Northeast Fisheries Science Center Reference Document 97—05

A Report of the 23rd Northeast Regional Stock Assessment Workshop

23rd Northeast Regional
Stock Assessment Workshop

 (23rd SAW)

Stock Assessment Review Committee (SARC)
Consensus Summary of Assessments

U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
National Marine Fisheries Service
Northeast Region
Northeast Fisheries Science Center
Woods Hole, Massachusetts

March 1997



The Northeast Fisheries Science Center Reference Document seties comprises informal reports produced by
the Center for timely transmission of results obtained through work at various Center laboratories. The reports are
reviewed internally before publication, but are not considered formal literature. The National Marine Fisheries
Service does not endorse any proprietary material, process, or product mentioned in these reports. To obtain
additional copies of this report, contact: Research Communications Unit, Northeast Fisheries Science Center, Woods
Hole, MA 02543-1026 (508-495-2260).

This report may be cited as: Northeast Fisheries Science Center. 1997. Report of the 23rd Northeast Regional
Stock Assessment Workshop (23rd SAW): Stock Assessment Review Committee (SARC) consensus summary of
assessments. Northeast Fish. Sci. Cent. Ref. Doc. 97-05; 191 p. Available from: National Marine Fisheries Service,
166 Water Street, Woods Hole, MA 02543-1026.

This report is a product of the 23rd Northeast Regionai Stock Assessment Workshop (23rd SAW). Proceedings
and products of the 23rd SAW are scheduled to be documented and released as issues of the Northeast Fisheries
Science Center Reference Document series. Tentative titles for the 23rd SAW are:

Current resource conditions m Georges Bank and Mid-Atlantic sea scallop populations: results of the 1996 NEFSC
sea scallop research vessel survey ‘

Report of the 23rd Northeast Regional Stock Assessment Workshop (23rd SAW): Public Review Workshop

Repoft of the 23rd Northeast Regional Stock Assessment Workshop (23rd SAW): Stock Assessment Review
Committee (SARC) consensus summary of assessments




TABLE OF CONTENTS

MEETING OVERVIEW
1= 1Y
Agendaand Reports . ... ... . e i e e e e
Highlight of Presentations and Discussion

Species Presentations ... ... .. ... ..t i e e e e
Status of Vessel Trip Data
Stage | and 2 audits
Stage 3audit . ... e e e e e e
1994 sea scallop audit
1994 audit
1995 audit . ... .. e e e e
1996dataandaudit . . . . ..o e e e e e
Dealer reports (weighouts) . . .. ... .. ittt in e
Vessel and dealer system redesign
Discussion of the SAW Process

-----------------------------

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

---------------------------------

--------------------------------

---------------------------------------

------------------------

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

A, GOOSEFISH ............
Terms of Reference
INtroduction . . . .ot i e e e e s
Definition of Stock Components
Fishery Data ... ... 0 i e i e e e

US Landings .. ..ottt ittt e e et e e
Canadian Landings . ... ... ... ...t ieiaan
Trends in Stock Abundance from Research Survey Indices
Northern Region
Southern Region . . .. .. . ittt ittt ettt et e
Spawning Stock Biomass-Indices from Survey Length Composition Data . . ..
Estimation of Fishing Mortality Rates .. ......... ... ... . . o i,
Evaluation of Stock Status with Respect to Reference Points
Northern Region
Southern Region
SARC Comments . .. ...ttt e i i e e
Research Recommendations
References
Tables
Figures

-------------------------------------------

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

------------------

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

-----------------
----------------------------------------

----------------------------------------

......................................
------------------------------------------------
---------------------------------------------------

---------------------------------------------------

B. SEASCALLOP ...........
Terms of Reference
Introduction
The Fishery . . ... e e

Commercial Landings and Effort
Georges Bank
Mid-Atlantic

--------------------------------------------

------------------------------------------------

------------------------------
.....................................

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

00 -1 ~I NN A& P W=



Discards .......
Commercial Shell Height Frequency Distributions
Stock Abundance and Biomass Indices
US Portion of Georges Bank
Mid-Atlantic . . . ..
Effect of Management Measures
Vulnerability . ...
Effects of Closed Areas
Estimates of Stock Size and Fishing Mortality Rate
Selectivity of Lined and Unlined Dredges Used in Research Surveys

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

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

-------------------------------

--------------------------------

--------------------------------------

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

--------------------------------------

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

-----------------------

Estimation of Abundance Indices of Recruited and Fully-Recruited Stock Sizes

Application of Modified DeLury Method

Estimation of mortality rates
Estimates of Abundance and Fishing Mortality Rates
Relative Exploitation Rate

Biological Reference Points
SARC Comments ......
Research Recommendations
References ..........
Tables .............
Figures.............
AppendixI ..........
Appendix II .. ........
Appendix IIT . ........
Appendix IV .. .......

C. BLUEFISH............
Terms of Reference . .. ..
Introduction . . . .......
FisheryData .........

Commercial Landings
Northeast Region commercial fishery

North Carolina commercial fishery

Commercial Discards
Recreational Catch and Effort
Recreational Fishery-Based CPUE Indices

Total Catch Composition at Age
Research Survey Abundance and Biomass Indices

NEFSC Fall Surveys
Connecticut DEP . .
Rhode Island DFW

New York DEC ..
New Jersey BMF . .
Delaware DFW . ..
Maryland DNR . ..

Virginia Institute of Marine Science

North Carolina DMF

.........................
............................
.................
----------------------------------
......................................
......................................
......................................
......................................
......................................
---------------------------------------
--------------------------------------
.......................................
--------------------------------------

--------------------------------------

......................................
......................................
......................................
-------------------------------------
......................
© 8 & s % E & & ¥ 4 2 & W % 3 % B A b o4ov 4 owon
.....................................
................................
........................
..............................
.........................
.....................................
......................................
......................................
......................................
--------------------------------------
......................................
......................................
............................

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

69
69
70

70 -

71
71
71
72
74
74
75
76
77
77
78
79
30
81
31
34
99

126

131
135
144

153
153
153
153
153
154
154
155
155
156
156
156 .
156
157
157
157
157
157
157
157
158



Estimates of Mortality and Stock Size
Natural Mortality Rate (M)
Integrated Catch-at-Age (ICA) Analysis

Biological Reference Points
Projections
SARC Discussion
Research Recommendations
References

Tables
Figures

Summary of Recruitment Trends in Research Surveys

................
-------------------------------
.................................

-------------------------

ICA results: preliminary runs
ICAresults: finalrun . ... ... ... ... i i i
Precision of estimates of stock size and fishing mortality

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

..........
--------------------------------------
................................................
............................................
......................................
.................................................
---------------------------------------------------

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

158

158 .

158
158
159
159
160
160
160
160
162
162

“l64

189



MEETING OVERVIEW

The Stock Assessment Review Committee
(SARC) meeting of the 23rd Northeast Regional
. Stock Assessment Workshop (23rd SAW) was held
at the Northeast Fisheries Science Center (NEFSC),
Woods Hole, Massachusetts during 18-22 November
1996. The SARC Chairman was Dr. Emory Anderson
(NEFSC). Members of the SARC included scientists
from the NMFS Northeast and Southeast Fisheries
Science Centers and the Northeast Regional Office,

Table 1. Composition of the SARC.

the Mid-Atlantic and New England Fishery Manage-
ment Council staffs, the Atlantic States Marine Fish-
eries Commission (ASMFC), the States of Maryland
and Florida, the Canadian Department of Fisheries
and Oceans, and the University of Massachusetts
(Dartmouth) (Table 1). In addition, more than 30
other persons attended some or all of the meeting
(Table 2). The meeting agenda is presented in Table
3

Table 2. List of participants.

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

Four ad hoc experts chosen by the Chair:
Jay Burnett NMFS/NEFSC
Steve Cadrin, NMFS/NEFSC
Ralph Mayo, NMFS/NEFSC
Gary Shepherd, NMFS/NEFSC

One person from NMFS, Northeast Regional Office:
Peter Colosi, NMFSINER

One person from each Regional Management Council:
Andrew Applegate, NEFMC
Richard Seagraves, MAFMC

Atlantic States Marine Fisheries Commission/State personnel:
Michael Armstrong, FL. DEP
John Carmichael, ASMFC
James Uphoff, MD DNR

One or more scientists from:

Canada - Diane Beanlands, DFO, Dartmouth, NS
Canada - Ginette Robert, DFQ, Halifax, NS
Academia - Alexei Sharov, U Mass, Dartmouth
Other Region - Douglas Vaughan, NMFS/SEFSC

National Marine New England Fishery
Fisheries Service Management Council
Northeast Fisheries Lou Goodreau

Science Center Atlantic States Marine
Frank Almeida Fisheries Commission
Russell Brown Najih Lazar

Steve Clark Massachusetts Div. of
David Dow Marine Fisheries
Wendy Gabriel “Thomas Currier

Lisa Hendrickson XiHe

Josef Idoine Amold Howe

Han-Lin Lai Jeremy King

Shih-Wei Ling David Pierce

Steve Murawski Maine Department of
Helen Mustafa Marine Resources
Loretta OBrien Daniel Schick

William Overholtz Rhode Island Dept. of
Paul Rago Fish and Wildlife

Fred Serchuk Mark Gibson

Tim Sheehan Canadian Dept. of
Michael Sissenwine Fisheries and Occans
Katherine Sosebee Chris Annand

Mark Terceiro Manomet Observatory
Susan Wigley Connie Delano Gagnon
Northeast Regional Office Grepgg Mornis

Dana Hartley




Table 3. Agenda of the 23rd Northeast Regional Stock Assessment Workshop (SAW-23) Stock Assessment

Review Committee (SARC) meeting.

NEFSC Aquarium Conference Room
166 Water Street
Woods Hole, Massachusetts

18 November (1:00 PM) - 22 November (6:00 PM) 1996

AGENDA

TOPIC SUBCOMMITTEE SARC LEADER
& PRESENTER

RAPPORTEUR

MONDAY, 18 November (1:00 PM = 5100 PIM). ..ot s et sas st sma s e et b e b bbb an 08 m s

Opening E. Anderson, Chairman
Welcome
Agenda
Conduct of Meeting

Goosefish (Monkfish) (A) Southern Demersal
W. Gabriel A Applegate

H. Mustafa

J. Idoine

Continue Goosefish

Sea Scallop (B) Invertebrate
P.Rage G. Robert

L. Hendrickson

WEDNESDAY, 20 Novembep (5:00 AM = 5:00 PM).....oci oottt e v et ece s e e s s etes e s amens srase e sttt as i

Continue Sea Scallop

Bluefish ( C) Coastal/Pelagic
: W. Overholiz D. Vaughan

SOCIAL at the Andersons’ (7:00 PM)

M. Terceirc

THURSDAY, 21 November (9:00 AM - 5100 PM).......oiiii oo seestessessssesses s vassasassssoses fobegamsmssssenssbasatanecsensoas ot e cosiasas

Continue Bluefish
Review Goosefish Advisory Report
Review Sea Scallop Advisory Report
Review Bluefish Advisory Report
Review Available SARC Report Sections

FRID 22 November (9:00 AM = 5:00 PMD......oovvuuoovooosoeesovossseeeeesssssssesessossssessessssssssassssssssesessssssessssseseescscsss s sovee-

Review all Research Recommendations

Complete SARC Report Sections

Complete Advisory Report Sections

Review List of Publications for the SAW-23 Series

Other Business

H. Mustafa




Opening

Dr. Emory Anderson introduced the members of
the SARC, and Dr. Michael P. Sissenwine, NEFSC
Science and Research Director, welcomed Committee

~ members and visitors.

Dr. Sissenwine thanked the participants for their
interest in the SAW process and gave a brief over-
view of the significance of the SAW process. The
Region had been engaged in the SAW process for
many years. It was unique in that it was a collabora-
tive effort among the stakeholders, interested scien-
tists, and the NEFSC, where the process was consid-
" ered to be very important and of high priority. As the
demand for stock assessment advice continued to
grow and the challenges increase, it was important to
maintain commitment to the process. The high degree
of demand for scientific advice at this time was such
that we sometimes wonder if we are victimized or
blessed. Unlike the theory of the “donor push”, while
elsewhere interested scientists are looking for clients,
we do not suffer that problem whatsoever. In our
case, the “user pull” far exceeded the “donor push”.
The positive aspects of all this, of particular signi-
ficance to scientists, were the huge challenges of
great demands, challenges for building expertise to
meet expectations. We continue to grow and evolve
to meet the challenges in the process.

Dr. Anderson briefly reviewed the SAW process
and the responsibilities of its components. This “cir-
cular” process, a partnership between science and
management, continuously evolves to provide sound
review of advice for fisheries management. Assess-
ments presented to the SARC are prepared in Sub-
committees. The SARC itself is a peer-review body
which reviews and revises the work of the Subcom-
mittees and prepares advice for presentation at ses-
sions of the SAW Public Review Workshop held dur-
ing meetings of the two Regional Fishery Manage-
ment Councils. The SAW Steering Committee is the
“glue” holding the parts of the process together. Its
function is largely oversight, but provides guidance,
determines species to be reviewed, and sets terms of
reference for each review. The Steering Committee
includes the Executive Directors of the two Regional

Management Councils and ASMFC, as well as the
NMFS Northeast Regional Administrator and Science
and Research Director. The process draws on scien-
tists from the above organizations, agencies outside
the Northeast region, academia, as well as Canada. It
is a totally open process where industry participation
is also encouraged.

The Chairman reminded SARC members that
they had been invited to participate because of their
expertise and were expected, to the extent possible,
to attend the entire meeting. He indicated that he ex-
pected everyone to participate in the discussions and
ask questions.-

It was noted that the SAW Steering Committee
would meet in December to address the issue of in-
creasing demand for assessment information and the
need to modify the SAW process to better handle this
demand. Any thoughts or ideas on the part of SARC
meeting participants would be welcome. If time per-
mitted, the Chairman would hold a discussion on the
topic later in the meeting.

Agenda and Reports

The SARC agenda was noted as being unique in
containing only three species. For many participants,
however, the meeting workload would be as heavy or
heavier than at other times. The agenda included
goosefish (monkfish), sea scailop, and bluefish in the
Northeast Region (Table 3). A chart of US commer-
cial statistical areas used to report landings in the
Northwest Atlantic is presented in Figure 1.

The SARC reviewed a total of six working pa-
pers. Three papers were recommended for publication
in the NEFSC Reference Document series (Table 4).
Subcommittee reports were prepared from three
meetings (Table 5) and were the basis of the species
sections in this report. A draft “SARC Consensus
Summary of Assessments” and a draft “Advisory Re-
port on Stock Status” would be provided to members
of the SAW Steering Committee and circulated prior
to the SAW-23 Public Review Workshop sessions.
The final reports would be published in the NEFSC
Reference Document Reference series.



Table 4. NEFSC Reference Documents associated
with the 23rd Northeast Regional Stock Assessment
Workshop (23rd SAW).

Current resource conditions in Georges Bank and Mid-Atlantic
sea scallop populations, Results of the 1996 NEFSC sea scallop
research vessel survey

by H.-L. Lai and L. Hendrickson

Report of the 23rd Northeast Regional Stock Assessment
Workshop (23rd SAW), Stock Assessment Review Committee
{SARC) Consensus Summary of Assessments

Report of the 23rd Northeast Regional Stock Assessment
Workshop (23rd SAW), Public Review Workshop

Highlights of Presentations and Discussion
ies Presentation

In addition to discussing a multitude of technical
aspects of assessment methods and calculations, the
need for more sampling and an improvement in the
quantity and quality of data available for assessments
was emphasized to some extent for each species con-
sidered and was reflected in the research recommen-
dations in the species sections of this report. The need
for representative sampling over the range of all the
species and over all fisheries was emphasized in the
discussion of goosefish. Relative to scallops, the use
of Canadian survey data was considered for filling the

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



Table 5. SAW-23 Subcommittee meetings.

Subcommittee - Topic
Participation

Meeting Date
and Place

Southern Demersal Subcommittee
- GOOSEFISH
S. Cadrin, NMFS/NEFSC
W. Gabriel, NMFS/NEFSC (Chair)
D. Hartley, NMFS/NERO
J. Idoine, NMFS/NEFSC
N. Lazar, ASMFC

. Invertebrate Subcommittee
- SEA SCALLOP
S. Cadrin, NMFS/NEFSC
S. Correia, MA DMF
L. Goodreau, NEFMC
W. DuPaul, VIMS :
S. Edwards, NMFS/NEFSC
L. Hendrickson, NMFS/NEFSC

Coastal/Pelagic Subcommittee
- BLUEFISH
J. Carmichael, ASMFC
V. Crecco, CT DEP
M. Gibson, RI DFW
N. Lazar, ASMFC

22-23 October 1996
Woods Hole, MA
W. Ling, NMFS/NEFSC
P. Rago, NMFS/NEFSC
R. Seagraves, MATMC
K. Sosebee, NMFS/NEFSC
M. Terceiro, NMFS/NEFSC

4-8 November 1996
Woods Hole, MA
P. Kostovik, NMFS/NEFSC
H.-L. Lai, NMFS/NEFSC
P. Rago, NMFS/NEFSC (Chair)
D. Schick, ME DMR
R. Taylor, Gloucester, MA

7 November 1996
Wakefield, RI
J. Mason, NY DEC '
C. Moore, MAFMC
W. Overholtz, NMFS/NEFSC (Chair)
M. Terceiro, NMFS/NEFSC

data gaps created by the lack of sampling on the
Northeast Peak of Georges Bank. The historically
low intensity of biological sampling of the commercial
and coast-wide recreational bluefish fisheries was
thought to have worsened in recent years.

Regarding goosefish, some discussion centered
on methods for the identification of stock mixing and
conversion coefficients; methods were reviewed to
estimate length at full recruitment. Some of the views
raised during these discussions are reflected in the
research recommendations for the various species.

In the discussion of the modified DeLury model
and swept-area calculations for sea scallops, it was
recommended that total mortality values be calculated
from the survey. An evaluation of the relationships
between exploitation estimators was performed, and

annual differences in vulnerability patterns in relation
to the timing of the implementation of various man-
agement measures was examined. There was some
discussion of the possible reopening of the Georges
Bank closed areas to scalloping. Concern was ex-
pressed that when if and when such areas were re-
opened, they could be quickly depleted because of a
shift in fishing effort from areas of current low abun-
dance.

 Regarding bluefish, there was a brief review of
estimates of fishing mortality and stock size based on
analyses of the American Littoral Society angler tag-
ging data and a multiple tuning index, modified De-
Lury model. Since neither of these two analyses had
been thoroughly reviewed by the Coastal/Pelagic Sub-
committee, the results were considered to be prelimi-
nary. Relative to the decline in bluefish abundance,



 the two working papers containing these analyses
were considered valuable as a basis for developing

hypotheses to be explored at a future time. One of the

working papers, “Evidence of offshore displacement
of Atlantic coast bluefish based on commercial land-
ings and fishing effort” by V.A. Crecco, discussed the
hypothess that adult bluefish have shifted their distri-
bution offshore in recent years. The other working
paper, “Data snooping in response to SAW TOR D
for bluefish: identify possible causes for the decline in
bluefish abundance” by M. Terceiro, investigated the
relationships among several factors that might influ-
ence bluefish distribution and abundance.

Statys of Vessel Trip Data
During the meeting, Mr. Peter Colosi (NMFS/

NER) was asked to update the status of the process-
ing of the Northeast Regional vessel logbook data.

Stage 1 and 2 audit

Data received from UNICOR are parsed into
new record structures. During this process, vessel
identifiers are validated. An audit is also run to ensure
that all records (trip, gear, and species) are properly
created.

Stage 3 audit

Data from all trips are checked for proper codes,
values within range, and consistent and valid dates.
Data and images with identified errors are accessed
and all fields are checked on those reports.

1994 sea scallop audit

All identified scallop trips, both dredge and trawi,
were audited by directly comparing the image of the
log to the keypunched data. Select fields (area, gear,
and mesh) were highlighted for special attention dur-
ing this process. These trips were also run through
the standard Stage 3 audit.

1994 audit

The NEFSC completed an initial audit of all trips
based on data entered by UNICOR. Subsequent to
this, the logs were scanned and indexed by the NER.
As this process was occurring, reports with multiple

trips and trips with multiple or mixed areas, gears,
and mesh sizes were flagged. Trips with catches of
herring, squid, and mackere! and incomplete species
or dealer information were also identified. These trips
were later reviewed and edited as necessary, regard-
less whether they were identified by the Stage 3 audit
as having an error.

For all trips, a Stage 3 audit was completed. Dur-
ing this process, approximately 40% of the reports
were flagged by the audit as having a fatal error. A
fatal error is defined as an error (as described above)
in one of the following fields: date sailed, date sold,
date landed, loran, latitude, longitude, area, gear
code, species code, quantity kept or discarded, dealer
number, or port and State landed. The images and
data from these reports were retrieved and the data
edited as necessary. Reports which were flagged with
only an informative error were not audited. An infor-
mative error is an error in the following fields: num-
ber of hauls, tow/soak time, gear size, and gear quan-
tity. The following fields are not checked: number of
crew or anglers, depth, time sailed or landed, and op- -
erator name and number. If a report contained a fatal
error, all data on that report were reviewed.

Trips which did not contain an error have not
been retrieved. These trips will be individually review-
ed and edited following the completion of the 1994
and 1995 Stage 3 audits. This is expected to begin in
the spring of 1997.

1995 audit

Trips from January through May, received as of July
18, 1996, have been run through a Stage 3 audit.
Trips received subsequent to that date and all trips for
the remainder of the year are currently undergoing the
auditing process. This has flagged about 30% of the
reports for correction. The audit process is the same
for 1995 as described for 1994,

1996 data and audit

As noted in Table 6, data for trips during Janu-
ary-October 1996 have been 95% entered. Whiie .
these data have not been run through the Stage 3 au-
dit, some quality checks are being made. After the da-
ta have been entered, vessel and dealer identifiers are
validated. Other fields (area, gear, and species codes)”



Table 6. Status of vessel trip data.

| Time period Data entry | No. of Data entry | Audit status Estimated com-
, source trips® status pletion date
May-Dec 1994 | UNICOR' | 89,400 Complete | Scallop trips - side-by-side audit Complete
complete
All trips - Stage 3 audit run. Final | Jan 31, 1997
clean up in progress. Stage 3 will
be rerun on all trips including
scallop trips
Jan-May 1995 | NER 47,600 Complete | Initial Stage 3 audit run on all Complete
trips. Will be rerun along with
remainder of year
Jun-Nov 1995 | UNICOR | 106,800 Complete | Stage 3 audit in progress Feb 28, 1997
Dec 1995 NER 9,200 Complete
Jan-Oct 1996 NER 126,300° 95% com- | Data quality audits in place (vessel | Data entry:
plete’ ID, area, gear, species) Mar 31, 1997
Nov-Dec 1996 | NER 11,300° 31% com- | Stage 3 will begin in April 1996 Stage 3 audit:
plete’ Aug 1997

are checked against look-up tables containing valid
codes. After completion of the 1994 and 1995 audits,
1996 data will go through the standard Stage 3 audit.
It is expected that all data entry will be completed by
March 1997 and all auditing by August 1997.

Dealer reports (weighouts)

Preliminary 1996 dealer data are available
through October for all states except Rhode Island
and New York. Data for these latter states are par-
tially available. All 1996 data have received prelimi-
nary audit in port offices. Final audits and creation of
master files have not been accomplished.

Vessel and dealer system redesign

The NER is in the process of procuring an op-
tical character recognition system to be used in pro-
cessing vessel trip report (VIR) data. If this system
is implemented, only slight changes in the reporting
form will occur at that time. These changes will be in-
tended to provide industry with an easier reporting
vehicle and increase the accuracy of data capture

from the logs. These steps should improve the overall
quality of the VTR data.

During 1997, it is intended that a system evalua-
tion and, as necessary, a redesign be conducted. The
ultimate goal of this task will be to design a commer-
cial fishery data collection system which meets the
needs and concerns of industry while providing
NMEFS and other users with the data they require.
This process will include the input of all groups in-
volved in the collection and use of commercial fish-
eries data in the Northeast. Due to the lead time re-
quired to make any necessary regulatory changes, the
task must be completed by early fall 1997.

This review and potential redesign will provide
an opportunity to change the data elements which are
collected through both the vessel and dealer systems.
An opportunity may also be available to modify other
systems which collect fishery-dependent data.

It should be noted that there are several other
coastwide programs now underway whose goals are
similar to those of this task. It is intended that, to the



extent possible, all of these efforts will work together process. To facilitate discussion, the Chairman had
and that the Northeast effort will take advantage of distributed a list of problems and potential solutions
work already accomplished by these other programs.  associated with the SAW process which would be

discussed at the SAW Steering Committee meeting in

Discussion of the SAW Process December. The SARC discussion was extremely pro-

ductive, with many useful ideas raised. An expanded
On Wednesday morning of the SARC meeting, list of problems and solutions prepared following this

three hours were devoted to a discussion of the SAW  discussion is given in Table 7.

 Table 7. Summary of SAW process discussion.

Problems

Growing demand for more assessment advice

Overlap in SARC, Council Monitoring Committee, and ASMFC Technical Comimittee responsibilities
ASMFC peer-review needs

Demands for more “independence of peer review”

Inadequate data

Insufficient assessment expertise and participation at State level

Insufficient NEFSC expertise on Council Monitoring Committees and ASMFC Technical Committees
Inadequate access to Federal data bases by experts outside NEFSC

Problematic or poorly-understood analytical models and complicated reports

Inadequate linkage between advice and mmplementation

National concerns

Assessment of US-Canada transboundary stocks

Potential Solutions

Expand/extend present two 1-week SARC meetings per year
Provide multi-year advice (e.g., surfclams, ocean quahogs, summer flounder, and others)
Distinguish routine updates from “benchmark™ assessments
Broaden meeting participation
- - Industry participation/representation on Subcommittees and SARC
- Academic/scientific consultant partlc1pat10n on Subcommittees and SARC
- Expertise from abroad
- Financial support for academics/consultants
- Federal/ASMFC financial support to States earmarked for hiring assessment experts
- Greater State/Council/academic access to Federal data bases
- Shorter and more understandable technical reports
- Rotation of venues for Subcommiitee meetings
Greater involvement of field biologists, relevant graduate students, economists, oceanographers, etc.
Brmg all ASMFC peer reviews into the SAW process
Divide responsibilities among SARC, Council Monitoring Committees, and ASMFC Technical Committees
Delegate more responsibility to Subcommittees (first drafts of advice, concise summaries)
Speed up SARC meetings
- Shorter terms of reference for species
- Allocate less time for discussion per stock
- Implement policy of accepting/rejecting, but not redoing assessments
Peer review by correspondence (e.g., journal process)
Greater NEFSC participation on Council Monitoring Committees and ASMFC Technical Commiitees
Address concerns/problems with assessment methodology
- “Primers” or “cookbooks” of assessment methods
- Reconstitute Assessment Methods Subcommittee and name new Chairman
Greater adherence to policy of distributing Subcommittee documents 2 weeks in advance of SARC meetings

Coastwide SAW process




A. GOOSEFISH

Terms of Reference

The following terms of reference were addressed
for goosefish:

a. [Evaluate the consistency between proposed as-
sessment and management areas using available
information on stock structure.

b. Evaluate estimates of fishing mortality rates and
stock abundance trends including estimates of
precision.

¢. Assess current stock status relative to the pro-
posed overfishing definitions and other biological
reference points (i.e., Fy;, Fyax, Fogr, and sur-
vey relative biomass thresholds and targets).

d. Recommend a comprehensive program of re-
search and monitoring with the objective of im-
proving the quality and precision of estimates of
fishing mortality, stock biomass, and recruitment
for the species.

Introduction

Goosefish (Lophius americanus) are currently
managed through regulations implemented on a state-
by-state basis. The States of New Hampshire, Massa-
chusetts, Rhode Island, Connecticut, New York, and
New Jersey require a minimum tail length of 11
inches and a maximum ratio of liver weight to tail
weight landed per trip of 25%. Draft Amendment 9 to
the Multispecies Fishery Management Plan to regu-
late goosefish is undergoing public hearings as part of
the development of joint New England Fishery Man-
agement Council (NEFMC) - Mid-Atlantic Fishery

Management Council (MAFMC) regulation of goose-
fish in the Exclusive Economic Zone (EEZ).

The overfishing definition for goosefish was de-
veloped by a technical working group of Council and
NEFSC scientists, modified slightly by the NEFMC,
and certified by the NEFSC Science and Research
- Director:

“Monkfish in the northern and southern man-
agement areas are defined as being overfished
when the three-year moving average autumn
survey weight per tow falls below the 33rd per-
centile of the time series, 1963-1994, or when
fishing mortality exceeds F,,,., .. Monkfish are
in danger of becoming overfished when the
three-year moving average autumn survey
weight per tow falls below the median of the
three-year moving average during 1965-1981
and when fishing mortality is between F,_,, and

Ehrukola‘

For the northern and southern areas, F ;. .
is based on conditions of stock stability at high
abundance, calculated at the fishing mortality
rate that prevailed during 1970-1979. F, ., for
the southern area is F, . For the northern areaq,
F oreu 15 currently undefined.”

Definition of Stock Components

Data to definitively distinguish separate stock
units of goosefish are currently unavailable. Assess-
ment units described at SAW-14 (NEFSC 1992) are
based on groups of survey and statistical areas, and
are continued with minor modification in this assess-
ment (Table Al).

Recruitment patterns differ substantially between
the Gulf of Maine and Mid-Atlantic regions. Inspec-
tion of length frequency data from southern research
survey strata indicate strong modal peaks associated
with the appearance of a strong year class in fall
1972. In 1973 and 1974, the peaks appeared as suc-
cessively higher length frequencies in the south, but
were not present in northern strata during those years
(Figures Al and A2). Strong modal peaks appeared
for small-sized fish in the northern strata in 1990 and
1993 (spring) and persisted briefly in that region in
subsequent years, but did not appear in the southern
strata. Although it could be argued that recent lower
stock sizes in the southern area may have precluded
a similar large recruitment event in that region, the
example in the 1970s was based on abundance levels
which were relatively unaffected by regional patterns
in fishing pressure (Table A2, Figure A3).



The differential spatial distribution of these year-
class events indicate recruitment is not uniform over
the range of the species. This is consistent with re-
gional circulation patterns: the Gulf of Maine may
. serve as a larval retention area, as most water within
the Guif circulates in a counterclockwise gyre from
the Scotian Shelf onto and around Georges Bank
(e.g., as summarized in Mountain 1991). The bound-
ary between the western Gulf of Maine and the east-
ern New England Shelf has, however, been character-
ized as "leaky” by Limeburner and Beardsley (1982).
Water flowing south and southwestward from the
Gulf of Maine mixes with Nantucket Sound water and
continues west along the New England Shelf Thus,
it is possible that, depending on timing and location of
spawning in the Gulf of Maine, some recruitment may
be advected south from the Gulf as eggs or larvae.
More detailed analysis of spatial coherence of recruit-
ment patterns may refine these inferences.

As discussed at SAW-14, summaries of distribu-
tion patterns from research vessel survey data indicate
that few goosefish are present along the center axis of
Georges Bank (Figures A4 - A6). Consistent with the
relatively closed circulation patterns in the Guif of
Maine, this region may serve as a working boundary
of convenience to separate fish distributions region-
ally. The patterns of distribution are likely to be influ-
enced seasonally by temperature, however (NEFSC
1992), and fish from both the northern and southern
edges of Georges Bank may mix through the Great
South Channel at depth during the summer.

Different maturity rates by area cannot be iden-
tified because comparable data sets are unavailable.
A study by Armstrong ef al. (1992) of maturity rates
of fish distributed south of Cape Cod was based on
samples collected between 1982-1986 (Table A3, tak-
en from Hartley 1995). A subsequent study by Almei-
da et al. (1995) for a comparable region, but includ-
ing fish from a wider time span (1975-1986 and 1991-
1992) indicated lower values of L., from that region.
It currently cannot be determined if this is a reflection
~ of density-dependent response through the inclusion
of fish collected during recent periods of high exploi-
tation/low stock abundance. In the north, studies of
maturity have been based on data collected in 1575-
1986, 1992, and 1992-1993. Values of L., from stud-
ies undertaken in recent years indicated a downward

trend over time, presumably related to changes in
stock abundance. Thus, the effects of different region-
al patterns in exploitation/abundance history cannot
be separated from potential effects of separate stock
structure for studies based on recently-collected data.

Identification of differential growth rates by area
is similarly problematic. A study of growth rates de-
veloped by Armstrong et al. (1992) for fish collected
south of Cape Cod was based on data collected in
1982-1986. These data were collected 6-10 vears be-
fore the data used by Hartley (1995, MS) in develop-
ing growth rate estimates for fish in the Gulf of
Maine. Different growth models were also used by
the two investigators, which further complicated di-

rect comparisons of rates.

Comparisons of spawning seasons described by
Armstrong ef al. (1992) and Hartley (1995, MS) were
based on definitions of ranges of spawning times
rather than peaks. Although potential differences may
reflect regional temperature dependency rather than
separate spawning contingents, they may also reflect
differential changes in size composition of spawners
by area as a function of exploitation.

Because substantial portions of data support nei-
ther separate nor combined biological definitions of
stock units, and because other supporting data (e.g.,
genetic data, tagging and migration studies) are ab-
sent, there can be no definitive resolution to the issue
of stock structure for goosefish at this time. Because
recruitment patterns differ significantly between areas,
however, information is retained by continuing to
summarize assessment information by area.

The southern deepwater extent of the range of
goosefish overlaps with the northern extent of the
range of blackfin goosefish (Lophius gastrophysus)
(Caruso 1983). The importance of this taxonomic .
problem in the identification of landings from the -
southern extent of the range of goosefish is also un-
known, but is believed to be small.

There is some mismatch between some proposed
management areas and assessment areas developed at
SAW-14 and continued here. However, if few fish are
distributed within the center of Georges Bank, the
mismatch may not be critical for a portion of the
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Bank. Explicit implications of any mismatches will de-
pend on the final placement of the management boun-
dary and associated measures to be implemented.

Fishery Data
US Landings

Landings statistics for goosefish are sensitive to
conversion from landed weight to live weight because
most landings have occurred as tails only (or other
parts). The conversion of landed weight of tails to live
weight of goosefish in the NEFSC weighout database
is made by multiplying landed tail weight by a factor
of 3.32. Since initial inspection of this database in-
dicated that, in 1980, reported live weight equaled
reported landed weight of tails, it was assumed that
values for 1980 had not been converted to live
weight. Table A2 reflects this adjustment. Landings
by area were not available in final form for 1994-
1995. Consequently, allocations between areas in
those years should be considered preliminary in all
landings tables.

The National Marine Fisheries Service Statistics
Division reports total landings of goosefish as the sum
of landings reported through the NEFSC weighout
system, landings data collected by port agents for
ports not included in the weighout system, and land-
ings reported by States not included in the weighout
system. (Within the NEFSC, the latter two compo-
nents of landings have historically been known as
"general canvas” data.) The NMFS Statistics Division
summary of data from all sources is reported as Ora-
cle Table GENCAN. These total summary statistics
are reported in Table A2 with the heading "General

Canvas." For these data, landings are usually assumed -

to be reported in the database as live weight. For
goosefish, however, landings as reported in the GEN-
CAN database were lower than those reported in the
weighout database for 1964-1985. It appears that a
conversion from landed to live weight was not made
for those years. An initial adjustment is made in Table
A2. For 1986-1989, a conversion factor of 2.57 had
been used to generate estimates in the GENCAN da-

tabase of live weight from landings, but for consis-

tency, a conversion factor of 3.32 was implemented
over the time series in Table A2. All landings of
goosefish are reported in the GENCAN data as "un-
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classified tails." Consequently, some landed weight
attributable to livers may be inappropriately converted
to live weight. Because statistical areas are not asso-
ciated with all landings reported through this system,
landings were assigned to northern or southern re-
gions, depending on the State of landing. Because
Massachusetts borders on both northern and southern
regions, Massachusetts landings were split between
regions based on areas associated with weighout
landings in that year,

Total landings (live weight) remained at low lev-
els until the middle 1970s, increasing from hundreds
of metric tons (mt) to around 6,000 mt in 1978 (Table
A2). Landings remained stable at between 8,000 and
10,000 mt until the late 1980s. After 1989, landings
increased to a peak level of 26,400 mt in 1995. By
region, landings began to increase in the north in the
mid-1970s and began to increase in the south in the
late 1970s. Most of the increase in landings in recent
years has been from the southern region.

Patterns of total landings are driven primarily by
landings of goosefish tails. From 1964 to 1972, the
only recorded parts were tails (unclassified). Much of
the fish caught went to shack until the mid-1970s,
From 1964 to 1975, landings of tails rose from 19 mt
to 643 mt (landed weight, Table A4). Those landings
then increased to 2,302 mt in 1980 and 4,541 mt in
1991. On a regional basis, most tails were landed
from the northern component in the 1960s (75-90%)
through to the late 1970s (74% in 1978) (Tables AS
and A6). From 1979 to 1989, landings of tails were
about equal from both regions. In the 1990s, landings
from the south began to predominate and provide
over 60% of the tails,

Several market categories were added to the
system in 1982 (Table A4). Tails were divided into
large (> 2.0 lbs), small (0.5-2.0 Ibs), and unclassified
categories. At the same time, livers began being sold.
In 1989, unclassified round fish were added and in
1991, peewee tails (< 0.5 Ibs} and cheeks appeared.
Finally, in 1992, bellyflaps were also recorded.

The increase in landings of livers is especially
notable, increasing steadily from 1982, when 10 mt
were landed, to almost 460 mt in 1994. During that
time, ex-vessel prices for livers rose from an average



of $0.97/1b to over $5.00/Ib, with seasonal variations
as high as $19.00/1b. For whole or unclassified round
fish, landings have averaged over 440 mt during
1991-1993. In 1994, preliminary estimates of landings
of round fish rose to over 2,000 mt. The relatively
large rise in the tonnage of peewee tails landed is also
significant. The increase from 37 mt in 1991 to 258
mt in 1994 (at < 0.5 Ib per tail) represents a large
increase in numbers of fish landed, most of which are
below L, in terms of maturity.

Landings (landed mt) by these individual market
categories by region are shown in Tables A5 and A6.
Landings by region in 1994-1995 are based on pre-
liminary divisions of total landings between northern
- and southern regions based on historical average ra-
tios by market category and will be updated as area-
specific information becomes finalized,

: l- I l- ’

Landings (live wt) from Canadian waters (NAFO
Subdivision 5Z¢) are shown in Table A2 and Figure
A3. Data are only available from 1986 onwards, but
show a rapid rise from about 340 mt in 1986 to a
peak of over 1,550 mt in 1990. In more recent years,
annual landings declined to around 400-500 mt.

Trends in Stock Abundance from
Research Survey Indices

Research survey indices were standardized to ad-
just for statistically significant effects of trawl type
and vessel on catch rates as noted below.

Effect  Coefficient Source

Trawl  Weight; 0.2985 Sissenwine and
Number: 0.4082 Bowman (1977)

Vessel  Weight: not significant NEFSC (1991)

Number: 0.83

A systematic review of the applicability of these co-
efficients may lead to future revisions of these indices,
however.

To describe and compare modal patterns in length
frequency data between surveys more easily, an "age-

ing" convention was developed based on consensus
and knowledge of growth patterns in the Guif of
Maine region (Figure A7). Length at age may be
higher in the southern region, based on higher aver-
age water temperatures and earlier commencement of
spawning. This convention applies to this report only,
for preliminary descriptive purposes.
Northern Region

Indices from NEFSC autumn research trawl sur-
veys indicated that biomass fluctuated without trend
between 1963 and 1975, appeared to have increased
briefly in the late 1970s, but declined thereafler to
low levels in the 1990s (Table A7, Figure A8). While
the point estimate of biomass in 1995 (1.71 kg/tow)
is the highest observed since 1986, it is well below
even the 1963-1975 mean (2.44 kg/tow). Abundance
in numbers (Table A7, Figure AS) may have declined
during the early 1960s, but fluctuated without trend
until the late 1980s. Since 1989, abundance in num-

bers has increased to the highest levels observed in
the time series.

Indices from the NEFSC spring research trawl
surveys reflect similar trends of relatively high bio-
mass levels in the mid-1970s (but with possible de-
clines in the late 1970s) and a declining trend from the
early 1980s to the lowest values in the time series in
1992 (Table A8, Figure A10). As in the autumn sur-
vey series, abundance in numbers fluctuated until the
early 1980s (Figure Al1). After 1987, numbers trend-
ed upwards to some of the highest levels observed in
the time series.

Other indices are available from survey series
covering shorter periods of time and/or more restrict-
ed areas. The NEFSC Gulf of Maine summer survey
is based on a series of fixed stations on trawlable bot-
tom rather than randomly stratified stations. It indi-
cates no trend in biomass or abundance during 1991-
1995, although patterns may be masked by very large
confidence intervals around estimates in the first two
years (Table A9, Figures A12 and A13). Abundance
indices from the NEFSC sea scallop survey are based
on a few strata on the Northern Edge of Georges

Bank rather than over the entire Gulf of Maine. Thus, ..

the interpretation of that index may be one of consis-
tency with the overall regional pattern cf increased



abundance in recent years (Table A10, Figure A14),
although only a small portion of the region is included
in the index. (No time series of biomass indices is
available from this survey.) The ASMFC shrimp sur-
vey likewise may show a trend of increasing abun-
dance during 1989-1996 (Table All, Figures Al5
and A16). Values for 1987 have large confidence in-
tervals, and values for 1988 are missing, however.

Length distributions have become increasingly
truncated over time (Figure Al, Figures Al17 and
A18). By 1990, fish > 80 c¢m in length were uncom-
mon in length frequency distributions, and by 1996,
fish > 60 cm had become relatively uncommon as
well. Although recent length frequency distributions
indicate a fairly high abundance of small fish, few of
those modes can be followed more than two years.

Several modes potentially representing strong
year classes have appeared consistently in survey dis-
tributions in recent years, Following the "ageing" con-
vention in Figure A7, a 1989 year class appeared in
the autumn survey in 1990 at 15-17 ¢m, persisted in
the spring, shrimp, scallop, and inshore summer sur-
veys in 1991 as modes near 20 ¢m, and may have ap-
peared in the autumn survey in 1991 as a mode near
25 cm. Identification of this mode at lengths above 25
cm in 1992-1993 surveys would require additional
separation of the year class by direct ageing. How-
ever, it is possible that this cohort may have contri-
buted to a slight rightward shift in regional length
compositions in subsequent years. A 1990 year class
appeared less consistently, emerging in the shrimp and
autumn surveys as a mode above 20 cm in 1992. A
1992 year class appeared in the 1993 scallop, sum-
mer, shrimp, and autumn surveys as modes under 20
cm, and in the same surveys in 1994 as modes just
above 20 cm. A potential 1993 year class was observ-
ed at age 1 in the 1994 autumn survey, was not iden-
tifiable in other surveys that year, but may have ap-
peared as modes above 20 ¢cm in the 1995 surveys.
No modes corresponding to a 1994 year class appear-
ed in any 1995 surveys. Modes in 1996 summer sur-
veys near 20 cm especially would require direct age-
ing in order to identify the year class, but are lower
than modes associated with small fish in previous
years. There appears to be a slight rightward shift in
length distribution in the 1996 summer surveys, per-
haps related to a possible contribution by the 1993
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year class. Preliminary indices of abundance in 1996
indicate lower recruitment levels than observed in the
early 1990s.

Some differences in patterns of abundance be-
tween surveys may arise due to different gear efficien-
cies and areal coverage. It is clear, however, that re-
cent increases in numbers of fish at small sizes in this
region have not lead to accumulated biomass in fol-
lowing years, especially when length compositions are
compared to length compositions from surveys in ear-
lier years.

Southern Region

Biomass indices from the NEFSC autumn re-
search survey declined rapidly in the second half of
the 1960s and fluctuated at stable levels until the early
1980s (Table Al12, Figure A19). In the mid-1980s,
biomass levels declined and have remained at low
levels since 1987. Abundance in numbers has shown
similar declines after the mid-1960s, with a spike in
1972, slight increases in the late 1970s - early 1980s,
and a decline thereafter (Figure A20). In recent years,
abundance in numbers has fluctuated without trend at
low levels.

Similar trends are observed from NEFSC spring
research survey data. Stock levels remained fairly
high during the mid 1970s - early 1980s, but declined
to record-low levels in the late 1980s and have re-
mained there in recent years (Table A13, Figures A2
and A22),

Indices based on the NEFSC winter survey ap-
pear to have fluctuated without trend, consistent with
the lack of a trend in other surveys (Table Al4, Fig-
ures A23 and A24). Indices based on the NEFSC sea
scallop survey, although appearing to increase over
the 1984-1996 period, do not cover a period of time
during which other longer time series showed con-
trast in abundance levels (Table A1S5, Figure A25).

Length distributions from this region show in-
creasing truncation over time, reflected in declines in
minimum, mean, and maximum length over time (Fig-
ures A26 and A27) and length frequency distributions
(Figure A2). Maximum lengths declined by approxi-
mately 20 cm or more over the time series.



The 1986 year class could be followed as its
mode increased from 14 cm in the 1987 scallop sur-
vey to 19-20 cm in the 1987 autumn trawl survey,
and through the 1988 and 1989 spring, scallop, and
autumn surveys (Figure A2). The 1990 year class ap-
peared strong in the 1991 scallop survey as a mode
near 16 cm, in the 1991 autumn survey as a mode
near 20 cm, and in the 1992 winter survey as a mode
near 25 cm. The 1992 year class appeared strong in
the 1993 scallop survey (at 17 cm), somewhat strong
in the 1993 autumn survey (near 19 cm), and strong
in the 1994 winter (near 25 cm) and 1994 autumn
surveys (near 29 cm). The 1993 year class showed a
similar pattern in the following years. The 1994 year
class, by comparison, appears smaller than the pre-
ceding two year classes, based on the 1995 scallop
survey (15-17 cm) and the 1996 winter survey. The
1995 year class likewise appears relatively weak,
compared to recent years, based on the 1996 scallop
survey.

As in the northern region, recent year class
events are rarely observable in survey length frequen-
cy distributions at lengths > 40 cm. Currently, fish >
60 c¢m are rare, especially when compared to the
1960s. Any recent strong recruitment events do not
appear to live long enough to contribute substantially
to increased stock biomass.

The survey indices were used to develop an index
of spawning stock biomass (SSB). Composite length
frequencies, based on a five-year summation of catch
per tow at length, I(L.t), were multiplied by predicted
eggs at length, Egg(L), and the fraction mature,
[PMAT(L)]. The computational formula is:

SSB(H)=Y . SSB(L,)=Y . PMAT (L)+Eggs(Ly+I(L.1)
L

where

1

PMAT (L) B 13.9568-0.03862328L .

