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MEETING OVERVIEW

The Stock Assessment Review Committee
(SARC) meeting of the 30th Northeast Regional
Stock Assessment Workshop (30th SAW) was
held in the Aquarium Conference Room of the
Northeast Fisheries Science Center’s Woods Hole
Laboratory, Woods Hole. MA  during 29
November -. 3 December, 1999. The SARC
Chairman was Dr. Robert Mohn, Bedford Institute
of Oceanography. Department of Fisheries and
Oceans. Halifax. Nova Scotia. Members of the
SARC included scientists from the NEFSC, the
Northeast Regional Office (NERQ). NMFS
Headquarters, the Mid-Atlantic Fishery
Management Council (MAFMC). Atlantic States
Marine Fisheries Commission (ASMFC), the
States of Rhode Island and Massachusetts, DFO -
Canada, and Virginia Institute of Marine Sciences
(Table 1). In addition. 48 other persons attended
some or all of the meeting (Table 2). The meeting
agenda is presented in Table 3.

Table 1. SAW-30 SARC Composition.

Robert Mohn, DFO (NMFS Consultant), Chairman

NEFSC experts chosen by the Chair:
Nancy Kohler
Ralph Mayo
Paul Rago

NMFS Northeast Regional Office:
Ear! Meredith, NMFS/NERO

Regionai Fishery Management Councils:
Tom Hoff, MAFMC

Atlantic States Marine Fisheries Commission/States:
Bob Beal, ASMFC
John Carmichael, NC
Alexi Sharov, MD

Other experts:

Jeffrey Hutchings, Dalhousie University
David Kulka, DFO, St. John's
John Musick, VIMS
Marta Nammiack . F/PR, Silver Spring

Steve Cadrin

Opening

Dr. Terrence Smith. Stock Assessment
Workshop (SAW) Chairman. welcomed the
meeting participants and briefly reviewed the
overall SAW process. Dr. Mohn reviewed the
agenda and discussed the conduct of the meeting.

Table 2. List of Participants.

NMFS. Northeast Fisheries Science Center
Frank Almeida Paul Nitschke

John Brodziak Loretta O’ Brien
William Overholtz
Gary Shepherd

Steven Clark

Joseph Idoine Pie Smith
Wendy Gabriel Terry Smith
Larry Jacobson Tim D. Smith

Katherine Sosebee
Mark Terceiro
James Weinberg
Susan Wigley

Blanche Jackson
Jason Link
Steven Murawski

NMFS, Northeast Regional Office
Mary Colligan Chris Mantzaris

ASMFC/States
Sherri Archer, NY
Paul Caruso, MA
Vic Crecco, CT
Tom Currier. MA
Mark Gibson. RI
Tom Helser. DE
Arnie Howe, MA
Rob Johnston, MA

Desmond Kahn, NY
Jeremy King, MA

Najih Lazar, RI
Matthew Mitro, ASMFC
David Pierce, MA

Amy Schick, ASMFC
Heather Stirratt ASMFC
David Whittaker, MA

Anthony Chatwin, CLF

Sonja Fordham, CMC

Kenneth Frank, DFO

Lori Lefevre. NEFMC _
Trevor Kenchington. Consultant
Eric Powell, Rutgers University
Ronald Smolowitz, Consultant
David Wallace, MAFMC Advisor



Table 3. Agenda of the 30th Northeast regional Stock Assessment Workshop (SAW-30)

Stock Assessment Review Committee (SARC) meeting.

Aquarium Conference Room
NEFSC Woods Hole Laboratory
Woods Hole, Massachusetts
29 November (1:00 PM) - 3 December (6:00 PM) 1999

AGENDA
TOPIC ‘ WORKING GROUP SARC LEADER  RAPPORTEUR
: & PRESENTER(S) :
MONDAY, 29 November {1100 PM - 6:00 PV . oo e e e e
Opening :
Weicome Terry Smith, SAW Chairman P. Smith
Introduction Bob Mohn, SARC Chairman
Agenda
Conduct of meeting
Weakfish (A) Mark Gibson : David Kulka

[nformal reception (7:00 PM)
Quarterdeck Restaurant, Falmouth

TUESDAY, 30 November (830 AM-600PM).......................... S SO s

Skate Complex (B) Katherine Sosebee Jack Musick

WEDNESDAY, 1 December (8:30 AM - 5:00 PM) ...

T_autog (Cy Paul Caruso Alexi Sharov

Atlantic Mackerel (D) : William Overholtz Ralph Mayo

'THURSDAY, 2 December (8:30 AM - 6:00 PM)..o oo ovo oo oo

Atlantic Surfclam(E) Jim Weinberg/Larry Jacobson Tom Hoff

Review Advisery Reports and Sections for the SARC Report

FRIDAY, 3 December (&30 AM - 6:00 PM . oo e e e

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

Heather Stirratt

Heather Stirratt

Steve Cadrin



The Process

The SAW Steering Committee, which guides the
SAW process, is composed of the executives of the
five partner organizations (NMFS/NEFSC.
NMFS/NER. NEFMC, MAFMC. ASMFC).
Working groups assemble the data for assessments.
decide on methodology, and prepare documents for
SARC review. The SARC members have a dual
role; panelists are both reviewers of assessments and

drafters of management advice. More specifically.
although the SARC’s primary role is peer review of
the assessments tabled at the meeting, the
Committee also prepares a report with advice for
fishery managers known as the 4dvisory Reporf on
Stock Status.

Assessments for SARC review were prepared at
meetings listed in Table 4.

Table 4. SAW-30 Working Group meetings and participants.

Working Group and Participants Meeting Date

Stock/Species

ASMFC Stock Assessment Subcommittee 10-11 March, 1999

S. Welsh

Southern Demersal Working Group

V. Crecco M. Gibson
D. Kahn G. Nelson
R, O'Reilly J. Uphoff
June 8-9, 1999
V. Crecco L. Daniel
C. Evans M. Gibson
D. Kahn J. McClain
J. Musick G. Nelson
R. O'Reilly C. Wenner
October 21-22. 199%
V. Crecco M. Gibson '
D. Kahn J. McClain
G. Nelson R. O'Reilly
* G. Swihart J. Uphoff
A. Weber

6-8 October, 1999

Weakfish

"~ Skate Complex

R. Beal, ASMFC C. Bonzak, VIMS D. Byrne, Industry M. Colligan, NERO
S. Doctor, Maryland ~ W. DuPaul, VIMS S. Fordham, CMC K. Frank, DFO
M. Gibson, RI T. Helser, DE D. Kulka, DFO J. Mason, NY

R. Monaghan, NC
F. Serchuk, NEFSC

C. Moore, MAFMC
T. Smith, NEFSC

S. Murawski, NEFSC D. Rader, Industry
. K. Sosebee, NEFSC

d



ASMFC Technical Committee

S. Archer, NY R. Beal, ASMFC
P. Caruso, MA M. Gibson, Rl
P. Himchack. NI T. Helser. DE

T. Hutcheson. VA N. Lazar. Rl

M. Mitro. ASMEC P. Piavis, MD
D. Simpson. CT D. Shake, CT

G. White, ASMFC
Coastal/Pelagic Subcommiitiee
S. Cadrin ‘

‘W. Overholtz

SAW Invertebrate Subcommittee

T. Alspach, Sea Watch

T. Hoff, MAFMC

R. Mann, VIMS

D. Wallace, MAFMC Advisor
D. Whittaker. MA

Agenda and Reports

The SAW-30 SARC agenda (Table 3)

included presentations on assessments for
weakfish, the skate complex (seven species of
skates including barndoor skate). tautog,
Atlantic mackerel, and surfclams. A chart of
US commercial statistical areas used to report
landings in the Northwest Atlantic is presented
in Figure 1. A chart showing the sampling
strata used in NEFSC bottom trawls surveys is
presented in Figure 2.

SARC documentation includes two reports,
one contaming the assessments. SARC
comments, and research recommendations

22 June, 1999;
135 September, 1999; 21 October, 1999

8-9 November, 1999

4-6 QOctober, 1969

Tautog
12-13 August, 1999

Atlantic Mackerel

Atlantic Surfclam

L. Hendrickson, NEFSC
L. Jacobson, NEFSC

E. Powell, Rutgers
J. Weinberg, NEFSC

(SARC Consensus Summary), and another
produced in a standard format which includes
the status of stocks and management advice
(SARC Advisory Report). The draft reports
were made available at the SAW-30 Public
Review Workshops that were held during
regularly scheduled NEFMC, MAFMC and
ASMFC meetings (18 January, NEFMC; 10
February, ASMFC; 15 March, MAFMC).
Following the Public Review Workshops, the
documents are published in the NEFSC
Reference Document series as the 30" SARC
Consensus Summary of Assessments (this
document) and the 30" SAW Public Review
Workshop Report (the latter document includes
the final version of the Advisory Report).



Figure 1. Statistical areas used for catch monitoring in offshore fisheries in the Northeast United States.
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Figure 2. Offshore sampling strata used in NEFSC bottom trawl surveys.




A. WEAKFISH

TERMS OF REFERENCE

The following terms of reference were
addressed for weakfish:

(H Summarize life history, recreational
© and commercial landings. and

available age-length data by state,.

Florida to Massachusetts.

(2) Summarize available indices of stock
abundance by state.

(3)  Estimate age composition of
recreational and commercial landings.

(4} Provide estimates of fishing mortality.
(3} Conduct a full age-based VPA and

yield-per-recruit and spawning stock
biomass-per-recruit analysis.

(6) Review the biclogical reference points

used for the overfishing definition and
target-fishing mortality rate.

(7) Review progress towards meeting the
goal in Amendment 3 to the Weak{ish
FMP to restore. the age composition,

INTRODUCTION

Weakfish (Cynoscion regalis) have supported
fisheries along the Atlantic coast of the United
States since the early 19th century. The
species is distributed from Maine to Florida
and is known to yndergo extensive seasonal
migrations, moving north in spring and
summer and south during fall and winter

(Wilk 1979). Important wintering grounds for
the weakfish stock are located on the
Continental Shelf off Chesapeake Bay to Cape
Lookout. North Carolina (Lockhart et al.
1996). As water temperatures rise in the
spring, mature weakfish migrate to nearshore
spawning grounds to complete their life cycle.
Weakfish spend most of their adult life in
coastal and estuarine waters, migrating
onshore/otfshore (Lockhart et al. 1996).

Weakfish are fast-growing and live up to 17
years (Lowerre Barbieri et al. 1995). Length at
age distributions of three year-old and older
weakfish show a great deal of overlap and
size is a poor predictor of age. Differences in
growth between sexes 1s not readily evident.
Weakfish achieve a maximum length of about
850 mm (Lowerre Barbieri et al. 1995).
Mature female weakfish (age 1+) are

~ indeterminate batch spawners that spawn large
. quantities of eggs both within estuaries and

nearshore waters from March to Septemnber
(LLowerre-Barbier1 1996).

" Weakfish occur in shallow coastal and

¢stuarine waters where they are sought by both
commercial and recreational fishers. The
migratory nature and economic importance of
weakfish have led to the development of -
coastwide management plans by the Atlantic
States Marine Fisheries commission
(ASMFC) in 1985 (Mercer 1985),1992
(Seagraves 1992) and 1996 (Lockhart et. ai.
1996). States manage weakfish in their waters
(up to 3 miles from shore) under an ASMFC
plan and the National Marine Fisheries
Service manages them in federal waters.



Amendment 1 to the original [nterstate
Fishery Management Plan for Weakfish
adopted in October, 1991, was not successful
in improving status of weakfish (Lockhart et
al. 1996). Amendment 2 was implemented in
April. 1995, and resulted in some
improvement. However, lower than average
commercial and recreational catch rates,
truncated age structure, variable recruitment
strength, and below average SSB mandated
further improvements {Lockhart et al. 1996).

Amendment 3 of the Weakfish Plan, adopted
in June 1996, was designed to reduce F to
.30 by the year 2000 and restore extended
age structure and geographical extent
~ (Lockhart et al. 1996). Under Amendment 3,
weakfish commercial fisheries have been
regulated by a combination of season and area
closures. and mesh regulations. Allowable
mesh sizes retain 23% or less of weakfish less
than 12 inches. TL. Bvcatch réduction devices
(BRD) have beenrequired for shrimp fisheries
in the South Atlantic to reduce mortality of
age 0 and 1 weakfish. All BRD’s must be
certified, properly installed, and demonstrate
a 40% reduction by number or 50% reduction
of bvcatch mortality of weakfish as compared
to catch rates in a naked net. The weakfish
recreational fishery has been regulated by
equivalent, state-specific minimum size and
possession limits. The smallest allowable
minimum size is 12 inches with a 5 fish bag
limit. Bag limits are not required once
minimum size rises to 16 inches. Most states
in the mid-Atlantic region (where most
recreational harvest occurs) have a 14 inch
minimum length and 10-14 weakfish bag fimit
(Lockhart et al. 1996).

RESEARCH SURVEY ABUNDANCE
INDICES

NEFSC Fall Surveys

Age structured abundance indices were
developed from stratified random bottom
trawl surveys conducted by the Northeast
Fisheries Science Center (NEFSC) between
Cape Hatteras, North Carolina, and Nova
Scotia. Survey length frequencies were aged
by applying annual late-season age-length

“keys from pooled commercial and research

samples. During 1982-1990, keys were-
coastwide. Since 1991. keys used were
developed from the mid-Atlantic region.
Weakfish were rarely caught in this survey
north of New Jersey. )

Weakfish were infrequent in the spring
surveys, but were intercepted during migration
by the inshore fall survey. Abundance and
age-structure were greatest in the early 1980's.
then declined in the late 1980's and early
1990's. Recovery began in the mid 1990's
(Table 1). For example, few age 4 fish were
sampled between 1985 and 1993, but the 1998
value was the highest in the time series.
Abundance indices of age 2 and 3 weakfish
increased in recent years and exceeded values
of'the 1980s. Age 0 weakfish may not be fully -
recruited to this gear, though the 1995 and
1998 year-classes were the largest since 1982.

SEAMAP Spring and Fall Surveys

The Southeast Area Monitoring and
Assessment Program (SEAMAP) has
conducted trawl surveys since 1989 between.
Cape Hatteras, North Carolina, and Cape
Canaveral, Florida. Survey length-frequencies
were aged with annual late season keys from
1989-1990 and annual late season South
Atlantic keys from 1991-1996. The keys were
developed from pooled commercial and
research samples.




Age structure was truncated in the spring
survey catch-at-age matrix (Table 2). This
may be due to mortality, migration northward
with maturation, or life history variation in the
southern range of weakfish. Although age 0
fish were captured in the fall survey, they may
not have been fully recruited to this gear.
Total catch in the spring survey declined
between 1994 and' 1996, but has since
rebounded. In the fall survey, total catch has
increased erratically since 1993. Age 2
weaktish have increased in abundance since
1996 in the spring survey. In the fall survey,
abundance of ages 2+ weaktish has increased
" by an order of magnitude since 1994,

Connecticut’s Long Island Sound Trawl
Program

Connecticut’s Department of Environmental
Protection (CTDEP) has conducted a stratified
random trawl survey biweekly during June-
October; 120 tows were made per year. The
survey was initiated'in 1984, Age 1 weakfish
relative abundance was generally lower during
1990-1993 (Table 3). Since 1995, 4 year-old
and older weakfish have increased greatly in
relative abundance (Table 3).

New Jersev's Ocean Trawl Program

Since 1988, New Jersey Division of Fish
Game and Wildlife (NJDFGW) has conducted
an ocean trawl program that uses a stratified
random design. Length frequency data from

the months of August and October was usedto .

develop a catch-at-age matrix from the pooled
late season mid-Atlantic keys. Normal sample
size for this period was 78 tows per year.

Relative abundance increased to a peak in
1995, followed by a dechne (Table 4).
Relative abundance tn 1998 was lowest in the
time series. Catches of ages 2+ weére very high
during 1994-1997 and moderate in 1998,

" Relative abundances of ages 4+ have been

high since 1994 (Table 4).

Delaware's Delaware Bav Survey

The Delaware Division of Fish and Wildlife
(DEDFW). has conducted a fixed station
survey of Delaware Bay using a 9.2-m
headrope trawl during 1966-1971, 1979-1984
and 1990-1996 (Table 5).

Length frequencies from 1966-1981 were
aged with an average of the 1982-1984 keys.
Ageing of 1982-1995 samples used pooled
mid-Atlantic keys. Age structure during
1996-1998 was developed from survey otolith
ages. :

Number of weakfish per nautical mile was
low during 1979-1984 (Table 5). When the
survey resumed in 1990, relative abundance
steadily increased through 1994, and then
remained high. Ages 2+ were most abundant
during 1969-1971 and after 1992. Ages 4+
were absent during 1966-1968 and 1991; their
relative abundance increased steadily during
1990-1996 to the highest level recorded and
then leveled off. Age 6 weakfish were present
in the survey during 1969-1971, 1979-1984,
1990, were absent in 1991-19935. and then
reappeared afterwards. Presence of age 7
weakfish in this survey was similar to age 6,
except they reappeared in 1998.

Massachusetts” Trawl Survey. South Cape
Cod

A stratified random trawl survey, conducted
by the Massachusetts Division of Marine
Fisheries (MADMF), catches young of the
year weakfish south of Cape Cod. As a proxy
to a stratified CPUE, the total number caught
per year was emploved (Table 6). Catches
were high in the 1980s, peaking in 1985 and
1986. They declined in 1987 and remained




generally low until after 1994. Catches during
1993-1998 were still below peaks seen in the
mid-1980s.

Rhode Island’s Narragansett Bay Trawl
Survev

The Rhode Island Division of Fish and
Wildlife (RIDFW) conducts a juvenile survey
in Narragansett Bay. Catches of YOY have
been erratic, but.1996 and 1997 relative
abundances were the highest in the time series
{Table 6). ‘ '

New York's Peconic Bav Juvenile Trawl
Survev :

The New York's Department of
Environmental Conservation (NYDEC) has
sampled juvenile estuarine finfishes in
Peconic Bay of Eastern Long Island with a
4.9-m trawl since 1985, This survey indicated
strong recruitment in the last three years
(Table 6). -

Delawafe DEFW Delaware Bay Juvenile

Trawi Survey
The Delaware Division of Fish and Wildlife

(DEDFW) conducted a juvenile trawl survey

m Delaware Bay with a 4.9-m trawl during
1982-1998. Lower indices were common
prior to 1990. The highest index occurred in
1991 and YOY indices have been above
averagé since (Tablé 6).

Marvlarid’s Chesdpeake Bay and Coastal
Bavs Juvenile Trawl Surveys

The Maryland Department of Natural
Resources (MDDNR) conducts two juvenile
trawl surveys, one in Chesapeake Bay from
1980 to the present and one in the coastal bays
from 1972 to the present. Both employ 4.9-m
trawls. Both indices reached a nadir in the fate
1980's and have been at high levels since
(Table 6).
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Virginia's Chesapeake Bav Trawl Survev

- The Virginia Institute of Marine Science

(VIMS) conducts a trawl survey in lower
Chesapeake Bay. An index of YOY weakfish
relative abundance is computed using August-
October tows from three river tributaries
(Table 6). Largest indices occurred during
1985-1993. Indices after 1993 were equivalent
to those during 1982-1984,

North Carolina’s Pamlico Sound Juvenile
Trawl Survey

The North Carolina Division of Marine
Fisheries (NCDMEF) has conducted a juvenile
finfish trawl survey in Pamlico Sound since

- 1987 that provides relative abundance of ages

0 and 1 (Table 6). The YOY index shows no
obvious trend, while the Age 1 index dipped
during 1989-1992, but has since recovered.

