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Foreword to the NE Data Poor Stocks Report

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. Council and Commission

teams (e.g., Plan Development Teams,
Monitoring and  Technical = Committees)
formulate management advice, after an

assessment has been accepted by the peer
review panel.

Reports that are produced following peer
review meetings typically include: an
Assessment Report — a detailed account of the
stock assessment; and the review panel report —
a summary of the reviewer’s opinions and
recommendations. Assessment reports are
available online at http://www.nefsc.noaa.gov/
nefsc/publications/series/crdlist.htm. Review
panel reports as well as assessment reports can
be found at http://www.nefsc.noaa.gov/nefsc/
saw/.

The Northeast “Data Poor Stocks”
Working Group (DPWG) was formed in 2007,
as part of the SAW process, to perform stock
assessments of species that are difficult to assess
due to lack of critical data or severe modeling
problems. Monkfish was the first stock
addressed by DPWG in 2007. The current
report describes new work performed in 2008
by the DPWG on the NE skate species complex,
deep sea red crab, Atlantic wolffish, scup, black
sea bass, and weakfish. The DPWG met in
October and November, 2008, and had an
integrated peer review meeting during
December 8-12, 2008 in Woods Hole at the
Northeast Fisheries Science Center.

This Foreword contains a brief summary
of the integrated peer review meeting, Terms of

v

Reference, a list of reviewers, the December
meeting agenda, and a list of meeting attendees
(Tables 1-4). Maps of the Atlantic coast of the
USA and Canada are also provided (Figures 1-
3).
Summary of Peer Review
(December 8-12, 2008):

The Working Group (DPWG) that did the
analyses was comprised of NEFSC assessment
scientists, and staff from NERO, NEFMC,

Meeting

MAFMC, and ASMEFC. There was also
participation by scientists from NOAA’s
SWEFSC and SEFSC.

The Peer Review Panel examined

working papers that were focused on Biological
Reference Points (BRP) of Northeast skate
species, deep sea red crab, Atlantic wolffish,
scup, and black sea bass. The Review Panel
also provided guidance for scientists to use in
future weakfish assessments.

In addition to reviewing BRPs for each
stock (with the exception of weakfish), the
panel was asked to make a recommendation on
the utility of the analyses for stock assessment.
In particular the panel was asked to determine if
the analyses and amount of peer review were
sufficient to make a determination about stock
status. If not, the panel was asked to recommend
the process for further analyses and review.

The Review Panel accepted new
assessment models for red crab, wolffish, scup
and black sea bass. This resulted in new BRP
recommendations and new estimates of those
parameters. New BRPs were not recommended
for the skates. However, the Panel generally
advocated updating the estimates of skate
biomass targets and thresholds (with the
exception of Barndoor skate) to include data
from recent surveys. Some changes in stock
status are implied by the outcome of this peer
review. The review panel report can be found at
http://www.nefsc.noaa.gov/nefsc/saw/.
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Table 1. Background and Terms of Reference for the DPWG developed by the Northeast
Regional Coordinating Committee (NRCC).

Draft Terms of Reference
Data Poor Stocks Working Group
(written: 10-11-07, updated: 5-9-08)

Background

Data poor stocks are problematic for managers because traditional measures of status
(biomass and fishing mortality) are not available. A variety of ad hoc metrics have been
developed to address these issues but a synoptic evaluation of the problem has not been
conducted in the Northeast. The term “data poor” will be used to categorize assessments limited
by either data or lack of contrast in time series. Fisheries stock assessments require the
integration of multiple sources of data including commercial and recreational landings, discards
from multiple fleets, fishery independent survey indices, and measures of fishing effort. For
some species, one or more of these data sources may not be available or have such low precision
that it is not possible to use them in a conventional application within an assessment.

Objectives
1. Constitute and convene a Working Group comprising NEFSC assessment scientists, and staff
from NERO, NEFMC, MAFMC, and ASMEFC to:

a. Recommend biological reference points (BRPs) and measurable BRP and
maximum sustainable yield (MSY) proxies for the following data poor stocks:
Black sea bass; Deep-sea red crab; Scup; Skates; Atlantic wolffish.

b. Provide advice about scientific uncertainty and risk for Scientific and Statistical
Committees (SSCs) to consider when they develop fishing level
recommendations for these stocks.

c. Consider developing BRPs for species groups for situations where the catch or
landings can not be identified to species. Work on this objective will depend
on, and needs to be consistent with, final guidance on implementing the
Reauthorized Magnuson-Stevens Act, whenever that guidance becomes
available.

d. Comment on what can be done to improve the information, proxies or
assessments for each species.