1+e

where
L=length(mm)

and
Eggs (L)=0.0683 L™

Parameters for PMAT(L) were derived by fitting the
logistic function to derived percentiles of fraction ma-
ture described in Hartley (1995). The fecundity-length
relationship was obtained from Armstrong (1987).

Results for the indices of spawning stock biomass
(Figure A28) mirror the progressive decline in mean
length. To the extent that spawning stock biomass
levels in 1970-1979 represent a relatively unfished
population, contemporary spawning stock biomass
levels are 32% of the 1970-1979 average level in the
northern area and 16% in the south (Table A16).

Currently, about 12% of the SSB is produced by
fish less than L, . In the north, about 11-13% ofthe
egg production is by the partially mature component
of the length distribution (Figure A28). In the south,
17-30% of the SSB is from the partially mature com-
ponent of the length distribution.

Estimation of Fishing Mortality Rates

Instantaneous total mortality rates (Z) for goose-
fish were estimated using a length-based method by

Beverton and Holt (1956):
KL, -L)
Z T
(L-L)

where K and L, are from von Bertalanffy growth
models and L is the mean length of individuals in the
region (as stratified delta mean catch per tow at
length, adjusted for trawl and vessel effects, when sig-
nificant). L’ is the smallest fully recruited length and
was estimated from inspection of LOWESS smoothed
length frequency data {Cleveland 1979).
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Parameter North South

L. 126.0 cm 129.2 cm
K 0.1080 0.1198
L’ 59 cm 19 cm

Estimates of Z by area and year and minimum 95%
confidence intervals are presented in Tables A17 and
A18 and Figures A29 and A30. The standard devia-
tion of the mean length (above L) was used to de-
velop a standardized normal distribution with mean 0
and standard deviation 1. The truncated distribution
was rescaled so that unit area was obtained between
the values of the standardized normal distribution cor-
responding to L =1’ and L = L,.. The median of the
resulting distribution and boundaries of 95% of the
distribution were estimated conditional on given val-
ues of L., K, and L’. The corresponding range in Z
thus does not reflect variance contributed by error in
estimation of L_, K, or L’ nor any covariance among
terms. These estimates should be considered mini-
mum estimates of the potential range in Z.

In the north, estimates of instantaneous total
mortality increased from an average of 0.25 during
1970-1979 to 0.35 in 1991-1995. If instantaneous
natural mortality (M) is assumed to equal 0.2, instan-
taneous fishing mortality (F) would equal 0.05 in
1970-1979 and 0.15 in 1991-1995. In the south, esti-
mates of Z increased from an average of 0.34 during
1970-1979 t0 0.71 in 1991-1995. IfM = 0.2, then F
= 0,14 during 1970-1979 and 0.51 in 1991-1995.

Results of this approach were similar to those ob-
tained by the technical working group (TWG) even
though the statistical methodology differed some-
what:

Approach Region Frorm Fogse Fopas
TWG! North 0.05 017
South 0.22 0.45
SARC North 0.05 0.16 0.15
South 0.14 0.46 0.51

From memorandum dated February 12, 1996.

The differences are attributable to different input
data and statistical techniques. The input data sets in

this analysis differ from those used by the TWG be-
cause strata sets were finalized and standardization
coefficients were incorporated in the SARC analysis.
The analytic methodology differed between the two
sets of estimates as well: the TWG used a linear re-
gression technique (Wetherell ef al. 1987), while the
SARC used the Beverton-Holt method based on
mean length.

Evaluation of Stock Status with
Respect to Reference Points

Northern Region

Based on the criteria in the proposed overfishing
definition, goosefish in the northern region are over-
fished. Estimates of current fishing mortality rates of
0.15 (Table A17, 1991.1995 average, assuming a
natural mortality rate of 0.2) are in excess of the
estimate of Fry s Of 0.05 (1970-1979 average),
although current rates are not precisely estimated.
The current three-year moving average catch per tow
(kg/tow from NEFSC offshore autumn research ves-
sel surveys) of 1.243 kg/tow is below the 33rd per-
centile of the 1963-1994 series, 1.460 kg/tow (Table
A19), the level below which overfishing is defined to
occur. The moving average has been below the 33rd
percentile since 1989, and is well below the target of
2.496 kg/tow (median of three-year moving average
during 1965-1981).

Estimates of current fishing mortality rates were
evaluated with respect to preliminary estimates of Fy ;.
as reported in the Public Hearing document. F; =
0.09 for the northern area. Current estimates of fish-
ing mortality of 0.15 are imprecise, with an upper
95% confidence interval likely above 0.45. Estimation
procedures for yield-per-recruit-based reference
points should be reviewed and revised, e.g., as new
data become available on weight at age of the catch
and partial recruitment.

Southern Region

Based on the criteria in the proposed overfishing
definition, goosefish in the southern region are over-
fished. Estimates of current fishing mortality rates of
0.51 (Table A18, 1991-1995 average, assuming a nat-
ural mortality rate of 0.2) are substantially in excess



of the estimate of Fy, o 0f 0.14 (1970-1979 aver-
age). The current three-year moving average catch
per tow (kg/tow from NEFSC offshore autumn re-
search vessel surveys) of 0.430 is below the 33rd per-
centile of the 1963-1994 series, 0.750 kg/tow (Table
A19), the level below which overfishing is defined to
occur. The moving average has been below the 33rd
percentile since 1987, and is well below the target of
1.848 kg/tow (median of three-year moving average
during 1965-1981).

Estimates of current fishing mortality rates were
evaluated with respect to preliminary estimates of F ,,
as reported in the Public Hearing document. F,; = 0.1
for the southern area, and current estimates of fishing
mortality of 0.51 are substantially above that level.
Estimation procedures for yield-per-recruit-based re-
ference points should be reviewed and revised, e.g.,
as new data become available on weight at age of the
catch and partial recruitment.

SARC Comments

The SARC discussed methods to identify the de-
gree of mixing over the range of the species. For
goosefish, the use of tagging studies is limited more
by capture and handling stress than by tagging tech-
nology. Scallop survey data indicate that summer
concentrations of goosefish on Georges Bank remain
primarily along the northern and southern edges rath-
er than extending across the center of the Bank. Con-
centrations are more continuous at depth from north
to south through the Great South Channel. Because
egg veils and larvae remain in the water column for
up to three months, advection can lead to recruitment
in areas far from the location of spawners. The SARC
noted that spawning effort in the western Guif of
Maine could contribute to recruitment in the eastern
Gulf of Maine or in southern areas.

The SARC noted that foreign removals from
southern areas were likely substantial before 1976,
but were not recorded by species either because of
low rates of occurrence relative to other species or
because species-specific reporting systems were not
in place.
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The SARC concluded that when the current sur-
vey standardization analyses indicated significant dif-
ferences in catch rates between vessels in terms of
numbers but not weight, it was not appropriate to in-
corporate the non-significant weight conversion fac-
tor. The SARC recommended review of conversion
coefficients on a species-by-species basis to provide
additional information on the applicability of conver-
sion coefficients.

The SARC reviewed several methods of estimat-
ing length at full recruitment used in length-based as-
sessment methods. The piecewise regression ap-
proach has the advantage of being objective, repro-
ducible, and consistent with estimates approximated
from LOWESS smoothing. When year-class strength
has been increasing, as in the northern area, length at
full recruitment is difficult to estimate using any meth-
od, however. The SARC recommended the use of a
fixed length at full recruitment over the entire time
series to address this problem, recognizing that as the
fishery shifts to smaller fish or as fishing intensity in-
creases, the estimated length at full recruitment will
decrease. Under those conditions, the fixed length

would provide an estimate of mortality of the larger- |

sized component of the population. Differences in
length at full recruitment by area are likely to arise if
recruitment patterns vary by area, if historical levels .
of exploitation vary by area, or if survey catchability
varies by area. Since all these conditions may differ
between the northern and southern areas, the SARC
recommended the use of different lengths at full re-
cruitment for the northern and southern estimates.

Because size distributions become increasingly
truncated as exploitation increases, the number of da-
ta points available to fit a regression estimator of
mortality (e.g., Wetherell ef al. method) decreases

over time. For the northern area where survey catches .

are already relatively low, this has the effect of gen- -
erating estimates of slopes and subsequent estimates
of mortality with larger confidence intervals, and in
some cases, providing unreasonably low point esti-
mates of mortality. Consequently, the SARC recom-
mended the use of a Beverton-Holt estimator (which
relies only on a single mean length estimate annually)
and recommended averaging over the past five years



to smooth interannual variability in survey catch at

length.

The SARC recommends significant upgrades in
the quality and quantity of data collected for this spe-
cies, especially in the area of biological sampling.
Data collection should emphasize representative sam-
pling over the range of the species and over all fish-
eries.

Research Recommendations

» Ubpdated data for the estimation of life history
parameters (growth, maturity, sex ratio) by area
over the range of the species distribution to im-
prove the accuracy of growth curve parameters
which affect mortality and spawning stock esti-
mates and to develop a basis for stock separa-
tion.

*+ Improved biological sampling of landings and
discards of tails, whole, and gutted fish, including
the collection of vertebrae for ageing whenever
possible to characterize the age and length struc-
ture of removals from the population.

»  Validated historical time series of landings by
area, market category, and data source; develop-
ment of improved estimates of landings by area
for 1994-1995 as data become available; and de-
velopment of a protocol for future proration
methods when area and market category infor-
mation is incomplete to estimate removals as
commercial landings.

*  Development of a target study to estimate dis-
cards and discard mortality by fishery to estimate
the amount of removals as discard.

*  Evaluation of the utility of survey standardization
coefficients for goosefish.

*  Extension of current surveys or initiation of sup-
plementary surveys to evaluate the distribution
and characteristics of goosefish occurring in
water deeper than standard survey strata.
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Collection of fecundity data (by area, over the
range of the species) to characterize spawning
potential as a function of size structure.

Estimation of the proportion of livers landed
without tails. If proportion is significant, develop
relationships between liver weight landed and
size and numbers of individuals removed to esti-
mate removals as landings.

Integration of information from Canadian land-
ings data, biological sampling, and research sur-
vey programs to characterize removals from the
northern region landed in Canada.

Evaluation of the suitability of research surveys
by States for inclusion in assessment analyses to
characterize the distribution and characteristics
of inshore components of the population.

Identification of location and timing of spawning
over the range of the species, including evalua-
tion of egg and larval survey data to develop a
basis for stock separation and to improve the
evaluation of time/space management measures.

Initiation of genetic studies, morphometric stud-
ies, parasite studies, and/or elemental analyses to
develop basis for stock separation.

Continuation and expansion of trophic studies to
estimate the potential effects of cannibalism and
predation on natural mortality rates by size and
age.

Definition of the distnbution of egg veils and lar-
vae in time and space using oceanographic cir-
culation models to improve understanding of re-
cruitment dynamics and to develop a basis for
stock separation.

Extension and expansion of historical landing
series to estimate foreign and historically unre-
ported removals.
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Table Al. Research survey strata and statistical areas associated with northern and southern stock assessment
regions,

Survey Northern area Southern area
NEFSC offshore bottom trawl 20-30, 34-40 1-19, 61-76
ASMFC shrimp 1-12
Shellfish 49-54, 65-68, 71-72, 1-48, 55-64, 69-70,
651, 661 73-74, 621, 631
Statistical areas 511-515, 521-523, 524-526, 562,
561 537-543, 611-636
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Table A2, USA landings (calculated live weight, mt) of goosefish as reported in NEFSC weighout database [North = SA 511-523, 561; South
= SA 524-639 excluding 551-561; Other = SA 500, 520 or 000 (1994)}; North Carolina DMF; Canada (NAFO Area 5Zc); Adjl;sted ,General
Canvas database (See text. North = ME, NH, northern weighout proportion of MA; South = Southern weighout proportion of NiA, RI-VA); 1964-
1994, NC and Canadian data use different conversion factors, e.g. NC landings include expanded liver weights. ,

Weighout Database 7 : : Adjusted General Canvas Databasc
Year North South Other Total North Carolina Canada North South Total
}gg: 45 19 0 64 N/A N/a 45 61 106
37 17 0 54 N/A N/A 37 79 115
1966 259 13 0 312 N/A N/A 299 69 368
1967 539 8 0 547 N/A' N/a 540 59 598
1968 451 2 0 453 N/A N/A 449 36 485
1969 258 4 0 262 N/A N/a 240 43 283
1970 199 12 0 211 N/A N/A 199 53 251
1971 213 10 0 223 N/A N/A 213 53 266
- 1972 437 24 0 461 N/A N/A 437 : 65 502
1973 o 139 0 848 N/A N/A 708 240 948
1974 1,197 101 0 1,297 ' N/A N/A . L200 183 1,383
1975 1,853 282 0 2,134 N/A N/A 1,877 417 2,294
1976 2236 428 0 2,663 N/A N/A 2,256 608 2,865
1977 3,137 829 0 3,965 1 N/A 3,167 1,314 4481
1978 3,889 1,338 0 5227 46 N/A 3,976 2,073 6:049
1979 4,014 3,372 0 7386 162 N/a 4,068 4,697 8,765
1980 1,113 1,188 0 2,302 283 N/A
1980* 3,695 3,549 0 1,675 N/A 3,623 6,035 9,658
1981 3217 2,274 1 5492 106 N/A 3,1m 4,142 7313
1982 3,860 3,658 6 7,524 64 N/A 3,757 4492 8,249
1983 3,849 4,086 0 7935 29 N/A 3918 4,707 8,624
1984 4202 3,610 0 7812 89 N/A 4,220 4,171 8,391
1985 4616 4,107 0 8,722 155 N/A 4452 4,806 9258
1986 4327 3,954 0 8,280 83 339 4322 4,264 8,586
1987 4,960 3,706 0 8,666 56 748 4,995 3933 8,926
1988 5,066 4,483 0 9,549 112 909 5,033 4,715 9,809
1989 6391 8,296 0 14,687 57 1,176 6,232 8,678 14,910
1990 5,802 7,142 0 12,944 62 1,554
1991 5,693 9,800 0 15,494 65 1,015
1992 ' 6,923 13,925 0 20,848 17 - 469
1993 T 10,645 15,061 0 25,706 37 352
1994 2,733 5,323 14,889 22,945 152 541
19947 9,164 13,781 0 22,945
1995* 14,575 11,839 - 26414 243 419

TT980 landed weight as reported in WOLANDSEG database oqualed 1980 live weight. If expansion factor were applied to landed weight, revised (higher) weighis may be obiained. 1994 jandings from unreported statistical arcas
(000) prorated by average ratio of landings from the two arcas 1989-1993, 71995 Iandings split north and south as canvas dala, assume 500 mt landed round in CT, and MA landings split north and south by average 1989-1993 ratio,

by market catcgory.

e
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Table A3. Table 4.2 in Hartley (1995). Description of previous maturily studies of goosefish and the current investigation. Areas are ﬁ‘om Cape
Cod and the southern portion of Georges to North Carolina (south), and the northern edge of Georges Bank and the Gu(f of Maine (north).
Lengths are reported in millimeters.

" ‘ | . Lengthat Ly,
Area Study Collection dates Females Males
South Armstrong et al., 1992 1982-1986 485 369
Almeida et al., 1995 1975-1986, 1991 & 1992 424 371
NEFSC, 1992 1992 378 314
North Almeida et al., 1995 1975-1986 462 433
This study [Hartley 1995] 1992-1993 361 - 320




ec

';‘atb:;c Ad. Landed weight (mt) of goosefish by market category for 1964-1995 for combined assessment areas (SA 511-636), NEFSC weighout
atabase.

Belly Tails Tails Tails Tails All

Year flaps Cheeks Livers Gutted Round unc. large small peewee tails
1964 0.0 0.0 0.0 0.0 0.0 193 0.0 0.0 0.0 193
1965 0.0 0.0 0.0 0.0 0.0 16.1 0.0 0.0 0.0 16.1
1966 0.0 00 0.0 00 0.0 93.9 0.0 0.0 0.0 . 93.9
1967 0.0 0.0 0.0 0.0 0.0 164 8 0.0 0.0 0.0 164.8
1968 0.0 0.0 0.0 0.0 0.0 136.6 0.0 0.0 0.0 136.6
1969 0.0 0.0 0.0 0.0 0.0 79.1 0.0 0.0 0.0 79.1
1970 0.0 0.0 0.0 0.0 0.0 635 0.0 0.0 0.0 63.5
1971 0.0 0.0 0.0 0.0 0.0 67.1 0.0 0.0 0.0 67.1
1972 0.0 0.0 0.0 0.0 0.0 139.0 0.0 0.0 0.0 139.0
1973 0.0 0.0 0.0 0.0 0.0 255.5 0.0 0.0 0.0 255.5
1974 0.0 0.0 0.0 0.0 0.0 390.7 0.0 0.0 0.0 390.7
1975 0.0 0.0 0.0 0.0 0.0 642.8 0.0 0.0 0.0 642.8
1976 0.0 0.0 0.0 0.0 0.0 802.2 0.0 0.0 0.0 802.2
1977 0.0 0.0 0.0 0.0 0.0 1,194 4 0.0 0.0 0.0 1,194.4
1978 00 0.0 0.0 0.0 0.0 15745 0.0 0.0 0.0 15745
1979 0.0 00 00 0.0 0.0 22247 0.0 0.0 0.0 22247
1980 0.0 0.0 0.0 0.0 0.0 2.302.4 0.0 00 0.0 2.302.4
1981 0.0 0.0 0.0 0.0 0.0 1.654.2 0.0 0.0 0.0 1.654.2
1982 0.0 0.0 102 0.0 0.0 2.059.8 153.1 533 0.0 2.266.2
1983 00 0.0 116 0.0 0.0 2.009.9 241.4 1386 0.0 2.390.0
1984 0.0 0.0 25.0 0.0 00 21216 186.8 445 0.0 2352.9
1985 0.0 0.0 28.0 0.0 0.0 2.467.0 86.7 73.4 0.0 2.627.1
1986 0.0 0.0 363 0.0 0.0 23654 76.4 522 0.0 2.494.0
1987 0.0 0.0 542 0.0 0.0 2.463.7 139.9 6.7 0.0 2.610.3
1088 0.0 0.0 112.8 0.0 0.0 2.646.3 195.1 348 0.0 2.876.2
1989 | 0.0 0.0 1463 0.0 15.6 3.501.8 557.4 360.0 0.0 44192
1990 0.0 0.0 179.7 0.0 217.7 2.601.8 854.1 3774 0.0 38333
1991 0.0 8.6 270.3 0.0 415.4 22291 1.661.9 614.1 36.6 4.541.6
1992 0.2 37 3215 0.0 386.0 27787 1.908.1 1,293.0 1833 6.163.1
1993 0.0 1.7 459.9 98.2 5287,  3.5032 1.933.0 1851.1 262.4 7549.8
1994 0.0 53 456 5 1.427.1 2.044.7 1.256.9 22295 2.060.8 258.0 5.805.2
1995 23 1o 5001 - 27631 26526 895.6 25246 2,424 4 363.5 6.208 1

"Walues for 1995 are from WORAWSSALL.
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Table AS. Landed weight (mt) of goosefish by market category for 1964-1995 for northern assessment area (SA 511-523 and 561), NEFSC

weighout database.

Tails

Veur iillz Chocks L Tails Tails Tails All
p ec 1vers Gutted Round unc. large smail peewee tails
1964 0.0 0.0 0.0 0.0 0.0 13.5 0.0 0.0 0.0
1965 0.0 0.0 0.0 0.0 0.0 110 0.0 0.0 0.0 1113-05
1966 6.0 0.0 0.0 0.0 0.0 90.1 0.0 0.0 0.0 90.1
1967 0.0 0.0 0.0 0.0 0.0 162.5 0.0 0.0 0.0 162.5
1968 0.0 0.0 0.0 0.0 0.0 1359 0.0 0.0 0.0 135.9
1969 0.0 0.0 0.0 0.0 0.0 77.8 0.0 0.0 0.0 77.8
1970 0.0 0.0 0.0 0.0 0.0 59.8 0.0 0.0 0.0 59.8
1971 6.0 0.0 0.0 0.0 0.0 64.1 0.0 0.0 0.0 64.1
1972 0.0 0.0 0.0 0.0 0.0 131.6 0.0 0.0 0.0 131.6
1973 0.0 0.0 0.0 0.0 0.0 2138 6.0 0.0 0.0 2138
1974 0.0 0.0 0.0 0.0 0.0 360.4 0.0 0.0 0.0 360.4
1975 0.0 - 00 0.0 0.0 0.0 558.0 0.0 0.0 0.0 558.0
1976 0.0 0.0 0.0 0.0 0.0 6734 0.0 0.0 0.0 673.4
1977 0.0 0.0 0.0 0.0 0.0 944.7 0.0 0.0 0.0 944.7
1978 0.0 0.0 0.0 0.0 0.0 1,171.4 0.0 0.0 0.0 1,171.4
1979 0.0 0.0 0.0 0.0 0.0 1,209.1 0.0 0.0 0.0 1,209.1
1980 0.0 0.0 0.0 0.0 0.0 L1131 0.0 0.0 0.0 1,113.1
1981 0.0 0.0 0.0 0.0 0.0 969.0 0.0 0.0 0.0 969.0
1982 0.0 0.0 10.0 0.0 0.0 1,145.6 15.0 2.0 0.0 1,162.6
1983 0.0 0.0 93 0.0 0.0 1,152.3 4.8 24 0.0 1,159.4
1984 0.0 0.0 14.7 0.0 0.0 1,261.9 3.7 0.0 0.0 1,265.6
1985 0.0 0.0 114 0.0 0.0 1,385.9 1.6 2.6 0.0 1,390.2
1986 0.0 0.0 13.7 0.0 6.0 1,302.7 0.3 02 0.0 1,303.2
1987 0.0 0.0 24.0 0.0 0.0 1,491.5 1.7 0.7 0.0 1,493.9
1988 0.0 0.0 474 0.0 0.0 1,516.9 5.6 33 0.0 1,525.8
1989 0.0 0.0 58.7 0.0 11.2 1,464.5 327.0 130.2 0.0 1,921.6
1990 00 0.0 719 0.0 30.3 1,173.7 410.7 154.0 0.0 1,738.4
1991 0.0 33 70.0 0.0 03 1,013.9 538.6 153.2 9.1 1,714.8
1992 0.0 0.7 83.0 0.0 0.1 910.5 589.9 505.4 79.4 2,085.3
1993 0.0 0.6 208.3 98.2 350.6 1,034.3 867.9 1,061.8 102.9 3,067.0
1994 0.0 1.6 164.8 632.1 621.1 489.4 958.6 817.6 92.5 2,358.1
1995 1.0 0.8 190:7 936.7 732.6 209.0 1,744 4 1,590.4 303.9 3,847.7

Walues for 1994 are prorations of total landings in CFDETS94 based on the average, by market category, during the period 1989-1993, of landings from northem and southem
assessment area (value for gutted is based on ratio of known siatistical wreas). Walues for 1995 are landings from WORAWOSALL [northern = (ME, NH and part of MA); southern
= (part of MA and R1-VA)]. MA landings were partitioned by averages, by market category, from CFDETSSY - 93 known statistical areas.
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Table A6, Landed weiglit (mt) of goosefish by market category for 1964-1995 for southern assessment area (SA 524-636 excluding 561), NEFSC
weighout database. _

Belly Tails Tails Tails Tails Al
Year flaps Cheeks Livers Gutted Round unc. large small peewee tails
1964 0.0 0.0 0.0 0.0 0.0 5.7 0.0 0.0 0.0 57
1965 0.0 0.0 0.0 0.0 0.0 50 0.0 0.0 0.0 5.0
1966 0.0 0.0 0.0 0.0 0.0 38 0.0 0.0 0.0 38
1967 0.0 0.0 0.0 0.0 0.0 23 0.0 0.0 0.0 23
1968 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.6
1969 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.0 1.2
1970 0.0 0.0 0.0 0.0 0.0 37 0.0 0.0 0.0 37
1971 0.0 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 3.0
1972 0.0 0.0 0.0 0.0 0.0 74 0.0 0.0 0.0 74
1973 0.0 00 0.0 0.0 0.0 417 0.0 0.0 0.0 417
1974 0.0 0.0 0.0 0.0 0.0 303 0.0 ¢.0 0.0 303
1975 0.0 0.0 0.0 0.0 0.0 84.8 0.0 0.0 0.0 84.8
1976 0.0 0.0 0.0 ¢0 0.0 128.8 0.0 0.0 0.0 128.8
1977 0.0 0.0 0.0 0.0 0.0 2496 0.0 0.0 0.0 249.6
1978 0.0 0.0 0.0 0.0 0.0 403.1 0.0 0.0 0.0 403.1
1979 0.0 0.0 .0 0.0 0.0 1,015.6 0.0 0.0 0.0 1,015.6
‘1980 0.0 0.0 0.0 6.0 0.0 1,189.3 0.0 0.0 0.0 1,189.3
1981 0.0 0.0 0.0 0.0 0.0 685.0 0.0 0.0 0.0 685.0
1982 0.0 0.0 02 0.0 0.0 912.4 138.1 51.3 0.0 1,101.8
1983 0.0 0.0 23 0.0 0.0 857.7 236.6 136.2 0.0 1,230.5
1984 0.0 0.0 10.3 0.0 0.0 859.7 183.1 445 0.0 1,087.3
1985 0.0 0.0 16.7 0.0 0.0 1,081.1 5.1 70.8 0.0 1,236.9
1986 6.0 0.0 226 0.0 0.0 1,062.6 76.1 520 0.0 1,190.8
1987 0.0 0.0 30.2 0.0 0.0 972.2 138.2 6.0 0.0 1,116.4
1988 0.0 0.0 65.4 0.0 0.0 1,129.3 189.5 315 0.0 1,350.4
1989 0.0 0.0 87.6 0.0 45 2,0374 230.4 2298 0.0 24975
1990 0.0 0.0 101.8 0.0 187.3 1,428.1 4434 2234 0.0 2,094.9
1991 0.0 5.2 200.2 0.0 415.1 1,215.2 1,1233 460.9 275 28268
1992 0.2 3.0 238.5 0.0 385.9 1,868.2 1,3183 787.0 103.9 4,077.9
1993 0.0 1.1 251.5 0.0 178.1 2,468.9 1,065.1 789.3 159.4 44828
1994 0.0 36 291.7 795.0 1,423.6 767.4 1,270.9 1,243.2 165.5 3,447.1
19952 1.4 02 3094 1,826.4 1,920.0 686.6 780.2 $34.0 59.6 2.360.4

Walues for 1994 are prorations of total landings in CFDETSY4 bascd on the average, by market category, during the period 1989-1993, of landings from northern and southern
asscssment area (value for gutted is based on ratio of known statistical arcas). *Values for 1995 are landings from WORAWYSALL {northern = (ME, NH and part of MA); southen
= (part of MA and RI-VA)}). MA landings were partitioned by averages, by market category, from CFDETS89 - 93 known statistical areas.
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Table A?’. Stratified mean }Neight (kg), number, and length (cm) per tow for goosefish from NEFSC offshore autumn research vessel bottom trawl
surveys in th_e Gulf. of Maine - Northern Georges Bank region (strata 20-30, 34-40); confidence limits for both the raw index and the indices
smoothed using an integrated moving average (theta = 0.45); minimum and maximum lengths; number of tows completed in each year.

Biomass Abundance

Raw index Smoathed . Raw index Smoothed Length Numb
: umber
Year Mean L95%ClL U95%CL Mean L95%CL U95%CL Mean 1.95%CL US5%CL Mean L95%CL U95%CL.  Min Mean Max  of tows

1963 3.76 216 5.35 284 - - 0.80 651  1.09 0.57 - - 11 583 111 30
1964 171 0.90 2.53 236 - - 0.39 0.22 0.56 0.45 - - 21 59.4 102 87
1965 251 135 3.67 242 - - 035 0.23 0.46 0.40 - - 28 716 110 88
1966 327 210 4.43 2.43 1.64 3.60 0.49 0.33 0.65 038 0.26 0.53 37 7.1 96 86
1967 1.28 0.44 213 2.00 1.35 2.96 0.1% 0.09 029 030 0.21 0.42 48 703 92 82
1968 204 0.52 3.55 222 1.50 3.29 0.29 0.12 0.46 0.32 0.23 0.46 11 71.4 106 86
1969 3.70 1.78 5.63 262 177 3.88 0.42 0.28 0.56 0.37 0.26 0.53 13 788 110 88
1970 2.24 0.95 3.53 244 165 3.62 0.40 0.22 0.57 0.39 0.28 0.56 22 612 98 92
1971 291 1.44 439 241 1.63 3.58 0.49 013 0.67 0.41 0.29 0.58 15 670 i 94
1972 1.40 0.65 2.16 2.10 1.42 312 032 0.20 0.44 0.38 0.27 0.55 21 56.9 99 9%
1973 3.11 1.78 4.45 241 163 3.57 0.51 032 0.71 0.40 0.28 0.57 16 652 112 92
1974 2.06 1.11 3.01 232 1.57 3.44 0.31 0.19 0.44 0.37 0.26 0.52 13 649 111 91
1975 L7 1.00 2,42 243 1.64 3.60 0.30 0.18 0.42 037 0.26 0.52 11 629 102 106
1976 339 1.56 5.22 323 2.18 478 - 042 024 0.60 0.43 0.30 0.61 29 721 121 87
1977 5.57 349 1.65 4.14 279 6.13 0.63 0.46 0.79 0.50 0.35 071 21 11 119 126
1978 5.10 349 6.71 4.35 294 6.45 0.58 0.43 0.73 0.51 0.36 0.73 0 6706 116 201
1979 5.13 3.57 6.70 4.11 278 6.09 0.47 0.36 0.58 0.48 0.34 068 15 735 115 211
1980 4.46 223 6.68 3.35 2.26 4.96 0.53 0.37 0.70 0.45 031 0.64 6 639 11] 97
1981 1.98 1.18 279 225 1.52 3.34 0.41 0.29 0.52 0.37 0.26 0.53 9 575 101 93
1982 0.94 0.38 1.49 1.65 1.11 2.45 0.14 0.07 0.21 0.29 0.21 0.41 29 689 100 95
1983 1.62 0.93 231 1.77 1.19 2.62 0.47 0.28 0.66 0.37 0.26 0.53 13 530 96 82
1584 3.01 1.41 4.61 2.00 1.35 2.97 0.48 0.35 0.61 0.41 0.29 0.58 11 62.7 106 88
1985 1.44 0.42 2.46 1.73 1.17 2.56 0.37 0.19 0.55 0.41 0.29 0.58 12 531 102 88
1986 235 1.10 3ol 1.69 1.14 2.50 0.60 0.38 0.83 0.43 0.30 0.61 19 538 160 90
1987 0.87 0.26 1.49 1.31 0.89 1.95 0.26 0.12 0.41 0.36 0.25 0.51 15 522 96 87
1983 1.52 0.48 2.57 1.35 091 2.00 0.31 0.13 0.50 038 0.27 0.54 11 571 93 89
1989 1.38 0.48 229 1.29 0.87 1.90 0.43 0.27 0.59 0.45 0.32 0.64 9 408 96 87
1990 1.60 0.44 1.56 1.17 0.79 1.73 0.59 0.38 0.80 0.55 0.39 0.79 9 323 89 B9
1991 1.24 0.57 1.90 1.17 0.79 1.74 0.58 0.38 0.7 0.65 0.46 0.93 9 383 95 88
1992 1.i0 0.56 1.65 1.13 0.76 1.68 0.98 0.64 1.32 083 0.58 1.18 9 325 86 86
1993 1.04 0.34 1.75 1.12 0.75 1.66 0.99 0.69 1.28 0.95° 0.67 1.36 6 271 94 86
1994 0.97 0.38 1.57 1.16 0.77 L75 1.35 0.97 1.73 1.06 0.73 1.53 9 249 98 87
1995 L 0.66 276 1.36 (.84 2.18 0.92 0.69 l.16 1.00 0.66 1.53 10 396 a1 93
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Table A!_l. Stratified mean }veigllt (kg), number, and iength (cmj per tow for goosefish from NEFSC offshore spring research vessel bottom trawl
surveys in th_e Gulf of Maine - Northern Georges Bank region (strata 20-30, 34-40); confidence limits for both the raw index and the indices
smoothed using an integrated moving average (theta = 0.45); minimum and maximum lengths; number of tows completed in each year.

Biomass Abundance

Raw index Smoothed Raw index Smoothed Length Numb
umber

Year Mean L95%CL U95%CL Mean [.95%CL U95%CL Mesn L95%CL U95%CL Mean L.95%CL U95%CL Min Mean Max oftows

1968 0.97 0.26 1.6%9 1.19 - - 018 - 0.07 0.28 0.20 - - 50 704 90 86
1969 1.31 0.14 2438 1.36 - - 0.19 0.05 0.33 0.22 - - 33 715 100 87
1970 1.97 on 22 1.59 - . 0.34 0.22 0.47 027 - - 30 654 99 90
1971 - 1.02 0.41 1.63 1.61 1.07 243 0.16 0.07 025 0.27 0.18 0.40 45 726 100 96
1972 4.64 3.02 6.27 223 148 336 0.64 0.45 033 039 0.26 0.59 13 727 105 96
1973 191 0.96 286 1.88 125 2.84 043 0.18 0.69 0.41 0.27 0.6l 17 657 106 87
1974 1.48 0.86 209 1.57 1.04 237 0.44 0.32 056 | 041 0.27 0.61 20 583 111 83
1975 0.93 0.59 1.28 137 091 207 0.34 0.23 0.45 0.38 0.26 0.57 6 540 109 87
1976 2.83 1.69 3.96 1.55 1.03 234 0.67 0.47 0.88 0.39 0.26 0.59 14 615 106 99
1977 1.01 0.56 1.46 1.17 0.78 177 0.26 0.16 036 0.28 0.1% 042 10 634 106 107
1978 0.63 0.34 0.91 0.98 0.65 1.48 0.14 0.10 0.19 0.22 0.14 032 15 655 92 113
1979 0.89 0.27 1.51 1.10 0.73 1.66 0.14 0.10 019 . 022 0.15 0.33 12 625 118 139
1980 1.62 0.79 2.46 1.43 0.95 216 038 0.27 0.49 0.29 0.20 0.44 17 533 107 85
1981 1.74 0.91] 258 1712 1.14 2.59 038 0.28 0.47 0.33 0.22 0.50 11 51.7 120 87
1982 3.02 1.27 476 - 203 1.35 3.06 0.35 0.16 0.54 0.35. 023 0.52 25  6B8 108 92
1983 1.59 0.53 264 1.84 122 2717 042 0.19 0.65 0.37 024 0.55 12 499 112 90
1984 1.70 0.60 2.80 1.84 1.22 278 033 0.18 047 0.35 0.23 0.52 17 608 100 86
1985 2.1 1.09 3.13 1.95 1.29 294 0.35 0.20 0.49 0.35 0.23 0.52 13 669 108 81
1986 2.16 095 338 1.96 1.30 295 034 .20 0.48 035 0.23 0.52 11 65.4 121 90
1987 1.73 073 2.73 183 1.22 276 024 0.14 035 035 0.24 0.53 l6 642 160 83
1988 211 0.91 332 1.79 i.19 270 0.61 0.40 0.82 0.45 0.30 0.68 10 498 110 90
1989 1.63 0.61 2.65 1.56 1.04 236 0.62 032 0.93 0.48 032 0.72 10 432 94 85
19%0 1.00 0.37 164 1.33 0.88 2.00 0.28 0.16 0.41 0.43 0.29 0.64 15 491 107 89
1991 1.83 0.48 3.18 136 0.90 205 0.59 0.37 0.81 0.50 0.34 0.75 12 423 100 86
1992 0.89 -0.22 2.00 1.15 0.76 1.73 0.49 0.16 0.83 0.53 035 0.79 16 406 101 83
1993 t.16 0.69 1.63 1.15 076 1.73 0.68 0.48 0.89 0.59 0.39 0.88 10 410 90 87
1994 0.95 0.38 1.52 1.13 075 172 0.45 0.28 0.63 0.59 0.39 0.89 10 410 89 88
1995 1.71 0.79 2.64 1.27 0.83 1.94 098 0.66 1.31 0.71 0.47 1.09 15 399 97 88

1996 1.01 0.45 1.56 1.16 0.71 1.90 0.67 0.34 0.99 0.70 043 1.13 15 430 70 82




Table A9. Stratified mean weight (kg), number, and length (cm) per tow for goosefish from NEFSC summer
research vessel bottom trawl surveys in the Gulf of Maine region; confidence limits for indices; minimum and
maximum lengths: number of tows completed.

Biomass Abundance
inde .

raw index raw index Length Number
Year Mean L93%CL U9S%CL Mean LI5UCL U95%CL Min Mean Max of tows
1991 2.15 -0.55 4.84 1.87 -0.10 383 14 359 T4 51
1992 2.50 -0.80 5.80 1.20 0.09 231 9 39.5 8] 62
1993 1.92 1.23 2.60 1.30 0.97 1.64 9 36.3 10t 93
1994 1.28 0.66 1.90 1.40 0.77 2.03 13 30.2 89 35
1995 1.68 0.91 2.44 1.29 0.92 166 - 15 36.2 111 39

Table A10. Stratified mean number and length (cm) per tow for goosefish from NEFSC summer scallop
- surveys in the Northern Georges Bank region, confidence limits for both the raw index and the indices
~ smoothed using an integrated moving average (theta = 0.45); minimum and maximum lengths; number of tows
completed in each year. ‘

Biomass Abundance

raw index raw index Length Number
Year Mean L95%CL U95%CL Mean L95%CL U95%CL Min Mean  Max of tows
1984 0.54 0.35 0.73 0.62 - - 34 62.9 115 36
1985 0.84 0.53 1.16 0.68 - - 25 54.1 98 83
1986 0.72 0.43 1.02 0.63 - - 18 57.0 97 98
1987 1038 0.23 0.54 0.58 0.40 0.84 14 51.2 101 96
1988 0.54 0.36 0.71 0.68 0.47 0.99 23 56.1 96 ]
1989 1.57 0.64 2.49 0.95 0.66 1.37 13 47.4 96 60
1990 0.77 0.43 1.10 0.94 0.63 136 12 471 81 84
1991 1.03 0.68 1.39 1.06 0.73 1.54 8 33.9 90 99
1992 1.34 1.03 1.66 1.23 0.85 1.77 8 379 91 95
1993 1.28 0.83 1.73 1.33 0.92 1.93 9 25.9 79 87
1994 1.47 1.03 1.92 1.49 1.03 2.16 13 343 93 99
1995 2.19 1.47 2.91 _ 1.68 1.14 2.47 1 38.2 86 98
1996 1.45 0.94 " 1.96 1.58 1.02 2.47 12 41.6 20 94

Table A11. Stratified mean weight (kg), number, and length (cm) per tow for goosefish from ASMFC
summer shrimp surveys in the Gulf of Maine region; confidence limits for indices; minimum and maximum
lengths; number of tows completed.

Biomass Abundance

raw index raw index - Length Number
Year Mean L95%CL U95%CL Mean L95%CL U95%CL Min Mean  Max of tows
1986 2.11 1.16 3.06 0.80 0.31 1.29 14 46.6 85 54
1987 7.25 2.53 11.98 2.08 1.27 2.90 10 39.8 110 37
1988 - - - - - - - - - 43
1989 0.74 0.29 1.19 0.88 0.20 1.56 13 30.0 72 49
1990 1.79 0.65 2.93 0.84 0.40 1.29 g 41.4 97 48
1991 1.71 101 242 273 1.58 3.48 9 26.4 96 53
1992 3.26 1.88 4.65 3.30 2.54 4.06 3 30.7 97 35
1993 3.13 . 1.42 4.84 4.10 1.85 6.35 7 26.6 102 33
1994 1.57 0.84 2.31 3.18 225 4,12 5 244 85 47
1995 1.64 0.73 2.54 2.09 1.22 2.96 11 312 76 35
1996 363 . 158 5.68 3.39 2.24 4.46 13 339 90 34

27



8¢

Table Al12. Stratiﬁed mean weight (kg), number, and length (cm) per tow for goosefish from NEFSC offshore autumn research vessel bottom
trawl surveys in the southem Georges Bank - Mid-Atlantic region (strata 1-19, 61-76); confidence limits for both the raw index and the indices
smoothed using an integrated moving average (theta = 0.45); minimum and maximum lengths; number of tows completed in each year.

Biomass Abundance

Raw index Smoothed Raw index Smoothed Length _—
umoper
Year  Mean L95%CL U9S%CL  Mean L95%CL U95%CL  Mean L95%CL U95%CL  Mean L95%CL U95%CL  Min Mean  Max  of fows

1963 372 1.79 5.66 4.17 - - 1.26 0.75 L7 1.31 - - T 504 97 73
1964 5.49 3.39 7.58 4.50 - - 1.64 0.91 237 1.34 - - 14 520 101 83
1965 5.16 273 7.59 425 - - 1.15 0.78 1.52 1.20 - - 10 563 104 85
1966 6.99 4.94 9.04 3.52 2.00 6.18 1.93 1.36 2.49 1.11 0.62 2.00 T 496 98 87
1967 1.12 0.59 1.66 184 1.05 323 0.54 034 074 071 0.40 1.27 14 406 100 163
1968 0.89 0.45 1.34 134 076 235 0.41 0.21 0.60 0.55 031 0.98 12 468 . 86 164
1969 1.14 0.48 1.79 1.29 0.73 226 0.50 0.28 0.71 0.51 0.28 0.91 10 454 96 163
1970 1.36 0.51 220 134 0.76 235 035 024 0.47 0.48 027 0.87 4 533 104 161
1971 0.79 0.20 1.38 138 0.79 242 0.28 0.15 0.41 0.57 032 1.02 5 423 98 168
1972 492 3.30 6.54 207 1.18 363 411 1.28 6.94 1.07 0.60 191 12 318 99 161
1973 1.99 0.99 2.98 1.73 0.98 3.04 1.18 0.86 1.49 0.81 0.45 1.46 13 3717 93 154
1974 0.71 0.32 1.10 1.31 0.75 231 S 022 0.12 0.32 0.48 027 0.87 14 529 101 153
1975 2.04 1.33 276 1.51 0.86 2.65 0.65 0.43 0.87 0.49 027 0.87 8 463 105 163
1976 1.08 0.54 1.63 1.42 0.81 249 031 0.19 0.44 0.40 0.22 072 11 50.7 95 165
1977 1.87 1.19 2.55 1.60 091 2.82 037 0.27 0.48 039 022 071 5 531 106 172
1978 1.39 0.88 1.91 1.63 093 2.87 0.26 0.18 034 0.40 022 0.72 13 565 101 219
1979 228 1.28 3.27 1.85 1.05 325 0.69 0.48 0.91 0.55 031 0.99 7 405 109 205
1980 1.87 1.17 2.57 1.82 1.03 319 0713 0.43 1.03 0.65 036 1.17 3 416 104 159
1981 2.86 0.88 4.83 175 1.00 3.08 097 0.58 1.35 0.71 0.40 1.28 6 407 93 146
1982 0.65 035 0.94 122 0.69 2.14 0.61 037 0.85 0.64 036 1.14 I3 325 73 143
1983 2.15 0.69 3.61 1.29 0.74 227 078 0.47 1.08 0.59 0.33 1.06 7 444 100 146
1984 0714 - 015 1.33 0.98 0.56 172 031 0.11 0.5t 0.45 0.25 0.81 5 457 93 146
1985 1.32 0.75 1.88 0.89 0.51 1.56 0.52 036 0.69 0.44 0.25 079 17 420 96 145
1986 0.55 0.24 0.87 0.62 0.35 1.09 0.33 0.17 0.48 0.39 0.22 0.70 7 376 78 146
1987 027 0.12 0.43 0.47 0.27 0.82 0.48 0.3t 0.66 0.39 0.21 0.69 12 250 61 132
1988 0.55 0.21 0.90 0.51 0.29 050 . 023 0.10 036 0.33 0.18 0.59 19 451 91 129
1989 0.63 0.28 0.97 0.54 (.30 0.94 038 0.18 0.59 036 0.20 0.64 7 380 71 128
1990 0.43 0.02 0.83 0.50 0.29 0.38 029 0.11 0.47 037 021 0.66 9 331 81 136
1991 0.78 0.21 136 0.52 030 0.91 0.69 025 1.14 0.44 025 0.79 14 308 g1 131
1692 0.31 0.17 0.45 0.41 0.23 0.72 0.34 0.22 0.46 0.39 022 0.71 g 322 74 129
1993 0.29 0.06 053 039 0.22 0.69 0.29 0.14 0.45 0.39 0.22 0.70 10 304 68 130
1994 0.61 0.18 1.05 (.45 0.25 0.81 0.60 0.34 0.85 0.47 0.25 0.86 g8 292 83 k35

1995 039 0.16 0.61 0.43 0.22 0.84 0.49 0.26 073 0.48 0.24 0.96 11 294 66 k29
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Table A‘1'3. Stratified mean weight (kg), number, afld length (cm) per tow for goosefish from NEFSC offshore spring research vessel bottom trawl
surveys in the Southemn erges Bank - Mid-Atlantic region (strata 1-19, 61-76); confidence limits for both the raw index and the indices smoothed
using an integrated moving average (theta = 0.45), minimum and maximum lengths; number of tows completed in each year.

