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MEETING OVERVIEW

 The Stock Assessment Review Commiitee
(SARC) meeting of the 29th Northeast Regional
Stock Assessment Workshop (29th SAW) was
held in the Aquarium Conference Room of the
Northeast Fisheries Science Center’s Woods
Hole Laboratory, Woods Hole, MA during 21-
25 June, 1999. The SARC Chairman was Dr.
Victor Restrepo, University of Miami (FL).
Members of the SARC included scientists from
the NEFSC, - the Northeast Regional Office
(NERO), the New England Fishery
. Management Council INEFMC), Atlantic States
Marine Fisheries Commission (ASMFC), the
States of Rhode Island and Massachusetts, DFO
- Canada, and CEFAS, Lowestoft (UK) (Table
- 1). Inaddition, 35 other persons including three
Industry Observers, attended some or all of the
meeting (Table 2). The meeting agenda is
presented in Table 3. '

Table 1. SAW-28 SARC Composition.

_ Chairman:
Victor Restrepo, University of Miami

Four ad hoc experts chosen by the Chair:
Jon Brodziak, NMFS/NEFSC
Loretta O’Brien, NMFS/NEFSC
William Overholtz, NMFS/NEFSC
Tim Smith, NMFS/NEFSC

One person from the NMFS Northeast Regional Office:
John Witzig, NMFS/NERO

One person from each regional Fishery Management
- Council:
Andrew Applegate, NEFMC
Richard Seagraves, MAFMC

Atlantic States Marine Fisheries Commission/State
personnel:
Michael Armstrong, ASMFC
Jeffrey Brust, ASMFC

One or more scientists from:
Academia - William Macy, University of Rhede
Island
NMFS Pilot Project - Mark Bravington, CEFAS (UK)

T DFO, Canada - Sdiiuel Naidu, DFO, St. Johns

Opening

Dr. Terrence Smith, Stock Assessment
Workshop Chairman, welcomed the meeting
participants. In his introductory remarks, he
thanked the Working Group members who, he -
indicated, "worked in the trenches for several
weeks" to prepare the documentation for
SARC review. '

Table 2. List of Participants.

National Marine Fisheries Service
Northeast Fisheries Science Center

Frank Almeida Ralph Mayo
John Boreman Bill Michaels
Steve Cadrin Steve Murawski
Steve Clark - Paul Nitschke

Emma Hatfield Loretta O'Brien
Deborah Hart Paul Rago

Lisa Hendrickson Fred Serchuk
Elizabeth Holmes Gary Shepherd
Joe Idoine Pie Smith

Larry Jacobson Terry Smith
Han-Lin Lai Katherine Sosebee
Jason Link Mark Terceiro

Susan Wigley

Massachusetts Division of Marine Fisheries
Steven Correia

Mid-Atlantic Fishery Management Council
Alan Weiss :

National Research Council Postdocteral Program
Stuart Whipple

Rutgers University
Eric Powell

Conservation Law Foundation
Anthony Chatwin

Industry Observers
Hugh Hogan
Ray Starvish

James Fleichier

CMAST '
Kevin Stokesbury
Degin Cai



Table 3. Agénda of the 29th Northeast regional Stock Assessment Workshop (SAW-29) Stock

Assessment Review Commiittee (SARC) meeting.

Aquarium Conference Room
NEFSC Woods Hole Laboratory
Woods Hole, Massachusetts
21 June (1:00 PM) - 25 June (6:00 PM) 1999

AGENDA
TOPIC WORKING GROUP SARC LEADER ‘RAPPORTEURLS)
' - & PRESENTER(S)
MONDAY, 21 JUNE (1:00 PM = 8100 PIV)..oovvvommeeeeeoeeoeseeeeeeeeeeoeseoeseseessseseesmeseessssssssssesseeesssesssmeessseeseneseeeseessssessessesesmoesceems
Opening
Welcome Terry Smith, SAW Chairman
Introduction Victor Restrepo, SARC Chairman P. Smith
Agenda
Conduct of meeting
Witch Flounder (A) Northern Demersal W.G.
' S. Wigley L. O'Brien R. Mayo
SOCIAL at the Sissenwines’ (7:00 PM)
TUESDAY, 22 June (8:30 AM-6:00PM).....cc.ovcinnniniiine O USSR
Scallops (B) 7 _ ~ Invertebrate W.G.
H. Lai M. Bravington R. Mayo
WEDNESDAY, 23 June (8:30 AM - 5:00 PM ..o
Loligo Squid (C) Invertebrate W.G.
S. Cadrin/E. Hatfield W. Macy G. Shepherd
lllex Squid (D) Invertebrate W.G.

L. Hendrickson/P. Rago  J. Brodziak

THURSDAY, 24 June (8:30 AM - 6:00 PM)...oooii e

Review Advisory Reports and Sections for the SARC Report

FRIDAY. 25 June (8:30 AM-6:00 PM).......ooiiiiiiiiiiiiiiiiiiiiiis i riinie e ee s e ere e

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

Other business

[\

E. Holmes

P. Smith



Dr. Smith briefly reviewed the
responsibilities of SARC members, the
SARC leaders, rapporteurs, and presenters
and Dr. Restrepo invited the meeting
participants to introduce themselves.

The Process

The SAW Steering Committee, which guides
the SAW ‘process, is composed of the
executives of the five partner organizations
responsible for fisheries management in the
Northeast Region (NMF S/Northeast Fisheries
Science Center, New England Fishery
Management Council, Mid-Atlantic Fishery
Management Council, and the Atlantic States

Marine Fisheries Commission). 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 contained in

the 29" SAW Public Review Workshop
Report, NEFSC Ref. Doc. 99-13.

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

Table 4. SAW-29 Working Group meetings and participants.

Working Group and Participants

Meeting Date

Stock/Species

Northern Demersal Working Group
J. Brodziak, NEFSC

R. Brown, NEFSC

S. Cadrin, NEFSC

S. Correta,, MA DMF

R. Mayo, NEFSC (Chair)

L. O'Brien, NEFSC

P. Rago, NEFSC

K. Sosebee, NEFSC

© S, Wigley, NEFSC

[nvertebrate Working Group

26-28 May, 1999

Witch Flounder

L.. Axelson, MAFMC

G. Begg, NEF5C

. 1. Brodziak, NEFSC

S. Cadrin, NEFSC

G. Goodwin, Sea Freeze Lid.
E. Hatfield, NEFSC

D. Hart. NEFSC

L. Hendrickson, NEFSC
L. Jacobson, NEFSC (Chair)
I. Link. NEFSC

M. Maxwell, MBL

S. Murawski, NEFSC
W. Overholtz, NEFSC
E. Powell. Rutgers Unv.
P. Rago. NEFSC

I. Rule. MAFMC

R. Seagraves, MAFMC
L. Shulman, NEFSC

M. Terceiro, NEFSC

I. Weinberg, NEFSC

W. Macy. URI

R. Mavo. NEFSC

19 February, 1999 nshore Longfin Squid (Zoligo pealei)
31 March, 1999
6 May, 1999

17-19 May, 1999

29 October, 1998
14 December, 1998 .
17-21 May, 1999

Northemn Shortfin Squid (/llex illecebrosus)

19-21 May, 1999 Sea Scallop



Agenda and Reports

The SAW-29 SARC agenda (Table 3) included
presentations on assessments for witch
flounder, sea scallops, loligo Squid. and illex
Squid.

A chart of US commercial statistical areas used
- ta report tandings 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
containing the assessments, SARC comments,

and research recommendations (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 two sessions of the SAW-29 Public
Review Workshop that were held during
regularly scheduled NEFMC and MAFMC

~meetings (10 August, 1999). The documents

will be published in the NEFSC Reference
Document series as the 29" SARC Consensus
Summary of Assessments and the 29" SAW
Public Review Workshop Report (the latter
document includes the Advisory Report), after
the Public Review Workshop sessions.
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A. WITCH FLOUNDER (Glyprocephalus cynoglosus, L.)

TERMS OF REFERENCE

a. Update the status of the Gulf of Maine - Georges
Bank witch flounder stock through 1998 and
characterize the variability of estimates of stock size
and fishing mortality rates. -

b. Provide projected estimates of catch for 1999 and
spawning stock biomass for 2000-2001 at various
levels of F.

¢. Comment on and revise, if necessary, the
overfishing definition reference points for witch
flounder recommended by the Overfishing
Definition Review Panel.

INTRODUCTION

The witch flounder (Glyprocephalus cynoglossus, L.)
or grey sole is a deep water boreal flatfish occurring
on both sides of the North Atlantic. In the
Northwest Atlantic, witch flounder are distributed
from Labrador to Georges Bank and in continental
slope waters southward to Cape Hatteras, North
Carolina. In U.S. waters, the species is
commercially abundant in the Gulf of Maine-
‘Georges Bank region [defined as Northeast Fisheries
- Science Center (NEFSC) Statistical Reporting Areas
(SA) 511-515, 521-522, 525-526, and 561-562;
Figure 1], and, in the absence of any stock structure
information, is assumed to comprise a single stock
unit. Prized as a table fish, witch flounder receives
a high ex-vessel price relative to other flounders and
represents an important by-catch component in the
New England mixed species groundfish fishery.

Annual landings during the period 1910-82
averaged 3,000 metric tons (mt), and ranging
from 1,000 to 6,000 mt (Lange and Lux. 1978;
Burnettand Clark 1983). More recently, landings
declined from a peak of 6,660 mt in 1984 to a
low of 1,490 mt in 1990. Landings for 1998 were
1.849 mt (Figure A1). '

Previous witch flounder stock assessments were
conducted by Bumett and Clark (1983) and
Wigley and Mayo (1994). This report provides
an update on the status of witch flounder in
Subareas 5 and 6, presents an analytical
assessment for the stock for the 1982-1998
period, and provides estimates of discards from
the shrimp fishery and large-mesh otter trawl
fishery based upon analyses of sea sampling,
commercial and research vessel survey data
through 1998.

Witch flounder is managed under the
Multispecies Fisheries Management plan since
1987. Significant changes in these regulations
include: 1) increases in minimum size in 1983
and 1987; 2) increases in mesh size in 1982,
1983, 1994; and 3) effort reductions in 1996.
Management regulations for the northern shrimp
fishery also impact witch flounder; significant

changes in the shrimp fishery include a monthly .

10% by-catch limit which restricted the
possession of groundfish to 10% by weight of
shrimp in the mid-1980’s to early 1990s; and the
implementation of the Nordmore grate to exclude
groundfish in 1992, In 1998 the Sustainable
Fisheries Act revised the overfishing definition
for witch flounder. The Amendment 9 control
rule was developed to define overfishing
thresholds and targets (Applegate et al. 1998) for
witch flounder.



THE FISHERY
Recreational Catches
There is no recreational fishery for witch flounder.

Commercial Landings

USA commercial landings in 1998 totaled 1,849 mt,
a 4% increase over 1997 (Table Al); and 24%
higher than in 1990, the lowest value since 1964
(Figure Al). Canadian landings from the stock have
been negligible (<10 mt in 1997; Table Al).
Landings from the Grand Banks (NAFO Divisions
3LNO) during 1985 to 1990 are not included in this
assessment. Canadian {andings from the western
Scotian Shelf (NAFO Division 4X) are not
considered due to the fact that, until recently, witch
flounder were reported as ‘other flounders’ by
Canada, and cannot be separated from other flounder
Species.

The western Gulf of Maine (SA 513 and 514) and
the central basin (SA 515) provide nearly half of the
USA witch flounder landings; landings from
Georges Bank are confined to the deeper waters
north of the South Channel (SA 521, 522; Table
A2). Otter trawl catches account for about 97% of
witch flounder landings, with sink gillnets
comprising the remainder. Catches are generaily
highest during March-July when witch flounder
form dense pre-spawning aggregations (Burnett et
al. 1992). The majority of witch flounder are landed
in Maine ports, primarily Portland, with lesser
amounts landed in New Bedford, and Gloucester,
MA.

Although culling and grading practices vary by port,
witch flounder have historically been landed as
either 'small' or 'large’; however, three market
categories (‘peewee’, ‘medium’, and 'jumbo’) were
added m some ports beginning in 1982 (Table A3,
Figure A2). Since the early 1990s, the proportions
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of witch flounder landings from the peewee and

small market categories have steadily increased.
In 1998, witch flounder less than 45 cm (‘peewee’
and 'small’' market categories) constituted 83% of
total landings (Table A3). The current regulated
minimum lfanding size for witch flounder is 36
cm (14 inches).

Sampling Intensity

Length frequency and age sampling data for
witch flounder landings from the Gulf of Maine-

Georges Bank region are summarized by quarter

and market category (because some ports do not

cull into 'peewee’ or 'jumbo’ categories, NEFSC

sampling protocols incorporate these categories

into the ‘small' and ’large' categories,.
respectively). Until 1982, sampling was minimal

and sporadic. During 1982-1988, an average of
48 length frequency samples was obtained

annually over all market categories, representing
1 sample per 102 mt [anded. In 1990, sampling
requirements were adjusted to [ sample per 50 mt
to obtain more samples from the 'large’ market
category. However, samples for the 'large’
market category have been difficult to obtain due
to the sharp decrease in the landings of larger fish
in recent years. Sampling intensity during 1990-
1998 averaged 35 samples annually, representing
| sample per 56 mt landed; nonetheless, even
with this increased sampling intensity, inadequate
numbers of samples were obtained for some
market categories and quarter combinations.

In 1998, of the 23 samples collected, 14 were
small samples (61%) 6 were medium (26%) and
3 were large (13%). Compared with the 1998
market category landings distribution by weight
(small 85%; medium: 10%; large: 5%), sampling
in 1998 reasonably approximated the market
category distribution of landings on an annual
basis. However, pooling of length frequency
samples across quarters were required when only



one or no samples existed. A summarv of pooling
procedures by year, market category and quarter is
* presented in Table A4.

Commercial Landings at Age

Commercial age data for the years 1982 to 1998
were available for this assessment. Quarterly age-
length keys (ALKSs) were applied to corresponding
commercial landings length frequency data by
market category. Resulting estimates of annual age
compositions (age 0 to 14+) are presented in Table
AS. No discemible changes in growth are evident
during the 1982-1998 period; although landings
‘mean weights and mean lengths at ages 6 to 8
“declined in 1996-1998, this may be an artifact of
- poor sampling in recent years. '

Discards

The Domestic Sea Sampling Program (DSSP),
which began in 1989, has generated various levels of
coverage for different fisheries. Prior to the DSSP,
NEFSC conducted sea sampling on an ad-hoc basis.
The northern shrimp fishery, the small-mesh otter
trawl fishery, and the large-mesh otter trawl fishery
are three fisheries in which discarding of witch
flounder occurs. A summary of available sea sample
data collected, by gear type, in the DSSP is
presented in Table A6. In this assessment, discard
estimates have been estimated for the shrimp fishery’
and the large-mesh otter trawl fishery.

Northern shrimp fishery

Since the ‘shrimp season’ spans a calendar year, in
this report, the year in which most of the fishing
occurred will be used to identify the entire season.
For example, 1990 will refer to the shrimp season
from December I, 1989 to May 31, 1990. The
estimation procedures used in the 1994 assessment
(Wigley and Mayo 1994) and reviewed by the SAW

18 (NEFSC 1994), were extended through 1998
using the same methodology. The ratio of witch
flounder discarded (kg) to days fished was
calculated using DSSP data for individual shrimp
seasons, 1989-1997, by fishing zone. Since depth
is an important factor influencing discards
(Wigley MS 1994), discard ratios were calculated
for each of three fishing zones (zone 1 = (=3
miles from shore, zone 2=13 - 12 miles, and zone
3 = greater than 12 miles) in each season. Forthe
most part, fishing zones are analogous to depth
zones. Statistical testing of zonal discard rates
(Table A7) indicated differences between fishing
zones in most years. The zone-specific discard
rates were weighted by the days fished in each
zone to calculate a weighted mean discard rate for
each season (Table A8). To estimate witch
flounder discard rates prior to the DSSP program,
{i.e., 1982-1988), a simple linear regression was
employed using 1989-1992 weighted mean
discard rates and annual indices of witch flounder
abundance. The NEFSC autumn bottom trawl
survey index of age 3 fish was found to be the
best predictor of annual discard rates (£ = 0.97, p
=0.0127; Figure A3; Wigley MS 1994).

With no 1998 DSSP sampling in the northem
shrimp fishery, an alternative method of survey
filtering was explored to estimate witch flounder
discard rates; however, due to insufficient length
frequency data at small sizes, this method did not
prove fruitful. A simple linear regression using
1993-1997 annual shrimp season discard rates
and annual survey indices of autumn age 3 fish
was employed (r* = 0.87, p=0.0206). This five-
point regression may not be as robust as the £
suggests, as 4 of the points were somewhat
clustered (Figure A3).

To obtain total weight of witch flounder
discarded during a shrimp season, season discard
rates (kg per day fished) were multiplied by the
total number of days fished by the commercial



fleet in each season (Table A8). Estimated discard
weight was then translated into discarded numbers at
age by applying witch flounder sea-sampled discard
length-frequencies expanded up to the total discard
weight and then applying NEFSC spring bottom
trawl survey age-length keys. Detailed information

on this method is given in Wigley (MS 1994). For-

1995-1998, days fished were estimated from the

Vessel Trip Reports (VTR) using a stratification

‘Jevel of year, ton class, port group, month, and
fishing zone. - To derive the number of tmps by
fishing zone, the proportion of VIR trips by fishing
zone was applied to the number of trips in the
weighout database. Days fished per trip in each
fishing zone were derived from the VTR data. Days
fished per trip were then multiplied by the estimated
number of trips for each fishing zone to derive
estimated days fished by fishing zone, and then
summed over year and fishing zone. The number of
shrimp trips estimated in this analysis compares
favorably with number of trips reported in the
shrimp assessment which were denived via a
different method (Armstrong, et al. 1998).

Without 1998 DSSP sampling, length-frequency
data were unavatilable to partition the 1998 estimated
discard weight into numbers at length; therefore, as
a surrogate, the 1997 DSSP length-frequency was
used. The 1998 NEFSC spring survey age/length
key was applied to apportion numbers at age for
each shrimp season.

Discard estimates of numbers at age and weight
were derived on a shrimp season basis due to the
limited number of length frequency samples in
~ December. To adjust the shrimp fishery discard-at-
age matrix from a shrimp season basis to calendar
year, the ratio of December days fished to the entire
shrimp season days fished was used to apportion of
the weight and numbers discarded into December
and January-May categories. The December
discard-at-age matrix was shifted back one age, and
then re-combined with the January-May matrix of
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the corresponding calendar year. The December
discard weight was combined with January-May
of the same calendar year. Mean lengths and
mean weights at age in the re-combined catch at
age were weighted by the numbers at age from
each category.

Witch flounder discards in the northern shrimp
fishery ranged from a low 6 mt mn 1982 to a hugh
of 34 mt in 1988 and 1995 (Table A9).
Similarly, number of witch flounder discarded
ranged from 62,000 fish discarded in 1982 to 1.8
million fish in 1994 (Table A9). Estimates of age
compositions of discarded witch flounder in the
shrimp fishery are presented in Table Al0.

Discarded witch flounder from the shrimp fishery

‘range from age 0 to 6, with ages 2 and 3 most

commonly discarded (Table A10). Over the
time series, an estimated 7.3 million witch
tflounder have been discarded in this fishery.

Large-mesh otter traw! fishery

The DSSP has not generated sufficient data for
directly estimating the age composition of
discards in the large-mesh otter trawl fishery due
to low sample sizes over the time series (Table
A6). The estimation of discards in the large-
mesh otter trawl fishery is based upon a method
developed by Mayo et al. (1992) which utilizes
survey and commercial catch at length data,
commercial gear retention ogives, and
information on culling practices.  Research
vessel length frequency data were filtered through
commercial gear retention ogives corresponding
to the predominant mesh size employed in the
large-mesh fishery (130, 140, and 152 mm) and
then through a culling practice ogive. Due to the
sparse gear retention studies for witch flounder,
mesh selection ogives were taken from Walsh et
al. (1992) for American plaice. Given the high
value and low abundance of this species, the
culling practice of commercial fishermen was
assumed to be knife edge at the minimum landing



size. A semi-annual ratio estimator of survey
filtered ‘kept’ index to semi-annual numbers landed
was used to expand the estimated “discard’ survey
index to obtain numbers of fish discarded at length.
The method used in this analysis differs from the
method described by Mayo et al (1992) which
employs an expansion factor derived from-a linear
regression from the ratios of kept to landed at length.
A spreadsheet illustrating the method used 1s
presented in Table A1l for 1993 using the spring
survey and commercial landings from quarters 1 and
2. Semi-annual numbers of discard fish at length
were apportioned to age using the corresponding
- season NEFSC age/length key. Estimated numbers
- of discarded witch flounder in the large-mesh otter
trawl fishery are presented by season in Table A12.
Results indicate that in recent years, numbers
discarded at sea comprised as much as 64% of the
witch flounder landed. The general pattern of
discarding appears to be consistent with that
expected given strong recruitment during 1979-
1981, 1985, and 1989-1993.

For years in which sufficient DSSP data were
available, 1.e. 1989, 1993, 1995, 1996, 1997, survey
filtered length-frequencies were compared with
DSSP  length-frequencies by half-year. Length-
frequencies from the kept and discarded catch were
found to be generally consistent between the survey
filtered data and the DSSP data.

‘Estimates of age compositions of discarded witch
~ flounder in the large-mesh otter trawl fishery are
presented in Table Al13. Witch flounder discard-at-
age from the large-mesh fishery range in age from 0
to 6, with majority at ages 3 to 5. Over the time
series, an estimated 17.8 million witch flounder have
" been discarded in this fishery.

The Vessel Trip Report data were explored for
information on discarding of witch flounder.
Reporting of discard information in the logbooks are
known to be incomplete. To eliminate problems

associated with incomplete reporting, a subset of
the VIR data was used. The VTR subset
included only logbooks which reported discards
of any species (Delong et al. 1997), assuming that
operators who report discards of any species,
would reliably report witch flounder discards.
This subset was used to estimate discard ratios
(discard weight/kept weight) by quarter and gear
tvpe from 1994 to 1998. Limitations of this
analysis are: 1) the dealer data used to expand
discard rates o total discard weight does not
contain information on mesh size, precluding
partitioning of otter trawl fisheries into small and
large mesh trips; and 2) no area information on
dealer data to isolate trips from the Guif of
Maine-Georges Bank region.  From this
exploratory analysis, results suggest that
discarding of witch flounder in the otter trawl
fishery ranges from approximately 5 to 10 % of
the landed weight of witch flounder. Caution
should be noted in using these estimates as not all
fishermen report discarding practices. The
estimate of discards to landings, by weight,
derived from the survey filtering method ranged
from 10 to 21% during the 1994 to 1998 period.

Mean weights at age of fish discarded in the
shrimp fishery were lower than those discarded or
landed in the large-mesh otter trawl fishery,
reflecting seasonal differences between these
fisheries. Mean weights and lengths at age of
discarded fish in the large-mesh fishery were
lower than those of landed fish.

Total Catch at Age

Total catch at age compositions (including
commercial landings, discards from the northern
shrimp fishery and the large-mesh otter trawl
fishery) are presented in Table A14 and Figure
A4, The age composition data reveal strong
1979-1981 year classes (Table A14). The 1985
year class also appears to have been strong;



however, this cohort was heavily discarded in both
the shrimp and large-mesh otter trawl fisheries
(Tables A10 and A13). High levels of discarding
were also evident for the 1988 and 1989. and 1991-
1995 year classes (Figure A4).

Since witch flounder landings are highest during
March-July, the average weights-at-age approximate
mid-year weights. Mean weights at age for January
1 (necessary for computing stock biomass in the
VPA) were calculated using procedures developed
by Rivard (1980) and are given in Table'AlS.

STOCK ABUNDANCE AND BIOMASS
INDICES

Commercial LPUE

Commercial catch rates (landings per unit effort,
LPUE, expressed as landings in mt per day fished)
were derived for vessel tonnage classes 2-4 [Class 2
consists of vessels 5 to 50 gross registered tons
(GRT); Class 3, 51 to 150 GRT; and Class 4, 151 to
500 GRT). These vessel classes account for greater
than 95% of annual witch flounder otter trawt
landings. LPUE indices for the Georges Bank-Gulf
of Maine region were computed for: 1) all trips
landing witch flounder, and 2) trips in which 40% or
more of the total landings comprised witch flounder
(Table 25). These '40% trips' may represent effort

that 1s 'directed’ towards witch flounder, a species-

historically taken as by-catch.

