the analysis of biological reference points. 
It was noted that the analysis uses four-year running aver
ages of fIShing mortality rates to evaluate current percent 
MSP versus the targets. This may cause problems when 
there is a trend in F as is the case here. Also, there is no 
reason to suppose the two silver hake stocks should have 
the same percent MSP. They should be evaluated and 
reported separately. The Plenary pointed out that the 
highly variable partial recrultment vector for silver hake 
meant that target F values in the future will be highly 
uncertain and will depend on the partial recruitment vector 
at some future time. 

AMERICAN PLAICE 

The SAW noted that it would be useful to have 
additional indices of recruit and pre-recruit abundance for 
this species. A possible source of information on the 
abundance of pre-recrults would be the discard rate (pri
marily from the shrimp fisherY) obtained the sea sampling 
program. 

The SARC consensus states that "The SARC checked 
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that the length composition analysis, using the Beverton 
and Holt method for estimating Z/K, was not excessively 
affected by recent large incoming year-classes by examin
ing data from the mid-1970s as well as recent length data." 
This statement was confusing to some members of the 
SAW. To clarify this poin~ the chair reviewed the discus
sion and analyses that took place during the SARC. 

During the SARC, the committee felt that estimateS 
of Z or Z/K would be useful in the assessment of this 
stock. As the data for this species are limited, the use of 
estimators based on the length frequency structure of the 
population were suggested. Initial estimates of Z for 
recent years using these methods were relatively high, 
however, some of the members of the committee were 
concerned that these estimates could have been biased 
due to the influx of relatively strong year classes. 
Further analyses were performed by extending the time 
series of estimates into the early 1970s when strong year 
classes were also evident. This is what was implied in 
the SARC consensus report when it was stated that the 
SARC checked the length composition analysis. The 
results of extending the time series of estimates into the 
1970s suggested that the estimates of Z for recent years 
was not unduly affected by the incoming year class 
strength. 

As with scup and black sea bass, the SAW encour
ages the continued testing of the applicability of length
based estimators of mortality where data for VP A or 
other analyses are lacking. As with the other species, the 
SAW strongly recommends that the sensitivity of 
estimates to the assumptions of the method be closely 
examined. 

GEORGES BANK COD 

During the discussion of the assessment for this 
stock, a concern was raised regarding the adequacy of 
the assessment for management purposes given that there 
was uncertainty present in many of the elements consti
tuting the assessment. However, it was noted that many 
of these problems are common to most assessments. 
They should not preclude the use of the analysis but 
must be explicitly recognized and serve as strong 
cautionary notes for management. In particular, major 
sources of uncertainty include: 

a) The adequacy of the recreational catch data, 

b) The importance of discarding on Z and F, 

c) The effects of NEFC gear changes during the trawl 
survey time series, and 

d) The use of unstandardized commercial CPUE data 
in the VP Atuning. 
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At present, the cumulative effects of the sources of 
uncertainty are unknown. Suggestions were made that a 
more detailed analysis of the effects of the above sources of 
uncertainty be made in the next assessment of this stock. 
Particularly, points (c) and (d) above need to be" addressed 
concerning the possible effects on estimates of F and 
percent MSP, as some participants in the SAW felt that the 
estimate of percent MSP was rather low. The point was also 
made that the sea sampling program should provide some 
estimate of discard rates, allowing the next assessment to 
include this source of mortality. 

OCEAN POUT 

The SAW noted that the SARC recommendation for 
updated age and growth studies were already underway 
through a cooperative study being conducted by the Uni
versity of Massachusetts, the Commonwealth of Massa
chusetts and the NEFC. 

As with Georges Bank cod, the importance of discards 
to the population dynamics of this species was emphasized. 
Thus, the SAW recommends that the results of the sea 
sampling program be examined in the next assessment of 
this species. 

A list of potential topiCS for review by the Stock 
Assessment Review Committee (SARC) and the SAW 
Plenary Session was developed by SAW participants for 
prioritization by the Steering Committee. Initial experi
ence with the revised structure indicated that the SARC 
could adequately review about ten stock assessments (a 
mixture of analytic and non-analytic assessments) within a 
week. A more lengthy agenda would consequently require 
longer or more SARC meetings. 

STOCK ASSESSMENT REVIEWS 

For the Stock Assessment Review Committee portion of 
the 12th SAW, suggestions were made by both Councils as 
well as other partiCipants for species or stock reviews. No 
suggested priority order was made. 

• Center staff suggested the review of revised analytic 
assessments of: 

Atlantic mackerel 
Pollock 

• MAFMC staff suggested the review of updated assess
ments of: 

WHITE HAKE 

As with ocean pout, the SARC recommended that age 
and growth studies of this species are needed, which the 
SAW indicated were already underway. For this species, 
discarding also appears to the an important source of 
mortality, again emphasizing the need to examine the 
database being provided by the sea sampling program. 

RED HAKE 

The SAW noted that the comments for this species are 
the same as for ocean pout and white hake regarding the 
need for growth and aging studies and examination of 
discard data. 

SMALLELASMOBRANCHS 

This section of the consensus report generated little 
discussion. 

RIex squid 
£Oligo squid 
Butterfish 
Surf clams 
Ocean quahog 
Sea scallops 

• NEFMC staff suggested the review of updated or 
revised (analytic or non-analytic) assessments of: 

Gulf of Maine cod 
Gulf of Maine haddock 
Georges Bank haddock 
Georges Bank yellowtail flounder 
Southern New England yellowtail flounder 
Georges Bank winter flounder 

• General suggestions were made concerning the 
review of updated or revised assessments of: 

Gulf of Maine winter flounder 
Southern New England winter flounder 
Bluefish 
Weakfish 
Sea herring (Other than Gulf of Maine, Georges 

Bank stocks) 
Northern shrimp 



• The Marine Mamma! investigation requested that 
the SARC review methodology used to estimate 
harbor porpoise by-catch. 

OTHER SPECIAL TOPICS AND 
WORKING GROUP REPORTS 

The 12th SAW Plenary is recommended to consider 
the following Issues (in no priority order): 

• Discuss results of Sea Sampling Analysis Working 
Group (WG # 28), with D. Christensen as chair, was 
formed to evaluate properties of estimates of discard 
from current sea sampling data and estimates of sample 
size needed to achieve specified precision levels for 
discard estimates. Target examples may include the 
northern shrimp fishery and all Atlantic cod stocks. 

• Review NEFC survey gear modifications and their 
effects on assessment analyses. Summarize how avail
able information effects of gear modifications should 
be included in assessments. 

• Discuss report of Methods Working Group (WG # 9) 
which addresses outstanding terms of reference, spe
cifically terms 5 and 6 (9th SAW): Identify potential 
methods for evaluating stock status, relative to over
fishing definitions; and consider the utility and relia
bility of those various methods. 

• Discuss results of Lobster Assessment Working Group 
(WG #26) (to investigate feasibility of combined in
shore/offshore lobster assessment, including evalu
ation of available information on migration patterns of 
lobster; and develop list of data requirements and 
collection techniques for lobster assessments). 

• Discuss report of Working Group on Modeling Re
building Strategies (WG # 29), including review of 
existing models and work to date and review of spe-
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cific rebuilding models. This Working Group was 
suggested with P. Mace as Chair to respond to Council 
needs in modeling rebuilding programs. 

• Review evidence for physical and biological factors 
explaining historical (i.e., beyond most recent decade) 
abundance and distribution patterns (WG # 30). This 
Working Group, with A Rosenberg as Chair, was 
formed to review information ·on major long-term 
shifts in stock levels and/or distribution of fishery 
resources. 

Recommendations are also sought from the Steering 
Committee on the following topics: 

• Review the form and utility of the current multiple 
current products of NEFC, SARC and SAW and rec
ommend preferred or revised formats for publication 
and distribution (including recommendations for a 
research review series); 

• Evaluate the possibility of providing travel funding for 
Stock Assessment Review Committee members from 
universities or outside the region; 

• Extend the format of the SAW to include a separate 
one-day "dialogue" meeting to report on an overview 
of assessment results to fishery managers (perhaps on 
a regional Council basis). 

TIMING 

Barring conflicts with Council and ICES meeting 
schedules, the SARC meeting will be held the week of 27 
May, 1991; and the SAW Plenary meeting willbe held the 
week of 24 June 1991. To enable participants time to 
develop analyses and working papers for distribution be
fore the SARC meeting, a prioritized list of topics for 
agendas of the SARC and the SAW meetings would be 
needed from the Steering Committee by 1 January 1991. 
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The Stock Assessment Review Committee (SARC) of 
the 11th Stock Assessment Workshop (SA W) met at Woods 
Hole, Massachusetts from October 15 to 19, 1990. The 
SARC originally was intended to have eleven members 
(fable 1), including two from outside the Northeast region. 
Unfortunately, both of the external SARC members had to 
withdraw shortly before the meeting. 

On the agenda was the review of analyses on 14 species 
from the New England and Mid-Atlantic regions (fable 2). 
During the meeting, the SARC was informed that the report 
on sea scallops would not be complete in time for the 
session, so no review of scallops was undertaken although 
a short comment on the need to review this scallop analysis 
is included in this report. In addition, the review of Georges 
Bank haddock was dropped from the list because of time 
constraints. The assessment of haddock relied on analyses 
prepared by Canadian scientists, which were reviewed by 
CAFSAC prior to the SARC meeting. Because no one from 
Canada attended the SARC and the work had some review, 
it was agreed during the meetings that the time scheduled 
for haddock could be better spent on the other species. 

For each stock, reports of analyses were presented to 
the SARC by one of the scientists involved in the work 
(fable 3). In some cases, working papers describing new 
analyses in detail were available. In other cases, summary 
descriptions, such as those given in the Status of the Fishery 
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Resources 0fftheNortheasrern UniredStates (NEFC 1989), 
accompanied by tables and figures providing more detail 
were prepared for the meeting. For one of the species, 
silver hake, the only material available as a basis for an 
analytical assessment was from SAW 10. The SARC 
analyzed these data and results during the meeting. 

The discussion on each species or stock focused on 
technically evaluating the information presented on stock 
status. We sought to determine: 

.the best current assessment of the resource, 

.the major sources of uncertainties in the assessment, 

.how these uncertainties might . affect the picture of 
stock status. 

In some cases, the SARC performed analyses in addi
tion to those already prepared for the meeting because of 
technical questions raised during the discussion. These 
analyses were intended either to implement specific rec
ommendations for improving the analyses or to explore 
sources and effects of uncertainties. 

The reports presented here are the consensus of the 
SARC on stock status for these species. Appropriate tables 
are attached to each report so that this document is self
contained. 

Table 1. Members of the Stock Assessment Review Committee for SAW 11 

Name 

R.Conser 
M. Fogarty 
P. Goodyear 
(withdrew) 
T.Hoff 
P.Ma ... 
R. Mayo 
W. Overholtz 
T. Polachcct 
A Rosenberg 
(chairman) 
D. Stevenson 
R. Stevenson 
(withdrew) 

Affillation 

Northeast Fisheries Center, CUD 
Northeast Fisheries Center, FED 
Southeast FISheries Center 

Mid-Atlantic Fishery Management Council 
New England Fishery Management Council 
Northeast Fisherie. Center, CUD 
Northeast Fisheries Center, CUD 
Northeast Fisheries Center, FED 
Northeast Fisheries Center, RP AC 

Maine Department of Marine Resources and ASFMC Representative 
Department of Fisheries and Oceans, Canada 
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Table 2. Agenda for fall 1990 SARC meeting 

NEFC Aquarium Conference Room 
Woods Hole, MA 

9 AM, Monday, 15 October· 5 PM, Friday, 19 October 

AGENDA 

Order of presentation for species reviews, expected sources of analyses, and suggested rapporteurs: Days of reviews are subject to 
change. 

Speci .. 

Monday,IS October 

Sea herring' 
Summer flounder 

Tuesday, 16 October 

Scup' 
Black sea bass' 
Bluefish' 
Silver hake' 

Wednesday, 17 October 

Sea scallops' 
American pIaice2 

Cod' 

Thursday, 18 October 

Haddock' 
Ocean pout' 
White hake' 
Red hake' 

Friday, 19 October 

Skat .. ' 
DogfISh' 
Review of SARC Report 

I Review Dew asse;ssmcat or ualysis 
z New aues5IIleDl or aulysil 
) Analysis aDd review 

Snun:elPresen!er 

Main. DMR • Stevenson 
NEFC • Gabriel 

Connectivut - Howell 
NEFC • Shepberd 
NEFC • Gabriel 
NEFC.Mayo 
NEFMC • Russell 

NEFMC • Russell 
NEFC • Serchuk 
NEFC • Serchuk 

NEFC·Mayo 
NEFC • Wigley 
NEFC.Mayo 
NEFC· Wigley 

NEFC • Murawski 
NEFC • Murawski 

Rapporteur 

Mace 
Hoff 

Fogarty 
Fogarty 
Mace 
Polachek 

Conser 
Goodyear 
Goodyear 

Overboltz 
Overholtz 
StevcDSOll 
Stevenson 

Mayo 
Mayo 
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Table 3. SAW 11 SARC documents 

SAW/11/SARC/1 

SAW/ll/sARC12 

SAW/ll/sARCI3 

SAW/11/SARC/4 

SAW/ll/SARC/5 

SAW/ll/SARC/6 

SAW/ll/SARC(7 

SAW/11ISARC/8 

SA W/11/sAR09 

SAW/11/SARC/l0 

SAW/ll/sARC/11 

SA W/11/SARC/12 

SAW/ll/SARC/13 

Revised assessment of Georges Bank cod stock, 1990 

Marine Finfish Survey, section 2.3: Stock assessment of scup 

Status of black sea bass north of Cape Hatteras, NC 

The calculation of replacement fIshing mortality rates, F ~,. for 
Gulf of Maine!Northern Georges Bank and the Southern 
Georges Bank/Mid-Atlantic stocks of whiting 

Yield-per-recruit analysis for Atlantic coast bluefIsh, 1990 

Virtual population analysis of the Gulf of Maine Atlantic herring stock 

Presenter 

F. Serchuk 

P. Howell 

G. Shepherd 

II. Russell 

W. Gabriel 

D. Stevenson 

Report of the Stock Assessment Workshop Summer Flounder Working Group W. Gabriel 

Updated assessment of American plaice in the Gulf of Maine-Georges 
. Bank region: Data tables and fIgures, 1990 F. Serchuk 

Overview of small elasmobranch stock status and population dynamics of 
the Northeast U.SA. S. Murawski 

Ocean pout: Status of the Fisheries Resources off the Northeastern 
United States for 1990 S. Wigley 

White hake: Status of the fIsheries resources off the Northeastern 
United States for 1990 

Red Hake: Status of the fIsheries resources off the Northeastern 
United States for 1990 

Scup: Status of the fISheries resources off the Northeastern United 
States for 1990 

R. Mayo 

S. Wigley 

W. Gabriel 
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An analytical assessment of Gulf of Maine Atlantic 
herring (CIupea harengus harengus) was conducted jointly 
by the Maine Department of Marine Resources and the 
NOAAINMFS Northeast Fisheries Center (paper SA WIllI 
SARC/6). Virtual population analysis estimates of stock 
size indicate an increase in abundance since 1982. The 
SARC identified several important sources of uncertainty 
which suggest that recent year-class sizes may have been 
overestimated. 

STOCK DEFINITION 

The Gulf of Maine stock was considered to include all 
fish found in NAFO areas 5Yand 5Zw (Le., excluding fISh 
from area 6, which were assumed to belong to either the 
Georges Bank or Nantucket Shoals stocks; and excluding 
fish from Sub-area 4, which were assumed to belong to 
Atlantic Canadian stocks). However, an unknown amount 
of mixing occurs during winter/spring between Gulf of 
Maine, Georges Bank, and Nantucket Shoals stocks in the 
Mid-Atlantic and Southern New England areas. The SARC 
also noted that there is historical evidence that substantial 
numbers of juveniles Originating from the Gulf of Maine 
are caught by New Brunswick weirs and shutoffs. 

HISTORY OF THE FISHERY 

ExplOitation patterns in the Gulf of Maine herring 
fisheries have changed substantially over time. Histori
cally, the predominant herring fishery was a juvenile fISh
ery prosecuted with stop seines and weirs. Purse seine 
fisheries on larger fish gained increasing importance from 
the 1970s onward. Currently, purse seine fisheries for 
adults predominate (inCluding increasing amounts sold 
over-the-side to foreign factory ships), while fixed gear 
catches represent only a small fraction of the total (9 
percent in 1989). Larger fish were taken in the purse seine 
fIShery by distant-watcr fleets beginning in the 1960s 
through 1976. Historically there have been changes in the 
relative importance of the fixed and mobile gear fisheries 
depending on availability of fish. 

LANDINGS 

Landings in 1989 were 53,455 mt, an increase of 
13,222 mt (33 percent) over 1988. Total domestic landings 
were 40,387 mt, including 1,433 mt landed by fixed gears. 
An additional 13,068 mt were harvested for over-the-side 
sales. Total landings have been increasing continuously 
since 1985., but domestic landings have remained stable for 
the last three years (fable Al). 

The total annual landings since 1983 are: 

Landings (thousands of mt) 
1983 1984 1985 1986 1987 1988 1989 

23.2 32.7 25.5 31.3 39.3 40.2 53.5 

AGE COMPOSITION OF LANDINGS 

Age 2 fISh predominated in the catch (34 percent by 
number). The 1983 year class contributed 21 percent (by 
numbers) to the catch, the 1986 year class contributed 16 
percent, and the other cohorts each contributed no more 
than 12 percent. 

CATCH-AT-AGE 

The catch-at-age matrix (fable A2) was compiled 
from tandings and age-length keys derived by year, month, 
gear type, and area. No attempt was made to account for 
discards or misreporting, on which there is little informa
tion at present. 

ABUNDANCE INDICES 

Abundance indices that are potential VP A tuning 
candidates include the NEFC spring trawl survey, the 
Massachuserts brit survey and the Maine larval survey. 
Following trial runs made during the SARC, neither of the 
latter two indices were considered to be suitable for tuning 
in their present forDIS. Further exploration of survey 
indices would be valuable. The NEFC spring survey index 
indicates a general increasing trend in abundance since 
1984 (fable AJ). 

ASSESSMENT PARAMETERS 

Natural Mortality 

A natural mortality rate of M = 0.2 was assumed. 

Recruitment and partial recruitment: 

The PR vector used was obtained from the previous 
herring assessment (NEFC 1989) analyses and was calcu
lated as the geometric mean of F over the years 1982 to 
1985. 

Age 1 3 4 s+ 

PR 0.059 0.653 0.580 0.756 1.00 
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Table Al. Herring landings by state (mt) •• = less than 1.0 mt 

Year ME NH MA RI cr NY NJ DE MD VA 

1940 17,249 2,ti16: 61 • 16 857 • 
1941 US Fishery statistics Dot collected 
1942 42,648 2,652 15 • 888 2 
1943 25,948 1,329 11 2 66 992 
1944 37,254 599 14 2 18 647 1 31 
1945 42,010 705 14 2 15 712 1 91 53 
1946 36,34ti • 930 64 47 286 18 14 
1947 55,044 1,085 83 93 64 2,446 9 12 til 
1948 82,786 2,315 559 1,498 10 752 9 40 95 
1949 68,010 5,260 1,931 1,211 100 890 2 37 
1950 84,157 3,6ti3 375 351 til 498 20 45 
1951 27,104 1,30S 402 641 246 759 2 36 
1952 65,636 1,598 1,185 1,234 25 716 2 8 
1953 45,ti38 2,033 984 1,500 14 307 • • 1 
1954 56,080 1,304 477 768 145 294 1 1 2 
1955 45,107 1,561 301 348 85 544 1 4 
1956 til,735 2,058 284 373 190 430 • 35 
1957 69,701 3,008 135 208 95 171 2 2 
1958 77,576 3,183 160 41 134 124 • • 
1959 53,153 1,472 117 37 61 230 1 • 
1960 69,114 889 113 59 89 147 2 3 
1961 24,711 1,417 85 38 74 96 3 2 
1962· 71,098 604 76 26 29 93 5 

19ti3 69,109 841 142 14 39 69 • 4 5 

1964 27,616 931 118 12 70 137 5 6 • 
1965 31,842 2,016 172 5 126 113 3 4 88 

1966 26,451 2,990 273 5 2,907 136 2 4 34 

1967 29,310 1,615 180 • 67 24 2 498 

1968 31,626 9,856 201 44 99 4 19 

1969 24,598 4,484 2,044 60 168 25 

1970 16,602 12,453 1,007 2 28 184 • 5 

1971 12,964 19,671 1,310 1 7 39 • 1,112 

1972 20,277 17,173 2,298 • 12 92 1 316 

1973 16,892 4,881 4,239 10 52 7 174 

1974 21,505 7,992 2,9OS 6 7 157 1 16 26 

1975 17,354 14,590 4,0ti3 56 100 • 14 3 

1976 31,867 18,029 179 • 12 54 3 • 
1977 33,144 25 17,188 293 • 8 33 • 
1978 30,344 18,393 1,688 29 13 43 3 • 
1979 40,541 23,038 1,281 2 58 30 1 • 
1980 48,909 3,010 30,322 1,096 • 104 14 1 6 

1981 51,979 48 12,300 688 12 49 16 • 
1982 23;Jm 581 7,123 1,363 13 18 11 7 2 • 
1983 18,161 943 4,057 46 6 20 20 1 

1984 20,399 82 12,156 49 30 10 

1985 14,574 3 11,137 154 42 11 2 

1986 23,812 1 11,550 583 49 20 

1987 19,392 18,503 312 11 53 23 64 

1988 1ti,53S 22,807 1,091 216 23 342 

1989 15,629 24,504 214 9 31 
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Table A2. Gulf of Maine herring catch-at-age matrix 

Aae 
Year I Z 3 4 5 6 

1967 0.0 7.4 13.0 5.1 '1.7 4.0 
1968 0.1 16.9 10.9 3.5 6.2 6.4 
1969 0.1 8.9 18.2 1.0 3.6 6.6 
1970 0.0 10.3 5.8 5.3 4.3 6.3 
1971 1.4 2.7 5.1 8.1 10.6 14.5 
1972 0.0 18.0 2.9 8.5 10.3 13.5 
1973 0.2 7.4 10.7 1.3 2.8 3.5 
1974 0.5 9.3 6.8 18.9 1.8 1.3 
1975 0.6 8.8 4.9 4.4 17.6 2.2 
1976 0.4 13.6 15.8 3.7 3.3 12.4 
1977 1.3 18.7 7.5 7.0 2.4 2.4 
1978 0.7 12.9 10.0 3.8 8.4 1.2 
1979 0.0 23.4 15.4 8.9 3.8 4.5 
1980 1.0 9.0 30.6 27.8 5.8 2.0 
1981 0.1 38.4 2.0 10.9 10.0 1.6 
198% 0.5 13.1 5.1 0.7 7.1 4.7 
1983 0.6 7.1 5.2 4.7 0.2 2.0 
1984 0.1 4.7 14.9 5.8 5.3 0.3 
1985 0.1 8.6 5.3 5.8 3.5 2.0 
1986 0.8 5.8 12.0 4.0 6.0 2.6 
1987 0.3 4.0 7.9 17.3 3.7 2.8 
1988 0.0 5.3 5.7 4.9 13.2 3.9 
1989 0.0 6.6 6.9 6.9 7.5 16.8 

Use of only a few recent yeaI!l to estimate the current 
PR is justified because of the documented shift from 
fisheries that target juveniles to those lhat target adults. 

Recruitment (numbelll at age 1) in 1990 was calculated 
as the geometric mean of the numbelll at age 1 for the yeaI!l 
1984 to 1988. This resulted in an estimated recruitment of 
1,075.6 million fish. 

Age-Specific Weights 

Two sets of mean weights-at-age were derived from 
the commercial catch for each year. The filst was the mean 
weights-at-age for the filst four months only. These 
weights were used to compute biomass estimates for tuning 
the VPA. The second set of weights-at-age were mean 
weights in the catch during the entire fishing year (Table 
A4). These weights were used to report mean annual 
population biomass and annual catch biomass. 

Proportion Mature At Age 

Prior to 1m. maturity at age estimates were estimated 
from a predictive model based on a relationship between 
maturity. size at age and water temperature. Since then, 
maturity ogives have been derived from annual estimates 
of the proportions of mature fish collected in biological 
samples. 

7 8 , 10 Plus Total 

2.5 0.2 0.1 0.1 0.1 34.3 
7.1 4.9 0.9 0.7 0.2 57.9 
7.1 6.8 5.5 1.7 0.3 59.7 

10.1 8.3 9.7 4.3 0.9 65.3 
8.6 5.2 4.0 2.8 1.1 63.9 
8.0 3.4 0.8 0.8 O.S 66.8 
3.9 2.4 0.6 0.1 0.1 33.1 
0.7 0.6 0.3 0.1 0.1 40.5 
1.0 0.6 0.3 0.1 0.1 40.8 
1.0 0.2 0.3 0.1 0.0 50.7 

10.0 0.6 0.2 0.1 0.1 50.3 
2.1 8.8 0.3 0.2 0.1 48.6 
1.1 1.1 2.3 0.1 0.0 60.6 
3.0 0.3 0.2 1.8 0.0 81.4 
0.5 0.5 0.0 0.0 0.4 64.4 
0.6 0.1 0.3 0.1 0.1 32.3 
2.5 0.1 0.1 0.1 0.0 22.6 
1.1 0.5 0.1 0.0 0.0 32.9 
0.1 0.4 0.2 0.0 0.0 26.0 
1.3 0.0 0.1 0.0 0.1 32.8 
0.8 0.4 0.0 0.1 0.0 37.4 
1.7 0.4 0.0 0.0 0.0 35.2 
4.9 1.5 0.4 0.0 0.0 51.7 

Fishing Mortality Of Oldest Ages 

The fishing monaJity forage 10 and the plus group was 
calculated as the mean of ages 2+. weighted by population 
numbelli. 

Terminal Fishing Mortality 

The relationship between beginning-of-year 2+ bio
mass from the VP A and the NEFC spring survey index was 
used to determine the best estimate of the terminal fishing 
monaJity (F). Use of the criteria of highest Rl for recent 
yeaI!l resulted in a best estimate of F

t 
of 0.275. Additional 

runs performed during the SARC indicated lhat: 

.This result is sensitive to the values of the survey 
indices in the late 1960s (when the indices may have 
included an unknown contribution from the Georges 
Bank stock). The SARC also noted lhat a similar 
problem may occur with the latter half of the 1980s. 

