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Foreword

The Northeast Regional Stock Assessment
Workshop (SAW) process has three parts:
preparation of stock assessments by the
SAW Working Groups and/or by ASMFC
Technical Committees /  Assessment
Committees; peer review of the assessments
by a panel of outside experts who judge the
adequacy of the assessment as a basis for
providing scientific advice to managers; and
a presentation of the results and reports to
the Region’s fishery management bodies.
Starting with SAW-39 (June 2004), the
process was revised in two fundamental
ways. First, the Stock Assessment Review
Committee (SARC) became smaller panel
with panelists provided by the Independent
System for Peer Review (Center of
Independent Experts, CIE). Second, the
SARC provides little management advice.
Instead, Council and Commission teams
(e.g., Plan Development Teams, Monitoring
and Technical Committees, Science and
Statistical Committee) formulate
management advice, after an assessment has
been accepted by the SARC. Starting with
SAW-45 (June 2007) the SARC chairs were
from external agencies, but not from the
CIE. Starting with SAW-48 (June 2009),
SARC chairs are from the Fishery
Management  Council’s  Science  and
Statistics Committee (SSC), and not from
the CIE. Also at this time, some assessment
Terms of Reference were revised to provide
additional science support to the SSCs, as
the SSC’s are required to make annual ABC
recommendations to the fishery management
councils.

Reports that are produced following
SAW/SARC  meetings include: An
Assessment Summary Report - a summary of
the assessment results in a format useful to
managers; an Assessment Report — a detailed
account of the assessments for each stock;
and the SARC panelist reports — a summary
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of the reviewer’s  opinions  and
recommendations as well as individual
reports from each panelist. SAW/SARC
assessment reports are available online at
http://www.nefsc.noaa.gov/nefsc/publication
s/series/crdlist.ntm. The CIE review reports
and assessment reports can be found at
http://www.nefsc.noaa.gov/nefsc/saw/”.

The 50th SARC was convened in Woods
Hole at the Northeast Fisheries Science
Center, June 1-5, 2010 to review three
assessments:  goosefish  (also  called
monkfish; Lophius americanus), sea scallop
(Placopecten magellanicus), and pollock
(Pollachius virens)).  CIE reviews for
SARC50 were based on detailed reports
produced by NEFSC Assessment Working
Groups. This Introduction contains a brief
summary of the SARC comments, a list of
SARC panelists, the meeting agenda, and a
list of attendees (Tables 1 — 3). Maps of the
Atlantic coast of the USA and Canada are
also provided (Figures 1 - 5).

Outcome of Stock Assessment Review
Meeting:

The SARC review committee accepted
the monkfish assessment, but expressed
serious concerns regarding the high levels of
uncertainty throughout the assessment.
There is considerable uncertainty in
estimates of stock size, recruitment, fishing
mortality, biological reference points, stock
status determination, and stock projections.
There is a large retrospective pattern in the
model for the northern management area. It
is possible that similar uncertainties exist in
the southern management area. Sources of
uncertainty in the assessment are neither
well characterized nor documented. The
scientific basis of the redefined reference
points is adequate, but they are uncertain
given their dependence upon the uncertain
assessment  model. Under both the


http://www.nefsc.noaa.gov/nefsc/publications/series/crdlist.htm�
http://www.nefsc.noaa.gov/nefsc/publications/series/crdlist.htm�
http://www.nefsc.noaa.gov/nefsc/saw/�

unadjusted and adjusted retrospective
scenarios, monkfish in both the northern and
southern management areas are not
overfished and overfishing is not occurring.
The causes of the retrospective patterns in
the models need to be determined.

The Panel accepted the sea scallop
assessment. The assessment was rigorous
and it was well supported by the available
information. Strong analytical frameworks
were defined for estimating fishing
mortality, stock biomass and recruitment
(CASA model), for defining biological
reference points (SYM model) and for
performing stock projections to inform ABC
decisions (SAMS model). An innovative
approach was developed for quantifying
uncertainties around BRPs relative to
exploitation  levels, facilitating  the
incorporation of risk assessment into fishery
management decisions. The stock is not
overfished, and overfishing is not occurring,
although the probability of overfishing is
only marginally less than 50%. The SAMS
model allows complex spatial management
scenarios to be addressed. The principal
uncertainty in the assessment concerns
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whether the current high productivity levels
will continue in the future.

The Panel accepted the pollock
assessment. The new assessment method
(ASAP) is a significant improvement over
the previous method (AIM). There is
significant concern over the presumed large
and as of yet unobserved adult biomass (i.e.
cryptic biomass) and its implications for
fishery management. For the future, the
Panel recommends a risk analysis approach
to determine the consequences to
management of different assumptions about
exploitable biomass. The Panel emphasizes
the need for field evidence to document
whether the cryptic biomass exists. Based on
the assessment the stock is not overfished
and overfishing is not occurring. This
conclusion is robust to the assumptions
about the shape of the survey selectivity
curve. However, the Biological Reference
Points (BRPs) are sensitive to the assumed
shape of the selectivity curve, which has
consequences for the projection results.

CIE review reports can be found at
http://www.nefsc.noaa.gov/nefsc/saw/ under
the heading “SARC 50 Panelist Reports”.
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Table 1. 50th Stock Assessment Review Committee Panel.

50th Northeast Regional Stock Assessment Workshop (SAW 50)
Stock Assessment Review Committee (SARC) Meeting

June 1-5, 2010
Woods Hole MA

SARC Chairman (NEFMC SSC): SARC Panelists (CIE):
Mr. Bob O'Boyle (SARC50 Chair) Dr. Michael Bell
Beta Scientific Consulting Inc. 1042 International Centre for Island Technology
Shore Dr. Heriot-Watt University
Bedford, Nova Scotia Old Academy
Canada B4A 2E5 Stromness, Orkney, KW16 3AW, UK
betasci@eastlink.ca E-mail: m.c.bell@hw.ac.uk

Dr. Kurtis Trzcinski

SARC Panelist (NEFMC SSC): Population Ecology Division
Dr. Patrick Sullivan Bedford Institute of Oceanography
214 Fernow Hall Department of Fisheries and Oceans
Cornell University P.O. Box 1006
Ithaca, NY 14853 Dartmouth, Nova Scotia
e.mail: pjs31l@cornell.edu B2Y 4A2, Canada

E-mail; Kurtis.Trzcinski@dfo-mpo.gc.ca

Mr. John Wheeler

Department of Fisheries and Oceans
Science Branch, Aquatic Resource Div.
Northwest Atlantic Fisheries Centre

St. John’s, Newfoundland

E-mail: WheelerJ@DFO-MPO.GC.CA
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Table 2. Agenda, 50th Stock Assessment Review Committee Meeting.

50th Northeast Regional Stock Assessment Workshop (SAW 50)
Stock Assessment Review Committee (SARC) Meeting

June 1-5, 2010
Stephen H. Clark Conference Room — Northeast Fisheries Science Center
Woods Hole, Massachusetts

FINAL AGENDA* (version: 27 May 2010)

TOPIC PRESENTER(S) SARC LEADER RAPPORTEUR

Tuesday, June 1

8:45-9 AM
Opening
Welcome James Weinberg, SAW Chair
Introduction Robert O’Boyle, SARC Chair
Agenda
Conduct of Meeting
9-11 Assessment Presentation (A. Monkfish)
Anne Richards John Wheeler M. Traver

11-11:15 Break

11:15-Noon SARC Discussion w/ presenters (A. Monkfish)
Robert O’Boyle, SARC Chair M. Traver

Noon —1:15 Lunch

1:15-3:30  Assessment Presentation (B. Sea Scallop)
Dvora Hart Mike Bell T. Chute
Larry Jacobson

3:30-3:45 Break

3:45-5:30  SARC Discussion w/ presenters (B. Sea Scallop)
Robert O’Boyle, SARC Chair T. Chute

Wednesday, June 2
8:45-10:45 Assessment Presentation (C. Pollock)
Liz Brooks Kurtis Trzcinski J. Blaylock

10:45-11 Break
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11-Noon  SARC Discussion w/ presenters (C. Pollock)
Robert O’Boyle, SARC Chair J. Blaylock
Noon —1:15 Lunch

1:15-3:15  Revisit w/ presenters (A. Monkfish)
Robert O’Boyle, SARC Chair L. Alade
3:15-3:30 Break

3:30-5:30 Revisit w/ presenters (B. Sea Scallop)
Robert O’Boyle, SARC Chair T. Chute

7:00 (social)

Thursday, June 3
8:45-10:45  Reuvisit w/ presenters (C. Pollock)
Robert O’Boyle, SARC Chair J. Nieland

10:45-11 Break

11-Noon Review/edit Assessment Summary Report (C. Pollock)  J. Nieland
Robert O’Boyle, SARC Chair

Noon-1:15 Lunch

1:15-3 cont. Review/edit Assessment Summary Report (C. Pollock)
Robert O’Boyle, SARC Chair J. Nieland
3-3:15 Break
3:15-5:45 PM Review/edit Assessment Summary Report (A. Monkfish)
Robert O’Boyle, SARC Chair Alade/Traver
Friday, June 4
9-11:30 Review/edit Assessment Summary Report (B. Sea Scallop)
Robert O’Boyle, SARC Chair T. Chute

11:30-1:00 Lunch

1-5:30 PM SARC Report writing. (closed meeting)
Saturday, June 5

9-5:30 PM  SARC Report writing. (closed meeting)

*Times are approximate, and may be changed at the discretion of the SARC chair. The meeting
is open to the public, except where noted.
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Table 3. 50th SAW/SARC, List of Attendees

Name Affiliation email

Andrea Toran NEFSC andrea.toran@noaa.gov
Maggie Raymond AFM

Vidar Wepestad MDF

Michele Traver NEFSC michele.traver@noaa.gov
Steve Cadrin NEFSC steven.cadrin@noaa.gov
J) Maguire MDF jjmaguire @sympatico.ca
Julie Nieland NEFSC julie.nieland@noaa.gov
Ron Smolowitz FSF cfarm@capecod.net

Crista Bank UMD & SMAST chank@umassd.edu

Chris Legault NEFSC chris.legault@noaa.gov
Jason Link NEFSC jason.link@noaa.gov

Paul Nitschke NEFSC paul.nitschke @noaa.gov
Michael Palmer NEFSC michael.palmer@noaa.gov
Larry Jacobson NEFSC larry.jacobson@noaa.gov
Liz Brooks NEFSC liz.brooks@noaa.gov
Allison McHale NERO allison.mchale @noaa.gov
Kathy Sosebee NEFSC katherine.sosebee @noaa.gov
Jessica Blaylock NEFSC jessica.blaylock@noaa.gov
Mark Terceiro NEFSC mark.terceiro@noaa.gov
Phil Haring NEFMC pharing@nefmc.org
Loretta O'Brien NEFSC loretta.o'brien@noaa.gov
Susan Wigley NEFSC susan.wigley@noaa.gov
Mike Bell ICIT/Heriot-Watt m.c.bell@hw.ac.uk

Pat Sullivan Cornell pjs31@cornell.edu

Kevin Stolcking UMD & SMAST kevin.stolcking@umassd.edu
Saang-Yoon Hyun UMD & SMAST shyun@umassd.edu

Cate O'Keefe UMD & SMAST cokeefe@umassd.edu
Karen Bolles HABCAM kbolles03@yahoo.com
Alan Seaver NEFSC alan.seaver@noaa.gov
David Rudders VIMS rudders@vims.edu
Richard Taylor HABCAM rtaylor@cove.com

Drew Minkiewicz FSF aminkiewicz@

Deidre Boelke NEFMC dboelbe@nefmc.org

Jess Melgey NEFMC jmelgey@nefmc.org
Michael Sissenwine |WHOI/ICES/NEFSC/SS|m_sissenwine @surfglobal.net
Bill DuPaul VIMS dupaul @vims.edu

James Weinberg NEFSC james.weinberg@noaa.gov
Paul Rago NEFSC paul.rago@noaa.gov

Bob O'Boyle Meeting Chair betasci@eastlink.ca

Kurtis Trzcinski DFO kurtis.trzcinski@dfo-mpo.gc.ca
John Wheeler DFO wheelerj@dro-mpo.gc.ca
Anne Richards NEFSC anne.richards@noaa.gov
Dvora Hart NEFSC dvora.hart@noaa.gov

Toni Chute NEFSC toni.chute@noaa.gov

Tom Warren NMFS thomas.warren@noaa.gov
Mike Russo russom447@aol.com

Billy Revillini NEFSC wrivellini@colgate.edu
Daniel Goethel UMD & SMAST dgoethel@umassd.edu
Anne Hawkins NEFMC ahawkins@nefmc.org
Frank Almeida NEFSC frank.almeida@noaa.gov
Richard Merrick NEFSC richard.merrick@noaa.gov
Jon Deroba NEFSC jon.deroba@noaa.gov
Tom Nies NEFMC tnies@nefms.org

Larry Alade NEFSC larry.alade@noaa.gov

Maurice Crawford

Elizabeth City State U

Kevin McIntosh

NEFSC

kevin.mcintosh@noaa.gov

Gary Shepherd

NEFSC

gary.shepherd@noaa.gov
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Figure 1. Offshore depth strata sampled during Northeast Fisheries Science Center bottom trawl
research surveys.
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Figure 2. Inshore depth strata sampled during Northeast Fisheries Science Center bottom trawl
research surveys.
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Figure 3. Depth strata sampled during Northeast Fisheries Science Center clam dredge research
surveys.
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A. MONKFISH (GOOSEFISH) STOCK ASSESSMENT FOR 2010

SAWS50 Editor’s Note: The SAW Chair has added comments to this monkfish
assessment report, all of which use bold italicized text. These comments are included
to present some opinions and decisions of the SARC50 peer review panel. The
comments inserted here do not replace and are not a substitute for the complete set of
reviewer reports that are available online from the SAW/SARC website
(http://www.nefsc.noaa.gov/nefsc/saw/ in the SAW50 section).

Southern Demersal Working Group (WG)

The Southern Demersal Working Group prepared the stock assessment. The WG met during
April 12-15, 2010 at the Northeast Fisheries Science Center, Woods Hole. MA, USA, with the

following participants:

Larry Alade
Crista Bank
Eleanor Bochenek
Steve Cadrin
Trisha DeGraaf
Phil Haring

Jason Link

J -J Maguire

Allison McHale
Paul Nitschke
Mike Palmer
Paul Rago

Anne Richards
Fred Serchuk
Katherine Sosebee
Nils Stolpe
Sandy Sutherland
Mark Terceiro
Michele Traver
Vidar Wespestad
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NMFS NEFSC

UMASS SMAST

Rutgers University

NMFS NEFSC/NEFMC SSC; via Webex
Maine DNR

NEFMC

NMFS NEFSC

Halieutikos, Inc., Monkfish Defense Fund,
NEFMC SSC; via Webex

NMFS NERO

NMFS NEFSC (SCALE model)
NMFS NEFSC

NEFSC NMFES

NMFS NEFSC (assessment lead)
NMFS NEFSC

NMFS NEFSC

Monkfish Defense Fund; via Webex
NMFS NEFSC

NMFS NEFSC (WG chair)

NMFS NEFSC

Monkfish Defense Fund

15 Monkfish
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SARC 50 Monkfish Terms of Reference

1.

2.

3.

9.

Characterize the commercial catch including landings, effort, LPUE and discards.
Describe the uncertainty in these sources of data.
Report results of 2009 cooperative monkfish survey and describe sources of uncertainty in
the data and results.
Characterize other survey data that are being used in the assessment (e.g., regional indices
of abundance, recruitment, length data, state surveys). Describe the uncertainty in these
sources of data.
Estimate annual fishing mortality, recruitment and stock biomass (both total and spawning
stock) for the time series, and characterize the uncertainty of those estimates.

Update or redefine biological reference points (BRPs; estimates or proxies for Bysy,
BrhresHoLp, and Fusy: and estimates of their uncertainty). Comment on the scientific
adequacy of existing and redefined BRPs.
Evaluate stock status with respect to the existing BRPs, as well as with respect to updated
or redefined BRPs (from TOR 5).

Evaluate monkfish diet composition data and its implications for population level
consumption by monkfish.
Develop and apply analytical approaches and data that can be used for conducting single
and multi-year stock projections and for computing candidate ABCs (Acceptable
Biological Catch; see Appendix to the TORS).

a. Provide numerical short-term projections (through 2016). Each projection should
estimate and report annual probabilities of exceeding threshold BRPs for F, and
probabilities of falling below threshold BRPs for biomass. In carrying out
projections, consider a range of assumptions to examine important sources of
uncertainty in the assessment.

b. Comment on which projections seem most realistic, taking into consideration
uncertainties in the assessment.

c. Describe this stock’s vulnerability to becoming overfished, and how this could
affect the choice of ABC.

Review, evaluate and report on the status of the SARC and Working Group research
recommendations listed in recent SARC reviewed assessments and review panel reports.
Identify new research recommendations.

Executive Summary

The Southern Demersal Working Group (SDWG) met in April 2010 to develop stock

assessments for the northern, southern and combined management areas of the U.S. fishery
resource. The SDWG met within the process of Northeast SAW 50 and addressed 10 terms of
reference, as follows.

1.

Characterize the commercial catch including landings, effort, LPUE and discards.
Describe the uncertainty in these sources of data.

Reported total landings (live weight) increased from an average of 2,500 mt in the 1970s

to 8,700 mt in the 1980s, 23,000 mt in the 1990s, 22,000 mt from 2000-2005 and 11,600 mt
during 2006-2009. Total landings have declined since 2003 due to management regulations
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including TACs during 2007-2009 of 5,000 mt in the northern area and 5,100 mt in the southern
area. Landings in 2009 were 3,255 mt in the northern area and 5,302 mt in the southern area.

Estimated total discards of monkfish during 1989-2009 have ranged between 1,600 mt
(1992) and 7,500 mt (2001) per year, with a long-term discard/kept ratio of 0.15 (northern and
southern areas combined). Discard rates have been highest in the scallop dredge fisheries in the
southern area, and lowest in gillnets in both areas. Discard ratios and discard levels (mt)
increased in both areas after 2000, and have since declined somewhat (overall discard/kept ratio
for 2000-2004 =0.20; for 2005-2009=0.17).

Length composition of landings was fairly stable during 2002-2009, with modal lengths
~52 c¢m in the north, ~65 cm in the south and few fish larger than 85 cm in either area. Recent
decreases in landings have not resulted in a broadening of the size composition of landings.

Evaluating trends in effort or catch rates in the monkfish fishery is difficult because much
of the catch is taken in multi-species fisheries, and defining targeted monkfish trips is
problematic.  Furthermore, programmatic changes from port interviews (1980-1993) and
logbooks (1994-2006) make temporal comparison of effort statistics difficult. CPUE estimated
from observed tows has declined in the north since 2003-2005 and remained stable or declined
since 2004 in the south; however estimates of CPUE have a high variance and may not be
reliable.

Estimation of total catch for monkfish has several sources of uncertainty. Before 1980,
fishery removals were primarily bycatch, but most were unreported. Therefore, evaluation of
fishery development is difficult, leading to problems interpreting the state of the resource in the
early years of the marketed fishery. Since 1980, the quality of landings estimates generally
increased, but the series includes under-reporting and difficulties converting landed products to
live weight. Historical under-reporting of landings should be considered in the interpretation of
this series.

There is no information on the magnitude of discards prior to 1989. The SDWG assumed
that discard rates before 1989 were similar to discard: kept ratios observed in later years; this
may be problematic if discard rates were lower in later years because markets had developed.
The quality of discard data generally increased in the 1989-2009 observer time series, as a result
of increasingly greater coverage of fleets and improved protocols, but there were some
unsampled portions of the fishery (e.g., some half-year periods in which entire gear-types were
not sampled).

Characterizing size and age composition of the catch also has considerable sources of
uncertainty. Length sampling by fishery observers started earlier in the time series than sampling
of landings in ports (1989 vs. 1996) and was more comprehensive (NEFSC 2007a); however,
sampling intensity in most years is adequate only for estimation on a half-year basis. Age
samples from at-sea observers have not been processed and are on hold until the ageing method
is validated.

2. Report results of 2009 cooperative monkfish survey and describe sources of uncertainty in the
data and results.

A cooperative monkfish survey was conducted during Feb-Apr 2009 using two industry
trawlers and 3 nets (2 flat, 1 rockhopper). The survey design differed slightly from previous
cooperative surveys (in 2001, 2004) because sampling effort was allocated in proportion to
stratum area rather than to spatial patterns of fishing effort. The estimates of area swept
population size and biomass for 2009 are lower than those estimated from earlier cooperative
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monkfish surveys (2001, 2004). The estimated population length composition was similar among
cooperative surveys with a mode around 34 cm in the NMA and a bimodal distribution (~32 cm
and ~52 cm) in the SMA. Length frequency composition data from the 2009 cooperative survey
were input into the final SCALE assessment model. Major sources of uncertainty include timing
of the survey with respect to spring onshore migrations and accuracy of net efficiency estimates
from depletion experiments.

3. Characterize other survey data that are being used in the assessment (e.g., regional indices of
abundance, recruitment, length data, state surveys). Describe the uncertainty in these sources
of data.

Several surveys sample monkfish and provide time series of relative abundance.
However, no single survey (with the exception of the new NEFSC survey on the FSV Bigelow)
catches large numbers of monkfish throughout either management area. The NEFSC spring and
autumn bottom trawl surveys provide long-term series that sample the entire continental shelf to
300m depth, but they only catch approximately 100 monkfish in each management area per year.
The NEFSC winter bottom trawl survey and scallop survey, the ASMFC shrimp survey, and the
ME/NH inshore survey catch considerably more monkfish, but are shorter series, and sample
only a portion of either management area.

Within the northern management area, broad trends in stock size are consistent among the
five surveys conducted there. Biomass fluctuated without trend from 1963 to the early 1980s, but
declined thereafter to near historic lows during the 1990's when landings reached their peak.
Biomass indices increased from 2000 to 2004, but have generally decreased since then.
Abundance indices in the north fluctuated without trend during 1963-1998 but spiked during
2000-2002, reflecting a strong 1999 year class.

General trends in stock size in the southern area are also consistent among surveys. Survey
biomass and abundance indices were high during the mid-1960s, fluctuated around an
intermediate level during the 1970s and mid-1980s, then declined to low levels since the late
1980s. Biomass indices increased slightly around 2002 but have returned to lower levels since
then.

Size-based indices of abundance indicate relatively strong recruitment in the northern
area during the 1990s and variable but stable recruitment in the south. Length distributions
gradually truncated from the 1960s t01990, and the median size of monkfish in survey catches
has remained fairly constant since the early 1990s.

4. Estimate annual fishing mortality, recruitment and stock biomass (both total and spawning
stock) for the time series, and characterize the uncertainty of those estimates.

Fishing mortality rates, recruitment and stock sizes were estimated using the SCALE
statistical catch-at-length model. Estimated F in 2009 was 0.10 in the north and 0.07 in the south
(0.05 combined areas). Estimated total biomass in 2009 was 66,062 mt in the north and 131,218
mt in the south (255,326 mt, combined areas). In the north, the strongest year classes were
produced in 1997-1999; recruitment was generally below average in the 1980s, and has been
about average since 2001. In the south, the strongest year classes were produced in 1992, 1997,
and 2002; recruitment has been below average since 2004. Based on the combined-areas model,
the strongest year classes were produced in 1997-1999 and recruitment has been below average
since 2004.
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Uncertainty in the estimates of stock size, recruitment and F stems from poorly known
input data, including under-reported landings and unknown discards during the 1980s, and
incomplete understanding of key biological parameters such as age and growth, longevity,
natural mortality, sex ratios and stock structure, and the relatively short reference time frame
(1980-2006) of the model. Further, the population models for all areas exhibit retrospective
patterns that are strongest for the 2002-2006 terminal years and weaker for the 2007-2008
terminal years. The retrospective patterns are strongest for the northern area, weakest for the
southern area, and intermediate for the model of combined areas.

SAW50 Editor’s note: In view of the short time available for the review, the SARC50
panel declined to review the combined-areas model as it addressed a Research
Recommendation rather than a Term of Reference, and because management is based on
the two-areas model.

The SARC50 panel acknowledged the high degree of uncertainty in estimates from the
SCALE model due to data limitations, poorly understood monkfish biology (growth, natural
mortality, stock structure), and the strong retrospective pattern in the northern area.

5. Update or redefine biological reference points (BRPs; estimates or proxies for Bysy,
BruresnoLp, and Fusy: and estimates of their uncertainty). Comment on the scientific
adequacy of existing and redefined BRPs.

The 2007 NEFSC assessment recommended new reference points based on a revised
yield-per-recruit analysis (using M=0.3) and on the results of the SCALE length-tuned model
that incorporated multiple survey indices and catch data. The new reference biomass levels were
based on long term trends in biomass from the SCALE model, and were adopted in Framework 5
(April 2008). The current assessment updates the SCALE model and estimates new reference
points based on the methods adopted in NEFSC (2007a) and using the method applied in the
New England groundfish stock complex based on projections of Bnax at Fnax. The BRPs all use
output from the SCALE model, which is subject to high levels of uncertainty as discussed under
TOR 4, therefore the BRPs are also highly uncertain.

The following table summarizes the estimates for each management area and combined
areas. Adjusted refers to estimates adjusted for retrospective patterns.
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Management Biomass BRPs in metric tons

Areas

North BRP Basis DPSWG 2007 |SDWG 2010
Fmax YPR 0.31 0.43
Bthreshold Bloss 1980-2006 65,200
Bthreshold Bloss 1980-2009 41,238
Bthreshold 0.5*Bmax Projected 26,465
Bthreshold 0.5*Bmax Proj Adjust 20,643
Btarget Bavg 1980-2006 92,200 62,371
Btarget Bavg 1980-2009 61,991
Btarget Bmax Projected 52,930
Btarget Bmax Proj Adjust 41,286
MSY Fmax Projected 10,745

South BRP Basis DPSWG 2007 |SDWG 2010
Fmax YPR 0.40 0.46
Bthreshold Bloss 1980-2006 96,400
Bthreshold Bloss 1980-2009 99,181
Bthreshold 0.5*Bmax Projected 37,245
Bthreshold 0.5*Bmax Proj Adjust 28,461
Btarget Bavg 1980-2006 122,500 120,292
Btarget Bavg 1980-2009 121,313
Btarget Bmax Projected 74,490
Btarget Bmax Proj Adjust 56,922
MSY Fmax Projected 15,279

Combined BRP Basis DPSWG 2007 |SDWG 2010
Fmax YPR 0.37
Bthreshold Bloss 1980-2009 159,715
Bthreshold 0.5*Bmax Projected 64,501
Bthreshold 0.5*Bmax Proj Adjust 49,021
Btarget Bavg 1980-2009 208,190
Btarget Bmax Projected 129,002
Btarget Bmax Proj Adjust 98,041
MSY Fmax Projected 25,943

SAWS50 Editor’s note: The SARC50 panel recommended adoption of the biomass reference
points based on “Bmax projected” for each management area. The word “adjust” in the
table above refers to results that were adjusted for the retrospective pattern. Although the
SARC50 panel did not recommend using the “adjusted” values directly, the panel was well

aware and very concerned about the lack of model fit.
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6. Evaluate stock status with respect to the existing BRPs, as well as with respect to updated or
redefined BRPs (from TOR 5).

Estimates of total biomass for 2006 in both management areas (see table below) were
greater than their respective biomass targets, therefore, based on those somewhat uncertain
analyses, monkfish in both management areas were not overfished and overfishing was not
occurring.

Estimates of total biomass for 2009 in both management areas and the combined area
(see table below), were above Binreshoid and Brarget, but with a smaller margin in the north than
estimated in 2006. These estimates are subject to the same uncertainty as the assessment in
2006.

Stock Biomass F
North South N+S | North South N+S ||Overfished Overfishing Bthreshold Basis
SCALE 2006 | 119,000 135,000 - 0.09 0.12 no no Bloss (1980-2006)
SCALE 2009 | 66,062 131,218 255,326] 0.10 0.07 0.05 no no Bloss (1980-2009)

SAWS50 Editor’s note: The SARC50 panel acknowledged the high degree of uncertainty in
estimates from the SCALE model due to data limitations, poorly understood monkfish
biology (growth, natural mortality, stock structure), and the strong retrospective pattern in
the northern area. This uncertainty affects not only the current estimates of biomass but
the estimates of the BRPs as well.

7. Evaluate monkfish diet composition data and its implications for population level
consumption by monkfish.

Diet composition, per capita consumption, total consumption, and the amount of prey
removed by monkfish were calculated from basic monkfish food habits data. Based on recent
energy budgets, the amount of food consumed by monkfish is 0.005-0.02% of all energy flows in
the system, and monkfish account for 2-6% of the total consumption by all finfish in the
ecosystem (1-4 % in the northern area, 2-8% in the southern area).

The total amount consumed and per capita consumption peaked in the early 1980s for
both stocks, driven by larger fish. Monkfish consumption of mackerel and herring is potentially
20-50% of landings, about equal to landings for squids, and potentially greater than the landings
of silver hake and skates. Monkfish is an important piscivore in the ecosystem.

8. Develop and apply analytical approaches and data that can be used for conducting single and
multi-year stock projections and for computing candidate ABCs (Acceptable Biological
Catch; see Appendix to the TORS).

a. Provide numerical short-term projections (through 2016). Each projection should
estimate and report annual probabilities of exceeding threshold BRPs for F, and
probabilities of falling below threshold BRPs for biomass. In carrying out projections,
consider a range of assumptions to examine important sources of uncertainty in the
assessment.

b. Comment on which projections seem most realistic, taking into consideration
uncertainties in the assessment.

50" SAW Assessment Report 21 Monkfish



c. Describe this stock’s vulnerability to becoming overfished, and how this could affect the

choice of ABC.

SCALE model results and AGEPRO projections were used to evaluate stock trends during
2011-2016 with F=Freshoiq and at proposed ACTs and ABCs assuming stochastic long-term
recruitment. The projections indicate that the northern area is the most vulnerable to overfishing
or becoming overfished during 2011-2016 if total catches approach the proposed ABC, while the
southern area is the least vulnerable.

Projections for the northern area (NMA) are the most likely to be unrealistic, given the
uncertainty of stock status due mainly to the relatively strong retrospective observed since 2002.
The southern area (SMA) projections are the most likely to be realistic, given the moderate
retrospective observed for that area. The combined area projections are intermediate with
respect to the current management areas, as the relative scaling of the two populations is
maintained when the areas are combined in one model.

SAWS50 Editor’s note: The SARC50 panel acknowledged the high degree of uncertainty in
the projections due to uncertainty in the starting conditions (output from the SCALE
model).

9. Review, evaluate and report on the status of the SARC and Working Group research
recommendations listed in recent SARC reviewed assessments and review panel reports.
Identify new research recommendations.

A list of 26 research recommendations generated since SAW 34 in 2001 was reviewed and

results summarized where available. Of these, 14 had either been addressed or were considered
no longer relevant. One new recommendation was added by the SDWG in 2010.

Introduction

Life History

Monkfish (Lophius americanus), also called goosefish, are distributed in the Northwest
Atlantic from the Grand Banks and northern Gulf of St. Lawrence south to Cape Hatteras, North
Carolina (Collette and Klein-Macphee 2002). Monkfish may be found from inshore areas to
depths of at least 900 m (500 fathoms). Seasonal onshore-offshore migrations occur and appear
to be related to spawning and possibly food availability (Collette and Klein-MacPhee 2002).

Monkfish rest partially buried on soft bottom substrates and attract prey using a modified
first dorsal fin ray that resembles a fishing pole and lure. Monkfish are piscivorous and
commonly eat prey as large as themselves. Despite the behavior of monkfish as a demersal ‘sit-
and-wait’ predator, recent information from electronic tagging suggests seasonal off-bottom
movements (Rountree et al. 2006). Growth is rapid at about 10 cm per year, and is similar for
both sexes up to age 6 and lengths of around 60 cm (Richards et al. 2008). Few males are found
older than age 7, but females can live to 12-14 years or older. Monkfish as large as 138 cm have
been captured in NEFSC bottom trawl surveys.

Female monkfish begin to mature at age 4 and 50% of females are mature by age 4.7
(about 41 cm). Males mature at slightly younger ages and smaller sizes (50% maturity at age 4.2
or 37 cm (NEFSC 2002; Richards et al. 2008). Spawning takes place from spring through early
autumn, progressing from south to north, with most spawning occurring during the spring and
early summer. Females lay a buoyant mucoid egg raft or veil which can be as large as 12 m long
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and 1.5 m wide and only a few mm thick. The eggs are arranged in a single layer in the veil, and
the larvae hatch after about 1-3 weeks, depending on water temperature. The larvae and juveniles
spend several months in a pelagic phase before settling to a benthic existence at a size of about 8
cm (Collette and Klein-MacPhee 2002).

Stock Identification

The Fishery Management Plan defines two management areas for monkfish (northern and
southern), divided roughly by a line bisecting Georges Bank (Figure Al). The two assessment
and management areas for monkfish were defined based on differences in temporal patterns of
recruitment (estimated from NEFSC surveys), perceived differences in growth patterns, and
differences in the contribution of fishing gear types (mainly trawl, gill net, and dredge) to the
landings.

Genetic studies suggest a homogeneous population of monkfish off the U.S. east coast
(Chikarmane et al. 2000). Monkfish larvae are distributed over deep (< 300 m) offshore waters
of the Mid-Atlantic Bight in March-April, and across the continental shelf (30 to 90 m) later in
the year, but relatively few larvae have been sampled in the northern management area (Steimle
et al. 1999). NEFSC surveys continue to indicate different recruitment patterns in the two
management units in recent years.

The perceived differences in growth were based on studies about 10 years apart and
under different stock conditions (Armstrong et al. 1992: Georges Bank to Mid-Atlantic Bight,
1982-1985; Hartley 1995: Gulf of Maine, 1992-1993). Age, growth, and maturity information
from the NEFSC surveys and the 2001, 2004 and 2009 cooperative monkfish surveys indicated
only minor differences in age, growth, and maturity between the areas (Richards et al., 2008;
Johnson et al.,, 2008). The recent biological evidence (growth, maturity, and genetic
information) suggests that use of a single stock hypothesis in the assessment might be
appropriate. However, substantial differences in the fisheries exist, and current management
maintains separate regulatory areas to accommodate these differences.

The southern deepwater extent of the range of American monkfish (L. americanus)
overlaps with the northern extent of the range of blackfin monkfish (L. gastrophysus; Caruso
1983). These two species are morphologically similar, which may create a problem in
identification of survey catches and landings from the southern extent of the range of monkfish.
The potential for a problem however is believed to be small. The NEFSC closely examined
winter and spring 2000 survey catches for the presence of blackfin monkfish and found none.
The cooperative monkfish survey conducted in 2001 caught only eight blackfin monkfish of a
total of 6,364 monkfish captured in the southern management area.

Fisheries Management

Commercial fisheries for monkfish occur year-round using gillnets, trawls and scallop
dredges. No significant recreational fishery exists. The primary monkfish products are tails,
livers and whole gutted fish. Peak fishing activity occurs during November through June, and
value of the catch is highest in the fall due to the high quality of livers during this season.

U.S. fisheries for monkfish are managed in the Exclusive Economic Zone (EEZ) through
a joint New England Fishery Management Council - Mid-Atlantic Fishery Management Council
Monkfish Fishery Management Plan (FMP). The primary goals of the Monkfish FMP are to end
and prevent overfishing and to optimize yield and economic benefits to various fishing sectors
involved with the monkfish fisheries (NEFMC and MAFMC 1998; Haring and Maguire 2008).
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Current regulatory measures vary with type of permit but include limited access, limitations on
days at sea, mesh size restrictions, trip limits, minimum size limits and other measures (Tables
Al and A2).

Biological reference points for monkfish were established in the original Fishery
Management Plan (FMP), but were revised according to the conclusions of SAW 34 (NEFSC
2002) and again by the Data Poor Stocks Working Group (DPSWG) in 2007 (NEFSC 2007a).
The overfishing definition is Fyax. Prior to 2007, Binreshold Was defined as one-half of the median
of the 1965-1981 3-year average NEFSC autumn trawl survey catch (kg) per tow). After
acceptance of an analytical assessment in 2007 (NEFSC 2007a), Brarget Was redefined as the
average of total biomass for the model time period (1980-2006) and Binresnold @S the lowest
observed value in the total biomass time series from which the stock has then increased (termed
“BrLoss”). According to the earlier (survey index-based) reference points, monkfish were
overfished and overfishing status could not be determined (NEFSC 2005); however, with
adoption of the analytical assessment in 2007, monkfish status was no longer overfished and
overfishing was not occurring.

2007 DPSWG Assessment

The DPSWG accepted a length-tuned analytical model (SCALE) for monkfish
assessment and status determination, and adopted a value of M=0.3 (vs. M=0.2). However, the
WG emphasized that the assessment was highly uncertain due to under-reported landings,
unknown discards during the 1980s, incomplete understanding of key biological parameters such
as age and growth, longevity, natural mortality and stock structure, the shorter reference time
frame (1980-2006) than in previous assessments (1963-2006), and the relatively recent
development of the assessment model. The WG concluded that uncertainties in historical catch
data precluded application of long-term models that rely on episodes of depletion and recovery to
estimate stock size.

2010 SAW 50 Assessment

The 2010 Southern Demersal Working Group (SDWG) updated the SCALE model to
assess the status of monkfish using data through 2009. Further developments included
examination of retrospective patterns in the SCALE estimates, and development of short-term
stochastic age-based projections. Data from a cooperative monkfish survey conducted during
winter/spring of 2009 were analyzed and included in the assessment model, along with data
collected on the new NEFSC survey vessel, starting in spring 2009, which was adjusted using
calibration coefficients developed for monkfish. Length frequency composition data from the
2009 cooperative survey were input into the final SCALE assessment model.

SAWS50 Editor’s note: The SARC50 panel discussed the relative merits of adjusting for
retrospective patterns and decided against making a direct adjustment for the pattern in the
current assessment.

TOR 1. Characterize the Commercial Catch including landings, effort, LPUE and discards.
Describe the uncertainty in these sources of data.
Landings

Landings statistics for monkfish are sensitive to conversion from landed weight to live
weight, because a substantial fraction of the landings occur as tails only (or other parts). The
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conversion of landed weight of tails to live weight of monkfish in the NEFSC weigh-out
database is made by multiplying landed tail weight by a factor of 3.32. Recently concerns have
been raised that monkfish landings reported as ‘round’ (no conversion) may actually be ’head-
on, gutted’, which has a conversion factor of 1.14, in which case live weight of landings would
be underestimated. Assuming all landings classified as ‘round’ are actually ‘head-on, gutted’, the
difference in live weight landings would be less than 0.8% on average since the ‘round’ category
appeared in 1989. The working group concluded that this was not likely an important source of
error in the assessment.

Early catch statistics are uncertain, because many of the monkfish caught were sold
outside of the dealer system or used for personal consumption until the mid-1970s. For 1964
through 1989, there are two potential sources of landings information for monkfish; the NEFSC
‘weigh-out” database, which consists of fish dealer reports of landings, and the *general canvass’
database, which contains landings data collected by NMFS port agents (for ports not included in
the weigh-out system) or reported by states not included in the weigh-out system (Table A3). All
landings of monkfish are reported in the general canvass data as ‘unclassified tails.’
Consequently, some landed weight attributable to livers or whole fish in the canvass data may be
inappropriately converted to live weight. This is not an issue for 1964-1981 when only tails were
recorded in both databases. For 1982-1989, the weigh-out database contains market category
information which allows for improved conversions from landed to live weight. The two data
sources produce the same trends in landings, with general canvass landings slightly greater than
weigh-out landings. It is not known which of the two measures more accurately reflects landings,
but the additional data sources suggest that the general canvass is most reliable for 1964-1981
landings, whereas the availability of market category details suggest that the weigh-out database
is most reliable for 1982-1989.

Beginning in 1990, most of the extra sources of landings in the general canvass database
were incorporated into the NEFSC weigh-out database. However, North Carolina reported
landings of monkfish to the Southeast Fisheries Science Center and until 1997 these landings
were not added to the NEFSC general canvass database. Since these landings most likely come
from the southern management area, they have been added to the weigh-out data for the southern
management area for 1977-1997 for the landings statistics used for stock assessment.

Beginning in July 1994, the NEFSC commercial landings data collection system was
redesigned to consist of vessel trip reports (VTR) and dealer weigh-out records. The VTRs
include area fished for each trip which is used to apportion dealer-reported landings to statistical
areas. The northern management area includes statistical areas 511-515, 521-523 and 561; and
the southern management area includes areas 525-526, 562, 537-543 and 611-636 (Figure Al).
Each VTR trip should have a direct match in the dealer data base, but this is not always true.
VTR records with no matching dealer landings were excluded, but dealer landings with no
matching VTR were included in landings statistics, apportioning the unmatched landings to
management area using proportions calculated from matched trips pooled over gear, state and
quarter.

Total U.S. landings (live weight) remained at low levels until the middle 1970s,
increasing less than 1,000 mt to around 6,000 mt in 1978 (Table A3, Figure A2). Annual
landings remained stable at between 8,000 and 10,000 mt until the late 1980s. Landings
increased from the late 1980s to over 20,000 mt per year 1992-2004, peaking at 28,500 mt in
1997. Landings have declined steadily since 2003, to 8,600 mt in 2009. By region, landings
began to increase in the north in the mid-1970s, and began to increase in the south in the late
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1970s. Most of the increase in landings during the late 1980s through mid-1990s was from the
southern area. Historical under-reporting of landings shold be considered in the interpretation of
this series.

Trawls, scallop dredges and gill nets are the primary gear types that land monkfish (Table
A4, Figure A3). Trawls have contributed approximately half of the landings. Prior to 1994,
gillnets contributed less than 10% of total landings, but landings from gillnets generally
increased to account for >35% of the recent fishery, with an associated decrease in monkfish
landings from the scallop dredge fishery.

Until the late 1990s, total landings were dominated by landings of monkfish tails. From
1964 to 1980 landings of tails rose from 19mt to 2,302mt, and peaked at 7,191mt in 1997 (Table
Ab). Landings of tails declined after 1997, but are still an important component of the landings.
Landings of gutted whole fish have increased steadily since the early 1990s and are now the
largest market category on a landed-weight basis. On a regional basis, more tails were landed
from the northern area than the southern area prior to the late 1970s (Tables A6 and A7). From
1979 to 1989, landings of tails were about equal from both areas. In the 1990's, landings of tails
from the south predominated, but since 2000, landings of tails have been greater in the north.

Beginning in 1982, several market categories were added to the system (Table A5). Tails
were broken down into large (> 2.0 Ibs), small (0.5 to 2.0 Ibs), and unclassified categories and
the liver market category was added. In 1989, unclassified round fish were added, in 1991
peewee tails (<0.5 Ibs) and cheeks, in 1992 belly flaps, and in 1993 whole gutted fish were
added. Monkfish livers have become a very valuable product. Landings of livers increased from
10mt in 1982 to an average of over 600mt during 1998 - 2000. During 1982-1994, ex-vessel
prices for livers rose from an average of $0.97/Ib to over $5.00/Ib, with seasonal variations as
high as $19.00/Ib. Landings of unclassified round (whole) or gutted whole fish jumped in 1994
to 2,045mt and 1,454mt, respectively; landings of gutted fish continued to increase through
2003. The tonnage of peewee tails landed increased through 1995 to 364mt and then declined to
153mt in 1999 and 4mt in 2000 when the category was essentially eliminated by regulations.

Foreign Landings

Landings (live wt) from NAFO areas 5 and 6 by countries other than the US are shown in
Table A3 and Figure A2. Reported landings were high but variable in the 1960s and 1970s with
a peak in 1973 of 6,818mt. Landings were low but variable in the 1980s, declined in the early
1990s, and have generally been below 300mt in recent years.

Discard Estimates

Catch data from the fishery observer and VTR databases were used to investigate
discarding frequencies and rates. The number of trips with monkfish discards available for
analysis varied widely among management areas and gear types (Table A8). In the previous
assessment (NEFSC 2007a), three methods were considered for the estimation of discards: 1)
observed discard-per-kept-monkfish expanded to total discards using total monkfish landings; 2)
observed discard-per-all-kept-catch expanded to total discards using total landings (Rago et al.
2005, Wigley et al. 2007); and 3) observed discard-per-days-absent expanded to total discards
using total days-absent (Rago et al. 2005, Wigley et al. 2007). All three methods were done on a
gear, half-year and management area basis. The effort-based method (#3) was considered
inappropriate, because much of the monkfish is bycatch taken incidentally or targeted on a tow-
by-tow basis rather than on a trip basis. Predicting discards using kept catch assumes a linear
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relationship between kept and discarded catch and no discarding when there is no catch (i.e., the
linear relationship passes through the origin). Inspection of the relationship between observed
monkfish discards and monkfish kept (method #1) and total catch (method #2) by gear and year
indicated weak correlation in general, but the relationships between kept and discarded monkfish
(method #1) for trawls and gillnets conformed to the statistical assumptions best (NEFSC
2007a). Therefore, discard estimates were based on discard-to-kept-monkfish for trawls and
gillnets but were based on discard-per-all-kept-catch for shrimp trawls and dredges, which do not
currently target monkfish. This method, (NEFSC 2007a) was continued in the current
assessment.

Discards for 1980-1988 (before observer sampling) were estimated by applying average
discard ratios by management area and gear type (trawl, shrimp trawl, gillnet, dredge) from
1989-1991 to landings for 1980-1988. If insufficient samples were available, additional years of
observer data were included until a sample size (number of trips) of at least 20 was reached. The
resulting time periods entering the 1980-1988 discard ratio estimates were as follows:

Area Shrimp Trawls Gillnets Dredges
Trawls

North

Years included | 1989-1991 1989-1991 1989-1991 1992-1997
Number of trips | 124 180 852 20
South

Years included | n/a 1989-1991 1991-1992 1991-1993
Number of trips 231 103 30

The overall annual discard ratio (discarded monk / kept monk) decreased in the northern
area, from an average of 16% of total catch in the 1980s to an annual average of 8% during
2002-2006, but was slightly higher on average (~10%) during 2007-2009 (Table A9, Figure A4).
The proportion of discards in the southern area generally increased since 1980, with an annual
average of 23% during 2002-2006, but a slight decrease during 2007-2009 (to ~14%) (Table A9,
Figure A5). Gill nets consistently have had the lowest discard ratios. Some of the trends in
discarding may reflect imposition of size limits starting in 2000 and decreased trip limits in the
south starting in 2002. The DPSWG (NEFSC 2007a) noted a potential bias in discard estimates
due to increased observer sampling in the multispecies groundfish fishery. Monkfish discard
rates may differ between the directed monkfish fisheries and bycatch fisheries. The most
frequent discard reasons were that fish were too small for regulations or the market. The
estimates of total catch for 1980-2009 are shown in Figure A6 and Table A10.

Size and Age Composition of U.S. Catch

Tail lengths were converted to total lengths using relations developed by Almeida et.
al.(1995). As in NEFSC (2007a), length composition of landings and discard were estimated
from fishery observer samples by management area, year, gear-type (trawls, dredges and
gillnets) and catch disposition (kept or discarded; Figures A7 — A13). Observer sampling data for
December 2009 were not yet available, so the sample set for 2009 is incomplete. Landings in
unknown gear categories were allocated proportionately to the 3 major gear types before
assigning lengths. The stratification used for assigning lengths within area and gear type for
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2007-2009 is shown in Table Al11l. Discards were generally between 20-40 cm, while kept fish
were greater than 40 cm; however, there were some exceptions to this pattern in recent years.

Age composition of the catch was not estimated for 2007-2009 due to uncertainties in the
aging method that were highlighted during the previous assessment (NEFSC 2007a) and because
the operational model for monkfish (SCALE) is length-based.

Effort and CPUE

Evaluating trends in effort or catch rates in the monkfish fishery is difficult for several
reasons. Much of the catch is taken in multi-species fisheries, and defining targeted monkfish
trips is difficult. There have been programmatic changes in data collection from port interviews
(1980-1993) to logbooks (1994-2009), and comparison of effort statistics among programs is
difficult. Catch rates may not reflect patterns of abundance, because they have been affected by
regulatory changes (e.g., 1994 closed areas, 2000 trip limits, 2006 reductions in trip limits).
However, evaluation of catch rates (kept + discarded) from observed tows that caught monkfish
in the NFMA showed a peak in 2003 in the trawl fishery and in 2005 in the gillnet fishery,
probably reflecting the strong 1999 yearclass. CPUE has since declined in the north (Figure
Al14). In the SFMA, CPUE indices have been relatively flat in the trawl and dredge fisheries for
the past decade; however, gillnet indices increased steadily during 1999-2004, and have since
held steady or declined slightly (Figure A14).

TOR 2. Report results of 2009 cooperative monkfish survey and describe sources of
uncertainty in the data and results.
Methods - 2009 Monkfish Cooperative Survey

Survey Design and Protocols

The survey used a stratified random design with allocation proportional to stratum area
(n=175 planned tows). An additional 35 tows (~17% of the total) were randomly selected in
strata selected by industry members. In previous monkfish cooperative surveys (2001, 2004),
sampling effort was allocated according to fishing effort patterns; however, this led to problems
with interpretation of the 2004 survey which experienced extensive weather delays. Allocation of
sampling effort using stratum area in 2009 addressed this concern and provided a basis for more
direct comparison with the NEFSC 2009 spring survey conducted on the FSV Henry Bigelow.

Standard operating procedures were used on each vessel, including 30 minute tows (from
time winches locked to time winches re-engaged for haul back) at 2.5 knots designated speed.
Tow paths followed the depth contour. If pre-determined locations could not be sampled (due to
fixed gear, bad bottom, etc.), stations were relocated as close as possible at a similar depth. A
standard scope ratio of 2* tow depth plus 25 fathoms of wire was used for all nets.

The location of successful survey tows is shown in Figure A15. All survey tows were
completed during Feb. 10 — Apr 26, 2010.

Ships and Gear

Two monkfish trawl vessels were contracted for the survey, both out of New Bedford.
The FV Endurance (“ER”, 107 ft. stern trawler) sampled primarily the northern monkfish
management area (U.S. waters of the Gulf of Maine and northern portion of Georges Bank)
using two nets, one fitted with a cookie sweep for soft bottom, and one with roller gear for hard
bottom (Figures A16 and A17). Both nets had a tickler chain (38 m of 3/8” chain). The FV Mary
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K (“MK?”, 96 ft. stern trawler) sampled in the southern management area (southern portion of
Georges Bank and middle Atlantic Bight) using a net with a cookie sweep (Figure A18).

Sensor packages (Furuno on Endurance, NorthStar on Mary K) collected streams of data
during each tow which included course over ground, speed over ground, GPS location (latitude,
longitude), wingspread, bottom contact, depth and temperature. All types of data were not
successfully collected for each tow. The number of tows with each type of sensor data is shown
in Table A12 for each net type. Due to difficulties with obtaining wingspread measurements on
the Mary K net, a set of dedicated mensuration tows were conducted to develop depth-
wingspread relationships for the Mary K.

Analysis

Monkfish population estimates (biomass, numbers) were developed by estimating area
swept during sampling in each stratum, converting this to monkfish density (kg, number caught
per area swept), multiplying density by stratum area for each stratum, and summing over strata to
derive total biomass and population size of monkfish in the two monkfish management areas.
Population estimates were made using winch lock and winch re-engage to define tow duration
(“nominal tow”) or using sensor data to define tow duration (“sensor tow”). Nominal and sensor
tow population estimates were generated under different assumptions of net capture efficiency.

Area Swept Population Estimates
Area swept by each tow was calculated as

AS =TDis*WS
where

TDis = TDur *SOG
and

AS = area swept (nmi?)

TDis = distance covered by each tow in nmi
WS = wing spread in nmi

TDur = tow duration (nominal or sensor)
SOG = speed over ground during tow

To estimate population biomass and number, we calculated monkfish densities in each
stratum as the sum of the numbers caught divided by the sum of the area swept. Biomass in each
stratum was estimated as the product of number of fish and mean weight of fish in the stratum.
Biomass and numbers were summed over strata to arrive at minimum biomass and population
size. Biomass and population size were also estimated under two assumptions regarding net
efficiencies.

N=>n,

h
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n, =(Z(ni/cj)/2ai)*Ah
and

N= population size
B= biomass
Nh= number in stratum h

Wh= mean weight in stratum

i=tow number

cj=efficiency of net j (proportion retained)
a;=area swept during tow i

Ap=total area of stratum h

We used tows that had good quality sensor data to develop estimates of sensor tow data
from nominal tow data, as follows:

To develop wingspread estimates for MK cookie, we applied a regression of wingspread
against tow depth (Figure A19) developed from the mensuration experiments. Bottom contact
readings were used to define the start of the tow, and winch re-engage (nominal stop time) was
used to define the end of the tow; this generally coincided with tow end defined by bottom
contact indicators because of the use of a separate winch engine on the Mary K. The deepest
station for which we had wingspread measurements was 271 m. Approximately 13 % of stations
were deeper than this (max. 480 m). Therefore we assumed a wingspread at 400 m equal to the
average for tows greater than 200 m (n=4); this caused the predicted wingspread to decline at
greater depths as would be expected (Weinberg and Kotwicki 2008).

A similar approach was used for ER tows that had no wingspread readings, except that
bottom contact data were used to define the end of the tow as well as the beginning. For ER
cookie, there were only 4 tows with both bottom contact and wingspread measurements,
therefore we used wingspread during the nominal tow time to develop the depth-wingspread
relationship (Figure A20). We used senor tow durations for the ER roller net, however, the
relationship with depth was very similar to that derived from nominal tow times (Figure A20).

To develop tow duration for tows with no bottom contact sensor data, we adjusted tow
duration according to relationships between depth and the relative difference between nominal
and senor-defined tow durations (Figure A21). This relationship was relatively tight for the MK
cookie sweep (r2=0.80), but much weaker and of smaller magnitude for the ER roller gear. Too
few tows were available for the ER cookie sweep to estimate a relationship between nominal and
sensor tow durations, so we applied the relationship for ER roller to ER cookie. The reason for
the negative slope for MK cookie was that most sensor start times were after nominal start times,
but sensor end times coincided with nominal end times, so sensor tows were generally shorter
than nominal tows. For the ER, sensor start and end were both generally after nominal start and
end (Appendix A2).

The following table summarizes the corrections applied to derive sensor tow durations
and wingspread estimates for tows lacking sensor data.
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Net Wingspread predicted from Sensor tow duration predicted from

MK Cookie [depth-wspread relation - MK cookie sensor data  |depth-% difference relation - MK cookie sensor data
ER Cookie [depth-wspread relation - ER cookie nominal data |depth-% difference relation - ER roller sensor data
ER Roller [depth-wspread relation - ER roller sensor data depth-% difference relation - ER roller sensor data

An additional adjustment was made to average tow speed for tows with no bottom
contact data using relationships between nominal tow speed and tow speed during the sensor-
defined tow period (Figure A22). This resulted in slower average tow speed during sensor-
defined tows on the Endurance because speed dropped abruptly after winch lock, but bottom
contact continued for a short period, thus bringing down the average speed for sensor tows. This
pattern was not seen on the Mary K, which has an independent winch engine, thus nominal and
sensor tow end occurred at the same time.

Net Efficiency

Depletion experiments were used to estimate efficiency of the 3 nets in capturing
monkfish. The experiments were done by repeatedly towing over the same tow path, always in
the same direction, until the monkfish catch approached zero. Eight depletion experiments were
completed (4 for the Mary K cookie sweep, and 2 for each of the Endurance nets). The method
used for data analysis is described in Rago et al. (2006). The location of the depletion
experiments is shown in Figure A23.

Results

A total of 204 survey stations were successfully completed, and an additional 91 tows
were made for depletion experiments and mensuration studies (Table Al13). Figures A24-A26
show nominal catch rates (kg per tow, # per tow) for the survey stations. Figure A27 shows the
depth distribution of sampling locations for survey tows.

Net Efficiency

The efficiency estimates derived from the depletion experiments are summarized in Table
14. For detailed description of the net efficiency analysis and results, see Appendix Al.
For three of the efficiency experiments, the estimation procedure was not successful (Appendix
A.1) and the results were excluded from further analysis. Net efficiencies used to estimate
population biomass and numbers were the average of experiments 1, 3, and 4 for the Mary K
cookie sweep and experiments 5 and 7 for the Endurance cookie sweep. For the Endurance
roller sweep, there were no successful experiments, so the results of experiments conducted
during the 2001 cooperative survey comparing roller and cookie sweeps were used. These
experiments found that the roller was 92% as efficient as the cookie sweep. We therefore used
the average efficiency of the Endurance cookie sweep 0.249 * 0.92 = 0.229 as the efficiency of
the 2009 net with roller gear. The efficiency estimates, called ‘intermediate’ in this report to
correspond with earlier cooperative survey reports which additionally reported estimates based
on a range (low and high) of efficiency estimates.