Florida’s Indian River Survev

Florida's  Department of Environmental

Protection (FLDEP) has conducted a trawl
survey of Indian River on the Atlantic coast
since 1989. The survey employed a random
design and used a 6.1-m net with 3.8-mm cod-
end liner for juvenile fish (Table 6). Indices
were highest in 1991-1993 and declined
afterwards.

FISHERY-DEPENDENT INDICES OF
ABUNDANCE

Marine Recreational Fisheries Statistics
Survey (MRESS)

Catch at age per directed trip was employed as
a tuning index (Table 7). Length frequencies
from the MRFSS were aged with the
appropriate pooled age-length key. Catch per
trip of Age 2 weakfish dropped in 1989 and
has remained low, reflecting imposition of
larger minimum length regulations. Catch per




trip of age 3 weakfish increased about three-
foid after 1993, catch per trip of age 4
increased over six-fold between 1993 and
1996-1998, and catch per trip of age 3+
weakfish increased about seven-fold between
1995 and 1996-1998 (Table 7).

Florida Commercial Catch per Effort
Florida’s Department of Environmental
Protection (FLDEP) developed a catch per trip
series from their commercial fishery records
(Table 7). These landings are composed
primarily of ages 1 and 2. The index, a
standardized annual catch rate in pounds/ trip,
was developed from a general linear model
" that adjusted trip catches for year, month,
county and time spent fishing. This index
declined after an inshore gill net ban in 1995,
but rebounded during 1997-1998.

LENGTH-WEIGHT RELATIONSHIPS -

The estimated weight (W, in pounds)-total
length (TL, in inches) relationship, based on
the 1991-98 otolith age data base was :

W = exp(-7.906 + 2.967*In(TL) +
0.5%0.027); . (1a)

where 0.027 was the mean squared error, n =
11,975, and r* = 0.98. This relationship was
used throughout these analyses with two
exceptions. Fish weight was calculated from
MRFSS length data collected during 1979-
1998: '

W = exp(-7.276 + 2.731*In(TL.) +
0.5%0.004); (1b})

where 0.004 was the mean squared error, n =
31,621, and r* = 0.88. Commercial fish
weight for Virginia and north was calculated

from Virginia commercial data from 1989-
1998:
W = exp(-8.080 + 3.033*%/n(TL) +
0.5%0.025); (1c)

where 0.025 was the mean squared error, n =
74,613, and r* = 0.95.

The total length (TL, in mm)-fork length (FL.
in mm) relattonship (p. 6 in Vaughan et al.

- 1991) was used:

TL = -6.794 + 1.045 FL:  (2)

r = (.996. with n = 788.

AGEING

Scale-Otolith Age Conversion

Ageing data were available from the following
states and years from scales (n=20,101):
North Carolina, 1982-83 and 1988-95;
Maryland. 1985-86, 1993-95 and 1997,
Delaware. 1992-96; and New York, 1988-90
and 1992-97. Beginning in 1989, data have
been available from the following states and
vears from otoliths (n=19,873): Florida,
1993-98, Georgia 1995-98, SEAMAP, 1991-
98; North Carolina, 1995-98; Virginia, 1989-
92, 1996, and 1998; Maryland, 1994, 1996,

“and 1998; Delaware, 1995-98; New Jersey,

1995-98; New York, 1995; the NEFSC Fall
Trawl Survey (Albatross), 1996-98; and the
U.S. Fish and Wildlife Service, 1995 and
1997.

Because of demoustrated discrepancies in
assigned ages from matched scale and otolith
samples (presentation by Vaughan, Daniel and
Gregory at the 1998 AFS Annual Meeting;
using methods of Campana et al. 1995 and
Hoenig et al. 1995), only otolith-derived age- -
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length keys were used for developing the
carch-at-age matrix for 1990-1998. As only
scale age-length data were available prior to
1990. catch at age vectors (by year and
season), based on scale age-length keys were
subsequently transformed by direct matrix
application to equivalerit otolith-based catch at
age matrices. Since scale age-length keys
during 1982-89 were only separable into
season (early vs. late) and not area, only two
transformation matrices from scales to otoliths

were developed from the detailed scale-otolith
comparison based on season. Vaughan (1998)

applied various approaches to transform scale
ages to otolith ages. Attempts were made to
apply an inverse method suggested during the
1996 SARC (NEFSC 1998), but negative
values were obtained. An EM algorithm
approach (Hoenig and Heisey 1987) had also
been recommended. but was not applied.

‘Age-Length Keys -
Age-length keys were developed as described
in Vaughan et al. (1991) in half-year
increments coastwide from early 1982 through

“late 1989. Keys are now developed in 1-yr or
2-yr increments depending on data

- availability. Because no ageing data were

available for 1984 and 1987, the keys for these

vears were based on 1982-83 and 1985-86,

respectively. Thus, six scale-derived age-

length keys were developed by season (early
and late season keys for 1982-84, 1985-87 and

- 1988-89).

Few otolith-aged fish collected since 1990
were greater than 6 years of age (9 fish) and
the plus age group began at 6 years. Years
were pooled in 2-yr increments for 1990-91

~ through 1994-95 to reduce need to fill in for .

missing area/season combinations, and
annually for 1996-98. Region-specitic age-
length kevs were developed in half-year
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increments from early 1'990lthr0ugh late 1998
(four kevs per 2-yr or 1-yr period). When

~sample size for a given length interval fell

below 10. pooled data for the early (1982-
1989} or late (1990-1998) time periods were
used.

Mean total length (in) and mean weight (Ibs,
based on Eq. la) were calculated by age for
the otolith-aged weakfish from the period
1501-98. '

CATCH MATRIX DEVELOPMENT

Recreational Landings

Recreational catch estimates in weight and
numbers were from the Marine Recreational
Fisheries Statistical Survey (MRFSS; National
Marine Fisheries Service. Fisheries Statistics
and Economics Division, personal
communication). Recreational catch (harvest
and releases) in numbers (A+B[+B2), number
dead due to harvest and release (A + BI +
20% of B2), and landings (A + B1) by weight
(MT) were estimated for 1982-1998 (Table 8).
The ASMFC Weakfish Technical Committee
and Management Board adopted 20%
mortality of released fish. The degree of
precision about the recreational catch or
harvest is indicated by the proportional
standard error (PSE). Lower values imply
greater precision, with values less than 20%
generally considered adequate.

Weakfish recreational catches during 1981-
1988 ranged between 3 * 10° and 11 * 10 °
fish. Catches fell to less than 3 * 10° fish
during 1989-1993 and then rose to 5-7 * 10°
fish during 1994-1998 (Table 8). Recreational
weakfish harvests in weight were relatively
high, ranging from 2,554 to 5,377 MT during
1982-89, but landings declined abruptly to



1008 MT in 1989 and remained low through
1993. Successive increases in recreational
landings occurred from 1996 through 1998,
when total Atlantic coast landings were 1,850
MT. 2,107 and 2,338 MT, respectively. The
pattern in recreational harvest as numbers was
similar to the pattern for harvest in weight
(Table 8). Catches have risen faster than
harvest in recent years, reflecting high release
rates. . ‘

Recreational weakfish harvest in numbers was
dominated by the mid-Atlantic (NY to VA)
during 1982-1998 (Table 9). Recreational
harvests of north Atlantic {ME to CT) and
south Atlantic (NC to FL) states were minimal
(Table 9).

Commercial Landings .

Commercial landings were categorized as
market (food) and scrap (bait) [andings.
Updated market landings in weight by fishing
gear were obtained from several sources.
Virginia and north landings data through 1998
were provided by NMFS Headquarters. Gear-
specitic landings from Delaware, Connecticut,
and Massachusetts, and partially for New
York were not alwavs identified to month in
recent vears; state landings were proportioned

out according to prior years {(1985-1989) for

each state. except New York where concurrent
vears were used. Landingsfrom Florida (east
coast) through 1991 were provided by NMF'S
- SEFSC Miami; more recent Florida landings
{1992-1998) were from the DEP Trip Ticket
program. Georgia through North Carolina
landings were from NMFS SEFSC Beaufort,
North Carolina. A modification to Virginia
landings in 1992 was made because of
concerns about under-reporting of gill net,
pound net. and haul seine catches that vear:
average {1991-1993) landings from those
gears were substituted for 1992, Estimates of

scrap/bait landings in weight from trawl.

‘pound and haul seines were provided by North

Carolina (DMF) and Virginia (VMRC). No
scrap landings were reported from North
Carolina tn 1995 or 1997, and only from
pound nets and haul seines from Virginia for
1995-1998. Since commercial landings are
treated as a census, precision was not
estimated.

Total commercial landings of weakfish from
Massachusetts to Florida were about 8.000 to
10,000 MT during 1982-1988. then declined
steadily to 2,873 MT by 1994 (Table 10).
Since 1994, commercial landings have been

~ between 3.000 and 4,000 MT (Table 10).

Commercial landings by state were dominated
by North Carolina (Table 11). Typically
Virginia or New Jersey ranked second or third,
and Delaware, New York. or Maryland ranked
fourth to sixth. Minor or no commercial
harvests were reported in New England and
the remaining southern states (Table 11)..

Weakfish commercial landings during 1982-
1998 have been dominated by four gears: haul
seines (4-12%), otter trawls (17-54%), pound
nets (2-18%), and gill nets (21-56%).
Landings from other gears have comprised 2-
4%. Trawls dominated market landings until
recently, but now gill net landings
predominate (Table 12). Combined pound net
and haul seine market landings now roughly
equal trawl landings. Scrap landings have
dropped from about 800 MT in 1982 to about
50 MT in 1998 (Table 13). Scrap landings
were initially dominated by trawls, but trawl
scrap landings dropped precipitously after
1993 and have remained low. Recently, most
scrap landings were from pound nets (Table
13). The above data for recreational, market
and scrap losses were broken into half-year
increments for use in developing catch-at-age



‘matrices for years 1982-1997 (Tables 14a and
[4b).

Length Frequencies

Intercept data (length measurements) from the
MRFSS were split into Middle and South
Atlantic regions as in Vaughan et al. (1991).
Measured lengths were combined across mode
(beach vs. boat), state and wave weighted by
catch of A+B1 weakfish. '

Gear-spectfic length data from south Atlantic

market (commercial) landings by gear are
from North Carolina (DMF: sink gill net,
winter trawl, pound net and haul seine), and
MRFSS (hook & line from the South Atlantic
sub-region). Length data from the Middle
Atlantic market (commercial) landings, by
gear. were from NMFS NEFSC (trawl for
1982-93), Virginia (gill net, pound net and
haul seine for 1989-98)., from Maryland
(pound net for 1985-87, 1993-98; and trawl
for 1994-97), from Delaware {gill net for 1988
and 1993-98), and from MRFSS (hook & line
from Middle Atlantic subregion). Length data
from the scrap/bait landings were from North
Carolina (DMF for trawl, pound net and haul
seine for 1982-98). Where length data was
available for the same gear and season from
more than one state, they were combined and
weighted by catch in numbers from that gear
and season for each state.

Concerns within the Weakfish Stock
 Assessment Subcommittee were raised about
representativeness of mean weights of fish in
landings (and hence length frequency
distributions) for middle Atlantic commercial
gears (i.e., gill net and pound net). Several
“alternate assumptions (substitutions) were
investigated. The final substitution agreed
upon was to use mean weights of weakfish
sampled from South Atlantic gill net (1982-
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1988). pound net {1982-1986). and haul seine
(1982-1988) for mid-Atlantic values.

A method for addressing the adequacy of
length samples is based on the amount of
landings per 100 fish sampled (NEFSC 1998).
Length samples that fall below the criteria of
200 MT of landings per 100 fish sampled has

served as a rough indication of adequate

sampling intensity in the NEFSC SARC
process. With few exceptions, sampling

intensity appears to be excellent for
recreational (Table &) catches and commercial
market (Table 12) and scrap (Table 13) gears.

Because it was desirable to split length
frequencies by region (Middle Atlantic vs
South Atlantic) and season (early vs late) to
better represent geographic and temporal
variability (Vaughan et al. 1991), there are
region-season strata for which sampling

intensity is inadequate or nonexistent.

especially during the period 1982-88 in the
Middle Atlanticre gion for commercial market
gears.

By applying Eq. la-c to sampled length data,
mean weights were calculated by fishery, gear,
year and season (Tables 15a and 15b). These
estimates, in turn, were used to estimate

" landings in numbers from commercial market

and scrap weight.

Catch Matrices
Catch in numbers are converted to catch in .
numbers at age using age-length keys and
length-frequency distributions (Vaughan et al.
1991):

Naxi = I Aa,\'b ‘ be!* (3)
where N is the vector of landings in numbers
for ages 1 through (e.g., a = 7), n is the

number of weakfish landed (a scalar), A is the



age-length key, and L is the length-frequency
distribution (vector) with b length classes
(e.g.. b = 15). Equation 3 was applied
separately by region (South Atlantic vs.
Middle Atlantic). fishery (recreational,
market, and scrap), gear (where appropriate),
and season (half-year increments). Note that
separate age-length keys by region (south,
Florida -North Carolina. versus middle,
Virginia - Massachusetts) and - half-year

increments were used for 1990-1998 (2-yrand

late 1-yr increments). For each set of age-
length keys, catch-at-age matrices were
developed for recreational and commercial
(market and scrap) losses. The results were
summed by calendar year (Table 16).

NATURAL MORTALITY

As recommended by the Stock Assessment
Review Committee during the 26th Northeast
Regional Stock Assessment Workshop, M
equaled 0.25 (NEFSC 1998).

ESTIMATES OF FISHING
- MORTALITY AND STOCK SIZE

Atlantic weakfish were considered a single
stock. Scoles (1990) and Graves et al. (1991)
. indicated that Atlantic Coast weakfish should
be managed as a single, large interdependent
unit.

Virtual Population Analvsis
‘Estimates of fishing mortality rate and stock
size for Atlantic coast weakfish were made

using ADAPT tuning of VPA (NEFSC Woods -

Hole Assessment Toolbox ver. 1.05; Gavaris
1988; Conser and Powers 1990) based on the
recommendation of the 26th SARC (NEFSC

.1998). This procedure compared relative

abundance data at age from surveys to
absolute estimates at age from VPA in a least
squares calibration of terminal stock sizes
(NRC 1997). Iterated VPA methods such as

- ADAPT do not assume separability, so the

selection pattern emerges from the analysis.
Past assessments of weakfish have used
conventional VPA (Vaughan et al. 1991),
separable VPA with auxiliary data (Gibson
1993), or Extended Survivors VPA (NEFSC
1998).

Estimates of stock size and F were made using
the 1982-1999 catch at age matrix that
consisted of ages 1-5 and a 6+ group.
Terminal stock sizes were estimated for ages
1 through 6. Age 6 abundance was estimated
so that F at age 5 could be calculated for 1998.
Otherwise. F would only have been estimated
for age 4 weakfish and F of other ages would
be filled in by convention. Estimation of age
6 abundance involved a slight mismatch
because age 6 indices were calibrated against
6+ VPA populations. This plus group has
been a consistently small percentage of total
catch and was unlikely to contain many fish
overage 6. Other VPA conventions needed to
complete the analysis were the assumptions

that M was 0.25 and plus group F equaled F of -

the oldest true age. Fishing mortality of the
oldest true age, other than in the terminal year,
was estimated from the survival ratio of 3, 4,
and 5 year old stock sizes. Inclusion of age 3
1n this convention was a compromise because
management measures reduced selectivity of
age 3 fish over time. Terminal stock sizes and
fishing mortality rates were not very sensitive
to this convention. A sensitivity run using
only ages 4 and 5 produced a terminal stock
size 10% lower and fully recruited F 3%
higher than the 3-5 run.
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Initially, mean 1990-1993 otolith based
weights at age were substituted for 1982-1989
scale weights, but calculated catch biomass
(sum of estimated catch at age multiplied by
mean weight at age) was lower for 1982-1989
than observed landings. Scale and otolith
mean weights at age were available for 1989-
1996 (Table A22 in NEFSC 1998) and annual
scale mean weights at age during 1982-1989
were adjusted to otolith equivalents by
multiplying them by otolith mean weight
during 1989-1996 at age divided by scale
mean weight at age during 1989-1996. Mean
weight at age declined during 1982-1998
{Table 17). The product of catch at age and
revised weights at otolith age provided a better
match to observed landings (Table 18).

A total of 16 surveys (8 muitiple age and 8
YOY), comprising 48 age-specific abundance
indices, were available for tuning the VPA.
Surveys were equaily weighted. Initial VPA
runs using all available indices produced an
abrupt transition from low F at age 4 (0.19) to
high Fatage 5(1.13) in 1998. The tuning set
was reduced to include only indices from the
New Jersey to North Carolina area {core
mdices) n order to remove this abrupt
transition. Ages 4-6 from the SEAMAP spring
survey and ages 5 and 6 from the NEFSC fall
survey were pruned from the analysis because
their catchability estimates’ coefficients of
variation exceeded 0.40. Fishery-dependent
indices .were dropped because the SARC
believed sufficient
surveys were avatlable. The final SARC
calibration (ADAPT run # 34) is referred to as
the “core index” run. All surveys conducted in
summer oOr fall and were tuned ahead to
January 1 stock sizes, i.e., YOY surveys were
shifted to age 1.

Uncertainty in terminal stock sizes and F rates
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fishery-independent

was evaluated with bootstrapping (Efron 1982).
Residuals from the original model fit were
resampled randomly with replacement and added
to the predicted indices to produce alternate
realizations of the input indices. The mode! was
fit 500 times to alternate index sets and outputs
accumulated in frequency tables. Uncertainty was
expressed as 80% confidence intervals directly
from the cumulative bootstrap frequencies.

SSB. Fishing Mortality, Recruitrnent

Spawning stock biomass (SSB) increased to
21,500 MT in 1986, declined to around 7,000
MT during 1990-1993 and increased to about
39,000 MT by 1998 (Figure 1). Recruitment
peaked at 69 million age 1 fish in 1985, declined
to a low of 19 million in 1988, and increased to
40-70 million after 1992 (Figure 1). Eighty
percent confidence intervals were 33,500-46,500
MT of SSB in 1998 (Figure 2) and 50.5-99.5
million recruits (Figure 3).

Mean partial recruitment during 1996-1998 was
0.09 forage 1, 0.23 forage 2, 0.55 forage 3, 0.94
for age 4, and 1.00 for ages 5 and above. [t was
not possible to determine the selection pattern on

- older weakfish because the plus group started at

age 6. Directed F on weakfish age 4 and older
fluctuated between 1.5 and 2.5 during 1982-1988
(omitting an anomalously low value in 1987),
declined to 0.7-1.2 during 1989-1994, and then
dropped to 0.2-0.3 afterwards (Figure 4). In
1998, average F of ages 4 and 5 equaled 0.21
{80% CI: 0.17-0.31; Figure 5); F equaled (.18 at
age 4 and 0.23 at age 5. Low F in the mid-1990’s
coincided with adoption of Amendments 2 and 3
to the Interstate Management Plan for Weakfish.
Fully recruited F is below Amendment 3's long-'
term target of 0.50 (Lockhart et al. 1996).
Abundance of age 6 and older weakfish reached
the highest point of the time series in 1998
(Figure 0); expanded age structure is an objective
of Amendment 3 (Lockhart et al. 1996). A



summary of VPA results is found in Tabie 18
and detailed output from the core index run 1s
in Appendix 1.