Biomass ' Abundance

Raw index Smoothed Raw index Smoothed Length Numb
umber
Year Mean L95%CL U95%CL Mean L95%CL U95%CL Mean L95%CL U95%CL  Mean L95%CL U95%CL Min Mean Max  oftows

1968 1.14 0.55 173 1.07 - - 0.21 0.13 0.30 021 - - 21 62.5 95 150
1969 0.94 0.43 145 i.02 - - 022 0.14 031 - 022 - - 7 543 111 155
1970 1.00 0.46 1.55 1.03 - - 0.17 0.10 025 022 - - 22 639 108 166
1971 076 031 121 1.06 0.69 1.63 0.20 0.10 0.30 0.26 0.17 G41 13 533 115 160
1972 1.88 116 260 136 0.89 209 0.37 0.27 0.47 0.37 024 0.58 14 591 123 165
1573 1.86 1.49 222 1.41 092 217 1.05 0.B5 1.25 0.53 0.34 0.84 3 41.1 110 187
1974 1.13 073 1.53 1.22 0.79 1.87 0.49 037 0.60 0.49 0.31 0.76 14 491 117 132
1975 0.94 0.56 1.31 1.10 0.72 1.69 045 033 0.57 0.44 028 069 0 476 107 134
1976 1.21 0.83 1.59 111 0.72 1.70 0.40 031 0.50 0.40 025 0.62 13 515 110 162
1977 - 123 0.77 .68 1.05 0.69 1.62 0.30 023 0.37 0.35 0.23 0.56 16 570 116 161
1978 0.74 0.51 0.96 091 0.59 139 033 027 0.41 0.35 023 0.55 11 459 104 161
1979 0.73 0.44 1.03 0.90 0.58 138 028 0.16 0.40 0.36 .23 0.57 10 444 124 154
1980 0.80 0.49 1.10 1.01 0.66 1.56 0.45 035 0.55 0.45 6.29 0.70 18 408 106 204
1981 1.82 1.15 249 1.35 0.88 2.07 0.78 0.54 1.03 0.54 0.35 0.85 12 446 113 141
1982 2.80 1.58 4.02 1.46 0.95 2.25 0.94 0.66 1.23 0.52 033 0.81 11 424 104 150
1983 0.95 0.42 1.49 1,03 0.67 1.58 0.27 6.18 0.37 0.33 0.21 0.51 24 518 112 147
1984 075 0.22 1.27 0.76 0.49 117 0.18 0.09 0.27 0.24 0.15 037 21 50.9 97 149
1985 033 0.09 0.57 0.57 037 0.87 0.16 0.07 0.25 0.21 0.13 033 22 423 90 147
1986 0.82 - 0.34 1.30 0.61 0.39 0.93 0.28 0.13 0.44 0.22 0.14 034 15 487 102 149
1987 0.50 -0.01 1.31 0.53 0.35 0.81 o 0.05 0.16 0.19 0.12 0.30 i5 527 103 150
1988 0.43 0.26 0.59 0.48 032 0.75 0.44 0.28 0.60 0.25 0.16 0.40 17 340 82 132
1989 0.36 0.12 0.61 0.48 031 0.74 0.20 010 . 031 0.23 0.15 0.36 15 414 79 129
1990 1.00 043 1.58 0.57 037 0.88 0.21 0.10 0.31 0.22 0.14 0.35 16 565 93 128
1991 0.58 0.24 0.93 0.47 0.30 0.72 0.32 0.14 0.50 023 0.15 037 15 376 101 132
1992 0.2] 0.07 035 033 021 0.51 0.18 0.09 0.27 0.20 0.13 031 14 350 85 128
1993 0.26 0.10 0.43 031 0.20 0.48 0.20 0.10 030 0.18 0.12 0.29 17 386 72 128
1994 0.32 0.12 0.53 0.34 0.22 0.52 0.11 0.06 0.17 0.16 0.10 0.25 13 438 93 131
1995 0.53 0.03 1.02 0.38 0.24 0.59 0.20 0.10 0.29 0.17 0.10 0.26 18 457 81 129

1996 0.28 0.1l 0.46 0.33 0.20 0.56 0.14 0.07 0.20 0.15 0.09 0.27 9 437 8l 143




Table Al4. Stratified mean weight (kg), number, and length (cm) per tow for goosefish from NEFSC winter
flatfish surveys in the Southern Georges Bank - Mid-Atlantic region; confidence limits for indices; minimum
and maximum lengths; number of tows completed.

Biomass Abundance ‘

raw index raw index Length Number
Year Mean L95%CL U95%CL Mean L95%CL US5%CL Min  Mean  Max of tows
[992 5.39% 352 7.28 518 3.67 6.69 1 36.0 95 110
1993 6.32 4.57 8.07 5.00 3.94 6.06 9 317 98 109
1994 279 1.96 3.62 2.53 1.86 3.21 8 351 78 32
1995 3.40 225 4.46 2.74 1.86 3.62 19 37.9 101 123
1996 5.70 468 6.72 3.78 3.04 - 4.52 10 41.1 160 123

Table A1S, Stratified mean number and length (cm) per tow for goosefish from NEFSC summer scallop
surveys in the Southern Georges Bank - Mid-Atlantic region; confidence limits for both the raw index and the
indices smoothed using an integrated moving average (theta = 0.45); minimum and maximum lengths; number
of tows completed in each year.

Biomass ‘ Abundance

raw index raw index Length Number
Year Mean L95%CL US5%CL Mean L95%CL U95%CL Min Mean  Max of tows
1984 1.07 0.91 123 . 1.11 - “ 6 30.6 82 389
1985 1.07 0.92 1.23 1.14 - - 7 32.8 113 404
1986 0.93 071 1.16 1.22 - - 8 22.1 95 371
1987 2.42 1.93 2.91 1.56 1.16 2.10 8 18.7 Q0 433
1988 1.44 1.18 1.71 1.49 1.11 2.00 7 30.3 97 435
1989 1.24 1.08 1.41 1.46 1.09 1.96 6 337 101 352
1990 1.40 1.22 1.58 1.60 1.19 2.14 6 25.6 94 342
1991 222 1.94 2.50 1.90 1.42 2.56 7 21.0 94 323
1992 1.88 1.61 215 2.05 1.53 275 6 27.3 97 324
1993 2.64 2.39 2.89 233 1.74 3.13 8 22.4 79 325
1994 3.09 2.74 3.45 2.45 1.82 3.29 8 22.5 87 338
1995 2.09 1.83 2.36 2.19 1.61 2.98 7 30.0 92 338
1996 1.81 1.58 2.05 2.03 1.42 2.89 7 29.9 81 307
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Table Al16. Indices of spawning stock biomass of goosefish, 1967-1966, by region. Egg production index is a function of numbers at length,

proportion mature at length, and fecundity at length, pooled over a 5-year interval. Proportion < L,y is proportion of egg production generated
by fish smaller than the length at 99% maturity.

North ' South
Spring ' Autumn Spring Autumn
Egg production Proportion Egg production Proportion Egg production Proportion Egg production Proportion
Year index <L99 index <L99 index <L99 index <199
1967 - - 1,464,523 0.01 - - 2,172,783 0.04
1968 - - 1,231,407 0.01 - - 1,852,725 0.04
1969 - - 1,456,821 0.00 - - 1,486,561 0.04
1970 _ - - 1,412,398 0.00 . - 1,116,257 0.04
1971 - - 1,374,730 0.01 - - 53,1770 0.05
1972 1,138,483 0.01 1,390,736 0.01 635,159 0.03 861,283 0.05
1973 1,304,964 0.01 1,543,281 001 718,217 0.04 939,559 0.05
1974 1,388,764 0.01 1,338,632 0.02 ‘ 770,281 : 0.05 895,238 0.05
1975 1,271,690 0.01 1,266,063 0.02 758,000 0.07 933,751 0.06
1976 1,529,658 . 0.02 1,315,794 0.01 809,021 0.07 932,451 . 0.06
1977 1,133,515 0.02 1,691,116 0.01 746,140 0.07 655,547 0.06
1978 ' 945,302 0.02 1,747,339 0.01 639,635 0.07 ' 607,501 0.04
1979 831,745 0.02 1,978,672 0.01 578,822 0.06 676,012 0.04
1980 884,324 0.02 2,196,166 0.01 545,729 0.06 642,682 0.04
1981 706,589 0.02 1,996,152 0.01 586,585 0.09 705,817 0.06
1982 855,507 0.02 1,582,868 0.01 639,911 0.10 571,754 0.09
1983 937,170 0.02 ' 1,284,651 0.02 , 639,653 0.11 614,255 0.11
1984 1,006,208 0.02 1,109,918 0.02 630,808 0.10 530,265 0.12
1985 1,058,050 0.02 872,527 0.02 581,077 01 487,451 0.13
1986 - 1,133,991 0.01 - 916,876 0.02 483,067 0.09 379,730 0.12
1987 1,013,200 0.01 907,336 0.03 334,326 0.07 356,257 0.11
1988 1,057,130 0.01 901,299 0.03 : 263,273 0.09 259,887 0.10
1989 1,012,957 0.03 721,412 0.05 201,365 0.16 232,685 0.17
1990 884,652 0.04 641,433 0.05 257,448 0.12 166,967 0.20
1991 742,170 0.05 506,975 0.07 219,859 0.13 169,658 022
1992 668,542 0.07 516,270 0.09 182,573 0.17 177,094 0.24
1993 561,642 0.11 457,185 0.11 173,583 0.18 135,735 0.35
1694 502,754 011 412,372 0.11 176,858 0.14 130,583 0.27
1995 548231 011 477,596 0.13 139,608 0.17 126,840 0.30

1996 491,337 015 - - 122,702 0.17 .- -




Table A17. Total instantaneous mortality rate (Z), goosefish, northern region, 1963-1995; approximate upper
and lower 95% confidence intervals (minimum variance estimate); mean length, standard deviation and number
of fish at length of capture or above.

Total mortality (Z) Length > 58
Year Median L95%CL  U95%CL Mean SD(mean) n
1963 0.23 0.17 0.37 79.93 2.31 17
1964 0.25 0.17 0.37 79.61 2.86 5
1965 0.20 0.13 0.28 82.99 2.32 7
1966 0.28 0.19 0.48 77.48 1.82 14
1967 0.42 0.26 0.83 72.75 3.72 2
1968 0.26 0.18 0.42 78.66 4.05 4
1969 0.19 0.13 0.28 83.13 2.45 11
1970 0.30 0.21 0.51 76.46 2.59 5
1971 0.28 0.19 0.45 77.58 227 10
1972 0.42 0.26 0.76 73.07 3.22 4
1973 0.17 0.12 0.26 84.77 3.45 8
1974 0.21 0.15 0.32 81.96 3.24 5
1975 0.26 0.17 0.42 78.74 2.57 5
1976 0.21 0.15 0.33 81.26 3.20 8
1977 0.25 0.17 0.39 79.12 2.00 27
1978 0.22 0.15 0.35 80.70 1.67 31
1979 ' 0.19 1 0.13 0.28 83.22 1.66 30
1980 0.17 0.12 0.26 84.76 2.29 11
1981 0.30 0.21 0.51 - 76.58 2.49 5
1982 0.27 0.18 0.42 78.27 3.91 12
1983 0.51 0.30 1.17 70.69 3.43 15
1984 0.30 0.21 0.51 76.52 3.31 24
1985 0.32 0.21 0.55 75.78 4.61 13
1986 0.33 0.22 0.59 75.13 2.48 22
1987 0.37 0.25 0.69 73.79 5.45 8
1988 0.27 0.19 0.45 ' 77.98 3.34 13
1989 0.18 0.13 0.27 83.86 4.64 8
1990 0.37 0.23 0.69 74.14 3.32 9
1991 0.48 0.30 1.03 71.21 3.75 12
1992 0.35 0.22 0.64 74.68 2.55 12
1993 023 0.16 035 80.30 4,15 6
1994 0.39 0.26 0.76 73.14 6.16 6
1995 0.28 0.19 0.48 77.39 3.60 10
Mean
1970-1979 0.25
1991-1995 0.35
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Table A18, Total instantaneous mortality rate (Z), goosefish, southern region, 1963-1995; approximate upper
and lower 95% confidence intervals (minimum variance estimate); mean length, standard deviation and number
of fish at length of capture or above.

Total mortality (Z) Length> 18
Year Median L9S%CL  U95%CL Mean SD(mean) n
1965 0.21 0.17 0.27 58.84 3.62 37
1966 022 0.18 0.29 57.59 2.84 78
1967 0.46 0.35 0.71 41.25 436 14
1968 0.33 0.25 0.44 48.51 3.70 9
1969 0.33 0.26 0.44 48.42 3.20 19
1970 022 0.18 0.29 57.59 2.18 23
1971 0.26 0.21 0.33 53.67 291 13
1972 0.77 0.53 1.29 33.93 397 83
1973 0.46 0.35 0.71 41.09 2.66 47
1974 0.24 0.19 0.30 55.65 417 6
1975 0.33 0.25 0.44 48.50 3.14 26
1976 0.27 0.21 0.35 53.12 3.12 9
1977 0.23 0.18 0.29 56.90 3.19 20
1978 0.22 0.17 0.27 58.60 3.84 9
1979 0.44 0.32 0.61 43.18 3.13 31
1980 0.41 0.32 0.57 43.59 3.08 25
1981 0.46 0.33 065 42.11 2.77 36
1982 0.77 0.53 1.29 34.15 1.80 87
1983 0.35 0.27 0.46 47.15 2.50 76
1984 0.27 0.22 0.37 52.26 2.99 31
1985 0.41 0.32 0.61 43.28 2.40 85
1986 0.44 0.33 0.65 42.17 2.98 42
1987 - 1.14 0.65 2.58 29.79 2.35 40
1988 0.39 0.30 0.53 45.09 4.70 23
1989 0.41 0.32 0.57 43.63 2.18 31
1990 0.53 0.37 0.77 39.86 3.12 32
1991 0.77 0.49 " 1.29 34.16 237 59
1992 0.57 0.41 0.84 38.53 2.59 30
1993 0.65 0.44 1.02 36.57 2.74 22
1994 0.77 0.53 1.29 34.02 2.20 60
1995 0.77 0.49 1.29 34.17 2.14 47
Mean
1970-1979 0.34
1991-1995 0.71
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Table A19. Stratified mean Fatch per tow m weight (kg), 331d percentile, three-year moving averages, medians, NEFSC offshore autumn research
vessel bottom trawl survey in northern region (strata 20-30, 34-40): and southern region (strata 1-19, 61-76); means from delta distribution.

Northern management/assessment area Southern management/assessment area
33rd Median 33rd Median
M_ean percentile Three-year three-year Mean percentile - Three-year three-year
weight/ 1963-1994 - moving mMoving average weight/ 1963-1994 moving maoving average
Year tow series average 1965-1981 tow series average 1965-1981
1963 3.757 - - - 3.724 - - -
1964 1712 - - - 5.486 - - .
1965 2.509 1.460 2.659 2.496 5.163 0.750 4791 1.848
1966 3.266 - 2.496 - 6.986 - 5.878 -
1967 1.283 - 2.353 - 1.122 - 4.423 -
1968 2,036 - 2.195 - 0.8935 - 3.001 -
1969 3.705 . - 2341 - 1.138 - 1.051 -
1970 , 2.237 - 2.659 - 1.357 - 1.130 -
1971 2914 - 2.952 - 0.786 - 1.094 -
1972 1.464 - 2185 - ' 4918 - 2.354 -
1973 3.114 - 2477 - 1.986 - 2.564 -
1974 2.063 - 2.193 - 0110 - 2.538 -
1975 1711 - 2.296 ' - 2.043 - 1.580 -
1976 3.387 - 2.387 - 1.084 - 1.279 -
1977 5.568 - 3.555 - 1.873 - 1.667 ' -
1978 5101 - 4.685 - 1.395 - 1.451 -
1979 5133 - 5.267 - 2.275 - 1.848 -
1980 4458 - 4.897 - 1.868 - 1.846 -
1981 1.984 - 3.859 - 2.858 - 2.334 -
1982 0.936 - 2.459 - 0.646 - 1.791 -
1983 1617 - 1.513 - 2.150 - 1.885 -
1984 3.010 - 1.855 : - 0.740 - §.179 -
1985 1.441 - 2.023 - 1.318 - 1.403 -
1986 2.353 - 2.268 - 0.552 - 0.870 -
1987 0.873 - 1.556 . 0.274 - 0.715 -
1988 1.525 - 1.584 - 0.554 - 0.460 -
1989 1.384 - 1.261 - 0.625 - 0.485 -
1990 1.001 - 1.303 - 0.426 - 0.535 -
1991 1.235 - 1.207 . - 0783 - 0.611 -
1992 1.102 - 1.113 - ‘ 0.312 - 0.507 -
1993 1.044 - 1,127 - 0.294 - 0.463 -
1994 0.973 - 1.040 - 0611 - 0.406 -

1995 ISR - 1.243 - 0.386 - 0.430 -
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Figure Al. Goosefish length composition from the NEFSC spring bottom trawl (March-April), Gulf of Maine
summer inshore bottom trawl (July-August), summer scallop dredge (July-August), and autumn bottom trawl
(September-October) surveys and the ASMFC summer shrimp trawl survey (August) in the Gulf of Maine -
Northern Georges Bank region, 1963-1996.
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Flgure A2. Goosefish length composition from the NEFSC spring bottom trawl (March-April), winter flatfish
(February), summer scallop dredge (July-August) and autumn bottom trawl (September-October) surveys in
the Southern Georges Bank - Mid-Atlantic region, 1963-1996.
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Figure A2, (Continued)
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Live Weight (MT)

Figure A3. US and Canadian commercial landings (calculated live
weight, mt) of goosefish by assessment area (North = Statistical
Areas 511-523 plus 561; South = Statistical Areas 524 - 639 exclud-
ing 561; Canada = Georges Bank, NAFO Subdivision 5Zc), 1964-
1995. US landings as reported in weighout database; 1980, 1994 and
1995 values adjusted as noted in Table A2.
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Figure Ad. Distnbution of catches (presence/absence only) of imima-
ture and mature goosefish from NEFSC spring bottom trawl surveys,

- 1968-1996.
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Figure AS. Distribution of catches (presence/absence only)} of imma-
ture and mature goosefish from NEFSC autumn bottom trawl sur-

veys, 1963-1995.
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Figure A6. Distribution of catches (presence/absence only) of imma-
ture and mature goosefish from NEFSC sea scallop surveys (sum-

mer), 1984-1996.
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Figure A8. Biomass indices and smoothed indices with the 95% confidence limits from the NEFSC autumn
bottom trawl survey for the Gulf of Maine - Northern Georges Bank region for 1963-1995.
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Figure A9, Abundance indices and smoothed indices with the 95% confidence limits from the NEFSC :
autumn bottom trawl survey for the Gulf of Maine - Northern Georges Bank region for 1963-1995.
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Figure A10, Biomass indices and smoothed indices with the 95% confidence limits from the NEFSC spring
bottom trawl survey for the Gulf of Maine - Northern Georges Bank region for 1968-1996.
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Figure A1l. Abundance indices and smoothed indices with the 95% confidence limits from the NEFSC
spring bottom trawl survey for the Gulf of Maine - Northern Georges Bank region for 1968-1996.
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Figure A12. Biomass indices with the 95% confidence limits from the NEFSC summer Guif of Maine
bottom trawl survey for the Gulf of Maine region for 1991-1995,
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Figure A13. Abundance indices with the 95% confidence limits from the NEFSC summer Gulf of Maine
bottom trawl survey for the Guif of Maine region for 1991-1995.
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Figure Al4. Abundance indices and smoothed indices with the 95% confidence limits from the NEF>C'
scallop dredge survey for the Northern Georges Bank region for 1984-1996.
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Figure A1S. Biomass indices with the 95% confidence limits from the ASMFC summer shrimp traw! sur-
vey for the Gulf of Maine region for 1986-1996.
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Figure A16, Abundance indices with the 95% confidence limits from the ASMYFC summer shrimp trawl
survey for the Gulf of Maine region for 1986-1996.
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Figure A17. Minimum, mean, and maximum lengths for the Gulf of Maine - Northern Georges Bank region
from the NEFSC autumn bottom traw! survey, 1963-1995,
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Figure A18. Minimum, mean, and maximum lengths for the Gulf of Maine - Northern Georges Bank region
from the NEFSC spring bottom trawl survey, 1968-1996.
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Figure A19. Biomass indices and smoothed indices with the 95% confidence limits from the NEFSC au-
tumn bottom trawl survey for the Southern Georges Bank - Mid-Atlantic region for 1963-1995.
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Figure A20. Abundance indices and smoothed indices with the 95% confidence limits from the NEFSC -
autumn bottom trawl survey for the Southern Georges Bank - Mid-Atlantic region for 1963-1995.
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Figure A21. Biomass indices and smoothed indices with the 95% confidence limits from the NEFSC spring

bottom traw! survey for the Southern Georges Bank - Mid-Atlantic region for 1968-1596.
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Figure A22. Abundance indices and smoothed indices with the 95% confidence limits from the NEFSC
spring bottom trawl survey for the Southern Georges Bank - Mid-Atlantic region for 1968-1996.
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Figure A23. Biomass indices with the 95% confidence limits from the NEFSC winter flatfish survey for
the Southern Georges Bank - Mid-Atlantic region for 1992-1996.
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Figure A24. Abundance indices with the 95% confidence limits from the NEFSC winter flatfish survey for
the Southern Georges Bank - Mid-Atlantic region for 1992-1996.
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Figure A25. Abundance indices and smoothed indices with the 95% confidence limits from the NEFSC |
scallop dredge survey for the Southern Georges Bank - Mid-Atlantic region for 1984-1996.
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Figure A26., Minimum, mean, and maximum lengths for the Southern Georges Bank - Mid-Atlantic region
from the NEFSC autumn bottom trawl survey, 1963-1995.
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Figure A27. Minimum, mean, and maximum lengths for the Southern Georges Bank - Mid- Atlantic region
from the NEFSC spring bottom trawl survey, 1968-1996. -
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Figure A28. Indices of spawning stock biomass of goosefish, 1964-1966, by region and survey. Egg production (primary Y axis, solid line) is
relative index of total cgg production, based on composite length frequency distributions from research survey indices of catch per tow at length,
proportion mature at length and fecundity at length. Year represents the terminal year of a 5-year pooled length frequency sample. Fraction of SSB
from immature goosefish (secondary Y axis, dashed line) is proportion of egg production generated by fish smaller than length at 99% maturity.
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Figure A29. Total instantaneous mortality (Z) for goosefish, northern region, 1963-1995, Beverton-Holt
analysis; and minimum estimates of 95% confidence intervals. -
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Figure A30. Total instantaneous mortality (Z) for goosefish, southern region, 1963-1995, Beverton-Holt
analysis; and minimum estimates of 95% confidence intervals.
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B. SEA SCALLOP

Terms of Reference

The following terms of reference were addressed
for sea scallops:

a. Provide updated indices of abundance and size
composition through 1996, by assessment area,
for sea scallop populations.

b. Evaluate size composition of catches and land-
ings based on sea sampling and port sampling in-
formation.

c. To the extent feasible, allocate recent catches to
assessment areas and evaluate trends in abun-
dance and fishing mortality rates for appropriate
assessment regions.

d.  To the extent feasible, evaluate the efficiency of
technical management measures (e.g., minimum
dredge ring size, crew size, closed areas, and
other gear restrictions) on sea scallop resources.

Introduction

Sea scallops (Placopecten magellanicus) are
found in the Northwest Atlantic Ocean from North
Carolina to Newfoundland along the continental shelf
of North America. Most US commercial landings are
taken at depths between 40 and 200 m (22- 110 fm)
on Georges Bank and in the Mid-Atlantic (NEFSC
1993). Sea scallops grow rapidly during their first
several years of life with a 50-80% increase in shell
height and a quadrupling in meat weight between ages
3 and 5. Maximum size is about 23 cm, but scallops
larger than 17 cm are rare. Sexual maturity com-
mences at age 2 and as small as 25 mm, but scallops
less than 4 years old probably contribute little to total
egg production (NEFSC 1993).. Spawning generally
occurs in the late summer and early autumn, but bian-
nual spawning (twice per year) has been observed in
the early spring in the Delmarva Region (DuPaul ef
al. 1989). Mid-winter spawning off Georges Bank
may also occur (Almeida ef al. 1994). Eggs are buoy-
ant, and the larvae remain in the water column for 4-6
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weeks before settling. During this period, consider-
able transport of larvae can occur depending on pre-
vailing current patterns,

The previous assessment of the US sea scallop
population was conducted in June 1995 at SAW-20
(NEFSC 1995). That assessment incorporated com-
mercial catch data through 1993 and research survey
data through 1994. Effects of significant management
changes that began in 1994 could not yet be measur-
ed, and the assessment was considered to be a sum-
mary of resource conditions prior to the implementa-
tion of the provisions of Amendment 4 to the Atlantic
Sea Scallop Fishery Management Plan. Since the last
assessment, major changes have occurred in data col-
lection procedures and fishery regulations. This as-
sessment describes these changes and their impor-
tance for resource assessment. :

Procedures used to estimate landings by weight
and numbers were significantly different for 1994-
1996 than for previous years. Three major changes
began in 1994. First, mandatory logbooks replaced
the routine interviews of fishermen at major ports as
a means of monitoring catches and fishing effort by
area. Second, the transition to logbooks coincided
with changes in responsibilities of NMFS port agents.
From the standpoint of stock assessments, the most
important change was a decrease in the number of bi-
ological samples collected. For the scallop fishery,
this meant that samples of shells from the last tow of
a fishing trip were no longer collected routinely.
Finally, the overwhelming volume of vessel trip re-
ports (VIR) created a severe backlog in the entry and
auditing of landings data. These changes and the ab-
sence of a parallel data collection system forced a re-
consideration of the methodology for catch estimation
by area. New methods were required to account for
the uncertainty in the revised data sets.

Superimposed on changes to commercial fisher-
ies data collection procedures were new reguiations
for the scallop fishery under Amendment 4. These in-
cluded elimination of minimum meat count regula-
tions, an increase in nng size to 3.5 inches, reductions



in the maximum crew size, and reductions in the al-
lowable days at sea. All of these measures were de-
signed to reduce total fishing mortality and improve
the productivity of the resource by delaying the age at
- entry into the fishery.

Perhaps the most significant change in the scallop
fishery was the establishment of two closed areas on
Georges Bank and one in Southern New England.
These closures, external to the Scallop Management
Plan, were designed to protect depleted cod, had-
dock, and yellowtail flounder stocks. Scallop dredges
were included in the fishing ban owing to their pro-
pensity to catch juvenile flatfish and other species low
in abundance. The closed areas represented about
50% of the main scallop areas on Georges Bank and
in the Great South Channel. Both of the closed areas
on Georges Bank represented areas historically high
" in abundance. Since the closed areas were not accom-
panied by additional reductions in fishing effort, ves-
sels redirected their efforts to open areas.

Another factor influencing the redirection of fish-
ing effort was the presence of relatively strong 1990
and 1991 year classes in the Mid-Atlantic region and
weak year classes on Georges Bank.

The cumulative effects of the changes in the fish-
ery, data collection methodology, and underlying bio-
logical variation were substantial. This assessment is
the first within the SAW process to utilize the 1994-
1996 commercial data. Many changes from the previ-
ous assessment methodologies were necessitated by
the factors described above. Nonetheless, this assess-
ment illustrates the major positive effects of closed
areas to protect sessile species, the negative conse-
quences of redirected fishing effort to open areas, and
the immediate need to improve data collection proce-
dures. This assessment is also important in the man-
agement process because Amendment 4 requires an
evaluation of the efficacy of measures that have been
implemented through the first three years of the Plan.

The Fishery

Bégimﬁng in May 1994, major changes occurred
in the data collection procedures for commercial fish-

eries in the Northeast. As noted in the Introduction,
these changes have compromised the ability to assess
the fishery on the spatial scale used in previous as-
sessments. The three major US sea scallop grounds
include the Gulf of Maine, Georges Bank, and the
Mid-Atlantic. In SAW-20, the Georges Bank stocks
were assessed as three subunits comprising the Great
South Channel (GSC), Southeast Part (SEP), and the
Northern Edge and Peak (NEP); within the Mid-At-
lantic region, two subunits, the New York Bight
(NYB) and Delmarva (DMV), were assessed (Figure
B1). Catches in the Gulf of Maine, Southern New
England, and VA-NC were estimated, but no popula-
tion or mortality estimates were provided.

In this assessment, the commercial catch data-
bases were judged insufficient to partition catches as
finely as before, but catches could be reliably allo-
cated to the larger Georges Bank and Mid-Atlantic
regions. Backlogs in the processing of databases re-
sulted in varying levels of audit procedures. For the
May 1994 - June 1996 period, there were three pri-
mary databases for description of the commercial fish-
ery. These are the Dealer Logs (DL) of purchases
from vessels, the Vessel Trip Reports (VTR) submit-
ted by permit holders, and the Days-at-Sea (DAS)
call-in data.

The Dealer Logs (DL) are required for each pri-
mary purchase of scallops by dealers from fishermen
and are considered to be a complete summary of land-
ings. The VIR data comprise a subset of the Dealer

Logs (DL) owing to the problems of incomplete rec-

ords and as yet unresolved audit problems. It is im-
portant to point out that the geographic information
of fishing (statistical area) and fishing effort (crew
size and days at sea) are only provided by VTR, al-
though these fields are frequently missing in the data-

‘bases available to date. For assessment purposes, a
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“trip” is defined as period of fishing in a singie statis-
tical area by a single vessel. Thus, an individual vessel
that spent 14 days at sea and fished in Statistical Area
522 for 10 days and in Statistical Area 525 for 4 days
would count as two “trips”.

A comparison of the VTR and DL for the May-

December 1994 period revealed 373 distinet permuts
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which comprise 2,877 distinct trips in VIR versus
379 permits and 2,945 trips in DL. Results suggest a
high percentage of compliance to the regulation, but
the identification of unique trips is difficult. For the
May-December 1994 comparison, less than 400 dis-
tinct trips had a one-to-one correspondence between
the VTR and DL databases.

A preliminary evaluation was performed relative
to the utility of a Days-at-Sea (DAS) database for as-
sessment purposes. The DAS database is derived
from telephone call-ins of vessel captains to NMFS.
Although this database is collected for enforcement

rather than assessment purposes, it was considered to
be an interim substitute for total effort information
until the VTR data are fully audited. As in the DL
data, geographic information on fishing area is un-
known in DAS data and, thus, VTR data were requir-
ed in order to partition effort into regions. Unfortun-
ately, the VIR and DAS databases cannot be directly
linked at present. The SARC recommended further
investigation towards resolving these issues.

The following text table summarizes the status of
the three major databases at the time this report was
prepared.

Database Time Period Audit Status

Weightout 1982 to April Fully audited.

Database 1994

Vessel Trip | May-December Fully audited by Regional Office and NEFSC with Stages 1-3 and
Reports 1594 side-by-side audits. A very small, but unknown fraction of 1994
(VIR) may not have been received or entered by October 1996.

January-May Stages 1-3 audit complete, but no side-by-side comparisons. Key-

1995 punched by Regional Office.

June-October, 60% of records pre-audited by Regional Office prior to keypunch-

December 1995 ing by contractor. No additional audits have been performed.

November 1995 | Not available at time of assessment. Data were at keypunch con-
tractor,

All 1995 A very small fraction (< 0.5%) of the VTRs have not been submit-
ted. Fishermen have until April 1997 to return VIR for fishing
activities in 1995, The effect of the small number of retumns and low
levels of catch are thought to be minimal.

January-June Records were keypunched by Regional Office, but no audits have

1996 been performed.

Dealer Logs { 1994, 1995, and | Data keypunched and audited by port agents and Regional Office.
(DL) January-June Data considered to be accurate census of legal landings, but cannot

1996 be used to allocate landings to subregions.

Days-At-Sea | April 1994 - June | Confidential data received by Regional Office. Data were used to
call-in data- | 1996 estimate total days at sea by resource area because not all of the
base (DAS) unaudited VTR data included days at sea as part of report.
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Monthly landings on Georges Bank and in the
Mid-Atlantic were estimated by partitioning the State-
specific DLs by the fraction of VTR landings in the
same cell ascribed to each region. In other words, the
monthly landings by State (i.e., ports) were subdivid-

-ed into regions based on the landings patterns in the
VTR database. The general catch estimation method-
ology for each gear type was:

Landingsgm Month = E(DL Laﬂdiﬂgssau, Monﬂl) )
State

- (Proportion in VIRg,,. out, Region)

VTR effort data could not be analyzed due to in-
complete data fields on days at sea. It was felt that the
number of trips by statistical area and catches by gear
type could not be reliably estimated for 1994-1996
until the databases had been fully audited.

mmercial Landings and Eff:

Historical US and Canadian landings from NAFO
Subareas 5-6 are given in Table B1 and Figure B2.
Total commercial landings (US and Canada) peaked
at 26,671 mt (meats) in 1978. US and Canadian land-
ings declined to 9,781 mt in 1984, increased to a near
record-high of 22,831 mt in 1991, but fell to 9,822 mt
in 1995, Total US landings peaked in 1990 when
17,174 mt of sea scallop meat were landed. Total US
sea scallop landings in 1995 remained at about 8,000
mt, a level comparable to values in 1993 and 1994.
Average US landings in the 1993-1995 period (7,944
mt) were less than half of the average for the previous
3-year period. Through June 1996, 3,647 mt were
landed suggesting a lower projected catch in 1996
than in 1995. Recent declines in Canadian landings in
NAFO Subarea 5 have been more severe, but this
fishery is managed under quota restrictions.

Dredges and otter trawls are the primary gear
types in the sea scallop fisheries. The vessels using
dredges have accounted for more than 98% of the
landings since 1964 (Table B2). In the Mid-Atlantic,
where otter trawls historically have landed a much
larger fraction of the catch, about 12% of the 1995
landings came from otter trawls.
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Among the scallop dredge vessels, tonnage
classes 3 (51-151 GRT) and 4 (151-500 GRT) have
landed more than 95% of the scallops since 1980. The
percentage of landings by tonnage class 3 decreased
generally over the past three decades while the per-
centage of landings by tonnage class 4 increased (see
Table D9 of NEFSC 1995). Landings by vessel ton-
nage classes were not computed for 1994-1996.

The proportion of total dredge trips between the
Mid-Atlantic and Georges Bank regions has fluctu-
ated historically (Figure B3). Before 1994, these fluc-
tuations were driven primarily by the availability of
strong year classes. Since 1994, the changes have
been induced by both the presence of strong year
classes in the Mid-Atlantic and the closure of fishing
grounds on Georges Bank. Since 1994, the propor-
tion of vessel trips has been 3-5 times greater in the
Mid- Atlantic than on Georges Bank.

Georges Bank

US landings from Georges Bank dropped dra-
matically in 1994 as a result of several years of poor
recruitment and a drop in effort as vessel effort was
redirected toward moderately strong year classes in
the Mid-Atlantic region. Areas I and Il in the Great
South Channel (GSC) and Northern Edge and Peak
(NEP) regions, respectively, were closed to scallop
vessels in December 1994, but probably had minimal
effect on the landings in 1994, Between 1990 and
1994, landings dropped by 90% on Georges Bank.
Landings in 1995 were about the same as in 1994, but -
the closed areas undoubtedly reduced the harvest
(Table B3).

Canadian landings on Georges Bank have histori-
cally occurred from the region east of the boundary
line established by the International Court of Justice.
Current Canadian landings on Georges Bank are con-
trolled by quota regulations. Assessment results in
1994 identified the low levels of incoming recruitment
(Robert ef al. 1994) and the 1995 quota of about
2,000 mt was set at 40% of the previous year's value.
The 1996 quota was set at 3,000 mt (Robert, DFO,
Halifax, pers. comm; Robert ez al. 1996).



Total US and Canadian landings from Georges
Bank in 1995 of 2,991 mt were the lowest in the
1957-1995 period and less than 65% of the previous
all-time minimum value (Table B3)

Mid-Atlantic

Landings in the Mid-Atlantic region averaged
about 6,000 mt in 1994 and 1995 (Table B2). These
levels were about twice as high as 1993 landings and
were primarily driven by the strong 1990 and 1991
year classes. Catches through the first half of 1996
were nearly 3,000 mt. It was not possible to partition
landings by subarea within the Mid-Atlantic as was
done for SAW-20.

Discards

The NEFSC sea sampling program for sea scal-
lops began in 1992. Observers were trained by the
NEFSC and were aboard on vessel trips selected at
random. The observers collected information on the
weight of landings and shell heights of discarded and
kept scallops from the watched tows selected at ran-
dom. Table B4 lists the number of trips and shells col-
lected by observers from 1992 to June 1996.

A two-stage sampling technique (Cochran 1977)
was used to estimate the discard-to-kept ratios of the
two regions (Tables B5S and B6). Discard rates of
scallops appear to be low and have decreased signifi-
cantly in 1995 and 1996. Reductions are probably at-
tributable to changes in ring size, the absence of meat
count regulations, and overall reductions in catch. On
Georges Bank, the ratio ranged from 0.3% in 1994 to
9.4% in 1996. In the Mid-Atlantic region, the ratio
ranged from 0.5% in 1993 to 14.2% in 1994.

The shell height frequency distributions of dis-
carded and kept scallops are shown in Figure B4. The
distributions of discarded scallops were generally
dominated by the scallops less than 80 mm shell
height. Small sample size (59 shells) may be responsi-
ble for the apparent anomaly in 1994. Discard esti-
mates for Georges Bank in 1996 also appear to be
anomalous and will be investigated further.

At SAW-20, the low number of trips in the scal-
lop sea sampling program was noted. The number of

sampled trips on Georges Bank decreased from 10
trips in 1992-1993 to four trips in 1994-1996, but
retained an average of 10 trips in the Mid-Atlantic
region. Area closures (see Appendix I for details)
probably contributed to the reduction in sea samplmg

_effort on Georges Bank.
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No dlrect estimates of discard mortality are avail-
able. Anecdotal information from fishermen and sci-
entists suggest potentially high rates due to crushing
of small scallops and freezing in winter.

Since discard estimates were only available for
1992 - June 1996, they were not incorporated into the
estimates of stock abundance and fishing mortality.

Commercial Shell Height Frequency Distributions

The NEFSC port (dock-side) sampling program
has provided the historical database for the commer-
cial landings. Sampling protocols request a sample of
about 200 shells from the last tow of the trip. Num-
bers of sampled trips and shells used to construct
commercial shell height frequency distributions are
summarized in Table B7. Since 1994, the port sam-
pling program was reduced in both regions and al-
most ceased in 1995 on Georges Bank.

At SAW-20, the samples over year, quarter, and
10-minute squares of latitude and longitude for 1991-
1993 were reviewed. Visual comparison of locations
where the samples were collected suggested a spatial
pattern comparable to overall landings. However, this
comparison was not continued because of insufficient
sampling effort in 1994-1996.

Comparisons of the shell height frequency distri-
butions collected from sea and port sampling pro-
grams for 1992-1996 showed close agreement on
Georges Bank, except in 1995 (Figure BS). In the
Mid-Atlantic region, sea sampling suggested a slightly
higher proportion of scallops less than 85 mm for
1992-1995; in 1996, the pattern was reversed (Figure
B6). Differences between median shell heights for the
sea and port samples however, were small in all years
except 1996.

In view of the reduced port sampling program
since 1994, the sea sample shell height distributions



were pooled with the port samples for 1992-1996.
The resultant shell height frequency distributions from
1992 to 1996 (Figures B7 and B8) were the average
of trip-specific, shell height frequency distributions
collected from sea and port sampling programs ob-
tained by standardizing the sample size of each sea
sampling trip sample to 200 shells. Reductions in port
and sea sampling could reduce the precision and ac-
curacy of data for stock assessment (e.g., catch in
number of scallops, mean meat weight, size-specific
vulnerability and selectivity, etc.). One of the obvious
problems is that the shell height frequency distribu-
tions cannot be investigated on a sub-regional (e.g.,
Northern Edge and Peak) basis.

Even under these severe limitations, the shell
height frequency distributions in the two regions ade-
quately characterized the progression of year-class
strength. For instance, the shell height frequency dis-
tribution on Georges Bank in 1995 (Figure B7) indi-
cated the absence of small fully-recruited scallops fol-
lowed by the low survey abundance indices of pre-

- recruits in 1993 (1990 year class) and 1994 (1991
year class). In the Mid-Atlantic region, the smallest
modal size at 80 mm in the 1994 shell height frequen-
cy distribution (Figure B8) reflected the strong 1990
year class which appeared as pre-recruits in the 1993
survey followed by weak 1988 and 1989 year classes.

Stock Abundance and Biomass Indices

Sea scallop research surveys have been conduct-
ed by the NEFSC since 1975 (annually since 1977) to
monitor and assess abundance, population composi-
tion, and recruitment of the offshore sea scallop re-
sources. The survey design and estimation procedures
are described by Serchuk and Wigley (1989), Wigley
and Serchuk (1996), Richards (1996), and Lai and
Hendrickson (1997). A map of the survey strata is
provided in Figure B9; the sub-region definitions are
depicted in Figure B10. Due to gear problems on the
R/V Albatross IV, the Canadian portion of Georges
Bank was not completely sampled in 1996.

Results of the 1996 survey indicate that the in-
dices of relative abundance and biomass in the Mid-
Atlantic region decreased substantially from the rela-

tively high levels observed between 1993 and 1995.
In the US portion of Georges Bank, the indices of rel-
ative abundance and biomass increased substantially
from the 1995 value. The 1996 survey results are
summarized below; additional details may be found in
Lai and Hendrickson (1997). Analyses of the effects
of open and closed areas on Georges Bank are pre-

sented in the section on “Effects of Closed Areas”.
Porti rges B

In the US portion of Georges Bank in 1996, the
indices of relative abundance and biomass were at
median levels after having declined to their lowest
values in 1993 for the post-1984 time series (Table
B8). The increases were primarily due to increases in
recruit abundance from 25.1 scallops/tow in 1995 to
69.2 scallops/tow in 1996. The increase in recruits
was attributed to the moderately high number of pre-
recruits observed in 1995. The relative abundance of
pre-recruits in 1996 was 67.6 scallops/tow, a de-
crease of 19% from 1995 (82.4 scallops/ tow).

In the Great South Channel area of Georges
Bank, abundance and biomass of recruits in 1996
were 87.3 scallops/tow and 1.26 kg/tow, respectively.
These levels were more than 2 times those in 1995
and were the third highest in the time series (Table
B8). The increase in recruited scallops is due to the
moderate 1992 year class which represented the pre-
recruits in 1995. The number of pre-recruit scallops/
tow decreased 50% from that in 1995.

In the Southeast Part, abundance and biomass in
1996 were about average (Table B8). The abundance
of pre-recruits in 1996 increased 49% from the value
in 1995, while recruits decreased slightly. The abun-
dance of total scallops in 1996 increased 20% from
the value in 1995. '

On the US portion of the Northern Edge and
Peak in 1996, abundance and biomass for total scal-
lops, pre-recruits, and recruits increased to the second
highest level in the time series (Table BS). Pre-re-

cruits (likely the 1993 year class) comprised 35% by "~

number of the resource in this area..
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. In the Mid-Atlantic region, the relative abun-
dance of total scallops increased between 1992 and
1995 but decreased substantially from 1995 to 1996
(Table B9). The number of scallops per tow decreas-
ed 67% from 170 in 1995 to 56.9 in 1996. The total
weight per tow in 1996 was 0.57 kg, 49% lower than
the 1995 value.

In the New York Bight area, the 1996 indices of
relative abundance and biomass decreased substanti-
ally from 1995. The number of scallops per tow de-
creased 66% from 163.8 in 1995 to 55.2 in 1996
(Table B9). The mean weight per tow was 0.56 kg in
1996, a decrease of 51% from 1.15 kg in 1995, In
1996, the indices of relative abundance for pre-re-
cruits and recruits also decreased. The relative abun-
dance of pre-recruits in 1996 (5.7 scallops/tow) was
less than 10% of the level in 1995 (57.7 scallops/
tow). The relative abundance of recruits (49.5 scal-
lops/tow) was 47% of the 1995 level (106.1 scal-
lops/tow). The 1996 pre-recuit biomass index (0.55
kg/tow) was 57% of that in 1995 (0.97 kg/tow).

In the Delmarva area, the abundance of sea scal-
lops decreased sharply from 1993 to 1996 (Table
B9). The number of scallops per tow decreased from
204.7 in 1995 to 66.1 in 1996. In 1996, the abun-
dance of pre-recruits was only 24% and recruits 41%
of that in 1995.

In the Virginia - North Carolina area, the number
of scallops/tow in 1996 was 46% and weight per tow
31% of that in 1995 (Table B9). In 1996, the abun-
dance of pre-recruit decreased 46 % from the 1995
value. Abundance of recruits decreased precipitously
from 11.7 scallops/tow in 1995 to 1.0 scallops/tow in
1996, a decrease of 92%.

Effect of Management Measures

Amendment 4 of the Atlantic Sea Scallop FMP
was approved in November 1993, but implementation
was delayed until March 1, 1994. A chronological
summary of the major management measures that
have been implemented and are currently planned un-
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der the provisions of Amendment 4 is depicted in
Figure B11. Key regulations include minimum meat
counts per pound, minimum shell heights, the planned
schedule of days at sea reductions, minimum ring
sizes, maximum crew sizes, and restrictions on gear
configuration. The timeline indicates the starting and
stopping points of various regulations, In December
1994, two fishing areas on Georges Bank and one in
Southern New England were closed to all fishing in
response to the collapse of groundfish stocks. These
areas remain closed, Given the diversity of measures,
variations in their timing, and potential confounding
of effects, any changes in fishing mortality effected by
Amendment 4 will be difficult to attribute to any sin-
gle provision.

At SAW.20, it was noted that “The variation in
the spatial dynamics of the fleet components could
become increasingly important as the provisions of
Amendment 4 take effect and could be an important
explanatory variable in statistical models for effort
standardization. Spatial analysis of fleet dynamics
should be an important part of future scallop assess-
ment.” The present assessment reinforces these same
conclusions. Abilities to conduct detailed spatial anal-
yses, however, will continue to be compromised until
the VTR databases have been fully audited and linked
with the Dealer Logs.

Unfortunately, the present status of the VTR and
DL databases does not permit a thorough investiga-
tion of the effects of the new management measures.
Present investigations were made on 1) the compari-
son of shell height frequency distributions between
survey catch and commercial landings and 2) the
comparison of abundance indices and shell height fre-
quency distributions in the post-stratified closed and
open areas.

Vulnerability

An exploratory analysis of the population vulner-
able to the fishery was developed to investigate the
effect of changing ring size over years. Assume that
the abundance indices in the h™ shell height category
(n,) are proportional to its corresponding population
size (N,) and the proportionality is constant over all



size categories. That is, n, = a - N,. Let s, be the size-
specific vulnerability of harvested scallops; then C, =
-, . Assume that s, is governed by a logistic curve:

1
Hep(a+6h)
The proportion of landed scallops in the h® size
category can be theoretically calculated by:
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Let p’, be the observed proportion of landed
scallops in the h™ size category, which is measured
with log-normally distributed random error (e,}; i.e.,

3)

The parameters a and b in the logistic vulnera-
bility curve are estimated by nonlinear least squares.
The derived parameters L, L, and L,,, which re-
present the lengths at which 25, 50, and 75% of the
population, respectively, are vulnerable to the fishery,
were computed from the estimates of a and b.

Pr =Pyt &,

The model performance is evaluated based on the
predicted and observed shell height frequency distri-
butions for the George Bank and Mid-Atlantic re-
gions (Figures B12 and B13). In spite of some dis-
crepancies, the data fit the model reasonably well for
the two regions. The estimated vulnerability curves in
1990-1996 are shown in Figures B14 and B15. The

shift of vulnerability curves toward large-sized scal-

lops in 1995-1996 were obvious on Georges Bank
(Figure B15). Vulnerability patterns in the open areas
in 1995 (Figure B15), however, were indistinguish-
able from those in previous years. The apparent in-
crease in size at median vulnerability in 1996 in the
open area may be due to the low recruitment rates in
recent years on Georges Bank. When the survey-bas-
ed size compositions for both open and closed areas
are considered for 1995 and 1996, major changes in
vulnerability are evident. These changes are most like-
ly attributed to the conservation of the population
(and resultant growth rates) in the closed areas.
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The shell height at median vulnerability (L.,) re-
mained relatively stable between 1986 and 1994 on
Georges Bank (Figure B16). Meat count restrictions
of 35 meats per pound may have contributed to this
stable pattern. The increase in median vulnerability in
1995 is probably attributable to recruitment indices in
1993-1994 (Figure B16). An increase in the abun-
dance index of recruited scallops in 1995 and reduc-
tions in fishing effort due to the closed areas indicated
that more fully recruited, small-sized scallops were
available to the fishery in 1996 and, thus, decreased
L,s, Ly, and L, from the levels of 1995,

In contrast to Georges Bank, small-sized scallops
were more vulnerable in 1996 in the Mid-Atlantic re-
gion (Figure B14). Vulnerability patterns for the 1994
and 1995 fisheries were similar to those observed in
other years. The long-term pattern of vulnerability ap-
pears to be relatively stable in the Mid- Atlantic region -
(Figure B17). Decreases in L,,, L, and L, in 1996
(Figure B17) may be due to the entry of the 1992
year class (Table B9) and the near absence of the
1990 and 1991 year classes.