Population Estimates

Swept-area population point estimates are shown in Table A15 and Figure A29, and were
on the order of 114-116 thousand mt (60-62 million fish) for the entire survey area assuming
intermediate net efficiencies. Minimum estimates showed approximately 30% of the stock in the
northern management area (which contains 42% of the survey area).
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Differences between estimates derived from sensor tow durations were slightly higher
(~8 %) than nominal estimates in the north and slightly lower (~6%) in the south (Table A15). In
the north, the differences can be attributed to slower average speeds and shorter tow durations for
sensor tows, which reduced the estimate of area swept and increased the estimate of density
(Figure A28). In the south, adjustments to average speed and tow duration essentially cancelled
each other, resulting in little difference in tow distance between nominal and senor estimates.
Sensor-derived monkfish densities were lower than nominal densities because wingspread
estimates were higher in sensor tows, thus increasing area swept and decreasing the density
estimate (Figure A28).

The point estimates of area swept population size and biomass for 2009 are lower than
those estimated from the 2001 survey (Table A15, Figure A29), with the exception of the south
for efficiency-corrected and sensor-based estimates. (The 2004 survey is difficult to interpret due
to extensive delays in completing the survey due to weather, but the 2001 survey is more
comparable to the 2009 survey in that the two management areas were sampled simultaneously
and the survey completed during Feb-April). The lower estimates for 2009 are driven by
consistently lower densities (nominal # per nominal nmi swept) in the NFMA (Figure A30),
which could be related to earlier start dates in that area than in 2001 (Table A15). In the south,
there is no consistent difference between stratum densities in 2001 and 2009; however, the
overall density is slightly lower in 2009 (Figure A31). Densities in the mid-Atlantic Bight
(Hudson Canyon area and south) are higher in the deep water strata (greater than 200 fa) in 2009
than in the previous two surveys, suggesting that more monkfish may have been in deep water at
the time of the 2009 cooperative survey.

In addition to density differences among years, the proportion of zero tows is higher in
2009 than in the earlier surveys (Table A15). This may be due in part to the change in allocation
of sampling effort in 2009 (Figure A32).

The coefficient of variation developed by bootstrapping for the 2009 area swept
population estimates was very low (Figure A33). This likely underestimates the true variance
because of the relatively small number of tows in each stratum (and thus a small number to be
drawn from in the bootstrapping).

Further bootstrapping analyses were used to compute the sampling distribution of
biomass estimates in each management area from the 2001, 2004 and 2009 cooperative surveys
using each of the valid depletion experiments within each year. Average monkfish density by
management area was estimated from 1000 bootstrap samples. The distribution of efficiency
estimates for each experiment was developed from 1000 bootstrap samples of the 95%
confidence interval for the mean efficiency for each experiment. Each bootstrapped realization of
density was divided by the corresponding bootstrapped efficiency estimate to develop 1000
estimates of population number, from which the mean and confidence intervals for each year,
management area and experiment were derived. The estimated population numbers were
converted to biomass using the mean fish weight for each year and management area. The
resulting estimates are shown in Table A16.

Length, Age, Maturity

Expanded length frequencies from the cooperative survey (Figure A34) suggest a
unimodal distribution in the north with the mode at around 35cm, and a bimodal distribution in
the south with modes around 33 and 57 cm.
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Samples were collected for aging studies but were not processed for this assessment due
to uncertainty concerning validity of the aging method (NEFSC 2007a). However, a small
number (n=25) of monkfish > 80 cm were aged using the vertebral method for comparison with
earlier samples (Figure A35).

Length-weight relationships for males and females from each management area are
shown in Figure A36 and the parameters are listed in Table A17 along with parameters estimated
from earlier studies. Maturation ogives are shown in Figure A37 and the parameters listed in
Table A18 with estimates from earlier studies.

Comparison with NEFSC 2009 Spring Survey

The NEFSC spring survey was conducted during March 4 — May 8, 2010, generally
proceeding from south to north. The spatial distribution of catches in the NEFSC survey was
similar to catches from the cooperative surveys (Figure A38). Length frequencies from the
NEFSC survey (Figure A39) reflect the gear’s greater retention of smaller monkfish and lower
overall catch rates (NEFSC total number of monkfish caught = 638, cooperative survey = 3,050).
However, nominal minimum area swept estimates of biomass and population size were very
similar for the northern area from the two surveys (Table A19). In the south, the estimates from
the cooperative survey were approximately double those from the NEFSC survey for both
biomass and population numbers.

Finding differences between results from the two surveys is not surprising because a
number of operational characteristics differ. The NEFSC survey net has a codend liner with 1”
mesh, while the cooperative survey nets used 6” mesh in the codend with no liner, thus the
NEFSC survey captures smaller fish. The average tow speed was 3.1 kt during 20 minute tows
(NEFSC) vs. 2.6 kt during 30-minute tows (Coop). Differences in net efficiency likely result
from differences in the configuration of the net sweeps. In particular, the NEFSC survey net used
roller gear for all tows whereas the cooperative survey net in the south used a cookie sweep
which would be expected to tend bottom more closely and thus capture a higher proportion of the
monkfish encountered. This may be important in the difference between surveys in estimates in
the south. Finally, the cooperative survey sampled the southern Mid-Atlantic Bight in February,
when monkfish are present across the shelf, while the Bigelow started a month later when
monkfish have begun moving out of that area (Figure A40).

TOR 3. Characterize other survey data that are being used in the assessment (e.g., regional
indices of abundance, recruitment, length data, state surveys). Describe the uncertainty in
these sources of data.

Additional resource surveys used in the assessment include 2001 and 2004 cooperative
monkfish surveys, NEFSC winter, spring and autumn offshore surveys, NEFSC scallop surveys
(SFMA only), Northern Shrimp Technical Committee (NSTC) shrimp surveys (NFMA only),
and ME/NH inshore surveys.

The NEFSC survey strata used to define the northern and southern management areas are:

Survey Northern Area Southern Area
NEFSC Offshore bottom

trawl 20-30, 34-40 1-19, 61-76
NSTC Shrimp 1,3,5-8

6,7,10,11,14,15,18,19,22-
Shellfish 31,33-35,46,47,55,58-

50" SAW Assessment Report 33 Monkfish



61,621,631

NEFSC spring and autumn bottom trawl survey indices were standardized to adjust for
statistically significant effects of trawl type (Sissenwine and Bowman 1977) on catch rates. The
trawl conversion coefficients apply only to the spring survey during 1973-1981.

NEFSC indices derived from surveys on the FSV Henry Bigelow (starting spring 2009)
were adjusted using calibration coefficients estimated during experimental work (Miller et al.
2009). The FSV Henry B. Bigelow, which became the main platform for NEFSC research
surveys in spring 2009, has significantly different size, towing power, and fishing gear
characteristics than the previous survey platform (Albatross 1V), resulting in different fishing
power and catchability for most species. Calibration experiments to estimate these differences
were conducted during 2008 (Brown 2009, NEFSC 2007b), and were peer reviewed by a Panel
of three non-NMFS scientists during the summer of 2009 (Anonymous 2009). The objective was
to develop specific protocols for guidance in the selection and use of appropriate estimators
based on the amount of data available and the relative performance of two candidate estimators.
The Panel developed general guidance on which estimator to use given sample sizes for each
species. Following these guidelines, monkfish catches were converted using a simple ratio
estimator without a seasonal (spring vs. fall) correction. The coefficients for monkfish were
7.1295 for numbers and 8.0618 for weight (kg) (Anonymous 2009; Miller et al. 2009).

Geographic distributions of survey catches are shown in Figures A40 to A42.

Northern Area

Indices from NEFSC autumn research trawl surveys indicate that biomass fluctuated
without trend between 1963 and 1975, appears to have increased briefly in the late 1970's, but
declined thereafter to near historic lows during the 1990's (Table A20, Figures A43 — A44).
From 2000 to 2003, the index was greater than 2 kg/tow, but decreased to less than 1 kg/tow by
2008. Indices from the NEFSC spring research trawl surveys reflect similar trends of relatively
high biomass levels in the mid 1970s (but with possible declines in the late 1970s), a declining
trend from the early 1980s to the lowest values in the time series in 1998 an increase to relatively
high biomass from 2001 to 2005, and somewhat lower levels since then (Table A21, Figures A43
and A45).

Abundance indices declined during the early 1960s, and then fluctuated without trend
until the late 1980s. Abundance increased steadily from the late 1980s to a peak in 1994,
declined during the late 1990s, and then peaked in 2000, reflecting a relatively strong 1999
yearclass. Abundance has declined steadily since 2000, but remains high relative to the earlier
part of the time series.

Length distributions have become increasingly runcated over time (Figure A48). By
1990, fish greater than 60 cm long were uncommon in length frequency distributions. The
minimum, median and maximum lengths in the trawl surveys declined steadily from the early
1980s until around 2000, when they began to increase again (Figure A49). Several modes
potentially representing strong yearclasses have appeared consistently in survey distributions in
recent years (Figures A48, A50).

Abundance indices were estimated for monkfish of lengths corresponding to ages 1 and 2
to help identify potential recruitment patterns (Figure A51). To the extent that these indices
reflect recruitment, recruitment in the northern area has increased in the past decade. Relatively
strong yearclasses were produced in 1993 and 1999. Survey abundance at age data (available
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since the mid 1990s) corroborates the suggestion of relatively strong 1993 and 1999 yearclasses
in the northern area. Survey age data are available for 1993-2006 from the autumn trawl survey
and for 1995-2006 for the spring trawl survey (NEFSC 2007a). W.ithin the range of ages
observed in the surveys, growth is essentially linear and there are no obvious differences with
gender or management area. Other surveys which catch monkfish in the northern area include
the ASMFC shrimp survey, the Massachusetts Division of Marine Fisheries fall and spring
surveys, and ME/NH inshore surveys. These surveys sample only a portion of the stock area and
may be affected by inconsistent coverage over time.

The shrimp survey samples the western Gulf of Maine during summer and caught more
monkfish than the spring or fall surveys prior to 2009 (when the FSV Bigelow survey series
began) (Table A22, Figures A43 and A46). Patterns of abundance and biomass have been
relatively consistent among the spring, fall and shrimp surveys (NEFSC 2007a). The
Massachusetts surveys catch few monkfish and were not considered to reflect patterns of
abundance for the entire management area; therefore are not reported in the assessment (NEFSC
2007a). ME/NH inshore surveys began in 2000 and are conducted in spring and fall (Figure
AA4T). Indices show similar trends to those from NEFSC and shrimp surveys (Table A23, Figure
A43 and A.46).

Southern Area

Biomass indices from the NEFSC autumn research survey were high during the mid-
1960s, fluctuated around an intermediate level during the 1970s-mid 1980s, then declined to
consistently low levels since the late 1980s (Table A24, Figures A52 and A53). The biomass
index increased slightly above the existing biomass threshold in 2001 and has been relatively
stable, or declining slightly since then. NEFSC spring surveys reflect similar trends as the
autumn series: biomass remained fairly high during the mid 1970s - early 1980s, but fluctuated
around lower levels thereafter (Table A25, Figures A52 and A54). A spike in biomass was
observed in 2003, but subsequent indices have returned to lower values. Biomass and
abundance indices based on the NEFSC winter flatfish survey (conducted during 1992-
2007) fluctuated without trend (Table A26, Figures A52 and A55). Although the winter
survey series had a short duration, the gear used in the winter survey was more effective
for capturing monkfish than the gear used in autumn or spring surveys. Abundance indices
based on the NEFSC sea scallop survey show an increasing trend during 1984-1994
followed by a rapid decline from 1994-1998 and fluctuations around a relatively level
during 2006-200 (Table A27, Figure A56).

Inconsistent geographic coverage should be considered in the interpretation of southern
survey indices. For example the fall survey did not sample southern strata until 1967. The
winter survey sampled Georges Bank inconsistently and did not sample deep strata before 1998.
The scallop survey does not currently sample the entire southern management area.

Abundance (numbers per tow) shows trends similar to biomass, with a spike in 1972,
fluctuations around a relatively low level since the mid-1970s, a slight increase in 2002 and 2003
followed by a return to lower levels. Length distributions from the southern area showed
increasing truncation over time, but the size distribution appears to have stabilized in
recent years (Figure A57). Maximum lengths declined by approximately 20 cm or more
over the time series (Figure A58). As in the northern area, fish greater than 60 cm have
been rare since the 1980s, especially when compared to the 1960s. Any recent strong
recruitment does not appear to survive long enough to contribute substantially to
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increased stock biomass. Survey age data are available for 1993-2006 from the autumn trawl
survey, 1995-2006 for the spring trawl survey and 1997-2007 for the winter trawl survey
(NEFSC 2007a). Age samples collected since the 2006 survey have not been processed due to
uncertainties regarding validity of the aging method (NEFSC 2007a).

Combined Management Areas

Survey indices for combined management areas for spring and fall are shown in Table
A28 and A29, and Figures A59 — A61. Length composition trends are shown in Figures A62-
AB3.

TOR 4. Estimate annual fishing mortality, recruitment and stock biomass (both total and
spawning stock) for the time series, and characterize the uncertainty of those estimates.

Several candidate modeling approaches were investigated by the Data Poort Stocks
Working Group (NEFSC 2007a), but the only one considered suitable was a relatively new
approach called SCALE (for Statistical Catch-At-Length Analysis). Results from this model
were used in 2007 to estimate fishing mortality, recruitment and stock biomass and to redefine
reference points. The SCALE model was updated and serves as the primary basis for the current
assessment.

Monkfish SCALE Model

Introduction

Incomplete or lacking age-specific catch data and survey indices often limit the
application of a full age-structured assessment (e.g. Virtual Population Analysis and many
forward projecting age-structured models). Stock assessments often rely on the simpler size/age
aggregated models (e.g. surplus production models) when age-specific information is lacking.
However these models may not utilize all of the available information for a stock assessment.
Knowledge of a species growth and lifespan, along with total catch data, size composition of the
removals, recruitment indices and indices on numbers and size composition of the recruited fish
in a survey can provide insights on population status using a simple model framework.

The Statistical Catch At Length (SCALE) model, is a forward projecting age-structured
model tuned with total catch (mt), catch at length or proportional catch at length, recruitment at a
specified age (usually estimated from first length mode in the survey), survey indices of
abundance of the larger/older fish (usually adult fish) and the survey length frequency
distributions. The SCALE model was developed in the AD model builder framework. The
model parameter estimates are fishing mortality and recruitment in each year, fishing mortality to
produce the initial population (Fstart), logistic selectivity parameters for each year or blocks of
years and Qs for each survey index.

The SCALE model was developed as an age-structured model that does not rely on age-
specific information on a yearly basis. The model is designed to fit length information,
abundance indices, and recruitment at age which can be estimated by using survey length slicing.
However the model does require an accurate representation of the average overall growth of the
population which is input to the model as mean lengths at age. Growth can be modeled as sex-
specific growth and natural mortality or growth and natural mortality can be modeled with the
sexes combined. The SCALE model will allow for missing data.
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Model Configuration

The SCALE model assumes growth follows the mean input length at age with
predetermined input error in length at age. Therefore a growth model or estimates of the average
mean length at age is essential for reliable results. The model assumes static growth and
therefore population mean length/weight at age are assumed constant over time.

The SCALE model estimates logistic parameters for a flattop selectivity curve at length
in each time block specified by the user for the calculation of population and catch age-length
matrices or the user can input fixed logistic selectivity parameters. Presently the SCALE model
cannot accommodate a dome shaped selectivity pattern.

The SCALE model computes an initial age-length population matrix in year one of the
model as follows. First the estimated populations numbers at age starting with age-1 recruitment
are normally distributed at 1 cm length intervals using mean length at age with the assumed
standard deviation. Next the initial population numbers at age are calculated from the previous
age at length abundance using the survival equation. An estimated fishing mortality (Fstart) is
also used to produce the initial population. This F can be thought of as the average fishing
mortality that occurred before the first year in the model. Now the process repeats itself with the
total estimated abundance at age being redistributed according to the mean length at age and
standard deviation in the next age (age+1).

This two step process is used to incorporate the effects of length specific selectivities and
fishing mortality. The initial population length and age distribution is constructed by assuming
population equilibrium with an initial value of F, called Fsa. Length specific mortality is
estimated as a two step process in which the population is first decremented for the length
specific effects of mortality as follows:

N * — N e_(PRlen Fetart M )

a,len,y1 a—l,len,yl

In the second step, the total population of survivors is then redistributed over the lengths
at age a by assuming that the proportions of numbers at length at age a follow a normal
distribution with a mean length derived from the input growth curve (mean lengths at age).

L,
N = N’
a,len,y; ﬂ-len,a Z a,len,y

len=0
where

Tiena = CD(Ien +1| u,, 07 )— CD(Ien | 4y, Gaz)

where
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Mean lengths at age can be calculated from a von Bertalanffy model from a prior study as
shown in the equation above or mean lengths at age can be calculated directly from an age-length
key. Variation in length at age a = »® can often be approximated empirically from the growth
study used for the estimation of mean lengths at age. If large differences in growth exist between
the sexes then growth can be input as sex-specific growth with sex-specific natural mortality.
However catch and survey data are still fitted with sexes combined.

This SCALE model formulation does not explicitly track the dynamics of length groups
across age because the consequences of differential survival at length at age a do not alter the
mean length of fish at age a+1. However, it does realistically account for the variations in age-
specific partial recruitment patterns by incorporating the expected distribution of lengths at age.

In the next step the population numbers at age and length for years after the calculation of
the initial population use the previous age and year for the estimate of abundance. Here the
calculations are done on a cohort basis. As in the previous initial population survival equation,
the partial recruitment is estimated on a length vector.

N* =N e—(PR|enFy_1+M)

alen,y a-11len,y-1

second stage

L.,
Na,len,y = ﬂlenﬁ Z N a,len,y

len=0
Constant M is assumed along with an estimated length-weight relationship to convert

estimated catch in numbers to catch in weight. The standard Baranov=s catch equation is used to
remove the catch from the population in estimating fishing mortality.

C — N y,a,len F y I:)Rlen (1_ e_(FyPRlen+M ))
alen (F, PR, )+M

len

Catch is converted to yield by assuming a time invariant average weight at length.

Y =C W

y,a,len y,a,len” "len
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The SCALE model results in the calculation of population and catch age-length matrices
for the starting population and then for each year thereafter. The model is programmed to
estimate recruitment in year 1 and estimate variation in recruitment relative to recruitment in
year 1 for each year thereafter. Estimated recruitment in year one can be thought of as the
estimated average long term recruitment in the population since it produces the initial population.
The residual sum of squares of the variation in recruitment » (Vrec)? is then used as a component
of the total objective function. The weight on the recruitment variation component of the
objective function (Vrec) can be used to penalize the model for estimating large changes in
recruitment relative to estimated recruitment in year one.

The model requires an age-1 recruitment index for tuning or the user can assume
relatively constant recruitment over time by using a high weight on Vrec. Usually there is little
overlap in ages at length for fish that are one and/or two years of age in a survey of abundance.
The first mode in a survey can generally index age-1 recruitment using length slicing. In
addition numbers and the length frequency of the larger fish (adult fish) in a survey where
overlap in ages at a particular length occurs can be used for tuning population abundance. The
model tunes to the catch and survey length frequency data using a multinomial distribution. The
user specifies the minimum size (cm) for the model to fit. Different minimum sizes can be fit for
the catch and survey data length frequencies.

The number of parameters estimated is equal to the number of years in estimating F and
recruitment plus one for the F to produce the initial population (Fstart), logistic selectivity
parameters for each year or blocks of years, and for each survey Q. The total likelihood function
to be minimized is made up of likelihood components comprised of fits to the catch, catch length
frequencies, the recruitment variation penalty, each recruitment index, each adult index, and
adult survey length frequencies:

2

Lcatch = Z l If.‘(Yobs,y +1) B In ZZYpred,len,a,y +1

years a len

inlen

L,
I—catch_lf = _Neﬁ Z Z (Cy,len +1)In 1+ ZCpred,y,a,len o Ir]<Cy,len +1)
y a

Lvrec = Niars (VreCy )2 = Nfrs (Rl — Ry )2
y=2 y=2
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i=1 y len

Nadult | Nyears L, 2
Z I‘adult = z Z In(l adult; inlen+;,y )_ [Z Z In(N pred,y,a,len * qadulti )J

i=1 y a inlen

NIf L,

Z Llf - Z - Neff Z Z (Ilfi,y,len +1)|n 1+Z Npred,y,a,len - Ir](Ilfi,y,len +1)
y a

i=1 inlen;

In equation Lcacn ir calculation of the sum of length is made from the user input specified
catch length to the maximum length for fitting the catch. Input user specified fits are indicated
with the prefix “in” in the equations. LF indicates fits to length frequencies. In equation L the
input specified recruitment age and in Lagu: and Lys the input survey specified lengths up to the
maximum length is used in the calculation.

N
Obj fen=>_ AL,

i=1

Lambdas represent the weights to be set by the user for each likelihood component in the total
objective function.

Monkfish SCALE Model Configuration and Results

No new information on growth and natural mortality exists for this assessment. Growth,
variation in mean length at age, and natural mortality (M=0.3) did not change from the
assumptions used in the 2007 assessment (NEFSC 2007a). Mean and variance in monkfish
length at age were estimated from industry-based surveys (2001 and 2004), and NEFSC winter,
spring, and fall surveys for management areas combined (Table A30). No significant differences
in growth were observed between the management units in the 2001 and 2004 cooperative
surveys. The standard deviation for age 1 was 2.9; for older ages a standard deviation of 4.5 was
assumed. The overall standard deviation on mean lengths at age was estimated directly from the
age data. The oldest aged fish from surveys and commercial samples was age 12. Mean lengths
at age for the older fish (10-12) was supplemented with data collected from a study of large
monkfish (Johnson et al. 2008).

Age modes in the predicted length frequencies are seen for most ages due to the linear
nature of monkfish growth and the model structure that uses a single annual growth time step
(Appendix Al). The absence of a decline in growth with age in monkfish produces this process
error in the SCALE model fits. This can be concealed by increasing the variance on mean

50" SAW Assessment Report 40 Monkfish



lengths at age by increasing the assumed variance on the mean lengths at age. However, as in
the 2007 assessment, an increase in the variance on the mean lengths at age beyond what is
supported by the raw growth data was not done due to concerns on its effect on the estimated
selectivity.

Relative abundance trends for recruits (ages 1, 2, and/or 3) and adults (40+ cm) in each
management unit were updated and are shown in Figures A64 through A69. The length interval
specific to each survey used as a proxy for the recruitment ages are shown in the plots. For both
management units, the model was fit to spring, fall and industry-based survey length frequencies
(30+ cm), 40+ cm adult indices, and recruitment indices at age. The northern area had additional
inputs from a shrimp trawl survey (1991-2009) and the southern area used the NEFSC winter
trawl (1992-2007) and NEFSC scallop dredge (1984-2009) surveys. Inputs from the fall inshore
ME/NH trawl survey (2000-2009) were added to the northern management area in this
assessment (Figures A70 and A71). The use of the Fall MDMF bottom trawl survey was also
investigated in this assessment but was dropped as an index of abundance (Figure A72). The
working group concluded that this index was unreliable for monkfish due to the low numbers of
fish caught in the survey.

Indices at age and adult 40+ cm abundance indices were scaled using the approximate
area (nm?) of the survey divided by the average coverage of the survey’s tow (Table A31). The
survey catchability estimates from the model were used as a diagnostic check for the
interpretation of survey efficiencies. Survey indices from the R/V Bigelow were converted to
Albatross units for 2009 (numbers per tow / 7.2). An additional diagnostic run for each
management area (north, south and combined) that included the absolute estimates of the
cooperative monkfish 40+ cm estimates for all three years was investigated. An assumed 50
percent efficiently was used for the 2009 cooperative monkfish survey. The estimated g’s from
the model for the cooperative monkfish survey ranged from 0.68 to 1.18 but the model could not
fit the large fluctuation in abundance between survey years (Figure A73).

There is no evidence of strong recruitment in the age-specific indices over the last three
years (2007-2009). The 40+ cm indices also indicate a decline in abundance in comparison to
the previous three years. There was little change in the survey and catch length frequency
distributions since the 2007 assessment (Appendix Al).

In the 2007 assessment a single selectivity block (1980-2009) was estimated for the
northern management unit and three selectivity blocks were estimated for the southern
management unit. A single selectivity block for the north was retained for this assessment.
Shifting the second selectivity block from 2003-2004 (2007 assessment) to 2001-2002 (current
assessment) in the south provided a better fit to the catch length frequency data and corresponded
better to the shift to gillnet gear in the fishery. The first selectivity block in the southern area
(1980-1995) that was established in the 2007 assessment has only two years of length
information and appears to produce unstable selectivity estimates in this assessment, therefore it
was eliminated in the final southern run 8.

For the 2007 assessment a variety of conditions and assumptions were tested using
sensitivity runs and a similar approach was taken for SARC 50. Comparisons of the
configuration and results of the final and sensitivity SCALE runs for this assessment are shown
in Tables A32 through A34 and Figures A74 through A80. The influence of three additional
years of data to the final configuration of the 2007 assessment was determined in run 1 in both
the north and southern management areas. In the north run 2 determined the influence of adding
both the ME/NH survey and the MA DMF survey. In runs 3 and greater the MDMF survey was
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dropped from the model. The model was allowed to estimate Fstart in runs 4 to 7 and runs 6 and
7 were done to test sensitivity to the Vrec (recruitment variation) penalty weight. In the south,
runs 2 to 7 allowed estimation of Fstart; runs 3 to 5 also tested alternative selectivity blocks.

Similar to the 2007 assessment, models for both the north and south had difficulty in
fitting the catch length frequency data in the last few years. Fits to the catch length frequencies
can be seen Appendix Al. A significant decline in the catch has occurred in the last three years
of the model. However there is no evidence of an increase in the number of larger fish in the
catch or in any of the survey length frequency distributions from 2007 to 2009. The model could
not reconcile the effects of a decline in catch with the lack of a corresponding shift in the length
distributions. Sensitivity run 5 in the north and runs 6 and 7 puts higher weight on the length
distributions in the model. This resulted in a lack of fit to the catch (Figure A80).

The sensitivity runs of the SCALE model produced similar trends in F and biomass. As
in the 2007 assessment the trade-off between shifts in the estimated selectivity and other
weighting components of the model still exist.

Combining the northern and southern areas into a single assessment model was
investigated in this assessment. In general the combined assessment model results were
intermediate between the northern and southern model runs (Figure A79). Combined biomass
estimates approximated the sum for the two area runs.

The final working group model runs retained for the 2007 assessment assumed fixed
parameters for Fstart (North at 0.01, South at 0.2). The northern area results suggested there
were at least two strong recruitment pulses during the 1990s that fueled subsequent increases in
the catch (Figures A75 and A80). These strong recruitment events were not evident in the south
(Figures A78 and A80). The final northern run estimated lower abundance with a shift in
selectivity to larger fish relative to the 2007 assessment. The northern final model estimated
much lower abundance in the terminal year than what was projected from the 2007 assessment;
144,000 tons in 2007 versus 66,000 tons in the current assessment (Figure A75). The final
model for the southern area estimated relatively low recruitment in the last five years (2005-
2009) of the model. However biomass and F predictions were similar to estimates from the 2007
assessment. Recruitment, biomass and fishing mortality estimates from the current assessment
final runs are listed in Table A35.

The estimates of total biomass from the SCALE model fall within the confidence
intervals (25"-75™ percentile) of biomass estimates from the cooperative surveys for 2001 and
2004 (Table A16); however, the 2009 estimates from the SCALE model are approximately
double the absolute biomass estimates from the cooperative survey for 2009. The effect of the
retrospective pattern in the SCALE estimates has not been factored into these comparisons.

Monkfish SCALE model Uncertainty

Assessment of monkfish is difficult because of the often-poor quality of data available.
Survey data provide a long-term picture, but there is high variability in the survey trends due to
the low numbers of fish caught in many of the surveys. Landings were historically under-
reported and discard data were not available until relatively recently. Age samples were not
taken in surveys until 1994 and from landings until 2000, and the landings are sparsely sampled
for age even at present because removing vertebrae compromises product quality. Important
aspects of monkfish biology are poorly understood, including stock structure and movement
patterns, growth rates and longevity. Ageing methods have not been validated using known-age
individuals. Effects of the process error within the model due to the linear growth trend are
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unknown. There is uncertainty surrounding the lack of an explanation for the consistent sex ratio
patterns that occur with size in multiple surveys (Richards et al., 2008).

Given the litany of data limitations, it is not surprising that most of the assessment
approaches applied were not successful during the 2007 Data Poor Stocks Working Group
assessment. The SCALE model was considered useful at that assessment because it integrated
the available information and the resulting estimates appeared reasonable (e.g. biomass estimates
consistent with empirically-estimated biomass from industry-based surveys). This is still true in
the current assessment. However, in this assessment substantial uncertainty remains surrounding
the lack of evidence for rebuilding of the size structure with the observed decline in the catch.

Retrospective analyses suggest there is higher uncertainty with the northern management
model relative to the southern management assessment (Figures A81 and A82). The northern
model exhibits strong retrospective patterns in fishing mortality and stock size. If the fishing
mortality estimated for 2009 is adjusted upward to account for the average retrospective
underestimation of -66% for the 2002-2008 terminal years, the estimate for 2009 changes from
0.10 to 0.17. If the total biomass estimated for 2009 is adjusted downward to account for the
average retrospective overestimation of +108% for the 2002-2008 terminal years, the estimate
for 2009 changes from 66,062 mt to 31,761 mt. The model for the southern area exhibits
moderate retrospective patterns in fishing mortality and stock size. If the fishing mortality
estimated for 2009 is adjusted upward to account for the average retrospective underestimation
of -13% for the 2002-2008 terminal years, the estimate for 2009 changes from 0.07 to 0.08. If
the total biomass estimated for 2009 is adjusted downward to account for the average
retrospective overestimation of +16% for the 2002-2008 terminal years, the estimate for 2009
changes from 131,218 mt to 113,119 mt. The model for the combined area exhibits intermediate
retrospective patterns in fishing mortality and stock size with respect to the separate areas
(Figure A83). Age specific retrospective adjustments using seven peels are summarized in Table
A36.

Potential explanations for the lack of fit and/or retrospective pattern in the SCALE model
are summarized in Table A37. The explanations deemed most likely to cause underlying
problems with the model were (1) the growth model is incorrect (ie. growth is not linear with
age) and (2) setting M=0.3 is inappropriate (ie. monkfish longevity may be greater than currently
assumed).

Improvements to the SCALE model allow for estimation of within model uncertainty on
fishery selectivity and stock numbers through the MCMC procedure. However, uncertainty in F
could not be estimated with the MCMC for monkfish because fishing mortality is set equal to
model results in the MCMC. Therefore all of the within model uncertainty is not accounted for
in the MCMC results. The high uncertainty surrounding this assessment will be largely
underestimated by within model uncertainty estimates and probably should not be solely used for
the determination of the uncertainty in setting ABCs. As in the 2007 assessment, the results are
dependent on the input mean lengths at age as an appropriate approximation for monkfish
growth.

Spawning biomass is not output directly by the SCALE model, but was estimated as the
product of population numbers at length (SCALE), maturity at length (Richards et al. 2008),
weight at length (SCALE) and fraction female at length (based on data in Richards et al. 2008).
The fraction female at length was estimated two ways: (1) using observed patterns of proportion
female vs. length in the south and north (e.g. Richards et al. 2008) and (2) assuming sex
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ratio=50:50 up to 70 cm, then 100% female for fish > 70 cm. Ogives were averaged to develop
estimates for the combined stock areas. Trends in spawning biomass are shown in Figure A84.

SAWS50 Editor’s note: The SARC50 panel acknowledged the high degree of uncertainty in
estimates from the SCALE model due to data limitations, poorly understood monkfish
biology (growth, natural mortality, stock structure), and the strong retrospective pattern in
the northern area. The panel did not favor directly adjusting for the retrospective pattern.
Despite the high uncertainty, the model was accepted, but with strong precautionary
caveats.

TOR 5. Update or redefine biological reference points (BRPs; estimates or proxies for
Bmsy, BruresHoLp, and Fysy: and estimates of their uncertainty). Comment on the scientific
adequacy of existing and redefined BRPs.

Overfishing Reference Points

SAW 34 (NEFSC 2002) and Framework 2 of the Monkfish FMP established the
overfishing definition as Fnax and estimated it be equal to 0.2 for both management areas
(assuming M=0.2). NEFSC (2007a) examined length-based and age-based YPR models and
concluded that the length-based approach was not appropriate as it assumes a von Bertalanffy
growth model which does not fit currently understood monkfish growth patterns. NEFSC
(2007a) used the age-based YPR model to update the value of Fmax assuming M=0.3 and the
current assessment updates this model again using revised selectivity patterns output from
SCALE. Farger Was not defined in the original monkfish FMP or in Framework Adjustment 2.
The DPSWG (NEFSC 2007a) recommended that Fag be used to define Frarget .

Age-based YPR was calculated for each management region using the approach of
NEFSC (2007a). This assumed a constant natural mortality M=0.3 and applied selectivity at age
approximated from SCALE output selectivity at length for each area. Mean weights at age for
the catch and stock were from SCALE output, and maturity ogives were from 2001 Cooperative
Monkfish Survey data (NEFSC 2002), which were very similar to other estimates of maturity
(Table A18, Figure A85). The estimates from NEFSC (2007a) and the current assessment are
shown in Table A38. The difference in estimates for the two areas reflects differing selectivity of
gillnets and trawls; more monkfish are landed using gillnets in the south than in the north. The
differences between years reflect the changes in selectivity patterns estimated by the SCALE
model.

Biomass reference points

Biomass reference points were developed by NEFSC (2007a) using results of the SCALE
model. The recommended Binreshoia Was the lowest observed value in the total biomass time
series (1980-present) from which the stock has then increased (termed “By oss), estimated in 2006
to be 65,000 mt in the north and 96,000 mt in the south. The recommended Biager Was the
average of total biomass for the time period (1980-present), estimated in 2006 to be 92,000 mt in
the north and 123,000 mt in the south.

The 2010 assessment updated biomass reference points developed by NEFSC (2007a)
based on results of the 2009 SCALE population model (Table A39). Using the current FMP
definitions, updated estimates of Binresnold are 41,238 mt of total stock biomass in the northern
area and 99,181 mt in the southern area. Estimates of Biage: (average of 1980-2006 estimates)
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are 62,371 mt of total stock biomass in the northern area and 120,292 mt in the southern area.
Biomass reference points for the combined areas approximated the sum for the two existing
management areas (i.e., relative scaling persisted). Using the current FMP definitions, the
combined area estimate of Binreshoig 1S 159,715 mt (average of 1980-2009 estimates) and the
combined area estimate of Brarger (average of 1980-2009 estimates) is 208,190 mt.

Biomass reference points for New England groundfish stocks have recently been based
on the long-term projected biomass corresponding to Fusy or its proxy, which for monkfish
would be Fmax. In keeping with this practice, proposed total biomass targets (i.e., Bmax at Fmax)
and thresholds (0.5*Bmax) were calculated for monkfish for the northern, southern and combined
areas (Table A39). Using this approach, proposed estimates of Bger are 52,930 mt in the
northern area and 74,490 mt in the southern area, and estimates of Binreshold are 26,465 mt in the
northern area and 37,245 mt in the southern area. The combined area estimate of Brarger 129,002
mt and the estimate Of Binresnold 1S 64,501 mt. The total catch produced from the long-term
Btarget at the respective values of Fna (i.e., proxy for Fusy), is 10,745 mt for the northern area,
15,279 mt for the southern area, and 25,943 mt for the areas combined.

All of the BRPs are based on results of the SCALE model (including F reference points
from the YPR which uses selectivity curves estimated by SCALE), therefore the BRPs are
subject to the same high level of uncertainty that surrounds the SCALE model results. The BRPs
developed by NEFSC (2007a) were ad hoc and are problematic in that BRPs change with every
update or modification of the model. Further, the results for the southern management area
indicate that biomass approached overfished status in the mid-1990s even though F remained
below Frger.  This suggests that those BRPs were unreliable. The BRPs based on projected
biomass at Fmax are also subject to high uncertainty due to reliance on projections of SCALE
model results and the high estimate of Fn.x due to the assumption of M=0.3 in the YPR model.
The biomass reference points using the current method are much lower, which accounts for the
more optimistic view of stock size relative to the biomass target and biomass threshold.

SAWS50 Editor’s note: The SARC50 panel recommended adoption of the biomass reference
points based on “Bmax projected”.

TOR 6. Evaluate stock status with respect to the existing BRPs, as well as with respect to
updated or redefined BRPs (from TOR 5).

Based on the existing biological reference points from the 2007 stock assessment and the
Monkfish Fishery Management Plan (FMP), monkfish would be considered not overfished with
no overfishing occurring for both the northern and southern stock management areas (Figure
A86, Table A39). In the northern area, the existing Binreshold 1S 65,200 mt of total stock biomass
and the existing Freshold 1S Fmax = 0.31. The estimated 2009 northern area biomass is 66,062 mt,
above the existing Bunresnold; the estimated northern area F in 2009 is 0.10, below the existing
Fihresholg- 1N the southern area, the existing Binreshorg 1S 96,400 mt and the existing Finreshord 1S Fmax
= 0.40. The estimated 2009 southern area biomass is 131,218 mt, above the existing Binreshold; the
estimated southern area F in 2009 is 0.07, below the existing Finreshold-

The 2010 assessment has updated the biological reference points based on an updated
yield-per-recruit analysis and the results of the SCALE length-tuned population model that
incorporates multiple survey indices and catch data. Based on proposed reference points from
these updated analyses, monkfish in both management areas are not overfished with no
overfishing occurring (Figure A87). Using the current FMP definitions, updated estimates of
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Binreshold are 41,238 mt of total stock biomass in the northern area and 99,181 mt in the southern
area. Estimates of Brarger (average of 1980-2006 estimates) are 62,371 mt in the northern area
and 120,292 mt in the southern area. Estimates of total biomass for 2009 are 66,062 mt in the
northern area and 131,218 mt in the southern area, above Biage: for both areas. The existing
overfishing threshold is based on Fnyax, and this was retained in the 2010 assessment. The
updated estimates of Fnax are 0.43 per year in the northern area and 0.46 per year in the southern
area. Estimates of current F (2009) are 0.10 per year in the northern area and 0.07 per year in the
southern area, both less than the respective overfishing thresholds.

A combined stock area model was constructed to address a Research Recommendation
from the 2007 assessment. Biomass reference points for the combined areas approximated the
sum for the two existing management areas (i.e., relative scaling persisted). Using the current
FMP definitions, the combined area estimate of Bineshoid IS 159,715 mt of total stock biomass
(average of 1980-2009 estimates) and the combined area estimate of Byarger (average of 1980-
2009 estimates) is 208,190 mt. The estimate of combined area total biomass for 2009 is 255,326
mt, above Biager. The combined area overfishing threshold based on Frax is 0.37. The combined
area estimate of current F (2009) is 0.05, below the combined area overfishing threshold (Figure
A88).

Biomass reference points for New England groundfish stocks have recently been based
on the long-term projected biomass corresponding to Fusy or its proxy, which for monkfish
would be Fmax. In keeping with this practice, proposed total biomass targets (i.e., Bmax at Fmax)
and thresholds (0.5*Bmax) were calculated for monkfish for the northern, southern and combined
areas. Using this approach, proposed estimates of Biager are 52,930 mt in the northern area and
74,490 mt in the southern area, and estimates of Bnreshold are 26,465 mt in the northern area and
37,245 mt in the southern area (Table A39, Figure A89). The combined area estimate of Biarget
129,002 mt and the estimate of Binreshold 1S 64,501 mt. The total catch produced from the long-
term Brarger at the respective values of Fmax (i.€., proxy for Fusy), is 10,745 mt for the northern
area, 15,279 mt for the southern area, and 25,943 mt for the areas combined.

The assessment results for monkfish continue to be uncertain due to likely under-reported
landings and unknown discards during the 1980s and incomplete understanding of key biological
parameters such as age and growth, longevity, natural mortality and stock structure. The
population models for all areas exhibit retrospective patterns that are strongest for the 2002-2006
terminal years and weaker for the 2007-2008 terminal years. The retrospective patterns are
strongest for the northern area, weakest for the southern area, and intermediate for the model of
combined areas (Figures A81-A83). The BRPs are all based on output from the SCALE model,
therefore the BRPs are also highly uncertain.

TOR 7. Evaluate monkfish diet composition data and its implications for population level
consumption by monkfish.

Food habits were evaluated for monkfish as major a predator in the ecosystem. The total
amount of food eaten and the type of food eaten were the primary food habits data examined.
From these basic food habits data, diet composition, per capita consumption, total consumption,
and the amount of prey removed by monkfish were calculated. Contrasts to total energy flows in
the ecosystem and fishery removals of commercially targeted skate prey were conducted to fully
address the Term of Reference.
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Methods

To estimate mean stomach contents (S;), the total amount of food eaten (as observed from
food habits sampling) was calculated for each size class, temporal and/or spatial scheme. The
denominator in the mean stomach contents (i.e., the number of stomachs sampled) was inclusive
of empty stomachs. These means were weighted by the number of tows in a temporal and spatial
scheme as part of a two-stage cluster design. Further background on food habits sampling
protocols and these estimators can be found in Link and Almeida (2000). This sampling
program was a part of the NEFSC bottom trawl survey program (Azarovitz 1981; NEFC 1988).
Units are in g.

Estimates were calculated on an annual basis for each monkfish size class, temporal and
spatial combination. The size classes were < ande 40 cm for Small (S) and Large (L) size
classes, respectively and the areas were southern and northern management regions. Although
the food habits data collections started quantitatively in 1973, collections for monkfish weren’t
initiated until 1977. Key diagnostics were the number of empty stomachs over time and mean
length vs. mean stomach contents weight (with + 95% CI), which were examined to identify any
major outliers in the data and to ascertain any notable patterns in variance.

To estimate diet composition (Dj;), the amount of each prey item was summed across all
monkfish stomachs. These estimates were then divided by the total amount of food eaten in a
size class, temporal and spatial scheme, totaling 100%. These estimates are proportions and
were only presented for those major prey comprising >85% of the total for each size class,
temporal and spatial scheme.

The approach to calculating consumption followed previously established methods, using
an evacuation rate model methodology. For further details, see Durbin et al. (1983), Ursin et al.
(1985), Pennington (1985), Overholtz et al. (1991, 1999, 2000, 2008), Tsou & Collie (2001a,
2001b), Link & Garrison (2002), Link et al. (2002, 2006, 2008, 2009), Link & Sosebee (2008),
Overholtz & Link (2007), Tyrrell et al. (2007, 2008), Link and Idoine (2009), Moustahfid et al.
(2009a, 2009b), and NEFSC (2006, 2007a, 2007b, 2008). The main data inputs are mean
stomach contents (S;) for each monkfish size-time-space scheme i, diet composition (Dj;) where j
is the specific prey of interest, and T is the bottom temperature taken from the bottom trawl
surveys (Taylor et al. 2005). Estimates of variance about all input variables were calculated.

Using the evacuation rate model to calculate consumption requires two variables and two
parameters. The per capita consumption rate, C; is calculated as:

Ci =24-E 'S_iy )
where 24 is the number of hours in a day and the evacuation rate E; is:
E, =ae” ,

and is formulated such that estimates of mean stomach contents (S;) and ambient temperature (T;
here used as bottom temperature from the NEFSC bottom trawl surveys (Taylor et al. 2005)) are
the only data required. The parameters « and ¢ are set as values chosen from the literature (Tsou
and Collie 2001a, 2001b, Overholtz 1999, 2000). The parameter ¢ is a shape function is almost
always set to 1. To estimate per capita consumption, the gastric evacuation rate method was
used (Eggers 1977, Elliott and Persson 1978). The two main parameters, « and ¢, were set to
0.004 and 0.11 respectively based upon prior studies and sensitivity analyses (NEFSC 2007c,
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2007d). From 1992 on (when individual weights were measured), a diagnostic of % daily ration
was also calculated.

Once per capita consumption rates were estimated for each monkfish size class, temporal
and spatial scheme, those estimates were then scaled up to an annual and stock wide basis, C:

C=365-C,-N,

where N; is the estimate of abundance (from assessment results) for each monkfish size class,
temporal and spatial scheme and 365 is the number of days in a year.

This total consumption was partitioned for the major prey items of monkfish by
multiplying it by the diet composition of each prey (Djj) to provide an estimate of prey removals.
Both the total consumption and the amount of prey removed by each monkfish size class (and
combined across sizes) are presented as metric tons year’. These were then summed for both
areas.

To evaluate the consumptive demands of a monkfish and the predatory removals of
monkfish in a broader ecosystem context, total consumption by monkfish was compared to the
amount of energy flow for the entire ecosystem. The total energy flows were calculated in a
recent energy budget (Link et al. 2006, 2008, 2009). Monkfish consumption is presented as a
percentage of total energy flows in the ecosystem. In addition, the total amount of commercially
targeted prey eaten by monkfish was compared to fishery landings to evaluate potential
competition between monkfish and fisheries.

Results & Observations
e The amount of food consumed by monkfish was 0.005-0.02% of all energy flows in the

system

e Monkfish comprised 2-6% of total consumption by all finfish in the ecosystem (1-4 % in
N, 2-8% in S)

e Consumption by monkfish has changed over time, mainly as a function of abundance
(Figure A90)

e Consumption has been more important at times, perhaps when other piscivore species
were at lower abundances; monkfish has the potential to be one of the dominant
piscivores in the ecosystem

e All diagnostics were within the normal range.

Summary

e Amount of food eaten and per capita consumption peaked in early 1980s in both
management areas; this was due to the greater abundance of large monkfish in the
population.

e Total, scaled consumption follows the peak in 1980s for both management areas and
early 2000s for the northern stock

e Some subtle shifts in diet across size classes, decades and areas were observed, but this
species is categorically piscivorous and is of the more notable piscivores in the ecosystem

e Monkfish is an ecologically important piscivore in the Northwest Atlantic ecosystem

e Lots of small, other fishes eaten by monkfish

e Monkfish consumption (C) was high relative to landings of some of its prey stocks (L):
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0 C ~20-50% of L: mackerel, herring, monkfish
o C~L:squids
0 C > L:silver hake, skates

TOR 8. Develop and apply analytical approaches and data that can be used for conducting
single and multi-year stock projections and for computing candidate ABCs.

a. Provide numerical short-term projections (through 2016). Each projection should
estimate and report annual probabilities of exceeding threshold BRPs for F, and
probabilities of falling below threshold BRPs for biomass. In carrying out
projections, consider a range of assumptions to examine important sources of
uncertainty in the assessment.

b. Comment on which projections seem most realistic, taking into consideration
uncertainties in the assessment.

c. Describe this stock’s vulnerability to becoming overfished, and how this could affect
the choice of ABC.

SCALE model results and AGEPRO projections were used to evaluate stock trends
during 2011-2016 fishing at Fthreshold and at proposed ACTs and ABCs assuming stochastic
long-term recruitment. Projections assumed that F in 2010 would equal the estimated F in 2009
from the SCALE model. Projections for the northern management area (NMA) are the most
likely to be unrealistic, given the uncertainty of stock status due mainly to the relatively strong
retrospective observed since 2002. The southern management area (SMA) projections are the
more likely to be realistic, given the moderate retrospective pattern observed for that area. The
combined area projections are intermediate with respect to the current management areas, as the
relative scaling of the two populations is maintained when the areas are combined in one model.
The projections indicate that the northern area is the most vulnerable to overfishing or becoming
overfished during 2011-2016 if total catches approach the proposed ABC, while the southern
area is the least vulnerable (Table A40 to Table A42).

SAWS50 Editor’s note: The SARC panel acknowledged the high degree of uncertainty in the
projections due to uncertainty in the starting conditions (output from the SCALE model).

TOR 9. Review, evaluate and report on the status of the SARC and Working Group
research recommendations listed in recent SARC reviewed assessments and review panel
reports. ldentify new research recommendations.

SAW 34 (2002) Research Recommendations

* indicates suggested candidates for deletion from the active Research Recommendations list.

1) Research should be continued to define stock structure, including genetic studies, reproductive
behavior analyses, morphometric studies, parasite studies, elemental analyses, and studies of egg
and larvae transport.

- A genetic study is underway by a student at UMES using mtDNA. Results to date found genetic
groupings but these are not spatially coherent (do not indicate stock separation).
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- A conventional tagging study ongoing by investigators at GMRI. Results to date: monkfish
tagged in fall/winter in western Gulf of Maine and southern New England were later recaptured
in Mid-Atlantic Bight (see Appendix A2). Future plans include tagging in other seasons and
further to the south.

- A data storage tagging study underway, joint project of NOAA and GMRI. ~150 tagged
monkfish released during 2009, no recaptures yet.

- An otolith elemental composition study is ongoing using otoliths collected during 2004
cooperative monkfish survey. Otoliths have been processed but further work has been stalled
due to change in responsibilities of primary PI.

- Web site established to gather information on location of egg veils — launched spring 2007.
http://www.nefsc.noaa.gov/read/popdy/monkfish/MonkfishEggveilReporting/

Results: very little response to date.

*2) The SARC recommends changing the overfishing definitions for monkfish. Research on
yield per recruit for monkfish should examine the effect and possible causes of differential
natural mortality rates by sex, methods to estimate gear selectivity, and the incorporation of
discards.

- OF definition was changed in 2003 via Framework 2 based on results of SAW 34 and again in
2008 based on the results of NEFSC (2007a).

- NEFSC (2007a) assessment explored length-based and age-based YPR with estimates of gear
selectivity from SCALE model, incorporated discards, and examined higher M to reflect shorter
longevity of males. NEFSC (2007a) accepted age-based model with M=0.3, which was used to
revise reference points.

*3) Surplus production modeling should continue with special emphasis placed on uncertainty in
under-reported catches and population size prior to 1980.

- Bayesian surplus production was explored unsuccessfully for SAW 40 (2005) and NEFSC
(2007a). The DPSWG concluded that long-term production models were inappropriate for
status determination of monkfish because of the general lack of correspondence between
reported catch and survey trends.

*4) Size selectivity studies should be conducted in the trawl fishery to investigate the potential
effectiveness of minimum mesh size and shape regulations to reduce discards of undersize
monkfish. Additionally, comparative studies of the size selectivity and catchability of trawls and
gill nets should be undertaken in order to understand the differences in the numbers of large fish
captured in the two gear types.

- A study using 12 diamond and square mesh was completed in 2006 (Raymond and Glass
2006). The study showed reduced catch rates of groundfish in the experimental nets compared
to controls (6-6.5” mesh) and reduced discard of monkfish in the experimental nets. Monkfish
was 35% of the catch (kg) in control nets and 73% in experimental nets. Discard of monkfish
was reduced from 15% to 6%.

*5) Another cooperative survey for monkfish should be conducted in 2004.

- Additional cooperative surveys were conducted during 2004 and 2009. The new NEFSC survey
gear is much more effective for monkfish than the previous survey gear, thus reducing the need
for further cooperative surveys.

*6) Improved sampling rates (as observed in 2000-2001) for commercial landings should be
maintained, which should eventually lead to an age-based assessment approach for this species.

- age sampling rates have been variable.

Observer sampling was considered more useful for monkfish by NEFSC (2007a).
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NEFSC (2007a) raised concerns over the validity of ageing methods for monkfish.

7) Tagging studies should be considered as a basis to evaluate adult movement and rates of
growth.

- conventional tagging study ongoing by investigators at GMRI. Results to date: monkfish
tagged in fall/winter in western Gulf of Maine and southern New England were later recaptured
in Mid-Atlantic Bight (see Appendix A2). Future plans include tagging in other seasons and
further to the south.

- estimates of growth from conventional tagging study to date are too imprecise to estimate
growth rate accurately.

- Data storage tagging study underway, joint project of NOAA and GMRI. ~150 tagged
monkfish released during 2009, no recaptures yet. Fish are being marked with OTC when
released for age validation studies (reward is for return of entire fish plus tags).

8) Spatial distribution of mature and immature fish and the potential effects of size limits on
fishing behavior should be evaluated as a basis for advising on strategies to minimize catch and
discard of immature fish.

- not done

9) Indices of abundance should be developed from industry “study fleets,” including coverage
from outside the depth and spatial range of the NEFSC research surveys.

- not addressed

SAW 40 Research Recommendations

*(1) An examination of the influence of fixed stations on the estimate of biomass from the
cooperative research survey should be undertaken.

- As part of the 2006 cooperative monkfish survey review, catch rates, average monkfish size and
density were compared between industry stations and random stations. Inclusion of the industry
stations was judged to have had minimal impact on the population estimates.

*(2) An exploration of a geostatistical approach to estimate biomass from the cooperative survey
would also be of value.

- not done

(3) There are some concerns with the ageing results. An ageing validation study should be
undertaken to confirm the accuracy of catch at age estimates.

- Direct validation studies (e.g. tetracycline marking) have begun as part of a data storage
tagging study, but no recaptures to date.

- SMAST UMass Dartmouth student working on age validation, developing tank studies (but
difficult due to high mortality of captive monkfish).

- Indirect criteria have been satisfied (Armstrong et al. 1992)

*(4) The changes in the distribution in the fishery over time may be influencing the results of the
assessment. This should be examined more thoroughly.

- this has not been addressed.

*(5) The assessment lacks a reliable forecast. Since commercial catch-at-age data and survey
catch-at-age data exist and assuming that ageing can be validated, alternative forward-projecting
age structured models should be investigated.

- a forward projecting length-tuned model (SCALE) was used to provide forecasts in the 2007
assessment and in the current assessment..

*(6) An examination of transect survey data for changes in the distribution of the population by
depth would be informative.
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- not done

(7) Further, consideration should be given to a more complete treatment of the Canadian portion
of this stock, with possibly some interaction with the team doing the assessment of monkfish in
NAFO Divisions 4VWX5Zc, possibly through the TRAC process.

- not done. There is no longer a Canadian assessment scientist assigned to monkfish; however,
we have estimated survey indices from Canadian surveys on the Scotian shelf, but not
incorporated them into the model.

*(8) Ways of estimating of fishing mortality at age should be investigated. This could take the
form of a general linear modeling approach with survey age and year effects in an analysis of Z.
Alternatively a more fully specified population model based on survey-at-age data such as the
RCRV1A model of Cook (1997) and recent developments described under SURBA may be
applicable.

- SCALE model is being used to estimate mortality. Survey ages alone are too variable to
reliably estimate Z due to low monkfish catch rates in surveys up through 2008. With the
development of a time series on the FSV Bigelow, this approach may become viable in the future.
*(9) The cooperative survey should be continued as it is informative and can be used in the
Bayesian surplus production model and may provide a means of calibrating the NEFSC survey
data when the survey vessel is replaced.

- A cooperative survey was conducted in 2009. Results of the 2001 and 2004 surveys were used
in the surplus production models, but the modeling approach still was not successful (see SAW
34, recommendation 3). The current assessment compares the 2009 cooperative survey with the
NEFSC 2009 spring survey.

2007 Data-Poor Workshop, Research Recommendations

Working Group |
(1) Observer samples should be aged.
- No further ageing has been done since NEFSC (2007a) due to questions raised about the
validity of the current ageing method and because a length-based model for was adopted for the
assessment.
(2) Applications of the SCALE model for monkfish assessment should be developed further,
including:
*a) Explore alternative growth functions (sigmoid etc.) since von Bertalanffy growth does not fit
length-at-age data
- SCALE used mean length at age, not a growth function. At present, the only growth
model that would be appropriate is a linear one.

*b) Explore changing weighting on catch in relation to reliability of catch data (more uncertainty
in early part of time series)

-SCALE is not currently configured to be able to do this.
*c) Explore using the same M for males and females up to age 7, and then increasing M for
males to account for the lack of males over age 7

-SCALE is not currently configured to be able to do this.
*d) Bin lengths into 2cm or 5 cm increments in order to eliminate zeros in survey length
frequencies

-SCALE is not currently configured to be able to do this.
e) Develop independent estimates of selectivity for application to SCALE
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-No new work has been done.
*(3) Length-based mortality:
-Examine effects of vonBertalanffy growth assumption on Gedamke-Hoenig mortality
estimates.
- not done, this method was not pursued because of the adoption of the SCALE model.
Working Group Il
*(1) Investigate foreign landings and reporting rates if possible.
- not done, not clear what is being asked for here.
(2) Examine aging further and develop tagging studies to validate M, growth rates and
Longevity
- studies are in progress, as described above
(3) Estimate biomass by sex since age 6+ fish that are predominantly female
appear to be decreasing in biomass at a greater rate
- not done, but could be feasible as FSV Bigelow time series accumulates
(4) SCALE model:
a) develop objective methods for weighting input series (e.g. inverse variance weighting)
- not done
b) do some runs with combined management areas
- done for current assessment
c) develop a two-sex model
- explored in NEFSC (2007a), but problematic because males still remain in model after
none are observed in reality
d) incorporate cannibalism in SCALE model
- not done
(5) examine commercial sampling length modes in more detailed time steps (e.g. quarterly) to
see if cohorts can be tracked (to indicate whether there are significant problems with aging).
- not done.

SAW 50 Southern Demersal Working Group Research Recommendations

1. Conduct a net efficiency experiment on the FSV Bigelow to help parameterize the
population models for a range of species, including monkfish.

SAW50 Editor’s note: The SARC50 panel did not comment on the Research
Recommendations.
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Tables

Table Al. Timeline of events influencing fishery management of monkfish.

Month/Year

Regulatory Action

Nov. 1999

FMP implemented - Included a multi-level limited access program; two management areas; target TACs;
effort limitations (DAS); Year 3 default measures (0 DAS); trip limits for limited access vessels; bycatch
allowances; minimum fish sizes; minimum mesh sizes; gear restrictions; spawning season restrictions; a
framework adjustment process; annual review requirements; permitting and reporting requirements; and
other measures for administration and enforcement.