Stock and Recruitment

During 1982-1998. SSB varied seven-fold
while recruitment varied three to four-fold
(Figure 7} Poor year classes appeared more
often when SSB was below 10,000 MT. A
Ricker curve was fit to VPA based estimates
ot stock and recruitment (Figure 7). The slope
at the origin was estimated at 7.78 (SE=1.10}.
age | weakfish per kilogram of SSB and the
compensatory —mortality parameter was

estimated at 0.0000322 (SE=0.0000090) per

- MT SSB. There was a significant inverse
correlation in the stock-recruit model residuals
with a three year lag, indicating
autocorrelation. Periodic forcing of
reproductive success may lead to bias in
estimated stock recruit parameters and the
magnitude of this bias is related to life history
and exploitation status (Armstrong and
Shelton 1988). Recent research has indicated
that SSB alone may be a biased indicator of
reproductive potential in fish stocks includimg
weakfish (Lowerre-Barbieri 1998, Marshall
and Frank 1999). In view of this and the
residual diagnostics noted above, biological

reference -points -based - on ~S=R- properties

shiould be interpreted cautiously.

Diagnostic and Retrospective Analysis
Survey residuals in the core index run

- indicated some serial patterns. Residuals of
the NEFSC fall inshore (Figure 8) and North
Carolina’s Pamlico Sound (Figure 9) trawl
surveys appeared random over time.
Maryland’s coastal bay (Figure 10) and
Chesapeake Bay (Figure 11) YOY trawl
surveys both exhibited negative residuals
changing to positive. Delaware’s small
(Figure 12) and large trawl (Figure 13)

surveys, New Jersey’s ocean trawl survey (Figure
14), and Virginia's lower Chesapeake Bay trawl

survey (Figure 15} exhibited mostly negative

residuals in the 1980's, mostly positive residuals
in the late 1980's through the early 1990's, and a
tendency towards negative residuals in the mid-
to late-1990's. Positive trends in residuals
indicated that fitted tuning relationships between
VPA populations and survey indices
overestimated catchability in early years and
underestimated it in later years.

Retrospective analysis indicated F was initially
underestimated and abundance was
overestimated (Table 19) - a trend consistent
with rising catchability in the surveys. This
tendency was inconsistent with NRC (1998)
judgment that ADAPT generally underestimated
stock size for increasing populations. Precision.
was moderate in the final core index run; CV’s of
terminal stock sizes ranged from 0.27 to 0.31 and
CV’s on survey catchability parameters ranged
from 0.22 to 0.29.

BIOLOGICAL REFERENCE POINTS

Life History Parameters

Length and weight at otolith age were updated by
Vaughan (1999) tising von Bértalanffy growth
curves and weight-length regressions of
1990-1998 data (Table 20). Natural mortality rate
was (.25, Ninety percent of age 1 and all older
weakfish were mature {Lowerre-Barbieri 1994). -
Estimated longevity of weakfish was based on a
single 17 year-old, but reference point modelis
used a maximum age of 12 years since most
weakfish in Lowerre-Barbieri et al. (1995; our
only otofith based sampie of “old” weakfish)
were nearly 12 vears old. Partial recruitment
was 0.09 forage 1, 0.23 forage 2, 0.55 for age 3,
0.94 for age 4, and 1.00 for ages 5 and above.
Proportions of F and M occurring prior to
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spawning were 0.5. Fishing mortality ranged
from 0 to 2.0 in increments of 0.1.

Thompson-Bell Yield per Recruit Model
Amendment 3 to the ASMFC weakfish FMP
established F = 0.50 as a target F to be reached
by 2000 (Lockhart et al.1996). This level of F
was believed to. be low enough to allow
weakfish to rebuild an extended age
distribution and reestablish their abundance
over their entire geographic range (Lockhart et
al.1996). Past amendments used F,q, (0.34) as
the target (Lockhart et al.1996).

The NMFS/NEFSC version of the
Thompson-Bell yield per recruit (YPR) and
spawning biomass per recruit (SSB/R) model
was used to update estimates of traditional
fishery reference points. Models used the
mean [996-1998 VPA selection pattern.
Reference points F, , and F,, were estimated
at 0.18 and (.27, respectively; and F,q, and
F.., equaled 0.50 and 0.31, respectively
(Figure 16; Table 21). In 1998, F equaled
0.21; this value was between F,, and F__,
provided nearly 40% of maximum spawning
potential, and was below Amendment 3's
target of 0.50.

Weakfish are indeterminate batch spawners,
which may modify the interpretation of SSB/R
(Lowerre-Barbieri 1998). Biological reference
points based on SSB/R  were likely
overestimated because discard losses of age 0
weakfish in shrimp trawls were not accounted
for. Although bycatch reduction devices
(BRD} have been in widespread use in the
south Atlantic shrimp trawt fishery for several
years, discard mortality was not zero.

Shepherd Equilibrium Yield Model

Estimates of maximum sustainable yield -

(MSY), the fishing rate generating MSY
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underestimated and
~overestimated. This directed F was slightly

. (F), and unfished SSB level were made using

the VPA stock-recruit data. life history data and
GENMOD implementation (Hightower and
Lenarz 1989) of the Shepherd equilibrium yield
approach (Shepherd 1982). The fishing rate
resulting in stock collapse (F_) was also
estimated. This approach linked yield and SSB
based reference points to the S-R curve.

For the VPA selection pattern, MSY was
estimated at 14,953 MT and 'F,,, was 0.60
(Figure 17; Table 22). Fishing mortality rate at
95% of MSY was 0.39, indicating high yields
could be maintained well below F, . Stock
collapse in the Shepherd model was estimated to
occuratF_;, =2.50. Unfished SSB was estimated
at 70,966MT (Figure 17; Table 22) and the 1998
VPA estimate of SSB represented 55% of an
unfished level.

STOCK STATUS SUMMARY

The Atlantic weakfish stock is at a high level of
abundance and subject to low fishing mortality
rates. Biomass has increased rapidly from a low
point reached in the early 1990's. The VPA based
estimate of SSB in 1998 was 55% of an unfished

stock. Recruitment has been above average since

1993. Fishing mortality rate has been greatly
reduced to 0.21 in 1998 and is below the long-

~ term ASMFC target of 0.50. Retrospective

analysis indicated F in 1998 was likely
abundance was

above F;, (0.18)and below F . (0.27), produced
about 40% of MSP, and was well below Fyqy
(0.60). The rapid rebuilding of the stock
reflected high estimated compensatory reserve of
over 7 age 1 recruits per kilogram of spawner.
Stock resiliency may have been mis-estimated
because 0 age group losses due to discards in the
south Atlantic shrimp trawl fishery were not



accounted for, potential bias in parameter
estimates due to autocorrelation existed, and
possible influence of age structure,
indeterminate batch spawning, and other
factors were not explicitly measured by SSB.
Reduced F resuited in -absolute and
proportional increases in the abundance of
weakfish age 6 and older that were consistent
with ASMFC stock rebuilding objectives.

SARC COMMENTS

The SARC focused on working through
problems with the catch at age matrix and
reviewed multiple VPA runs and calculation
of reference points. The catch at age matrix
was of particular interest given the necessity
of converting scale to otolith ages. Small
sample sizes for older aged fish, pooling
methodologies used for regional data, and
assumptions about how discards were

interpreted in length frequency distributions

were questioned. The SARC determined that

the catch-at-age matrix was corrupted by -

incorrect transformation of scale ages to
otolith ages. A revised catch-at-age matrix
was accepted by the SARC.

~-Sensttivity - -of -~the-~ ADAPT ~VPAwas"

investigated using numerous VPA runs.
Initially, the SARC was presented witha VPA
run including all coastwide survey indices.

However, the SARC voiced concerns about

short and long time series combinations and
noted the importance of focusing on the
geographical distribution of weakfish
populations. The SARC accepted the core
index VPA run, however, the SARC was
concerned that an inappropriate message was
sent to those states with omitted surveys. The
SARC suggested that appropriate survey
weighting might allow incorporation of

indices from outside the core area. Retrospective
VPA runs illustrated signiticant underestimation
of F as time away from the terminal year
increased.

The SARC concluded that information from the
core index VPA should be used to calculate
biological reference points and that figures
illustrating the expanded size and age
composition of weakfish would be useful for
developing management advice.

RESEARCH RECOMMENDATIONS

Investigate source of the relatively large sum of
products correction factor.

Obtain mean weights at age corresponding to the
catch-weighted mean weight from the catch at
age estimation process.

Review inputs to VPA, particularly CAA.
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Table Al. Mean number per tow of weaktish at age from NEFSC autumn inshore bottom
trawl surveys, Cape Cod to Cape Hatteras. Survey length frequencies were aged by
applying annual age length keys from pooled commercial and research samples.

Age

YEAR 0 1 2 3 4 5 6+
1982 ‘ 3.60 1.42 33 .06 .01 .01
1983 4 2.13 7 A5 — .04 01
1984 11.42 3.47 .87 47 04 .02
1985 12.17 1.82 29 03 _ 01 . .01
1986 5.23 1,67 24 .01

1987 3.47 3.34 .78 .07 02 .01
1988 8.23 292 .64 .07 .01

" 1989 10.39 1.28 38 .03 1

1990 4.88 .89 .39 03

1991 2.60 1.33 .53 04 .02

1992 3.32 1.78 54 .05 02

1993 1.28 .33 - 63 .08 Ot

1994 2.537 132 .88 A6 .04

1995 . 39.34 A . 423 9 22

1996 4.60 3.03 1.26 95 35 05
1997 1.82 .87 26 A2 03

1998 56.76 7.36 34 1.9 .79 A2

L]
3]



Table A2. Mean number per tow of weakfish at age from SEAMAP ocean research trawl spring
and fall surveys, Cape Hatteras, North Carolina. to Cape Canaveral, Florida. Fish were
aged by application of the southern early and late age-length keys from samples of
commercial and recreational landings.

Spring
. Age
n 0 I 2 TOTAL
1989 86- 82.39 115 0.1 83.64
1990 - 105 23.76 0.75 0.07 2458
1991 105+ 29.07 0.22 0.02 29.31
1992 105 47.06 3.15 0.12 50.33
1993 105 . 29.79 0.17 20.96 -
1994 105 2.79 0.09 0.01 2.89
1995 105 18.82 0.19 0.03 19.04
1996 1035 14.92 1.34 0.23 16.49
1997 27.14 - 0.39 0.12 27.65
1998 84.75 6.55 0.26 91.56
Fail
Age
n 0 ! 2 3 4 5 TOTAL
1989 106 5.49 2.26 0.13 0.04 0.01 . 7.92
1990 91 3.38 0.94 0.04 435
©199] 86 3.20 274 0.26 0.67 0.01 , 6.28
e 1992 94" o4 UUTATTTT 036 T 002 T ool 275
1993 94 . 4.45 12.03 037 - 0.00 16.86
1994 94 2122 5.63 0.54 0.23 0.03 27.67
1995 94 363 2.87 0.29 0.10 0.01 6.91
1996 94 9.22 4.16 2.61 0.26 0.12 0.03 '15.79
1997 - 0.59 1.22 1.12 0.49 0.03 3.47
1998 94 1.81 4.67 3.24 0.64 0.37 0.03 10.76




Table A3. Mean number per tow at age of weakfish from the Connecticut DEP Long Island
Sound trawl survey. ' '

Age
Year 0 1 2 3 4
1984 261 057 0.32 0.04 .04
1985 30.62 1.46 0.63 0.09 " 0.01
1986 6625 1.14 0.18 003 0
1987 297 0.18 0.8 0.01 0.01
1988 2.80 10.09 0.03 0 0
1989 | 57.07. 0.75 0.02 0 0
1990 22.15 s 0.12 0.04 003 00l
1991 41.91 298 0.36 0.17 0.18 0.08
1992 15.25 0.51 0.10 © 0.08 0.0 005
1993 15.81 0.94 0.10 0.10 0.08 0.02
1994 ' 64.90 2.55 026 0.11 0.04 0.00
1995 31.17 2.09 0.65 RE 0.59 0.01
1996 71.29 5.79 0.47 0.50 0.76 0.26
1997 3834 5.95 1.10 0.72 L1203

1998 i5.55 3.34 0.09 0.28 047 0.1%
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Table A4. Mean number per tow of weakfish at age from stratified random New Jersey ocean trawl
surveys (months of August and October). Fish were aged by application of annual age-
length kevs from pooled commercial and research samples.

Age
Year 0 1 2 3 4 5 Total 2-7+ 4-7+
1988 26.01 1.94 0.36 .27 0.03 28.61 066 - 0.03
1989 43.82 7.97 3.29 1.26 0.14 56.48 4.69 0.14
1990 1471 4.15 7.91 1.78 0.35 0.08 © 28.98 10.12 - 0.43
1991 27.09 7.61 4,51 0.63° 0.24 0.09 40.17 547 33
1992 3.95 3.19 8.42 3.09 0.58 0.14 21.37 12.23 0.72
{993 23.88 11.24 4.52 | 32 .08 41.04 5.92 0.4
1994 37.14 2250 30.98 - 5.60 1.01 97.23 37.59 1.01.
1995 77.48 17.64 36.74 13.49 4.57 0.05 149.97 34.85 4.62
1996 - 46.27 11.89 6.62 9.81 7.65 1.57 83.81 25.65 622
1997 2175 5.97 6.81 10.49 6.59 1.16 32.77 25.05 5.43
1998 3.04 3.89 2.19 2.60 1.56 0.29 13.57 6.64 1.83
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Table A5. Mean number per nautical mile of weakfish at age from Delaware DFW surveys (March - December) in Delaware Bay. From
1966 - 1990, fish were aged using a pooled key; n=number of tows. Weakfish were aged individually using scales from 1991-1995
and using otoliths in 1996. :

Age : .
Year n 0 1 2 3 4 5 6 7 Total -7+ 4-7+
1966 33 1486 34.2 4.6 .0l 0.00 0.00 000 000  187.40 4.62 0.00
1967 49 752 55.7 49 0.0 0.00 000 000 000 13580 @ 488 0.00
1968 36 68.1 48.7 6.2 0.1 0.00 000 000 000 12310 6.29 0.00
1969 36 56.8 56.3 18.7 30 0.32 010 005 008 13530 22.20 (.47
1970 33 31.2 48.9 30.9 7.1 1.05 0.51 040 021 120.30 4023 216
1971 33 19.5 26.1 351 i1.8 319 246 251 183 102,50 56.89 9.97
1979 100 217 2.5 51 2.6 0.71 043 046 037 14.90 9.65 1.95
1980 95 22 2.8 4.8 2.2 0.59 041 980 073 14.60 9.58 2.52
1981 99 4.0 Lo 2.3 b3 .30 017 06 0.12 9.30 4.35 0.75
1982 44 16.95 6.96 5.01 .19 0.25 010 0.18 (.16 51.20 8.66 0.52
1983 38 3.62 4,07 3.7 098  0.18 0.05 024 020 12.30 6.25 0.93
1984 46 3.02 5.27 5.67 223 051 019 022 044 16.90 9.13 1.39
1990 70 18.66  17.02 12,67 1.40 0.23 0.05 004 003 26,00 . 348 0.19
1991 72 2283 1607 1319 1.56 0.43 0.t0 000 0.00 54.19 427 0.00
1992 89 1029  18.01 ¥7.77 2.25 0.23 0.04 000 000 48.60 2.68 0.03
1993 - 83 13.15  38.09 4234 6.98 0.78 0.14 000 600 10150  29.30 0.50

1994 71 31.92 64.56 73.78 36.03 7.83 6.08 0.00 0.00 21420 43.00 (.90
1995 88 35.74 39.98 87.23 19.85 8.27 0.1l 0.00  0.00 191.10 74.70 5.50
1996 76 77.30  44.00  48.30 111.20 23.80 5.40 0.t0 0.00 3110 189.80 30.30
1997 85 36.44 33.41 25.00 13.87 34.60 2.96 047 (.00 146.75 76.90 38.30
1998 80 31.83 2388  24.04 20.39 11.61 20.72 127 0.06 133.9 73.19 33.16




Table A6, Indices of age 0 and 1 weakfish from state research trawl surveys, Massachusetts to Florida.

LT

1982
1983
£984
1685
1986
1987
1988
1989
1990
1991
1992
1993
1694
1995
1996
1997
19938

MDDNR

i MDDNR
YEAR MADM RIDFW NYDEC0 DEDFW0 COASTBAYS CHESBAY 0 VIMS 6 NCDMEF O NCDMF L FLDEPO
35 2.84 . 11.49 18.9 0.2 10.9 '
48 16.5 4.47 1.9 0.84 10.85
8  23.95 6.67 1.1 0.13 6.05
774 5.64 1.52 1 9.25 2.0 0.98 37
1 5.65 0.29 12.79 7.7 0.37 4.6
0 15.62 0.33 5.82 1.5 0.3} 17.8 16.48 - 50.57
0 1006 0.11 4.73 0 0.21 21.8 96.42 34.4
73 2.84 0.57 1.1 1.7 0.14 213 15.63 13.24
0 16.5 0.26 873 4 0.59 30.01 4955 17.05 0.05
3 2395 4.43 20.07 43 0.38 15.32 36.48 14.55 0.5
I 5.64 1.2 14.72 4.4 1.18 15.91 42.31 19.46 0.55
0 5.65 0.43 14.79 2.1 0.73 15.42 9 49 67.28 0.75
8 1562 1.72 11.47 4.3 0.92 7 68.1 . 70.69 0.3
32 2.18 0.85 13.49 10.3 1.96 I 383 429 0.1
13 38.57 4.74 12.13 6.72 P8 7.4 70.8 3.8 0.3
25 2578 2.68 154 7.05 2.41 14.8 32.8 55.7 0.2
14 4.17 9.9 11.35 7.1 1.1 9.9 724 233 0




Table A7. Fishery-dependent indices of abundance: MRFSS catch-per-trip-at-age and
Florida DEP commercial catch per unit éffort index.

MRFSS
Age FL DEP
YEAR 2 3 4 5+

1982 0.04 041 0.23 0.29
1983 1.20 076 0.27 0.08
1684 1.05 061 0.22 0.07
1983 0.76  0.39 0.15 0.06
1986 122 0.24 0.04 0.02 10.0
1987 1.04 032 0.08 001 10.5
1988 124 1.35 0.36 0.08 9.5
1989 0.42 030 0.09 0.02 10.8
1990 .39 021 0.11 0.03 10.5
1991 047 042 0.24 0.07 9.5
1992 0.30 029 0.24 0.09 10.0
1993 047 046 0.28 0.08 11.7
1994 0.7  1.40 0.67 0.03 9.5
1995 0.64 143 0.98 0.09 7.0
1996 027 103 2.10 0.65 55
1997 0.33  1.16 1.90 0.63 10.0
1998 041 145 2.37 (.79 [2.0




Table A8. MRFSS estimates of recreational weakfish numerical catch, number harvested, and

weight (kg) harvested during 1981-1998. PSE = proportional standard error. C/100n

is an expression of sampling intensity used by the SARC. Sampling is judged adequate
if catch (C. includes 20% of discards) is less than 200 MT per 100 fish sampled.