It is clear that the vulnerability of scallops is gov-
erned by various sources of management measures
and year-class strength. Gear selectivity and other
technological control measures can interact to pro-
duce actual size compositions of the catch that differ
from the predictions of the control studies (DuPaul
and Kirkley 1995) for the selectivity of various ring
sizes.

Effects of Closed Areag

A significant fraction of the sea scallop fishing
grounds (Figure B18) were closed in December 1994
in an attempt to protect depleted groundfish species.
At the time of the August 1996 NEFSC scallop sur-
vey, populations in the closed areas had been pro-
tected from fishing mortality for about 20 months. To
assess the effect of the closures, survey strata (see
Figure B10) were post-stratified into open and closed
areas, and size-specific means and varances of num-
bers and weight per tow were re-computed using the
standard methodology for stratified random samples
(Cochran 1977). GIS methods were used to deter-



mine whether the samples were within or outside the

closed area for each of the original NEFSC survey

strata. Detailed maps of the stations within and out-

side the closed areas for 1991-1996 are presented in
" Appendix IL

The general estimator for size-specific post-strat-
ified means was

_ 4; A Yiih
Vu= 2 o
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where

A; = area in stratum j,

A = sum of all areas j within stratum of interest,
€.g., open vs closed,

{st} = set of all stations within the stratum of in-
terest,

n; = number of stations in stratum j,

h;, h. = minimum and maximum shell height
range,

¥;in = number or weight of scallops of shell
height h collected at station i within stratum j.

The variance of the stratified mean was:

A, (s
var(Vy) = 2. —’(L]
jegmy A2 1y

where s?

(%)

= the sample variance for stratum j.

Estimated weight per tow was computed by ap-
plying the weight - shell height regression to the ob-
served shell height frequency and summing over shell-
height intervals.

Post stratification can result in missing or reduc-
ed numbers of observations in the new strata. For the
period 1990-1996, the resuiting numbers of stations

‘in the overall areas appear to be stable with an aver-
age of 121 and 69 samples in the open and closed
areas, respectively (Tables B19 and B20). Equations

73

4 and 5 were applied to the meat weight of scallops
per tow (kg) < 70 mm and > 70 mm (Figure B19).

The average weight per tow of pre-recruits was
generally higher in the closed areas than in the open
areas for the period 1990-1996, but confidence inter-
vals overlapped in all years except 1993. Values for
1996 were about three times greater in the closed
areas (Figure B19). The closed:open ratio of recruits
i8 indicative primarily of changes in recruitment since
these size classes would have been subjected to little
fishing mortality in either the open or closed areas. In
contrast, the closed:open ratio for scallops = 70 mm
is primarily determined by differences in mortality. In
1996, the weight per tow in the closed areas was 2.7
times greater than in the open areas (Figure B19).
Moreover, the closed:open ratio for average weights
per tow of both recruits (< 70 mm) and full recruits
(> 70 mm)} in the previous year (1995) was equal to
1.0 Therefore, the increase in fully-recruited scallops
in the closed areas in 1996 was unaffected by differ-
ences in the 1995 abundance of pre-recruit scallops <
70 mm in the closed and open areas. Changes in over-
all numbers per tow of pre-recruit and recruited scal-
lops are depicted in Figure B20. Variability in the
number per tow tends to be greater than for weight
per tow, but the same general pattern is evident,

Further insights into the changes in size composi-
tion between open and closed areas are found in Fig-
ure B21. The 1992 year class observed in 1995 was
depleted substantially in the open areas, but was rel-
atively untouched in the closed areas. To test whether
the differences in the size compositions between the
open and closed areas could be due to the absence of
fishing mortality, the von Bertalanffy growth equation
was used to project the expected size composition
and change in weight between age size classes. The
projected size composition in the closed areas for
1996 was obtained by applying the von Bertalanffy
equation to the 1995 size composition and smoothing
with a 3-point moving average. The 3-point moving
average was used because scallops are only measured
on a 5-mm interval, a scale too broad for the varying
growth rates of some size classes.



The observed size composition for 1996 in the
closed areas agreed very well with the projection
(Figure B22). The maximum size in the von Bertal-
anffy equation was set at 162 mm as this was the ob-
served value in 1995 and 1996. Historically, the larg-
est scallop observed in the NEFSC scallop survey was
177 mm. The von Bertalanffy equation and shell
height - weight regression could also be used to pre-
dict the expected increase in weight of adjacent age
groups (i.e., the von Bertalanfly equation was used to
define appropriate length intervals corresponding to
a l-year time step). A comparison of the observed
and predicted weight ratios of length classes in the
open and closed areas is given in Table B10. The pre-
dicted weight gains in the closed areas were slightly
lower than the observed. In contrast, the observed
weight ratios in the open areas were only about one
third of the predicted.

Overall, the results demonstrate the rapid weight
gains possible in unfished populations. Results sug-
gest a possible biological foundation for future man-
agement measures based on selective closures to pro-
tect regions abundant with undersized scallops.

Estimates of Stock Size and
Fishing Mortality Rate

When the modified DeLury model (Conser 1991,
1995) was first applied to sea scallops in SAW-14
(Anon. 1992), several problems were identified, par-
ticularly with respect to alternative assumptions about
gear selectivity in research surveys. Many of these is-
sues were addressed at SAW-20 (NEFSC 1995). A
new model for estimating gear selectivity was devel-
oped and an alternative methodology for estimating
recruits and full recruits was presented. At SAW-20,
the modified DeLury model was applied to five sepa-
rate resource areas for which sufficient data on land-
ings, research surveys, and size compositions were
available. These areas were the Great South Channel,
Southeast Part, and Northern Edge and Peak on
Georges Bark, and the New York Bight and Delmar-
va in the Mid-Atlantic. At the time of SAW.20, data
on fisheries landings for the first half of 1994 were
not available. For that reason, the DeLury model was
applied on a calendar-year basis in which the catches
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were assumed to be removed at the midpoint of the
calendar year and the survey was representative of the
average biomass during the calendar year.

For SAW-23, data limitations mandated the de-
velopment of pooled estimates for the Georges Bank
and Mid-Atlantic regions. In addition, the model was
applied to survey years because catch data for the
first half of 1996 were available. This results in a
somewhat more realistic application of the model be-
cause the survey was taken to represent a point esti-
mate of abundance. The innovations developed at
SAW-20 for the application of the DeLury model are -
briefly reviewed in the sections on “Selectivity of
Li n in in Research Sur-
mﬁ * and “Estimation of Abundance Indices of Re-

nd Fully-Recruited Stock Sizes”. The De-
Lury model theory is presented in the section on “Ap-
plication of Modified Delury Method” and results are
found in the section on “Estimates of Abundance and

Fishing Mortality Rates”. Full details on the model ;|

results may be found in Appendices Il and IV,

f Lin nlined Dred Use

Since 1979, the NEFSC research vessel survey
for sea scallops has used a 2.44-m (8-ft) wide scallop
dredge equipped with 5.1-cm (2-in.) rings and a 3.8-
cm (1.5-in.) polypropylene mesh liner and towed for .

15 minutes at 6.5 km/hr (3.5 knots) witha 3:1 wire

scope {Serchuk and Smolowitz 1980). This gear has

been used as a standard because it is more efficient in |

retaining pre-recruited scallops (< 70 mm shell
height) than the unlined dredge used in 1975 and
1978 (3.05-m or 10-ft wide). However, Serchuk and
Smolowitz {1980), as well as Jamieson and Lundy
(1979) and Worms and Lanteigne (1986), reported
that the presence of the liner results in lower catch-
ability for scallops > 75 mm in shell height.

The selectivities of lined and unlined dredges
were investigated at SAW-20 using the maximum
likelihood estimation method to the composite ratio
of two selectivity functions for the unlined and lined-
dredges. The resultant selectivity curve for the unlm-_
ed dredge 1s: :



. 1
Th = T exp(3.7992- 00768 h)

(6)

and that for the lined dredge is:

. 07148 exp{(Q9180XQ7148)x — 106309T)] +expl 09180(x — 106 3B}
K ep{(Q9180(Q7148)(x — 106309} + ep{A9180(x ~ 106309}

M

where x = 160 - h, Figure B23 shows the input data,
estimated selectivity curves, and diagnosis of fitting
data to the model. The selectivity of the lined dredge,
together with the effect of growth (shown in the next
section) and fishery selectivity was applied to the sur-
vey shell height frequency distributions to reconstruct
the indices for recruited and fully recruited scallops as
input indices for the DeLury model.

i
Fullv-Recruited Stock Si
A new procedure was developed at SAW-20 to
estimate the recruited and fully recruited stocks based
on the fishery selectivity and von Bertalanffy growth
model. For the purposes of the current assessment,
the methodology is termed the “Selectivity Method”.
A diagrammatic representation of the method is given
in Figure B24. Basically, the composite size frequen-
cy distribution of the survey at time t can be parti-
tioned into three groups: 1) fully vulnerable to the
fishery at time t, i.e., n, 2) invulnerable to the fishery
at time t, but vulnerable by time t+1, i.e,, r, and 3)
invulnerable to the fishery at time t and t+1, i.e., b,

-
ZN,, =m+r+bh,
h=hoy

(8)

where

N = number of animals in sample at size h at
time t,
n, = fully recruited portion of the sample at time

t
r, = recruit portion of the sample at time t,
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b, = portion of the sample that are neither fully
recruited nor recruits,

. = minimum size in the sample,

h,.,x = maximum size in the sample.

The number of full recruits is derived by applying
a commercial selectivity function s(h) to the compos-
ite size distribution. The function s(h), developed by
consensus at SAW-14 (NEFSC 1992), describes the
expected probability of landing a scallop of shell
height h, given capture, as a time-invariant, piece-
wise-linear function:

r

00 Ifh<hmlwl
Bl )
)= ——— h<h 9
s(h) l(hﬁdlxl“hmml] P gt <H<Pgper 9
1.0 fh<hgye,

where

h_ ;. = smallest animal selected by fishery = 65

mm,
hggy = first size that is fully selected = 83 mm:.

Multiplying the above equation by the composite
size frequency gives:

hmn
ne= > N,s(h)

R (10)

Estimation of the number of recruits also in-
volves the joint product of the fraction invulnerable to
the fishery at time t, i.e., [1.0-s(h)] and the expected
fraction vulnerable at time t+1, 1.e., s(h+Ah):

e | '
r= Y N 1-sthlsth+ An,) (1)
h=hm'-

The term s(h+Ah) depends on the growth incre-
ment Ah,, which is defined as:

Ay = (H, -h)(1-¢%) (12)



where H, and K are von Bertalanffy growth param-
eters specific to the Georges Bank and Mid-Atlantic
regions (Serchuk et al. 1979).

. Region

H, K
Georges Bank 153.46 0.3374
Mid-Atlantic 151.84 0.2297

The group of scallops that are either too small to
grow into the vulnerable size group or which fail to
become fully vulnerable can be estimated as the sum
of two components:

 feitoe = 1

Z N, (1-s(h)1-s(h+ Ahy)]
S ——

Fint—1
+ Y Nu[1- (1~ s(h)s(h + Ahy)]
h=h~l

huse
= Y N,(1-s(h)[1-s(h+ Ahy)]
hzhﬂlu

(13)

The Selectivity Method was applied to the ad-
justed annual survey size frequency compositions to
estimate recruited and fully-recruited stocks (Table
B15) in each resource area. Annual landings, mean
weights, and catch in number by half-year intervals
are also provided in Table B15.

Applicati

The modified DeLury model (Conser 1991,
1995) was used to estimate stock sizes in number and
biomass and fishing mortality rates for sea scallops on
Georges Bank and in the Mid-Atlantic. In contrast to
the model applied at SAW-20, a survey year rather
than the calendar year was used as the basis for esti-
mating abundance and mortality. A survey year (i.e.,
July 1 - June 30) application could not be used in the
previous assessment because the January-June 1994
catch data were unavailable.

In summary, the model is based on the assump-
tions described in the following equations:
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n,=q,N, (14)

rt = qu:

and

JN; = (Nr—l +Rt‘1)CX;i—M) _q—l exp{(tc “t.r - l)m (1 S)
where

N, is the fully recruited stock size in number of
the population at year t,

R, is the recruited stock size in number of the
population at year t,

C, is the catch in number from the start of year t-
1 to the start of year t,

M is the instantaneous natural mortality rate,

t. is the point during the calendar year when the
catch is taken,

t, is the point during the calendar year when the
research survey is carried out, for which 0 <
t, <t <1,

n, is the survey abundance index of the fully re-
cruited stock at year t,

r, is the survey abundance index of the recruited
stock at year t.

Substituting Equation 14 into 15 and adding a
random process error (€,) to obtain the relationship of
the abundance indices of the fully-recruited and re-
cruited stocks gives:

L= (g + Spre) exp(- M) - |
2.Coyexpl(t, = t, - DM1yexp(e,) (16

where s, = q, / ¢, Let n’, and r’, be the observations |
of population abundance indices n, and r, respec-
tively, then;

By = n exp(n,)
17y

r, =roexp(8,)

where 6, and 1, are the random measurement errors.



The parameters 8’ = {(n] t=1,...T), (r| t=1,...T-
1), q,} are estimated by a method of weighted least
squares:

T 2
=1

SS(8) = A Y. fa€f *+ A Yo ram + MY 10y

(18)

where A, A, and A, are the weighting factors for the
process error associated with the system Equation 16
and the measurement errors associated with the ob-
served values (Equation 17). The weighting factors
were normalized so that A, + A, + A5 = 1. The coeffi-
cient s, was set equal to 1.0. The catches in number
for all years are input into the model without the as-
sumed structure of random error.

Estimation of mortality rates

The recruited and fully-recruited stock sizes are
estimated as:

(19)

The total mortality and fishing mortality rates in
year t for the entire population are calculated respec-
tively by:

ZR+N,1 = "'h{

F:%N,t = ZR+N,: -M

~

,.N '+l.
N, +R,

The fishing mortality rates for the recruited (Fg )
and fully-recruited (Fy ) stocks are calculated by ap-
plying the average partial recruitment . 5, . of the
recruited stock into the commercial fishery over the
course of year t, i.e., :

(20)

Fo = Foowy (ﬁt +ﬁr)
Neg~="T" _ &

pR,th (21)
FR,: = ﬁR,:FN,r

17

The partitioning of F into recruit and full-recruit
components is totally dependent on the PR parameter.
In general, this parameter is difficult to estimate and
is Iikely to vary among years. Therefore, estimates of
stage-specific mortality rates are highly uncertain and
should be carefully examined for realism.

Estimates of Abundance and Fishing Mortality Rates

It is important to reiterate that the DeLury model
was applied on a survey-year basis in this assessment.
The catches referred to as C, in this document repre-
sent landings during July-December in year t and Jan-
uary-June in year t+1. In addition, the assessment re-
gions are summarized as Georges Bank and the Mid-
Atlantic. The SAW-20 document considered three
sub-regions on Georges Bank and two in the Mid-
Atlantic,

Fishing mortality rates and recruited and fully-
recruited stock sizes for sea scallops in the Georges
Bank and Mid-Atlantic regions were estimated from
the modified DeLury model using the data in Table
B11. The complete outputs from the final runs for the
populations on Georges Bank and in the Mid-Atlantic
were given, respectively, in Appendices III and IV.
Figures B25 and B26 show the observed survey in-
dices and their fitted values, catches, and the stan-
dardized residuals for the measurement and process
eITOrS.

The standardized residuals of predicted recruited
and calculated fully-recruited survey indices have sim-
ilar trends with a 1-year lag in the two regions (Fig-
ures B25 and B26). This pattern is to be expected in
the DeLury model when the level of fishing mortality
is high and catch is nearly equal to or exceeds the
number of full recruits.

Initial runs of the model for Georges Bank sug-
gested that the recruited index for 1989 was an ap-
parent outlier and contributed about 66% of the sum
of squares in the model fitting (Appendix III). When
the model was rerun without the 1989 survey obser-
vations (Figure B25), none of the standardized resid-
uals exceeded 2.0, suggesting no significant outlier.



In the Mid-Atlantic region, none of the standard-
ized residuals exceeded 2.0, suggesting the absence of
significant outlier (Figure B26). However, the stan-
dardized residuals of predicted recruited and calcu-
lated fully-recruited survey indices show a trend indi-
cating that the indices might be under-estimated in the
earlier years and over-estimated in the latter. A simi-
lar phenomenon was found in the New York Bight
sub-region in the report to SAW-20. Because the
landings and resource of sea scallops in the Mid-At-
lantic were predominated by the New York Bight
sub-region, it can be expected that the sub-regional
and combined region analyses showed a similar trend.

The abundance of fully-recruited sea scatlops on
Georges Bank decreased from peak levels in 1986,
fell to the lowest levels in 1993-1995, but rebounded
in 1996 (Figure B25). The abundance of recruited
scallops also decreased since 1990. Catches have sub-
stantially declined since reaching the historic high in
1990, especially after the closed areas went into effect
in 1994,

In the Mid-Atlantic region, fully-recruited abun-
dance indices increased during 1994-1996 from a low
level in 1993 (Figure B26). The fluctuating trend of
fully-recruited abundance was similar to that of re-
cruited abundance since 1986 with a l-year lag.
Catches in the Mid-Atlantic region reached a high in
1994 (at least for the available time series of data) and
remained relatively high in the 1995-1996 survey
year.

On Georges Bank, the fishing mortality rate of
the entire population (F = Z - M) in the July 1995 -
June 1996 survey year was 0.38 (Figure B27 and Ap-
pendix IIT). However, the ratio of catch in number to
the fully-recruited population size (C/N) was greater
than 1, indicating that the fisheries were highly depen-
dent on the new recruits. In other words, it is a “re-
cruitment fishery”. The fishing mortality rates on the
fully-recruited stocks (F,) have substantially exceeded
the overfishing definition (OD) over most of the as-
sessment period. The value of Fy; in 1995 was slightly
less than the OD.
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In the Mid-Atlantic region, the average fishing
mortality on the entire population (F = Z - M) was
0.85 in the 1995-1996 survey year (Figure B28 and
Appendix IV). The ratios of C/N during 1993-1995
exceeded 1.0 and were higher than the earlier years.
The increased fishing effort in this region, probably
due to the closed areas on Georges Bank in recent
years, might post high fishing pressure on the popula-
tion. The 1996 survey indicated the recruited and ful-
ly-recruited abundance indices were substantially re-
duced from the preceding year. The fishing mortality
on the fully-recruited population {Fy) has exceeded
OD since 1985. The concern about recruitment over-
fishing is evident.

The catchability coefficients q in the DeLury
model represent a conversion factor between the sur-
vey indices and the true population size. As shown by
Paloheimo and Dickie (1964), q can be expressed as
the product of gear efficiency ( i.e., probability of
capture given encounter, P.;) and the ratio of total
area occupied by the population (A) and the average
area swept by the gear (a). Using the values of A and
a given in Table B12 and the estimates of q in Appen-
dices III and IV, the derived capture efficiencies for
Georges Bank and the Mid-Atlantic Region were 2.7
and 1.7, respectively. Possible reasons for the appar-
ent over-estimation of gear efficiency include under-
estimation of catch, heterogeneous spatial variability,
or misspecification of the total population area. Each
of these factors will be examined as part of an cngo-
ing evaluation of the DeLury model by the NEFSC, -

Relative Exploitation Rate

The DeLury model incorporates both survey and
commercial catch data to estimate total mortality, but
several related approaches are available. Critical re-
quirements of the DeLury model include consistent-
estimates of population abundance and reliable esti-
mates of total catch in numbers. If alternative estima-
tors with less stringent requirements yield similar re-
sults, then the overall confidence in the DeLury-based
estimates can be improved. Each of the alternative es-
timators is described below.



1. Relative exploitation rate is the general approach
to relate total catch to an index of survey biomass. A
form of relative exploitation rate was proposed by
Sinclair ( DFQ, Canada, pers. comm.) and reviewed
by Anon. (1995). The method is applied below to rel-
ative biomass estimates and landings. The basic catch
equation for yield in weight Cy, is written as:

(22)
where F is the instantaneous rate of fishing mortality
and B is the average biomass. If survey estimates are

available, the average biomass at time t can be esti-
mated to within a arbitrary constant q as follows:

) )

where Iy(t) is the average biomass per tow in year t.
Relative F can then be estimated as:

&ﬂ__zcayf}m+&a+uq

I () + I (1 + AL)
2

BR+AI!2 =q (

(24)

Fyg; thus differs from true F only by the constant q.
Equation 24 was applied to total landings in mt and
survey biomass indices expressed as kg/tow.

2. Ifthe survey estimates are scaled up by the ratio
of the total survey area (A) to the average area cover-
ed by the scallop dredge (a), then Equation 24 can be
expressed as a “swept-area estimate”. The modified
equation is:

Fspepr = Flq
< Gy(#)
W, (t+ &) .
A ) +(w,,(t+At)+w,(t+At) W)
(P a~ 3
(25)

where Cy, (t) = total catch in weight (mt), w,(t) = ob-
served weight of full recruits per tow, w,(t) = observ-
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ed weight of recruits, A = total area of the region A,
a = gverage area swept by scallop dredge, and Py =
probability of capture given encounter (or gear effici-
ency). Equation 25 was applied for two levels of gear
efficiency.

3. Equation 20 can be modified to simply use the
survey estimates rather than the DeLury-based esti-
mates of population size. Equation (20) becomes:

—.

Results of the simple models agree closely with
the DeLury model (Table B17). The trend in relative
biomass agrees well with the DeLury-based estimates
(Figure B29). Effects of the closed areas on Georges
Bank were immediately evident, with relative exploi-
tation showing a marked decline in survey years 1994
and 1995. In contrast, relative F levels in the Mid-
Atlantic remained relatively steady from 1986-1990,
increased sharply in 1994, and appear to have declin-
ed for the 1995 survey year.

(26)

Ml
n, + L

Figures B30 and B31 demonstrate that 1) all of
the estimators are strongly correlated in both areas
and 2) the assumptions related to estimating catch in
numbers rather than catch in weight have little effect
on the estimate of mortality trends. Estimates based
simply on the survey (Equation 26) appeared to have
lower correlations with the other estimators. Inas-
much as the DeLury mortality estimators are unaf-
fected by problems of estimating q, the SARC agreed
to the use of Equation 20 for assessment purposes.

Biological Reference Points

Bootstrap estimates of average fishing mortality
for the 1994 and 1995 survey years were compared to
the F threshold fishing mortality rate of 0.71. This
2-year period corresponds to the interval July 1994 -
June 1996. Results shown in Figure B32 for the Mid-
Atlantic show a 99% likelihood that the biological
threshold has been exceeded the last two years. It ap-
pears that technological measures (DAS reductions,
increased ring size, and reduced crew size) designed
to reduce fishing mortality have not been sufficient to



offset the redirection of fishing effort to the Mid-At-
lantic Region. On Georges Bank (Figure B28), there
is a 99% probability that the closed areas have re-
duced fishing mortality below the threshold level of
0.71. Conversely, there is only a 1% probability that
the biological threshold has been exceeded on Geor-
ges Bank during July 1994 - June 1996.

The potential importance of closed areas as a
management tool is clearly evident in the results of
this assessment. Biomass increases in the closed areas
are about 3-fold with less than 20 months of protec-
tion. Improvements in yield per recruit could more
than offset the short-term reductions in landings. A
“crop rotation” management system incorporating bi-
ological growth parameters and oceanographic fac-
tors to ensure re-seeding spat in harvested areas could
have significant economic as well as biological bene-
fits. Further work on this is recommended.

SARC Comments

The SARC expressed concern that the modified
DeLury model underestimated stock size in relation
to swept-area calculations and recommended that to-
tal mortality values from the survey be computed. The
precision of the swept-area results, which rely on the
assumption of a homogeneous distribution of scallops
across the survey area rather than a more realistic ag-
gregated distribution, was also questioned. As a result
of these concerns, an evaluation of the relationships
between exploitation estimators was conducted. The
SARC concluded from this analysis that the modified
DeLury model should be utilized since the fishing
mortality rates from the model were highly correlated
with the Fgpg values. It was suggested that the
discrepancy between the modified DeLury and swept-
area stock size estimates may be attributable to an un-
derestimation of catch in numbers, overestimation of

surveyed area, or other factors. However, since the

fishing mortality rate estimates rely on indices of rel-
ative abundance, they are unaffected by the problems
inherent in specifying absolute levels.

After 20 months of closure, a significant increase
(nearly 3-fold) in the 1996 post-stratified survey bio-
mass index for scallops > 69 mm in length was evi-

dent for the closed areas on Georges Bank. However,
the SARC also noted that a significant increase in bio-
mass had also occurred in the closed area in 1991
prior to the prohibition of scallop fishing in these
closed areas. As a result, the SARC advised extend-
ing the pre-closure time series to examine the effects
of year-class abundance over a longer time period.
The addition of the 1990 index did not resolve this
issue, and it was suggested that pre-closure biomass
increases are likely to be a carry-over effect from the
large 1989 year class. However, since the 1989 sur-
vey did not include the US portion of the Northern
Edge and Peak sub-region, this theory could not be
tested without further extension of the pre-closure
area time series. It was suggested that year-class ef-
fects may also be confounded by differential growth
rates within the Georges Bank region.

An examination of the annual differences in vul-
nerability patterns in relation to the timing of imple-
menting various management measures was also used
to determine the effects of recruitment on scallop bio-
mass in open and closed areas. The shell height at
which 50% of the scallops were vulnerable to the
dredge (L) on Georges Bank was strongly associ-
ated with year-class strength, with decreases in L, as-
sociated with increases in recruitment, whereas L,
was stable in the Mid-Atlantic region. The SARC
concluded that expected shifts in the size distribution
of landings, due to increased dredge ring size and de-
creased maximum crew size, did not occur and that
historical patterns of the catch size composition dem-
onstrate that these shifts were primarily influenced by
year-class strength and meat count regulations.

Based on a projection of the adjusted survey size
frequency distribution and incorporating growth rates,
scallop biomass in the Georges Bank closed areas is
expected to double by summer 1997. In light of these
findings, the SARC concluded that the closed areas
provide scallop conservation opportunities that need
to be considered in the future management of the re-
source. The SARC expressed concern that when the
closed areas are reopened, given the current harvest-
ing capacity of the fishery, gains in biomass inside the -
closed areas would be rapidly depleted since abun-
dance is low in the open areas of Georges Bank as ¥
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well as in the Mid-Atlantic region. The eventual need
to open these closed areas to fishing to "cultivate"
scallop habitat was also recognized. Therefore, the
SARC recommended that managers should consider
these factors before reopening the closed areas and
investigate the opportunity to transition from a re-
cruitment-driven fishery to a sustainable-yield fishery
in which the larger scallops are targeted.-

Since trips split between statistical areas could
not be identified from the 1994-1996 vessel logbook
data, the SARC decided not to use the number of
trips by region and gear type as a measure of fishing
effort. It was agreed that no other measures of fishing
effort were available from either the vessel logbook
database or the days-at-sea enforcement database.
The absence of accurate measures of fishing effort
may undermine the implementation of effort reduction
plans specified in Amendment 4 of the Scallop FMP.

Attention was drawn to the fact that overfishing,
with respect to the biological reference point (Fss,), is
occurring in the Mid-Atlantic region. SARC members
emphasized the need to expeditiously implement ef-
fort reduction measures in this region given the low
stock size and lack of significant recruitment. In addi-
tion, the SARC noted that the moderate levels of
abundance and fishing mortality in the Georges Bank
region were due to the closure of nearly half of the
traditional fishing grounds and that elsewhere in this
region the fishing mortality rate is greater than the
biological reference point.

Research Recommendations

The analyses conducted in this assessment rein-
force the SAW-22 recommendation to establish
a field to permit a direct link between the dealer
and vessel logbook databases and expedite log-
book auditing. '

Increase biological sampling effort at major ports
where scallops are landed, including increased
sampling of scallops landed with trawls.
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Incorporate meat count information contained on
the dealer reports into catch estimation proce-
dures.

Optimize sampling design for scallop samples
collected from the Domestic Sea Sampling Pro-
gram (i.e., compute minimum number of samples
necessary to characterize the length-frequency
distribution of kept and discarded scallops from
a scallop trip and determine a method for accu-
rately quantifying scallop discard weights).

Investigate the potential to utilize closed areas to
ensure sufficient spawning stock biomass and im-
prove yield per recruit.

Conduct tagging studies in the closed areas of
Georges Bank to assess scallop growth rates and
to evaluate the probability of capture by scallop
gear, particularly with respect to bottom type.

Investigate the disparity between fishing mortal-
ity rates from the modified DeLury model and
those derived from survey estimates.

Quantify the area sampled by the NEFSC survey
dredge and examine the effects of selecting alter-
nate stations in areas where the gear cannot be
towed.

Investigate the use of Canadian survey data to fill
in the gap in the time series created by the lack of
sampling on the Northeast Peak of Georges
Bank.

Evaluate the potential effects of applying a single
biological reference point to the Georges Bank
and Mid-Atlantic regions.
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Table B1. United States and Canadian sea scallop landings (metric tons of meats) from the Northwest Atlantic
(NAFOQ Subareas 5 and 6), 1887-1996.

Year USA! . Year USA Canada® Total
1887 112 1951 8,503 o9 8,594
1888° 9] 1952 8.451 91 8,542
1889 141 1953 10,713 136 10,849
1892 53 1934 7,997 91 8.088
1897 435 1955 10,036 136 10,172
1858 156 : 1956 9,102 : 317 9,419
1899° 24 1957 9,523 771 10,294
19003 79 1958 8,608 1,179 9,787
1901 286 1959 11,178 2,378 13,556
1902 61 1960 12,065 3,470 : 13,335
1903* 62 1961 12,456 4,565 17,021
1504 216 1962 11,174 5,715 16,889
1505 200 1963 9,038 5,898 14,936
1906° 255 1964 7,704 5,922 13,626
1907° 236 1965 9,105 7,052 16,157
1908 834 1966 7,237 7,669 14,906
1909° 843 1567 4,646 5,025 9,671
1910° 919 1968 5473 5,243 10,716
19113 663 . _ 1969 3,363 4,320 7,683
1912° 842 1970 2,613 4,097 6,710
1913% 353 _ 1971 2,593 3,508 6,501
1914% 386 1972 ‘2,655 4177 6,832
1916* 266 1973 2,401 _ 4223 6,624
1919 89 - 1974 2,722 5,137 8,859
1921 38 1975 4,422 7,414 11,836
1924 154 1976 8,721 9,780 18,501
1926 506 1977 11,103 13,091 24,194
1928 216 1978 14,482 12,189 26,671
1929 1,130 1979 14,256 9,207 23,463
1930 1,111 1980 12,566 5,239 17,805
1931 1,058 1981 11,742 8018 19,760
1932 1,517 1982 9,044 4,330 13,374
1933 2,009 1983 8,707 2,895 11,602
1935 1,955 1984 7.739 2,042 9,781
1937 3,989 1985 6,742 3,851 10,593
1938 4,041 1986 8,661 4,705 13,366
1939 © 4,440 1987 13,227 6,810 20,037
1940 3,467 1988 13,198 4,405 17,603
1941¢ 3,622 1989 14,776 4,676 19,452
1942 3,258 1990 17,174 5,130 22,304
1943 2,508 1991 16,598 5,833 22.831
1944 2,209 1992 14,038 - 5,129 19,167
1945 2,590 1993 7,296 6,160 13,456
1946 5,236 19943 7,534 5,003 12,537
1947 6,647 1995° 7,838 1,984 9,822
1948 7.546 19964 3,912 nfa n/a
1949 2,299 ‘
1950 9.063

tUSAlallt:“.up: 1887-1960 from Lyles {1969); 1961-1975 from Fishery Statistica of the United States; 1963-1982 from ICNAF and NAFO Statistical Builetins; 1964-1994
from Detailed Weighout Data, Northeast Fisherics Center, Woods Hole, Mass. *Canadian landings: 1951 1958 from ICNAF Statistical Bulletins and Caddy (1975); 1953-1088
from Mobn i al. (1989) for Georges Bank and from ICNAF/NAFO Bulletins for Gulf of Maine and Mid Atlantic; 1989 from NAFO SCS Doc. 90/21; 1990, 199! from DFQ,

Statistics Branch, Halifax. USA landings are estimated preliminarily from VTR logbook and dealer report. *USA landings from January-June 1996. *Maine landings only from -

Baird (1956), “USA, landings for 1941 from O'Brien (1961},
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Table B2. Scallop landings (mt) by region, gear type, and year. Data for 1964-1988 were taken from Serchuk and Wigley (1988). Data for 1989-
1993 were taken from NEFSC commercial weighout database, canvass data not included. Data for April 1994 - June 1996 were estimated from
Vessel Trip Reports and Dealer Logs.

Gulf of Maine Georges Bank Southern New England Mid-Atlantic Total
Year Dredge Trawl  Other Sum Dredge Trawl Other Sum Dredge Trewl Other Sum Dredge Trawl Other Sum  Other Dredge Trawl Other Sum

1964 - 0 192 192 - 0 6241 6241 - 52 3 55 . . - - - 52 6436 6,626
1965 . 0 115 115 - 3 1,430 1,483 - 2 24 26 . - . - 3974 -5 1619 5598
1966 - 0 93 93 - 0 883 B84 - 0 8 8 - - - - 407 -1 984 5056
1967 - 0 80 80 - 4 1,217 1,221 - 0 8 8 - - - - 1873 - 4 1305 3182
1968 - o 113 113 . 0 993 994 . 0 56 56 . 0 2437 2437 . - 0 3,599 3,599
1969 . 1 122 123 - 8 1316 1324 . 0 18 19 . 5 846 851 . - 14 2302 2317
1970 - 0 132 13 . S 1,410 1415 . 0 6 6 - 14 459 4M - - 19 2,006 2,026
1971 . 4 358 362 - 18 1,310 1,329 - 0 7 7 . 0 214 274 - - 22 1,949 1971
1972 - 1 524 525 - s 816 821 - ) 2 2 . S 653 658 . - 11 1,995 2,006
1973 - 0 460 460 - 15 1,065 1,080 . 0 3 3 - 4 245 249 . - 19 L1 1,792
1974 . 0 223 223 - 15 911 926 - 0 4 5 . 0 937 938 - - 16 2,076 2,091
1975 - 6 741 146 - 13 844 857 - ] 42 50 - 52 1,506 1,558 . - 80 3132 3212
1976 - 3 364 366 . 32 1,723 1,761 . 4 3 7 - 317 2972 3288 - - 361 5061 5,422
1977 - 4 254 258 . 27T 4709 4,736 - 1 10 11 - 27 2564 2,591 . - 58 7,536 17,595
1978} 242 1 0 243 5532 37 0 5569 25 2 0 27 4,175 21 0 419 - 9974 61 0 10,035
1979 401 5 1 407 6253 25 7 6285 61 5 0 66 2,857 29 1 2,888 - 95712 64 9 9,645
1980 1,480 122 3 1,614 5382 34 2 5419 130 3 0 133 1,966 9 0 1,975 0 BO968 169 4 9,142
1981 1,225 73 7 1,305 7,787 56 0 7843 68 1 0 6 726 5 0 73l - 9806 135 7 9,948
1982 631 28 5 664 6204 119 0 6322 126 0 0 126 1,602 6 2 1,610 - 8562 153 7 8,723
1983 815 72 7 895 4,247 2 4 4284 243 1 0 243 3,081 18 10 3,109 . 8386 124 21 8530
1984 651 18 10 678 3011 29 3 303 16l 3 0 164 3,647 26 2 3675 - 7470 76 14 7,560
1985 408 3 10 421 2,860 34 0 2,8% 77 4 0 82 37227 47 1 37276 - 6572 88 11 6672
1986 308 2 6 316 4,428 10 0 4,438 76 2 0 7 3257 101 0 3359 . 8068 115 7 8,190
1987 373 0 9 382 43821 30 0 4851 67 B 0 68 7488 315 1 7803 . 12,749 346 10 13,104
1988 506 7 13 526 6,036 18 0 6,054 65 4 0 68 5774 402 2 6178 . 12,381 430 16 12,826
1989 600 0 44 644 5,637 25 0 5661 127 11 0 138 1549 422 2 1973 - 13913 458 45 14416
1950 545 0 28 574 9972 10 0 9982 110 6 0 116 595 476 4 6435 - 16581 493 32 17,107
1991 527 3 75 605 9,235 77 o 9311 55 16 0 71 6,195 808 9 17011 - 16012 903 84 16999
1992 676 2 45 722 8230 7 0 8238 119 5 0 124 4386 563 5 4,955 - 13411 S77 5014039
1993 763 2 32 797 3637 18 0 3,655 65 1 0 66 2,382 392 3 2778 . 6848 413 36 729
1994 519 3 3 525 1,133 3 1 1,137 wa na na na 5176 688 9 5872 - 6827 693 13 7,534
1995 77 3 7 737 1,000 2 4 1006 na wa wa nia 5338 751 6 6094 - 7085 756 26 7,838
1996 247 9 9 265 659 2 1 662 wa nfa wa na 2,741 242 2 2,985 - 3647 254 11 3912
1964-1995

Mean 633 11 128 495 5,300 2 719 3,783 98 4 7 63 4,155 197 462 3330 10175 210 1,318 7,565
Min 242 0 0 80 1,000 0 0 82 25 0 0 2 76 0 0 249 6572 0 0 1792
Max 1,489 - 122 741 HAE] 9972 119 6,241 9,982 243 52 56 243 7,549 BO8 2,972 7,973 16,581 903 7,536 17,107

"Previous to 1978, dredge uips are weluded in the “slher” gear type "Estrualed fiom Vessel Trip Reports and Dealer Logs, preliminary only. *From January-Juns.
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'll';l;)’:e 11;2;3 Distribution of USA and Canadian sea scallop landings (mt, meats) in the three principal sea scallop fishing regions on Georges Bank,

USA . Canada Total
Great South  Southeast Northern Edge Great South  Southeast Northern Edge Great South  Southeast Northern Edge
Year Chaanel Part and Peak Total Channel Part and Peak Total Channel Part and Peak ¢ Total
1957 1,491 628 5,727 7,846 8 . 763 m 1,499 ]
1958 1,241 4s7 4,833 6,531 - - 1,179 1,179 1,241 e aon 2910
1959 1,951 2,799 3,731 8,481 ; . 2378 2378 1,951 2799 6,109 10,859
1960 1,788 4,469 3,675 9,932 - - 3470 3,470 1.788 4469 7045 13402
1961 2,132 1,812 6,716 10,660 . - 4,565 4,565 2,132 1812 11,281 15225
1962 1,744 1,841 6,105 9690 . - 5715 5715 1,744 1,841 11,820 15,405
1963 2,057 2215 3,638 7,910 - an2 5.426 5,898 2,057 2,687 9,064 13,808
1964 2,569 1.909 1,763 6.241 - 18 5.804 5,922 2,569 2,027 7,567 12,163
1965 677 390 416 1,483 . 178 4256 4,434 617 568 4672 5917
1966 716 24 144 884 . - 4878 4,878 716 2% 5,022 5762
1967 641 118 269 1,221 . - 5019 5019 641 31 5,288 6,240
1968 713 149 163 1,025 - . 4,820 4,820 13 149 4,983 5.845
1969 576 227 522 1,325 . - 4318 4318 576 227 4,840 5,643
1970 1,069 159 187 1,415 41 - 4,056 4,097 1,110 159 4,243 5512
1971 1,091 214 24 1,329 547 - 3.361 3.908 1,638 214 3.385 5237
1972 623 64 134 821 417 . 3,744 4,161 1,040 64 3,878 4,982
1973 890 173 17 1,080 1,140 . 3,083 4,223 2,030 173 3,100 5,303
1974 783 121 21 925 552 307 5278 6,137 1,335 a28 5.299 7,062
1975 566 175 116 857 593 74 6,747 7,414 1,159 249 6,363 8.271
1976 1,583 142 as 1,770 781 . 8,980 9,761 2,364 142 9,025 11,531
1977 4121 277 407 4,805 262 . 12,827 13,089 4,383 21 13,234 17,894
1978 3.918 366 1,285 5,569 . - 12,189 12,189 3.918 366 13.474 17,758
1979 3,99 758 1,819 6,573 . - 9,207 9,207 3.996 758 11,026 15,780
1980 2.994 685 1.941 5.620 ; . 5221 5221 2,994 685 7,162 10,841
1981 2940 515 4,966 8,421 ; . 8013 8,013 2.940 515 12,979 16,434
1982 3,391 575 2,543 6,509 . ; 4306 4,306 3,301 575 6,849 10815
1983 2,439 432 1,457 4,328 . . 2,748 2748 2,439 432 4,205 7,076
1984 1,633 691 747 3,071 ] . 1,945 1,945 1,633 691 2,692 5016
1985 1,554 403 992 2,949 ; . 3812 3812 1,554 403 4,804 6,761
1986 2,744 654 1,113 4,511 . - 4,670 4,670 2.744 654 5.783 9181
1987 2,404 265 2.216 4,885 ; . 6.793 6,193 2404 265 9,009 11,678
1988 3,124 835 2,124 6.083 . . 4,336 4,336 3124 833 6,460 10,419
1989 2771 589 2,326 5.686 . - 4,676 4,676 2771 589 7,002 10,362
1990 3974 1,009 5,026 10,009 - . 5218 5218 3,974 1,009 10,244 15.227
1991 5655 904 2,752 9311 ; ; 5.808 5,805 5,655 904 8,557 (5,116
1992 4817 1,123 2,208 8,238 . - 6,151 6,151 4817 1,123 8,449 14,389
1993 2,065 501 1,089 3,655 ; . 6,183 6,183 2.065 501 7.272 9.838
1994} 729 225 182 1,136 - - 5,003 5,003 729 2325 5,185 6,139
1995 463 135 407 1,007 - . 1,984 1,984 465 135 2,391 2,991
196" 447 145 70 662 - - - - n/a nfa na n/a

IS A landinys are estimated preliminarily from VIR logbook and dealer report. 2JSA landings from Jun -Jun, 1996, Grear South Channel = Statistical Areas 521, 522, & 526, Southeast Part = Statistical Area 525, Northern Edge and Peak = Statistical Arcas



Table B4. Summary of sea scallop shell samples collected by the NEFSC Domestic Sea Sampling Program
in the Georges Bank and Mid-Atlantic regions, 1992-1996.

Number of trips Total
{Split trips) sampled Number of shells

Year Q1 Q2 Q3 Q4 trips Q1 Q2 Q3 Q4 Sum
Georges Bank
1992 1 3 2 4 10 993 15,156 4,642 22,075 42,866
1993 4 3 2 2 10 8,801 23,484 10,444 6,170 48,899
1994 1 1 1 4 4 5056 13,707 6,844 14,727 40,334
1995 1 0 2 2 4 3,441 0 09,647 8034 21,122
1996 3 3 - - 4 13,859 14,784 - - 28,643
Mid-Atlantic
1992 2 1 2 2 7 3,791 6349 5959 8394 24493
1993 4 4 1 2 11 18,848 18,655 6,064 5,830 49397
1994 6 3 3 4 14 37,882 21,198 27,562 13,825 100,467
1995 8 5 3 2 11 36,810 36,529 10,780 6,663 60,782
1996 4 5 ; - 9 22,562 36,376 . - 580938
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Table BS, Estimated ratios of discarded and kept scallops for vessels using scallop dredges in the Georges
Bank region based on data from the NEFSC Domestic Sea Sampling Program, 1992-1996.

Area Ttem 1992 1993 1994 1995 1996
US Northern Ib-kept 104,918 143,110 39,890 3,641 8,540
Edge and Peak Ib-discard 9,792 4,734 0 3 0
ratio 0.09333 0.03308 0 0.00082 0
var(r) 0.0005 0.00005 0 0 0
# tows 241 372 141 34 22
Great South Channel Ib-kept 324,542 219,494 105,043 68,723 295,121
: {b-discard 16,404 27,988 369 2,964 ‘29,126
ratio 0.05055 0.12751 0.00351 0.04313 0.09869
var(r) 0.00018 0.00007 0 0.00006  0.00006
# tows 461 . 520 571 296 632
Southeast Part Ib-kept 14,958 51,372 1,304 23,065 4,756
1b-discard 0 2 2 104 0
ratio 0 0.00004 0.00153 0.00451 0
var(r) 0 0 0 0 0
# tows 35 197 8 89 22
Georges Bank 1b-kept 444 418 413,976 146,237 95,429 308,417
Ib-discard 26,196 32,724 371 3,071 29,126
ratio 0.05894 0.07905 0.00253 0.03218 0.09444
var(r) 0.00012 0.00003 0 0.00003 0.00006
# tows 737 1089 720 419 676
Total # of trips
sampled 10 10 4 4 4
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Table B6. Estimated ratios of discarded and kept scallops for vessels using scallop dredges in the Mid-Atlantic
region based on data from the NEFSC Domestic Sea Sampling Program, 1992-1996.

Area Item 1992 1993 1994 1995 1996
Delmarva Ib-kept 78,624 92376 575,797 205,472 75,405
tb-discard 224 1,374 116,206 13,006 837
ratio 0.00285 0.01487 0.20182 0.0633 0.0111
var(r) 0  0.00001 000041  0.00003  0.00003
# tows 188 368 1,084 757 299
New York lb-kept 159,978 295,568 179,997 331,974 328,100
Bight Ib-discard 5,568 464 3,555 15,563 1,766
ratio 0.0348 0.00157 0.01975 0.04688 0.00538
var(r) 0.00003 0 0.00003 0.00003 0
# tows 408 985 554 1,001 979
Virginia- lb-kept 22,260 - 30,836 2,695 28,396
North Carolina lb-discard 1,470 - 17,920 55 0
ratio 0.06604 - 0.58114 0.02041 0
var(r) 0.00057 - 002943  0.00009 0
# tows 40 - 25 10 125
Mid-Atlantic Ib-kept 260,862 387,944 786,630 540,141 431,901
Ib-discard 7,262 1,838 137,680 28,624 2,603
ratio 0.02784 0.00474 0.17503 0.05299 0.00603
var(r) 0.00001 0 000029  0.00001 0
# tows 636 1,353 1,663 1,768 1,403
Total # of trips
sampled 7 11 14 11 9
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Table B7. Summary of NEFSC commercial scallop shell samples collected from vessels using scallop dredges

and landing sea scallops in Georges Bank and Mid-Atlantic ports during 1982-1996.