2. For weakfish, provide guidance/suggest methodologies for scientists to use in future
assessments.



Participants

The Working Group (WG) will consist of representatives from the staffs of the NEFMC
(2), MAFMC (2), ASMFC (2), NERO (3), and NEFSC (5).

Products

The WG product will be a document providing: (a) proposed BRPs and measurable BRP
and MSY proxies for the five Northeast stocks/species groups listed in 1(a) above; (b) advice for
SSCs to consider when they develop fishing level recommendations for these stocks; (c) advice
on what to do about species with identification problems; (d) comments on what is needed to
improve the proxies and/or assessments for each species and (e) suggested methodologies for
conducting future weakfish stock assessments. Although it is expected that significant
uncertainties will be associated with the proposed BRPs, MSYs, and their proxies, the intention
is that the recommended values will represent the best available science.

During (or after) the WG’s activities, a peer review of some type will be undertaken to
ensure that the WG’s recommendations and technical approaches are sound.

Table 2. Peer Reviewers of the December 8-12, 2008 “Northeast Data Poor Stocks”
Working Group Meeting (See Table 4 for a list of meeting attendees).

Chairman:
Dr. Thomas Miller, Univ. of Maryland Center for Environmental Science, Chesapeake
Biological Laboratory

Panelists :

Dr. Robert Muller, Florida Fish and Wildlife Commission

Mr. Robert O’Boyle, Beta Scientific Consulting Inc.

Dr. Andrew Rosenberg, Dept. Natural Resources, Univ. of New Hampshire
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Table 3. Northeast Data Poor Stocks Dec. 8-12, 2008 meeting agenda.

Northeast Data Poor Stocks Working Group -- Peer Review Meeting

Last
AGENDA Update: 3-Dec-08
Date Duration
/Day Start End (min) Topic Presenter
Weinberg (SAW
8-Dec | 12:30 [ 12:40 10 Welcome and Introduction Chair)
Rago (DPWG
Mon 12:40 | 13:00 20 Overview of Data Poor Workshop and objectives Chair)
Miller (Review
Mon 13:00 13:15 15 Open Remarks, Guidance to Panel Panel Chair)
Mon 13:15 | 14:15 60 Skate Complex Sosebee
Mon 14:15 14:30 15 Break
Mon 14:30 | 15:00 30 Skate Stock Recruitment Analyses Brooks
Mon 15:00 | 15:30 30 Skate Landings and Discard Estimation Applegate
Mon 15:30 | 16:15 45 Discussion--Skates Miller
Mon 16:15 | 16:30 15 Break
Mon 16:30 | 17:15 45 Red Crab Chute
Red Crab Models: Frequency Analyses, DCAC, Two-point
Mon 17:15 18:00 45 boundary value problem Chute/Rago
Mon 18:00 18:45 45 Discussion--Red Crab Miller
Mon 18:45 19:00 15 Summary/Followup Miller
Date Duration
/Day Start End (min) Topic Presenter
9-Dec | 9:00 9:15 15 Progress review and Order of the Day (Chair) Miller (Chair)
Tues 9:15 10:00 45 Wolffish Keith
Tues 10:00 | 10:45 45 Wolffish Model in SCALE Nitschke
Tues 10:45 11:00 15 Break
Tues 11:00 12:00 60 Wolffish--Discussion Miller
Tues 12:00 13:00 60 Lunch
Tues 13:00 15:00 120 Revisit on Skates, Red Crab and/or Wolffish TBD
Tues 15:00 15:15 15 Break
Tues 15:15 17:45 150 Conclusions: Skates, Red Crab, Wolffish Miller/Panel
Tues 17:45 18:00 15 Summary/Followup Miller
Date Duration
/Day Start End (min) Topic Presenter
10-Dec | 9:00 9:15 15 Progress review and Order of the Day (Chair) Miller
Wed 9:15 10:45 90 Scup Terceiro
Wed 10:45 11:00 15 Break
Wed 11:00 | 12:00 60 Discussion --Scup Miller
Wed 12:00 13:00 60 Lunch
Wed 13:00 | 13:30 30 Discussion--Scup Miller
Wed 13:30 | 15:00 90 Black Sea Bass Shepherd
Wed 15:00 15:15 15 Break
Wed 15:15 16:45 90 Discussion--Black Sea Bass Miller
Wed 16:45 17:00 15 Summary/Followup Miller
Date Duration
/Day Start End (min) Topic Presenter
11-Dec | 9:00 9:15 15 Progress review and Order of the Day Rago
Thurs 9:15 10:45 90 Black Sea Bass--Conclusions Miller
Thurs | 10:45 11:00 15 Break
Thurs | 11:00 | 12:30 90 Scup--Conclusions Miller
Thurs | 12:30 13:30 60 Lunch
Thurs | 13:30 | 14:45 75 Further Discussion: Scup, Black Sea Bass Conclusions Miller
Thurs | 14:45 15:00 15 Break
Brust (Weakfish
Thurs | 15:00 | 16:30 90 Weakfish Assessment Model Summary Chair)
Thurs | 16:30 | 17:30 60 Weakfish Assessment Discussion Miller
Thurs | 17:30 | 18:00 30 Summary/Followup (Chair) Miller
12-Dec | 9:00 9:15 15 Progress review and Order of the Day Miller (Chair)
Fri 9:15 10:30 75 Synthesis of Meeting and Recommendations TBD
Fri 10:30 | 10:45 15 Break
Fri 10:45 12:00 75 Report Development and Writing
Fri 12:00 | 13:00 60 Lunch
Fri 13:00 | 14:30 90 Report Writing
Fri 14:30 | 14:45 15 Break
Fri 14:45 16:00 75 Report Writing
Adjourn
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Table 4. List of NE Stocks Data Poor Working Group meeting attendees (November —
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December, 2008).