Nov. 1999

Amendment 1 effective — EFH Omnibus Amendment

May. 2000

DAS implemented

Jul. 2000

SAW 31

Spring 2001

Cooperative Survey

Fall 2001

Hall v. Evans decision - trip limit on gillnet vessels set equal to trawls, based on permit category.

Jan. 2002

SAW 34

Spring 2002

Councils submit Framework 1 — Proposes to fix landings at existing levels and postpone default
measures for 1 year while Councils develop Amendment 2.

May. 2002

Emergency Rule — Framework 1 disapproved for non-compliance with Fthreshold in the original plan
(which was invalidated by SAW 31 and SAW 34). Implemented a revision to the OFD based on SAW 34
recommendations, and management measures in FW 1.

May. 2003

Framework 2 - Modified the OFD reference points recommended by SAW 34, established an index- and
landings-based method for setting TACs to achieve annual rebuilding goals; contained a method for
calculating DAS and trip limits; and eliminated the default measures.

Spring 2004

Cooperative Survey

May. 2005

Amendment 2 - Made minimum fish size in SFMA equivalent to that in NFMA (11-inch tail/17-inch
whole); established a 6-inch roller gear restriction in the SFMA, implemented two canyon closure areas;
removed the 20-day spawning block requirement; established a research set-aside program; established
an Offshore Fishery Program in the SFMA; modified some incidental catch limits; and modified the
monkfish limited entry program to include vessels that had historically fished off of VA and NC.

Spring 2007

Councils submit Framework 4 - Would establish target TACs, trip limits, and DAS requirements for final
3 years of rebuilding plan; would require use of DAS in NFMA; contains backstop measures if target
TACs exceeded; would revise incidental catch limits for NFMA and scallop access areas; and would
adjust boundary line applicable to Category H vessels.

May. 2007

Interim Rule - Tempoarily implemented target TAC, DAS, and trip limits recommended in Framework 4
for the NFMA (except does not include the at-sea declaration provision); continues FY 2006 target TAC,
DAS, and trip limits for the SFMA; and prohibits the use of carryover DAS. Also temporarily implements
other measures contained in Framework 4: Revision to border applicable to Category H vessels and
revisions to incidental catch limits in NFMA and scallop access areas.

Autumn 2007

Framework 4 implemented.

Framework 5 - Adopted DPWG (2007) reference point definitions, tightened loopholes (e.g. reduced

Apr. 2008 DAS carryover days allowed, tightened effort accounting methods)
Oct. 2008 Framework 6 - removed backstop provision of Framework 4.
Amendment 5 under development to implement ACLs and AMs, and set specifications of DAS, trip limits
and other management measures to replace those adopted in Framework 4. Expected to be
2009-2010 implemented May 2011.
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Target TACs, trip limits, DAS restrictions, and landings (FY 2000 - FY 2010) for NMA

Table A2. Management measures for monkfish 2000-2010 (note that regulations pertain to ‘fishing years,” and do not correspond to
the calendar year landings in Table A3). “NMA” and “SMA”: Northern and Southern Management Areas.

Trip Limits* [Trip Limits*

Fishing Year Target TAC (mt) Cat. A& C |Cat.B&D DAS Restrictions** | Landings (mt) |Percent of TAC
2000 5,673 n/a n/a 40 11,859 209%
2001 5,673 n/a n/a 40 14,853 262%
2002 11,674 n/a n/a 40 14,491 124%
2003 17,708 n/a n/a 40 14,155 80%
2004 16,968 n/a n/a 40 11,750 69%
2005 13,160 n/a n/a 40 9,533 72%
2006 7,737 n/a n/a 40 6,677 86%
2007 5,000 1,250 470 31 5,050 101%
2008 5,000 1,250 470 31 3,528 71%
2009 5,000 1,250 470 31
2010 5,000 1,250 470 31

* Trip limits in pounds tail weight per DAS
** Excluding up to 10 DAS carryover, became 4 DAS carryover in FY2008

Target TACs, trip limits, DAS restrictions, and landings (FY 2000 - FY 2010) for SMA

Trip Limits* [Trip Limits*

Fishing Year Target TAC (mt) Cat. A & C |Cat.B, D, & H |DAS Restrictions** | Landings (mt) |Percent of TAC
2000 6,024 1,500 1,000 40 7,960 132%
2001 6,024 1,500 1,000 40 11,069 184%
2002 7,921 550 450 40 7,478 94%
2003 10,211 1,250 1,000 40 12,198 119%
2004 6,772 550 450 28 6,223 92%
2005 9,673 700 600 39.3 9,656 100%
2006 3,667 550 450 12 5,909 161%
2007 5,100 550 450 23 7,180 141%
2008 5,100 550 450 23 6,751 132%
2009 5,100 550 450 23
2010 5,100 550 450 23

* Trip limits in pounds tail weight per DAS
** Excluding up to 10 DAS carryover, became 4 DAS carryover in FY2008
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Table A3. Landings (calculated live weight, mt) of goosefish as reported in NEFSC weighout
database (1964-1993) and vessel trip reports (1994-2009) (North = SA 511-523, 561; South =
SA 524-639 excluding 551-561 plus landings from North Carolina for years 1977-1995);
General Canvas database (1964-1989, North = ME, NH northern weighout proportion of MA;
South = Southern weighout proportion of MA, RI-VA); Foreign landings from NAFO database
areas 5 and 6. Shaded cells denote suggested source for landings which are used in the total
column at the far right (see text for details).

Weigh Out Plus NC General Canvas
Year US North US South US Total US North US South US Total Foreign Total
1964 45 19 64 45 61 106 0 106
1965 37 17 54 37 79 115 0 115
1966 299 13 312 299 69 368 2,397 2,765
1967 539 8 547 540 59 598 11 609
1968 451 2 453 449 36 485 2,231 2,716
1969 258 4 262 240 43 283 2,249 2,532
1970 199 12 211 199 53 251 477 728
1971 213 10 223 213 53 266 3,659 3,925
1972 437 24 461 437 65 502 4,102 4,604
1973 710 139 848 708 240 948 6,818 7,766
1974 1,197 101 1,297 1,200 183 1,383 727 2,110
1975 1,853 282 2,134 1,877 417 2,294 2,548 4,842
1976 2,236 428 2,663 2,256 608 2,865 341 3,206
1977 3,137 830 3,967 3,167 1,314 4,481 275 4,756
1978 3,889 1,384 5,273 3,976 2,073 6,049 38 6,087
1979 4,014 3,534 7,548 4,068 4,697 8,765 70 8,835
1980 3,695 4,232 7,927 3,623 6,035 9,658 132 9,790
1981 3,217 2,380 5,597 3,171 4,142 7,313 381 7,694
1982 3,860 3,722 7,582 3,757 4,492 8,249 310 7,892
1983 3,849 4,115 7,964 3,918 4,707 8,624 80 8,044
1984 4,202 3,699 7,901 4,220 4,171 8,391 395 8,296
1985 4,616 4,262 8,878 4,452 4,806 9,258 1,333 10,211
1986 4,327 4,037 8,364 4,322 4,264 8,586 341 8,705
1987 4,960 3,762 8,722 4,995 3,933 8,926 748 9,470
1988 5,066 4,595 9,661 5,033 4,775 9,809 909 10,570
1989 6,391 8,353 14,744 6,263 8,678 14,910 1,178 15,922
1990 5,802 7,204 13,006 1,557 14,563
1991 5,693 9,865 15,558 1,020 16,578
1992 6,923 13,942 20,865 473 21,338
1993 10,645 15,098 25,743 354 26,097
1994 10,950 12,126 23,076 543 23,619
1995 11,970 14,361 26,331 418 27,075
1996 10,791 15,715 26,507 184 26,978
1997 9,709 18,462 28,172 189 28,517
1998 7,281 19,337 26,618 190 26,866
1999 9,128 16,085 25,213 151 25,364
2000 10,729 10,147 20,876 176 21,052
2001 13,341 9,959 23,301 142 23,450
2002 14,011 8,884 22,896 294 23,189
2003 14,991 11,095 26,086 309 26,375
2004 13,209 7,978 21,186 166 21,352
2005 10,267 8,834 19,102 206 19,308
2006 6,672 7,906 14,578 279 14,857
2007 4,855 7,290 12,145 8 12,153
2008 4,013 6,940 10,953 2 10,955
2009 3,255 5,302 8,557 8,557
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Table A4. U.S. landings of monkfish (calculated live weight, mt) by gear type.

North South Regions Combined
Scallop Scallop Scallop

Year Trawl! Gill Net | Dredge Other Total Trawl! Gill Net | Dredge Other Total Trawl Gill Net | Dredge Other Total
1964 45 0 45 19 19 64 0 64

1965 36 0 37 17 17 53 0 53

1966 299 0 0 299 13 0 13 311 0 0 312

1967 532 8 539 8 8 540 8 547

1968 447 4 451 2 2 449 4 453

1969 253 1 4 258 4 4 257 1 4 262

1970 198 0 0 199 12 12 210 0 0 211

1971 213 0 213 10 10 223 0 223

1972 426 8 1 2 437 24 24 451 8 1 2 461

1973 661 29 12 8 710 132 5 1 137 794 29 17 9 848

1974 1,060 105 7 25 1,197 98 0 98 1,160 105 7 25 1,297
1975 1,712 123 10 9 1,853 265 0 2 2 269 1,990 123 12 10 2,135
1976 2,031 143 47 15 2,236 333 7 0 340 2,459 143 54 15 2,670
1977 2,737 230 142 28 3,137 508 57 26 591 3,487 230 202 53 3,973
1978 3,255 368 212 54 3,889 605 0 507 26 1,138 4,016 368 774 80 5,238
1979 2,967 393 584 71 4,014 944 6 1,015 16 1,981 3,989 399 2,070 87 6,545
1980 2,526 518 596 56 3,696 1,139 10 1,274 7 2,429 3,723 528 2,276 62 6,589
1981 2,266 461 443 47 3,217 1,100 16 782 105 2,003 3,483 477 1,399 152 5,512
1982 3,040 421 367 32 3,860 1,806 12 1,507 27 3,352 4,998 433 2,061 60 7,551
1983 3,233 314 266 37 3,849 1,819 11 2,119 17 3,966 5,166 325 2,431 56 7,977
1984 3,648 315 196 43 4,202 1,714 15 1,704 18 3,452 5,513 330 1,968 61 7,871
1985 3,982 315 264 55 4,616 1,739 17 2,347 3 4,106 5,757 332 2,611 58 8,758
1986 3,412 326 553 36 4,327 1,841 32 2,068 12 3,954 5,318 358 2,621 48 8,345
1987 3,853 374 695 38 4,960 1,680 26 1,997 3 3,707 5,561 400 2,692 41 8,694
1988 3,554 304 1,172 36 5,066 1,828 58 2,594 3 4,483 5,399 363 3,765 39 9,567
1989 3,429 349 2,584 30 6,391 3,240 17 5,036 3 8,297 6,679 366 7,620 33 14,698
1990 3,298 338 2,141 25 5,802 2,361 32 4,744 5 7,142 5,697 372 6,885 30 12,984
1991 3,299 338 2,033 24 5,694 5,515 363 3,907 16 9,800 8,847 700 5,941 39 15,528
1992 4,330 359 2,211 24 6,923 6,528 977 6,409 11 13,925 10,860 1,336 8,619 35 20,850
1993 5,890 695 4,034 26 10,645 5,987 1,722 7,158 192 15,059 11,879 2,417 11,192 218 25,707
1994 7,574 1,571 1,808 86 11,039 5,233 2,342 3,995 556 12,126 12,707 3,884 5,759 638 22,988
1995 9,119 1,531 1,266 54 11,970 5,785 3,800 4,030 746 14,361 14,905 5,331 5,296 800 26,331
1996 8,445 1,389 913 45 10,791 7,141 4,211 4,330 33 15,715 15,586 5,599 5,243 78 26,507
1997 7,363 988 1,318 40 9,709 8,161 5,203 4,890 208 18,462 15,524 6,192 6,208 249 28,172
1998 5,421 885 948 27 7,281 7,815 6,198 5,190 134 19,337 13,236 7,083 6,138 161 26,618
1999 7,037 1,470 598 24 9,128 6,364 6,187 3,481 54 16,085 13,401 7,656 4,079 78 25,213
2000 8,234 2,102 316 76 10,729 4,018 4,005 1,975 150 10,147 12,252 6,107 2,291 226 20,876
2001 9,990 2,959 381 11 13,341 3,091 5,119 1,719 30 9,959 13,081 8,078 2,100 41 23,301
2002 10,839 2,978 181 13 14,011 1,584 5,410 1,847 43 8,884 12,423 8,389 2,028 56 22,896
2003 12,028 2,488 222 254 14,991 2,034 7,262 1,717 83 11,095 14,062 9,750 1,939 336 26,086
2004 9,918 2,866 14 411 13,209 1,228 4,605 671 1,474 7,978 11,145 7,471 685 1,885 21,186
2005 6,826 2,425 26 990 10,267 1,697 4,532 449 2,156 8,834 8,524 6,957 475 3,146 19,102
2006 4,997 1,434 33 208 6,672 1,458 3,832 377 2,238 7,906 6,455 5,265 411 2,446 14,578
2007 3,474 1,071 108 202 4,855 1,066 3,734 484 2,007 7,290 4,540 4,805 591 2,209 12,145
2008 3,048 755 19 191 4,013 1,002 3,949 360 1,629 6,940 4,050 4,705 379 1,820 10,954
2009 2,513 646 12 83 3,255 702 2,967 305 1,327 5,302 3,216 3,613 318 1,410 8,557
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Table A5. Landed weight (mt) of monkfish by market category for 1964-2009 for combined

assessment areas (SA 511-636), NEFSC weighout database and vessel trip reports (1994-2009).

Belly Tails Tails Tails Tails All
Year Flaps Cheeks Livers Gutted Round Dressed unc. Large Small Peewee Tails
1964 0.0 0.0 0.0 0.0 0.0 0.0 19.3 0.0 0.0 0.0 19.3
1965 0.0 0.0 0.0 0.0 0.0 0.0 16.1 0.0 0.0 0.0 16.1
1966 0.0 0.0 0.0 0.0 0.0 0.0 93.9 0.0 0.0 0.0 93.0
1967 0.0 0.0 0.0 0.0 0.0 0.0 164.8 0.0 0.0 0.0 164.8
1968 0.0 0.0 0.0 0.0 0.0 0.0 136.6 0.0 0.0 0.0 136.6
1969 0.0 0.0 0.0 0.0 0.0 0.0 79.1 0.0 0.0 0.0 79.1
1970 0.0 0.0 0.0 0.0 0.0 0.0 63.5 0.0 0.0 0.0 63.5
1971 0.0 0.0 0.0 0.0 0.0 0.0 67.1 0.0 0.0 0.0 67.1
1972 0.0 0.0 0.0 0.0 0.0 0.0 139.0 0.0 0.0 0.0 139.0
1973 0.0 0.0 0.0 0.0 0.0 0.0 255.5 0.0 0.0 0.0 255.5
1974 0.0 0.0 0.0 0.0 0.0 0.0 390.7 0.0 0.0 0.0 390.7
1975 0.0 0.0 0.0 0.0 0.0 0.0 642.8 0.0 0.0 0.0 642.8
1976 0.0 0.0 0.0 0.0 0.0 0.0 802.2 0.0 0.0 0.0 802.2
1977 0.0 0.0 0.0 0.0 0.0 0.0 1194.4 0.0 0.0 0.0 1194.4
1978 0.0 0.0 0.0 0.0 0.0 0.0 1574.5 0.0 0.0 0.0 1574.5
1979 0.0 0.0 0.0 0.0 0.0 0.0 2224.7 0.0 0.0 0.0 2224.7
1980 0.0 0.0 0.0 0.0 0.0 0.0 2302.4 0.0 0.0 0.0 2302.4
1981 0.0 0.0 0.0 0.0 0.0 0.0 1654.2 0.0 0.0 0.0 1654.2
1982 0.0 0.0 10.2 0.0 0.0 0.0 2059.8 153.1 53.3 0.0 2266.2
1983 0.0 0.0 11.6 0.0 0.0 0.0 2009.9 2414 138.6 0.0 2390.0
1984 0.0 0.0 25.0 0.0 0.0 0.0 2121.6 186.8 44.5 0.0 2352.9
1985 0.0 0.0 28.0 0.0 0.0 0.0 2467.0 86.7 73.4 0.0 2627.1
1986 0.0 0.0 36.3 0.0 0.0 0.0 2365.4 76.4 52.2 0.0 2494.0
1987 0.0 0.0 54.2 0.0 0.0 0.0 2463.7 139.9 6.7 0.0 2610.3
1988 0.0 0.0 112.8 0.0 0.0 0.0 2646.3 195.1 34.8 0.0 2876.2
1989 0.0 0.0 146.3 0.0 15.6 0.0 3501.8 557.4 360.0 0.0 4419.2
1990 0.0 0.0 179.7 0.0 217.7 0.0 2601.8 854.1 3774 0.0 3833.3
1991 0.0 8.6 270.3 0.0 415.4 0.0 2229.1 1661.9 614.1 36.6 4541.6
1992 0.2 3.7 3215 0.0 386.0 0.0 2778.7 1908.1 1293.0 183.3 6163.1
1993 0.0 17 459.9 98.2 528.7 0.0 3503.2 1933.0 1851.1 262.4 7549.8
1994 0.0 5.3 458.1 1453.6 2044.8 0.0 1256.9 2230.7 2063.3 258.0 5808.9
1995 2.3 1.0 497.0 2752.4 2652.4 0.0 879.7 2521.4 2422.6 363.3 6187.1
1996 0.4 0.6 569.5 3467.8 1063.1 0.0 1086.0 2090.1 3027.2 269.6 6472.9
1997 0.1 0.1 628.0 3193.7 795.2 0.0 673.6 3050.1 3274.0 151.5 7149.3
1998 0.0 0.5 605.9 3586.9 581.8 0.0 858.3 3006.8 2649.8 95.5 6610.4
1999 0.1 0.2 597.4 5748.1 1131.4 0.0 537.2 2388.3 2200.8 153.4 5279.8
2000 0.0 3.7 624.0 6914.1 1091.0 0.0 293.6 1580.0 1707.3 4.3 3585.1
2001 0.5 0.0 559.4 7028.2 531.4 0.0 345.3 1958.9 2140.3 0.4 44449
2002 0.2 0.1 508.7 7801.7 575.4 0.0 246.6 1683.9 2113.3 0.2 4044.0
2003 0.0 1.0 486.3 7322.8 680.9 0.0 337.1 2362.6 2437.4 0.7 5137.8
2004 0.3 21 410.7 3404.6 2026.0 7.8 188.6 2553.4 1853.9 15 4597.4
2005 0.0 54.9 3735 3361.0 2334.3 17.7 107.4 2209.9 1564.7 3.7 3885.6
2006 0.1 108.4 312.1 2972.8 2002.0 214 77.4 1548.2 1125.8 3.3 2754.7
2007 0.0 43.7 271.2 2340.1 1478.2 12.3 96.5 1596.5 707.3 1.8 2402.0
2008 0.0 438 256.8 2138.9 1280.5 154 60.1 1502.5 607.1 0.0 2169.8
2009 0.8 0.0 199.1 1692.9 1119.5 19.4 47.8 1065.0 534.0 0.3 1647.1
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Table A6. Landed weight (mt) of monkfish by market category for 1964-2009 for northern
assessment area (SA 511-523 and 561), NEFSC weighout database and vessel trip reports (1994-

2009).

Belly Tails Tails Tails Tails All
Year Flaps Cheeks Livers Gutted Round Dressed Heads unc. Large Small Peewee Tails
1964 0.0 0.0 0.0 0.0 0.0 0.0 0.0 135 0.0 0.0 0.0 135
1965 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.0 0.0 0.0 0.0 11.0
1966 0.0 0.0 0.0 0.0 0.0 0.0 0.0 90.1 0.0 0.0 0.0 90.1
1967 0.0 0.0 0.0 0.0 0.0 0.0 0.0 162.5 0.0 0.0 0.0 162.5
1968 0.0 0.0 0.0 0.0 0.0 0.0 0.0 135.9 0.0 0.0 0.0 135.9
1969 0.0 0.0 0.0 0.0 0.0 0.0 0.0 77.8 0.0 0.0 0.0 77.8
1970 0.0 0.0 0.0 0.0 0.0 0.0 0.0 59.8 0.0 0.0 0.0 59.8
1971 0.0 0.0 0.0 0.0 0.0 0.0 0.0 64.1 0.0 0.0 0.0 64.1
1972 0.0 0.0 0.0 0.0 0.0 0.0 0.0 131.6 0.0 0.0 0.0 131.6
1973 0.0 0.0 0.0 0.0 0.0 0.0 0.0 213.8 0.0 0.0 0.0 213.8
1974 0.0 0.0 0.0 0.0 0.0 0.0 0.0 360.4 0.0 0.0 0.0 360.4
1975 0.0 0.0 0.0 0.0 0.0 0.0 0.0 558.0 0.0 0.0 0.0 558.0
1976 0.0 0.0 0.0 0.0 0.0 0.0 0.0 673.4 0.0 0.0 0.0 673.4
1977 0.0 0.0 0.0 0.0 0.0 0.0 0.0 944.7 0.0 0.0 0.0 944.7
1978 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1171.4 0.0 0.0 0.0 11714
1979 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1209.1 0.0 0.0 0.0 1209.1
1980 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1113.1 0.0 0.0 0.0 1113.1
1981 0.0 0.0 0.0 0.0 0.0 0.0 0.0 969.0 0.0 0.0 0.0 969.0
1982 0.0 0.0 10.0 0.0 0.0 0.0 0.0 1145.6 15.0 2.0 0.0 1162.6
1983 0.0 0.0 9.3 0.0 0.0 0.0 0.0 1152.3 4.8 24 0.0 1159.4
1984 0.0 0.0 14.7 0.0 0.0 0.0 0.0 1261.9 3.7 0.0 0.0 1265.6
1985 0.0 0.0 11.4 0.0 0.0 0.0 0.0 1385.9 1.6 2.6 0.0 1390.2
1986 0.0 0.0 13.7 0.0 0.0 0.0 0.0 1302.7 0.3 0.2 0.0 1303.2
1987 0.0 0.0 24.0 0.0 0.0 0.0 0.0 1491.5 1.7 0.7 0.0 1493.9
1988 0.0 0.0 47.4 0.0 0.0 0.0 0.0 1516.9 5.6 33 0.0 1525.8
1989 0.0 0.0 58.7 0.0 11.2 0.0 0.0 1464.5 327.0 130.2 0.0 1921.6
1990 0.0 0.0 77.9 0.0 30.3 0.0 0.0 1173.7 410.7 154.0 0.0 1738.4
1991 0.0 3.3 70.0 0.0 0.3 0.0 0.0 1013.9 538.6 153.2 9.1 1714.8
1992 0.0 0.7 83.0 0.0 0.1 0.0 0.0 910.5 589.9 505.4 79.4 2085.3
1993 0.0 0.6 208.3 98.2 350.6 0.0 0.0 1034.3 867.9 1061.8 102.9 3067.0
1994 0.0 1.4 207.6 532.7 981.3 0.0 0.0 403.0 1205.7 1074.8 136.2 2819.7
1995 0.0 0.7 45.7 1223.7 1113.3 0.0 0.0 361.7 1180.4 1003.3 304.4 2849.9
1996 0.3 0.2 65.1 1115.7 745.4 0.0 0.0 89.8 930.4 1398.6 223.9 2642.7
1997 0.0 0.1 50.9 634.3 244.3 0.0 0.0 26.4 1126.1 1361.5 1191 2633.1
1998 0.0 0.0 24.0 550.9 143.9 0.0 0.0 16.3 1054.9 810.1 79.2 1960.5
1999 0.0 0.1 39.8 1700.8 510.6 0.0 0.0 28.3 995.5 848.4 139.4 2011.6
2000 0.0 0.0 93.9 3213.4 912.1 0.0 0.0 175 782.9 1050.4 2.7 1853.4
2001 0.0 0.0 935 3084.2 231.1 0.0 0.0 128.5 1114.6 1646.7 0.0 2889.8
2002 0.0 0.1 75.3 3788.7 24.1 0.0 0.0 79.6 1055.3 1777.2 0.0 2912.0
2003 0.0 0.0 60.6 2363.9 13.7 0.0 0.0 94.7 1572.5 2032.2 0.0 3699.5
2004 0.0 0.0 55.8 646.7 959.9 0.0 0.0 3.0 1882.5 1580.3 14 3467.3
2005 0.0 0.0 41.2 732.9 953.0 0.1 0.0 2.3 1498.5 1051.4 1.6 2553.8
2006 0.0 0.0 22.4 865.3 715.7 1.0 0.0 7.6 881.9 604.7 2.6 1496.9
2007 0.0 0.1 13.2 299.9 319.3 0.1 0.6 8.4 868.3 385.6 0.8 1263.1
2008 0.0 0.0 4.2 203.5 160.6 2.0 0.0 1.3 780.2 307.9 0.0 1089.3
2009 0.0 0.0 2.03 116.51 189.58 10.69 0.0 1.0 573.05 302.7 0.0 876.7
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Table A7. Landed weight (mt) of monkfish by market category for 1964-2009 for southern
assessment area (SA 524-636 excluding 561), NEFSC weighout database and vessel trip reports
(1994-2009).

Belly Tails Tails Tails Tails All
Year Flaps  Cheeks Livers Gutted Round Dressed Heads unc. Large Small  Peewee Tails
1964 0.0 0.0 0.0 0.0 0.0 0.0 5.7 0.0 0.0 0.0 5.7
1965 0.0 0.0 0.0 0.0 0.0 0.0 5.0 0.0 0.0 0.0 5.0
1966 0.0 0.0 0.0 0.0 0.0 0.0 3.9 0.0 0.0 0.0 3.8
1967 0.0 0.0 0.0 0.0 0.0 0.0 2.3 0.0 0.0 0.0 2.3
1968 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.6
1969 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.0 1.2
1970 0.0 0.0 0.0 0.0 0.0 0.0 3.7 0.0 0.0 0.0 37
1971 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 3.0
1972 0.0 0.0 0.0 0.0 0.0 0.0 7.4 0.0 0.0 0.0 7.4
1973 0.0 0.0 0.0 0.0 0.0 0.0 41.7 0.0 0.0 0.0 41.7
1974 0.0 0.0 0.0 0.0 0.0 0.0 30.3 0.0 0.0 0.0 30.3
1975 0.0 0.0 0.0 0.0 0.0 0.0 84.8 0.0 0.0 0.0 84.8
1976 0.0 0.0 0.0 0.0 0.0 0.0 128.8 0.0 0.0 0.0 128.8
1977 0.0 0.0 0.0 0.0 0.0 0.0 249.6 0.0 0.0 0.0 249.6
1978 0.0 0.0 0.0 0.0 0.0 0.0 403.1 0.0 0.0 0.0 403.1
1979 0.0 0.0 0.0 0.0 0.0 0.0 1015.6 0.0 0.0 0.0 1015.6
1980 0.0 0.0 0.0 0.0 0.0 0.0 1189.3 0.0 0.0 0.0 1189.3
1981 0.0 0.0 0.0 0.0 0.0 0.0 685.0 0.0 0.0 0.0 685.0
1982 0.0 0.0 0.2 0.0 0.0 0.0 912.4 138.1 51.3 0.0 1101.8
1983 0.0 0.0 2.3 0.0 0.0 0.0 857.7 236.6 136.2 0.0 1230.5
1984 0.0 0.0 10.3 0.0 0.0 0.0 859.7 183.1 445 0.0 1087.3
1985 0.0 0.0 16.7 0.0 0.0 0.0 1081.1 85.1 70.8 0.0 1236.9
1986 0.0 0.0 22.6 0.0 0.0 0.0 1062.6 76.1 52.0 0.0 1190.8
1987 0.0 0.0 330.2 0.0 0.0 0.0 972.2 138.2 6.0 0.0 1116.4
1988 0.0 0.0 65.4 0.0 0.0 0.0 1129.3 189.5 315 0.0 1350.4
1989 0.0 0.0 87.6 0.0 4.5 0.0 2037.4 230.4 229.8 0.0 2497.5
1990 0.0 0.0 101.8 0.0 187.3 0.0 1428.1 443.4 223.4 0.0 2094.9
1991 0.0 5.2 200.2 0.0 415.1 0.0 1215.2 1123.3 460.9 27.5 2826.8
1992 0.2 3.0 238.5 0.0 385.9 0.0 1868.2 1318.3 787.6 103.9 4077.9
1993 0.0 1.1 2515 0.0 178.1 0.0 2468.9 1065.1 789.3 159.4 4482.8
1994 0.0 3.8 250.5 921.0 1063.5 0.0 853.9 1025.0 988.5 121.8 2989.2
1995 2.3 0.3 451.3 1528.7 1539.1 0.0 518.0 1341.0 1419.3 58.9 3337.2
1996 0.4 0.5 504.4 2352.1 317.6 0.0 996.3 1159.7 1628.6 45.6 3830.2
1997 0.1 0.0 577.1 2559.4 550.9 0.0 647.2 1924.0 1912.6 324 4516.2
1998 0.0 0.5 581.9 3036.0 438.0 0.0 841.9 1952.0 1839.7 16.3 4649.9
1999 0.1 0.1 557.6 4047.4 620.9 0.0 508.9 1392.8 1352.4 14.1 3268.1
2000 0.0 3.7 530.1 3700.7 178.9 0.0 276.2 797.1 656.9 1.6 1731.8
2001 0.5 0.0 465.9 3944.0 300.3 0.0 216.8 844.3 493.6 0.4 1555.1
2002 0.2 0.0 433.3 4012.9 551.3 0.0 167.0 628.6 336.1 0.2 1132.0
2003 0.0 0.9 425.7 4958.8 667.2 0.0 242.4 790.1 405.1 0.7 1438.3
2004 0.3 2.1 354.9 2758.0 1066.1 7.8 185.6 670.8 273.6 0.1 1130.1
2005 0.0 54.9 332.3 2628.1 1381.3 17.7 105.0 711.3 513.3 21 1331.8
2006 0.1 108.4 289.6 2107.5 1286.3 20.4 69.8 666.3 521.1 0.7 1257.9
2007 0.0 43.6 258.0 2040.2 1158.9 12.2 0.1 88.2 728.2 3217 0.9 1138.9
2008 0.0 4.8 252.6 19354 1119.9 13.4 1.1 58.8 722.4 299.3 0.0 1080.5
2009 0.8 0.0 197.0 1576.4 929.9 8.7 114 46.9 491.9 231.3 0.3 770.4

th fohh-
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Table A8. Revised discard estimates. Dredge and shrimp trawl based on SBRM d/k all species, live weight; trawl and gillnet based on
revised d/k monk in the northern and southern management areas.

North North
Monkfish Monkfish
GEAR YEAR HALF | No. Trips D/K Ratio CV mt Discard (mt) GEAR YEAR HALF | No. Trips D/K Ratio CV mt Discard (mt)

Trawl 1989 1 17 0.041 0.63 1,550 63 Gillnet 1989 1 1 0.000 84 0

2 50 0.182 0.44 1,830 333 2 e 0.027 0.32 265 7

1990 1 9 0.089 0.71 1,589 141 1990 1 37 0.036 0.42 121 4

2 30 0.040 0.46 1,694 68 2 51 0.029 0.37 219 6

1991 1 21 0.043 0.47 1,239 53 1991 1 131 0.030 0.48 120 4

2 53 0.210 0.19 2,027 427 2 555 0.036 0.11 213 8

1992 1 40 0.132 0.32 1,675 222 1992 1 216 0.065 0.17 105 7

2 18 0.266 0.38 2,625 698 2 430 0.040 0.25 248 10

1993 1 8 0.076 0.36 2,821 216 1993 1 106 0.084 0.22 119 10

2 12 0.089 0.25 3,032 270 2 261 0.032 0.24 560 18

1994 1 5 0.040 0.46 2,899 115 1994 1 19 0.065 0.30 132 9

2 4 0.037 0.44 4,353 161 2 38 0.054 0.20 959 52

1995 1 22 0.154 0.32 4,224 652 1995 1 26 0.141 0.31 334 47
2 45 0.088 0.32 4,630 407 2 67 0.087 0.23 1,242 109

1996 1 14 0.196 0.25 4,210 827 1996 1 19 0.137 0.43 348 48
2 41 0.134 0.57 4,188 559 2 31 0.131 0.19 1,063 140

1997 1 10 0.099 0.49 3,364 332 1997 1 15 0.036 0.32 244 9
2 7 0.076 0.23 3,444 260 2 23 0.194 0.84 867 168

1998 1 6 0.112 0.37 2,736 306 1998 1 27 0.028 0.41 196 5

2 3 0.088 0.09 2,376 210 2 63 0.043 0.28 746 32

1999 1 2 0.098 0.04 3,742 368 1999 1 27 0.067 0.66 344 23

2 27 0.070 0.22 3,226 226 2 59 0.036 0.51 1,088 39

2000 1 49 0.074 0.40 4,522 334 2000 1 40 0.037 0.24 500 18
2 53 0.081 0.21 4,200 341 2 59 0.077 0.24 1,879 145

2001 1 40 0.099 0.22 5,564 553 2001 1 25 0.061 0.70 919 56
2 99 0.064 0.11 5,090 326 2 30 0.849 0.94 2,227 1,892

2002 1 28 0.078 0.31 6,235 489 2002 1 19 0.040 0.57 821 33
2 198 0.102 0.12 5,037 514 2 38 0.048 0.30 2,127 103

2003 1 123 0.099 0.16 7,256 717 2003 1 83 0.037 0.24 567 21

2 169 0.052 0.13 5,340 280 2 208 0.053 0.14 1,791 94

2004 1 86 0.041 0.13 5,942 242 2004 1 91 0.022 0.25 826 19
2 225 0.045 0.14 4,120 184 2 504 0.054 0.12 2,067 112

2005 1 55 0.091 0.36 3,825 348 2005 1 37 0.106 0.29 545 58
2 348 0.101 0.14 2,812 285 2 523 0.071 0.10 1,567 112

2006 1 93 0.041 0.15 2,837 116 2006 1 49 0.066 0.43 357 23

2 58 0.083 0.13 2,259 189 2 48 0.082 0.18 1,172 96

2007 1 53 0.039 0.14 2,133 82 2007 1 22 0.059 0.32 291 17

2 100 0.083 0.21 1,467 122 2 147 0.065 0.18 847 55

2008 1 66 0.090 0.17 1,890 170 2008 1 39 0.079 0.30 183 14

2 95 0.121 0.23 1,285 155 2 94 0.047 0.25 634 30

2009 1 74 0.204 0.17 1,731 353 2009 1 27 0.202 0.47 190 38

2 114 0.103 0.16 837 86 2 90 0.076 0.21 484 37
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Table A8. continued (north)

North North
Monkfish Monkfish
GEAR YEAR HALF | No. Trips D/K Ratio CV mt Discard (mt) GEAR YEAR HALF | No. Trips D/K Ratio CV mt Discard (mt)
Shrimp 1989 1 31 0.002 0.34 3,412 6 Dredge 1989 1 0.002 18,213 37
2 9 0.001 0.62 931 1 2 0.020 24,053 485
1990 1 27 0.020 0.34 4,548 92 1990 1 0.002 9,864 20
2 4 0.020 1.01 620 13 2 0.020 19,293 389
1991 1 46 0.020 0.19 3,536 71 1991 1 0.002 16,608 34
2 7 0.020 0.40 340 7 2 0.020 21,313 430
1992 1 76 0.003 0.23 3,285 10 1992 1 0.002 14,179 29
2 6 0.003 0.28 161 0 2 1 0.003 20,033 56
1993 1 78 0.001 0.26 1,890 2 1993 1 2 0.002 0.05 13,702 27
2 4 0.001 0.70 316 0 2 2 0.027 0.24 12,665 341
1994 1 69 0.002 0.39 2,431 6 1994 1 1 0.003 5,477 15
2 6 0.001 0.44 1,118 1 2 2 0.006 0.64 4,500 27
1995 1 62 0.000 0.24 5,416 2 1995 1 0.002 2,915 6
2 9 0.001 0.43 1,509 1 2 1 0.036 8,435 305
1996 1 31 0.000 0.34 7,687 1 1996 1 4 0.000 0.63 12,015 3
2 5 0.000 0.79 1,475 0 2 1 0.034 12,182 420
1997 1 17 0.000 0.61 5,659 1 1997 1 3 0.004 0.79 19,009 69
2 0.001 655 0 2 3 0.025 0.87 19,866 502
1998 1 0.000 3,423 1 1998 1 1 0.004 20,980 89
2 0.001 160 0 2 2 0.017 0.07 16,979 281
1999 1 0.000 1,578 0 1999 1 1 0.002 27,495 65
2 2 0.002 29,283 69
2000 1 0.000 2,238 1 2000 1 0.004 29,383 120
2 0.001 98 0 2 84 0.004 0.15 13,809 56
2001 1 3 0.000 0.14 1,094 0 2001 1 13 0.003 0.52 16,174 44
2 2 0.003 12,512 34
2002 1 0.000 417 0 2002 1 0.015 9,478 138
2 2 5 0.015 0.95 11,713 170
2003 1 13 0.000 1.00 1,017 0 2003 1 3 0.000 1.50 17,082 2
2 2 2 0.019 0.74 10,855 204
2004 1 12 0.000 0.25 1,518 0 2004 1 2 0.000 4,269 0
2 0.001 24 0 2 7 0.276 0.61 1,080 298
2005 1 16 0.000 0.53 830 0 2005 1 15 0.001 0.60 2,427 3
2 0.001 56 0 2 29 0.007 0.24 11,761 87
2006 1 10 0.000 0.72 618 0 2006 1 2 0.000 0.81 8,869 4
2 3 0.000 0.10 189 0 2 10 0.010 0.36 5,445 54
2007 1 9 0.001 0.89 1,600 1 2007 1 19 0.002 0.22 3,096 6
2 0 0.000 0.00 217 0 2 42 0.022 0.22 6,309 137
2008 1 15 0.000 1.04 1,763 1 2008 1 8 0.002 0.28 1,840 3
2 3 0.001 0.90 50 0 2 10 0.007 0.57 1,016 7
2009 1 7 0.001 0.62 433 0 2009 1 2 0.013 0.09 593 7
2 0 0.000 0.00 25 0 2 12 0.002 0.25 3,418 7
th falhe
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Table A8. continued (south)

South South
Monkfish Monkfish
GEAR YEAR HALF | No. Trips D/K Ratio CV mt Discard (mt) GEAR YEAR HALF | No. Trips D/K Ratio CV mt Discard (mt)
Trawl 1989 1 37 0.791 0.37 2,195 1,736 Gillnet 1989 1 0.031 12 0
2 29 0.175 0.55 733 128 2 0.054 5 0
1990 1 36 0.063 0.25 1,540 98 1990 1 0.031 14 0
2 19 0.114 0.33 755 86 2 0.054 18 1
1991 1 51 0.255 0.30 1,251 319 1991 1 0.031 209 7
2 59 0.020 0.38 3,804 78 2 2 0.008 0.16 154 1
1992 1 54 0.059 0.37 3,946 232 1992 1 60 0.011 0.32 786 8
2 25 0.028 0.84 2,134 60 2 41 0.020 0.20 176 4
1993 1 36 0.089 0.59 2,598 232 1993 1 50 0.034 0.71 1,306 44
2 23 0.027 0.50 1,301 35 2 45 0.059 0.24 341 20
1994 1 35 0.068 0.29 3,039 205 1994 1 46 0.079 0.34 1,649 130
2 18 0.228 0.63 2,089 477 2 61 0.058 0.19 830 48
1995 1 43 0.150 0.41 3,252 488 1995 1 156 0.038 0.19 2,810 108
2 31 0.113 0.49 2,709 307 2 44 0.041 0.30 937 39
1996 1 42 0.156 0.30 3,154 491 1996 1 123 0.071 0.28 2,795 199
2 29 0.094 0.19 3,818 359 2 14 0.052 0.30 1,363 70
1997 1 43 0.025 0.47 4,355 107 1997 1 150 0.070 0.35 3,688 257
2 18 0.089 0.15 4,015 356 2 31 0.015 0.35 1,320 19
1998 1 28 0.120 0.29 4,321 517 1998 1 105 0.067 0.22 4,172 278
2 15 0.027 0.52 3,648 100 2 13 0.063 0.46 1,948 122
1999 1 29 0.050 0.36 4,180 209 1999 1 22 0.052 0.35 4,338 227
2 17 0.211 0.58 2,119 448 2 6 0.046 0.62 1,829 84
2000 1 54 0.197 0.49 1,766 347 2000 1 22 0.063 0.31 2,688 170
2 37 0.102 0.52 1,645 167 2 10 0.056 0.93 1,034 58
2001 1 42 1.551 0.46 1,460 2,265 2001 1 16 0.030 0.44 2,175 65
2 26 0.368 0.64 959 353 2 4 0.033 0.44 2,758 91
2002 1 37 0.127 0.55 833 106 2002 1 11 0.017 0.83 3,506 60
2 30 0.128 0.25 314 40 2 7 0.063 0.47 1,933 122
2003 1 94 0.156 0.24 712 111 2003 1 31 0.016 0.35 4,671 73
2 63 0.249 0.38 750 187 2 39 0.070 0.32 2,721 190
2004 1 158 0.189 0.43 824 156 2004 1 55 0.062 0.26 3,767 232
2 176 0.981 0.36 755 740 2 43 0.096 0.26 1,221 118
2005 1 149 0.592 0.34 730 432 2005 1 66 0.127 0.23 3,586 456
2 210 0.344 0.31 1,608 553 2 39 0.080 0.29 1,724 138
2006 1 148 0.382 0.22 904 345 2006 1 36 0.051 0.21 3,151 162
2 102 0.130 0.35 925 121 2 7 0.087 0.37 1,034 89
2007 1 142 0.228 0.45 660 150 2007 1 26 0.228 0.41 2,922 666
2 147 0.376 0.59 817 307 2 17 0.059 0.33 2,217 132
2008 1 135 0.198 0.31 712 141 2008 1 27 0.108 0.35 3,853 417
2 94 0.062 0.44 609 38 2 18 0.121 0.30 1,290 156
2009 1 115 0.085 0.33 593 51 2009 1 29 0.054 0.25 3,035 164
2 75 0.087 0.69 366 32 2 5 0.093 0.22 868 81
th toh-
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Table A8. continued (south)

South
Monkfish
GEAR YEAR HALF No. Trips D/K Ratio CV mt Discard (mt)
Dredge 1989 1 0.012 59,697 706
2 0.013 35,498 455
1990 1 0.012 64,315 761
2 0.013 53,041 679
1991 1 0.012 67,830 802
2 2 0.001 0.25 36,015 22
1992 1 7 0.000 0.80 48,687 20
2 7 0.006 0.62 39,127 253
1993 1 11 0.008 0.29 23,971 184
2 3 0.029 0.78 18,379 532
1994 1 9 0.022 0.24 22,841 512
2 8 0.015 0.29 27,175 420
1995 1 14 0.029 0.17 34,832 1,016
2 8 0.041 0.47 18,089 746
1996 1 18 0.017 0.25 21,250 370
2 14 0.024 0.28 18,878 448
1997 1 16 0.026 0.21 10,175 261
2 7 0.035 0.41 4,329 152
1998 1 8 0.008 0.27 4,284 33
2 15 0.011 0.55 4,700 53
1999 1 2 0.016 0.18 11,695 192
2 12 0.006 0.52 12,136 72
2000 1 36 0.015 0.16 26,596 389
2 132 0.008 0.17 42,541 360
2001 1 44 0.014 0.12 62,987 907
2 48 0.014 0.15 69,336 964
2002 1 34 0.019 0.09 84,180 1,575
2 55 0.018 0.10 81,242 1,479
2003 1 46 0.014 0.16 82,123 1,138
2 71 0.017 0.12 92,174 1,522
2004 1 74 0.014 0.09 71,786 1,024
2 164 0.014 0.10 30,188 430
2005 1 98 0.012 0.14 41,192 500
2 147 0.016 0.13 29,264 466
2006 1 42 0.008 0.31 28,640 243
2 135 0.024 0.14 35,961 846
2007 1 130 0.010 0.14 27,584 278
2 156 0.014 0.14 17,512 241
2008 1 367 0.006 0.11 28,746 181
2 241 0.010 0.14 20,230 197
2009 1 318 0.006 0.09 36,251 213
2 67 0.011 0.15 25,095 266
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Table A9. Estimated discards of monkfish using SBRM methodology (mt monkfish
discarded/mt all species landed) in trawls, gillnets, and scallop dredge

Scallop
Stock Year Trawl Gillnet Dredge Total
North 1989 119 15 465 599
1990 183 12 321 515
1991 357 19 417 792
1992 444 20 56 520
1993 186 21 368 575
1994 237 117 56 410
1995| 1,295 148 354 1,797
1996 1,398 156 383 1,938
1997 730 152 302 1,184
1998 610 30 167 807
1999 774 34 53 861
2000 766 214 100 1,079
2001 1,193 1,671 80 2,944
2002| 1,069 116 321 1,507
2003| 1,090 151 215 1,455
2004 543 101 1,079 1,723
2005 437 194 55 686
2006 283 74 37 394
2007 204 73 143 420
2008 325 44 10 380
2009 439 75 14 528
North Total 12,683 3,436 4,996 21,115
South 1989 919 29 43 991
1990 205 19 64 289
1991 246 40 22 307
1992 656 21 273 950
1993 296 169 716 1,181
1994 1,126 39 850 2,015
1995| 1,509 44 1,818 3,372
1996 222 73 935 1,230
1997 254 171 919 1,344
1998 155 184 267 607
1999 771 220 623 1,614
2000 411 214 1,023 1,647
2001 420 80 1,860 2,361
2002 514 172 3,038 3,724
2003 536 331 2,649 3,516
2004 964 979 1,129 3,072
2005 688 1,519 665 2,872
2006 288 502 732 1,523
2007 458 798 519 1,775
2008 179 573 378 1,130
2009 82 245 479 806
South Total 10,901 6,424 19,002 36,327
Grand Total 23,584 9,860 23,998 57,442
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Table A10. Annual catch, discards using (mt monks discarded/mt kept of all species) for
dredges and shrimp trawls and (mt monks discarded/mt monks kept) for trawls and gillnets. The
new estimates also reflect minor changes to allocation to stock based on live weight rather than

landed weight. Foreign is NAFO areas 5 and 6

North South Areas Combined
Year Landings Discard Total (mt) Landings Discard Total (mt) Landings Discard Total (mt)  Foreign Total (mt)
1980 3,623 767 4,390 6,035 395 6,430 9,658 1,163 10,821 132 10,953
1981 3,171 916 4,087 4,142 319 4,461 7,313 1,235 8,548 381 8,929
1982 3,860 841 4,701 3,722 417 4,139 7,582 1,258 8,840 310 9,150
1983 3,849 797 4,646 4,115 467 4,582 7,964 1,264 9,228 80 9,308
1984 4,202 733 4,935 3,699 483 4,182 7,901 1,216 9,117 395 9,512
1985 4,616 757 5,373 4,262 451 4,713 8,878 1,208 10,086 1,333 11,419
1986 4,327 652 4,979 4,037 439 4,476 8,364 1,091 9,455 341 9,796
1987 4,960 914 5,874 3,762 726 4,488 8,722 1,640 10,362 748 11,110
1988 5,066 942 6,008 4,595 721 5,316 9,661 1,664 11,325 909 12,234
1989 6,391 932 7,323 8,353 3,026 11,379 14,744 3,958 18,702 1,178 19,880
1990 5,802 733 6,535 7,204 1,626 8,830 13,006 2,359 15,365 1,557 16,922
1991 5,693 1,033 6,726 9,865 1,229 11,094 15,558 2,262 17,820 1,020 18,840
1992 6,923 1,031 7,954 13,942 577 14,519 20,865 1,608 22,473 473 22,946
1993 10,645 885 11,530 15,098 1,047 16,145 25,743 1,932 27,675 354 28,029
1994 10,950 385 11,335 12,126 1,793 13,919 23,076 2,178 25,254 543 25,797
1995 11,970 1,530 13,500 14,361 2,703 17,064 26,331 4,232 30,564 418 30,982
1996 10,791 1,998 12,789 15,715 1,937 17,652 26,507 3,934 30,441 184 30,625
1997 9,709 1,341 11,051 18,462 1,152 19,614 28,172 2,494 30,665 189 30,854
1998 7,281 924 8,205 19,337 1,102 20,438 26,618 2,026 28,643 190 28,833
1999 9,128 790 9,918 16,085 1,231 17,316 25,213 2,021 27,234 151 27,385
2000 10,729 1,015 11,743 10,147 1,491 11,638 20,876 2,506 23,382 176 23,558
2001 13,341 2,904 16,245 9,959 4,645 14,604 23,301 7,549 30,849 149 30,998
2002 14,011 1,446 15,457 8,884 3,382 12,266 22,896 4,828 27,724 294 28,018
2003 14,991 1,318 16,309 11,095 3,220 14,316 26,086 4,538 30,625 309 30,934
2004 13,209 854 14,062 7,978 2,699 10,677 21,186 3,553 24,739 166 24,905
2005 10,267 892 11,159 8,834 2,546 11,380 19,102 3,438 22,540 206 22,746
2006 6,706 481 7,187 7,755 1,806 9,561 14,461 2,288 16,748 279 17,027
2007 4,855 421 5,276 7,290 1,775 9,065 12,145 2,196 14,341 8 14,349
2008 4,013 380 4,393 6,940 1,130 8,070 10,953 1,510 12,463 2 12,465
2009 3,255 528 3,783 5,302 806 6,108 8,557 1,334 9,891 9,891

Table A11. Temporal stratification used in expanding landings and discard to length

composition of the monkfish catch. Unless otherwise indicated, sampling was expanded within
gear type and area.

Trawl Gillnet Dredge
Kept Discarded Kept Discarded Kept Discarded

2007 North half year half year annual annual N+S annual annual
South half year half year annual annual annual annual
2008 North half year half year annual annual N+S annual annual
South half year half year annual annual annual annual
2009 North half year half year annual annual N+S annual annual
South half year half year annual annual annual annual
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Table A12. Number of tows from 2009 cooperative monkfish survey with sensor data.

MK Cookie ER Cookie ER Roller
Good Survey Tows number of tows number of tows number of tows
Doorspread 1 2 0
Wingspread 1 17 69
Bottom contact 15 5 13
Temperature 78 14 63
Depth 41 21 73
Speed over ground 108 21 73
Total Survey Tows 109 21 74

Depletion Tows |
Doorspread 0 0 0
Wingspread 18 0 0
Bottom contact 21 1 2
Temperature 21 0 0
Depth 21 6 11
Speed over ground 21 6 11

Total Depletion Tows 21 6 12
Mensuration Tows
Doorspread 7
Wingspread 9
Bottom contact 11
Temperature 12
Depth 12
Speed over ground 15

Total Mensuration Tows 15
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Table A13. Summary statistics, 2009 Cooperative Monkfish Survey based on good survey tows

and all depletion tows.

| Management Area
Survey Tows North South North + South
Number of survey tows®
Endurance cookie 3 18 21
Endurance roller 64 10 74
Mary K cookie 0 109 109
Total 67 137 204
Depth (m) min-max (median) | 30-259 (157) | 23-504 (80)
Number caught 666 2,384 3,050
Kg caught 1,053 5,799 6,852
Number per tow [min-max (median) 0-49 (4) 0-143 (4) 0-143 (4)
Kg per tow min-max (median) | 0-121.5 (5.4) | 0-402.2 (7.0) 0-402 (6.8)
Length (cm) number measured 666 1500 2166
min-max (median) | 13-103 (40) | 13-112 (52) 13-112 (49)
Number maturity and gender samples 666 1500 2166
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Table Al4. Efficiency estimates from 2009 depletion experiments. Gray-shaded estimates were
not used in developing population estimates from cooperative survey data.

Cookie Sweep

Exp# Vessel Estimate  elower eupper
1 MK 0.343 0.256 0.472
2 MK 0.950 0.727 1.480
3 MK 0.545 0.368 0.750
4 MK 0.682 0.526 0.846

Average (1, 3, 4) 0.523

Exp# Vessel Estimate  elower eupper
5 ER 0.382 0.265 0.550
7 ER 0.116 0.079 0.167

Average 0.249

Roller Sweep

Exp# Vessel Estimate  elower eupper
6 ER 0.050 0.039 0.064
8 ER 0.050 0.038 0.063
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Table A15. Comparison of minimum population estimates from 2001, 2004, and 2009 cooperative surveys.

A. Minimum Estimates (assuming 100% net efficiency)

Nominal Minimum Sensor Minimum
Biomass (mt) Numbers ('000) Biomass (mt) Numbers ('000) Survey Dates Percent Zero Tows

2001 North 32,589 25,047 31,454 24,183 Feb. 26- Apr 6 7.9
South 39,255 22,617 32,622 19,070 Feb. 26- Apr 6 7.6
N+S 71,844 47,664 64,076 43,253

2004 North 28,227 14,283 25,583 12,941 ~March 1-June 16 10.5
South 67,879 37,485 61,340 33,971 ~March 1-June 16 8.7
N+S 96,105 51,768 86,923 46,911

2009 North 12,581 7,951 13,549 8,555 Feb 10 - Apr 17 23.9
South 28,739 12,693 27,092 11,995 Feb 11 - Apr 26 24.1
N+S 41,320 20,644 40,642 20,550

B. Point estimates of population number and biomass assuming intermediate net efficiency.

Nominal Tow Duration Sensor Tow Duration
Biomass (mt) Numbers ('000) Biomass (mt) Numbers ("000)
2001 North 68,680 52,834 68,680 52,834
South 66,230 38,037 55,400 32,228
N+S 134,910 90,870 124,081 85,062
2004 North 86,627 44,053 78,474 39,896
South 142,410 80,130 128,712 72,614
N+S 229,037 124,183 207,186 112,510
2009 North 54,916 34,709 59,142 37,345
South 58,960 25,733 56,398 24,584
N+S 113,876 60,442 115,540 61,929
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Table A16. Absolute biomass estimates from cooperative surveys based on bootstrapping

analysis.

Biomass | Standard 25th 75th
Year Area (mt) Deviation | Percentile | Median | Percentile
2001 North 80,316 32,512 57,229 74,099 96,238
2001 South 97,475 39,458 69,458 89,921 116,803
2001 N+S 177,791 71,970 126,687| 164,020] 213,041
2004 North 63,050 23,204 46,591 58,777 74,588
2004 South 182,554 67,187 134,908 170,169| 215,922
2004 N+S 245,605 90,391| 181,499| 228,946] 290,510
2009 North 31,451 9,643 24,559 29,921 36,590
2009 South 67,447 20,679 52,663 64,170 78,473
2009 N+S 98,899 30,323 77,222 94,091 115,063
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Table A17. Parameters of length-weight equations for monkfish from 2009 cooperative survey
and earlier studies. Regression model used was logW = log a+b log L where W = weight in kg,
L = length in cm.

Males Females Total
2009 Cooperative Survey
North
Number of samples 304 356 666
Length range (cm) 13-74 13-103 13-103
Parameter estimates log(a) -4.613 -4.840 -4.7638
std err 0.0418 0.0328 0.0259
b 2.864 3.013 2.9627
std err 0.0265 0.0202 0.0161
South
Number of samples 915 567 1498
Length range (cm) 17-71 17-112 17-112
Parameter estimates log(a) -4.532 -4.799 -4.6846
std err 0.0234 0.0285 0.0190
b 2.834 3.011 2.9315
std err 0.0138 0.0168 0.0112
North + South
Number of samples 1219 923 2164
Length range (cm) 13-74 13-112 13-112
Parameter estimates log(a) -4.630 -4.855 -4.7566
std err 0.0196 0.0219 0.0150
b 2.888 3.036 2.9694
std err 0.0118 0.0131 0.0090
DPWG (2007) SCALE model
North + South (Spring) log(a) -10.8461
b 2.9468
Richards et al. 2008
North + South (Spring)
Number of samples 2913 3229
Length range (cm) 40-85 40-110
Parameter estimates* log(a) -1.4165  -2.0180
std err 0.0464 0.0339
b 2.7604 3.1228

std err 0.0271 0.0190
* weight in grams
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Table A18. Maturity parameters estimated from 2009 cooperative monkfish survey and from

earlier studies.

2009 Cooperative Survey

North

South

North + South

Number of samples
Length range (cm)
a
std err
b

std err
LSO

Number of samples
Length range (cm)
a
std err
b
std err
Lso

Number of samples
Length range (cm)
a
std err
b
std err
Lso

Males

304

-22.982
3.2167
0.644

0.0895
35.7

915

-13.518
1.2552
0.366
0.0328
36.9

1219

-15.243
1.2285
0.421
0.0336
36.2

Females

356

-19.981
2.5656
0.511

0.0665
39.1

567

-17.8882
2.1432
0.426
0.0506
42.0

923

-17.221
1.4768
0.428
0.0371
40.3

DPWG (2007) assessment (2001 cooperative survey data)

North + South

a

LSO

-8.7508
0.2045
42.8

Richards et al. (2008) (2001, 2004 coop monkfish surveys)

North + South
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Length range (cm)
Parameter a
b
Lso
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2156

-11.486

0.312
36.8

2463

-9.056
0.221
41.0
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Table A19. Nominal minimum area swept biomass and population size estimates from spring
2009, cooperative monkfish survey and NEFSC survey on FSV Henry Bigelow.