Year Numerical PSE Number harvested ‘PSE Weight BSE  C/100n
Catch harvested (MT)
1982 2,045,551  14.2 1,854,970 14.8 3.758 15.3 | 881.3
1983 3,916,269 12.4 5,642,950 12.8 3,321 12.3 327.9
1984 3,769,040 2.9 3,520,811 13.7 3,181 21.1 520.7
1985 2,775,824 9.3 2,419,670 9.4 2,490 10.6 1541
1986 - 10,973,586 7.4 8,064,122 8.3 4,600 9.2 [25.3
1987 5,719,807 9.8 4,871,552 11.0 3.062 14.3 161.2
{988 6,446,383 113 5,626,268 [1.9 2,8'?2l 11.2 15¢.4
1989 1,674,568 7.3 1,495,391 8.0 988 7.7 69.7 -
[9%0 1,671,808 6.0 1,232,253 8.1 611 8.1 42.8
1991 2,601,480 7.2 1,812,691 74 566 7.4 50.9
1992 1,667,809 6.9 960,151 8.5 633 8.5 64.7
1993 2,218,559 6.4 1,079,275 93 500 93 58.9
1994 4,928,951 5.3 1,826,495 9.3 814 8.5 66.3
1995 5,696,423 55w 1,588,079 - 8.7 84287 AN
1996 7,306,298 5.6 2,269.330 10.5 1.327 10.5 104.2
1997 6,832,363 4.6 2,815,654 7.5 1,675 7.5 86.3
199>8 5,700,644 4.9 2,389,594 7.6 1,835 7.6 103.0
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Table A9. MRFSS estimates of numbers of weakfish harvested by state during 1982-1998.

NC

YEAR RI CcT NY NJ DE MD VA SC GA FL
1982 18614 11769 88234 104066 217824 440146 715892 200045 17342 - 40161
1983 74608 6363 36394 2857093 1009899 595286 354846 387871 6807 17209 293303
1984 0 1561 20133 1026043 593107 104057 782848 489468 7836 49352}
1985 17092 2874 89538 812839 365693 305799 505223 217671 61788 4811 36340
1986 4395 (1315 34582 2500622 914489 1947394 2418046 611363 78315 18130 129270
1987 777 7447 1666619 638342 824833 i0l15413 624160 18841} 10802 64248
1088 132135 642032 914712 1163766 2297053 438148 1834 0 95509
1989 6436 303289 254170 226505 357864 190193 6810 8245 141880
1990 407 3057 216385 179837 370528 286458 91300 8027 2273 73963
1991 18695 28072 345665 366464 221242 351947 140826 19616 4954 115210
1992 9624 434 5282 311659 160561 137260 2635645 35490 23501 1751 68943
1993 2460 12610 203915 235312 238768 108392 106737 7360 14752 148968
1994 . 1872 591571 300214 332846 169740 177965 46858 718 204714
1995 1568 22310 671850 406730 88695 226682 62475 29897 22437 55435
1996 16320 1104251 633920 183408 193861 90704 5695 5413 35757
1997 1415 517 112986 1028334 647529 162900 557809 184954 2039 44202 72970
1698 2183 21392 920558 455603 290051 463525 191181 15838 718 24678




Table A10. Commercial landings of weakfish (MT) during 1982-1998.

Year Landings
1982 8,835
1983 7,926
1984 8,969
1985 7,689
1986 9,611 -
1987 7,743
1988 9,311
1989 » 6,424
1990 4,265
1991 3,943
1992 3,381
1993 3,108.
1994 2,873
1995 3,220
1996 3,290
1997 3,310

1998 . 3,821




Table Atl. Commercial landings (MT) of weak(fish by state during 1982-1999.

YEAR  MA Rl CT NY NJ DE MD VA NC SC  GA FLAEAST.
1982 10 80 2 570 941 587 113 975 5467 0 0 80
1983 3 74 19 38 986 409 177 1176 4641 0 1 53
1984 2 76 14 220 1248 355 147 957 5892 0 0 57"
1985 1 74 13 175 1374 449 143 944 4453 0 0 60
1986 3 58 6 163 1455 328 153 905 6491 0 0 49
1987 ! 36 13 149 950 262 166 890 5220 0 0 56
1988 2 9 1 56 1058 241 378 668 6846 0 0 52
1989 1 4 1 47 662 240 337 465 4588 0 0 78
1990 ! o1 9 439 278 300 532 2632 0 I 62
1991 1 3 10 51 533 226 149 481 2408 0 0 75
1992 1 14 > 76 027 . 164 175 249 2206 0 0 67
11993 ] 5 1 40 379 88 82 493 1955 0 0 65
1994 0 8 5 45 315 19 129 587 1583 0 0 81
1995 0 24 3 78 393 128 31 674 1866 0 0 23
1996 0 20 3 166 - 373 141 60 720 1804 0 0 2
1997 0 14 5 153 470 254 87 707 1615 - 0 0 5
1998 0 0 0 5

35 7 227 819 251 111 845 1521




Table A12. Gear-specific commercial market (food) landings (C, in metric tons), number of lengths sampled (n) and adequacy of
cominercial weakfish sampling of lengths (C/n) for characterizing size distribution . Criteria used by NEFSC SARC to judge
adequacy of sampling intensity is to.note if landings are less than 200 t per 100 fish sampled.

_ Gillnet . ' M‘ _ Pound net ‘ Haul scine

Year ' C n | C/100n C n C/100n C n C/100a C n C/100n
1982 1863.2 | 25 7852.8 47932 4630 103.5 11512 590 195.1 976.4 1030 94.8
1983 21967 2624 83.7 3862.7 8016 47.4 1063.5 ‘ 678 156.9 796.3 1617 492

1984 30403 6443 47.2 4153.7 8327 50.4 8149 195 102.5 881.2 1911 46.1
1985 27742 5021 553 3209.0 9369 34.3 815.7 667 122.3 789.7 1784 44.3
1986 4087.9 5990 | 68.2 388?4.9 © 10263 37.1 59;1‘6 1856 32.0 926.6 108G 85.8
1987 3622.8 3954 40.5 288%2.7 10846 26.6 7383 1097 67.3 519.1 3228 16.1
1988 4350.5 7675 56.7 327?5.9 7915 41.4 692.0 1639 422 779.4 1876 41.5
1989 . 3097.9 9378 33.0 . 27!77.1 6545 . 41.5 2303 2814 8.2 285.57 1767 16.2
1990 1873.2 8673 21.6 1553.6 7614 20.4 3029 4239 ' 7.1 506.9 3678 13.8
1991 1770.7 14383 12.3 1640.1 7449 220 2584 3341 7.7 238.8 2738 8.7
1992 1421.5 18305 7.8 1634.6 7485 218 91.2 411 22 2153 2699 8.0
1993 1449.9 16978 85 1174.3 8388 14.0 2504 3491 7.2 207.5 3067 6.8

| 1994 15220 11352 134 644.2 3936 164 393.0 - 8057 — 4.9 2055 2744 7.5
19685 1513.9 119438 12.7 785_.4 2977 26.4 581.9 ' 15448 38 2563 3584 7.2
1996 1851.7 12690 14.6 5744 2620 . 21.9 563.0 14861 | 3.8 226.1 6413 3.5
1997 1614.6 13469 12.0 790.1 5231 15.1 499.5 6234 8.0 3032 6930 4.4
1998 1794.7 6574 27.3 913.4 2987 | _ 30.6 703.5 10146 6.9 261.8 4984 5.3

Note: Purse-seine landings for 1994 (late period) was 79.3 t, n = 98, 50 C/100n = 80.9 L.
]
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Table A13. Gear-specific scrap (bait) landings (C, in metric tons), number of lengths sampled (n), and adequacy of commercial
weaklish sampling of lengths (C/n) for characterizing size distribution . Criteria used by NEFSC SARC to judge adequacy
of sampling intensity is to note if landings are less than 200 t per 100 fish sampled.

N

Trawl _ Poun.d net - Haul seine
Year C n C/100n C n C/100n C h C/100n
1982 | 631.4 507 124.5 70.1 1135 6.1 95.1 1723 5.5
1983 160.7 923 20.7 62.1 754 8.2 100.1 2017 50
1984 2160 544 39.7 662 1046 63 106.5 3000 3.5
1985 391.5 o 1250 313 60.4 251 241 722 1836 | 3.9
1986 523.3. 975 53.7 41.0 2102 2,0 353 - 3087 28
1987 737.1 2304 32.06 72.6 . 2544 2.9 72.5 1953 7 3.7
1988 983.3 2114 46.5 38.2 1144 33 752.3 . .940 5.6
1989 139.8 578 242 16.9 733 23 303 411 74
1990 316.7 1682 18.8 233 862 2.7 523 . 594 8.8
1991 188.7 2433 7.8 63.4 202 | 314 | 68.8 3097 22
1992 161.0 980 16.4 42 186 23 74.4 246 30.2
1993 195.4 1315 14.9 1.9 313 3.8 7.9 77 10.3
1994 393 626 6.3 22.1 9l 243 6.8 23 206
1995 0 - - 252 36 . 70.0. R N 295 0.4
1996 7.5 62 12.1 36.9 19 194.2 46.5 - 127 36.6
1997 0 - - 30.8 11 280.0 4.4 42 10.4

1998 23 16 - 19.8 46.7 1 424.5 42 10 42.0




TableAl4a. Recreational harvest and discards (1
SA = South Atlantic; MA = Mid-Atlantic.

,000s of fish) and commercial landings (kg) for January - June, 1982-1998.

Recreational South Atlantic commercial Mid-Aclantic commercial Serap

Gill Haul Hoo Gili Haul Hook Haul seine

Year SA MA net Trawl Pound !seine k& net Trawi Pound seine & line  Trawl Pound

line

1082 1681 337.7 5305 283596 . 40.1 147.6 52 5293 430.6 400.4 77.4 20.7 540.2 28.0 26.8
1983  166.0 217.7 858.9 22420 30.1 210.7 39 2995 2762 3253 20.3 18.3 114.8 212 46.0
1984 35020 5788 15149 2452.1 559 2285 2.3 187.0 1299 197.2 16.6 8.5 128.4 229 46.1
1985 2235 4663 13068 1312.8 61.6 334.8 22 233.6 231.9 175.2 259 20.8 215.5 21.2 34.6
1986 5475 1160.7 25280 21156 214 | 4576 .6 2297 211.6 1255 8.1 20.0 384.6 12.3 40.2
1987 77.1 622.7 20758 1594.7 21.8 136.0 167 2219 185.0 110.5 5.7 26.3 502.9 16.9 22.9
1988 1322 28948 29123 20960 323 1843 2.1 2593 182.9 168.0 239 3L 9229 6.8 17.8
1989  156.1 546.6  1996.5 1346.0 126 @ 56.1 22 2253 1393 78.8 12.2 15.3 67.2 9.0 9.4
1990 82.3 67.0 101.i 604.5 18.6 156.6 34 256.4 227 122 4 6.5 29 191.7 122 42.4
1991 1024 526.1 7832 969.0 10.5 259 49 2618 47.2 898 56 54 178.0 28.8 68
1992 50.3 2347 6959 967.4 2.6 17.8 5.2 303.8 24.4 59.1 133 39 914 1.5 6.3
1993 1014 95.9 701.8 776.7 .22 310 2.6 161.4 10.4 354 7.1 36 [59.9 6.4 0.6
1994 203.0 179.1 830.7 284.6 - 6.7 552 1.0 190.2 10.4 772 16.8 4.0 284 5.0 2.7
1993 81.9 496.8 929.6 3127 227 102.5 18 101.2 4.2 118.4 17.2 1o 0.0 18.2 0.8
1996 67.9 688.8 1201.7 36.9 236 107.6 1.0 182.5 20.0 134.2 12.1 1t9 - 0.0 21.5 314 4
1997 1420 750.2 669.1 288.8 342 1145 14 3618 10.8 1221 334 24.1 0.0 18.6 3.3
1998 99.1 314.9 877.9 206.7 36.7 2.8 340.3 28.5 208.9 26.9 38.9 0.6 30.4 3.4

133
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Table A14b. Recreational harvest and discards (1,000s of tish) and commercial landings (kg) for July-December, 1982-1998.
SA .= South Atlantic; MA = Mid-Atlantic. '

Recreational South Atlantic commercial Mid-Atlantic commercial Scrap
] Gill Haul  Hook  Gill Haul  Hook Haul
Year SA MA net Trawl Pound seine & line net Trawl Pound seine & line  Trawl  Pound seine

1982 989 12874 1527 . 10007 136.6 6775 1.8 6524 506.7 5752 74 .8 235 91.8 421 683
1983 545.6  4768.2 2532 4724 87.7 5394 2.6 787.1 815.6 621.3 26.6 427 76.1 41.0 54.1°
1984 4939 19957 4448 532.) 1172 6065 1.0 8962 10040 4453 304 272 87.7 43 4 60.6
1985 99.8 17013 3645 617.7 1550 3644 il 871.8 1049.5 4246 653 79.3 176.3 39.3 .37
1986 365.6 70523 . 4100 - 4675 1026 4412 ¢.3 923.9 1093.6 3457 204 949 1392 28.7 452
1987 658.2 3683.1 582.3 4503 . 2100 3564 6.5 746.1 63553 396.7 214 101.2 234.9 52.8 49.6
1988 4262 23372 566.9 3203 2455 5434 1] 615.9 679.5 246.8 28.6 179.0 613 215 34.6
1989 168.0 . 630.5 3493 645.3 546 2056 2.5 329.5 588.9 84.6 11.8 73.4 72.7 1.9 20.9
1990 97.8 10729 169.5 3279 6935 3336 20 4399 5099 927 10.7 18.5 1253 i 10.0
1991 187.6 11343 2185 227.5 583 185.1 2.0 308.8 397.8 1060.0 223 227 10.9 347 62.1
1992 93.7 7230 1814 214.5 19.1 1793 t.9 3393 429 8 155.8 16.4 17.8 69.7 27 68.0
1993 198 .4 9l1.4 2352 112.8 13.2 1454 2.5 352.7 2754 1999 24.2 19.1 35.6 55 7.3
1994  268.7 17962 195 4 1344 - 310 1258 22 307.1 2154 278.5 19 25.1 109 . 17.1 4.0
1995 132t 17107 2453 107.2 33.7  134.0 3.1 239.1 362.0 407.6 2.9 43.0 - 00 7.0 0.3
1996 1029 2496.7 174.7 141.4 21.5 99.6 0.6 2945 376.6 3843 7.1 35.1 7.4 154 122
1997  219.0 24995 2285 1139 369 1332 1.7 3156.7 377.5 306.8 22.5 47.0 0.0 122 1.3
1998 169.5 1965.1 158.6 13.9 120 106.7 14 419.5 _665.1 446.5 17.1 52.1. 1.7 16.6

0.9

Purse-seine landings in Mid-Atlantic for 1984 were 174,900 Ibs.



Table Al5a. Weakfish mean weight (kg) by gear for January-June, 1982-1998. SA = South Atlantic; MA = Mid-Atlantic.

Reéreat_ional South Atlantic commercial_ Mid-Atlantic commercial Scrap
Gill Haul Hook Gill Haul ook Haul
Year SA MA net Trawl Pound  seine & line  net Trawl Pound seine & line  Trawl Pound  seine
1982 0.48 2.99 0.60 0.65 0:32 0.27 048 0.60 2.99 0.32 0.27 2.99 0.10 0.10 0.12
1983 0.47 1.68 ¢.60 0.56 1020 6.21 0.47 .60 3.99 0.20 0.21 1.68 0.10 0.10 0.10
984 0.28 1.12 0.98 0.28 0.25 032 0.28 (.98 2.10 0.25 0.32 1.12 0.09 0.10 0.09
1985 0.26 0.51 0.66 0.25 0.25 0.31 026  0.66 0.20 0.25 0.3t 0.51 0.11 0.13 0.12
1986 0.37 0.27 0.60 .31 0.24 0.30 0.37 0.60 0.21 0.37 0.30 0.27 0.10 0.10 0.10
1987 0.29 0.31 0.51 027 0:29 0.30 0.29 0.31 022 0.36 0.30 031 0.10 0.10 0.10
1988 0.43 0.44 0.85 0.21 025 0.32 043 0.85 0.24 046 0.32 0.44 0.10 0.11 0.13
1989 0.28 0.60 0.77 0.50 0:25 0.44 028 1.04 0.24 0.56 0.42 0.60 .09 6.10 . 0.09
199G 0.28 0.69 0.68 0.32 0.24 0.19 0.28 0.94 0.24 0.34 041 0.69 0.08 0.10 0.09
199 0.29 0.51 0.31 0.18 027 0.20 0.29 0.73 0.24 0.24 0.71 0.59 0.08 0.10 0.07
1992 0.42 0.33 0.50 0.31 0.22 0.22 042" 0.75 0.24 022 0.62 033 . 0.10 0.10 0.67
1993 0.31 062 - 029 0.25 021 0.17 0.31 0.86 0.24 0.27 0.44 0.62 0.12 0.10 0.08
1994 0.35 0.37 0.41 0.52 0.29 0.23 0.35 0.68 0.24 0.17 0.30 0.37 0.09 0.13 0.09
1995 047 0.52 0.39 023 0.29 029 0.46 0.89 024 0.20 043 0.52 0.12 0.10 0.10
1996 0.46 0.54 0.52 0.71 0.31 0.24 0.46 0.73 0.24 0.27 0.26 0.54 0.3 0.10 0.10
1997 0.42 0.51 .43 0.56 035 021 0.42 0.63 0.24 0.28 0.28 0.51 0.25 0.10 0.12
1008 0.46 0.60 0.59 0.73 0.36 0.46 0.78 0.24 0.32 0.30 0.60 0.40 0.10 0.12

LE

0.30



Table AT5Sb. Weakfish mean weight (kg) by gear for July-December, 1982-1998. SA = South Atlantic; MA = Mid-Atlantic.

'

Recreational South Atlantic commercial _ Mid-Atlantic commercial Scrap
Giil : Haul Hook  Gill Haul Hook Haut
Year SA MA net Trawl Pound seine & net Trawl Pound seine & line Traw Pound seine
: line |
1982 0.69 1.85 0.75 0.20 031 0.28 0.69 0.75 0.59 031 0628 - - 1.85 0.10 0.12 0.13
1983 0.37 0.76 0.75 021 - 027 025 - 037 0.75 0.39 0.27 0.25 0.76 0.10 0.11 .12
1984 0.21 0.77 0.44 623 0325 025 0.21 0.44 0.47 0.25 0.25 0.77 0.14 0.i2 0.1l
1083 0.91 0.91 0.37 0.20 0.30 0.24 0.91 0.37 0.46 0.30 0.24 0.91 0.09 0.12 0.t1
1986 0.34 0.45 0.46 0.28 0.25 0.24 034 046 0.54 0.25 0.24 0.45 0.11 0.11 0.1t
1987 0.53 0.61 0.69 027 024 6.25 0.33 0.69 0.53 0.34 0.25 0.61 0.12 0.12 0.12
1988 0.35 0.65 0.89 - 023 0.29 0.28 0.33 0.89 0.69 0.30 0.28 0.65 0.09 .12 .11
1989 0.35 - 075 0.46 40 . 0.27 0.27 0.35 0.64 0.57 0.26 0.32 075 0.11 0.11 0.12
1990 0.42 0.45 0.33 0.20 0.24 0.24 0.42 0.49 0.28 0.21. 029 0.45 0.10 0.11 0.1t
1991 0.44 0.54 0.31 0.21 0.23 0.25 044 . 0.52 .49 0.23 028 0.54 0.11 0.11 0.09
1992 0.38 0.86 0.46 0.26 0.23 0.25 0.38 0.49 0.42 0.19 0.23 0.86 0.14 0.11 0.12
1993 0.35 0.52 0.34 0.2t 0.24 0.25 0.35 0.52 047 0.24 027 0.52 0.11 0.11 0.11
1994 0.42 0.50 0.34 0.24 0.29 0.33 0.42 0.60. 047 0.20 017 0.50 0.2¢ 012 - 0.12
1995 0.57 056 0.34 0.32 0.29 0.25 0.57 0.68 6.53 0.25 020 - 056 0.2t o.11 0.12
1994 0.47 0.63 0.63 0.38 029  0.22 0.47 0.59 0.36 0.24 0.21 0.63 0.22 0.11 0.12
1997 0.42 0.64 0.59 0.34 0.28 0.20 0.42 0.58 0.34 0.35 0.21 0.64 0.16 0.1 0.10

1998 0.48 0.79 0.68 0.42 0.23 0.26 0.48 6.77 0.34 0.32 0.27 0.79 0.23 0.11 0.11

® Mean weight for purse-seine landings in late 1984 were 3.38 kg,



Table A16. Catch at age (1,000s).