For all trips landing witch flounder, increases in
LPUE occurred in 1977-1978 for tonnage classes 2
and 3 and in 1982 for tonnage class 4, and remained
high during the early 1980s; however, LPUE indices
declined steadily for all tonnage classes from 1986
to 1990. Although a slight increase occurred in the
early 1990s, recent LPUE indices are still among the
lowest values observed in the time series (Figure
AbSa). Indices for 40% trips peaked in the early
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1980's and have declined dramatically since then
(Figure AS5a). Effort (days fished) associated
with all trips and 40% trips increased during the
late 1970s and early 1980s, peaked during 1985-
1988, decreased until 1990, and have since
slightly increased (Figure A5b). While there is
some evidence of increased directed effort in the
early and mid 1980s [a period in which both
witch flounder and Amencan plaice were
abundant and a small directed fishery emerged
(Burnett and Clark 1983)), it is likely that LPUE
indices derived for all trips landing witch
flounder provide the best measure of relative
abundance. In 1994 the NEFSC commercial
data collection system changed from a voluntary
to a mandatory system in which fishermen self-
report fishing effort. Investigation is still on-
going to determine if the time series of LPUE
data can be extended (considered one series) or
whether the post 1993 LPUE derived under the
mandatory system constitutes a separate time
series. Effort (days fished) for 1994 to 1998 may
be underestimated in this report since effort is
based upon preliminary VTR data, which does
not represent 100% of the trips.

Research Vessel Survey Indices

The NEFSC has conducted annual research
vessel stratified random bottom trawl surveys
during autumn since 1963 and during spring
since 1968. Details on survey sampling design
and the use of survey data in stock assessments
are given in Azarovitz (1981) and Clark (1981),
respectively. The Commonwealth of
Massachusetts Division. of Marnne Fisheries
(DMF) began an inshore trawl survey in 1978 .
which complements the NEFSC survey incoastal

Massachusetts waters in that depths less than 27
meters (the lower depth limit sampled by the
NEFSC offshore survey) are sampled (for details
of this survey, see Howe et al. [981).
Additionally, the Northern Shrimp Technical



Committee of the Atlantic States Marine Fisheries
Commission (ASFMC) has conducted an annual
northern shrimp survey during August in the Gulf'of
Maine since 1983, with catch data for witch flounder
available from 1984 on (for details of the shrimp
survey, see Northern Shrimp Technical Committee
MS 1984).
information relative to trends in abundance,
distribution, and recruitment of witch flounder in the
Gulf of Maine-Georges Bank region. Strata utilized
in the denvation of indices of relative abunddnce and
biomass for witch flounder are as follows: NEFSC,
offshore strata 22-30, 36-40 (Figure 2);
Massachusetts DMF, regions 4 and 5); and northern
- shrimp, strata 1, 3, 6, and 8 [See Wigley et al. 1999
for survey strata charts].

Witch flounder are generally distributed throughout
the Gulf of Maine, along the Northern Edge and
southern. flank of Georges Bank, and southward
along the continental shelf as far south as Cape
Hatteras, NC (Figures A6a and A6b). Juvenile
witch flounder (< 25 cm) are distributed along the
western Gulf of Maine, with a few in the canyon
areas in the Mid-Atlantic region (Figure A7a and
ATb). Concentrations of witch flounder along the
western portion of the Gulf of Maine are observed
the ASMFC shrimp survey, however this survey has
limited spatial coverage.

Research vessel survey indices of - abundance,
biomass, and mean length for NEFSC surveys,
Mass. DMF surveys, and ASMFC shrimp surveys
are presented in Table A16 and Figures A8 - A12,
respectively. Length frequency data from these
surveys are presented in Wigley et al 1999. A
- summary of available age data from NEFSC surveys
is given in Table A17; survey age samples collected
during 1976 to 1979 have not been aged. Too few
age samples are collected during DMF surveys to
reliably characterize the age composition of witch
flounder in the inshore areas, and no age samples are
collected on ASMFC surveys. Age-specific relative

All three surveys provide useful-

abundance indices from NEFSC spring and
autumn surveys 1982-1993 are presented in Table
AlS8.

While NEFSC spring survey indices tend to be
more variable due to the ~pre-spawning
aggregations of witch flounder, spring and
autumn indices generally display similar trends.
Abundance and biomass remained fairly stable
from 1963 until the late 1970s (Table AlS,
Figures A8a and A8b ); autumn indices declined
during the early and mid 1980s, reaching record
lowlevelsin 1987. Abundance sharply increased
in 1993, due to a strong 1993 year class (Table
A18, Figures A8b) and has generally remained
high. At the same time, mean length declined,
and has not re-bounded (Figure A9). The
NEFSC spring and autumn survey indices of
witch flounder greater than 40 cm have declined
over the time series and are currently at low
levels (Figure A10). '

Length frequency data from the ASMFC shrimp
survey suggest that incoming year classes can be
identified prior to their appearance in the NEFSC
surveys. Thus, the ASMFC survey appears to be
more useful in providing a pre-recruit index than
in characterizing the population as a whole. The
ASMFC survey data indicate improved
recruitment during the mid-1990's Figure All;
see Wigley etal 1999 for length frequency modes
at 12 cm, corresponding to age 1 fish, during
1990-1993, ). Significant numbers of small fish
were also observed in the NEFSC autumn survey
during the same year. The Massachusetts DMF
survey indices do not reflect this recent improved.
recruitment (Figures Al2aand A12b). However,
the DMF surveys do not consistently catch
significant numbers of witch flounder less than
20 cm.

Mean lengths at age from NEFSC spring and
autumn surveys are presented in Table A19 and
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for ages 4 to 8 in Figures Al3a and Al3b. Mean

lengths at age for ages 5 to 7 appear to have
increased approximately 3-5 cm from 1980 to the
late 1980's, and then declined (Figures Al3a and
A13b); however, Von Bertalanffy growth analyses
detected no significant changes in resulting growth
parameters over the time period.

Reduced abundance levels in recent years have
resulted in fewer age samples and highly variable
estimates of numbers at age. Additionally, age
compositions have become more truncated resulting
in a diminished ability to track of individual cohorts.

NEFSC spring and autumn survey mean weights at
age are given in Table A20. Survey mean weights
are variable, however, similar declines in mean
weights for ages 6-8 were observed during 1996-
1998 in both the commercial landings and spring
and autumn surveys.

MATURITY

Witch flounder maturity observations have been
collected on the NEFSC research bottom trawl
surveys stnce 1977. The NEFSC spring surveys
were used for maturity analyses as these surveys
occur closest to and prior to spawning (Halliday
1987). Probit analyses (SAS 1985) of maturity at
age data revealed that there have been five maturity
stanzas over the assessment period (Table A21). The
proportion at which 50% of the fish are mature at
age (A,,) was significantly different for the time
periods 1980-1982, 1983-1984, 1985-1990, 1991-
1993 and 1994-1998. Due to small sample sizes, it
was necessary to pool individual years, however,
individual years were examined, and then pooled
into time blocks. Trends in female Ay, and L, were
similar, progressively decreasing from 1980-82 to
1985-90, then increasing to 1983-84 levels, then
declining in 1994-98 to 1985-90 levels. It appears
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that the strong 1985 year class may have had an
effect on maturation patterns. For maturity-at-
length analyses, data from 1977-1980 were
applied to the 1963-1976 period.

Stratified mean weight and number per tow of
mature (spawning stock) witch flounder were
calculated for spring NEFSC research vessel
surveys (Table A22). The spawning stock

- biomass indices close_ly track total biomass index

eXcept in most recent years, indicating a larger
proportion of immature fish in the population.

MORTALITY

Natural Mortali

Bumett (MS [987) estimated instantaneous
natural mortality (M) to be 0.16 from a regression
of survey-derived instantaneous total mortality
(Z) estimates on commercial fishing effort.
Halliday (1973) used a value of M = (.15 for
females and M = 0.2 for males in an assessment
of Scotian Shelf witch flounder. In the present
study, virtual population analyses, vield per
recruit and spawning stock biomass per recruit
analyses were performed assuming M =0.15.

Total Mortality

Estimates of instantaneous total mortality (7))
were computed from NEFSC spring and autumn
research vessel bottom trawl survey catch per tow
at age data by combining cohorts over the
following time periods: 1982-1985, 1986-
1989,1990-1993, and 1994-1997. Given the
variability In-age at full recruitment to the
sampling gear observed during the survey time
series (Table A23), estimates were derived for
each time period and each season by taking the
natural logarithm of the ratio of pooled age 7+ to



pooled 8+. For example. the estimate of Z for 1982-
1985 was computed as:

Spring:
In (sum age 7+ for 1982-1985 / sum age 8+ 1983-1986)

Autumn:
In (sum age 6+ for 1981-1984 / sum age 7+ 1982-1985).

To evaluate Z over identical year classes within each

of the survey series, different age groups were used

in the spring and autumn.

Total mortality estimates from the two survey series
- exhibited similar trends, although autumn estimates
were generally lower than those in the spring (Table
A23). With no objective basis to select one survey
series over another, total mortality was calculated by
taking the geometric mean of the spring and autumn
estimates during each time period. Total mortality
increased from 0.41 during 1982-1985 to 0.74
" during 1986-1989, declined to 0.44 during 1990-
1993, and increased to 0.54 during 1994-1997
(Table A23). Additionally, annual estimates of total
mortality were calculated, and smoothed with athree
year moving average (Figure A14).

ESTIMATION OF FISHING MORTALITY
RATES AND STOCK SIZE

Virtual Population Analysis and Calibration

The ADAPT calibration method (Parrack 1986,
Gavaris 1938, Conser and Powers 1990) was
applied to estimate abundance at age in 1999 using
catch-at-age estimates (i.e., landings plus discards
from the shrimp and large-mesh otter trawl fishery;
Table Al4). Estimates of stock sizes, their
associated statistics, and F in the terminal vear are
summarized in Table A24.

An initial formulation (RUN 45) based upon the
1994 VPA (Wigley and Mayo 1994) was performed

to estimate 1982-1999 stock sizes for ages 4.7.8.9
(Table A24) using a catch-at-age matrix with a
10+ age group, NEFSC spring and autumn
abundance indices for ages 3 to 9, and age-
specific commercial LPUE indices for ages 7 to
9 as tuning indices. All indices were given equal
weighting. Autumn survey indices were lagged
forward one year and one age to calibrate with
beginning year population sizes of the
subsequent year. Spring indices calibrated
beginning year abundance and LPUE indices
calibrated mid-year stock sizes. A flat-top partial
recruitment (PR) pattern was assumed, with full
fishing mortality on ages 7 and older.
Instantaneous rate of natural mortality (M) was
assumed to be 0.15. The results of the initial run
indicated that coefficients of variation (CV) for
estimated ages ranged between 32% and 46% and
the CVs for survey catchability coefficients (q)
were consistent, ranging from 22% to 25%.

Alternative formulations included: 1) shortening
the LPUE time series [RUN 46]; 2) excluding
discards from the catch-at-age [RUN 51]; 3)
excluding the LPUE indices [RUN 52]; and 4)
varying the ages to be estimated and reducing the
plus group from 10+ to 11+ [RUN 50]. Results
from these alternative formulations showed a
consistent pattern of increasing F during 1992 to
1996, and a dramatic drop in F in the terminal
year. Residuals showed a persistent pattern of
high negative values apparently caused by
weakly detected year classes in the NEFSC
surveys and improved recruitment since 1989.

Based on these altemative formulations, a final
formulation was developed whereby age 3 was
not estimated {due to high CV on age 3 in run 50;
Table A24), and LPUE indices were excluded
due to uncertainties in the later years. This
formulation retained the desirability of an 11+
catch-at-age matrix which increased the numbers
of fully-recruited ages for which F was estimated
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and should perform better for projecting rebuilding
scenarios. Thus, the final ADAPT formulation (Run
54) provided stock sizes estimates for ages 4 to 101n
1999 and corresponding F estimates for ages 1 to 10
in 1998.

Assuming full recruitment at age.7, the F on ages 10...

and 11+in the terminal year was estimated as the
average of F on ages 7 through 9. The F on ages 10
and 11+ in all years prior to the terminal year was
derived from weighted estimates of Z for ages 7
through 9.  Spawning stock biomass (SSB) was
calculated at time of spawning (March) by applying
maturity ogives given in Table A21 and mean
weight at age calculated by the Rivard method
(Table A15). The final calibration assumed a PR on
age 3 in 1998 derived from the 1995-1997 F pattemn
taken from the penultimate calibration run (due to
mesh regulation changes in May 1994).

The VPA calibration indicated that 1999 age 3 stock
size was 131 million fish, approximately 4-fold
higher than any previously estimate of age 3
estimate. Given the extremely high estimate of age
3 stock size in 1999, three additional VPA
formulations were conducted for sensitivity of the
age 3 stock size; these formulations included: 1)
estimating age 3 stock size (Run 55) ; 2) eliminating
shrimp discards from the catch-at-age (Run 56); and
3) estimating age 3 stock size and eliminating
shrimp discards from the catch-at-age (Run 57,
Table A24). However, the negative residual pattern
- associated with the stock size estimates of age 3 and
4 persisted, and given the retrospective pattern
associated with age 3 recruitment (discussed below)
it was determined that the best estimates of age 3
and 4 stock sizes in 1999 would come from the
survey indices of recruitment. Stock sizes in 1999
for age 3 and 4 were estimated directly from the
survey data using regressions of VPA stock sizes on
the corresponding survey indices (Table A25; RTC3
program of ICES). The 1999 age 3 stock size was
estimated to be 38.706 million fish (1996 year class)
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and age 4 stock size in 1999 was estimated to be
19.457 million fish (1995 vear class). To
estimate age 3 fish in 1998 (the 1995 year class),
the 1995 year class at age 4 was back-calculated
(accounting for natural mortality) to be 22.686
million fish (Table A26).

VPA Estimates of Fishing Mortality, Spawning .

Stock Biomass and Recruitment

A full listing of the final ADAPT VPA
calibration output and diagnostics is presented in
Appendix A, and results including estimates of F,
stock size and spawning stock biomass at age, are
given in Table A26. The mean residual for the
VPA calibration was 0.811. The CVs on age 4 -
10 stock size estimates ranged from 0.35 to 0.52,
while the CVs on the estimates of survey
catchabilities were between 0.22 and 0.25. .
Normalized indices and standardized residuals
are presented i Figures Al5 and AlS6,
respectively. o

The VPA indicates that average fishing mortality
on fully recruited ages (7+) increased from 0.21
in 1982 to 0.59 in 1985, declined to 0.24 in 1990,
increased to 0.86 in 1996 then dropped to 0.37 in
1998, a 45% decrease from 1997 (Table A26,
Figure A17). This trend in F is generally
confirmed by the trend of pooled survey Z (Table
A23, Figure Al4).

Spawning stock biomass declined from 18,000
mt in 1982 to about 4,000 mt in 1993. Following
the recruitment and maturation of the strong

- 1991-1993 year classes, SSB increased sharply to

8,600 mt in 1998 (Table A26, Figure Al8).
Mean biomass (age 3+) declined steadily from
28,000 mt in 1982 to a low of 7,700 mt in 1994
and has subsequently increased to 18,934 mt in
1998,



Since 1982 recruitment at age 3 has ranged from
approximately 3 million fish (1984 year class) to 38
million fish (1996 year class), with most estimates
between 15 and 30 million fish (Table A26, Figure
Al8). Over the 1982-1998 period, geometric mean
recruitment of age 3 fish (the 1979-1996 year
classes) equaled 12 million fish, indicating that the
1989, 1991-1993 year classes were above average,
with the 1995 and 1996 year classes among the
highest in-the VPA time series (Table A26).

The relationship between spawning stock biomass
and recruitment (age 3) is presented in Figure A19.

Survival ratios, estimated as the ratio of age 3
* recruits over the SSB which produced those recruits,
- shows increasing survival in the 1990's (Figure
A20). The age composition of the spawning stock
biomass revealed that more than half the SSB in
1982 was composed of age 11+ fish, but by 1998,
more than half of the SSB consisted of age 5 - 7 fish,
many of which were first-time spawners (Figure
A21).

Precision of F and SSB

The uncertainty associated with the estimates of
stock size and fishing mortality from the final VPA
was evaluated using a bootstrap procedure (Efron
1982). One thousand bootstrap iterations were
performed to derive standard errors, coefficients of
variation (CVs) and bias estimates for the stock size
estimates at the start of 1999, the catchability
estimates (q) of the abundance indices used in
calibrating the VPA, and the 1998 fully recruited
fishing mortality rate (age 7+). Freguency
distributions of the 1998 mean fishing mortality and
spawning stock biomass bootstrap estimates were
generated, and cumulative probability curves
produced (Figures A22 and A23).

The bootstrap results indicate that age-specific stock
sizes in 1999 were moderately well estimated with

CVs ranging from 0.33 to 0.56. CVs on the
catchability estimates associated with the tuning
indices of abundance ranged from 0.19 to 0.24.
Age-specific Fs in 1998 were reasonably well
estimated with CV's tanging from 0.25 t0 0.61, as
was the mean fully recruited F (CV = 0.25).

The mean bootstrap estimate of the fully recruited
F in 1998 (0.39) was nearly identical to the VPA
point estimate (0.37). Based on the cumulative
probability curve (Figure A22), there is an 80%
probability that the 1998 F lies between 0.28 and
0.51.

The bootstrap mean of spawning stock biomass
in 1998 (9,100 tons) was rather precise (CV =
0.17) and slightly higher (5%) than the VPA
point estimate {8,600 tons). Based on the
cumulative probability curve (Figure A23), there
is an 80% probability that the 1998 SSB was
between 7,400 mt and 11,000 mt.

To gain a historical perspective of spawning
stock biomass, the survey time series of stratified
mean weight of mature fish from the NEFSC
spring survey was re-scaled to the VPA SSB via
a linéar regression ( = 0.82). The re-scaled
survey SSB reveals that SSB has generally
declined since the mid-1970's, and although SSB
has increased in recent years, current levels of
SSB remain at low levels (Figure A24).

Retrospective Analyses

A retrospective analysis was conducted on final
formulation (Run 54) from 1998 to 1991 by
sequentially removing the terminal year of the
data to evaluate intemal consistency of the
current ADAPT formulation with respect to
terminal estimates of F, SSB, and recruits at age
3 for the 7 years prior to the current assessment.
Results indicate that average fishing mortality
was over estimated during 1991-1995; however,
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F appears to be underestimated in 1996 and 1997
(Figure A25a). In general, estimates of SSB were
over estimated in 1994 through 1997, yet
underestimated in 1991-1993 (Figure A25b). The
retrospective analysis indicated a pattem of
relatively consistent estimates of the number of age
3 recruits, with the notable exception of the 1992
and 1993 year classes, which were considerably over
estimated (Figure A25¢)

Stbck Syntheéis Model

The size-based version of the Stock Synthesis model
{Methot 1989, 1990, 1998) was applied to estimate
witch flounder population biomass and fishing
mortality during 1982-1998. This age-structured
analysis was conducted to explore whether biomass
levels and trends from two different assessment
models would be similar given identical input data.
Several Synthesis model configurations that used
different submodels and observation components
were explored. In the final model, a single fishery
and two research surveys (NEFSC spring and
autumn bottom trawl) were included. Population
numbers at age were modeled for ages 1 through
25+. Population age observations were predicted for
- atotal of 11 age bins. The age bins were age-1, age-
2, ..., age-11+. Population length observations were
predicted for a total of 31 length bins consisting of
5-6 cm, ..., 65-66 cm. Selectivity-at-length curves
were estimated for the fishery’ and both surveys.
Retention of catch at length in the fishery was
estimated for two time periods (1982-1987 & 1988-
1998) based on a change in minimum landed fish
size in 1988. Overall, the final model had a total of

10 likelihood components with equal emphasis

levels. The likelihood components were: (1) fishery
age composition, (2) fishery size composition, (3)
distribution of fishery catch into retained and
discarded categories, (4) spring survey abundance
index, (5) spring survey age composition, (6) spring
survey size composition, (7) autumn survey
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abundance index, (8) autumn survey age
composition, (9) autumn survey size composition,
(10) annual recruitment deviations from a mean
stock-recruitment curve. Maximum likelihood
estimates of a total of 38 parameters were
determined when the total log-likelihood changed
by less than 0.001 in successive iterations.

Results of the exploratory Synthesis analysis were

generally similar to VPA results. Model fits to
the spring and autumn survey weight-per-tow
indices tracked observed values, although there
was a notably large negative residual for the 1982
autumn survey data point. Residuals from model
fits to fishery discard and landings length
compositions, as well as the proportion of catch
discarded by weight, exhibited some moderate
residual patterns. However, residuals from model
fits to survey age and length composition data
appeared to be randomly distributed. Key model -
outputs were similar to VPA outputs (Figure A -
26 ). Estimates of population biomass, fully-
recruited fishing mortality, and age-1 stock size
had similar levels and trends throughout the
assessment time honizon, although estimates of
the 1995-1996 year classes were relatively lower
with the Synthesis model. Overall, this analysis
suggested that assessment resuits for witch
flounder were relatively insensitive to the choice
of an age-structured model.

BIOLOGICAL REFERENCE POINTS

Yield and Spawning Stock Biomass Per Kecruit

Yield-per-recruit (Y/R), total stock biomass per
recruit, and spawning stock biomass per recruit
(SSB/R) analyses were performed using the
Thompson and Bell (1934) method. Mean
weights at age used in the Y/R analyses were
computed as an arithmetic average of catch mean
weights at age (Table A14) over the 1982-1998



period. Mean weights at age for use in the SSB/R
analyses were computed as the arithmetic average of
stock mean weights at age calculated by the Rivard
method (Table Al35) over the period 1982-1998.
The maturation ogives used are presented in Table
"~ A21. Given the changes in regulated mesh size in

1994, the exploitation pattern used in the yield and
SSB per recruit analyses and short-term projections
“was computed from the 1995-1997 VPA results
(Table A26). Geometric mean F at age was
computed for the 1995-1997 period and divided by
the geometric mean of the fully recruited annual Fs
to derive the partial recruitment vector. The final
exploitation pattern was smoothed, .applying full
~ exploitation on ages 7 and older, viz.

Agel Age2 Age3 Aged Age5 Age6 Age 7+
0.001 0.005 0.013 0.073 0233 0473 1.000

The input data and results for the Y/R and SSB/R
analyses are given in Table A27 and Figure A27.
The biological reference points were F,, =0.16,F,
=.35, and F,p, = .37. An additional yield per recruit
analysis was conducted using catch mean weights at
age dis-aggregated by landings, large-mesh otter
trawl discards, and shrimp fishery discards. The

proportion of F for each component was also
applied. Based on the landings per recruit, the
biological reference points were slight lower
(Fy, = 0.15 and F,, = .30; Table A28).

MSY Based Reference Points

A non-equilibrium surplus production analysis
(ASPIC; Prager, 1994,1995) was performed on
total catch and survey indices of stock biomass
from 1963 to 1998. The model was calibrated
with NEFSC spring and autumn biomass indices,
where spring indices were lagged back one year
to calibrate biomass at the end of the previous
year. Exploratory formulations included
unconstrained survey catchabilites (q), and
constrained q’s, spring series only, autumn series |
only. Spring and autumn biomass indices were
well correlated (r=0.65) and fit the model
reasonably well (= 0.62 and 0.40, respectively.
When q was unconstrained, the intrinsic rate of
increase (r) was unreasonably high for this slow
growing, long-lived species.

Summary of reference point estimates from alternative ASPIC analyses:

q constraint’ Surveys MSY Bmsy Fmsy

No . Spring & 4.303 8.87 049
Autumn

Yes Spring & 3.049 20.19 0.15
Autumn

Yes Spring 3.096 18.24 0.17

Yes Autumn 3.096 19.94 0.16
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In the final formulation, survey q’s were fixed
according to ADAPT VPA estimates of age 3+
biomass. The dynamic range of the model was
g00d (the B-ratio coverage was 1.7 and the B-ratio
nearness = 1.0). Results of the final formulation
estimated MSY to be 2,684 mt, B, to be 23.000
mt. and the corresponding F,, . = 0.106 (Table A29)

The Amendment 9 control rule states that when the

‘stock biomass exceeds B, . the “overfishing
threshold is F,,, and target F is lower 10"
- percentile of F__ (Applegate et al. 1998). When
stock biomass is less than B, the overfishing
threshold is based on maximum F that would allow
rebuilding to B, in five years as derived by
projections describe by Cadrin (1999). When
biomass is less than the biomass threshold, F = 0.
The biomass threshold is defined by the minimum
stock size that is projected to rebuild to B_,, in 10
vears at F=0, as derived by Cadrin (1999).

The Amendment 9 control rule was updated with
the revised estimates of F, (0.106), B, (25,000
mt) and the tenth percentile of F, (0.090; Figure
A2E). Based on the ADAPT estimates of age 3+
mean biomass in 1998 (18,934 mt) and F on
biomass (0.13), overfishing was occurring in 1998
(Figure A28). Assuming 1999 catches will equal
1998 catches, the 1999 F is estimated to be 0.20,
and the target fishing mortality prescribed by the
control rule for the 1999 stock size 1s 0.096 on
biomass, which is approximately equivalent to 0.19
on fully recruited ages assuming the current age
structure  of the population (assuming an
equilibrium age structure, the F on 3+ biomass
would be 0.12).