Coop Survey NEFSC

mt # ('000) mt # ('000)
North 12,581 7,951 13,790 7,980
South 28,739 12,693 13,429 6,138
N+S 41,320 20,644 27,218 14,118
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Table A20. Stratified mean weight (kg), number, individual fish weight, and length (cm) per tow for goosefish from NEFSC offshore
research vessel autumn bottom trawl surveys in the northern management region (strata 20-30, 34-40); confidence limits for both the
raw index and the indices smoothed using an integrated moving average (theta = 0.45); minimum and maximum lengths; number of
fish caught, number of positive tows, and total number of tows completed each year

Biomass Abundance Number  Number of
Raw Index Smoothed Index Raw Index Smoothed Index Length of Nonzero Number
Mean L95% U95% Mean L95% U95% Mean L95% U95% Mean L95% U95% Indwt Min 5% 50% Mean 95% Max Fish Tows of Tows
1963 3.821 2.339 5.304 2.948 0.801 0.512 1.090 0.570 4.661 11 14 59 583 103 111 86 39 90
1964 1.892 1.030 2.753 2.476 0.392 0.219 0.564 0.453 4.813 21 21 58 594 92 102 32 23 87
1965 2.537 1.407 3.667 2.491 0.347 0.230 0.463 0.397 7.279 28 36 70 716 96 110 40 30 88
1966 3.382 2.164 4.600 2.476 1.644 3.730 0.511 0.343 0.678 0.380 0.264 0.549 6.527 37 48 73 731 90 96 55 33 86
1967 1.226 0.404 2.049 1.996 1.325 3.007 0.189 0.090 0.288 0.299 0.207 0.431 6.504 48 48 69 703 91 92 18 14 86
1968 2.050 0.533 3.568 2.232 1.482 3.363 0.286 0.115 0.457 0.320 0.222 0.461 7.170 11 26 72 714 105 106 32 16 86
1969 3.757 1.823 5.690 2.644 1.755 3.983 0.418 0.278 0.559 0.369 0.256 0.532 8.839 13 41 78 788 101 110 39 30 88
1970 2.281 0.982 3.580 2.472 1.641 3.724 0.395 0.222 0.569 0.391 0.271 0.564 5.849 22 36 67 672 90 98 41 21 92
1971 2.928 1.450 4.405 2.440 1.619 3.676 0.491 0.312 0.671 0.411 0.285 0.593 5.864 15 22 69 670 97 101 44 27 94
1972 1.420 0.667 2.174 2.130 1.414 3.209 0.319 0.195 0.442 0.384 0.266 0.554 4.354 21 21 61 569 97 99 29 22 94
1973 3.183 1.773 4.594 2442 1621 3.679 0.514 0.320 0.709 0.406 0.282 0.586 5.992 16 16 58 652 109 112 63 29 92
1974 2.063 1.114 3.011 2.343 1555 3.529 0.313 0.189 0.436 0.367 0.255 0.530 6.362 13 13 69 649 109 111 37 23 97
1975 1.726 1.020 2.432 2.448 1.625 3.688 0.298 0.178 0.418 0.369 0.256 0.533 5.721 11 11 60 629 97 102 40 27 106
1976 3.387 1.555 5.219 3.235 2.147 4.874 0.423 0.244 0.601 0.429 0.298 0.619 7.620 29 30 71 721 106 121 32 24 87
1977 5.568 3.489 7.646 4.146 2.752 6.246 0.626 0.458 0.794 0.504 0.350 0.727 7.167 21 35 73 711 107 119 112 56 126
1978 5.109 3.496 6.722 4.357 2.892 6.564 0.579 0.429 0.729 0.511 0.355 0.738 6.728 10 24 70 67.6 104 116 146 78 201
1979 5.116 3.566 6.665 4.114 2.731 6.198 0.474 0.364 0.584 0.477 0.331 0.689 8.887 15 19 77 735 103 115 125 78 211
1980 4.458 2.234 6.682 3.355 2.227 5.055 0.535 0.366 0.703 0.448 0.311 0.646 6.266 6 16 66 639 101 111 65 39 97
1981 2.004 0.345 1.529 2.260 1.500 3.405 0.406 0.068 0.216 0.373 0.259 0.538 4.399 9 13 55 575 93 101 46 30 93
1982 0.936 0.380 1.492 1.651 1.096 2.487 0.142 0.070 0.213 0.293 0.203 0.423 6.606 29 29 71 689 97 100 17 14 95
1983 1.617 0.927 2.308 1.766 1.172 2.661 0.470 0.284 0.656 0.375 0.260 0.541 3.415 13 17 54 53.0 88 96 38 27 82
1984 3.010 1.413 4.607 2.004 1.330 3.020 0.483 0.353 0.613 0.412 0.286 0.595 5.803 11 26 63 627 102 106 36 29 88
1985 1.441 0.419 2.463 1.731 1.149 2.608 0.369 0.191 0.548 0.408 0.283 0.588 3.965 12 15 55 53.1 101 102 32 23 88
1986 2.354 1.099 3.608 1.691 1.122 2.547 0.604 0.379 0.829 0.431 0.299 0.621 3.670 19 23 52 538 82 100 46 26 90
1987 0.873 0.256 1.491 1.322 0.877 1.991 0.264 0.116 0.411 0.363 0.252 0.524 3.324 15 15 53 522 92 96 22 15 87
1988 1.525 0.484 2565 1.366 0.907 2.058 0.313 0.130 0.496 0.379 0.263 0.546 4.859 11 11 53 571 92 93 26 17 89
1989 1.403 0.496 2.310 1.311 0.870 1.974 0.428 0.266 0.590 0.449 0.312 0.648 2.569 9 9 39 408 93 96 39 25 87
1990 1.058 0.496 1.620 1.201 0.797 1.810 0.593 0.383 0.804 0.551 0.382 0.795 1.415 9 10 25 323 72 89 55 35 89

1991 1.253 0.599 1.908 1.199 0.796 1.806 0.576 0.383 0.769 0.643 0.446 0.927 1.715
1992 1.116 0.571 1.661 1.161 0.771 1.750 0.938 0.602 1.274 0.808 0.560 1.165 1.183
1993 1.133 0.513 1.754 1.155 0.767 1.741 0.989 0.691 1.287 0.917 0.636 1.323 0.894
1994 1.046 0.446 1.645 1.165 0.773 1.755 1.351 0.969 1.732 0.991 0.687 1.429 0.668
1995 1.711 0.663 2.759 1.262 0.838 1.902 0.922 0.688 1.155 0.869 0.602 1.253 1.724
1996 1.091 0.516 1.665 1.115 0.740 1.680 0.630 0.407 0.853 0.732 0.507 1.055 1.688
1997 0.751 0.400 1.102 1.000 0.664 1.507 0.498 0.304 0.693 0.681 0.473 0.983 1.335

10 31 383 83 95 62 33 88
9 26 330 79 86 78 37 86
9 20 271 71 94 103 45 86
9 19 249 55 98 110 51 87
12 34 396 84 91 87 40 93
11 38 403 63 95 51 30 88
9 35 354 70 86 39 27 90

9

9

6

9

10

8

8
1998 1.020 0.570 1.470 1.087 0.721 1.637 0.609 0.397 0.820 0.784 0.543 1.130 1.531 10 10 30 355 68 77 56 38 104
1999 0.895 0.370 1.420 1.233 0.818 1.857 1.084 0.737 1.431 1.068 0.740 1.540 0.716 8 8 22 257 58 81 111 44 106
2000 2529 1.322 3.736 1.734 1.151 2.613 2.398 1.564 3.232 1.439 0.998 2.076 1.032 9 11 25 303 70 88 165 43 87
2001 2.071 1.136 3.005 1.893 1.256 2.852 1.620 1.212 2.027 1.377 0.955 1.986 1.144 8 12 31 347 65 93 145 50 90
2002 2.320 1.088 3.553 1.944 1.290 2.930 1.283 0.922 1.645 1.181 0.819 1.704 1.423 9 9 34 351 65 93 114 45 86
2003 2.723 1.054 4.393 1.774 1.177 2.674 1.067 0.778 1.357 0.959 0.664 1.384 1.695 8 8 40 378 73 88 90 39 88
2004 0.626 0.262 0.989 1.213 0.802 1.835 0.516 0.313 0.720 0.724 0.500 1.048 1.227 8 8 21 298 68 89 36 24 85
2005 1.623 0.152 3.094 1.294 0.844 1.986 0.595 0.359 0.830 0.687 0.468 1.006 1.686 8 8 24 343 79 88 46 29 87
2006 1.042 0.527 1.557 1.186 0.724 1.943 0.764 0.519 1.010 0.717 0.461 1.114 1.346 6 7 33 332 69 86 56 37 94
2007 1.198 0.431 1.965 0.638 0.431 0.844 1.680 9 17 31 375 77 81 63 32 90
2008 0.992 0.374 1.609 0.782 0.434 1.129 1.240 9 9 27 316 68 85 60 27 90
Bigelow, no calibration coefficient applied:
2009 4.275 3.238 5.566 3.091 2.536 3.734 1.369 9 9 32 345 69 101 257 61 90
Bigelow, calibration coefficient applied:
2009 0.530 0.434
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Table A21. Stratified mean weight (kg), number, individual fish weight, and length (cm) per tow for goosefish from NEFSC offshore
research vessel spring bottom trawl surveys in the northern management region (strata 20-30, 34-40); confidence limits for both the
raw index and the indices smoothed using an integrated moving average (theta = 0.45); minimum and maximum lengths; number of
fish caught, number of positive tows, and total number of tows completed each year.

Biomass Abundance Number  Number of
Raw Index Smoothed Index Raw Index Smoothed Index Length of Nonzero Number
Mean L95% U95% Mean L95% U95% Mean L95% U95%  Mean L95% U95% Ind wt Min 5% 50% Mean 95% Max Fish Tows of Tows
1968 1.008 0.298 1.718 1.223 0.168 0.065 0.272  0.193 5.980 50 51 68 704 89 90 13 11 86
1969 1.341 0.160 2.523 1.393 0.180 0.045 0.315 0.213 7.453 33 33 71 715 99 100 15 10 87
1970 2.021 0.798 3.245 1.626 0.344 0.216 0.472 0.262 5.867 30 30 62 654 98 99 32 22 90
1971 1.039 0.439 1.639 1.641 1.088 2.475 0.158 0.072 0.245 0.268 0.176 0.407 6.488 45 53 69 726 99 100 20 15 96
1972 4.678 3.048 6.307 2.252 1.493 3.397 0.643 0.453 0.832 0.390 0.257 0.593 7.105 13 39 74 727 100 105 59 38 96
1973 1.908 0.956 2.860 1.891 1.254 2.852 0.435 0.184 0.686 0.407 0.268 0.618 4.313 17 26 68 657 99 106 91 36 87
1974 1.477 0.863 2.090 1.578 1.047 2.380 0.438 0.315 0.561 0.405 0.267 0.616 3.391 20 23 58 583 97 111 86 41 83
1975 0.936 0.596 1.277 1.377 0.913 2.077 0.339 0.228 0.450 0.384 0.253 0.583 2.760 16 19 53 54.0 87 109 73 36 87
1976 2.826 1.691 3.962 1558 1.033 2.350 0.673 0.469 0.877 0.394 0.260 0.599 3.759 14 20 60 615 95 106 158 52 99
1977 1.028 0.578 1.478 1.182 0.783 1.782 0.259 0.159 0.360 0.283 0.186 0.430 3.594 10 31 66 634 93 106 61 37 107
1978 0.626 0.340 0.913 0.984 0.652 1.484 0.141 0.095 0.186 0.216 0.142 0.328 4.014 15 19 73 655 89 92 37 30 113
1979 0.904 0.284 1.523 1.110 0.736 1.674 0.144 0.102 0.185 0.219 0.144 0.332 4.652 12 14 67 625 100 118 48 40 139
1980 1.622 0.787 2.458 1438 0.953 2.169 0.379 0.270 0.488 0.294 0.194 0.447 3.748 17 22 43 533 98 107 84 38 85
1981 1.744 0.913 2.576 1.718 1.139 2590 0.376 0.282 0.470 0.333 0.219 0.506 4.444 11 21 52 577 95 120 95 42 87
1982 3.015 1.273 4.758 2.031 1.346 3.062 0.346 0.155 0.536  0.348 0.229 0.528 8.594 25 36 61 688 105 108 33 22 92
1983 1.587 0.530 2.643 1.840 1.220 2.776 0.418 0.191 0.645 0.365 0.240 0.554 3.663 12 13 49 499 96 112 34 22 90
1984 1.696 0.596 2.796 1.843 1.222 2.779 0.328 0.181 0.475 0.349 0.230 0.530 4.732 17 19 62 60.8 93 100 26 19 86
1985 2.113 1.094 3.133 1.951 1.294 2.942 0.346 0.199 0.492 0.347 0.229 0.528 6.122 13 13 68 66.9 104 108 25 21 81
1986 2.165 0.960 3.370 1957 1.298 2.952 0.340 0.200 0.481 0.347 0.229 0.527 6.244 11 14 63 654 109 121 30 22 90
1987 1.728 0.726 2.730 1.835 1.217 2.768 0.245 0.138 0.352 0.352 0.232 0.534 7.052 16 16 66 64.2 99 100 21 16 83
1988 2.111 0.906 3.315 1.792 1.188 2.703 0.610 0.398 0.822 0.454 0.299 0.690 3.343 10 20 49 498 89 110 43 26 90
1989 1.636 0.639 2.634 1567 1.039 2.364 0.625 0.321 0.929 0.481 0.317 0.731 2.590 10 11 40 432 80 94 48 24 85
1990 1.005 0.366 1.643 1.332 0.883 2.009 0.282 0.157 0.407 0.428 0.281 0.649 3.587 15 18 47 49.1 106 107 25 17 90
1991 1.827 0.478 3.175 1.368 0.907 2.063 0.593 0.374 0.811 0.502 0.331 0.763 2.723 12 15 35 423 78 100 48 28 86
1992 0.910 -0.188 2.008 1.157 0.767 1.744  0.492 0.159 0.825 0.528 0.348 0.802 1.793 16 17 35 406 82 101 36 20 83
1993 1.202 0.736 1.668 1.149 0.762 1.733 0.684 0.475 0.893 0.582 0.383 0.885 1.695 10 11 44 410 71 90 59 27 87
1994 0.948 0.400 1.496 1.107 0.734 1.669 0.452 0.275 0.629 0.576 0.379 0.875 2.159 10 13 40 410 83 89 45 24 88
1995 1.752 0.806 2.698 1.183 0.785 1.785 0.984 0.662 1.305 0.671 0.442 1.020 1.817 15 16 33 399 73 97 83 39 88
1996 1.006 0.449 1.563 0.972 0.645 1.466 0.668 0.344 0.992 0.605 0.398 0.919 1.466 15 17 41 430 60 70 49 20 82
1997 0.560 0.174 0.946 0.780 0.517 1.176 0.339 0.158 0.520 0.510 0.336 0.775 1.595 9 9 36 394 75 89 34 19 89
1998 0.485 0.225 0.745 0.782 0.519 1.180 0.414 0.288 0.540 0.566 0.372 0.859 1.065 11 11 19 313 67 78 46 33 115
1999 1.225 0.646 1.804 1.081 0.717 1.631 0.824 0.547 1.102 0.774 0.509 1.175 1.389 9 14 31 355 71 97 62 33 87
2000 1.438 0.846 2.030 1.375 0.912 2.074 1.128 0.843 1.413 1.014 0.667 1.540 1.236 15 17 29 345 75 87 99 42 89
2001 1.970 0.690 3.251 1.696 1.125 2.558 1686 1.221 2.151 1.237 0.814 1.879 1.109 9 11 24 314 75 86 151 50 89
2002 1.996 1.337 2.655 1.892 1.254 2.854 1756 1.334 2.178 1.225 0.807 1.862 1.105 12 15 34 366 60 73 155 50 91
2003 2.383 0.817 3.949 2.036 1.349 3.073 0.811 0.479 1.144 0.953 0.627 1.449 2.304 10 13 42 442 69 95 79 30 86
2004 2.285 0.911 3.659 1.971 1.302 2984 0.910 0.577 1.243 0.826 0.542 1.260 2.494 9 11 48 467 81 85 69 36 88
2005 2.057 0.505 3.609 1.728 1.125 2.654 0.708 0.487 0.929 0.672 0.434 1.039 2.050 11 13 48 451 68 75 52 31 87
2006 0.930 0.184 1.675 1.347 0.821 2.209 0.367 0.161 0.573  0.527 0.318 0.871 2.533 15 13 43 448 72 105 33 23 95
2007 1.647 -0.614 3.908 0.555 0.247 0.864 1.909 11 10 32 368 78 85 43 19 86
2008 1.783 0.1834 3.383 0.681 0.392 0.971 1.910 8 16 35 408 73 85 61 24 86

Bigelow, no calibration coefficient applied:

2009 4.251 2.7992 5.703 2.33 1.796 2.863
Bigelow, calibration coefficient applied:
2009 0.527 0.327
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Table A22. Stratified mean weight (kg), number, individual fish weight, and length (cm) per tow for goosefish from NEFSC shrimp
summer surveys in the northern management region (strata 1, 3, 5-8); confidence limits for indices; minimum and maximum lengths;
number of fish caught, number of positive tows, and total number of tows completed. (SURVAN version 8.13)

Biomass Abundance Number Number of
Raw Index Raw Index Length of Nonzero  Number
Mean L95% U95% Mean L95% U95%  Indwt Min 5% 50% Mean 95% Max Fish Tows of Tows
1991 1.957 1.165 2.749 2903 2.268 3.538 0.654 11 15 24 27.5 59 96 125 39 43
1992 2915 1.399 4431 2907 227 3544 0.928 11 13 28 315 56 78 135 40 45
1993 3.342 1.388 5.297 3.757 2.699 4.814 0.829 7 9 23 27.6 59 102 170 42 46
1994 1.644 0.837 2452  3.475 2.430 4.520 0.484 5 10 19 24.1 48 95 166 37 43
1995 1.637 0.729 2544 2.087 1.216 2.958 0.747 11 19 26 31.2 67 76 83 24 35
1996 3.431 1.331 5530 2967 2.105 3.830 1.123 13 14 34 34.4 63 90 107 30 32
1997 2.081 1.040 3.122 1.583 1.073 2.093 1.321 11 16 32 37.7 62 73 72 31 40
1998 2.301 0.714 3.888 2.118 1500 2.735 1.070 12 16 23 31.3 61 77 84 31 35
1999 6.347 4.766 7.928 7.016 5.305 8.727 0.927 8 9 28 30.9 65 82 301 39 42
2000 4.121 2.090 6.152 5756 4.101 7.412 0.671 11 15 28 30.2 51 82 215 30 35
2001 8.553 4.443 12.662 11.124 8.463 13.786  0.668 11 13 26 29.5 51 85 442 36 36
2002 12.857 9.180 16.535 11.789 9.379 14.198 1.067 11 17 32 35.3 59 94 493 38 38
2003 8.243 4470 12.015 5855 4.174 7.535 1.268 3 13 38 37.4 63 87 236 36 37
2004 4.604 3464 5.744 3.388 2.662 4.113 1.315 11 11 34 35.7 66 75 142 33 35
2005 7.599 5.133 10.064 5.254 4.185 6.323 1.382 9 14 34 37.4 66 89 271 44 46
2006 7.360 3.812 10.908 4.344 3.089 5.598 1.519 7 11 30 37.2 70 89 143 29 29
2007 5.134 1.844 8.423 4.386 3.264 5.507 0.919 9 11 19 28.2 64 79 218 36 43
2008 3.895 2.120 5.671 2.849 2.078 3.620 1.346 10 14 32 36.1 67 82 116 31 37
2009 4229 1519 6.939 3.099 2.361 3.837 1.030 11 13 30 32.7 60 80 159 45 49
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Table A23. Monkfish indices from Maine-New Hampshire surveys, strata 1-4.

Fall
Stratified

Fall Stratified Mean
Year Mean Number SE Weight SE
2000 4.8 0.6 1.65 0.28
2001 11.1 1.6 4.83 0.50
2002 4.1 11 3.45 1.14
2003 3.7 0.6 3.60 0.80
2004 3.0 0.5 3.63 0.84
2005 1.8 0.2 2.04 0.47
2006 2.9 0.3 1.79 0.20
2007 3.1 04 2.13 0.35
2008 4.1 0.7 2.96 0.41
2009 2.0 0.4 1.93 0.52

Spring

Spring Stratified

Stratified Mean
Year Mean Number SE Weight SE
2001 6.0 0.91 0.99 0.15
2002 24 0.33 1.12 0.17
2003 1.0 0.14 0.64 0.18
2004 14 0.17 0.41 0.12
2005 11 0.16 0.79 0.15
2006 0.3 0.06 0.15 0.03
2007 11 0.18 0.38 0.10
2008 1.37 0.19 0.49 0.08
2009 0.79 0.11 0.20 0.04
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Table A24. Stratified mean weight (kg), number, individual fish weight, and length (cm) per tow for goosefish from NEFSC offshore
research vessel autumn bottom trawl surveys in the southern management region (strata 1-19, 61-76); confidence limits for both the
raw index and the indices smoothed using an integrated moving average (theta = 0.45); minimum and maximum lengths; number of
fish caught, number of positive tows, and total number of tows completed each year.

Biomass Abundance Number  Number of
Raw Index Smoothed Index Raw Index Smoothed Index Length of Nonzero Number
Mean L95% U95% Mean L95% U95% Mean L95% U95% Mean L95% U95% Ind wt Min 5% 50% Mean 95% Max Fish Tows of Tows
1963 3.642 1.818 5.466  4.237 1.197 0.737 1.656 1.270 2.969 7 17 53 504 91 97 102 36 73
1964 6.139 2.667 9.612  4.691 1.637 0.907 2.366 1.322 3.482 14 21 53 520 86 101 132 34 83
1965 5.093 2.907 7.279  4.335 1.148 0.778 1.519 1.192 4.247 10 15 59 563 91 104 83 39 85
1966 7.060 5.062 9.057 3.594 2.156 5991 1926 1.364 2.488 1.102 0.650 1.870 3.607 7 7 51 496 87 98 101 56 87
1967 1.151 0.623 1.679 1.893 1136 3.155 0.519 0.324 0.715 0.700 0.413 1.188 2.195 14 19 31 406 83 100 98 42 163
1968 0.904 0.461 1.346 1.393 0.836 2.322 0.399 0.206 0591  0.544 0.321 0.923 2.211 12 17 45 463 75 86 77 39 164
1969 1.360 0.506 2.214  1.370 0.822 2.284 0.537 0.308 0.766  0.520 0.307 0.883 2.466 10 14 41 454 88 96 101 43 163
1970 1.340 0.643 2.037 1355 0.813 2.258 0.350 0.235 0.466  0.487 0.287 0.827 3.632 4 13 55 533 84 104 58 35 161
1971 0.711 0.282 1139 1350 0.810 2.250 0.282 0.150 0.414 0.570 0.336 0.967 2.788 5 8 39 423 95 98 55 28 168
1972 5.045 3.374 6.716 2.068 1.241 3.447 4113 1.281 6.944 1.070 0.631 1.816 1.298 12 16 23 318 74 99 604 85 161
1973 2.030 1.036 3.025 1.740 1.044 2.901 1.176 0.857 1.495 0.813 0.479 1.379 1.568 13 14 32 377 77 93 280 70 154
1974 0.710 0.322 1.098 1320 0.792 2201  0.218 0.116 0.320 0.482 0.284 0.817 3.277 14 16 54 529 81 101 56 26 153
1975 2.050 1.333 2.767 1519 0912 2533 0.653 0.434 0.871 0.487 0.287 0.825 2.653 8 17 45 463 87 105 127 51 158
1976 1.093 0.547 1.639 1430 0.858 2.384 0.314 0.189 0.438 0.403 0.238 0.684 3.166 11 11 51 50.7 77 95 60 34 165
1977 1.883 1.203 2563 1.612 0.967 2688 0.372 0.265 0.479 0.395 0.233 0.670 4.170 5 16 55 531 95 106 94 50 172
1978 1.395 0.883 1.906 1.638 0.982 2730 0.259 0.178 0.340 0.403 0.238 0.683 4.469 13 17 61 565 87 101 68 39 219
1979 2.275 1.278 3.272 1.853 1.112 3.089 0.694 0.483 0.905 0.553 0.326 0.938 2.307 7 16 34 405 84 109 182 70 205
1980 1.883 1.181 2.585 1.826 1.096 3.044 0.726 0.427 1.024 0.652 0.384 1.105 2211 3 16 34 416 85 104 113 42 159
1981 2.864 0.889 4.840 1.763 1.058 2939 0.965 0579 1.351 0.714 0.421 1.211 1.961 6 17 38 407 71 99 176 59 146
1982 0.657 0.361 0.953  1.229 0.737 2.048 0.610 0.373 0.847 0.638 0.376 1.083 1.060 13 15 26 325 66 73 98 42 143
1983 2.156 0.700 3.611  1.304 0.782 2.174 0.776 0.470 1.082 0.589 0.347 0.999 2.304 7 16 45 444 72 100 109 49 146
1984 0.750 0.158 1.343 0.987 0592 1.645 0.311 0.114 0.508 0.451 0.266 0.765 2.445 5 13 47 457 68 93 42 25 146
1985 1.327 0.761 1.893 0.899 0539 1.498 0524 0.356 0.692 0.443 0.261 0.752 2.055 17 17 40 420 72 96 100 46 145
1986 0.561 0.245 0.877 0.630 0.378 1.049 0.325 0.169 0.481 0.389 0.229 0.660 1.523 7 14 34 376 68 78 60 33 146
1987 0.276 0.118 0.433  0.477 0.286 0.794  0.482 0.308 0.657 0.385 0.227 0.654 0.575 12 13 20 250 56 61 67 27 132
1988 0.554 0.210 0.898 0.521 0.312 0.868  0.230 0.097 0.364  0.328 0.194 0.557 2.376 19 27 36 451 87 91 27 19 129
1989 0.642 0.300 0.985 0.546 0.328 0.910 0.382 0.182 0.582  0.356 0.210 0.603 1.366 7 7 42 38.0 57 77 57 23 129
1990 0.445 0.047 0.844 0514 0.308 0.856 0.294 0.115 0.472 0.367 0.216 0.623 1.050 9 13 24 331 61 81 47 22 136
1991 0.797 0.244 1349 0,532 0.319 0.886 0.690 0.248 1.133  0.440 0.259 0.746 0.901 14 15 23 308 57 81 106 27 131
1992 0.318 0.193 0.444 0.419 0.252 0.699 0.342 0.223 0.461 0.390 0.230 0.661 0.919 8 11 30 322 54 74 46 21 129
1993 0.295 0.058 0.532 0.399 0.239 0.664 0.290 0.136 0.444  0.377 0.222 0.639 0.784 10 13 32 304 52 68 46 24 130
1994 0.620 0.190 1.050 0.464 0.278 0.773 0598 0.353 0.843  0.434 0.256 0.737 0.906 8 12 25 292 59 83 85 31 135
1995 0.413 0.186 0.640 0.443 0.266 0.739  0.493 0.259 0.727 0.404 0.238 0.685 0.777 11 13 25 294 54 66 72 29 129
1996 0.387 0.217 0.557 0.445 0.267 0.741  0.235 0.132 0.338 0.329 0.194 0.557 1.638 18 19 42 423 62 68 31 21 131

9 49 446 70 71 43 24 131
11 36 37.0 68 87 45 20 131

1997 0.592 0.354 0.829 0.490 0.294 0.816 0.308 0.198 0.418 0.335 0.197 0.568 1914 9
1998 0.500 0.244 0.756 0.475 0.285 0.792 0.332 0.150 0.514 0.361 0.213 0.612 1.525 11
1999 0.304 0.196 0.412 0.445 0.267 0.741 0.450 0.319 0.582 0.410 0.242 0.696 0.672 12 14 27 292 52 55 109 44 106
2000 0.485 0.269 0.700 0.538 0.323 0.896 0.422 0.270 0.575 0.439 0.259 0.745 1.102 5 15 33 343 63 70 64 30 132
2001 0.712 0.373 1.050 0.696 0.418 1.161 0.378 0.239 0.518 0.483 0.285 0.819 1.724 4 11 39 4169 70 80 51 30 130
2002 1.315 0.785 1.846 0.889 0.533 1.482 0.829 0.565 1.092 0.626 0.369 1.062 1514 6 14 41 39.12 61 81 110 47 130
2003 0.827 0.542 1.112 0.872 0.523 1.455 0.951 0.627 1.276 0.671 0.395 1.139 0.858 6 7 18 28.25 59 70 128 41 130
2004 0.969 0.332 1.606 0.886 0.529 1.485 0.474 0.247 0.702 0.569 0.334 0.970 1.598 7 15 45 4036 64 78 67 32 133
2005 0.804 0.409 1.198 0.849 0.498 1.447 0.575 0.339 0.811 0.546 0.314 0.949 1.309 7 13 42 3847 57 67 76 34 123
6

2006 0.834 0.379 1.288 0.843 0.456 1559 0.452 0.280 0.624 0.506 0.268 0.956 1.660 12 44 406 65 77 83 36 151
2007 0.505 0.247 0.764 0.195 0.106 0.284 2571 25 25 51 501 68 69 27 19 142
2008 0.412 0.112 0.712 0.198 0.098 0.305 2.076 4 4 45 38.6 69 388 39 20 142
Bigelow, no calibration coefficient applied:

2009 1.524 1.303 1.767 1.417 1.197 1.658 1.2 6 7 63 334 27 77 351 85 176
Bigelow, calibration coefficient applied:

2009 0.189 0.199
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Table A25. Stratified mean weight (kg), number, individual fish weight, and length (cm) per tow for goosefish from NEFSC offshore
research vessel spring bottom trawl surveys in the southern management region (strata 1-19, 61-76); confidence limits for both the raw

index and the indices smoothed using an integrated moving average (theta = 0.45); minimum and maximum lengths; number of fish

caught, number of positive tows, and total number of tows completed each year. Data prior to 1971 has been revised following an
audit of historical data and the data reflect an increase in precision in the calculations of delta distributions. (SAGA version 3.55)

Biomass Abundance Number  Number of
Raw Index Smoothed Index Raw Index Smoothed Index Length of Nonzero Number
Mean L95% U95% Mean L95% U95% Mean L95% U95% Mean L95% U95% Ind wt Min 5% 50% Mean 95% Max Fish Tows of Tows
1968 1.159 0.568 1.750 1.083 0.212 0.126 0.297 0.217 5.414 21 23 63 62.5 94 95 65 31 150
1969 0.955 0.444 1.466 1.034 0.221 0.138 0.305 0.220 4.097 7 25 47 54.3 91 111 41 31 155
1970 1.009 0.465 1.553 1.042 0.176 0.104 0.248 0.223 5.648 22 22 65 63.9 102 108 40 31 166
1971 0.769 0.322 1.216 1.072 0.653 1.761 0.204 0.105 0.304 0.264 0.173 0.403 3.675 13 16 50 53.3 101 115 42 24 160
1972 1.892 1.172 2.612 1.379 0.840 2.265 0.364 0.266 0.461 0.373 0.244 0.569 5.169 14 22 59 59.1 103 123 79 48 165
1973 1.897 1.539 2.255 1.435 0.874 2.357 1.051 0.854 1.249 0.534 0.350 0.816 2.172 11 19 32 41.1 80 110 589 128 187
1974 1.164 0.769 1.560 1.238 0.754 2.032 0.486 0.369 0.604 0.486 0.318 0.742 3.236 14 21 44 49.1 93 117 201 70 132
1975 0.947 0.574 1.320 1.112 0.677 1.827 0.447 0.326 0.568 0.441 0.289 0.674 2.795 10 22 44 47.6 87 107 169 61 134
1976 1.209 0.833 1.585 1.114 0.678 1.829 0.404 0.307 0.500 0.397 0.260 0.607 3.340 13 22 48 51.5 91 110 259 78 162
1977 1.205 0.771 1.640 1.055 0.642 1.733 0.299 0.231 0.367 0.354 0.232 0.540 4.607 16 21 51 56.8 95 116 173 75 160
1978 0.745 0.522 0.968 0.914 0.557 1.501 0.335 0.265 0.405 0.353 0.231 0.538 2.986 11 17 39 45.9 90 104 196 66 161
1979 0.757 0.464 1.051 0.908 0.553 1.492 0.281 0.164 0.397 0.364 0.238 0.555 2.944 10 14 37 44.4 98 124 125 50 194
1980 0.799 0.494 1.104 1.021 0.621 1.676 0.451 0.355 0.548 0.446 0.292 0.681 1.926 18 21 34 40.8 83 106 346 99 204
1981 1.816 1.157 2.475 1.351 0.823 2.219 0.784 0.542 1.027 0.543 0.356 0.830 2.563 12 22 40 44.6 89 113 345 74 141
1982 2.810 1.591 4.028 1.467 0.893 2.410 0.942 0.657 1.226 0.517 0.339 0.790 2.324 11 14 38 42.4 89 104 251 68 150
1983 0.955 0.421 1.489 1.029 0.627 1.690 0.270 0.176 0.365 0.329 0.216 0.503 3.514 24 24 47 51.8 97 112 55 36 147
1984 0.748 0.223 1.272 0.759 0.462 1.247 0.182 0.090 0.275 0.239 0.157 0.365 4.067 21 21 47 50.9 96 97 35 22 149
1985 0.327 0.089 0.565 0.565 0.344 0.928 0.159 0.072 0.247 0.209 0.137 0.319 2.052 22 22 39 42.3 85 90 31 21 147
1986 0.832 0.352 1.312 0.608 0.371 0.999 0.283 0.125 0.442 0.219 0.144 0.335 2.917 15 24 43 48.7 90 102 65 36 149
1987 0.496 -0.014 1.007 0.531 0.323 0.871 0.108 0.054 0.162 0.194 0.127 0.296 4.612 15 15 59 527 102 103 30 21 150
1988 0.427 0.302 0.552 0.484 0.295 0.795 0.440 0.286 0.595 0.253 0.166 0.387 0.971 17 18 30 34.0 61 82 67 33 132
1989 0.365 0.237 0.493 0.480 0.292 0.789 0.202 0.102 0.302 0.229 0.150 0.349 1.500 15 24 41 41.4 69 79 36 18 129
1990 1.005 0.565 1.445 0.573 0.349 0.941 0.205 0.152 0.258 0.224 0.147 0.343 4.034 16 21 53 56.5 86 93 39 23 128
1991 0.590 0.316 0.865 0.469 0.285 0.770 0.319 0.144 0.494 0.234 0.153 0.357 1.509 15 23 33 37.6 69 101 61 31 132
1992 0.210 0.070 0.350 0.329 0.200 0.540 0.177 0.089 0.266 0.198 0.130 0.302 1.235 14 19 28 35.0 69 85 28 17 128
1993 0.264 0.098 0.430 0.311 0.189 0.511 0.195 0.099 0.292 0.180 0.118 0.275 1.319 17 19 38 38.6 56 72 29 18 128
1994 0.321 0.138 0.504 0.329 0.200 0.540 0.114 0.058 0.170 0.156 0.102 0.238 2.379 13 13 41 44 91 93 24 18 131
1995 0.526 0.032 1.020 0.353 0.215 0.579 0.196 0.109 0.283 0.166 0.109 0.254 2.637 18 19 38 46 80 81 32 20 129
1996 0.286 0.146 0.426 0.289 0.176 0.475 0.135 0.075 0.196 0.158 0.104 0.242 2.083 9 9 44 44 80 81 27 20 143
1997 0.132 0.071 0.193 0.239 0.146 0.393 0.124 0.070 0.177 0.168 0.110 0.256 1.064 18 18 37 36 58 75 38 14 130
1998 0.282 0.190 0.374 0.295 0.180 0.485 0.254 0.175 0.333 0.218 0.143 0.333 1.110 12 16 35 36 64 77 40 30 131
1999 0.629 0.375 0.883 0.376 0.229 0.618 0.335 0.229 0.441 0.256 0.168 0.391 1.899 16 19 41 43 74 94 63 32 131
2000 0.294 0.179 0.408 0.339 0.206 0.556 0.242 0.155 0.329 0.250 0.164 0.382 1.222 14 14 38 38 61 78 32 25 131
2001 0.243 0.094 0.393 0.336 0.204 0.551 0.234 0.136 0.332 0.251 0.164 0.383 1.092 11 15 34 36 57 68 44 50 89
2002 0.375 0.134 0.616 0.413 0.252 0.679 0.318 0.096 0.540 0.263 0.172 0.401 1.181 22 23 37 39 53 62 50 50 91
2003 1.423 0.894 1.953 0.543 0.330 0.892 0.308 0.200 0.415 0.242 0.158 0.369 3.721 15 29 57 57 80 87 65 30 86
2004 0.193 0.061 0.324 0.373 0.226 0.616 0.116 0.055 0.178 0.189 0.123 0.290 1.565 22 21 37 40 61 62 24 36 88
2005 0.369 0.234 0.504 0.399 0.238 0.671 0.259 0.111 0.407 0.206 0.132 0.320 1.424 20 20 36 39 61 68 41 26 131
2006 0.540 0.216 0.863 0.451 0.248 0.819 0.172 0.097 0.247 0.191 0.115 0.319 3.136 24 15 37 53 80 80 28 20 132
2007 0.559 0.295 0.823 0.259 0.172 0.345 2.136 20 23 48 46 69 75 77 30 158
2008 0.3866 0.137 0.636 0.1887 0.0731 0.3044 2.064 17 17 41 46 64 84 32 19 140

Bigelow, no calibration coefficient applied:

2009

3.0167 1.467 4.566

Bigelow, calibration coefficient applied:

2009

0.374

50" SAW Assessment Report

1.1726 0.8171 1.5281

0.164

84

Monkfish; Tables



Table A26. Stratified mean weight (kg), number, individual fish weight, and length (cm) per tow for goosefish from NEFSC winter

flatfish surveys in the southern management region (strata 1-3, 5-7, 9-11, 13-14, 61-63, 65-67, 69-71, 73-75); confidence limits for

indices; minimum and maximum lengths; number of fish caught, number of positive tows, and total number of tows completed. The
last survey in this time series was completed in 2007.

Biomass Abundance Number Number of
Raw Index Raw Index Length of Nonzero  Number
Mean L95% U95% Mean L95% U95% Ind wt Min 5% 50% Mean  95% Max Fish Tows of Tows
1992 6.314 4.160 8.468 5.234 3.854 6.614 1.139 11 22 33 36.0 51 95 582 66 100
1993 6.357 4.563 8.150 4952 3.898 6.005 1.193 9 21 36 37.7 53 98 555 77 108
1994 3.321 2372 4.270 2.484 1.870 3.097 1.298 8 16 31 35.1 61 78 278 56 77
1995 3.774 2472 5.076 3.137 2.104 4.170 1.209 19 21 35 374 57 101 365 76 106
1996 4.496 3.435 5.557 3.438 2.662 4.213 1.294 10 22 37 39.1 57 100 456 87 119
1997 4.460 3.190 5.731 2.976 2.323 3.629 1.456 10 18 39 39.8 59 82 359 89 107
1998 2.849 1.997 3.701 1.494 1.150 1.838 1.876 10 20 41 44.1 69 103 203 77 114
1999 4.090 3.066 5.114 3.068 2.370 3.767 1.319 10 17 34 37.8 61 87 362 83 115
2000 5.690 4.023 7.356 4.428 3.166 5.689 1.265 11 24 103 39.2 103 96 616 93 118
2001 7.182 4501 9.863 4.380 2.997 5.762 1.383 8 24 103 39.3 103 84 729 115 142
2002 6.235 4.794 7.675 3.474 2.737 4.212 1.744 15 30 103 44.5 103 86 550 113 143
2003 5.482 3491 7.473 2.258 1.580 2.937 2.418 12 25 103 455 103 85 316 72 86
2004 7.171 4.308 10.034 4.397 2.836 5.957 1.568 13 23 103 41.2 103 88 682 103 123
2005 4,531 2.657 6.405 2.972 2.043 3.902 1.497 13 23 103 40.0 103 90 313 59 91
2006 5.481 4.022 6.939 3.082 2.327 3.837 1.743 22 31 103 44.7 103 92 430 78 114
2007 3.395 2,586 4.205 1.472 1.212 1.732 2.251 14 23 42 48.3 103 91 217 83 118
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Table A27. Stratified mean number and length (cm) per tow for goosefish from NEFSC summer scallop surveys in the southern
management region (shellfish strata 6, 7, 10, 11, 14, 15, 18, 19, 22-31, 33-35, 46, 47, 55, 58-61, 621, 631); confidence limits for the
raw index using an integrated moving average (theta = 0.45); minimum and maximum lengths; number of fish caught, number of
positive tows, and the total number of tows completed each year. (SURVAN version 8.13)

Abundance Number Number of
Raw Index Smoothed Index Length of Nonzero  Number
Mean L95% U95% Mean L95% U95% Min 5% 50% Mean 95% Max Fish Tows of Tows

1984 1.285 1.109 1.461
1985 1.521 1.256 1.786
1986 1.246 1.045 1.446
1987 3.152 2.767 3.537
1988 1.666 1.385 1.947
1989 0.995 0.833 1.156
1990 1.534 1.339 1.729
1991 2.284 1994 2574
1992 1.939 1.661 2217
1993 2.845 2568 3.123
1994 3.401 3.006 3.796
1995 2.263 1.968 2.558

11 28 29.5 54 82 410 165 254
9 25 28.7 53 84 493 183 282
10 15 22.9 54 95 431 183 296
9 13 18.6 51 90 1253 255 315
12 28 298 49 97 572 187 316
10 31 31.9 53 101 303 147 304
10 18 24.4 54 94 563 205 303
9 14 210 45 94 808 241 315
9 25 27.3 52 97 644 235 316
10 15 218 48 73 995 258 301
10 15 22.2 51 87 1145 265 314
9 27 29.6 57 92 764 243 314

ONNN0DOONN0DOONNN00UI NN NO
©

1996 2.005 1.746 2.265 23 29.9 59 81 638 226 298
1997 1.110 0.954 1.265 13 33 36.7 65 76 388 196 313
1998 1.014 0.876 1.152 11 20 30.2 61 79 371 183 319
1999 2592 2161 3.022 10 16 23.5 55 84 856 248 306
2000 2.242 1.973 2.510 9 18 27.3 54 87 832 240 315
2001 1.710 1.484 1.936 8 35 36.0 64 77 549 233 334
2002 1.711 1.488 1.933 11 35 34.2 60 86 598 203 310
2003 2.784 2394 3.174 9 15 244 58 87 819 211 294
2004 2875 2506 3.244 11 26 29.8 61 83 860 290 348
2005 2.013 1.753 2.274 10 28 31.3 56 83 859 265 344
2006 1.445 1.272 1.618 7 29 31.1 61 83 571 230 327
2007 0.8272 0.6938 0.9606 12 39 40.2 69 84 366 183 336
2008 1.0024 0.8283 1.1765 7 26 31.297 68 75 350 162 285
2009 0.7858 0.6341 0.9375 10 25 30.9 65 80 248 133 269
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Table A28. Stratified mean weight (kg), number, individual fish weight, and length (cm) per tow
for goosefish from NEFSC offshore research vessel autumn bottom trawl surveys in the northern
and southern management regions; confidence limits for both the raw index and the indices
smoothed using an integrated moving average (theta = 0.45); minimum and maximum lengths;
number of fish caught, number of positive tows, and total number of tows completed each year.

Biomass Abundance Number Number of
Raw Index Raw Index Length of Nonzero  Number
Mean L95% U95% Mean L95% U95% Ind wt Min 5% 50% Mean 95% Max Fish Tows of Tows
1963 7.4 3.046 11.75 0.993 0.725 1.261 7.951 7 16 55 53.9 96 111 188 75 164
1964 3.822 2.846 4.798 0.985 0.626 1.343 3.994 14 20 54 53.5 89 102 164 57 170
1965 4.627 2.924 6.331 0.728 0.542 0.915 6.433 10 19 62 60.1 93 110 123 69 173
1966 5.3 4.137 6.464 1.185 0.903 1.466 4.42 7 8 57 55.0 89 98 214 88 169
1967 2.027 1.148 2.907 0.381 0.26 0.501 5.578 14 19 41 46.8 91 100 116 56 250
1968 2.697 1.224 4.169 0.351 0.219 0.484 7.913 11 20 53 54.8 89 106 109 55 250
1969 3.291 1.884 4.697 0.487 0.342 0.632 7.024 10 16 56 56.9 95 110 134 70 240
1970 3.341 1.731 4.952 0.369 0.27 0.468 8.895 4 17 58 59.5 920 104 929 56 251
1971 3.529 1.309 5.749 0.37 0.262 0.477 8.715 5 9 58 56.1 95 101 929 55 262
1972 8.911 5.512 12.31 252 0.876 4.164 4.464 12 16 23 33.1 75 99 633 107 252
1973 4.34 2.018 6.662 0.898 0.696 1.1 4.769 13 15 36 44.3 92 112 343 99 246
1974 2.014 0.945 3.084 0.258 0.179 0.337 7.69 13 14 63 59.0 97 111 93 49 250
1975 2.763 1.736 3.791 0.504 0.368 0.64 5.385 8 17 50 50.4 89 105 167 78 264
1976 2.103 1.265 2.941 0.359 0.255 0.464 5.504 11 27 62 61.3 94 121 92 58 252
1977 3.445 2.487 4.403 0.479 0.385 0.573 7.05 5 19 64  63.0 99 119 206 106 298
1978 2.987 2.247 3.727 0.393 0.315 0.472 7.159 10 18 65 634 99 116 214 117 420
1979 3.562 2.659 4.465 0.604 0.471 0.736 5.338 7 16 a7 51.1 97 115 307 148 416
1980 3.115 2.056 4.174 0.645 0.458 0.832 4.667 3 16 40 494 98 111 178 81 256
1981 2.705 1.469 3.94 0.73 0.501 0.96 3.244 6 17 42 446 80 101 222 89 239
1982 0.885 0.516 1.254 0.414 0.273 0.554 2.142 13 15 32 37.7 75 100 115 56 238
1983 2.214 1.18 3.248 0.651 0.455 0.847 3.123 7 16 48  47.0 79 100 147 76 228
1984 1.9 1.112 2.689 0.383 0.257 0.51 4.825 5 13 56 54.7 93 106 78 54 234
1985 1.548 0.915 2.18 0.459 0.336 0.582 3.456 12 17 44 457 88 102 132 69 233
1986 1.827 0.708 2.947 0.442 0.311 0.573 4.018 7 17 43  46.9 81 100 106 59 236
1987 0.541 0.267 0.816 0.392 0.273 0.511 1.383 12 14 22 32.6 65 96 89 42 219
1988 0.957 0.48 1.433 0.265 0.156 0.374 3.607 11 23 46 51.0 89 93 53 36 218
1989 1.419 0.707 2.132 0.401 0.266 0.536 3.49 7 8 41 39.2 84 96 96 48 216
1990 1.295 0.71 1.879 0.418 0.282 0.554 3.034 9 10 25 32.6 70 89 102 57 225
1991 1.536 0.837 2.235 0.643 0.372 0.914 2.294 9 13 27 33.6 69 95 168 60 219
1992 1.08 0.562 1.597 0.59 0.434 0.746 1.886 8 8 27 32.7 72 86 124 58 215
1993 1.777 0.813 2.74 0.58 0.427 0.733 2.752 6 9 22 28.1 56 94 149 69 216
1994 1.512 0.636 2.389 0.91 0.697 1.124 1.523 8 10 21 26.5 56 98 195 82 222
1995 1.429 0.655 2.203 0.671 0.503 0.838 2.039 10 13 33 35.2 69 91 159 69 222
1996 0.781 0.445 1.117 0.399 0.288 0.509 1.946 8 14 40 410 63 95 82 51 219
1997 1.135 0.662 1.607 0.387 0.284 0.49 2.913 8 9 40 39.7 70 86 82 51 221
1998 1 0.634 1.367 0.447 0.309 0.585 2.199 10 10 30 36.2 68 87 101 58 235
1999 1.051 0.498 1.603 0.713 0.55 0.876 1.265 8 9 23 27.1 54 81 220 80 236
2000 1.656 1.027 2.285 1.242 0.885 1.599 1.315 5 11 25 311 65 88 229 77 219
2001 1.276 0.84 1.711 0.894 0.706 1.081 1.289 4 11 32 36.4 65 93 196 80 220
2002 1.732 1.134 2.33 1.017 0.802 1.232 1.466 6 10 37 37.0 63 93 224 92 216
2003 1.614 0.902 2.327 0.999 0.775 1.224 1.227 6 8 25 325 62 88 218 80 218
2004 0.827 0.424 1.229 0.492 0.334 0.649 1.434 7 8 29 35.7 66 89 103 56 218
2005 1.144 0.491 1.798 0.583 0.414 0.752 1.468 7 8 32 36.7 66 88 122 63 217
2006 0.92 0579 1.261 0.582 0.438 0.725 1.49 6 7 38 36.6 65 86 139 74 245
2007 0.793 0.441 1.145 0.379 0.279 0.479 1.949 9 17 36 41.3 77 20 89 51 232
2008 0.652 0.342 0.963 0.44 0.284 0.596 1.458 4 5 29 335 68 88 100 47 232
2009 2949 2.129 3.769 2166 1.79 2.541 1.288 6 9 30 34.1 68 101 608 146 266
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Table A29. Stratified mean weight (kg), number, individual fish weight, and length (cm) per tow
for goosefish from NEFSC offshore research vessel spring bottom trawl surveys in the northern
and southern management regions; confidence limits for both the raw index and the indices
smoothed using an integrated moving average (theta = 0.45); minimum and maximum lengths;
number of fish caught, number of positive tows, and total number of tows completed each year.

Biomass Abundance Number Number of
Raw Index Raw Index Length of Nonzero  Number
Mean L95% U95% Mean L95% U95% Ind wt Min 5% 50% Mean 95% Max Fish Tows of Tows
1968 1.501 0.586 2.417 0.193 0.127 0.259 7.704 21 23 63 65.2 89 95 78 42 238
1969 1.139 056 1.718 0.204 0.129 0.278 5.458 7 21 63 612 95 111 56 41 242
1970 1.774 0.871 2.676 0.247 0.178 0.315 7.167 22 25 62 64.7 98 108 72 53 255
1971 0.948 0.573 1.322 0.185 0.117 0.253 5.061 13 20 58 60.2 99 115 62 39 257
1972 3.857 2.679 5.035 0.481 0.383 0.578 7.898 13 25 67 66.8 100 123 138 84 259
1973 2.629 1.862 3.397 0.792 0.637 0.948 3.667 11 20 41  46.8 88 110 680 164 274
1974 2,198 1.281 3.114 0.466 0.381 0.551 5.162 14 22 46 52.7 93 117 287 111 215
1975 1.301 0.85 1.751 0.402 0.318 0.487 3.449 10 21 47 498 87 109 242 97 221
1976 1.888 1.364 2.412 0.517 0.414 0.619 3.31 13 21 56 57.0 93 110 417 130 261
1977 1.152 0.835 1.469 0.284 0.226 0.342 3.796 10 23 58 59.5 93 116 234 113 268
1978 0.71 0.529 0.891 0.253 0.209 0.298 2.674 11 17 45 504 89 104 233 96 273
1979 0.951 0.587 1.315 0.221 0.152 0.291 3.66 10 14 42 493 99 123 173 90 333
1980 1.144 0.752 1.537 0.421 0.348 0.494 2.439 17 21 37 456 89 107 430 137 289
1981 1.786 1.268 2.303 0.612 0.466 0.759 2.832 11 22 42 480 93 120 440 116 228
1982 3.002 1.962 4.042 0.691 0.508 0.875 4.189 11 17 44 479 99 108 284 90 242
1983 1.22 0.679 1.761 0.332 0.222 0.442 3.593 12 19 49 50.8 96 112 89 58 237
1984 1.146 0.593 1.699 0.243 0.162 0.325 4.445 17 20 58 56.5 93 100 61 41 235
1985 1.754 0.956 2.552 0.238 0.158 0.317 7.387 13 21 55 573 104 108 56 42 228
1986 1.592 0.96 2.224 0.307 0.198 0.417 5.202 11 20 54  56.5 99 121 95 58 239
1987 1.115 0.561 1.669 0.165 0.11 0.219 6.774 15 15 65 59.8 99 103 51 37 233
1988 1.126 0.621 1.632 0.511 0.384 0.637 2.146 10 19 34 418 80 110 110 59 222
1989 1.181 0.531 1.831 0.377 0.238 0.516 2.945 10 11 40 42.6 74 94 84 42 214
1990 1.224 0.657 1.792 0.237 0.177 0.297 5.156 15 18 49 52.8 92 107 64 40 217
1991 1.48 0.665 2.295 0.432 0.295 0.569 3.087 12 15 33 40.2 78 101 109 59 218
1992 0.754 0.149 1.36 0.307 0.16 0.453 2.461 14 17 33 38.7 82 101 64 37 211
1993 1.082 0.584 158 0.399 0.295 0.502 2.838 10 12 42 403 71 920 88 45 215
1994 0.844 0.401 1.288 0.255 0.174 0.335 3.315 10 13 40 418 83 93 69 42 219
1995 1.371 0.679 2.064 0.523 0.38 0.665 2.744 15 16 34 412 75 97 115 59 217
1996 0.647 0.388 0.906 0.356 0.217 0.495 1.783 9 15 43 432 67 81 76 40 225
1997 0.408 0.225 0.591 0.214 0.132 0.295 1.925 9 11 36 382 75 89 72 33 219
1998 0.677 0.194 1.159 0.32 0.251 0.39 2.089 11 12 30 334 66 78 86 63 246
1999 1.085 0.585 1.584 0.535 0.406 0.665 2.068 9 15 32 382 71 97 125 65 218
2000 0.85 0.558 1.143 0.609 0.481 0.738 1.373 14 16 31 353 70 87 131 67 220
2001 0.96 0.422 1.497 0.836 0.635 1.037 1.106 9 12 27 320 71 86 195 76 220
2002 1.047 0.74 1.355 0.914 0.696 1.132 1.121 12 16 35 371 58 73 205 73 222
2003 1.821 1.102 2.541 0.517 0.365 0.668 3.064 10 14 47 48.5 74 95 144 57 211
2004 1.06 0.485 1.635 0.445 0.303 0.588 2.351 9 6 99 456 117 85 93 48 219
2005 1.069 0.421 1.717 0.445 0.319 0.571 1.839 11 8 100 431 115 75 93 57 218
2006 0.702 0.339 1.064 0.253 0.157 0.349 2.773 16 5 101 48.3 115 105 61 43 227
2007 1.01 0.06 1.96 0.382 0.244 0.519 2 11 7 99 40.6 117 85 120 49 244
2008 0.966 0.287 1.645 0.393 0.255 0.531 1.954 8 4 101 424 116 85 93 43 226
2009 3.529 2.441 4.618 1.653 1.349 1.957 1.885 11 5 101  42.0 115 93 0 127 297
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Table A30. Age length key used for estimating mean lengths at age and variation from ages in
the spring, winter, 2001 & 2004 cooperative, and fall surveys.

age
length? 1 2 3 4 5 6 7 8 9 10!total
8 T 1
9, 4 "t
100 19 L
1 25 3 28
120 26 9 '35
131 23 21 144
14, 24 18 V42
150 27 28 -
6 15 48 " 63
17, 22 43 \ 85
181 26 56 2 1oe4
19, 8 54 16 \T8
20! 4 50 34 ! 88
21 25 72 vo97
22} 29 82 1111
23! 32 81 1 1114
24 22 120 | 142
25! 23 127 ! 150
261 27 149 176
27, 22 174 5 1201
28! 20 140 53 1213
29, 6 89 130 \225
30! 4 46 163 \213
311 3 26 178 207
32, 26 183 | 209
33! 22 154 1176
34 1 19 192 \212
35, 23 203 1226
36! 25 184 1209
37, 20 197 6 223
38! 20 173 31 224
301 11 104 84 199
40, 8 63 140 1211
oy 3 29 171 1203
42, 26 200 | 226
43! 1 22 209 \o232
44 26 197 223
45, 19 200 1219
46! 24 179 1203
47, 28 184 4 | 216
48! 17 197 32 ! 246
491 12 123 81 1216
50, 13 98 141 1252
51! 2 33 157 1192
521 1 28 186 215
53, 24 186 1210
541 20 184 204
55, 19 198 o217
56! 15 191 1 o207
571 12 179 1 \192
58, 20 143 3 | 166
50! 19 117 25 1161
60, 8 68 87 | 163
61! 2 37 99 138
621 19 113 132
63) 1 13 81 195
64! 9 101 110
65 12 86 |98
66! 7 60 'oe7
671 5 63 68
68, 3 66 169
69! 8 53 2 [
704 3 38 23 | 64
71! 3 27 32 'oe2
721 16 52 168
73, 2 52 | 54
74! 4 51 [
751 1 38 39
76, 4 42 146
7 4 31 135
78, 2 41 .43
79! 1 26 [
801 3 40 9 \52
81} 2 18 9 29
82! 1 18 20 139
83, 5 20 .25
84! 2 25 Vo
851 2 18 20
86, 3 10 1, 14
87! 1 15 116
88, 4 12 |16
89! 2 7 o9
901 2 3
91, 7 1 7
92! 3 205
93 4 "4
94, 2 i 2
951 1 2 215
96, 1 2, 3
97! 2 o2
981 1 u2
102} 2, 2
1031 o1
105, 2 2
107! 11
1101 11
total, 224 544 1336 2202 2220 1986 944 486 169 16, 10127
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Table A31. Area swept expansions used for scaling the stratified numbers per tow indices. Nm?
represents the square nautical miles covered by the survey.