.The result is relatively insensitive to assumptions 
about the recent PRo linear vs multiplicative regres
sions or the uscofalternative tuning procedures (ADAPT; 
Gavaris 1988) to estimate Ft' 
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Table AJ. NMFS bottom trawl survey spring d trans-
• While there may be some dispute about the point formed index, fitted index, time series model a = 0.4 

estimate of FI = 0.275, existing analyses support the 
conclusion that it is in the range of 0.2 to 0.3. Year Observed Fitted 

1968 4.004 2577 

ASSESSMENT RESULTS 1969 2574 1.734 
1970 0.734 0.817 
1971 0.202 0.424 

Trends In Fishing Mortality 1972 0.237 0.429 
1973 1.836 0.742 

Although mean fishing mortality has probably been in- 1974 0.686 0566 

creasing in recent years (from about 0.15 in 1985 to 0.21 in 1975 0.248 0.364 
1976 0.280 0.331 

1989), it is still substantially lower than the peak values 
1977 0.270 0.349 

observed during the late 1970s and early 1980s (a range of 1978 0.470 0.462 
about 050 to 1.60) when the stock reached record low 1979 0.778 0.604 
levels (Table AS). 1980 1.180 0.629 

1981 0522 0.372 
1982 O.OSl 0.162 

Population Size 1983 0.064 0.131 
1984 0.144 0.202 

Both 2+ biomass and spawning stock biomass are 1985 0.304 0.424 
1986 3.010 1.198 

estimated to have increased continuously since 1982 and 1987 1.305 1.479 
are now approximately 4.9 and 65 limes larger, respec- 1988 2.472 2.042 
lively, than they were in that year (Table AS). The 1983 1989 3.014 2.374 
year class which reached peak biomass in 1986 still com- 1990 2.072 2.226 
prised 29 percent of the total 1989 biomass. The 1987 year 
class is good, though not as strong as 1983. These two 

Table A4. Gulf of Maine herring mean weights in the catch for the entire fishing year 

Ap 
Year 1 2 3 4 5 6 7 8 , 10 Plus 

1967 0.005 0.029 0.078 0.118 0.162 0.257 0.275 0.342 0.288 0.292 0.313 
1968 0.007 0.025 0.059 0.142 0.194 0.215 0.245 0.260 0.273 0.292 0.313 
1969 0.010 0.039 0.079 0.051 0.252 0.270 0.320 0.296 0.273 0.292 0.313 
1970 0.021 0.063 0.106 0.167 0.210 0.240 0.304 0.309 0.311 0.292 0.313 
1971 0.019 0.049 0.115 0.180 0.234 0.327 0.294 0.291 0.329 0.331 0.313 
1972 0.035 0.051 0.120 0.187 0.234 0.273 0.314 0.357 0.273 0.292 0.313 
1973 0.016 0.054 O.lOS 0.170 0.233 0.257 0.293 0.325 0.338 0.263 0.324 
1974 0.017 0.053 O.lOS 0.169 0.204 0.232 0.247 0.272 0.286 0.293 0.305 
1975 0.023 0.051 0.096 0.169 0.192 0.230 0.274 0.274 0.302 0.293 0.314 
1976 0.018 0.042 0.114 0.179 0.206 0.211 0.260 0.282 0.319 0.334 0.399 
1977 0.016 0.D42 0.103 0.161 0.189 0.219 0.221 0.260 0.304 0.294 0.281 
1978 0.013 0.040 0.120 0.186 0.226 0.256 0.273 0.285 0.317 0.349 0.345 
1979 0.008 0.D32 0.089 0.198 0.255 0.281 0.182 0.325 0.332 0.313 0.313 
1980 0.015 0.D41 0.103 0.169 0.268 0.319 0.344 0.241 0.306 0.391 0.372 
1981 0.012 0.045 0.114 0.190 0.232 0.293 0.316 0.342 0.470 0.304 0.373 
1982 0.020 0.049 0.130 0.194 0.250 0.267 0.300 .0322 0.342 0.423 0.313 
1983 0.022 0.055 0.138 0.216 0.223 0.310 0.348 0.368 0.390 0.397 0.313 
1984 0.019 0.051 0.133 0.182 0.227 0.260 .0305 0.343 0.314 0.402 0528 
1985 0.013 0.049 0.139 0.181 0.203 0.229 0.281 0.273 0.289 0.292 0.313 
1986 0.021 0.053 0.116 0.166 0.215 0.230 0.251 0.260 0.299 0.292 0.313 
1987 O.ot8 0.044 0.093 0.141 0.178 0.218 0.233 0.227 0.251 0.265 0.320 
1988 0.009 0.034 0.090 0.129 0.164 0.187 0.221 0.238 0.254 0.292 0.247 
1989 0.007 0.046 0.102 0.142 0.167 0.193 0.221 0.253 0.233 0.292 0.373 
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Table AS. Estimated fishing mortality at age, stock size, mean population biomass, and mean spawning stock biomass in 
Gulf of Maine Atlantic herring 

Age 
Year 1 2 3 4 ·s 6 7 8 9 10 Plus MeanF Rec: 

F1sblnl Mortality Rate 

1967 0.004 0.417 0.604 0.208 0.064 0.087 0.069 0.026 0.064 0.329 0.329 0.329 2+ 
1968 0.027 0.782 0.611 0.163 0.231 0.250 0.229 0.201 0.162 0579 0.579 0.579 2+ 
1969 0.024 0.615 0.681 0.112 0.136 0.277 0.300 0.%85 0.336 0.474 0.474 0.474 2+ 
1970 0.010 0.649 0.291 0.181 0.171 0.388 0.746 0.712 0.782 0.442 0.442 0.442 2+ 
1971 0.048 0.417 0.358 0.408 0.422 0.667 IDl9 1.292 0.8S5 0511 0511 0511 2+ 
1972 0.002 0.343 0.336 0.n8 0.915 1.181 1.076 1.210 0.747 0.455 0.455 0.455 2+ 
1973 0.025 0.510 0.152 0.169 0.476 0.852 1.309 1.200 0.802 0.307 0.307 0.307 2+ 
1974 0.045 0.778 0.471 0.255 0.299 0.428 0.445 0.748 0.444 0.458 0.458 0.458 2+ 
1975 0.044 0.384 0.542 0.363 0.343 0.60S 0592 0.735 1.251 0.397 0.397 0.397 2+ 
1976 0.028 1.070 0.607 0.447 0.398 0.385 0507 0.197 0.748 0.756 0.756 0.756 2+ 
1977 0.068 1.073 0.759 0.390 0.546 0.527 0.556 0.695 0.263 0.872 0.872 0.872 2+ 
1978 0.036 0.430 0589 0.498 0.681 0.386 0.871 UJ09 0.849 0.495 0.495 0.495 2+ 
1979 ODl5 0.861 0.437 0.750 0.825 0.709 1.352 1.381 0.639 0.746 0.746 0.746 2+ 
1980 0.051 2.018 1.122 0.988 1.049 1.044 1.151 1.354 1.342 1.306 1.306 1.306 2+ 
1981 om5 1.794 1.061 0.674 0.780 0.844 0.907 0.597 0.184 1.596 1596 1596 2+ 
1982 0.037 0.8S0 0.338 0.645 0.874 0.901 0.992 0.613 0.831 0.751 0.751 0.751 2+ 
1983 0.046 0.303 0.266 0.321 0.299 0.479 1.261 0.426 0.605 0.313 0.000 0.313 2+ 
1984 0.003 0.201 0.465 0.380 0.676 0.850 0.556 1.132 1.804 0.333 0.333 0.333 2+ 
1985 0.013 0.130 0.120 0.233 0.360 0.602 0.494 0506 1.943 0.149 0.000 0.149 2+ 
1986 0.OS4 0.198 0.106 0.104 0.326 0.430 0.903 0.030 0.212 0.153 0.153 0.153 2+ 
1987 0.017 0.178 0.234 0.176 0.125 0.244 0.230 1.057 0.076 0.188 0.188 0.188 2+ 
1988 0.004 0.244 0.182 0.156 0.167 0.176 0.224 0.179 0.156 0.275 0.000 0.197 2+ 
1989 0.017 O.lSO 0.160 0.208 0.275 0.275 0.275 0.275 0.275 0.275 0.207 0.207 2+ 

Estimated Stock 51.." Numben 

Ate 
Year 1 2 3 4 5 6 7 8 9 10 + Total Spawn 2+ 

1967 1666.1 818.8 400.7 2555 193.1 207.3 lS05 29.9 8.1 15 0.7 3732.0 n5.4 2065.9 
1968 678.2 1359.3 441.8 179.3 170.0 148.3 155.6 115.0 23.9 6.2 1.6 3279.1 S08.9 2600.9 
1969 468.4 540.6 509.3 196.3 124.8 110.4 94.6 101.4 n.o 16.6 3.0 2242.4 896.5 In4.0 
1970 215.0 374.3 239.4 211.1 143.7 89.1 685 57.4 62.4 45.1 8.8 1514.9 797.0 1299.9 
1971 1710.6 174.3 160.2 1465 144.2 99.2 49.5 26.6 23.0 23.4 9.6 2567.2 587.4 856.6 
1m 458.0 1335.1 94.1 91.7 79.8 n.4 41.7 14.6 6.0 8.0 4.9 2211.4 351.1 1753.4 
1973 444.9 37S.6 nS.6 SS.o 34.5 26.2 19.5 11.6 3.6 2.3 1.S 17SO.2 536.1 1305.3 
1974 760.9 3SS.2 184.6 S4SA 38.0 175 9.1 4.3 2.9 1.3 1.0 1920.4 731.7 l1S9.4 
1975 680.8 S95.6 133.6 94.4 346.1 23.1 9.4 4.8 1.7 1.5 0.9 1891.8 569.6 1210.9 
1976 920.7 533.3 332.0 63.6 53.8 201.1 10.3 4.2 1.9 0.4 0.2 2121.4 551.9 1200.7 
19n 1318.S 733.2 149.8 148.1 33.3 29.6 112.0 5.1 2.8 0.7 0.6 2533.7 384.3 1215.2 
1978 1745.8 1008.2 205.3 57.4 82.1 15.8 14.3 52.6 2.1 1.8 0.6 3186.1 259.0 1440.3 
1979 334.3 1379.4 537.0 93.2 28.6 34.0 8.8 4.9 15.7 0.7 0.1 2436.7 395.0 2102.5 
1980 1410.3 269.6 4n.6 284.1 36.1 10.2 13.7 1.9 1.0 6.8 0.2 2511.4 396.3 1101.2 
1981 628.5 1096.9 29.3 127.4 86.6 10.3 3.0 3.6 0.4 0.2 1.4 1987.6 237.9 1359.1 
1982 690.6 507.1 149.3 8.3 53.1 32.5 3.6 1.0 1.6 0.3 0.4 1447.8 188.8 757.3 
1983 704.1 545.1 In.4 87.2 3.6 18.2 10.8 1.1 0.4 0.6 0.0 1548.5 224.2 844.4 
1984 1932.2 5SO.5 329.6 111.3 51.8 2.2 9.2 :z.s 0.6 0.2 0.0 2990.1 344.2 lOS7.9 
1985 828.0 1582.2 368.6 169.5 62.3 21.6 0.8 4.3 0.7 0.1 0.0 3038.0 507.3 2210.1 
1986 787.8 669.5 1137.5 267.7 109.9 35.6 9.7 0.4 2.1 0.1 2.S 3022.7 803.0 2234.9 
1987 979.5 611.2 449.9 837.8 197.4 65.0 19.0 3.2 0.3 1.4 0.1 3164.7 1145.5 2185.3 
1988 1166.3 788.9 418.6 291.4 575.3 142.7 41.7 12.3 0.9 0.2 0.0 3438.5 1233.4 2272.2 
1989 34.7 953.8 506.3 %85.7 204.2 398.7 98.0 27.3 8.5 0.6 0.5 2518.2 1201.5 2483.5 
1990 1000.0 27.9 652.3 353.2 190.0 127.0 247.9 61.0 17.0 5.3 0.7 2682.2 1231.6 1682.2 
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TabIcAS. (con't.) 

Ago 
YOIII' 1 2 3 "4- 5 6 7 8 9 10 PI ... 2+Total 

Mean Population Blom ... 

1967 7.S 17.7 21.5 24.8 27.5 46.3 36.3 9.2 2.1 0.3 0.2 lSS.8 
1968 4.2 21.6 17.9 21.4 26.8 25.7 31.0 24.6 5.5 1.3 0.3 176.0 
1969 4.2 14.4 26.7 8.6 26.7 23.7 23.8 23.8 16.3 3.5 0.7 168.3 
1970 4.1 15.9 20.1 29.3 25.2 16.2 13.5 11.6 12.4 9.7 2.0 155.9 
1971 28.8 6.4 14.1 19.8 25.1 21.7 8.4 4.0 4.7 5.5 2.2 111.9 
1972 14.5 52.5 8.7 10.9 11.3 11.5 7.4 2.8 1.1 1.7 1.1 109.0 
1973 6.4 14.5 70.6 7.8 5.8 4.2 2.9 2.0 0.8 0.5 0.4 109.6 
1974 11.5 12.0 14.5 74.1 6.1 3.0 1.7 0.8 0.6 0.3 0.2 113.2 
1975 139 23.0 9.1 12.2 51.3 3.6 1.8 0.9 0.3 0.3 0.2 102.6 
1976 14.8 12.7 26.0 8.4 8.3 32.1 1.9 1.0 0.4 0.1 0.1 90.9 
1977 18.5 17.4 9.9 18.0 4.4 4.6 17.6 0.9 0.7 0.1 0.1 74.1 
1978 20.2 29.9 17.0 7.7 12.3 3.1 2.4 8.7 0.4 0.5 0.1 82.1 
1979 2.4 27.2 35.3 11.9 4.6 6.3 0.8 0.8 3.5 0.1 0.0 90.6 
1980 18.7 4.4 27.3 28.1 5.5 1.9 2.6 0.2 0.2 1.4 0.0 71.6 
1981 6.8 21.4 1.9 16.1 12.8 1.9 0.6 0.8 0.2 0.0 0.2 55.9 
1982 12.3 15.4 15.0 1.1 8.1 5.3 0.6 0.2 0.3 0.1 0.1 46.2 
1983 13.7 23.6 19.6 14.7 0.6 4.1 2.0 0.3 0.1 0.2 0.0 65.1 
1984 33.2 23.1 32.0 15.4 7.8 0.4 2.0 0.5 0.1 0.1 0.0 81.3 
1985 9.7 66.0 43.8 24.9 9.7 3.4 0.2 0.8 0.1 0.0 0.0 149.0 
1986 14.6 29.3 113.7 38.3 18.4 6.1 1.5 0.1 0.5 0.0 0.7 208.5 
1987 15.8 22.4 33.9 98.5 30.0 11.4 3.6 0.4 0.1 0.3 0.0 200.7 
1988 9.5 21.7 31.3 31.6 79.0 22.2 7.7 2.4 0.2 0.0 0.0 196.2 
1989 0.2 36.5 43.4 33.3 27.1 61.3 17.8 5.5 1.6 "" 0.1. 0.2 226.7 

Moan Spawnl"ll Stock Biomass 

1967 0.0 0.0 0.5 17.0 27.5 46.3 36.3 9.2 2.1 0.3 0.2 139.3 
1968 0.0 0.0 1.3 18.7 26.8 25.7 31.0 24.6 5.5 1.3 0.3 135.2 
1969 0.0 0.0 9.3 8.4 26.7 23.7 23.8 23.8 16.3 3.5 0.7 136.2 
1970 0.0 0.0 9.5 29.0 25.2 16.2 13.5 11.6 12.4 9.7 2.0 " 129.1 
1971 0.0 0.0 5.9 19.5 25.1 21.7 8.4 4.0 4.7 5.5 2.2 97.0 
1972 0.0 0.0 2.7 10.7 11.3 11.5 7.4 2.8 1.1 1.7 1.1 50.2 
1973 0.0 0.0 34.8 7.7 5.8 4.2 2.9 2.0 0.8 0.5 0.4 59.2 
1974 0.0 0.0 9.1 73.6 6.1 3.0 1.7 0.8 0.6 0.3 0.2 95.3 
1975 0.0 0.0 6.0 12.1 51.3 3.6 1.8 0.9 0.3 0.3 0.2 76.5 
1976 0.0 0.0 17.0 8.3 8.3 32.1 1.9 1.0 0.4 0.1 0.1 69.2 
1977 0.0 0.0 3.6 17.7 4.4 4.6 17.9 0.9 0.7 0.1 0.1 50.1 
1978 0.0 0.0 2.9 7.3 12.3 3.1 2.4 8.7 0.4 0.5 0.1 37.7 
1979 0.0 0.0 13.9 11.7 4.6 6.3 0.8 0.8 3.5 0.1 0.0 41.7 
1980 0.0 0.0 3.5 26.2 5.5 1.9 2.6 0.2 0.2 1.4 0.0 41.5 
1981 0.0 0.0 0.5 15.7 12.8 1.9 0.6 0.8 0.2 0.0 0.2 32.8 
1982 0.0 0.0 8.9 1.1 8.1 5.3 0.6 0.2 0.3 0.1 0.1 24.7 
1983 0.0 0.0 11.4 14.6 0.6 4.1 2.0 0.3 0.1 0.2 0.0 33.2 
1984 0.0 0.0 16.3 15.2 7.8 0.4 2.0 0.5 0.1 0.1 0.0 42.3 
1985 0.0 0.0 29.6 24.8 9.7 3.4 0.2 0.8 0.1 0.0 0.0 68.6 
1986 0.0 0.0 38.0 37.5 18.4 6.1 1.5 0.1 0.5 0.0 0.7 102.8 
1987 0.0 0.0 5.2 92.9 30.0 11.4 3.6 0.4 0.1 0.3 0.0 143.9 
1988 0.0 0.0 12.6 31.6 79.0 22.2 7.7 2.4 0.2 0.0 0.0 155.9 
1989 0.0 0.0 15.6 32.9 27.1 61.3 17.8 5.5 1.6 0.1 0.2 162.0 
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cohorts account for 47 percent of the estimated age 2+ 
biomass in 1990. 

CATCH PROJECTIONS 

Catch projections were perfonned by the SARC 
Wling the following input values: 

Age 1990 Exploitation Mean Mean Maturity 
Stock Pattern Wt. el Wt. el (OgIve) 
Size el Caleb el Stock 

(millions) (kg) (kg) 

1 1075.6 0.059 0.014 0.014 0.0 
2 27.9 0.653 0.045 0.045 0.0 
3 652.3 0.580 0.108 0.108 0.386 
4 353.2 0.756 0.152 0.152 0.980 
5 190.0 1.0 0.185 0.185 1.0 
6 127.0 1.0 0.211 0.211 1.0 
7 247.9 1.0 0.244 0.244 1.0 
8 61.0 1.0 0.248 0.248 1.0 
9 17.0 1.0 0.265 0.265 1.0 

10 5.3 1.0 0.265 0.265 1.0 
11+ 0.7 1.0 0.313 0.313 1.0 

The exploitation pattern was the same as that used in 
the terminal year of the VP A. Mean weights-at-age and the 
maturity ogive were obtained by averaging over the yC81S 
1985 to 1989. In addition, natural mortality was fixed at 0.2 
and recruitment (numbers at age 1) was fixed at 1075.6 
million individuals. Catches were projected forward to 
1992 assunting the status quo F (0.275) for 1990 and either 
FOol (0.19). F.., (0.5). or the F corresponding to 20 percent 
of the maximum spawning potential (0.37) (NEFC 1989). 
Projected stock size. SSB and catch arc shown in Table A6. 

MAJOR SOURCES OF UNCERTAINTY 

The sources of uncertainty that were of greatest con
cern to the SARC were: 

• Dctennination of which lancllngs come from the Gulf 
of Maine stock. Bxclusion of some of the New 
Brunswick fixed gear catches has probably resulted in 
underestimation of recruitment and fishing mortality 
rates on ages 1 and 2. and possibly age 3. On a relative 
scale. from year to year. this may be less of a problem. 
It is also likely to affect estimates of percent maximum 
spawning potcntial. Mixing with other herring stocks 
in the Mid-Atlantic and Southern New Bngland re
gions may have resulted in overestimates of catches 
and survey indices at hoth ends of thc time series Qatc 

Table A6. Gulf of Maine herring. projected stock size. 
spawning stock biomass. and catcb, 1990-1992 

PROJECTION 1: STATUS QUO F 

F(I990) = FSQ = 0.275; thereafter F = Fso = 0.275 

Year 

Jan 1 2+ stock size (millions) 
Mean SSB (thousand mt) 
Amtual catch (thousand mt) 

1,682 
180 

SO 

1991 

1,979 
168 
49 

PROJECTION 2: F., 

F(I990) = FSQ = 0.275: thereafter F = F., = 0.19 

Year 

Jan 1 2+ stock size (millions) 
Mean SSB (thousand mt) 
Amtual catch (thousand ml) 

1990 

1,682 
180 

SO 

PROJECTION 3: F ... 

1991 

1,979 
174 

35 

F(I990) " F SO " 0.275: thereafter F = F .. = 0.5 

Year 

Jan 1 2+ stock size (millions) 
Mean SSB (thousand mt) 
Amtual calch (thousand ml) 

1.682 
180 
50 

1991 

1,979 
153 
81 

PROJECTION 4: Fat 20'llo MSP 

F(I990) = F SO = 0.275; thereafter F = 0.37 

Year 

Jan 1 2+ stock size (millions) 
Mean SSB (thousand ml) 
Amtual catch (thousand mt) 

1,682 
180 

SO 

1991 

1,979 
161 
63 

1992 

2,170 
142 
48 

1992 

2,264 
159 
37 

1992 

1,949 
107 
68 

2,072 
126 
58 

1960s to carly 19708 and the most recentlhrcc to four 
YC8IS). since these arc the periods when Georges Bank 
and . Nantucket Shoals herring have been the most 
abundant. Substantial contributions by other stocks 
would most likely lead to overestimates of recent 
population levels for the Gulf of Maine stock. 

• Dctennination of which survey strata to include in the 
survey index used for tuning. Inclusion of strata that 
may include fish from Georges Bank or Nantucket 
Shoals. particularly in the last five YC81S, may result in 
ovcrestimation of recent stock sizc. whereas exclusion 
of these strata may result in underestimates. 



• Applicability of the aggregate 2+ biomass from the 
spring trawl survey u an index for tuning the VP A 
The partial recruitment pattern for the survey may not 
reflect full recruitment at age 2, which should result in 
additional variability in the tuning esttmates. 

• Estimation of the partial recruitment vector. If the 
fishing mortality rate on the younger ages wu higher 
!ban used in tbis assessment, recruitment may have 
been overestimated. Of course, the converse is also 
true and it is unclear at present which direction of biu 
is more likely. The SARC attempted to resolve the 
issue by running a separable VPA analysis but could 
not obtain acceptable results. 

RECOMMENDATIONS 

The SARC recommends that: 

• A joint U.S./Canada assessment, incorporating rele
vant Canadian catches, should be conducted in the 
future. 

The SARC reviewed an analytical assessment per
formed by the Summer Flounder Working Group to esti
mate fIShing mortality rates, stock size, and biological 
reference points for Ibis species (SAW/11/SARC/7). Vir
tual population analysis estimates indicate that summer 
flounder are heavily over-exploitcd at present relative to 
estimates of F.... There are still substantial uncertainties 
remaining in the analysis, however there wu no dear 
indication of bias in the results. 

STOCK STRUCTURE 

Management of summer flounder is hued on an u
sumed unit stock from !be sou!bern border of North Caro
lina, nortbeut to !be U.s.-Canadian border. 

LANDINGS 

Reported commen:iallandings in 1989 of 9,700 mt 
(Table B1) were the lowest in the put1S years and haIf!be 
peak amount that wu landed in 1979. Recreationalland
ings declined even more precipitoUSly in 1989 than com
men:iallandings to 1,500 mt, 20 pcn:cnt of the average for 
the past decade (Table B1). Traditionally, the commercial 
fishery lands about 60 percent of the total, with more !ban 
70 pcn:cnt of the commercial landings coming from the 
EEZ. The recreational fishery is mainly an Inshore, pri-
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• Alternative tuning methods should be further investi
gated. In particular, the potential for using other time 
serieS of abundance indices should be examined, con
sideration should be given to integrated methods that 
consider several time series concurrently, and, where 
possible, tuning indices should be disaggregated by 
age. Preliminary analyses along these lines that were 
made during the SARC meeting show promise and 
should be pursued. 
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vate/rental boat fishery. There are no directed foreign or 
joint venture fisheries. 

INDICES OF ABUNDANCE 

Recent spring NEFC survey indices appear to be about 
one-fifth !be level of indices from the mid- to late 1970s. 
Age composition data indicate a substantial reduction in 
!be number of ages in !be stock between 1976 and 1990 
(Table B2), where by 1990 the maximum observed age was 
3 years. The 1990 Age and Growth Workshop appears to 
have resolved previOUS aging inconsistencies. State sur
veys were used to qualitatively detect recent trends in 
recruitment, but there is little coherence among the survey 
index series (Table B3). Preliminary indices indicate that 
the 1989 and 1990 year classes appeared no better than 
average. The VIMS Young-of-thc-Year survey is the only 
available predictor of recruitment for 1989 and 1990 that is 
coberent with put VP A estimates (see discussion that 
follows). 

A Mid-Atlantic private/rental boat index for abun
dance, which suggested a declining trend in abundance 
since 1987, _ developed using !be intercept sample data 
from MRFSS. Mean catch-per-trip was calculated from the 
North Carolina winter trawl fishery, and !be 1985 to 1989 
CPUE values have remained lower !ban the average but 
have fluctuated without trends. Weigh-outlandings from 
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Table B1. Commercial and recreational landings (mt, A+ B1) of summer flounder, Maine to North Carolina (NAFO 
Statistical Areas 5, 6), 1980-1989, as reported by NMFS Fisheries Statistics Division (U.S.) and NEFC (foreign) 

Uol!. U.S. 
Year Commercial Rocreatloruil -. Foreign' Total 'lIoCommen:lal 'lIoRecreatlonal 

1980 14,056 11,722 75 25,853 55 45 
1981 9,904 5,124 59 15,087 66 34 
1982 10,731 8,573 35 19,339 56 44 
1983 13,942 16,171 •• z 30,113 46 54 
1984 16,992 13,099 •• 30,091 56 44 
1985 14,921 7,750 2 22,673 66 34 
1986 12,9S5 7!¥11 2 20,928 62 38 
1987 12,977 5,956 1 18,934 69 31 
1988 16,272 8,356 •• 24,628 66 34 
1989 9,701 1,512 NA' 11,213 87 13 
Average 13,245 8,623 19 21,886 63 37 

1 Foreip calCil iadudcs boda diJected foreign fISheries aDd jOiDl venture flShiai. 
2 •• "" Less thaD OS mt 

) NA. Not available 

Table B2. Summer flounder spring offshore mean number-per-tow (fitted A values), NEFC survey, offshore strata 1-12, 
61~76 

Aile 
Year 0 1 2 3 4 5 

1976 0.00 0_03 1.50 0.60 0.25 0.06 
1977 0.00 0.54 1.17 0.62 0.09 0.08 
1978 0.00 0.52 0.71 0.49 0.14 0.03 
1979 0.00 0.11 0.32 O.tS 0J17 0.06 
1980 0.00 0.01 0.64 0.28 0.13 0.02 
1981 0.00 0.58 0.52 0.17 0.08 0.05 
1982 0.00 0.53 1.09 0.09 0.02 
1983 0.00 0.36 0.44 0.21 0.05 0.01 
1984 0.00 0.24 0.46 0.13 0.07 
1985 0.00 0.42 1.18 0.16 0.03 0.02 
1986 0.00 1.23 0.36 0.17 0.02 0.01 
1987 0.00 0.55 0.51 0.02 0.02 
1988 0.00 0.41 0.57 O.OS 0.02 
1989 0.00 0.07 0.32 0.03 O.ot 
1990 0.00 0.56 0.03 O.OS 

Virginia and north were subjected to ANOVA for vessel 
class, year, and area affects. The results explained 23 
percent of the variance in the data where all parameter 
estimates were highly slpificant. A declining trend in 
CPUE since 1982 exists, but does not well reflect trends 
seen in the NEFC survey index except Cor the last three 
years, where both reflect rccordlow abundance. 

MORTALITY ESTIMATES 

The rate of natural mortality was assumed to be 0.2. 
Total mortality estimates based on state and federal surveys 
increased steadily from 1976 to 1986. Pooled cohorts 
(survey data) showed a less clear pattern, but the mortality 

6 7 

0.01 0.01 
0.01 
0.02 0.02 

O.OS 0.03 
0.03 0.02 

0.01 O.ot 

• 
0.01 

0.02 
o.ot 
0.01 

9 10 Total 

2.46 
2.51 

O.ot 1.92 
0.73 

0.01 1.18 
1.46 
1.72 

0.01 1.08 
0.93 
1.80 
1.78 
1.11 
1.05 
0.45 
0.64 

rate in recent years appears to be higher than in earlier 
years: total mortality averaged 2.3 between 1985 and 1989 
compared to 1.2 between 1978 and 1984. Estimates of Z 
from the MRFSS ranged from 0.81 to 1,58. The SARC 
commented that these estimates of total mortality rate are 
not as reliable as estimates from virtual population analy
sis. 