PROJECTIONS FOR 2000 AND 2001

Short-term three year stochastic projections were
performed to estimate landings, SSB and total
biomass (3+) during 2000-2001 under two F
scenarios using bootstrapped VPA calibrated stock
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sizes i 1999 (age 3 and 4 stock sizes were
estimated using RCT3 where the mean and
standard error were used to generate 1,000
estimates of age 3 and 4 stock sizes from a log-
normal distribution, 'and ages 5-11+ were taken
from the VPA results). Assuming status quo
landings in 1999, the fully-recruited F was
projected to be 0.20. - The partial recruitment.
maturity ogive, and mean weights at age were the
same as described in the yield and SSB per recruit
section { Table A30). Recruitment (age 3) in 2000-
2001 was derived by re-sampling from the
empirical observations during 1982-1997 (1979-
1994 vear classes). Fishing mortality was
apportioned among landings and discards based on
the observed proportion landed at age during
1995-1997. The proportion of F and M which
occurs before spawning equals 0.1667 {March 1):
M assumed to be 0.15. Spawning stock biomass
and total biomass (3+) in 1998 were estimated to
be 8,652 and 18,934 mt, respectively. The F
scenarios are: status quo Fy, =0.20 and F
0.19.

conwol rule

At fishing mortality of 020, landings are
projected to increase to 3,033 mt in 2000, and
3,769 mt in 2001. SSB is projected to increase to
18,924 mt in 2000, and increase further to 23,440
mt in 2001. Total biomass (3+) will increase to
29,695 mt in 2000, and 31,955 mt in 2001, above
B, of 25,000 mt (Table A30, Figure A29).
Fishing at F_ .0 e (0-19), landings in 2000 are
projected to be 2,894 mt and will increase to 3,623 -
mt in 2001.  SSB at F_ ., e Will increase to
18,951 mt in 2000 and 23,619 mt in 2001 and total
biomass (3+) is projected to be 29,779 mt in 2000
and 32,213 mt in 2001 (Table A30).

CONCLUSIONS

Based on the ADAPT VPA estimates of age 3+
mean biomass in 1998 (18,934 mt) and the 1998



.F on 3+ biomass (0.13), overfishing was occurring

in 1998. However, overfishing is not expected to
occur in 1999 based on catch statistics to-date
where estimated 3+ biomass in 1999 is projected to
be 26,048 mt and F on 3+ biomass is estimated to
be 0.20. Recent year classes appear to be above
average. Fishing mortality should not be allowed to
increase as fishing above F=0.19 (fishing mortality
target) will dissipate the potential benefits that the
recent recruitment levels should produce.
Spawning stock biomass is still at a low level
relative to the long-term survey biomass indices. It
is clear that, despite the variability in the survey
-indices, the age range of the stock has been greatly
‘reduced since 1985-1986 and that the catch at ages
' 2-4 is due almost entirely from fish discarded in the
shrimp and large-mesh otter trawl fisheries.

WORKING GROUP DISCUSSION

The Northem Demersal Working Group discussed
the spatial distribution of the stock and the use of
landings and survey indices in the assessment. The
Working Group noted that the Canadian landings
from 4X and 5Z were not included in the landings-
at-age. This results in an underestimation of total
catch and affects estimates of abundance.
However, the amount of Canadian landings from
57 are small and uncertain due to the large amounts
of unspecified flounders landed in that area. The
Working Group also noted that landings from
subarea 6 are included in the total landings used in
the catch-at-age, but the survey indices used to
calibrate the VPA only inciude the area from
Georges Bank north. This creates a potential
inconsistency. However, the core abundance of the
stock is well-surveyed within the strata set used and
the landings outside the core area are small
Adding the survey strata from subarea 6 into the
survey index would probably only add noise to the
index as the abundance in that area is very low
compared to the core area. The Working Group did

recommend that the trends in abundance outside
the strata set should be examined in the future.

The Working Group discussed whether the
Massachusetts observer data for the shrimp
fisherv should be used in the discard estimation.
These data are from a small group of boats from
Gloucester whose fishing patterns are different
from the rest of the shrimp fleet. Therefore, until
an appropriate weighting scheme is developed.
the Working Group determined that exclusion of
this fleet sector from the analysis was appropriate.

The accuracy of days fished by the shrimp fleet
by fishing zone (a proxy for depth) was discussed
in relation to estimation of discards. The total
number of days fished in the shnimp fishery from
the weighout/logbook method is consistent with
the estimates derived by the Northem Shrimp
Technical Committee which are based on a
different data collection system. The Working
Group concluded that the discard/day fished was
sufficiently different by fishing zone to warrant
separating them in the analysis whether or not the
days fished by zone are precisely determined.

Possible reasons for the high 1995 shrimp fishery
discard estimate were discussed. The Working
Group was concerned that the estimate was high
for reasons other than good recruitment of witch
flounder such as inadequate fishery coverage or
sampling variation. However, given that total
discard weights are low and the survey
corroborated the presence of. some large year
classes, the Working Group determined that the
estimates were valid but may present a source of
uncertainty.

The Working Group discussed the possible
effects of pooling commercial length and age
samples by season and market category on the
accuracy of the landings-at-age. The size
frequency differences between large and jumbo
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and those between small and peewee were
examined and found to be negligible, allowing for
pooling of these market categories when
insufficient numbers of samples were collected.

Seasonal pooling was necessary, particularly in the
most recent years, when the amount of sampling by

quarter and market category was insufficient to -

characterize the fishery. This could lead to
uncertainties in the catch-at-age.

The Working Group discussed possible reasons for
a declining trend from the late 1980s to early 1990s
in the mean weight-at-age from the landings. The
poor sampling in recent years could be a cause of
this decline. However, the same trend was noted in
the survey mean weights. Several reasons for this
change were discussed (including changes in
growth, emigration, or the fishery selectively
harvesting fast-growing fish at those ages) but no
conclusion was reached.

Biological reasons for apparent changes in median
age at maturity (A50) were discussed and were
generally explained by changes in abundance
and/or strong year classes. As abundance declined
in the 1980s, A50 also declined. As the strong 1985
vear class became mature, maturity was delayed
and there was an increase in the A50. The decline
1 AS50 in 1994-1998 was more difficult to explain.
The Working Group concluded that truncation of
the size structure over time was probably a more

significant factor in reducing reproductive potential -

of the spawning stock biomass regardless of the
actual ogive used to dertve SSB. With fewer older
fish in the population, much of the SSB is
comprised of first-time spawners which are have a
lower fecundity to weight ratio and potentially
lower egg viability.

The Working Group discussed the dome-shaped
PR observed in almost all years of the VPA.
Several reasons were discussed including change in
natural mortality with age, emigration of older fish
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outside the survey area, and poor sampling or
catchability of older ages.

The appropriateness of using an unstandardized
LPUE index as a tuning index in the VPA was
discussed. The uncertainty of the index from
1994-1998 due to a change in the reporting
systems led to exclusion of those years. Since the
inclusion. of the remaining years of the LPUE
series did not change the results significantly and

did not add much to the stability of the calibration

as has been the case in other assessments, the
Working Group decided to exclude it as a tuning
index but recommended explonng the use of a
GLM 10 standardize the LPUE to characterize
fisherv trends. This resulted in a more
parsimonious calibration by eliminating five
estimated parameters.

The appropriate use of survey mean weights at
age versus Rivard weights at age (mid-year
weights adjusted to beginning of year) for SSB
calculations was discussed. The Working Group
decided that the survey mean weights needed
considerable post-processing before being used.
Discussion focused on different methods of
smoothing the noise and filling in holes in the
weight-at-age matrix including smoothing over a
cohort or over a year. Alternate calculations
using survey mean weights at age were also
discussed such as January 1 or mid-year biomass
calculations. Weights at age could be adjusted to
January 1 or any time of year in the fitting
process by including a time adjustment factor in
a growth equation. For SSB calculations, should
only the weights of mature individuals be used to
estimate weights at age? The Working Group
decided to continue using Rivard weights and .
recommend that the Methods Working Group
investigate the matter in a thorough manner.

The Working Group was presented with three
analytical models: VPA, Stock Synthesis, and



ASPIC. ASPIC showed very little recent increase in
biomass because the model structure cannot
anticipate the strong recruitment observed in the last
few years. Stock Synthesis and VPA give similar
results although Stock Synthesis estimates of recent
recruitment were relatively lower because the model
constrains recruitment. : '

The Working Group examined various VPA

formulations and accepted the results from a final

‘calibration that estimated ages 4-10, and was tuned
using NEFSC spring and autumn survey ages 3-11+.
Estimating  age 3 was problematic because of low

- numbers in the catch-at-age and high variability in

© the survey. Estimating age 10, however, allows

three ages to be used to determine fully-recruited F
and was also beneficial for projecting when
rebuilding of the age structure occurs.

SARC DISCUSSION

Data Issues

Discard estimates derived for the shrimp fishery
since 1989 (except for 1998) were based on
observed sea sample tows while estimates for the
period prior to 1989 were based on proxy methods
using a combination of survey abundance index of
age 3 witch flounder and effort in the shrimp
fishery. The low estimates of discards during the
- 1980s relative to the period since 1989 was
discussed, and it was suggested that differences may
be due to the change in estimation methodology.
The lower discard estimates obtained using the
proxy method reflects decreased effort in the shrimp
fishery in the late 1980s, combined with a series of
poor year classes of witch flounder during the early
1980s. Either or both of these factors would result
in lower discard estimates when the survey proxy
method is applied.

Several minor points were clarified. The spring
1999 survey indices were included in the VPA

‘estimates

calibration. No vessel or door- conversion
factors were applied as the analyses indicated no
significant differences for witch flounder. The
mean weights at age used in the projections
represented long-term averages rather than
recent averages as there were no long-term
trends in mean weight at age noted. The decline
in mean weight at ages 6-8 in 1996 and 1997

‘may be a year class effect.

Assessment [ssues

The residual pattem emanating from the
ADAPT/VPA calibration and the ASPIC model
results were discussed at length. In the VPA,
there are years of large residuals which appear
periodically. More importantly, there is a
consistent set of large negative residuals in the
terminal year (1999) across all ages used in the
calibration block, particularly in the spring 1999
survey. The SARC noted that this pattern in
residuals versus random variation adds
uncertainty to the outcome of the VPA, but this
is not captured by standard bootstrapping
techniques as employed in this assessment. In
addition, the SARC noted that the bootstrap
procedure incorporated in the standard ADAPT
software captures variability in estimates of N,
but not q. The two sets of parameters are
estimated simultaneously and the final N
estimates are associated with a set of final q
estimates. The variability associated with N
is retained but the variability
associated with the estimates of q is not. This
may lead to an underestimate of the amount of
uncertainty in the overall assessment.

As well, there appears to be a cyclical pattern in

the annual residuals from the ASPIC model fit,

but this was attributed to the model’s inability to
account for age structure in the population or to
track changes in incoming recruitment on an
annual basis. This pattern appears in all model
runs including those based on a single survey



(spring or autumn) alone. The ASPIC model was -

conditioned on the VPA in that q in ASPIC was
fixed so that the biomass estimated from ASPIC was
in accordance with the estimates of 3+ biomass
estimated by the VPA over the time series.

The SARC also noted a strong retrospective pattern

associated with estimates of FF and recruitment in the
VPA.

The reproductive capacity of the stock, as indicated
by the estimates of SSB, may not be as high in
recent years in light of the steady reduction of older
ages and the resulting shift in the age structure
towards younger fish. The SARC suggested that
other measures of reproductive capacity, including
population fecundity might be investigated to better
understand this phenomenon.

The VPA calibration was discussed at length; in
addition to the preferred formulation, several trial
formulations were described. The primary issues
centered around the strength of the 1995 and 1996
year classes as estimated by the VPA for 1999. The
age 3 and 4 stock sizes estimated by the VPA were
extremely high (3-4 times) compared to any other
values in the time series. The SARC questioned
whether the stock sizes for these year classes were
estimated as parameters in the ADAPT model or
conditioned in the partial recruitment. It was noted
that, in the preferred formulation, the 1995 year class
- (age 4) stock size was a direct estimate, whereas the
1996 year class (age 3) was conditioned on the
partial recruitment.

The SARC suggested that an examination of
recruitment indices from the survey alone may
reveal information on vyear class strength
independent of the VPA, particularly in light of the
large negative residuals associated with the stock
size estimnates of ages 3 and 4. It was noted that the
survey indices for the 1995 and 1996 year classes,
while high, were not substantially greater than those
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for other relatively strong vear classes (1-2
times). whereas the estimates of year class
strength of the 1995 and 1996 vear classes
derived from the VPA were 4-8 times higher
than other strong year classes at comparable
ages. After considerable discussion, the SARC
suggested that these stock sizes be estimated
directly from the survey data using regressions

of VPA stock sizes on corresponding sumvey

indices. It was noted that estimation of year
class strength from the VPA-survey regressions
does not capture the variance in the catch at age.
However, based on the retrospective pattern
observed in the VPA, ADAPT is more likely to
overestimate recruitment in the terminal year,
whereas direct estimates of recruitment from the
VPA-survey regressions are not subject to this
retrospective pattern.

Several alternative formulations of the VPA
were requested by the SARC to ascertain the

- potential tmpact of the catch at age, particularly

discards, on the estimation of the strength of the
1995 and 1996 year classes in 1999. It was
noted that the age 3 stock size estimate is not
independent of the catch at age, even though the
catch is small. There was a high catch at age 2

in 1998 (1996 year class) attributed to discarding

in the shrimp fishery. The 1998 discard
estimates were not derived from sea sample data
as there was no coverage in 1998. Instead , the
survey proxy method applied to the pre-1989
period was applied in 1998, but with a separate
regression since the Nordmore grate was in use
1992. © The regression was highly
dependent on a single point which influenced
the 1998 estimate. The SARC concluded that
the effect of discard estimates on VPA
performance is a source of uncertainty. The
survey index and shnmp fishery effort used to
predict the 1998 discards also contains
uncertainty, but these sources are not captured in
the overall statistics on uncertainty estimated by



the Bootstrap procedure. As in other VPAs, the
catch at age is considered to be estimated without
ITOr.

The effect of the size of recruiting year classes on
the catch and stock projections was discussed at
length. It was noted that recruitment in 2000 and
2001 was determined by resampliing the age 3 stock
size estimates derived from the VPA through 1999,
thereby including the high 1995 and 1996 year
classes in the distribution of observed recruitment.
More importantly, these year classes were also
included as 1999 survivors used to initiate the
projections. Based on these observations, the SARC
~ considered the 2000 and 2001 projections as mitially
presented to be optimistic, and recommended that
stock size estimates of the 1995 and 1996 year
classes in 1999 be dertved directly from the RCT3
VPA-survey regressions.

The SARC considered the various re-runs of the

VPA and concluded that none had improved upon

the Working Group’s preferred formulation as
origmally presented, but no formulation provided
satistactory estimates of the size of the 1995 and
1996 year classes in 1999. Therefore, the SARC
accepted the stock size estimates derived from the
VPA-survey log-log regressions and requested that
the two point estimates be cast in a stochastic
framework, taking account of the standard error of
the regressions.

Projections were then based on the VPA
bootstrapped 1999 stock sizes at ages 5-11+ and the
estimated stock sizes at ages 3 and 4 in 1999 as
derived from the survey regressions.

SOURCES OF UNCERTAINTY

1. The bootstrap procedure as applied does not
capture the full extent of variability and uncertainty
in the VPA results, particularly that which comes

from the residual pattern and the retrospective
pattern, and, therefore, the percentile
distributions of the projected stock parameters
understate the extent of the uncertainty in the

- forecasts.

2. Confounding of survey based estimates of
discards and use of same surveys as tuning
indices for VPA calibration.

3. Low frequency of samples across market
category and season resulting in variable mean

weights at age and estimates of numbers at age.

4. Low catchability of standard survey gear
leading to highly variable survey indices.

5. Lack of data to support direct estimates of

discards at age requiring use of various surrogate

survey-based methods.

6. The simple biomass dynamics model used to
derive MSY -reference points does not account
for age structure of the stock or current
recruitment.

7. Estimates of current recruitment are highly
variable due to the dependence on catch at
younger ages which consists almost entirely of
discards and highly variable and imprecise
survey indices for recruiting ages.

- RESEARCH RECOMMENDATIONS

1. Measures of reproductive capacity, including
population fecundity should be investigated to
better understand the impact of the truncated age

. structure on recruitment.

2. Current survey indices measure abundance in
core area only; examine usefulness of other
strata sets outside the core area (i.e. southemn



New England and the Mid-Atlantic (strata 1-21,61- -

76) and in Canadian waters (31-35)) and report
indices as appropriate. ‘

3. Explore use of GLM to standardize LPUE from
the otter trawl fishery.

4. Use Hoenig and Morgan’s method of weighting

maturity observations by number observed in the
survey catch at length. Explore deriving maturity
estimates as a function of length and age with
interaction terms. Explore other statistical methods
~to determine if differences in maturity are
significant.

3. Explore ageing of witch flounder in NEFSC
survey prior to 1980.

6. Explore the possibility of collection of age
structures from the ASMFC shrimp survey.

7. Explore the use of other age-disaggregated
surveys (1.e. Massachusetts spring and autumn, and
ASMFC shrimp) as tuning indices (i.e. cohort
slicing to determine recruitment from shrimp survey,
using NEFSC age-length keys to age Massachusetts
surveys). '

Recommendation to the Methods Working Group

1. Explore methods to smooth survey mean weights
at age and to fill in missing values in the weights at
age.
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Table Al. Witch flounder landings, discards and catch (metric tons, live) froh: Subareas 5 and 6, by
country, 1960-1998 [1960-1963 reported to ICNAF/NAFO (Burnett and Clark, 1983)].

Landings ' Total USA Catch
Year Canada usal Cther! Total Discards tused in VPA)
1960 - 1253 - 1255
1961 2 1022 - 1024
1962 1 975 - 977
1963 27 1226 oz 1374
1964 C 3T 1381 - 1418
1963 ‘ 22 2140 502 - 2884
1954 &8 2035 311 3344
1967 , &3 3370 249 3582
1958 56 2807 191 3054
1969 - 2542 1310 3852
1970 19 3112 130 - 326%
1571 35 3220 2840 1%
1872 13 2934 2568 5315
1973 . 10 2523 629 3152
1574 9 1839 292 2140
1575 13 2127 217 2357
1974 3 1871 .6 1882
1877 31 2649 13 2583
1878 13 3501 & 3525
1979 17 2873 - 2255
1980 12 3128 1 3147
1981 7 3422 - 3449
ivg2 9 4508 - L9175 43 4653
1583 45 6000 - 5045 182 6162
1584 15 &840 - &6T5 . 180 . 6750
1585 48 6130 - 6431 &1 6191
1985 &7 4510 - 5216 25 4433
1587 23 3450 - 3219 &7 3697
15288 45 3262 - 3665 63 o o3B22
BT 13 2074 - 23384 133 2207
1550 ’ 12 1478 - 1452 184 1662
1691 7 1758 - 1805 ¢ 1893
1692 7 22u8 - 2253 Tt 2617
1653 10 2605 -o- 2515 375 2981
1954 34 2570 - 2704 4z2 3092
1995 11 2212 - 2223 2435 2677
1996 10 2088 - 2053 . 454 2542
1997 7 1775 - 1782 393 2148
1558 - 1849 - 1849 | 334 2184

'Includes West Germany, East Germany, Poland, Spain, Japan, & the former USSR.

lE*ccludmg Landings from Grand Banks (subarea 3).
" 1998 Canadian Landings not available.



Table A2, Summary of USA commereial witch flounder landings (mt) by Statistical Area, 1973 - 1998,

Statistical Arcos

561 562
YEAR 300 400 464 465 466 500 510 511 512 513 514 515 520 521 522 523* 524* 525 526 530 537 538 539 540 600  TOTAL
1973 - 27 21 - - - 102 236 470 349 i - 266 412 20 o192 2N - i26 0 4 - 14 2523
1974 - 49 2 4 - -9 76 319 213 23 - 334 294 17 104 145 192 - e 2 - 3 1832
1975 - 15 - 18 1 - - 187 150 360 289 92 -- 37t 238 10 159 28t 105 - 13 0 3 - 2127
1976 - 22 - 6 2 - - - 25 140 470 365 37 278 209 24 81 144 50 - 12 2 1 - 3 187%
1977 - 5 - 5 2 - - 15 192 756 482 10 - 257 250 19 62 7 30 13 2 9 - 2 2469
1978 1 - 5 - - 8. 333 1370 o642 164 366 306 a5 86 38 45 - 20 8 4 <10 350
1979 - 5 - 1 - - &7 270 1025 416 120 - 367 393 97 35 15‘ 28 - 21 ‘ 1 3 - 14 2878
. 1980 - 4 - 7 . - - 44 278 1320 386 258 -3 &7 26 s 1 - 197 1 & - 15 328
1981 - 7 - 34 - - - 66 317 1410 419 322 - 390 183 68 62 48 40 - 39 0 9 - 28 3442
1982 - 22 - 34 - 1 154 759 1432 427 760 - 558 289 120 52 69 96 - 51- & 12 - 64 4906
1983 3 - 5 - - 2% 1233 1460 479 1045 - 55% 322 121 L6 63 104 - 8a 2 W - 40 6000
1984 - 15 147 - - 158 750 1564 788 1322 800 430 455 67 118 1 - 99 1 8 - 57 666D
1985 255 5 - 68 - - - 234 752 1474 658 1263 - 735 468 128 62 99 106 - 34 1 2 -4 6385
19846 539 12 - 66 1 - - 204 765 1213 468 787 - 481 298 100 20 33 77 - 3 2 2 - 50 5149
1987 346 3 15 - - ~ 103 441 1039 364 720 - 344 214 55 20 25 47_ 16 0 1 - 43 3796
1988 358 - - " - 94 288 958 352 617 - 450 207 53 35 96 47 13 1 1 - 39 3620
1989 297 1 2 - - 32 17y 517 224 381 - 304 135 39 éﬂ 52 129 21 2 1 -3t 2371
1990 2 5 - 2 - - - 24 135 429 183 188 - 164 82 35 35 55 77 - 38 0 2 - 23 1480
1991 - P4 1 - 19 160 470 198 2M 146 138 43 54 36 87 - 85 1 2 - &7 1798
1992 - 1 . - - - 13 235 520 227 332 152 188 46 39 63 219 - 143 0 4 - 64 2246
1993 12 - - - - th 175 580 419 422 180 270 a2 65 94 134 - 95 0 2 - 58 2605
1994+ - - 3 - - H 7 45 349 414 414 360 4 382 326 70 40 27 43 h_ 73 11- 4 5 47 2670
1995+ - - 10 10 14 4 25 150 311 337 455 6 382 3N 42 15 33 13 4 25 4 1 ¢ 36 2212
1994* - - 3 3 - 16 25 35 132 378 289 436 25 287 294 44 9 45 6 1 27 9 2 3 20 2008
1997+ - - 1 20 12 12 165 292 224 388 11 196 285 48 8 57 13 - 21 1 - 14 1775
1998 - - 1 - 22 2 13 153 268 205 404 4 280 299 6% 24 47 10 1 20 12 5 2 10 18472

‘Rpe: USA portions of SA 523 and 524 were renamed 561 and 562, respectively, in 1985.

* 1994-1998 spatial distribution based upon Vessel Trip Report data, considered provisional.



Table A3. Percentage of USA commercial witch flounder landings by market category,

1973 - 1998.
Year Peewee Small. Medium Large Jumbo Unctl, Total
1973 ¢.0 13.5 0.C 45.9 0.0 40.7 100.0
1974 0.0 26.2 0.0 73.8 0.0 0.0 100.0
1975 0.0 26.3 0.0 73.7 0.0 9.0 100.0
1976 0.0 215 0.0 - 0.0 0.1 100.0
1977 0.0 22.9 0.0 77.1 g.0 0.0 100.0
1978 0.0 30.2 0.0 £3.8 0.0 6.0 100.0
1979 0.0 30.8 0.0 59.2 0.0 0.0 100.0
1980 0.0 23.4 0.0 75.0 0.0 0.6 100.0
1981 0.0 30,1 0.0 63.3 0.0 1.6 100.0
1982 0.3 26.3 5.4 64.0 8.0 4.0 100.0
1983 1.4 25.0 14.7 58.4 0.0 0.4 100.0
1984 3.4 25.2 19.1 51.7 0.0 . 0.6 100.0
1985 7.7 27.8 23.2 40.5 6.1 0.7 100.0
1986 5.1 33.7 25.3 35,6 0.0 1.2 100.0
1987 3.6 37.2 26.0 31.0 0.5 1.7 100.0
1988 2.8 34.3 29.0 30.7 0.6 2.7 100.0
1989 3.3 2¢.8 31.2 31.5 7.1 3.0 100.0
1990 - 5.5 25.2 30.6 32.6 0.7 4od 100.0
1991 6.6 33.1 25.5 31.0 1.3 2.4 100.0
1992 13.2 39.0 20.3 25.0 0.1 2.4 100.0
1993 17.7 39.3 18.5 21.6 0.0 2.9 100.0
1994 19.3 43.7 16.0 T 16.8 0.0 4.1 . 100.0
1995 25.0 46.6 11.9 13.0 6.0 2.5 100.0
1996 27.4 53.1 $.9 8.0 0.0 1.7 100.0
1997 18.2 63.7 10.5 6.1 0.0 1.4 100.0

1998 13.2 2.1 - 9.4 4.6 - 0.0 0.7 10C.0




Table A4. Data pool procedures used to apply age and length frequency samples to landings by market category and quarler to

estimate landings (numbers) at age of witch fTounder, 1982-1998.