Age
Year 1 2 3 4 5 6+ Total 1-6-+
1982 7893 11794 5419 2774 720 839, 29239
1983 6431 121000 3702 2775 567 124 28000
1984 7533 13892 6437 3040 483 254 31640
1985 12790 10690. 3134 F16s 212 55 28046
1986 17032 13000 4815 1816 262 32 38978
. 1987 14976 13533 4254 1478 144 11 34396
1588 6932 15443 10456 6058 1042 69 40020
1989 2246 4796 4307 2918 625 84 14975
1996 8895 4537 2012 1200 390 89 17323
1991 9104 5460 2686 1355 439 36 19120
1992 4306 3684 2176 1252 527 65 14009
1993 3738 3769 2127 [i34 400 48 13216
1994 3164 2876 3001 1363 199 38 10641
1695 3471 3096 3383 1580 197 54 11781
1996 1483.......2056......4108 2982 1348... 100 12076
1997 970 1552 2559 5035 1468 397 11981
1998 835 1709 3535 1903 2827 870 11679




Table A17. Mean weight (kg) at age on January 1.

Age

Year 1 2 3 4 5 6+
1982 0.106 0212 0.307 0.483 1.076 3.033
1983 0.078 0.190 0.368 0.885 1395 2.862
1984 0.095 0.189 0.379 0758  1.583 2.536
1985 0.77 0.267 0.579 1235 1748 3.055
1986 0.152 0.262 0.758 1759 2819 3.173
1987 0.087 0.236 0.524 1234 2127 2.536
1988 0.090 © 0179 0.398 079  1.494 3.026
1989 0.109 0.186 0.383 0.769 1417 3.348
1990 0.072 0.145 0.408 0955 1263 [.710
1991 0.086 0.192 0.333 0908 1686 2.332
1992 0.052 0.162 0.434 0.962 1.794 4.036
1993 0.048 0.142 0.253 0.616 1212 1.710
1994 0.106 0.189 0.339 0453 0813 1710
1995 0.110 0.188 0.363 0528 0.788 0.545
1996 0.110 0.204 0.332 0497  0.835 2.204
1997 0.077 0.181 0.333 0488 0744 1194
1998 0.107 0.170 0.303 0492 0.719 1314

40



Table A18.- Adantic Weakfish ADAPT VPA Summary for Core Index Run. 4-5 I is directed F, the mean I of ages 4-5.
Weights are in metric tons. Landings are observed weight of catch and catch biomass is calculated from catch
at age and mean weight at age. ‘

Fishing mortality at age _

Year E Landings  Age [000s Catch Biomass
] 2 3 4 5 6+ 43F 1000s SSB
1982 024 0.65 080 143 1.54 1.54 1.49 12607.5 42308 12599 12689
1983 021 075 084 1.65 1.8l 1.81 .73 13304.9 38597 11056 t3667
1984 6.24 1.04 144 227 278 278 253 12166.3 40310 8991 14423
1985 027 067 075 138 .48 148 1.43 10244.0 61560 12172 14297
1986 033 0.62 081 178 198 198 |.88 14410.0 68828 21543 23022
1987 039 051 038 068 069 0669 069 10855.6 52813 19595 10413
1988 039 099 106 1.83 2.06  2.06 1.95 12254.0 24359 . 12564 20016
1989 0.4 055 092 L1419 119 1.17 7432.5 13888 8470 8819
1990 049 052 050 078 08 080 0.79 4910.5 25988 7155 6083
199t 044 069 072 083 : 086 086 085 4988.0 28950 7399 - 7426
1992 014 059 071 101 105 105 1.03 4097.7 38516 . 7192 6361
1993 6.0t 029 048 120 126 126 1.23 . 3705.4 42291 6897 3594
1994 003 012 025 072 073 073 0.73 3902.7 70665 16321 . 4280
1995 0.0 007 021 021 022 022 022 4480.9 40045 23258 _ 3603
1996 003 009 0.13 030 0.30 0.30 0.30 4998.7 55479 30589 6600
1997 002 0.04 0.16 025 025 025 025 54179 51689 32550 5884
1998 002 005 0.4 018 023 023 021 6159.1 53970 38863 6985

1999 68230

Iy



Table A19. Atlantic weakfish ADAPT VPA core index run number 34 retrospective pattern summary.

Terminal Year of F Estimate

Data 1982

1983 1984 1985 1986 1987 1988 1989 199G 1991 {992 1993 1994 1995 1996 1997 1998 1999

year

1994 1.49 1.73 252 143 188 . 068 191 1.09 068 (.63 056 036 0.15

1995 1.49 1.73 252 143 1.88 068 194 1.5 076 078 0386 078 030 012

1996 149 .73 252 143 188 068 195 1L16 078 083 098 1.07 0353 0.4 0.18

1997 149 1.73 252 143 188 068 195 1.6 078 084 1.00 11T 058  0.16 020 023

1998 149 L3 252 143 1.88 068 195 1.7 0.79 085 1.03 123 073 0.22 030 025 020

. : Terminal Year of SSB Estimate _

Datal982 1983 1984 1985 1686 1987 1988 1989 1990 1991 1992 1993 [994 1995 1956 1997 1998 1999
Year .

S 1994 12599 11057 8993 12185 21619 19738 12892 9177 8420 10304 12147 12417 22378

1995 12599 11056 8992 12175 21360 19628 12640 8634 7449 8327 8911 9514 20088 30557

1996 12599 11056 8991 12173 21347 19604 12583 8512 7231 7639 8010 8854 19921 29615 42001

1997 12399 11036 8991 (2173 21347 19601 12577 8499 7207 7562 7749 8311 18748 27090 35741 38296

1998 12599 11056 8991 12172 21543 19595 12564 8470 7155 7399 7192 6897 16321 23258 30589 32550 38861

_ Terminal Year of Recruitment Estimate ) :

Datal982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 - 1999
Year _

1994 42309 38600 40332 61657 69176 53363 25615 21202 31081 40739 44990 58727 51907 359618

1995 42309 38598 40315 61583 68909 52942 246501 19422 27156 35169 43279 58396 59497 68358 113544

1996 42308 38597 40311 61566 68849 52848 244335 19026 26288 30544 48494 56483 63701 58837 95777 82130

1997 42308 38597 40311 61564 68842 52837 24411 18982 26192 30035 45306 54012 62447 47844 63859 64430 59814

1998 42308 38597 40310 61560 68828 52815 24359 18888 25988 28950 38516 42291 70665 55479 51689 53970 68230

40045



Table A20. Life history parameters of Atlantic Coast weakfish based on 1990-1998
otolith data used to estimate biological reference points.

Proportion
Age Length {cm) Weight (ke) M Mature Selectivity
1 20.28 0.12 0.25 0.90 0.09
2 27.11 0.26 0.25 1.00 0.23
3 3395 0.43 0.25 1.00 0.35
4 40.78 0.63 0.25 1.00 "1.00
5 47.61 1.05 025 (.00 1.00
6 5445 - 1.61 0.25 1.00 1.00
7 61.28 2.98 0.25 1.00 1.00
8 68.12 492 0.25 [.00 1.00
9 74.95 5.00 . 0.25 1.00 1.00
10 81.78 5.68 0.25 1.00 ' 1.00
1 §8.62 5.80 0.25 .00 1.00
12 95.45 6.00 0.25 1.00 1.00

43




Table A21. Thompson-Bell model yield per recruit (kg) and spawner biomass per
recruit (kg) estimates for Atlantic Coast weakfish. Proportions of F and M
before spawning equaled 0.5.

F Yield per recruit SSB per recrﬁit % MSP
0.0 0,000 436 100.00
0.1 0.241 2.72 62.41
0.18 (Fy)) 0.302 1.99- 45.66
02 0309 184 ' 42.28
027 (F.) 0.318 1.45 33.27
0.3 0317 135 30.90
0.31 (Faps,) 0316 1.31 ©30.00
0.4 | 0.307 1.05 24.09
0.5 (Fyon) 0.293 ' 0.86 1977
0.6 0.280 0.74 16.87
0.7 0269 0.65 14.82
0.8 0.260 0.58 13.30
0.9 0252 0.53 1213
1.0 ' 0.246 0.49 11.19
1.1 . 0.240 0:45 10.43
1.2 ) 0.235 0.43 9.79
1.3 0.231 0.40 925
1.4 oom7 038 8.77
1.5 0.224 0.36 8.36
1.6 0.221 035 799
1.7 0.218 0.33 7.66
1.8 ' 0.215 0.32 7.36
1.9 0.212 0.31 7.09

2.0 0210 0.30 . 684

44



Figure A1. Atlantic Weakfish Recruitment and Spawning Biomass
' from ADAPT VPA
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Figure A2. Atlantic Weakfish Landings and Fully Recruited F from ADAPT VPA
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Figure A3. Precision of 1998 Weakfish Fishing Mortality Rate Estimate
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Figure A4. Precision of 1998 Weakfish SSB Estimate
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Figure A5. Precision of 1999 Weakfish Recruitment Estimate
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Abundance of age 6+ (1,000s)

Figu‘re A6. Abundance of age 6+ weakfish and percentage of the

stock age 6 and older
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Figure A7. Atlantic Weakfish Spawning Stock and Recruitment Plot
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STD Residual

s

Fall Inshore Survey

Flgure A8. ADAPT Weakfish VPA Residual Plot for NMFS/NEFSC
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STD Residual
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Figure A9. ADAPT Weakfish VPA Residual Plot for DEDFW Delaware
Bay Large Trawl Survey
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Figure A10. ADAPT Weakfish VPA Residual Plot for NJDEP
: Ocean Trawl Survey
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Figure A11.

ADAPT Weakfish VPA Residual Plot for DEDFW
Small Trawl Survey
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Figure A12. ADAPT Weakfish VPA Residual Plot for NCDMF Pamlico
: Sound Trawl Survey
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Figure A13. ADAPT Weakfish VPA Residual Plot for VIMS Lower

Chesapeake Bay Trawl Survey
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Figure A14. ADAPT Weakfish VPA Residual Plot for MDDNR Coastal
Bays Trawl Survey _
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Flgure A15. ADAPT Weakfish VPA Residual Plot for MDDNR Chesapeake

Bay Trawl Survey
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Figure A16. Atlantic Weakfish Yield and Spawning Biomass per Recruit
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Figure A17. Atlantic Weakfish Equibrium Yield and Spawning Biomass
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B. SKATE COMPLEX

TERMS OF REFERENCE

‘The following Terms of Reference were
provided by the Stock Assessment Workshop
(SAW) Steering Committee as the context for
this assessment of the Northeast Region skate
complex reviewed by the Stock Assessment
Review Committee (SARC) 30 in November
1999:

(1) Summarize available biological studies
(age and growth, maturity, etc.) for the seven
species in the skate complex.

(2) Update commercial and recreational .

landings and survey indices through 1998/99,

(3) To the extent practicable, summarize
fishery discard rates through the use of sea
sampling data or other information sources.

(4) Estimate fishing mortality rates, and trends
in relative or absolute stock size, and consider
appropriate reference points for stock size and
fishing mortality rate consistent with
provisions of the Sustainable Fisheries Act
(SFA). - '

(5) Provide an assessment of the stafus of the
species in the complex relative to overfishing
criteria, and evaluate the status of the
barndoor skate resource relative to listing
- factors considered in the Endangered Species
Act. '

INTRODUCTION
The seven species in the Northeast Region

(Maine to Virgima) skate complex are
distributed along the coast of the northeast
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United States from near the tide line to depths
exceeding 700 m (383 fathoms). The species
are: little skate (Raja erinacea), winter skate

. (R ocellata), barndoor skate (R laevis),

thorny skate (R. radiata), smooth skate (R.
senta), clearnose skate (R. eglanteria), and
rosette skate (R. garmani). A brief discussion
of commercial fishery landings and the
population dynamics of little skate was
presented in the report of Eleventh Northeast
Fisheries Center Stock Assessment Workshop
(SAW 11; NEFSC 1990).

In the Northeast region, the center of

distribution for the little and winter skates is
Georges Bank and Southern New England.
The barndoor skate is most common in the
Gulf of Maine, on Georges Bank, and in
Southern New England. The thorny and
smooth skates are commonly found in the
Gulf of Maine. The clearnose and rosette
skates have a more southern distribution, and
are found primarily in Southern New England
and the Chesapeake Bight. Skates are not
known to undertake large-scale migrations,
but they do move seasonally in response to
changes in water temperature, moving
offshore in summer and early autumn and
returning inshore during winter and spring.
Members of the skate family lay eggs that are
enclosed-in a hard, leathery case commonly
called a mermaid’s purse.  Incubation time is
6 to 12 months, with the young having the
adult form at the time of hatching (Bigelow
and Schroeder 1953). '

FISHERY DATA

Commercial Fishery Landings
The principal commercial fishing method used



to catch skates is otter trawling. -Skates are
frequently taken as bycatch during groundfish

trawling and scallop dredge operations and -

discarded. Recreational and foreign landings
are currently insignificant, at less than 1% of
the total fishery landings. There are currently
no regulations specifically goveming the
harvesting of skates in U.S: waters.

Skates have been reported in New England
fishery landings since the late 1800s.
However, commercial fishery landings,
primarily from off Rhode Island, never
exceeded several hundred metric tons until the
advent of distant-water fleets during the
1960s. Skate landings reached 9.500 mt in
1969, but declined quickly during the 1970s,
falling to 800 mt in 1981. Landings have
since increased substantially, partially in
response to increased demand for lobster bait,
+ and more significantly, to the increased export
market for -skate wings. Landings are not
reported by species, with over 99% of the
landings reported as “unclassified skates.”
Wings are taken from winter and thorny
skates, the two species currently known to be
used for human consumption. Bait landings
are presumed to be primarily from little skate,
based on areas fished and known species
distribution patterns. Landings increased to
12,800 mt in 1993 and then declined
somewhat to 7,200 mt in 1995. Landings

haye increased again since 1995, and the 1998 .

reported commercial landings of 17,000 mt
- was the highest on record (Table B1, Figure
B1). '

Commercial Fishery Discards

Preliminary commercial fishery discard
estimates of skates, for all species combined,
were calculated from the NEFSC Domestic
Sea Sampling and Dealer Landings data for
1989-1998. The estimates were derived by
gear type and primary species group caught on

a sea sampled trip. A species group was
considered the primary target when it
constituted more than 50% of the total trip
landings. This may result in an
underestimation of total skate discards
because some trips (2,604 of 11,834) were
mixed and no species or group comprised
50% of the trip.

The commercial fishery discard rates were
initially calculated as the sum of the pounds of
skate discarded divided by the sum -of the
pounds of the single, primary species kept for
all years combined, within gear type/primary
species cells (Tables B2-B4). The number of

- trips for some of the gear type/primary species

cells was small, so the data were next aggregated
into species groups to derive yearly estimates
for otter trawls, sink gill nets, and scallop.
dredges. The other fishing gears had too few
trips to dis-aggregate by year. Even with the
species groupings, some of the cells remained
empty, requiring use of time series arithmetic
average discard rates for those cells (Tables
B5-B7). '

The commercial fishery discard estimates are
the product of Domestic Sea Sampling discard

~ rates and the reported landings of the primary
" target species groups from the Dealer

Landings data. Table B8 gives the sum of the
discard estimates by gear type. The estimates
have ranged from high values between 50,000
and 70,000 mt in 1989-1990 to a low of.
14,700 mt in 1994. Otter trawls and scallop
dredges account for >90% of the total
discards. Over the 1989-1998 period, the
biomass of total discards are estimated to be
two (1998) to eight times (1989) the reported
total landings. The commercial fishery
discard mortality rate of skates, and therefore
the magnitude of total skate discard mortality,
is unknown.
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Calculation of total skate discards on the
primary species group/annual discard rate
basis provided a higher estimate of discards in
7 of the 10 years of the Domestic Sea Sample

time series, when compared with the primary

species/time series discard rate estimates. On

average, the primary species group/annual

discard rate estimates were 5% higher (Table
. B9).

The discard estimates were not dis-aggregated

to skate species because identification of

skates is uncertain in the Domestic Sea
Sampling data. However, barndoor skate may
have been identified correctly when they were
caught, because of their large size and
distinctive ventral coloration. The discard
estimates for barndoor skate were calculated
as above for all years combined. The discard
rates are generally low, at less than 5% of the
landings of the target species group, resulting
-in estimates of barndoor skate commercial
fishery discards of a few hundred metric tons
per year. The commercial fishery discard
mortality rate of barndoor skate, and therefore
the true magnitude of total barndoor skate
discard mortality, is unknown. '

Recreational Fishery Catch

Aggregate recreational landings of the seven
species in the skate complex are relatively
~ insignificant when compared to the
commercial landings, never exceeding 300 mt
during the 1981-1998 times series of Marine
Recreational  Fishery Statistics Survey

(MRFSS) estimates. Little and clearnose

skates are the most frequently landed species
of the complex. For littie skate, total landings
varied between <1000 and 356,000 fish,
equivalent to <1 to 15 mt, during 1981-1998.
For clearnose skate, total landings varied
between 2,000 and 145,000 fish, equivalent to
2 to 232 mt, during 1981-1998. The number
of skates reported as released alive averages
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an order of magnitude higher than the reported
landed number. Party/charter boats have
historically been undersampled compared to
the private/rental boat sector that accounts for
most of the recreational catch, and may have
a different discard rate. The recreational
fishery release mortality rate of skates is
unknown, but is likely comparable to that for
flounders and other demersal species, which
generally ranges from 10-15%. Assuming a -
10-15% release mortality rate would suggest
that recreational fishery discard mortality is of
about the same magnitude as the recreational
landings.

RESEARCH SURVEY DATA

Indices of relative abundance have been .
developed from NEFSC bottom trawl surveys
for the seven species in the skate complex,
and these form the basis for most of the
conclusions about the status of the complex.
All statistically significant NEFSC gear, door,
and vessel conversion factors were applied to
little, winter, and thorny skate indices when
applicable {Sissenwine and Bowman, 1978,
NEFSC 1991). Juvenile little and winter
skates are not readily distinguished in the

“field. The numbers of juveniles were split

between the two species based on the
abundance of the adults in the same tow. For
the aggregate skate complex, the spring survey
index of biomass was relatively constant from -
1968 to 1980, then increased significantly to
peak levels in the mid to late 1980s. The
index of skate complex biomass then declined
steadily until 1994, but has recently begun to
increase again (Figure B2),

If the species in the complex are divided into
large (barndoor, winter, and thorny) and small
sized skates (little, clearnose, rosette, and
smooth), it is evident that the large increase in



skate biomass in the mid to late 1980s was
dominated by winter and little skate (Figures
B2-B3). The biomass of large sized skates has
~ steadily declined since the mid-1980s (Figure
B3, top). The recent increase in aggregate
skate biomass has been due to an increase in
little skate (Figure B3, bottom).