CATCH-AT-AGE 

Catch-at-age matrices were developed from the MRFSS, 
North Carolina winter trawl fishery and the weigh-out 
landings, and were then summed to produce a total fishery 
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Table 83. Summary of summer flounder recruitment indices from state, federal, and university research surveys, Cape 
Hatteras to Massachusetts 

YearCl_ 
Survey 1980 1981 1981 .1983 1984 1985 1986 1917 1988 1989 1990 

NEFC· 0.58 0.53 0.36 0.24 0.42 1.23 0.55 0.41 0.07 0.56 
Cage 1) 

NEFC· 1.09 0.44 0.46 1.18 0.36 0.51 0.58 0.32 0.03 
Cage 2) 

MASS' 0.40 0.38 0.24 0.04 0.14 0.97 0.62 0.15 0.00 0.25 
Cage 1) 

MASS' 1.42 1.30 0.07 1.19 0.53 0.58 0.97 0.34 0.02 
Cage 2) 

VIMS' 1.36 1.25 1.65 0.73 0.50 0.53 0.45 0.19 0.14 0.28 0.38 
Cage 0) 

MASS' 3.00 3.00 1.00 19.00 5.00 5.00 2.00 3.00 11.00 
Cage 0) 

VIMS' 3.23 0.75 0.06 0.77 1.98 
Cage 0) 

NCO 19.86 2.61 6.86 4.20 
Cage 0) 

I Number-per-tow (fitted .:1 values), NEFC spring offshore trawl survey strata, 1-12. 61-76 
2 Number-pcr-tow (stratified meaa). Massachusetts Oivisioa of Marine FISheries $priDe bawl survey 
J Number-per-Iow (stratified mean), Vtrgiaia IIl5tirute of Mariae Seicacc historical trawl suvey 
, Total aumber. Massachusetts DivisioD of Mariae Fisheries beac1!. seiDe suvey (fixed statioas) 
, N,mber-per.tow, VirJiaia Institute of Marine Scieace youDI-Gf-1he-year survey (fixed stations) 
, Number-per-cow (stralified meaD), Nom Caroliaa DivisioD of Marine FJSheriea 

Table B4. Total catch-at-age of summer flounder (thousands), Maine to North Carolina, 1982 to 1988 

Year Age Total 
0 1 % 3 4 5 , 7 8 , Catch 

1982 5,224 19,070 12,329 814 280 116 68 26 4 0 37,931 

1983 11,989 33,271 8,790 1,072 167 103 16 20 5 4 55,473 

1984 12,056 31,614 14,242 3,401 1,075 247 110 5 1 4 62,755 

1985 2,427 16,933 17,510 2,805 1,663 313 135 5 2 1 41,794 

1986 4,411 16,170 10,665 4,166 29S 496 150 20 86 0 36,549 

1987 2,656 19,839 10,637 1,700 620 34 35 409 11 0 35,491 

1988 3,541 21,995 14,069 2,143 643 131 63 20 5 0 42,610 

catCh-at-age matrix (TableB4). For the total catch at age VIRTUAL POPULATION ANALYSIS (VPA) 
during 1982-88, the average catch composition at age was: 

Ages 0 to 4 WCIe included in analysis along with ages o = 13 pen:enl, 1 = 49 pen:enl, 2 = 30 pen:ent and 3 '" 6 
pen:ent. Summer flounder age 4 and older constituted an S and above which were combined as a plus group. Termi-
average of less than 3 pen:ent. Mean weight-at-age varied nal F values in 1988 wele estimated using the Lagree-
little over the time series (Table BS). ShcpheRl method, incorporating various survey and com-
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Table B5. Mean weight-at-age (kg) of all landed summer flounder, Maine to North Carolina, 1982 to 1988 

Vear Age MeanWL 
0 1 Z 3 4 5 , 7 8 , All Ages 

1982 0.154 0.435 0.6S4 1.687 2.135 2.795 2.621 3.762 4.284 0.534 
1983 0.218 0.447 0.786 1.297 1.466 1.706 2.567 3.169 3.875 4.370 0.475 
1984 0.228 0.399 0.640 1.055 1.592 2.245 3.476 3.620 4.640 4.030 0.491 
1985 0.282 0.426 0.612 1.092 1.782 2.343 2.670 4.682 4.780 4.!!OO 0.611 
1986 0.256 0.454 0.6S9 1.173 1.790 2.503 3.267 2.994 4.415 0.624 
1987 0.237 0.445 0.6S1 1.121 1.933 2.852 3.080 3.020 4.140 0.557 
1988 0.290 0.474 0.648 1.158 1.985 2.699 3.968 3.913 4.500 0.584 

Table 86. Summer flounder VP A results 

Fishing Mortality (F)-at-Age 

Vear 1!J8Z 1!J84 1!J85 1!J86 1!J87 1!J88 FBAR FBAR 
Age SZ-85 SZ-88 

0 0.0755 0.1516 0.1574 0.0586 0.0834 0.0599 0.1234 0.1358 0.1157 
1 0.6824 0.9200 0.7382 0.6932 0.6663 0.6413 0.9567 0.7585 0.7569 
2 1.4778 0.7983 1.5229 1.3175 1.4297 1.3955 1.4643 1.2791 1.3437 
3 1.0456 0.4543 0.8599 1.9470 1.5683 0.9755 1.3766 1.0767 1.1753 
4 1.2617 0.6263 1.1914 1.6323 1.4990 1.1855 1.4196 1.1779 1.1594 

+gp 1.2617 0.6263 1.1914 1.6323 1.4990 1.1855 1.4196 

Stock Number-AI-Age (Start olVear) 

Vear mz 1!J84 1!J85 1!J86 1!J87 1!J88 1!)89 GMST AMST 
Age SZ-85 SZ-85 

0 79,185 93,820 58,362 46,986 60,741 50,311 33,588 67,183 69,588 
1 42,066 60,118 66,011 36,938 36,279 45,751 38,795 24,307 49,832 51,283 
2 17,213 17,407 19,615 15,832 15,120 15,255 19,125 12,202 19,739 20,016 
3 1,362 3,215 6,414 3,502 5,664 2,963 3,094 3,735 3,149 3,623 
4 422 392 1,671 2,222 409 966 915 639 885 1,177 

+gp 323 347 571 609 1,043 762 312 243 
Total 140,570 175,l9!J ISZ,64 116,0!J0 11!J,z56 116,010 '6.428 41,126 

mercial CPUE indices. The tuning performed by !be 
Working Group used six survey series. Lack of coherence 
of the surveys was cause for concern to the SARC. There
fore, during the review, an additional tuning run was made, 
utilizing !be standard commercial CPUE disaggregated by 
age as a seventh tuning series. This commercial index has 
higher weight than the surveys in the results and improved 
the diagnostics for tuning. Thus,!be SARC accepted this 
revised run and resultant VP A as the best current estimates 

for this stock. The fishing mortality rate on fully recruited 
ages was around 1.4 between 1982 and 1988 (Table 86). 
The analysis indicates that the fIShing mortality rate has 
varied over !be seven-year period, but the greater than 1.0 
average suggests that !be stock has been over-exploited for 
some years. The 1988 year class and !be total estimated 
stock size in 1988 are the lowest in the series (Table 86). 
However, recruitment has remained fairly stable over tbis 
short time span. 
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F\gwa Bl. ResullS of mriscd yIcld-pcr-rec:rult analysis for summer flounder, 1990. 

Yleld·Per·Recrult (YPR) ANALYSIS 

BIo1oglca1 IWraeacc poiDII were calculated \lSinl 
Thompson and Bell Model. Maturity by .. (females)_ 
set 81: o. 38 pcn:cnt, 1. n pcn:cnt, 2 • 90 pen:ent, 3 • 
99 pen:cnt and 4+ .. 100 percent. SPV A lWSullS bave tile 
followin& PR vector for ale: o. 0.1)428, 1 • 0.4634, 2 • 
1.0000, 3 .. 1.()361, 4 .. 1.0000. 1bc vector _ simpllfted 
to be: o. O.os, 1 • 0.50 and 2+ • 1.0. With tile mriscd 
iDput paralllCtell, F .... 0.14 and F _ • 0.23 were obtainecl 
• new estimates of tile blolop:aJ IWCel'CllCC poiDII (fable 
B7 and F\gwa Bl). Sipiflcant sexual dImorpbism emlS 
amoDl older sae aroups in this specica and pcrbaps anaIy-

SCI sbould comider tile sexes separately. It is unclear, 
bDwcvcr, wbat pmamatic impact this would bave sinc:c all 
catch estimates and IaDdina weiShts 8IW poolecl, and few 
o\cIcr IIsb clIistcnt at plWSCnL 1bc YPR model is driven by 
fIIIIIna mortality at .. 1, and in fac:t, tile very ruSh Fs on 
• 1 fisb 8IW detcrmininI tile status of this stoc:k. 

PROJECTIONS 

PIojectIoIII _ made aasuminllow and ruSh esti
mates of m:ruitmcnt. wen as an estimate based on VIMS 
survey data. 1bc $ARC conducted a cah'bration ICJlWSSion 
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Table B7. Summary of input data and results, 1990 revised 
yield-per-recruit analysis for summer flounder, age 0 to 1S 
model 

Fraction F befo", spawning = 0.83 
Fraction M befo", spawning = 0.83 
First age = 0 
Last age = 15 

Ale FPATI'ERN MPATI'ERN Maturity Weight In 
Catch and 

Stock 

9'1l 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

0.050 
0.500 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 

Slope at F factor = 0, 10.090 
Foo,' 0.136 
F_' 0.232 

FFACT 

0.00 
0.02 
0.10 
0.20 
0.30 
0.40 
0.60 
0.80 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 

MFACT 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Catcb 
Welabt 

0.0000 
0.1711 
0.4903 
0.5756 
0.5660 
05433 
0.4878 
0.4457 
004158 
0.3943 
0.3786 
0.3669 
0.3578 
0.3S06 

0.380 
0.720 
0.900 
0.970 
0.990 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

Spawn 
Welabt 

9.4975 
8.0073 
4.5022 
2.S92S 
1.6880 
1.1969 
0.7146 
0.4953 
0.3772 
0.30S5 
0.2582 
0.2249 
0.2001 
0.1810 

0.237 
0.432 
0.642 
1.164 
1.811 
2.449 
3.074 
3.434 
4380 
4.841 
5.336 
5.767 
6.135 
6.445 
6.704 
6.917 

Percent 
Mulmum 

Spawn 
Welabt 

1.0000 
0.8431 
0.4740 
0.2730 
0.1777 
0.1260 
0.0752 
0.0522 
0.0397 
0.0322 
0.0272 
0.0237 
0.0211 
0.0191 

Table B8. Summer flounder projections 

Long-term averaae yield and SSB at two le.els of recruit
ment: 33..5811 (lowest In tbe time series) and 93,820 (blahest In 
the time series), and four reference ftsblna mortality le.els: 
F .. (0.136), F _ (0.232), F no (1.10) and F IQ (1.42) 

F Yield 
(tbousand mt) 

17.5 - 48.8 
19.1 - 53.5 
13.8 - 38.5 
12.8 - 35.7 

SSB 
(tbousand mt) 

128.0 - 357.5 
n.3 -215.8 
11.4 - 31.9 
8.7 - 24.4 

Projected yield and mean annual SSB usina the status quo F 
(1.42) and predicted recruitment estimates of55,5791±1II,864) 
ill 1989 ond 57,058I±I8,864) ill 1990 and thereafter 

1989 
(mt) 

1990 
(mt) 

Prccli<:ted Recruitment Estimates 

MeanSSB 
Yield 

MeanSSB 
Yield 

MeanSSB 
Yield 

18,838 
9,701 

21,902 
22,429 

MiDus ODe s.e. 
17~S 17~6 
9,701 19,013 

Plus ooe s..e. 
20,419 26,528 
9,701 25,845 

1991 
(mt) 

21,228 
21,616 

15,055 
15,688 

27,402 
27,545 

Data Used ill Summer Flounder Projections' 

1989 
Stock 
SIze 

(thousand) 

o variable' 
1 24,307 
2 12,2021.0 
3 37,351.0 
4 6,391.0 
5+ 2,431.0 

Exploitation Mean 
I'IIttern WI. 01 

Catcb 
(ka) 

0.050 
O.soo 
0.642 
1.164 
1.811 
2.449 

0.237 
0.432 
0.642 
1.164 
1.811 
2.449 

Mean Maturity 
WI. 01 
Catcb 
(ka) (OaIve) 

0.237 0.380 
0.432 0.720 
0.900 
0.970 
0.990 
1.000 

1M. 0.2, recnitmeat 1990 oawuI • 57,058 ±. 18,864, 1989 Judia&s • 
9,701l1li 

• 55,579 ~ 18,864 



of thc VIMS survey versus the VP A estimates of numbers 
at agc one. Thc resultlng predictions of recruitment were 
a weighted average at the mean recruitment and the VIMS 
prediction using the RCRT1NX2 program. VIMS data 
predict age 0 recruitment for 1987 to· 1990 to be 65.7 
million, 63.1 million, 55.6 million, and 57.1 million indi
viduals, respectively. The standard errors for the last two 
estimates were both approximately 19 million. These 
estimates should be considered highty uncertain given the 
short time series of data and large standard errors. More 
work is needed on recruitment prediction and these esti
mates should only be used as a guideline. 

Table B8 gives yield and spawning biomass projec
tions for a) average yield under constant F and recruitment 
assumptions and b) projected yield for 1989 to 1991 using 
estimates of incoming recruitment. All of these projections 
are optimistic in assuming that recruitment will remain 
near the average level. Since the 1989 projection is well 
above the reported catch, and preliminary indications are 
that the 1990 catch will be even lower, these figures should 
be viewed with caution. 

The relative yield and spawning biomass figures for 
different levels of F are useful for comparison rather than 
absolute levels. Under current F levels, Incoming year 
classes· may rebuild the stock biomass slightly. However, 
note that the case for one standard error below the estimated 
recruitment gives a scenario of declining stock, so any 

The SARC reviewed analyses presented by the Con
necticut Bureau of FISheries on !Cup resources In Long 
Island Sound and adjacent waters (SAW /ll/SARC/2). 
Estimates of mortality based on catch-curvc calculations 
indicate that this resource is currently over-exploiled, al
thougb these are highly uncertain estimates of current 
fishing mortality. Estimates of the biological reference 
point F are not wcll founded at present, and furthcr work 
will be ~eccssary to determine this targct level for stock 
maintenance. 

STOCK STRUCTURE 

For assessment purposes, scup within the Middle At
lantic Bight (Cape Coc\ to Cape Hattcras) are considered to 
be a unit stock-

LANDINGS 

U.s. commerciallaodings ranged from 18,000 to 22,000 
mt between 1953 and 1963. During 1975-81, landings 
fluctuated between 6,000 and 10,000 mt. Since 1981, 
domestic landings havc declined sharply; the 1989 catcb of 
3,600 mt is thc lowest since 1960. Reported landings by 
distant-water fleets peaked at nearly 6,000 mt in 1963, but 
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projection of stock rebuilding is uncertain and has a high 
risk. Longcr term yield depends entirely on incoming 
recruitment and appears to be much greater for lower levels 
of fishing mortality rate, Le., near Fat and Fou. Maintain
ing current F levels will continue to depress the stock and 
the yield on average. 

SOURCES OF UNCERTAINTY 

The prinCiple sources of uncertainty in this assessment 
are: 

• Only a very short time series of data is available for 
assessment .. This means that new data may substan
tially influence the picture of the stock over time. 
There are insufficient data to estimate other reference 
points such as F ... for this stock. 

• The survey series are in poor agreement and make it 
more difficult to interpret the results of the assessment. 
More analyses of commercial CPUE seems one pos
sible route to reducing uncertainty in stock status. 

• Recruitment is poorly estimated but crucial because of 
thc truncated age distribution. More analyses of other 
surveys and more work on the estimation of the errors 
in the estimates is required. 

declined to less than 100 mt by 1975. Total landings since 
1967 are depicted in Tablc Cl. Scup support important 
recreational fisheries witb landings ranging from 1,600 to 
6,000 mt during 1979-88. 

ABUNDANCE INDICES 

Catcb-per-unit-effort of Soutbern New England from 
otter trawlers increased from 2.2 mt per day fished to 6.2 mt 
per day from 1977 to 1979. Recent levcls decreased 
sharply from 5.8 mt per day during 1982-84, to 2.8 mt per 
day in 1989. 

The NEFC autumn offsbote survey index bas fluctu
ated markedly, with high catcb rates in 1975, 1981, and 
1983 (Tablc C2), whilc the 1986 to 1988 levels were below 
the long-term IIIC8JL The 1989 survcy Index value in
creased telativc to the 1986-88 levcls in the Mid-Atlantic 
tegion. Survcys conducted in coastal waters of Connecti
cut and Massacbusetts teveal generally similar patterns of 
telative year class strength compared to the NEFC surveys. 

MORTALITY ESTIMATES 

Catcb curvc analyses derived from thc Connecticut 
survey indicate total mortality rates of Z = 0.7 to 1.1 for 
1982 and 1985, and 1.48 for 1988. An earlier estimate, 
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Table Cl. Total landings and catch-per-unit-effort of scup in Connecticut and coastwide, 1979 to 1988 

y- COmm • ...,lal -- Recreatloaol-
Coamrlde' Total cr la-Souad cr Coaatwlde' In-SOuad' 
(1,000 mt) (1,000 lb) (CPUE Ib) (1,000 mt) (CPUE) (1,000 mt) (CfCPUE) 

1979 8.0 626 130 478 88 3.7 NA 
1980 7.9 219 56 193 50 3.9 NA 
1981 9.8 228 63 141 642 .0 NA 
1982 8.7 176 78 156 65 3.1 NA 
1983 7.8 227 48 179 56 3.4 NA 
1984 7.8 112 31 73 43 1.4 8.0 
1985 6.7 109 29 80 49 3.3 13.2 
1986 6.9 22S 32 139 42 5.9 14.1 
1987 6.1 144 31 87 38 3.2 8.8 
1988 NA 215 60 17 29 NA 2.9 

I Soudaem New Eagland aDd Mid.Atlantic reJioaallatadiDp reported ill NOAA Tedaica1 Memoraaduai NMFS-FINEC..63, SmIJI.f o/th4 Fishery lWsou,ces 
off 1M N...rMaskm UnJt.d SIDk./., 1988. 

2 COllDectiCUI Departmentol Marine Fisheries lnformatioD System, unpublished slad$tics. Total_ Areas 1.9; CPUE _ arilhmetic meaD 111>+ catch-per-trawl 
holU. la-sound = Area 1-6; CPUE ::II geomebic mean of 20 percellt catch per trawl hour. 

3 Job 1 - Marine Angler Survey; CPUE = fISh creeled per trip for positive calch trips. 

Table C2. Continued stratified mean catch-per-tow (number and weight in kg) of scup in autumn NEFC bottom trawl 
surveys, 1982; Southern New England: strata 1,2, S, 6, 9; Massachusetts: strata 61, 65, 69, 73, 74 

y- <l4em ~14cm All Mean FIsh Upper <14cm ~14cm AIIM .... FIsh Upper 
Lower 95'l1o CI Lower 951'1> CI 

95'l1o CI 951'1> CI 

1982 29.916 8.084 33.00 -3.773 69.773 39.547 1.499 41.046 -25.921 lOS.014 
1983 0.826 8.171 8.997 1.620 16.375 4.041 0.250 4.291 -3.799 12.382 
1984 3.547 7.792 11.339 0.921 21.756 42.563 15.784 58.347 -26.421 143.116 
1985 35.129 25.223 60.352 -0.613 121.317 128.100 7.301 135.401 33.047 237.755 
1986 23.920 5.88S 29.805 -1.477 61.OS7 100.761 4.130 104.891 -54.1OS 263.890 
1987 15.001 1.1OS 16.109 -10.455 42.674 0.407 0.082 0.489 -0.246 1.224 
1988 16.188 0.407 16.595 -10.699 43.888 0 0 0 
1989 5.674 3.664 9.338 -1.894 20.570 235.779 29.924 265.703 -0.198 531.604 

based on NEFC survey data during the latter 197Os, was 
approximately Z = 0.5 (Table C3). A length-based mortal
ity estimator applied to the Connecticut survey data gave 
comparable results although the estimates were often lower. 
The SARC concluded !bat length-based estimates were 
probably more appropriate for scup. given the current state 
of the aging data. Similar trends in total mortality were 
obtained in analyses of Massachusetts survey data. Esti
mated total mortality rates Incrcased from Z '" 0.5 to 0.6 
during the late 197Os, to more than Z .. 0.9 in the late 1980s. 

BIOLOGICAL REFERENCE POINTS 

Estimates of F aI and F.., were provided based on 
demographic parameters derived from published work and 
ongoing biOlogical investigations. The yield and spawning 

biomass-per-recruit model incorporated a constant natural 
mortality rate over all ages (M = 0.2) and age-specific 
discard mortality rates based on hooking mortality studies 
and assumed levels for commercial gear. Estimates of F 
were derived with reference to survey estimates of recruii! 
ment (age 2) and spawning biomass for Connecticut, 
Massachusetts and NEFC surveys. 

Estimates of F ~1 ranged from F = 0.22 to 0.38 at 
minimum legal size limits oflS to 2S em (FL). The derived 
estimates of F ... ranged from 0.34 to 0.48 under these size 
limit restrictions (discussed next) 

RECOMMENDATIONS 

A single annual age-length key was applied to all 
length data for 1982 to 1986, and in 1983 Long Island 



Sound key was used for Massachusel1S data prior to 1982; 
it was not possible to specify year and area-specific age 
length keys. The SARC noted that it would be preferable 
to use annual area-specific age-length keys. Alternatively, 
length-based estimators that partition length composition 
data into component modal groups (e.g. MUL TIF AN), or 
which use length projection methods could be used. The 
length-based estimator used in the current analysis assumes 
a constant growth rate and does not account for variability 
in growth. It would be desirable to base these analyses on 
samples derived from the commercial and recreational 
fisheries where possible, to provide an integrated measure 
of the size composition over the year. The current esti
mates rely on survey estimates which provide snapshOts of 
the size composition. 

It was noted that it would be preferable to estimate 
mortality rates for individual cohorts rather than assuming 
equilibrium conditions as in the current analysis. 

The designation of age 2 as the recruitment age in the 
F.., analysis should be modified because this species is 
harvested at age 1. Supplemental analyses were under
taken during the SARC in an attempt to address this 
difficulty. Age 0 indices and a spawning biomass index 
from the NEFC autumn survey were used in this analysis. 
The estimated levels of F N, from this analysis appeared to 

~==o~:s:c~t~e°:S~~~~I~e~=t: 
for this result was that the O-group scup were not fully 
vulnerable to the survey gear. Therefore, it was concluded 
that F.., could not be estimated from the current data 
without additional information on partial recruitment. The 
estimates made in this study are unreasonable. 

It was noted that this species is subject to technologi
cal interactions in the multispecies fIShery targeting sum
mer flounder, scup, and black sea bass and that the 
development of management advice forthese species should 
consider these interactions. 

STOCK STRUCTURE 

Black sea bass within the Middle Atlantic Bight are 
assumed to comprise a unit stock for assessment purposes. 

LANDINGS 

Total landings declined from a peak of 9,883 mt in 
1952 to a lowof614 mt in 1971 (TableD1). Landingshave 
fluctuated around 1,600 mt since 1971. Landings declined 
from 1,729 mt in 1988 to 1,240 mt in 1989. Black sea bass 
support important recreational fisberies in the Middle At
lantic Bight; estimated landings from this component are 

Page 73 

Table 0. Annual estimates of total mortality for Con
necticut and Massachusel1S spring survey data. Connecti
cut estimates are for May-November for catch curve and 
May-July for tbe lengtb-based method. 

Year 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

Catch Curve Leaath Based 
(Ages %-7) (I.,. 15 em, L_ ~ 39 em) 

CT 
(se) 

1.12 
(0.08) 
0.73 
(0.08) 
0.98 
(0.10) 
0.87 
(0.11) 
1.46 
(O.IS) 
1.50 
(0.16) 
1.48 
(0.16) 

MA 
(50) 

0.91 
(0.17) 
0.56 
(0.11) 
0.47 
(0.12) 
O.sS 
(0.08) 
1.19 
(0.31) 
1.06 
(0.13) 
0.39 
(0.09) 
0.91 
(0.12) 
1.36 
(0.13) 
1.14 
(0.22) 

CT MA 

0.29 

0.S8 

0.84 

1.38 

0.88 1.17 

0.74 1.43 

0.88 0.39 

0.81 1.29 

0.76 0.91 

1.38 

0.82 

comparable to those from the commercial fishery. The 
estimated 1989 recreational landings were 2,098 mt. Some 
difficulties with the estimates of recreational catcb in 1982 
and 1986 were noted, and require further consideration. 

ABUNDANCE INDICES 

The NEFC spring survey. index for black sea bass 
longer thanZOcmTL (POSt-recruits) declined from6.09per 
tow in 1977 to a low in 1982 of 0.20 per tow. The index 
averaged 0.53 per tow-during-l988-89 (Table-DZ).-Com
mercia! catcb-per-unit-effort was modeled using a general 
linear modelling method to standardize effort. Trends in 
the survey index are not generally reflected in trends in the 
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Table 01. Black sea bass commercial, recreational, and Table 02. NEFC survey indices (mean number·per.tow) 
foreign landings (mt) for pre-recruits «11 cm) from autumn inshore and recruits 

(>20) from spring offshore. Strata include 01-56 (inshore) 
Y .... Commercial Recreational' Forel,". Total and 01-12,61-76, and 25 (offshore) 

1950 5.736 Year Pre-recruit Index Recruit Index 
1951 8,361 
1952 9.883 1990 0.54 
1953 6,521 

1989 2.13 0.52 
1954 5,141 

1988 0.26 0.68 1955 5,131 
1956 5.251 1987 0.34 1.17 
1957 4,320 1986 6.66 2.06 
1958 5,242 1985 2.90 0.39 
1959 3,655 1984 0.61 0.25 
1960 3,102 2,699 5,801 1983 1.42 0.67 
1961 2,483 1982 11.63 0.20 
1962 3,692 1981 0.10 0.89 
1963 3,798 1980 0.60 1.41 
1964 3,199 1979 0.91 5.21 
1965 3,604 2,086 5,690 

1978 0.08 2.94 
1966 1,652 

1977 15.87 6.09 1967 1,302 
1976 0.93 1.62 1968 1,201 

1969 1,199 1975 3.95 2.02 
1970 1,100 1,662 2,762 1974 0.33 2.36 
1971 614 1973 0.45 0.87 
1972 760 1972 0.02 0.49 
1973 1,161 
1974 1,069 commercial fishery'S catch-per-unit-efl"ort, although it does 
1975 1,885 appear possible to derive a recruitment index from the 
1976 1,690 autumn survey time series. Standardized CPUE increased 
1977 2,424 during 1980-84 to 3.5 mt per day fished but declined during 
1978 2,115 5 2,120 1985-86. CPUE declined from 2.49 mt per day in 1988 to 
1979 1,875 616 41 2,532 1.60 mt per day in 1989. 
1980 1,252 1,079 14 2,345 
1981 1,129 1,124 39 2,292 
1982 1,177 8,215 21 9,413 

SUGGESTIONS 1983 1,576 2,737 20 4,333 
1984 1,926 1,509 21 3,456 
1985 1,541 2,472 3S 4,048 The SARC recommended that mortality estimates be 
1986 1,802 6,394 11 8,207 made based on length composition data from the recrea-
1987 1,890 1,597 4 3,491 tional and commercial fisheries. This work was completed 
1988 1,729 2,598 1 4,328 during the SARC using the Hoenig method. These prelinli-
1989 1,240 2,098 3,338 nary estimates suggest that fIShing mortality rates are 

I Recreatioul cad • A + 81 + .1-SZ substantially in excess of F _ (0.3) for this species (Figure 
01). This stock is currently categorized as fully exploited 
in the status of fisheries resources report (NEFC 1989), but 
this analysis suggests black sea bass may currently be over-
exploited. It was noted that the change in growth rates 
associated with the transition from female to male will 
complicate the estimation of mortality rates from sex-
aggregated size composition estimates. 

The adequacy of the traditional biological reference 
points for hermaphroditic species such as black sea bass 
WIllI discussed. It WIllI noted in particular that lraditional 
spawning stock biomass-per-recruit analyses may not be 
meaningful for these species. Work in progress at NEFC 
using a distributed delay model to account for patterns of 
growth and the sex transition was described briefly. 
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Fishing Mortality Hoenig method 
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Figure 0-1. Black sea bass mortality estimates using length-based melbods. 

A yield-per-recruit analysis for bluefish (P--.r 
sa/tQ/riz) _ c:onduc:ted by NEFC alai( (SAW/1l/SARCI 
5). The SARC conc:luded IbaI addItiouaJ investigation _ 
needed to clarify the sensitivity of estimates to several 
soun:ea of unc:ettainty but IbaI the analysis represenllthe 
best current information on bluefish yie!d-per-recruiL 

INPUT PARAMETERS 

The yielcl-pel-recruit analysis assumed nine age classes 
(ages 0 to 7 and. plus group). The natural mortality rate 
(M) on ages 1+ _ fixed at 0.35. Tb!aI alternative 
estimates of M (0.5, 1.0, and 1.5) were used for age 0. 
Parameters of the von Bertalanlfy growtb equation were 
estimated to be L", .. 94.6 em, K .. 0.242 and t. - .0.128. 
Thcae estimates are aJmlJar to others derived in several 
previousatudiea of bluefish growtb (Table B1). However, 
the analysis ofyield-pcr-recruit used by ASMFC in the peat 
assumed quite a different growth pattern for bluefish with 
Lr.,- 90.7..; K-O.2S and" - -1.12. Thiacurve gives much 

Table Bl. TbeoreticaJ growth parameters (with c:orreiation 
coeflicJenll) of bluefish c:ollccted in several studies. Para
meters were derived from back-caJcuJated tolal lengths 
(ID.). 

New ...... poIaIre, 1_ 
37.30 0.351 

c.. I dleat, JJl4.1tI5 
39.25 0.258-0.293 

NardI 00raIu, 1912-1_ 
36.77 D.373 

Adanllc (WOk 1!177) 
40.85 0.216 

New York (RIcIIarcIo 19'76) 
35.34 0.322 

0.083 0.999 

0.999 

.0.013 0.996 

.0.152 0.998 

.0.079 0.998 
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Figure E1. ResuilS of teYiscd yield-per-rcauit analysis for Atlantic coast bluefish, ages 0 10 8+, 1990. 

smaller sizes at !be older ages and so a different pattem of 
yield·per·recrult. The new von BertalanfIy parameters 
were ~ 10 age sample length-frequencies by ·cohort 
slicing." and 10 develop welgh_t.age in !be call:h (based 
on !be sample length f'requcncies) and !be stock (from !be 
unmodified parameter estimates). Par1iaI rcauitment (PR) 
vectors were derived fromseparable VP Aruns. There were 
three altemative estimates of PRo correspolllllng 10 !be 
three altemative estimates ofM on age O. Input parameters 
are summarized below: 

Ale EzpIoItaticHl NatanI MaearItJ Wi Wi 
PaUen MIIrtaIItJ .. .. 

Catdt Stock 
(lam) (118) (118) 

.0 0.6,0.5,0.3.5 o,s,l.o,t.5 0.0 O.oao 0.044 
1 1.0 0.3.S 0.5 0.460 0.280 
2 1.0 0.3.5 1.0 1.120 0.960 
3 1.0 0.3.5 1.0 2.190 1.922 
4 1.0 0.35 1.0 3.222 3.012 
5 1.0 0.35 1.0 4.426 4.108 
6 1.0 0.3.5 1.0 5.344 5.116 
7 1.0 0.3.5 1.0 6.137 6.006 
8+ 1.0 0.3.5 1.0 7.tr16 7.658 

RESULTS 

The three alternative lUllS resulted in estimates of F al 

nmgiDg from 0.17710 0.192, and Yalucs ofF_from 0.269 
10 0.305 (Figure E1). The $ARC noted that !be estimates 
of F t.1 and F _ seemed 10 be relatively inscllSitive 10 !be 
mage oCYalucs of Mal age 0 ~ in !be analysis. However, 
estimates ofyicld-per·rcauit were highly sensitive (Figure 
E1). 