Survey nm? footprint expansions
Shrimp North 6,147 0.00350 1,756,286
Winter South 30,014 0.01270 2,363,307
Scallop South 13,204 0.00110 12,003,636
Fall & Spring North 26,265 0.01120 2,345,089
Fall & Spring South 37,081 0.01120 3,310,804
Fall and spring combine albatross 63,346 0.01120 5,655,893
Fall and spring combine Bigelow 63,346  0.00700 9,049,429
ME/NH Fall North 4517 0.00462 977,324
MDMF Fall North 1,055 0.00385 274,311
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Table A32. Northern area goosefish SCALE runs residual sum of squares, input weights & effective sample sizes, estimated Qs,

Fstart, age-1 recruitment in year 1 (1980), and estimated logistic selectivity parameters (Lso, slope). First column under each

run=weights, second column=residual sum of square.
2

Run number 2007 1 3 4 5 6 7 8
Discription Data Poor add 07-09 add ME/NH drop MDMF est Fstart high eff samp  low vrec high vrec Final WG run
Final run and MDMF catch If fix Fstart
total objective function 241.34 263.77 428.14 289.85 288.54 509.84 267.04 338.43 291.22
total catch 10 0.68 10 167 10 4.12 10 3.27 10 3.53 10 11.49 10 4.69 10 1.10 10 357
catch len freq 1+ 400 9.57 400 11.67 400 13.50 400 12.24 400 12.39 10k 207.35 400 14.43 400 11.31 400 12.35
Vrec 5 2493 5 2472 5 29.14 5 28.09 5 28.01 5 2437 2 18.86 25 29.00 5 28.02
Fall age 1 2 3241 2 3519 2 3545 2 35.15 2 3483 2 43.23 2 29.25 2 50.20 2 34.69
Spring age 2 2 2945 2 31.78 2 2971 2 30.28 2 3019 2 3439 2 2432 2 45.29 2 29.35
Spring age 3 2 30.78 2 31.79 2 31.68 2 31.55 2 31.79 2 34.76 2 29.69 2 40.59 2 3216
Shrimp age 1 2 2154 2 2574 2 28.04 2 25.81 2 2572 2 30.63 2 2570 2 25.63 2 26.49
Shrimp age 2 2 6.52 2 713 2 6.15 2 6.46 2 6.46 2 1114 2 6.03 2 923 2 635
Fall ME/NH age 1 2 1592 2 16.40 2 16.38 2 20.67 2 15.33 2 20.14 2 15.76
Fall MDMF age 1 2 1611
Fall adult 40+ 3 15.96 3 15.68 3 13.74 3 14.80 3 1452 3 12,98 3 1454 3 1441 3 15.17
Spring adult 40+ 3 12.84 3 14.00 3 1284 3 13.09 3 11.33 3 9.59 3 11.41 3 12.65 3 1432
Shrimp adult 40+ 3 1511 3 17.83 3 20.59 3 18.25 3 1848 3 15.09 3 17.69 3 22.02 3 18.60
Fall ME/NH 40+ 3 3.00 3 3.51 3 3.33 3 3.90 3 2.73 3 551 3 335
Fall MDMF 40+ 3 2430
Fall len freq 30+ 25 13.82 25 14.78 25 15.16 25 14.94 25 15.26 25 15.00 25 1544 25 14.75 25 14.96
Spring len freq 30+ 25 13.18 25 14.21 25 14.60 25 14.37 25 14.67 25 14.59 25 14.90 25 14.12 25 14.40
Shrimp len freq 30+ 75 14.28 75 15.85 75  16.29 75 15.91 75 15.95 75 1511 75 16.25 75 16.24 75 15.95
Coop len freq 30+ 100 0.26 100 0.49 100 0.68 100 0.57 100 0.60 100 0.45 100 0.70 100 0.56 100 0.58
Fall Bigelow len freq 30+ 0.72 100 0.90 100 0.78 100 0.80 100 0.90 100 0.86 100 0.68 100 0.79
Spring Bigelow len freq 30+ 0.51 100 0.62 100 0.54 100 0.55 100 0.62 100 0.59 100 0.50 100 0.55
Fall ME/NH len freq 30+ 50 3.60 50 3.85 50 3.74 50 3.61 50 3.61 50 451 50 381
Fall MDMF len freq 30+ 50 91.99
Q Fallage 1 0.024 0.009 0.011 0.010 0.010 0.011 0.010 0.007 0.010
Q Spring age 2 0.036 0.008 0.010 0.009 0.009 0.010 0.010 0.007 0.009
Q Spring age 3 0.049 0.014 0.017 0.016 0.016 0.017 0.017 0.012 0.016
Q Shrimp age 1 0.025 0.034 0.041 0.038 0.039 0.040 0.038 0.031 0.040
Q Shrimp age 2 0.038 0.098 0.116 0.109 0.110 0.115 0.108 0.088 0.112
Q ME/NH age 1 0.015 0.013 0.013 0.015 0.013 0.011 0.014
Q MDMF age 1 0.001
Q Fall adult 40+ 0.041 0.040 0.054 0.047 0.052 0.055 0.058 0.029 0.048
Q Spring adult 40+ 0.044 0.043 0.059 0.051 0.056 0.060 0.062 0.032 0.052
Q Shrimp adult 40+ 0.130 0.107 0.156 0.129 0.138 0.147 0.151 0.079 0.134
Q ME/NH adult 40+ 0.066 0.051 0.055 0.057 0.059 0.033 0.054
Q MDMF adult 40+ 0.003
Fstart 0.01 0.01 0.01 0.01 0.36 0.39 0.36 0.12 0.01
recruitment year 1 20.5 18.8 15.7 16.5 16.6 15.9 14.3 25.7 16.1
Selectivity
block 1 (1980-2009)
alpha 42.7 43.1 56.5 47.7 49.3 49.2 56.4 39.2 48.9
beta 0.16 0.16 0.12 0.14 0.13 0.14 0.12 0.19 0.13
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Table A33. Southern area goosefish SCALE runs residual sum of squares, input weights & effective sample sizes, estimated Qs,
Fstart, agel recruitment in year 1, and the estimated logistic selectivity parameters (Lso, slope). First column under each run are
weights, residual sum of squares in the second .

Run number 2007 1 2 3 4 5 6 7 8
Discription Data Poor add 07-09 est Fstart 1 block 2 block 3 block high eff samp  higher eff samp Final run
Final run catch If catch If 2 block, fix Fstart
total objective function 287.71 357.68 348.72 353.23 348.78 348.32 390.70 450.93 358.77
total catch 10 0.93 10 0.96 10 0.50 10 0.59 10 0.50 10 0.48 10 1.22 10 4.69 10 0.91
catch len freq 1+ 400 9.22 400 12.12 400 12.33 400 13.22 400 12.53 400 11.67 2k 45.68 5k 91.47 400 12.09
Vrec 5 13.59 5 20.97 5 20.35 5 20.63 5 20.35 5 20.40 5 18.49 5 17.39 5 22.00
Fall age 1 2 29.50 2 4964 2 49.10 2 49.34 2 49.14 2 48.99 2 51.08 2 53.65 2 49.34
Spring age 2 2 16.95 2 3349 2 3345 2 33.36 2 33.45 2 3346 2 33.69 2 34.02 2 33.79
Spring age 3 2 36.32 2 40.27 2 40.15 2 4041 2 40.16 2 40.14 2 41.03 2 4246 2 40.00
Winter age 2 2 6.85 2 6.65 2 6.62 2 6.70 2 6.61 2 6.63 2 7.06 2 7.83 2 6.67
Winter age 3 2 1227 2 1321 2 12,98 2 1324 2 1297 2 12,98 2 12.69 2 1292 2 13.03
Scallop age 1 3 2931 3 33.14 3 3287 3 33.08 3 32.89 3 32.82 3 35.12 3 37.69 3 3255
Scallop age 2 3 13.56 3 16.39 3 16.06 3 16.27 3 16.07 3  16.03 3 17.11 3 18.70 3 15.95
Fall adult 40+ 3 20.74 3 2284 3 20.14 3 2093 3 20.03 3 20.28 3 20.73 3 2145 3 2444
Spring adult 40+ 3 27.87 3 28.86 3 2454 3 2643 3 2446 3 2475 3 24.65 3 25.36 3 28.82
winter adult 40+ 3 4.08 3 518 3 501 3 5.18 3 5.00 3 5.08 3 521 3 5.37 3 525
Scallop adult 40+ 3 16.66 3 17.42 3 17.73 3 16.78 3 17.76 3 17.65 3 19.28 3 2093 3 17.36
fall len freq 30+ 25 12.60 25 13.92 25 14.04 25 13.99 25 14.04 25 14.04 25 13.90 25 13.86 25 1391
spring len freq 30+ 25 16.84 25 17.98 25 18.02 25 18.00 25 18.02 25 18.01 25 18.02 25 18.10 25 17.97
winter len freq 30+ 75 5.64 75 6.43 75 6.53 75 6.56 75 6.52 75 6.55 75 6.25 75 6.17 75 6.43
Coop len freq 30+ 100 033 100 0.71 100 0.73 100 0.75 100 0.72 100 0.73 200 1.36 200 1.33 100 0.72
Scallop len freq 30+ 75 14.46 75 16.37 75 16.42 75 16.61 75 16.41 75 16.47 75 16.01 75 15.67 75 16.40
Fall Bigelow len freq 30+ 100 0.70 100 0.71 100 0.72 100 0.71 100 0.71 200 1.34 200 1.19 100 0.70
Spring Bigelow len freq 30+ 100 0.42 100 0.44 100 0.44 100 0.43 100 0.44 200 0.80 200 0.68 100 0.43
Q Fallage 1 0.024 0.006 0.005 0.005 0.005 0.005 0.006 0.008 0.006
Q Spring age 2 0.045 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.002
Q Spring age 3 0.045 0.010 0.008 0.008 0.008 0.008 0.010 0.012 0.009
Q Winter age 2 0.038 0.010 0.008 0.008 0.008 0.008 0.010 0.012 0.010
Q Winter age 3 0.046 0.086 0.072 0.072 0.073 0.069 0.084 0.100 0.083
Q Scallop age 1 0.026 0.286 0.237 0.240 0.241 0.229 0.280 0.334 0.281
Q Scallop age 2 0.040 0.172 0.142 0.144 0.145 0.138 0.168 0.201 0.168
Q Fall adult 40+ 0.027 0.025 0.020 0.019 0.021 0.019 0.025 0.033 0.023
Q Spring adult 40+ 0.018 0.017 0.014 0.013 0.014 0.013 0.017 0.023 0.016
Q winter adult 40+ 0.249 0.162 0.137 0.127 0.140 0.130 0.174 0.229 0.155
Q Scallop adult 40+ 0.510 0.196 0.164 0.155 0.168 0.157 0.205 0.267 0.187
Fstart 0.2 0.2 0 0 0 0 0 0 0.2
recruitment year 1 31.05 27.4 32.2 32.3 31.7 33.4 26.9 315 28.1
Selectivity
block 1 80-95 80-95 80-95 80-09 80-95 80-95 80-95 80-95 80-01
alpha 40.238 47.802 25.83 43.99 25.87 25.81 32.33 37.13 45.59
beta 0.1304 0.1017 0.28 0.15 0.28 0.28 0.19 0.15 0.15
block 2 96-03 96-03 96-03 96-09 96-01 96-01 96-01 02-09
alpha 48.323 48.495 46.21 47.68 42.63 42.45 44.12 50.69
beta 0.1469 0.1456 0.16 0.15 0.19 0.18 0.17 0.13
block 3 04-07 04-07 04-07 02-07 02-07 02-07
alpha 50.981 50.13 48.77 49.70 52.78 60
beta 0.134 0.14 0.14 0.14 0.13 0.1196
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Table A34. Combined management area goosefish runs of residual sum of squares, input
weights & effective sample sizes, estimated Qs, Fstart, agel recruitment in year 1, and the
estimated logistic selectivity parameters (Lso, slope). First column under each run are the

weights. Residual sum of squares are in the second column.

Run number 1 2 3 4
Discription 1 block 2 block high eff samp Final run
combined catch If add ME/NH
total objective function 324.83 324.70 386.14 356.83
total catch 10 0.89 10 0.86 10 4.63 10 173
catch len freq 1+ 400 8.60 400 8.36 4k 57.50 400 8.42
Vrec 5 16.05 5 15.90 5 15.06 5 17.59
Fall age 1 2 2393 2 2396 2 26.42 2 2448
Spring age 2 2 2671 2 26.82 2 27.86 2 25.05
Spring age 3 2 23.15 2 2319 2 2574 2 23.70
Winter age 2 2 897 2 896 2 939 2 941
Winter age 3 2 15.00 2 1497 2 15.10 2 1498
Scallop age 1 2 28.03 2 2797 2 29.53 2 28.58
Scallop age 2 2 16.52 2 16.46 2 17.81 2 16.76
Shrimp age 1 2 3158 2 3151 2 3184 2 3218
Shrimp age 2 2 934 2 935 2 10.01 2 8.66
Fall ME/NH age 1 2 18.42
Fall adult 40+ 3 10.55 3 10.66 3 956 3 1181
Spring adult 40+ 3 11.01 3 11.08 3 10.25 3 1170
winter adult 40+ 3 5.48 3 5.53 3 4.68 3 532
Scallop adult 40+ 3 1247 3 12.49 3 14.17 3 12.56
Shrimp adult 40+ 3 21.06 3 2111 3 22.038 3 2112
Fall ME/NH 40+ 3 477
fall len freq 30+ 25 7.27 25 7.27 25 7.20 25 7.29
spring len freq 30+ 25 8.28 25 8.28 25 8.38 25 833
winter len freq 30+ 75  6.50 75  6.52 75 6.13 75 6.46
Coop len freq 30+ 100 0.44 100 0.45 100 0.80 100 0.44
Scallop len freq 30+ 75 15.63 75 15.64 75 15.08 75 15.44
Fall Bigelow len freq 30+ 100 0.38 100 0.38 100 0.70 100 0.39
Spring Bigelow len freq 30 100  0.28 100 0.28 100 0.51 100 0.29
Shrimp len freq 30+ 75 16.69 75 16.70 75 15.76 75 16.43
Fall ME/NH len freq 30+ 50 451
Q Fall age 1 0.007 0.007 0.010 0.008
Q Spring age 2 0.004 0.004 0.005 0.005
Q Spring age 3 0.011 0.011 0.015 0.013
Q Winter age 2 0.004 0.004 0.005 0.005
Q Winter age 3 0.036 0.035 0.049 0.043
Q Scallop age 1 0.120 0.116 0.161 0.145
Q Scallop age 2 0.073 0.071 0.098 0.088
Q Shrimp age 1 0.014 0.014 0.019 0.017
Q Shrimp age 2 0.038 0.037 0.051 0.046
Q ME/NH age 1 0.006
Q Fall adult 40+ 0.024 0.023 0.037 0.030
Q Spring adult 40+ 0.022 0.021 0.034 0.027
Q winter adult 40+ 0.068 0.066 0.111 0.086
Q Scallop adult 40+ 0.088 0.085 0.139 0.111
Q Shrimp adult 40+ 0.032 0.031 0.052 0.041
Q ME/NH adult 40+ 0.017
Fstart 0 0 0 0.1
recruitment year 1 56.2 58.2 40.2 47.0
Selectivity
block 1 80-09 80-01 80-01 80-01
alpha 41.02 39.16 42.53 43.73
beta 0.17 0.20 0.16 0.16
block 2 02-09 02-09 02-09
alpha 42.27 49.78 42.34
beta 0.16 0.14 0.16
th ol
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Table A35. Estimates of age-1 recruitment, biomass and fishing mortality rates from SCALE model final runs. Estimates by area do
not sum to combined area because combined data were fit independently to the SCALE model.

North South North+South
Age-1 Age-1 Age-1 Exploitable  Total
Recruitment Exploitable Total Biomass Recruitment  Exploitable Total Biomass Recruitment Biomass Biomass

Year (millions) Biomass (kt) (kt) F Year (millions)  Biomass (kt) (kt) F Year (millions) (kt) (kt) F
1980 16.10 82.46 100.41 0.06 1980 28.15 81.96 107.06 0.09 | 1980 47.01 185.69 224.35 0.07
1981 11.46 78.75 96.30 0.06 1981 29.97 89.37 115.01 0.06 | 1981 40.21 190.56 229.05 0.06
1982 11.91 75.72 92.72 0.07 1982 24.06 98.43 124.27 0.05 1982 33.52 197.14 234.75 0.06
1983 11.63 72.64 88.83 0.08 1983 21.67 107.29 132.90 0.05 | 1983 29.94 202.77 238.44 0.06
1984 10.63 70.08 85.11 0.09 1984 21.24 114.83 139.68 0.05 | 1984 31.26 206.82 239.60 0.06
1985 8.18 67.05 80.64 0.11 1985 20.38 121.29 144.76 0.05 | 1985 30.39 207.98 237.52 0.07
1986 11.94 62.73 75.29 0.10 1986 23.54 124.26 146.10 0.04 | 1986 36.68 202.91 230.28 0.06
1987 11.17 58.72 70.65 0.13 1987 35.80 125.30 146.74 0.04 | 1987 53.11 195.62 22331 0.07
1988 13.62 53.13 64.71 0.16 1988 9.86 123.74 144.90 0.05 | 1988 26.26 184.10 212.73 0.08
1989 18.60 47.13 59.08 0.23 1989 25.47 119.42 141.06 0.12 | 1989 47.96 170.54 201.39 0.15
1990 21.67 39.86 53.05 0.26 1990 33.10 108.17 130.58 0.10 | 1990 60.76 150.32 184.00 0.14
1991 17.09 34.17 48.97 0.28 1991 38.97 101.92 124.95 0.14 | 1991 60.04 138.62 174.57 0.17
1992 18.94 30.59 47.29 0.35 1992 31.91 93.72 117.58 0.21 | 1992 55.46 128.64 167.51 0.23
1993 29.38 29.19 47.97 0.59 1993 43.44 82.27 109.37 0.28 1993 82.42 120.00 164.34 0.34
1994 26.59 26.01 45.86 0.60 1994 35.18 73.93 104.02 0.25 | 1994 69.22 111.59 159.72 0.30
1995 12.33 24.98 45.20 0.75 1995 29.46 73.01 104.47 0.31 | 1995 44.06 113.24 163.06 0.35
1996 15.79 22.70 43.10 0.89 1996 22.94 72.48 103.37 0.32 | 1996 36.24 114.10 163.68 0.37
1997 28.49 20.93 41.24 0.71 1997 24.03 73.69 102.86 0.33 | 1997 54.61 117.86 164.65 0.32
1998 34.25 22.80 42.80 0.42 1998 42.71 74.33 101.37 0.32 | 1998 87.62 125.04 168.26 0.25
1999 44.00 27.41 49.04 0.42 1999 37.69 73.38 99.18 0.26 | 1999 90.31 132.81 176.67 0.21
2000 44.14 30.09 56.03 0.46 2000 33.29 75.61 102.21 0.17 | 2000 89.04 140.18 190.91 0.18
2001 29.07 32.00 63.18 0.68 2001 16.24 80.07 108.54 0.21 | 2001 51.68 149.19 208.16 0.24
2002 18.41 31.86 65.53 0.82 2002 32.18 75.42 111.90 0.20 | 2002 50.72 159.36 217.60 0.22
2003 18.77 32.88 65.46 1.13 2003 41.83 79.97 117.06 0.22 | 2003 59.05 172.86 227.53 0.25
2004 19.80 30.01 57.08 0.96 2004 24.29 84.23 119.19 0.16 | 2004 48.59 181.57 228.84 0.19
2005 14.75 28.98 50.61 0.71 2005 16.46 89.88 123.05 0.16 | 2005 31.23 189.35 230.49 0.17
2006 25.03 29.00 47.89 0.38 2006 14.45 92.91 125.72 0.13 | 2006 49.41 195.11 233.33 0.12
2007 18.37 32.74 51.41 0.22 2007 13.11 97.80 129.20 0.12 | 2007 33.19 207.81 243.26 0.09
2008 17.46 38.96 58.23 0.14 2008 17.88 103.98 131.09 0.10 | 2008 38.97 219.86 252.43 0.07
2009 16.15 46.15 66.06 0.10 2009 18.99 108.74 131.22 0.07 | 2009 35.74 224.32 255.33 0.05
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Table A36.

AGE

Calculated age-specific retrospective adjustments based on 7 peels.

area 1 2 3

4 5

6 7

8 9 10 11 12

North 78% 74% 73%
South 71% 89% 92%
Combined 76% 79% 80%

71% 71%
92% 92%
79% 80%

64% 51%
90% 88%
78% 75%

39% 29% 23% 19% 17%
86% 85% 83% 81% 78%
73% 71% 69% 66% 63%

Table A37. Summary of possible explanations for lack of fit and/or retrospective error in

SCALE model results.

Error type  Observation

Observation  Recruitment pulse

Error in North late
1990s

Declining / not-
increasing survey
indices

Declining / not-
increasing survey
indices

Catch has
declined

Catch and survey
LF’s do not
expand when
catches decline
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Hypothesis
for
Observation
Caused by
change in
survey q

Caused by
change in
survey g

Caused by
change in
availability of
monks to
survey

Due to more
than change in
regulations

Fish move out
of survey /
fishery area

95

Perceived
Likelihood

Low

Low

Low

Low

?77?

Evidence For or Against

NO:

-Multiple surveys show pulse
-shows up in CPUE at plausible
lags

-No reason to expect Q change
YES:

-Discarding did not show major
increase

NO:

- multiple surveys show trend

- no changes in survey gear or
method until 2009

NO:

-survey timing has not changed in
recent years (except scallop 2009)
-habitat compression due to
climate change not seen in GoM
or Northern MAB

NO:

-reporting methods haven’t
changed recent years

-recent discard sampling rates
decent

NO:

-Scotian Shelf summer indices
have same trend as US North
MAYBE:

-monkfish do occur in deeper
water (at least ~900 m) but not
necessarily just large ones
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Catch and survey  Larger fish do

LF’s do not not grow
expand when rapidly (aging
catches decline method
wrong)
Process Growth is linear Growth model
Error wrong
M wrong
Emigration
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96

Possibly
high

Possibly
high

High

Med-High

See below (Growth model wrong)

-Age method has not been
validated

-Other Lophius: some show
curvature in growth curve
-European studies: early growth
faster than previously thought

Probably live longer than we give
them credit for (max obs size =
138 cm, max size aged = 113 cm
=13yr)

If age method missing annuli,
then they live longer

YES:

Patterns in sex ratio at length
suggest portion of the stock
(maturing females) absent from
the US shelf at least some parts of
the year

NO:

Scotian Shelf survey indices
show same trends as US North

Monkfish; Tables



Table A38. Results of age-based yield-per-recruit analysis using M=0.3 and area-specific
selectivity patterns estimated by SCALE model. A-B: 2006 analysis, C-E: 2009 analysis.

DPWG SAWS50

A. North C. North

Reference Point YPR SSBR TotalB/R Reference Point YPR SSBR TotalB/R

Fzero 0.00 0.00 7.97 9.94 Fzero 0.00 0.00 5.39 6.41

F-01 0.18 0.56 3.22 4.81 F-01 0.27 0.51 2.55 3.46

F-Max 0.31 0.60 2.06 3.51 F-Max 0.43 0.54 1.85 2.69

F at 40% MSP 0.18 0.56 3.19 4.77 F at 40% MSP 0.35 0.54 2.15 3.03

B. South D. South

Reference Point YPR SSBR TotalB/R Reference Point YPR SSBR TotalB/R

Fzero 0.00 0.00 5.32 6.41 Fzero 0.00 0.00 5.39 6.41

F-01 0.25 0.50 2.43 3.39 F-01 0.28 0.52 2.59 3.51

F-Max 0.40 0.53 1.72 2.61 F-Max 0.46 0.55 1.88 2.73

F at 40% MSP 0.31 0.52 2.13 3.06 F at 40% MSP 0.38 0.55 2.15 3.04
E. North+South
Reference Point YPR SSBR TotalB/R
Fzero 0.00 0.00 5.39 6.41
F-01 0.24 0.48 2.44 3.32
F-Max 0.37 0.51 1.74 2.55
F at 40% MSP 0.28 0.50 2.15 3.00

th falh-
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Table A39. Estimated biological reference points, biomass and F for monkfish in northern and southern management regions and areas

combined.
Management Biomass BRPs in metric tons Estimates
Areas
North BRP Basis DPSWG 2007 |SDWG 2010 DPSWG 2007 | SDWG 2010 | SDWG 2010 Adjust
Fmax YPR 0.31 0.43 Current F 0.09 0.10 0.17
Current B 119,000 66,062 31,761
Bthreshold Bloss 1980-2006 65,200
Bthreshold Bloss 1980-2009 41,238
Bthreshold 0.5*Bmax Projected 26,465
Bthreshold 0.5*Bmax Proj Adjust 20,643
Btarget Bavg 1980-2006 92,200 62,371
Btarget Bavg 1980-2009 61,991
Btarget Bmax Projected 52,930
Btarget Bmax Proj Adjust 41,286
MSY Fmax Projected 10,745
South BRP Basis DPSWG 2007 |SDWG 2010 DPSWG 2007 | SDWG 2010 | SDWG 2010 Adjust
Fmax YPR 0.40 0.46 Current F 0.12 0.07 0.08
Current B 135,000 131,218 113,119
Bthreshold Bloss 1980-2006 96,400
Bthreshold Bloss 1980-2009 99,181
Bthreshold 0.5*Bmax Projected 37,245
Bthreshold 0.5*Bmax Proj Adjust 28,461
Btarget Bavg 1980-2006 122,500 120,292
Btarget Bavg 1980-2009 121,313
Btarget Bmax Projected 74,490
Btarget Bmax Proj Adjust 56,922
MSY Fmax Projected 15,279
Combined BRP Basis DPSWG 2007 [SDWG 2010 DPSWG 2007 | SDWG 2010 | SDWG 2010 Adjust
Fmax YPR 0.37 Current F 0.05 0.06
Current B 255,326 186,369
Bthreshold Bloss 1980-2009 159,715
Bthreshold 0.5*Bmax Projected 64,501
Bthreshold 0.5*Bmax Proj Adjust 49,021
Btarget Bavg 1980-2009 208,190
Btarget Bmax Projected 129,002
Btarget Bmax Proj Adjust 98,041
MSY Fmax Projected 25,943
th falhe
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Table A40. Projected catch and biomass (mt) for northern management region.

NMA Projection Table: Catch and Biomass in Metric tons

Annual P relative to BRP n/a = not applicable
ACT
Year F Total Catch Total Biomass P < 0.5*Bmax P < Bloss2006 P < Bloss2009 P > Fmax
2010 0.10 4,447 74,102 0% 5% 0% 0%
2011 0.22 10,750 81,907 0% 0% 0% 0%
2012 0.22 10,750 81,204 0% 1% 0% 0%
2013 0.22 10,750 80,225 0% 2% 0% 0%
2014 0.23 10,750 78,944 0% 4% 0% 0%
2015 0.24 10,750 77,548 0% 8% 0% 0%
2016 0.24 10,750 76,383 0% 14% 0% 0%
ABC
Year F Total Catch Total Biomass P < 0.5*Bmax P < Bloss2006 P < Bloss2009 P > Fmax
2010 0.10 4,447 74,102 0% 3% 0% 0%
2011 0.38 17,485 81,907 0% 0% 0% 4%
2012 0.44 17,485 73,769 0% 4% 0% 52%
2013 0.54 17,485 64,796 0% 52% 0% 94%
2014 0.71 17,485 55,815 0% 86% 1% 99%
2015 1.01 17,485 46,871 0% 96% 26% 100%
2016 1.69 17,485 37,631 12% 99% 2% 100%

Fthreshold
Year F Total Catch Total Biomass P < 0.5*Bmax P < Bloss2006 P < Bloss2009 P > Fmax
2010 0.10 4,447 74,102 0% 5% 0% 0%
2011 0.43 19,557 81,907 0% 0% 0% n/a
2012 0.43 16,553 70,831 0% 12% 1% n/a
2013 0.43 14,120 62,846 0% 68% 44% n/a
2014 0.43 12,402 57,627 0% 89% 73% n/a
2015 0.43 11,384 54,619 0% 93% 80% n/a
2016 0.43 10,883 53,298 0% 93% 84% n/a
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Table A41. Projected catch and biomass (mt) for southern management region.

SMA Projection Table: Catch and Biomass in Metric tons
Annual P relative to BRP

n/a = not applicable

ACT

Year F Total Catch Total Biomass P <0.5*Bmax P <Bloss2006 P < Bloss2009 P > Fmax
2010 0.07 6,235 131,344 0% 0% 0% 0%
2011 0.13 11,469 132,243 0% 0% 0% 0%
2012 0.14 11,469 126,295 0% 0% 0% 0%
2013 0.15 11,469 121,055 0% 1% 1% 0%
2014 0.16 11,469 116,674 0% 2% 4% 0%
2015 0.17 11,469 113,979 0% 5% 8% 0%
2016 0.17 11,469 113,777 0% 7% 11% 0%
ABC

Year F Total Catch |Total Biomass P <0.5*Bmax P < Bloss2006 P < Bloss2009 P > Fmax
2010 0.07 6,235 131,344 0% 0% 0% 0%
2011 0.15 13,326 132,243 0% 0% 0% 0%
2012 0.16 13,326 124,255 0% 0% 0% 0%
2013 0.18 13,326 114,149 0% 1% 2% 0%
2014 0.20 13,326 111,160 0% 7% 12% 0%
2015 0.22 13,326 107,047 0% 16% 23% 0%
2016 0.23 13,326 105,443 0% 22% 30% 0%

Fthreshold

Year F Total Catch Total Biomass P <0.5*Bmax P < Bloss2006 P < Bloss2009 P > Fmax
2010 0.07 6,235 131,344 0% 0% 0% 0%
2011 0.46 36,245 132,243 0% 0% 0% n/a
2012 0.46 25,171 99,182 0% 33% 50% n/a
2013 0.46 18,484 80,735 0% 99% 100% n/a
2014 0.46 15,033 72,167 0% 100% 100% n/a
2015 0.46 13,857 69,597 0% 100% 100% n/a
2016 0.46 13,878 69,949 0% 100% 100% n/a
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Table A42. Projected catch and biomass (mt) for northern and southern management regions
combined.

Combined Management Areas Projection Table: Catch and Biomass in Metric tons

Annual P relative to BRP n/a = not applicable

ACT

Year F Total Catch Total Biomass P <0.5*Bmax P <Bloss2006/P < Bloss2009 P > Fmax
2010 0.05 9,903 254,702 0% n/a 0% 0%
2011 0.12 22,219 259,839 0% n/a 0% 0%
2012 0.13 22,219 248,386 0% n/a 0% 0%
2013 0.14 22,219 238,189 0% n/a 0% 0%
2014 0.15 22,219 229,182 0% n/a 0% 0%
2015 0.16 22,219 222,237 0% n/a 0% 0%
2016 0.16 22,219 218,434 0% n/a 0% 0%
ABC

Year F Total Catch |Total Biomass P <0.5*Bmax P < Bloss2006 P < Bloss2009 P > Fmax
2010 0.05 9,903 254,702 0% n/a 0% 0%
2011 0.17 30,811 259,839 0% n/a 0% 0%
2012 0.19 30,811 238,818 0% n/a 0% 0%
2013 0.21 30,811 219,525 0% n/a 0% 0%
2014 0.24 30,811 202,164 0% n/a 0% 0%
2015 0.26 30,811 187,460 0% n/a 7% 0%
2016 0.29 30,811 176,021 0% n/a 23% 7%

Fthreshold

Year F Total Catch Total Biomass P <0.5*Bmax P < Bloss2006 P < Bloss2009 P > Fmax
2010 0.05 9,903 254,702 0% n/a 0% 0%
2011 0.37 62,664 259,839 0% n/a 0% n/a
2012 0.37 47,163 203,542 0% n/a 0% n/a
2013 0.37 36,947 167,133 0% n/a 25% n/a
2014 0.37 30,678 145,682 0% n/a 87% n/a
2015 0.37 27,411 134,286 0% n/a 97% n/a
2016 0.37 26,005 129,290 0% n/a 98% n/a
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Figure Al. Statistical areas used to define the northern and southern monkfish management areas
(from Richards 2006).
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Figure A2. Monkfish landings, by management area and total, 1964-20009.
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Figure A3. Commercial landings for monkfish by gear type and area.
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Figure A4. Discard ratios (mt monkfish discarded/mt all species landed) of goosefish by gear
and half year using the SBRM methodology in the northern area. Gillnet 2001 half=2 and dredge
2004 half=2 are not shown to preserve scale.
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Figure A5. Discard ratios (mt monkfish discarded/mt all species landed) of goosefish by gear
and half year using the SBRM methodology in the southern area. Trawl 2001 half=1 not shown
to preserve scale.
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Figure A7. Northern management area, landings at length by gear type, estimated using data
from fishery observers. Red=trawls, green=gillnets, blue=dredges, gold=other.
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Figure A7, continued. Northern management area, landings at length by gear type, estimated
using data from fishery observers. Red=trawls, green=gillnets, blue=dredges, gold=other.
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Figure A8. Southern management area, landings at length by gear type, estimated using data

from fishery observers. Red=trawls, green=gillnets, blue=dredges, gold=other.
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Figure A8, continued. Southern management area, landings at length by gear type, estimated
using data from fishery observers. Red=trawls, green=gillnets, blue=dredges, gold=other.
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Figure A9. Northern management area, discards at length by gear type, estimated using data
from fishery observers. Red=trawls, green=gillnets, blue=dredges, gold=other.
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Figure A9, continued. Northern management area, discards at length by gear type, estimated
using data from fishery observers. Red=trawls, green=gillnets, blue=dredges, gold=other.
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Figure A10. Southern management area, discards at length by gear type, estimated using data
from fishery observers. Red=trawls, green=gillnets, blue=dredges, gold=other.
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Figure A10, continued. Southern management area, discards at length by gear type, estimated
using data from fishery observers. Red=trawls, green=gillnets, blue=dredges, gold=other.
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Figure A11. Length composition of commercial catch estimated from observed length samples
in the northern management region.
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Figure A12. Length composition of commercial catch (discard estimates) estimated from
observed length samples in the southern management region.
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Figure A13. Length composition of commercial catch (discard estimates) estimated from
observed length samples in the northern and southern management regions combined.
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Figure Al4. Catch rates of monkfish in the northern and southern management areas from
observed tows that caught monkfish by gear-type. Left column, CPUE; right column, coefficient
of variation of CPUE estimate.
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Figure A15. Location of successful survey stations sampled during 2009 cooperative monkfish

survey, coded by net type and time of sampling (leg).

50" SAW Assessment Report 120

Monkfish; Figures



2008-2009
408 x 20 cm Fishing circle Trawl with 7”cookie sweep.
Design spread at end of bottom wing web 36 meters for a wing end angle of 24°.
Headrope 49 meters. Sweep 56 meters.
Ground gear 82 feet. End of ground gear to back straps’ door attachments 36 feet.
Sensor to back straps’ door attachments 6 feet.
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Figure A16. Plan for flat net used on F/V Endurance during 2009 cooperative survey.
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F/V ENDURANCE
2008-2009
508 x 20 cm Fishing circle Trawl with rock hopper sweep.
Design spread 45.6 meters for a wing end angle of 23°,
Headrope 79 meters.
Sweep 86 meters (10.4 meters w/o web).
Center section 40 meters w/ 14” discs. Wing sections 22.7 meters w/ 127 dises. 30cm chain.
Ground gear 60 feet. End of ground gear to back straps’ door attachment 36 feet.
Sensor to back straps’ door attachment 6 feet.
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Figure A17. Plan for rockhopper net used on F/V Endurance during 2009 cooperative survey.
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Figure A18. Plan for net used on F/V Mary K during 2009 cooperative survey.
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Figure A19. (A) Relationship between depth and wingspread for the cookie sweep net used on
the Mary K, 2009 cooperative survey. Data are from mensuration tows and depletion
experiments with good quality bottom contact and wingspread measurements, trimmed to sensor
tow length before averaging for each tow. Point at 400 m is average wingspread for tows > 200
m set depth, not an observed value; maximum depth with observed wingspread was 271 m. Point
at 37 m is based on only 6 wingspread readings. (B) relationship between average wingspread
during nominal tow vs. sensor tow duration.
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Figure A20. Wingspread-depth relationship for Endurance (A) cookie sweep net, (B) roller gear
net, and (C) relationship between average wingspread during nominal tow vs. sensor tow
duration.
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Figure A21. Relative difference between tow duration estimated from sensor data (tows with
good bottom contact readings) and nominal tow duration for each net. (A) Endurance and Mary
K cookie sweeps, (B) Endurance roller sweep.
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Figure A22. Adjustments to nominal average speed for tows with no bottom contact sensor data
to define sensor tow length (and average sensor tow speed).
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Figure A23. Location of depletion experiments for the 3 net types used in the 2009 cooperative
monkfish survey.
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Figure A24. Nominal catch per tow (kg) coded by net type.
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Figure A25. Nominal catch per tow (numbers) coded by net type.
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Figure A26. Relative frequency of catch per tow (number, kg), good survey tows.
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Figure A27. Depth distribution (binned by 10 m) of good survey tows from 2009 cooperative
monkfish survey.
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Figure A28. Effects of adjustments to derive sensor-based estimates, averaged over management
area. Variables have been scaled to fit on the same x-axis. Density is number per nautical mile.
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Figure A29. A. Minimum estimates (assuming 100% net efficiency) of population size and
biomass based on nominal and sensor-defined tows from 2001, 2004 and 2009 cooperative
surveys. B. Estimates assuming intermediate net efficiencies.
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Figure A30. Monkfish density (nominal number per nmi swept) by stratum, 2001, 2004, and
2009 cooperative surveys. Bottom panel shows deep strata.

50" SAW Assessment Report 135 Monkfish; Figures



2000

Nominal Monk Density by Area

1800 -
1600 -
1400 ~
1200 +
1000 +
800 +
600
400
200 -

Number per nmi

@ 2001 m 2004 O 2009

North

South

Figure A31. Nominal monkfish density by management region, 2001, 2004, 2009.
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Figure A32. Distribution of catch rates (number per tow) in 2001, 2004 and 2009 cooperative
surveys.
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2009 Monkfish bootstrap mean density distribution
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Figure A33. Results of bootstrapping analysis of monkfish catches in 2009 cooperative survey
for the entire survey region based on 1,000 realizations.
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Figure A34. Proportion at length from the 2009 cooperative survey for northern, southern and
combined management regions. Estimates were derived by applying proportion at length in each
stratum to minimum sensor-based population numbers in that stratum, summing to numbers at
length in each area and calculating the overall proportion at length.
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Figure A35. Mean length at age for samples from 2009 cooperative survey that were > 80 cm
(cyan diamonds) compared to mean length at age from NEFSC surveys and previous cooperative

surveys (from Johnson et al. 2008). N for cooperative survey samples: age 8 = 4; age 9 = 17; age
10=3; age 11=1.
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Figure A36. Length-weight relationships for male and female monkfish from northern and
southern management areas, 2009 cooperative survey data.
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Figure A37. Maturity ogives for male and female monkfish from northern and southern
management areas, 2009 cooperative survey data.
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Figure A38. Catch rates (kg per tow) in 2009 cooperative monkfish survey and NEFSC 2009

spring survey.
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Figure A39. Proportion at length in NFMA and SFMA from the 2009 cooperative survey (top
row), NEFSC 2009 spring survey (middle row) and NEFSC 2009 autumn survey (bottom row).
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Figure A40. Monthly distribution plots for monkfish, January-December.
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Figure A41. Distribution of monkfish from the NEFSC fall survey, 1963-2005 (from
www.nefsc.noaa.gov/sos).
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~ MENH Trawl Survey

Figure A42. Geographic distribution of catches in fall (top panel) and spring (bottom panel)
ME-NH inshore trawl surveys. Outer limit of survey (bold dark blue line) is 200 m.
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northern management region.
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Figure A44. Delta distribution (parametric) and bootstrapped (arithmetic) biomass and
abundance indices from the NEFSC autumn bottom trawl survey for the northern management
region from 1963-2008. Data prior to 1971 have been revised following an audit of historical
data. The 95% confidence limits are shown by the dashed line.
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Figure A45. Delta distribution (parametric) and bootstrapped (arithmetic) biomass and
abundance indices from the NEFSC spring bottom trawl survey for the northern management
region from 1968-2008. Data prior to 1971 have been revised following an audit of historical
data. The 95% confidence limits are shown by the dashed line.
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Figure A46. Delta distribution (parametric) and bootstrapped (arithmetic) biomass and
abundance indices from the NEFSC shrimp survey for the northern management region from
1991-2009. Data prior to 1971 have been revised following an audit of historical data. The 95%
confidence limits are shown by the dashed line.
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Figure A47. Survey indices from ME-NH inshore trawl surveys, NFMA.
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Figure A48. Goosefish length composition from the NEFSC spring and autumn bottom trawl
surveys in the northern management region,
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Figure A49. Minimum, median, and, maximum lengths for the northern management region
from (A) NEFSC autumn surveys and (B) NEFSC spring surveys
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Figure A50. ME-NH inshore survey length frequency plots, 2000-20009.
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Figure A51. Abundance indices for approximate age 1 (shrimp, scallop and autumn surveys) and
age 2 (winter and spring surveys) by yearclass. 2009 FSV Bigelow indices were corrected using
calibration coefficient for numbers.
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Figure A52. NEFSC spring and autumn surveys of monkfish biomass and abundance in the
southern management region.
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Figure A53. Delta distribution (parametric) and bootstrapped (arithmetic) biomass and
abundance indices from the NEFSC autumn bottom trawl survey for the southern management
region from 1963-2008. Data prior to 1971 have been revised following an audit of historical
data. The 95% confidence limits are shown by the dashed line.
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Figure A54. Delta distribution (parametric) and bootstrapped (arithmetic) biomass and
abundance indices from the NEFSC spring bottom trawl survey for the southern management
region from 1968-2008. Data prior to 1971 have been revised following an audit of historical
data. The 95% confidence limits are shown by the dashed line.
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Figure A55. Delta distribution (parametric) and bootstrapped (arithmetic) biomass and
abundance indices from the NEFSC winter survey for the southern management region from
1992-2007. Data prior to 1971 have been revised following an audit of historical data. The 95%
confidence limits are shown by the dashed line.
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Figure A56. Delta distribution (parametric) and bootstrapped (arithmetic) biomass and
abundance indices from the NEFSC scallop survey for the southern management region from
1983-2009. Data prior to 1971 have been revised following an audit of historical data. The 95%
confidence limits are shown by the dashed line.
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Figure A58. Minimum, median, and, maximum lengths for the southern management region
from (A) NEFSC autumn surveys and (B) NEFSC spring surveys.
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Figure A59. NEFSC spring and autumn surveys of monkfish biomass and abundance in both the
northern and southern management regions
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Figure A60. Delta distribution (parametric) and bootstrapped (arithmetic) biomass and
abundance indices from the NEFSC autumn bottom trawl survey for combined management
regions from 1963-2009. Data prior to 1971 have been revised following an audit of historical
data. The 95% confidence limits are shown by the dashed line.
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Figure A61. Delta distribution (parametric) and bootstrapped (arithmetic) biomass and
abundance indices from the NEFSC spring bottom trawl survey for management regions
combined from 1963-2009. Data prior to 1971 have been revised following an audit of historical
data. The 95% confidence limits are shown by the dashed line.
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Figure A62. Goosefish length composition from the NEFSC spring and autumn bottom trawl
surveys in both management regions combined, 1963-2009.
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Figure A63. Minimum, median, and, maximum lengths for the northern and southern
management regions combined from (A) NEFSC autumn surveys and (B) NEFSC spring
surveys.
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Figure A64. Northern management area monkfish recruitment indices at age. Centimeter
intervals used to estimate recruitment ages are given in parenthesis.
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Figure A65. Adult 40+ cm abundance indices for the northern management area.
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Figure A70. Length frequency distributions from the fall ME/NH bottom trawl survey from
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Figure A72. Age 1 (11 to 20cm) and 40+ cm indices from the fall MDMF bottom trawl survey
from 1978 to 2009. Many of the years in the age 1 index did not catch any monkfish and
relatively low numbers of 40+ cm monkfish are caught per tow.
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Northern Area estimated Coop 40+ cm estimated Q = 1.176

Southern Area estimated Coop 40+ cm estimated Q = 0.831

Combined Area estimated Coop 40+ cm estimated Q = 0.679

Figure A73. Estimated g’s and fits for the north, south, and combined management area
diagnostic runs which incorporated the absolute cooperative 40+ numbers.
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Figure A74. Northern management area monkfish SCALE sensitivity runs (table A3).
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Figure A75. Comparison of northern management area final runs from the 2007 and this

assessment. Run 1 (2007 run with updated 2007-2009 data) is also shown.
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Figure A76. Comparison of northern management area estimated selectivity for the final runs
from the 2007 and this assessment. Run 1 (2007 run with updated 2007-2009 data) is also
shown.
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Figure A78. Comparison of southern management area final runs from the 2007 and this
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Figure A79. Combined management area monkfish SCALE sensitivity runs.
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Figure A81. Northern management area retrospective plot for F, total biomass and age 1

recruitment (left). Retrospective relative trends to the terminal year run are on the r
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Figure A84. Trends in spawning biomass estimated from SCALE output of numbers at length
and applying relationships for maturity at length, weight at length and fraction female at length.
Fraction female was estimated from observed ratios at length in survey data (blue diamonds) and
assuming 50% female up to 70 cm and 100% female > 70 cm (pink squares).
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Figure A85. Yield per recruit and spawning stock biomass per recruit curves using selectivity
from 2010 SCALE model.
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Figure A86. Trends in total biomass and fishing mortality rate (F), from the assessment model (SCALE), relative to the existing
(2007) biological reference points for monkfish northern and southern management areas.
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Figure A87. Trends in total biomass and fishing mortality rate (F) from the assessment model (SCALE) relative to updated biological
reference points using existing definitions (Bloss, Fmax) for monkfish for northern and southern areas.
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Figure A88. Trends in total biomass and fishing mortality rate (F) from the assessment model (SCALE) relative to updated biological
reference points using existing definitions (Bloss, Fmax) for monkfish for combined areas.
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Figure A89. Trends in total biomass from the assessment model (SCALE), relative to the Bmax biological reference points for
monkfish for northern, southern and combined management areas.
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Figure A90. Total amount of food consumed by goosefish.
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Assessment Report (Monkfish)
May 18, 2010
Appendix A.la: Initial Analyses of Depletion Experiments

Initial Analyses of Depletion
Experiments for Monkfish

April 12,2010
Southern Demersal Working Group
SARC 50

Paul Rago

This information is distributed solely for the purpose of pre-dissemination
peer review. It has not been formally disseminated by NOAA. It does not
represent any final agency deferminaftion or policy.
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The Catchability Coefficient

A Fundamental Property in Fisheries Science

« Catchabilityis a scalar that translates indices of
relative abundance to absolute abundance.

* The catchability coefficient q was first defined in 1918
by Baranov who called it the “elemental intensity of
fishing” which is the fractional reduction in average
density per application of a unit of effort.

» Catchability is a parameter in every fisheries model that
combines indices of abundance and estimates of total
removals. If the model estimates absolute biomass or
numbers, then there is a q buried in the equation sets.

* Index = Catchability x Absolute Abundance

* Model-based estimates of catchability can be a source
of instability in dynamic models.
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Simple Depletion Models
Leslie and Davis 1939, DelLury 1947

Primary assumptions include

1) All extant individuals have the same probability of
being caught in a sample,

2) Expected catch in a sample is proportional to
sampling effort,

3) Units of sampling effort are independent and additive,

4) Catch depends on the cumulative catch of preceding
samples, and

5) All removals are known.

Assumptions are violated in subtle but importantways
* Variations with size of animal
» Changes in availability to gear
« Changes in behavior of animals
» Loss of animals as a result of sampling

50" SAW Assessment Report 213 Monkfish; Appendixes



The Basic Depletion Model

Catch = P(Capture|Encounter) x P(Encounter) x Population

1)  EC)=eZ|N

Where
e = gear efficiency
a= area swept by unit of gear
A= Total area occupied by population
N = total population size
q=-e (a/lA)

Note that density D = N/A so that
C=ealDD
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Deriving the Recursive Model

» Consider a population of size N, in an area of size A
such that the initial density is D,= N/A.

Let CJ =dg Nj_1 and Nj+1= NJ - CJ
* Then C1= q NO and N1=NO-C1
* Then 02: q N1 and N2:N1-C2

* Then C3: q N2 and N3:N2-C3
« Lather, rinse, repeat to get

@  EC)=4(N,-T)
i—1
where T_1=ZCj ,
j=1

H

for i =townumber.
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Why Space Matters

« Consider a population that exists over some area A and that the
population N is sessile. Assume that the sampling device has a 50%
efficiency and that it can sample 1/3 of the area per unit effort.

Method 1 Method 2
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300

Toy Example: Why spatial pattern of
depletion tows matters.

True Population = 300
True Efficiency=0.5

MLE(1) N=595, Efficiency=0.06
If the catch patterns are incorrectly
assumed to be the result of random

variability, then MLE estimates are
biased.

MLE(2) N=312 Efficiency=0.18

Pooling of samples can work /- you
know how to aggregate the tows.

MLE(3) N=300 Efficiency=0.50
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Consider a spatial pattern where the precision of sampling cannot be
controlled but it is possible to “know” where the gear is, after the
sample is taken. Clearly, the expected catch is a function of the amount
of overlap between successive tows.

Tow 1
Tow 1
20 16
15
10 |
5 1 0 0
D T T
1 Hit 2 Hits 3 Hits
Tow 1 and 2
Tow 2
w 20
T 15 - 11
Ml
. 51 0
s ® I
1 Hit 2 Hits 3 Hits
Tow 3
20
15 1 9
10 - 4 5
5
0 - == BN
1 Hit 2 Hits 3 Hits
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To solve the problem, it is necessary to
recast the depletion problem in terms of
density per unit area, AND to consider a
sample as a string of quadrats or patches.

AN" 0

E\-‘TJ: N O_C 1
= i?\"r() =€ ( a/4 )_L?\"ITO
=Ny (1- e (@/d))

D,=N,/A

D,=Ny/A
= (N, /A) (1-e (@/4))

N,=NC,
=N,(1-e(a/4)) - e (a/A)N,, (1-
e(a/A))
=N, (I-e(a/d)) (1-e(a/d))
=N, (I-e(a’d))?

N,=N,C,
=N, (I-efa’d))- - e (a/4)N, (I-
e(ad))’
=N, (I-e(wd))* (l-e(a/4))
=N, (I-e(@d))?

D,=N,/A
=(N,/4) (I-e (a/4))?
=D, (l-e (@A)
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D,=N,/A4
= (N/A) (1-e (@/A))?
=D, (1-e (@A)’
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The expected catch as a function of patch density.

« Via the miracle of recursive pluggation
j-1

a
3) E(C))=eaD,|1-e¢ o

+ Now we need to extend this concept to a tow where a tow consists of a set of
contiguous patches linked together. Record the number of times that a tow “hits”
a particular patch. The first tow will consist of a set of quadrats with one hit
each. The second tow, if it exactly overlaps the first, will consist of a set of
quadrats with two hits each. Otherwise it will have a mix of 1 and 2 hit cells. The
third tow can have some mix of 1, 2 or 3 hits. Etc. With some algebra you get

(4) E(C,)=eaq, Doif;,j(l_ey)j_l
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OK, where did the gamma come from and what is f; ;?

@) EC)=ea DY/, (-en)

- fi; Is the fraction of a tow of swept area a; that Is hit | times
« Gamma is ratio of the sampling device width over the
width of the patch. If the width of sampler is %z the width of
the cell, then gamma =0.5. Thus the patch size can
INncrease in response to increasing uncertainty in the actual
position of the sampling gear.

« Gamma can also be used to account for indirect effects of
sampling which may occur in a variety of ways. More on this
later.
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Deriving the expected catch for a set of randomly
overlapping tows. A depletion experiment on DE I

DE Il Depl Exp ALL tows DE Il Depl Exp w/o 118,120,122,153
39.298 | 39.298 I | |
29.297T 1 39297
30.296 | 4
39.206 |
39.295 |-
39.205 |-
'5 39.294 45
39.203 - | 392941
39292 |- 4 39203|
39.291 |- 1 39292
39.290 "\ é') 6‘; ; y | | o
o & 39201
oF o pF pF pF of -73.862 -73.861 -73.860 -73.859 -73.858
LON LON
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A kernel density can be used to
llustrate to concentration of
sampling intensity.

DE |l Depl Exp w/o 118,120,122,153

39.298

39.296 -

39.294 -

LAT

39.292 |-
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o \ o
%@ﬂe‘ %‘Jq‘rbe %‘3%0@
1S 48 4%
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experiment #5
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The hit frequency matrix for the Delaware |l depletion experiment

100%
= 80%
=
>,  60% |
- o
w— £
o= 40%
[ =
o
® 20%
©
L

0%

Hit Frequency

RN L T N T

TR -
W5 hit
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01 hit

NOONORNDOEN PP DD oD DN DO RN DPN R

Tow Number
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experiment #1
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Experiment #1
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Experiment #1

40— 1
I
I9 30 — —
g 1235
o= 1= B
(o=
10 | |
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CUMCAT
Tow Area Swept Efftv Area
cr 1 566598.0 194434.7
CI 2 572557.0 157118.4
CI 3 569450.0 120054.9
CI 4 545625.0 90817.8
CI 5 525474.0 78258.5
CI 6 509265.0 62348.7
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experiment #2
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Experiment #2
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Experiment #2

CATCH

50

Tow Area Swept Efftv Area
cr 1 590158.0 560650.0
CI 2 533897.0 196483.1
CI 3 545551.0 157031.4
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Experiment #3
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experiment #4
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Experiment #4
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Experiment #5
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experiment #6
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Experiment #6
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Experiment %6

CATCH

arson r Influence

Pe

010
003
003
ooz

o]

O

o

o

| ., | 001
30 . D.00

n 100 200 300
CUMCAT

Tow  Area Swept Efftv Area C 5% C _50% C pred OBS C_95%
CI 1 11435328.0 57466.9 28. 4a7. 47. 51. T1.
CI 2 1228838.0 59257.8 29. 48. 48. 40. 73.
CI 3 1101188.0 50926.9 25. 41. 41. 33. 63.
CI 4 1180802.0 52736.3 26. 43. 43. 37. 65.
CI 5 1158107.0 49689.5 24. 40. 40. 31. 62.
CI 6 1031628.0 42518.2 20. 35. 34. 58. 53.
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experiment #7
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Experiment #7
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Experiment #7

CLIMCAT

Tow Area Swept Efftv Area

cI 1 928448.0 107%75.1
CI £ 8943659.0 94451.2
CI 3 966692.0 94029.5
CT 4 719680.0 64567.9
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experiment #8
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Experiment #8
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Experiment #3

19 : I : N

L1 -

I
2 15| -
=
o
-
14 l Pearson r Influence
g 0.10
008
13 — 0.08
0.07
S 8%
e O = @ - :
+ Qo2
" | | | | | . oo
0 10 20 30 40 all G0
CUMCAT
Tow  Area Swept Efftv Area C_ 5% C_50% C_pred OBS C_95%
CI 1 920410.0 46320.6 10. l6. 15. 17. 23.
CI 2 963823.0 46667.1 10. 16. 16. 12. 23.
CI 3 899735.0 41741.6 9. 15. 14. 12. 21.
CI 4 891727.0 39852.1 9. 14. 13. 12. 21.
CT 5 904538.0 38716.8 8. 14. 13. 18. 20.
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Appendix Alb: Analysis of Depletion Experiments

DISCUSSION DOCUMENT FOR SARC
APRIL 12, 2010
This information is distributed solely for the purpose of pre-dissemination peer review. It has not been formally
disseminated by NOAA. It does not represent any final agency determination or policy.