Indices of relative abundance for some of the
species have also been developed from
MADMF, CTDEP, VIMS, and Canada DFO
research surveys and commercial fishery
observer sampling.

Winter skate

NEFSC bottom trawl surveys indicate that
winter skate are most abundant in the Georges
Bank (GBK) and Southern New England
" (SNE) offshore strata regions, with few fish
caught in the Gulf of Maine (GOM), or Mid-
Atlantic (MA) regions (Figures B4-B7). In

the NEFSC spring survey offshore strata

(1968-1999), the annual total catch of winter
skate has ranged from 160 fish in 1976 to
1,891 fish in 1985. In the NEFSC autumn
survey offshore strata (1963-1998), the annual
total catch of winter skate has ranged from
115 fish in 1975 to 1,187 fish in 1984.
Calculated on a per tow basis, these spring
survey catches equate to maximum stratified
mean number per tow indices for the GOM-
MA offshore strata of about 7.9 fish, or 16.4
kg, per tow during 1985; autumn maximum
‘catches equate to indices of 3.7 fish, or 13.3
kg per tow, in 1984 (Tables B10-B11).

The catchability of winter skate in the recently
instituted NEFSC winter bottom traw! survey
(which substitutes a chain sweep with small
cookies for the large rollers used in the spring
and autumn surveys, to better target flatfish) is
significantly higher than in the spring and
autumn series, especially for smaller winter
skates. NEFSC winter survey (1992-1999)

annual catches of winter skate have ranged
from 841 fish in 1993 to 4,055 fish in 1996,
equating to a maximum stratified mean catch
per tow of 43.5 fish or 25.2 kg per tow in
1996 (Table B12). The winter survey is
focused in the Southern New England and

' Mid-Atlantic offshore regions, with a limited

number of samples on Georges Bank, and no
sampling in the Gulf of Maine (Figures BS-
B9).

‘Indices of winter skate abundance and

biomass from the NEFSC spring and autumn
surveys were stable, but below the time series
mean, during the late 1960s and 1970s.
Winter skate indices increased to the time
series mean by 1980, and then reached a peak
during the mid 1980s. Winter skates indices
began to decline in the late 1980s. Current

- NEFSC indices of winter skate abundance are

below the time series mean, at about the same
value as during the early 1970s.  Current
NEFSC indices of winter skate biomass are
about 25% of the peak observed during the
mid 1980s (Figures B10-B13),

The minimum length of winter skate caught in
NEFSC surveys is 15 ¢cm (6 in), and the
largest individual caught was 113 c¢m (44 in)
total length, during the 1979 autumn survey
on Georges Bank. The median length of the

.survey catch has ranged from 38 cm in the

1992 winter survey to 79 cm in the 1978
spring survey. The median length of the
survey catch generally declined from 1979 to
the mid-1990s in both the spring and autumn
surveys, but has been increasing in recent
years, and is currently about 57-58 cm (23 in)
(Figure B14). Length frequency distributions
from the NEFSC spring and autumn surveys
show several modes, most often at 40, 60, and
80 c¢cm (Figures B15-18). The spring survey
length distributions show large modes at about
40 cm during the mid-1980s through the mid
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1980s through the mid 1990s, suggesting
strong recruitment during that period.
Truncation of the length distributions is
evident in the NEFSC spring and autumn
series since 1990.

Indices of abundance for winter skate are
available from the Massachusetts Diviston of
Marine Fisheries (MADMF)  spring and
autumn research trawl surveys in the inshore
waters of Massachusetts for the years 1978-
1998. Winter skate are much more abundant
in state waters south of Cape Cod and areas to
the west (MADMF survey strata 11-21),
compared to state waters north of Cape Cod
into the Gulf of Maine (MADMTF survey strata
25-36). - MADMEF biomass indices of winter
skate were moderate to high from 1981
through 1987. Thereafter, both spring and
autumn indices declined to time series lows in
1989-1991. The spring index rebounded to
moderate levels during 1992-1996 before
dropping 75% below the time series mean of
21.3 kg/tow during 1997-1999 (Figure B19).
The autumn index shows an erratic, but

generally increasing trend from 1991 - 1998,

The 1998 autumn value of 24.7 kg/tow 15 65%
greater than the autumn mean of 14.9 kg/tow
(Figure B19). The mean length of MADMF
survey catches of winter skate has declined
over the spring time series from greater than
60 cm in 1978-1979 to 40 cm in 1999 (Figure
B20). The autumn mean length declined from

greater than 55 cm in 1978-1980 to 43 cm in '

1991, remained stable until 1995, then
increased to 55 cm in 1998 (Figure B20).
Length frequency distributions from the
MADMEF spring and autumn surveys generally
show a dominant mode at 30 to 40 cm.
Recent length distributions suggest recent
recruitment of winter skate may have been
relatively poor.

Indices of abundance for winter skate are
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available from the Connecticut Department of
Environmental Protection (CTDEP) spring
and autumn finfish trawl surveys in Long
Island Sound for the years 1984-1998 (1992
and later only for biomass). Annual CTDEP
survey catches have ranged from 0 to 115
skates. CTDEP survey indices suggest that
after increasing to a time series high from
1984 through 1989, winter skate in Long
Island Sound has been stable at about the time

. series mean during the 1990s (Figure B21).

Littie skate

NEFSC bottom trawl surveys indicate. that
little skate are abundant in the inshore and
offshore strata in all regions of the northeast
US coast, but are most abundant on Georges
Bank and in Southern New England (Figures
B22-B25). In the NEFSC spring surveys
(1976-1999), the annual total catch of little

- skate has ranged from 3,512 fish in 1986 to

16,406 fish in 1999. In the NEFSC autumn
surveys (1975-1998), the annual total catch of
little skate in offshore strata has ranged from
1,124 fish in 1993 to 3,848 fish in 1982 and
4,597 fish in 1978. Calculated on a per tow
basis, these spring survey catches equate to
maximum stratified mean number per tow
indices for the GOM-MA inshore and offshore
strata of about 28 fish, or 10 kg, per tow
during 1999; autumn maximum catches

--equate to indices of 6 fish,-or 3 kg, per towin

1978, and 15 fish, or 6 kg, per tow in 1982
{due to high variance in survey catch in 1982;
Tables B13-B14).

The catchability of little skate in the recently
instituted NEFSC winter bottom trawl survey
(which substitutes a chain sweep with small
cookies for the large rollers used in the spring
and autumn surveys, to better target flatfish) is
significantly higher than in the spring and
autumn series. NEFSC winter survey (1992-
1999) annual catches of little skate have



ranged from 10,113 fishin 1994 to 18,418 fish
in 1992, equating to a maximum stratified
mean catch per tow of 170 fish or 66 kg per
tow in 1992 (Table B15). The winter survey
1s focused in the Southern New England and
Mid-Atlantic offshore regions, with a limited
number of samples on Georges Bank, and no
sampling in the Gulf of Maine (Figures B26-
2.

Indices of littie skate'abundance and biomass -
from the NEFSC spring and antumn surveys

were stable, but below the time series mean,
during the 1970s. Little skate spring survey
- indices began to increase in 1982, and have
reached a peak in 1999. Autumn survey
indices have been relatively stable over the
duration of the time series (Figures B10, B28-
B30). The application of the NEFSC gear
conversion factors to spring survey indices
decreased the indices in 1981 and earlier years
by about 75 percent. :

The minimum length of little skate caught in
NEFSC surveys is 6 em (3 in), and the largest
mdividual caught was 62 c¢cm (24 1n) total
. length, during the 1978 autumn survey on
Georges Bank. The median length of the
survey catch -has ranged from 31 cm in the
1979 and 1987 spring surveys to 43 cm, most

recently in the 1998 autumn survey. The
" median length of the survey catch has been
generally stable over the duration of the spring
and autumn surveys and is currently about 38
cm in the spring and 43 cm in the autumn (15

to 17 in)(Figure B31). Length frequency

distributions from the NEFSC spring and

autumn surveys show several modes, most
often at 10, 20, 30, and 45 cm, which may

represent ages 0, 1, 2, and 3 and older little -

skate (Figures B32-B34).

Indices of abundance for little skate are
availlable from the Massachusetts Division of

Marine Fisheries (MADMF) spring and

autumn research trawl surveys in the inshore
waters of Massachusetts for the years 1978-
1998. Little skate are abundant in state waters
south of Cape Cod and areas to the west
(MADMF survey strata 11-21) and in waters
north of Cape Cod into the Gulf of Maine
(MADMF survey strata 25-36). MADMF
biomass indices of little skate declined
through the 1980's to time series lows in 1989
(autumn) and 1991 (spring). Biomass indices
quickly rose to high levels in the early 1990's,
but have steadily declined since then. The
1998 autumn biomass index fell to 40% below
the autumn time series mean of 9.9 kg/tow,
while the 1999 spring biomass index fell to
22% below the spring time series mean of
14.8 kg/tow (Figure B35). The mean length
of MADMF survey catches of little skate
show a modest increasing trend in the spring
time series while the autumn mean length has
fluctuated without trend (Figure B36). Length
frequency distributions from the MADMF
spring and autumn surveys often show a large
mode at 45 cm, which may represent ages 3
and older little skate.

Indices of abundance for little skate are
available from the Connecticut Department of

‘Environmental Protection (CTDEP) spring

and autumn finfish traw] surveys in Long
Island Sound for the years 1984-1998 (1992
and later only for biomass). Little skate are
the most abundant species in the skate .
complex in Long Island Sound, with annual
CTDEP survey catches ranging from 142 to
837 skates. CTDEP survey indices suggest an
increase in abundance of little skate in Long

* Island Sound over the 1984-1998 time series

(Figure B37).

Barndoor skate
U.S. Bureau of Fisheries research surveys
(Figures B38-B39) and NEFSC bottom trawl
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surveys (Figure B40) indicate that barndoor
skate are most abundant in the Gulf of Maine,
Georges Bank, and Southern New England
offshore strata regions, with very few fish
caught in inshore (< 27 meters depth) or Mid-
Atlantic regions. Bigelow and ~ Schroder
(1953), however, noted that historically
barndoor skate were found in inshore waters

to the tide-line, and in depths as great as 400 -

meters off Nantucket. In the NEFSC spring

surveys (1968-1999), the annual total catch of .

barndoor skate has ranged from 0 fish (several
years during the 1970s and 1980s) to 22 fish
in 1969. .In the NEFSC autumn surveys
(1963-1998), the annual total catch of
barndoor skate has ranged from 0 fish (several
years in the 1970s and 1980s) to 120 fish in
1963. Calculated on a per tow basis, the
autumn survey catches equate to maximum
stratified mean number per tow indices for the
GOM-SNE offshore strata of about 0.8 fish, or
2.6 kg, per tow in 1963 (Tables B16-B17).

The catchability of barndoor skate in the
recently instituted NEFSC winter bottom
trawl survey (which substitutes a chain sweep
~ with small cookies for the large rollers used in
the spring and autumn surveys, to better target
flatfish) is significantly higher than in the
spring and autumn series and may be
particularly higher for smaller skates as in
winter skates. NEFSC winter survey (1992-
1999) annual catches of barndoor skate have
ranged from O fish in 1992 to 81 in 1999,
equating to a maximum stratified mean catch
per tow of 0.7 fish or 1.0 kg per tow in 1999

(Table B18). The winter survey is focused in -

the Southern New England and Mid-Atlantic
offshore regions, with a limited number of

samples on Georges Bank, and no sampling in’

the Gulf of Maine (Figure B41).

Indices of barndo;)r skate abundance and
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biomass from the NEFSC spring survey were
at their highest values during early 1960s, and
then declined to O fish per tow during the early
1980s. Since 1990, both spring and autumn
survey indices have steadily increased, but are
still only <10% (spring) to 25% (autumn
survey) of the peak values observed in the
1960s (Figures B10, B42-B44).

The minimum length of barndoor skate caught
in NEFSC surveys is 20 cm (8 in), and the

‘largest individual caught was 136 cm (54 in)

total length, during the 1963 autumn survey in
the Gulf of Maine. The median length of the
survey catch has ranged from 20 cm in the
1985 spring survey to 119 cm in the 1972
spring survey. The median length of the
survey catch has been increasing in recent
years in both the spring and autumn surveys,
and is currently 70-75 cm (28-30 in; Figure
B45). Length frequency distributions from the
NEFSC spring and autumn surveys illustrate
the decline in abundance of barndoor skate to
survey catches of zero during the 1980s
(Figures B46-B49). Recent catches have
included individuals as large as those recorded
during the peak abundance of the 1960s, but
the large number of fish between 40 and 80
cm evident during the 1960s is not apparent in
recent surveys. The NEFSC winter survey
length frequency distributions for 1998-1999

indicate a significant recent increase in the

abundance of barndoor skate at lengths less

" than 80 cm (Figure B50).

Research surveys and commercial fishery
observer sampling conducted by Department
of Fisheries and Oceans of Canada (DFO
Canada) in the broad geographic area between
the Gulf of St. Lawrence and Georges Bank
indicate two principal area of barndoor skate
concentration: Georges Bank/Fundian
Channel and central Scotian Shelf (Figure



B49). Barndoor skate were sporadically
encountered throughout the 1970s, were
nearly absent in the 1980s, and have shown an
increase in abundance since the mid-1990s on
the southwestern Scotian Shelf, on Brown’s
Bank, and in the Gulf of Maine (Simon and
Frank 1999; Figures B52-B55). The DFO
Canada standardized research trawl survey
begun on Georges Bank in 1986 found the
abundance of barndoor skate was relatively
low until the mid-1990s, but has been
increasing since that time (Figures B56-B57).
A broad range of sizes of barndoor skate have
been encountered by DFO Canada surveys on
- Georges Bank, ranging from 15 to 125 ¢m,
suggesting the current population is composed
of both  juveniles and adults (Figure B57).
Canadian commercial fishery observer
sampling of both mobile and fixed gears
indicates that commercial gear may regularly
capture more and larger barndoor skate than
are evident inresearch survey catches (Figures
B58-B59). Recent information from
commercial fishertes indicate a much greater
depth distribution than previously expected
{Kulka 1999, Figures Kulka B60-B62).

Thomy skate

NEFSC bottom trawl surveys indicate that
thorny skate are most abundant in the Gulf of
Maine and Georges Bank offshore strata
regions, with very few fish caught in inshore
(< 27 meters depth), Southern New England,

or Mid-Atlantic regions (Figures B63-B66). .
Inthe NEFSC spring surveys (1968-1999), the

annual total catch of thorny skate has ranged
from 44 fish in 1999 to 574 fish in 1973. In
the NEFSC autumn surveys (1963-1998), the
annual total catch of thorny skate has ranged
from 60 fish in 1998 to 874 fish in 1978,
Calculated on a per tow basis, these spring
and autumn survey catches - equate . to
maximum stratified mean number per tow

indices for the GOM-MA offshore strata of
about 2 to 3 fish, or about 6.0 kg, per tow
during the carly 1970s (Tables B19-20).

NEFSC survey indices for thorny skate have
declined continuously over the last 30 years.
Indices of thorny skate abundance and
biomass from the NEFSC spring and autumn
surveys were at a peak during the early 1970s,
reaching 2.9 fish per tow (5.3 kg per tow) in
the spring survey and 1.8 fish per tow (5.9 kg
per tow) in the autumn survey. Kulka and
Mowbray (1998) indicated a similar period of
high abundance for thorny skate in Canadian
waters. NEFSC indices of thorny skate
abundance have declined steadily since the
late 1970s, reaching historically low values in
1998 and 1999 that are only 10%-15 % of the
peak observed in the 1970s (Figures B10,
B67-B69). . -

The minimum length of thorny skate caughtin
NEFSC surveys is about 10 cm (4 in), and the
largest individual caught was 111 cm (44 in)
total length, most recently during the 1977
spring survey on Georges Bank. The median
length of the survey catch has ranged from 31
c¢m in the 1988 autumn survey to 63 cm in the
1971 autumn survey. The median length of
the survey catch has trended downward
through most of the survey time series, but has

. been increasing in recent years in autumn

surveys, and is currently 40-50 cm (16-20 in;
Figure B70). Length frequency distributions
from the NEFSC spring and autumn surveys
show a pattern of decline in abundance of

~ larger individuals consistent with an increase

in total mortality over the survey time series
(Figures B71-B74).

Indices of abundance for thorny skate are
available from the Massachusetts Division of
Marine™ Fisheries (MADMF) spring and
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waters of Massachusetts for the years 1978-
1998. Thorny skate are abundant in state
waters north of Cape Cod into the Guif of
Maine (MADMF survey strata 25-36).
MADMF indices of thormny skate biomass
have been variable over the time series, but
there is a decreasing trend evident in both the
spring and autumn time series. The spring
index has stabilized around the median of 0.3
kg/tow throughout the 1990's, while the
autumn index has been below the median of
0.6 kg/tow since 1994 (Figure B75). Low

sample sizes and high variances suggest that

the time series of thorny skate mean lengths
from the MADMTF survey are not a reliable
metric of trends in this stock (Figure B76).

Smooth skate

NEFSC bottom trawl surveys indicate that
smooth skate are most abundant in the Gulf of
. Maine and Georges Bank offshore strata
regions, with very few fish caught in inshore
(< 27 meters depth); Southern New England,
or Mid-Atlantic regions (Figure B77). In the
NEFSC spring surveys (1968-1999), the
annual total catch of smooth skate has ranged
from12 fish in 1996 to 179 fish in 1973. In
the NEFSC autumn surveys (1963-1998), the
annual total catch of smooth skate has ranged
from 10 fish in 1976 to 130 fish in 1978.
Calculated on a per tow basis, these spring
and autumn survey catches equate to
maximum stratified mean number per tow

indices for the GOM-MA offshore strata of

0.6 to 1.6 fish, or about 0.6 to 0.9 kg, per tow
during the 1970s (Tables B21-B22).

Indices of smooth skate abundance and
biomass from the NEFSC surveys were at a
peak during the early 1970s for the spring
series and the late 1970s for the autumn series.
NEFSC survey indices declined during the
1980s, before stabilizing during the early
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1990s at about 25% of the autumn and 50%

~of the spring survey index values of the 1970s.

There is evidence in the spring 1998-1999
indices of a recent increase in smooth skate
abundance (Figures B10, B78-80).