‘ Year Mkt. Cat. Quarter 1 Quarter. 2 Quarter 3 Quarter &
Small X X X X
1991 Med. X X X X
Large <=Pooled => X X
Small X X X b
1992 Med. <===pPooled ===»
Lirqge X X <Pogled =>
Smal { X X <=Pooled =»
1993 Med. <=z=Pooled ===>
Large <===Pooled =z=>
Smal‘l <=PO-Och => X X
1994 Med, <=Poaled = X X
Large <=Poaled =» <=Pooled =
Small X <z= Pooted ==>» -
1995 Med. X ~ <==pooled ==>
Large X <==pPooled ==>
_Sme:ll X ¥ . X L
1996 Med, <=Pooled => X X
l.arge <=Pogled =>- X X
Small X X X X
1997 Med. X X <=pooled =>
Large X - X <=Pooled =»
Smat X X <zPooled =>
1998 Med, <=Ponicd =» <=Pooled =>
Large <===pPooled ===>

Year Mkt. Cat. Quarter 1 Quarter 2 Quarter 3 Quarter 4
Small <zPpoled =» X X
1982 Med. X X X X
lLarne X X X X
Smai | X X X X
1983 Hed. <=Pooled =» X X
L arqge X X <=Pooled =>
Smal { X X X L
1984 Med, <=pooled =>» <=pPooled =»
Large X % <=foaled =>
Smal X X X X
1985 Hed. X X X X
Large X X X X
Smakl X X X X
19!16l Hed. X X X X
Larqge X A X X
Smakl <=Pooled => X. X
1987 Med., <=Pooled =» X X
Large X X X X
Small X X X X
1988 Hed. X X X X
L asge X X X X
Smal L <= Pooled => <=Pooled =>
1989 Hed. X I X X X
Large <==5 Pooled ===>
Small <= Pooled => X X
1990 Hed, X I X X X
Large <zPapled => <=Pooled s>
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Table A5. USA commercial landings at age in numbers, weight (thousands of fish; mt) and mean weight (kg) and mean length 9cm)

at age of witch flounder, 1982-1998.

Age
Year 0 1 2 3 [ 5 6 7 B 9 10 n 12 13 14+ Total 11+
_ USA Commercial Landings in Numbers {1000's) at Age ‘
1982 0.00 0.00 .00 17.90 B826. 60 1119.9 1454.3 665,20 656.00 399.50 239.40 201.00 356.30 183.70 837.40 T057.2 1578 4
" 1983 0.00 0.00 0.00 219.80 768.60 1033,7  1567.3 1590.2 977.80 737,70 S10.40  356.00 287.30  289.16 733,10  9081.0 1675.5
1984 0.60 0.00 0.00 90.460 1012.4 1808.7  1734.3  1486.5° 1497.5  696.70  375.10  279.50  356.40  261.30  821.60 10420. 1718.8
1985 0.060 0.0d 0.00 0.00 285.10 2026.8 1933.8 1524.9 1247.9 605,00 400,40 261,20 221.50 170.70 705.80 10084, 1359.2
1986 0.00 0.00 0.0¢ 6.30  298.50 1441.6 2772.6  1566.9  834.90 412,70 222.80  188.20 157.00 137,00 276.00  8314.5  758.20
1987 n.0g 0.00 0.00 0.00 81.50  327.60 1276.0 15747 B70.90  4B0.40  252.4C 132.40 90.80 62.10  204.10  5347.1  4B9.40
1938 - 0.00 0.00 0.00 U;UO 50.8_[] 176.00 654.70 1382.7 1154 .1 401.50 266.70 124.10 94.00 71.90 307.50 4684 .0 597.50
1989 0,00 0.00 0.00 0.00 7.30 49.80 315,20 761,60 884,70 350.70 123.80 73.40 61.30 56.80 157.50 28621 149,00
1990 0,00 0.00 0.00 0.00 183.20 579.40 257.90 276,130 475,30 - 3356.%0 82.10 43.50 38.80 19.30 77.50 2370.2 179.10
1991 0,00 0.00 0.00 D0.00 181.70 741.70 525.70 238.60 247.50 29560 317.30 52.40 44,50 22.80 141,10 2808.9 260,80
1997 0.00 0.00 0.00 0.00 513.70 846,60 943.50 723.10 203.40 179.40 121.10 219.50 46,70 26.70 B7.30 3911.0 380.20
1993 (.00 0.00 0.00 0.00 422.80 102-4.5 19.10 598.10 586.50 £19.10 279.00 114.00 32.60 103.80 140.70 A440.2 391.10
1994 0.00 0.00 0.00 0.00 201.48 14321 1288.6 828,40 197.06 540,16 113.70 71.49 40.32 132.53  80.56  4926.6  324.90
1995 0.00 0.00 0.00 0.00 23.72 76404 1599.6 849,85  267.81 97.35  269.86 55.03 43.94 8.15 49.94  4029.2  157.06
1995 0.00 0.00 0.00 0.00 45,82 468,05 1264.7  1431.5 263.42  215.63 57.09 78.87 3.57 . 13.02 18.23 3859.9 113.49
1997 T 0,00 0.00 0.00 0.00 212.65 529.11 1051.8 1016.3  592.64 #3.33 49.90 17.92 36.65 2.21 13.46  3605.9 70.24
1998 0,00 0.00 0.00 0.00 18.10 488 22 12141 1583.8 370.7 1h1.42 15.54 37.18 5.5% 19.90 7.7 3902.3 . 70,34
USA Commercial Landings in Weight {(mt) at Age
1;982 0.00 0.00 0.60 25.47 227.32 386,37 616, 62 365.86 a76.91 353.96 235.33 230,35 L47.16 240,65 1300. 4 L9064 2218.6
1983 .00 6.00 0.00 42.86 197.53 332.85 642.59 823.72 599.39 586.47 498,66 408.46 347.06 381.90 1137.0 5998.5 2274.4
1984 .00 0.00 0.00 19.21 271.32 625.81 731.87 801,22 994,34 569.20 345.84 2B0.62 431.96 348,05 1261.4 66560.8 2302.0
1985 0.00 0.00 0.00 0.00 249,23 630,33  B29.60  B&61.57  862.30  510.2%  385.99  276.09  264.25  223.79  1037.5  6130.9 1801.6
1986 0,00 0.00 0.00 0.53 &67.74 L6113 1131.2 835,16 564,39 352.03 217.23 213.04 188.24 180.43 419.80 £610.9°  1001.5
1987 0.00 0.00 0.00 0.00 22.17 109.99 553.78 283,41 597 .44 397.94 247.35 141.27 110.96 86.07 299.41 49,7 637.71
'15988 0.00 0.00 0.00 0.00 15.75 64 .59 284,79 T43.89 770.94 328.83 261.37 133.28 111.854 92.75 454.18 3262.2 792.07
1989 0.00 0.60 0.00 0.00 1.90 17.13 133.96 43716 603,37 286 .87 119.84 82.80 77.12 T4.69 239.24 2074.0 473.85
1990 0.00 0.00 0.00 0.00 56.43 187.15 112.96  161.91 327.m 286.03 86.12 52.77 48.97 29.36 129.35  147B.0  240.43
1991 0.00 0.09 0.00 0.00 51.97 2rs AT 232.89 1537. 91 173.74 247.12 309.05 57.5% 60.92 35.04 216.73 1798.1  370.28
1992 0.00 0.00 0.00 0.00 160.49 32425  433.07 443,98 150.3 147 .47 106,81 228.06 62.44 . 38.96 14317 2247.0 472.63
1993 0.00 0.00 0.00 0.00 12346 37292 397.05 319.98  390.61 193.25  2B5.42 127.45 39.09  142.00  213.72 26049 522.26
f994 0,00 0.00 0.00 .00 62.12 511.26 554.12 442,37 136.17 449,41 103.35 77.42 47.26 159.57 126.96 2670.0 411. 219
1;995 0.00 0.00 0.00 9.00 6.74 280,40 716.62 416,77 184.79 BB.59 262.84 60,59 52.86 : 11.50 70.22 2212,0  -195.16
1996 0.00 0.00 0.00 .00 1.9 166,16 550.16 793,06 186,50 184.58 55.61 B87.86 5.00 18.75 2B8.40 2087.9 140,01
1997 0.00 0,00 0.00 0.00 &67.62 188,89 428.08 503.07 372.18 72.58 51.73 20.93 43.83 - 3.73 22.33 1775.0 90.82
1998 0.00 0.00 0.00 0.00 4,25 161,60 463.8 779.26 216,87 123.18 15.20 4146 6.28 25.09‘ . 12.00 1849.0 -84.84



Table AS5. Continued.

Age

Year a 1 2 3 4 5 3 7 8 9 10 1" 12 13 14+ Totat 11+

USA Commerciat Landings Mean Weight (kg} at Age

1982 0.000 0. 000 0.000 0.216 6.275 0,345 0.424 0.550 0.727 0.886 0.983 1.146 1.255 1.310 1.953 0.4695 . 1.406
1983 0.000 0.000 0.000 0.195 0.257 0.322 0.410 ¢.518 0.6t3 0.795 0.977 1.116 1.208 1.321 » 1.55%1 0.661 1.357
1984 0.000 0.000 0.000 0.212 0.268 0.346 0.422 0.539 0.664 0.817 0.922 1.004 1.212 1.332 1.511 0.639 1.339
1985 0.000 ¢.0c0 0.000 0.000 0.253 0.311 0.429 0.565 0.4691% 0.842 0,964 1.057 1.1%3 1.3 1.470 0.608 1.326
1986 0.000 0.000 6.000 0.084 - 0.227 0.306 0.408 0.533 0.676 0.853 0.975 1.132 1.199 1.317 1.521 0.55% 1.321
19a7 0.000 0.000 0.000 6.000 0.272 0.342 0.434 0.561 0.686 0.828 0.980 1.067 1.222 1.386 1.467 0.645 1.303
1988 0.000 0.000 0.000 0.000 0.310 0.367 0.435 0.538 6,668 0.819 0.980 1.074 1.190 1.290 1.477 0.696 1.326
1989 0.000 0.000 0.000 0.000 0,260 0.344 0.425 0.574 0.682 0.818 0.968 1.128 1.258 1.315 1.519 0.730 1.358
1920 0.000 0.060 G.000 0.000 0,308 0.323 0.438 0.586 0.688 0.849 1.049 1.213 1.262 1.521 1.669 0.624 1.454
1991 0,000 0.000 0.000 0.000 0,285 0.371- 0.443 0.578 0.702 (.835 0.974 1.099 1.369 1.537 1.536 0.640 1.420
1992 . 0,000 0,000 0.000 0.000 0.328 0.383 0.459 0.614 0.739 0.822 0.882 1.039 1.337 1.459 1.640 0.575 1.243
1993 0.000 0.000 0.000 0.000 0.292 0.364 0.432 0.935 0.666 0.882 1.023 1118 1,199 1.368 1.519 0.587 1.335
1994 0.000 0.000 0.000 0.000 0.308 0.357 0,430 0.534 0.691 0.832 0.909 1.083 1,172 1.204 1.576 0.542 1.266
1995 0.000 0,000 0.000 0.000 0.284 0.3467 0,448 0.561 0.690 0.911 0.974 1.101 1.203 1.6M 1.406 0.549 1.243
1996 0.000 0,500 0.000 0.000 0.260 0.355 0.435 0.554 0.708 0.85 °  0.974 1.114 1.401 1.440 1.5358 0.541 1.232
1997 . 0.000 0,000 0.000 0.000 0.318 0.357 0.407 0.495 0.628 0.871 1.037 1.168 1,196 1.687 1.659 0,492 1.293
1998 .0.000 0.000 0.900 0.000 0.235 0.331 0.382 0.492 0.585 0.871 0.978 1.115 1.132 1.261 1.557 0.474. 1.206
USA Conmercial Landings Mean Lepgth (cm) at Age
1982 0.0 0.0 Q.0 32.3 35.0 37.5 3%.8 42,9 46.5% 49,3 50.9 53,2 54,6 55,2 58.0 64,3 56.3
1983 0.0 0.0 0.0 .7 3.3 36.8 39.4 42.2 W42 YN 50.7 52.8 24,0 h6.6 490 .y Y.l
1984 0.0 0.0 0.0 32.6 34.9 37.6 39.8 42.7 45.3 8.2 49.9 51.2 54.1 55.6 57.6 43.6 55.
1985 0.0 0.0 0.0 0.0 34.2 36.3 40.0 43.3 45.9 48.6 50.6 51.9 53.8 55.3 57.1 42.9 55.
19846 0.0 0.0 .0 25.0 33.2 36.2 39.4 42.5 45.6 48.8 50.7 53.0 53.¢ 55.4 57.7 42.0 55.
1987 0.0 0.0 0.0 0.0 35.0 7.4 40.1 43.2 45.8 8.4 - 50.8 52.1 54.2 56.2 57.1 64.3 55.
1988 0.0 0.0 0.0 0.0 36.4 .2 40.1 42.7 45.4 48.2 50.8 52.1 53.7 55.0 57.1 45.3 55.
1989 0.0 0.0 0.0 0.0 34.6 3r.s 39.8 43.5 45.6 481 50.6 52.9 54.6 55.3 57.6 46,0 85.
1990 0.0 0.0 0.0 0.0 35.2 36.8 40.2 43,7 45.8 48.7 51.8 54,1 54.6 57.8 59.2 43.5 S6.
1991 0.0 0.0 0.0 0.0 35.4 38.3 C40.3 43.3 46,1 48.5 50.6 52.5 56.0 57.8 57.8 43.8 S4.
1992 0.0 0.0 0.0 0.0 37.0 38.6 40.7 443 ' 46.8 48.3 49.2 51.7 55.5 57.0 58.9 42.7 54.
1993 0.0 0.0 0.0 0.0 35.8 38.1 40.0 he. &6 £5.3 49.3 51.5 52.8 53.9 55.9 57.7 42.8 55.
1994 0.0 0.0 0.0 0.0 36.0 37.6 9.7 42.3 45.6 48.0 491 51.8 53.0 53.4 57.8 41.7 54,
1995 0.0 0.0 0.0 0.0 '35.3 37.9 40.2 42.8 454 49.3 50.1 52.0 53.4 56.0 55.8 42.0 53
1995 0.9 0.0 0.0 0.0 344 37.5 3%.8 42.7 45.8 48,4 50.1 52.2 55.8 56.2 57.6 2.0 53.
1997 0.0 0.0 0.0 0.0 364 7.6 321 £1.3 44,2 48.5 5t.1 52.9 53.3 59.0 58.7 40.8 54.
0.0 0.0 0.0 0.0 33.4 36.8 38.4 41.2 43.3 48.7 50.5 52.3 52.7 541 57.6 40.5 53.
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Table A6. Summary of the Domestic Sea Sampling Program trips which caught witch founder in
the Gulf of Maine - Georges Bank region and the availability of Length samples (number
measured fish) of kept (K) and discarded (D) witch flounder, by year, gear, and quarter

(Q), 1989-1998.

Shrimp Trawl Sink Gillmet
Year a1 w2 a3 Qe Qt Qz Q3 Qs Tatal
1989 Trips é 12 4 22 8 7 15
L.engths (K> B . . 8 83 86
Lengths (D) 362 491 853 .
1950 Trips 13 4 & 21 . 27 & ) 28
Lengths (K) . . . . 102 95 197
Lengths (D) 37 134 . 171 20 20
1991 Trips 21 9 . 5 35 68 134 32 234
Lengths (X) . 483 714 - 177
Lengths (D) 326 71 . 286 1583 2 2
1992 Trips 49 4 & 59 7 94 &0 31 192
Lengths (K} . . 122 56 15 193
Lengths (D) 310 55 . 231 596 & é
1993 Trips 37 1 . 3 41 5 &5 28 36 134
Lengths (K} 1 1 1 8 A 18 3
Lengths (D) 998 23 85 1106 4 . 4 8
1994 Trips 50 2 5 57 5 7 18
Lengths (X} . . . 40 28 76
Lengths (D) 1069 5 1139 2204 . . 17 1 18
1995 Trips 45 & 8 59 7 15 3 25
Lengths (K) . 170 309 481
Lengths (D) 1540 513 399 2452 9 . 9
1996 Trips 11 8 5 24 3 12 é 1 22
Lengths (K) . . 149 16 . 170
Lengths (D) 191 733 172 1096 1 3 1 5
1997 Trips 10 . . 10 1 a 5 1 15
Lengths (X} N 170 3 173
Lengths (D) 268 ' 268 . .
1998 Trips 11 4 1 14
Lengths (K) . . - " &4 -]
--Lengths.. (0. - - - . . .




Table A6. Continued.

Large-Mesh Qtter Trawl

small-Mesh Otter Trawl

Year [+3] Q2 @3 =14 a1 Q2 a3 Qi Total
1989 Trips 3 18 25 [ 52 1 2 12 2 17

Lengths (K) 387 218 153 139 897

Lengths (D) & 62 319 g2 479 53 53
1990 Trips 3 8 Q 8 28 1 2 3 [

Lengths (K) 184 12 39 235

‘Lengths (D) 20 ' 10 30 29 29
1991 Trips 8 10 18 17 53 1 3 1 4 9

Lengths (K) 21 56 116 193

Lengths (D) 215 97 51 163
1992 Trips 23 10 & 5 42 4 1 3 3 il

Lengths (K) &2 42 104

Lengths (D) 31 31 33 33
1993 Trips & 8 7 4 25 1 1

Lengths {K) 26 220 104 447 867

Lengths (D) 166 262 161 68 657 1 1
1994 Trips 10 & 3 2 3 3 2 5

Lengths (X} 529 172 70 . 45 45

tengths (D) 9 25 102 23 189 4 4
1995 Trips 24 1 5 6 46 4 16 13 33

Lengths (K} 2267 1229 210 573 4279 131 308 . 439

Lengths (D} 11 632 275 298 2306 694 342 451 1487
19948 Trips 7 11 1 19 2 2 26 18 48

Lengths ¢(X) 1211 286 1497 18 18

Lengths (D) 194 ?0 75 359 173 Q46 2739 3858
1997 Trips 9 1 4 3 17 4 4

Lengths (K) 666 (44 710 6 6

Lengths (D) 537 56 62 15 670 197 107
1998 Trips 4 4 2 10

Lengths (K) 186 185

Lengths (D) 71 129 3 203 .




Table A7. Results 9p-values) of Kruskal-Wallis non-parametric one-way analysis of variance
tests of fishing zone discard rates (kg-days fished) from sea sampled trips conducted by
the NEFSC Domestic Sea Sampling Program. 1989-1997.

&

vs Zone 3 Zone *

Year Zone 1 vg Zone 2 Jone 2 vs Zone 3
1989 " 0.2923 0.0014 . 0.00%¢

" 1es0 0.0558 0.1387 0.0176
1991 0.0623 0.0010 0.0001
1992 5.5002 0.7441 C.5044
1993 0.0075 0.0413 0.0005
1994 0.8274 0.0134 9.0020
1995 0.0061 0.0253 0.0001
1996 0.0485 0.0095 0.0003
1997 0.1002 0.4659 0.1573




Table A8. Estimated discard tates (kg/day fished) by fishing zone' obtained from a ratio
estimator (kg of witch flounder discarded to days fished) using Domestic Sea Sampling
Program data collected from the northern shrimp fishery, number of days fished by the
shnmp fishery, mean discard rates (kg/df) and estimated discard weight (kg) of witch

flounder in the northern shrimp fishery, during the 1989-1997 shrimp season.

Ses Sample Data

Estimated Estimated
Discard Commercial Mean discard discard
Shrimp Fishing Rate days discard weight weight
Season 2one Trips (kg/df) fished rate {kg) (mt)
198% 1 5 0.0000 398.2
’ 2 15 2.2032 1680.2
3 16 17.7543 761.1
2839.5 5.0626 17,215 17.2
1990 -1 (A 6.006060 416.9
2 23 7.0751 1610.9
3 20 14,1459 1176.8
3204 .6 8.7512 28,044 28.0
1991 1 13 0.9770C 528.0
2 25 44822 1154.8
3 24 29.9853 904 .9
2587.7 12.6836 32,827 32.8
1992 1 30 2.7834 187.3
2 40 8.9270 1764 .1
20 7.6787 361.9
2313.3 8.2343 19,048 19.0
1963 1 38 1.355¢9 526.9
2 53 3.7619 1094.2
3 13 12.9178 281.1
1902.2 4 4485 8,462 B.5
1994* 1 37 3.3021 498.7
2 56 5.8385 1334
3 5 11.13%4 149.6
1982.3 5.6004 11,102 1.1
1995* 1 24 2.0007 2036.2
2 4“5 27.5162 1109
3 18 11.7543 230.5
3375.7 11.0492 37,299 37.3
1996* 1 8 0.3532 2079 .4
2 31 7.6343 958.2 -
3 11 28.919 205.3
3242.9 4.3130 13,987 14.0
1997+ 1 6 0.4045 1996.1
19 2.9403 1191.8
3 16.3461 473.2
3661.1 3.2915 12,051 12.1
! Fishing zones: T = 8-3 miles; 2 = 3 - 12 miles, and 3 = greater than 12 mites from shore.

* Commercial days fished have been estimated from Vessel Trip Report data.
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Table A9. Days fished for January-May and December, weight discarded (mt). and numbers
(*000s) of witch flounder discarded in‘the Gulf of Maine northern shrimp fishery for the
calendar year, 1982-1998. Calendar year discard weight and numbers at age were derived
by partitioning the shrimp discard weight and numbers at age by the proportion of days
fished for December and January-May categories.