Prepared by Paul Rago

F/V Mary K Depletion Exp#l- MonkFfish Cooperative Survey 2009 Cookie sweep
Initial Values of parameters

.00009 =Mean density of monkfish per sq ft

.60000 =Efficiency of trawl
800.00000 =K parameter for negative binomial dist

-79900 =Gamma parameter; initial guess=trawl width/cell width
Bounds on parameters
Param # Lower Bound Upper Bound

1 1.000000000000000E-007  2.000000000000000E-002
2  5.000000000000000E-002  9.500000000000000E-001
3  5.000000000000000E-001 2000.100000000000000
4  8.000000000000000E-001  8.001000000000000E-001

max # tows= 6
Max number of hits = 6

Value of likelihood function at initial guess:

.000090 .600000 800.000000 -799000 44.0247337183
Starting Pt Density Efficiency K Parameter Gamma Par Likelihood Fc
n
Init Cond .000214 .327869 -500000 -800000 27.252829
Restart from IC .000214 -327869 -500000 -800000 27.252829
At 0.75 Current .000214 .327611 -500000 -800002 27.252829
At 1.25 Current .000209 .342985 61.461972 -800001 18.847179
At Current .000209 .343162 60.701874 -800002 18.847125
At 1.25 IniCond .000215 .327795 -500000 -800077 27.252829
At Current .000215 .327795 -500000 -800077 27.252829
At 0.75 IniCond .000214 .327697 -500000 -800100 27.252829
At Current .000214 .327697 -500000 -800100 27.252829
BEST soln= .00021 .34316 60.70187 .80000 18.8471245429
Ave Density/ft"2 .0002091
Efficiency .3431617
K Parameter 60.70187
Gamma Parameter .80000
Profile range for m= .0001715726 -0002532903
Profile range for e= .2555851981 .4721314370
Profile range for k=  -10784.9992906401 -164.6256330889
Profile range for g= .5432191982 1.0672223640

Profile likelihood for Gamma:
index gamma  LogLikelihood

Gamma Profile: 1 .50000 18.86886
Gamma Profile: 2 .51250 18.87012
Gamma Profile: 3 .52500 18.86543
Gamma Profile: 4 .53750 18.86469
Gamma Profile: 5 .55000 18.86293
Gamma Profile: 6 .56250 18.84725
Gamma Profile: 7 .57500 18.84734
Gamma Profile: 8 .58750 18.84717
Gamma Profile: 9 .60000 18.84847
Gamma Profile: 10 .61250 18.84722
Gamma Profile: 11 .62500 18.84749
Gamma Profile: 12 .63750 18.84717
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Gamma Profile: 13 .65000 18.84728

Gamma Profile: 14 .66250 18.84740
Gamma Profile: 15 .67500 18.84718
Gamma Profile: 16 .68750 18.84719
Gamma Profile: 17 . 70000 18.84739
Gamma Profile: 18 .71250 18.84721
Gamma Profile: 19 . 72500 18.84729
Gamma Profile: 20 . 73750 18.84718
Gamma Profile: 21 . 75000 18.84719
Gamma Profile: 22 . 76250 18.84724
Gamma Profile: 23 . 77500 18.84719
Gamma Profile: 24 . 78750 18.84719
Gamma Profile: 25 .80000 18.84712
Gamma Profile: 26 .81250 18.84717
Gamma Profile: 27 .82500 18.84713
Gamma Profile: 28 .83750 18.84717
Gamma Profile: 29 .85000 18.84714
Gamma Profile: 30 .86250 18.84716
Gamma Profile: 31 .87500 18.84717
Gamma Profile: 32 .88750 18.84717
Gamma Profile: 33 .90000 18.84717
Gamma Profile: 34 .91250 18.84716
Gamma Profile: 35 .92500 18.84712
Gamma Profile: 36 .93750 18.84717
Gamma Profile: 37 .95000 18.84717
Gamma Profile: 38 .96250 18.84719
Gamma Profile: 39 .97500 18.84716
Gamma Profile: 40 .98750 18.84714
Gamma Profile: 41 1.00000 18.84715

Profile likelihood for Efficiency:
index Effic LogLikelihood

Effic Profile: 1 .01000 22.06406
Effic Profile: 2 .01000 22.06406
Effic Profile: 3 .01000 22.06406
Effic Profile: 4 .01000 22.06406
Effic Profile: 5 .01000 22.06406
Effic Profile: 6 .01000 22.06406
Effic Profile: 7 .01000 22.06413
Effic Profile: 8 .02466 21.88798
Effic Profile: 9 .04916 21.58858
Effic Profile: 10 .07366 21.28423
Effic Profile: 11 .09816 20.97710
Effic Profile: 12 .12266 20.67023
Effic Profile: 13 .14716 20.36733
Effic Profile: 14 .17166 20.07335
Effic Profile: 15 .19616 19.79407
Effic Profile: 16 .22066 19.53641
Effic Profile: 17 .24516 19.30788
Effic Profile: 18 .26966 19.11665
Effic Profile: 19 .29416 18.97099
Effic Profile: 20 .31866 18.87886
Effic Profile: 21 .34316 18.84712
Effic Profile: 22 .36766 18.88100
Effic Profile: 23 .39216 18.98079
Effic Profile: 24 .41666 19.14321
Effic Profile: 25 .44116 19.35908
Effic Profile: 26 .46566 19.61470
Effic Profile: 27 .49016 19.89593
Effic Profile: 28 .51466 20.19067
Effic Profile: 29 .53916 20.48992
Effic Profile: 30 .56366 20.78736
Effic Profile: 31 .58816 21.07873
Effic Profile: 32 .61266 21.36156
Effic Profile: 33 .63716 21.63418
Effic Profile: 34 .66166 21.89580
Effic Profile: 35 .68616 22.14609
Effic Profile: 36 .71066 22.38502
Effic Profile: 37 . 73516 22.61278
Effic Profile: 38 . 75966 22.82971
Effic Profile: 39 .78416 23.03620
Effic Profile: 40 .80866 23.23267
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Effic Profile: 41

.83316

Profile likelihood for Density:
Density LogLikelihood

index
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile: 12
Density Profile: 13
Density Profile: 14
Density Profile: 15
Density Profile: 16
Density Profile: 17
Density Profile: 18
Density Profile: 19
Density Profile: 20
Density Profile: 21
Density Profile: 22
Density Profile: 23
Density Profile: 24
Density Profile: 25
Density Profile: 26
Density Profile: 27
Density Profile: 28
Density Profile: 29
Density Profile: 30
Density Profile: 31
Density Profile: 32
Density Profile: 33
Density Profile: 34
Density Profile: 35
Density Profile: 36
Density Profile: 37
Density Profile: 38
Density Profile: 39
Density Profile: 40
Density Profile: 41

=
QUOUoONOUODMWNE

=
[

-00004289
-00004289
-00004289
.00004289
-00004289
-00004289
-00004289
.00004289
.00004289
.00004289
-00004289
.00004783
.00006575
-00008368
.00010160
.00011953
.00013745
-00015538
-00017330
.00019122
-00020915
-00022707
-00024500
.00026292
.00028085
-00029877
-00031670
.00033462
-00035254
-00037047
-00038839
.00040632
.00042424
.00044217
-00046009
.00047802
-00049594
-00051386
-00053179
.00054971
-00056764
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23.41956

.73495102
.73495102
.73495102
.73495102
.73495102
.73495102
.73495102
.73495102
.73495102
.73495102
.73495102
.79147550
.36791727
-36068118
.53776767
-80610519
-14996151
.66477128
-56606110
-99376927
.84712454
.93911522
-13170480
-35074839
.56341772
. 75789000
-93152506
.08523770
.22122056
.34177710
-44904864
.54497397
.63108459
.70878269
.78082648
.84332867
.90188410
-95555728
-00498311
.05056544
.09278604
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Experiment #2

F/V Mary K Depletion Exp#2- MonkFfish Cooperative Survey 2009 Cookie sweep
Initial Values of parameters

.00009 =Mean density of monkfish per sq ft

.60000 =Efficiency of trawl
800.00000 =K parameter for negative binomial dist

-79900 =Gamma parameter; initial guess=trawl width/cell width
Bounds on parameters
Param # Lower Bound Upper Bound

1  1.000000000000000E-007  2.000000000000000E-002
2  5.000000000000000E-002  9.500000000000000E-001
3  5.000000000000000E-001 2000.100000000000000
4  8.000000000000000E-001  8.001000000000000E-001

max # tows= 3
Max number of hits = 3

Value of likelihood function at initial guess:

.000090 .600000 800.000000 -799000 12.9583367180
Starting Pt Density Efficiency K Parameter Gamma Par Likelihood Fc
n
Init Cond .000049 -949991 1862.923555 -800029 7.189986
Restart from IC .000049 -950000 1998.328785 -800100 7.189101
At 0.75 Current .000049 -950000 1999.483338 -800022 7.189511
At 1.25 Current .000049 -950000 2000.100000 -800093 7.189177
At Current .000049 -950000 2000.100000 -800100 7.189142
At 1.25 IniCond .000532 -050000 -500000 -800082 11.940938
At Current .000044 -950000 -500000 -800040 11.618120
At 0.75 IniCond .000049 -949999 1991.254583 -800001 7.189656
At Current .000049 -949999 1991.254583 -800001 7.189656
BEST soln= .00005 95000 1998.32878 -80010 7.1891009854
Ave Density/ft"2 -0000492
Efficiency -9499999
K Parameter 1998.32878
Gamma Parameter .80010
Profile range for m= 0000361333 -0000650994
Profile range for e= .7270126202 1.4798501708
Profile range for k= -187550.6667816964 -33727.3512383339
Profile range for g= .6117690540 1.1238158320

Profile likelihood for Gamma:
index gamma LogLikelihood

Gamma Profile: 1 .50000 9.98117
Gamma Profile: 2 .51250 9.82899
Gamma Profile: 3 .52500 9.67919
Gamma Profile: 4 .53750 9.53196
Gamma Profile: 5 .55000 9.38727
Gamma Profile: 6 .56250 9.24524
Gamma Profile: 7 .57500 9.10595
Gamma Profile: 8 .58750 8.96947
Gamma Profile: 9 .60000 8.83598
Gamma Profile: 10 .61250 8.70544
Gamma Profile: 11 .62500 8.57807
Gamma Profile: 12 .63750 8.45390
Gamma Profile: 13 .65000 8.33306
Gamma Profile: 14 .66250 8.21563
Gamma Profile: 15 .67500 8.10179
Gamma Profile: 16 .68750 7.99161
Gamma Profile: 17 .70000 7.88524
Gamma Profile: 18 .71250 7.78282
Gamma Profile: 19 . 72500 7.68448
Gamma Profile: 20 .73750 7.59040
Gamma Profile: 21 . 75000 7.50070
Gamma Profile: 22 . 76250 7.41560
Gamma Profile: 23 . 77500 7.33525
Gamma Profile: 24 .78750 7.25987
Gamma Profile: 25 .80000 7.18964
Gamma Profile: 26 .81250 7.12483
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Gamma Profile: 27

1.

.82500
-83750
.85000
.86250
.87500
-88750
-90000
.91250
-92500
-93750
-95000
-96250
-97500
-98750

00000

2R N N N N Neo Ne e e Ne)Ne ) BNEEN|

.06565
-01238
-96531
.92474
.89103
-86454
.84568
.83491
.83271
-83966
-85636
.88351
.92186
.97229
.03577

Effic LogLikelihood

.46000
.48450
.50900
.53350
.55800
.58250
.60700
.63150

Gamma Profile: 28
Gamma Profile: 29
Gamma Profile: 30
Gamma Profile: 31
Gamma Profile: 32
Gamma Profile: 33
Gamma Profile: 34
Gamma Profile: 35
Gamma Profile: 36
Gamma Profile: 37
Gamma Profile: 38
Gamma Profile: 39
Gamma Profile: 40
Gamma Profile: 41
Profile likelihood for Efficiency:
index
Effic Profile: 1
Effic Profile: 2
Effic Profile: 3
Effic Profile: 4
Effic Profile: 5
Effic Profile: 6
Effic Profile: 7
Effic Profile: 8
Effic Profile: 9

Effic Profile: 10
Effic Profile: 11
Effic Profile: 12
Effic Profile: 13
Effic Profile: 14
Effic Profile: 15
Effic Profile: 16
Effic Profile: 17
Effic Profile: 18
Effic Profile: 19
Effic Profile: 20
Effic Profile: 21
Effic Profile: 22
Effic Profile: 23
Effic Profile: 24
Effic Profile: 25
Effic Profile: 26
Effic Profile: 27
Effic Profile: 28
Effic Profile: 29
Effic Profile: 30
Effic Profile: 31
Effic Profile: 32
Effic Profile: 33
Effic Profile: 34
Effic Profile: 35
Effic Profile: 36
Effic Profile: 37
Effic Profile: 38
Effic Profile: 39
Effic Profile: 40
Effic Profile: 41

RPRRRPRRRPRRPRRPRRERRRERRRRERER

-65600
.68050
.70500
.72950
.75400
.77850
.80300
.82750
.85200
.87650
-90100
-92550
-95000
.97450
-99900
.00000
.00000
-00000
.00000
.00000
.00000
-00000
.00000
.00000
-00000
.00000
.00000
.00000
.00000
-00000
.00000
.00000
-00000

Profile likelihood for Density:
Density LogLikelihood

index
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:

QOWoO~NOUDMWNE

=

-00000903
-00000903
.00000903
.00000903
-00000903
-00000903
.00000903
-00000903
-00000903
-00000903
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.61531
.53437
.45042
.36327
.27268
.17839
.08012
-97750
.87013
.75750
.63897
.51370
-38056
.23781
.08957
.91119
.74270
.58525
.44008
.30772
-18909
.08519
.99714
-99393
-99393
-99393
-99393
-99393
-99393
-99393
-99393
-99393
-99393
-99393
-99393
-99393
-99393
-99393
-99393
-99393
-99393

14.67708362
14.67708362
14.67708362
14.67708362
14.67708362
14.67708362
14.67708362
14.67708362
14.67708362
14.67708362
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Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:

-00000903
-00000903
-00001193
.00001659
.00002124
-00002590
-00003056
.00003521
.00003987
-00004453
-00004918
.00005384
.00005850
.00006315
-00006781
.00007247
.00007712
.00008178
-00008644
.00009109
-00009575
-00010041
-00010506
.00010972
.00011438
-00011903
-00012369
.00012835
-00013300
-00013766
-00014232
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.67708362
.67708362
.51857810
.26187423
.21068082
.27035365
-41030648
.63382913
-95897367
-40291620
-18909808
.37641876
.89757678
.65841376
.20058434
.48268241
.64930800
.76904606
.86166675
-93638072
-99836245
.05082710
.09593841
-13524053
-16981990
.20051734
.22798166
.25269955
.27509767
.29547975
-31411393
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F/V Mary K Depletion Exp#3- MonkFfish Cooperative Survey 2009 Cookie sweep

Initial Values of parameters

.00009 =Mean density of monkfish per sq ft

.60000 =Efficiency of trawl
800.00000 =K parameter for negative binomial dist

-79900 =Gamma parameter; initial guess=trawl width/cell width
Bounds on parameters
Param # Lower Bound Upper Bound

1  1.000000000000000E-007  2.000000000000000E-002
2  5.000000000000000E-002  9.500000000000000E-001
3  5.000000000000000E-001 2000.100000000000000
4  8.000000000000000E-001  8.001000000000000E-001

max # tows= 5
Max number of hits = 5

Value of likelihood function at initial guess:

.000090 .600000 800.000000 -799000 14.0994794028
Starting Pt Density Efficiency K Parameter Gamma Par Likelihood Fc
n
Init Cond .000092 .545448  36.092252 -800091 13.944755
Restart from IC .000092 .545448  36.092252 -800091 13.944755
At 0.75 Current .000092 .545530 35.800788 -800049 13.944757
At 1.25 Current .000092 .545382  35.812397 -800099 13.944759
At Current .000092 .545382  35.812397 -800099 13.944759
At 1.25 IniCond .000092 .545614  35.949027 -800100 13.944763
At Current .000092 .545614  35.949027 -800100 13.944763
At 0.75 IniCond -000092 545762  36.242183 -800000 13.944825
At Current .000092 .545569  35.957433 -800000 13.944765
BEST soln= .00009 .54545 36.09225 -80009  13.9447546404
Ave Density/ft"2 .0000921
Efficiency 5454478
K Parameter 36.09225
Gamma Parameter -80009
Profile range for m= .0000692495 -0001213348
Profile range for e= .3677967841 .7499060133
Profile range for k= -6181.7413638744 -99.1528281636
Profile range for g= .5803031893 1.0210431831

Profile likelihood for Gamma:
index gamma LogLikelihood

Gamma Profile: 1 .50000 13.94477
Gamma Profile: 2 .51250 13.96250
Gamma Profile: 3 .52500 13.96113
Gamma Profile: 4 .53750 13.96674
Gamma Profile: 5 .55000 13.96781
Gamma Profile: 6 .56250 13.96107
Gamma Profile: 7 .57500 13.96278
Gamma Profile: 8 .58750 13.95899
Gamma Profile: 9 .60000 13.95870
Gamma Profile: 10 .61250 13.95840
Gamma Profile: 11 .62500 13.95581
Gamma Profile: 12 .63750 13.95407
Gamma Profile: 13 .65000 13.94473
Gamma Profile: 14 .66250 13.95276
Gamma Profile: 15 .67500 13.94974
Gamma Profile: 16 .68750 13.95028
Gamma Profile: 17 .70000 13.94938
Gamma Profile: 18 .71250 13.94819
Gamma Profile: 19 .72500 13.94737
Gamma Profile: 20 . 73750 13.94673
Gamma Profile: 21 . 75000 13.94599
Gamma Profile: 22 . 76250 13.94548
Gamma Profile: 23 . 77500 13.94512
Gamma Profile: 24 .78750 13.94478
Gamma Profile: 25 .80000 13.94476
Gamma Profile: 26 .81250 13.94476
Gamma Profile: 27 .82500 13.94477
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Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:

Profile likelihood for Efficiency:

Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:

Profile likelihood for Density:

Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:

28 .83750 13.94474

29 -85000 13.94478

30 .86250 13.94477

31 .87500 13.94476

32 .88750 13.94476

33 -90000 13.94475

34 -91250 13.94477

35 -92500 13.94476

36 -93750 13.94476

37 -95000 14.06950

38 -96250 14.06820

39 -97500 14.05346

40 .98750 14.06817

41 1.00000 13.94476

index Effic LogLikelihood

1 .05545 17.42447

2 .07995 17.24145

3 .10445 17.05217

4 .12895 16.85664

5 .15345 16.65516

6 .17795 16.44815

7 .20245 16.23624

8 .22695 16.02039

9 .25145 15.80185

10 .27595 15.58227

11 .30045 15.36369

12 .32495 15.14857

13 -34945 14.93980

14 .37395 14.74065

15 .39845 14 .55473

16 .42295 14 .38596

17 44745 14.23837

18 .47195 14.11620

19 .49645 14.02374

20 -52095 13.96518

21 .54545 13.94475

22 -56995 13.96649

23 .59445 14.03433

24 .61895 14.15199

25 .64345 14.32279

26 .66795 14.54890

27 .69245 14.84101

28 .71695 15.20452

29 .74145 15.63987

30 .76595 16.12482

31 .79045 16.59080

32 .81495 17.04521

33 .83945 17.48475

34 .86395 17.90852

35 .88845 18.31713

36 -91295 18.71207

37 .93745 19.09527

38 -96195 19.46891

39 .98645 19.83540

40 1.00000 20.03604

41 1.00000 20.03604

index Density LogLikelihood

1 .00001731 25.56181150
2 -00001731 25.56181150
3 -00001731 25.56181150
4 .00001731 25.56181150
5 .00001731 25.56181150
6 -00001731 25.56181150
7 .00001731 25.56181150
8 .00001731 25.56181150
9 .00001731 25.56181150
10 -00001731 25.56181150
11 -00001731 25.56181151
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Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:

.00001731
-00002273
-00003140
.00004007
.00004874
-00005740
-00006607
.00007474
.00008341
.00009207
-00010074
.00010941
.00011807
.00012674
.00013541
.00014408
.00015274
.00016141
-00017008
.00017875
.00018741
-00019608
-00020475
.00021342
-00022208
-00023075
-00023942
.00024808
-00025675
-00026542
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.56181151
.47801918
-46240278
.80730625
-33316968
.98222693
.77141495
.78670111
.15102425
-94475464
-10296967
-46286550
.88937456
.29159145
.61675777
.86659576
.06204295
.21935583
-34908008
.45819755
.55143156
.63215148
.70278845
.76518950
.82076681
.87059240
-91553998
-95631280
-99511030
.03349548
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F/V Mary K Depletion Exp#4- MonkFfish Cooperative Survey 2009 Cookie sweep

Initial Values of parameters

.00009 =Mean density of monkfish per sq ft

.60000 =Efficiency of trawl
800.00000 =K parameter for negative binomial dist

-79900 =Gamma parameter; initial guess=trawl width/cell width
Bounds on parameters
Param # Lower Bound Upper Bound

1  1.000000000000000E-007  2.000000000000000E-002
2  5.000000000000000E-002  9.500000000000000E-001
3  5.000000000000000E-001 2000.100000000000000
4  8.000000000000000E-001  8.001000000000000E-001

max # tows= 5
Max number of hits = 5

Value of likelihood function at initial guess:

.000090 .600000 800.000000 -799000 16.5239544254
Starting Pt Density Efficiency K Parameter Gamma Par Likelihood Fc
n
Init Cond .000102 .682002 868.548230 -800001 14.863495
Restart from IC .000102 .682016 1981.628861 -800000 14.861226
At 0.75 Current -000102 .682277 1662.014562 -800011 14.861580
At 1.25 Current .000102 .682246 1704.920199 -800099 14.861468
At Current .000102 .682246 1704.920199 -800099 14.861468
At 1.25 IniCond .000102 .682832 921.197851 -800100 14.863254
At Current .000102 .682239 1992.557789 -800099 14.861188
At 0.75 IniCond .000098 .653701 -500000 .800100 20.203233
At Current -000098 .653701 -500000 -800100 20.203233
BEST soln= .00010 .68224 1992 .55779 .80010 14.8611882004
Ave Density/ft"2 .0001022
Efficiency .6822388
K Parameter 1992.55779
Gamma Parameter .80010
Profile range for m= .0000827484 -0001243961
Profile range for e= .5255430255 -8457045331
Profile range for k= -3486279.5321977080 -60759.9211378478
Profile range for g= .6471605847 -9582943972

Profile likelihood for Gamma:
index gamma LogLikelihood

Gamma Profile: 1 .50000 15.34617
Gamma Profile: 2 .51250 15.19854
Gamma Profile: 3 .52500 15.07721
Gamma Profile: 4 .53750 14.98244
Gamma Profile: 5 .55000 14.91467
Gamma Profile: 6 .56250 14.87414
Gamma Profile: 7 .57500 14.86122
Gamma Profile: 8 .58750 14.86120
Gamma Profile: 9 .60000 14.86126
Gamma Profile: 10 .61250 14.86124
Gamma Profile: 11 .62500 14.86122
Gamma Profile: 12 .63750 14.86124
Gamma Profile: 13 .65000 14.86123
Gamma Profile: 14 .66250 14.86122
Gamma Profile: 15 .67500 14.86122
Gamma Profile: 16 .68750 14.86124
Gamma Profile: 17 .70000 14.86120
Gamma Profile: 18 .71250 14.86118
Gamma Profile: 19 .72500 14.86120
Gamma Profile: 20 . 73750 14.86120
Gamma Profile: 21 . 75000 14.86121
Gamma Profile: 22 . 76250 14.86121
Gamma Profile: 23 . 77500 14.86123
Gamma Profile: 24 .78750 14.86122
Gamma Profile: 25 .80000 14.86119
Gamma Profile: 26 .81250 14.86122
Gamma Profile: 27 .82500 14.86120
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Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:

28
29
30
31
32
33
34
35
36
37
38
39
40
41

.83750
.85000
.86250
.87500
.88750
-90000
-91250
-92500
-93750
-95000
-96250
.97500
.98750
1.

00000

Profile likelihood for Efficiency:
Effic LogLikelihood

Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:

index

O©CO~NOOUTAWNPE

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

RPRRRRERRPRR

.19224
.21674
.24124
.26574
.29024
.31474
.33924
.36374
.38824
41274
.43724
.46174
.48624
.51074
.53524
.55974
.58424
.60874
.63324
.65774
.68224
.70674
.73124
. 75574
.78024
.80474
.82924
.85374
.87824
.90274
.92724
.95174
.97624
.00000
.00000
.00000
-00000
.00000
-00000
.00000
-00000

Profile likelihood for Density:
Density LogLikelihood

Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:

index

RPOOONOUTAWNE

[

.00002069
-00002069
-00002069
.00002069
-00002069
-00002069
-00002069
-00002069
-00002069
-00002069
.00002069
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.86120
.86121
.86122
.86124
.86124
.86123
.86125
.86121
.86120
.86122
.86122
.86122
.86124
.86120

.35356
-19560
-03269
.86483
.69195
.51414
.33153
.14430
-95286
.75761
-55930
.35874
.15703
-95560
.75611
.56042
.45261
.19643
.01121
.89889
.86119
-89962
.01523
.20930
.48290
.83695
.27203
.78852
.38679
.06661
.82760
.66895
-58926
.55651
.55651
.55651
.55651
.55651
.55651
.55651
.55651

25.01742185
25.01742185
25.01742185
25.01742185
25.01742185
25.01742185
25.01742185
25.01742185
25.01742185
25.01742185
25.01742185

265

Monkfish; Appendixes



Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:

-00002284
-00003165
-00004046
.00004928
-00005809
-00006690
-00007571
.00008453
.00009334
.00010215
-00011096
.00011978
.00012859
.00013740
.00014621
.00015503
.00016384
-00017265
.00018146
.00019028
-00019909
-00020790
.00021671
.00022553
.00023434
-00024315
-00025196
.00026078
-00026959
-00027840
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.28149099
.27642647
.75743609
.46661618
-33493713
.33333182
-45626096
. 71509755
.18135167
.86118820
-13632710
.87662831
.26990592
.73038242
.12874931
.47482022
. 77746554
.04419522
.28107844
-49298675
.68364905
-85609296
-01403498
-16436738
-30793532
.44496702
.57578981
.70074728
.82011445
-93430026
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F/V Endurance Depletion Exp#5- Monkfish Cooperative Survey 2009 Cookie sweep

Initial Values of parameters

.00009 =Mean density of monkfish per sq ft

.60000 =Efficiency of trawl
800.00000 =K parameter for negative binomial dist

-79900 =Gamma parameter; initial guess=trawl width/cell width
Bounds on parameters
Param # Lower Bound Upper Bound

1  1.000000000000000E-007  2.000000000000000E-002
2  5.000000000000000E-002  9.500000000000000E-001
3  5.000000000000000E-001 2000.100000000000000
4  8.000000000000000E-001  8.001000000000000E-001

max # tows= 6
Max number of hits = 6

Value of likelihood function at initial guess:

.000090 .600000 800.000000 -799000 40.9830258445
Starting Pt Density Efficiency K Parameter Gamma Par Likelihood Fc
n
Init Cond .000170 -429534 -500000 -800096 26.553342
Restart from IC .000170 -429403 -500000 -800096 26.553342
At 0.75 Current .000174 .382392  30.409138 -800006 20.015653
At 1.25 Current .000174 .382461  30.604524 -800079 20.015675
At Current .000174 .382329  30.759826 -800079 20.015641
At 1.25 IniCond .000752 -050000 -500000 -800094 26.846228
At Current .000752 -050000 -500000 -800096 26.846228
At 0.75 IniCond .000170 .429437 -500000 .800100 26.553342
At Current .000170 -429437 -500000 -800100 26.553342
BEST soln= .00017 .38233 30.75983 -80008 20.0156405995
Ave Density/ft"2 .0001737
Efficiency .3823286
K Parameter 30.75983
Gamma Parameter -80008
Profile range for m= .0001384769 -0002175830
Profile range for e= .2647723973 -5501045631
Profile range for k= -4221.3216735437 -68.4412971559
Profile range for g= .5861721632 1.0145777592

Profile likelihood for Gamma:
index gamma LogLikelihood

Gamma Profile: 1 .50000 20.01777
Gamma Profile: 2 .51250 20.03655
Gamma Profile: 3 .52500 20.02794
Gamma Profile: 4 .53750 20.01905
Gamma Profile: 5 .55000 20.01565
Gamma Profile: 6 .56250 20.01567
Gamma Profile: 7 .57500 20.02812
Gamma Profile: 8 .58750 20.03666
Gamma Profile: 9 .60000 20.01565
Gamma Profile: 10 .61250 20.01573
Gamma Profile: 11 .62500 20.01569
Gamma Profile: 12 .63750 20.01928
Gamma Profile: 13 .65000 20.01817
Gamma Profile: 14 .66250 20.01576
Gamma Profile: 15 .67500 20.01568
Gamma Profile: 16 .68750 20.01565
Gamma Profile: 17 .70000 20.01566
Gamma Profile: 18 .71250 20.01566
Gamma Profile: 19 .72500 20.01563
Gamma Profile: 20 . 73750 20.01567
Gamma Profile: 21 . 75000 20.01566
Gamma Profile: 22 . 76250 20.01564
Gamma Profile: 23 . 77500 20.01567
Gamma Profile: 24 .78750 20.01570
Gamma Profile: 25 .80000 20.01564
Gamma Profile: 26 .81250 20.01564
Gamma Profile: 27 .82500 20.01566
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Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:

28
29
30
31
32
33
34
35
36
37
38
39
40
41

.83750
-85000
.86250
.87500
.88750
-90000
-91250
-92500
-93750
-95000
-96250
-97500
.98750
1.00000

Profile likelihood for Efficiency:
Effic LogLikelihood

Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:

index

O©CO~NOOUTAWNPE

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

.01000
.01000
.01000
.01000
.01000
.01483
.03933
.06383
.08833
.11283
.13733
.16183
.18633
.21083
.23533
.25983
.28433
.30883
-33333
.35783
.38233
.40683
.43133
.45583
.48033
.50483
.52933
.55383
.57833
.60283
.62733
.65183
.67633
.70083
.72533
. 74983
.77433
.79883
.82333
.84783
.87233

Profile likelihood for Density:
Density LogLikelihood

Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:

index
1

RPOOO~NOUAWN

L

.00003462
-00003462
-00003462
.00003462
.00003462
-00003462
-00003462
.00003462
.00003462
-00003462
-00003462
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.01567
.01564
.01566
.01567
.01566
.01563
.01568
.01566
.01566
-01567
.01565
.01567
.01569
.01566

.60693
.60693
.60693
.60693
.60693
-56199
-32904
.08756
.83729
.57814
-31008
.03347
.74923
-45908
-16659
.87809
.60447
.36254
.17315
.05490
.01564
-05030
.14553
.28647
.46015
.65624
.86695
.08641
.31011
.53481
.75799
.97782
-19299
-40280
.60661
.80418
-99558
-18090
-36042
.53441
.88127

32.92238134
32.92238134
32.92238134
32.92238134
32.92238134
32.92238134
32.92238134
32.92238134
32.92238134
32.92238134
32.92238140
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Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:

-00003466
-00005011
-00006557
.00008102
-00009647
-00011193
-00012738
.00014283
-00015829
.00017374
-00018919
.00020465
.00022010
-00023555
.00025101
.00026646
.00028191
-00029737
-00031282
.00032827
.00034372
-00035918
-00037463
-00039008
-00040554
-00042099
-00043644
.00045190
.00046735
-00048280
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-91023408
.83649894
.79873024
.08502144
-56107926
.18231048
.95273184
-93142824
.24507404
-01564060
.19415482
.58213623
-98920048
.32803782
-59403664
.80434246
.97447841
-11497305
.23327327
-33435793
.42182813
-49837958
-56600908
.62617920
.68011009
. 72874896
.77289119
.81307395
.84986412
.88368105
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F/V Endurance Depletion Exp#6-

Initial Values of parameters

Monkfish Cooperative Survey 2009 Roller sweep

.00009 =Mean density of monkfish per sq ft
.60000 =Efficiency of trawl
800.00000 =K parameter for negative binomial dist
-79900 =Gamma parameter; initial guess=trawl width/cell width
Bounds on parameters
Param # Lower Bound Upper Bound
1 1.000000000000000E-007  2.000000000000000E-002
2 5.000000000000000E-002  9.500000000000000E-001
3  5.000000000000000E-001 2000.100000000000000
4  8.000000000000000E-001  8.001000000000000E-001
max # tows= 6
Max number of hits = 6
Value of likelihood function at initial guess:
.000090 .600000 800.000000 -799000 173.3437473240
Starting Pt Density Efficiency K Parameter Gamma Par Likelihood Fc
n
Init Cond .000817 -050000 -500000 -800000 30.895870
Restart from IC .000817 .050000 -500000 -800000 30.895870
At 0.75 Current .000816 -050000 -500000 -800032 30.895871
At 1.25 Current .000811 .050000 17.641123 -800002 23.285576
At Current .000811 .050000 17.641123 -800002 23.285576
At 1.25 IniCond .000816 -050000 -500000 -800096 30.895873
At Current .000816 .050000 -500000 -800096 30.895873
At 0.75 IniCond .000816 .050000 -500000 .800000 30.895870
At Current .000816 -050000 -500000 -800000 30.895870
BEST soln= .00081 .05000 17.64112 .80000 23.2855757860
Ave Density/ft"2 .0008114
Efficiency .0500004
K Parameter 17.64112
Gamma Parameter -80000
Profile range for m= .0006480096 -0010221376
Profile range for e= .0387413616 -0640136992
Profile range for k= -6.4127423076 144 .3646782037
Profile range for g= -.6363943855 1.8487032289

Profile likelihood for Gamma:

index gamma LogLikelihood
Gamma Profile: 1 .50000 23.06111
Gamma Profile: 2 .51250 23.06966
Gamma Profile: 3 .52500 23.07817
Gamma Profile: 4 .53750 23.08683
Gamma Profile: 5 .55000 23.09555
Gamma Profile: 6 .56250 23.10431
Gamma Profile: 7 .57500 23.11314
Gamma Profile: 8 .58750 23.12210
Gamma Profile: 9 .60000 23.13116
Gamma Profile: 10 .61250 23.14022
Gamma Profile: 11 .62500 23.14942
Gamma Profile: 12 .63750 23.15868
Gamma Profile: 13 .65000 23.16797
Gamma Profile: 14 .66250 23.17781
Gamma Profile: 15 .67500 23.18692
Gamma Profile: 16 .68750 23.19649
Gamma Profile: 17 .70000 23.20608
Gamma Profile: 18 .71250 23.21578
Gamma Profile: 19 .72500 23.22551
Gamma Profile: 20 . 73750 23.23529
Gamma Profile: 21 . 75000 23.24535
Gamma Profile: 22 . 76250 23.25518
Gamma Profile: 23 . 77500 23.26535
Gamma Profile: 24 .78750 23.27556
Gamma Profile: 25 .80000 23.28557
Gamma Profile: 26 .81250 23.29587
Gamma Profile: 27 .82500 23.30617
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Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:
Gamma Profile:

28
29
30
31
32
33
34
35
36
37
38
39
40
41

.83750
-85000
.86250
.87500
.88750
-90000
-91250
-92500
-93750
-95000
-96250
-97500
.98750
1.00000

Profile likelihood for Efficiency:
Effic LogLikelihood

Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:
Effic Profile:

index

O©CO~NOOUTAWNPE

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.02550
.05000
.07450
-09900
.12350
.14800
.17250
.19700
.22150
.24600
.27050
.29500
.31950
-34400
.36850
-39300
.41750
.44200
.46650
-49100
.51550
-54000

Profile likelihood for Density:
Density LogLikelihood

Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:
Density Profile:

index

RPOOONOUTAWNE

L

.00016200
-00016200
-00016200
.00016200
.00016200
-00016200
-00016200
.00016200
-00016200
-00016200
-00016200
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.31675
.32692
.33761
.34806
.35870
-36948
-38019
.39108
-40201
.41291
-42390
.43491
.44624
.45737

.86302
.86302
.86302
.86302
.86302
-86302
-86302
.86302
.86302
-86302
-86302
.86302
.86302
-86302
-86302
.86302
.86302
-86302
-86302
.00131
.28557
.63625
-03563
-95560
.98451
.01823
-05693
.10079
.14997
.20463
.26491
.33092
.40279
-48057
-56432
.65406
.74975
.85133
-95866
.07156
.18975

29.22905893
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Density Profile:
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-00016200
-00023050
-00030311
.00037572
-00044833
-00052094
-00059355
.00066616
.00073877
.00081138
-00088399
.00095660
.00102921
.00110182
.00117443
.00124704
.00131965
-00139226
.00146487
.00153748
.00161009
.00168270
-00175531
.00182792
-00190053
.00197314
-00204575
.00211836
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.22905893
.66922005
.21226919
.45850971
.02839287
.75902407
-84850426
.52353492
-60057050
.28557579
.54255147
-12091652
.79826094
.46268567
.07450602
.62530074
.11834033
.55999882
.95714181
.31625721
.64241924
-94051584
.21403369
.46624412
.69971373
.91681427
.11922781
.30866756
-48642788
.65378127
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F/V Endurance Depletion Exp#7- Monkfish Cooperative Survey 2009 COOKIE sweep

Initial Values of parameters

.00009 =Mean density of monkfish per sq ft

.60000 =Efficiency of trawl
800.00000 =K parameter for negative binomial dist

-79900 =Gamma parameter; initial guess=trawl width/cell width
Bounds on parameters
Param # Lower Bound Upper Bound

1  1.000000000000000E-007  2.000000000000000E-002
2  5.000000000000000E-002  9.500000000000000E-001
3 5.000000000000000E-001 2000.100000000000000
4  8.000000000000000E-001  8.001000000000000E-001

max # tows= 4
Max number of hits = 4

Value of likelihood function at initial guess:

.000090 .600000 800.000000 -799000 39.6190825282
Starting Pt Density Efficiency K Parameter Gamma Par Likelihood Fc
n
Init Cond .000164 .068396 -500000 -800001 14.520380
Restart from IC .000164 .068396 -500000 -800001 14.520380
At 0.75 Current .000217 .050597 -500000 -800033 14.520614
At 1.25 Current .000096 .122081 606.758726 -800000 9.394790
At Current .000097 -120066 598.376117 -800004 9.394684
At 1.25 IniCond .000168 .066605 -500000 -800064 14.520382
At Current .000164 .068228 -500000 -800063 14.520380
At 0.75 IniCond .000100 .116296 2000.020086 .800022 9.386830
At Current .000100 -116296 2000.020086 -800022 9.386830
BEST soln= .00010 11630 2000.02009 -80002 9.3868300530
Ave Density/ft"2 -0000997
Efficiency -1162964
K Parameter 2000.02009
Gamma Parameter .80002
Profile range for m= .0000705456 -0001360520
Profile range for e= .0792421718 -1670465201
Profile range for k= -398821.7806384688 -59781.3312306910
Profile range for g= -1090324463 12.9770168859

Profile likelihood for Gamma:
index gamma LogLikelihood

Gamma Profile: 1 .50000 9.38683
Gamma Profile: 2 .51250 9.38686
Gamma Profile: 3 .52500 9.38687
Gamma Profile: 4 .53750 9.38683
Gamma Profile: 5 .55000 9.38683
Gamma Profile: 6 .56250 9.38682
Gamma Profile: 7 .57500 9.38683
Gamma Profile: 8 .58750 9.38685
Gamma Profile: 9 .60000 9.38683
Gamma Profile: 10 .61250 9.38787
Gamma Profile: 11 .62500 9.38770
Gamma Profile: 12 .63750 9.38783
Gamma Profile: 13 .65000 9.38762
Gamma Profile: 14 .66250 9.38757
Gamma Profile: 15 .67500 9.38759
Gamma Profile: 16 .68750 9.38752
Gamma Profile: 17 .70000 9.38737
Gamma Profile: 18 .71250 9.38722
Gamma Profile: 19 .72500 9.38711
Gamma Profile: 20 . 73750 9.38719
Gamma Profile: 21 . 75000 9.38705
Gamma Profile: 22 . 76250 9.38695
Gamma Profile: 23 . 77500 9.38685
Gamma Profile: 24 . 78750 9.38683
Gamma Profile: 25 .80000 9.38682
Gamma Profile: 26 .81250 9.38685

50" SAW Assessment Report 273 Monkfish; Appendixes



Gamma Profile: 27
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.41181456
.41683211
.42129484
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.43732971
47706666
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F/V Endurance Depletion Exp#8-

Initial Values of parameters

Monkfish Cooperative Survey 2009 ROLLER sweep

.00009 =Mean density of monkfish per sq ft
.60000 =Efficiency of trawl
800.00000 =K parameter for negative binomial dist
-79900 =Gamma parameter; initial guess=trawl width/cell width
Bounds on parameters
Param # Lower Bound Upper Bound
1 1.000000000000000E-007  2.000000000000000E-002
2 5.000000000000000E-002  9.500000000000000E-001
3  5.000000000000000E-001 2000.100000000000000
4  8.000000000000000E-001  8.001000000000000E-001
max # tows= 5
Max number of hits = 5
Value of likelihood function at initial guess:
.000090 .600000 800.000000 -799000 44.0176941086
Starting Pt Density Efficiency K Parameter Gamma Par Likelihood Fc
n
Init Cond .000335 -050000 -500000 -800000 20.418132
Restart from IC .000335 -050000 -500000 -800000 20.418132
At 0.75 Current .000336 -050000 -500000 -800029 20.418133
At 1.25 Current .000333 -050009 1974.408224 -800000 12.834802
At Current .000333 -050005 1976.180254 -800000 12.834715
At 1.25 IniCond .000336 -050000 -500000 -800096 20.418134
At Current .000336 -050000 -500000 -800096 20.418134
At 0.75 IniCond .000333 -050000 1991.802224 .800000 12.834665
At Current .000333 -050000 1994.905678 -800000 12.834636
BEST soln= .00033 .05000 1994.90568 .80000 12.8346363243
Ave Density/ft"2 .0003328
Efficiency -0500001
K Parameter 1994.90568

Gamma Parameter .80000
Profile range for m= 0002611375 -0004168065
Profile range for e= .0383579543 -0634661256
Profile range for k= -53765.7363895542
Profile range for g= -.3423246137 2.3707364499
Profile likelihood for Gamma:

index gamma LogLikelihood

Gamma Profile: 1 -50000 12.70805

Gamma Profile: 2 .51250 12.71268

Gamma Profile: 3 .52500 12.71737

Gamma Profile: 4 .53750 12.72212

Gamma Profile: 5 .55000 12.72693

Gamma Profile: 6 .56250 12.73177

Gamma Profile: 7 .57500 12.73670

Gamma Profile: 8 .58750 12.74168

Gamma Profile: 9 .60000 12.74670

Gamma Profile: 10 .61250 12.75178

Gamma Profile: 11 .62500 12.75691

Gamma Profile: 12 .63750 12.76210

Gamma Profile: 13 .65000 12.76738

Gamma Profile: 14 .66250 12.77266

Gamma Profile: 15 .67500 12.77800

Gamma Profile: 16 .68750 12.78340

Gamma Profile: 17 .70000 12.78890

Gamma Profile: 18 .71250 12.79442

Gamma Profile: 19 .72500 12.80006

Gamma Profile: 20 . 73750 12.80569

Gamma Profile: 21 . 75000 12.81136

Gamma Profile: 22 . 76250 12.81709

Gamma Profile: 23 . 77500 12.82287

Gamma Profile: 24 .78750 12.82875

Gamma Profile: 25 .80000 12.83464

Gamma Profile: 26 .81250 12.84063

Gamma Profile: 27 .82500 12.84665
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Appendix A2: SCALE Plot Collection Results for Northern and Southern Monkfish

VERY LARGE FILE
OVER 100 PAGES
LOOK BUT PLEASE DO NOT PRINT

Final Runs
Includes model Survey and Catch length frequency fits
5/14/2010

Southern Demersal Working Group

50" SAW/SARC
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Northern Management Area Final Run 8

Recruitment Indices, Group Linear and Log Scale, 1 Index per Line (12 Plots)

Adult Indices, Group Linear and Log Scale, 1 Index per Line (8 Plots)

Survey Length Frequencies (210 Plots)

Catch Numbers, Catch Length Frequency (30 Plots)

Observed vs. Predicted Catch Weight (1 Plot)

Selectivity (1 Plots)

4-Plot: Population and Catch Numbers (60 Plots)

Fmult, Age 1 Recruitment, Observed vs. Predicted Catch Weight, and Total Biomass: Group 2
per Line (4 Plots)

Recruitment Index 1, Linear and Log Scale
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Recruitment Index 2, Linear and Log Scale
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Adult Index 1, Linear and Log Scale
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Adult Index 2, Linear and Log Scale
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Adult Index 3, Linear and Log Scale

Adult Index 4, Linear and Log Scale
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Survey 1 Length Frequency, Year 1980

W || oo o ?

Survey 1 Length Frequency, Year 1981

Survey 1 Length Frequency, Year 1982
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Survey 1 Length Frequency, Year 1983

Survey 1 Length Frequency, Year 1984

I

Survey 1 Length Frequency, Year 1985
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Survey 1 Length Frequency, Year 1986
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Survey 1 Length Frequency, Year 1987

Survey 1 Length Frequency, Year 1988

Survey 1 Length Frequency, Year 1989
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Survey 1 Length Frequency, Year 1990

Survey 1 Length Frequency, Year 1991

P

Survey 1 Length Frequency, Year 1992

Survey 1 Length Frequency, Year 1993
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Survey 1 Length Frequency, Year 1994

iy

Survey 1 Length Frequency, Year 1995

Survey 1 Length Frequency, Year 1996

M.
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Survey 1 Length Frequency, Year 1997

Survey 1 Length Frequency, Year 1998

To

Survey 1 Length Frequency, Year 1999

Survey 1 Length Frequency, Year 2000
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Survey 1 Length Frequency, Year 2001

Survey 1 Length Frequency, Year 2002

="

Survey 1 Length Frequency, Year 2003
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Survey 1 Length Frequency, Year 2004

Survey 1 Length Frequency, Year 2005
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Survey 1 Length Frequency, Year 2006

Survey 1 Length Frequency, Year 2007
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Survey 1 Length Frequency, Year 2008

Survey 1 Length Frequency, Year 2009

Survey 2 Length Frequency, Year 1980
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Survey 2 Length Frequency, Year 1981

Survey 2 Length Frequency, Year 1982

vl

Survey 2 Length Frequency, Year 1983
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Survey 2 Length Frequency, Year 1984
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Survey 2 Length Frequency, Year 1985

Survey 2 Length Frequency, Year 1986

J

Survey 2 Length Frequency, Year 1987
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Survey 2 Length Frequency, Year 1988
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Survey 2 Length Frequency, Year 1989

Mhnt

Survey 2 Length Frequency, Year 1990

Survey 2 Length Frequency, Year 1991

!

50" SAW Assessment Report

296

Monkfish; Appendixes



Survey 2 Length Frequency, Year 1992
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Survey 2 Length Frequency, Year 1993
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Survey 2 Length Frequency, Year 1994
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Survey 2 Length Frequency, Year 1995

Survey 2 Length Frequency, Year 1996

Survey 2 Length Frequency, Year 1997

Survey 2 Length Frequency, Year 1998
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Survey 2 Length Frequency, Year 1999

Survey 2 Length Frequency, Year 2000

Survey 2 Length Frequency, Year 2001

]
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Survey 2 Length Frequency, Year 2002

Survey 2 Length Frequency, Year 2003

Survey 2 Length Frequency, Year 2004

Survey 2 Length Frequency, Year 2005
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Survey 2 Length Frequency, Year 2006

Survey 2 Length Frequency, Year 2007
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Survey 2 Length Frequency, Year 2008
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Survey 2 Length Frequency, Year 2009

Survey 3 Length Frequency, Year 1991

Survey 3 Length Frequency, Year 1992

Survey 3 Length Frequency, Year 1993
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Survey 3 Length Frequency, Year 1994

Survey 3 Length Frequency, Year 1995

%2

Survey 3 Length Frequency, Year 1996

1
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Survey 3 Length Frequency, Year 1997

Survey 3 Length Frequency, Year 1998

Survey 3 Length Frequency, Year 1999

11

Survey 3 Length Frequency, Year 2000
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Survey 3 Length Frequency, Year 2001

Survey 3 Length Frequency, Year 2002

Survey 3 Length Frequency, Year 2003
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Survey 3 Length Frequency, Year 2004

1

Survey 3 Length Frequency, Year 2005

113

Survey 3 Length Frequency, Year 2006

|

Survey 3 Length Frequency, Year 2007
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Survey 3 Length Frequency, Year 2008
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Survey 3 Length Frequency, Year 2009

Survey 4 Length Frequency, Year 2001

#
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Survey 4 Length Frequency, Year 2004

Survey 4 Length Frequency, Year 2009

Survey 5 Length Frequency, Year 2009

Survey 6 Length Frequency, Year 2009
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Survey 7 Length Frequency, Year 2000

) Y

Survey 7 Length Frequency, Year 2001

Survey 7 Length Frequency, Year 2002

T
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Survey 7 Length Frequency, Year 2003
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Survey 7 Length Frequency, Year 2004

18

Survey 7 Length Frequency, Year 2005

Survey 7 Length Frequency, Year 2006
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Survey 7 Length Frequency, Year 2007

Y

Survey 7 Length Frequency, Year 2008

|

Survey 7 Length Frequency, Year 2009
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Catch Numbers Length Frequency, Year 1980
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Catch Numbers Length Frequency, Year 1982
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Catch Numbers Length Frequency, Year 1984
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Catch Numbers Length Frequency, Year 1987
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Catch Numbers Length Frequency, Year 1989
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Catch Numbers Length Frequency, Year 1990
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Catch Numbers Length Frequency, Year 1991
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Catch Numbers Length Frequency, Year 1994
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Population and Catch Numbers by Length and Age for Year 1991

ke
Y
o, T

—m|

| —

A,

-F-'FF-—--—-—-—-'F-F-P

Population and Catch Numbers by Length and Age for Year 1992

';:Jhl
f

| T—

A
VA

m

Population and Catch Numbers by Length and Age for Year 1993

=

ft %
[
L F e

FLaE™

50" SAW Assessment Report

325

Monkfish; Appendixes



Population and Catch Numbers by Length and Age for Year 1994

.

fa
N

Population and Catch Numbers by Length and Age for Year 1995

Fay
L e

.

oty

A A

ﬁll“lm

Population and Catch Numbe

rs by Length and Age for Year 1996

[ [—

| —

50" SAW Assessment Report

326

Monkfish; Appendixes



Population and Catch Numbers by Length and Age for Year 1997

di

Population and Catch Numbers by Length and Age for Year 1998

il

Population and Catch Numbe

rs by Length and Age for Year 1999

%

50" SAW Assessment Report

327

Monkfish; Appendixes



Population and Catch Numbers by Length and Age for Year 2000

ST [ —

Population and Catch Numbers by Length and Age for Year 2001

Fan

T

= —

Population and Catch Numbe

rs by Length and Age for Year 2002

'—!I—“i.

| =

alll...

50" SAW Assessment Report

328

Monkfish; Appendixes



Population and Catch Numbers by Length and Age for Year 2003

i,

b

] —

Population and Catch Numbers by Length and Age for Year 2004

i

®
o,
o

—a

T —

i
o Ve

Population and Catch Numbers by Length and Age for Year 2005

#
I

ey

| || (TT—
| =

50" SAW Assessment Report

329

Monkfish; Appendixes



Population and Catch Numbers by Length and Age for Year 2006

ol

}.‘1
f

|

— ] | —

Population and Catch Numbers by Length and Age for Year 2007

| T—

E— | | TS

Population and Catch Numbers by Length and Age for Year 2008

|| —

50" SAW Assessment Report

330

Monkfish; Appendixes



Population and Catch Numbers by Length and Age for Year 2009
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Southern Management Area Final Run 8

Recruitment Indices, Group Linear and Log Scale, 1 Index per Line (14 Plots)

Adult Indices, Group Linear and Log Scale, 1 Index per Line (8 Plots)

Survey Length Frequencies (210 Plots)

Catch Numbers, Catch Length Frequency (30 Plots)

Observed vs. Predicted Catch Weight (1 Plot)

Selectivity (2 Plots)

4-Plot: Population and Catch Numbers (60 Plots)

Fmult, Age 1 Recruitment, Observed vs. Predicted Catch Weight, and Total Biomass: Group 2
per Line (4 Plots)
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Recruitment Index 3, Linear and Log Scale

50" SAW Assessment Report 333 Monkfish; Appendixes



Recruitment Index 5, Linear and Log Scale

Recruitment Index 6, Linear and Log Scale
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Adult Index 2, Linear and Log Scale

Adult Index 3, Linear and Log Scale
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Adult Index 4, Linear and Log Scale
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Survey 2 Length Frequency, Year 2004
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Survey 2 Length Frequency, Year 2007
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Catch Numbers Length Frequency, Year 2009
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Appendix A3: A tagging study to assess monkfish (Lophius americanus) movements and
stock structure in the northeastern United States

Graham Sherwood*, Jonathan Grabowski and Shelly Tallack
Gulf of Maine Research Institute, Portland, Me 04101
*correspondence: gsherwood@gmri.org; (207) 228 1644

A conventional tagging study was conducted to examine movement and mixing rates of
monkfish (Lophius americanus), respectively, within and between two monkfish management
areas in the northeastern United States (the Northern and Southern Management Areas, or NMA
and SMA). A total of 2770 monkfish were tagged and released in the autumn of 2007 and winter
of 2008 (1006 in the NMA and 1764 in the SMA) and recaptures were monitored over the
following 21 months. This study represents the first tagging study for monkfish in the U.S.
northeast and almost doubles in effort (i.e., tag releases) the next largest tagging study for

Lophius sp. The following is a summary of the main findings:

1) The overall reporting rate for filtered recaptures (i.e., days at liberty > 30 days) was 3.2% and
this rate was higher in the SMA (3.9%) than in the NMA (1.7%).

2) Tag shedding rate (based on double tagging of all monkfish released), was found to be 18.6%

which compares well to shedding rates for other species (e.g., cod).

3) Movements after 30 days at liberty were mostly in the southwest direction and ranged from 1
to 503 km; mean displacement was higher in the NMA than in the SMA: 110.4 £ 129.9 km

versus 54.7 £ 58.5 km, and positively correlated with monkfish size in the SMA.

4) Mixing (straying) among management areas was found to be low and unidirectional; no
monkfish tagged in the SMA were recaptured in the NMA (although reporting rates were low in
the NMA), and we estimate that 9.1% of the monkfish tagged in the NMA moved to the SMA.

5) Growth rate was estimated for a subset of monkfish for which reliable length data existed at
the time of recapture (n = 23) to be 10.6 + 4.7 cm year™ (mean + std) which compares well with
tagging-based estimates of growth for Lophius piscatorius. There was a trend (insignificant) for
lower growth in larger monkfish which, if coupled to further data and evidence, could call into

question the validity of current aging results and the assumption of linear growth in monkfish.
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Figure 1. Map showing location of release (note that release sites are close enough within each
area to be represented by one star) and recapture locations in the SMA and NMA. Open circles
and squares denote the location of fish recapture sites for fish tagged in the NMA and SMA,
respectively (see legend). Mean bearing for monkfish released in the NMA was 165°, or almost
directly due south (although smaller range movements were to the east). Mean bearing for
monkfish released in the SMA was 227° or southwest. Size of released monkfish ranged from 31
to 105 cm (total length).

391 Monkfish; Appendixes

50" SAW Assessment Report



Table 2. Summary of recaptures by management area and tag color* for non-filtered and filtered
(days at liberty > 30 days) data.

Total recaptures

NMA recaptures

SMA recaptures

Release Area  Tag color Releases Number Percent Number Percent Number Percent
No filtering

NMA yellow 906 27 3.0 25 2.8 2 0.2
NMA blue 100 9 9.0 7 7.0 2 2.0
NMA Total 1006 36 3.6 32 3.2 4 0.4
SMA yellow 1595 106 6.6 0 0 106 6.6
SMA blue 169 19 11.2 0 0 19 11.2
SMA Total 1764 125 7.1 0 0 125 7.1
All yellow 2501 133 5.3 25 1.0 108 4.3
All blue 269 28 10.4 7 2.6 21 7.8
All Total 2770 161 5.8 32 12 129 4.7
Filtered for days at liberty > 30

NMA yellow 906 13 1.4 11 1.2 2 0.2
NMA blue 100 8 8.0 6 6.0 2 2.0
NMA Total 1006 21 2.1 17 1.7 4 04
SMA yellow 1595 59 3.7 0 0 59 3.7
SMA blue 169 9 5.3 0 0 9 5.3
SMA Total 1764 68 3.9 0 0 68 3.9
All yellow 2501 72 2.9 11 0.4 61 24
All blue 269 17 6.3 6 2.2 11 4.1
All Total 2770 89 3.2 17 0.6 72 2.6

*blue tags were high reward ($100) and yellow tags were standard reward (t-shirt)

50" SAW Assessment Report

392

Monkfish; Appendixes



B. ATLANTIC SEA SCALLOP STOCK ASSESSMENT FOR 2010
Invertebrate Subcommittee®

Terms of Reference

-

. Characterize the commercial catch including landings, effort, LPUE and discards.
Describe the uncertainty in these sources of data.

. Characterize the survey data that are being used in the assessment (e.g., regional indices
of abundance, recruitment, state surveys, length data, etc.). Describe the uncertainty in
these sources of data. Document the transition between the survey vessels and their
calibration. If other survey data are used in the assessment, describe those data as they
relate to the current assessment (Exclude consideration of future survey designs and
methods).

. Estimate annual fishing mortality, recruitment and stock biomass (both total and spawning

stock) for the time series, and characterize the uncertainty of those estimates.