Shells

Samples
Year Q1 Q2 Q3 Q4 Ql Q2 Q3 Q4
Georges Bank
1982 18 28 19 5 3,225 5,511 3,430 1,065
1983 4 18 12 4 729 3,872 2,408 708
1984 0 11 6 13 0 1,939 852 2,146
1985 7 6 17 5 1,208 1,317 3,585 1,196
1986 9 22 29 25 2,494 5,640 7,007 5,602
1987 8 7 35 14 1,878 1,854 9,028 3,659
1988 6 29 34 15 1,356 7,211 8,874 3,901
1989 2 15 33 21 757 3,515 7,864 4,935
1990 8 27 25 17 2,118 8,165 5,985 5,066
1991 26 27 28 19 7,788 7,653 8,450 5,178
1992 20 41 37 36 5,288 12,472 11,377 11,956
1993 21 36 53 22 6,543 11,070 14,600 5,372
1994 Il 16 7 13 2,448 3,367 1,575 3,361
1995 0 0 0 1 0 0 0 273
1996t 5 26 n/a va 908 5,253 na va
Mid-Atlantic
1982 3 8 12 9 737 1,999 2,670 2,406
1983 10 32 16 10 2,590 8,590 3,730 27221
1984 16 17 14 12 3,326 4,020 4260 3611
1985 4 29 17 17 981 7,520 4,662 3,494
1986 6 13 19 14 1,682 3,151 4,501 3,196
1987 17 44 44 21 4,070 11,400 11,753 4251
1988 25 35 34 17 6,625 8,068 7,789 4,200
1989 27 40 31 18 7,008 9,644 7,033 3,580
1990 38 25 4 7 9,069 6,177 1,190 1,562
1991 6 17 16 8 1,240 3,950 3,284 1,490
1992 20 40 21 15 4,308 8,574 4,399 3,717
1993 14 26 20 5 2,931 6,270 4,552 1,014
1994 9 5 5 4 2,527 1,464 1,851 880
1995 3 5 14 3 600 1,000 2,756 490
19961 0 3 n/a n/a 0 1,676 n/a na

‘Based on preliminary text files.
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Table B8. USA sea scallop research survey relative abundance indices (standardized stratified mean number
and mean weight per tow), [meats only, kg], mean shell height (mm), mean meat weight {(g) per scallop, and
average meat count (number of scallop meats per pound) of sea scallops from NEFSC surveys on Georges
Bank, 1975, 1977-1996. Data are presented by principal scallop areas for Georges Bank®. Survey indices are
presented for pre-recruit (< 70 mm shell height), recruit (> 70 mm shell height), and total scallops per tow.

Standardized stratified Standardized stratified Mean  Average
No. of mean number per tow mean weight (kg) per tow* shell meatg
Area Year tows Pre-recruit  Recruit Total Pre-recruit  Recruit Total height count
Great South 1975 58 45.1 29.9 75.0 on 0.81 0.92 76.4 37.0
Channei 1977 30 63 86.1 95.4 0.02 1.94 1.96 1013 221
1978 46 7.7 49.7 574 0.02 1.15 1.17 101.2 1222
1979 47 6.8 88.2 95.0 0.01 1.53 1.54 932 28.0
193¢ 40 79.7 302 109.9 0.12 Q.55 0.67 582 74.6
1981 36 155 36.5 520 0.03 0.65 0.68 8C.3 348
1982 61 2138 53.0 266.8 04% 0.67 1.16 58.6 103.9
1983 69 19.0 55.8 748 0.06 0.77 .83 81.4 41.0
1984 69 13.6 177 313 0.03 036 0.39 773 367
1985 77 403 473 87.6 0.11 0.76 0.87 750 45.7
1586 68 1153 370 1523 0.24 0.58 0.82 59.5 84.2
1987 36 846 56.1 140.7 0.17 0712 0.89 63.6 71.6
1983 91 325 360 68.5 0.08 0.46 0.54 70.6 577
1989 88 217 15.1 368 0.06 0.27 0.23 72.0 50.5
1990 76 258.8 499 308.7 0.54 0.60 1.14 559 122.5
1991 36 4321 64.2 456.3 0.80 0.71 1.51 528 149.5
1992 85 22238 1718° 39456 0.78 1.38 2.1 67.5 82.8
1993 T 306 24.5 55.1 0.11 028 0.3%9 71.7 63.3
1594 88 18.7 376 36.3 0.04 0.44 0.48 74.2 534
1995 90 120.7 412 161.9 0.31 0.55 0.87 62.7 97.8
1996 86 60.5 873 1478 0.17 1.26 1.43 75.7 47.0
Southeast 1975 21 1.8 38.4 402 <0.01 1.02 1.02 110.3 17.8
Part 1977 21 32 272 304 0.01 0.68 0.69 1036 20.0
1978 18 22 27.1 293 <0.01 0.93 0.93 1172 14.2
1979 20 7.7 212 289 0.01 071 0.72 99.4 18.2
1980 20 215 417 63.2 0.03 071 0.74 78.2 38.8
1981 19 14 15.4 208 <0.01 0.46 0.46 102.3 205
1982 22 08 98 10.6 <0.01 032 032 113.5 152
1983 20 113 92 205 0.02 0.25 0.27 78.1 34.0
1984 20 46 12.9 17.5 0.01 023 0.24 85.7 330
1985 28 9.1 11.8 209 0.02 0.22 0.24 75.3 399
1986 : 32 28.9 20.6 49.5 0.05 041 0.46 66.2 48.5
1987 3z 23.1 396 62.7 0.06 0.60 0.66 79.0 428
1988 32 14 16.1 - 175 <0.01 032 032 96.9 - 246
1989 31 236 118 354 0.07 023 0.30 70.2 544
1990 32 1.6 34 10.0 <0.01 0.15 0.15 887 303
1991 32 18.5 14.1 326 0.04 0.21 0.25 65.2 60.2
1992 32 103 205 308 0.03 0.34 0.37 833 37.7
1993 32 24 9.5 11.8 0.01 023 0.24 975 228
1994 32 15.6 89 285 0.03 0.2s 0.28 669 46.2
1995 32 13.7 135 271 0.04 0.28 0.32 791 £7.6
1996 32 204 12.1 325 0.04 0.24 0.29 69.2 31.2

'Great South Channel: Strata 46-47, 49-55; Southeast Past; Strata 58-60; Northern Edge and Peak: Strata §1-662, 71-72, 74. "Mean meat weight derived by applying the 1977-1932 USA Mid-
Atiantic research survey sea scallop shell height meat weight equation, In [Meat Weight ()] = -11.7656 + 3.1693 In {Shell Height (mm)], (n = 5863, r = 0.98) to the survey shell height frequency
distributions. *Not sampled. “Not caloulated due to incomplete survey coverage. *Stratum 72 not sampled, excluded from analyses.
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Table B8. (Continued)

Standardized stratified Smda{dizad stratified Mean  Average

No. of mean number per tow . mean weight (kg) per tow® shell meat

Area Year tows Pre-recruit  Recruit Total Pre-recruit  Recruit Total height count
USA 1985 &7 218 266 484 0.06 0.39 045 722 48.9
Northern Edge 1986 70 45.6 286 74.2 0.13 0.48 0.61 - 704 552
and Peak 1987 71 62.0 54.6 116.6 0.12 0.73 0.85 67.1 62.1
1988 71 658 60.9 126.7 0.15 0.77 052 66.4 62.6

158%° ns n's n's n's nfs n's /s n's n/s

19604 65 669 196.8 263.7 0.22 1.83 2.05 75.8 58.3

1991 mn 118.7 66.9 185.6 0.31 0.85 1.16 66.1 724

1992 69 26.1 . 45.0 71.1 0.08 0.60 0.68 776 473

1993 67 27 156 183 0.01 0.25 0.26 88.6 324

1594 70 149 10.4 253 0.02 0.22 0.24 69.4 47.7

1995 71 81.6 143 95.9 0.21 0.25 0.46 391 119.1

1996 71 1033 833 186.7 0.25 122 1.47 70.7 37.5

USA 1985 172 26.5 318 583 0.07 0.50 0.57 74.2 46.4
Georges 1986 170 61.3 289 90.2 0.14 0.49 0.63 64.4 64.9
Bank 1987 189 62.6 51.9 114.5 0.12 0.70 0.82 66.8 £3.0
1988 194 38.0 40.8 788 0.09 0.54 0.63 69.4 56.6

1989° - - - - - - - - -

19504 173 1352 87.8 2230 0.31 0.89 1.20 63.9 84.1

1991 189 224.1 514 2782 045 0.65 1.10 56.4 114.8

1992 186 102.7 91.2 1939 0.36 0.86 122 69.4 723

1993 176 14.0 17.8 318 0.05 0.26 0.31 77.5 46.9

1594 190 17.5 211 386 0.04 0.31 0.35 7.8 50.6

1995 193 824 25.1 107.5 0.21 0.38 0.60 65.0 59.0

1996 189 67.6 €69.2 136.8 0.17 1.02 .19~ 72.8 52.1

Canada 1585 41 186.0 460.3 6463 0.58 420 4,78 74.1 613
Northern Edge 1986 146 379.6 466.0 8456 .80 6.01 6.81 72.3 56.3
and Peak 1987 47 29390 2317 3247 0.59 3.04 363 66.9 63.6
1988 48 153.7 2271 380.8 0.36 277 3.13 72.8 553

198¢° N/s ns _ n's n's n's nfs /s -~ nfs /s

1990 41 431.7 2879 7196 0.68 380 448 619 729

1991 14 206.4 583 304.7 0.53 1.62 2.15 66.7 64.3
1992} Ns n’s g s n's n/s n's n's s

1993 48 19.5 199.2 2187 0.06 325 331 92.8 30.0

1994 47 1106 2372 3478 0.19 3.54 373 78.5 423

1995 48 1854 4440 6294 048 4.85 533 754 60.1

1996 29 272 172.7 4439 0.51 2,78 3.30 66.6 al1.1

“Crest South Channel; Strata 46-47, 49-55; Southeast Part: Strata $8-60; Northern Edge and Peak: Strata 61-662, 71-72, 74, *Mean meat weight derived by applying the 19771982 USA Mid-
Adlantic research survey ses soallop sheil height mest weight equation, In [Meat Weight (g)] = -11.7656 + 3.1693 In [Shell Height (mm)), {n = 5863, r = 0.98) to the survey shell he: gn! frequency
distributions. *Not sampled. “Nok calculated due to incomplete survey coverage. *Strarum 72 not sampled, excluded from analyses.
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Table B8. (Continued)

Standardized stratified Standardized stratified Mean  Average

No. of mean number per tow mean weight (kg) per tow? <hell meat

Area Year tows - Pre-recruit  Recruit Total Pre-recruit ~ Recruit Total height count
Greorges 1975 130 51.7 746 126.3 0.13 1.34 1.47 79.9 39.0
Bank 1977 122 343 2183 2526 .12 3.18 3.30 87.6 34.7
(all areas) 1978 140 79.7 1840 263.7 0.14 3.88 4.02 87.1 293
1979 220 36.6 1523 188.9 0.10 2.70 2.80 88.6 30.6

1980 371 3774 923 4697 0.52 137 1.89 534 112.6

1981 176 972 152.4 249.6 0.22 1.62 1.84 70.6 61.5

1982 163 91.0 512 1422 0.22 0.74 0.96 66.5 66.9

1983 171 319 382 70.1 0.06 .63 0.69 734 46.3

1984 i7 148.7 346 183.3 0.15 0.57 0.72 49.1 1149

1985 213 56.3 116 1679 0.17 1.19 1.36 74.1 562

1986 316 1299 123.0 2529 0.28 1.68 1.96 70.1 58.5

1987 236 105.5 854 1909 0.21 1.14 135 66.9 643

1988 242 595 75.6 135.1 .14 0.56 1.10 7.2 559

1989+ - - - - - - - - -

199¢° 214 193.6 1273 3209 0.38 1.47 1.85 63.0 789

1991 203 2208 62.3 283.1 0.46 0.33 129 38.5 992

19924 - - - - - - - - -

1993 224 15.0 51.6 66.6 0.05 0.82 0.87 6.8 349

1994 237 514 97.0 148.4 0.08 1.48 1.56 776 428

1995 238 101.6. 103.0 204.5 0.26 0.37 0.57 66.9 91.8

1996¢ - - - - - - - - -

'Great South Channel- Strata 46-47, 49-55; Southeast Part: Strats 58-60; Northern Edge snd Peak: Strata 61-662, 7172, 74. *Mean meat weight derived by applying the 1977-1982 USA Mid-
Atlantic research survey sea scaliop shell height meat weight equation, In [Meat Weight ()] = -11.7656 + 3,1693 In [Sheil Height (mm)], (o = 5863, r = 0.98) ta the survey shell height frequency
distributions, *Not sampled. ‘Not calculated due to incomplete survey coverage. *Stratum 72 not sampled, excluded from analyses.
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Table B9. USA sea scallop research survey relative abundance indices (standardized stratified mean number
and mean weight per tow), [meats only, kg], mean shell height (mm), mean meat weight (g) per scallop, and
average meat count (number of scallop meats per pound) of sea scallops from NEFSC surveys in the Mid-
Atlantic, 1975, 1977-1996. Data are presented by principal scallop areas in the Mid-Atlantic!. Survey indices
are presented for pre-recruit (< 70 mm shell height), recruit (2 70 mm shell height) and total scallops per tow.

Standardized stratified Standardized stratified Mean  Average
No. of mean number per tow mean weight (kg) per tow? - sheil meatg
Area Year tows Pre-recruit  Recruit Total Pre-recruit  Recruit Total height count
Virginia- 1975 n/s ns n/s n's n's n's /s /s /s
North Carolina 1977 1 0 10.0 10.0 0 023 G.23 1080 200
1978 3 153 50.3 65.6 0.06 1.10 116 91.8 257
1979 3 23.7 227 464 0.04 0.37 0.41 7.7 513
1980 3 6.6 39.0 456 0.02 0.59 0.61 87.6 341
1981 3 09 7.6 8.5 <0.01 0.20 0.20 107.7 18.8
1982 7 04 37 4.1 <0.01 0.12 0.12 1i1.5 15.8
1983 8 2538 11.7 37.5 0.10 0.36 0.46 78.1 372
1984 9 02 146 ‘14.8 <0.01 0.27 027 68.7 253
1985 10 1.7 73 9.0 <0.01 0.23 0.23 104.8 17.8°
1986 10 5.6 1.3 74 <0.02 G.04 0.06 69.1 559
1987 10 0.1 21 22 <0.01 0.04 0.04 934 283
1988 10 31 11.0 14.1 0.01 0.21 022 89.8 285
1989 10 357 5.9 41.6 0.07 0.13 0.20 57.9 929
1990 6 36.5 93.1 129.6 0.07 0.83 0.95 73.2 61.7
1991 10 372 320 692 0.10 045 0.55 716 57.5
1992 10 4.1 29.2 333 0.01 0.39 0.40 85.9 377
1993 10 2453 59.1 3044 0.83 0.54 1.37 64.3 100.5
1594 10 133 1455 158.8 0.05 1.30 1.35 79.8 535
1995 10 55.8 11.7 67.5 0.11 0.15 0.26 57.1 1184
1996 10 301 10 310 0.06 0.02 0.08 53.6 177.7
Delmarva 1975 15 362 240 60.2 0.11 0.44 0.535 75.2 493
1977 10 10.7 47.5 582 0.03 051 0.94 922 28.1
1978 45 273 75.8 103.2 0.09 1.58 1.67 91.6 28.0
1979 43 254 64.6 950.0 0.04 0.95 0.99 78.8 412
1980 43 81.1 359 117.0 0.13 0.68 0.81 833 65.7
1981 41 .47 14.3 19.0 0.01 0.32 0.33 90.3 262
1982 44 10.0 18.6 28.6 0.04 0.43 0.47 89.8 27.8
1983 49 257 16.5 422 0.09 0.37 0.44 77.0 41.7
1984 52 19.8 19.3 39.1 0.03 0.38 0.41 69.8 437
1985 54 704 358 106.2 0.15 0.43 0.58 589 32.5
1986 62 123.5 83.5 207.0 037 0.93 1.30 68.5 72.3
1587 61 529 59.5 1124 0.16 0.74 0.90 74.1 56.7
1988 .62 759 9.1 115.0 0.15 0.62 0.77 646 67.9
1989 62 113.1 972 2103 024 1.09 1.33 67.5 71.6
1990 62 217 80.9 1086 0.06 0.87 093 769 330
1991 61 53.5 293 82.8 0.16 0.47 0.63 713 394
1992 62 20.9 18.8 39.8 0.04 033 037 719 49.0
1993 58 334.1 20.1 4041 1.00 0.28 1.28 573 143.0
1994 62 734 171.0 2444 0.12 1.45 1.57 65.5 70.5
1995 62 106.0 98.7 204.7 031 1.03 1.33 70.2 73.0
1996 58 254 406 66.1 0.05 0.58 0.63 773 47.4

"New York Bight: Strata 22-31, 33-35; Delmarva: Strata 10-11, 14-15, 18-19; VA-NC: Strata 6-7. “Mean meat weight derived by applying the 1977-1982 USA Mid-Atlantic sesearch survey -

sea scallop shell height meat weight equation, In [Meat Weight ()] = -12.1628 + 3.2539 In [Shell Height (mm)], (n = 11843, r = 0.98) to the survey shell height frequency disinbutions.
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Table B9. (Continued)

' Standardized stratified Standardized stratified Mean  Average
No. of mean number per tow mean weight (kg) per tow? shell mea%

Area Year tows Pre-recruit  Recruit Total Pre-recruit  Recruit Total height count
New York 1975 28 39.4 347 741 0.10 0.62 0.72 733 46.9
Bight 1977 101 14 56.7 58.1 <0.01 1.03 1.03 98.6 25.6
- 1978 116 33 5217 56.0 0.01 1.15 1.16 102.8 219
1979 120 33 17.6 229 0.01 0.43 0.44 93.6 237
1980 121 154 152 30.6 0.02 0.36 0.38 753 357
1981 117 18.8 19.0 378 0.03 0.29 6.32 671 53.5
1982 134 109 20.9 318 0.02 033 035 78.4 412
1983 136 11.5 140 255 0.03 0.29 0.32 80.3 36.6
1984 142 174 18.4 358 6.03 0.29 0.32 692 51.0
1985 137 474 30.9 783 0.10 043 0.53 656 67.1
1986 152 532 493 1025 0.13 0.65 0.78 69.6 59.9
1987 154 94.5 46.0 140.5 018 0,58 0.76 61.7 83.7
1988 154 759 100.5 1764 0.11 1.25 1.36 68.6 58.9
1989 157 168.6 81.8 2504 0.25 0.90 1.15 56.4 59.1
1990 148 1211 928 2139 0.35 0.88 123 67.2 787
1991 157 222 53.7 75.9 0.06 0.67 0.73 783 473
1992 157 17.7 25.3 43.0 0.04 0.37 0.41 75.5 47.4
1593 146 46.6 240 70.6 0.10 0.3 041 64.9 77.9
1994 155 1021 4538 1479 0.12 0.49 0.61 556 109.1
1995 155 57.7 106.1 163.8 0.19 0.97 1.15 73.1 67.0
1956 143 5.7 49.5 552 0.01 0.55 0.56 82.9 44.6
Mid-Atlantic 1975 43 38.8 326 714 0.10 0.59 0.69 753 472
(all areas) 1977 112 28 55.1 579 0.01 1.00 1.01 97.7 259
1978 164 7.8 56.8 64.6 0.02 1.23 1.25 99.4 234
1979 166 91 262 353 0.02 0.52 0.54 86.5 29.8
1980 167 27.1 192 46.3 0.04 0.42 0.46 70.1 45.8
1581 161 16.1 18.0 341 0.02 030 032 . 70.1 48.2
1982 185 10.6 203 30.9 0.03 0.34 0.37 30.4 38.1
1983 193 143 14.4 28.7 0.04 0.30 0.34 79.4 3738
1984 203 176 . 18.5 36.1 0.02 0.31 0.33 69.5 492
1985 201 51.0 315 82.5 0.11 043 0.54 64.1 69.8
1986 224 652 54.8 120.0 0.17 0.69 0.86 £9.3 633
1987 225 85.7 47.9 133.6 0.17 0.61 0.78 63.6 78.0
1988 226 74.9 88.3 163.2 0.12 112 124 63.1 59.9
1989 229 156.9 836 240.5 024 093 117 58.1 93.5
1990 216 103.2 90.6 193.8 0.29 0.88 1.17 68.2 74.9
1991 228 280 49.0 77.0 0.08 0.63 0.71 76.3 494
1992 229 18.1 242 423 0.03 0.37 0.40 75.0 47.5
1993 214 105.9 238 133.6 0.28 0.30 0.58 60.7 104.5
1994 227 95.8 69.6 165.4 0.11 0.67 0.80 59.6 94.2
1995 227 66.4 103.5 170.0 0.21 0.97 117 724 57.8
1996 211 9.6 473 569 0.02 0.55 0.57 8.5 454

"New York Bight: Strata 22-31, 33-35; Delmarva: Strata 10-11, 14-15, 18-19; VA-NC: Strata §-7, *Mean meat weight derived by applying the 1977-1982 USA Mid-Atlantic rescarch survey
sea scallop shell height mest weight equation, In [Meat Weight ()} = -12.1628 + 3.2539 In {Sheli Height (mm)), (n = 11943, r = 0.98) to the survey shell height frequency disinbutions.
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Table B10. Post-stratified estimates of mean weight per tow in the opeh and closed areas of Georges Bank
for non-overlapping length cohorts. The von Bertalanffy growth equation and the meat weight - shell height
regression were used to compute expected ratios for these length cohorts.

Survey in Surveyin  Observed weight Theoretical
Min Max 1995 1996 - ratiowt (‘96)  ratio when
Area length length (g/tow) (g/tow) wt (‘95) M=01
Closed 40 79 312 412
80 109 220 1,083 3.48 3.04
110 129 181 598 2.71 1.66
Open 40 79 305 229
80 109 223 ‘ 402 1.32 3.04

110 129 172 79 0.35 1.66

96



Table B1l. Summary of commercial landings and survey indices input into the modified DeLury model.
Survey indices have been adjusted by selectivity of survey lined gear and vulnerability of fishery dredge.

Commercial landings Adjusted survey indices (no./tow)

Meat weight (mt) Mean weight' (g) Catch number' {x10%) Fully-
Year Jan-Jun Jul-Dec Jan-Jun  Jul-Dec Jan-Jun Jul-Dec Recruited  recruited Total
Georges Bank
1982 3,012 3,309 22.117 21.496 136.185 153.938 124.287 45614 168,901
1983 2,119 2,164 23674  27.264 89.507 79.372 47.706 39.223 86,529
1984 1,308 1,734 27650  27.200 47.305 63.750 166.026 33,529 199.555
1985 825 2,070 22.887 25811 36.047 80.198 141.468 77.853 219.321
1986 1,995 2,440 18.787 21.109 106.192 115.589 182,426 128,108 310.535
1987 1,916 2,934 16086  20.826 119.113 140.878 153.327 78316 231.643
1988 2,743 3,312 20.880  21.049 131.371 157.351 104.748 65.576 170.324
1989 2,388 3,276 23.772 23.056 100.455 142,092 - - -
1950 3,633 6,352 17.013  17.437 213.544 364.287 279.706 104.504 384.211
1991 5,348 3,963 16.696  20.852 320318 190.058 270.642 50.322 320.964
1992 4,388 3,849 16.537 16.802 265.344 229.080 198.866 48,696 247.562
1993 2,275 1,380 19603 24033 116.054 57.421 25.278 15.133 40.411
1994 628 508 18679 19.749 33.647 25.746 27.336 20.507 47.843
1995 139 868 19.001  21.231 7.292 40.870 100.787 16.178 116.964
1996 662 n/a 18.543 n/a 35.694 n/a 100.737 70.126 170.863
Mid-Atlantic
1982 775 836 23.127  29.793 33.506 28.068 17.211 23.446 40.657
1983 1,697 1,411 24.549  27.385 69.116 51.543 19.231 17.972 37.203
1984 2,291 1,382 22800 24129 100.498 57.262 22.022 22.826 44.848
1985 2,157 1,119 22803 26975 94,587 41499 68.964 33.655 102.619
1986 1,807 1,551 21267  21.084 84,966 73.564 93.278 60.509 153.787
1987 4,376 3,429 18474 19932 236.867 172.011 107.123 56.020 163.143
1988 3,648 2,529 20344 26.041 179.315 97.122 106.575 98.020 204,595
1989 5,815 2,159 21.104  20.837 275.532 103.639 203.034 84,472 287.506
1950 4,789 1,646 17462  16.182 274238 101.715 167.683 83.669 251.352
1991 4,601 2,408 23.050 27.994 199.616 26.027 48.088 53.691 101.779
19922 2,659 2,296 20772 21478 128.022 108.415 25.818 28327 54.144
19932 1,451 1,327 24.539 24770 59.139 53.563 136.181 25.347 161.529
19943 2,959 2,914 16730 14.097 176.845 206.699 132.465 64.945 197.410
19954 4,226 1,869 16.419 22301 257.367 83.791 171.759 42,146 213.906
1996% 2,985 n/a 12.773 w/a 233714 n/a 24.468 52.565 77.032

"Mean meat weight derived by applying the 1977-1982 USA research survey sea scallop shell height - meat weight equations to the
shell heightfrequency distributions from commercial fisheries. Georges Bank region: In[Meat Weight (g)] =-11.7656 +3.1693 In[Shell
Height {(mm)], (n = 5863, r = 0.98), Mid-Atlantic region: in[Meat Weight (g)] = -12.1628 + 3.2539 In[Shell Height (mm)], (n = 11943,
" r=0.98). %Shell height frequency distributions were derived from the combination of shells collected from port sampling and NEFSC
sea scallop sea sampling to calculate mean wieight and catch number. *Landings are estimated preliminarily from Vessel Trip Reports
and Dealer Logs.
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Table B12. Comparison of alternative estimators of exploitation rates for Georges Bank and Mid-Atlantic regions, 1982-1996. Minimum swept-
area biomass estimates are computed for two levels of gear efficiency. Swept-area F is estimated as landings divided by mean biomass between
adjacent years. Relative exploitation rate is defined as the ratio of catch in biomass in year t to the average weight per tow between the start of
year t and t+1. Average exploitable biomass is estimated as the average weight of the sum of grams per tow of recruits and full recruits in year

t and year t+1.
Survey Swept-area biomass (mt) Estimated fishing mortality rate

Survey  Landings Number/tow gltow wicfliciency Swept-area based Relative  Survey DeLury bootstrap estimates

Region year (mt) Ree Fully-rec Rec Fully-rec 0.5 1 05 1 F Index 10% 50% 90%
Georges 1982 5428 124287 45.614 3517 7373 14,104 7,052 029 0.59 5N 1.37 092 1.14 1.38
Bank 1983 3472 47.706 39.223 1465 6653 10,515 5,257 024 048 4.28 0.85 on 0.94 1.15
1984 2,559 166.026 33.529 2102 600.4 10,499 5,249 0.15 031 215 0.84 023 041 0.62

1985 4,065 141.468 77.853 6283 939.7 20,310 10,155 0.13 026 213 0.44 041 0.58 0.77

1986 4,356 182426  128.108 5299 1,726.8 29229 14,614 0.12 024 229 1.28 0.55 077 0.95

1987 . 5,677 153.327 78316 4385 1,108.0 20,030 10,015 022 044 4.03 1.16 0.75 099 120

1988 5,700 104.748 65.576 3732 898.1 16,466 8233 025 0.49 4.01 0.72 1.35 1.74 208

1989 6,909 202 106 74 680 553.9 1,016.5 20,339 10,170 024 0.48 3.79 0.87 082 1.12 1.40

1950 11,700 2719 706 104.504 7953 1,279.5 26,874 13,437 037 0.73 676 193 1.49 182 225

1991 8351 270 642 50.322 608.5 780.2 17,587 8,994 038 077 6.09 - 1.79 119 1.56 183

1992 6,124 198 866 48 696 1139 5717 17,506 8,753 032 0.64 7.19 2.69 1.60 202 241

o 1993 2,008 25278 15.133 100.8 2518 4,567 2,283 030 0.61 529 0.58 050 1.14 143
<o 1994 647 27336 20.507 88.1 3180 5,260 2,630 0.09 0.19 1.59 0.98 036 0.53 0.70
1995 1,530 100.787 16.178 1652 243.5 5,293 2,647 0.13 025 1.71 041 018 037 0.58

1996 - 160.737 70.126 3198 1,064.2 17,926 8,963 - - - - - - -

Mid- 1982 2,533 17.211 23.446 658 4516 1,574 3,787 024 048 5.08 0.72 0.46 065 . 083
Atlantic 1983 3,703 19.231 17.972 62.6 416.9 7,020 3,510 0.37 074 7.83 039 074 0.94 1.16
1984 3,539 22022 22.826 527 . 4136 6,825 3413 033 0.66 589 0.19 071 092 114

1985 2,926 68.964 33.655 205.2 5310 10,777 5,389 017 034 3.04 043 028 043 0.59

1986 5927 93.278 60.509 3210 865.5 17,369 8,684 026 0.51 5.28 091 0.62 0.80 1.00

1987 7,076 107.123 56.02 2813 775.7 15474 7,737 027 0.55 5.08 041 0.53 0.69 085

1988 8,344 106.575 98.02 3212 1,406.1 25,286 12,643 025 0.50 5.01 0.78 0.62 081 1.01

1989 6,948 203.034 84472 5145 1,086.0 23,429 11,714 0.23 0.46 432 1.13 0.64 083 0.97

1990 6,247 167.683 83.669 6583 954.4 23,607 11,804 0.21 0.43 4.80 1.44 0.68 0.80 0.96

1991 5,067 48.088 53.691 19895 788.9 14,460 1,230 028 0.56 6.54 1.18 0.70 0.85 1.00

1992 3,147 25818 28.327 84.1 4784 8,235 4,117 0.34 0.68 570 0.66 0382 1.04 1.33

1993 4,286 136.181 25347 379.0 3736 11,018 5,509 026 - 0.53 4.64 0.81 0.45 0.63 0.81

1994 7,140 132.465 64.945 368.9 7240 15,998 7,999 0.37 075 6.78 1.44 1.07 1.31 1.55

1995 4,854 171.759 42.146 580.2 431.7 14,814 7,407 0.25 0.49 5.35 1.30 0.58 0.79 0.59

1996 - 24 468 32.565 1284 6733 11,735 5,868 - - - - - - -

‘Survey indices = average of indices m ( 1987, 19838, 1990, 1991} Arca of Georges Bank {nm®) = 7,456, Area of Mid-Atlantic {nm?) = 8,427, Area swepl by tow (nm?) = 0.00115.
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Figure B1. NEFSC statistical reporting areas and stock areas for sea scallops. Gulf of ‘Maine = 311-513,
Great South Channel = 521, 522, and 526, Northern Edge and Peak = 561 and 562, Southeast Part = 523,
Southern New England = 537-539, New York Bight = 611-616, Delmarva = 621-623, 625-628, and V'irginia-
North Carolina = 631-638.
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Figure B2, United States and Canadian sea scallop landings (mt of meats) from the Northwest Atlantic
(NAFO Subareas 5 and 6), 1887-1993.
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Figure B25. The results of fitting the modified DeLury model for sea scallops on Georges Bank.
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Figure B26. The results of fitting the modified DeLury model for sea scallops in the Mid- Atlantic region.
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Figure B27, The estimated ratio of catch number and estimated fully-recruited stock (line) with bootstrapping
percentiles (10, 25, 50, 75, and 90%), the estimated overall fishing mortality rate (line) with bootstrapping
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by applying various partial recruitment ratios, for scallops on Georges Bank.
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Figure B28. The estimated ratio of catch number and estimated fully-recruited stock (line) with bootstrapping
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Figure B29. Comparison of relative fishing mortality estimates (right hand Y axis) with DeLury-based fishing
mortality rates for Georges Bank and the Mid-Atlantic region.
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Figure B32. Frequency distributions of 200 bootstrap-estimated, 2-year average fishing mortality rates for
the survey years 1994 and 1995 in the Georges Bank and Mid-Atlantic regions. The curves indicate the fitted
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APPENDIX I

Distribution of Fishing Effort and Domestic Sea Sampling Observations
for Scallop Dredge Vessels, 1992-1996

During the examination of shell height frequency
distributions collected from surveys and sea sam-
plings, a concern was raised that the geographic lo-
cations of survey stations, sea sampling tows, and
fishing operation may not have the same coverage,
especially when the area closure went into effect in
the Georges Bank region in December 1994. To ad-
dress this concern, two sources of sea sampling data
were examined. The first consists of a limited number
of Coast Guard overflight observations. The second
data set came from the NEFSC Domestic Sea Sam-
pling Program.

The US Coast Guard flight data collected in the
periods of July-November 1995 and January-May
1996 (Appendix I Figures B1 and B2) indicated gen-
eral agreement with the sea sampling locations from
the NEFSC Domestic Sea Sampling Program.

The plots of locations for sea sampling tows in
1992-1996 were produced with the insertion of the
three closed areas on Georges Bank (Appendix I Fig-
ures B3-B7). As shown in the SAW-20 document
(NEFSC 1995), the sea sampling coverage was gen-
erally in agreement with the commercial landings
based on the data aggregated into 10-minute squares
from 1992 to the first half of 1994.

On Georges Bank, the sea sampling effort was
substantiaily reduced in the US Northern Edge and
Peak sub-region in 1994, The sea sampling locations
were limited to the area adjacent to the three closed
areas in 1995 and 1996.

In the Mid-Atlantic region, the area covered by
sea sampling tows has expanded since 1992, This pat-
tern indicates a shift in fishing effort from Georges
Bank to the Mid-Atlantic region over the years.
Since 1995, fishermen seldom harvested in the South-
ermn New England subregion. This suggests that split
trips between the George Bank and Mid-Atlantic re-
gions are unlikely. '

The surveys generally covered the scallop habitat .-

in the two regions. Thus, the spatial coverage of sea
sampling tows apparently did not agree with the sur-
veys on Georges Bank. Appendix I Figures B3-B7
show the post-stratified estimates of abundance in-
dices and shell height frequency distributions for
closed and open areas in each sub-region on George -
Bank. With limited amount of data, the spatial aspects
of growth, mortality, etc. that characterized the fish-
eries were not evaluated.
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Appendix I Figure BS. Observed sea scallop tows for dredges fished during 1994, NEFSC Sea Sampling
- Program.
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APPENDIX 1

Spatial Pattern of NEFSC Sea Scallop Survey Sampling in
Open and Closed Areas of Georges Bank, 1991-1996

Appendix IT Figures B1-B6 show the spatial pat- areas. In general, the distribution of tows within and
tern of sampling for the NEFSC sea scallop survey outside the closed areas appears to be evenly distnb-
within the US EEZ. The irregular shaded areas repre- uted and proportional to area.
sent the survey strata within the closed management
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Run No. 6 Georges Bank

Appendix ITI
Detailed Summary of Delury Model application to Georges Bank.

DELURY v2.0 Oct94 Run Number 6 1996 11 17 20 50 30 .
Scallops: Georges Bank Sr=1.0 M=0.1 Weighting=1,1,1 1989 set to missing
Prepared for SARC 23; November 1996

Data Used
Tuning Index: NMFS scaliop dredge survey for Georges Bank strata
Numbers per tow adjusted for gear selectivity
Catch data: Derived from Weighout Database 1982-1993, Jan- Apr 1994
and VTR and Dealer Logs, 1994- June 30, 1996
Based on survey year i: July 1 yr i to Jun 30 yr i+1
Survey Years 1982-1996

Definitions
Survey Year The period between successive NEFSC Séallop Dredge Surveys,
e.g., SY1987 is 1 July 1987 to 30 June 1988.
Full-Recruits  Scallops fully vulnerable to the fishery during the entire survey yr

Recruits Scallops that will bescome vulnerable to the fishery in survey yr
Size Class 2+  Full-recruits
Size Class 1 Recruits

Input data and options read from file: R&.DAT

The survey provides indices of abundance for recruit and fully-recruited numbers at a point 50% into the
calendar year. The catch is taken a at point S0% inte the calendar year. MNatural mortality is 0.1

CALENDAR -- INDICES OF ABUNDANCE -- TOTAL CATCH
YEAR RECRUITS FULLY-RECRUITED (miltiens)
1982 124,2870 45,6140 243.445000
1983 47,7060 39.2230 126.677000
1984 165.0260 33.52%0 99.797000
1585 141,4680 77.8530 ’ 186.390000
1986 182.4260 128.1080 ~ 234.701000
1987 153.3270 78.3160 272.249000
1588 104, 7480 65.5760 257.806000
1589 - ~999.0000 ~399.0000 355.636000
1990 279.7060 104.5040 - 684604000
1991 ©270.6420 50.3220 455.402000
1992 198.84660 48.6960 345.134000
1993 25.2789 15.1330 91.086000
1994 27.3360 20.5070 33.038000
1995 100.7870 16.1730 76.564000
1996 100.7370 70.1260

Indices of abundance are from NEFSC $callop Survey and are assumed to be proportional to stock abundance on
July 1. Note that the recruit abundance index for the last year is NOT used in the least squares
estimation. It is, however, used in conjunction with the least squares estimate of gq_n and the selectivity
of the recruits to calculate recruit population size in 1996 (see RESULTS section}).

Estimates of biomass were not used in this assessment.

SELECTIVITY OF RECRUITS TO THE SURVEY GEAR

Selectivity of the recruits (relative to the fully-recruited animals) to the survey gear is set at 1.0 for
all vyears.
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Run No. 6 ' Georges Bank

PARTIAL RECRULTWMENT (OF RECRUITS) TO THE COMMERCIAL FISHERY

A survey year (SY) is the pericd between successive annual surveys. Partial recruitment (PR) of the recruits
to the commercial fishery is a function of month during the survey year. As animals grow in size, partial
recrui tment increases, eventually reaching 1.0 at the end of each survey year. The PR function may vary
over S$Y¥s due to changes in regulations and/or unusually small {or large} mean size of the recruits. The
annual average partial recruitment results from integrating the annual PR functions with respect tc time
during the $Y, Apnual average partial recruitment was set at 0.295 for all years.

GTHER INPUT DATA AND OPTIONS
Measurement error in the abundance indices for both the recruits and the fully-recruited is assumed to be
Lognormally distributed., Process error is assumed to follow a tognermal distribution.

The inmput objective function weights are normalized (so that they wili sum to 1.0) prior to their use in the
estimation. Both the criginmal input weights and the normalized weights are given below. The square root of
the normalized weights is printed in the residual tables near the end of the RESULTS section {(under the
heading “WEIGHT"). !

-~ ORIGINAL INPUT WEIGHTS -- ---- NORMALIZED WEIGHTS ----
YEAR Measurement_£rror Process Measurement_Error Process

n Index r Index Error n Index r Index Error
1982 4.0000 1.0000 -$99.0000 0.0331 0.0083 -999.0099
1983 4.0000 1.0000 4.0000 0.0331 0.0083 0.0331
1984 4.0000 1.0000 4.0000 0.0331 0.0083 0.0331
1985 4.,0000 1.0000 4.0000 0.0331 0.0C83 0.0331
1986 4.6009 1.0000 4.0000 0.0331 0.0083 0.0331
1987 4.0000 1.0000 4.0000 0.0331 0.0083 0.0331
1988 4.0000 1.0000 4.0009 0.0331 0.0083 0.0331
1989 -99%.0000 -999.0000 -99%.0000 -999.0000 -999.0000 -999.0000
1990 4.0000 1.0000 4.0000 0.0331 0.0083 0.0331
1991 4.0000 1.0000 4.,0000 0.9331 0.0083 0.0331
1992- 4.0000 1.0000 4.0000 0.0331 0.0083 0.0331
1993 4.0000 1.0600 4.0000 0.0331 0.0083 0.0331
1994 4.0000 1.0000 4,0000 0.0331 ¢.0083 0.0331
1995 4.0000 1.0000 4,0000 0.0331 0.0083 0.0331
1996 4,0000 -999.0000 4.0000 0.0331 -999.0000 0.0331

-9%% indicates that no weighting is used for that year-error type combination

Initial estimates of parameters for the Marquardt atgorithm were set equal to observations. Lower and upper
bounds on the parameter estimates were set to 1e-10 and 1eé, respectively. Initial estimate of Surv g_n was
1e~3 with lower and upper bounds of 1e-10 and 1e3.

RESULTS

APPROXIMATE STATISTICS ASSUMING LINEARITY NEAR SOLUTICH

SUM OF SOUARES ...vvvennnns . 0.018441
ORTHOGONALITY OFFSET.....een. 0.008507
MEAN SQUUARE RESIDUALS ....... 0.001537

PARAMETER PAR. EST. STD. ERR. T-STATISTIC c.V.

1 n 2+ 1982 4.53974E1 9.69237E0 4 .68383E0 0.21

2 n 2+ 1983 4.05164E1 8.23849E0 &.91794E0 0.20

3 n 2+ 1984 3.19290E1 6.64791ED 4 ,80285E0 Q.21

4 n 2+ 1985 8.34943E1 1.64079E1 5.08BB67ED G.20

5 n 2+ 1986 1.13828E2 2.12916E1 5.34616E0 0.19

6 h 2+ 1987 8.61691E1 1.67061E1 5,15793E0 0.19

7 n 2+ 1588 7.16250E% 1.47952E1 4,B4111E0 0.21

8 n 2+ 1990 9.59108E1 2.00746E1 4. 77773ED 0.21

g n 2+ 1991 4.9T106E1 1.06663E1 4.66093EC 9.21

10 n 2+ 1992 & . T74L89E1 1.01401E1 4.70891€0 0.21
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Run No. 6

2+
2+
2+
2+
1

b 3 b e 3 e e 3

1

ury

[ B T Tee e B Sy T e M e T Sy Ty M Mes M B |

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

q.n

1.61266E1 3
1.79047€1 3
1.767466E1 3
7.07276E1 1
1.21945€2 2
5.76129€1 1
1.48074E2 2
1.37702E2 3
1.12060E2 3
1.32067€2 3
2.39704E2 4
3.02992E2 5
2.32513€2 3
1.43754E2 2
4.82884E1 8
2.00858E1 5
9.96394E1 2
5.02570E-1 &

L44Z289E0
.59858E0
.51025E0
L43944E1
.244T72E1
.38667E1
. T1492E1
.56404E1
.28206€1
13471E
L49092E1
.41020€1
6644281
. T0495E1
.562333E0
.88407EC
L16760ET
LSL755E-2

CORRELAT[ON BETWEENM PARAMETERS ESTIMATED (SYMBOLIC FORM)

1 n 2+ 1982
2 n 2+ 1983
3 n 2+ 1984
4 n 2+ 1985
5 n 2+ 1986
6 n 2+ 1987
7 n 2+ 1988
8 n 2+ 1990
? n 2+ 1991
10 n 2+ 1992
11 n 2+ 1993
12 n 2+ 1994
13 n 2+ 1995
14 n 2+ 1996
15 r 1 1982
% r 1 1983
17 r 1 1984
18 + 7 1985
19 01 1986
20 r 1 1987
21 r 1 1988
22 r 1 1990
23 1 1 19:
24 r 1 1992
25 r 1 1993
26 r 1 1994
27 r 1 1995
28 surv gq_n
$YMBOLS: =

LARGE NEGATIVE CORRELATION

..........

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

Georges Bank
4.684Q3E0 0.21
4. 97548E0 0.20
5.03571E0Q 0.20
4 91355E0 0.20
5.43250E0 0,18
4. 15476EQ 0.24
4 34910E0 0.23
3.86365E0Q .26
3.41431E0 0.29
4,.21304E0 0.24
5.33733E0 0.1%
5.40037€0 0.18
6.34556E0 0.14
5.3145080 0.19
5.59974EQ 0.18
3.4135%E0 0.

4 . 596TSED 0.22
7.67569E0 0.13
L] . F oo . v e e e a s
....... + - . .
........... + .
4 1 s . 4 B g w & & & w + -
* +
R + kAo .+
e * L0 L. + + + *
F e e e e e e e e
E e e e e e e e
----- * . - - * - . . - -
...... LR I P
I SN oot 4+ Lt
+ + .+ + o+ *
+ o+ PR ) . *
+ + o+ o+ o+ oy *
+ ++ 4+ + * +
2
+ +

whengver

MODERATE NEGATIVE CORRELATION whenever
SMALL CORRELATION
MODERATE POSITIVE CORRELATION whenever

LARGE POSITIVE CORRELATION

whenever

whenever

Where ¢ is the estimated correlation, M is 0.4 and L
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Run No. 6 Georges Bank

MORTALITY RATES (between surveys) :
CALENDAR STOCK SIZ2E ESTIMATES Z F F

YEAR (millions at time of survey) on sizes on size on sizes
RECRUITS  FULLY-RECRUITED 1+ 1 2+
1982 242642 $0.330 1.42 g.80 2.1
1983 14,637 B0.619 1.12 0.52 1.74
1984 234,942 63.531 0.59 0.32 1.09
1985 273.996 166.135 0.66 0.30 1.0%
1986 222.974 226.492 .96 0.39 1.33
1987 262.783 171,457 1.1 0.52 1.77
1988 476.958 142.518 0.64 0.35 1.18
1989 221.224 327.252 1.06 0.39 1.34
1990 602.885 190.841 2.08 1.26 427
1991 462 649 98.913 1.78 1.18 4.00
1992 286.039 95.010 2.47 1.49 5.04
1993 96.083 32.088 1.28 0.74 2.50
1994 39.966 35.624 0.77 0.31 1.06
1995 198,260 35.172 0.51. 0.30 1.0%
1996 200.444 140.732
RECRUITS = SIZECLASS 1 FULLY-RECRUITED = SI1ZECLASS 2+

Index of abundance for recruits is missing in 1989 For these years, the recruit stock size estimates are
based on the geometric mean of recruitment in years when indices were available. Index of abundance for
fully-recruited is missing in 1989 For these years, the fully-recruited stock size estimates are based on
forward calculations from the DeLury difference equation. Note that the recruit population estimate for the
last year {1996) is NOT a least sguares estimate. It is calculated from the observed survey index, the
least sguares estimate of g, and the s_r.