MAJOR SOURCES OF UNCERTAINTY 

The $ARC identified !be fonowlng major sources of 
uncertainty: 

• Estimates of M on young bluefish are arbitrary. High 
Yalucs of M may not be restricted 10 age O. 

• The cohort slicln& approach may not be an adequate 
method Cor generating age.length keys and catch at 
age •. 

• WelghlHt-age are still increasing at a rapid rate at the 
oldest ages ~ in !be analysis. 'Ibis is one of the 
tasoJlS Cor !be low (relative 10 M) estimates of the 
rel'ereDCe fisbiDg monauly levels. 



RECOMMENDATIONS 

The SARC =ommends that: 

• Sensitivity analyses with higher estiJ!lates of M on age 
1 fish (as well as age 0) should be attempted. 

• A ntixture of distributions method (e.g. MULTlFAN) 
should be used to generate age-length keys and the 
catch at age matrix. 

• Weight-at-age information should be exantined more 
thoroughly, particularly in the recreational fishery 
data, to confirm the growth pattern for this species. 

The SARC re-analyzed data on both the northern and 
southern stocks of silver bake to estimate stock size and 
fishing mortality rates. In addition the SARC reviewed an 
analysis of spawning stock biomass-per-recruit and the 
evaluation of the effect of an increase in mesh size prepared 
by the New England Fishery Management Council staff. 
Vutual population analyses of these two stocks were diffi
cult and the results must be viewed with caution. While the 
SARC did agree that the VP A results are the best current 
information on stock status and improved on the last 
available assessments for both stocks, there were several 
problems identifIed in the analysis which make the results 
uncertain. No projectiOns were done for this stock but a 
reanalysis of biological reference points was made in light 
of the new assessment. 

STOCK STRUCTURE 

Two stock components are identifIed for silver bake, 
divided at Georges Bank. The northern stock is located on 
northern Georges Bank and in the Gulf of Maine. The 
southern stock is on southern Georges Bank and extends 
down into the Mid-Al1antic Bight. 

CATCH AT AGE 

Both stocks were reviewed at the 10th SAW and a 
description of the fIShery is presented in the report of that 
meeting (NEFC 1990). For the analyses conducted during 
the SARC the same catch-at-ge matrices were used as 
described at the 10th SAW. Table F1 give the catch at age 
for the stocks for 1955 to 1988. These data do not include 
estimates of discards. The SARC noted that there were 
very few fish landed for age groups above fIve, Le., thai 
these age groups were poorly sampled by Ihe fishery. 

Pagan 
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ABUNDANCE INDICES 

NEFC autumn and spring survey indices for both 
stocks are available from 1973 until the present (Table F2). 
The early years, until 1981, used a different, more efficient 
net type (Yankee 41) than lhe later years of the surveys. For 
the spring survey the 1989 indices at age are also available. 
These numbers were nol used in the analysis by the SARC, 
but were considered in interpreting the results of the 
various tuning runs. 

NORTHERN STOCK 

Assessment Parameters 

The SARC reviewed the results that were presented at 
the 10th SAW, particularly the VP A tuning runs. Follow
ing some discUSSion, several additional tuning trials were 
made. Two methods were used; Laurec-Shepherd ad hoc 
tuning (Laurec and Shepherd 1982) and ADAPT Gavaris, 
1988). For the northern stock the fInal set of calculations 
used as input were: 

• The years 1976 to 1988, inclusive 

• Equal weighting applied to all years 

• F in the terminal year (1988) was estimated for ages 1 
to 4 only (in ADAPT numbers in 1989 for ages 2 to 5 
were also estimated) 

• In Laurec-Shepherd, the F at age 5 was sci equal to 
either thai for age 3 or the mean of ages 3 and 4. In 
ADAPT, F atage 5 and 6 was sel equal 10 the F on age 
4 

• The rate of natural mortality equal to 0.4 
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Table Fl. Commercial catch-at-age (millions of fish) of silver hake from the Gulf of Maine - Northern Georges Bank stock 
and the Southern Georges Bank - Micklle Atlantic stock 

Commerdal Catch-At-Ate (MUDolIS) or Silver Hab rrom the Gulr or Moine - Northern Georps Bank Stock 

Ate 
Year 1 % 3 4 5 6 7 8 9+ Total 

1955 17.0 19.9 50.2 69.2 30.4 13.7 6.5 3.3 1.5 211.8 
1956 16.2 12.7 365 61.2 26.4 10.1 4.2 1.9 .9 170.2 
1957 52.8 195 58.8 84.8 41.6 17.9 6.7 3.1 1.3 286.6 
1958 20.9 20.2 40.1 57.6 28.4 17.2 5.7 2.8 1.2 194.2 
1959 10.1 30.0 58.2 54.2 26.8 12.8 6.2 3.2 1.1 202.7 
1960 4.4 37.7 76.2 53.2 20.8 8.8 4.7 2.3 .9 209.0 
1961 1.1 23.2 59.7 515 18.9 8.0 4.1 1.9 .8 169.1 
1962 2.6 335 127.2 122.8 47.4 125 5.9 2.2 1.0 355.1 
1963 14.9 48.3 136.9 103.0 29.2 10.3 4.6 2.5 1.3 351.0 
1964 1.4 46.6 133.1 123.4 50.2 20.6 11.7 5.6 2.1 94.9 
1965 4.0 23.9 84.2 54.0 18.3 7.4 4.0 2.2 1.2 199.2 
1966 5.3 20.3 82.6 70.9 19.8 6.5 3.3 1.9 1.1 211.7 
1967 .7 5.3 325 54.9 20.3 5.3 2.4 1.1 5 123.0 
1968 1.3 4.0 25.8 495 365 13.7 5.0 1.9 .9 138.6 
1969 3.1 10.6 16.8 21.3 16.2 9.1 5.0 1.9 1.0 85.0 
1970 24.8 16.0 32.4 34.1 13.4 7.0 4.4 2.2 .8 135.2 
1971 4.0 24.3 73.8 49.8 19.8 7.1 2.9 1.9 .8 184.4 
1972 78.2 445 18.2 4.2 2.2 .7 .2 .1 .3 1485 
1973 33.4 915 24.2 4.5 1.8 .4 .1 .1 .2 156.1 
1974 21.6 31.7 22.4 9.2 2.7 1.0 .4 .2 .2 89.4 
1975 8.7 60.1 63.4 20.3 7.9 2.3 5 .2 .4 164.0 
1976 1.7 19.2 24.6 8.7 2.9 1.3 .2 .001 .001 58.7 
1977 1.8 8.7 22.6 14.9 3.0 5 .2 .001 .001 51.6 
1978 2.7 8.3 7.1 10.8 135 2.4 5 .3 .001 455 
1979 .7 35 2.3 1.4 1.8 2.3 .4 .001 .001 12.4 
1980 1.1 11.8 12.1 2.0 5 5 .8 .2 .001 29.0 
1981 4.9 8.4 7.4 4.0 .6 .2 .2 .2 .001 25.9 
1982 5.9 9.8 2.9 3.0 2.2 .1 .2 .1 .1 24.3 
1983 2.6 14.1 4.0 1.8 1.7 .7 .2 .1 .001 25.2 
1984 3.0 215 9.8 3.0 1.0 .7 .001 .001 .001 39.1 
1985 10.4 6.8 13.9 3.9 .4 .7 .1 .001 .001 36.1 
1986 3.1 14.0 8.1 3.8 1.1 5 .2 .1 .001 30.9 
1987 5 13.2 11.1 1.6 .9 .1 .001 .001 .001 27.4 
1988 .7 4.7 20.0 45 1.3 .2 .001 .001 .001 31.4 

For the ad hoc tuning, the spring and autumn survey agreement between the two methods than achieved at the 
series were weighted by the Inverse of the variance of the 10th SAW. but some differences remained which the 
estimates of the mean catcbabillty coefficients. The au- SARC felt would not be resolved by further analyses on the 
tumn survey was laggcd by 01lC year and one age. For data available. In particular. the ADAPT method gave a 
ADAPT. F on the olclest age was set cqual to Z on ages 3+ bigher fishing mortality on age 3 in the terminal year than 
in year i divided by 4+ in yearl+1 minus M. In addition, the did the ad hoc tuning. TbiI in tum implies that the 1985 
catcbabillty coefficients in ADAPT were estimated for year class was identified as large in ADAPT. while the 
ages 0 to S+ for autumn surveys and ages 1 to S+ for spring Laurec-Shepherd estimates result in an average year class 
surveys velSus mid-year stock size. size for 1985. The SARC noted that both the spring and 

autumn 1989 and the spring 1990 NEFC bottom trawl 
Weights-at-age are given in Table F3. survey aU tend to confirm the large size of the 1985 year 

class. 
Concerns were expressed about the implied partial 

VPA Tuning recruitment vector in 1988 from the Laurec-Shepherd 
tuning results. The SARC agreed that the results from the 

Considerable cliscussion took place comparing the ADAPT run appeared to be the most consistent with the 

results from the two tuning methods. There was better recent survey results. which continue to show the strength 
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Table Fl. (con,.) 

Commercial Catch·At·Ate (MIllions) or SII .. r Hake !"rom the Southern GeofllOS Bank· Middle Atlantic Stock 

Age 
Year 1 Z 3 4 5 41 7 8 9+ Total 

1955 17.4 9.6 20.0 21.7 8.7 1.9 .7 .3 .1 80.3 
1956 61.9 46.6 20.4 15.2 5.4 1.3 .7 .2 .1 151.7 
1957 2.4 22.2 31.3 22.6 9.6 2.6 1.0 .3 .1 92.0 
1958 20.6 27.8 24.8 15.5 5.4 1.4 .7 .2 .01 96.3 
1959 11.8 11.4 36.6 24.7 8.7 2.0 .7 .2 .01 96.0 
1960 12.0 17.0 12.7 10.6 4.9 1.6 .9 .4 .1 60.2 
1961 A 6.2 26.2 21.5 5.5 1.5 1.0 .3 .2 62.7 
1962 .5 6.6 31.7 34.6 10.1 2.0 1.4 .6 .3 87.8 
1963 6.5 33.8 171.7 196.2 53.5 8.2 2.5 1.2 .5 474.1 
1964 18.4 65.3 286.8 271.5 85.1 19.5 9.5 4.6 1.9 762.6 
1965 46.9 203.7 901.7 553.0 75.1 16.1 7.3 2.4 .8 1806.9 
1966 18.7 359.8 507.6 289.7 17.8 25.1 10.9 5.0 1.2 1295.7 
1967 15.7 121.5 216.3 154.9 30.8 7.3 3.0 1.5 .3 551.5 
1968 9.7 24.5 143.4 90.8 29.0 11.1 4.4 1.4 .8 315.1 
1969 1.8 20.0 111.0 100.6 40.7 11.4 10.3 4.2 2.6 302.6 
1970 41.8 25.1 17.3 32.6 23.1 6.5 5.0 2.8 1.3 155.4 
1971 8.0 41.3 92.3 79.0 44.4 18.7 12.3 11.1 8.0 315.1 
1972 134.0 174.1 111.9 33.0 5.0 2.1 .5 .1 .1 460.8 
1973 72.8 325.0 112.9 29.3 4.9 1.1 .5 .1 .01 546.4 
1974 73.7 223.3 141.2 74.1 17.2 6.0 3.5 1.7 .5 541.2 
1975 5.5 106.6 149.3 51.0 19.8 2.7 .2 .1 1.0 336.1 
1976 7.6 86.6 142.8 95.2 10.4 1.3 .2 .01 .01 344.1 
1977 2.6 34.0 132.6 68.8 11.2 3.1 2.2 .3 .01 254.8 
1978 2.2 26.7 lOA 28.0 12.5 2.5 .8 .01 .01 93.1 
1m 8.1 22.0 17.3 8.0 10.4 6.8 1.1 .2 .01 73.9 
1980 3.6 17.4 19.4 9.5 4.4 25 2.8 .5 .3 60.6 
1981 17.6 24.0 28.4 16.1 5.0 1.6 .8 .7 .4 94.7 
1982 12.4 32.0 12.2 9.3 8.1 2.3 .9 .5 .5 78.0 
1983 8.4 23.0 16.7 6.0 4.3 2.3 .9 .1 .2 61.8 
1984 7.2 45.5 23.0 5.7 .9 .4 .3 .1 .01 83.1 
1985 7.6 26.1 23.1 7.6 1.5 .2 .2 .01 .01 66.5 
1986 11.3 28.2 18.3 5.3 1.0 .2 .1 .01 .01 64.4 
1987 5.6 25.1 17.8 5.9 4.5 .2 .01 .01 .01 59.2 
1988 3.4 23.5 20.1 5.8 .5 .01 .01 .01 .01 53.3 

of the 1985 year class. Thctcfore, these ADAPT RaullS estimated rate for 1988 is the lowest in the lime series. In 
were accepted as the best current infonnation on the status contrast, the estimates of the fishing mortality rate for age 
of Ibis stock. However. the SARC emphasized that there 2 increased slightly in 1984 and then declined sharply in 
WlL'I a large amount of uncertainty associated with the 1985, feU to ilS lowest level in the time series in 1987, and 
RaullS from Ibis 8IIsessment and that the RaullS should be then increased by a factor of three in 1988. 
used with caution. Some of Ibis uncertainty, particularly 
with respect to the 1985 year class, may be resolved If the 
analyses were updated to include 1989 and 1990 data. Stock Sizes 

Fishing Mortality Rates 
Recent trends in recruitment and stock size (Table F4) 

are dominated by the 1985 cohort. This year class is 
estimated to be the largest since 1974 and three tiIiles larger 

Trends in average fishing mortality rates (Table F4) than any other year class since 1975. However, as noted 
are complicated by apparent fluctuation and changes in the above in the discussion on tuning, estimates of the size of 
partial recruitment vector over time. FIShing mortality the 1985 year class were sensitive to the tuning procedure 
I8tes on age 3 appeared to have increased sharply in 1984 used. Estimates of total biomass increased in 1986 and 
and again in 1985 and have subsequently declined. The declined in 1987 and 1988; while estimates of spawning 
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Table F2. Stratified mean number-per-tow (4)-at-age forsUver bake from !be Gulf of Maine - Northern Georges Bank stock 
(strata 20-30, 36-40),and Qinear) Soutbern Georges Bank-Middle Atlantic stock (offshore strata 1-19,61-76, inshore strata 
1-46,52, 55) from NEFC bottom trawl surveys in the spring and autumn 

Year Ale - Total 
0 1 Z 3 4 5 6 7 I 9+ 04- 1+ Z+ 

Stratified Mean-Number-Per-Tow (4)-At-Age Cor GulC oC Malne-Northern Georaes Bank Silver Hake 
Sprl"8 

1973 4.64 10.46 1.05 .13 .05 .01 16.34 16.34 11.70 
1974 3459 3.62 1.73 .39 .11 .05 .05 .01 .02 4057 4057 5.98 
1975 5651 5752 7.29 1.23 .40 .05 123.00 123.00 66.49 
1976 1053 2358 12.78 1.48 51 .28 .Q4 .02 49.23 49.23 38.70 
1977 5.00 4.81 4.25 1.71 .34 .13 .13 .02 .01 16.46 16.46 11.46 
1978 357 155 .29 .16 .04 .01 .01 5.63 5.63 2.06 
1979 7.06 10.80 .37 .07 .05 .04 .05 .03 18.46 18.46 11.40 
1980 3.67 16.65 5.71 .40 .11 .10 .08 .02 .04 26.77 26.77 23.10 
1981 9.92 5.70 3.69 1.17 .17 .06 .01 20.71 ·20.71 10.79 
1982 11.32 5.77 1.64 .77 .54 .09 .01 .04 20.18 20.18 8.86 
1983 10.85 8.40 .89 .28 .30 .11 .02 20.85 20.85 10.00 
1984 3.80 5.28 .98 .11 .08 .08 .03 10.36 10.36 6.56 
1985 39.49 4.13 2.36 .92 .20 .07 .11 47.29 47.29 7.80 
1986 87.10 5.81 1.74 57 .14 .06 95.42 95.42 8.32 
1987 3.12 34.85 3.37 .47 .25 .04 42.10 42.10 38.98 
1988 .93 1.76 4.92 .61 .12 .05 8.39 8.39 7.46 
1989 120.86 

Autumn 

1973 5.87 7.20 851 3.24 .48 .32 .12 .06 25.80 19.93 12.73 
1974 18.30 356 2.97 1.80 .25 .22 .11 27.20 8.90 5.34 
1975 18.36 17.41 32.09 7.61 2.39 .87 .26 .08 .30 79.38 61.02 43.61 
1976 6.48 3.26 14.61 20.36 8.60 1.40 1.01 51 .01 .03 56.34 49.86 46.60 
1977 2.66 3.03 6.OS 13.OS 8.21 1.34 .23 .05 34.61 31.95 28.93 
1978 19.65 5.22 4.77 3.39 4.92 6.46 1.27 .12 .21 46.00 26.35 21.13 
1979 1.16 28.44 17.35 2.06 .96 1.19 1.51 .25 .02 .02 52.96 51.80 23.36 
1980 5.47 356 12.11 11.89 2.73 1.02 .83 152 .42 .08 39.61 34.14 3058 
1981 1.33 7.66 4.07 5.19 3.95 .75 .29 .28 .40 .07 23.99 22.66 14.99 
1982 959 14.46 8.63 3.18 2.67 2.57 .24 .07 .07 .07 4154 31.95 17.49 
1983 1.45 43.04 29.76 1.22 59 .63 .30 .06 .02 .01 77.09 75.64 32.60 
1984 8.42 6.02 7.38 2.23 50 .18 .10 .01 24.84 16.42 10.40 
1985 3759 43.00 3.97 6.61 1.41 .09 .01 .02 92.70 55.11 12.11 
1986 1452 87.78 6.34 1158 2.45 .20 .04 .03 122.94 101.42 20.64 
1987 1.88 3.40 43.32 10.iS 1.03 .8S .06 .01 60.70 58.82 55.42 
1988 3959 4.06 6.30 18.26 1.40 .14 69.75 30.16 26.10 
1989 105.60 

stock biomass increased in 1987 and remained constant in parameters for the Laurec-Shepherd tuning procedure were 
1988. Both oftbese ICCeIIt trends are dominated by tbe 1985 the same as described for the northern stock. For ADAPT 
year class. some changes were made. Estimates of F in !be terminal 

year were only made for ages 1 to 3. The F at ages 4to 6 

SOUTHERN STOCK 
in the terminal year was set equal to F at age 3. Other inpulS 
were as for the northern stock. 

Assessment Parameters VPA Tuning 

After reviewing the analysis presented at the lOtb The resullS from the initial runs, witb input as de-
SAW, the SARC decided !bat re-analysis similar to that scribed. here for botb tuning methods, continued to exhibit 
performed on the northern stock was appropriate. The input the strong temporal trends in estimates of catchability from 
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Table F2. (c:on~.) 

y .... Age -- Total--
0 1 3 4 ! 6 7 8 9+ 0+ 1+ Z+ 

Stratlfted M .... Number_per-Tow (Lnear)- At -Age Ibr Southern Geora .. Bank - Middle Atlantic Silver Hake 
Sprina 

1973' 5.65 6.96 3.33 1.07 .11 .06 .04 .01 17.23 17.23 1158 
1974' 28.40 2.19 355 2.06 .69 .24 .07 .01 37.22 37.22 8.82 
1975' 17.38 457 8.64 2.38 .66 .06 .01 33.70 33.70 16.32 
1976' 12.08 5.15 3.40 1.70 .37 .10 .02 22.82 22.82 10.74 
1977' 1.42 1.24 3.69 2.05 .42 .17 .12 .02 9.12 9.12 7.70 
1978' 6.24 2.84 153 2.22 1.05 .32 .03 .01 14.24 14.24 8.00 
1979' 5.18 1.44 1.00 .47 .72 .48 .05 9.33 9.33 4.15 
1980' 3.60 3.07 2.10 .79 .25 .27 .21 .07 .02 10.38 10.38 6.78 
1981' 3.69 1.84 2.01 1.37 .64 .25 .14 .09 .09 10.12 10.12 6.43 
1982 1.31 3.11 1.02 1.03 .86 .30 .18 .06 .10 7.96 7.96 6.65 
1983 4.12 3.83 1.08 58 .24 .19 .11 .01 .02 10.18 10.18 6.06 
1984 2.47 5.74 2.39 .59 .13 .11 .05 .02 .01 11.50 1150 9.03 
1985 8.91 3.98 3.99 1.41 .35 .08 .07 .03 .01 18.82 18.82 9.91 
1986 3.35 957 2.19 1.74 .27 .04 17.20 17.20 13.81 
1987 353 13.09 5.17 1.28 .64 .03 23.80 23.80 20.21 
1988 4.58 2.42 5.57 .84 .06 13.47 13.47 8.89 
1989 19.03 

Autumn 

1973' 1051 2.89 3.09 1.32 .37 .19 .01 18.37 7.86 4.97 
1974 121.59 4.19 158 .45 .10 .04 127.95 6.36 2.17 
1975 40.81 3.78 2.16 1.32 .54 .18 .07 .02 .01 .01 48.91 8.10 4.32 
1976 95.46 2.49 4.92 2.62 .91 .24 .13 .12 .01 106.91 11.45 8.96 
1977 128.39 3.63 1.44 2.82 .96 .21 .03 .06 .05 137.60 9.21 5.58 
1978 57.OS 9.46 4.20 2.76 2.50 1.13 .16 .05 77.32 20.27 10.81 
1979 18.72 2.01 1.75 1.27 .62 .45 .36 .07 .01 25.25 653 4.52 
1980 42.!is 3.74 1.39 3.34 1.04 .50 .20 .38 .03 .02 53.48 10.63 6.89 
1981 49.19 2.42 .77 1.16 .83 .19 .04 .05 54.65 5.46 3.05 
1982 60.74 2.85 2.28 .91 .39 .17 .07 .02 .01 67.45 6.71 3.86 
1983 27.48 8.68 3.91 1.93 .38 .18 .07 .05 42.68 15.20 652 
1984 22.23 4.79 2.29 .92 .24 .03 30.51 8.28 3.49 
1985 89.94 16.30 353 3.13 .88 .07 .05 113.90 23.96 7.66 
1986 19.96 4.95 2.21 50 .16 .06 28.15 7.88 2.93 
1987 .72 4.62 6.42 .49 .15 .05 12.44 11.73 7.11 
1988 36.94 3.29 756 .82 .07 49.04 11.74 8.45 
1989 28.17 

• Adj1lSled from otralore I4llrawl cadellO equvalca. illSbore-offYore 136 trawl catcH. usia8 a .320:1 ratio 
, Adj .. "" from _141 nwt Cl1Cles to eqlivaleat iu .... ..,rrs .... l361raw\ ca1Cles uioa • .334:1 ratio. 
J Adjuaed fIom ~ 13611'awl calCHilO eqDivateat iasltore-offs.ore 136 awl calclla ailla a .890:1 ralio. 

the Lawec-Shephenl method and in the n:siduals for the further MIS would omit the spring survey series, the au-
ADAPT method. An extremely high estimate of the fishing tumn age 0 index, and the 1988 age 4 index. The entire age 
mortality rate and q for age 1 in the terminal year was o index was suspect because of the difficulty in sampling 

obtained because the 1987 autumn age 0 survey index young hake. 
appears to be an extreme outlier. Additional MIS of the Laurec-Shepherd method were 

The SARC noted in the n:sults from the ADAPT tuning not thought to be useful due to the sensitivity of the method 

that the temporal trend in the n:siduals appeared to be much to cnor in the terminal year indices and the generally poor 
stronger for the spring survey indices than for the autumn. diagnostics from the initial runs. 
Also, the 1988 age 4 index and the 1987 autumn index of Results from this additional analysis still suggested a 

age 0 accounted for 15 percent of the total sum of squan:s possible time trend in the n:siduals with a tendency for the 

in the ADAPT analysis. Consequently, the SARC decided residuals to be negative prior to 1982 and positive thereaf-
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Table F3. Mean weight (kg)-at-age of silver hake from the Gulf of Maine-Northern Georges Bank stock and the South-
ern Georges Bank - Middle Atlantic stock 

Age 
Year I 2 3 4 5 6 7 8 9+ 

Gulf of Maine-Northern Georges Bank Stock 

1955 .046 .132 .200 .258 
1956 .055 .128 .204 .260 
1957 .064 .120 .193 .260 
1958 .045 .127 .210 .282 
1959 .051 .129 .190 .269 
1960 .064 .129 .171 .233 
1961 .065 .146 .186 .239 
1962 .069 .135 .172 .229 
1963 .080 .121 .176 .229 
1964 .075 .123 .171 .228 
1965 .059 .147 .175 .233 
1966 .065 .144 .183 .229 
1967 .072 .155 .218 .266 
1968 .070 .161 .222 .278 
1969 .064 .154 .201 .291 
1970 .060 .118 .178 .232 
1971 .077 .122 .165 .211 
1972 .089 .195 .310 .437 
1973 .119 .173 .262 .414 
1974 .144 .217 .270 .314 
1975 .102 .167 .238 .361 
1976 .102 .162 .237 .295 
1977 .120 .172 .221 .277 
1978 .114 .196 .232 -:1.77 
1979 .104 .139 .201 .258 
1980 .094 .134 .164 .206 
1981 .115 .147 .188 .215 
1982 .117 .159 .197 .271 
1983 .129 .175 .249 .311 
1984 .126 .176 .242 .368 
1985 .142 .200 .256 .325 
1986 .145 .214 .270 .376 
1987 .092 .149 .251 .321 
1988 .101 .139 .181 .368 

ter. However, the !leDda did not appear to be as strong as in 
the results from previous runs. Time did not permit any 
statistical testing for whether the apparent remaining !lends 
in the residuals were significant. The SARC felt that to the 
extent that a temporal !lend in the residuals still remained, 
it would result in underestimates of the current (1988) Fs 
and overestimates of the current (Jan. 1, 1989) stock size. 

The SARC agreed that the results from this analysis 
represented a considerable improvement in comparison 
with previously available assessments and represent the 
best current knowledge of the status of this stock. The need 
for caution in the application of the results was emphasized 
by: 

.331 .416 .530 .573 .654 

.326 .405 .499 .567 .699 

.322 .384 .453 .513 .644 

.341 .404 .494 .555 .628 

.348 .430 .521 .574 .656 

.320 .433 .512 .622 .696 

.303 .410 .516 .637 .685 

.303 .388 .503 .619 .752 

.308 .431 .573 .770 1.055 

.316 .456 .562 .702 .971 

.320 .448 .570 .744 .882 

.298 .427 .583 .772 .976 

.317 .38S .478 .744 .882 

.323 .387 .462 .589 .788 

.325 .375 .442 .506 .878 

.304 .392 .444 .509 .687 

.262 .344 .437 .524 .680 

.494 .588 .690 .794 .916 

.472 .544 .943 1.026 1.151 

.563 .407 .594 1.114 1.218 

.484 .604 .748 .867 1.285 

.422 .672 .645 .872 1.140 

.403 .536 .717 .899 .995 

.329 .446 .659 .762 .992 

.351 .349 .513 1.069 1.096 

.283 .355 .462 .662 1.200 

.238 .3OS .410 .666 .811 

.289 .312 .418 .666 .811 

.310 .431 .425 .666 .811 

.404 .334 .500 .666 .811 

.412 .610 .574 .666 .811 

.538 .496 .621 .666 .811 

.578 .568 .579 .666 .811 

.526 .779 .537 .666 .811 

• Possible temporal !lends in the observed residuals, 
• The sensitivity of the results to the choice of indices, 

and 
• The contradictory role of the spring survey indices in 

the assessments of the northern and southern stocks. 