Update or redefine biological reference points (BRPs; estimates or proxies for Bysy,

BrhresnoLp, and Fusy: and estimates of their uncertainty). Comment on the scientific

adequacy of existing and redefined BRPs.

. Evaluate stock status with respect to the existing BRPs, as well as with respect to updated
or redefined BRPs (from TOR 4).

. Develop and apply analytical approaches and data that can be used for conducting single
and multi-year stock projections and for computing candidate ABCs (Acceptable
Biological Catch; see Appendix to the TORS).

a. Provide numerical short-term projections (through 2014). Each projection should
estimate and report annual probabilities of exceeding threshold BRPs for F, and
probabilities of falling below threshold BRPs for biomass. In carrying out
projections, consider a range of assumptions to examine important sources of
uncertainty in the assessment.

b. Comment on which projections seem most realistic, taking into consideration
uncertainties in the assessment.

c. Describe this stock’s vulnerability to becoming overfished, and how this could
affect the choice of ABC.

7. Review, evaluate and report on the status of the SARC and Working Group research

recommendations listed in recent SARC reviewed assessments and review panel reports.

Identify new research recommendations.

N

w

e

(62}

(2]

! Meetings and members of the Invertebrate Subcommittee who helped prepare this assessment are listed in
Appendix 1.
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Executive Summary

TOR 1. Characterize the commercial catch, effort and CPUE, including descriptions of landings
and discards of that species. (Section 4 and Appendix 1)

U.S. sea scallop landings averaged about 26,000 mt meats during 2002-2009, about twice
their long-term average. Landings have been particularly high in the Mid-Atlantic Bight region.
Fishing effort reached its maximum in 1991, and then declined during the 1990s so that effort in
1999 was less than half that in 1991. Effort in the most recent period has been fairly stable.
Landings per unit effort (LPUE) showed general declines from the mid-1960s through the mid-
1990s, with brief occasional increases due to strong recruitment. LPUE more than quadrupled
between 1998 and 2001, and remained high during 2001-2009. LPUE has been especially high
in the Mid-Atlantic and in the Georges Bank access areas (areas that had been closed and are
now under special management). Discards of sea scallops were unusually high during 2002-
2004, averaging about 10% of landings (by weight), but declined since then, probably due to
changes in gear regulations that reduced catches of small individuals.

TOR 2. Characterize the survey data that are being used in the assessment (e.g., regional indices
of abundance, recruitment, state surveys, length data, etc.). Describe the uncertainty in these
sources of data. Document the transition between the survey vessels and their calibration. If
other survey data are used in the assessment, describe those data as they relate to the current
assessment (Exclude consideration of future survey designs and methods). (Section 5 and
Appendices I, 1V, V, VI, IX, X, XIV).

Direct and indirect comparisons between the R/V Albatross IV, which conducted the
NEFSC sea scallop surveys until 2007, and the R/V Hugh Sharp, which conducted the 2008-2009
surveys, indicated no statistically significant differences in the catch rates of the two vessels
(Appendix 1V). However, dredge sensor data indicated that the tow path of the R/V Hugh Sharp
was about 5% longer than that of the R/V Albatross IV, so catches in the time-series were
reduced by that amount during 2008-2009.

Comparison of about 140 paired stations between catches of the lined survey dredge and
underwater towed camera images (HabCam) gave estimates of survey dredge efficiency of 0.38
in survey strata containing substantial amounts of coarse sediment (gravel, cobble, rock), and
0.44 in all other strata, containing mostly sandy sediments (Appendices I1X and X). Edge effects
were examined for the SMAST drop camera survey which led to a re-estimation of scallop
densities for this survey (Appendix I11).

NEFSC sea scallop dredge survey indices were generally low from 1979-1995, and size-
frequencies indicated a truncated size distribution with few large scallops. On Georges Bank,
abundance and biomass rose substantially in the late 1990s, and then leveled off. After a decline
between 2005-2007, indices increased again after strong recruitment was observed during 2007-
2009. In the Mid-Atlantic, NEFSC survey indices increased substantially between 1997 and
2003, and have been stable or increased slightly since then. Substantial broadening of the size-
structure was observed in both regions starting in the mid-to-late 1990s. SMAST drop video
camera survey indices were fairly steady on Georges Bank during 2003-2009. In the Mid-
Atlantic, the video estimates declined sharply between 2003 and 2004, and have declined slowly
since then. Declines in abundance between 2003 and 2004 were also observed in the lined dredge
and the NEFSC winter bottom trawl surveys. These declines are either due to overestimation of
the large year class in the 2003 survey indices or high natural or fishing induced mortality of this
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year class or some combination of these effects.

TOR 3. Estimate fishing mortality, spawning stock biomass, and total stock biomass for the
current year and characterize the uncertainty of those estimates. If possible, also include
estimates for earlier years. (Section 6 and Appendix XI).

A dynamic size-based stock assessment model (CASA) was used to estimate biomass,
abundance and fishing mortality. This model was introduced in a preliminary version in NEFSC
(2004) and used as the primary assessment model in NEFSC (2007). Data used in CASA
included commercial catch, LPUE, and fishery shell height compositions, the NEFSC sea scallop
and winter trawl surveys, the SMAST large camera video survey, growth increment data from
scallop shells, and shell height/meat weight data adjusted to take into account commercial
practices and seasonality. Because both the video and lined dredge survey (via the paired
dredge/camera experiment) give estimates of scale (absolute abundances), prior estimates for
efficiencies of these two surveys were used in the CASA model.

The sea scallop stock was assessed in two components (Georges Bank and Mid-Atlantic)
separately and then combined. Estimates of fishing mortality were made from 1975-2009 for
both regions. The models generally gave good fits to survey and commercial data, but there was
tension in the Mid-Atlantic Bight model between the efficiency priors (especially for the video
survey) and the recent stable or declining trends observed in surveys. Possible mild retrospective
patterns were observed in the model, especially in the Mid-Atlantic Bight.

Model output and fishery size composition data indicate a substantial shift in selectivity
towards larger scallops Fishing mortality rates in 2009 are comparable to revised reference
points but they are not comparable among fishery selectivity periods except as measures of
fishing mortality on the fully selected individuals because of the shifts in selectivity. Whole
stock fully recruited fishing mortality increased from 1975-1992, reaching a peak of 1.47 in
1992, rapidly declined during the late 1990s, and has been fairly stable since 2002. Estimated
fishing mortality in 2009 was 0.18 (Georges Bank), 0.60 (Mid-Atlantic) and 0.378 for the whole
stock.

Combined model estimated abundances and biomass increased rapidly in the decade
starting in 1994, and have been stable or slightly increasing since then. July 1, 2009 estimated
biomasses were 62,470 mt meats for Georges Bank and 67,233 mt meats in the Mid-Atlantic.
Whole stock abundance and biomass estimates for July 1 2009 were 4,446 billion scallops and
129,703 mt meats. Both abundance and biomass for 2009 were at the maximum of the 1975-
2009 time series.

TOR 4. Update or redefine biological reference points (BRPs; estimates or proxies for Busy,
BrhresnoLp, and Fusy: and estimates of their uncertainty). Comment on the scientific adequacy of
existing and redefined BRPs. (Section 7).

The per recruit reference points Fyax and Buax had been used as proxies for Fysy and
Bumsy in previous assessments. NEFSC (2007) estimated Fyax = 0.29 and Byax = 109,000 mt
meats (January 1 biomass). These estimates were updated in this assessment using new data and
the current CASA model: Fyax = 0.30 and Bmax = 125,000 mt meats, based on January 1
biomass as was used in NEFSC (2007).
During the last benchmark assessment (NEFSC 2007), it was recommended that alternative
reference points be explored because the changes in selectivity have made yield per recruit
curves increasingly flat, which makes Fyax more difficult to estimate and sensitive to small
changes in assumed parameters.
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A new method for estimating reference points is proposed in this assessment (SYM —
Stochastic Yield Model) which explicitly takes into account uncertainties in per recruit and
stock-recruit relationships to estimate Fysy and Byusy using Monte-Carlo simulations. This model
estimated whole-stock Fysy = 0.38, Bysy = 125,358 mt meats (July 1 biomass), and MSY =
24,975 mt meats. This assessment used July 1 model biomass since it is a more representative of
the actual biomass in the population. July 1 model abundance and biomass are always lower than
those on January 1 because all growth and recruitment in the model occur on January 1.

TOR 5. Evaluate stock status with respect to the existing BRPs, as well as with respect to
updated or redefined BRPs (from TOR 4). (Section 8).

According to the Amendment 10 overfishing definition (NEFMC 2003), sea scallops are
overfished when the survey biomass index for the whole stock falls below 1/2 Brarger. The
target biomass estimated in NEFSC (2007), Brarcer = 109,000 mt on January 1, was calculated
as the median recruitment in the survey time series times BPRwax, the biomass per recruit
obtained when fishing at Fyax. NEFSC (2007) estimated Fmax= 0.29, which has been used
since then as the overfishing threshold. The updated values in this assessment are Fyax = 0.30
and Buax = 85,000 mt (July 1 biomass). The new proposed stochastic MSY reference points are
Fmsy = 0.38 and Busy = 125,358 mt (July 1).

Estimated whole-stock biomass in for January 1, 2009 was 158,610 mt meats, and
129,703 mt for July 1. These estimates are above the biomass target of 109,000 mt meats from
NEFSC (2007) as well as the new biomass targets (85,000 mt meats July 1 using per recruit
analysis, 125,358 mt meats using the stochastic yield approach). Thus, the current estimated
biomass is more than twice the biomass threshold of 1/2 Brarcer, regardless of which reference
point approach is used. The sea scallop stock was therefore not overfished in 2009.

Estimated whole stock fishing mortality was 0.38 for the whole stock (to three decimal
places 0.378), which is above the NEFSC (2007) overfishing threshold of 0.29 and its updated
value of 0.30, but equal to the proposed estimate of Fysy = 0.38. Therefore, overfishing was not
occurring in 2009 based on the new recommended overfishing definition; however, overfishing
would be occurring if the previous definition or its updated value had been used.

TOR 6. Develop and apply analytical approaches and data that can be used for conducting
single and multi-year stock projections and for computing candidate ABCs (Acceptable
Biological Catch; see Appendix to the TORs).

a.Provide numerical short-term projections (through 2014). Each projection should estimate and
report annual probabilities of exceeding threshold BRPs for F, and probabilities of falling below
threshold BRPs for biomass. In carrying out projections, consider a range of assumptions to
examine important sources of uncertainty in the assessment.

b.Comment on which projections seem most realistic, taking into consideration uncertainties in
the assessment.

c.Describe this stock’s vulnerability to becoming overfished, and how this could affect the choice
of ABC. (Section 8)

The recommended projection model is spatially explicit and accommodates differences
among regions in recruitment, growth, initial size structure, shell height/meat weight
relationships, management approach (open vs. closed areas and catch quota vs. limits on fishing
effort), intensity of fishing effort, and other factors. Projections done assuming status-quo
management but varying initial conditions, natural mortality and recruitment indicate that
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biomass and landings are expected to increase modestly until 2012, and then level off. There is
less than a 0.1% chance of the stock becoming overfished by 2014. The stock has low
vulnerability to becoming overfished.

TOR 7. Review, evaluate and report on the status of the SARC/Working Group Research
Recommendations offered in recent SARC reviewed assessments. Completed (Section 9)

Progress has been made on some of the recommendations, such as estimation of natural
mortality and seasonal growth models. But no progress has been made on others, such as
obtaining better estimates of discard and incidental mortality.

Introduction

Life History

The Atlantic sea scallop, Placopecten magellanicus, is a bivalve mollusk that occurs on
the eastern North American continental shelf north of Cape Hatteras. Major aggregations in US
waters occur in the Mid-Atlantic from Virginia to Long Island, on Georges Bank, in the Great
South Channel, and in the Gulf of Maine (Hart and Chute 2004). In Georges Bank and the Mid-
Atlantic, sea scallops are harvested primarily at depths of 30 to 100 m, whereas the bulk of
landings from the Gulf of Maine are from near-shore waters. This assessment focuses on the two
main portions of the sea scallop stock and fishery, Georges Bank in the north and the Mid-
Atlantic in the south (Figure B-1). Results for Georges Bank and the Mid-Atlantic are combined
to evaluate the stock as a whole. Assessments of the Gulf of Maine populations can be found in
Appendices V and VI.

US landings during 2003-2009 exceeded 24,000 mt (meats) each year, roughly twice the
long-term mean.? US ex-vessel sea scallop revenues during 2005-2009 averaged $389 million,
making it the most valuable US fishery during this time. Unusually strong recruitment in the
Mid-Atlantic Bight area and increased yield per recruit due to effort reduction and fishing gear
modification measures are the key reasons for high recent landings. The mean meat weight of a
landed scallop during 2005-2009 was over 25 g, compared to less than 14 g during the early to
mid 1990s.

Area closures and reopenings have a strong influence on sea scallop population dynamics
(Figure B-1). Roughly one-half of the productive scallop grounds on Georges Bank and
Nantucket Shoals were closed to both groundfish and scallop gear during most of the time since
December 1994. Limited openings to allow scallop fishing in closed areas contributed more than
half of Georges Bank landings during 1999-2000 and since 2004.

In the Mid-Atlantic, there have been five rotational scallop closures. Two areas (Hudson
Canyon South and Virginia Beach) were closed in 1998 and then reopened in 2001. Although the
small Virginia Beach closure was unsuccessful, scallop biomass built up in Hudson Canyon
Closed Area while it was closed, and substantial landings were obtained from Hudson Canyon
during 2001-2007. This area was again closed in 2008, and will likely reopen in 2011. A third
rotational closure, the Elephant Trunk area east of Delaware Bay, was closed in 2004, after
extremely high densities of small scallops were observed in surveys during 2002 and 2003.
About 30,000 mt of scallops have been landed from that area since it reopened in 2007. A fourth
closed area (Delmarva), directly south of the Elephant Trunk area, was closed in 2007 and was
reopened in 20009.

2 In this assessment, landings and biomass figures are metric tons (mt) of scallop meats, unless otherwise indicated.
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Early attempts to model sea scallop population dynamics (NEFSC 1992, 1995, 1997,
1999) were not successful because biomass estimates were less than the minimum swept area
biomass obtained from the NEFSC scallop survey (NEFSC 1999). In lieu of model based
estimates, fishing mortality was estimated in NEFSC (1999, 2001 and 2004) using a simple
rescaled F method which relies heavily on survey and landings data. A size-structured forward
projecting model (CASA, based on Sullivan et al. 1990) was used in the last sea scallop
benchmark assessment in 2007 as the primary methodology. A slightly refined version of this
model is used in this assessment as well (Table B-1).

Life History and Distribution

Sea scallops are found in the Northwest Atlantic Ocean from North Carolina to
Newfoundland along the continental shelf, typically on sand and gravel bottoms (Hart and Chute
2004). Sea scallops feed by filtering phytoplankton, microzooplankton, and detritus particles.
Sexes are separate and fertilization is external. Sea scallops typically become mature at age 2,
but gamete production is limited until age 4. Larvae are planktonic for 4-7 weeks before settling
to the bottom. Scallops fully recruit to the NEFSC survey at 40 mm SH, and to the current
commercial fishery at around 90-105 mm SH, although sea scallops between 70-90 mm were
common in landings prior to 2000.°

According to Amendment 10 of the Atlantic Sea Scallop Fishery Management Plan, all
sea scallops in the US EEZ belong to a single stock. However, the US sea scallop stock can be
divided into Georges Bank, Mid-Atlantic, Southern New England, and Gulf of Maine regional
components based on survey data, fishery patterns, and other information (NEFSC 2004, Figure
B-1). For assessment modeling purposes, Southern New England is considered to be part of the
Georges Bank region.

Age and growth

Sea scallop assessments prior to 2007 estimated growth using the von Bertalanffy growth
parameters from Serchuk et al. (1979). During the 2007 assessment, new analysis of shells
collected during the 2001-2006 NEFSC scallop surveys was introduced (NEFSC 2007). This
approach was based on growth increments inferred by successive rings on shells. The shell rings
have been confirmed as annual marks (NEFSC 2007, Hart and Chute 2009a). Von Bertalanffy
growth parameters were estimated in NEFSC (2007) using data from surveys from 2001 to 2006
using a mixed-effects model. Hart and Chute (2009b) gave a slightly refined version of this
model that also included shells collected in 2007. Here we updated these estimates to include
shells collected in 2008, using the same methodology as Hart and Chute (2009b). The current
growth curves have lower mean L, and higher mean K values than Serchuk et al. (1979).
Differences between the current estimates and that of NEFSC (2007) are minor, and that between
current estimates and Hart and Chute (2009b) are almost negligible (Figure B-2). Note that
growth parameter to cannot be estimated using growth increments, but it is not used in this
assessment.

® Scallop body size is measured as shell height (SH, the maximum distance between the umbo and shell margin).
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Mean growth parameters for sea scallops

Source Region Lo SE K SE
New (NEFSC 2010) Mid-Atlantic 132.1 0.3 0.527 0.004
Georges Bank 144.0 0.3 0.429 0.002
Hart & Chute (2009) Mid-Atlantic 133.3 0.4 0.508 0.004
Georges Bank 143.9 0.3 0.427 0.002
NEFSC (2007) Mid-Atlantic 131.6 0.4 0.495 0.004
Georges Bank 146.5 0.3 0.375 0.002
Serchuk et al. (1979)  Mid-Atlantic 151.84 0.2997
Georges Bank 152.46 0.3374

Maturity and fecundity

Sexual maturity commences at age 2; sea scallops > 40 mm that are reliably detected in
the surveys used in this assessment are all considered mature individuals. Although sea scallops
reach sexual maturity at a relatively young age, individuals younger than 4 years may contribute
little to total egg production (MacDonald and Thompson 1985; NEFSC 1993).

According to MacDonald and Thompson (1985) and McGarvey et al. (1992), annual
fecundity (reproductive output, including maturity, spawning frequency, oocyte production, etc.)
increases quickly with shell height in sea scallops

(Eggs=0.00000034 SH *°7). Spawning generally occurs in late summer or early autumn.
DuPaul et al. (1989) found evidence of spring, as well as autumn, spawning in the Mid-Atlantic
Bight area. Almeida et al. (1994) and Dibacco et al. (1995) found evidence of limited winter-
spring spawning on Georges Bank.

Shell height/meat weight relationships

Shell height-meat weight relationships allow conversion from numbers of scallops at a
given size to equivalent meat weights. They are expressed in the form W=exp(e +* In(H)), where
W is meat weight in grams and H is shell height in mm. NEFSC (2001) combined the shell
height/meat weight relationships from Serchuk and Rak (1983) with relationships from NEFSC
(1999; later published as Lai and Helser 2004) to obtain “blended” estimates that were used in
NEFSC (2001) and NEFSC (2004).

New shell height/meat weight data was collected during annual NEFSC sea scallop
surveys during 2001-2009. Unlike previous studies, where meats were either frozen or brought in
live and then weighed on land, meats were weighted at sea just after they were shucked.
Estimates based on the 2001-2006 data were used in NEFSC (2007). This assessment updates
these estimates by adding 2007-2008 data (see table below,

Figure B-3 and Appendix VII). Due to the change in timing of the survey, 2009 data were not
used.

Meat weights also depend on covariates such as depth and latitude. Meat weights
decreasing with depth, probably because of reduced food (phytoplankton) supply. Analysis of the
new data indicated that depth and (at least in some cases) latitude had a significant effect on the
the shell height/meat weight relationship (Appendix VII). Estimated coefficients for the
relationship W=exp(s +[* +¢In(D)]In(H) + #An(D)+<In(L)), where D is depth in meters and L is
latitude, are given below. In this assessment, depth-adjusted shell height/meat weight
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relationships were used to calculated survey biomass information, and traditional relationships
were used in the models (CASA and SAMS), where depth is not explicit.

o B Y 0 p
Mid-Atlantic Bight
Haynes (1966) -11.09 3.04
Serchuk and Rak (1983) -12.16  3.25
NEFSC (2001) -12.25 3.26
Lai and Helser (2004) -12.34  3.28
NEFSC (2007) -12.01 3.22
NEFSC (2007) with Depth effect -9.18 3.18 -0.65
NEFSC (2010) -10.80 2.97
NEFSC (2010) with Depth effect -894 294 -0.43
NEFSC (2010) with Depth effect and interaction -16.88 4.64 1.57 - -0.43
Georges Bank
Haynes (1966) -10.84 2.95
Serchuk and Rak (1983) -11.77  3.17
NEFSC (2001) -11.60 3.12
Lai and Helser (2004) -11.44  3.07
NEFSC (2007) -10.70 2.94
NEFSC (2007) with Depth effect -8.62 295 -051
NEFSC (2010) -10.25 2.85
NEFSC (2010) with Depth effect -8.05 284 -051
NEFSC (2010) with Depth, Latitude and subarea -
effect 14.380 2.826 0.529 5.980 0.051"

Meat weights for scallops in the commercial fishery may differ from those predicted
based on research survey data for a number of reasons. First, the shell height-meat weight
relationship varies seasonally, in part due to the reproductive cycle, so that meat weights
collected during the NEFSC survey in July and August may differ from those in the rest of year.
Additionally, commercial fishers concentrate on speed, and often leave some meat on the shell
during shucking (Naidu 1987, Kirkley and DuPaul 1989). On the other hand, meats may gain
weight due to water uptake during storage on ice (DuPaul et al. 1990). Finally, fishers may target
areas with relatively large meat weight at shell height, and thus may increase commercial meat
weights compared to that collected on the research vessel.

Observer data was used to adjust meat weights for seasonal variation and for commercial
practices (Appendix VIII). Annual commercial meat weight anomalies were computed based on
the seasonal patterns of landings together with the mean monthly commercial meat weight at
shell height (Figure B-4).
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Natural mortality

Previous assessments assumed a natural mortality of M = 0.1 based on Merrill and
Posgay (1964), who estimated M based on ratios of clappers to live scallops in survey data.
Clappers are shells from dead scallops that are still intact (i.e., both halves still connected by the
hinge ligament). The basis of the estimate (Dickie 1955) is an assumed balance between the rate
at which new clappers are produced (M-L, where L is the number of live scallops) and the rate at
which clappers separate (S-C, where S is the rate at which shell ligaments degrade, and C is the
number of clappers). At equilibrium, the rates of production and loss must be equal, so that M-L
=S-Cand:

M=C/(L- S).

Merrill and Posgay estimated S=33 weeks from the amount of fouling on the interior of
clappers. The observed ratio C/L was about 0.066 and M was thus estimated to be 0.104 « 0.1 y™.
However, the estimate of S is highly uncertain; for example Dickie (1955) estimated S to be 14.3
weeks based on tank experiments. The high level of uncertainty in the denominator implies that
the estimator for M using the point estimated of S is biased low. If the standard error in the
estimate of S is 12 weeks, an unbiased estimate of M is slightly more than 0.12. For this
assessment, we use an estimate of M = 0.12 for Georges Bank. As shown below, this new
assumption is supported by a number of modeling results.

No direct estimate of M is available for Mid-Atlantic sea scallops. The ratio of the growth
coefficient K to M is generally regarded as a life history invariant that should be approximately
constant for similar organisms (Beverton and Holt 1959, Chernov 1993). Applying this idea
indicates that sea scallop natural mortality in the Mid-Atlantic should be about 0.527/0.429 that
of Georges Bank (see the estimates of growth coefficients above). Using M = 0.12 in Georges
Bank implies that natural mortality in the Mid-Atlantic is 0.12*0.527/0.429, or about 0.15. This
is the estimate used in this assessment.

TOR 1: Commercial and Recreational Catch

The US sea scallop fishery is currently conducted mainly by about 350 vessels with
limited access permits. Two types of allocation are given to each vessel. The first are trips (with
a trip limit, typically of 18,000 Ibs meats) to rotational access areas that had been closed to
scallop fishing in the past. The second are days at sea, which can be used in areas outside the
closed and access areas. Vessels fishing under days at sea are restricted to a 7 man crew in order
to limit their processing power. The percentage of landings from the access trips have increased
since the access area programs began in 1999; in recent years, about 60% of landings are from
the access areas. Landings from 1964-2009 are given in Table B-2.

The remainder of landings come from vessels operating under "General Category"
permits that are restricted to 400 Ibs per trip, with a maximum of one trip per day. Landings from
these vessels were less than 1% of total landings in the late 1990s, but increased to 10% or more
of landings during 2007-2009. This type of permit had been open access, but was converted to an
individual transferable quota (ITQ) fishery in March 2010.

Principal ports in the sea scallop fishery are New Bedford, MA, Cape May, NJ, and
Hampton Roads, VA. New Bedford style scallop dredges are the main gear type in all regions,
although some scallop vessels use otter trawls in the Mid-Atlantic. Recreational catch is
negligible; a small amount of catch in the Gulf of Maine may be due to recreational divers.
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Management history

The sea scallop fishery in the US EEZ is managed under the Atlantic Sea Scallop Fishery
Management Plan (FMP), implemented on May 15, 1982. From 1982 to 1994, the primary
management control was a minimum average meat weight requirement for landings.

FMP Amendment 4 (NEFMC 1993), implemented in 1994, changed the management
strategy from meat count regulation to limited access, effort control and gear regulations for the
entire US EEZ. Incremental restrictions were made on days-at-sea (DAS), minimum ring size,
and crew limits (Table B-3). In addition, three large areas on Georges Bank and Nantucket
Shoals were closed to groundfish and scallop fishing in December 1994 (Figure B-1). Scallop
biomass rapidly increased in these areas. Two areas in the Mid-Atlantic were closed to scallop
fishing in April 1998 for three years in order to similarly increase scallop biomass and mean
weight.

Sea scallops were formally declared overfished in 1997, and Amendment 7 was
implemented during 1998 with more stringent days-at-sea limitations and a mortality schedule
intended to rebuild the stocks within ten years. Subsequent analyses considering effects of closed
areas indicated that the stocks would rebuild with less severe effort reductions than called for in
Amendment 7, and this days at sea schedule was thus modified. A combination of the closures,
effort reduction, gear and crew restrictions led to a rapid increase in biomass (Hart and Rago
2006), and sea scallops were rebuilt by 2001. Prior to 2004, there were a number of ad hoc area
management measures, including the Georges Bank and Mid-Atlantic closures in 1994 and 1998,
limited reopenings of portions of the Georges Bank areas between June 1999 and January 2001,
and reopening of the first Mid-Atlantic rotational areas in 2001.

A new set of regulations was implemented as Amendment 10 during 2004. This
amendment formalized an area based management system, with provisions and criteria for new
rotational closures, and separate allocations (in days-at-sea or TACs) for reopened closed areas
and general open areas. Amendment 10 closed an area offshore of Delaware Bay (the Elephant
Trunk area) where high numbers of small scallops were observed in the 2002 and 2003 surveys.
This area reopened in 2007, when an area directly to the south was closed (Delmarva closure).
One of the original Mid-Atlantic rotational closures, Hudson Canyon South, which had been
closed in 1998 and reopened in 2001, was closed again in 2008, and is scheduled to reopen in
2011.

Amendment 10 also increased the minimum ring size to 4” and, together with subsequent
frameworks, allowed limited reopening of portions of the groundfish closed areas.

Landings

Sea scallop landings in the US increased substantially after the mid-1940’s (Figure B-5),
with peaks occurring around 1960, 1978, 1990, and 2004. Maximum US landings were 29,109
mt meats in 2004.

Proration of total commercial sea scallop landings into Georges Bank, Mid-Atlantic,
Southern New England, and the Gulf of Maine regions used the standard allocation procedures
of the NEFSC (Wigley et al. 2008). Landings from the Georges Bank and the Mid-Atlantic
regions have dominated the fishery since 1964 (Table B-2 and Figure B-6). US Georges Bank
landings had peaks during the early 1960’s, around 1980 and 1990, but declined precipitously
during 1993 and remained low through 1998 (Table B-2 and Figure B-6). Landings in Georges
Bank during 1999-2004 were fairly steady, averaging almost 5000 mt annually, and then
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increased in 2005-2006, primarily due to reopening of portions of the groundfish closed areas to
scallop fishing. Poor recruitment in the middle of the decade and the reduction of biomass in the
Georges Bank access areas have led to reductions in landings in the most recent years.

Until recently, the Mid-Atlantic landings were lower than those on Georges Bank. Mid-
Atlantic landings during 1962-1982 averaged less than 1800 mt per year. An upward trend in
both recruitment and landings has been evident in the Mid-Atlantic since the mid-eighties.
Landings peaked in 2004 at 24,494 mt.

Landings from other areas (Gulf of Maine and Southern New England) are minor in
comparison (Table B-2). Most of the Gulf of Maine scallop population is assessed and managed
by the State of Maine because it is primarily in state waters (see Appendices V and VI). Gulf of
Maine landings in 2009 were less than 1% of the total US sea scallop landings. Maximum
landings in the Gulf of Maine were 1,614 mt during 1980.

Fishing effort and LPUE

Prior to 1994, landings and effort data were collected during port interviews by port
agents and based on dealer data. Since 1994, commercial data are available as dealer reports
(DR) and in vessel trip report (VTR) logbooks. DR data are total landings, and, since 1998,
landings by market category. VTR data contain information about area fished, fishing effort, and
retained catches of sea scallops. Ability to link DR and VTR reports in data processing is
reduced by incomplete data reports and other problems, although there have been significant
improvements recently. A standardized method (Wigley et al. 2008) for matching DR to VTRs
and assigning areas to landings was used to allocate landings to region for 1994-2008. The
method used in previous assessments (e.g., NEFSC 2007) that stratified landings and VTR by
state was used for 2009, since the allocation tables for 2009 have not yet been completed.

Landings per unit effort (LPUE, computed as landings per day fished) (Figure B-7)
shows a general downward trend from the beginning of the time series to around 1998, with
occasional spikes upward probably due to strong recruitment events. LPUE increased
considerably from 1999-2003 as the stock recovered; further increases in LPUE have been seen
in recent years in the Mid-Atlantic, likely due to strong recruitment. Note the close
correspondence in most years between the LPUE in the Mid-Atlantic and Georges Bank,
probably reflecting the mobility of the fleet; if one area has higher catch rates, it is fished harder
until the rates are equalized. Although comparisons of LPUE before and after the change in data
collection procedures during 1994 need to be made cautiously, there is no clear break in the
LPUE trend in 1994.

Fishing effort (days fished) in the US sea scallop fishery generally increased from the
mid-1960s to about 1991, and then decreased during the 1990s, first because of low catch rates,
and later as a result of effort reduction measures (Figure B-8). Effort increased in the Mid-
Atlantic during 2000-2005, initially due to reactivation of latent effort among limited access
vessels, and then due to increases in general category effort. Total effort since 2005 has remained
fairly stable, though there have been shifts between regions.

Discards and discard mortality

Sea scallops are sometimes discarded on directed scallop trips because they are too small
to be economically profitable to shuck, or because of high-grading, particularly during access
area trips. Ratios of discard to total catch (by weight) were recorded by sea samplers aboard
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commercial vessels since 1992, though sampling intensity on non-access area trips was low until
2003; see Appendix Il for detailed estimates.

Discarded sea scallops may suffer mortality on deck due to crushing, high temperatures,
or desiccation. There may also be mortality after they are thrown back into the water from
physiological stress and shock, or from increased predation due to shock and inability to swim or
shell damage (Veale et al. 2000, Jenkins and Brand 2001). Murawski and Serchuk (1989)
estimated that about 90% of tagged scallops were still living several days after being tagged and
placed back in the water. Total discard mortality (including mortality on deck) is uncertain but
has been estimated as 20% in previous assessments (e.g., NEFSC 2007); this assessment also
makes this assumption. However, discard mortality may be higher during the Mid-Atlantic
during the summer due to high water and deck temperatures.

Incidental mortality

Scallop dredges likely kill and injure some scallops that are contacted but not caught,
primarily due to damage (e.g., crushing) caused to the shells by the dredge. Caddy (1973)
estimated that 15-20% of the scallops remaining in the track of a dredge were killed. Murawski
and Serchuk (1989) estimated that less than 5% of the scallops remaining in the track of a dredge
suffered non-landed mortality. Caddy's study was done in a relatively hard bottom area in
Canada, while the Murawski and Serchuk study was in sandy bottom off the coast of New
Jersey. It is possible that the difference in indirect mortality estimated in these two studies was
due to different bottom types (Murawski and Serchuk 1989).

In order to use the above estimates to relate landed and non-landed fishing mortality in
stock assessment calculations, it is necessary to know the efficiency e of the dredge (the
probability that a fully recruited scallop in the path of a dredge is captured). Denote by c the
fraction of scallops that suffer mortality among sea scallops in the path of the dredge but not
caught. The best available information indicates that ¢ = 0.15-0.2 (Caddy 1973), and c< 0.05
(Murawski and Serchuk 1989). The ratio R of scallops in the path of the dredge that were caught,
to those killed but not caught is:

R =e/[c(1-e)]

If scallops suffer direct (i.e., landed) fishing mortality at rate F., then the rate of indirect (non-
landed) fishing mortality will be (Hart 2003):

Fi=F./R=F_c (1-e)le.

If, for example, the commercial dredge efficiency e is 50%, then F, = F_ ¢, where F is the fully
recruited fishing mortality rate for sea scallops. Assuming ¢ = 0.15 to 0.2 (Caddy 1973) gives F,
=0.15 F t0 0.2 F.. With ¢ < 0.05 (Murawski and Serchuk 1989) F, < 0.05 F.. Because there
may be unobserved damage, actual incidental mortality may be higher than that observed in
these studies. For this assessment, incidental mortality was assumed to be 0.2 F_ in Georges
Bank and 0.1 F_ in the Mid-Atlantic.

Commercial shell height data

Since most sea scallops are shucked at sea, it has often been difficult to obtain reliable
commercial size compositions. Port samples of shells brought in by scallopers have been
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collected, but there are questions about whether the samples were representative of the landings
and catch. Port samples taken during the meat count era often appear to be selected for their size
rather than being randomly sampled, and the size composition of port samples from 1992-1994
differed considerably from those collected by at-sea observers during this same period. For this
reason, size compositions from port samples after 1984 when meat count regulations were in
force are not used in this assessment.

Sea samplers (observers) have collected shell heights of kept scallops from commercial
vessels since 1992, and discarded scallops since 1994. Although these data are likely more
reliable than that from port sampling, they still must be interpreted cautiously for years prior to
2003 (except for the access area fisheries) due to limited observer coverage.

Shell heights from port and sea sampling data indicate that sea scallops between 70-90
mm often made up a considerable portion of the landings during 1975-1998, but sizes selected by
the fishery have increased since then, so that scallops less than 90 mm were rarely taken during
2002-2009 (Figure B-9).

Dealer data (landings) have been reported by market categories (under 10 meats per
pound, 10-20 meats per pound, 20-30 meats per pound etc) since 1998 (Figure B-10). These data
also indicate a trend towards larger sea scallops in landings. While nearly half the landings in
1998 were in the smaller market categories (more than 30 meats per pound), about 75% of the
2009 landings were below 20 count and about 99% were below 30 count.

Economic trends in the U.S. sea scallop fishery
This section describes the trends in landings, revenues, prices, producer surplus and
profits for the sea scallop fishery since 1994.

Trends in landings, prices and revenues

In the fishing years 2002-2008, the landings from the northeast sea scallop fishery stayed
above 50 million pounds, surpassing the levels observed historically (Figure B-11). The recovery
of the scallop resource and consequent increase in landings and revenues was striking given that
average scallop landings per year were below 16 million pounds during the 1994-1998 fishing
years, less than one-third of the present level of landings. The increase in the abundance of
scallops coupled with higher scallop prices increased the profitability of fishing for scallops by
the general category vessels. As a result, general category landings increased from less than 0.4
million pounds during the 1994-1998 fishing years to more than 4 million pounds during the last
four fishing years (2005-2008), peaking at 7 million pounds in 2005 or 13.5% of the total scallop
landings.

Figure B-12 shows that total fleet revenues tripled from about $100 million in 1994 to
over $350 million in 2008 (in inflation-adjusted 2008 dollars). Scallop ex-vessel prices
increased after 2001 as the composition of landings changed to larger scallops that in general
command a higher price than smaller scallops. However, the rise in prices was not the main
factor that led to the increase in revenue in the recent years compared to 1994-1998 and in fact,
the inflation adjusted ex-vessel price of scallops in 2008 was lower than the price in 1994 (Figure
B-12). The increase in total fleet revenue was mainly due to the increase in scallop landings and
the increase in the number of active limited access vessels during the same period. Fig B6-9
shows that average landings and revenue per limited access vessel more than doubled in recent
years compared to the period 1994 -1998. The number of active limited access vessels increased
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by 50 % (from about 220 in 1994 to 345 in fishing year 2008) resulting in tripling of total fleet
scallop landings and revenue in 2008 compared to 1994 (Figure B-12 and Figure B-13).

Figure B-13 shows that average scallop revenue per limited access vessel more than
doubled from about $400,000 in 1994 to about $950,000 despite the fact that inflation adjusted
ex-vessel price per pound of scallops was slightly higher in 1994 ($7.15 per pound) compared to
the ex-vessel price in 2008 ($6.92 per pound). In other words, the doubling of revenue was the
result of the doubling of the average scallop landings per vessel in 2008 (over 136,000 pounds)
from its level in 1994 (over 57,000 pounds). The total fleet revenue for all the limited access
vessels more than tripled during the same years as new vessels became active. Average scallop
revenue per full-time vessel peaked in the 2005 fishing year to over $1.1 million as a result of
higher landings combined with an increase in ex-vessel price to about $8.50 per pound of
scallops (in terms inflation adjusted 2008 prices).

Trends in the meat count and size composition of scallops

Average scallop meat count has declined continuously since 1999 as a result of effort-
reduction measures, area closures, and an increase in ring sizes implemented by the Sea Scallop
FMP. The share of larger scallops increased with the share of U10 scallops rising to over 20%
since 2006. The share of 11-20 count scallops increased from 12% in 1999 to 53% in 2008. On
the other hand, the share of 30 or more count scallops declined from 30% in 1999 to 1% in 2008
(Figure B-10 and tables below). Larger scallops priced higher than the smaller scallops
contributed to the increase in average scallop prices in recent years despite larger landings
(Figure B-12 and tables below).

Size composition of scallops

Under 10 | 11-20 21-30 30 count and
YEAR count count count over Unclassified
1999 17% 12% 25% 35% 12%
2000 7% 18% 44% 20% 11%
2001 3% 24% 49% 11% 13%
2002 5% 15% 65% 5% 11%
2003 6% 21% 56% 3% 13%
2004 7% 41% 42% 2% 8%
2005 13% 57% 21% 2% 7%
2006 23% 52% 18% 1% 6%
2007 24% 52% 13% 4% 8%
2008 23% 53% 18% 1% 4%
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Price of scallop by market category (in 2008 inflation adjusted prices)
YEAR <=10 count | 11-20 count | 21-30 count >30 count
1999 7.8 7.9 7.3 6.4
2000 8.7 6.8 5.9 6.1
2001 7.2 4.7 4.4 4.7
2002 6.7 4.8 4.5 51
2003 5.7 4.8 4.8 5.3
2004 6.8 5.8 5.5 5.7
2005 8.8 8.6 8.5 8.3
2006 6.6 7.3 7.6 7.6
2007 7.2 6.9 6.8 6.2
2008 7.2 6.9 6.8 6.4

Trends in Foreign Trade

One of most significant change in the trend for foreign trade for scallops after 1999 was
the striking increase in scallop exports. The increase in landings especially of larger scallops led
to a tripling of U.S. exports of scallops from about 5 million Ib. in 1999 to over 20 million Ib. per
year since 2005 (Figure B-14). Figure B-14 shows exports from New England and Mid-Atlantic
ports combined including fresh, frozen and processed scallops. Although exports include exports
of bay, calico or weathervane scallops, it mainly consists of sea scallops. France and other
European countries were the main importers of US scallops. The exports from all other states and
areas totaled only about $1 million in 2006 and 2007, and thus were not considered significant.
Imports of scallops fluctuated between 45 million 1b. and 60 million Ib. during the same period.
TOR 2: Survey Data

Sea scallop surveys were conducted by NEFSC in 1975 and annually after 1977 to
measure abundance and size composition of sea scallops in the Georges Bank and Mid-Atlantic
regions (Figure B-1). The 1975-1978 surveys used a 3.08 m (10’) unlined dredge with 50 mm
rings. A 2.44 m (8’) survey dredge with 50 mm rings and a 38 mm plastic liner has been used
consistently since 1979. The lined survey dredge was judged to be unselective for scallops
greater than 40 mm by comparing its catches to observations from sea floor video (NEFSC
2007). The northern edge of Georges Bank was not surveyed until 1982, so survey data for this
area are incomplete for this area during 1975-1981. The 1979-1981 data were supplemented with
Canadian survey data that covered much of the unsurveyed area (see Appendix XIII), allowing
an extension of the lined survey dredge time series back to 1979.

The R/V Albatross IV was used for all NEFSC scallop surveys from 1975-2007, except
during 1990-1993, when the R/V Oregon Il was used instead. Surveys by the R/V Albatross IV
during 1989 and 1999 were incomplete on Georges Bank. In 1989, the R/V Oregon Il and R/V
Chapman were used to sample the South Channel and a section of the Southeast Part. Serchuk
and Wigley (1989) found no significant differences in catch rates between the R/V Albatross 1V,
R/V Oregon Il and R/V Chapman.

The F/V Tradition was used to complete the 1999 survey on Georges Bank. NEFSC
(2001) found no statistically significant differences in catch rates between the F/V Tradition and
R/V Albatross IV from 21 comparison stations after adjustments were made for tow path length.
Therefore, as in previous assessments (e.g., NEFSC 2004), survey indices for the period 1990-93
based on data from the R/V Oregon Il were used without adjustment, and survey dredge tows
from the F/V Tradition in 1999 were used after adjusting for tow distance.
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In 2008-2009, the NEFSC scallop survey was conducted on the R/V Hugh Sharp. Direct
and indirect comparisons between the catches of these vessels showed no significant differences
(Appendix 1V). However, examination of tow path length from dredge sensor data indicates that
the tow path of the dredge on the R/V Sharp is about 5% longer than the R/V Albatross. Thus,
survey catches in 2008-9 were reduced by 5%. Rock excluder chains have been used on the
NEFSC sea scallop survey dredge since 2004 in certain hard bottom strata to enhance safety at
sea and increase reliability (NEFSC 2004). Based on pair tows with and without the excluders,
the best overall estimate was that rock chains increased survey catches on hard grounds by a
factor of 1.31 (cv = 0.196). To accommodate rock chain effects in hard bottom areas, survey
data collected prior to 2004 from strata 49-52 were multiplied by 1.31 prior to calculating
stratified random means for larger areas; variance calculations in these strata include a term to
account for the uncertainty in the adjustment factor (NEFSC 2007).

Calculation of mean numbers of scallops per tow, mean meat weight per tow and
variances in this assessment were standard calculations for stratified random surveys (Serchuk
and Wigley 1989; Wigley and Serchuk 1996; Smith 1997) with some extensions described
below.

Relatively high abundance of sea scallops in closed areas makes it necessary to post-
stratify survey data by splitting NEFSC shellfish strata that cross open/closed area boundaries.
After post-stratification, adjacent strata were grouped into regions corresponding to the various
open and closed areas. Finally, in cases where the closed or open portion of an NEFSC survey
stratum was very small, it was necessary to combine the small portion with an adjacent stratum
to form a new slightly larger stratum (NEFSC 1999).

Survey abundance and biomass trends

Biomass and abundance trends for the Mid-Atlantic Bight and Georges Bank are
presented in Table B-4 and Figure B-15 and Figure B-16. Variances for strata with zero means
were assumed to be zero.

In the Mid-Atlantic Bight, abundance and biomass were at low levels during 1979-1997,
and then increased rapidly during 1998-2003, due to area closures, reduced fishing mortality,
changes in fishery selectivity, and strong recruitment. Biomass was relatively stable since 2003.
In Georges Bank, biomass and abundance increased during 1995-2000 after implementation of
closures and effort reduction measures. Abundance and biomass declined from 2004-2007
because poor recruitment and reopening of portions of the groundfish closed areas. Abundances,
and to a lesser extent, biomasses, increased since 2007 due to strong recruitment. Survey shell
height frequencies show a trend to larger shell heights in both regions in recent years (Figure B-
17).

Video survey data collected by the School for Marine Sciences and Technology
(SMAST), University of Massachusetts, Dartmouth between 2003-2009 (Table B-5, Table B-6
and Figure B-18). SMAST survey data are counts and shell height measurements from images
that were recorded by two video cameras. The “large” camera was mounted 1.575 m above the
bottom in the center of the sampling frame while the “small” camera was mounted 0.7 m above
the bottom. Adjustments have been made in this assessment to the estimated observed area of a
quadrat, which is the area viewed by the large camera and to the number of sea scallops actually
counted (Appendix I1I).

The SMAST survey is based on a systematic sampling pattern with stations centered on a
5.6 x 5.6 km grid pattern (Stokesbury et al. 2004). Four quadrats (drops) are sampled at each
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station and one image taken with each camera is analyzed from each quadrat. The sampling
frame and cameras are placed on the bottom at the center of the grid where video footage from
the first quadrat is collected. The sampling frame is then raised until the sea floor is no longer
visible and the ship is allowed to drift approximately 50 m in the current before the sampling
frame is lowered and video footage from the second quadrat image is collected. The third and
fourth images are collected in the same manner. All scallops with any portion of their shell lying
within the sample area are counted. Measurements are taken from images projected on a
digitizing tablet from all specimens where the umbo and shell margins are clearly visible. The
precision of measurements must be considered in interpreting video shell height data. Based on
Jacobson et al. (2010) and NEFSC (2004), video shell height measurements from the large
camera have a standard deviation of 6.1 mm across a wide range of sea scallop shell heights.

Video survey data in this assessment are expressed as densities (number m?). Variances
for estimated densities are approximated using the estimator for a simple random survey applied
to station means. There was some variability in the areas covered during each year (Table B-5
and Table B-6).

Dredge efficiency calibration

During 2007-2009, approximately 140 NEFSC scallop survey tows were also sampled
using the HabCam towed digital camera system (Appendices 1X and X). Analysis of these tows
indicates that the lined survey dredge has an efficiency of about 0.44 in sandy areas and 0.38 in
survey strata with a substantial fraction of gravel/cobble/rock substrate (Appendix X). These
estimates are reasonably consistent with previous efficiency estimates (Table B-7).

TOR 3: Fishing Mortality, Biomass, and Recruitment Estimates

A catch at size analysis (CASA, Sullivan et al 1990) was used as the primary assessment
model. CASA models growth using a stochastic growth matrix, which can be estimated using
shell growth increment data. A CASA model for sea scallops was presented for preliminary
review in (NEFSC 2004) and was used as the primary assessment model in the last assessment
(NEFSC 2007). Simulation testing generally indicated good model performance (NEFSC 2007).
CASA models for both stocks were run between 1975-2009. Shell heights were modeled with
5mm shell height bins starting at 20mm, but only scallops larger than 40mm were used in tuning
to the data. The final (plus) group were the bins that included L. ; this bin were given special plus
group weights based on the mean observed weight in the NEFSC survey in that year for scallops
in the plus group (Figure B-19). Transition matrices were derived directly from shell increment
data, as in the last assessment. Population shell height/meat weight conversions were based on
2001-2008 research vessel derived parameters, and fishery meat weights were adjusted based on
estimated seasonal anomalies and the seasonal distribution of landings in that year (see Appendix
VIII). Commercial shell heights data was obtained from 1975-1984 from port samples, and from
1992-2009 from sea samples (observers). Asymptotic delta method variances calculated in
CASA with AD-Model Builder software were used to compute variances and coefficients of
variation (cvs).

CASA model for Georges Bank

The model time-series for this assessment was 1975-2009, compared to 1982-2009 in
NEFSC (2007). Three surveys were used for both trends and shell heights: the NEFSC lined
dredge survey (1979-2009), the SMAST large video camera survey (2003-2009) and the NEFSC
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unlined dredge survey (1975-1978). The selectivity of the lined dredge survey was assumed flat
(NEFSC 2007), and the selectivity of the video and unlined dredge survey was fixed on the basis
of experimental evidence (NEFSC 2007, Serchuk and Smolowitz 1980). Priors with a cv of 0.15
were assumed for the NEFSC dredge (assuming a mean dredge efficiency of 0.41, see Appendix
X), and for the large camera video survey (assuming 100% detectability of fully selected
scallops). The prior distributions were implemented using symmetrical beta distributions. Fishery
selectivity periods were 1975-1995, 1996-1998, 1999-2000, 2001-2003, and 2003-2009. Domed
(double logistic) selectivity was assumed for the 1996-1998 and 2001-2003 periods, when there
was no fishing access in the closed areas, so that large scallops were not fully selected to the
fishery. LPUE was not used as an index of abundance. Natural mortality was set at M = 0.12 and
incidental fishing mortality at 0.2 times fully recruited fishing mortality.

Model predicted trends and shell heights generally fit observations well (Figure B-20 to
Figure B-23). This is also reflected in the relatively high implied effective sample sizes for the
shell height data (Figure B-24). Mean posterior estimated efficiency for the lined dredge was
0.464, slightly higher than the 0.41 efficiency prior (Figure B-25). The large camera posterior
mean was 1.5, indicating that the model estimates were lower than the camera data.

Fishery selectivity was strongly domed during the period that the closed areas were
unavailable to the fishery (Figure B-26). Otherwise, selectivity has shifted over time toward
larger shell heights. Biomass and abundance generally declined from 1975-1994 and then
increased rapidly and reaching a peak in 2005 (Table B-8, Figure B-27). Biomass then fell
through 2008, but increased from 2008 to 2009. Biomass in 2009 was 62470 mt. Recruitment
appears to be cyclic, with several years of strong recruitment followed by several years of
weaker recruitment. Fully recruited fishing mortality increased from 1975 to a peak of over 1.7
in 1992 and then declined. Fully recruited fishing mortality in 2009 was 0.18. As a result of the
changes in selectivity and fully recruited fishing mortality, survival to large shell heights has
increased substantially in recent years (Figure B-28). During 1975-1995, 100mm scallops were
nearly fully selected, and 80 mm scallops were about 80% selected (Figure B-29). By contrast,
100 mm scallops were only about 40% selected during 2004-2009, whereas 80 mm scallops were
essentially not selected at all.

Model abundance and biomass estimates correspond well to the expanded estimates from
the lined dredge survey, but in most years are modestly below the large camera survey (Figure
B-30). Model estimates of fishing mortality are consistent with the Beverton-Holt (1956) length-
based equilibrium estimator (Figure B-31). The model 80+mm exploitation index (numbers
caught/population numbers > 80mm), is similar to an empirical estimate of the same quantity,
estimated directly from fishery and lined dredge survey data, expanded using a dredge efficiency
of 0.41 (Figure B-31).

CASA Model for Mid-Atlantic

The Mid-Atlantic CASA model uses the same three survey time series as in Georges
Bank, plus the NEFSC winter bottom trawl survey, conducted between 1992-2007. This survey
uses "flat net" trawl gear similar to that used by commercial flounder and scallopers and should
fairly reliably catch scallops. Preliminary runs with domed selectivity for this survey could not
obtain reliable estimates for the declining portion of the dome, so selectivity was modeled by a
logisitic curve with estimated parameters. However, residuals and direct comparisons between
dredges and trawls (Rudders et al. 2000) suggest the possibility that some doming exists. Priors
and selectivity assumptions for the other three surveys was as in Georges Bank. Selectivity
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periods were 1975-1979, 1980-1997, 1998-2001, 2002-2004, 2005-2009. The first period was
modeled as domed (double logistic) selectivity due to the predominance of small scallops in
fishery length data, whereas all the other periods were assumed to have logistic selectivity.

The model trend fit the lined dredge survey well, but was contrary to the large camera
survey, which decreased while the model trend generally increased during 2003-2009 (Figure B-
32). Predicted shell heights usually fit the data well, except for incoming strong year classes,
which tended to be overestimated in the surveys relative to the model (Figure B-33, Figure B-34,
Figure B-35, Figure B-36). Mean posterior efficiency for the dredge was 0.68, somewhat higher
than the 0.44 estimated by the paired dredge/habcam experiment. Mean posterior efficiency for
the large camera was 1.41, again indicating the model estimated abundances were generally less
than those from the camera (Figure B-37). One cause of this is the downward trend in the large
camera survey, which tends to pull the model estimate lower.

Selectivity was strongly domed during 1975-1979; selectivity moved father to the right
during subsequent periods so that in the 2005-2009 period, only the plus group was fully selected
(Figure B-38). Model estimated abundance and biomass were relatively low during 1975-1998,
and then rapidly increased from 1998-2003 and has been steady to slightly increasing since then
(Table B-8; Figure B-39). Recruitment has been much greater since 1998 than before this year.
Fully recruited fishing mortality was between 0.5 and 1.2 in most years between 1975-1996.
Since then, fishing mortality has ranged between 0.35 and 0.87. However, the force of fishing
mortality is much less than this on most scallops because of the selectivity patterns. This is
illustrated by the dramatic increase in survival since 1998 (Figure B-40), and the reductions in
fishing mortality on 80 and 100 mm SH scallops (Figure B-41).

Model abundance and biomass estimates generally agree well with those of the lined
dredge survey (expanded using a dredge efficiency of 0.44) except in the most recent period,
when the dredge survey is modestly higher (Figure B-42). Model estimates were well below the
large camera survey for 2003-2005, but well above them for 2009, again reflecting the
conflicting trend. Model estimates of fishing mortality and exploitation agree reasonably well
with simple empirical based estimates of these quantities, especially in the most recent years
(Figure B-43).

Whole stock biomass, abundance and mortality

Biomass, egg production, abundance, recruitment and fishable mean abundance were
estimated for the whole stock by adding estimates for the Mid-Atlantic Bight and Georges Bank.
Whole stock fishing mortality rates for each year were calculated F =(C,, +C, )/(WM + WG)

where Cy and Cy are catch numbers for the Mid-Atlantic Bight and Georges Bank. Terms in the
denominator are average fishable abundances during each year calculated in the original CASA

— N L-e %) . _ : : ,
model N :ZLZ— with the mortality rate for each size group (L) adjusted for fishery

L L
selectivity. The simple ratio formula used to calculate whole stock F is an “exact” solution
because the catch equation implies that C = FN .

Whole stock variances and coefficients of variation were calculated assuming that
estimation errors for Georges Bank and the Mid-Atlantic Bight were independent. In particular,
variances for biomass, abundance and catch estimates were the sum of the variances for Georges
Bank and the Mid-Atlantic Bight. CVs for the ratios estimating whole stock F were

approximated CV, =,/CV/? +CVN2 , Which is exact if catch number Cy and average abundance
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N are independent and lognormally distributed (Deming 1960). The CV for measurement errors
in catch for each region was 0.05, the same as assumed in fitting the CASA model.

Like the individual populations, whole-stock fishing mortality generally increased from
1975-1992 and then declined (Table B-8 and Figure B-44). Whole stock biomass, abundance and
fishing mortality in 2009 were respectively 129,703 mt meats, 7446 billion (both on July 1) and
0.38. The biomass and abundance in 2009 were the highest in the 1975-2009 time series.

Variances for the stock as a whole depend on the assumption that model errors in
Georges Bank and the Mid-Atlantic are independent; these variance would be higher if a positive
correlation between model errors exists, and lower if they are negatively correlated.

The apparent precision of the estimates for sea scallops may be surprising and the cvs
calculated in this assessment certainly do not capture all of the underlying uncertainties.
Estimates were relatively precise because of the long time series of relatively precise dredge
survey data and recent video survey data, together with the assumptions of known survey
selectivities and prior information on survey efficiencies probably contributed to the small cvs.
Retrospective and sensitivity analyses as well as likelihood profiles can help elucidate the
uncertainties in the assessment.

Retrospective patterns

CASA model runs for Georges Bank and the Mid-Atlantic show moderate retrospective
patterns, with biomass tending to decrease and fishing mortality tending to increase, with the
additional years of data (Figure B-45 and Figure B-46). The pattern is stronger in the Mid-
Atlantic, likely because of the downward re-estimation of the large year class observed in 2003
and the steep drop in the large camera survey in 2009.

Historical retrospective

Comparisons between the current estimates of fishing mortality and biomass and ones
made in previous assessments indicate that estimates on Georges Bank have been fairly stable
but there is a tendency in the Mid-Atlantic for estimates fishing mortality to increase and
biomass to decrease over time (Figure B-47 and Figure B-48).

Likelihood profile analysis

Likelihood profiles were constructed for natural mortality (M) and mean of large camera
survey q (Figure B-49 and Figure B-50). On Georges Bank, minimum —log-likehoods for
natural mortality occur at about the estimated M = 0.12 for survey length compositions, and only
slightly higher for survey trends, whereas the priors and commercial catches suggest a higher
natural mortality. Most data sources tend to suggest a higher than estimated prior for the large
camera survey.

In the Mid-Atlantic, survey trends and shell heights suggest the best estimate of natural
mortality slightly below the estimated value (0.15), but the priors and commercial landings show
minimums at larger values of M. Most sources of data tend to suggest a higher mean value for
dredge efficiency than assumed in the prior, again demonstrating the tension between the survey
priors and the other data sources.