SUMMARY OF RESIDUALS FROM THE FITTED MODEL

MEASUREMENT ERROR -- Fully-recruited index with lognormal errors

ERROR TERM  OBSERVED  PREDICTED WEIGHT RESIDUAL STD RES A3
n 2+ 1982 45.6140 45,3974 0.1818 0.0009 0,0221 0.0
n 2+ 1983 39.2230 40.5164 0.1818 -0.005¢ - -0.1509% 0.2
n 2+ 1984 33.5290 31.9290 0.1818 0.008% 0.2268 0.4
n 2+ 1985 77.8530 83.4943 0.1818 -0.0127 -0.3245 a.9
n 2+ 1986 128.1680 13,8281 0.1818 0.0215 0.5482 2.5
n 2+ 1987 78.3160 85,1691 0.1818 -0.0174 -0.4432 1.6
n 2+ 1988 65.5760 71.6259 0.1818 ~0.0160 -0.4092 1.4
n 2+ 1989  -999.0000 164.4669 -999.0000 0.0000 0.0000 0.0
n 2+ 1990 104.5040 $5.9108 ¢.1818 0.0156 0.3980 1.3
n 2+ 199 50.3220 49.7106 0.1818 0.0022 0.0567 0.0
n 2+ 1992 48,6960 47.7489 0.1818 0.0036 0.0911 0.1
n 2+ 1993 15.1330 16.1266 0.1813 -0.0116 -0.294% 0.7
n 2+ 1994 20.5070 17.9047 0.131a 0.0247 0.6294 3.3
n 2+ 1995 16.1780 17.6766 0.1818 -0.0161 -0.4109 1.4
n 2+ 1996 70.1260 70.7276 ¢.1818 -0.0016 -0.03%6 0.0
SUM -4 13.9

.003%9 -0.10046
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Run No. 6 (Georges Bank

MEASUREMENT ERROR -- Recruit index with logmormal errors

ERROR TERM OBSERVED PREDICTED WEIGHT RESIDUAL STD RES A

r 1 1982 124.2870 121.9646 0.0%90% 0.0017 (.0441 0.
r 1 1983 47.7060 57.6129 0.0909 -0.0172 -0.4374 1.
r 1 1984 166.0260 118.0745 0.0909 0.0310 0.7904 5.
r 1 1985 141.4480 137.7621 0.0%90% 0.0025 0.0626 0

r1 1984 182.4260 112.0598 0.0909 0.0443 1.1301 10

r 1 1987 153.3270 132.0666 0.0909 0.0136 0.3462 1.
r 1 1988 104.7480  239.7045 0.0909 -0.0753 -1.6198 30.
rto1989 -999.0000 111.1803  -999.0000 ¢.0000 0.0000 0

r 1 1990 279.7060 302.9916 4.0909 -0.0673 -0.1854 0.
r 11 270.6420 232.5131 0.0909 0.0138 0.3521 1

r1 1992 1658.8660 143.7544 0.0909 0.0295 0.7526 4

r 1 1993 25.2780 48.2884 0.0909 -0.0%88 -1.5010 18.
r1l 1994 27.3360 20.0858 0.0909 0.0280 0.7147 4

r 1 1995 100.7870 99.6394 0.0%09 0.0010 0.0266 0

SUM 0.0049 0.1755 78

PROCESS ERROR -- Delury equation with lognormal errors

ERROR TERM CALCULATED PREDICTED WETGHT RESIDUAL STD RES %S
n 2+ 1983 40,7122 40.5164 0.1818 0.0009 0.0224 0.
n 2+ 1984 31.1855 31.9290 0.1818 -0.0043 -0.1093 0.
n Z+ 1985 $0.3466 83.4943 ¢.1818 0.0143 0.3658 1.
n 2+ 1984 115.3871 113.82a1 0.1818 0.0025 0.0631% 0

n 2+ 1987 97.6630 86.1691 0.1818 0.0228 0.3807 2

n 2+ 1988 73.6644 71.4250 0.1818 0.0051 0.1302 0.
n 2+ 1989  -999.0000 164.4669  -999.0000 0.0000 0.00C0 0.
n 2+ 1990 87.6926 95.9108 0.1818 -0.0163 -0.415% 1.
n 2+ 1991 49.6224 49.7106 0.1818 -3.0003 -0.0082 0.
n 2+ 1992 48,2754 47.7489 0.1818 0.0020 0.0309 0
n 2+ 1993 16.3318 161266 c.1818 0.0023 0.0536 0.
n 2+ 1994 16,8643 17.9047 0.1818 -0.0109 -0.2776 0
n 2+ 1995 19.3514 17.6766 0.1818 0.0165 0.4198 1

n 2+ 1996 71.3349 70,7276 0.1818 0.0016 0.0397 0
SUM 0.0361 0.7206 7

40 residual error terms
28 parameters sstimated
12 degrees of freedom

Time stamp at end of run 1996 11 17 20 50 39

DELURY v2.0 Oct%4 BOOTSTRAP  Run Number & 1996 11 17 21 3 56

BEGIN BOOTSTRAP REPLICATIONS

FILE HISTORY

Creation date : 1996 11 17 21 &
Last change : 1996 11 17 21 &
Last access : 1996 11 17 21 &

BOOTSTRAP TYPE : LOB
BOOTSTRAP CLASS: parametric conditional
SEED FOR THE RANDOM NUMBER GEMERATOR: 74747

MAIN LOOP LIMIT iN MARQUARDT ALGORITHM: 50

NUMBER OF BOOTSTRAP REPLICATIONS ATTEMPTED: 200

NUMBER FOR WHICH NLLS CONVERGED: 200

Results from the converged replications are used for computing the
statistics that fellow. Other replications are ignored.

This bogtstrap run finished running at timestamp: 1996 11 17 21 6 44 680
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Run No. 6 Georges Bank

This bootstrap run was started at timestamp: 1996 11 17 21 .3 56 230

BOOTSTRAP OUTPUT VARIABLE: q_hat
Catchability of the fully-recruited animals to the survey gear

PARAMETER NLLS BOOTSTRAP BOOTSTRAP C.V. FOR
ESTIMATE MEAN $TC ERROR NLLS SOLN
surv q_n 5.026E-1 5.027E-1 5.220E-2 0.10
PARAMETER ~ ==-=w-eme-e-o- PERCENTILES --r-----msen-ccunans
MIN | 10 . 25 MEDIAN 75 90 | MAX

surv q_n  3.5006-1 4.431E-i 4.659E-1 4.999E-1 S.394E-1 5.740E-1 6.499E-1

BOOTSTRAP OUTPUT VARIABLE: R_O
Poputation size {in number) of the recruits at time of the survey
i.e. 50% into the calendar year

NLLS BOOTSTRAP BOOTSTRAP C.V. FOR
YEAR ESTIMATE MEAN STD ERROR NLLS SOLN
1982 2.426E2 2.45262 1.261E1 0.05
1983 1.146E2 1.149E2 1.259€1 c.1
1984 2.349€2 2.28262. 2.854E1 0.12
1985 2.740E2 2.725€2 3.651E1 0.13
1986 2.230E2 2.096E2 3.350€1 0.15
1987 2.628E2 2.570E2 2.903E1 0.1
1988 4.7T0E2 4.975E2 3. 414E1 0.07
1989 2.21282 2.187E2 4.455E0 0.02
1990 6.029€2 6.033E2 2, 711€1 0.04
1991 4.626E2 4.618E2 1.684E1 0.04
1992 2.860E2 2.825E2 1.194E1 0.04
1993 9.608E1 9.879E1 6.043E0 0.06
1994 3.997E1 3.837E1 7.406€0 0.19
1995 1.983€2 2.015€2 2.770E1 0.14
1994 2.004€2 2.026E2 2.140E1 0.1
EEEEESIEEREED PERCENTILES =---e--r---ocenmnnne
YEAR MIN | 1o - 25 MED AN 75 90 | MAX

1982 2.16382 2.27T9E2  2.363€2
1983 8.33161  9.917e1  1.070€2
1984 1.47562 1.92982  2.071E2
1985 1.695E2  2.262E2  2.461E2
1988 1.17382 1.70582  1.853E2
1987 1.443E2  2.205€2 2.398E2
1988 4.236E2  4.5BOEZ2  4.729E2
1989 2.082E2 2.136E2  2.156E2
1990 5.054E2 5.69282 5.872£2
1991 4.153E2  4.409E2  4.505E2
1992 2.403E2 2.673E2  2.756E2
1993 8.297E1 9.217E1  9.494E1
1994 2.127e1  2.922e1  3.309¢1
1995 1.43082  1.69082  1.819€2
1996 1.550E2 1.755E2  1.868E2

LA5PEZ 2.547E2
L146E2  1.228BE2
L2882  2.438E2
.725E2 - 2.99682
.060E2  2.321E2
.S70E2  2.792E2
.95282  5.180E2
L182E2  2.222E2
L060E2  6.2T1E2
LB23E2 4, T42E2
L8392 2.908E2
.B65E1 1.028E2
L760EY 433081
LG73E2  2.1B2E2
.015E2  2.162E2

.62082  2.753E2
310E2 1.504E2
Jb61E2 3.135E2
L18%E2  3.675E2
JS18E2  3.188E2
.907EZ  3.306E2
40682 6.150€2
L247E2 2.307E2
J363E2 6.696E2
.82782  5.0%5E2
.96182  3.1282
.05BE2  1.184£2
.B34E1  5.9B1E1
J426E2 - 2.979E2
.273E2 2.878E2

N WO N PN PN DR R = T
PRY NI SR N RV I N NI P Sy ]
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Run No. 6

BOOTSTRAP GQUTPUT VARIABLE: MN_0O

Popn size (in number) of fully-recruited animals at time of the survey

i.e. 50% into the calendar year

YEAR

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

YEAR

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

O NN~ = - —h s U O

L371ET
L7958
.379E1
15762
62782
.252E2
.QV0EZ
.B53E2
.336E2
L7321
L0917E1
.143E1
LSTRER
L435E1
.823E1

NLLS
ESTIMATE

.033g1
.062E1
35360
béiE2
.265E2
.715E2
L425E2
.273E2
.908E2
.B%1E1
L501E1
.209E1
L563E1
S517E1
L407E2

S HWIH WO O == e =00

MIN |

RPN N U o L . RN N RPN ¥ I+ SIEN |

BOOTSTRAP QUTPUT VARIABLE: F_N
fishing mortality rate on the fully-recruited animals during survey yrs

SURVEY
YEAR

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

NLLS
ESTIMATE

2.7101
1.7446
1.0912
1.0055
1.3280
1.7682
1.1765
1.3352
4.2660
3.9979
5.0413
2.5021
1.0601
1.0114

BCOTSTRAP
MEAN

2.6832
.T423
L9742
L9994
.2095
. 7025
.1235
L3492
.2156
‘3.9194
-4.9893
2.5494
0.9648
0.%980

[ Ol = Y

BOOTSTRAP BOOTSTRAP
MEAN STD ERRGOR
9.099E9 1,15081
8.36%E1 1.22%9E1
6.500e1 9.798ED
1.71782 2.453E1
2,295E2 3.002€e1
1.802e2 2.801E1
1.481€2 2. 19567
3.509€2 3.205E1
1.949€2 2.87081
1.0627e2 1.608E1
9.855E1 C1.374EY
3.252€E1 4.994E0
3.641E1 5.441EQ
3.691E1 5.683E0
1.447E2 2.263E1
----------- PERCENTILES
10 25 MED LAN
LA55E1T B.331E1 9.062E1
.G0%E1  7.501E1  B.194E1
.334E1  5.825E1  6.345E1
JA19E2° 1.542E2  1.687E2
L930E2° 2.054E2  2.296E2
LG44E2 1.606E2  1.77%E2
.213E2  1.32BEZ  1.44%€E2
J34E2 3.275EZ2 3.465E2
L603E2  1.744E2 1.923E2
L25981 9.228E1  1.034E2
.205E1  8.8B2E1  $.70BE1
L655E1 2.932E1 3.219E1
J922E1  3.262E1  3.565E1
L049E1  3.307E1  3.414E1
922 1.286E2  1.4%8E2

BOOTSTRAP
STD ERROR

.270
L2106
L1392
1365
L1545
L2115
L0952
Llhas
4048
L3534
L4615

OO0 OO0 000O0COo

(Georges Bank

C.v. FOR
NLLS SOLN

9.879€E1
9.082€1
7.050E1
1.883g2
2.487E2
1.95782
1.635€2
3.70582
2.134€2
1.112€2
1.074E2
3.604€E1
3.978E1
4,028€E1
1.554E2

141

OO0 o OO0 oOO
N .
<

1.058€2
1.008E2
7.822€1
2.031E2
2.691E2
2.157E2
1.793€2
3,963E2
2.344E2
1.200€2
1,167€2
3.946E1
4.367€1
4.446E1
1.761E2

C.V. FOR
NLLS SOLN

P A g — S G i
VI = OO0 QO 20NN AHMO

oo oOODLDOoOO0O0 000
e e s P A

MAX

1.429E2
1.273e2
9.722E1%
2.677E2
3.371€2
2.7T11e2
2.407€2
4.546E2
2.8B6E2
1.777E2
1.424E2
4.918€1
5.584E1
6.010E1
2.198€2



Run No. 6

SURVEY
YEAR

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

MIN |

1.8181
1.2092
0.6157
0.4064
0.7541
1.0769
0.8581
0.9793
3.1012
2.9162
3.8145
1.8953
0.5399
0.5380

2.3727
1.4560
G.8cN
0.8255
1.0198
1.4502
1.00%0
1.1611
3.7043
3.4592

4.4001%

2.1907
0.8006
0.8043

BOOTSTRAP QUTPUT VARIABLE:

Fishing mortaiity rate fer all animals of recruitment size and larger

PERCENTILES
25 MED 1AN
2.4B68  2.6724
1.5952  1.7456
0.8801  0.9783
0.9044  0.9998
1.1086  1.1%44
1.5506  1.6973
1.055¢  1.12%0
1.2389  1.3487
3.9255  4.1936
3.6902  3.9191
4.6280  4.9870
2.3417  2.5320
0.8550  0.9&%5
6.9012  0.9985%
F_RN

PP, I S SRR N V)

.B633
.9013
L0610
.0850
L3204
8539
L1912
L4500
4927
L1564
274
L7545
0438
L1061

Georges Bank

90 | MAX
3.0296  3.5583
2.0030  2.3663
11592 1.3272
11770 1.3598
1.4065  1.5787
1.9699  2.2%44
1.2402  1.3565
1.5359  1.7487
4.7616  5.3662
4.4038  4.8141
5.6019  6.1154
2.9256  3.2766
1.1362  1.3969
71,1883 1.3615

i.e. recruits plus the fully-reecruited group during survey years

SURVEY
YEAR

1982
1983
1984
1985
1986
1987
1988
1989
1950
1991
1992
1993
1994
1995

SURVEY
YEAR

1982
1983
1984
1985
1986
1587
1988
198%
1999
1991
1992
1993
1994
1995

NLLS
ESTIMATE

1.3183
.0228
.4859
5644
.8637
.0141
.5381
L9557
L9835
6787
L3744
. 1803
6651
L4060

OO AN 22002 MO O —

MiN |

1.0172
0.7744
0.2819
0.3875
0.5605
0.6971
0.4142
0.7526
1.5145
1.3615
1.9966
0.9200
0.4123

BOCTSTRAP BOOTSTRAP

MEAN $TD ERROR

1.2%99 0.1025

1.0262 0.0933

0.4391 ¢.0550

0.5649 0.0605

0.7993 0.0816

0.9910 Q.05

0.5122 0.0353

0.9814 0.0897

1.9623 0.1307

1.6544 Q.1098

2.3728 0. 1400

1.1927 0.1026

0.6128 . 0.0680

0,4032 0.0553

"""""""""" PERCENTILES

10 25 MEDIAN
1.1636 1.2278 1.3109
0.9066 0.9584 1.0266
¢.3709 0.4010 0.4354
0.4926 0.5235 0.5629
0.7014 0.7505 0.7986
0.8726 0.9217 0.9916
0.4629 0.4884 0.5147
0.8620 G.9173 0.9849
1.8174 1.8805 1.9461
1.5127 1.5782 1.6584
. 2.1868 2.2680 2.3714
1.0585 1.1175 1.1985
0.5245 0.5680 0.6143
0.3317 0.3681 0.4054

0.2397
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C.¥. FOR
NLLS SOLN
0.08
0.0%
¢.12
6.1
0.09
0.09
0.07
0.09
Q.07
0.07
0,06
0.09
0.10
0.14
75 90
1.3705 1.4344
1.0937 1.1425
0.4786 0.5174
0.6129 0.64%4
0.8564 0.5041
1.0553 1117
0.5379 0.5564
1.0406 1.1002
2.0420 2.1409
1.7281 1.7976
2.4546 2.5468
1.2586 1.3385
0.6548 0.6986
0.4442 0.4723

1.5663
1.2902
0.5710
0.7074
1.0031
1.1889
0.5975
1.2196
2.3206
1.9278
2.7454
1.4446
0.8255
0.5311



Run No. 6 Georges Bank

BOOTSTRAP OUTPUT VARIABLE: F_RN_bar
Average fishing mertality rate for all animals of recruitment size and larger i.e. recruits plus the fully-
recruited group during survey years Average fishing mertality rates on the fully-recruited animals

1st Row: F in 1995
2nd RoW: Average F for 1994 1995
3rd Row: Average F for 1993 1994 1995

SURVEY NLLS BOOTSTRAP BOOTSTRAP C.V., FOR

YEAR(S) ESTIMATE HEAN STD ERROR NLLS SOLN
1995 0 0.4060 0.4032 30,0553 A
1994 95 0.5356 ¢.5980 0.0535 0.1¢0
1993 95 0.7505 0.7362 0.0621 7.08

SURVEY  mmmmemmmmeesme PERCENTILES ------v---m-cmenmmn-

YEAR(S) MIN | 10 25 MED [AN 75 90 | MAX
1995 0 0.2397 0.3317 0.3461 0.4054 0. 46442 0.4723 0.5311
1994 95 0.3549 0.4344 0.4691  0.5114 0.5398 G.5809 0.6416
1993 95 0.5768 0.6531 0.6895 0.73%98 0.7781 0.8155 0.8934

BOOTSTRAP OUTPUT VARIABLE: F_N_bar
Average fishing mortality rates on fully-recruited animals during survey years

st Row?
2nd Row:

F in 1995
Average F fer 1994 1995

3rd Row: Average f for 1993 1994 1995

SURVEY NLLS BOOTSTRAP BOOTSTRAP C.V. FOR

YEAR(S) ESTIMATE MEAN STD ERROR NLLS SOLN

1995 0 1.0114 0.9980 0.149 0.15

1994 95 1,0357 0.9814 0.1233 0.12

1993 95 1.5245 1.5041 0.1654 0.1

SURVEY  memseseeeeoees PERCENTILES ««=----wararacneunnn

YEAR(S) MIN I 10 25 MED I AN 75 90 | MAX
1995 ¢ 0.5380  0.8043  0.9012  0.598%  1.1061 1.1883  1.3615
1994 95 0.46586 0.8168 0.9030 0.9747 1.0636 1.1505 1.3019
1993 95 1.0708 1.2915 1.377 1.5017 1.6214 1.7305 1.9323
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Run No. 102 _ Mid Atlantic Region

Appendix IV
Detailed Summary of Delury Mode! application to Mid-Atlantic Region.

DELURY v2.0 Oct%4 Run Number 102 1996 11 .10 21 53 25
Scallops: Mid Atlantic Region  Sr=1.0
Prepared for SARC 23; November 1996

Data Used
Tuning Index: NMFS scallop dredge survey for Mid Atlantic strata
Numbers per tow adjusted for gear selectivity
Catch data: Derived from Weighout Database 1982-1993, Jan -Apr 1994
and VTR and Dealer Logs, 1994-June 30, 1996
Based on survey year i: July 1 yr i to Jun 30 yr i+1
Survey Years 1982-1996

Definitions
Survey Year The period between successive NEFSC Scallop Dredge Surveys,
e.g., SY1987 is 1 July 1987 to 30 June 1%88.
Full-Recruits  Scailops fully vulnerable to the fishery during the entire survey yr

Recruits Scallops that will become vulnerable to the fishery in survey yr
Size Class 2+  Full-recruits
Size Class 1 Recruits

Input data and options read from file: R10G2.DAT

The survey provides indices of abundance for recruit and fully-recruited numbers at a point 0% into the
calendar year. The catch is taken a at point 50% into the calendar year.

Natural mortality is 0.1

CALENDAR == INDICES QF ABUNDANCE -- TOTAL CATCH
YEAR RECRUITS  -FULLY-RECRUITED (millions}
1982 17.2110 23. 4460 27.184000
1983 19.2310 17.9720 152.041000
1984 22.0220 22.82460 151.845000
1985 68,9640 33,6550 126.465000
1986 93,2780 | 40,5090 310.430000
1987 107.1230 56.0200 351.326000
1988 106.5750 $8.0200 372.655000
1789 203.0340 84,4720 377.877000
1990 167.6830 83,6690 30%.331000

199 48.0880 53.6910 214 .049000
1992 25.8180 28.3270 167.554000
1993 136.1810 25.3470 23G.408000
1994 132.4650 64,9450 464 . 066000
1995 171.7590 42.1460 317.505000
1996 24,4680 52.5650

Indices of abundance are from NEFSC Scatlop Survey and are assumed to be proportional to stock abundance on
dJuly 1.

Note that the recruit abundance index for the last year ig NOT used in the least squares estimation.
It is, however, used in conjunction with the least squares estimate of q_n and the selectivity of the
recruits to calculate recruit population size in 1996 (see RESULTS section).

Estimates of biomass were not used in this assessment.
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Run Ne. 102 Mid Atlantic Region

SELECTIVITY OF RECRUITS TO THE SURVEY GEAR

Selectivity of the recruits (relative to the fully-recruited animals) to the survey gear s set at: 1.0 for
all years

PARTIAL RECRUITMENT (OF RECRUITS) TO THE COMMERCIAL FISHERY

A survey year (SY) is the period between successive annual surveys. Partial recruitment (PR) of the recruits
'to the commercial fishery is a function of month during the survey year. As animals groW in size, partial
recruitment increases, eventually reaching 1.0 at the end of each survey year. The PR function may vary
over SYs due to changes in regulations and/or unusually small (or large) mean size of the recruits. The
annual average partial recruitment results from integrating the annual PR functions with respect to time
during the SY. Annual average partial recruitment was set at 0.295 for all years.

OTHER INPUT DATA AND OPTIONS
Measurement error in the abundance indices for both the recruits and the fully-recruited is assumed to he
legnormally distributed. Process error is assumed to follow a lognormal distribution.

The input objective function weights are normalized (so that they will sum to 1.0) prior to their use in the
estimation. Both the original input weights and the normalized weights are given below. The sguare

raot of the normalized weights is printed in the residual tables near the end of the RESULTS section {under
the heading "WEIGHT").

-~ ORIGINAL INPUT WEIGHTS -- ---- NORMALIZED WEIGHTS ----
YEAR Measurement_Error Process Measurement_Error Process

n Index r Index Error n Index r Index Error
1982 1.0000 1.0000 -999.00G0 0.0233 0.0233 -999.0000
1983 1.0000 1.0000 1.0000 0.0233 0.0233 0.0233
1984 1.0000 1.0000 1.0000 0.0233 0.0233 0,0233
1985 1.00400 1.0000 1.0000 0.0233 0.0233 0.0233
1986 1.0000 1.0000 1.0000 0.0233 0.0233 0.0233
1987 1.000¢ 1.0000 1.0000 0.0233 0,0233 0.0233
1988 1.00c0 1.0c00 1.0000 0.0233 0.0233 0.0233
1989 1.0000 1.0000 1.0000 0.0233 0.0233 0.0233
1950 1.0000 1.0000 1.0000 0.0233 0.0233 0.0233
1991 1.0000 1.0000 1.0000 (.0233 0.0233 0.0233
1992 1.0000 1.0000 1.0000 0.0233 0.0233 0.0233
1993 1.0000 1.0000 1.0000 0.0233 0.0233 0.0233 ~
1994 1.0000 1.0000 1.0000 0.0233 0.0233 0.0233
1995 1.0000 1.0000 1.0000 0.0233 0,0233 0.0233
1996 1.0000 -999.0000 1.0000 0.0233 -999.0000 0.0233

-999 indicates that no weighting is used for that year-errar type combination

Initial estimates of parameters for the Marquardt algorithm were set equal to observations. Lower and upper
bounds on the parameter estimates werz set to le-10 and le6, respectively. Initial estimate of Surv g_n was
1e-3 with Lower and upper bounds of 1e-10 and 1e3.

RESULTS

SUM OF SQUARES ............ .- 0.049882
ORTHOGONALITY OFFSET......... 0.002784
MEAN SQUARE RESIDUALS -....... 0.003837
PARAMETER PAR. EST. STD. ERR. T-STATISTIC C.v.
1 n g+ 1982 2. TH053E1 ?.09552€0 3.01305E0 0.33
2 n 2+ 1983 2.31693E1 7. 4L4661ED 3.11139e0 G.32
3 n 2+ 1984 2.29479E1 7.82055E9 2.93431€0 0.34
4 n 2+ 1985 2.53611E1 9.29853E0 2.72743E0 0.37
5 n 2+ 1986 5.80457E1 1.85733€1 3.12527E0 0.32
& n 2+ 1987 6. 06745E1 2.0542761 2.95368E0 0.34
7 n 2+ 1988 8.55670E1 2.74278E1 3, 11972€0 0.32
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Run No. 102 Mid Atlantic Region

8 n 2+ 1989 7.57011€1 2.55451E1 2.96343E0 0.34

g n 2+ 1999 8.20130E1 2.65338E1 3.09088E0 0.32
10 n 2+ 1991 6.53605E1 1.83394E1 3.56394E0 0.28
A n 2+ 1992 3.84003E1 1.07608E1 3.56853€0 0.28
12 n 2+ 1993 2.3171CE1 8.51718EQ 2.72050€E0 0.37
13 n 2+ 1994 6.37727E1 2.0807%€1 3.06483E0 0.33
14 n 2+ 1995 4.28237€1 1.58713E1 2.6981BEQ 0.37
15 n 2+ 1996 6.55607E1 2.34524E1 2. 79548E0 0.34
16 r 11982 1.92031€1 7.15448E0 2.58407E0 0.37
17 r %t 1983 3.31573€1 1.030S4E1 3.21750€0 0.3
18 rl 1984 3.57405E1 1.10702E1 3.22854E0 ¢.31
19 r 1 1985 6.96000E1 2.26T42E1 3.06%56E0 0.33
20 r1 1986 8.86803E1 2.87176E1 3.CBB01ED 0.32
21 rio1987 1.15578€2 3.64784E1 3.16839€0 0.32
22 r1 1988 9.76012E1 3.37398E1 2.89276E0 0.35
23 r1 1989 1.41920E2 4, 64558E1 3.05495EQ 9.33
24 r1 1990 1.08092€2 3.74375E1 2.8B727EC 0.35
25 rio19n 4.06004E7 1.52334E1 2.66487E0 0.38
26 r1o1992 2.746124E1 ?.95248E0 2.75433E0 0.3%
27 r1 1993 1.13872E2 3.32301¢1 3.42679¢€0 0.29
28 r1 199 1.04660E2 3.08520E1 3.3923%E0 0.29
29 r1 1995 1.26243E2 3.81773E% 3.30675¢€0 0.30
30 Surv o_n 2.35773E-1 3.72658E-2 6.32679€0 0.16

CORRELATION BETWEEN PARAMETERS ESTIMATED (SYMBOLIC FORM)

Tn2+ 1982 % L L L e e e e e e e e e e e e e e e e e
2n2+ 1983 . * L L L Ll . o e e e e T e e e e e e e e e e
In2+ 1984 . . % L L L L. . s e e e e T e e e e e e e e e
Ln2+ 1985 . . L * . . L. L, . .. e e e e e e e e e e PR
SR2F1986 . & . o F oL e e e e e e e F o i h a e e e e e
6n2y 1987 . . . .. * L L L. .. e e e e e o i e s e e e e
Tn2+ 1988 . . . . . o L i e e e e e e e T
Bn2+ 1989 . . . .. . F L. L., e e e e e e e e e e e e e
2+ 1990 . . L. .. L e e e e e e P
f0n2+ 1991 . . . . . ... e e e e e e e e e e e e e e e e e e .
Mn2+1992 . . . . . . .« .. X e e i e e e e e e e s e s
12n2+1993 . . . . .. ..o L. e e e it e e s e e e e .
B2+ 1994 . . . . .. .. ... . e e e e e e + - .
Ten2+ 1995 . . . . . .. . e e e e * .. - e e e e e e e .
B2+ 199 . . . . -0l e e e . e e e e e e e e e e e + .
16r1 1982 . . . . 0 v L e e e e e e e e e e e e e e e e s
7 e 1 1983 . - L L L e e e e e e e e * ... e e e s . F
181 1984 . . = . v v o i i s e e e e e o .-
19r1 1985 . . . % L L e e e e e e o
20r 1 1986 . . . . .t L. 0o e e e L e e e
29 r Y 1987 L. L .. F oot ot e e e e e e e e e e e e e e e
2 r 1 1988 . .. .. e e e e e e e e e e e s e e e e
23 ¢ 1 1989 . . . ... .. o e e e e e e e e e e s o,
L T B * e s e
5 T < e L~ * ...
O e L . L * L -
271 1993 . L L L L L. ... o e e e e e e . *
28r 1 1994 . . ... ..., e e e e e e e e e e e e s *
29 01 1995 L . UL L L. L. . P e e e e e . .. ¥
0 survgn . oh e e s e e e e e e e e P et e e e e e e e *
SYMBOLS: = LARGE NEGATIVE CORRELATION whenever -1 <=rpr < -L
- MCDERATE MEGATIVE CORRELATION wWhenever -L <= r < -M
. SMALL CORRELATION whenever -M <= r <= +M
+ MODERATE POSITIVE CORRELATION whenever +M < p <= +
* LARGE POSITIVE CORRELATION whenever +L < r <= +1

Where r is the estimated corretation, M is 0.4 and L is 0.8
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Run No. 102 _ _ Mid Atlantic Region

MORTALITY RATES (between surveys}

CALENDAR STOCK SIZE ESTIMATES 2 F F

YEAR (mitlions at time of survey) on sizes on size on sizes
RECRUITS FULLY-RECRUITED 1+ 1 2+

1982 81.447 116.236 0.70 0.25 0.84
1983 140.634 28.27¢ 0.90 0.40 1.36
1984 151.588 97.330 0.84 0.38 1.29
1985 295.199 107.566 0.49 0.24 0.81%
1986 376.126 246.197 0.88 0.40 1.36
1987 490.208 257.351 0.72 0.34 1.16
1988 413.962 362.921 0.88 0.37 1.25
1989 601.935 321.076 0.98 0.48 1.62
1990 458.458 347.847 1.07 0.48 1.461
1991 172. 201 277.218 1.02 0.37 1.25
1992 116.266 162.870 1.04 0.39 1.34
1993 482.974 98.277 0.76 G.47 1.60 -
1994 443.902 270.483 1.37 0.67 2.26
1995 535.442 181.631 0.95 G.53 1.79
1996 103.778 278.067

RECRUITS = SIZECLASS 1 FULLY-RECRUITED = SIZECTLASS 2+

Note that the recruit population estimate for the last year (1996) is NOT a least squares estimate. 1t is
cateulated from the observed survey index, the least squares estimate of q, and the s_r.

SUMMARY OF RESIDUALS FROM THE FITTED MODEL

MEASUREMENT ERROR -- Fully-recruited index with lognormal ercors

ERROR TERM . (BSERVED PREDICTED WEIGHT RESIDUAL 57D RES FAS
n 2+ 1982 23,4460 27.4053 0.1525 -0.0238 -0.3841 1.1
n 2+ 1983 17.9720 23.1693 0.1525 -0.0387 -0.6253 3.0
n 2+ 1984 22.8260 22.9479 0.1525 -0.0008 -0.0131 0.0
n 2+ 1985 33.6550 25.386M 0.,1525 0.0431 0.6%966 3.7
n 2+ 1986 60.5090 58,0467 0.1525 0.0063 0.1023 0.1
n 2+ 1987 56.0200 £0.67465 0.152% -0.0122 -0.1966 0.3
n 2+ 1988 98,0200 85.5670 0.1525 0.0207 0.334% 0.9
n 2+ 1989 B4.4720 75.7011 0.1525 0.0147 G.2699 0.6
n 2+ 1990 83.56%0 82.0130 0.1525 0.0030 0.0492 0.0
n 2+ 1991 53.6910 65.3605 0.1%25 -0.0300 -0.4842 1.8
n 2+ 1992 28.3270 38.4003 0.1525 -0.0464 -0.7490 4.3
n 2+ 1993 25,3470 23,1710 0.1525 0.0137 0.2210 0.4
n 2+ 1994 64,9450 63.7727 0.1525 0.0028 0.0448 G.0
n 2+ 1995 42,1460 42.8237 0.1525 -0.0024 -0.0393 0.0
n 2+ 1996 52.5650 65,5607 0.1525 -0.0337 -0.5439 2.3
SUM -0.0816 -1.3173 18.5
MEASUREMENT ERROR -- Recruit index with lognormal errors

ERROR TERM O8SERVED PREDICTED WEIGHT RESIDUAL STD RES %58
r i 1982 17.2110 19.2031 0.152% -0.0167 -0.26%96 0.6
r 1 1983 19.2310 33.1578 0.152% -0.0831 «1.3411 13.8
r1 1984 22,0220 35.7405 0.1525 -0,0738 -1.1921 10.9
r 1 1985 £8.9640 69.6000 0.152% -0.0014 -0.0226 0.0
r 1 1986 93,2780 88.6803 0.1529 0.0077 0. 1244 0.1
r1 1987 107.1230 115.577¢9 0.1925 -0.0116 -0.1870 0.3
ri 1988 106.5750 97.6012 0.1525 0.0134 0.2145 0.4
r 1 1989 203.0340 141.9203 0.152% 0.0546 0.8816 6.0
r i 1990 167.6830 108.0920 0.1525 0.0670 1.0810 9.0
r1 1991 48,0880 40.6004 0.1525 0.0258 0.4167 1.3
r1 1992 25.8180 27.4124 0.1525 -0.00M -0.1475 0.2
r i 1993 136.1810 113.8724 Q.1525 G.0273 0.4404 1.5
r 1 1994 132.4650 104 .6602 0.1525 0.0359 0.5800 2.6
r1 1995 171.75990 126.2429 0.1525 0.0470 0.7580 4.4
SUM 0.0829 1.3387 51.0
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PROCESS ERROR -- Delury equation with lLognormal errors

ERROR TERM CALCULATED  PREDICTED WEIGHT RESIDUAL STD RES %3S
n 2+ 1983 20.3772 23.1693 0.1525 -0.0196 -0.3161 0.8
n 2+ 1984 16.8680 22,9479 0.1525 -0.046%9 -0.7578 4.4
n 2+ 1985 19.0476 25.36M1 0.1525 -0.0437 -0.7048 3.8
n 2+ 1986 57.5615 S8.0467 0.1525 -0.0013 -0.0207 0.0
n 2+ 1987 63.1426 60.6765 0.1525 0.0041 0.0981 9.1
n 2+ 1988 80.6882 85.5670 0.1525 -0.00%0 -0.1445 0.2
n 2+ 1989 82.1605 75.7011 0.1525 0.0125 0.2016 .3
n 2+ 1990 112.1639 82.0130 0.1525 0.0477 0.7708 4.6
n 2+ 1991 104.4333 65,3665 0.1525 g.0715 1.1537 10.2
n 2+ 1992 47.8717 38.4003 0.1525 0.0336 G.5427 2.3
n 2+ 1993 21.9718 231710 £.1525 -0.0081% -0.1308 -0
n 2+ 1994 72.3274 63.7727 0.1525 0.0192 0.309¢9 0.7,
n 2+ 1595 48.3263 42,8237 0.1525 0.0184 0.2976 0.7
n 2+ 1996 81.7695 £5.3607 0.1525 0.0337 .5439 2.3
SUM 0.1142 1.8435 30.5

43 residual error terms
30 parameters estimated
13 degrees of freedom

Time stamp at end of run 19946 11 10 21 53 32

DELURY v2.0 Oct94 BOOTSTRAP  Run Number 102 1996 11 10 21 56 29
BEGIN BOOTSTRAP REPLICATIONS

Time stamp at end of run 1996 11 10 21 58 39

FILE HISTORY

Creation date : 1996 11 10 21 58

Last change : 1996 31 10 21 58

Last access : 1996 11 10 21 58

BOOTSTRAP RESULTS FOR RUN NUMBER 102 1996 11 10 22 4 25
Scallops: Mid Attantic Region Sr=1.0
Prepared for SARC 23; November 1996

BOOTSTRAP TYPE : LOB .
BOQTSTRAP CLASS: parametrié conditional
SEED FOR THE RANDOM KUMBER GENERATOR: 74747

MATN LOQP LIMIT IN MARQUARDT ALGORITHM: 350

NUMBER OF BOOTSTRAP REPLICATIONS ATTEMPTED: 200

NUMBER FOR WHICH MLLS CONVERGED: 200

Results from the converged replications are used for computing the statistics that follow. Other
replicatiens are ignored.

This bootstrap run finished running at timestamp: 1996 11 10 21 58 39 890
This bootstrap run was started at timestamp: 1996 11 10 21 56 29 230

BOOTSTRAP OUTPUT VARIASLE: g hat )
Catchability of the fully-recruited animals tc the survey gear

PARAMETER NLLS BOOTSTRAP BOQTSTRAP C.v. FOR
ESTIMATE MEAN 57D ERROR NLLS SOLN
Surv gq_n 2.358€-1 2.587E-1 2.238e-2 0.0%
PARAMETER ~ -------weoeee- PERCENTILES -e--r-n----omcacanan
MIN - | 10 25 MED1AN 75 90 | MAX

surv g_n 1.990E-1 2.307E-1 2.413E-1 2.586E-1 2.74%9E-1 2.870E-1 3.156E-1
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BOOTSTRAP OUTPUT VARIABLE: R_O
Population size (in number) of the recruits at time of the survey i.e. 0% into the calendar vear

NLLS BCOTSTRAP BOOTSTRAP C.V. FOR

YEAR ESTIMATE MEAN STD ERROR NLLS SOLN

1982 8.145E1 B8.519E1 1.980€1 0.24

1983 1.406E2 1.555€2 2.602€1 .19

1984 1.516€2 1.66962 2.811€1 .19

1985 2.952€2 2.92862 5.288E1 0.18

1986 3.781E2 3.695€2 6.379E1 0.47

1987 4.902E2 4,852E2 8.CT4ET 0.16

1988 4.140E2 3.B36E2 7.845E1 8.19

1989 6.01%9E2 4.900E2 9.017€1 2.15

19%0 . 4.585E2 3.701E2 7. 148E1 0.15

1991 1.72262 1.554E2 3.788E1 .22

1992 1.163€2 1.0%0€2 2.595€1 0.22

1993 4.830E2 449562 7.235E1 - 0.15

1954 4.439E2 4.184E2 7.124E1 c.16

1995 5.354€2 4.859E2 .369€1 0.17

1996 1.038€2 9.528E1 8.35080 0.08
-------------- PERCENTILES =-------w=ssco---ooo

YEAR MIN [ 10 25 MEDIAN 73 90 | Max

1982 3.856E1 S.978E1 6.920E1 8.470E1  9.893E1  1.097E2  1.556E2

1983  9.335E1 1.223E2 1,386E2 1.557E2  1.713E2  1.869E2  2.310E2

1984  B.345E1 1.289E2  1.481E2  1.686E2 1.857E2 1.993E2  2.503E2

1985  1.686E2 2.266E2 2.517E2  2.88382 3.297E2  3.448£2  4.438E2

1986  2.196E2 3.008€2 3.213E2 3.579E2  4.068E2  4.570E2  5.445E2

1987  2.415E2 3,906E2 4.30562 4.844E2 5.423E2 5,796E2  7.327E2

1988 1.950E2  2.B96E2  3.214E2 3.835E2 4.355E2  4.909E2  5.954E2

1989  2.626E2 3.868E2 4.253E2  4.807E2 5.413E2  6.050E2  8.166E2

1990  2,343E2  2.818E2 3.182E2  3.63482 4.133E2  4.625E2  6.081E2

1991 7.613E1  1,10862 1.261€2 1,551E2  1.762E2 2.02262 2.61282

1992 5.B47E1  7.594E1  9.116E1  1.078E2  1.262E2  1.395E2  2.690E2

1993 2.81462 3.583E2 4.022E2  4.447E2  4.958E2  5.472E2  7.02%E2

1994 2.453E2  3,242E2 3.66BEZ  4.158E2 4.709E2  5.114E2  6.188E2

1995 2.944E2  3,73762 4.272E2  4,693E2  5,369E2  4,185E2  B.489E2

1996  7.754E1  8.526E% B.89YEY  ¢.460E1 1.014E2  1.061E2  1.230E2

BOOTSTRAP CUTPUT VARIABLE: N_O
Poon size (in number) of fully-recruited animals at time of the survey i.e. 0% into the calendar year

NLLS 30QTSTRAP BOOTSTRAP C.V. FCR
YEAR ESTIMATE 'MEAN STD ERROR NLLS SOLN
1982 1.162€2 1.146E2 1.829%¢81 0.16
1983 9.827E1 9.629E1 2.210€1 0.22
1984 ?.733E1 9.078E1 2.187g1 0.22
1985 1.076E2 9.491E1 2.324E1 0.22
1986 2.462E2 2.299€2 4.67TE1 0.19
1987 2.574E2 2.479€2 5.967E1 0.23
1788 3.629€2" 3.349E2 6£.402E1 0.18
1989 3.211€2 2.920€E2 6.564E1 0.20
1990 3.478E2 3.153€2 7.009E13 0.20
1991 2.77282 2.782E2 §.754E1 0.17
1992 1.629e2 1.696E2 3.082€E1 0.19
1993 9.828¢g1 %.119€1 2.710E1 0.28
1994 2.705€e2 2.644E2 6.132E1 0.23
1995 1.816€2 1.734E2 4,752E% 0.26
1996 2.781e2 2.7TT6E2 8.119€e1 0.29
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-------------- PERCENTILES ----=----rererec-nn-

YEAR MIN b0 25 MEDIAN 75 %0 | MAX
1982 6.260E1  9.091E1  1.035E2  1.152E2  1.248EZ2  1.356E2  1.923E2
1983 5.516E1  6.958E1 7.987E1  9.260E1 1.110E2  1.293£2  1.558E2
1984 4.563E1 4.598E1 7.417E1 8.B&6ET 1.048E2 1.214E2 1.585€2
1985 4.872E1 6.787E1 7.910E1 9.2%0E1 1.067E2 1.252E2 1.828E2
1985 1.38562 1.753E2  1.9386E2 2.261E2  2.632E2 2.899€2  3.938E2
1987 1.10982 1.75182  2.087E2  2.400E2 Z.B46EZ  3.263E2  4.B4OE2
1988 1.958E2 2.590e2 2.843E2 3.288E2 3.775E2  4.23BEZ 5.737E2
1989  1.662E2 2.106E2 2.500E2 2.790£2 3.336EZ2 3.8B1E2  4.778EZ
1990 1.696E2  2.34082  2.639E2  3.033E2 3.60%E2  4.105E2  5.643E2
1991 1.645E2  2.160E2 2.466E2 2.785E2 3.071E2 3.350E2 4.609€E2
1992 9.418E1  1.311E2 1.4571E2  1.687E2 1.917€2 2.119E2 2.57%E2
1993 3.556E1  5.847E1 7.242B1 8.734E1  1.080£2 1.312B2  1.674E2
1994 1.03362  1.858E2  2.248E2  2.621E2  3.074E2  3.473E2  4.190E2
1995 B.042E1  1.198E2  1.429E2  1.651E2 2.001E2 2.35582 3.633g2
1996 1.359E2  1.B91E2  2.178E2  2.64082 3.262E2 3.BE9EZ  5.737EZ

BOOTSTRAP OUTPUT VARIABLE: F_R

Fishing mortality rate on the recruits during survey years

SURVEY NLLS S00TSTRAP BOOTSTRAP C.V. FOR
YEAR ESTIMATE MEAN STD ERROR NLLS SOLN
1982 0.2492 0.2766 0.0681 0.27
1983 0.4027 0.4988 0.1000 G.25
1984 0.3823 0.5058 0.1004 0.26
1985 0.23%95 0.2743 0.0788 0.33
1986 0.4027 0.4229 0.0867 ¢.22
1987 0.3418 0.3882 0.0756 0,22
1988 0.3705 0.3909 0.075% 0.20
1989 0.4786 0.4394 0.0777 0.16
1990 0.4768 0.3895 0.0627 0.13
1991 0.3701 . 0.3379 0.0531 0.14
1992 0.3945 0.4332 0.0915 0.23
1993 0.4738 0.46546 0.1090 0.23
1994 0.666% 0.6842 0.1266 0.19
1995 0.5281 0.4916 9.1079 0.20

SURVEY  seesesscessees PERCENTILES ~=r==m------cwmamans
YEAR . MIN | 10 25 MEDIAN 75 0 | mMAx
1982 0.1302 0.1967 0.2236 0.2744 0.3211 0.3597 0.5355
1983 0.2552 0.37%5 0.4329 0.4921 0.5641 0.6407 0,7627
1984 0.2594 0.3744 0.44711 0.5001 0.5729 0.6223 0.8761
1985 0.0843 0.1706 ¢.2228 g.2761 - 0.3318 0.376% 0.4559
1985 0.177% 0.3122 0.3695 0.4223 0.4739 0.5330 0.7542
1987 0.1876 0.2849 0.3377 0.3875 0.4448 0.4823 0.5736
1988 0.1904 0.2913 0.3414 0.3592¢9 0.4386 0.4850 0.5944
1989 0.2212 0.3478 0.3835 0.4334 0.4908 0.5495 0.6813
1990 0.2613 0.3127 0.3454 0.3845 0.4294 0.4774 0.5724
1991 0.2236 0.2738 0.3008 0.3312 0.3721 0.4095 0.5045
1992 0.2314 0.3197 0.3706 0.4251 0.4986 0.5583 0.7252
1993 0.1799 0.3198 0.3840 0.4483 0.5173 0.5844 0.8502
1994 0.3932 0.5327 0,.5928 0.6765 0.7710 0.8404 1.102¢%
1995 0.2047 0.359% 0.4092 0.4894 0.5728 0.6298 0.8045
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BOOTSTRAP OUTPUT VARIABLE: F_N
Fishing mortality rate on the fully-recruited animals during survey vyrs

SURVEY NLLS BOOTSTRAP BCOTSTRAP C.V. FOR

YEAR ESTIMATE MEAN STD ERROR NLLS SOLN

1982 0.8440 0.9368 0.2308 0.27

1983 1.3637 1.6894 0.3387 0.25

1984 1.2946 1.7131 0.3400 0.26

1985 0.8112 0.9289 0.2670 0.33

1986 1.3640 1.4321 0.2935 .22

1987 1.1576 1.3147 0.2560 0.22

1988 1.2548 1.3237 0.2571 0.20

1989 1.6207 1.4882 0.2630 0.16

1990 1.6146 1.3192 0.2123 0.13

1991 1.2535 1.1445 0.1798 014

1992 1.3361 1.4672 0.3100 0.23

1993 1.6045 1.5395 0.3691 0.23

1994 2.2584 2.3172 0.4288 0.19

1995 1.7884 1.6649 0.3655 .20
SURVEY ~ cememooeeesees PERCENTILES <-vr--=o-swn-on-onss

YEAR MIN 110 25 MED AN 75 90 1 MAX
1982 0.4409  0.6663  0.7572  0.9298  1.0874  1.2181  1.8135
1983 0.8643  1.2715  1.4661  1.6667  1.9105  2.1698  2.5831
1984 0.8785  1,267%  1.4939  1.6935  1.9401  2.1075  2.9669
1985 0.28%%  0.5777  0.7545  0.9350  1.1235  1.2738  1.5441
1986 0.6013  1.0572  1.2515  1.4302  1.604%  1.8049  2.5541
1987 0.6353  0.964%  1.1435  1.3122  1.5064  1.6333  1.9426
1988 0.6446  0.9864  1.1562  1.3305  1.4854  1.6425  2.0132
1989 0.7492  1.1772  1.2992  1.4678  1.6623  1.8610  2.3074
1590 0.8848  1.0590  1.1699  1.3022  1.4541  1.6169  1.9386
1991 0.7571  0.9273  1.0188  1.1218  1.2602  1.3B68  1.7087
1992 0.7836  1.0826  1.2550  1.4395  1.6886  1.8906  2.4560
1993 0.6093  1.0831  1.3004  1.5183  1.7817  1.5793  z.8792
1994 1.3317  1.8040  2.0077  2.2909  2.6111  2.8462  3.7352
1955 0.6934  1.2189  1.3858  1.6574  1.9399  2.132%  2.7245

BOOTSTRAP QUTPUT VARIABLE: F_RN
Fishing mertality rate for all animals of recruitment size and larger
i.e. recruits pius the fully-recruited group during survey years

SURVEY NLLS BOOTSTRAP BOOTSTRAP C.V. FOR

YEAR ESTIMATE MEAN STD ERROR NLLS SOLN
1982 0.5990 0.6502 0.1421 0.24
1983 0.7979 0.9452 0.1480 g.21
1984 0,7390 G.9241 0.1669 0.23
1985 0.3922 0.4325 0.1183 0.30
1984 0.7830 0.8051 0.1498 0.19
1987 0.6226 0.6965 0.1259 3.20
1988 0.7836 0.8203 0.1437 0.18
1989 3.875% 0.8253 G.1266 0.14
1990 0.9677 0.8096 0.1041 0.1
1991 0.9150 0.8493 0.1095 0.12
1992 0.9439 1.0544 0,1999 0.21
1993 0.6650 0.6353 0.1443 0.22
1994 1.2694 1.3026 0.1931 0.15
1995 0.8473 0.7954 0.1607 0.19
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SURVEY  ceeemeeaaooans PERCENTILES --==emrr-v----moeen-

YEAR MIN | 10 25 MED AN 75 90 | MAX
1982 0.3183  0.4578  0.5303  0.4528  0.74%1  0.82%5 1.0184
1983 0.4999  0.7435  0.8302  0.9405 1.0513 1.1576  1.4003
1984 0.5345 g.7072 0.8134 0.9234 1.G235 1.1380 1.3825
1985 0.1206  0.2786  0.3577  0.4291 0.5084  0.5850  0.7303
1986 0.2996 0.6200 a,7109 0.7979 0.8967 0.9979 1.3155
1987 0.3884  0.532¢4  0.6071 0.6503  0.7762  0.8537  1.0129
1988 0.4734 0.6218 0.7339 0.8144 0.9106 1.0092 1.2279
1989 0.4280 0.6416 0.7437 0.8306 0.%090 0.9734 1.1737
1990 0.5989 0.46799 0.7306 0.7952 0.8742 0.9817 1.1263
1991 0.6027 0.7048 0.7754 0.8457 0.9362 0.9963 1.1668
1992 0.6106 0.8207 0.9153 1.0432 1.1749 1.3321 1.70633
1993 0.2550  0.4528  0.5533  0.6315 0.7135  0.8099  1.1896
1994 0.7553 1.0667 1.1700 1.3094 1.4158 1.5489 1.8791
1995 0.4081 0.5813 0.6777 0.7943 0.9006 0.9911 1.2015

BOOTSTRAP OQUTPUT VARIABLE: F_RN_bar

Average fishing mortality rate for all animals of recruitment size and larger i.e. recruits plus the
fully-recruited group during survey years Average fishing mortality rates on the fully-recruited animals
1st Row: F in 1995

2nd Row: Average F for 1994 1995

3rd Row: Average F for 1993 1994 1995

SURVEY NLLS BOOTSTRAP BOOTSTRAP £.V, FOR

YEAR(S) ESTIMATE MEAN STD ERROR NLLS SOLN

1995 0 0.8473 0.7954 0.1607 0.19

1994 95 1.0584 1.0490 0.1458 0,14

1993 95 0.9272 a.9111 0.1189 13

SURVEY ~ mmesemeemeaaa- PERCENTILES =vr----=--==ccesuees
YEAR(S) MM ] 10 25 MEDIAN 75 90 | MAX

1995 0 0.4081 0.5813 0.6777 0.7943 0.%006 0.9911 1.2013
1994 95 0.6031 0.8779 0.9488 ° 1.0452  1.1481 1.2355 1.4034
1993 95 0.5185 G.7745 0.8252 0.9038 1.0014 1.0637 1.2131

B00TSTRAP OUTPUT VARIABLE: F_N_bar

Average fishing mertality rates on fully-recruited animals during survey years
1st Row: F in 1995

2nd Row: Average F for 1994 1995

3rd Row: Average F for 1993 1994 1995

SURVEY NLLS BOOTSTRAP BDOTSTRAP C.V. FOR

YEAR(S) ESTIMATE MEAN $TD ERROR HLLS SOLN

1995 ¢ 1.7884 1.6649 0.3655 0.20

1594 95 2.0234 1.9911 0.3477 0.17

1993 95 1.8838 - 1.8405 0.3155 0.17

SURVEY  cemesereseeee- PERCENTILES --------=-----o--nn-
YEAR(S)  MIN { 10 25 MEDIAN 75 50 | MAX

1995 0 0.6934 1.2189 1.3858 1.6574 1.9399 2.132¢9 2.7245
1994 95 1.0193 1.5457 1.7491 1.9529 2.2148 2.4578 2.9173
1993 95 0.9676 1.4760 1.5952 1.8159 2.067 2.2392 2.8342
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C. BLUEFISH

Terms of Reference

The following terms of reference were addressed
for bluefish:

a. Assess the status of bluefish through 1995 and
characterize the variability of estimates of stock
abundance and fishing mortality rates.

b. To the extent feasible, project 1996 catches and
associated fishing mortality rates and spawning
“biomasses.