The minimum length of smooth skate caught
in NEFSC surveys is about 8 cm (3 in), and
the largest individual caught was 71 cm (28
in) total length, during the 1984 autumn
survey on Georges Bank. The median length
of the survey catch has ranged from 26 cm in
the 1993 autumn survey to 53 cm in the 1971
autumn survey. The median length of the
survey catch in the GOM offshore region

- shows no trend over the full survey time

series, and is currently at about 30 ¢cm (12
in)(Figure B81). Length {requency
distributions from the NEFSC spring and
autumn surveys in the GOM offshore region
show modes at 30 and 50 cm (Figures B82-
B85). The relatively high abundances evident
in the 1969-1983 spring surveys at the larger
mode may represent the accumulated
abundance at several older ages. Truncation
of the larger mode is evident in the spring
distributions during the 1980s and most of the
1990s. The 1999 spring survey length
frequency distribution may indicate strong
recruitment in the region. -

Clearnose skate

NEFSC bottom trawl surveys indicate that
clearnose skate are most abundant in the Mid-
Atlantic offshore and inshore strata regions,
with very few fish caught in Southern New
England and no fish caught in other survey
regions (Figure B86). In the NEFSC spring
surveys (1976-1999), the annual total catch of
clearnose skate has ranged from 9 fish in 1979
to 136 fish in 1993. In the NEFSC autumn
surveys (1975-1998), the annual total catch of
clearnose skate has ranged from 19 fish in



1983 to 129 fish in 1994, Calculated on a per
tow basis, these spring and autumn survey
catches equate to maximum stratified mean
number per tow indices for the Mid-Atlantic
offshore and inshore strata set of 1.2-1.6 fish,
or about 0.8-0.9 kg, per tow during the mid
1990s (Tables B23-B24).

The catchability of clearnose skate in the
recently instituted NEFSC winter bottom
trawl survey (which substitutes a chain sweep
with small cookies for the large rollers used in
the spring and autumn surveys, to better target
flatfish) is significantly higher than in the

- spring and autumn series. NEFSC winter

survey (1992-1999) annual catches of
clearnose skate have ranged from 343 fish in
1999 to 3,086 fish in 1996, equating to a
maximum stratified mean catch per tow of 12
fish or 15 kg per tow in 1996 (Table B25).
The winter survey is focused in the Southern
New England and Mid-Atlantic offshore
regions, with a limited number of samples on
Georges Bank, and no sampling in the Guif of
Maine (Figure B87).

NEFSC spring and autumn survey indices for
clearnose skate have been increasing since the
mid-1980s. (Figures B10, B88-B90). _

The minimum length of clearnose skate
caught in NEFSC surveys is about 10 cm (4
in), and the largest individual caught was 78
cm (31 in) total length, during the 1971
autumn survey in the Mid-Atlantic Bight
region. The median length of the survey catch
has ranged from 41 cm in the 1980 spring
survey to 67 cm in the 1995 spring survey.
The median length of the spring survey catch
has increased over the time series, from about
50 em during the late 1970s to at about 60 cm
in recent years (24 in; Figure B91). The
median length of the autumn survey catch has

_ been stable over the time series, and is also at

about 60 cm. Length frequency distributions
from the NEFSC spring and autumn surveys
show a consistent mode at 60-70 cm that may
represent the accumulated abundance of
several older ages (Figures B92-B94).

Indices of abundance for clearnose skate are
available from the Connecticut Department of
Environmental’ Protection (CTDEP) spring
and autumn finfish trawl surveys in Long
Island Sound for the years 1984-1998 (1992
and later only for biomass). The CTDEP
survey has caught very few clearnose skate,
with annual catches ranging from 0 to 20

* skates, although the CTDEP spring survey

suggests an increase in clearnose skate
abundance in Long Island Sound over the
times series (Figure B95).

Indices of abundance for clearnose skate are
available from the Virginia Institute of Marine
Science (VIMS) trawl survey in Chesapeake
Bay and its’ tributaries for the years 1988-
1998. The VIMS trawl survey indices suggest
no trend in clearnose skate abundance over the
this period (Figure B96).

Rosette skate
NEFSC bottom trawl surveys indicate that

rosette skate are most abundant in the Mid-

Atlantic offshore strata region, with very few
fish caught in Southern New England and no

" fish caught in other survey regions (Figure
- B97). In the NEFSC spring surveys (1968-

1999), the annual total catch of rosette skate
has ranged from O fish, in 1984, to 70 fishin -
1977. In the NEFSC autumn surveys (1963-
1998), the annual total catch of rosette skate
has ranged from 1 fish, most recently in 1982,
to 45 fish 1in 1981. Calculated on a per tow
basis, these spring survey catches equate to
maximum stratified mean number per tow
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indices for the Mid:Atlantic offshore strata
set of about 0.6 fish, or about 0.1 kg, per tow
during 1977 (Tables B26-B27).

The catchability of rosette skate in the recently
instituted NEFSC winter bottom trawl survey
(which substitutes a chain sweep with small
cookies for the large rollers used in the spring
and autumn surveys, to better target flatfish) is
significantly higher than in the spring and
autumn series. NEFSC winter survey (1992-
© 1999). annual catches of rosette skate have
* ranged from 143 fish in 1993 to 899 fish in
1996, equating to a maximum stratified mean
catch per tow of 1.4 fish or 0.3 kg per tow in
1996 (Table B28). The winter survey is
focused in the Southern New England and
Mid-Atlantic offshore regions, with a limited
number of samples on Georges Bank, and no
sampling in the Gulf of Maine (Figure B98).

Indices of rosette skate abundance and
biomass from the NEFSC surveys were at a
peak during 1975-1980, before declining
through 1986. NEFSC survey indices for
rosette skate have been increasing since 1986,
- and recent indices are at about 50% of the
peak values of the late 1970s (Figures B10,
B99-B101).

The minimum length of rosette skate caught in
NEFSC surveys is about 7.cm (3 in), and the
largest individual caught was 57 cm (22 in)
total length, during the 1971 spring survey in
the Mid-Atlantic Bight region. The median
‘length of the survey catch has ranged from 18
cm in the 1985 spring survey to 57 cm in the
1971 spring survey, during which only 1
rosette skate was caught. The median length
of the survey catch has been stable over the
“spring and autumn time series at about 36-37
cm (14 in; Figure B102). Length frequency
distributions from the NEFSC spring and
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autumn surveys show a consistent mode at 30-

40 ¢m (e.g., Figures B103-106).

BIOLOGICAL DATA AND
REFERENCE POINTS

Increases in NER skate landings since 1980
and the potential for rapidly expanding export
markets bring into question the level at which
sustainable fisheries for these species' can be
maintained (Holden 1973). Skates have a
limited reproductive capacity, and stock size
could be quickly reduced through intensive
exploitation. In some areas of the world

- where skates have been the targets of directed

fisheries, their numbers have been reduced to
extremely low levels (e.g., in the Irish Sea;
Brander 1981).

Frisk (MS 1999) compiled a summary of
available life history parameters for skate
species from around the world, and developed
predictive relationships between total length
{L o) and length of maturity (L) and age of
maturity (A_,). Frisk (MS 1999) concluded
that the ratio of instantaneous natural
mortality to the von Bertalanffy growth
coefficient (M/K ratio) was about 1.0 for
elasmobranchs (including skates).

The following sections describe biological
data and biological reference points for the
seven individual species:

Winter skate

Winter skates are a relatively long-lived, slow
growing species. Estimates of age and growth
parameters are available for winter skate in
Canadian waters (eastern Scotian Shelf) from
Simon and Frank (1996), who reported the
preliminary results of an age and growth study
conducted at St. Mary’s University by R.



Nearing.” Simon and Frank (1996) reported
that the study of winter skate from 12 to 100
c¢m found ages from 0-group to 16 years,
providing von Bertalanfty parameters of L, .=
114.1 em, K = 0.144035, and t, = 0.00315.
Simon and Frank (1996) used the relationships
developed by Taylor (1958) and Hoenig
(1983) to estimate a maximum age of 20.8
vears and a value of M of 0.214 for winter
skate. Simon and Frank (1998) found that
winter skate on the eastern Scotian Shelf
reached 50% maturity at about 75 cm.

Frisk (MS 1999) references McEachran (In
. press) as the source for a maximum length
(L., of 150 ¢cm and length of maturity (L, ,,)
of 79.5 cm. Using Frisk’s (1999) predictive
equations and the NEFSC survey maximum
observed length of 113 cm provides estimates
of L, of 85cmand A, of 7 years.

The SARC -used recent NEFSC spring and
autumn survey cumulative length distributions
(1994-1999), and recent landed skate
cumulative length distributions from NEFSC
sea sampling of the commercial fishery (1994-
1999} to develop a contemporary estimate of
the retained or landed length (L, = 77 cm)
and age of recruitment of winter skate to the
commercial fisheries for use in a Thompson
. and Bell (1936) yield per recruit analysis
(YPR). * The SARC hoted that this retained
or landed length reflected the kept portion of
- the catch recorded in the sea sample data, and
-was much higher than might be expected
given the size -of trawl mesh (generally 6
inches or smaller) used in nearly all of the
region’s trawl fisheries. The SARC
concluded that it was more reasonable to

assume a length closer to that assumed for

Iittle skate (I.” = 45 cm) for use in reference
point and mortality_ rate models, and so the
NEFSC survey L’ = 50 ¢m was assumed to be
more reasonable as the length of recruitment

(Ls,) to the commercial fishery for winter
skate.

Growth parameters and proportions mature at
age from Simon and Frank (1996, 1998) for
winter skate in Canadian waters were used to
estimate parameters for the YPR model. The
length-weight equation from NEFSC survey
data coliected during 1991- 1998 was used to
convert length to weight. Winter skate are
estimated to attain full recruitment to the
fisheries at age 3. Frisk’s (1999) work
suggests that the M/K ratio for skates is about
1.0. Taking into consideration the Simon and
Frank (1996) estimate of K = (.14, the SARC
concluded that a value of M = 0.1, and an
inferred maximum -age of 30 vyears, is
appropriate for winter skate, providing
estimates of F,,, = 0.12 and F;, = 0.08
(Table B29).

max

The SARC has concluded that yield per recruit
based reference points for winter skate in the
Northeast Region are unreliable, due to the
use of growth parameters from Canadian
waters and the uncertainty of partial
recruitment to the commercial fishery. A
threshold fishing mortality reference point is

therefore proposed for winter skate based on
‘the estimate of the natural mortality rate (M).

For winter skate, the SARC recommends F =
M= 0.10 as a proxy for the SFA threshold
fishing mortality reference point. The SARC
recommends against using F, .. as a proxy for .
Fthreshold due to life history considerations.
The SARC proposes use of the 75" percentile
value of the NEFSC autumn biomass indices
for the GOM-MA offshore region during
1967-1998 as a proxy for the SFA target
biomass reference point for winter skate (6.46
kg/tow), and one-half of that value as the SFA
threshold biomass reference point for winter
skate (3.23 kg/tow; Figure B107).
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Little skate
Little skates are a relatively short-lived, fast

growing species. Frisk (MS 1999) references

Johnson (1979) as the source for maximum
lengths (L,,.) of 60 cm (males) and 62 cm
(females) cm, A_,, of 4 years for both sexes,
L. of about 45 cm for both sexes, fecundity
of 30 egg cases per year, and maximum age of
8 vears. Using Frisk’s (1999) predictive
equations and the NEFSC survey maximum
observed length of 62 cm provides estimates
Of Lmat
Waring’s (1984) L, value of about 53 cm
provides an estimate of L, of 43 cm.

Waring (1984) investigated the age, growth,
mortality, and yield per recruit of little skate in
the Georges Bank-Delaware Bay region using
NEFSC trawl survey data collected during
1968-1978.  Waring (1984) observed a
maximum age of 8 years, and estimated von
Bertalanffy growth parameters of L, ;= 52.73
cm, K =0.352, and t, = -0.449 years, based on
interpretation of presumed annual rings in the
centrum of 923 little skate vertebrac. The
length-weight relationship - for both sexes
combined over the vears of the Waring (1984)
study was log,,W,=-2.641 +3.229 * log, L.
Waring (1984) assumed an age-2 entry to the
traw] fishery of the 1970s in estimating
. valuesof F,, =1.00 and F,, = 0:49, for M =

0.4, but warned that fishing at the F,,, level
might result in over-exploitation of little skate
due to their low fecundity.

The SARC used recent NEFSC spring and
autumn survey cumulative length distributions
(1994-1999), and - recent landed skate
cumulative length distributions from NEFSC
sea sampling of the commercial fishery (1994-
- 1999) to develop a contemporary estimate of
the length (Ls, = 45 cm) and age of
recruitment of little skate to the commercial
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of 50 cm and ‘A, of 4 years; using .

fisheries for use in a Thompson and Bell
(1936) vield per recruit analysis (YPR).
Waring’s (1984) growth parameters were used
to convert lengths to age. NEFSC length-
weight equations from the 1991-1999 surveys
were used to convert mean lengths at age to
mean weights at age. In the current analysis,
little skate do not approach full recruitment to
the fisheries until age 4 (70% at age 3, 90% at
age 4, 100% at ages 5 to 8), F_,, is undefined,
and F,, = 0.65, about 33% higher than
Waring’s (1984) analysis (Table B30). .

The SARC has concluded that yield per recruit
based reference points for little skate in the
Northeast Region are unreliable, due to the
use of outdated growth parameters from the
1970s and the wuncertainty of partial
recruitment to the commercial fishery. A
threshold fishing mortality reference is
therefore proposed for little skate based on the
estimate of the natural mortality rate (M). For
little skate, the SARC recommends F =M =
0.40 as a proxy for the SFA threshold fishing
mortality reference point.  The SARC
proposes use of the 75" percentile value of
the NEFSC spring biomass indices for the
GOM-MA inshore and offshore regions
during 1982-1999 as a proxy for the SFA

“‘target biomass reference point for little skate

(6.54 kg/tow), and one-half of that value as
the SFA threshold biomass reference point for
little skate (3.27 kg/tow; Figure B107).

Barndoor skate

Barndoor skates are presumed to be a
relatively long-lived, slow growing species,
but no estimates of age and growth parameters
are currently available. Casey and Myers
(1998) proposed that barndoor skate might
have characteristics similar to the European
common skate, (Raja batis). By analogy,
Casey and Myers (1998) suggestedan L, of



153 cm, A, of 11 years, and F of 47 egg
cases per vear for barndoor skate. Using
Frisk’s (1999) predictive equations and the
NEFSC survey maximum observed length of
136 cm provides estimates of L, of 102 cm
and A, of 8 years.

Graduate students and staff from the Virginia
Institute of Marine Science (VIMS) have
sampled barndoor skate while conducting
research aboard commercial. scallop vessels
participating in the Sea Scallop Exemption
Program in Closed Area I on Georges Bank
(Gedamke and DuPaul 1999). The vessels
- fished with two 15 foot New Bedford style
scallop dredges towing in 30-40 fathoms of
~water at 5-6 knots. Between June 15 and
October 5, 1999, six trips lasting between 5
‘and 12 days were completed, with four more
planned before December 31, 1999. Although
barndoor skate were not ~a significant
percentage of the total bycatch weight, they
were observed frequently enough to contribute
to a significant database of allometric and
morphometric measurements.  Biological
samples, including reproductive tracts,
vertebrae, and tissue samples were collected
“for age, growth, reproductive, and population
genetics studies (Gedamke and DuPaul 1999).

To date, VIMS scientists have observed 916
barndoor skates, with 52.3% (n=479) females
and 47.7% (n=437) male. Disk width, disk
" length, total length, clasper length, and clasper
width measurements were taken from all
~ individuals. Total length ranged from 20.0 to
129.4 ¢m with an average of 55.7 cm and a
median of 52.9 c¢m. Clasper length
measurements show male sexual maturity to

occur at approximately 100 cm total length.

Samples of reproductive tracts have also been
collected to determine female maturation size
(n=69) and verify the male allometric plot

(n=66). In addition, vertebrae samples have
been collected from 251 individuals for age
and growth studies. Gedamke and DuPaul
(1999) stressed that their data are preliminary,
are part of an ongoing study, and are from
only a portion of Closed Area II. Data has

" also been collected from the Nantucket
- Lightship Closed Area and Georges Bank

Closed Area I, and the VIMS scientists are
continuing their ongoing research efforts with

the commercial scallop fleet.

Historical Canadian survey data (e.g., as
presented in Casey and Myers (1998) from St.
Pierre Bank to Brown’s Bank) suggest that a
substantial decline in barndoor skate biomass
in the northern part of the species’ range had
occurred by the time that standardized NEFSC
surveys began in U.S. waters in 1963. If the
barndoor skate in U.S. waters are a part of the

- same unit stock as that in Canadian waters,

then the high indices in the NEFSC surveys
during the early 1960s likely indicate a
biomass well below B,s,. The linkage
between barndoor skates in U.S. and Canadian
waters, however, is unknown. For barndoor
skate, there are insufficient data on age and
growth to determine fishing mortality rates or
propose SFA fishing mortality reference
points. The SARC proposes use of the mean
value of the NEFSC autumn biomass indices

for the GOM-SNE offshore region during

1963-1966 as, a proxy for the SFA target
biomass reference point for barndoor skate
(1.62 kg/tow), and one-half of that value as
the SFA threshold biomass reference point for
barndoor skate (0.81 kg/tow; Figure B107). -

Thorny skate .

Simon and Frank (1996) reported that nearly
all thorny skate smaller than 50 cm sampled
during a 1996 research cruise were immature,
while nearly all skate larger than 50 cm were
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mature. These results were comparable to
maturity studies of thorny skate conducted by
Templeman (1982) on the Newfoundland
‘shelf. ‘

Frisk (1999) references Templeman (1965) for
estimates of L_,, = 102 cm and a maximum

age of 20 years, which would infer a value for -

M of 0.2. Frisk’s (1999) predictive equations
and the NEFSC survey L_, of 111 cm
provides estimates of L._, of 84 cmand A, of
7 years. There are insufficient data on the age
and growth of thorny skate to determine
fishing mortality rates or propose SFA fishing
mortality reference points. The SARC
proposes use of the 75™ percentile value of the
NEFSC -autumn biomass indices for the
GOM-SNE offshore region during 1963-1998
as a proxy for the SFA target biomass
reference point for thorny skate (4.41 kg/tow),
and one-half of that valug as the SFA
threshold biomass reference point for thorny
skate (2.20 kg/tow; Figure B107).

Smooth skate

Frisk’s (1999) predictive equations and the
NEFSC survey L, of 71 cm provides
estimates of L, of 56 cm and A, of 5 years.
There are insufficient data on the age and
growth of smooth skate to determine fishing
mortality rates or propose SFA fishing
mortality reference points. The SARC
proposes use of the 75™ percentile value of the
NEFSC autumn biomass indices for the
GOM-SNE offshore region during 1963-1998
as a proxy for the SFA target biomass
reference point for smooth skate (0.31
kg/tow), and one-half of that value as the SFA
threshold biomass reference point for smooth
skate (0.16 kg/tow; Figure B107).
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Clearnose skate -

Frisk (1999) references McEachran (In press)
as the source for estimates of L, = 128 cm
and L, = 66 cm, and a maximum age of 7
years Frisk’s (1999) predictive equations and
the NEFSC survey L_,. of 78 cm provides

estimates of L, , of 61 ecm and A_, of 510 6

years. There are insufficient data on the age
and growth of clearnose skate to determine
fishing mortality rates or propose SFA fishing

mortality reference points. The SARC

proposes use of the 75™ percentile value of the
NEFSC autumn biomass indices for the Mid-
Atlantic inshore and offshore regions during
1975-1998 as a proxy for the SFA target
biomass reference point for clearnose skate
(0.56 kg/tow), and one-half of that value as
the SFA threshold biomass reference point for
clearnose skate (0.28 kg/tow; Figure B107).