Fishing Mortality Rates 

Trends in fishing mortality rates (Table FS) for this 
stock are also complicated by fluctuations in the apparent 
partia1 recruitment vector as estimated by the VP A. The 
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Table F3. (con't) 

Age 
Year 1 2 . 3 4 5 15 7 8 9+ 

Southern Geo'lles Bank·Mlddle Atlantic Stock 

1955 .044 .101 .162 .222 
1956 .034 .074 .154 .223 
1957 .062 .085 .157 .224 
1958 .060 .088 .152 .215 
1959 .035 .1OS .156 .227 
1960 .047 .074 .159 .216 
1961 .077 .1OS .164 .217 
1962 .067 .106 .157 .215 
1963 JJ76 .103 .161 .209 
1964 .057 .107 .154 .210 
1965 .063 .102 .153 .199 
1966 .058 .089 .143 .207 
1967 .045 .092 .149 .204 
1968 .046 .096 .138 .194 
1969 .064 .111 .189 .243 
1970 .049 .093 .163 .209 
1971 .OS7 .096 .152 .204 
1972 .092 .201 .274 370 
1973 .096 .167 251 .300 
1974 .057 .178 .225 .302 
1975 .111 .141 .199 332 
1976 .064 .168 .195 .228 
1977 .066 .168 .213 .257 
1978 .081 .192 .286 .344 
1979 .081 .183 .243 .287 
1980 .103 .194 .212 .263 
1981 .060 .144 .220 .255 
1982 .106 .158 .210 .246 
1983 .113 .167 .207 .251 
1984 .044 .138 .183 .304 
1985 .089 .147 .214 .354 
1986 .078 .133 .193 .268 
1987 .119 .135 .187 .214 
1988 .061 .153 .1715 .275 

estimates of age spcdfic Fs suggest !bat age of full recruit· 
ment has generally been beyond age 3 and !bat thelll is 
considerable variability in the estimates of fishing mortal· 
ity rates of age 3 fish Illiative to age. 4. Estimates of the 
fishing mortality rates for age 2 show a slow, consistent 
decline since 1984, while estimates for age 3 only indicate 
a declinc beginning after 1986. ThcSARC found that 
Almcdia's (1987) assessment, which only included data 
through 1986, indicated a sharp decline in F beginning in 
1984 !bat is not supported by the additional data included 
in this VP A. However, thelll is some indication !bat effort 

.307 .422 .508 .662 .762 
316 .438 .496 .664 .777 
326 .465 .512 .683 .782 
310 .409 .490 .682 .878 
333 .439 .485 .629 .973 
.317 .445 .547 .702 .904 
331 .498 .591 .832 .920 
.300 .441 .646 .778 1.007 
.286 394 .468 .788 .906 
301 .456 .545 .651 .929 
.300 .427 .512 .621 1.040 
311 .453 534 .654 .944 
.300 .451 .550 .701 .813 
.311 .454 .554 .767 .955 
.308 .399 .517 .698 1.135 
.270 .347 .445 .597 1.009 
.280 .343 .436 .580 .961 
.372 .451 .734 .752 1.151 
.393 .539 .485 .858 1.067 
.325 .415 .577 .680 .982 
.468 .585 .601 .775 1.062 
.453 .507 .927 1.132 .973 
376 573 .545 1.096 .973 
.333 .424 .606 .758 1.299 
.396 358 .472 .638 1.625 
.315 .416 .509 .723 .731 
.265 .343 .431 .659 .973 
.298 .355 .435 .446 .673 
.285 .347 .512 .578 .522 
324 .418 .512 .659 .720 
.520 .502 .512 .659 .973 
.38S .613 .512 .659 .973 
.466 .416 .706 .659 .973 
.367 .664 .512 .659 .973 

in this fishery may have declined in RlCCnt yeatS, although 
detailed analyses of effort data weill not available for 
review. 

Stock Sizes 

Recent tRlnds in stock sizes 8Rl dominated by the 
uncertain estimates for the most RlCCnt years (Table FS). 
Recruitment for 1987 is estimated to be the highest since 
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Table F4. Fisbing morta1ity mte estimates and numbers at age from ADAPT estimation procedure for the northern stock of silver bake 
D> 

'" CD 

AI· 1973 1974 1975 1976 1977 1978 197' 1_ 1,.1 l!I82 1!IIl 1!1114 1!185 1_ 1!187 l_ Im ~ 

Stock Numbe ... (JaB. 1. mlU1oIUI). NOI1hom Stock 
1 357.8 3!18.3 17%.1 SO.8 38.1 90.1 7M 48.1 57.3 84.0 104.6 602 104.7 3%7.9 38.9 16.9 0.0 
2 m.l 2lZ.5 249.3 108.3 32.6 24.0 582 51.0 31.4 34.4 51.5 68.0 37.9 61.7 217.3 25.6 10.8 
3 85.3 77.3 116.5 117.9 56.8 . 14.8 9.3 36.1 24.5 14.2 15.0 23.0 28.0 19.8 29.9 134.8 13.3 
4 19.4 37.4 33.5 26.Z 58.9 19.6 4.1 4.4 14.3 10.4 7.1 6.8 7.4 7.4 6.7 10.9 74.0 
5 7.5 9.3 17.5 S.8 10.4 %7.3 4.3 1.6 1.3 6.3 4.5 3.3 2.1 1.8 1.8 3.2 3.7 
6 1.4 3.5 4.0 5.3 1.5 4.5 7.2 1.4 0.7 0.4 2.4 1.6 1.4 1.1 0.3 0.5 1.1 
7+ 1.4 2.8 1.8 0.8 0.6 1.5 1.2 2.7 1.3 1.5 1.0 0.0 0.2 0.6 0.0 0.0 0.2 
1+ 700.0 7412 594.8 315.0 1".0 181.8 161.3 145.4 130.7 151.1 186.2 162.9 181.7 420.3 294.8 192.0 103.0 

Summarioa For Aaa 2+.3+ ...... 4+ 
2+ 342 343 423 2.64 161 92 84 97 73 67 82 103 77 92 2S6 175 103 
3+ 115 130 173 156 128 68 26 46 42 33 30 35 39 31 39 149 92. 
4+ 30 53 57 38 71 53 17 10 18 19 15 12 11 11 9 15 79 

Flablaa M_UIy • NOI1hom Stock 
1 0.1210 0.0685 0.0637 0.0418 0.0595 0.0373 0.0112 0.0283 0.1104 . 0.08% 0.0308 0.0628 0.1293 0.0116 0.0158 0.0518 
2 Oo6m 02011 0.3487 02442 0.3939 0.5474 0.0763 0.3321 0.3961 0.4280 0.4070 0.4883 0.2473 0.3247 0.0711 0.2535 
3 0.4251 0.4370 1.(1927 02941 0.6648 0.8860 0.3585 0.5260 0.4596 02881 0.3935 0.7358 0.9343 0.6902 0.6045 0.1'" 
4 0.3333 0.3574 1.3504 0.5206 0.3695 1.1178 0.5436 0.8194 0.4175 0.4352 0.3698 0.7753 1.0369 0.9!I50 0.3467 0.6976 
5 0.3478 0.4371 O.ml 0.93" 0.4328 0.9271 0.7169 0.4857 0.8393 0.5536 0.6179 0.4633 0.2.652 1.4523 0.9222 0.6976 
6 0.4135 0.4228 1.1931 0.3572 0.5128 1.0396 0.4913 0.5697 0.4671 0.3959 0.4324 0.7450 0.9557 0.8356 0.5868 0.6976 
7+ 0.4135 0.4228 1.1931 0.357% 0.5128 1.0396 0.4913 0.S697 0.4671 0.3959 0.4324 0.7450 0.9557 0.8356 0.5868 0.6976 

Avo ..... ' 
2+ 0.4352 0.3797 0.9962 0.4522 0.4811 0.9263 0.4463 0.5504 0.5078 0.4161 0.4422 0.6588 0.7325 0.8556 0.5207 0.5406 
3+ 0.3867 0.4154 1.1257 0.4938 0.4986 1.0020 0.5203 0.5941 0.5301 0.4137 0.4492 0.6929 0.8296 0.9618 0.6094 0.5980 
4+ 0.3770 0.4100 1.1339 0.5437 0.4570 1.0310 0.5608 0.6112 0.5478 0.4451 0.4631 0.6822 0.8034 1.0297 0.6106 0.6976 

Av ...... , (Welabted by N) 
2+ 0.5857 02818 0.6635 0.3117 0.4847 0.8690 0.4140 0.S660 0.5878 0.4875 0.1523 0.2492 0.2044 0.4386 0.4311 0.4106 
3+ 0.4044 0.4134 1.1162 0.3586 0.5079 0.!IIl4 0._1 0.5562 0.4573 0.3922 0.4260 0.7181 0.9186 0.8151 0.5749 0.2485 
4+ 0.3447 0.3792 1.1642 0.5S84 0.3830 1.0105 0.5615 0.6644 0.4540 0.4717 0.4583 0.6834 0.8790 1.0440 0.4740 0.6976 

A ....... , (wolabt by Catcb) 
2+ 0.6087 0.3155 0.8254 0.3465 0.5133 0.9033 0.38Z0 0.4666 0.437% 0.4213 0.4187 0.5839 0.7590 0.5821 0.3410 0.3054 
3+ 0.4072 0.4160 1.1%70 0.3!185 0.538S 0.!1886 0.5125 0.5652 0.4647 0.4136 0.4379 0.7256 0.9422 0.8433 0.5952 0.3148 
4+ 0.3460 0.3817 1.1957 0.5946 0.3852 1.0151 O.5m 0.6840 0.4719 0.4775 0.4774 0.7044 0.9636 1.0609 0.5552 0.6976 



Table F4. (con'I.) 

Ale 1973 1974 1975 1976 1977 1978 1979 1M 1981 1!111l 1983 1lIII4 1985 1986 1987 1988 1m 

MeaD Biomass (thouuad ml) 
1 33.19 45.80 14.OS 4.19 3.66 8.32 6.56 3.68 5.16 7.77 10.96 6.07 1155 38.98 2.92 1.38 
2 24.04 34.66 29.31 12.93 3.87 3.05 6.43 4.85 3.18 3.72 6.19 7.93 558 9.39 25.74 2.62 
3 15.23 14.14 14.40 210.15 7.73 1.93 1.31 3.86 3.09 2.02 258 3.32 3.95 3.26 4.73 18.35 
4 5.69 8.23 5.70 5JJS 11.38 2.79 0.68 0.52 2.10 1.91 154 1.47 1.27 1.49 151 2.44 
5 2.49 3.55 4.94 1.35 2.85 4.97 0.91 0.30 0.18 1.18 0.88 0.89 0.63 0.43 0.59 1.01 
6 0.54 0.98 1.22 2.49 0.54 1.07 1.67 0.32 0.13 0.08 0.71 0.32 0.46 0.31 0.10 0.23 
7+ 1.03 1.67 0.89 0.37 0.28 054 0.42 0.88 0.46 0.58 035 0.00 0.06 0.23 0.00 0.00 
1+ 82.210 109.1l3 70.51 46.52 3032 22.66 17.99 14.41 1431 17.26 23.21 210.01 23.51 54.09 35.60 26.03 
2+ 49.01 63.23 56.46 42.34 26.66 14.35 11.43 10.73 9.15 9.48 12.25 13.94 11.96 15.11 32.67 24.66 
3+ 24.97 28.57 27.15 29.41 22.78 11.30 5.00 5.89 5.97 5.77 6.07 6.01 6.38 5.72 6.93 22.04 
4+ 9.75 14.43 12.75 9.26 15JJS 937 3.68 2.02 2.87 3.75 3.48 2.69 2.43 2.46 2.20 3.69 

MeaD SSB • Femaleo (thousaad ml) 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 00.00 0.00 0.00 0.00 0.00 
2 7.09 10.22 8.65 3.81 1.14 0.90 1.90 1.43 0.94 1.10 1.8 2234 1.65 2.77 7.59 0.77 
3 7.23 6.71 6.84 9.57 3.67 0.91 0.62 1.84 1.47 0.96 1.23 1.58 1.88 155 2.25 8.72 
4 2.84 4.12 2.8S 2.52 5.69 1.40 0.34 0.26 1.05 0.95 0.77 0.74 0.64 0.75 0.75 1.22 
5 1.24 1.78 2.47 0.68 1.43 2.49 0.45 0.15 0.09 0.59 0.44 0.45 032 0.21 0.29 0.50 

6 0.27 0.49 0.61 1.25 0.27 0.54 0.84 0.16 0.07 0.04 0.36 0.16 0.23 0.15 O.OS 0.12 
7+ 0.52 0.83 0.44 0.18 0.14 0.27 0.21 0.44 0.23 0.29 0.18 0.00 0.03 0.11 0.00 0.00 

1+ 19.20 24.16 21.86 18.02 1234 6.50 4.36 4.28 3.84 3.93 4.79 5.26 4.74 5.55 10.94 1133 

I 
8: 
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Table FS. Stock numbelS, fIShing mortality, mean biomass, and mean SSB for silver hake southern stock, 1973-1989 0> 

<D 
CD 

81 

Ale 1973 1974 1975 1976 1977 1978 197' Il180 1,.1 1!111l 1!183 1!184 1!18S I. 1!1117 1,.. 1,., 

Stock Numben (.Iu. 1) I. m1UioDa 
1 1411.3 11!1S.7 m.5 214.4 204.7 241.6 188.2 113.9 160.5 159.9 204.9 138.9 1783 220.4 318.8 147.2 0.0 
2 866.9 886.4 741.1 514.0 137.5 135.1 160.1 119.5 73.4 93.2 97.0 130.5 87.2 1133 138.5 209.1 95.9 
3 336.6 315.0 411.4 40!1.5 273.6 643 68.7 893 65.9 29.6 363 46.2 50.2 37.1 52.9 723 120.9 
4 813 133.2 !IS.5 153.5 157.6 74.9 26.4 31.9 44.0 20.9 9.8 10.6 12.2 14.8 9.9 20.9 32.0 
5 23.8 30.5 28.6 22.3 25.0 493 273 11.2 13.6 163 6.4 1.7 2.5 1.9 5.5 1.8 9.2 
6 3.2 11.9 6.4 3.0 6.4 7.6 22.8 9.8 3.9 5.0 4.3 0.8 0.4 0.4 0.5 0.0 0.8 
7+ 1.7 10.9 3.0 0.5 5.0 2.4 4.3 13.8 4.5 4.0 2.2 0.8 0.4 0.2 0.1 0.1 0.1 
1+ 2724.9 2583.7 2059.5 1317.2 809.9 575.2 497.8 3893 365.7 328.9 360.9 329.5 331.2 388.1 526.1 451.4 258.9 

Summarieo ror Aaea 2+, 3+, .ad 4+ 
2+ 1314 1388 1286 1103 605 334 310 275 205 169 156 191 153 168 207 304 2$9 
3+ 447 S02 545 589 468 198 150 156 132 76 59 60 66 54 69 95 163 
4+ 110 187 134 179 194 134 81 67 66 46 23 14 15 17 16 23 42 

F1ah1"ll Mortality. Southern Stock 
1 0.0651 0.0783 0.0087 0.0443 0.0156 0.0112 0.0540 0.0394 0.1438 0.0995 0.0514 0.0654 0.0535 0.0647 0.0217 0.0286 
2 0.6123 03677 0.1932 0.2304 03596 0.2762 0.1837 0.I!1S8 0.5095 0.5437 0.3418 0.5549 0.4548 03625 0.2503 0.1476 
3 0.5271 0.7929 0.5857 0.5549 0.8962 0.4899 03675 03082 0.7482 0.7011 0.8266 0.9360 0.8250 0.9224 0.5299 0.4151 
4 0.5799 1.1379 1.0554 1.4165 0.7619 0.6104 0.4618 0.4522 0.5923 0.7848 13679 1.0629 1.4436 0.5777 1.3048 0.4151 
5 0.2901 1.1656 1.8650 0.8435 0.7943 0.3705 0.6275 0.6571 0.5960 0.9329 1.7268 1.0642 13620 1.0084 4.6393 0.4151 
6 0.5389 0.!lS42 0.7278 0.7645 0.8891 0.5173 0.4524 03755 0.7012 0.8191 1.0588 1.0257 0.9927 0.8619 0.7330 0.4151 
7+ 0.5389 0.9542 0.7278 0.7645 0.8891 0.5173 0.4524 03755 0.7012 0.8191 1.0588 1.0257 0.9927 0.8619 0.7330 0.4151 

Ave .... F 
2+ 0.5145 O.8!lS4 0.8591 0.7624 0.7650 0.4636 0.4242 03941 0.6414 0.7668 1.0634 0.9449 1.0ll8 0.7658 1.3651 03705 
3+ 0.4!1S0 1.0010 0.9923 0.8688 0.8461 0.5011 0.4723 0.4337 0.6678 0.8114 1.2078 1.0229 1.1232 0.8465 1.5880 0.4151 
4+ 0.4869 1.0530 1.0940 0.9472 0.8336 0.5039 0.4986 0.4651 0.6477 0.8390 1.3031 1.0447 1.1978 0.8275 1.8525 0.4151 

Ave .... F (wolabted by N) 
2+ 0.5824 0.5653 0.4239 0.5301 0.7350 0.4136 03108 0.2960 0.6174 0.6533 0.6056 0.6839 0.6725 0.5146 0.4906 0.2312 
3+ 0.5242 0.9146 0.7377 0.7917 0.8453 0.5071 0.4470 0.3728 0.6775 0.7881 1.0399 0.9643 0.9617 0.8313 0.9742 0.4151 
4+ 0.5155 1.1199 1.20S9 13327 0.m5 0.5153 0.5146 0.4594 0.6069 0.8437 1.3810 1.0590 1.4072 0.6364 2.4438 0.4151 

A.e .... F (wolabt by c.tda) 
2+ 0.5864 0.6622 0.6099 0.7250 0.7825 0.4489 0.3691 03321 0.6292 0.6725 0.7664 0.7196 0.7555 0.5920 0.8305 0.2892 
3+ 0.5298 0.9316 0.8082 0.8964 0.8484 0.5206 0.4622 0.3923 0.6834 0.7943 1.0866 0.9660 0.9960 0.8517 1.3428 0.4151 
4+ 0.5384 1.1216 1.2522 13517 0.7744 0.5349 0.5240 0.4739 0.6086 0.8470 1.4013 1.0590 1.4109 0.6565 2.7040 0.4151 



Table FS. (COIl~.) 

Aae 1973 1974 1975 1976 1977 197. 

1 108.35 54.17 70.48 11.118 11.06 16.04 
2 91.04 l1o.tS 78.82 64.os 16.18 18.85 
3 SS.D7 41.39 S2.06 SI.44 32.66 12.18 
4 IS.5S 20.54 16.71 16.14 23.95 16.21 
S 6.75 5.01 5.30 5.78 5.48 11.45 
6 1.13 2.71 2.24 0.811 2.07 2.10 
7+ 0.63 3.84 1.73 0.27 1.73 0.98 
1+ 278.51 237.81 227.34 149.65 93.13 77.81 

2+ 170.17 183.64 156.86 138.57 82.08 61.77 

3+ 79.13 73.49 78.04 74.52 65.811 42.91 

4+ 24.05 32.10 25.98 23.07 33.23 30.73 

1 0.00 0.00 0.00 0.00 0.00 0.00 

2 26.86 32.49 23.25 18.90 4.77 5.56 

3 26.16 19.66 24.73 24.44 15.52 5.79 

4 7.78 10.27 8.36 8.D7 11.98 8.10 
5 3.37 2.51 2.65 2.89 2.74 5.72 
6 0.56 1.35 1.12 0.44 1.04 1.05 
7+ 0.31 1.92 0.87 0.14 0.86 0.49 

1+ 65.04 68.20 60.97 54.87 36.90 26.71 

1979 19110 1981 1981 1983 

MeaD Biomuo (tIlOll88Dd at) 
12.25 9.50 7.43 13.34 18.64 
22.20 17.46 6.94 9.53 11.44 
11.66 13.57 8.62 3.76 4.33 
5.08 S.65 7.11 3.01 1.16 
6.74 2.17 2.28 2.6 0.7S 
5.50 2.82 0.81 1.03 0.79 
1.47 5.34 1.70 1.16 0.59 

64.90 56.51 34.89 34.52 37.69 

MeaD BiomMa 
52.65 47.01 27.47 21.18 19.05 
30.45 29.55 20.52 11.65 7.61 
18.79 15.98 11.91 7.89 3.29 

MeaD SSB • Femal .. (thouaaud at) 
0.00 0.00 0.00 0.00 0.00 
6.55 5.15 2.05 2.81 3.38 
5.54 6.45 4.09 1.79 2.05 
2.54 2.82 3.56 1.51 0.58 
3.37 1.08 1.14 1.34 0.3 
2.75 1.41 0.40 0.52 0.3 
0.73 2.67 0.85 0.58 0.29 

21.48 19.59 12.09 8.54 7.07 

1984 1985 1986 

4.89 12.76 13.75 
11.60 8.62 10.54 
4.67 6.20 3.97 
1.70 1.96 2.52 
0.29 0.60 0.40 
0.17 0.11 0.15 
0.22 0.12 0.08 

23.53 30.36 31.41 

18.64 17.61 17.66 
7.04 8.99 7.12 
2.37 2.79 3.15 

0.00 0.00 0.00 
3.42 2.54 3.11 
2.22 2.94 1.89 
0.85 0.98 1.26 

SO.14 0.30 0.20 
90.08 0.05 0.07 

0.11 0.06 0.04 
6.83 6.88 6.57 

19117 

30.95 
13.74 
6.43 
1.02 
0.51 
0.12 
0.03 

52.81 

21.85 
8.11 
1.67 

0.00 
4.05 
3.06 
0.51 
0.25 
0.06 
0.02 
7.95 

1911 

7.30 
24.64 
8.70 
3.92 
0.45 
0.02 
0.05 

45.08 

37.78 
13.14 
4.44 

0.00 
727 
4.13 
1.96 
0.23 
0.01 
0.03 
3.62 

1_ 

'J 
~ 
g<j 
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1974, and is about 30 percent greater than that for any other 
year class during that time period. This estimate of the size 
of the 1986 year class is an overestimate to the extent that 
the 1988 estimate of F for age 2 is underestimated. Esti
mates of mean biomass increased sharply in·1987, as did 
estimates of spawning stock biomass in 1988. These in
creases are mainly a function of the low estimate of F for 
age 2 in 1988, and as sucb should be interpreted witb 
caution. 

MAJOR SOURCES OF UNCERTAINTY 

The SARC identified four major sources of uncer
tainty that should be considered in interpreting and apply
ing the results of the assessment: 

• High amounts of discarding occur on these stocks. The 
amount and size range of discard for this species is 
largely driven by market considerations. The fraction 
of the catch discarded by age (size) is not likely to be 
constant over time. As such, the lack ofinfonnation on 
what is believed to be large quantities of discards in the 
catch-at-age matrix, is a serious problem that could 
substantially affect the perception of the status of the 
stock based on the results from a VP A. The direction 
of the potential bias is not clear, because all sizes of 
silver hake may be discarded. However there wiu 
certainly be a reduction in the precision of the esti
mates due to this problem. 

• Tuning indices for the spring survey for 1973 to 1981 
have been adjusted to reflect the increased efficiency 
of the Yankee 41 trawl used in these surveys. The 
SARC recognized that there is reliable evidence indi
cating that the Yankee 41 trawl was substantially more 
efficient at catching silver hake than the standard 
Yankee 36 trawl used in other NEFC bottom trawl 
surveys. It is unclear wbether the magnitude of the 
estimated efficiency factor was correct, especially 
since some of the time trends for the southern stock in 
comparing spring survey indices to VP A abundance 
estimates seem to be related to the change in the net 
after 1981. The SARC recommends that further analy
ses are needed to determine the most appropriate 
conversion factor between the two nets. 

• .The high vaiucofthe natural mortality rate (M = 0.40) 
needs further attention. One concern here is that 
substantial numbers of age 8 and 9+ fish were caught 
during the earlier history of the fishery. The SARC 
suggests that a more thorough look at the age and size 
distribution along with the growth curve for this spe
cies might help to resolve whether such a high natural 
mortality rate estimate is reasonable. 

• The lack of older ages in the catcb-at-age matrix and 
the need to truncate the age distributions makes it 

difficult to tuoc the VP A and means that projectiOns of 
stock size and yield are highly dependent on the esti
mates of incoming recruitment. The fact that survey 
length-age keys are used to construct the catcb-at-age 
matrix for the commercial catch is an additional source 
of uncertainty in the catch-at-age matrix. This is of 
particular concern for tbe older age classes, since the 
actual number of fisb sampled and aged from the 
surveys is very small and since large overlaps exist in 
the size ranges among older aged fllih. 

SSB/R ANALYSIS 

The SARC reviewed and revised an SSB/R analysis for 
silver hake submitted by tbe NEFMC (SAW/ll/SARC/4). 
The basis for tbe revision was tbe new assessment results 
outlined above along with several suggestions made during 
the meeting. 1n partiCular, the re-analysis used observed 
weights-at-age rather than weights-at-age estimated from 
growtb equations, and modified the method used to calcu
late a running average of percent MSP. 

Input Parameters 

Spawner-Recruit Pia" 

Population numbers at age on January 1 (Tables F4 and 
FS) for each of the years 1973 to 1986 were projected 
forwanl to the midpoint of the spawning season (August for 
the northern stock; June for the southern stock), using the 
fishing mortality matrix (Tables F4 and FS) and a constant 
M of 0.4. The projected numbers were then multiplied by 
the commercial weights-at-age (Table 1'3) and the maturi
ties at age and summed to give annual estimates of SSB. 
These estimates of SSB were plotted against the VP A 
numbers at age 1, using a one-year lag (Figure Fl). The 
replacement SSB/R was estimated as the inverse of the 
slope of the straight line passing through the origin and 
bissecting the data points (the median). 

SSB/RCurws 

The inputs to SSB/R (and YPR) analysis were: 
__ M. 0.4 

Aae of n:cnibDel.t • 1 adell... . 8 (3IM, .. pI ...... p) 

Ap ....... ....... Will • Will_ ProportloII ---- Aae Ap M ..... 
(_ra) (1OU1bera) (1IOl1hem) (soaIbera) (beIb) 

1 .076 .069 .121 .07' 0 
2 .583 .468 .176 .. 141 .59 
3 1 1 .240 .191 .95 
4 1 1 .352 .283 t 
5 1 1 .492 .4t2 1 
6 1 1 .557 .523 1 
7 1 1 .562 .551 1 
8 1 1 .666 .659 1 



Fraction of fishing mortality within year beforc spawning: 
8112 for northern stock (August) 
6Il2 for sou!bern stock (June) 

Fraction of natural mortality within year beforc spawning: 
8112 for northern stock (August) 
6Il2 for southern stock (June) 

The partial recruitments (PRs) wcrc estimated from 
!be fishing mortality rates (Tables F4 and FS) for !be years 
1982 to 1986 inclusive, assuming a flat-topped PR with age 
3 as !be fint age of fuJI recruitment. PRs for ages 1 and 2 
werc calculated by dividing !be fishing mortalities for ages 
1 and 2 by !be pooled fishing mortality for ages 3 to 6 (!be 
fishing mortalities tabulated for ages 6 and 7+ in Tables F4 
and FS), and !ben taking !be geometric mean across years. 
Weights-at-age werc calculated as unweighted averages 
across !be years 1984 to 1988 inclusive (Table F3). The 
maturity ogive was taken from Morse (1979). 

Results 

The replacement SSB/R was estimated to be 0.13 kg 
fbr !be nortbern stock and 0.16 kg for !be sou!bern stock.. 
Comsponding values of percent MSP and F., SIC percent 
MSP" 31 percent and 42 percentlCSpeCtively. and Fl. 
0.51 and 0.39 mpectlvely (assuming the average R 
vecton given in !be text table). An average thlCSbold 
percent MSP for both stocb (to !be DC8ICSt S percent) is 3S 
pen:enL This comsponds to F .. levels of O.4S for !be 
IIOrtbcm stock and 0.49 fbr !be sou!bern stock.. 

The four-year (198S-88) running average of pooled Fa 
fbr ages 3 to 6 (PlCSCntcd as !be F estimates for ages 61111d 
7+ in Tables F41111d FS; i.e~ !be fully-recruited Fs) Is 0.76 
fbr!be northern stock and 0.71 for tbC southern stock.. If an 
average PR is calculated for the four IIIOItlCCCDl years of 
the VPA (198S-88) IBing the method out1lncd in the prcvi
OWl section, !be comsponding percent MSP is estimated to 
be approximately 27 percent fbr both stocks. 

EstImated Effects of an Increas. 
In Mesh Size 

TIle worting paper submitted to the SARC contained 
an analysis of the a«ccts of a cIIaDp in mesh size from 2 
inches to 2.5 inches. TIle partia1lCCruitment vector was 
adjIBted based on the mults of !be mesh selection experi
ments conducted during !be 19605 (Jensen and Hennemuth 
1966). TIle SARC agrced that the goal was an Important 
one, but identified sevml probletm in the analysis. A 
modification to the analysis was tried but gave unacc:cpt
able mults. No guidanc:c on !be effectiveness of thls mesh 
change can be given at plCSCnL 
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Figure 1L Spawner-lCCruit data for tbe 1973-1986 year 
c:IasseI of the IIOrthern stock of sUver hake. The solid line 
is the line that bisec:ts the data. 
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Figure lb. Spawner-lCCruit data for the 1973-1986 year 
c:IasseI of the southern stock of silver hake. The solid line 
is the line thai bisec:ts the data. 
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Major Sources of Uncertainty 

The SARC cautioned that the SSB/R results should be 
interpreted cautiously because of: 

• The highly compressed age structure that is apparent 
throughout the entire time series used in the analysis, 

• The need to project the assessment results two years in 
order to make the results current (this was not at
tempted by the SARC). and 

• The high degree of uncertainty associated with the 
current VP A results. 

The sea scallop analyses was not in a sufficiently 
complete form for the SARC to review. The Committee, 
however, feels that it is essential to review the New 
England FlSbery Management Council staff analyses of 
this fIShery prior to any application of the results. In light 

STOCK STRUCTURE 

There is considerable uncertainty about the stock struc
ture of plaice. In this and previous reviews, a single stock 
witb a Gulf of Maine and a Georges Bank component, 
whicb also may be fished by different fleets, is assumed. 