¢. To the extent feasible, provide catch projections
associated with various biological reference points
for 1997,

d. Identify possibie causes for the decline in bluefish
abundance.

Introduction

Bluefish (Pomatomus saltatrix) are found along
the US Atlantic coast from Maine to Florida, migrat-
ing northward from the South Atlantic Bight in the
spring and returning southward in the late fall. They
are the target of a major recreational fishery along the
Atlantic coast, with catches averaging 33,700 metric
tons (mt) per year during 1979-19935. For the same
period, the commercial landings of bluefish, mainly by
trawls and gillnets, averaged 5,900 mt per year. The
management unit for the Fishery Management Plan
(FMP) for the Bluefish Fishery, developed jointly by
the Mid-Atlantic Fishery Management Council
(MAFMC) and the Atlantic States Marine Fisheries
Commission (ASMFC), has been defined as the entire
bluefish population along the Atlantic coast of the
United States (MAFMC 1990).

Atlantic coast bluefish exhibit fast growth during
the first two years of life, attaining fork lengths of
over 40 cm by age 2 (Hamer 1959, Lassiter 1962,
Richards 1976, Wilk 1977). They may reach ages of
at least 12 years and sizes in excess of 100 cm fork
length and 14 kg in weight. About 50% reach sexual

maturity by the second year of life, and they are fully
mature by age 2 (Wilk 1977). Spawning occurs dur-
ing two major periods: March and April in the South
Atlantic Bight near the inner edge of the Guif Stream,
with a peak about April 1, and June-September in the
Mid-Atlantic Bight, with a peak about August 1
(Wilk 1677, Kendall and Walford 1979, Nyman and
Conover 1988). Some spawning also occurs in the
South Atlantic Bight during autumn and into early
winter (September-January, McBride ef al. 1993).

Lund and Maltezos (1970) used analysis of mark
and recapture data to conclude that several bluefish
populations are present along the Atlantic coast.
Witk (1977) suggested that two populations of blue-
fish, corresponding to the major spawning groups,
exist along the Atlantic coast. Chiarella and Conover
(1990) presented evidence that fish from the major
spawning groups mix extensively during their life-
span, as summer spawning fish were observed to
originate from both spring- and summer-spawned co-
horts, and concluded that year classes of bluefish,
therefore, consist of varying proportions of seasonal
cohorts. Graves et al. (1992) used analysis of mito-
chondrial DNA to investigate the genetic basis of
stock structure of bluefish along the Atlantic coast,
and were unable to detect significant genetic differ-
ences among spring- and summer-spawned bluefish.
Graves ef al. (1992) concluded that bluefish along the
Mid-Atlantic coast comprise a single genetic stock.

Fishery Data

Commercial Landings

Total US commercial landings of bluefish from
Maine to Florida peaked in 1981 at nearly 7,500 mt
(16.5 million Ibs, Table C1). The landings in 1995 of
about 3,400 mt (7.5 mllion lbs) represented a 22%
decrease from 1994, Large variability in bluefish land-
ings exists among the states, over time, but generally
the states of North Carolina, Virginia, New Jersey,
New York, Florida, Rhode Island, and Massachusetts
have accounted for over 90% of the commercial land-
ings (Table C2). In the Northeast Region (NER;
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Maine-Virginia), otter trawl and gillnet landings com-
prised about 82% of the-regional total, averaging
33% and 49%, respectively, during 1991-1993,
Pound nets, purse and beach seines, and handlines
accounted for the remainder (Table C3). In North
Carolina, winter trawl and gillnet fisheries comprise
about 78% of the commercial landings. Pound net,
seine, and handline fisheries, which land fish mainly
during the summer months, account for the other
22% of the landings (Table C4). In Florida, most
commercial landings of bluefish are taken in the
winter gillnet fishery.

Northeast Region commercial fishery

The length and age frequency sampling of bluefish
landings in the Northeast Region commercial fishery
during 1982-1993 was evaluated. To compare the in-
tensity of length sampling of the commercial fishery
to that of the recreational fishery, sampling intensity
was expressed as metric tons of total NER landings
per 100 fish lengths measured. Sampling is propor-
tionally stratified by market category and fishing gear,
with the sampling distribution generally reflecting the
distribution of landings by market category and gear.
Sampling intensity. has been low during the entire per-
- iod, has deteriorated since 1988, and was very poor
during 1990-1993 (Table CS).

The length composition of the NER commercial
landings for 1982-1993 was estimated annually for
pooled market categories and statistical areas using
standard NEFSC procedures (length frequency sam-
ples converted to mean weights by length-weight re-
lationships; mean weights in turn divided into landings
to calculate numbers at length). Length compositions
were estimated by gear type when samples were ade-
quate (1983-1988). For 1990-1993, the NER com-
mercial fishery length sampling was judged to be in-
adequate to characterize the landings. To overcome
this deficiency, the North Carolina (NC) commercial
winter fishery proportions at length from 1990-1993
were applied to the NER commercial fishery landings
to estimate landings at length.

No age data from NER fisheries were available for
conversion of NER landings at length, although the

age structures (scales) are archived. In the SAW-18
assessment (NEFSC 1994b), the mean weights in the
NER fishery were compared with those from the NC
winter fisheries (gillnet and otter trawl) as a way of
judging the applicability of North Carolina Division of
Marine Fisheries (NC DMF) commercial winter fish-
ery age-length keys for ageing NER commercial fish-
ery lengths. Since the mean weights in the fisheries
were judged to be very similar, the NC DMF com-
mercial winter fishery annual age-length keys were
used to convert NER commiercial fishery length data
to age for 1982-1989. As noted above, since the NER
commercial fishery length frequency sampling was
judged inadequate for 1990-1993, the NER commer-
cial fishery landings were assumed to have similar
length and age proportions as the NC commercial
winter fishery landings. Since NER commercial sam-
ples were not available for 1994 for evaluation, NER
commercial fishery landings were again assumed to
have the same length and age proportions as the NC
commercial winter fishery landings {Tables C6-C7).

For 1995, since neither NER commercial nor NC
commercial samples were available, NER commercial
fishery landings were assumed to have the same
length and age proportions as the 1995 recreational
fishery landings.

North Carolina commercial fishery

The NC commercial fishery accounts for about
one-third of the commercial landings along the At-
lantic coast. A separate landings-at-age matrix for this
component of the commercial fishery was developed -
from NC DMF length-age frequency sampling data
collected during 1982-1994, The NC DMF program -
sampled the commercial fishery landings at a rate of
about 100 mt of landings per 25 ages (Table C8).
Lengths and ages were sampled from the summer
pound net, summer long haul seine, winter gilinet, and
winter trawl fisheries, and separate matrices were de-
veloped for each before summing to provide an esti-
mate of total NC commercial fishery landings at age
and mean weights at age (Tables C5-C10). For 1993,
since no NC commercial samples were available, NC
commercial fishery landings were assumed to have the

e
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same length and age proportions as the 1995 recre-
ational fishery landings.

Commercial Discards

Analysis of data on bluefish catch collected by the
NEFSC sea sampling program in the Gulf of Maine
groundfish gillnet fishery and the Southern New En-
gland/Mid-Atlantic otter trawl fishery for 1989-1992
indicated that discards in both fisheries have com-
prised less than 10% of the total catch per trip.
Length frequency sampling has been inconsistent, and
the data are not adequate to develop an estimate of
either total discard or discard at length for the 1989-
1992 period. Data for the 1993-1995 period have not
been evaluated,

R jonal nd Eff

Summary fishery statistics collected by the NMFS
Marine Recreational Fishery Statistics Survey
(MRFSS) are presented in Tables C11-C12. The time
series of recreational catch has been revised by the
MREFSS since the SAW-18 assessment (NEFSC
1994b), and the revised statistics were used in this
assessment. The 1995 recreational fishery total land-
ings (catch type A fish landed and available for sam-
pling, plus type B1: fish landed but not available for
sampling, plus type B2: fish released alive, of which
15% are assumed to die) was about 7,260-mt (15.9
million pounds), or 8% below the 1994 landings of
7,900 mt (17.4 million pounds; Tables C1 and C11).
The proportion of fish released alive has increased
since 1982, peaking at 51.3% of the total catch in
1994 and 1995 (Table C12).

The length frequency sampling intensity for the
recreational fishery for bluefish was calculated on the
basis of metric tons of total catch per 100 lengths
measured. Sampling intensity has not met the gener-
ally accepted target of 200 mt per 100 lengths mea-
sured, and in most years has been poor relative to this
target level (Burns ef al. 1983) (Table C13). The
length composition of the recreational catch during
1982-1995 was estimated by 2-month sampling peri-
od (wave), state, fishing mode (shore and boat), and
fishing area (inland and territorial sea, EEZ) strata by

merging MRFSS intercept length frequency samples
with estimated type A, Bl, and B2 catches. Catch
types Bl and B2 were assumed to have the same
length frequency distribution as catch type A, and
catch type B2 was assumed to have a hooking (dis-
card) mortality rate of 15%, based on the study by
Malchoff (1995), as modified by the ASMFC Bluefish
Technical Committee.

No age structures (i.e., scales) are sampled by the
MREFSS from fish captured in the recreational fishery.
Recreational lengths sampled during 1982-1994 were
converted to ages by applying the corresponding an-
nual NC DMF commercial fishery age-length keys.
For 1993, since no NC commercial fishery samples
were available, the 1995 recreational fishery length
frequency was converted to age using the 1994 NC
DMF commercial fishery age-length keys (Tables
C14-C15).

An initial comparison of the age frequency derived
by the NC DMF keys and by the MULTIFAN method
(Fournier ef al. 1990) at SAW-18 indicated that the
ages would be comparable for ages 0-3, with some di-
vergence at older ages (NEFSC 1994b). The MULTI-
FAN method tended to convert larger lengths to ages
based on the mean pattern of growth (which is influ-
enced strongly by the growth pattern evident for the
younger ages) and to form a large “plus group”. The
NC DMF keys tended to provide a smoother decline
in numbers at age, improved coherence of strong and
weak cohorts at age 5 and older, and a broader distri-
bution at older ages.

A comparison of Connecticut Department of En-
vironmental Protection (CT DEP) trawl survey age-
length keys for 1984-1987 and NC DMF commercial
keys using the method of Hayes (1993) was made to
determine if application of the NC DMF keys would
cause a serious bias in the conversion of lengths to
age if applied to recreational fishery length frequen-
cies. The method computes the probability of obtain-
ing the observed difference between proportions at
age for a given length interval in the age-length key
by random chance. The method suggested no serious
bias would be caused if the annual NC DMF age-
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length keys were used to age the recreational length
data (NEFSC 1994b).

For further comparison, the recreational lengths
were converted to age using both MULTIFAN and
the NC DMF age-length keys to develop parallel re-
creational catch-at-age and mean weight-at-age ma-
trices, and thus parallel total (commercial and recre-
ational) catch-at-age and mean weight-at-age matri-
ces, for the 1982-1992 time series (NEFSC 1994b).
After considering the results from applying the Hayes
method (1993) and upon inspection of the catch-at-
age matrices developed with the alternative length-to-
age conversion methods, use of the NC DMF age-
length keys was judged to be the preferred approach
(NEFSC 1994b). Therefore, the catch-at-age matrices
compiled with the NC DMF keys were adopted as the
best estimates of recreational catch at age.

Recreational Fishery-Based CPUE Indices

The intercept sample data from the MRFSS for
1982-1995 were used to develop an index of relative
abundance (CPUE). Recreational fishing effort was
defined as trips that caught bluefish, plus trips in
which bluefish was the target species and in which
some fish (of any species) were caught (CAT/TAR
effort definition of SAW-18; NEFSC 1994b). For the
CAT/TAR GLM (SAS 1989) standardized index, a
main effects (year, state, 2-month sampling wave, and
fishing mode) model accounted for about 8% of the
variation in intercept catch per trip from 1982
through 1995. This standardized index suggests a
general decline in bluefish abundance since 1989
(Table C16). This catch-in-numbers index was con-
verted to a spawning stock biomass (SSB) index by
applying a) the annual proportions of age 1+ fish in
the recreational landings and b) the annual mean
weight of the spawning age fish in the recreational
landings to the index for use in age-structured popu-
lation models (Table C17).

T h Compositi A
NER commercial fishery landings (Table C6), NC

commercial fishery landings (Table C9), and recre-
ational fishery landings-at-age matrices (landings plus

release mortalities) (Table C14) were summed to pro-
vide an estimate of total catch at age of bluefish for
1982-1994 (Table C18). Mean weights at age in the

- total catch (Table C19) were calculated as a weighted

mean (by number) of the mean weights at age in the
component fisheries. For 1995, catch-at-length data
from the NER commercial fishery, catch-at-length
data from the NC commercial fisheries, and NC DMF
age-length keys from the NC commercial fisheries
were not available. The 1994 NC DMF commercial
fishery age-length keys were used to convert the 1995
recreational length frequencies to age, and the 1995
NER and NC commercial fishery landings were as-
sumed to have the same proportions at age as the
1995 recreational fishery landings. The 1995 total
landings at age are, therefore, considered preliminary.

Research Survey Abundance and
Biomass Indices

NEFSC Fall Surveys

Long-term trends in bluefish abundance were de-
rived from stratified random bottom trawl surveys
conducted by the NEFSC between Cape Hatteras and
Nova Scotia. Catches of bluefish in spring surveys are
low and sporadic. Bluefish are caught consistently in
relatively large numbers during the fall survey, how-
ever, especially in inshore strata. Generally, over 90%
of the bluefish caught in the fall inshore survey are
less than 40 cm fork length and, therefore, mainly age
0 and age 1 fish. The NEFSC inshore survey indices
for 1974-1995 suggest that strong year classes of
bluefish recruited in 1977, 1981, 1984, and 1989,
with poor recruitment occurring in 1974, 1987, 1990,
1993, and 1995 (Table C20). Mean weight per tow
(kg./tow) of bluefish (ages 0+) was lowest in 1993
(0.74 kg./tow) and has remained relatively low in
1994 and 1995 (Table C21). For 1982-1995, lengths . -
were converted to ages using the corresponding an-
nual NC DMF commercial fishery age-length keys
{(Table C22).

Catches of bluefish in offshore strata (1-15, 61-
76) during the fall are low and sporadic. Lengths -
were converted to ages using the corresponding an-
nual NC DMF commercial fishery age-length keys.
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Unlike the inshore strata set, age 0 and age 1 fish do
not dominate the catches in offshore strata. There is
no trend in the offshore index during the 1982-1995
period, but there is evidence of an increasing trend
since 1991 (Table C23),

nnecticut DEP

A fall bottom trawl survey conducted by the Con-
necticut Department of Environmental Protection
(CT DEP) catches bluefish at age 0 and older in Long
Island Sound. Between 1984 and 1995, results from
this survey suggest that strong year classes recruited
to the stock in 1984-1986 and 1989, with poor year
classes in 1987, 1988, 1993, and 1995 (Table C24).

Islan

A standardized bottom trawl survey has been con-
ducted during the fall months in Narragansett Bay and
state waters of Rhode Island Sound by the Rhode
Island Division of Fish and Wildlife (RI DFW) from
1979 to 1995. An index of age 0 bluefish abundance
developed from this survey (mean number per tow
less than 30 cm) indicated strong year classes in 1984,
1987, 1991, 1994, and 1995, with very weak year
classes in 1979 and 1992, The RI DFW has also con-
ducted a beach seine survey consisting of 15 stations
sampled during June-October between 1986 and
1995. An age 0 index developed from those data in-
dicated strong year classes in 1987, 1990, 1991, and
1994, with poor year classes indicated in 1986, 1992,
1993, and 1995 (Table C25).

New York DEC

The New York Department of Environmental
Conservation (NY DEC) has conducted a beach seine
survey for striped bass in the Hudson River in which
age O bluefish are also captured. Data from this sur-
vey suggest that strong year classes recruited to the
stock in 1981-1984 and 1988, with poor year classes
occurring during 1991-1995. The New York DEC
has also conducted a beach seine survey within west-
ern Long Island Sound during 1986-1995. This sur-
vey suggests a decline in bluefish year class strength
since 1991 (Table C25).

New Jersey BMF

The New Jersey Bureau of Marine Fisheries
(BMF) has conducted a beach seine and otter trawl
survey from 1988 through 1995. The seine survey ad-
equately samples age O bluefish (< 25 cm), whereas
the trawl survey provides an index of older bluefish
abundance (ages 1+). The seine survey has shown
that relatively strong year classes occurred in 1988,
1989, and 1994 (Table C25), while a weak year class
was evident in the New Jersey seine survey in 1993.
The New Jersey trawl survey has shown a fairly
steady decline in the relative abundance of older (ages
1+) bluefish (Table C26).

Delaware DFW

The Delaware Division of Fish and Wildlife (DE
DFW) has conducted a standardized bottom trawl
survey (30-ft headrope trawl with 0.5-in stretched
mesh) since 1980. A recruitment index (age 0, fish
less than 30 cm) has been developed from these data
for the 1980-1995 year classes. The index incorpo-
rates data collected during June-October (arithmetic
mean number per tow), with age O bluefish separated
from older fish by visual inspection of the length fre-
quency. This index suggests that good year classes re-
cruited to the stock in 1988 and 1989, with poorest
recruitment occurring during 1980-1985 (Table C25).

Maryland DNR

The Maryland Department of Natural Resources
(DNR) has developed bluefish juvenile indices of
abundance (geometric mean number per seine haul)
from the juvenile seine survey in Chesapeake Bay
during 1981-1994. The Maryland seine survey indi-

~cated that strong year classes were evident in 1982,

1983, and 1985, with weak year classes in 1986-1988
and 1991-1994 (Table C25).

Virginia Institute of Marine Science

The Virginia Institute of Marine Science (VIMS)
has conducted a juvenile fish survey in Virginia rivers
since 1935 using trawl gear. An index of recruitment
developed from these data since 1979 suggests that
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the strongest year classes recruited to the bluefish
stock in 1981, 1984, 1989, and 1990, with poor year
classes in 1979-1980, 1985-1987, 1991, and 1993,
VIMS has also conducted a haul seine survey target-
_ ing juvenile striped bass in Chesapeake Bay. An index
of age-0 bluefish abundance from this survey indicates
strong year classes recruiting in 1981, 1983, 1985,
1987, and 1991, with poor year classes in 1986,
1992, and 1993 (Table C25).

North Carglina DMF

The NC DMF has conducted a juvenile fish trawl
survey during May and June since 1979 which sam-
ples fixed stations from the Cape Fear River to the
mouth of Albermarle and Currituck Sounds at depths
< 2 meters. One-minute tows are made using a trawl
with a 3.2-m headrope and 3.2-mm (0.13-in) mesh
codend. Indices of abundance developed from this
survey using data for shrimp, croaker, and spot have
shown good correlation with landings for those spe-
cies. For age 0 bluefish, the NC DMF juvenile fish
trawl survey results suggest that strong year classes
recruited in 1981, 1987, and 1989, with the poorest
year classes recruiting in 1983-1984, 1986, and 1992-
1994 (Table C25).

A trawl survey has been recently established (since
1987) within the Neuse and Pamlico Rivers and Pam-
lico Sound at depths > 2 meters. This survey uses a
demersal trawl rigged with a 9.1-m headrope and 1.9-
cm (0.75-in) mesh codend. An index of age-0 bluefish
abundance developed from these survey data suggests
that the best year classes of bluefish recruited in 1990,
1991, and 1994 (Table C25). '

f itment Trends in R h

Indices of abundance for bluefish from research
surveys were used to qualitatively detect recent trends
in recruitment. Most surveys agreed that the best year
classes recruited in 1981, 1984, 1989, and 1994, with
poor year classes in 1992, 1993, and 1995 (Table
C25). ‘

Estimates of Mortality and Stock Size
Natural Mortality Rate (M)

At SAW-17 (NEFSC 1994a), 'the SARC sug-
gested that values of M for bluefish in the range of
0.2 to 0.25 might be more appropriate'[than the value
of 0.35 used in some previous analyses]. The SARC
has concluded that a value of M = 0.25 is consistent
with the maximum age of 12 observed for bluefish,
and that value of M has been used in the current as-
sessment,

Integr -at- I Analysi

An age-structured analysis to estimate bluefish
abundance and mortality rates during 1982-1995 was
implemented in the ICA model (ICA version 1.2; Pat-
terson and Melvin 1995) for this assessment. ICA is
a multiple tuning index version of the CAGEAN mo-
del (Deriso et al. 1985) used for the SAW-18 bluefish
assessment (NEFSC 1994b). The ICA model has the
following features: a) separability in the catch at age
can be assumed for a variable period at the end of the

catch time series, b) up to five CPUE at age and three . .

SSB tuning series may be used, ¢) a stock-recruit re-
lationship can be estimated, d) identity (I = N), linear
(I = gN), or power (I = qQN¥) relationships can be fit
between tuning indices and population estimates, €)
correlated error among ages within indices can be
specified, and f) iterative re-weighting of tuning in-
dices based on inverse variance can be used. ICA tun-
ing proceeds in two stages: 1) an initialization step
(ICA1) is performed using a simple, one-dimensional
minimization method to find the terminal F value in
the separable part of the catch-at-age matrix that pro-
vides the lowest sum of squared residuals for the
tuning indices, and 2) a full, muiti-dimensional mini-
mization of the tuning indices and the catch data for
the specified separable period is performed, with iter- -
ative re-weighting and fitting of a stock-recruit rela-
tionship, if desired (ICA2). In the ICA version 1.2
used in this bluefish assessment, a separable model is
fit for the period 1992-1994/95, with earlier years .
back-calculated from the 1992 stock size estimates
using conventional VPA equations. The parameters

- estimated are 1) stock sizes for all true ages (0-8) in
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1994/95 and for the oldest true age (age 8) in 1992-
1994/95, 2) the fully recruited fishing mortality rate
on the reference age (age 2, later revised to age 1)
during 1992-1994/95, 3) selection at age for ages 0

- and 2-7 during 1992-1994/95, and 4) catchability co-
efficients (q and k as required) for each tuning index.
All indices were assigned a prior weight of 1.0 in the
tuning. Selection on the oldest true age (age 8) was
initially set at 1.0, and later revised to 0.4,

ICA results: preliminary runs

A series of preliminary ICA runs carried through
the ICAI tuning stage was made to explore the influ-
ence on results of a} tuning indices (program con-
straints prevent using all of the available indices si-
multaneously), b) the inclusion of the preliminary
1995 catch data, and c) the value of terminal selection
(8) assumed for the oldest true age (age 8). In these
runs, the separable model period was limited to 1992
and later years, with the reference age set at age 2.
These preliminary runs indicated that the RI DFW,
DE DFW, and VIMS age 0 indices were not useful in
ICA tuning. Since data from the NEFSC fall offshore
survey were not updated until after review of the final
ICA run, the value of those data as tuning indices was
not evaluated in the current ICA runs.

A baseline ICA1 run was configured with the rec-
reational fishery CAT/TAR GLM index converted to
SSB (RECSSB), the NJ BMF SSB index, the NEFSC
indices (ages 0-8), the CT DEP indices (ages 0-6), the
NY DEP, NJ BMF, and NC DMF age 0 indices, and
catch at age for 1982-1994, with a linear catchability
model used for all indices. This configuration was al-
s0 run using a power catchability model for all indi-
ces. Next, runs were configured to include the prelim-
inary 1995 catch-at-age vector and relevant survey
indices. A subsequent "mixed" run used the best fit-
ting model type (linear or power) based on inspection
of the variance estimates from the previous runs (e.g.,
both SSB indices use power models in the mixed run,
while the NEFSC indices all are tuned with a linear
model). Results were sensitive to the relationship spe-
cified for the tuning indices, with the 1994 terminal F
varying from 0.2 to 0.4 with 1995 catch data in-
cluded.

Following the recommendations made for the
SAW-22 summer flounder assessment (NEFSC
1996), the abundance estimates from the 1995 ICA
model were next compared with the survey indices in
a post-hoc correlation analysis. The intent was to ex-
clude from subsequent ICA runs those indices which
did not have a significant (alpha = 0.10) relationship
with the ICA estimates.

The selectivities (S) estimated in ICA1 runs for
the 1992-1995 period were very different from those
estimated at SAW-18 for 1987-1993 using the CA-
GEAN model, with selectivity on ages 2-7 much low-
er, but selectivity on the age 9+ group much higher (S
on age 9+ estimated by CAGEAN at 0.37, S on age
9+ fixed in the ICA model at 1.0). SAW-18 (NEFSC
1994b) accepted the CAGEAN selectivity values be-
cause they were reasonably close to 1.0 for ages 3
and older, except for the plus group (ranging from
0.47 for age 4 to 1.01 for age 8, before dropping to
0.37 for ages 9+). The SARC next explored the sen-
sitivity of the ICA model to the value assumed for
terminal selection, S at age 8, over the range from 0.4
to 1.0.

[CA results: final run

Results carried out through the ICA1 tuning stage
showed that selectivities estimated for ages 0 and 2-7
were stable over the 0.4-1.0 range of fixed terminal S
for age 8. The total variance explained by the model
decreases for increasing values of S (and therefore
higher F on ages 8-9+), but since the SARC felt it un-
likely that selection would be very different between
ages 6-7 and ages 8-9+, a value of 0.40 was assumed
for the terminal S because this value was closest to
the values estimated for ages 6-7. The resulting asym-
metric, dome-shaped selection pattern implies that a
large component of the adult bluefish stock is not
fully vulnerable to the fisheries, either because of gear
characteristics or spatial distribution. The SARC felt
this was a reasonable conclusion given the nature of
the fisheries for bluefish. During 1992-1994, recrea-
tional hook and line and commercial gillnet fisheries
have accounted for 86% of the total bluefish landings.
For both of these gear types, large fish (e.g., ages 3
and older) would be expected to be less vulnerable to
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capture than small fish (e.g., age 0-2). A final run
with terminal § = 0.40 was carried through the ICA2
tuning stage and served as the basis for estimates of
bluefish stock size and fishing mortality rates for
1982-1995 (Table C27).

The ICA modei indicates that fully recruited (S =
1.0, age 1) fishing mortality rates on bluefish in-
‘creased from 0.13 in 1985 to 0.25 in 1987, decreased
to 0.18 by 1990, and then increased to 0.51 in 1992
before falling to 0.38-0.40 in 1994-1995 (Figure C1).
Recruitment at age 0 varied from 68 to 82 million fish

during 1982-1984, but has since declined substanti--

ally. Geometric mean recruitment was about 35 mil-
lion fish during 1982-1995, but recruitment during
1992-1995 averaged only about 17 million fish
(Figure C2). Thus, although catches have dropped

steadily over the last decade, F has risen because low

recruitment since 1989 has resulted in reduced stock
abundance (Figures C1-C2).

Precision of estimates of stock size and fishing mor-
tality

The version of ICA currently available at the
NEFSC does not have the capability to provide boot-
strapped estimates of spawning stock biomass and
fishing mortality. Alternatively, estimates of the pre-
cision (standard error) of these quantities were com-
puted from the variance/covariance matrix of the
ICAZ muitivariate non-linear least squares solution.
These estimates are likely to indicate greater precision
than would bootstrap estimates. The resulting proba-
bility distributions of spawning stock biomass and
fishing mortality rate in 1995 are presented in Figures
C3 and C4. -

Biological Reference Points

Revised biological reference points for bluefish
were calculated with the Thompson and Bell (1934)
model. Input data included M = 0.25, mean weights
at age for ages 0-12 in the stock and fishery averaged
for 1992-1995, and the asymmetric, dome-shaped
partial recruitment vector estimated by the ICA model
for 1992-1995. The Thompson and Bell yield-per-re-
cruit analysis indicated that F,, = 0.31, F,,, = 0.42,

Fyax = 0.47, and Fy, = 0.59 (Table C28, Figure C5).
The use of the dome-shaped selection pattern in the
yield-per-recruit analysis has resulted in the estima-
tion of biological reference points that are higher than

- those from the last assessment in which a "saddle-

shaped” selection pattern was estimated.

Although the reference point currently specified in
the Bluefish FMP is Fysy estimated to be 0.20 at
SAW-18 (NEFSC 1994b) {not recalculated in the
present assessment), draft Amendment 1 to the FMP
proposes new reference points based on maximum
spawning potential (MSP). F,, is proposed as the
target fishing mortality rate and F,, as the threshold
fishing mortality rate, beyond which overfishing
would be defined as occurring,

Projections

Projections of landings and spawning stock bio-
mass were made for 1996-1998. Projections were
started from the population sizes estimated for 1995
using the asymmetric, domed-shaped selection pattern
estimated for 1992-1995 by the ICA model. The
short-term geometric mean (1992-1995) recruitment
level of 17.0 million fish at age O per year was as-
sumed for 1996-1998. Fishing mortality in 1996 was
assumed to continue at the level estimated for 1995
(F =0.40).

If fishing mortality rates remain at 0.40 or greater

n 1997 and 1998, SSB will continue to decline to
record lows in 1997 and 1998, with landings of
10,900-14,400 mt by 1998. If fishing mortality is re-
duced to Fygy = 0.20 or to Fgpap = 0.06 in 1997-
1998, SSB should stabilize, but landings would be
reduced considerably, falling to 2,000-6,200 mt
(Table C29, Figure C6).

SARC Discussion

Bluefish spawning stock biomass declined dra-
matically from 1982 to 1995, reaching an historic low
in 1995, Assessment results suggest that a consistent
decline in recent recruitment largely accounts for the
decline in stock biomass. The best recent year class
recruited to the stock in 1989, with below- average
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(1982-1995) recruitment produced since 1989, The
1993 and 1995 year classes are the poorest of the
1982-1995 period. Fishing mortality rates (F) based
on ICA model results were not high in earlier years
{1982-1990), but recently have substantially exceeded
Fysy = 0.20. Fishing mortality peaked in 1992 at 0.51,
and was 0.40 in 1995. Increases in F in recent years
indicate that the stock is over-exploited, according to
the current overfishing definition in the Bluefish FMP,
and significant reduction in fishing mortality will be
required to halt the decline in spawning stock bio-
mass.

The asymmetric, dome-shaped selection pattern
estimated in the age-structured analysis (ICA model)
implies that the adult bluefish stock (age 2 and older)
is not fully vulnerable. The estimation of a dome-
shaped selection arises from the characteristics of the
catch-at-length/age data. The dome-shaped selection
pattern is in line with the nature of the fisheries (rec-
reational hook and line, commercial gillnet) that ac-
count for most of the landings. The use of the dome-
shaped selection pattern in the yield-per-recruit anal-
ysis provides estimates of the reference points Fyy,
and F,,,, proposed in Amendment 1 of the FMP that
are significantly higher than the current reference
point (F,.y) estimated in the SAW-18 assessment.
Although F,,, and F,,, are appropriate long-term,
equilibrium reference points, the SARC felt they were
not sufficiently conservative at the present time given
the declining trend in SSB and recruitment and their
current record-low levels.

The short-term average recruitment level used in
the projections (1992-1995; geometric mean of 17.0
million age 0 fish) is 48% of the long-term average
(1982-1995; geometric mean of 35.4 million age 0
fish}. Projections based on a short-term average were
judged to be most useful for providing management
advice because recruitment has not exceeded 30 mil-
lion fish since 1989.

The SARC reviewed a brief summary of estimates
of fishing mortality and stock size based on analyses
of American Littoral Society (ALS) angler tagging
data and a multiple tuning index modified DeLury
model incorporating those tagging data as a tuning

measure. Since neither the Coastal/Pelagic Subcom-
mittee nor the SARC had an opportunity to review
those analyses in depth, the SARC consided the ALS
tagging and multiple index DeLury results to be
preliminary. '

The tagging data and DeLury analyses provided
much higher estimates of fishing mortality than the
ICA model accepted as the basis for the assessment.
The ALS tag return data are sparse, with return rates
of 0.5% to 3.6% per year and a total of 247 of 10,343
(2.4%) tags recovered during the 1984-1995 time
series. Fishing mortality estimates from tagging as-
sume that all fish tagged, except those accounted for
by the tag loss rate, are fully available to the fishery
for recapture (this assumption also applies to the fuily
recruited fish in the DeLury model). This assumption
is fundamentally different from the conclusion drawn
from the age-structured population model (ICA anal-
ysis), i.e. that a large component of the adult bluefish
stock is not fully vulnerable to the fisheries. The high
estimates of F from tagging are contradicted by the
continued presence of large/old fish in the recreational
and commercial fishery length/age data. The SARC
recommends that age-based tag recovery models be
considered in future assessments, as this may help ad-
dress the question of whether all age classes of blue-
fish are vulnerable to tagging and recapture. Esti-
mates of mortality from tagging are potentially valu-
able, however, because they are independent of the
ICA age-structured analysis. The SARC also appreci-
ates and encourages continued development by
ASMFC scientists of the multiple tuning index modi-
fied DeLury method.

Given that the survivability of bluefish (i.e., rel-
ative recruitment success; R/SSB) has apparently de-
clined, the SARC briefly reviewed two working pa-
pers relevant to term of reference d). The first,
Crecco MS 1996, discussed the hypothesis that adult
bluefish have shifted their distribution offshore in re-
cent years. There is some evidence in the pattern of
commercial landings and effort that adult bluefish
have been displaced further offshore in recent years.
The second working paper, Terceiro MS 1996, inves-
tigated the relationships among several factors that
might influence bluefish distribution and abundance.
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Exploratory analyses suggest that bluefish recruitment
may be correlated with biotic and environmental vari-
ables. It is not clear if these correlations indicate com-
mon responses to environmental ¢onditions or the
- abundance of other species or simply coincidental
trends with no underlying functional relationship.
Both working papers could prove valuable as the
basis for developing hypotheses to be explored in
future work. ' _

Research Recommendations

» The intensity of biological sampling of the NER
commercial and coastwide recreational fisheries
{expressed as mt/100 lengths) has historically
been low and has worsened since 1989 for the
NER commercial fishery. A substantial improve-
ment in biological sampling of the NER commer-
cial and, particularly, the recreational fisheries,
and collection of age samples from the recrea-
tional fishery, are critical to improving the preci-
sion of the assessment.

» The assessment relies on age-length keys com-
piled by the NC DMF from samples of the North
Carolina commercial fisheries. The SARC recom-
mends that any archived age data for bluefish be

aged (e.g., NER commercial fishery and NEFSC

research survey data) and used to supplement the
NC DMF keys in future assessments.

» The analysis of ALS tag data assumes that the tag
loss rate for bluefish is similar to that for striped
bass, plus 25% to account for the potential diffi-
culties in handling this species during tagging. The
SARC recommends a study of tag mortality and
retention rates for the ALS dorsal loop and other
tags used for bluefish to improve the level of con-
fidence in this assumption.

* The SARC recommends testing the sensitivity of
the bluefish assessment to assumptions concerning
age-varying M, levels of age 0 discard, and the se-
lection pattern, _
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Table C1. Estimated bluefish catch: commercial landings, recreational landings, recreational catch, and foreign
landings, Maine - Florida, east coast (metric tons). Recreational landings include catch type A (fish landed and
available for sampling), type B1 (fish landed but not available for sampling), and 15% of type B2 (fish released
alive, assuming a 15% discard mortality rate). Recreational catch includes catch types A and B1, plus all catch
type B2. Total landings include commercial landings, recreational landings, and foreign landings. Total catch
includes commercial landings, recreational catch, and foreign landings.

Commercial Foreign Recreational Recreational Total Total
Year landings landings landings catch landings catch
1960 1,251 0 N/A 11,475 N/A 12,726
1961 1,401 0 N/A N/A N/A - NIA
1962 2,256 ] N/A N/A N/A N/A
1963 2,123 0 N/A N/A N/A N/A
1964 1,743 0 N/A N/A N/A N/A
1965 1,847 0 N/A 20,528 N/A 22,375
1966 2,172 0 N/A N/A N/A N/A
1967 . 1,671 0 N/A N/A N/A N/A
1968 2,159 0 N/A N/A N/A N/A
1969 2,445 0 N/A N/A N/A N/A
1970 2,952 0 N/A 27,024} N/A 29,976
1671 2,624 23 N/A N/A N/A N/A
1972 3,115 18 N/A N/A N/A N/A
1973 4,556 214 N/A N/A N/A N/A
1974 4,538 99 N/A N/A N/A N/A
1975 ' 4,502 103 N/A N/A N/A N/A
1976 4,547 1 N/A Nia N/A N/A
1977 4,802 4 N/A N/A N/A N/A
1978 5,629 35 N/A N/A N/A N/A
1979 4,983 28 58,556 63,759 63,567 68,770
1980 6,858 23 63,386 69,612 70,767 76,493
1981 7,466 71 43,935 47,972 51,472 53,509
1582 6,996 77 36,009 38,201 43,082 45,274
1983 7,166 33 41,217 45,707 48,416 52,906
1584 5,381 68 31,226 34,788 36,675 40,237
1985 6,124 18 24,320 27,149 30,462 33,291
1986 . 6,657 28 43,449 50,905 50,134 57,590
1987 6,579 2 34,961 ' 42,834 41,542 49,415
1988 7,162 0 22,906 28,759 30,068 35,921
1989 4,740 0 18,699 23,879 23,439 28,619
1950 6,246 0 14,789 20,069 21,035 26,315
1991 6,160 0 16,190 23,114 22,350 29,274
1992 ‘ 5214 0 11,973 17,446 17,187 T 22,660
1993 4,664 0 9.991 14,547 14,655 19,211
1994 4,284 0 7,869 12,523 12,153 16,807
1995 3353 0 7248 11,879 10,601 15,232

Marine angling survey estimates, adjusted as per Boreman {1983) - these surveys used a different methodology than the MRF SS and
are not directly comparable to recreational catch estimates since 1979,
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Table C2. Bluefish commercial landings by State (mt). -

Year ME NH MA RI CT NY NI DE MD VA NC SC GA FL Total
1979 15 i 362 170 25 792 719 18 147 1,243 384 1 * 606 4,983
1980 44 1 315 166 22 675 635 74 198 1,278 2,469 1 0 978 6,858
1981 44 20 371 160 142 581 832 89 188 1,061 2,998 1 * 978 7,466
1982 75 30 406 270 136 781 %98 232 131 1,176 1,946 4 * 911 6,996
1983 71 14 454 235 3i 765 873 132 150 689 3,060 5 0 680 7,166
1984 22 8 318 462 45 742 767 71 33 525 1614 1 0 719 3,381
1985 41 10 362 767 32 98 902 BS5 231 749 1,635 * 0 238 6,124
1986 48 28 709 - 518 86 733 1,362 181 207 686 1,565 4 1 528 6,657
1987 47 58 362 537 79 “709 1,149 161 165 536 2,069 1 i 702 6,579
1988 4 10 366 464 46 510 1,126 95 468 1,186 2,286 1 1 596 7,162
1989 35 62 562 549 By 256 718 47 125 349 1,493 1 0 453 4,740
1990 24 89 546 537 Bl 731 984 65 129 491 2,077 ¥ 0 488 6,246
1991 56 58 343 676 117 716 1,110 153 106 373 1,778 * 0 672 6,160
1992 39 103 376 703 131 677 997 42 EX] 269 1,288 1 0 495 5214
1993 2 73 379 542 77 703 994 27 60 47 1,255 0 0 499 4,664
1994 24 125 543 409 69 668 858 15 73 266 808 3 0 423 4,284
1995 9 &5 245 350 53 575 385 17 217 12 1,365 * * 229 3,353




Table C3. Distribution of Northeast region commercial fishery landings by gear type.

Landings (mt) by gear type

Year Trawl Gillnet Pound net Seine Other Total
1982 1,535 2,193 337 0 70 4135
1983 1,317 1,719 293 0 91 3,420
1984 1,331 1,482 140 25 66 3,043
1985 2,150 1,517 303 141 85 4,197
1986 1,545 1,674 644 449 247 4558
1987 1,084 1,914 513 28 265 3,803
1988 1,080 2,206 608 131 201 4225
1989 870 1,737 113 7 64 2,791
1990 1,157 2,026 275 4 215 3,677
1991 1,243 1,819 249 228 169 3,708
1992 1,232 1,608 245 41 122 3,248
1993 883 1,665 467 166 203 3,384
Percentage of landings
Year Trawl Gillnet Pound net Seine Other Total
1982 37.1 530 8.2 0.0 1.7 100.0
1983 385 503 8.6 0.0 2.7 100.0
1984 437 48.7 4.6 0.8 2.2 100.0
1985 512 362 72 3.4 2.0 100.0
1986 339 36.7 14.1 9.8 5.4 100.0
1987 28.5 50.3 13.5 0.7 7.0 - 100.0
1988 25.6 52.2 14.4 3.1 4.8 100.0
1989 312 62.2 4.0 03 23 1006.0
1990 315 55.1 7.5 0.1 5.9 100.0 .
1991 335 49.1 6.7 6.2 4.6 100.0
1992 37.9 495 7.5 1.3 3.7 100.0
1993 26.1 492 13.8 49 0.6 100.0
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Table C4. Distribution of North Carolina commercial fishery landings by gear type.