Name Affiliation Email

Moira Kelly NERO-SFD moira.kelly@noaa.gov

Tim Miller NEFSC timothy.j.miller@noaa.gov
Mike Palmer NEFSC michael.palmer@noaa.gov
Doug Potts NERO-SFD douglas.potts@noaa.gov
Dvora Hart NEFSC deborah.hart@noaa.gov
Chad Keith NEFSC chad.keith@noaa.gov
Tom Nies NEFMC tnies@nefmc.org

Alec MacCall SWFSC alec.maccall@noaa.gov
Peter Shelley CLF pshelley@clf.org

Umass

Fiona Hogan Dartmouth/SEMAST fhogan@umassd.edu
Gary Shepherd NEFSC gary.shepherd@noaa.gov
Katherine Sosebee NEFSC katherine.sosebee@noaa.gov
Lisa Hendrickson NEFSC lisa.hendrickson@noaa.gov
Toni Kerns ASMFC tkerns@asmfc.org

Mike Ruccio NERO michael.ruccio@noaa.gov
Rich Seagraves MAFMC rseagraves@mafmc.org
Jim Armstrong MAFMC jarmstrong@mafmc.org
Josh Moser NEFSC josh.moser@noaa.gov
Gred DiDominico GSSA

Paul Caruso MDMF paul.caruso@state.ma.us
David Burr MADMF

Eric Powell Rutgers University eric@hsrl.rutgers.edu

Toni Chute NEFSC toni.chute@noaa.gov

Rich McBride NEFSC rich.mcbride@noaa.gov
Jessica Coakley MAFMC jcoakley@mafmc.org

Todd Gedamke SEFSC todd.gedamke@noaa.gov
Meredith

Cavanaugh NMFS meredith.cavanaugh@noaa.gov
Michele Traver NEFSC michele.traver@noaa.gov
Andrew Applegate NEFWC aapplegate@nefmc.org
Loretta O'Brien NEFSC loretta.obrien@noaa.gov
Michael Jones NEFSC michael.jones@noaa.gov
Richard Merrick NEFSC richard.merrick@noaa.gov
Anne Richards NEFSC anne.richards@noaa.gov
Mark Terceiro NEFSC mark.terceiro@noaa.gov
Fred Serchuk NEFSC fred.serchuk@noaa.gov
Jim Weinberg NEFSC james.weinberg@noaa.gov
Laurel Col NEFSC laurel.col@noaa.gov

Liz Brooks NEFSC liz.brooks@noaa.gov

Paul Nitschke NEFSC paul.nitschke@noaa.gov
Chris Legault NEFSC chris.legault@noaa.gov
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Figure 1. Offshore depth strata sampled during Northeast Fisheries Science Center bottom trawl
research surveys.