LANDINGS 

Commcn:ial landings have declined sequentially and 
dramatically from the 1982 peak (15,127 mt) to where 1989 
landings were only 2,351 mt (Table Hl). The U.s. com
men:ial otter trawlers dominate the landings, while the 
recreational and foreign catcbes arc insignificant. Plaice 
arc managed as part of the NEFMC Multispicces FMP and 
arc part of the overall demersal species complex. It is 
difficult to define directed effort. FIShermen arc making 
slightly longer trips now than previously. If trips that take 
more than SO pen:ent plaice arc defined as directed trips, 
the amount of catcb taken in directed trip constituted 70 
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of the importance of this fishery and the timeliness of the 
analyses. when the results arc ready for review, the Stock 
Assessment Workshop (SAW) Steering Committee sbould 
consider convening a special one-day session of tbe SARC 
to examine this work. 

pen:cnt and 29 pen:cnt for Gulf of Maine and Georges Bank 
respectively in the early 1980s while by 1989 they ac
counted for only 6 pen:cnt and 3 pen:cnt oftbe catcb. Total 
days fished by vessels that land plaice peaked in 1985 and 
appear to have declined continuously since tben (Figure 
H1). 

Commcn:ial CPUE indices appear to be a barometer of 
barvestable slOCk, and were relatively stable during the 
196Os, declined in the 1970s and sharply increased in 1977 
when landings doubled. CPUE indices remained high 
through the early 1980s but then began a precipitous 
decline (Figure H1). The 1989 indices for both the Gulf of 
Maine and Georges Bank area were the lowest in the 1964-
1989 time series. . 

Abundance and biomass indices from autumn NEFC 
resean:b vessel surveys reacbed record-low values in 1987, 
similar to levels observed in the early 1970s, but have since 
increased slightly (Table H2). Survey size frequency data 
show that a small fraction of the stock is above the mini
mum legal size of35.6cm (Figure H2), but this corresponds 
with the relatively low mean weight of individuals noted in 
1988 and 1989 and may indicate good recruitment. 
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Table HI. Commercial landings (ml, live) of American plaice from the Gulf of Maine, Georges Bank & Southern New 
England, and the Mid-Atlantic, 1960 - 1989 

Gulf of Maine Georaes Bank - So. Ne ... ElJ8lond MId-Atlantic Totols 

y .... USA CAN Total USA C<\N USSR Otber Totol USA Otber Totol USA Other Totol 

1960 620 1 621 689 689 1309 1 1310 
1961 692 692 830 830 1522 0 1522-
1962 694 694 1233 44 1277 1927 44 1971 
1963 693 693 1489 125 1614 2182 125 2307 
1964 811 811 2800 177 11 2988 3611 188 3799 
1965 967 967 2376 180 112 2668 3343 292 3635 
1966 955 1 956 2388 243 279 1 2911 3343 524 3867 
1967 1066 1 1067 2166 208 1018 10 3402 4 4 3236 1237 4473 
1968 904 904 2332 178 338 7 28S5 18 18 3254 523 3777 
1969 1059 1 1060 2243 77 412 17 2749 3302 507 3809 
1970 89S 89S 1691 92 945 698 3426 2586 1735 4321 
1971 648 4 652 1522 39 340 502 2403 2 2 2170 887 3057 
1972 569 569 1225 22 439 1686 1 2 3 1795 463 2258 
1973 687 687 915 38 447 1400 1 1 1603 48S 2088 
1974 945 2 947 1311 27 20 2 1360 15 15 2256 66 2322 
1975 1507 1507 916 25 148 1089 4 34 38 2427 207 2634 
1976 2550 2550 958 24 3 985 1 1 3509 27 3536 
1977 5647 5647 1414 35 128 1577 7 27 34 7068 190 7258 
1978 7228 30 7258 2267 77 2344 8 1 9 9503 108 9611 
1979 8835 8835 2516 23 6 1 2546 4 64 68 11355 94 11449 
1980 11136 11136 2412 43 5 2460 1 1 13549 48 13597 
1981 10324 1 10325 2511 15 2526 46 1 47 12881 17 12898 
1982 11148 11148 3971 27 3998 8 8 15127 27 15154 
1983 9137 7 9144 4018 30 4048 5 5 13160 37 13197 
1984 683S 2 6837 3293 6 3299 7 7 10135 8 10143 
1985 4757 1 4758 2259 38 2297 2 2 7018 39 7057 
1986 2979 2979 1124 34 1158 2 2 4105 34 4139 
1987 2758 2758 1042 48 1090 1 1 3801 48 3849 
1988 2232 2232 1077 108 1185 1 1 3310 108 3418 
1989 1645 1645 703 68 771 3 3 2351 68 2419 

SUMMARY OF STOCK STATUS 

The continuing decline in Jandlngs reflects a declining trend in harvestable biomass, as indicated in both catch-per
unit-effort and survey indices. The potentially strong 1986 and 1987 year classes offer the opportunity to halt and reverse 
this trend if fishing mortality and dlscarding are reduced. However,large numbers of fish from these year classes will be 
taken as byoQltcb and cIiscarded in small-mesh fisberies. 

SUGGESTIONS 

The biological reference points of Fat (0.17) and F ... (0.34) were developed previously and should be considered 
notional since no detailed catch-at-age or recent aging exists. Recent fishing mortality is unknown, but based on 
preliminary analysis of length composition data during the SARC meeting. it appears Fs have increased and are currently 
at, or exceed, F _. The SARC checked that the length composition analysis, using the Beverton and Holt method for 
estimating Z/K, was not excessively affected by recent large incoming year classes by examining data from the mid-l97Os 
as well as recent length data. The impression that the stock is currently over-exploited was supported by this analysis. 

The population parameters need to be updated to effectively monitor this resource. 
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Table H2. Stratified mean catch-per-tow in number and weight (kg) of American plaice from NEFC offshore spring and 
autumn bottom trawl surveys on Georges Bank (Strata 13-25), in the Gulf of Maine (Strata 26-30 and 36-40), and for the 
combined Gulf of Maine-Georges Bank area, 1963 to 19901.% 

Georaes Buk Gulf or Maine Combined 

SpriDa Autumn Sprins Autumn Spriaa Autumn 

Year (No.) (WI) (No.) (WI) (No.) (WI) (No.) (WI) (No.) (WI) (No.) (WI) 

1963 10.00 5.5 17.74 6.2 14.17 5.9 
1964 5.55 2.0 10.53 3.6 8.23 2.9 
1965 4.73 1.2 18.12 6.0 11.95 3.8 
1966 11.15 3.3 23.44 6.3 17.77 4.9 
1967 5.04 1.7 16.19 3.5 11.05 2.7 
1968 5.91 1.6 6.03 1.3 16.14 5.0 10.82 4.3 11.42 3.4 8.61 2.9 
1969 7.04 2.2 2.84 1.1 9.90 3.9 11.51 3.5 5.58 2.7 7.51 2.4 
1970 4.01 1.4 4.93 1.5 6.65 2.1 7.77 2.4 5.43 1.8 6.46 2.0 
1971 3.08 1.1 3.03 0.9 4.42 1.4 11.26 2.9 3.80 1.3 7.47 2.0 
1972 3.24 1.2 3.28 0.9 5.17 1.4 11.00 2.2 4.28 1.3 7.44 1.6 
1973 2.10 0.8 3.73 0.9 11.56 2.8 8.29 2.8 7.20 1.9 6.19 1.9 
1974 4.89 1.3 137 0.4 11.28 2.5 11.62 2.3 833 1.9 6.90 1.4 
1975 2.70 1.0 3.96 1.2 8.52 2.3 11.68 3.5 5.84 1.7 8.12 2.4 
1976 3.26 1.0 2.80 1.0 19.20 5.4 16.13 4.7 11.85 3.4 9.99 3.0 
1977 435 1.4 5.73 2.4 2335 8.4 21.79 7.4 14.59 5.1 1439 5.1 
1978 532 1.6 5.72 1.8 15.14 5.7 2933 11.0 10.61 3.8 18AS 6.8 
1979 2.75 1.1 3.93 1.3 16.98 7.1 16.80 7.8 10.42 43 10.87 4.8 
1980 9.71 1.4 8.87 3.2 32.75 11.4 24.63 11.1 22.13 6.8 1737 7.4 
1981 1127 3.0 5.62 2.1 33.72 13.6 20.73 10.0 2337 8.7 13.76 6.4 
1982 11.46 4.0 6.56 2.0 16.45 6.8 6.27 33 14.15 5.5 6.41 2.7 
1983 4.42 1.9 3.73 1.6 27.42 7.3 15.94 5.3 16.82 4.8 1031 3.6 
1984 1.72 0.7 1.88 0.8 5.84 2.1 11.55 2.9 3.94 1.4 7.09 1.9 
1985 1.98 0.8 238 0.7 7.54 2.8 11.03 3.2 4.98 1.9 7.04 2.0 
1986 1.59 0.5 130 0.4 436 1.3 9.43 2.6 3.09 0.9 5.68 1.6 
1987 2.86 0.7 2.75 0.6 5.22 1.4 5.78 1.5 4.13 1.1 438 1.1 
1988 1.20 0.4 4.25 0.7 5.62 1.2 1434 2.1 3.58 0.8 9.69 1.5 
1989 4.68 0.7 5.78 1.0 6.88 1.4 15.90 23 5.86 1.1 11.24 1.7 
1990 3.03 0.6 8.90 1.5 6.21 1.1 

• Spria, ..... eyo dllriag 1973-81 ..... accomplillled wi.la 41 Yutee trawl; IIIID _ years, apria, ...... ,. ..... accomplJUed wi""36 Yaatee trawL 
No >dju_,. baYe ben made 11> ... ......,. calCl-per-1ow clata for ......... _ 

, Duia& 1963-14, BMY ovll __ ued lII.prio, lid ........... eys; sIace 1985, p""" ..... poIyvaJeal_ bYe ben ued 111_ s .... eys. No 
>dju_a,. bYe ben made 11> ... ......,. calCl-per-1ow clata for ......... diff_ 
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An analytical assessment of this cod stock was pre
sented to the SARC, including VPA estimates of abun
dance and fishing mortality as well as re-linaiysis of bio
logical reference points for the stock. Two problems were 
identified in the assessment that are important sources of 
uncertainty in the estimates of current stock status and 
future prognoses. The SARC noted that failing accounting 
for gear modifications in the survey indices may have 
resulted in overestimation of recent year class sizes. In 
addition, survey information on the incoming 1988 year 
class is limited, and the estimate of year class strength is 
uncertain. 

LANDINGS 

Table 11 gives the landings from tbis stock for 1960 to 
1989. Recent landings in the U.S. fishery are around 
35,000 mt. Recreational fishing catches are not accounted 
for in these figures. 

CATCH-AT-AGE 

The landings in recent years were dominated by the 
strong 1985 yearclass, which accounts for 39 percent of the 
catch in numhers in 1989 (fable 12). Mean weights and 
lengths at age in the catch are also given in the Table. 

ABUNDANCE INDICES 

Abundance indices are available from U.S. commer
cial catch-per-unit-effort data (fable 13) and from NEFC 
surveys (fable 14). The commercial indices have not been 
analyzed to standardize across vessel categories and other 
sources of variability. For the survey indices, there were 
important modifications made to the survey gear in 1985, 
which is thought to have improved efficiency. This change 
in survey fishing power was not incorpo/ated in the analy
sis, and was cause for concern to the SARC in relation to the 
use of these indices for tuning the VP A. 

Natural Mortality 

The /ate of natu!al mortality for cod was assumed to be 
0.2 over all ages. 

Partial Recruitment and Terminal Fishing 
Mortality Rates 

Laurec-Shephetd VP A tuning and separable VP A were 
used to obtain the exploitation pattern for this stock. The 
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partial recruitment vector was judged to be flat-topped 
(fable IS). This vector was used in yield-per-recruit 
analysis and projections for the future. 

The tuning analysis did not indicate any trends in 
catchability over time or major problems in the diagnostics. 
The commercial CPUE index was dominant for the older 
ages, while surveys were weighted more heavily on the 
younger ages. 

ASSESSMENT RESULTS 

Trends In Fishing Mortality 

FIShing mortality /ates (F) increased substantially from 
1978 through 1985 (fable 16 and Fig. 11). F declined 
significantly after 1985 and remained at the lower level 
during 1986, 1987, and 1989. Estimates of the overall F 
during 1988 are uncertain due to highly variable F esti
mates on the older age groups. However, estimates of 
fishing effort have generally increased (with some fluctua
tions) throughout the 1978-89 period (Fig. 11). In particu
lar, no decrease in effort (from the 1985 level) is apparent 
in recent years. The SARC recommends caution regarding 
the apparent reduction in F since 1985. 

Population Numbers-at-Age 

Trends in cod population numbers are heavily influ
enced by the recent recruiting year classes. The apparently 
strong 1988 year class bas increased stock numbers appre
ciably in recent years (fable 16 and Fig. 11). The estimates 
of recruitment were obtained by calib/ating the survey 
indices of age 1 to the VP A age 1 abundance in past years 
using the RCRTINX2 program. For 1989, however, only 
one index is available and the estimate of recruitment for 
the 1988 year class bas a high standatd error. In other 
wonls, the current estimate of 1988 year class strength is 
imprecise, and the SARC recommends caution in interpret
ing this trend. 

Spawning Stock Biomass 

Spawning stock biomass (SSB) declined precipitously 
from 1978 through 1986 (fable 16 and Fig. 11). SSB then 
increased appreciably over the 1986-90 period. The in
crease was due to the apparent reduction in F (after 1985) 
on the strong 1983, 1985, and 1988 year classes. Similar 
caveats, as noted above, apply to this apparent trend in 
SSB. 
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Table 11. Commercial landings (mt, live) of Atlantic cod from Georges Bank and South (NAFO Division 5Z and Statistical Area 6), and the Gulf of Maine (NAFO .l!l 
Division 5Y), 1960 to 1989' . CD 

li 
Geora- 1IaDk ..... Sou .. Gull 01 Malae Totals 

Year USA Cauda USSR Olller Total USA Cauda USSR Other Total USA Canada USSR Other Total 

1960 10834 19 10853 3448 129 3577 14282 148 14430 
1961 14453 223 55 14731 3216 18 3234 17669 241 55 0 17965 
1962 15637 2404 5302 143 23486 2989 83 3072 18626 2487 5302 143 26558 
1963 14139 7832 5217 1 27189 2595 3 133 2731 16734 7835 5350 1 29920 
1964 12325 7108 5428 304 25165 3226 25 3251 15551 7133 5428 304 28416 
1965 11410 IOS98 14415 1910 38333 3780 148 3928 15190 10746 14415 1910 42261 
1966 11990 15601 16830 8713 53134 4008 384 4392 15998 15985 16830 8713 57526 
1967 13157 8232 511 14852 36752 5676 297 5973 18833 8529 511 14852 42725 
1968 15279 9127 1459 17271 43136 6360 61 6421 21639 9188 1459 17271 4955.7 
1969 16782 5997 646 14514 37939 8157 59 268 8484 24939 6056 646 14782 46423 
1970 14899 2S83 364 7806 25652 7812 26 423 8261 22711 2609 364 8229 33913 
1971 16178 2979 1270 7752 28179 7380 119 163 7662 23558 30!18 1270 7915 35841 
1972 13406 2545 1878 7230 2SOS9 6776 53 11 77 6917 20182 2598 1889 7307 31976 
1973 16202 3220 2977 6524 28923 6069 68 9 6146 22271 3288 2977 6533 35069 
1974 18377 1374 476 7104 27331 7639 120 5 7764 26016 1494 476 7109 35095 
1975 16017 1847 2403 4741 2SOO8 8903 86 26 9015 24920 1933 2403 4767 34023 
1976 14906 2328 933 1759 19926 10172 16 10188 25078 2344 933 1759 30114 
1m 21138 6173 54 2 27367 12426 12426 33564 6173 54 2 39793 
1978 26579 8904 35483 12426 12426 3900S 8904 47909 
1979 32645 6011 38656 11680 11680 44325 6011 50336 
1980 40053 8094 48147 13528 13528 53581 8094 61675 

1981 33849 8508 42357 12534 12534 46383 8508 54891 
1982 39333 17862 57195 13582 13582 52915 17862 70777 
1983 36756 12132 48888 13981 13981 50737 12132 62869 
1984 32915 5761 38676 10806 10806 43721 5761 49482 

1985 26828 10441 37269 10693 . 10693 37521 10441 47962 

1986 17490 8508 25998 9664 9664 27154 8508 35662 

1987 19035 11843 30878 7527 7527 26562 11843 38405 

1988 26310 12725 3903S 79S8 7958 34268 12743 47011 

1989 2S097 7897 32994 10397 10397 35494 7897 43391 

I USA laodiop _ NMFS _ .,.1IIIcrico Ceoler dclaiIcd W<iP-' ru.. ud ... _ data. CaIUldiaa Iaodiop dala for 1\188 ud 1989 from NAFO SCS _ala 88/18 lad 89/21. 
Caudiu Iaaiiop ..... prior .. 1965 _ I11III' (11188, 1989.) 



Table 11. (<OD~.) 

FMlmated Dumber ( ............. )aad weJabt (mt, Uve) 01 AIlaDtic cod cauaht by mariDe _t1oaallisbermeo, by "'liDo, ID 1!16O, 1965, 1970, 1974, aad 1979 to 1_ 

Nortla AIIaatIc'" MId-AllaDtIt' A1IRea1o'" 

V .... Number WeJabt Number WeJabt Number Weigbt 
(doooIo ...... ) (mt) (1iIouoa ..... ) (mt) (1iIouoa ..... ) (mt) 

1960 39!J8 11426 793 2590 4791 14016 
1!165 4970 13144 62 421 5032 13565 
1970 3690 16188 154 104 3844 16m 
1974 2155 8S66 746 3802 2901 12368 
1979 3083 3762 8 55 3091 3817 
1960 2403 6376 36 9 2439 638S 
1981 4440 7281 482 1367 4922 8648 
1982 2663 4378 586 3633 3249 8011 
1983 3511 7432 244 852 3755 8284 
1984 2463 5061 102 330 2565 5391 
1985 3611 8644 62 338 3673 8982 
1986 1493 3261 56 187 1549 3448 
1987 1890 3287 173 519 2063 3806 
1988 2035 4740 837 2823 2872 7563 
1989 3097 5561 350 1279 3447 6840 

• Dooriq 1960, 1965 ..... 1m ____ ._ Allude' iodooded Maiac .. New York. Ia 1IIhNq_1 ..... y ••• _ AlIaaIic" iodooded ooIy Maioc .. Coucctic.~ 
_ ..... New York. . . 

• For......,. __ ill 1!179 .... arlelWald.1OU\ wapl.,....1 wu derived bf .... tiplyill .... ".-, or cod ",,"'1 ill each "&100 bf ........ WCipl or cod boded ill 801c form 
laado ..... (Type A_> ___ iII ....... (a<cI) ...... 

I 
!!:l 
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Table 12. Catch-at-age (thousands of fish; mt) and mean weight- (kg) and mean length-at-age (cm) of total commercial 
landings of Atlantic cod from the Georges Bank and South cod stock (NAFO Division 5Z and Statistical Area 6). 1978 to 
1989 

Aae 

Year 1 1 3 4 5 ;5 7 I 9 10 11+ Total 

1978 442 7651 2185 834 71 385 46 37 10 11661 
1979 41 1916 678 4863 1077 477 70 289 37 16 9464 
1980 106 3609 5658 344 2270 1143 496 91 183 13900 
1981 31 3829 452% 2453 126 1284 413 90 137 57 12942 
1982 473 1142% 3586 2445 1830 170 657 169 73 33 49 20907 
1983 108 4711 7391 1654 1135 961 114 290 117 34 38 16553 
1984 81 1328 3604 3356 593 487 496 32 200 51 56 10284 
1985 160 6879 2328 1364 1771 338 213 201 15 84 2% 13375 
1986 156 1323 4560 804 48S 634 88 73 47 4 26 8200 
1987 29 7662 1471 2077 272 249 262 61 36 17 6 12142 
1988 16 1592 8100 1008 1469 239 157 193 53 25 21 12873 
1989 2415 3102 4178 313 513 73 37 41 8 7 10687 

Total Commercial Catch in Weight-ai-Age 
1978 570 18904 8066 3730 369 2895 365 475 109 35483 
1979 36 2916 1670 20914 5359 3485 640 2969 493 174 38656 
1980 89 5379 14020 1372 13146 7664 4212 790 1475 48147 
1981 27 5746 10671 8314 656 9426 3470 896 2037 1114 42357 
1982 363 15937 10226 9401 9969 1098 6225 1744 908 528 796 57195 
1983 107 7OS3 18152 5681 5339 6156 904 2984 1296 441 775 48888 
1984 85 2lO3 8961 12%20 3209 3324 4468 315 2%76 668 947 38676 
1985 147 9528 4995 5519 9349 2134 1745 2121 194 1069 368 37269 
1986 145 1951 11152 2944 2723 4562 790 729 598 56 348 25998 
1987 21 11342 3624 8681 1579 1918 2346 607 40S 229 126 30878 
1988 13 2412 19049 3524 7902 1582 1379 1928 541 329 394 39053 
1989 3798 6975 1546S 1650 3362 60S 393 481 116 149 32994 

Total Commercial Caleh M ..... Welaht (ka) at Aae 
1978 1.290 2.471 3.692 4.472 5.197 7519 7.935 12.838 10.900 3.043 
1979 0.878 152% 2.463 4.301 4.976 7.306 9.143 10.273 13.324 10.875 4.085 
1980 0.840 1.490 2.478 3.988 5.791 6.7OS 8.492 8.681 8.060 3.464 
1981 0.871 1501 2.360 3.389 5.206 7.341 8.402 9.956 14.869 19544 3,273 
1982 0.767 1.395 2.852 3.845 5.448 6.459 9.475 10.320 12.438 16.000 16.245 2.736 
1983 0.991 1.497 2.456 3.435 4.704 6.406 7.930 10.290 11.077 12.971 20.395 2.953 
1984 1.049 1.659 2.486 3.641 5.411 6.825 9.008 9.844 11.380 13.098 16.911 3.761 
1985 0.919 1.385 2.146 4.046 5.279 6.609 8.192 10552 12.933 12.726 16.727 2.786 
1986 0.929 1.475 2.446 3.662 5.614 7.196 8.977 9.986 12.723 14.000 13.385 3.170 
1987 0.724 1.480 2.464 4.180 5.80S 7.703 8.954 9.951 11.250 13.471 21.000 . 2543 
1988 0.813 1515 2.352 3.496 5.379 6.619 8.783 9.990 10.208 13.160 18.762 3.034 
1989 1573 2.249 3.702 5.272 6554 8.288 10.622 11.732 14500 21.286 3.087 

Total Commercial Catch M ..... Lenath (em) at Age 
1978 50.2 615 69.8 73.7 79.3 89.3 91.3 107.1 101.0 64.9 
1979 44.7 52.9 61.0 73.9 775 88.2 95.3 99.4 108.4 101.0 70.9 
1980 43.9 52.6 61.6 72.4 81.9 86.3 92.9 92.2 91.2 665 
1981 44.6 52.3 60.4 685 78.4 88.7 93.1 98.2 112.8 123.2 64.6 
1982 42.3 51.4 64.4 70.8 79.9 84.1 965 99.2 lOS5 114.8 115.0 60.7 
1983 46.3 52.7 615 68.1 75.9 845 90.7 99.1 1015 107.4 114.8 63.3 
1984 47.2 52.3 61.8 70.1 79.8 86.8 95.0 97.6 102.6 107.6 116.2 68.9 
1985 45.3 51.4 58.4 72.7 79.3 85.4 91.9 100.1 lOS.6 106.1 117.6 61.2 
1986 45.0 51.9 61.0 69.2 80.7 87.7 94.4 98.0 lOS.6 111.3 1095 64.4 
1987 405 51.8 60.8 73.0 81.9 90.1 94.4 97.8 102.2 108.1 12%.1 59.4 

1988 40.9 52.7 60.3 68.4 79.4 85.2 93.7 97.7 101.8 1075 116.6 63.9 
1989 53.0 59.8 70.0 785 845 92.3 100.4 103.1 111.2 115.4 64.6 
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catch Projections Table 13. Total and USA commercial landings, USA catch-
per-unit-effort indices (all cod trips), and derived effort in-

Projections were carried out under four F scenarios for dices for Georges Bank cod, 1967 to 1989 
the 1990-92 period: (1) status quo F (0.56); (2) F <ll (0.149); 

Year Total USA USA' (3) Fou (0.274); and (4) F (0.47). The-status quo F was Total USA 
assumed for 1990 in all p~ections (Tahle-I7). Stock size Landlnas Landlnas CPUE Standnrd Standard 
(number of fish, ages 2+) declines from the 1990 level for IndeJt Days Days 

all projections. SSB increases from the 1990 level in all (mt) (mt) Flshed FIShed 

projections, including the status quo projection. The in- 1965 38333 11410 0.745 51483 15324 
crease in SSB is particularly strong in the F". projection (57 1966 53134 11990 0.730 72811 16430 
percent increase from 1990 to 1992). In all projections 1967 36752 13157 0.862 42616 15256 
other than the status quo projection, the projected catch 1968 43136 15279 1.053 40954 14506 
declines. The projection results are heavily influenced by 1969 37939 16782 1.262 30054 13294 
the apparent strong 1988 year class. Since the estimate of 1970 25652 14899 1.178 21781 12650 
the size of this year class is imprecise, the SARC noted that 1971 28179 16178 1.224 23018 13215 

these projections are likely to be overly optimistic because 1972 25059 13406 1.065 23527 12586 

of potential biases identified above. 1973 28923 16202 1.452 19924 11161 
1974 27331 18377 1.487 18380 12358 

MAJOR SOURCES OF UNCERTAINTY 1975 25008 16017 1.326 18857 12077 
1976 19926 14906 1.553 12827 9596 

The major sources of uncertainty that were of greatest 1977 27367 21138 1.782 15357 11862 
1978 35483 26579 1.937 18317 13720 concern to the SARC were: 
1979 38656 32645 2.102 18391 15531 

• 1980 48147 40053 2.158 22313 18562 
Age sampling: The SARC noted that the estimates of 1981 42357 33849 1.891 22398 17899 
the number of fish in the older age groups appears to be 1982 57195 39333 2.176 262Jf1 18078 
based on limited age sampling. 1n future assessments, 1983 48888 36756 2.005 24389 18337 
consideration should be given to expanding the num- 1984 38676 32915 1.424 27151 23106 
ber of ages encompassed within the plus group (e.g., 1985 37269 26828 1.149 32445 23355 
ages 9+). 1986 25998 17490 0.956 27197 18386 

1987 30878 19035 0.836 36945 22775 

• Recreational catch: The recreational catch appears 1988 39035 26310 I.OS1 37164 25037 

to be an important component of fishing mortality on 1989 32994 25097 1.058 31195 23729 

cod (approximately 30 percent of the commercial 
I All cod tripl. 

landings by number and 20 percent by weight in 1989; 
Table 11). However, these catches are not included in sampling data and to incorporate them into future 
the catch-at-age estimates used in the VP A. Difficul- assessments. 
ties in apportioning the recreational catch by area (and 
stock) and by age group have precluded their usage in • CPUE Indices or abundance: Catch-per-unit-effort 
the current assessment. Full utilization of the MRFSS (CPUE) indices of abundance play an important role in 
intercept database may resolve some of these prob- tuning the cod VP A. Although research survey indices 
lems. The SARC strongly recommends that every are also used in the tuning. they are generally highly 
attempt be made to fully incolpOrate the recreational variable (but not biased). The CPUE indices, which 
catch into future assessments. tend to be less variable, are often weighted more 

heavily in the tuning process. Consequently, it is 

• DIscards: As with most other grouodfish on Georges important to develop standardized CPUE indices that 
Bank, discarding is generally thought to be a signifl- mimic population trends (i.e~ unbiased indices). Such 
cant source of fishing mortality (F) on young cod. indices would not ooly be valuable for tuning the cod 
Discard estimates are not included in the catch at age VPA(1978 to present), but would also provide a longer 
matrix. Whether the F due to discarding is conslant term perspective of stock abundance. The SARC 
over years or highly variable is unknown. The age 1 re- strongly recommends that a general linear modeling 
cruitment estimates from VP A are affected in magni- (GLM) approach be used to standardize important 
tude and perhaps in trend by the missing discarda in the fishing power factors (e.g., vessel class, fishing area, 
catch at age. These potential biases may have impor- month of the year, etc.), and that such indices be used 
lant ramifications on any percent MSP analysis which in future assessments. 
IBCS the VP A recruitment estimates as input parame-
ters. The SARC strongly recommends that every • Research survey indices: A gear change in the NEFC 
attempt to made to estimate discards from the sea bottom trawl survey (i.e~ a trawl door change) oc-
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Table 14. Stratified mean catch pertow in numbers and weight (kg) for Atlantic cod from NEFC offshore spring and autumn 
research vessel bottom trawl surveys on Georges Bank (Strata 13-25) and in the Gulf of Maine (Strata 26-30 and 36-40), 
1963 to 1990~' 

Georaes Bank_ Gulf of Maine 
Spring . Autumn Sprlna Autumn 

Year DoJID." wtJID .. DOJtow wtJID" nOJtow wtJID" noJID .. wtJID" 

1963 2.80 11.0 3.79 11.1 
1964 1.91 7.1 2.S7 14.1 
1965 2.72 7.2 2.88 7.4 
1966 3.08 5.0 2.43 8.0 
1967 6.66 8.4 1.64 S.7 
1968 3.03 7.8 2.11 5.3 3.49 11.1 2.81 12.0 
1969 2.98 11.0 1.41 5.0 2.09 8.1 1.77 9.5 
1970 2.78 9.7 3.25 7.7 1.41 6.8 3.14 10.1 
1971 2.17 8.8 2.04 6.1 0.92 4.3 2.80 10.2 
1972 S.7S 11.7 8.39 14.2 1.32 S.O S.97 8.0 
1973 11.98' 24.5' 7.87 19.0 4.83 11.6 2.86 5.4 
1974 9.4S 22.5 2.24 5.1 1.86 4.6 2.78 S.S 
1975 4.42 16.1 4.11 8.7 1.61 3.7 3.94 .. S.3 
1976 4.52 11.5 6.69 10.9 1.78 4.7 1.38 4.2 
1977 4.04 9.5 4.42 11.5 2.49 5.3 2.50 9.4 
1978 7.89 19.3 6.97 21.5 1.32 4.8 4.67 11.9 
1979 3.31 10.5 4.83 15.2 2.74 S.9 2.24 10.8 
1980 4.97 1S.3 2.36 6.2 1.74 S.7 S.71 13.1 
1981 8.47 24.0 7.34 17.5 3.95 9.9 l.5S 5.0 
1982 6.65' 14.2' 2.38 4.3 3.04 7.9 4.98 9.9 
1983 4.94 14.8 2.33 4.0 2.51 6.S 2.71 S.4 
1984 2.62 9.5 3.04 6.3 2.18 3.6 1.55 5.4 
1985 6.94 21.5 2.43 3.5 2.52 7.8 2.92 8.5 
1986 5.04 16.7 3.12 4.7 1.96 3.6 1.95 S.l 
1987 3.26 10.3 2.33 4.4 1.68 3.0 2.98 3.4 
1988 5.86 13.4 3.11 S.8 3.13 3.3 5.90 6.6 
1989 6.07 16.1 6.05 6.9 2.86 3.8 5.89 6.8 
1990 S.99 17.3 2.99 4.6 

I SpriDI survey. duriag 1973-81 were accomplished wi .. a 41 Yaabe trawl; ill aU other yem, spriag surveys were accomplished with a 36 Yaltee awl. 
NG adjulmca" bYe beeD made to the calcll.-per.1ow-da1l for these sar differuas. 