- Rosette skate

Frisk (1999) references McEachran (In press)
as the source for estimates of L, = 46 cm
and L. = 36 cm. Frisk’s (1999) predictive
equations and the NEFSC survey L, of 57
cm provides estimates of L. of 46 cm and
A, 0f 4 years. There are insufficient data on
the age and growth of rosette skate to
determine fishing mortality rates or propose
SFA fishing mortality reference points. The
SARC proposes use of the 75™ percentile

~-value of the NEFSC autumn biomass indices

for the Mid-Atlantic offshore region during
1967-1998 as a proxy for the SFA target
biomass reference point for rosette skate
(0.029 kg/tow), and one-half of that value as
the SFA threshold btomass reference point for
rosette skate (0.015 kg/tow; Figure B107).



EVALUATION OF FISHING
MORTALITY AND STOCK
ABUNDANCE -

The length-based mortality estimators of
Beverton and Holt (1956) and Hoenig (1987)
were considered for the estimation of fishing
mortality rates for winter and little skates from
- NEFSC spring length frequency distributions.
The NEFSC spring survey series exhibit both

a long time series and the least evidence of -
continuous trends in recruitment for the two

spectes, making it amenable for use with these
estimators, which can be biased by trends or
extreme variation in recruitment over time.

The Beverton and Holt (1956) estimator is:
Z = (K(Linr~ Liach) / (Lopg, - L),
and the Hoenig (1987) estimator is:

Z‘ - ln [ (E'K(Lbar-Linf‘) + Linf - L,) / (Lbar - L,)

For both estimators, 1.” = the lower limit of
~ the length class in which the fish are assumed
fully recruited to the sampling or fishing gear,
and L,,, = the mean length of fish above L’ in
the sample length distributions. Hoenig’s
(1987) estimator reportedly avoids the positive
* bias in estimates calculated with the Beverton
and Holt (1956) estimator for samples in
which L’ approaches’ L,,. The SARC
_concluded that the Hoenig (1987) estimates
are more reliable, and those are the fishing
mortality rates referenced below. Estimates
were calculated for 5 year (winter skate) and

-

3 year (little skate) moving groups, or

windows, of years to smooth the vanation in-

the mortality estimates caused by variations in
recruitment over time.

The following sections describe estimates of
mortality for winter and little skates. No age
and growth parameters were available for the
other five species in the complex, and so no
mortality estimates have been made.

Winter skate

Investigation of the NEFSC spring survey
length frequencies determined that the
appropriate value for . was 50 cm, based on
the time series average of the 1 cm length
intervals with the most abundant survey
catches. The von Bertalaffy growth
parameters reported in Simon and Frank
(1996) were used in the mortality rate
estimator, and initially a value of M = (.2 was
used based on assumed maximum age of
about 20 years.

ForM=0.2, Hoenig (1987) estimates of F for

winter skate were about 0.2 during the 1970s,
falling to very low levels during the 1980s,
and then increasing during the 1990s to 0.2-
0.3. The very low to negative values of F
during the 1980s with M = 0.2, however,
mndicated that some of the parameters used in
the estimators (either the growth parameters,
L’, or M) might be mis-specified, and so the

- fishing mortality estimates may be negatively
“biased. Frisk’s (1999) work suggests that the

M/K ratio for skates is about 1.0. Taking into
consideration the Simon and Frank (1996) of
K =0.14, the SARC concluded that a value of
M = 0.1, and an inferred maximum age of 30
years, was appropriate for winter skate.

With M=0.1, fishing mortality 6n winter skate
was estimated to be about 0.30, well above the
proposed SFA threshold of F = 0.10, during
the early to mid 1970s (Table B31, Figure
B108). Fishing mortality decreased in concert
with a drop in reported landings of all species
of skates (Figure Bl) and an increase in
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abundance of winter skate (Figure B11) during
the late 1970s and into the mid 1980s.
~ Fishing mortality was near or below F = 0.1
during 1979-1992 (Table B31, Figure B106).
Fishing mortality on winter skate has
increased during the 1990s as reported
landings of all species of skates have
increased (Figure B1) and the abundance of
winter skate has decreased (Figure B11). The
current fishing mortality rate on winter skate
is estimated to be 0.39, much higher than the
proposed SFA threshold of F = 0.10 (Table
B31, Figure B108).

Due to the inter-annual variation in skate
survey indices of abundance, the most recent
three year averages of the indices were used to
evaluate current status with respect to the
proposed SFA biomass reference points. For
winter skate, the 1996-1998 NEFSC autumn
survey biomass index average of 2.83 kg/tow
is below the proposed SFA biomass target and
threshold reference points of 6.46 kg/tow and
3.23 kg/tow.

Little skate
Waring (1984) used catch curve analysis of

the NEFSC survey catch at age data for 1968-

1978 to estimate an instantaneous total
mortality rate (Z) of 1.76 in the early 1970s,
which declined to 0.54 in the late 1970s.
Assuming values of instantaneous natural
. mortality (M) of 0.4-0.5, Waring (1984)
inferred that fishing mortality rates therefore
~ ranged from 1.26-1.35 in the early 1970s to
0.17 to 0.27 in the late 1970s.

Investigation of the NEFSC' winter, spring,
and autumn length frequencies determined

that the appropriate value for L’ was 45 cmin -

the NEFSC winter, spring and autumn
surveys, based on the time series average of
the 1 cm length intervals with the most
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abundant survey catches. Investigation of
NEFSC survey cumulative length distributions
(1994-1999) and recent landed skate
cumulative length distributions from NEFSC
sea sampling of the commercial fishery (1994-

- 1999) indicated that the contemporary

estimate of the length of recruitment to the
fishery was very similar, at 43 cm, and so
fishing mortality estimates with the survey L’
=45 cm are considered valid estimates of the
fully recruited fishing mortality rate. The von
Bertalanffy growth parameters reported in
Waring (1984) were used in both mortality
rate estimators, and a value of M = 0.4 was.
used based on an assumed maximum age of
about 8 years.

The time series of little skate mortality begins
with the 1982-1984 threc year window (1984
in Table B32) to ensure' a series with
consistent survey vessel and gear catch
conversion factors. Estimates of fishing
mortality for little skate have risen from about
0.20 during 1984-1990 to about 0.30 during
the 1990s. The estimates of fishing mortality
for little skate are sensitive to small changes in
the value of Lbar (about 47 ¢cm), which is
both within the large accumulation of skates
between 40 and 50 cm in the most annual
NEFSC spring length frequency distributions
(Figures B33-B34) and within 6 cm of Linf
(53 cm). The 1997-1999 increase in F (1999
in Table B32) is due to a time series low value

" of L,,,, and that in turn is due at least in part to
~ recent increased abundance of smaller skates

in the survey length distributions (Figure
B34). Thus, the apparent recent increase in -
fishing mortality of little skate from the spring
survey may be an artifact of recently improved
recruitment. The current fishing mortality rate
on little skate is estimated to be 0.34, lower
than the proposed SFA threshold of F = 0.40
(Table B32, Figure B108).



Due to the inter-annual variation in skate
survey indices of abundance, the most recent
three year averages of the indices were used to
evaluate current status with respect to the
proposed SFA biomass reference points. For
little skate, the 1997-1999 NEFSC spring
survey biomass index average of 6.72 kg/tow
is above the proposed SFA biomass target and
threshold reference points of 6.54 kg/tow and
3.27 kg/tow.

Barndoor skate

For barndoor skate, there are insufficient data
on age and growth to determine fishing
mortality rates.  Due to the inter-annual
variation in skate survey mdices of abundance,
the most recent three year averages of the
indices were used to evaluate current status
with respect to the proposed SFA biomass
reference pomts. For barndoor skate, the
1996-1998 NEFSC autumn survey biomass
index average of 0.08 kg/tow is below the
proposed SFA biomass target and threshold
reference points of 1.62 kgftow and 0.81
kg/tow. -

Thomy skate
For thorny skate, there are insufficient data on

age and growth to determine fishing mortality
rates. Due to the inter-annual variation in
skate survey indices of abundance, the most
recent three year averages of the indices were
used to evaluate current status with respect to

the proposed SFA biomass reference points. .
For thorny skate, the 1996-1998 NEFSC

autumn survey biomass index average of 0.77
kg/tow is below the proposed SFA biomass
target and threshold reference points of 4.41
kg/tow and 2.20 kg/tow.

Smooth skate '
For smooth skate, there are insufficient data
on age and growth to determine fishing

mortality rates. Due to the inter-annual
variation in skate survey indices of abundance.
the most recent three year averages of the
indices were used to evaluate current status
with respect to the proposed SFA biomass
reference points. For smooth skate, the 1996-
1998 NEFSC autumn survey biomass index
average of .15 kg/tow is below the proposed
SFA biomass target and threshold reference
points of 0.31 kg/tow and 0.16 kg/tow.

Clearnose skate

For clearnose skate, there are insufficient data
on age and growth to determine fishing
mortality rates. Due to the inter-annual
variation in skate survey indices of abundance,
the most recent three year averages of the
indices were used to evaluate current status
with respect to the proposed SFA biomass
reference points. For clearnose skate, the
1996-1998 NEFSC autumn survey biomass
index average of 0.72 kg/tow is above the
proposed SFA biomass target and threshold
reference points of 0.56 kg/tow and 0.28
kg/tow.

Rosette skate

For rosette skate, there are insufficient data
on age and growth to determine fishing
mortality rates. Due to the inter-annual
variation in skate survey indices of abundance,
the most recent three year averages of the
indices were used to evaluate current status
with respect to the proposed SFA biomass
reference points. For rosette skate, the 1996-
1998 NEFSC autumn survey biomass index
average of 0.040 kg/tow is above the proposed
SFA biomass target and threshold reference
points of 0.029 kg/tow and 0.015 kg/tow.
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STATUS OF BARNDOOR SKATE
RELATIVE TO
ENDANGERED SPECIES ACT (ESA)
LISTING FACTORS

Background Information
On March 4, 1999, NMFS received a petition

from GreenWorld to list barndoor skate as
endangered or threatened and to designate
Georges Bank and other appropriate areas as
critical habitat. The petitioners also requested
that barndoor skate be listed immediately, as
an emergency matter. Finally, the petitioner
requested that other similarly appearing
species of skate also be designated as
threatened or endangered so as to insure the
protection of the barndoor skate. On April 2,
1999, the NMFS received a second petition
from the Center for Marine Conservation
(CMC)to list barndoor skate as an endangered
- species. This second petition was considered
by NMFS as a comment on the first petition
submitted by GreenWorld. :

The petition and comment on the petition
referenced a recent paper in the journal
Science, which presents data on the decline of
barndoor skates (Casey and Myers 1998). The
~ petitioner cites bycatch in commercial fishing
gear as the major threat to the species’
continued existence and also expresses
concern over “inbreeding depression due to
small population size.”  The petitioner also

cites the inadequacy of existing regulatory

mechanisms as a threat to the species. The
comments submitted by CMC claim that
barndoor skate are endangered due to
overutilization for commercial purposes and
the inadequacy of existing  regulatory
mechanisms. The CMC has also requested
that the Secretary of Commerce categorize
barndoor skate as. "overfished” under the
Magnuson Stevens Act. This assessment is
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“inadequacy of

part of NMFS’ determination of barndoor

‘skate status relative to the ESA listing factors

and the requirements of the Magnuson
Stevens Act. '

ESA Listing Factors and Basis for
Determination

Under Section 4(a)(1) of the ESA, a species
can be determined to be endangered or
threatened for any of the following factors: (1)
Present or threatened destruction,
modification, or curtailment of its habitat or
range; (2) overutilization for commercial,
recreational, scientific, or educational
purposes; (3) disease or predation; (4)
existing regulatory
mechanisms; or (5) other natural or manmade
factors affecting its continued existence.
Listing determinations are based on the best
scientific and commercial data available after
taking into account any efforts being made by
any state or foreign nation to protect the
species. '

To ensure that the assessinent review
conducted by the SARC was complete and
based on the best available scientific and
commercial data, NMFS solicited information
on the spectes' current and historic distribution
and abundance and any information related to
the five listing factors identified above. The
SARC reviewed this information, from the
Marine Conservation Biology Institute, the
Virginia Institute of Marine Science, the
Center for Marine Conservation, and ‘the
Trawlers Survival Fund, in addition to
commercial fishery and state and federal (both
US and Canadian) rescarch survey data, in
developing comments on the five ESA listing
factors.

The SARC reviewed barndoor skate with

-respect to the S ESA listing factors and found



that there was no evidence that they were in
danger of extinction or likely to become
endangered within the foreseeable future
throughout all or a significant portion of its
range. Research surveys indicate that barndoor
skate biomass in waters off the east coast of
North America has declined substantially from
peak levels prior to the 1960s to very low
levels during the 1970s and 1980s. Recently,
barndoor skate abundance and biomass have
begun to increase in surveys in USA and
Canadian waters. Barndoor skate also occurin
waters deeper than covered by these surveys
and the surveys underrepresent the abundance
. of ‘larger barndoor skate. Under Section
4(a)(1) of the ESA, a  species can be
determined to be endangered or threatened for
any of the following factors: (1) Present or
threatened destruction, - modification, or
curtailment of its habitat or range; (2)
overutilization for commercial, recreational,
scientific; or educational purposes; (3) disease
or predation; (4) inadequacy of existing
regulatory mechanisms; or (5) other natural or
manmade factors affecting its continued
existence. Listing determinations are based on
the best scientific and commercial data
available after taking into account any efforts
being made by any state or foreign nation to
protect the species. With regard to each of
these 5 listing factors:

(1) Barndoor skate have persisted in their core
habitat in USA waters at very low abundance
since the late 1960s. Although barndeor skate
were not observed in survey catches in many
parts of its potential range during the past two
decades, it is now occurring in some areas,
particularly on the western Scotian Shelf, on
Georges Bank, and in offshore waters off
Southern New England. There is no evidence
of a contraction in range, but present low
abundance may reflect local reductions in area

of occupancy. Thus, the available evidence
does not suggest that the habitat or range of
barndoor skate has been destroyed, modified,
or curtailed to an extent that threatens the
existence of the species.

(2) Given the high level of distant water fleet
and domestic fishing effort that occurred in
the barndoor skate habitat during the last 40
years (Figure B109), fishing mortality, mainly

" as bycatch, was likely a factor contributing to
the decline in barndoor skate abundance.

Although fishing and natural mortality rates of
barndoor skate cannot be quantified, the small
but sustained increase in research survey
catches indicates that annual survival rates are
currently high enough to allow for some
recovery. Therefore, it appears that barndoor
skate are not currently overutilized for
commercial, recreational,” scientific or

-educational purposes.

(3) There is no scientific evidence to suggest
that barndoor skate in the waters of the
Northeast Coast of the USA are subject to an
unusual degree of disease or predation.

(4) There are no current regulations
specifically governing the harvest of barndoor
skate. However, fisheries in which barmndoor
skate are taken as by-catch have been subject
to increasingly restrictive regulations over the
past decade which may have provided some
protection over some parts of its range.
Following the progressive implementation of
the regulations, survivorship of barndoor skate
has recently been high enough to allow
abundance and biomass to increase to some
extent. However, if current effort limitation
and closed area restrictions on Georges Bank
and southern New England are relaxed,
continued increases in abundance may be
hindered.
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(5) Although the combination of continued

low abundance, suspected low intrinsic rate of

increase and suspected late age of maturity
make barndoor skate vulnerable to extirpation,
the species has persisted at low levels in USA
waters over the past 30-40 years. Thus, there
is no scientific evidence to suggest that
barndoor skate have been subject to unusual
natural or anthropogenic factors that threaten
its continued existence.

CONCLUSIONS

Assessment Results

Conclusions about the status of the seven
~ species in the northeast US region skate
complex are based mainly on standardized
research trawl survey data collected by the US
and Canada during 1963-1999. Taken as a
group, the skate biomass for the seven species
in the Northeast Region is at a medium level.

For the aggregate complex, the NEFSC,

spring survey index of biomass was relatively
constant from 1968 to 1980, then increased
significantly to peak levels in the mid to late
1980s. The index of skate complex biomass
" then declined steadily until 1994, but recently
began to increase again (Figure B2). The
. large increase in skate biomass in the mid to

_ late 1980s was dominated by winter and little
skate. - The biomass of large sized skates
~ (>100 cm maximum length; barndoor, winter,
and thorny) has steadily declined since the
- mid-1980s. The recent increase in aggregate
skate biomass has been due to an increase in
small sized skates (<100 cm maximum length;
little, clearnose, rosette, and smooth), mainly
little skate (Figure B3). All large-bodied

skates (winter, barndoor, and thorny).and all -
primary skate species in the Gulf of Maine

(thorny and smooth) are currently overfished,
and overfishing 1s occurring on winter skate.
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Reductions in fishing mortality are required to
eliminate overfishing of winter skate and to

~ promote rebuilding of other overfished skate

species.

Winter skate abundance is currently about
same as in the early 1970s, at about 25% of

" the peak observed during the mid 1980s.

Comparison of the current fishing mortality
rate (NEFSC spring survey; F = 0.39) to the
proposed SFA threshold fishing mortality
reference point (F =M = 0.1) indicates that
overfishing for winter skate is occurring
(Figure B108). The 1996-1998 NEFSC
autumn survey biomass index average of 2.83

- kg/tow is below the proposed SFA biomass

threshold reference point of 3.23 kg/tow
(Figure B107). Winter skate is overfished.

Little skate abundance began to increase in the
early 1980s, and has increased to the highest
abundance since 1975. Comparison of the
current fishing mortality rate (NEFSC spring
survey; F = 0.34) to the proposed SFA
threshold fishing mortality threshold reference
point (F = M = 0.4) indicates that overfishing
for little skate is not occurring (Figure B108). .
The 1997-1999 NEFSC spring survey biomass
index average of 6.72 kg/tow is above the
proposed SFA biomass threshold reference
point of 3.27 kg/tow (Figure B107). Little
skate is not overfished.

The abundance of barndoor skate declined
continuously through the 1960s to historic
lows during the early 1980s. Since 1990, the
abundance of barndoor skate has increased
slightly on Georges Bank, the western Scotian
Shelf and in Southern New England, although
the current NEFSC autumn survey biomass
index is still less than 5% of the peak
observed in 1963. The fishing mortality rate
could not be estimated for the stock nor could



a - fishing mortality reference .point be
determined. The 1996-1998 NEFSC autumn
survey biomass index of 0.08 kg/tow is below
the proposed SF A biomass threshold reference
point of 0.81 kg/tow (Figure B107). Barndoor
skate is overfished.

The abundance of thorny skate has declined to
- historic lows. Current abundance is about
10%-15 % of the peak observed in the late
1960s to early 1970s. The fishing mortality
rate could not be estimated for the stock nor
could a fishing mortality reference point be
determined. The 1996-1998 NEFSC autumn
survey biomass index of 0.77 kg/tow is below
the proposed SFA biomass threshold reference
~ point of 2.20 kg/tow (Figure B107). Thorny
skate is overfished.

The abundance of smooth skate was highest
. during the early 1960s and late 1970s. The
fishing mortality rate could not be estimated
for the stock nor could a fishing mortality
reference point be determined. The 1996-
1998 NEFSC autumn survey biomass index of
0.15 kg/tow is below the proposed SFA
biomass threshold reference point of 0.16
kg/tow (Figure B107). Smooth skate is
overfished.

The abundance of clearnose skate has been
increasing since the mid 1980s. The fishing
mortality rate could not be estimated for the
stock nor could a fishing mortality reference
point be determined. The 1996-1998 NEFSC
autumn survey biomass index of 0.72 kg/tow
is above the proposed SFA biomass threshold
reference point of 0.28 kg/tow (Figure B107).
Clearnose skate is not overfished.

The abundance of rosette sk