Sensitivity analysis

The fact that survey estimated abundances tend to be somewhat higher than model
estimates, especially in the Mid-Atlantic, suggest the possibility that there is some source of
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mortality, such as unreported landings, discard or incidental fishing mortality or natural
mortality, the is greater than that assumed in the model. Alternatively, growth curves are based
on data from the most recent period only (2001-2008); there would be model misspecification if
growth was different in previous periods (e.g., because the heavy fishing affected growth, see the
discussion in Hart and Chute 2009b). Violation of the assumption of spatial uniformity may also
play a role in the conflict. Finally, it is possible that some systematic error in camera surveys
could also explain at least part of the conflict (e.g., see Appendix I11).

To estimate the uncertainty surrounding two key model imputs, sensitivity analyses were
performed on input natural mortality and the assumed mean prior efficiencies of the lined dredge
and large camera surveys &Figure B-51 and Figure B-52). For natural mortality, runs were
conducting using the 5™, 25", 75" and 95™ percentiles of the natural mortality distribution used
in the stochastic reference point models.

Changing natural mortality modestly altered estimates, especially during the 1995-2005
period, but had little effect on the estimates of 2009 biomasses or fishing mortalities. Relaxing
the assumptions on priors had almost no effect on 1975-1999 estimates, but did affect estimates
in the most recent years, largely because that is when the large camera data occurs. Relaxing the
priors gave lower biomasses and higher fishing mortalities than the basecase.

TOR 4: Biological Reference Points

In previous assessments, per recruit reference points Fyax and Byax Were used as proxies
for Fmsy and Busy. Fwmax IS the fishing mortality rate for fully recruited scallops that generates
maximum yield-per-recruit. Bmax was defined as the product of BPRyax (biomass per recruit at
F= Fumax, from yield-per-recruit analysis) and median numbers of recruits. NEFSC (2007)
reported January 1 biomass units, and estimated Fyax = 0.29 and Buyax = 109,000 mt meats as
overall reference points, estimated from the CASA model.

Using the same methods but with updated data and CASA model, the estimates are Fyax
= 0.30 and Bmax = 127,000 mt (Figure B-53). The increase in Bmax iS mostly due to the
inclusion of special weights for the plus groups in the model; this feature was not in the 2007
model. The value of Byax is based on January 1 biomass, which was used to report biomass in
NEFSC (2007). This assessment mainly reports model biomasses on July 1, which are less than
those on January 1, because all growth and recruitment occur on that date in the model. The
Bmax corresponding to July 1 biomass is 85,000 mt. This value is somewhat less than the sum of
the biomasses that maximize surplus production curves (Figure B-54).

As selectivity has shifted to larger scallops, yield per recruit curves have become
increasingly flat, particularly in the Mid-Atlantic, making yield per recruit reference points both
difficult to estimate and sensitive to small changes in parameters. Additionally, recruitment has
been much stronger during the most recent period in the Mid-Atlantic when biomass has been
high, suggesting that spawner-recruit relationships should be included in reference points.

This assessment introduces a stochastic model (SYM - Stochastic Yield Model) for
calculating reference points and their uncertainty. It uses Monte-Carlo simulations to propagate
the uncertainty of inputs to per recruit and stock-recruit calculations to the estimation of yield per
recruit and yield curves. Besides its use in calculating limit reference points, a version of this
model was employed to perform a risk assessment that was used to estimate Allowable
Biological Catch (ABC) for the sea scallop fishery in 2010.
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Description of stochastic yield model

Although the SYM model is separate from CASA, efforts were made to make the two
models as compatible as possible. Recruits are initially spread out over 10 size bins (20-70 mm),
and growth is modeled using a stochastic growth matrix, as in the CASA model.

Per recruit calculations depend on a number of parameters that each carry a level of
uncertainty:

(1) Von Bertalanffy growth parameters K and L,

(2) Shell height/meat weight parameters a and b

(3) Natural mortality rate M

(4) Fishery selectivity parameters ¢ and g

(5) The cull size of the catch and the fraction of discards that survive

(6) The level of incidental fishing mortality, i.e., non-catch mortality caused by fishing.

The mean, standard error and correlation (when applicable) for each of the parameters is
given in Table B-9. Details on each of these parameters is given below.

Growth parameters K and L, .

These were simulated as negatively correlated normals, using the mean and covariance
from shell growth increment data, as estimated by a linear mixed-effects model (Hart and Chute
2009b), updated by including 2008 data. The level of individual variability in these two
parameters was taken as estimated in the mixed-effects model without error.

Shell height/meat weight relationships.

Meat weight W at shell height H is calculated using a formula of the form:

W =exp(a+bin(H)) Q)

The means, variances and covariance of parameters a and b were taken from the
analysis described in Appendix VII. Similar to the growth parameters, the estimates of a and b
ahave a strong negative correlation. This means that the predicted meat weight at a given shell
height carries less uncertainty than it would appear from the variances of the individual
parameters. Meat weights vary seasonally, with the greatest meat weights during the late spring
and early summer (NEFSC 2007). Haynes (1966) constructed a number of monthly shell
height/meat weight relationships, and did not find any significant trend in the slopes. If this is the
case, seasonality would not affect the F,,,, or F,, reference point. For this reason, seasonal

variability was not considered a source of uncertainty for this analysis.

Natural mortality M.
As discussed in Section B3, natural mortality for sea scallops was estimated by Merrill
and Posgay (1964) as
1C
M=—— 2
S )

where L is the number of live scallops, S is the mean clapper separation time and C is the
number of clappers. Probably the greatest uncertainty in this calculation is the mean separation
time S. For example, Dickie (1955) estimated S to be 100 days (14.3 weeks), less than half that
estimated by Merrill and Posgay. Reflecting this uncertainty, it was assumed S was distributed
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as a gamma random variable, with mean 33 weeks and standard deviation 12 weeks. The
resulting distribution of M has the desirable characteristic of being skewed to the right (Figure
B-55). This makes sense since, for example, a natural mortality of M =0.2 is possible, but an
M =0, or even close to zero, is not. Note that because S appears in the denominator of (2), the
expected value of M is not equal to applying equation (2) with the mean value of S .

Fishery selectivity.
Fishery selectivity s was estimated using an ascending logistic curve of the form:
5= L 3)
1+exp(a—pH)
where H is shell height. The means and covariances of the ¢ and B parameters were taken as

estimated by the CASA stock assessment model during the most recent selectivity period. Note
that fishery selectivity reflects targeting as well as gear selectivity.

Discard mortality .

Sea scallops that are caught but are less than 90 mm are assumed to be discarded, based
on observer data. Sea scallops likely tolerate discarding fairly well, provided they are returned to
the water relatively promptly and they are not damaged by the capture process or their time on
deck. Here, discard mortality was simulated as a gamma distribution, with a mean of 0.2 and a
standard deviation of 0.15, reflecting the high uncertainty in this parameter. This feature is not
included in the CASA model, but makes little difference as few scallops below 90 mm are
selected in the most recent selectivity period.

Incidental fishing mortality

Incidental fishing mortality occurs when scallops are killed but not captured by the gear.
Consistent with the assumptions of the CASA model, incidental mortality was estimated as 0.2
that of landed fishing mortality on Georges Bank and 0.1 in the Mid-Atlantic. Because of the
considerable uncertainty in these numbers, incidental mortality was simulated here with a
gamma distribution with these means and coefficients of variation of 0.75.

Stock-recruit relationships
Stock-recruit relationships were based on the basecase CASA runs and fitted to Beverton-
Holt stock-recruit curves of the form:
sB | ()
y+B
assuming log-normal errors (Figure B-56). Here R is recruitment, B is spawning stock biomass
(or egg production), and s and y are parameters, representing the asymptotic recruitment when

B is large, and the spawning stock biomass where recruitment is half its asymptotic value,
respectively. Standard errors of the stock-recruit parameters and their correlation were also
estimated using the delta method.

Calculation of equilibrium yield per recruit and yield

Per recruit and stock-recruit parameters were assigned probability distributions reflecting
their level of uncertainty, as discussed above. For each iteration, parameters were drawn from
their distributions, and then per recruit and yield curves were calculated. This was repeated for
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n =50000 iterations and the results collected. The stock-recruit parameters were simulated as
correlated log-normals

For each run, equilibrium recruitment at fishing mortality F is given by

R =s—yb(F) ()
where b is biomass per recruit. Total yield is therefore
Y(F)=y(F)R=y(F)[(s—»)/b(F)] (6)

where y is yield per recruit.

Median (and mean) per recruit and yield curves were calculated as the median (mean) of
these quantities as a function of fishing mortality. The probabilistic F,,, (and F,,,, were taken

as the fishing mortality that maximizes the median yield curve. The median was preferred
because it avoided strong influence by likely unrealistic model outliers. The probabilistic MSY
and B,,, arethe median yield and biomass at F,,, over all runs.

Results

Simulated yield per recruit curves on Georges Bank generally showed a distinct peak
between 0.2 and 0.3, but the simulated stock-recruit curves were almost completely flat (Figure
B-57). By contrast, simulated yield per recruit curves from the Mid-Atlantic were flat, with Fyax
highly variable among runs, which induced a high Fuax (0.835) for the median yield curve
(Figure B-58). The correlation between biomass and recruitment induced a much lower Fysy
estimate (0.43) for the median yield curve for the Mid-Atlantic. The SYM model gives overall
estimates of F,,,, =0.38, B,,, =125,358 mt and MSY = 24,975 mt (Table B-9, Figure B-59).

Estimation of Allowable Biological Catch (ABC)

Probabilistic methods such as those employed here are ideal for quantifying risk and
precaution, such as that used for deriving ABCs. For the purposes of setting the 2010 sea scallop
ABC, the fishing mortality corresponding to the ABC was set by the NEFMC Science and
Statistical Committee at the 25th percentile of the distribution of the overall Fysy (i.e., the 25th
of the distribution of Fysy values from the individual simulations) which at the time was
estimated at 0.28. Using the current simulations, the 25th percentile of Fygy is at 0.31 (Figure B-
59 (b)). Equilibrium yield at 0.31 is about 0.8% less than that at Fysy (Figure B-60).

Special considerations for sedentary resources under area management

The above reference point calculations are based on the assumption that fishing mortality
risk does not vary among individuals. For sedentary organisms such as sea scallops, these
assumptions are never even approximately true; area management such as closed areas means
that the assumption of uniform fishing mortality is strongly violated (Hart 2001, 2003; Smith and
Rago 2004). In such situations, mean yield-per-recruit, averaged over all recruits, may be
different than yield-per-recruit obtained by a conventional per-recruit calculation performed on a
recruit that suffers the mean fishing mortality risk (Hart 2001). This condition is exaggerated, as
in the case of the scallop fishery, with use of rotational or long-term closures. Moreover,
estimates of fishing mortality may be biased low, because individuals with low mortality risk are
overrepresented in the population (Hart 2001, 2003).
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TOR 5: Status Determination

According to the Amendment 10 overfishing definition (NEFMC 2003), sea scallops are
overfished when the survey biomass index for the whole stock falls below 1/2 Brarger. The
target biomass estimated in NEFSC (2007) is Brarcer = 109,000 mt (January 1) was calculated
as the median recruitment in the survey time series times BPRuax, the biomass per recruit
obtained when fishing at Fyax. NEFSC (2007) estimated Fyax= 0.29, which has been used
since then as the overfishing threshold. The updated values are Fyax = 0.30 and Byax = 85,000
mt (July 1 biomass). The new recommended stochastic MSY reference points are Fysy = 0.38
and Byisy = 125,358 mt.

According to the basecase CASA run, total biomass in 2009 was 129,703 mt meats,
which is above the estimated Bysy or its proxy, regardless of whether the previous, updated or
proposed biomass target is used. Therefore, the sea scallop fishery was not overfished in 2009.
The probability the stock was below the 1/2 Bysy biomass threshold is < 0.0001, regardless of
which biomass reference point is used.

Overall fishing mortality was 0.38 (to three decimal places 0.378), which is above the
previous (NEFSC 2007) overfishing threshold of 0.29 and its updated value of 0.30, but equal to
the newly recommended (in 2010) Fusy = 0.38. Therefore, overfishing was not occurring in
2009 based on the new recommended overfishing definition; however, overfishing would be
occurring if the previous definition or its updated value were to be used. Using the new
recommended overfishing definition, the probability that overfishing was occurring in 2009 was
just under 0.50.

TOR 6: Stock Projections

Because of the sedentary nature of sea scallops, fishing mortality can vary considerably
in space even in the absence of area specific management (Hart 2001). Area management such as
rotational and long-term closures can make variation even more extreme. Projections that ignore
such variation might be unrealistic and misleading. For example, suppose 80% of the stock
biomass is in areas closed to fishing (as occurred in some years in Georges Bank). A stock
projection that ignored the closure and assumed a whole-stock F of 0.2 would forecast landings
nearly equal to the entire stock biomass of the areas remaining open to fishing. Thus, using a
non-spatial forecasting model can lead to setting a level of landings that appears sustainable if all
areas were fished uniformly, but is in fact unsustainable for a given area management policy.

For this reason, a spatial forecasting model (the Scallop Area Management Simulator,
SAMS) was developed for use in sea scallop management (Appendix XII). Various versions of
SAMS have been used since 1999 and the model was discussed at length in the last assessment
(NEFSC 2007). Growth is modeled in SAMS and CASA in a similar manner, except that each
subarea of Georges Bank and the Mid-Atlantic in SAMS has its own stochastic growth transition
matrix derived from the shell increments collected in that area. Mortality and recruitment are
also area-specific. In example calculations, natural mortality was chosen from a gamma
distribution with means 0.12 (Georges Bank) and 0.15 (Mid-Atlantic), to be compatible with
reference point calculations in the SYM model (see Section B7). Fishing mortality can either be
explicitly specified in each area, calculated using a simple fleet dynamics model which assumes
fishing effort is proportional to fishable biomass, or a combination of the two.

Projected recruitment is modeled stochastically with the log-transformed mean and
covariance for recruitment in each area matching that observed in NEFSC dredge survey time
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series. Initial conditions were based on the 2009 NEFSC and SMAST sea scallop surveys with
uncertainty measured by bootstrapping as described by Smith (1997). Survey dredge efficiencies
were set in SAMS so that the mean 2009 biomass matched estimates from the CASA model.
Further details regarding the SAMS model are given in Appendix XII.

Example calculations

Only example calculations can be given here but the model has and will be used by the
NEFMC Scallop Plan and Development Team to evaluate possible management alternatives,
which are complex for sea scallops. For the example simulations, the stock area was split into 16
subareas (Figure B-61), six in the Mid-Atlantic (Virginia Beach, Delmarva, Elephant Trunk,
Hudson Canyon South, New York Bight, and Long Island) and ten on Georges Bank (Closed
Area I, Il and Nantucket Lightship EFH closures, Closed Area I, Il and Nantucket Lightship
access areas, Great South Channel proposed closure and the remainder of the Great South
Channel, Northern Edge and Peak, and Southeast Part).

The EFH (Essential Fish Habitat) closures on Georges Bank were assumed to be closed
for the duration of the simulations. One of the Georges Bank access areas were assumed to be
fished on a rotating basis (Closed Area Il in 2009 and 2012, Nantucket Lightship in 2010 and
2013, and Closed Area | in 2011 and 2014). Landings in these areas (as actually has occurred or
is planned) were set at 1400 mt in 2009, and 2700 mt in 2010-2014. The Hudson Canyon South
rotational closure area was assumed to be closed to fishing in 2009-2010, and then reopened with
a TAC of 5400 mt in 2011-2013. It is assumed to revert to a general open area in 2014. The
Elephant Trunk rotational area was assumed to have landings of 8100 mt in 2009, 5400 mt in
2010 and 2700 mt in 2011, and then reverts to be part of the open areas. Landings in the
Delmarva rotational area are assumed to be 2700 mt in 2009 and 2010, 5400 mt in 2011 and
2012 and then it reverts to the open pool. All other areas (Virginia Beach, New York Bight, Long
Island, South Channel areas, Northern Edge and Peak, Southeast Part). In projections, fishing
effort was allocated to areas so that the overall fishing mortality rate was 0.24 in all years,
consistent with current policy, and somewhat lower than the 2009 recommend ABC fishing
mortality of 0.28. Fishing effort was distributed among the open areas according to a simple fleet
dynamics model, where fishing mortality in each area was assumed to be proportional to fishable
biomass.

A total of n=5000 projection runs were performed, with stochastically varying initial
conditions, recruitment, and natural mortality. Projected mean biomass is expected to increase
modestly from 2009-2012, mainly on Georges Bank due to the large year classes observed
during 2007-2009, and then level off (Figure B-62). Landings are expected to be lower in 2010
than 2009, then increase somewhat, with a peak in 2012 at about 27,000 mt, and then level off to
about 24,000 mt. Fishing mortality is expected to be greater in the Mid-Atlantic than in Georges
Bank. Not surprisingly, uncertainty regarding biomass and landings increases over time (Figure
B-63). Nonetheless, the 25" percentile of biomass is over 130,000 mt in all years, and thus over
the target biomass. The minimum biomass of the 5000 runs stayed above the overfishing
threshold through 2012, but dropped below it for 2013 and 2014. However, even the 0.1th
percentile of the runs remained over the overfishing threshold in all years. Thus, the forecasts
indicate that there is little chance of the stock becoming overfished under status quo
management.
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In summary, the projections indicate that the stock is stable, and biomass and landings
may increase modestly from 2009 levels assuming status quo management. Especially given the
recent selectivity patterns, the stock’s vulnerability to being overfished is low.

TOR 7: Research Recommendations

Research Recommendations from NEFSC 2007

1) Refine estimates of natural mortality focusing on variation among regions, size groups and
over time. Abundance trends in closed areas where no fishing occurs may provide important
information about the overall level of natural mortality and time trends. Survey clapper catches
may provide information about spatial, temporal and size related patterns in natural mortality.
This assessment contains a re-evaluation of natural mortality in sea scallops. Further work on
natural mortality using the closed areas is ongoing.

2) Evaluate the within and between reader error rates in identification and measurement of
growth increments on scallop shells.

This has not been done since there is at this time only a single reader.

3) Improve estimates of incidental and discard mortality rates.

This has not been done, but the results of this assessment indicate its importance, especially for
the Mid-Atlantic.

4) Consider using autocorrelated recruitment in SAMS projection model runs. CASA model
estimates indicate that sea scallop recruitment may be autocorrelated.

SAMS has the ability to model autocorrelated recruitment, but this was not done in the
simulations presented here because of the difficulties in estimating the autocorrelation on the
small scale that SAMS operates.

5) Consider modeling the spatial dynamics of the fishing fleet in the SAMS projection model
based on catch rates, rather than exploitable abundance, of scallops in each area.

Not done

6) Evaluate assumptions about the spatial dynamics of the fishing fleet in the SAMS model by
comparing predicted distributions to VMS data.

Work with VMS data is ongoing, but has been slowed due to problems obtaining the data.

7) Investigate the feasibility and benefits of using information about the size composition of sea
scallops in predicting the spatial distribution of the fishing fleet in the SAMS projection model.
Not done.

8) Evaluate the accuracy of the SAMS projection model retrospectively by comparison to
historical survey abundance trends.

This has been done in other venues. The SAMS model had a tendency to overestimate projected
biomass and landings. The changes in the assumptions of growth, natural mortality and
incidental mortality may make the forecasts more realistic.

9) Consider implementing discard mortality calculations in the CASA model that are more
detailed and involve discarded shell height composition data from at sea observers.

This was considered, but not done due to lack of time. Discard mortality may be important
during some periods, especially in the Mid-Atlantic. Additionally, empirical studies estimating
discard mortality will be needed to make the modeling useful.

10) Consider implementing a two or more “morph” formulation in the CASA model to
accommaodate scallops that grow at different rates.

Not done.
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11) Consider approaches to implementing seasonal growth patterns in the CASA model to
improve fit to shell height composition data. Scallops grow quickly at small sizes and growth
rates vary by season.

Considerable time was spent on implementing a CASA model with seasonal growth, but
the model did not perform well with seasonal growth. Thus, this assessment still uses an annual
growth model.

New Research Recommendations

1. Look into a way to fit discarded scallops, which have a different length frequency from the
rest of the population, into the model.

2. Evaluate the effect of the four-inch rings on incidental mortality. Now that a larger fraction of
small scallops are traveling through the mesh, has incidental mortality increased or are the
scallops relatively unscathed?

3. Consider finding a better way to express the variation in the HABCAM abundance data (the
data were kriged for this assessment, and the variance was calculated by summing the variance
of each of the krieged grids).

4. Look at the historical patterns of the “whole stock”; how the spatial patterns of scallops and
the fishery have changed over time.

5. Estimate incidental mortality by running Habcam or an AUV along dredge tracks

6. Effort should be made to make sure the survey dredge is fitted with a camera at some point
during the survey to record the movements of the dredge. This will help answer some questions
about when the dredge starts and stops fishing, and the determination of tow times.

7. Seasonal patterns in scallop shell growth need to be analyzed and this data incorporated into
the model.

8. Stock-recruit relationships should be calculated for various sub-sections of the stock, smaller
areas than just MAB and GBK to look for possible patterns or relationships.

9. Further refine the estimate of the extent of scallop habitat relative to that of the survey

10. Age archived scallop shells from the 1980s and 1990s.

11. Continue to look at patterns of seasonality in weight of the meats and gonads, and timing of
spawning.
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Tables
Table B-1. List of changes made to CASA models for the 2010 sea scallop assessment.

1) Updated growth increments -plus groups changed to match new Le estimates
2) Updated shell height meat weight relationships
3) Updated commercial meat weight anomalies (substantial changes)
4) Empirical plus group weights for fishery and population (new code and input data)
5) M=0.12 (GBK) and 0.15 (MAB) instead of 0.1
6) Incidental fishing mortality estimates increased (0.15to 0.2 on GB; 0.04t0 0.1 in
MAB)
7) NEFSC survey
Adjustments for R/V Sharp in 2008-2009
Canadian tows on GBK during 1979-1981
Efficiency estimates from paired HabCam tows used as prior
Used unlined dredge survey (1975+1977) on Georges Bank
8) GBK starts in 1975 (instead of 1982)
9) LPUE no longer used in model
10) SMAST large camera survey (2003-2009) in place of small camera
11) Prior cv(s) set at 0.15 rather than 0.20
12) Primarily report July 1 rather than January 1 abundance/biomass
13) Assumed CV for surveys tuned to residual variance
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Table B-2. US sea scallop landings (mt meats) 1964-2009.

Gulf of Maine | Georges Bank | S. New England | Mid Atlantic Bight Total

Year dredge trawl other sum | dredge trawl other sum | dredge trawl other sum | dredge trawl other sum dredge trawl other sum

1964 0 208 208 0 6,241 6,241 52 3 55 0 137 137 52 6,590 6,642
1965 [0] 117 117 3 1,478 1,481 2 24 26 0 3,974 3,974 5 5,592 5,598
1966 0 102 102 0 883 884 0 8 8 0 4,061 4,061 1 5,055 5,056
1967 0 80 80 4 1,217 1,221 0 8 8 0 1,873 1,873 4 3,178 3,182
1968 0 113 113 0 993 994 0 56 56 0 2,437 2,437 0 3,599 3,599
1969 1 122 123 8 1,316 1,324 0 18 19 5 846 851 14 2,302 2,317
1970 0 132 132 5 1,410 1,415 0 6 6 14 459 473 19 2,006 2,026
1971 4 358 362 18 1,311 1,329 0 7 7 0 274 274 22 1,949 1,971
1972 1 524 525 5 816 821 0 2 2 5 653 658 11 1,995 2,006
1973 ] 460 460 15 1,065 1,080 0 3 3 4 245 249 19 1,773 1,792
1974 0 223 223 15 911 926 0 4 5 0 937 938 16 2,076 2,091
1975 6 741 746 13 844 857 8 42 50 52 1,506 1,558 80 3,132 3,212
1976 3 364 366 38 1,723 1,761 4 3 7 819 2,972 3,791 361 5,061 5,422
1977 4 254 258 27 4,709 4,736 1 10 11 255 2,564 2,819 58 7,536 7,595
1978 242 1 [0] 243 5,532 37 0 5,569 25 2 0 27 4,435 207 0] 4,642 10,234 247 0 10,481
1979 401 5 1 407 6,253 25 7 6,285 61 5 0 66 2,857 29 1 2,888 9,572 64 9 9,645
1980 1,489 122 3 1,614 5,382 34 2 5,419 130 3 0 133 2,202 85 79 2,366 9,204 245 83 9,532
1981 1,225 73 7 1,305 7,787 56 0 7,843 68 1 0 69 772 14 2 788 9,852 144 9 10,005
1982 631 28 5 664 6,204 119 0 6,322 126 0 0 126 1,602 6 2 1,610 8,562 153 7 8,723
1983 815 72 7 895 4,247 32 4 4,284 243 1 0 243 3,092 19 10 3,121 8,398 124 21 8,542
1984 651 18 10 678 3,011 29 3 3,043 161 3 0 164 3,695 53 2 3,750 7,518 103 14 7,635
1985 408 3 10 421 2,860 34 0 2,894 77 4 0 82 3,230 49 2 3,281 6,575 90 12 6,677
1986 308 2 6 316 4,428 10 0 4,438 76 2 0 78 3,407 386 6 3,799 8,218 400 12 8,631
1987 373 0 9 382 4,821 30 0 4,851 67 1 0 68 7,639 1,168 1 8,808 12,900 1,199 10 14,109
1988 506 7 13 526 6,036 18 0 6,054 65 4 0 68 6,071 938 8 7,017 12,678 966 21 13,666
1989 600 0 44 644 5,637 25 0 5,661 127 11 0 138 7,894 534 5 8,433 14,258 570 49 14,876
1990 545 0 28 574 9,972 10 0 9,982 110 6 0 116 6,364 541 10 6,915 16,991 558 38 17,587
1991 527 3 75 605 9,235 77 0 9,311 55 16 0 71 6,408 878 14 7,300 16,225 973 89 17,288
1992 676 2 45 722 8,230 7 0 8,238 119 5 0 124 4,562 570 5 5,137 13,587 584 50 14,221
1993 763 2 32 797 3,637 18 0 3,655 65 1 0 66 2,412 393 3 2,808 6,878 413 36 7,327
1994 410 6 9 425 1,182 7 0 1,189 29 1 0 30 5,211 754 [0] 5,965 6,832 768 9 7,609
1995 342 6 13 361 992 4 1 997 41 2 0 43 5,786 798 7 6,591 7,161 810 21 7,992
1996 544 5 12 561 2,126 7 4 2,137 59 5 0 64 4,467 653 4 5,124 7,196 670 20 7,886
1997 673 5 21 699 2,347 9 1 2,357 81 11 3 95 2,703 378 1 3,082 5,804 403 26 6,233
1998 392 5 15 412 2,045 19 1 2,065 103 3 0 106 2,411 564 6 2,981 4,951 591 22 5,564
1999 267 2 2 271 5,172 6 1 5,179 78 1 0 79 3,629 959 1 4,589 9,146 968 4 10,118
2000 162 21 43 226 4,910 40 5 4,955 85 3 1 89 8,139 1,210 2 9,351 13,296 1,274 51 14,621
2001 335 7 1 343 4,879 58 6 4,943 28 37 0 65 14,144 1,543 16 15,703 19,386 1,645 23 21,054
2002 386 18 1 405 5,967 33 11 6,011 20 12 0 32 15,981 1,426 36 17,443 22,354 1,489 48 23,891
2003 197 3 1 201 4,859 22 2 4,883 53 4 0 57 19,040 1,226 10 20,276 24,149 1,255 13 25,417
2004 165 12 0 177 4,249 146 11 4,406 830 151 11 992 22,313 1,194 26 23,533 27,557 1,503 48 29,108
2005 163 12 12 187 8,958 69 15 9,042 845 13 40 898 14,361 1,096 109 15,566 24,327 1,190 176 25,693
2006 147 3 5 155 15,688 51 21 15,760 2,029 10 8 2,047 7,944 782 46 8,772 25,808 846 80 26,734
2007 97 8 12 117 9,419 45 18 9,482 335 18 7 360 16,234 345 55 16,634 26,085 416 92 26,593
2008 103 12 5 120 6,405 24 11 6,440 303 6 16 325 16,819 556 13 17,388 23,630 598 45 24,273
2009 81 0 3 84 6,451 8 16 6,475 216 1 3 220 17,487 12 1,851 19,350 24,235 21 1,873 26,129
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Table B-3. Summary of sea scallop management history.

Period

1982-1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

Days
at sea#

N/A
204
182
182
164
142
120
120
120
120
120
42%*
40*
52*
51*
35*
37*

# Full-time permit
*Does not include access area trips; for each year between 2005-2009, full-time vessels were allocated 5
access area trips, with trip limits of 18,000 Ibs meats.

Minimum Minimum Maximum
Ring Size Twine Top Crew Size Closures

N/A
3"-3.25"
3.25"
3.5"
3.5"
3.5"
3.5"
3.5"
3.5"
3.5"
3.5"
3.5"
4"
4"
4"
4"
4"
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N/A
5.5"
5.5"
5.5"
5.5"
5.5"
5.5"
g"
g"
g"
g"
"
10"
10"
10"
10"
10"
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Table B-4. NEFSC sea scallop lined survey stratified mean indices for (a) Georges Bank, (b)

Mid-Atlantic, and (c) combined for shell heights greater than 40 mm. The expanded abundance
and biomass figures were calculated using an assumed efficiency of 0.41 for Georges Bank and
0.44 for the Mid-Atlantic.

(a) Georges Bank

Abgndance Biomass Proportion mean Expanded Expanded
index . o . .
year (mean cv index cv N tows positive weight abu.n(.:iance biomass
N/tow) (kg/tow) tows (g/scallop)  (millions) (mt)
1979 82.9 0.57 1.650 0.35 121 0.90 19.9 1042 20740
1980 70.2 0.32 0.785 0.16 155 0.78 11.2 883 9861
1981 46.4 0.20 0.957 0.18 86 0.80 20.6 583 12022
1982 133.3 0.56 0.837 0.31 129 0.80 6.3 1675 10517
1983 50.8 0.30 0.607 0.24 138 0.85 12.0 638 7626
1984 28.8 0.12 0.421 0.10 138 0.83 14.6 362 5294
1985 52.1 0.18 0.554 0.17 170 0.85 10.6 655 6967
1986 90.8 0.18 0.715 0.11 194 0.85 7.9 1141 8983
1987 107.0 0.21 0.907 0.17 190 0.82 8.5 1345 11402
1988 81.9 0.17 0.709 0.14 192 0.78 8.7 1029 8908
1989 85.0 0.35 0.702 0.16 254 0.82 8.3 1068 8818
1990 166.7 0.30 1.036 0.23 194 0.80 6.2 2095 13025
1991 242.2 0.49 1.116 0.26 194 0.88 4.6 3044 14031
1992 236.8 0.53 1.605 0.46 191 0.86 6.8 2976 20166
1993 57.5 0.29 0.400 0.17 182 0.82 7.0 722 5026
1994 384 0.18 0.367 0.13 194 0.80 9.6 482 4618
1995 109.2 0.25 0.649 0.17 193 0.85 5.9 1372 8159
1996 111.8 0.18 1.114 0.16 189 0.87 10.0 1406 14000
1997 78.7 0.14 1.292 0.15 206 0.85 16.4 989 16239
1998 265.6 0.26 3.728 0.33 230 0.86 14.0 3338 46850
1999 156.0 0.15 2.527 0.16 198 0.94 16.2 1961 31756
2000 681.2 0.30 6.118 0.21 188 0.89 9.0 8562 76893
2001 372.0 0.14 5.724 0.14 225 0.94 154 4676 71934
2002 294.8 0.15 6.158 0.14 229 0.90 20.9 3705 77398
2003 226.0 0.12 5.796 0.14 225 0.92 25.6 2840 72844
2004 264.2 0.11 7.606 0.13 230 0.92 28.8 3321 95596
2005 210.0 0.12 6.048 0.11 227 0.93 28.8 2640 76010
2006 153.5 0.11 5.013 0.14 237 0.91 32,6 1930 62999
2007 183.2 0.09 4.373 0.09 232 0.94 239 2303 54955
2008 292.9 0.13 6.242 0.10 182 0.90 21.3 3681 78448
2009 380.6 0.19 6.186 0.18 179 0.94 16.3 4784 77748
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(b) Mid-Atlantic Bight

Abundance

index Biomass Proportion mean Expanded Expanded
year (mean cv index cv N tows positive weight abu.m.jance biomass
N/tow) (kg/tow) tows (g/scallop)  (millions) (mt)
1979 32.3 0.09 0.580 0.10 166 0.92 17.9 466 8364
1980 41.2 0.12 0.497 0.08 167 0.94 12.1 595 7173
1981 30.7 0.16 0.386 0.12 167 0.91 12.6 443 5574
1982 31.2 0.11 0.406 0.08 185 0.91 13.0 451 5864
1983 29.1 0.09 0.365 0.08 193 0.89 12.5 420 5269
1984 29.4 0.10 0.351 0.08 204 0.91 12.0 424 5069
1985 69.9 0.12 0.558 0.08 201 0.94 8.0 1008 8048
1986 119.6 0.09 0.956 0.08 226 0.93 8.0 1726 13787
1987 119.9 0.09 0.829 0.06 226 0.93 6.9 1731 11962
1988 134.9 0.10 1.300 0.07 227 0.91 9.6 1946 18763
1989 171.1 0.09 1.190 0.07 244 0.93 7.0 2469 17175
1990 205.4 0.22 1.275 0.17 216 0.89 6.2 2964 18402
1991 77.0 0.10 0.738 0.11 228 0.92 9.6 1110 10647
1992 40.9 0.11 0.418 0.07 229 0.87 10.2 590 6037
1993 130.7 0.10 0.591 0.08 214 0.96 4.5 1886 8527
1994 128.0 0.11 0.787 0.09 227 0.94 6.1 1847 11351
1995 164.4 0.13 1.149 0.10 227 0.96 7.0 2372 16574
1996 55.8 0.08 0.568 0.07 211 0.89 10.2 806 8197
1997 42.5 0.13 0.423 0.06 225 0.93 10.0 613 6106
1998 151.8 0.17 0.841 0.14 227 0.92 5.5 2190 12132
1999 241.4 0.24 1.768 0.19 226 0.92 7.3 3483 25508
2000 294.1 0.15 3.060 0.13 229 0.88 10.4 4243 44156
2001 305.3 0.12 3.386 0.13 227 0.90 11.1 4405 48852
2002 295.0 0.10 3.721 0.11 206 0.89 12.6 4256 53694
2003 655.4 0.16 5.780 0.09 201 0.90 8.8 9456 83400
2004 494.5 0.12 5.332 0.07 248 0.89 10.8 7135 76938
2005 379.0 0.09 5.973 0.08 241 0.93 15.8 5469 86185
2006 380.1 0.09 5.926 0.07 230 0.93 15.6 5485 85505
2007 308.3 0.07 5.440 0.07 240 0.92 17.6 4449 78491
2008 435.5 0.10 6.229 0.09 207 0.96 14.3 6283 89884
2009 401.9 0.13 6.731 0.12 196 0.92 16.8 5798 97125
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(c) Whole Stock

Abundance Biomass Proportion mean Expanded  Expanded
year index (mean cv index cv N tows positive weight .
abundance biomass
N/tow) (kg/tow) tows (g/scallop)
1979 55.9 0.40 1.1 0.25 287 0.91 19.3 1508 29104
1980 54.7 0.20 0.6 0.10 322 0.86 11.5 1477 17033
1981 38.0 0.13 0.7 0.13 253 0.87 17.1 1026 17596
1982 78.7 0.44 0.6 0.20 314 0.86 7.7 2126 16381
1983 39.2 0.18 0.5 0.15 331 0.87 12.2 1058 12895
1984 29.1 0.08 0.4 0.07 342 0.88 13.2 786 10363
1985 61.6 0.10 0.6 0.09 371 0.89 9.0 1663 15015
1986 106.2 0.09 0.8 0.06 420 0.89 7.9 2867 22770
1987 113.9 0.11 0.9 0.09 416 0.88 7.6 3076 23363
1988 110.2 0.09 1.0 0.07 419 0.85 9.3 2975 27671
1989 131.0 0.12 1.0 0.07 498 0.87 7.3 3537 25993
1990 187.4 0.18 1.2 0.14 410 0.85 6.2 5060 31427
1991 153.9 0.36 0.9 0.16 422 0.90 5.9 4154 24677
1992 132.1 0.44 1.0 0.36 420 0.87 7.3 3566 26203
1993 96.6 0.11 0.5 0.08 396 0.90 5.2 2608 13553
1994 86.3 0.10 0.6 0.07 421 0.88 6.9 2330 15969
1995 138.7 0.12 0.9 0.09 420 0.91 6.6 3744 24733
1996 81.9 0.12 0.8 0.10 400 0.88 10.0 2212 22198
1997 59.3 0.10 0.8 0.11 431 0.89 14.0 1602 22345
1998 204.7 0.17 2.2 0.26 457 0.89 10.7 5527 58981
1999 201.7 0.16 2.1 0.12 424 0.93 10.5 5444 57265
2000 4743 0.21 4.5 0.14 417 0.88 9.5 12805 121048
2001 336.4 0.09 4.5 0.10 452 0.92 13.3 9080 120786
2002 294.9 0.09 4.9 0.10 435 0.90 16.5 7961 131092
2003 4555 0.12 5.8 0.08 426 0.91 12.7 12296 156244
2004 387.3 0.09 6.4 0.08 478 0.90 16.5 10456 172534
2005 300.4 0.07 6.0 0.07 468 0.93 20.0 8109 162195
2006 274.7 0.08 5.5 0.07 467 0.92 20.0 7415 148504
2007 250.1 0.06 4.9 0.06 472 0.93 19.8 6752 133446
2008 369.1 0.08 6.2 0.07 389 0.93 16.9 9964 168332
2009 392.0 0.11 6.5 0.10 375 0.93 16.5 10582 174873
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Table B-5. SMAST large camera video survey mean densities for sea scallops 40+ mm SH.

Georges Bank

Year  Stations AreaSurveyed km® MeanSHmm = SHAdjAream’ | SH Adj Density sc/m? SE 95% Cl
2003 929 27906 102.1 3.199 0.149 0.0117  0.0230
2004 935 28430 107.5 3.219 0.122 0.0145  0.0284
2005 902 27844 106.6 3.215 0.117 0.0127  0.0248
2006 939 28276 114.6 3.245 0.109 0.0116 = 0.0227
2007 912 27813 99.0 3.188 0.144 0.0160  0.0313
2008 910 27227 93.3 3.167 0.100 0.0087  0.0170
2009 899 29079 92.2 3.164 0.160 0.0175 = 0.0344

Mid Atlantic Bight

Year Stations AreaSurveyed km’ MeanSHmm = SHAdjAream?  SHAdj Density sc/m? SE 95% ClI
2003 804 24664 73.9 3.098 0.505 0.0835 0.1636
2004 840 25591 90.4 3.157 0.229 0.0224 0.0439
2005 864 26547 91.6 3.161 0.215 0.0254 0.0499
2006 897 26918 92.0 3.163 0.195 0.0193 0.0379
2007 941 28739 94.5 3.172 0.183 0.0163 0.0320
2008 931 28184 914 3.161 0.188 0.0187 0.0367
2009 928 28647 9.4 3.179 0.137 0.0085 0.0166

Table B-6. SMAST small camera video survey mean densities for sea scallops 40+ mm SH.

Georges Bank
Year Stations Area Surveyed km® Mean SHmm SH Adj Area m? SH Adj Density sc/m*  Abundance Biomass (mt) SE 95%Cl

2003 904 27906 88.3 0.738 0.1698 4737032049 66669 0.0174 0.03
2004 921 28430 101.4 0.761 0.1256 3569624137 74432 0.0142 0.03
2005 902 27844 111.2 0.778 0.1001 2787348077 77929 0.0128 0.03
2006 916 28276 109.1 0.775 0.1412 3993072108 108805 0.0143 0.03
2007 901 27813 80.0 0.724 0.1974 5489504503 77729 0.022 0.04
2008 882 27227 99.4 0.758 0.1526 4153894290 102842 0.0189 0.04
2009 942 29079 96.1 0.752 0.1556 4525694473 94067 0.0186 0.04

Mid-Atlantic Bight
Year Stations Area Surveyed km®> Mean SHmm SH Adj Aream® SHAdj Density sc/m>  Abundance Biomass(mt) SE  95%Cl

2003 799 24664 58.6 0.688 0.7063 17419973913 81353 0.1427 0.28
2004 829 25591 84.7 0.732 0.2319 5935561328 69252 0.0263 0.05
2005 860 26547 87.2 0.737 0.2181 5790580803 81756 0.0267 0.05
2006 872 26918 93.4 0.747 0.2049 5516773301 88323 0.0216 0.04
2007 931 28739 90.4 0.742 0.2204 6333997245 88941 0.0213 0.04
2008 913 28184 90.7 0.743 0.2160 6086579306 103164 0.0207 0.04
2009 928 28647 98.1 0.755 0.1260 3608213579 71936 0.0091 0.02
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Table B-7. Comparison of various estimates of New Bedford scallop dredge efficiencies.

Source

NEFSC(2010)
NEFSC(2010)
NEFSC(2007)
NEFSC(2007)
NEFSC(2007)
NEFSC(2004)
NEFSC(2004)
NEFSC(2001)
NEFSC(2001)

Gedamke et al. 2005
Gedamke et al. 2004

Caddy 1971

Area

MA + GB sand

GB gravel/cobble
ALL

Georges Bank
Mid-Atlantic
Georges Bank
Mid-Atlantic
Georges Bank
Mid-Atlantic
Georges Bank CAll
Georges Bank CAll
Canada

50th SAW Assessment Report

Gear

Lined survey
Lined survey
Lined survey
Lined survey
Lined survey
Lined survey
Lined survey
Commercial
Commercial
Commercial
Commercial
Commercial

Method Estimates cv
Paired camera/dredge comarisons 0.44 0.01
Paired camera/dredge comarisons 0.38 0.03
Compairson of video,dredge surveys 0.38 0.10
Compairson of video,dredge surveys 0.37 0.18
Compairson of video,dredge surveys 0.4 0.07
Compairson of video,dredge surveys 0.33
Compairson of video,dredge surveys 0.46
Depletion 0.38-0.81 0.19-0.98
Depletion 0.59-0.75 0.1-0.72
Index removal 0.41-0.54
Depletion 0.35-0.525
Dredge mounted camera 0.17
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Table B-8. CASA model estimates and standard errors for fully recruited sea scallop fishing
mortality, July 1 abundance 40+mm SH, and July 1 biomass 40+ mm SH.

Georges Bank

Year Full F SE

1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

0.11
0.20
0.33
0.39
0.53
0.47
0.62
0.83
0.71
0.42
0.51
0.88
0.76
0.83
0.64
111
1.53
1.72
1.19
0.31
0.16
0.33
0.28
0.22
0.54
0.48
0.26
0.23
0.17
0.10
0.18
0.38
0.25
0.19
0.18

0.02
0.04
0.05
0.06
0.08
0.08
0.09
0.13
0.11
0.08
0.10
0.21
0.16
0.18
0.13
0.21
0.28
0.25
0.21
0.07
0.03
0.07
0.07
0.06
0.13
0.12
0.05
0.05
0.04
0.02
0.03
0.06
0.05
0.04
0.05

Abundance
(millions)
1148
1419
1115
1260
878
1060
747
808
573
565
610
984
1096
1251
1415
1369
1486
783
553
531
1003
1201
1305
1924
2008
3129
3294
2819
2945
2708
2571
2128
2364
2769
3453

Biomass

SE (mtmeats) SE

56
60
52
51
40
43
34
35
30
34
42
60
66
77
81
74
68
36
32
36
48
53
62
82
87
99
95
88
96
96
103
108
151
204
294

20780
24705
24522
21973
17822
14970
12579
9505
7680
7364
7840
8481
9988
11321
13453
12791
10725
7056
4868
5719
9878
15406
20141
27276
33163
41066
53064
62370
69416
74629
73828
62768
53650
55508
62470

50th SAW Assessment Report

1038
1112
1056
920
762
628
533
425
393
442
528
542
596
686
736
678
475
303
279
394
553
727
885
1022
1211
1410
1704
1994
2294
2603
2862
3090
3472
4234
5341

Full F
0.59
1.00
0.53
1.05
1.07
0.35
0.13
0.25
0.53
0.80
0.75
0.57
1.20
0.90
1.14
0.96
1.07
1.10
0.86
1.37
1.08
0.74
0.47
0.53
0.49
0.48
0.54
0.61
0.68
0.87
0.84
0.35
0.55
0.54
0.60

SE
0.09
0.16
0.07
0.15
0.20
0.05
0.03
0.04
0.07
0.12
0.13
0.09
0.17
0.12
0.15
0.11
0.10
0.12
0.14
0.18
0.11
0.08
0.06
0.10
0.09
0.08
0.07
0.08
0.08
0.09
0.14
0.06
0.09
0.10
0.13
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MidAtlantic
Abundance
(millions)
5901
787
772
567
364
343
403
442
497
536
744
977
1171

1147
1018
705
468
894
1137
965
647
690
1695
2872
3523
3766
3427
4174
3703
3609
3805
3853
4509
3993

Biomass
SE (mtmeats) SE
34 6503 386
33 7931 491
30 9933 487
21 9690 443
15 7678 364
16 6365 347
18 6754 364
21 7401 386
25 6987 417
31 6062 459
40 6346 506
47 8704 556
49 9340 585
49 10365 558
42 9852 534
36 9747 418
26 8026 327
24 5426 298
38 5634 319
40 8027 360
34 8785 361
31 8167 411
44 7850 528
82 11858 716
106 23689 1043
112 37324 1326
107 45795 1433
100 48798 1449
115 48756 1397
112 50029 1468
131 49027 1728
166 56405 2377
209 61784 3260
313 63983 4518
352 67233 6460

Ful F SE

0.21
0.38
0.39
0.57
0.63
0.44
0.48
0.58
0.64
0.58
0.61
0.72
0.96
0.86
0.85
1.05
1.32
1.47
1.05
0.87
0.62
0.53
0.35
0.31
0.51
0.48
0.43
0.41
0.42
0.38
0.37
0.37
0.40
0.37
0.38

0.09
0.16
0.23
0.3
0.44
0.34
0.44
0.46
0.41
0.25
0.3
0.41
0.43
0.44
0.39
0.63
0.8
1.01
0.66
0.18
0.1
0.18
0.18
0.16
0.23
0.14
0.11
0.12
0.1
0.07
0.13
0.23
0.14
0.11
0.11

Total
Abundance

(millions)
1739

2205
1886
1827
1242
1403
1151
1250
1070
1101
1354
1962
2267
2399
2562
2387
2191
1251
1448
1668
1968
1849
1995
3619
4881
6652
7061
6246
7119
6411
6180
5933
6217
7278
7446

Sea scallop; Tables

66
69
60
55
43
45
38
41
39
46
58
76
82
91
91
82
73
43
49
53
59
62
76
116
137
149
143
133
150
147
167
198
258
374
458



Table B-9. Biological reference points from the previous and current sea scallop assessments.

Updated
Reference point SARC-45,
P whole Stock GBK MAB Whole
stock
Fmsy -- 0.21 0.47 0.38
Bmsy __
(July 1, 40+ mm SH) 41,468 86,330 125,358
BThreshold=1/2 Bmsy -- 20,734 43,165 62,679
MSY -- 6,410 19,040 24,975
Fuvax (SYM) 0.295 0.835 0.48
Fumax (CASA) 0.29 0.23 0.375 0.30
Bumsy proxy (CASA) 3 3
(Jan. 1, 40+ mm) 108,628 127,000
Bhresholda=1/2 Bumsy Proxy 54,314 -- - 63,500

50th SAW Assessment Report 434 Sea scallop; Tables



Figures

Canada

u.s.

/ S WAk ' ' Georges Bank region

_,} ).~ Southern New England region
j Closed area l
é Hudson canyon closed/access area Nantucket lightship closed area
"1{}’ e - Elephant trunk closed/access area
¥

Mid-Atlantic region

Delmarva closed area

Virginia Beach closed area

Figure B-1. Map of NEFSC sea scallop survey areas (yellow, with stratum boundaries shown)
and the closed or rotational access areas (bounded by dark red lines).
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Figure B-2. Comparison of growth curves for a scallop with starting shell height of 40 mm in (a) Georges Bank and (b) Mid-Atlantic.
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Figure B-3. Comparison of new shell height/meat weight relationships (calculated ignoring depth effects) for (a) Georges Bank and
(b) Mid-Atlantic with other shell height/meat weight curves.
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Figure B-4. Seasonal anomalies in shell height/meat weight relationships relative to that estimated from R/V data for (a) Georges
Bank and (b) Mid-Atlantic Bight.
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Figure B-5. Long-term sea scallop landings in NAFO areas 5 and 6 (U.S. and Canadian Georges
Bank).
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Figure B-6. U.S. sea scallop landings (mt meats) by region.
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Figure B-7. Landings per day fished in (a) “open” areas, and (b) special access areas.
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Figure B-8. Days fished in the sea scallop fishery in (a) Georges Bank and (b) Mid-Atlantic
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Figure B-9. Shell heights of commercial kept (solid line) and discarded (dashed line) sea scallops, from port sampling (1975-1984) and sea
sampling (1992-2009).
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Figure B-10. Commercial landings by meat count category (number of meats per pound, U10
= less than 10 meats per pound).
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Figure B-11. Landings by permit category and fishing year (fishing year starts March 1).
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Figure B-12. Trends in scallop landings, revenue and ex-vessel prices by fishing year.
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Figure B-13. Trends in average scallop landings and revenue per full time vessel and number
of active limited access vessels.
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Figure B-14. Scallop exports and imports (includes other scallop species).
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Figure B-15. NEFSC lined dredge sea scallop survey biomass indices in (a) Georges Bank and
(b) Mid-Atlantic. 95% confidence intervals and inverse variance weighted lowess smoothers
(lines, span = 0.25) are also shown.
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Figure B-16. NEFSC lined dredge sea scallop survey abundance indices in (a) Georges Bank and
(b) Mid-Atlantic. 95% confidence intervals and inverse variance weighted lowess smoothers
(lines, span = 0.25) are also shown.
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Figure B-17. Numbers of scallops by shell height group for (a) Georges Bank and (b)
Mid-Atlantic, based on the NEFSC lined dredge survey.
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Figure B-18. Sea scallop density estimates from (a-b) the large video camera, and (c-d) the
small video camera, in (a) and (c) Georges Bank and (b) and (d) the Mid-Atlantic. 95%
confidence intervals are also shown.
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Figure B-19. Plus group meat weights for the population and the fishery in (a) Georges Bank and (b) Mid-Atlantic. Plus groups represent >140
mm SH in Geroges Bank and >130mm SH in the Mid-Atlantic.
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Figure B-20. Comparison between survey trend data (solid circles) and corresponding model estimates (lines) for the NEFSC lined dredge
survey, the SMAST large camera survey and the NEFSC unlined dredge survey. Results are shown on a linear scale (top) and a log scale
(bottom).
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Figure B-21. Comparison of fishery shell height proportions (solid circles) and model estimated fishery shell height proportions (lines) for
Georges Bank.
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Figure B-22. NEFSC lined dredge survey shell height proportions (solid circles) and model estimated shell height proportions (line) for Georges
Bank.
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Figure B-23. Shell height proportions for (a) the SMAST large camera survey and (b) the NEFSC unlined dredge survey together with model
predicted proportions (lines).
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Figure B-24. Assumed and model implied effective sample sizes for the three surveys (NEFSC unlined dredge, SMAST large camera, NEFSC
unlined dredge) and the fishery shell height compositions for Georges Bank.
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Figure B-25. Prior cumulative distributions for efficiency of the lined dredge survey (left) and large camera video survey (right) for Georges
Bank. The dashed lines are the mean posterior estimate for survey efficiency.
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Figure B-26. (a) Estimated fishery selectivities and (b) assumed survey selectivities (lined dredge top right, large camera top left, unlined dredge
bottom left) for Georges Bank.
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Figure B-27. CASA model estimated (a) recruitment, (b) July 1 biomass, (c) July 1 abundance and (d) fully recruited fishing mortality for
Georges Bank.
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Figure B-28. Model estimated abundances at shell height for Georges Bank. Disk areas are proportional to abundance.
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Figure B-29. CASA model estimated fishing mortality at 80 mm (blue line with circles), 100 mm (red dashed line with triangles) and 120 mm
SH (black dot-dashed line with pluses) for Georges Bank.
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Figure B-30. Comparison of CASA model estimated (a) abundance and (b) biomass with estimates from the lined dredge survey (dashed red line
with triangles) and large camera survey (dotted line with pluses) for Georges Bank. The dredge survey was expanded assuming an efficiency of
0.41.
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Figure B-31. (a) Comparison of fully recruited CASA fishing mortality with those calculated from the Beverton-Holt equilibrium estimator

(Lc=100mm) for Georges Bank. (b) Comparison of an exploitation index (number landed/population abundance > 80mm) based on the fishery
and lined dredge survey data (red dotted line), and CASA model (blue solid line) for Georges Bank.
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Figure B-32. Comparison between survey trend data (solid circles) and corresponding model estimates (lines) for the NEFSC lined dredge
survey, the SMAST large camera survey, the NEFSC unlined dredge and winter trawl surveys for the Mid-Atlantic. Results are shown on a linear
scale (left) and a log scale (right).
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Figure B-33. Comparison of fishery shell height proportions (solid circles) and model estimated fishery shell height proportions (lines) for the
Mid-Atlantic.
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Figure B-34. NEFSC lined dredge survey shell height proportions (solid circles) and model estimated shell height proportions (line) for the Mid-
Atlantic.
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Figure B-35. Shell height proportions for (a) the SMAST large camera survey (b) the NEFSC unlined dredge survey and (c) the NEFSC winter
trawl survey together with model predicted proportions (lines) in the Mid-Atlantic.
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Figure B-36. Assumed and model implied effective sample sizes for the four surveys (NEFSC unlined dredge, SMAST large camera, NEFSC
unlined dredge, winter bottom trawl) and the fishery shell height compositions for the Mid-Atlantic.
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Figure B-37. Prior cumulative distributions for efficiency of the lined dredge survey (left) and large camera video survey (right) for the Mid-
Atlantic. The dashed lines are the mean posterior estimate for survey efficiency.
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Figure B-38. (a) Estimated fishery selectivities and (b) survey selectivities (lined dredge top left, large camera top right, unlined dredge bottom
left, winter trawl bottom right) for the Mid-Atlantic. The trawl survey selectivity was estimated; the other survey selectivities were fixed.
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Figure B-40. Model estimated abundances at shell height for the Mid-Atlantic. Disk areas are proportional to abundance.
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Figure B-41. CASA model estimated fishing mortality at 80 mm (blue line with circles), 100 mm (red dashed line with triangles) and 120 mm
SH (black dot-dashed line with pluses) for the Mid-Atlantic.
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Figure B-42. Comparison of CASA model estimated (a) abundance and (b) biomass with estimates from the lined dredge survey (dashed red line
with triangles) and large camera survey (dotted line with pluses) for the Mid-Atlantic. The dredge survey was expanded assuming an efficiency
of 0.44.
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Figure B-43. (a) Comparison of fully recruited CASA fishing mortality with those calculated from the Beverton-Holt equilibrium estimator
(Lc=100mm) for the Mid-Atlantic. (b) Comparison of an exploitation index (number landed/population abundance > 80mm) based on the fishery
and lined dredge survey data (red dashed line), and CASA model (blue solid line) for the Mid-Atlantic.

50th SAW Assessment Report 476 Sea scallop; Figures



140000
i

_ =
- | ™M
7 8-
i
E
oo
2 8 - o
L8]
£ @
= fs]
(1] B =
g -3
) Hﬂﬂﬂ UUDUUD] [ﬂ
(|
N ] il 5
1875 1978 19681 1934 1537 1993 1936 1998 2002 2005 2003
Year

Figure B-44. Whole-stock CASA model estimates of biomass (bars) and fully recruited fishing mortality (line).
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Figure B-45. Plots of retrospective analysis of the Georges Bank CASA model: (a) fishing mortality, (b) biomass, (c) abundance, and (d)
recruitment. The CASA model was run with terminal year 2004 (orange), 2005 (green), 2006 (cyan), 2007 (blue), 2008 (magenta) and 2009
(red).
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Figure B-46. Plots of retrospective analysis of the Mid-Atlantic CASA model: (a) fishing mortality, (b) biomass, (c) abundance, and (d)
recruitment. The CASA model was run with terminal years 2004 (orange), 2005 (green), 2006 (cyan), 2007 (blue), 2008 (purple) and 2009 (red).
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Figure B-47. Comparison of current estimates (black line) of fully recruited fishing mortality (above) and July 1 biomass (below) on Georges
Bank with that of previous assessments (SARC-39/NEFSC 2004 short dashed line (fishing mortality only), SARC-45/NEFSC 2007, blue line
with triangles, update assessment by the scallop PDT in 2009 (NEFMC 2010), long red dashed line).
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Figure B-48. Comparison of current estimates (black line) of fishing mortality (above) and biomass (below) in the Mid-Atlantic with that of
previous assessments (SARC-39/NEFSC 2004 short dashed line (fishing mortality only), SARC-45/NEFSC 2007, blue line with triangles, update
assessment by the scallop PDT in 2009 (NEFMC 2010), long red dashed line).
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