Figure 2. Inshore depth strata sampled during Northeast Fisheries Science Center bottom trawl
research surveys.
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Figure 3. Statistical areas used for reporting commercial catches.
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Skate Species Complex

Skate Species Complex:
Examination of Potential Biological Reference Points for the
Northeast Region

by
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Executive Summary

The seven species in the Northeast Region (Maine to Virginia) skate complex are: little
skate (Leucoraja erinacea), winter skate (L. ocellata), barndoor skate (Dipturus laevis), thorny
skate (Amblyraja radiata), smooth skate (Malacoraja senta), clearnose skate (Raja eglanteria),
and rosette skate (L. garmani). Landings have generally been increasing since 2000 and the
2007 reported commercial landings of 19,000 mt were the highest on record. Discard estimates
from SAW/SARC 44 in 2006 were revised in this assessment based on Standardized Bycatch
Reporting Methodology. Most differences were due to inclusion of more trips from the last few
years (e.g., Special Access Programs, etc.).

The landings estimates were not disaggregated to skate species in previous assessments
because identification of skates is uncertain in the Domestic Observer Program (NEFSC 2007).
Alternative methods to estimate landings by species were developed, each of which has strengths
and weaknesses. The Review Panel concluded that progress had been made and future efforts
should be encouraged, but that the Panel had insufficient time to explore the alternative methods
in detail. Therefore, these approaches will be used in future modeling efforts, and will serve as
an indication of the uncertainty in the catch of skates. Discards were also disaggregated to skate
species using one method.

Survey indices by species were updated through 2007/2008 and aggregate indices were
developed by area. These were used along with the catch data in An Index Method (AIM).
Attempts to use this model were unsuccessful. Another model, SEINE (Survival Estimation in
Non-Equilibrium Situations Model), was attempted to estimate fishing mortality. While the
model estimated fishing mortality, it did so over a very long time period, but was not useful for
producing annual estimates.

SPR-based reference points for three skate species, barndoor, winter, and thorny, were
derived from life-history parameters and fitted Beverton-Holt stock recruit relationships. Future
assessments might determine stock status by comparing these depletion levels either with
depletion in the surveys or from a stock assessment model that incorporates information about
maturity. These results were not accepted for reference points at this time.

Until new models are constructed using the new catch by species information, the
existing overfishing definitions, updated through 2007/2008 will remain the best available. For
barndoor skate, the current (i.e., non-updated) definition will be retained. Stock status with
respect to the updated estimates is described. For skates in general, no new measurable stock
status definitions were identified.

Terms of Reference

The following Terms of Reference were provided to the Data Poor Stocks Working
Group for peer review in December 2008:
a. Recommend biological reference points (BRPs) and measurable BRP and maximum
sustainable yield (MSY) proxies for the following data poor stocks: Black sea bass; Deep-sea red
crab; Scup; Skates; Atlantic wolffish.
b. Provide advice about scientific uncertainty and risk for Scientific and Statistical
Committees (SSCs) to consider when they develop fishing level recommendations for these
stocks.
c. Consider developing BRPs for species groups for situations where the catch or landings can
not be identified to species. Work on this objective will depend on, and needs to be consistent
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with, final guidance on implementing the Reauthorized Magnuson-Stevens Act, whenever that
guidance becomes available.

d. Comment on what can be done to improve the information, proxies or assessments for each
species.

Introduction

The seven species in the Northeast Region (Maine to Virginia) skate complex are
distributed along the coast of the northeast United States from near the tide line to depths
exceeding 700 m (383 fathoms). The species are: little skate (Leucoraja erinacea), winter skate
(L. ocellata), barndoor skate (Dipturus laevis), thorny skate (Amblyraja radiata), smooth skate
(Malacoraja senta), clearnose skate (Raja eglanteria), and rosette skate (L. garmani).

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

The first stock assessment for the skate complex was conducted in 1999 at SARC/SAW
30 (NEFSC 2000). At that time there was no Fishery Management Plan (FMP) in place. The
National Marine Fisheries Service had been petitioned to list barndoor skate as endangered based
on a paper published by Casey and Myers (1998) and was also asked to assess the other species
in the complex. SARC 30 found no cause to list barndoor as endangered but recommended that
the species remain on the candidate species list as well as to put thorny skate on the candidate
species list. Biomass reference points were developed for all seven species and four were listed
as overfished. Fishing mortality reference points were developed for winter and little skate and
overfishing was occurring for winter skate.