% Duri.811~, BMV oval doon were ued it. _prill, aad autuma S1lI'Veyt; siac::e 1985, Portupese polyvaJeaC doora bve bee. ued. it. bodt surveys. 
No adjutme.ata ILave beea made to tH caliQ-per-1OW data for tlae par differeaca. 

, Excllldeo .... ..uy bigl <aiel of 1,894 cod (2,558 til .. S .. 1ioR 230 ( ...... lOW 20-4). 
• Excllldeo .... ..uy bigl <aiel of 1,032 cod (4,096 til .. StadOl 323 ( ...... lOW 16-7). 

curred in 1985. Preliminary studies indicate that the 
new gear is more effective on cod (Byrne and Forrester 
1987). To the degree that the new gear is substantially 
more effective, current survey indic:cs will overesti
mate cod abundance relative to the pre-1985 period; 
and fishing mortality rates may be underestimated 
when using these indic:cs for VP A tuning. 

The SARC conducted a simple sensitivity analysis of 
the effect of the gear change on the cod VP A. Significant 
increases were found for age 2 Fin 1989, but only modest 
increases were found on the older ages. The strength of the 
1988 year class was substantially reduced. Projected stock 
sizes would be affected as wen since the 1988 year class is 
dominant during the projection period. 

The SARC recommends that all available data on the 
potential change in effectiveness be thoroughly examined, 

and any adjustment that may prove to be necessary be 
incorporated into future assessments. 
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Table 15. Data used in yield-per-recruit analysis and in catch and spawning stock projections for Georges Bank cod. 
Natural mortality (M) = 0.2 for all age groups. Recruitment of age 1 cod in 1991 and 1992 assumed to be 20 million fISh 
(Le, the geometric mean age 1 stock size during 1978-1988). 

Aae 1990 Exploitatlonl Mean Welpt' 
Stock Size Pattern 
(thousands) 

1 18300' 0.0064 
2 33568 0.4434 
3 10232 1.0000 
4 359S 1.0000 
5 4819 1.0000 
6 390 1.0000 
7 783 1.0000 
8 94 1.0000 
9 35 1.0000 

10 36 1.0000 
11+ 18 1.0000 

I Partial recruitment values derived from SVPA analysis (smoothed). 
'l Average of 1987-1989 values. 
, ValUe! derived from O'Briea (1990). 
• Predicted value for age 1 stock size (1989 cohort) from RCRTINX2 analysis. 

"'Caleh 
(kg) 

0.768 
1.523 
2.355 
3.792 
5.48S 
6.959 
8.675 

10.187 
11.063 
13.710 
17.300' 

MeanWelpt' 
",Stock 

(kg) 

0.543 
1.117 
1.873 
3.027 
4.548 
6.237 
7.886 
9.523 

10.501 
12.475 
17.300' 

J Mea weight-at-age for 11+ set equal to the meaa catcJa weighl-al-age (mid-year) duriDS 1978-89. 

Maturity' 

Oglve) 

0.05 
0.39 
0.84 
0.97 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 



Table 16. Estimates of fIShing mortality (1'), stock size (thousands of fish) and stock biomass (mt) derived from Virtual Population Analysis [VPAI for Georges Bank i cod (NAFO Division SZ and Statistical Area 6), 1918 - 19891 .... 
y- 191. 191f I_ 1"1 I"Z 1,.3 1'14 

2 
Itl5 1986 1"7 l'U 1919 1990 

FIoIiIII&M-, 
I .o.OOZ 0.007 0.001 0.029 0.013 0.003 0.022 0.004 0.002 0.001 
2 0.165 0.099 0.238 0.342 0.447 0.440 0.216 0.390 0.251 0.277 0.169 0.193 
3 0.408 0.408 0.469 0.526 0.625 0.587 0.722 0.716 0.488 0.488 0.527 0.572 
4 0.375 0.494 0.375 0.382 0.610 0.670 0.584 0.673 0.584 0.431 0.742 0.574 
5 0.375 0.320 0.4S4 0.228 0.5SO 0.646 0.543 0.7t4 0.542 0.399 0.623 0.542 
6 0.105 0.382 0.667 0.505 0.544 0.634 0.645 0.695 0.610 0.599 0.740 0.462 
7 0.349 0.143 0.882 0.543 0.528 0.888 0.814 0.662 0.387 0.553 0.987 0.528 
8 0.322 " 0.481 0.280 0.380 0.448 0.471 0.677 0.968 0.501 0.509 1.075 0.667 
9 0.227 0.648 o.ss9 0.610 0.648 0.702 0.805 0.633 0.496 1.192 0.700 

10 0.322 0.372 0.427 0.551 0.649 0.664 0.738 0.519 0.496 0.782 0.558 
II. 0.372 0.551 0.649 0.664 0.738 0.519 0.496 0.782 0.558 

F(3-I,lI) UU U7Z UZl I.4Z7 U51 1.'4' '-"4 8.7l1 0.519 0.496 1.71Z o.ss. 
F(3-I,W) t.3I9 1.437 ute 1.448 Ufl UN use t.7" 0.511 ""Z 8.5" 1.564 --I 27,245 22,932 17,823 42,463 18,220 9,308 28,587 8,176 42,713 13,179 18,527 [41,000) [18,300) 

2 3,195 22,306 18,738 14,496 34,138 14,490 ',523 23,332 6,550 34,830 11,255 15,154 [33,568) 
3 25,051 2,218 16,534 . 12,094 8,429 18,199 7,639 4,964 12,929 4,172 21,626 7,781 10,232 
4 7,663 13,645 1,_ 8466 5,852 3,695 8,288 3,037 1,986 6.499 2,098 10,453 3,S95 
5 2,926 4,312 6,815 680 4,729 2,605 1,548 3,783 1,268 907 3,458 818 4,819 
6 782 1,641 2,563 3,544 443 2,234 1,118 736 1,516 604 498 1,518 390 
7 1,434 m 920 1,077 1751 211 970 480 301 675 m 195 783 
8 183 8Z8 409 312 512 846 71 352 203 167 318 83 94 
9 200 419 253 175 268 432 30 109 101 82 89 35 

10 40 131 180 85 78 115 175 11 48 50 20 36 
11. 57 126 87 126 46 70 17 41 18 18 

~N .. M,7lf M,653 65,4Zf 13,565 75,'" 52,tZI 56,417 65,111 67,656 61,7" 51,116 n,u, 71,'70 
Spa .... N .. 33,35t .,756 »,"4 B,IS7 31, ... 27,543 Zt,47l .',565 11,170 24,24' U,flS U,6G1 B,UZ 

__ Allop 

1 18,064 15,456 11,193 29,215 10,003 1,130 26,100 5,928 31,479 6,903 10,820 [23,944[ [9,937[ 
2 2,981 25,808 21,436 16,265 38,281 15,534 9,645 28,139 ',624 40,855 11,184 17,124 [37,495) 
3 46,920 3,952 32,110 22,616 17,440 33,687 14,736 9,361 23,789 ',953 40,355 14,364 19,165 
4 U,368 44,483 3,784 U,533 17,627 11,565 24,782 9,634 5,S67 20,778 6,1S1 30,835 10,882 

5 11,273 18,483 34,011 3,_ 20,321 11,078 6,611 16,586 6,044 4.180 16,399 3,512 21,917 
6 3.so3 9,416 14,804 23,107 2,570 13,195 6,336 .,403 9,346 3,m 3,089 9,012 2,432 
7 9,224 3,974 7,251 8,085 1,4607 1.508 7,367 3,591 2,317 5,415 2,236 1,442 6,17S 
8 1,394 ',279 3,6'Y1 2,869 4,169 8,349 627 3,431 1,835 1,582 3,005 881 895 
9 2,037 .,51S 2,875 1,944 2,863 4,679 333 1,268 1,067 830 962 368 

10 511 1,710 2668 1314 987 1,381 2,111 146 623 611 249 449 
11. 978 2,188 I,S03 2,179 795 1216 290 729 310 311 

TOTmo W,I?S 131,53' 1132,U1 35,3'1 131,164 1'7,3" IN,503 ",31' M,'31 f3,'11 ",815 10Z,SS5 118,337 
SPWNBIO I4,AZ ",'26 92,451 I3,64Z 13,714 7.,'" '1,731 51,7U 46,378 54,US '2,'" SI,7'2 66,JU 

'SpaWliagllOCk .umbers ad biomau are al apawaiaS time (i.e., Mardi 1). 
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Figure 11. Stock assessment summary diagrams for Georges Bank cod. 
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Table 17. Cod stock projectiODS, 1990-1992 

PROJECOON 1: STATUS QUO F Mar 1 SSB (ml) 

F(1990) = F so = 0.56; Ibereafter F = F sa = 0.56 
Year 

1990 1991 :199% 1990 1991 199Z 

Jan 1 2+ stock size 53570 45715 40241 1 480.3 524.9 524.9 
(Ibousand) 2 13570.4 6035.4 6596.0 

Mar 1 SSB (ml) 66208 72961 69529 3 14183.0 29719.1 13217.4 
Annual calcb (ml) 40015 43768 40538 4 9299.8 12378.6 25938.2 

5 19309.3 6736.7 8966.9 
PROJECOON %: F., 6 2143.0 12383.9 43%0.5 

F(I990) = Fso = 0.56; Ibereafter F = Fa. = 0.149 7 5440.1 1267.2 7322.8 
8 788.7 3072.3 715.6 

1990 1991 199% 9 323.8 406.7 1584.4 
10 395.7 179.9 226.0 

Jan 1 2+ slock size 53570 45715 4950S 11 274.4 256.6 116.7 
(Ihousand) 

Mar 1 SSB (ml) 66208 77855 103783 AlmuaI catch (ml) 
Annual calch (ml) 40015 13892 17765 

1 45.6 49.8 49.8 

PROJECTION 3: F ... 2 10230.4 4549.9 4972.6 
F(I990) = Fso = 0.56; Ihereafter F = F _ = 0.274 3 9451.7 19805.2 8808.2 

4 5347.2 7117.4 14913.9 
1990 1991 199Z 5 10367.9 3617.2 4814.7 

6 1064.6 6151.7 2146.2 
Jan 1 2+ slock size ) 53570 45715 46325 7 2664.3 6%0.6 3586.4 

(thousand) 8 375.6 1463.2 340.8 
Mar 1 SSB (ml) 66208 76332 91686 9 151.9 190.8 743.1 

Annual Calch (ml) 40015 24177 27951 10 193.6 88.0 110.6 
11 122.1 114.2 51.9 

PROJECOON 4: F ... 
F(1990) = F SO = 0.56; thereafter F = F .. = 0.47 Data Used In Cod Project\OIUI' 

1990 1991 199Z Aae 1990 ExpoltatioD Mean M .... Maturity 
Stock Pattera Wt.of Wt.of 

Jan 1 2+ slock size 53570 45715 41994 Size Catcb Stock 

(thousand) (thnustmds) (ka) (ka) (QalYI) 
Mar 1 SSB (ml) 66208 74005 75769 
Annual calch (ml) 40015 38136 378%0 1 18300 0.0064 0.768 0.543 O.OS 

2 33568 0.4434 1.523 1.117 0.39 

Detailed InrormatioD on Cod Stains Quo PrqJectIoD 3 10232 1.0000 2.355 1.873 0.84 

(F.- F, •• F'J. 0.56) 4 3S95 1.0000 3.792 3.027 0.97 
5 4819 1.0000 5.48S 4.548 1.00 

Jan.....,. 1 Stock Size (thnnund, Dumber) 6 390 1.0000 6.959 6.237 1.00 
7 783 1.0000 8.675 7.886 1.00 

Aae y .... 8 94 1.0000 10.187 9.523 1.00 

1990 1991 199Z 9 35 1.0000 11.063 10.501 1.00 
10 36 1.0000 13.710 12.475 1.00 

1 18300 20000 20000 11+ 18 1.0000 17.300 17.300 1.00 

2 33S68 14929 16316 
3 10232 21440 953S M=O.2 
4 3S95 4785 10027 
5 4819 1681 2238 1 HUlbert at aae 1 (~) for 1991 oaward = &eometric meaa of 

6 390 2254 786 aambon •• aae 1 fn>m 1978-1988 • 20,000 

7 783 182 1054 
8 94 366 8S 
9 35 44 171 

10 36 16 21 
11 18 16 8 
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Ocean pout are primarily distributedi1l..the Cape Cod Table J1. Ocean pout landings (mt) in the Gulf of Maine, 
Bay and Southern New England regions~ The fIshery is Georges Bank, Southern New England and Mid-Atlantic 
seasonal during December to May because the fISh move to regions as reported to ICNAF-NAFO, 1960 - 1989 
harder substrates to spawn. The assessment for this species 
consists of an annual update of landings and the NEFC USA 
spring survey index. Landings peaked at 27,000 mt in 1969 
and declined continuously to 277 mt in 1975 (Table J1). Year 5 6 Total Other Total 

The fIShery averaged 600 mt from 1975 to 1983 and 
1960 27 0 27 0 27 increased to 2,200mt in 1987. Landings averaged 1,500mt 
1961 1 0 1 0 1 

during 1988 and 1989 and will probably remain at this level 
1962 0 0 0 0 0 

in 1990. During 1982-86 catches occurred primarily in 1963 20 0 20 0 20 
Cape Cod Bay, but more recently were concentrated in the 1964 2123 0 2123 0 2123 
Southern New England area (SA 537-539). 1965 877 0 877 0 887 

NEFC spring survey indices (weight per tow) for this 1966 7149 0 7149 6231 13380 
sPecies were relatively high in the late 1960s and early 1967 7090 0 7090 271 7361 
1970s, declined somewhat in the mid-1970s, and increased 1968 8373 364 8737 4324 13061 
in the early 1980s (Table 12). The survey index declined in 1969 5571 966 6537 20435 26972 

the mid-1980s, remained stable during 1987-89, and in- 1970 5851 426 6277 895 7172 

creased in 1990. Ocean pout are currently categorized as 1971 2678 1448 4126 1784 4910 

fully exploited in the status of fIsheries resources report 1972 1927 358 2285 1066 3351 
1973 2810 285 309S 2275 5370 

(NEFC 1989), based on the landings and survey indices. 
1974 2790 459 3249 483 3732 

The SARC found no basis for disagreeing with this concIu- 1975 209 65 274 3 277 
sion. This species may be susceptible to ovemshing 1976 341 337 678 0 678 
because of low reproductive potential, due generally to 1977 809 2SO 1059 0 1059 
very low fecundity. The SARC recommends that basic 1978 715 320 1035 0 1035 
population dynamics information (e.g., on age, growth, 1979 658 14 672 0 672 
fecundity) be obtained for this species because of potential 1980 339 11 350 0 350 

overfIshing problems in the future. 1981 234 17 251 0 251 
1982 317 4 321 0 321 
1983 408 0 408 0 408 

REFERENCES 1984 1324 0 1324 0 1324 
1985 1450 54 1504 0 1504 
1986 789 13 802 0 802 

Northeast FISheries Center. 1989. Status of the fIshery 1987 2111 74 2185 0 2185 
resources off the Nortbeastern United States. Woods 1988 1770 41 1811 0 1811 
Hole, MA: NOAA/NMFS Northeast FISheries Center. 1989 1300 6 1306 0 1306 
NOAA Technical Memorandum NMFS-F/NEC 72. 
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Table J2a. NEFC offshore spring bottom InIwl survey indices for ocean poul 

y .... Welabl per T_ SD Annae Welaht Men Le"llth 

CombID",! SNE" Geol1les Bank (1-26,73-76) 

1968 5.366 0.1536 0.793 51.06 
1969 6.154 0.9556 0.713 49.17 
1970 5.180 0.1149 0.845 51.90 
1971 2.183 05019 0.696 50.22 
1972 4.453 0.1259 0.875 51.60 
1973 3.373 05872 0.735 48.84 
1974 1.479 0.3048 0.640 47.00 
1975 1.344 0.3177 0.926 52.80 
1976 1.400 0.3180 0574 46.47 
1977 3566 0.1987 0563 44.71 
1978 3.371 05055 0.285 31.60 
1979 1.493 0.3725 0.287 34.68 
1980 5.729 0.1326 0.484 4258 
1981 7.60S 0.1701 0538 42.70 
1982 4.743 0.1165 0546 44.00 
1983 4.236 0.6705 0.835 50.39 
1984 5.540 0.1208 0.762 49.96 
1985 6.494 0.1170 0.721 48.74 
1986 6.345 0.1588 0.907 52.97 
1987 2.705 0.9103 0.879 51.72 
1988 3.244 05877 0.600 45.02 
1989 2.792 0.4309 0.525 44.04 
1990 5.074 0.1066 0.797 SO.33 

Southern Ne .. Ena1aad -Mld-AtJaatIc (1-12,73-76) 

1978 4.895 0.7773 0.237 29.98 
1979 2.218 0.6858 0.142 33.68 
1980 9.023 0.1439 0.470 42.44 
1981 2.549 0.3137 0502 42.03 
1982 5.649 0.1915 0.405 41.23 
1983 4.126 0.8297 0.683 47.91 
1984 8559 0.2172 0.700 48.70 
1985 9.305 0.2016 0.717 48.20 
1986 10.265 0.2942 0.898 52.74 
1987 4.021 0.1669 0.800 50.27 
1988 3.277 0.9737 0529 42.14 
1989 2.907 0.6557 0.423 40.85 
1990 5.506 0.1820 0.649 46.99 

Georps Bank (13-26) 

1978 1.616 0.6179 0.968 54.69 
1979 0.658 0.1373 1.017 SO.97 
1980 1.938 05099 0.575 4355 
1981 1.853 0.4686 1.224 55.63 
1982 3.700 0.1191 1.399 60.81 
1983 4.364 0.1080 1.100 54.75 
1984 2.065 0.7065 1.319 61.31 
1985 3.258 0.9750 0.733 5053 
1986 1.832 0.4170 0.973 54.62 
1987 1.189 0.3785 1.436 61.90 

1988 3.206 05847 0.714 4958 
1989 2.660 05381 0.753 51.19 
1990 4.571 0.9134 1.168 58.76 



Stock boundaries for this species are uncertain and it is 
treated M a single stocle. Like red hake, the only available 
resource monitoring data are landings in !he commercial 
fishery and NEFC survey abundance indiCes. Landings 
increased steadily between 1968 and 1984 to 7,500 mt and 
have declined somewhat since then to 5,600 mt in 1989 
(Table Kl). The autumn survey tracked landings closely 
until the early 1980s. The extremely low 1982 autumn 
survey value was probably an anomaly. Spring survey 
values have been very low in recent years, but autumn 
survey values have remained fairly stable (Table K2). 

The historical pattern of landings and survey abun
dance suggest that the long-term potential catch of this 
species is about 5,000 mt. At current exploitation levels, it 
is believed to be fully exploited and the SARC found no 
evidence contradicting this conclusion. Relative exploita
tion rates, as estimated by dividing landings by survey 
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abundance values, have increased in recent years despite a 
decline in landings. A1sn, average weight has declined in 
both surveys in recent years. Reference F values for this 
species are unknown. 

The SARC noted that the decline in the survey indices 
is cause for concern, and it is recommended that basic data 
on the population dynamics of this species be obtained in 
order to evaluate and monitor this trend. 

References 
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Table Kl. Nominal catch of white hake (mt, live) by country from the Gulf of Maine to Cape Hatteras (NAFO subareas (5 and 6),1960-1989 

., 
(Q 
CD 
~ 

y .... 5Y SI. SA' Total Total Total 2 
Cauda USA 0tIaer CaIUlda USA Other CaIUlda USA Other Caoada USA Otbe. Suba .... S 

1960 2,421 906 3,327 3,327 3,327 
1961 2,143 872 3,015 3,015 3,015 
1962 1 2,596 8 551 9 3,147 3,156 3,156 
1963 2,747 11 66S 75 11 3,423 3,423 3,498 
1964 3 2,888 26 1,327 36 29 4,251 4,244 4,280 
1965 2,688 811 29 3,528 3,499 3,528 
1966 926 334 43 1,303 l,u;o 1,303 

·1967 419 16 21 21 16 461 456 477 
1968 5 334 80 24 24 85 382 443 467 
1969 1,095 892 6 28 2,025 6 1,993 2,021 
1970 12 1,564 34 909 222 20 58 46 2,493 280 2,741 2,819 
1971 18 2,137 82 1,432 109 68 105 100 3,637 214 3,778 3,951 
1972 8 2,839 32 1,026 159 54 40 3,919 159 4,064 4,118 
1973 17 3,057 100 1,063 1 40 4 117 4,160 5 4,238 4,282 
1974 36 3,839 196 1,001 60 232 4,900 5,072 5,132 
1975 17 3,039 129 556 40 146 3,635 3,741 3,781 
1976 3,542 195 S48 25 195 4,115 4,285 4,310 
1977 4,391 170 880 189 12 149 170 5,283 338 5,630 5,791 
1978 20 4,151 135 923 1 15 28 155 5,089 29 5,230 5,273 
1979 102 3,235 149 859 3 1 1 251 4,095 4 4,348 4,350 
1980 14 3,835 291 980 1 4 1 305 4,819 2 5,121 5,126 
1981 21 4,480 433 1,22l 5 454 5,706 6,155 6,160 
1982 352 4,906 412 1,074 1 4 1 764 5,984 2 6,745 6,750 
1983 441 5,054 369 1,085 2 810 6,141 6,949 6,951 
1984 479 4,998 534 1,480 12 1,013 6,490 7,491 7,503 

1985 452 5,100 501 1,224 4 953 6,328 7,2n 7,281 

1986 308 3,972 648 78S 6 9S6 4,763 5,713 5,719 

1987 4,274 555 1,240 6 555 5,520 6,064 6,075 

1988 3,755 S34 1,600 42 534 5,397 5,889 5,931 

1989 3,939 S83 1,097 8 583 5,044 5,619 5,627 

I 191iO-19113 __ .. .01. (1984) 
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Table D. Stratified mean catch-per-tow in numbers and weight (kg) of white bake from NEFC offshore spring and autumn 
bottom trawl surveys in the Gulf of Maine and on Georges Bank, 1963-1990 

Sprilll Autumn 

Year Numberrro .. Welaht,To .. A"raae Welaht Numberrro .. Welahl/tTw Avoraae Welaht 

19631 5.00 6.31 1.26 
1964 1.76 4.14 2.35 
1965 4.39 6.85 1.56 
1966 6.79 7.66 1.13 
1967 3.90 3.64 0.93 
1968 1.60 1.74 1.09 4.24 454 1.07 
1969 3.76 5.09 1.35 9.24 13.10 1.42 
1970 5.84 11.86 2.03 8.05 12.83 1.59 
1971 3.31 5.13 1.55 10.38 12.10 1.17 
1972 10.18 12.66 1.24 1252 13.10 1.05 
1973 9.24 12.21 1.32 9.05 13.46 1.49 
1974 8.08 13.99 1.73 5.35 11.00 2.06 
1975 9.31 11.22 1.21 5.28 7.23 1.37 
1976 9.98 17.00 1.70 6.04 1056 1.75 
1977 6.12 11.01 1.80 9.78 13.74 1.40 
1978 3.22 6.14 1.91 7.87 1254 159 
1979 5.26 4.97 0.94 5.62 10.31 1.83 
1980 10.37 13.96 1.35 10.86 16.66 153 
1981 17.09 19.92 1.17 8.70 12.16 1.40 
1982 6.06 8.91 1.47 159 1.87 1.18 
1983 3.21 3.12 0.97 7.96 10.60 1.33 
1984 2.65 4.09 154 5.14 8.16 159 
1985 4.33 5.38 1.24 9.36 9.74 1.04 
1986 8.24 5.61 0.68 14.42 1156 0.80 
1987 7.14 6.44 0.90 759 9.62 1.27 
1988 452 3.69 0.82 8.12 9.88 1.22 
1989 3.65 3.22 0.88 11.76 9.23 0.78 
1990' 11.11 11.65 1.65 

I 1963-1984 (rom B .... tt .,01. (1984) 

> Includes m kg from a single tow in spring 1990. 

Two stocks tentatively have been identified, a Gulf of 
Maine-northern Georges Bank and a southern Georges 
Bank-Middle Atlantic stock. 

(NEFC 1989), and the SARC could find no evidence to 
contradict this conclusion. 

NORTHERN STOCK 

This stock was exploited by the.foreign distant-water 
fleet in the mid-197Os, although to a lesser extent than the 
southern stock. Maximum landings reached 15,000 mt 
during this period, but have remained around 1,000 mt a 
year since 1m (Table Ll). Spring NEFC abundance 
indices generally increased following the end of foreign 
fishing (Table Ll). Recruitment, as measured by survey 
abundance-at-age and -size data, was average or above 
average during the 19808. This stock is categorized as 
under-exploited in the Status ofF'lSheries ResourCes Report 

SOUTHERN STOCK 

This stock was subject to a large foreign fishery during 
the 1960s and early 19708. The largest catcb, 108,000 mt, 
was taken in 1966. Catches declined rapidly beginning in 
1973 and have remained less than 1,000 mt since 1985 
(Table L2). The autumn survey index has been highly 
variable throughout the time series. Low values prevailed 
from 1984 to 1989. Age- and size-specific survey data 
indicate that the 1985 year class was strong, the 1986 and 
1987 year classes were weale, and the 1988 year class was 
above average. This stock is also listed as under-exploited 
in the status of fisheries resources report (NEFC 1989), and 
there was no contradictory evidence presented. 
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GENERAL COMMENTS Table 12. Red bake landings (mt) from the southern 
Georges Bank ·Middle Atlantic stock (SAR 525, 526, 562, 

Assessment of tbis species is limited to rather broad 537·539,6+); and NEFC autumn bottom trawl index using 
interpretations of landings and survey index values. Bio- strata 1·19, 61·76 offshore, 1-46,52,55 inshore (A distri· 
logical and population dynamics parametent (i.g., stock bution) 

structure, age and size at 50 percent maturity, M, Fu ' F • ..l 
that were derived years ago have not been evaluated for ~dlDIIS' NEFC Autumn 
some time. This species is not subject to significant S ....... y Index 

directed fishing effort and is probably discarded in fairly (mt) (lqJ/tow) 

large numbers. To some extent, therefore,landings may be 
Year USA Ihc.' Oth.r Total 

considerably underestimate catch. With the reduction in 
recorded landings in recent years, commercial length and 1960 4286 317 0 4603 
age frequency data are not being compiled. Survey samples 1961 8105 612 0 8717 
have not been aged since 1l1S5. 1962 11865 892 0 12757 

1963 29712 770 2189 32671 7588 
1964 32622 848 10751 44221 3.016 

Table Ll. Red bake landings (mt) from the Gulf of Mainc 1965 25246 634 67744 93624 3.887 

• northern Georges Bank stock (SAR 511·515, 521, 522, 1966 398S 94 103937 108016 2.071 

561); and NEFC spring bottom trawl index (kg/tow) using 1967 6764 165 52019 S8984 1.078 
1968 7001 575 11137 18713 2.432 strata 20-30, 36-40 (A distribution) 
1969 5539 489 47389 53417 2.364 
1970 4679 410 6775 11864 1.681 

Landin",,' NEFC Sprlnll SurveyIndex 1971 3227 287 31907 35421 1.734 (mt) (lqJ/tow) 1972 1995 177 59199 61371 3.051 
Y .... USA Otb.r Total 1973 3603 317 47759 51679 1.875 

1974 2183 191 24460 26834 0571 
1960 3792 0 3792 1975 206S 52 17911 20028 3.763 
1961 3276 0 3276 1976 390S 645 18560 23110 2.326 
1962 1911 0 1911 1977 2522 750 4540 7812 2.304 
1963 1225 2OS6 3281 1978 3327 971 2136 6434 1594 
1964 197 1212 1409 . 