Calendar Year

Estimated Estimated
pays fished: Discard Weight Discard Numbers
{me) of fish( Q00s)
January - December

1982 970.1 35.6 5.93 62.14

1983 1121.3 141.7 12.56 131.67
1984 1612.3 237.6 10.97 110.94
1985 1843.8 272.8 - 12.12 1.32

1986 2122.3 428.9 13.11 9a.80

1987 3279.3 380.4 21.75 235.99
1988 2434.8 426.9 33.95 723.95
1989 2412.6 491.9 18.93 21981
19%0 a712.7 377.8 2B8.54 458,56
1991 2218.1 172.3 - 29.44 443,85
1992 2141.0 113.2 18.14 3B4.45
1993 1789.0 161.7 8.77 356.77
1994 1820.6 530.8 16.11 1891.71
1995 2844.9 547.6 33.81 1176.37
1996 2695.3 645.2 ‘ 13.75 250.46
1957 3016.0 361.4 - 13.31 304.52
1998 1833.9 48.7 17.12 . 389.10

! 1994-1998 days fished estimated from NMFS weighout and Vessel Trip Reports.
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Table A10. Shrimp fishery discards at age in numbers, weight (thousands of fish; mt) and mean weight (kg) and mean length (em) at
age of witch flounder, 1982-1998. :

Age
Year 0 1 2 3 4 5 6 7 g9 10 11 12 13 144 Total 11+

Shrimp Fishery Discards in Numbers (1000's) at Age

1982 .00 0.00 1.59 25.24 . 21.12 t1.27 2.9 0.00 0.00 0.00 0.00 G.00 0.00 0.00 0.00 62,14 G.00
1983 0.00 0.00 3.62 53.11 44 .65 23.81 6.48 0.00 G.00 D.00 0.00 0.00 6.00 0.00 0.00 131.67 0.00
1984 0.00 0.33 0.77 46 .84 38.55 T 1941 5.03 0.00 0.00 0.00 0.00 0.00 0.00 D.co 0,00 110.94 0.00
1985 0.00 0.34 3.37 11.72 LY 26.3%9 2.44 0.G0 .00 0.00 0.00 0.00 G.00 0.00 ¢.00 91.32 0.00
1986 0.00 0.53 3.86 15.07 49.83 27.04 2.47 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0.00 98.80 0.00
1987 2.08 18.92 79.51 15.62 74.59 £1.46 3.8 0.00 0.900 0.00 0.00 0.00 0.00 8.00 0.00 235.99 0.00
1988 0.42 14.62 .~ 130.29 495.50 42.57 - 37.70 2.85 0.00 0.00 G.00 0.00 0.00 0.00 0.00 0.00 723.95 0.00
1989 0.74 10.47 47.52 69.23  76.39 15.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  219.81 D.00
1990 1.19 5.18 92.78 239.97  97.13 3.3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 468.56 0,00
199 2.96 17.79 15.98 237.35 102.86 11.59 5.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 443.85 0.00
1992 2.71 43.41 136.92  118.7% 82.06  0.60 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 384,45 0.00
1993 112.06 78.84 107.58 38.69 14,13 5,02 0.46 0.00 0.00 0.00 0.00 0.00 0.00 0n.0o 0.00 356.77 0,00
1994 B8.06 1346B.4  495.50 19.62 0.00 0.07 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 1891.7 0.00
1995 2.68 49.9%  630.10 480.83 12.25 0.20 0.36 0.00 ¢.00 0.00 0.00 0.00 0.00 0.00 0.00 t176.3 0.00
1996 5.21 32.68 50.83 99.45 5¢.21 2.09 0.99 0.00 ¢.00 0.00 0.00 0.00 0.00 0.00 0.00 250.46 0.00
1997 8.68 74,91 102.92 B86.49 23.7M 7.30 0.52 g.o0 0.00 0.00 0.00 0.00 0.00 0.00 0.00  304.52 0.00
1998 0.00 44 .07  256.67 59.77 21.04 6.56 1.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 389.10 0.00
Shrimp Fishery Discards in Weight (mt) at Age
1982 0.00 0.60 0.06 1.09 2.13 1.86 0.74 0.00 g.00 .00 0.00 0,00 6.00 b.00 0.6y 5.%% u.oo
1983 0.04 0.00 .0.15 2.31 4.50 3.94 1.66 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 12.56 0.00
1984 0.00 0. 0.03 2.33 4.06 3.20 1.29 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.60 10.97 0.00
1985 0.00 0.0 0.08 0.94 5.80 4.73 0.56 0.00 8.00 0.00 0.00 0.00 0.00 0.00 0.00 12.12 0.090
1984 0.00 0.0 .10 1.34 6.26 4,846 0.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G.00 13,11 0.00
1987 o.M 0.29 2.63 1.1 9.37 7.45 0.88 0.00 0.00 0.00 0.00 .00 0.0 9.00 0.co 21.75% 0.00
1988 0.00 0.09 2.22 17.87 5.14 7.77 0.80 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 33.95% . 0.00
1989 0.0 0.12 1.58 4,04 %.34 3.85 0.00 0.00 D.0o 0.00 0.00 0.00 0.00 0.00 0.00 18.93 0.00
1990 0.01 0.05 2.72 10.31 10.44 5.02 0.00 0.00 0.00. 0.00 0.00 0.00 0.00 0.00 0.00 28._54 0,00
1991 0.01 0.25° 0.47 12.97 12.04 2.56 1.16 0.60 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 29.44 0.00
1992 0.01 0.28 2.84 5.07 .79 0.13 ¢.00 0.00 0.00 0.00 0.00 0.00 0.00 ¢.00 0.00 18.14 0.00
1993 0.32 0.67 2.41 2.1%9 1.93 1.19 .15 0.00 0.00 0.00 0.00 0.00 0.00 .0.00 0.00 8.77 0.00
1994 0.04 616 9.24 0.62 0.00 0.02 0.00 0.00 ¢.00 0.00 0.00 0.00 0.00 0.00 0.00 16.11 0.00
1995 0.0 0.37 14.52 17.74 1.02 0.06 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 33.81% 0.00
1996 0.02 0.62 1.57 5.54 5.32 0.38 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.74 0.00
1997 0.03 1.76 3.43 417 2.72 1.05 - 0.13 0,00 9.00 0.00 0.00 0.00 0.00 O.UU‘ 0.90 13.31 - 0.00
1998 0.00 6.18 8.47 4,30 2.80 1.04 0,22 0.00 0.00 0.060 0.00 0.00 0.00 ¢.00 0.00 17.12 0,00
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Table A10. Continued.

Age
¢ Year 0 1 2 3 [ 5 & 7 8 9 10 n 12 13 14+ Total 11+
Shrimp Fishery Discards Mean Weight (kg) at Age
1982 0.040  0.043  0.10% 0,165 0.256 - 0.095
1983 - 0.040  0.044  0.101 0.166  0.296 - 0.095
1984 . 0.017  0.044  0.850  0.105 p.165  0.2% - 0.09%
1985 - 6.017  0.023  0.081 0.123  0.179  0.231 - 0.133
1986 - 0.017 0.026 0.089 0.125% 0.180 0.231 0.133
1987 0.006  0.015 0.033 0.071 0.126 0.180  0.231 - 0.092
1988 0.004 0.006 0.017 0.036 0.1 0.206  0.282 - 0.047
1989 0.010  0.012  0.033 0.058  0.122  0.249 . - 0.086
1990 0.004  0.010  0.02¢ 0.043  0.107  0.155 - - 0.0561
S 1991 0.006  0.014  0.030 0,045 6117 0.221 0.218 0.064
11992 0.00%3  0.607  0.02% 0.043 6119 0,225 - 0.047
1993 0.003  0.009  0.022 0.057 0136 0,237  60.317 - 0.025
L1994 0.005 ©G.006 0.01% 0,032 - 0.282 - - 0.00%
: 1995 0.005 0.007 0.023 0,037 0.083 0.289 0.282 - 0.029
© 1996 0,086  0.0%9  0.031 0.056  0.090  0.184 0.289 - 0.055 *
1997 0.004 0.023 0.033 0.048 ¢.115 0.144 0.256 0,044
1998 - 0.004  0.033 0.072  0.133- 0,158  0.220 - 0.044
Shrimp Fishery Discards Mean Length (cm) at Age
1982 - - 20.3 20.6 26.5 30.7 34.9 - 25.1
1983 - - 20.3 20.6 26.5 30.7 34.9 25.1
1984 - 15.7 20.7 21.2 26.7 30.7 34,9 - 25.4
1985 15.7 16.9 24.2 28.1 31.4 339 28.3
1986 . 15.7 17.3 24.9 28.2 3.4 33.9 - 28.2
1987 10.6 15.3 19.0 23.4 28.2 3.4 33.9 - 24.3
. 1988 10.2 10.9 15.6 19.4 27.9 32.8 34.0 19.8
1989 13.6 13.9 18.9 22.2 28.1 34.6 - - 24.0
:1990 10.5 13.6 17.9 20.4 27.0 30.2 - - 21.9
L1991 9.7 14,2 17.7 20.9 27.6 33.6 33.4 - 22.5
(1992 9.3 10.8 16.6 20.5 27.9 35.7 - 19.5
1993 9.2 12.0 16.9 221 28.9 34.2 37.3 - 14.7
(1994 10.7 9.8 15.9 18.5 - 35.0 - 11.5
51995 10.9 11.6 17.0 19.6 24.9 36.2 36.0 B 18.0
11996 10.0 15.3 18.4 22.1 25.6 3.7 36.2 - 21.2
1997 10.2 161 18.9  21.2  27.6  29.5  35.0 - 19.6
1998 10.2 19.0 23.9 28.9 30.3 33.4 - 19.6




Table A11. Spreadsheet calculations for estimating semi-annual discarded witch flounder in the
large-mesh otter trawl fishery. This spreadsheet illustrates 1993, quarters 1 and 2 with
the NEFSC spring survey. The bold numbers indicate columns and the mathematical
operation performed.

1993 Landings from Q1+Q2 and 1993 spring- survey

1 2 3=1%2 4 5=3*4 6=335 7 8= 6*factor

140 mm 100's unis

Length Survey Prop. Survey Prop Survey Survey Nunmibers Nurbers|
icm) Noltow Retained Retained Kept Rept Discarded Landed Discarded
1 0.000 . 0.00005 0.0000 000 0.0000 0.0000 0 0
3 0.000 0.00008 0.0000 0.00 0.0000 0.0000 0 0
5 0.034 0.00015 0.0000 0.00 0.000G 0.0000 0 34
7 0.064 0.00028 0.0000 0. 0.0000 0.0000 0 120
9 0.031 0.00051 0.0000 0.00 0.0000 G.0000 0 174
1 0.000 0.00092 0.0000 0.00 0.0000 0.0000 0 0
15 0.000 0.00168 0.0000 0.00 0.0000 0.0000 0 0
135 0.011 0.00305 0.0000 0.00 0.0000 0.0000 0 224
17 0.067 0.00354 0.0004 .00 0.0000 0.0004 0 2483
19 0.042 - 0.010035 0.0004 0.00 0.0000 0.0004 0 2823
21 0.028 0.01816 0.0005 0.00 0.0000 0.0005 0 3401
M 0.042 0.03261 0.0014 0.00 0.0000 0.0014 Q 9161
23 0.061 0.05787 0.0035 0.00 0.0000 0.0035 0 23612
27 0.165 0.10065 0.0166 -0.00 0.0000 0.0166 0 11083
29 0.079 0.16938 0.0134 0.00 0.0000 0.0134 0 89503
31 0.205 0.27091 0.0535 0.01 0.0006 0.0550 0 367759
33 0.165 0.40372 0.0666 0.10 0.0067 0.0600 231 401011
33 0.152 0.55231 0.0840 0.99 0.0831 0.0008 2519 5613
37 0.076 0.69211 0.0326 1.00 3.0326 0.0000 4892 - 0
39 0.042 0.80377 0.0338 1.00 0.0338 0.0000 3984 0
41 0.050 0.88184 0.0441 1.00 0.0441 (.0000 3143 0
43 0.000 0.931350 0.0000 1.00 0.0000 0.0000 1699 0
45 0.000 0.66121 0.0000 L.0G 0.0000 0.0000 1658 O
47 - 0.000 0.97833 0.0000 1.00 0.0000 0.0000 1293 0
49 0.054 0.98799 0.0534 1.00 0.0534 0.0000 1268 0
51 0,046 0.99337 0.0457 100~ 0.0457 G.0000 1225. 0
53 0.000 0.99635 0.0000 1.00 0.0000 0.0000 312 0
55 0.018 0.99'.}99 0.0180 1.00 0.0180 0.0000 485 0
57 0.000 1.0000 0.0000 £.00 0.0000 0.0000 354 Q
59 0.000 1.0000 0.0000 1.00 0.0000 0.0060 . 198 0
61 0.000 . 1.0000 0.0000 1.00 0.0000 0.0000 72 0
63 0.019 1.0000 0.0190 1.00 0.0190 0.0000 27 ¢
63 0.000 .1,0000 0.0000 1.00 0.0000 0.0000 4 0
67 0.000 1.0000 0.0000 1.00 0.0000 0.0000 0 {}
69 0.000 ©1.0000 0.0000 100 0.0000 0.0000 0 0
71 0.000 1.0000 0.0000 1.00 0.0000 0.0000 0 0
TOTAL 1.471 0.5088 0.3568 0.1520 2,386,500 1,017,005

I: From SURVAN, stratified mean number per tow at length,

Factor = 6,688,621

2: From LOGEST Program yusing 140 mm mesh in 1993 from adjusted 130-d mm from Walsh et al. (1992; for Am plaice

4: knife-edge ar 36 cm

7: From Lengih BIOSTAT

42
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Table A12. Estimated number (000's) of witch flounder discarded in the large-mesh otter trawl fishery in the Gulf of Maine-Georges
Bank region derived from a ratio estimator of NEFFSC index of ‘kept’ number per tow {(spring and autumn) to semi-annual
(quarters 1 &2, and 3 & 4) numbers of fish landed (in thousands of fish), 1982-1998, and percentage (%) of discarded fish to

landed fish.
SPRING AUTUMK o Total
Survey Landings Q1&Q2 Su.rvey : Landings Q3804 |
7

: Kept Discard Numbers Numbers r.ept biscard Numbers Numbers Humbers Numbers

Year Index Index Landed Discarded Index Index Landed Discarded Landed Discarded %
21982 2.137 0.178 3,481 ‘ 290 0.832 6.017 3,305 69 6,786 359 5.3
é‘l‘)ﬂli 2.928 . 0.341 5,246 612 2.115 0.285 3,35 451 8,597 1,062 12.4
;1984 1.832 - 0,103 . 5,703 7 2.618 0.176 4,207 282 9,909 599 6.1
51985 3.378 0.149 5,349 236 2.054 0.039 4,486 85 @,835 321 3.3
éwaa 1.691 0;013 4,946 37 1.248 0.018 2,806 41 i 1,75 ?5 1.0
51987 0.785 0.035 - 2,874 129 0.393 0.001 2,354 ] 5,227 136 2.6
%198_8 1.144 0.019 3,225 53 0.551 0.060 1,364 150 4,589 203 b4
1989 0.727 0.182 1,837 461 0.28% 0.083 924 273 2,760 734 26.6
1990 0.204 0.081 1,364 545 0.308 0.144 age 415 2,252 960 43,0
1991 0.615 0.050 1,178 97 0.533 - 0.137 1,396 359 2,574 455 17.7
1992 0.541 0.071 2,100 277 0.194 0.096 1,441 m 3,541 988  27.9
1993 6.357 0.152 2,387 1,017 0.435 0.284 1,769 1,154 4,155 2,1mM 52.3
'1994 0.591 0.401 ‘ 2,57 1,744 0.582 0.1 2,152 412 4,723 2,156 45.6
1995  ° 0.646 0.129 2,250 449 0.641 0.326 1,674 853 . 3,924 1,303 33.2
1996 0.357 0.179 1,884 946 1,095 " 0.849 1,915 1,486 ‘ . 3;799 _ 2,432 64.0
1997 0,522 0.440 1,906 1,604 1.272 0.364 1,632 457 3,539 2,071 58.5
1998 1.132 0.505 2,3 1,057 0.50% 0.227 1,490 665 ‘ 3,861 1,723 44.6




bt

Table A13. Large-mesh otter trawi discards at age in numbers (thousands of fish), weight (mt) and mean weight (kg) and mean Ichh
(cm) at age of witch flounder, 1982 1998,

Age
Year 0 1 2 3 4 5 6 7 8 9 10 " 12 13 T4+ Total 11+
Large-mesh otter trawkt discards in Numbers {1000's) at Age
1982 0.03 0.06 8.13 47.35  216.75 76.50 18.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 359.01 0.00
1983 0.00 0.02 0.66 66,20 532.92 463.2% °  1.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1062.39 0.00
1984 0.00 p.00 o1 Q.17  415.38 174,59 0,26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 59049 0.00
1985 0.00 0.00 .10 111,86 143.96 65.02 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00 320.94 0.00
1986 0.00 0.00 0.00 1.58 2B.74 48.15 . 0.28 0.00 0.00 0.00 0.00 0.060 0.00 0.00 0.00 78.75 0.00
1987 .00 0.00 0.42 6.63 25%.17 " 104.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 136,47 0.00
1988 0.00 0.04 0.00 104.77 46.54 50,560 0.72 0.00 0.00 0.00 0.00 6.00 0.60 0.00 0.00 202.67 0.00
1989 0.1 0.22 2.B0 377.82 352.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 733.52 6.00
1990 0.27 1.1 2.52 103.96  355.44 496,52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 959.82 0.00
1991 0.10 0.1 7.28 154,42 123.36 119.27 50.68 0.00 0.00 06.00 0.00 0.00 0.00 0.00 0.00 455.22 0.00
1992 0.13 0.94 22.51 280.70 &64.19 19.17 0.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 988.11 0.00
1993 1.70 6.96 22.0v 378,54  1371.0  391.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00 0.00 2171.25 0.00
1994 0.00 0.02 0.94 22.35 800.5 13304 1.79 0.00 0.00 0.00 0.00 G.00 0.00 G.00 0.50 2155.99 0,00
1995 0.60 0.01 5.21 160.47 - 581.53  432.87 122.53 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 1302.62 0.00
1996 0.00 0.00 0.23 19.93 ~ B47.12  1508.1 56.72 0.00 0.00 0.00 0.00 o.co 0.00 0.00 0.00 2632.13 0.00
1997 0.00 0.01 1.18 1B.38 7B5.45 930.79 334.22 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 2071.03 0.00
1998 0.00 0.01 3.33 87.69 571.15 791.1B  269.1% 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 1722.55 0.00
Large-mesh otter tirawl discards .in Weight {mt) at Age

1982 0.60. 0.00 0.00 2.37 27.74 9.26 3.07 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 L2 .44 0.00
1983 0.00 0.00 0.02 5.20 70.35 73.19 " 0.28 0.00 6.00 0.00 0.00 0.00 0.00 0.00 0.00 149.04 0.00
1984 0.00 0.00 a.00 0.66 59.81 28.28 0.05 0.00 0.00 0.00 0.00 0.00 0.040 0.00 0.00 86.81 0.00
1985 0.00 0.00 0.00 14.88 23.47 16.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 48.73 0.00
1986 0.00 0.00 0.00 0.17 3.5¢9 8.19 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.00 0.00
1987 0.00 0.00 0.0 0.70 3.07 21.84 0.06 0.00 0.00 0.00 0.00 0.00 0.00 g.00 0.00 25.68 0.00
1988 0.00 0.00 0.00 2.1 7.49 .87 0.18 0.00 0.00 0.00 0.00 0.00 ¢.00 0.00 0.00 26,55 0.04
1989 0.00 0.00 0.12 50.63 63.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 U.QU 0.00 0.00 113.86 0.00
1990 0.00 0.02 0.07 10.92 51.89 92.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G.00 155.75 0.00
1991 0.00 0.00 0.35 14.36 17.27 22.7B 10.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 65.41 0.00
1992 0.00 0.0% 1.28 . 36.21 111.58 4.10 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 153.31 0.00
1993 0.00 0.10 1.10 48.83 239.92 17.82 0.00 8.00 0.0 0.00 0.00 0.00 0,00 0.00 0.00 36777 0.00
1994 0.00 0,00 G.04 2.30 140,09 263,43 0.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60 4£06.30 0.00
1995 0.00 0.00 0.36 19.26 97.70 88.31 25.61 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 231.23 0.00
1994 0.00 0.00 o.M 1.79 130.46 295.59 12.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 439.88 0.G0
1997 0.00 0.00 0.08 2.02 129.76 17778 70.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 379.83 0.00
1998 0.00 0.00 0.18 8.86 97.10 156.65 54.11 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 316.89 0.400




Sy

Table A13. Continued.

Year

" Total

11+

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1974

185

996
1997
1998

: 1982

1983
1984
1985
1986
1987
1988
19589

1990

1991

1992
11993
1994
1995
1996
1997
1998

Age
0 1 2 3 4 5 4] 7 8 10 1 12 13 14+
Large-mesh otter trawl Discards Mean Weight (kg) at Age
0.000 0.002 0.014 0.050 0.128 0.121% 0.169
- 0.009 0.029 0.081 0.132 0.158 0.209
- - 0.014 0.072 0.144 0.162 0.209
- - 0.031 0.133 0.163 0.160 -
0.000 - - 0.105 0.125 0.170 0.209
- - 0.014 0.105 0.122 0.210 0.25%%
- 0.002 - 0.08% 0.161 0.195 0.256
0.001 0.013 0.044 0.134 0.179 - -
0.001 0.018 0.028 0.105 0.146 0.187 -
0.00% g.0t0 0.048 0.093 0.140 6.191 0.210
0.001 0.015 0.057 0.129 0.168 0.214 0.256
0.0Mm 0.014 0.050 0.129 0.175% ¢.199 -
- 0.026 0.044 0.103 0.175 ¢.198 0.256
- {.020 0.070 0.120 0.168  0.204 0.209
- 0.014 0.050 0.0%0 0.154 0.196 0.212
- 0.020 0.065 0.110 0.185 0.191 0.210
0.021 0.054 0.1M 0.170 0.198 0.201
Large-mesh otter trawl Discards Mean Length (cm) at Age

5.0 7.8 15.0 21.4 28.3 28.1 3.0
- 13.6 18.5 24.7 .28.6 30.4 33.0
- - 15.0 23.6 29.5 30.6 33.0
- - 19.0 28.8 30.7 30.5 -
5.0 - - 27.0 28.3 L3I 33.0
- - 15.0 27.0 28.1 33.0 35.0
- 9.0 - 25.4 30.4 32.3 35.0
5.9 14.4 20.7 - 28.8 31.5 - -
6.1 16.0 18.1 26.8 29.6 31.8 “
5.5 12.7 21.3 25.8 . 29.2 32.1 33.0
5.7  15.0 22.5 28.4 30.8 33.2 "35.0
5.3 14.5 21.5 28.5 3t.2 32.5 -
. i7.9 20.7 26.5 3.2 32.4 35.0
- 16.7 23.8 27.9 30.8 32.8 33.0
- 15.0 21.5 25.7 0.1 32.3 331
- 16.6 23.3 27.2 30.7 32.1 33.0
- 16.9 22.2 26.6 31.0 32.4 32.6

0.118
0.140
0.148
0.152
0.152
0.188
0.131
0.155
0.162
0.144
0.155
0.169
0.188
0.178
0. 181
0.183
0.184

27.5

29.2

29.7
30.0
30.0
31.8
28.3
30.1

30.4
29.1

30.0
Jo.8
Ly
n.3
31.5
3.7
31.7
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Table A4, Total USA comimercial catch in numbers, weight (thousand of fish; mt) and mean weight 9kg) and mean length 9em) at

age ol witeh Hounder, 1982- 1998,

Age
Year 0 1 2 3 4 S 6 7 8 9 10 1 12 13 T4+ Total 11+
USA Commercial Catch in Mumbers (1000's) at Age
1982 0.03 0.06 1.72 190.49 1064 .4 1207.6 1475.4 665.20 656.00 399.50 239.40 201,00 356.30 183.70 837.40 7478.3 1578.4
1983 - 0,00 0.02 4.28 337.11 1346.1 . 1520.7 1575.1 1590.2 977.80 737.70 510.40 366.00 287.30 289.10 733.10 10275. 1675.5
1984 0.00 0.33 0.83 146,61 14663 2002.7 1739.5 ~ 1486.5 1497.5 696.70 375.10 27%.50 356,40 261.30 821.60 11131, 1718.8
1985 0.00 0.34 3.47 123.58 76,1 - 2118.2 1936.2 1524.9 1247.9  606.00 400.40 261.20 221.50 170.70 705.80  -10496. 1359.2
1986 0.00 0.53 3.86 22.95 377.07 1516.7 2775.3 1566.9 B34.90 412.70 222.80 188.20 157.00 137.00 276.00 8492.0 758.20
1987 2.08 18,92 79.93 22.25 181.26 467 .06 12080.0 15747 870.%90 480 .60 252.40 132.40 90.80 62.10 204,10 5719.5 AB9 .40
1988 0,42 14,66 130.29 600,27 139.91 266 .30 658.27 1382.7 11541 401.50 266.70 124.10 94.00 71.%0 307.50 5610.6 597.50
1989 0.85 10.69 50,32 447.05 436.26  65.27 315.20 761.60 884.70 356.70 123.80 73.40 61.30 56.80 157.50 31793.4 349.00
1990 1.46 6.29 55.30 343.93 635.77 1108.2 257.90 276.30 475,30 336.90 82.10 43.50 3880 19.30 77.50 3798.5 179.10
1991 3.06 17.90 23,26 441,77 407.92 872.56 581.70 23B8.60 247.50 295.60 317.30 52.40 64 .50 22.80 141,10 3707.9 260.80
1992 2.84 64.35 159.43 399.46 125%.9 866.37 943 .97 723.10 203.40 179.40 121.10.  219.50 46,70 26.70 87.30 5283.5 380.20
1993 113.76 85.80 129.59 (17,23 1807.9 - 1420.5 919.56 598.10 586.50 219.10 279.00 114.00 32.60 103.80 140.70 6968.2 391.10
1994 B8.06 1358.4 496,44 41.97 1002.1 2762.6 1290.4 B828.40 197.06 540.16 113.70 71.49 40.32 132.53 BO.56 8974.3 324.90
1995 2.68 49,96  635.11 641.30 617.50 11971 1722.4 849.85 267.81 97.35 269.86 55.03 43,94 8.15 49.94 6508.2 157.06
1996 5.21 32.468 51.06 119.38 952.15 1978.2 1322.4 1431.5 263.642 215.63 57.09 78.87 3.57 13.02 18.23 6542.5 113.69
1997 B.568 74.92 104,10 104.87 1022.8 1467.2 1386.5 1016.3 592.64 83,33 49,90 17.92 36.65 2.21 13.46 5981.5 70.264
1998 0.00 44,08 260,00 147.46 610.29 1285.9 1484.3 1583.8 370.71 161.42 15,54 37.18 5.55 19.90 7.1 6014.0 70.34
USA Commercial Catch in Weight (mt) at Age

1982 0.00 D.0C 0.07 28.93 257.18 397.49 620,44 365.06 476,91 353.95 235.33 230.35 447,16 240.65 1300.4 4953.0 2218.6
1983 0.00 0.00 0.16 50.38 272.37 409.99 644.53 823.72 599.39 586.47 498 66 408.46  347.06 381.90 1137.0 6163.8 22744
1984 0.00 0.01 0.04 22.1¢9 335.19  657.29 733.2% 801,22 994,34 569.20 345.84 280,62 431.96 348.05 1241.4 &6758.4 2302.0
1985 0.c0 0.0 0.08 15.82 278.49 64547  B30.16 861.57 862.30 510.25 385.99 276.09 264.25 223.79 1037.5 6192.0 1801.6
1986 0.00 0.01 0.10 2.03 77.59 454 .17 1131.8 835.16 564.39 152.03 217.23 213.04 188,24 180.43 419.80 45639.6 1001.5
1987 0.01 0.29 2.63 1.81 34.61 139.28 554.73 883.41 597.44 397.94 247.35 141.27 110.96 86.07 299.41 3496.2 637.71
1988 0.00 0.09 2.22 26.88 28.38 82.23 285.78 743.89 770.94 328.83 261.37 133.28 111.86 92.7% 454.18 3320.5 792.07
1989 0.01" 0.13 1.70 54.67 74.34 20.98 133.96 437.16 603.37 286.87 119.84 82.80 77.12 74,69 239.24 2207.3 473.85
1990 0.01 o.e7 2.79 2t.22 118.76 285.01% 112.96 161.91 327.01 286.03 86.12 52.77 48.97 29.36 129.35 16563 .0 260 .43
1991 0.01% 0.25 0.82 27.33 81.28 300.51 26469 137.91 173.74 247.12 309.05 57.59 60.92 35.04 216.73 1892.6 370.28
1992 0.01 0.30 4.13 41.28 289.85 328.48 43319 443,98 15031 147 .47 106.81 228.06 62.44 38.96 143.17 24201 472.63
1993 0.33 0.77 3.52 51.02 365.31 451.93 397.20 3i9.98 390.61 193.25 285.42 127.45 39.09 142.00 213.72 2982.1 522.26
1994 0.04 6.16 9.28 ?.92 202.20 774.70 554.57  442.37 136.17 449.41 103.35 77.42 47.26 159.57 124.96 3091.6 411.21
1995 .01 0.37 14.88 36.99 105.45 368.77 742.33 476.77 184,79 88.69 262.84 60.59 52.856 11.50 70.22 2677.7 195.16
1996 0.92 0.62 < 1.58 7.34 147.69 462,14 562.47 793,06 186.50 184.58 55.61 87,86 5.00 18.75 28.40 2542.1 140.01
1997 0.03 1.76 ~ 3.50 6.19 200,10 367.72 498,40 503.07 372.18 72.58 51.75 20.93 43.83 3.73 22.33 2166.4 90.82
1998 0.00 0.18 8.65 13.16 104.15 319.29 518.14 779.26 216.87 123.18 15.20 41.46 6.28 25.09 12.00 2183.7 84 .84
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- Table Al4. Continucd.