An FMP was developed following SARC 30 by the New England Fishery Management
Council (NEFMC) when they were informed of the overfished status of thorny and barndoor
(winter and smooth biomass increased in the 1999 autumn survey and were no longer considered
overfished). The FMP was implemented in September of 2003 with a primary requirement for
mandatory reporting of skate landings by species by both dealers and vessels. Possession
prohibitions of barndoor and thorny skate as well as smooth skate in the Gulf of Maine were also
provisions of the FMP. A trip limit of 10,000 Ibs was implemented for winter skate with a Letter
of Authorization for the bait fishery (little skate) to exceed the trip limit. The biomass reference
points developed at SARC 30 were maintained, but new fishing mortality reference points were
developed.

The last stock assessment for the skate complex was conducted in 2006 at SARC/SAW
44 (NEFSC 2007). Several methods were attempted to develop fishing mortality estimates and
biological reference points. These included the Gedamke-Hoenig length-based mortality
estimator, length-based yield-per-recruit, spawner-per-recruit, and a length-tuned model. None of
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these methods were accepted, although some had promise. SARC 44 did not change the
biological reference points.

Commercial Fishery Landings

Skates have been reported in New England fishery landings since the late 1800s.
However, commercial fishery landings, primarily from off Rhode Island, never exceeded several
hundred metric tons until the advent of distant-water fleets and the industrial fishery during the
1950s and 1960s. Skate landings reached 9,500 mt in 1969, but declined quickly during the
1970s, falling to 800 mt in 1981 (Table 1, Figure 1). Landings then increased substantially;
partially in response to increased demand for lobster bait, and more significantly, to the increased
export market for skate wings. Landings increased to 12,900 mt in 1993 and then declined
somewhat to 7,200 mt in 1995. Landings increased again and the 2007 reported commercial
landings of 19,000 mt were the highest on record (Table 1, Figure 1).

United States landings of skates are reported in all months (Table 2). There is a relatively
even distribution of landings across months, but the summer months do show a slightly higher
percentage, probably due to the increased demand for lobster bait during those months.

Skate landings are primarily from Massachusetts and Rhode Island (mainly New Bedford
and Point Judith) with 85-95% of the landings occurring in those two states (Table 3). Landings
from other states did occur back through time and the table somewhat reflects better reporting as
more states reported in the NMFS database. Also, the difference in total landings between Table
B1.1 and B1.3 is likely the result of landings from the industrial fishery not included in the
Weighout database. These landings were sampled during the 1960s and 1970s for species
composition and prorated. Skates accounted for about 10% of those landings.

Otter trawls are the primary gear used to land skates in the United States, with some
landings coming from sink gill nets (Table 4). In the last couple of years, landings from longline
gear have increased slightly in importance. The increase in other gear reflects the new reporting
system implemented in 2004.

Landings historically were taken from the Georges Bank and Southern New England
during the early 1960s as the industrial fishery operated mainly out of Point Judith and the
distant-water fleet fished mainly on Georges Bank (Table 5). Landings from Mid-Atlantic
increased through the early 2000s while landings from Georges Bank in 2007 were the highest
on record.

Landings are generally not reported by species, with over 99% of the landings reported as
“unclassified skates” until the FMP was implemented in September of 2003 (Table 6). Wings
are most likely taken from winter and thorny skates, the two species currently known to be used
for human consumption. Bait landings are presumed to be primarily from little skate, based on
areas fished and known species distribution patterns. Landings of barndoor and thorny skate are
being reported by the dealers even though there is a possession prohibition for those two species.
There are also wings reported for rosette, little and smooth which are known to be too small for
wings. The distribution of skate landings by state and species also shows that some species are
landed in areas that they do not occur (Table 7). For example, in 2004, barndoor were landed in
Virginia which is too far south for barndoor skate.

Commercial Fishery Discards

Discard estimates from SAW/SARC 44 were revised in this assessment. The ratio-
estimator used in this assessment is based on the methodology described in Rago et al. (2005)
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and updated in Wigley et al 2007. It relies on a d/k ratio where the kept component is defined as
the total landings of all species within a “fishery”. A fishery is defined as a homogeneous group
of vessels with respect to gear type (longline, otter trawl, shrimp trawl, sink gill net, and scallop
dredge), quarter (months 1-4, 5-6, 7-8, 9-12), and area fished (GOM, GB, SNE, MA). Mesh size
was not used to split out otter trawl trips or sink gill net trips. All trips were included if they
occurred within this stratification regardless of whether or not they caught skates.

The discard ratio for skates in stratum h is the sum of discard weight over all trips divided
by sum of kept weights over all trips:

y (D

where djj is the discards for skates within trip 1 in stratum h and kj, is the kept component
of the catch for all species. Ry is the discard rate in stratum h. The stratum weighted discard to
kept ratio is obtained by weighted sum of discard ratios over all strata:
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The total discard within a strata is simply the product of the estimate discard ratio R and
the total landings for the fishery defined as stratum h, i.e., Dp=RyKj.