Landings (mt) by gear type

Year Trawl Gillnet Pound net Seine Other Total
1982 723 517 101 236 372 1,949
1983 1,686 937 39 181 217 3,060
1984 494 645 41 164 270 1,614
1983 402 672 60 241 259 1,634
1986 302 790 36 221 216 1,565
1987 212 1,262 50 249 296 2,069
1588 547 1,158 89 225 267 2,286
1989 290 882 18 155 148 1,493
1990 116 1,455 25 275 206 2,077
1991 116 1,054 26 264 278 1,778
1992 339 646 11 196 95 1,287
1993 169 854 13 70 149 1,235
1994 24 648 7 54 29 832
Percentage of landings
Year Trawl Gillnet Pound net Seine Other Total
1982 371 26.5 52 12.1 19.1 160.0
1983 551 30.6 1.3 5.9 7.1 100.0
1984 30.6 40.0 2.5 10.2 16.7 100.0
1985 24.6 41.1 37 14.7 15.9 100.0
1986 19.3 50.5 23 14.1 13.8 100.0
1987 102 61.0 2.4 12.0 143 100.0
1988 239 50.7 39 9.3 11.7 100.0
1989 194 59.1 1.2 104 9.9 100.0
1990 5.6 70.1 1.2 13.2 9.9 100.0
1991 6.5 61.5 1.5 14.8 156 100.0
1992 26.3 50.2 0.9 15.2 7.4 100.0
1993 13.5 68.0 1.0 5.6 11.9 100.0
1994 29 77.9 08 6.5 119 100.0

167



Table CS. Summary of NEFSC sampling of the NER (ME-VA) commercial fishery for bluefish, 1982-1993.

Age samples are currently archived. NEFSC weighout landings are those characterized directly by length fre-

quency sample data. Total NER landings include weighout plus general canvas data. Length frequency distri-
butions based on NEFSC weighout landings are raised to NER total landings.

Weighout Total Intensity
landings landings {mt/100
Year Samples Lengths Ages (mt) (mt) lengths)
1982 9 042 141 1,622 4,135 439
1983 20 1,900 401 1,515 3,420 180
1984 22 2,045 456 1,477 3,043 149
1985 18 1,581 376 2,087 . 4,197 265
1986 20 1,838 445 3,411 4,558 248
1987 11 1,105 250 - 2,847 3,803 - 344
1988 _ 20 1,961 450 2,401 4,225 215
1989 ‘ 6 590 150 1,953 2,791 473
1990 4 402 52 2,765 3,677 915
1991 2 201 51 2,792 3,708 1,845
1992 4 400 50 2,839 3,248 812
1993 2

200 25 2,059 2,159 1,080

Table C6. NER (Maine to Virginia) commercial fishery landings at age for bluefish ('000). The 1982-1989
lengths were converted to age using NC DMF annual age-length keys from the NC winter fishery. The 1990-
1994 landings were assumed to have the same age composition as the NC winter fishery landings.

Age

Year 0 1 2 3 4 5 6 7 8 9 10 1 Total
1982 505 994 848 846 51 56 49 14 4 0 0 0 3,368
1983 2 3641498 369 68 27 43 31 15 2 0 3 2,422
1984 247 1,184 2358 195 29 19 12 10 3 1 0 0 4,059
1985 83 640 790 375 400 40 53 60 40 20 0 1 2,503
1986 74 2,069 2,025 70 32 139 87 35 21 9 0 0 4,561
1987 0 47 4881064 292 22 44 25 10 0 0 0 1,993
1988 230 318 717 323 398 220 98 75 23 9 9 0 2,420
1989 43 490 713 53 62 201 113 60 26 0 4 0 1,770
1990 341 624 71 37 53 110 376 105 137 4 0 0 1,858
1991 569 1,0172465 10 15 48 86 163 86 1 1 0 4,461
1992 976 4858 203 124 42 202 22 3 2 0 0 6,414
1993 32 51 384 63 S8 19 67 130 125 23 5 4 961

54 0 0 1,496

1994 167 524 165 ¢ 57 285 131 28 85
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Table C7. NER (Maine to Virginia) commercial fishery landings mean weights at age (kg) for bluefish.

Age
Year 0 1 2 3 4 3 6 7 8 9 10 11 All
1982 0.198‘ 0621 1.159 1979 2.853 4511 5297 5634 5194 - - - 1.228
1983 0416 0K52 0981 1980 3054 429 5715 6354 6751 7870 - 7.449 1.410
1984 0422 0610 0682 1561 2381 4410 5331 6068 6378 7.030 - - 0.749
1985 0.430 0562 0.882 2113 2787 3552 35276 6174 6407 6755 - 7.247 1.677
1986 0583 0689 (0727 2024 3.199 4201 4621 35398 6284 06.816 - . (.999
1987 0427 0771 0992 1897 2575 3976 5088 35615 5887 - - - 1,908
1988 0270 0428 0856 168 2769 3507 4368 5017 5858 6.192 5645 - 1.766
1989 0347 0509 0649 1947 3.552 4042 4162 4719 5580 - 7247 - 1.576
1990 0.343 0569 0854 1782 2591 3565 3854 4040 4710 7710 - - 1.811
1991 0.334 0300 0502 1764 3.251 3578 4435 5421 5252 7710 6928 - 0.671
1992 0.214  0.381 1.113 1.745 2333 2980 4.145 4731 4981 7710 - - 0.507
1993 0280 0310 0.68 1.520 2.160 2,120 5620 6380 6700 7390 7230 7230 2214
1994 0.290 0350 0750 0960 3740 3550 3630 5000 5980 6.400 - . 1.971
Table C8. Summary of NC DMF sampling of the NC commercial fishery for bluefish.

North Carolina Sampling

Sampled commercial intensity

Year ages {andings (mt) {(mt/25 ages)
1982 490 1,946 99
1983 596 3,060 129
1984 854 1,614 47
1985 548 1,635 75
1986 437 1,565 89
1987 381 2,069 135
1988 346 2,286 166
1989 320 1,493 117
1990 372 2,077 140
1991 279 1,778 159
1992 606 1,288 53
1993 693 1,255 435
1994 517 332 4G
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Table C9. NC commercial fishery landings at age for bluefish. This matrix is a sum of component matrices
from the NC landings from pound nets, long haul seines, gillnets, and trawls. Landmgs from SC, GA, and FL
are included in the gillnet landings.

Age
Year 0 1 2 3 4 5 6 7 8 9 10 11 Total
1982 2,621 1,464 42 17 4 17 45 57 42 I8 3 1 4,331
1983 647 1,277 592 66 51 190 191 86 32 1 0 0 3,134
1984 553 583 308 20 36 145 79 45 19 0 2 0 1,790
1985 551 922 56 19 38 55 127 39 25 4 0 1 1,837
1986 870 744 178 4 24 126 64 51 27 9 1 0 2,097
1987 699 894 323 146 105 32 151 60 12 3 0 0 2,474
1988 287 323 163 38 100 182 14 224 50 3 0 0 1,385
1989 300 424 92 33 78 173 46 44 12 5 0 0 1,208
1990 430 721 37 24 33 68 232 65 84 2 0 0 1,747
1991 505 977 1,562 6 9 28 50 95 50 1 1 0 3,283
1992 511 2,798 156. 63 20 98 1 1 1 1 0 0 3,649
1993 315 136 275 36 33 11 38 74 71 13 3 2 1,008
1994 232 280 67 0 22 111 51 11 33 21 0 0 829
Table C10. NC commercial fishery mean weights at age for bluefish.
Age

Year 0 1 2 3 4 5 6 7 8 9 10 11 All
1982 0.307 0.603 1.597 2357 3.123 4293 5.100 5468 6221 7.000 6928 7.710 0.661
1983 0.236 0.391 0903 1.866 2.852 3.931 4.733 5.104 5936 7000 - - 1.195
1984 0.249 0489 0.840 1.330 3393 4655 5467 5.835 6.506 - 6.500 - 1.304
1985 0.207 0.404 0.759 1816 2.545 4.530 4.729 5.734 5981 6.800 - 7.710  1.045
1986 0308 0.487 0860 2.602 3.275 3944 4235 4608 6.015 6.009 6.123 - 1.000
1987 0.217 0316 0924 1.617 3.246 4.035 4837 5197 6250 7250 - - 1.121
1988 0.288 0.533 0.842 1.745 2.445 3386 6.100 4960 5.350 6.500 - - 2.024
1989 0280 0.487 0.734 1.819 3.130 4261 4705 5398 5670 4989 - - 1.611
1990  0.255 0.599 0.932 1.821 2.598 3566 3.854 4.041 4710 7.700 - . - 1.469
1991 0.271 0.350 0.526 1.764 3251 3.578 4.432 5421 5252 7.710 6.928 - 0.746
1992 0.212 0.375 0.960 1.725 2333 2.980 4.145 4731 4981 7.710 - - 0.487
1993 0.230 0.500 0.690 1.520 2.160 2.120 5.620 6380 6.700 7.390 7.230 7.230 1.760
1994 0220 0370 0.750 1420 3.740 3.550 3.630 5.000 5980 6.400 - - 1.520
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Table C11. MRESS estimated total weight (mt) of bluefish caught by recreational fishermen. Shore fishing mode includes catch taken from
beaches, banks, and man-made structures; P/C boat fishing mode includes catch taken from party/charter boats; P/R boat fishing mode includes
catch taken from private/rental boats. For annual totals, numbers of fish released alive (catch type B2) are also totaled and expressed as a per-
centage of the total catch. Total mortality includes catch type A (fish landed and available for sampling), type B1 (fish landed but not available
for sampling), and 15% of type B2 (fish released alive, assuming a 15% discard mortality rate). |

Region/
mode 1582 1983 1984 1985 1986 1987 1988 1986 1990 1991 1992 1993 1994 1995
ME-CT
‘Shore 633 2,380 828 1,263 2,781 1,452 496 837 1,653 2.421 952 804 701 894
P/Cboat 14,900 9,094 4,423 3,071 6,749 941 928 1,348 784 1,085 1,153 1,966 1,756 1,305
P/R boat 3,792 5,273 4,038 4,244 11,736 9,287 5,116 4,435 4,354 5,325 4,492 3,511 3,508 2,722
Total 19,325 16,747 9289 8,578 21,266 11,680 6,340 6,620 6,791 8,831 6,597 6,281 5,965 4921
NY-VA
Shore 1,873 4,056 1,608 2,266 4,504 1,232 1,105 1,553 1,294 1,875 713 475 622 418
P/C boat 8,006 6,518 6,895 5814 6,718 8,175 2,693 4,094 1,941 3,081 2,339 1,577 1,257 1,419
P/R boat 5,869 10,150 11,596 6,758 15,232 17,704 13,476 8,563 7.854 6,662 5,818 4351 2,843 3,478
Total 15,748 20,724 20,099 14 838 26,454 27,111 17,274 14,210 11,089 11,618 8930 6,403 4,722 5,315
NC-FL.
Shore 1,018 1,819 2.625 1,019 1,244 1,365 3,005 1,871 1,237 1,411 864 1,025 1,312 1,183
P/C boat 695 4,294 1,649 977 330 287 244 102 49 193 100 53 36 31
P/Rboat 1415 2,123 1,126 1,737 1,611 1,791 1,696 1,076 903 1,061 . 955 785 488 379
Total 3,128 8,236 5,400 3,733 3,185 4.043 4945 3,049 2,189 2,665 1,919 1,863 1,836 1,643
Coast
Shore 3,524 8,255 5,061 4,548 8,529 4,049 4,606 4,261 4,184 5,707 2,589 2,304 2,635 2,495
P/C boat 23,601 19,906 12,967 9.862 13,797 10,003 3,865 5,544 2774 4359 3,592 3,596 3,049 2,805
P/R boat 11,076 17,546 16,760 12,739 28,579 28782 20,288 14,074 13,111 13,048 11,265 8,647 6,839 6,579
Total 38,201 45,707 34,788 27,149 50,905 42.834 28,759 23,879 20,069 23,114 17446 14,547 12,523 11,879
Total 32 2,579 5,282 4,191 3,328 8,772 9,262 6,886 6,094 6,212 8,146 6,439 5,360 5,475 5,448
Landed 35,622 40,425 30,597 23,821 42,133 33,572 21,873 17,785 13,857 14,968 11,007 9,187 7,048 6,431
Discard 387 792 629 499 1,316 1,389 1,033 914 932 1,222 966 804 821 817
Total mortality 36,009 41,217 31,226 24,320 43,449 34,961 22,906 18,699 14,789 16,190 11,973 9,991 7,869 7,248




Table C12. MRFSS estimated total number ('000) of bluefish caught by recreational fishermen. Shore fishing mode includes catch taken from
beaches, banks, and man-made structures; P/C boat fishing mode includes catch taken from party/charter boats; P/R boat fishing mode includes
catch taken from private/rental boats. For annual totals, numbers of fish released alive (catch type B2) are also totaled and expressed as a
percentage of the total catch. Total mortality includes catch type A (fish landed and available for sampling), type B1 (fish landed but not available
for sampling}, and 15% of type B2 (fish released alive, assuming a 15% discard mortality rate). |

Total mortality 24,248

25,671

Region/
. mode 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
ME-CT
Shore 4,301 2,175 2,238 2,155 1,901 2,283 512 430 1,092 2,208 866 365 77 569
P/Cboat 3,196 3,336 1,518 1,482 2,030 418 263 339 189 345 434 609 434 376
P/Rboat 2,598 1,679 £,730 2,072 4,506 3,840 1.536 1,324 1,575 2,232 1,730 1,223 984 1,014
Total 10,095 7,190 5,486 5,709 8,437 6,541 2,311 2,093 2,856 4,845 3,030 2,197 2,135 1,959
NY-VA . _
Shore 3,237 5,041 6,329 3,825 ° 6,482 3,641 897 4,968 2,238 4,946 1,008 1,133 2,071 1,026
P/C boat 3,210 3812 3.373 3,677 3,280 3,936 850 1,866 1,539 2,064 1,224 779 923 932
PR boat 4,829 7.013 5,473 5,253 8,698 9,741 5,571 5,269 5,925 4,030 3,408 2,604 3,196 3,155
Total< 11,276 15,866 15,175 12,755 18,460 17,318 7318 12,103 9702 11,040 5,640 4,516 6,190 5,113
NC-FL )
Shore 2,915 2,572 3,670 2,080 1,888 1,686 2,075 2,409 2271 1,329 1,255 1,865 2,517 2,436
P/C boat 863 1,321 425 473 291 257 125 127 52 70 44 63 71 126
PR boat 2,071 3,188 1,752 1,457 1,335 1,801 1,536 1,067 1,555 1,008 1,382 1,056 923 779
Total 5,849 7,081 5,847 4,010 3,514 3,744 3,736 3,603 3,878 2,407 2,681 2,984 3,511 3,341
Coast
Shore 10,453 9,788 12,237 © 8,060 10,271 7610 3,484 7,807 5,601 8543 3,129 3,363 5,305 4,031
P/Cboat 7269 8,469 5316 5,632 5,601 4611 1,238 2,332 1,780 2479 1,702 1,451 1,428 1,434
PR boat 9,498 11,880 8,955 8,782 14,539 15,382 8,643 7,660 9,055 7,270 6,520 4,883 5,103 4,948
Total 27.220 30,137 26,508 22,474 30,411 27,603 13,365 17,799 16,436 18292 11,351 9.697 11,836 10413
Total B2 3,497 5,254 5710 3,228 5,970 6,527 3,460 5,037 5,081 6,349 4,232 4,142 6,076 5,345
Percent B2 12.8 17.4 21.5 14.4 19.6 236 259 283 30.9 347 373 427 513 513
21,655 19,730 25,337 22,055 10,424 13,518 12,117 12,895 . 7,754 6,176 6,671 5,870




Table C13. Summary of MRFSS sampling of the recreational fishery for bluefish.

Estimated Sampling
total intensity
Year . Lengths catch (mt) (mt/100 lengths)

1932 3,715 38,201 1,028
1983 5,325 45,707 353
1984 4216 34,788 825
1985 6,699 27,149 405
1986 5,232 50,905 973
1987 5,492 42,834 780
1988 3,017 28,759 953
1989 8,204 23,879 291
1990 7,242 20,069 277
1991 6,705 23,114 345
1992 5,047 17,446 346
1993 3,951 12,787 324
1994 3,999 12,523 313
1995 2,709 11,879 439

Table C14. Recreational fishery (Maine to Florida) catch at age ("000) for bluefish. Catch type B2 (catch
released alive) included with a hooking mortality rate of 15%. Lengths converted to age using NC DMF
commercial fishery annual age-length keys; 1995 recreational lengths converted using 1994 age-length key.

Age
Year 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
1982 8,000 7,267 1,968 1,587 745 1,i51 1089 747 632 836 122 63 41 24,248
1983 4,090 5985 6,586 2,605 863 1,122 1,596 1031 641 833 93 159 47 25,671
1984 6,240 5030 4,052 1,835 842 594 718 717 535 869 31 95 47 21,655
1985 4,022 4891 4,949 2540 892 425 764 352 375 450 36 0 34 19,730
1986 4,195 5238 6,536 2,734 1,000 1447 1,067 %63 1,141 959 57 0 0 25337
1987 2407 4473 4369 4564 1,618 981 1489 1,032 645 445 32 0 0 22,053
1988 1180 1,410 1,644 1,225 1,496 1209 749 656 343 319 156 e 28 10,424
1989 2,933 4467 2282 857 242 752 611 342 500 268 38 7 19 13,518
1990 1,954 5833 1,675 626 296 254 526 263 292 381 7 7 3 12,117
1991 2,620 3281 3,388 1,586 286 149 426 631 367 130 17 10 4 12,895
1992 649 1,935 1,357 2,177 519 180 170 306 304 145 5 5 2 7,754
1993 823 1,843 8381 480 923 621 149 92 158 156 48 2 0 5,176
1994 1,567 2333 1,078 367 217 452 191 35 189 229 9 4 0 6,671
1995 525 2463 1377 249 167 409 221 65 237 143 10 4 0 5,870
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Table C1S5. Recreational fishery (Maine to Florida) mean weights at age (kg) for bluefish. Lengths converted
to age using NC DMF .commercial fishery annual age-length keys; 1995 recreational lengths converted using
1994 age-length key.

Age
Year 0 1 2 3 4 5 6 7 3 9 10 11 12 All
1982 0.079 0451 1655 2094 3226 4.217 4537 5801 6681 8832 7810 8212 8.193 1.675
1983 0.073 0402 0997 2177 3.18% 4502 5673 6298 6910 8906 8404 7.912 8404 2.039
1984 0.080 0.350 1.080 1.867 2.909 4443 5676 6297 7204 8845 7235 8.404 8404 1.689
1985 0.082 0.377 098l 1.900 2.844 3963 5091 6.151 6918 8447 8404 - 7.812 1.471
1986 0.072 0412 1338 2327 3145 4343 4903 5719 6793 8076 7.812 - - 2115
1987 0.089 0.287 1219 2.064 3.008 3918 4995 5930 6515 8582 7812 - - 2.118
1988 0.119 0371 1.079 2.154 2882 3.600 4.629 5250 6263 7.657 6294 8404 7.908 2.526
1989 0.106 0.256 1.195 2,140 3818 4088 4821 35606 6.132 7770 7.903 7.247 8206 1.596
1990 0.181 0.478 0.880 1726 3421 4.587 5163 35652 5938 7.435 8404 8404 8404 1.381
1991 0.070 0.338 0918 1732 2.772 4152 5128 5872 6327 7.694 7.675 7.577 8.033 1.403
1992 0.055 0416 1.037 1898 2.857 3818 5123 5793 5954 7893 7988 7.988 8404 1.841
1993 0.142 0601 1.151 2652 2787 3293 4360 6.014 6175 7.099 6.854 6.202 - 1.391
1994 0.095 0412 0925 1.880 2.813 3919 4487 5850 6.998 B.BS9 6443 6.711 - 0.804
1995 0.168 0.436 0982 1734 2849 4.058 4696 5652 6393 7.019 6435 6711 - 1.034

Table C16. General Linear Model (GLM) of recreational fishery (MRFSS 1982-1995) intercept catch (types
A+B1+B2) per trip data to develop standardized index of abundance. Includes trips with bluefish catch and
trips with zero bluefish catch but which targeted bluefish (CAT/TAR index). Varation in log-transformed catch
per trip (LOGCA) is modeled with year (YR), state (ST), two-month sampling period (WAVE), and fishing
mode (MODE) as main effects, with no interactions. The corrected, re-transformed YR parameter estimates
are indices of stock numbers (total number of fish caught per trip). Indices are normalized to the 1993 value
for comparison with SAW-18 indices (NEFSC 1994b).

Dependent variable: LOGCA

Source DF SS MSE F PR>F R-Square
Model 33 5638.2 170.9 263.1 0.0001 0.08
Error 08286 63823.6 06

Total 98286 9461.7

Model SS

Variable DF Type III SS F PR >F

YR 13 1158.4 137.2 0.0001

ST 13 1679.6 199.0 0.0001

WAVE 5 1023 315 0.0001

MODE 2088.0 1607.8 0.0001
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Table C16. (Continued)

Corrected, re-transformed YR parameter estimates: Normalized to 1993 value

Lower Upper .

Year estimate 95% CI 95% CI
1982 1.539 1.577 1.501
1983 1.153 1.142 1.165
1984 1.277 1.270 1.284
1985 1.381 1.369 1.392
1986 1.258 1.254 1.262
1987 1,332 1.327 1.337
1988 1.095 1.091 1.099
1989 1.206 1.202 1211
1990 1.184 1.183 1.184
1991 1.075 1.075 1.075
1992 1.056 1.055 1.055
1993 1.000 0.999 1.001
1954 1.017 1.015 1.018
1995 0.993

Table C17. Recreational fishery indices of abundance. SAW-23 n is number of anglers interviwed in each year
(sample size). Nominal and GLM standardized indices include trips with bluefish catch and trips with zero
bluefish catch but which targeted bluefish (SAW-18 CAT/TAR index definition; NEFSC 1994b). SSB index
for ICA tuning is the product of the age 1 and older (SSB) percentage of the recreational catch, the SSB mean
weight, and the GLM index. '

SAW-23 SAW-23 Mean
SAW-23 nominal GLM ~ Percent weight SSB
Year n index index age 1+ of SSB (kg) index
1982 2,981 5.37 1.54 67.0 2.750 2.835
1983 4,768 3.80 1.15 84.1 2.542 2.466
1984 3,413 4.52 1.28 71.2 2352 2.138
1985 6,828 5.36 1.38 79.6 2.066 2271
1986 5,820 4.43 1.26 83.4 2.535 2.659
1987 5,843 4.61 1.33 89.1 2.523 2.995
1988 5,313 332 1.10 88.7 2.854 2.771
1989 10,372 4.14 1.21 78.3 2.391 2.257
1990 9,633 3.80 1.19 83.9 2.187 2172
1991 10,618 3.42 1.07 79.7 1.610 1.380
1992 9,785 3.12 1.05 916" 1.591 1.538
1993 7,565 2.70 1.00 86.7 2.180 1.890
1994 8,094 2.72 1.02 76.5 2.116 1.646
1995 7,287 2.37 0.99 91.1 2.059 1.863
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Table C18. Total commercial landings and recreational catch at age' for bluefish ('000). Lengths converted to age using NC DMF commercial
fishery annual age-length keys.

Age

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 Total
1982 11,280 9,853 2879 2462 806 1,230 1,187 822 681 867 125 64 41 32,297
1983 4863 7,790 8821 3,075 988 1,348 1,847 1,159 693 864 95 163 47 31,753
1984 7288 6940 6825 208  917' 760 813 777 561 878 84 95 48 28,074
1985 4,743 6,549 5854 2,967 1,343 527 955 455 445 481 37 3 - 34 24,393
1986 5269 8195 8882 2866 1,080 1,737 1,235 1064 1209 995 60 0 0 32,592
1687 3,199 5,552 5307 5892 2057 L112 1,728 1,149 688 458 33 0 0 27,175
1988 1,749 2,131 2578 1,629 2,033 1638 877 969 426 337 168 9 28 14,572
1989 3,401 5,562 3,165 971 390 1,150 790 665 556 281 43 7 19 17,000
1990 2,807 7,426 1,910 713 394 442 1,155 443 525 398 7 7 4 16,231
1991 3,823 5454 7,556 1,668 325 232 584 925 529 141 21 11 4 21,273
1992 2,163 9731 1,776 2459 609 488 183 330 329 158 6 6 2 18,240
1993 1,170 2,030 1,541 579 1,014 651 254 296 354 192 57 8 0 8146
1994 1,966 3,137 1,310 367 296 848 373 74 307 304 9 4 0 8995

5 0 8035

1995 719 3,371 1,885 341 229 560 302 89 324 196 14




Table C19. Total commercial landings and recreational catch mean weights at age (kg) for bluefish. Lengths converted to age using NC DMF
commercial fishery annual age-length keys.

Age
Year 0 i 2 3 4 5 6 7 8 9 10 11 12 Total
1982  0.137 0491 1519 2051 3201 4232 4958 5776 6644 8793 7790 8202 8.193 1.493
1983 0095 0421 0988 2147 3.162 4417 5577 6211 6862 8901 8363 7903 8365 1.907
1984 0.104 0406 0931 1.834 2911 4483 5650 6267 7177 8841 7185 8404 8404 1.528
1985 0.103 0399 0965 1.926 2819 3991 5053 6.119 6819 8361 8326 7473 71812 1.460
1986 0118 0489 1204 2320 3.149 4303 4848 5655 6766 8046 7736 - - 1.887
1987 0117 0296 1180 2022 2959 3927 4984 5885 6500 8574 18l12 - - 2.012
1988 0.166  0.404 1.002 2051 2838 3564 4623 5165 6134 7607 6260 8404 7908 2352
1989 0.125 029 1059 2118 3638 4106 4720 5513 609% 7724 7820 7229 8206 1.595
1990 0212 0497 03881 1,732 3240 4.177 4474 5035 5420 7439 8404 8404 8404 1.459
1991  0.136 0333 0701 1.732 2808 3.963 4965 5746 6.052 7695 7.667 7553 8.033 1.182
1692 0164 0387 1039 188 2803 3303 5107 5784 5942 7890 7876 7876 8404 1.101
1993 0175 0587 0951 2458 2731 3237 4880 6267 6465 7153 6556 5571 8404 2.005
1994 0.124 0400 089 1.879 3.040 3.757 4.093 5423 6.633 8336 6327 6568 8.404 1.543

1995 0168 0436 0982 1.734 2.849 4058 4696 5652 6393 7019 6435 6711 - 1.034




Table C20. Stratified mean number per tow of bluefish from Cape Cod to Cape Hatteras (inshore strata 1-46)
from NEFSC autumn inshore bottom trawl surveys. '

95% confidence

interval Coefficient
of

Year Mean Low High variation
1974 9,830 5335 14.326 25.3
1975 14.223 0.351 28.094 49.8
1976 43.944 26.723 61.164 20.0
1977 58.332 15.189 101.474 .. 37.7
1978 14.550 11.105 17.995 12.1
1979 45.528 29.678 61.379 17.8
1980 37.605 13.482 61.729 327
1981 107.368 69.352 145.384 18.1
1982 34.246 15.066 53.425 28.6
1983 21.006 6.738 35.425 28.6
1984 ' 59.841 39.575 80.108 173
1985 17.736 12.135 23.336 16.1
1986 40.748 -1,037 82.533 - 52.3
1987 , ‘ 7.444 2.958 11.933 30.8
1988 30.468 -16.489 77.424 78.6
1989 91.273 46.512 136.035 25.0
1990 9.321 5.099 13.543 23.1
1991 15.797 5.670 25.923 32.7
1992 17.865 14.467 21.264 9.7
1993 1.979 0.952 3.006 26.5
1994 12.379 8.636 ©16.123 154
1995 9.388 5.404 13.371 21.7
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Table C21. Stratified mean weight per tow (kg) of bluefish from Cape Cod to Cape Hatteras (inshore strata
1-46) from NEFSC autumn inshore bottom trawl surveys.

95% confidence

. Coefficient
interval
of
Year Mean Low High variation
1974 1.475 0.783 2.166 239
1975 5.581 1.868 9.293 33.9
1976 5724 i 3.765 7.682 17.5
1977 ‘ 6.546 2.785 10.307 293
1978 5.875 4 843 6.906 9.0
1979 7.443 5.604 9.282 12.6
1980 7.031 2.430 11.633 33.4
1981 13.183 9.517 16.849 14.2
1982 4823 2.484 7.161 24.7
1983 - 3.958 1.609 6.307 303
1984 7.682 5.960 . 9.404 _ 11.4
1985 3.451 2.658 4.244 11.7
1986 3.913 1.860 5.966 268
1987 2.703 1.940 3.467 14.4
1988 ' 1.982 0.379 3.585 41.3
1989 9.132 ‘ 3.456 14.808 31.7
1990 2513 1.488 3.358 20.8
1991 2.063 _ 1.109 3.017 23.6
1992 1.363 0.931 1.795 16.2
1993 0.736 0.543 0928 | 13.3
1994 - 1673 1.071 2275 184
1995 2.054 1.456 2.652 14.9
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Table C22. Stratified mean number per tow of bluefish at age' from NEFSC autumn inshore bottom trawl
surveys, Cape Cod to Cape Hatteras (strata 1-46).

Age
Year 0 1 2 3 4 5 6 7 3+ Total
1982 21.632 12.434 0.074 0.061 0.013 0.000 0.002 0004 0.020 34.246
1083 6.654 13566 0.687 0.028 .0.003 0014 0023 0011 0.021 21.006
1984 30210 19.697 0606 0.097 0.058 0025 0031 0033 0.007 59.841
1985 10.770 5981 0.570 0.264 0.059 0022 0.026 0.018 0.010 17.736
1986 31.524 8514 (0.448 0.080 0.053 0039 0.031 0019 0033 40,748
1987 1.996 4.670 0.346 0.150 0.069 0.032 0073 0.044 0.030 7.444
1988 28,733 1421 0077 0018 0.032 0055 0.033 0025 0.050 30.468
1989 51.015 40007 0130 0026 0008 0031 0026 0018 0.012 91.273
1990 4614 4369 0225 0009 0013 0015 0026 0017 0.033 9321
1991 8.856 6.603 0.210 0.080 0026 0007 0001 0.001 0.000 15.797
1992 14.181 3.399 0.169 0.066 0.020 0003 0.006 0.007 0.009 17.865
1993 1.564 0259 0080 0026 0024 0012 0003 00038 0002 1.979
1994 G.155 2996  0.083 0.026 0009 0,065 0.037 0.003 0.006 12.379
1995 . 5.119 3939 0245 0.015 0.001 0.029 0.023 0.005 0.013 9 388

'Aged using annual NC DMF age-length keys from NC commercial fisheries, 1994 NC DMF age-length keys used to age 1995 NEFSC lengths.

Table C23. Stratified mean number per tow of bluefish at age' from NEFSC autumn offshore bottom trawl
surveys, Georges Bank to Cape Hatteras (offshore strata 1-25, 61-76).

Age

Year 0 1 2 3 4 5 6 7 8+ Total
1982 0.014 0092 0073 0080 0026 0027 0033 0031 0030 0.405
1983 0.0l6 0030 0081 0106 0024 0028 0035 0.017 0011 0.347
1984 0075 0052 0029 0.034 0012 0.022 0.024 0.010 0.002 0.261
1985 0.115 0272 0318 0.069 0.032 0034 0061 0012 0.0i5 0.928
1986 0032 0056 0039 0038 0026 0035 0034 0044 0037 0.342
1987 0.001 0.007 0.018 0.053 0.056 0032 0.083 0066 0032 0.347
1988 0.001 0001 0.001 0008 0017 0029 0.043 0042 0036 0.177
1989 0397 0685 00601 0001 0004 0019 0017 0016 0011 1.151 .
1990 0.091 0097 0002 0001 0009 0021 0063 0032 0.053 0.369
1991 0.001 0009 0013 0026 00067 0001 0.003 00625 0018 0.104
1992 0.001 0010 0.009 0091 0070 0.052 0024 0.020 0024 0.301
1993 0.000 0000 0.000 0052 0102 0020 0010 0024 0012 0219
1994 0.000 0000 0000 0.000 0026 0169 0.080 0008 0.046 0.328
1995 0.082 0.156 0038 0078 0006 0100 0.063 0013 0042 0.578

!Aged using annual NC DMF age-length keys from NC commercial fisheries, 1994 NC DMF age-length keys uscd to age 19935 NEFSC lengths.
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Table C24. Mean number per tow of bluefish at age from Connecticut trawl surveys (April-November). Fish
aged by application of CT DEP age-length keys.

Age
Year 0 1 2 3 4 5 6 7 g+ Total
1984 38.41 0.59 0.56 0.22 0.04 0.01 0.02 0.01 0.00 39.86
1985 32.83 1.42 0.97 0.45 0.22 0.04 0.05 0.06 0.008 36.05
1986 31.45 1.97 1.27 0.30 0.19 0.10 0.04 0.02 0.006 35.35
1987 8.76 136 058 0.17 0.13 0.08 0.04 0.00 0.003 11,12
1988 10.64 0.69 0.46 0.29 0.19 0.14 0.08 0003 0.003 12.50
1989 37.30 1.48 0.57 0.16 0.27 0.22 0.05 0.006 0.00 40.06
1990 23.79 2.97 0.63 0.09 0.12 0.17 0.02 (.00 0.00 27.79
1991 24.40 350 1.39 0.13 0.09 0.11 0.05 0.00 0.00 29.67
1992 2430 3.32 1.73 0.17 0.15 028 0.005 0.00 0.00 29.96
1993 12.06 0.58 1.01 0.41 0.18 0.05 0.00 0.00 0.00 14.29
1994 28.75 1.35 0.72 0.49 0.37 0.24 0.01 0.00 0.00 3193
1995 7.90 2.07 0.39 0.09 0.05 0.06 0.01 0.00 0.00 10.57
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Table C25, Recruitment (age 0) indices for bluefish from State agency research surveys.

Year
State/gear 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
RI trawl 048 242 333 130 204 1203 174 577 1149 488 3c.48 426 1405 1.69 4.12 3993 1478
RI seine - - - - - - - 136 249 128 165 273 201 54 22 208 44
NY Hudson . 205 286 299 245 120 236 215 095 359 133 146 056 071 067 081 146
NY WLIS- - - - - - - - 248 776 50 216 72 103 88 28 28 34
- NJ seine - - - - - - - - - 454 583 257 115 118 36 372 119
DE trawl - 004 000 004 004 006 005 017 013 023 063 0.14 018 008 008 0.14 0.14
MD seine - - 0.17. 0.63 0.96 030 062 011 020 021 046 038 016 012 002 0.06 -
VIMS trawl  0.02 002 006 0.03 003 005 002 002 001 004 016 0.10 0.01 003 0.00 - -
VINS seine . 008 012 011 016 007 013 003 024 004 007 008 012 001 002 - -
NCjuvtrawi 005 008 015 004 0.03 -0.02 004 001 012 007 030 007 007 O.Ql 0.03 0.02 -
NC Pamlico trawl - - - - - - - - 020 019 033 036 041 026 026 042 -

AN
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Table C26. Mean number per seine haul of age O bluefish (less than or equal to 25 cm) and age 1 and older
bluefish (greater than 25 cm) from NJ BMF trawl survey in ocean waters (August and October tows).

Year Age 0 Age 1+
1988 45.40 3.83
1989 58.28 3.47
1990 2571 3.41
1991 11.50 _ 1.50
1992 11.76 1.78
1993 .3.60 0.48
1994 37.22 : 1.25
1995 11.93 1.90
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Table C27. SAW-23 bluefish ICA model results.

Fishing mortality

Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
0 1690 0816 1017 0970 1541 1228 0505 .0584 1075 .1942 1113 .1047 0813 .0877
1 1881 1768 1699 1346 2552 2548 1174 2359 - 1843 3297 5138 4833 3750 .4045
2 1284 2701 2464 2262 2874 2746 1911 2743 1240 3116 3192 3003 2330 2513
3 1635 2069 0992 1707 1721 3316 1332 1067 0950 .1601 1366 .1285 .0997 .1075
4 0535 .0960 .0924 0909 0901 1899 .1922 0452 0604 0597 .1029 .0968 0751 .0810
b A317 1253 11050 0739 1709 1326 2413 1669 0693 0485 1658 .1559 1210 .1305
6 A776 3136 1093 1945 2613 2676 1559 1834 2670 1278 0891 0838 0650 .0702
7 2372 2766 2227 0863 3648 4314 2529 1775 1574 3674 0756 0711 0552 0596
8 2469 3398 2212 2019 3618 4445 3001 2335 2210 2923 2056 .1934 1501 .1618
9

2469 3398 2212 2019 3618 4445 3001 2335 2210 2923 2056 1934 1501 .1618

Numbers at age (mullions)

Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 19%
0 81 68 82 57 41 30 39 63 30 24 19 13 24 14 14
1 64 53 49 58 40 27 21 29 48 21 15 13 9 17 10
2 27 41 35 32 39 24 16 14 18 31 12 7 6 5 9
3 18 18 24 21 20 23 14 11 9 12 18 7 4 4 3
4 17 12 12 17 14 13 13 10 7 6 8 12 5 3 3
5 11 13 9 8 12 10 8 8 7 3 4 6 9 3 2
6 8 8 9 6 6 8 7 5 5 5 4 3 4 6 2
7 5 4 6 4 4 5 4 3 3 4 3 2 3 4
8 3 3 3 3 4 2 2 3 3 2 2 3 2 2 2
9 3 3 4 4 5 3 3 4 4 4 3 4 4 4

1




Table C27. (Continued)

Stock summary

Recruits Total B Spawn B Landings Ref. F
Year x10® mt mt mt Y/SSB age |
1982 ' 81 324,337 278,212 43,082 0.1549 0.1881
1983 68 324,221 286,026 48,416 0.1693 0.1768
1984 82 304,592 267,344 36,675 0.1372 0.1699
1985 57 301,144 265,372 30,462 0.1148 0.1346
1986 41 328,864 292,985 50,134 0.1711 0.2552
1987 30 278,570 252,305 41,542 0.1646 0.2548
1988 39 218,711 194,086 30,068 0.1549 0.1174
1989 65 213,598 188,016 23,439 0.1247 0.2359
1990 30 198,881 168,811 21,035 0.1246 0.1843
1991 24 181,206 162,837 22,350 0.1373 - 0.3297
1992 19 172,679 155,773 17,187 0.1103 0.5138
1993 13 156,944 141,043 14,655 0.1039 0.4833
1994 24 138,553 125,191 12,153 0.0971 0.3750
1995 14 124,024 110,322 10,601 0.0887 - 0.4045
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Table C28. Thompson and Bell (1934) yield-per-recruit analysis for bluefish: 1992-1995 arithmetic mean
weights at age, ICA 1992-1995 PR vector.

Proportion of F before spawning: 0.2500
Proportion of M before spawning: 0.5000
Natural mortality is constant at: 0.250
Initial age is: 0; Last age is: 12

Last age is a plus group;

Age - Fish mort Nat mort Proportion Average Weights
pattern pattern mature stock catch
o 0.2200 1.0000 0.0000 0.133 0.133
1 1.0000 1.0000 0.5000 0.424 0.424
2 0.6200 1.0000 1.0000 0.958 0.958
3 0.2700 1.0000 1.0000 - 1.928 1,928
4 - 0.2000 1.0000 1.0000 2.930 2.930
5 0.3200 ' 1.0000 1.0000 3.671 3.671
6 0.1700 1.0000 1.0000 4.581 4,581
7 0.1500 1.0000 1.0000 5.622 5.622
8 0.4000 1.0000 1.0000 6.296 6.296
9 0.4000 ' 1.0000 1.0000 _ 6.500 6.500
10 0.4000 1.0000 1.0000 6.813 6.813
11 0.4000 1.0000 1.0000 . 6.900 6.900
12+ 0.4000 1.0000 1.0000 3.404 8.404

Slope of the Yield/Recruit Curve at F = 0.00: --> 3.1937

F level at slope = 1/10 of the above slope (F; ;) - > 0312
Yield/Recruit corresponding to Fy,; ------- > 0.4151

F level at 30 % of Max Spawning Potential (Fy,): ----- > 0.422
SSB/Recruit corresponding to Fy: --=v-nmn-- > 2.7041

F level to produce Maximum Yield/Recruit (Fy ) ---- -- > 0.469
Yield/Recruit corresponding to F, ;! ---=--- > 0.4368

F level at 20 % of Max Spawning Potential (F,,): ------- > 0.586
SSB/Recruit corresponding to F,y; -----=-=-- > 1.8027 :

186



Table C28. (Continued)

FMORT TOTCTHN TOTCTHW TOTSTKN TOTSTKW SPNSTKN SPNSTKW % MSP

0.000
0.050
0.100
0.150
0.200
0.250
0.300
0312
0.350
0.400
0.422
0.450
0.469
0.500
0.550
0.586
0.600
0.650
0.700
0.750
0.800
0.850
0.900
0.950
1.000

0.60000
0.08111
0.15115
0.21212
0.26551
0.31255
0.35420
0.36364
0.39123
0.42430
0.43750
0.45394
0.46443
0.48060
0.50464
0.52069

- 0.52640

0.54615
0.56411
0.58050
0.59549
0.60924
0.62187
0.63350
0.64424

0.00000
0.13620
0.23423
0.30433
0.35384
0.38806
0.41090
0.41509
0.42523
0.43323
0.43514
0.43650
0.43677
0.43627
0.43347
0.43024
0.42882
0.42285
0.41598
0.40852
0.40071
0.39273
0.38472
0.37679
0.36900

4.5208
4.1983
3.9201
3.6785
3.4672
3.2814
3.1173
3.0801
2.9717
2.8420
27903
2.7260
2.6850
2.6220
2.5285
2.4662
2.4441
23678
2.2986
2.2357
2.1783
2.1260
2.0780
2.0340
1.9936

10.5128
9.0347
7.8144
6.7980
5.9447
5.2236
46104
4.4749
4.0864
3.6365
3.4619
3.2484
3.1147
2.9126
2.6209
2.4324
2.3666
2.1445
1.9498
1.7787
1.6280
1.4950
1.3773
1.2730

- 1.1803

2.7635
2.4688
2.2154
1.9960
1.8048
1.6372
1.4897
1.4564
1.3594
1.2437
1.1978
1.1407
1.1045
1.0488
0.9665
0.9119
0.8926
0.8261
0.7661
0.7119
0.6628
0.6182
0.5777
0.5407
0.5070

9.0145
7.6795
6.3812
5.6693
4.9064
4.2636
3.7190
3.5989
3.2550
2.8578
2.7041
2.5164
2.3990
22219
1.9669
1.8027
1.7455
1.5526
1.3841
1.2366
1.1071
0.9932
0.8929
0.8042
0.7258

100.00
85.19
73.01
62.89
54.43
47.30
41.26
39.92
36.11
31.70
30.00
27.92
26.61
24.65
21.82
20.00
19.36
17.22
15.35
13.72
12.28
11.02
9.90
8.92
8.05
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Table C29. Input parameters and projection results for bluefish: landings and stock biomass ('000 mt).
Starting stock sizes on 1 January 1995 are as estimated by the SAW-23 ICA model. Mean weights at age
(stock biomass, landings) are arithmetic means of 1992-1995 values. Fishing mortality in 1996 was assumed
to continue at the level estimated for 1995, F = 0.40. The short-term average (1992-1995) recruitment was
- assumed for 1996-1998 (geometric mean recruitment for 1992-1995 of 17.0 million age 0 fish). Projections
are made for several levels of fishing mortality rates during 1997-1998: F,, = 0.40, F,, = 0.40 with the catch
of age O fish eliminated in 1997-2000 (F at age 0 = 0.0), F,p0, = 0.59, Fy0, = 0.42, Fyysy = 0.20, and F in 1997
2000 which stabilizes SSB (Fgp,3 = 0.06). Proportion of F and M before spawning = 0.25 (spawning peak at

1 April). Partial recruitment vector and landings include recreational discard with a 15% hooking mortality

rate.
Stock size Fishing mortality Proportion Mean weights
Age in 1995 ('000) pattern mature landings (kg)
0 13,890 0.22 0.00 0.133
1 17,473 1.00 0.50 0.424
2 4,778 0.62 1.00 0.958
3 3,945 0.27 1.00 1.928
4 2,860 0.20 1.00 2.930
5 3,306 032 1.00 3.671
6 5877 0.17 1.00 4,581
7 2,763 0.15 1.00 5.622
8 1,548 0.40 1.00 6.296
9+ 3,992 0.40 1.00 7.475

Recruitment in 1996-1998 = geometric mean for 1992 -1995: 16,973 age 0O fish ('000)

1996 1997 1998
Option F, Land SSB F,; Land SSB Fse Land SSB
F,s 040 121 912 040 120 811 040 109 727
F, (noFonage0) 040 121 912 040 11.8 811 040 109 728
Foon 0.59 121 912 059 170 7938 059 144 665
Fion 042 121 912 042 125 810 042 113 720
Fusy 020 121 912 0.20 62 825 020 65 799 .
Feras | 006 121 912 006 19 836 0.06 20 854
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Figure C1. Total catch (total landings and recreational fishery dlscards thousands of mt) and fishing mortality
rate (fulty-recruited F, age 1) for bluefish.
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Figure C2. Spawning stock biomass (SSB ages 1-9+, thousands of mt) and recruitment {millions of fish at
age 0) for bluefish.
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Figure C3. Precision of the estimate of spawning stock biomass (SSB) on April 1, 1995 for bluefish. Vertical
bars display the probability distribution of SSB given the prec151on of the point estimate. The solid line gives
the probability that SSB is less than any value along the X axis.
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Figure C4. Precision of the estimate of fully-recruited F (age 1) in 1995 for bluefish. Vertical bars display the
probability distribution of F given the precision of the point estimate, The solid line gives the probability that
F is greater than any value along the X axis.
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Figure C5. Yield per recruit (YPR) and spawning stock biomass per recruit (SSB/R) for bluefish.
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Figure C6. Forecast landings and spawning stock biomass (SSB) in 1997 of bluefish over a range of fishing
mortalities from F=0.0to F = 1.0.
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