Age
Year 0 1 2 3 4 5 6 7 8 9 0 i} 12 13 16+ Total 11+
USA Commercial Catch Mean Weight (kg) at Age
1982 0.000 0.002 0.038 0.152 0.242. 0.329 0.421 0.550 0.727 0.8B6 0.983 1.%46 1.255 1.310 1.553 0.662 1.406
1983 - 0.009 0.038 0.149 0.202 0.270 0.409 0.518 0.613 0.795 0.977 1.116 1.208 1.321 1.551 0.4600 1.357
1984 - 0.0617 0.040 0.151 0.229 0.328 0.421 0.539 0.664 0.817 0.922 1.004 1.212 1.332 1.511 0.607 1.339
1985 - 0.017 0.023 0.128 0.237 0,305 0.429 0.565 0.691 0._842 0.964 1.057 1.193 .31 1.470 0.5%90 1.326
1986 0.000 0.017 0.026 0.089 0.206 0.299 0.408 0.533 0.676 0.853 0.975 1.122 C1.199 1.}17 1.521 0.546 1.321
1987 0.006 0.015 0.033 0.081 . 0.9 0.298 0.433 0.561 0.686 0.828 0.%80 1.067 1.222 1.386 1.467 0.611 1.303
1988 0.004 0.005 D.017 0.045 0.203 0.31 0.434 0.538 0.668 0.819 0.980 1.074 1.190 1.290 1.477 0.592 1.326
1989 0.009 0.012 0.034 J.122 0.170 0.321 0.425 0.574 0.682 0.818 0.968 1.128 1.258 1.315 1.519 0.582 1.358
1990 0.004 0.012 0.029 0.062 0.187° 0.257 0.438 0.586 0.688 0.849 1.049 1.213 1.262 1.521 1.669 0.438 1.454
1991 0.004 0.014 0.035 0.062 0.199 0.344 0.421 0.578 0.702 0.836 0.974 1.099 1.369 1.537 1.536 0.5%0 1.420
1992 | 0.003 0.007 0.026 0.103 0.230 0.379 0.459 0.614 0.739 0.822 0.882 1.039 1.337 1.459 1.640 0.458 1.243
1993 0.003 0.009 0.027 0.122 0.202 0.318 0.432 0.53% 0.646 0.882 1.023 1.118 1.199 1.368 - 1.519 0.428 1.335
1994 ; 0.065% . 0.004 0.019 0.070 0.202 0.280 0.430 0.534 0.691 0.832 0.%90%9 1.083 1.172 1.204 1.576 0.345 1.266
1995 0.005 0.007 0.023 0.058 0171 0.308 0.431 0.561 0.690 0.911 0.974 1.101 1,203 1.41 1.406 0.381 1.243
1996 0.004 0.019 0.031 0.061 0.155 0.234 0.425 0.554 0.708 0.85% 0.974 1.114 1.401 1.440 1.558 0.389 1.232
1997 0.004 0.023 0.034 0.059 0.19%6 0.251 0.35% 0.495 0.628 0.871 1.037 1.168 1.196 1.687 1.659 0.362 1.293
1998 - 0.004 0.033 0.089 0.171 0.248 0.349 0.4%92 0.585 0.871 0.978 1115 1.132 1.261 1,557 0,343 1.206
"USA Commercial Catch Mean Length (cm) at Age

1982 5.0 7.8 19.9 28.1 33.5 356.8 39.7 42.9 46.5 49.3 50.9 53.2 54.6 55.2 58.0 43.3 56.3
1983 - 13.0 20.0 28.6 31.8 34,7 39.4 _h2.2 h4.2 &7.7 50.7 52.8 54.0 56.6 55.8 35.0 55.0
1984 - 15.7 20.0 28.4 33.1 36.9 39.7 42.7 45.3 48,2 49.9 51.2 54.1 55.6 57.6 42.7 55.5
1985 - 15.7 16.9 8.4 33.6 36.1 39.9 . 43.3 45.9 48.6 50.6 51.9 53.8 55.3 L57.1. 42.4 553
1986 5.0 15.7 17.3 25.1 32.2 36.0 39.3 42.5 45.6 48.8 50.7 53.0 53.9 - 55.4 57.7 41.8 55.3
1987 | 10.6 15.3 19.0 24.5 31.3 3i5.9 401 43.2 45.8 4B.4 50.8 52.1 54.2 56.2 57.1 43.2 55.1
1988 | 10.2 10.9 15.6 20.4 31.8 36.3 40.1 42.7 45.4 48.2 50.8 52.1 53.7 55.0 57.1 41.4 55.3
1989 12.6 13.9 19.0 27.8 30.9 36.8 39.8 63:5 45,4 48,1 50.6 52.9 .54.6 55.3 57.6 41.6 55.7
1990 ?.7 14.0 8.0 22.3 31.1 34.3 40.2 43.7 45.8 48.7 51.8 54.1 54.6 57.8 5¢.2 37.5 56.8
1991 2.6 14.1 18.8 22.6° 31.6 37.4 39.6 43.3 46.1 48.5 50.6 52.5 56.0 57.8 57.8 3194 56.5 .
1992 2.1 10.9 17.4 26.1 331 38.5 40.7 443 W68 48.3 49.2 51.7 55.5% 57.0 58.9 38.6 54.2
1993 2.1 12.2 17.7 27.9 32.3 36.6 40,0 426 45.3 49.3 51.5 52.8 33.9 55.9 57.7 37.6 55.5
1994 10.7 .8 15.9 22.8 3e.2 35.1 39.7 42.3 45.6 48.0 491 51.8 53.0 53.4 57.8 33.0 54.1
1995 10.9 11.6 171 21.7 30.9 36.1 39.6 42.8 45.4 49.3 50.1 52.0 53.4 . 56.0 55.8 35.5 53.8
1996 10.0 15.3 18.5 22.7 30.0 33.5 39.5 42.7 45.8 484 50.1 52.2 55.8 56.2 57.6 37.3 53.6
1997 10.2 16.1 18.9 22.2 31.8 34,3 37.6 41.3 44,2 48.5 51.1 52.9 53.3 59.0 58.7 36.6 S54.4
1998 - 10,2 19.0 25.5 31.0 341 37.3 41.2 43.3 48.7 50.5% 52.3 52.7 54.1 57.6 36.6 53.4
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Table A15. Mean weights at age (kg) at the beginning of the year (January 1) for witch flounder 1082-1998. Values derived from

catch mean weight-ait-age data (mid-year, Table Al4) using procedures described by Rivard (1 980).

2 Age

Year 1 2 3 4 5 & 7 8 9 10 " 12 13 14+ 11+
1982 0.000 0.019 0.132 0.229 0.295 0.380 0.521 0.695 0.844 0.923 1.116 1.223 1.282 1.553 1.406
1983 0.004 0.009 0.075 0.175 0.256 0.367 0.467 0.581 0.760 0.930 1.047 1177 1.288 1.55%1 1.357
1984 0,015 0.019 0.076 0.185 0.257 0,337 0.470 0.586 0.708 0.854 0.9%90 1.163 7.268 1.511 1.339
1985 0.014 0.020 0.072 0.189 0.264 0.375 0.488 0.610 0.748 0.887 0,987 1.094 1.261 1.470 1.326
1986 0.012 0.021 0.045 0.162 0.266 0.353 0.478 0.618 0.768 0.906 1.045 1.126 1.253 1.521 " 1.321
1987 0.014 0.024 0.046 0.130 . 0.248 0.350 0.478 0.605 0.748 0.914 1.020 1.176 - 1.289 1.467 1.303

" 1988 0.003 0.016 0.039 0.128 0,244 0.3460 0.483 0.612 0,750 0.901 1.026 1.127 1.256 1.477 1.326
1989 0.008 0.014 0.046 0.087 0.25%5 0.364 0.499 0.606 0.739 0.8%90 1.051 - 1,162 1.251 1.519 1.358
1990 0.007 0.019 0.046 0.13 0.209 0.375 0.499 0.628 0.761 0.926 1.084 1.193° 1.383 1.669 1.454
199 0.010 0.020 0.042 0.111 0.254 0.329 0.503 0.641 0.758 0.909 1.074 1.289 1.393 1.536 1.420
1992 0.004 0.01%9 0.060 0.119 0.275 0.397' 0.508 0.654 0.760 0.859 1.0068 1.212 1.413 1.640 1.243
1993 0.006 0.014 0.056 0.144 0.270 0.405 0.496 ¢.639 0,807 0.917 0.993 1.116 1.352 1.519 1.33%
1994 0.002 0.013 0.043 0.157 0.238 0.370 0,480 0.608 0.744 0.89% 1.0%3 1.445 1.200 1.576 1.266
1995 0.003 0.010 0.033 0.109 0.249 0.347 0.491 0.607 0.793 0.900 1.000 1.441 1.286 1.406, 1.243
1996 0.014 - 0.015 0.037 0.095 0.200 0.362 0.489 0,630 0.769 0.942 1.042 1.242 1.316 1.558 1.232

© 1997 0.019 0.025 0.043 0.109 0.197 0.290 0.459 0.5%90 0.785 0.942 1.067 1.154 1.537 1.659 1.293
1998 0.001 0.028 0.055 "0.100 0.220 0.296 . 0.420 0.538 0.740 0.923 1.07% 1.150 1.228 1.557 1.206
1982-1998 0.009 0.018 0.056 0,140 0.247 0.357 0.484 0.615 0.764 0.907 1.040 1.175 1.309 1.561 1.319




Table A16. Stratified mean number, weight (kg) and length (cm) per tow of witch flounder in
NEFSC offshore spring and autumn bottom trawl surveys in Gulf of Maine-Georges
Bank region (strata 22-30, 36-40), 1963-1998, 1999 preliminary.

SPRING ) AUTUMN

Number Weight Length Number Weight Length
YEAR per tow per tow per tow per tow per tow per Tow
1963 - - - 5.52 3.46 39.7
1964 - - - 2.89 2.00 4h .2
1965 - . - 3.94 2.27 40.6
986 - - - . 7.80 456 w2
1967 - - - _ 30 2.02 43.6
1968 C4.76 3.34 42.5 ' .82 3.49 . 44.8
1969 3,76 2.53 5.3 5.81 4.40 43.9
1970 6.39 4.49 46.7 4.89 3.71 45.0
1971 2.74 2.06 46.5 4.32 2.95 2.1
1972 5.35 4.01 45.8 3.2 2.42 43.9
1973 8.20 &2 4.8 3.18 2.05 43.6
1974 6.23 3.62 39.3 2.34 1.54 40.9
1975 3.72 2.75 43.9 1.66 1.03 39.8
1976 . 5.50 3.70 42.3 L34 0.94 1.9
1977 4.20 1.96 37.2 5.06 3.38 42.0
1978 3.87 2.56 41.7 4.04 2.94 42.9
1979 3.01 1.77 38.3 1.94 1.62 45,2
1980 B.46 3.89 36.0 2.62 2.04 &3.6
1981 8.40 4.18 38.1 3.66 2,19 40.4
1982 3.66 1.87 37.2 0.99 0.83 4.7
1983 6.41 2.74 36.3 . 4.72 2.12 36.7
1984 3.00 1.66 39.9 4.37 2.34 39.7
1985 5.18 2.75 40.3 2.76 1.59 42.0
1986 2.07 1.35 44.1 : 1.59 1.09 3.3
1987 1.01 0.65 43.4 0.48 0.37 440
1988 1.43 0.85 42.3 1.38 0.57 35.2
1989 1.95 0.74 35.8 0.89 0.38 31.3
1990 0.63 0.24 35.2 2.00 0.40 24.8
1991 1.68 0.57 3.5 2.08 9.54 29.3
1992 126 0.50 34.8 0.94 0.24 29.5
1993 1.47 0.36 30.3 5.15 0.54 17.0
1994 3.13 £.53 27.4 2.21 0.42 24.9
1995 1.88 0.47  30.7 4.47 0.62 25.7
1996 1.36 0.28 30.5 5.38  ° 1.02 29.7
1997 2.22 0.43 31.0 5.10 0.77 24.9
1998 4.27 0.77 29.0 3.70 0.47 24.2
1999 3.15 0.48 282

Note: During 1963-1984, BMV oval doors were used in the spring and autumn surveys; since 1985, Portuguese polyvalent
doors have been used in both surveys. No significant differences in catchability were found for witch flounder,
therefore no adjustments have been made (Byrne and Forrester, MS 1991)., No significant differences were found

.......... Spfring surveys during 1973-1981 were accomplished with-a 41 Yankee trawi; in ail cther years, a 36 Yankee trawl was
used. No adjustments have been made.

49



Table A17. Number of witch flounder caught, aged, percent of fish sampled, and the maximum
age observed in the NEFSC spring and autumn bottom trawl surveys (s;rata 22-30, 36-
40), 1980-1998, 1999 preliminary.

Spring Autumn
Year™” Caught Aged % Sampled Méx. Age Caught Aged % Samplegd Max. Age
1980 - . 593 381 809 24 189 146 T2 24
1981 557 209 37.5 23 202 143 70.8 22
1982 245 &9 2B.2 18 &4 53 82.8 24
1983 410 176 £2.9 20 . 35¢ 154 42.9 22
1984 171 145 B4.B 26 293 204 £9.6 21
1985 26% 151 56.1 25 ' 340 232 68.2 30
1986 119 118 9%.2 22 258 218 B4.5 22 -
1987 108 108 . 100.0 24 30 27 90.0 24
1988 74 67 90.5 12 93 82 88.2 20
1989 100 91 91.0 18 5% 55 93.2 21
1990 33 27 81.8 16 131 118 $0.1 18
1991 93 87 93.5 15 187 107 57.2 11
1992 B 75 87.2 17- 79 67 84.8 18
1993 88 B1 92.0 19 414 166 40.1 16
1994 196 127 64.8 16 174 102 " 5B.& - 21
1995 142 106 74.56 1% © 352 174 49.4 14
1996 84 72 85.7 13 ’ 295 169 57.3 11
1997 129 79 61.2 12 - 368 243 66.0 12
1998 367 281 76.6 13 359 217 60.4 13,
1939 169 128 81.7 10
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Table A18. Stratified mean number per tow at age of witch flounder in NEFSC bottom lrawl s

36-40), 1982-1998, l99O‘I;J'UIfminar_l-'.

pring and autumn surveys (Strata 22-30,

AGE

0 1 Fd 3 4 5 3 Fd i 9 10 11 12 13 14 Iptal
Spring . o ' -
P80 0.00 0.06 0.23 0.95 1.52 0.72 1.20 1.02 0.38 0.40 0.31 0.30 0.12 0.16 1.10 B.44
1981 0.00 0.00 4.05 .82 0.95 2.00 .02 a.76 0.67 0.42 0,13 .20 0,24 0.22 0.90 8.40
1982 0.00 0.04 0.01 0.56 0.57 0.34 6.21 0.64 0.41 0.08 0.26 0.15 6.03 0.03 0.30 3.64
1983 0.00 0.0¢ 0.03 0.58 1.25 1.33 0.55 0.64 0,67 0.48 0.20 6.09 0.08 o 0.41 6.41
1984 0.00 0.0¢ 0.01 G. 19 0.33 e.73 g.42 0.26 0.28 D.24 o.n 0.12 0.09 .02 d.Z? 3.00
1985 0.00 0.00 0.00 0.02 0,43 1.1 1.19 0.86 0.45 0.13 0.06 0,14 0.0% 0.04 0.67 5.18
1986 0.00 0,00 0.00 0.00 0.04 0.24 0.53 0.43 0.17 0.18 ©.07 0.04 0.08 0.05 0.25 2.07
1987 0.00 0.00 0.00 0.00 G.04 0.12 0.12 6.26 0.47 0.03 0.64 0.03 6.00 0.00 .15 1.01
1988 0.00 0.02 0.92 0.06 G.e0 0.07 0.3 0.38 0.25 D.16 0.08 0,04 0.02 0.00 .02 1.43
1909 0.00 0.02 .01 0.04 0.98 0.12 0.07 0.10 0.3t 0.07 0.03 0.0% 0.05 0.02 0.06 1.95
1990 0.00 0.01 0.00 D.04 0.09 0.32 0.02 0.02 0.02 0.06 0.0 0,00 0.0% 0.00 0.03 0.563
19¢1 0.60 0.04 0.00 0.78 0.1 ¢, 0.19 0.02 0.09 0.10 0.14 0.02 0.02 0,00 0,07 1.68
1992 0.00 0.05 0.0 0.19 0.37 0.08 D.12 015 0.05 014 0.02 0.01 0.05 0.00 0.02 1.26
1993 0.00 0.%5 0.1 0.14 0,48 0.33 0.06 0,08 0.00 0.02 6,02 0.00 ¢.06 0.00 0.04 LAY
1974 0.00 0.1e 0.71 0.53 0.64 0.83 0.16 0,03 0.02 0.06 0.01 0.00 0.00 0.02 0.02 3.13
1995 0.00 0.04 0.12 0.58 0.32 0.18 0.31 0.11 0.12 0.04 .00 0.04 0.03 0.00 .00 1.88
1996 0.00 0.02 0.04 0.24 ¢4 0.3% 0.22 ¢.07 0.490 ¢.00 9.0¢g 0.03 0.00 0.00 0.00 1.34
1997 0,09 0.07 0.07 0.15 0.7 0.58 0.46 0.08 0.0 0.00 0.00 0,00 0.00 0.00 0.00 z.22
1998 6.00 0,1% 1.06 0.73 0.4 0.79 0.70 0.21 0.15 0.08 0.0¢ 0.00 0.00 0.03 0,00 - 4.27
1999, (.60 0.1 0.38 0.9 0.81 047 0.18 (R 0.03 0.01 0.02 a.00 8.00 .00 N6t 3.15
Autumn
1980 0.04 0.00 0.02 0.00 n.20 0.26 0.78 0.35 0.17 0.15 0.2y 0.04 0.16 0.12 0.57 2.62
1981 Q.03 0.07 0.03 0.24 0. 44 0.61 0.46 0.27 0.26 0.18 0.21 0.17 0.04 0.13 .48 3,66
1982 0.02 0.00 0.00 0.06 0.01 0.02 0,08 0.25 0.13 0.01 0.03 0.03 0.00 0.06 0.29 .99
1983 0.00 ¢, 0.01 0.49 1.60 0.70 0.%1 0.47 0,11 0.10 ¢.12 0.09 .02 0.00 0.42 .72
1984 0.00 0.00 0.00 0.08 0.97 1.01 0.58 0.54 0.32 0.4 0.12 0,06 0.04 0.14 0.38 4.37
1985 0,00 0.00 0.01 0.07 0.06 0.60 0.62 0.58 0.24 0.13 0.09 - 0.0 0.03 0.10 0.22 2.76
1986 0.01 0.00 0.00 0.01 0.04 0.27 0,36 0.3 .15 0,1t 0,02 0.02 0,01 0.05 0.23 1.59
1987 0.00 0.00 0.02 ¢4 0.00 p.02 0.05 0.8 o0.o07 0.00 0.01 0.00 0.02 0.00 0.08 .48
1988 0.00 0.00 9.00 0.71 0.07 0.00 0.03 0.22 0.06 0.05 G.03 0.06 D.02 0.03 0.08 1.38
1989 0.7 0.02 0.02 0.08 0.30 0.01 0,02 0.04 0.0% 0.0 0.0 0.00 0.03 0.00 0.04 0.89
1994 0.48 0.12 0.1 0,19 0.52 0.17 0.05 6.02 0.02 0.05 0.00 ¢.00 0.0% 0.04 0.03 2.00
1991 0.22 0.02 0.17 0,67 0.35% 0.27 0.15 0.09 0.06 0.02 D.04 0.03 G.00 0.00 0.00 2.08
1992 0.09 0.03 0N 0.27 0.22 ° 006 0.05 0.00 0.00 0.02 0.01 0.02 0.0¢ 0.0% 0.04 0.94
1993 2.54 0.67 0.11 0.55 D.76 0.23 0.06 .03 0.08 0.00 0.02 0.04 0.00 0.0 0.0t 5.15
199 0.42 0.8 0,28 0.50 0.20 0.3% 0,04 on 0.00 0.04 0.9t 0.00 0.0 0.00 b.04 2.21
1995 0.51 0.21 0.80 1.57 0.86 0.49 D.22 0.00 0,00 0.01 0.05 0.00 0.00 0.00 .01 474
1996 0.23 0.09 827 0.74 2.02 1.40 0.45 0.06 0.06 ¢.03 0.00 0.04 0.00 0.00 ¢.00 5.38
197 0.89 0.34 1.00 0.53 0.86 0.77 0.40 0.32 0.00 0.00 0.08 0.00 0.02 .00 0.00 5.10
1998 0.64 0.08 0.54 1.33 0,48 0.31 0.17 0.1 0. 04 0.02 0.00 0.00 0.00 0.00 .00 3.70




Table A19. Witch flounder mean length (ain) at age in spring and autumn surveys NEFSC NEFSC bottom trawl swrveys (Strata 22-
33, 306-40), 1982-1998, 1999 preliminary.