1979 6624 245 968 7845 2514 
1965 152 2573 2725 1980 3927 144 155 4226 2.989 
1966 88S 4690 5575 1981 2124 79 196 2369 2.250 
1967 577 1286 1863 1982 2993 111 177 3281 2.048 
1968 597 2075 267% 0.869 1983 1334 49 107 1490 5.151 
1969 146 1875 2021 0.492 1984 1214 45 57 1316 0.662 
1970 261 771 1032 0.390 1985 827 31 76 934 2.015 
1971 377 4428 480S 0569 1986 634 50 684 0.929 
1972 526 14488 15014 1.210 1987 921 0 921 0.627 
1973 355 14926 15281 2.041 1988 871 0 871 0.645 
1974 560 6332 7332 1.198 1989 782 8 0 790 1.342 
1975 450 8251 8701 2.108 
1976 653 S684 6337 1.678 'Laadiol vol ... for 1960-1985 lata from SAW 2 Wortiq poper 'IS. 
1977 889 2 891 1.383 Laadiop for 1986-1989 _ from from NAFO S1a1is1ic:aI IIullelillalld 
1978 1223 0 1223 1.301 weip-ow.t nu. 
1979 1523 0 1523 1.181 2From marde aaaJer S1lI'YCY; lClDliaia. yeus are estimated. 1986-88 bYe 

1980 1029 0 1029 2.809 
101 _ iocl.de4. 

1981 1246 0 1246 4.350 
1982 1210 0 1210 2.085 
1983 894 0 894 3.080 
1984 1059 0 1059 2526 
1985 991 0 991 3.961 
1986 1457 0 1457 3.378 
1987 1013 0 1013 3587 
1988 862 0 862" 2.160 
1989 774 0 774 2.111 

, 1960-19851udiop val ... _ from SAW *2 Wom'C poper 'IS. 
La,diIl .. val ... for 1986-1989 lake. from NAFO Slalis1ic:aI llullclill aad 

weiP-cN1 nu. 



DOGFISHES 

or the three species (spiny, smooth, Bnd chain dog
fishes) comprising this group, spiny dogfish clearly pre
dominate in the commercial fIShery. Only spiny dogfish is 
considered in this review. The population ranges from 
Newfoundland to Cape Hatteras and is considered as a 
single unit stock. Seasonal migrations are evident with 
movement northward in the spring and summer and south
ward in the winter. The fishery is directed primarily toward 
larger females. 

landings 

Nominal catches of spiny dogfISh remained below 
1,000 t prior to the mid-1960s. Following the introduction 
of distant-water fleets, total nominal catches increased 
sharply to 8,400 t in 1966, and peaked at 21,600 t in 1972. 
The tota! catch subsequently declined to 7,000 t in 1977 and 
has remained below 5,000 t since 1983. The cumulative 
catch of spiny dogfish, however, equalled approximately 
135,000 t between 1966 and 1977 (Table Ml). The extent 
of discarding in both trawl and gillnet fisheries has not been 
quantified, but may be substantial, particularly during 
summer. 

Population Dynamics 

Published data suggest that spiny dogfISh are relatively 
long-lived, SlOW-growing individuals. Ages up to 40 years 
have been noted in NEFC bottom trawl survey collectiOns, 
although studies conducted elsewhere have indicated ages 
in excess of 100 years for this species. Consequently, both 
growth and natural mortality rates are relatively low. Age 
at first reproduction was estimated 8tll years for females, 
based on the occurrence oflargc embryos in the uterus. The 
production of largc embryos incn:ases with size (and age) 
from approximately 3.3 at 80 to 84 cm to 8to 9 for females 
longer than 100 em. A two-ycar gestation period was 
noted. 

Yield-per-recruit analyses utilizing published growth 
information with an assumed M of 0.05, suggest F ~I and 
F ~ values of 0.10 and 0.39, respectively. Given the 
relatively slow growth and late maturation rates, SSB/R 
declines rapidly with incn:ases in F. Cumulative embryo 
production also declines rapidly with the replacement level 
of two pups per female occurring at F approximately equal 
to 0.45. 

fitted and observed NEFC spring bottom trawl survey 
indices suggest a substantial increase in the spiny dogfish 
population since the late 19608 (Table M2). While the 
observed indices were quite variable, smoothed indices 
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Table M1. Landings (mt) of spiny dogfish and skates from 
ICNAFINAFO Areas 5 + 6 (Northeast USA), 1931-1989 

v ... SpIny IJoaIIsII Skales (AI Species) 

1989 4,494 6,635 
1988 3,172 5,873 
1987 2,778 5,120 
1986 2,838 4,328 
1985 4,344 3,m 
1984 4,514 4,140 
1983 4,958 3,593 
1982 6,964 592 
1981 7,260 530 
1980 4,394 954 
1979 4,873 1,033 
1978 1,418 1,353 
1977 7,()61 1,418 
1976 14,374 1,212 
1975 18,188 3,968 
1974 17,584 3,651 
1973 13,965 7,963 
1972 21,595 8.823 
1971 11,589 6,120 
1970 5,060 4.128 
1969 9,124 9,462 
1968 4,107 6,483 
1967 2,698 4,898 
1966 8,390 2,844 
1965 452 2,340 
1964 713 4,070 
1963 609 25 
1962 528 44 
1961 822 36 
1960 877 61 
1959 378 57 
1958 428 41 
1957 609 53 
1956 248 38 
1955 42 47 
1954 29 54 
1953 34 92 
1952 24 95 
1951 47 185 
1950 67 73 
1949 309 97 
1948 26 312 
1947 20 91 
1948 73 66 
1945 28 93 
1944 27 227 
1943 62 260 
1942 58 391 
1941 
1940 248 169 
1939 61 186 
1938 67 228 
1931 40 243 
1936 
1935 68 171 
1934 
1933 9 147 
1932 16 467 
1931 22 433 
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Table M2. Stratified mean number- and weight-per-tow 
indices for spiny dogfish from spring offshore bottom trawl 
data, 1968-1990. Computations used the b.-distribution 
estimator, smoothed values were derived using an IMA 
model, with q=O.65 for weight-per-tow, and q=O.70 for 
numbers. 

Year W.!aht Numbers 

Observed Fitted Observed Fitted 

1968 56.069 32.768 33.964 24.872 
1969 16.671 29.613 14.812 23.895 
1970 14.718 29.823 13.353 24.413 
1971 22.943 34.309 16.339 26.953 
1972 44.523 42.580 48.883 31.736 
1973 98.583 52.401 55.249 35.348 
1974 93.503 57.248 51.850 37.175 
1975 65.688 57.019 51.736 37.459 
1976 57.395 55.297 38.790 36.210 
1977 38.396 53.251 20.666 34.695 
1978 55.507 54.542 32.890 35.533 
1979 22.567 55.680 16.686 36.754 
1980 82.360 67.388 44.626 42.080 
1981 121.954 78.531 71.159 47.816 
1982 198.958 84.233 80.361 51.625 
1983 41.402 76.837 55.331 52.656 
1984 48.956 78.753 24.119 53.366 
1985 194.178 88.283 169.972 59.900 
1986 54.829 85.305 26.391 58.796 
1987 83.672 89.587 86.086 63.974 
1988 92.536 95.303 65.947 67.000 
1989 104.231 101.949 76.875 70.313 
1990 151.901 108.603 97.118 72.949 

suggested an approximale doubling of both biomass and 
abundance during the past 20 years. When the survey data 
were fitted to an exponential growth model, linear regres
sion estimates of the intrinsic rate of growth were 0.06 and 
0.09 for the logarithms of the smoothed and observed 
indices, respectively. Assuming that historic harvest levels 
have been minor compared to polential surplus production, 
these estimates suggest sustainable annual exploitation 
rates of approximately 10 pen:ent. 

Given the high degree ofvariability in the bottom trawl 
survey indices, it is not clear whether the stock has reached 
a maximum or is continuing to inc:rease. The degree of 
discarding in commercial fishing operations may be quite 
high during cenain seasons and the mortality of discarded 
dogfish, while presumed to be low, is unknown. The life 
history characteristics ofthis species (longevity ,low growth 
and natural monality rates, late maturation and low repro
ductive capacity) would suggest a high degree of vulnera
bility to exploitation. While the current stock biomass 
appears to be at a record high level, the committee is 
concerned that any attempt to increase the rale of exploita
tion should be done with caution. 

Table M3. Total catch (thousands of mt) and minimum 
biomass (thousands of mt) estimated from trawl survey 
area-swept calculation, for skates off the Nonheastern 
United States, 1965-1988 

Year Catch Minimum Dlo_ 

1965 2.4 
1966 2.8 
1967 2.8 
1968 2.5 148.0 
1969 3.2 334.7 
1970 1.7 162.0 
1971 1.0 175.8 
1972 2.5 145.0 
1973 1.3 143.0 
1974 2.3 72.8 
1975 0.9 96.5 
1976 2.0 80.0 
1977 1.5 97.2 
1978 1.5 89.9 
1979 1.6 53.1 
1980 2.0 102.7 
1981 0.8 86.8 
1982 1.0 70.2 
1983 3.6 117.4 
1984 4.1 81.1 
1985 4.0 206.6 
1986 4.3 102.0 
1987 5.1 189.4 
1988 5.9 167.4 

Future Research 

To better understand the dynamics of spiny dogfish and 
ils response to exploitation, several issues should be inves
tigated, including: 

• Better evaluation of the NEFC survey indices as an 
indicator of stock abundance and biomass and means 
to estimale absolute population size 

• Evaluating changes in population demographics over 
time, including size, age, and sex composition, and 
population fecundity 

• Evaluation of stock recruitment relationships from 
survey data 

• Better understanding of the trophiC dynamics of spiny 
dogfish in the ecosystem 

• Investigation of discard data to clarify the removals 
from the stock. 



SKATES 

Seven species of skates are found offtbe Northeast coast 
of the U.S. in significant quantities. Of these, the commer
cial fIshery appears to be targeting little slt8tes and winter 
skates. Only little skates are considered in tbis review. 

landings 

Nominal catcbes of mixed skates remained less than 
1,000 t prior to tbe mid-1960s. Following tbe introduction 
of distant-water fleets, total nominal catches increased 
sharply to 4,000 t in 1964 and peaked at 9,500 t in 1969. 
The total catcb subsequently declined to less than 1,000 t 
between 1980 and 1982, but has since increased to 6,600 t 
in 1989 (Table MJ). Recent increases in catches are 
attributed to increased landings of skate wings making 
species identifIcation difficult 

Population Dynamics 

Little skates are relatively sbort-lived, fast growing 
individuals with maximum observed age of 8 yem. Yield
per-recruit analyses utilizing published growtb informa
tion with an assumed M of 0.4 to 0.5 suggest F OJ and F ... 
values of 0.49 to 0.60 and 1.0 to 2.0, respectively. The 
estimates of growth and longevity for little skates appear to 
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contradict what has been reported for similar species in tbe 
Northeast Atlantic. 

NEFC spring bottom trawl survey indices suggest a 
substantial increase in calculated biomass levels since the 
mid-I97Os (Table MJ). Given information on otber stocks 
and tbe survey data, increasing catch must be cause for 
concern that these stocks may already be fully exploited. 

Future Research 

Given tbe lack of biological information on aU skate 
species, several issues should be investigated, including: 

• Better evaluation of the NEFC survey indices as an 
indicator of stock abundance and biomass and means 
to estimate absolute population size 

• Evaluating changes in population demographics over 
time including age, growth, maturity, and mortality 
rates for winter, thorny, barndoor, and smooth skates 

• Estimates of fecundity and a re-cvaluation of growth 
.rates and longevity for little skates 

• Sampling of commercial landings to determine 
species composition 

• An evaluation of tbe competitive interactions among 
skates and benthic foraging teleosts 
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The Advisory Report on Stock Status is intended In be 
a major product of the NEFC Stock Assessment Workshop. 
This report slllllDlllrizes the technical infurmation in the 
report of the Stock Assessment Review Committee (SARC) 
and is intended In serve as scientific advice for fishery 
managers on resoun:e status. 

An important aspect of scientific advice on fishery 
resoun:es is a determination of whether a stock is currently 
over-, fully or under- exploited. The SAW Plenary agreed 
that these categories refer to the act offishing and therefore 
are best thought of in terms of exploitation rates relative to 
some reference value such as the replacement rate of 
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fishing mortaIity, F ..,.orthe rate of fishing mortaIitywhich 
should give the maximum yield per recruit in the long term, 
F _. However, the current stock level, e.g., spawning bio
mass, is also an important factor for classifying the status of 
a resource. It is possible that a stock that is not currently 
over exploited was seriously depleted in the recent past 
such that future recruitment to the Stock is jeopardized. 
Therefore, the SAW Plenary, where possible, classified 
stocks as depleted or not seriously depleted compared to 
hislnric levels. 

The figure below descn'bes the contingencies identi
fied by the SAW for classifying stocks. 

Stock Level 

! 
= Q 
•• 
S •• 

J 

Over exploited 

Fully expoited 

Under exploited 

Depleted 

Low stock 

HighF 

Low stock 

Reference F 

Low stock 

LowF 

Not Depleted 

High stock 

HighF 

High stock· 

Reference F 

High stock 

LowF 
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GULF OF MAINE HERRING 

An analytical assessment of Gulf of Maine herring was 
conducted by the ASMFC Atlantic Hening Technical 
Advisory Committee. Population size estimates indicate 
that the stock has been steadily increasing since the 1982 
low point of 59,700 mt total stock size (28,300 mt of 
spawning stock). The current total stock size is estimated 
at 235,500 mt (185,900 mt of spawning stock). However, 
several sources of uncertainty in the analysis suggest that 
the current assessment may have overestimated stock size 
for the most recent yeaJS in particular. 

Total landings in 1989 were 53,455 mt, which is an 
increase of 33 percent over the 1988 landings. The U.S. 
fishery is currently dominated by the purse seiners harvest
ing adult herring, with only 9 percent of the total catch 
taken by fixed gear. The 1987 year class was strong and in 
1989, two-year-old fish made up 34 percent of the catch in 
numbers. However, a large fraction of the estimated 
current stock biomass, and the majority of the spawning 
stock is due to the 1983 year class. The current rate of 
fishing mortality of fully recruited herring was estimated to 
be 0.3. 

Projections of stock size and catch under an assump
tion of constant recruitment at the average level for the 
most recent yeaJS indicate that if the fishing mortality rate 
is maintained at the current level, catches will remain 
approximately steady around 50,000 mt for the next three 
YeaJS, and the spawning stock biomass will gradually 
decline. Some increase in fishing mortality rate to F (0.5) 
or F corresponding to the 20 percent maximum spa";..rung 
potential level under the current estimates of the partia1 
recruitment pattern (0.37), would increase the size of the 
catch to about 60,000 mt in 1991 and 1992, but will cause 
spawning stock biomass to declinc signiflcant1y. 

These catch projections may be biascdupward (e.g. 
overestimates) because of the assumption that recruitment 
will continue to be high, and due to uncertainties in the 
assessment identified by the Stock Assessment Review 
Committee. The majorJeaSOIIS forconcem were: 1) exclu
sion of landings from the New Brunswick fixed-gear fish
ery from the assessment, 2) milling with stocks to the south 
may have affected landing figures and survey indices for 
the Gulf of Maine stock, 3) technical problems related to 
the use of a single survey index in conjunction with the 
catch data and 4) changes in the fishery which may have 
altered the selection pattern for different ages of herring. 
Additional analyses have been suggested to attempt to 
resolve some of these issues. 

The SAW concluded that this stock is currently fully 
exploited with no indication of depletion. 

SUMMER FLOUNDER 

An analytical assessment was performed by the SAW 
Summer Flounder Working Group to estimate fishing 
mortality rates;stock size, and biological reference points. 
Commercial landings in 1989 were 9,700 mt, the lowest in 
the past 16 yeaJS and half of the amount landed in 1979. 
Recreational landings have also declined to 1,500 mt in 
1989, less than 20 percent of the decadal average. The 
current fishing mortality rate on fully recruited summer 
flounder was estimated to be about 1.4 and has been 
generally greater than 1.0 since at least 1982. The 1988 
year class was the smallest in the time series since 1982 and 
the stock size in 1988 was also the lowest in numbers of fish 
for the time series. There is some information indicating 
that the sizes of the 1989 and 1990 year classes are no better 
than average, but only a single survey was available for 
estimating of year class strength for these yeaJS and the 
confidence intervals around the estimates are wide. The 
age composition of the stock is extremely truncated with 
very few fish over the age of three YeaJS. 
~ estimates of F ... (0.14) and F ... (0.23) were 

made usmg the partial recruitment pattern determined in 
the assessment. Projections based on these reference points 
indicate that long-term increases in both yield and spawn
ing biomass will be achieved if the rate of fishing mortality 
is reduced substantially below recent levels If the rate of 
fishing mortality is maintained at its mnt level, the 
recruitment expected from the 1989 and 1990 year classes 
will have no lasting effect on stock rebuilding. 

Based on this assessment of stock sizes, fishing mortal
ity rates, and biological reference points, the SA vi con
cluded that Ibis stock is over exploited and seriously 
depleted. 

SCUP 

Analysis of data on scup in Long Island Sound and in 
Massachusetts waters was prepared by the Marine FISher
ies Unit of the Connecticut Department of Environmental 
Protection. The 1989 commercial landings of scup were 
3,600 mt, the lowestleve! since 1960. Recreational catches 
were similar to the commercial landings in 1989, giving a 
total catch which is the lowest since 1981. 

Total mortality estimates made from the Connecticut 
and Massachusetts survey data, combined with an assumed 
level of the natural mortality rate of 0.2, suggest that the 
fishing mortality rate for the last few yeaJS has been 
approximately 1.0. Calculated values of F ... for minimum 
legal sizes between 15 and 2S em were 0.22 to 0.38. F ... can 
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appear to be fully exploited compared to !be teference 
levels. However,!be large degree of uncertainty in !be 
estimates of stock sta, clS suggest !bat !be exploitation rates 
may have been underestimated. A cautious interpretation 
of the assessment results is recommended. .: 

AMERICAN PLAICE 

This species is evaluated on !be basis of data and 
analysis provided by the NEFC Population Dynamics Branch 
staff on trends in landings, commercial catch-per-unit 
effon, survey indices, and preliminary analysis of length 
composition data from !be surveys done during !be SARC 
meeting. The 1989 landings were 2,351 mt, mostly by otter 
trawlers, following a steady decline through !be past dec
ade from a peak in 1982. Landings and survey indices in the 
late 19605 and early 197Q1 were similar to recent levels. 
Commercial catch-per-unit effort as an index of abundance 
shows that tbe stock is reduced to about one tenth of the 
peak level, while the survey indices suggest a six-fold 
decrease. 

Preliminary analysis of length composition data from 
!be surveys suggests that recent mortality rates have been 
greater than current estimates of F ... (0.34) or F ... (0.17) 
indicating over explOitation of this stock. These estimates 
and !be patterns in !be indices indicate !bat this species is 

. over exploited and depleted. 

GEORGES BANK COD 

An analytical assessment of this stock was caJried out 
by NEFC Population Dynamics Branch staff and included 
estimation of fishing mortality rates, stock sizes and bio
logical reference points. Recent collllllClCial landings of 
Georges Bank cod have been around 35,000 mL Total 
recreational landings, including !be Gulf of Maine stock, 
are estimated to have been around 7,000 mL 

The assessment indicates !bat recent recruitment to !be 
stock has been good with strong 1985 and 1988 year clIBses 
and at least average recruitment in intervcDing years. The 
fishing mortality rate on fully recruited cod in 1989 was 
estimated to be between 0.5 and 0.6, slightly below !be 
1988 level. Estimated spawning stock biomma declined 
from a 1980 peak by SO percent in 1986 and has since 
apparently increased to 70 percent of the 1980 level. The 
following teehnical problems were Identified in the analy
sis: 1) changes in survey methodology, 2) the omission of 
recreational catches and discards of sub legal fish from the 
catch data, 3) !be need to standardize effort for commercial 
catch per unit indices of abunclance. In general, these 
problems may have resulted in overestimation of the in
coming recruitment and underestimation of recent fishing 
mortality rates. 

The current estimate of the rate of fishing mortality is 
above the F... teference point (0.27) and also slightly 

above F ... (0.47). The most recent estimate of the median 
percent MSP from re-estimated stock and recruitment data 
is 12 percenL Projections of the catch and spawning stock 
size, which must be viewed in light of the possible under
estimation of !be fishing mortality rate and overestimate of 
recruitment noted above, indicate that catcbes are likely to 
be around 40,000 mt for the next three years if the rate of 
exploitation remains at tbe status quo or F. level. Spawn
ing stock biomass is not projected to in~rease at these 
exploitation rates. If !be rate of fishing mortality is reduced 
to !be F ... level, the short-term projected catcb decreases, 
but !be spawning stock will increase assuming recruitment 
is maintained at !be average level. 

ID comparison with !be overfishing definition of the 
NEFMC and the current estimates of F.,. tbis stock is over 
exploited but is not depleted compared to bistoricallevels. 

OCEAN POUT 

This species is assessed on tbe basis of landings data 
and survey indices. The 1989 landings were 1,306 mt, 
mostly from southern New England. Pout landings have 
ranged between 200 and 2,000 mt over !be past decade, 
although catches in !be 19605 were nearly 30,000 mL 

The survey indices declined over !be past decade until 
1989 but have increased in 1990. The species is thought to 
be fully exploited, but !bere is insufficient information to 
definitivelycharacterizc theconditionoftbis stock. However, 
ocean pout have very low fecundity and are !berefore easily 
susceptible to over explOitation. Basic biological parame
ters for this species are needed for monitoring the resource 
and work is currently underway through a cooperative 
project by NEFC staff, !be University of Massacbusetts, 
and !be Massachusetts Division of Marine FISheries to 
estimate age and growth of pouL 

WHITE HAKE 

This species is assessed on !be basis of landings data 
and survey indices. The 1989 landings were around 5,000 
mt, which is about average for the past two decades. 
Average weight-per-tow in the surveys has declined in 
recent years, although mean numbers per tow in !be autumn 
increased from 1988 to 1989. The resource is probably 
fully exploited but there is insufficient information for a 
definitive statement on stock status. Basic biological data 
are needed for future monitoring. Age and growth studies 
are currently underway at NEFC. 

RED HAKE 

This species is also assessed on !be basis of landings and 
survey trends. There are two stocks tentatively identified. 



not be detennined given the current information on this 
stock. The stock appealS to be over exploited and depleted 
based on these estimates of the mortality rate and the 
indications from the survey and landings data. 

BLACK SEA BASS 

This stock was evaluated on the basis of trends in 
landings and NEFC survey data as well as analysis of 
commercial catch per unit effort and length compositions 
of the survey catch provided by the NEFC Population 
Dynamics Branch staff. The 1989 commercial landings 
were 1,240 mt, substantially below peak landings in the 
19505 of about 10,000 mt and a decrease over the previous 
three years. The recreational catch is large, 2,098 mt in 
1989, but also decreased compared to 1988. The offshore 
spring survey index of recruited fish also has declined by SO 
percent since 1987, but the time series has fluctuated 
widely since 1972 

Analysis of commercial catch rates indicates a decline 
in recent years probably reflecting lower abundance. Pre
liminary estimates of total mortality for black sea bass, 
based on commercial and recreational length composition 
data, suggest that black sea bass is exploited at a level well 
above the current estimate of F ... (0.3). The population 
dynamics parameter estimates for this species are being 
updated. An age validation study is also in progress which 
will improve monitoring capabilities. 

The SAW concluded that this species is currently over 
exploited and depleted based on survey indices, current 
velSUS historical landings, and preliminary estimates of 
mortality rates_ 

BLUEFISH 

Yield-per-recruit for bluefish has been re-estimated by 
,the NEFC Population Dynamics Branch staff. Although 

the new analysis improves upon previous estimates, there 
remain concerns about the ICIIIltivity of the analysis to 
some of the assumptions employed (e.g., the natural mor
tality rate of age 0 aDd age 1 fish). The new estimates of 
biological reference points for bluefish range from F ~1 
equal to 0.18 to 0.19 aDd F _ equal to on to 0.31 
depending on the clloic:e of the tate of natural mortality 
8IlSumed for age 0 flab. Tbc, yield-per-recruit curve is 
highly peaked so that fishing mortality rates higher than 
F ... would result in a substantial reduction in long-term 
yield. 

SILVER HAKE 

Analytical assessments of the northern and southern 
stocks of silver bake were carried out by the Stock Assess-
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ment Review Committee of the SAW. For the northern 
Georges Bank-Gulf of Maine stock, the 1989 landings were 
4,600 mt, exclusively by the U.s. fishery. Over the past 
decade, landings have fluctuated between 4,000 and 9,000 
mt. For the Southern Georges Bank-Mid-Atlantic Bight 
stock, 1989 landings were in the region of 13,000 mt, with 
fluctuations between 9,000 and 15,000 mt over the decade. 

For both stocks there are currently few fish in the 
landings above age 5 and discarding of catch OCCUIS for 
animals of aU ages. This causes serious problems in the 
analysis and must be taken into account when interpreting 
the results. Several other technical problems were identi
fied, namely: 

• Tbc effect of changing survey methodology 

• The assumption of a high natural mortality rate used in 
the analysis 

• The small number of ages in the analysis making 
projections highly dependent on recruitment estimates 

These problems mean that the estimates for both of these 
stocks have a high level of uncertainty. 

Fishing mortality IlItes estimated for the northern stock 
have varied substantially over the past decade. Mortality 
increased in 1984 and 1985 and was around 1.0 in 1985, but 
the estimates for 1986 to 1988 declined. This apparent 
decline is difficult to interpret because of problems in the 
8IlSCSSment a1ready noted. A very large 1985 year class 
recruiting to the northern stock has resulted in an increase 
in spawning biomass in recent years as these fish matured. 
The biological reference point, median percent MSP (31 
percent) and a corresponding value of F (0.51) for this 
stock have been revised using the new asse':sment informa
tion. Given the current assessment of the stock, the average 
fishing mortality rates at age for the last four years give a 
percentMSP level of about 1:1 percenL Although the 1988 
fishing mortality tate is below the estimated F .... uncertain
tics in the assessment indicating this IlIte may have been 
underestimated suggest that this stock is probably at least 
fully exploited at presenL 

Fishing mortality rate estimates on the southern stock 
of silver bake have fluctuated widely in recent years and 
again must be considered highly uncertain. Tbcre is a drop 
in the estimates of the 1988 fishing mortality rate to around 
0.4 on the fully recruited ages but rates a few years before 
were apparently much higher. Spawning stock biomass 
was also estimated to have increased in 1988 due to a large 
1986 year class. Tbc median percent MSP (42 percent) 
reference point aDd corresponding F (0.39) have been 
recalculated for this stock. Tbc average fishing mortality 
IlItes at age for the last four years give an estimate of the 
current percent MSP (Z1 percent). 

Previous analyses and historical landings data suggest 
that there were much larger stock sizes of silver bake during 
the 1960s compared to current levels. Both of these stocks 



landings from the northern stock have been around 1,000 
mt for the past decade and the survey index has remained 
fairly steady. There have been some indications of good 
recruitment and the stock is probably under exploited with 
no evidence of depletion 

The southern stock has yielded less than 1,000 mt 
annually since 1985. The survey has been very variable 
over the last decade, but again there are some indications 
that recruitment was good in recent years and the stock is 
probably under exploited with no evidence of depletion. 

SMALLELASMOBRANCHS 

There are three species of dogfISh and seven species of 
skates in this grouping, dominated by spiny dogfish and 
little and winter skate. Dogfish landings have been less 
than 5,000 mt for most of the decade although there is 
known to be a large amount of discanling at sea. The survey 
indices for dogfISh have increased steadily over the decade. 
Analysis of the increase in the index over time results in 
estimates of a sustainable annual exploitation rate for spiny 
dogfisb of 10 percent. 
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The SAW concluded that spiny dogfish are under 
exploited and landings could be increased substantially 
without reacbing a 10 percent exploitation rate based on 
analysis of the survey data. Nevertheless, given the limited 
reproductive capacity of dogfish populations, the precision 
of assessments sbould be increased substantially if the 
harvest increases. 

Landings of skates of all species were 6,600 mt in 1989 
reflecting a ten-fold increase over the last decade. There is 
little information available on most of the seven resident 
skate species. The survey indices have fluctuated widely 
but tbere is some suggestion that tbe population of little 
skates has increased in recent years. Current estimates of 
reference points give F u = 0.5 to 0.6 and F _ = 1.0 to 2.0. 
However, these estimates are not in line witb figures for 
skate stocks in other waters and must be viewed as prelimi
nary. 

Skates are probably under exploited but may be par
ticularly vulnerable to recruitment overfisbing given their 
low reproductive rates. However, insufficient information 
is currently available to definitively characterize the status 
of exploitation of these species. Several biological studies 
are underway. 