AGE,
] 1 2 3 b b [{] i a 9 10 1 12 13 14+
Spring
1980 9.7 16.4 20.6 6.2 30.6 34.8 3.6 AD.H 45.0 48,6 49,2 49.3 52.5 55.2
1981 13.4 20.2 28.5 32.4 3%.4 9.7 44 .4 W94 52.4 49.9 54.5 54.1 57.6
1502 8.0 15.5 20.0 27 32.3 35.7 40.4 L] 48,6 50.5% 51.3 57.5 53.5 5t.2
1983 - 17.0 20.7 264 31.3 35.0 40.3 3.4 478 52.3 56,7 4%.5 55.9 4.5
1984 15.5 17.7 29.6 32.7 7S 41.8 43.3 47.2 51.4 59.% 53.0 53.5% 57.0
1965 . 19.5 28.7 3.4 36.9 1.1 0Wh .8 6.3 45.5 51.0 491 55.5 6.4
1904 - 26.8 35.0 36.3 A1 05.8 L 51.4 51.9 54,1 57.1 57
1907 - - - 7.4 342 40.3 41,3 LA 47.0 51.1 47,5 55.7
1988 9.5 15.5 19.2 - 33.4 3%.3 43.0 A5.9 50.7 54.3 49.9 595 - 57.5
1989 7.5 14.5 21.5 28.5 33.1 40.1 43.5 44.9 50.2 50.4 53.0 57.7 47.5 59.5
1990 9.5 - 1%.5 28.0 32.6 39.5 41.5 49.5 50.2 51.5 - 33.5 - 54.8
1991 7.5 20.4 27.5 35.4 37.8 43.5 8.1 A9.6 51.9 53.5 53.5 51.3
1992 8.8 1.5 22.0 29.1% 35.2 38.3 he.s 45.0 9.5 45.5 51.% 56.0 - 55.5
1993 7.7 8.2 ?3.6 30.0 345 .2 404 - 9.5 - 49.5 - 50.9 59.6
1994 0.4 17.9 21.4 29.3 35.8 3w 4.9 0%, 5 48,0 47.5 - - b5 57.5
1995 g.8 17.2 22,3 27.0 34.3 3T 43.6 45.8 9.8 - 54.5 58.1 - -
1996 9.5 19.5 22.3 28.3 324 37.0 40.6 - - 55.8 - - -
1997 0.9 15.9 22.2 29.5 3.7 3619 K2.7 44.8 - - - -
1998 11.2 2.1 24.5 30.0 33.3 35.7 38.9 42.8 45.5 - B 51
1999 ig.¢ 145 M9 28.5 34.0 370 4.6 LER) 114 h .6
Autumn ]
1960 5.5 - 19.5 . 27.3 32.0 4.9 %4 43.3 47.7 48.8 50.1 S51.6 53.7 56.7
1901 5.5 12.6 174 23.3 30.6 35.1 35.% A6 44,0 47.0 51.4 5%.6 52.7 55.0 56.4
1702 5.9 - - 22.7 31.5 29.3 36.7 1.9 43,0 47.5 50.7 48.8 - 52.1 56.1
1983 - 13.5 19.5 24.6 30.1 34,6 3.8 2.2 45.5 48.5 51.1 51.8 51.5 58.8
1984 - - 24.9 30.6 a4 38.2 42.9 45.2 47.0 50.3 51.4 -55.7 53.5 58.1
1985 - 19.5 26.3 29.2 3.4 38.5 42.9 46.5 £9.4 49.8 53.5 55.5 51.7 58.6
1986 5.5 - - 27.5 29.5 35.3 3n.2 42.9 45,4 49.1 51.5 51.4 49.5 54.% 57.4
1987 15.5 27.5 - 35.5 38.9 41.4 3.6 - 49.5 - 55.5 60.4
1988 - - 23.4 0.9 - 43.7 h4.3 0Wr.2 47.9 4%.8 54,2 55:5 53.5 56.2
1989 5.9 15,5 18.5 24.2 3.2 37.% 73,5 £5.5 HWr.0 W94 51.5 © 54.7 66,7
1990 6.2 16.7 7.4 26.7 3o.o 36.2 19.5 43.5 47.5 50.4 - - 57.5 51.5 40,3
1991 5.7 4.7 20.5 26.2 30.4 36.6 41.6 47.2 47.5 45.5 54.8 55,5 - . -
1992 5.9 16.1 22.8 27.9 32.0 .7 38.6 - - 45.5 49.5 47.5 - 49.5 56.4
1993 5.6 14.1 22.4 20.8 32.3 5.9 h2.2 43.6 46.2 - 55.5 51.5 - 63.5 57.5
1994 6.0 156.2 20.8 3.3 32.3 6.7 43.5 [ 54,2 49.5 . 51.5 - 57.2
1995 6.6 1.3 2.2 26.4 29.9 35.4 39.2 - 53.5 50.6 - - 55.5
1996 5.3 14.0 19.¢ 25.1 29.5 33.8 30.8 42.3 7.0 £9.3 53.5 -
1997 6.2 16.2 19.9 25.8 30.6 351 37.¢ h2.4h - LYo
1998 5.7 15.8 21,9 5.7 3o.7 3.9 39.2 42.1 445 5.9 -




Table A20. Mean weight (kg) at age of Witch [lounder from the Guif of Maine-Georges Bank region (SA 510-515, 520-522, 525-526,

561-562), derived from NEFSC spring and autumn surveys (Strata 22-30, 36-40), 1982-1998.

Age
Scason Year 0 1 2 4 6 7 8 9 10 " 12 13 16+
’ spring 1982  0.0000  0.0018  0.0155 L0435 9.1210 .2268  6.3001 0.4743  0.647T1 0.8945 1.0048 1.0486  1.5536 1.2022 1.5897
: 1983 0.0000 0.0303 L0498 0.1067 L1870 0.2969% 0.4469 0.5784  0.7973 1.0712 1,257 0.,8985 1.3696 1.3819

1984 0.0000 0.0152 .0283  0.1588 .2259 . 06.3526  0.5156  0.5776  0.7781 1.0480 1.0267 1.1688 1.2020 1.5470
1985  6.0000 0368 0.1396 L2318 0.3286 0,4761 0.6411 6.7159  0.6582 1.0047  0.8676  1.3221 1.4149
1986  0.0000 0.1115 2629 0.3554 0.4B10  0.6438  0.8369  0.96%4 1.0053 1.1611 1.3875 1.4363
1987  0.0000 0.1278 L2560  0.4377  0.4728  0.5965  0.7548 1.0246 ° 0,7617 1.4519
1988 0.0000  0.0025 0.0142 -0364 .2177  0.3888  0.53% 0.6759  0.9301 1.1715 0.9209  1.5574 1.3838
1989 0.0000  ©0.0010  0.0139 L0449 0.1260 1971 0.3957  0.5357 0,590  0.8765  0.8891 1.0404 1.4238 . 1.6465
1990 0.0000  0.0026 L0392 0,1319 L2157 004347 £.5139 0.9159 0.9573 1.048% 6.6600' 1.1408 1.2886
1991 0.0000  0.0014 042%  0.,1258 L2777 0.3440  0.5668  0.783%  0.8905 1.05684 1.1566  1.1564 1.0003
1992 0.0000  0.0024 0.0850 .0528  0.1450 L2654 0.3543  0.5237  0.6403  0.8966  0.6425  0.9597  1,3531 1.2742
1993 0.0000  0.0016  0.0256 L0661 0.1506 L2379 0.3376  0.4098 0.8219  0.B219 0.8318 1.6168
1994  0.0000  0.0049  0.0279 L0520 0.1472 L2364 0.3557 0.5129  0.6685  0.B023  0.7520 1.4078 1.4078
1995  0.0000  0.0032  0.0236 0575 0.1093 . 2425 8.3121 0.5410  0.6389  0.8524 1.1302 1.46264
1996 0.0000  0.0037  0.0351 L0562 0.1292 2010 0.,3182  0.4275 1.3229
1997 0.0000 0.0046  0.0184 L0539 0,139 770 0.2783 0.4841 0.5703
1998  0.0000  0.0056  0.0402 0774 0.1542 .2189 0l2763 6.3782  0.5115  0.6492 0.9561
Mean ©0.0000  0.0029  0.8221 L0492 0.1327 .2280 ﬂ.3451> 0.4882  D0.6456  0.8303  0.93861 0.971¢  1.2158 1.1941 1.4184




7
Table A20. Continucd,
hge
lSEason Year 0 ] 2 3 5 [ 7 B 9 10 11 12 13 14+
Autumn 1982 0.0004 0.0650 .2006  0.1355  0.3519  0.5413  0.6042  0.8601  1.0542 0,932 1.1450  1.5352
1983 0.0923  0.0350  0.0887 Li739 0.2761  0.4146  0.54BB  D.6837  0.8625  1.0430 1,088  1.0481 1.7014
1984 0.6%18 L1816 0.2678  0.3844  0.5706 0.6833  0.7779  0.9723  1.0643  1.3815  1.1931  1.6480
5985 0.0391  0.0982 L1496 0.2563 0.3698  0.5383 0.7203  0.8782  0.9041  1.1771  1.3004  1.0307  3.5836
1986  0.0607 0.1310 1659 0.2995  0.3868  0.5766  0.6977  0.9112 10621 1.0572  0.9105  1.3158  1.5631
1987 0.0195  0.1327 D.3141  0.4250  0.5204  0.6203 0.9040 1.3432 1.9129
1988 0.0036 0.0889 713 0.5793  0.5299  0.7621  0.808%  0.9112  1.2072  1.2904  1.1808  1.3875
1989  0.0007  0.0155  0.0326  0.0791 J1893  0.3111 0.6190 0.6979 - 0.8100  0.9369  1.0579 1.2782 2.2666
1990 0.0008  0.0231  §.0269  0.1151 1702 0.3120 0.4196  0.5688  0.7716  1.0079 1.5407  1.0922  1.8824
1991 0.0006  0.0155  ©0.0491  0.1095 .1803  0.3383  0.5222  0.7915  0.8201 - 0.6711  1.2865  1.3420 ‘
1992 0.0006  0.0181  0.0654  0.1288 .2028  0.3662  0.3861 0.6915  0.8788  0.7444 0.8788 11,3961
1993 0.0006  0.0133  0.0600  0.1431 .2108 0.3065  0.5220 0.5773  0.7M22 1.2822. 0.9898 2.0625  1.4493
1994  0.0006 0.0202  0.0467  0.0676 .2050 0.3138  0.5493  0.5874 1.2046  0.9017 0.9650 1.4391
1995 0.0008  0.0209  0.0566  0.0999 L1499 0.2684  0.3821 1.1259  0.9099 1.2754
1996 0.0005  0.0124  0.0326  0.0837 L1471 0.2332 0.4038  0.5046  0.7315  0.8537 1.1060
1997 - 0.0008  0.0200  0.039%  0.0949 A7 0.2697  0.3491  0.5110 ' 0.7050
1998  0.0006  D0.0t87  0.0585  0.0928 L1700 0.2664 0.3951  0.4948  0.5964  0.6677
mean  0.0009  0.0173  0,0431  0.1006 774 0.2834  0.4388  0.,5705  0.7087  0.8755  1.0129  1.0689  1.1763  1.2348

1.6185



Table A21. Proportion mature at age for female witch flounder derived from probit

NEFSC spring bottom trawl] surveys, 1980-1998.

analysis of

Age
Period 1 2 3 4 H -] 7 -3 9 10 11+
- 1980-1982 0.00 0.00 0.0¢. 0.00 p.o2 0.15 0.4% 0.82 0.7  1.00 1.00
19B3-1984 0.oC 0.00 0.00 0.04 0.20 0.52 0.80 0.97 1.00 1.00 1.00
1985-1990 0.00 0.00 0.01 0.15 0.65 0.9 1.00 1.00 1.00 1.00 1.00
19911993 0.00 0.00 0.00 0.0 0.10 0.40 0.80 0.97 1.00 1.00 1.00
1994- 1998 0.00 G.a 0.00 ¢.o8 0.45 0.85 1.00 1.00 1.00 1.00 1.00

Note: No maturity at age data before 1980.




" Table A22. Stratified mean weight (kg) per tow of mature witch flounder (spawning stock
biomass) in the NEFSC spring bottom trawl survey in the Gulf of Maine-Georges Bank
region (Strata 22-30, 36-40), 1963-1998.

Year spring
1963 -
1964 -
1965 ' -
1966 -
1967 .
1968 2.930
1969 ' 2.300
1970 4.673
1971 1907
1972 3.772
1973 5.868
1674 3.289
1975 2,499
1976 3.248
1977 1.522
1978 2.278
1979 1.480
1980 2.964
1981 3.104
1982 1.519
1983 2.166
1984 1.383
1985 2.607
1986 1.329
1987 0.638
1988 D.836
1989 0.637
1990 0,200
1991 0.455
1992 0.356
1993 0.186
1994 0.325
1995 - 0.377
1996 0.7
1997 T p.st
1998 0.499

Rete: 1977-1982, 1983-1984, 1985-1990, 1991-1993, 1994-1998 ogives were used; No maturity at length data before
1677; the 1977-1982 period was applied to the 1963-1976 period.

Note: During 1963-1984, BMV oval doors were used in the spring and autumn surveys; since 1985, Portuguese polyvalent
doors have been used in both surveys. No significant differences in catchability were found for witch flounder,
therefore no adjustments have been made (Byrme and Forrester, MS 1991). No significant differences were found ~
between research vessels, and no adjustment have been made (Byrme and Forrester, MS 1991). Spring surveys during

"1973-1981 were aceomplished with a 41 Yankee trawl; in ail other years, a 36 Yankee trawl was used. No adjustments
have been made.

56



Table A23. Estimates of instantaneous total mortality (Z) for witch flounder in the Gulf of
Maine-Georges Bank region, 1980-1998, derived from NEFSC spring and autumn
bottom trawl survey data.

AGE LN(7+/ B+)

3 [A 5+ [ 7+ 8+ Ti‘me Period Spring AuTumn Gem;:_;_
Spring l )
1980 B.18 7.23 5.71 4.99 3.79 2.77
1981 8.31 7.49 6.56 4.56 3.5 2.78
1982 ©3.58 3.02 2.45 2.11 1.90 1.26 1982- 1585 0.46 0.32 0.38
1683 .39 5.81 4.56 3.23 2.68 2.04
1984 2.99 - 2.89 . 2.56 1.83 1.41 1.15
1985 5.19 5.17 .74 3.63 2.44 1.58
1986 2.08 2.08 2.04 1.80 1.27 0.4 1986- 1589 0.79 0.72 0.75
1987 1.00 1.00 0.94 0.82  0.70 0.4k
1988 1.39 1.33 1.33 1.26 0.95 0.57
1989 1.90 1.86 0.88 0.76 0.69 0.59
1990 0.62 0.58 0.4% 0.17 0.15  0.13 1990- 1693 0.55 0.40 0.47
1991 1.5 0.87 0.76 0.65 0.46 0.44
1992 1.20 1.01 0.64 0.56 0.4h 0.29
1993 1.21 1.07 0.61 0.28 0.22 0.14
1994 2.32 1.79 1.15 0.32 0.16 0.13 1994- 1597 0.51 0.57 0.54
1995 1.73 1.15 0.83 0.65 0.3 0.23
1996 1.30 1.06 0.65 0.32 0.10 0.03
1997 2.08 1.93 1.22 0.64 0.18 0.10
1998 3.0 2.37 1.96 1.7 0.47 0.26
Autumn
1980 2.58 2.58 2.38 2.12 1.86 1.48
1981 3.49 3.5 2.81 2.20 1.7 1.47
1982 0.97 0.91 0.0 0.88 0.80 0.55
1983 4.7 4.2z 2.62 1.84 1.33 0.86
1984 4.38 4.30 3.33 2.32 1.7 1.20
1985 2.75 2.68 2.62 2.02 1.40 0.82
1986 158 1.57 1.53 1.26 0.90 0.59
1987 0.44 0.43 0.43 .41 0.36 0.18
1988 - 1.36 0.65 0.58 0.58 0.55 0.33
1989 . 0.7 0.59 0.29 0.28 0.26 0.22
1590 1.30 0.91 0.39 0.22 0.17 0.15
1991 1.68 1.01 0.56 0.39 0.2 0.15
1992 6.70 0.43 0.21 0.15 0.10 0.10
1953 1.79 1.24 . 0.48 0.25 0.19 0.16
1964 1.34 0.8 0.54 0.25 0.21 0.10
1995 3.21 1.64 0.78 0.29 0.07 0.07
1996 4.80 4.06 2.04 D.64 0.19 0.13
1997 2.50 2.37 .51 0.73 0.3 0.02
1958 2.45 1.12 C.64 0.33 0.16 0.06

57
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Table A24. Parameler estimales (with associated statistics) and estimates of (¢ minal F {rom alternative ADAPT formul

witch flounder.

ations [or

Rurs 45 Run 46 Run 51 Run 52 Rery 50 Run 54 Run 55 Runy 56 Run 57
CAA 10+ 10+ 104 10+ 11+ 114 15¢ 1 11+
Est.Ages 4,7,8,9 4,7,8,9 4,1,8.9 4,7,8,9 3- 10 4 - 10 3-10 4 - 10 1. 10
NMFS-3 3,9 3,9 3 -9 3-9 3 - 11+ 3 - 11+ 3 -1 3 -0 3 11+
NMES-a 3, 9 3,9 3-9 3 -9 -1 3 - 11 3 -t 3- 1 31
LPUE- 1S 7.8, 9 7,8, 9 7.8, ¢ - 7,8,9,10,11s -
Hote: lpue B2-98 lpue 82-93 o discarcds lpue 82-93 Appendixn A SARLC: SARC: SARC:
update of lpue 82-93 ' Age 3 no 1998 Age 3
1994 shrimp no 1998
assessment discards shrimp
C | discards
M.5.R. 780 . 789 1.857 894 697 Bt .B12 B9 812
N3 (cv) - - ‘ B.37c4 8.37ch B.37ch
N4 (cv) 6.28c4 1 6.0204 Ab f..UZCn’o' A 6.02ek AT 5.92c4 5. 9%ch 5.92ch 5.3%c4 5.9204
N3 {cv) 1.45¢ch 1.46eh 1.4504 1.37ck 1.45¢h
N6 (cv) 1.45e4 t.46oh 1.45e6 T.41c4 1.45e4
N7 (cv) t.23c4 W34 T.19e4 1) 1.24e4 A 1.19¢4 30 1.17ch t.17eh 1.17ec4h 1.15¢04 T.17ch
NB (cv) 2.7823 .32 | 2.39e3 .36 ‘i.SOcJ’. A0 | 2.40e3 39 | 2.49e3 2.23e3 2.50e3 4.52e3 2.50e3
HY (cv) 1,373 .34 1.0003 AL ] 5,090 b 1.00c3 A 1.0503 9.6f02 1,04c3 1.61c3 1.04c3
N1 (cv) 4.2002 3.90c2 4.2002 6,902 4. 2002
F 1 0 4] 0 4] 1} 10 0 Q 0 ]
F2 .003 .003 .00t 003 .003 .002 003 .o ]
F3 .002 .002 N .0o2 .002 .002 .003 .o02 001
F g .02 .02 005 .02 .04 .04 i .04 .04
FS .08 .01 .02 10 .00 .08 .08 .08 .08
Fé .1 1 .09 A N W11 12! .1 N
F7 T AT .09 4B LAk .51 b .28 A6
Fa .22 .29 o7 .29 .29 30 .29 19 .29 ﬂ
Fe .32 .39 .08 .39 .27 .89 27 A7 a7
F10 .32 .39 .08 .39 11 37 .34 .2 .34
Fli+ 34 37 34 21 34




Table A25. Results from the regression of VPA and NEFSC spring and autumn survey (RCT3
program) to estimate stock sizes at age 3 and 4 in 1999.

Analysis by RCT3 ver3.1 of data from file : RCTWIT3.DAT

Yearclass = 1995

I----—-----Regression B O Prediction 1
Survey/ Stope Inter- Std Rsquare No, Index Predicted Std WAP
Series cept  Error Pts Value Value Error Weights

NESP3
NEFL3

.64 7.62 54 582
66 722 .66 487

16 4.30 1039 - .632 ° 595
16 4.50 1048 765 405

" VPAMean= 932 621 .00

Yearclass = 1996

| Regression 1 i Prediction 1
Survey/ Slope Imter- Sid Rsquare No. Index Predicted Std = WAP

Series cept Error Pts Value Value Error Weights
NESP3 .64 7.62 .54 .58 16 4.57 10.56 642 1.000
NEFL3

VPA Mean = 932 .621 030

Year Weighted Log Imt Ext Var VPA  Log
Class  Average  WAP S Sd  Raro VPA
Prediction Error Error

1995 33693 1043 49 ¢ O
1996 38706 1636 64 00 50

Data for 2 surveys over 18 vears: 1979 - 1996
Regression tvpe = €

Tapered time weighting not applied

Survey weighting not applied

Final estimates net shrunk towarnds mean

Estimares with S.E.’S greater than thar of mean included
Minmimum S$.E. for any survey ukenas .00

Minimum of 16 points used for regression
Forecast/Hindcast variance correction used

Analysts by RCT3 ver3.1 of datz from file : rcrwitdr.dat

Yearclass = 1995

I--4-=-=----Regression i1 Prediction 1
Survey/ Slope Inter- Sid Rsquare No. Index Predicted Sid = WAP
- Series cept Error Pts Value Value Error Weighs
NESP4 68 6.89 .53 604 15 44] 9.88 601 1.000
NEFL4

VPA Mean = 910 626 .000

Year Weighted fLog Im Ext Var VPA Log
Class Average  WAP S Si  Rauo VPA
Prediction Error Error

1995 19457 988 60 00 .00

Data for 2 surveys over 18 years: 1979 - 1996
Regression type = €

Tapered time weighting not applied

Survey weighting not applied

Final estimates not shrunk rowards mean

Estimates with S.E.'S grzater than that of mean inciuded
Minimum S.E. for any survey takenas .00

Minimum of 15 points used for regression
Forecast/Hindcast variance correction used,
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Table A26. Estimates of beginning year stock size (thousands of fish), instantaneous fishing mortality (IY) and spawning stock
biomass (imt) for witeh llounder estimated form virlual population analysis, 1982-1998. Bold values in 1999 arc cstimated
from RCT3 (regressions of VI'A stock sizes and corresponding NEFSC surveys); bold value in 1998 was back-calculated.

STOCK NUMBERS (Jan 13 in thousands

Agpe 1482 1983 1984 1985 1986 © 1987 1988 1989 194 1991 1992 1993 1994 1995 196 1997 1998
3 15434 17862 15866 7326 4876 2950 as02 6359 6871 1949 15279 10906 13869 27833 26142 20549 22686
4 12807 13107 15061 13520 0194 4176 2519 1622 5059 3595 7293y L2780 GHHND L1RYR 21361 223%0 175%0)
5 9766 10035 10033 1603 10546 . 4979 3420 2038 G155 3764 4437 5108 9322 0816 9068 19224 18322
0 7903 7285 7227 6777 8022 7 7669 3852 2704 1693 4270 2430 ms 3079 5461 ° 4756 6486 15185
7 4560 5433 4309 40606 4037 4330 5414 2705 2015 1218 35 1216 1742 145Y i 2807 429
8 299 3313 - 3201 2760 2550 - 2021 2206 3377 1621 1495 827 2028 492 731 462 1342 1525
Y 2341 1905 iM4 1366 1218 FA 20 UL K74 J0R6 RN 1057 523 1201 7 241 8 153 6l5
10 1372 1644 1007 1027 613 665 776 429 431 1483 547 743 247 533 it7 128 55
I+ 9014 33064 4581 3459 2073 1280 1728 1203 LKL 1213 17 1034 00 307 230 C 178 2410

3+ T 66193 HOODE ‘63729 52444 40126 294490 34 27316 208849 28042 RIYANCS 37353 39652 55273 0R21Y 73317 U510

1999

38706
19457

© 14573

14577
1 Ha"3
2228
968
390
17

102771

FESHING MORTALITY
Age 1982 1983 1984 1945 1986 1987 1988 1989 194%) 1991 1592 1993 1994 1995 1996 1997 1998

0.01 0.02 0.01 0.02 0.01 0.0] 0.7 0.08 0.06 0.05 0.03 0.04 0.00 0.03 0.00 6.0l 0.00
0.09 0.12 0.1 .10 0.07 0.05 0.00 0.06 0.5 0.08 0.21 0.17 - 0.13 0.06 0.04 0.05 0.04
0.14 (.18 0,24 (4,22 0.17 0. 0.04 .04 .22 (.29 0.24 .36 0.38 0.2t 0.25 0.09 (.08

] (.22 (.27 0.30 .37 0.47 (.20 0.2 .13 (118 0.16 .54 0,40 1.6} 0.42 .30 0.26 o
7 0.7 038 - 0.4 44 0.54 (.50 0.32 0.30 016 U.24 .29 .70 {172 1.0 (.09 U.fiH 0.51
8 0.27 0.38 0.70 0.(]7 0.44 (.62 0.80 0.33 0.38 0.20 .31 .37 (L57 . U450 (LY5 0.05 0.30
9 0.20 0.52 0.49 0.65 0.45 0.45 0.62 0.56 ¢.19 0.41 (.20 0.60 0.66 0.57 0.94 .88 0.29
10 0.21 0.41 0.51 .55 0.50 0.53 0.46 ¢.37 (.23 0.26 0.27 0.52 0.68 0.79 . 075 0.55 0.37
11+ 0.21 0.41 C0.51 0.55 0.50 0.53 0.46 0.37 0.23 0.26 0.27 0.52 0.68 079 (.75 0.55 (.37

7-9 0.21 0.43 0.53 0.59 0.48 0.53 0.58 0.42 (.24 0.28 0.27 0.58 0.63 0.69 0.80 w07 0.37
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| Table A26. Continued.

'MEAN BIOMASS

Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
3 264 2447 2214 863 402 221 384 694 385 502 1441 1211 %0 1481 1477 1123 1978
4 2750 2323 3036 2837 1146 724 401 1167 819 Y94 1411 n14 1587 1837 3290 3976 3191
5 2785 2310 2722 2959 2700 1309 949 597 1325 1049 1395 1275 2022 1763 1865 4298 4890
6 2775 2438 2450 2268 2443 28 1408 1000 632 1547 805 1003 931 1798 1586 908 5600
7 2148 2186 1989 1965 1553 1788 2322 1245 1026 584 1561 428 622 485 1164 1052 1729
8 1775 1574 1431 1303 13615 Y65 978 1827 866 887 494 1051 243 371 198 581 829
9 1747 1139 1174 792 780 883 531 515 1500 612 732 325 684 156 198 83 414
10 1134 1231 679 73 441 474 569 324 m 1183 304 555 152 337 75 95 42
1+ 10652 5580 4484 3306 2016 1213 1713 1272 1134 1412 1735 1007 o 247 187 166 253
3+ 27930 21228 20179 17007 12786 10381 9315 8611 8064 8770 9965 w069 7742 8475 1004D  §3282 18934
SSB AT THE START OFF THE SPAWNING SEASON -MALES AND FEMALES (MT)
Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
3 0 0 5 2 1 4 3 3 0 0 0 0 0 0 0 0
4 8% 17 308 145 79 47 96 109 6 8 17 108 100 172 189 136
5 55 486 483 1872 1729 769 522 328 787 89 14 127 913 719 814 1638 1746
6 423 1297 1175 238 453 2501 1255 901 571 534 344 446 854 1466 1345 1493 3658
7 1105 1859 1648 2037 1719 1858 2417 1239 964 460 1185 415 724 589 1319 1184 1617
8 1589 1708 1579 1460 1429 1074 1184 1888 932 877 486 1152 265 39 242 693 76
9 1807 1336 1237 894 846 660 614 517 1499 659 758 373 780 1] 244 T 416
10 1206 1393 m 811 499 543 32 350 375 1258 438 610 192 4o 95 107 46
T 11939 6633 5492 4085 2458 1491 2069 1497 1280 1609 1982 1235 771 326 244 205 m
1+ 18124 14801 12493 13779 11281 9277 B3 6879 6526 5492 5315 4375 4608 4178 4475 5611 8652




Table A27. Yield and Spawning Stock biomass per recruit results er witch flounder.

The NEFC Yield and Stock Size per Recruit Program - PDBYPRC
PC Ver.2.0 [Method of Thompson and Bell (1934)} 1-Jan-199¢

Run Date: 2- 6-199%; Time: 20:32:18.77 Witch flounder 1998

Propertion of F before spawning: .1667

Proportion of M before spawning: .1667

Natural Mortality is Constant at: .150

Initial age is: 1; Last age is: 14

Last agé is a PLUS group;

Original age-specific PRs, Mats, and Mean Wts from file: .==> witch-t.dat

Age | Fish Mort Nat Mort | Proportion | Average Weights
Pattern Pattern Mature tatch Stock
1 .0010 1.0000 . 0000 013 009
2 00590 1.0000 .0800 .030 018
3 0130 1.0008 .0000 094 056
4 0730 1.0000 .0800 199 140
5 2330 1.0000 L4500 299 247
6 4730 1.0000 .8500 G619 357
7 1.0000 7.0000 1.0000 549 48B4
8 1.0000 1.0000 1.0000 N-Y24 615
@ 1.0000 1.0000 1.0000 L8466 Th4
10 1.0000 7.0000 1.0000 973 907
1% 1.0000 1.0000 1.0000 1.104 1.040
12 1.0000 1.0000 1.0000 1.236 1.3170
33 1.0000 1.0000 1.0000 1.381 1.309
T+ 1.0000 1.0000 1.0000 1.541 1.541

Summary af Yield per Recruit Analysis for:Witch flounder 1998
Slope of the Yield/Recruit Curve at F=0.00: --» 3.1526

F level st slope=1/10 of the above stope (F0.1): ----- > 157
Yield/Recruit corresponding te F0.1; ----- > . 1834

F level to produce Maximum Yield/Recruit (Fmax): ----- > .353
Yield/Recruit corresponding to Fmax: ----- > .2030

F level at 20 % of Max Spawning Potential (F20): =---- > 371
S$SB/Recruit corresponding to F20: -------- > .6506

FMORT TOTCTHN  TOTCTHW  TOTSTKN  TOTSTKW SPNSTKN  SPNSTKW % Msp

.00 .09000 .00000  7.1792 | 3.5838 3.5290 3.2535 100.00

.05 11648 L10680  4.4045  2.5600  2.7572 2.2381 68.79

.10 L1871¢C 15641 5.9355 1.9824 2.2912  1.6673 51.25
.15 L23477 48103 5.6194 1.6203  1.9781  1.3107 40,29
FO.YT .16 24034 .18336 5.5825 1.5798  1.94186  1.2710 39.07
.20 . 26931 L19349 5.3908 1.3764 1.7524 1.0715 32.94

.49 L2956+ 19961 5.2168  1.2034 1.581% 025 27.74

.3C .31648 L20229 5.0794 1.0755 1.44T1 L7780 23.91

.35 (33347 20304 4.9876 8777 11,3383 L6832 21.00

Fmax .35 L33629 .20305  4.9622 L9732 1.3330 .6788 20.86
F20% .37 33960 .20300 © 4.9272 LF440 11,2992 .6506 20.00
.40 L 34TES .20271  4.8744 L9010 1.248% 6091 18.72

.45 L3597 .20176  4.7952 L8393 11720 L5497 16.90

.20 37015 L20047  4.7269 .7887  1.1068 L5013 15.41

.55 .3793% 19900 4.6671 L7465 1.0500 L4610 14.17

.6C L3874 L9746 4.6147 L7197 1.0001% L4271 13.13

.65 39468 L9589 4.5568 .6800 .9558 L3981 12.24

.70 L4012+ L9433 4.5240 L6534 9161 L3731 11.47

.75 W40722 0 19281 4.4857 -6300 .8803 .3512 10.80
.80 LA127C 19133 44495 .5053 .B478 .3320 10.20

.85 LATTE L1B990 4.4167 .5508 .8181 .3148 9.68
.90 42245 L18851  4.3883 L5741 L7908 .2995 9.21
.95 L4268 L18718  4.3580 .55%0 L7655 .2857 8.78
1.00 L4309 .18590 4.3316 .5453 L7422 .2732 8.40



Table A28. Yield per recruit results for witch flounder where cat.ch mean weight. at age have
been dis-aggregated by landings, large-mesh otter traw] discards, and shrimp fishery

discards.

The NEFC Yield and Stock Size per Recruit Program - PDBYPRCM
PC ver.1.2 [Methad of Thompson and Bell (1934)1 1-Jan-1992

Run Date: 1- 6-1999;
Proportion of F before spawning:
Propertiorof M- before spawning:
Naturat Mortality is Constamt at:

Initial age is: 1; Last age is: 14

Last age is a PLUS group;

Time: 15:58:07.43 Witch flounder 1998
. 1667
L1667
.150

criginal age-specific PRs, Mats, and Mean Wts from file:==> witch.dat
Age-specific Input data for Yield per Recruit Analysis

Proportion of F
Lnetgs LMOT Shmp

Age | Fish Mort Mat Mort | Prop
Pattern Pattern Mat

1 L0610 1.0000 .00

2 .0asd 1.0000 .00

3 L0130 1.9000 .00

4 L0730 1.0000 08

5 2330 1.0G00 45

[ L4730 1.0000 .85

7 1.0000 1.0000 1.00

8 1.0000 1.0000 1.00

9 1.0000 1.0000 1.00

10 1.0000C 1.0000 1.00
1t 1.060600 1.0000 1.00
12 1.0000 1.0000 1.00
13 1.0000 1.0000 1.00
14+ 1.000C 1.0000 1.00

00 1.00
01 .99
.23 77
.85 .04
.62 .60
.12 .00
.00 .00
00 .00
00 .00
.00 .00
.00 .oo
.00 .00
00 .00
00 .00

Average Weights
Cateh Lndgs LMDs¢ ShDsc

973 L9733 L2200 L2564
1.7104 1.104 .220 .256
1.236 1.236 .220 .25%
1.381 1.381 .220 .256
1.541 1.541 .220 .256

Summary of Yield per Recruit Analysis for: Witch flounder 19%¢8

Siope of the Yield/Recruit Curve at F=0.00: --> 3.1156
F level at slope=1/10 of the above slope (FO.1): ----- > . 140
Yietd/Recruit corresponding to FO.1; ----- > 1754
F level to produce Maximum Yield/Recruit (Fmax): ----- > 299
Yield/Recruit corresponding to Fmax: ----- > 1920

Listing of Yield per Recruit Results for: Witch ftounder 1998

ALL CCMPCONENTS LANDINGS ONLY

FMORT NUMBER WEIGRT NUMBER

WEIGHT

LM OT DISCARD  SHRIMP DISCARD

NUMBER

WEIGHT NUMBER WEIGHT

000 00000 .0COOD .CoCCO
.050 .11648 .10680 ,1090G2
L1000 18710 15641 17232
FO.5 149 .23416 18077 .21232
L1300 .23477 18103 21282
L2000 .26531 19349 (24034
.250 29564 19961 25979
Fmax .299 .31602 ,20225 .27558
L300 31648 (20229 .273B8
350 .33347 20304 28425
L4000 34765 20271 29194
402 34811 20268 29218
L4500 (35971 20176 .29765
-500 37013 (20047 .30184
L350 37930 19900 (30487
500 3874 19746 30697
650 (39468 19589 .30835
L700 40924 19433 .30913
J750 .40722 19281 30943
.B00 41270 19133 .30934
L850 41776 18990 .30892
L900 42245 1885t .3082%
25042681 - 18718 130733
1.000 .43090 18590 .30623

.00000
.00679
.01343
.01983
.01993
.02628
.03249
03842
-03857
.04451
.05033
.05054
.03603
.06160
06706
07240
07763
.08276
.08777
.09269
-09750
L1022

10683

11136

.00009 .0006G0 .GOOOD
.00123  .00067 .GCOO3
.00243 .00135 .00007
.00359  .00201 00010
.00341 .00202 .00070
L00473  .00269 .000M4
.00587 .00336 .00017
.00693 .00402 .00020
.00696 00403 .00021
.00802 .0047C .00024
00906 .00537 .00027
.00910 .0053% .00027
.01008 .00604 .0003%
.01107  .00670 00034
-01204  .00737 .00037
.01299 .0C8C3 .00041
.01391  .0086% .CO0044
.01482 .00936 .00048
-01570  .01002 .000S1
.01656 .01068 .00054
01741 .01134  .000538
.01823 .01200 .00061
TOIP04T U065 00064
-01983  .01331 .00067
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Table A29. Surplus production model analysis (ASPIC) of witch flounder.

CONTROL PARAMETERS USED (FROM INPUT FILE)

Number of years analyzed: . 36
Number of data series: 2
Objective function computed: in EFFORY
Retative conv. criterion {(simplex): 1.D00E-0B
Retative comv. criterion {restart): 3.000E-0B
Relative tonv. criterion {effort): 1.000E-04
Maximum F allowed in fitting: 5.000

PROGRAM STATUS INFORMATION (NON-BODTSTRAPPED ANALYSIS)

kormal convergence.

Number of bootstrap trials:
Lower bound on MSY:

Upper bound on MSY:

Lower bound on r:

Upper bound on.r:

Random number seed:

Monte Carto search trials:

CORRELATION AMONG INPUT SERIES EXPRESSED AS CPUE (NUMBER 0F PAIRWISE OBSERVATIONS BELOMW)

1 Fall Survey 1.000
36

2 Sspring Survey (lagged) D.646
32

1

8.333e-0G2
7.500e+01
2.000E-02
1.000E+01
1964285
50000

Loss compenent number and title

Loss(-1}
Loss¢ 0}

Loss( 1)

Loss( 2)

JOTAL DBJECTIVE FUNCTION:

NOTE: B1

-ratic constraint term contributing to

SSE in yietd

Penaity for BiR > 2
Fall Surwvey

Spring Survey {lagged)

"Number of restarts required for convergence:
Est. 8-ratio coverage index (0 worst, 2 best):
Est. B-ratio nearness ingex (0 werst, ! best):

MODEL PARAMETER ESTIMATES (NON-BQQTSTRAPPED)

Weighted
SSE

0.CJA0E+00
3.C73E-02
7.72BE+00
7.L73E+00

1.52316826E+01

weighted Current
N MSE weight

i N/A 1.000E+00
36 2.2738-01% 1.000£+00
32 2.491E-01 1.000E+00

loss, Sensitivi'ty analysis advised.

Suggested
weight

R/A
1.B43E+00
9.517e-01

R-squared
in CPUE

0.617
0.403

Parameter

B1R Starting biomass ratio, year 1963

MSY Maximum sustainable yield

r Intrinsic rate of increase

........ Catchability coefficients by fishery:
gl 1) "Fall Survey

gl 2) Spring Survey (lagged)

MANAGEMENT PARAMETER ESTIMATES (NON-BOOTSTRAPPED}

Estimate
2.383E+00
2.684E+D0
2.7256E-01

Estimate

2.&84E+00
3.CoPE+DY
2.225E+01
1.C483E-01

9.557E-02
2.457E+00

2.307E-01
2.621E+00
4.386E-01

Parameter

KSY Maximum sustaihable yield

X Maximum stock biomass

Bmsy Stock biomass at MSY

Fmsy Fishing mortality at MSY

FCO.1) Management benchmark

Y(0.1) Equilibrium yield at F(0.1)
B-ratio Ratio of B(1999) to Bmsy
F-ratic Ratto of F(1998) to Fmsy
Y-ratic Proportion of MSY avail in 1999
........ Fishing effort at MSY in units of each fishery:
fmsy( 1) Fall Survey

64

1.624E+00

starting guess Estimated
1.000E+00 1
2 .500E+00 1
3.000E-01 1
6.544E-02 ’ D
6.226E-02 0

Formula

Kr/4

K/2

rig

0.9*Fmsy

0.99*M5Y

2*Br-Br 2 Ye(1999)

r/zal 1) (0.1}

1.177E+00

1.462E+00



Table A29. Continued.

RESULTS OF BOOTSTRAPPED ANALYSIS

Bias- Inter- ’
Param corrected ordinary Relative Approx 80% Approx 80X Approx 50%  Approx 50% ‘ quartile Relative
name estimate estimate bias lower CL upper CL lower CL upper CL range 1Q range
Blratio 2.760E+0D 2.383E+00 =13.66% 2.090E+00 3.425E+00 2.41CE+00 - 3.282E+00 8. 726E-01 0;316
K 4 B7IE+0N 5.049E+01 3.61% 4 LE5E+01 5.596£+07 4 650E+01 5.203e+01 5.526E+00 0.143
r T 2.175E-01 2.126E-07 . -2.23% 1.795E-01 2.527E-01 1.975E-01 2.342E-01 3.679e-02 0.169
'q<1> 6.544E-02 6.544E -02 0.00% 6.544E-02 6.544E-02 6.544E-02 6.544E-02 0.00CE+090 0.000
qi2l 6.225E-02 6.225e-02 0.00% 6.225E-02 6.226E-02 6.225E-02 6.225E-02 2.0268-14 0.000
MsY 2.632E+00 2.684E+00 1.96% 2.475E+00 2.794E+QD 2.554E+00 2.7t0E+00 1.557E-01 0.059
Ye(1999) 1.231E+00 1.177E+00 -4.35% B8.363E-01 1.662E+00 1.000€+00 1.427e+00 & . 264E-01 0.347
Bmsy 2.437E+0 2.525E+01 3.61% 2.232E+01 2.798E+01 2.325E+01 2.601E+01 2.763E+00 0.113
Fmsy 1.087E-01 1.063£-01 -2.23% 8.975E-02 1.2638-01 9.873E-02 1.171e-01 1.839E-02 0.169
fmsy€1) 1.662E+00 1.624E+00 -2.23% ©.371E+D0 1.931E+00 1.509E+00 1.790e+00 2.811E-M 0.16%
fmsy(2) 1.746£+00 1.708E+00 ~2.23% 1.442E+00 2.029e+00 1.586E+00 1.881E+00 2.955E-01 0.169
F(0.1) 9.785E-02 $.567E-02 -2.01% 8.077E-02 1.137g-01 8.885£-02 1.054E-0% 1.655E-02 0.16%
Y(0.1) 2.606E+00 2.65TE+Q0 1.94% 2.450E+00 2.T66E+00 2.529E+00 2.683E+00 1.541E-01 . 0.059
B-ratioc 2.651E-01 Z2.507e-01 -5.43% 1.842E-01 3.727e-01 2.190E-01 3.216E-01 1.026€E-01 0.387
f-ratio 2.487E+00 2.621E+00 S.42% 1.8026+00 3. 475E+00 2. 134E+00 3.091E+00 9.572E-01 0.38%
Y-ratio 4,604E-01 4. 3B6E-01 ~4.73% 3.344E-O1 6.065E-01 3.900E-01 5.397e- 1.497E-01 0.325
f0.1(1) 1.495E+00 1.4628+00 -2.01% 1.234E+00 1.738E+00 1.358E+00 1.611E+0C 2.530E-01 0.16%
f0.1(2) 1.572E+00 1.537e+00 -2.01% 1.297E+00 1.826E+00 1.427E+00 1.693E+00 2.65%E-01 0.16%
g2/q1 $.513£-01 9.513e-01 0.00% 2.513e-01 9.513e-01 ¢.513e-01 9.5155—01 3.096E-13 0.000

NOTES ON BOOTSTRAPPED ESTIMATES:

- The bootstrapped results shown were computed from 500 trials.

- These results are conditional on the constraints placed upon MSY and r in the input file (ASPIC.INP).

- All bootstrapped intervals are approximate. The statistical literature recommends usihg at least 1000 trials
for accurate 95% intervals. The 80% intervals used by ASPIC should require fewer trials for equivaient
accuracy. Using at least 500 trials is recommended.

- The bias corrections used here are based on medians. This is an accepted statistical procedure, but may
estimate nohzero bias for unbiased, skewed estimators.

Trials replaced for lack of convergence: o
“Trials replaced for MSY out-of-bounds: 0
Triais replaced for r out-of-bounds: ]
Residual -agjustment factor: 1.0228




Table A30. Summary of short—term stochastic projection results for witch flounder. Projected
median estimates of landings (mt), discards (mt, spawning stock biomass {mt), total
biomass 3+ (mt) are provided for status quo fishing mortality (Fe = 0. 20 given 1999

catches = 1998 catches) and for the control rule fishing mortality (Fyom suuie = ={.19).
Projection input:
Age Fish Mort Preoportion Discard Average Weights
Pattern Mature Fraction Catch  Stock Discards
3 L0130 0000 1.00 D94 056 0.030
& L0730 0800 .89 199 . 140 0.078
5 .2330 4500 0.62 299 247 0.149
& L4730 B500 0.2 Li9 357 0.189
7 1.400C0 1.0000 .00 L54R 484 0.235
B 1.0000 1.0000 G.00 677 615 0.235
-9 1.0000 1.0000 G.00 .BLb 764 0.235
1o 1.0000 1.0000 £.00 973 .907 0.235
11+ 1.C000 1.0000 0.00 1.319 1.319 0.235%
Projection results (weight reported in “000 mt)
Median Median Median Median
scenario Year F full F wh3+ Landings Discards 5S8B Biomass (3+)
1999 0.20 0.0%6 2.18 0.16 14.65 25.63
F status cuo 2000 .20 . 0.09% 3.03 c.17 18.92 29.6%
2601 0.20 ©0.096 3.77 0.19 23.44 31.96
199% 0.20 0.095% 2.18 0.16 14 .65 25.63
£ control rule 2000 0.19" 0.0% 2.98 047 18.95 29.78
2001 0.19 0.0% 3.62 0.18 23.62 32.21

* assumes current age structure (npot eguilibrium age structure).
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Figure A1. Historical USA witch flounder landings (mt), excluding USA landings from the
Grand Banks in the mid-1980's. Thin line represents provisional landings data
taken from Lange and Lux (1978). Discards from the shrimp and large-mesh
otter trawl fishery. :
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Figure A2." Commetrcial landings of witch flounder by maket category, 1973 - 1998,



Discard Rate (kg/df)

0 T ol T
0.0 0.5 1.0 1.5 2.0

Autumn Survey Age 3 index

o estimated discard rates 1982-1988
® observed discard rates o
19809 - 1992 regression

O estimated discard rate 1998

e observed discard rates
—— 1993 - 1997 regression

Figure A3. Observed witch flounder discard rates (kilogram per day fished, closed symbols)
from the Domestic Sea Sampling Program data, and estimated discard rates (kg/df, open
symbols) in the northern shrimp fishery estimated from linear regressions (solid line} of
.observed discard rates and NEFSC autumn survey age 3 index.
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Numbers of fish (000}
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Figure A4. Number of witch flounder (‘000 of fish) at ave in the total catch from the Gulf of

. Maine - Georges Bank regton, 1982-1998.
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Landings per day fished {all irips)

Days fished (all trips)
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Figure AS. Trends in USA landings per day fished {A) and effort {B) of witch flounder, 1973-
1998. Data are based on all otter trawl trips which witch flounder were caught

(all trips) and for otter trawi trips in which witch flounder constituted 40% or
more of the trip catch, by weight {directed trips). Data from 1994-1998 are

base on preliminary VTR data , thus total effort (DF} may be underestimated

in these years.

Landings per daiy fished (directed trips)

Days fished (directed trips)
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Figure AG. Distribution of witch flounder in the Northeast Fisheries Science Center spring (A) and
autumn (B} research vessel bottom traw! surveys, 1982 to present.
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Figure A7  Distribution of juvenile (< 25 cm) witch flounder in the Northeast Fisheries Science Center
spring (A) and autumn (B) research vessel boltom trawl surveys, 1982 to present ,
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Figure A8. Stratified mean catch (kg) per tow (A} and mean number per tow (B} of
witch flounder in NEFSC spring and autumn research vessel bottom
. trawl surveys in.the Gulf of Maine-Gecrges Bank region, 1963~ 1998,
1999 values are preliminary.
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Figuré A8, Stratified mean length (cm) per tow of witch flounder in NEFSC spring
and autumn research vessel bottom trawl surveys in the Gulf of Maine-

Georges Bank region, 1383 - 1998, 1999 value is preliminary.
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Figure A10. Stratified mean number per tow of witch flounder greater than 40 cm from
the NEFSC spring and autumn bottom trawl surveys, 1963 - 1998,
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Figure A12. Stratified mean catch (kg) per tow (A) and mean number per tow (B) of

witch flounder in Massachusetts Division of Marine Fisheries spring and
autumnn research vessel bottom trawl surveys in the Cape Cod Bay -
Massachusetts Bay region, 1978 - 1998. '
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Figure A13. Mean length (cm) at age for age groups 4-8 of witch flounder
in spring (A) and autumn (B) NEFSC research vessel bottam
trawl surveys, 1980+ 1998, 1999 values are prefiminary.
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Figure A14, Estimates of instantaneous total mortality (Z) derived from NEFSC spring and autumn
bottom trawl survey catch per tow at age (log ratio; 7+ / 8+), a three year moving average,
and 4 year pooled estimates of Z. Naturaf mortality assumed to be G.15.
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Figure A15. Normalized {In{obs/mean)) indices of abundahce (spring and 'autumn) at age for witch flounder.
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Figure A15. Standardized residuals for survey indices{spring solid bar and
autumn open bar) at age includes in the ADAPT VPA calibration
for the 1982-1998 witch flounder assessment,
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Figure A16 continued. Standardized residuals of survey indices (spring sofid bar and autumn open bar) at age
included in the ADAPT VPA calibration for the 1982-1998 witch flounder assessment.
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Figure A17. Trends in total catch and fishing mortality for witch fiounder, 1982 - 1998.
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Figure A18. Trends in spawning stock biomass, mean biomass (3+) and recruitment for witch flounder
recruitment of the 1995 and 1996 year classes (hatched bars) estimated from log-log
regression of survey and VPA stock size estimates.
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Figure A19. Spawning stock biomass and recruits {age 3) for witch flounder.
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Figure A20. Survival ratios {R/SSB} estimated as the ratio of recruits at age 3 over the spawning
stock biomass which produced the recruits. The survival ratios plotted for each
year class, 1982 - 1994,
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Figure A21. Age composition of spawning stock biomass for witch ﬂdunder, 1982 - 1988,
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Figure AZ2. Precision estimates of the instantaneous rate of fishing mortality {(F) on the fully recruited
ages (7+}in 1998 for witch flounder. The vertical bars disptay both the range of the
estimator and the probability of individual values within the range. The solid line gives
the probability that F is greater than any selected value on the X-axis. The solid arrows
indicate the approximate 90% and 10% confidence levels for F. The precision
estimates were derived from 1000 bootstrap replications of the final ADAPT VPA
formulation. '
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Figure A23. Precision estimates of spawning stock biomass at the beginning of spawning season
(March} in 1998 for witch flounder. The vertical bars display both the range of the
estimator and the probability of individua! values within the range. The solid line gives
the probability that SSB is less than any sefected value on the X-axis. The solid arrows -

indicate the approximate 90% and 10% confidence levels for SSB. The precision

estimates were derived from 1000 bootstrap replications of the final ADAPT VPA
formulation.
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Figure A24. Stratified mean weight (kg) of mature witch flounder (spawning stock biomass) per tow
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