Missing cells were inputed using averages of existing cells. If information existed in the
same area fished, the annual average discard ratio was applied in the missing cells. If the
information was missing in the area fished, but available in the region (i.e. SNE and MA or
GOM and GBK), then the annual average for that region was applied. There were some cases for
the longline fishery in which the entire year was averaged for all areas or for a span of 12 years
(1993-2004). The details of the imputation are given in Appendix 1.

To hindcast the discard estimates back to 1964, a three-year average (the earliest three
years of data) of the discards of skates/landings of all species was used. The sensitivity of this
estimate was examined using a five-year average and a time-series average (Figure 2). The
trends in the total estimates are similar, with the time-series average giving the lowest estimate
and the three-year average the highest estimates. Using the three estimates in any future
modeling efforts will give some idea of the uncertainty in the data.

Estimated discards by fishery, region and half year for 1964-2007 are summarized in
Tables 8-10. The new estimated discards are different than those estimated in SARC/SAW 44
(Figure 3). There are two main reasons for these differences. First, missing cells were imputed
in the new method. This should lead to higher values in general. Second, the data for any Special
Access Programs for 2005 -2007 were included in the new estimates. These trips showed a
higher discard ratio than those outside the closed areas. These should be placed in a separate
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stratum, however, there is no easy way to determine if a trip in the dealer database was fishing in
an SAP. The coefficients of variation for the otter trawl are generally reasonable, while the
scallop dredge estimates are highly variable (Table 11). Alternative stratification schemes were
examined to determine if this had any impact on the magnitude of the discard estimates
(Appendix 2). When all trips were included the estimates were all fairly similar.

The estimates from 1992-2007 were hind-cast using the first three years of the time series
to compare actual estimates and hind-cast estimates (Figure 4). For years when the regulations
were similar (mid-1990s), the hind-cast estimates were comparable to the actual estimates. In
more recent years, management has changed and the estimates are not and probably should not
be comparable.

Recreational Fishery Catch

Aggregate recreational landings of the seven species in the skate complex are relatively
insignificant when compared to the commercial landings, never exceeding 300 mt during the
1981-1998 time series of Marine Recreational Fishery Statistics Survey (MRFSS) estimates.
Little and clearnose skates are the most frequently landed species of the complex. For little
skate, total landings varied between <1000 and 56,000 fish, equivalent to <I to 15 mt, during
1981-1998. For clearnose skate, total landings varied between 2,000 and 145,000 fish,
equivalent to 2 to 232 mt, during 1981-1998. The number of skates reported as released alive
averages an order of magnitude higher than the reported landed number. Party/charter boats
have historically been undersampled compared to the private/rental boat sector that accounts for
most of the recreational catch, and may have a different discard rate. The recreational fishery
release mortality rate of skates is unknown, but is likely comparable to that for flounders and
other demersal species, which generally ranges from 10-15%. Assuming a 10-15% release
mortality rate would suggest that recreational fishery discard mortality is of about the same
magnitude as the recreational landings. Data from 1999 through 2005 were similar in magnitude.

Landings by Species Estimation

The landings estimates were not dis-aggregated to skate species in previous assessments
because identification of skates is uncertain in the Domestic Observer Program (NEFSC 2007).
Alternative methods to estimate landings by species were developed, each of which has both
strengths and weaknesses. Therefore, both sets of estimates were chosen to be used in any future
modeling efforts as an indication of the uncertainty in the catch of skates.
The first method used the observer lengths of the kept component of the catch directly. In order
to split the data into the bait (whole) and wing components of the fishery, a length cutoff of 60
cm was used, since there is no direct way of determining the disposition of the landings until
recently. This seemed justified, since the maximum size in the bait fishery was instituted to also
be close to the minimum accepted length for the wing fishery. Examination of the samples by the
two main gear types also showed two groups of fish with a trough at about 60 cm (Figure 5). The
data were apportioned into two regions, Gulf of Maine to Georges Bank (GOMGBK — Divisions
51 and 52), and Southern New England to Mid-Atlantic (SNEMA — Divisions 53 and Subarea 6).
The number of fish measured in these regions was barely sufficient (Table 12) so no further areal
division was attempted. Pooling over years within a region was still required to get an adequate
number of fish (Figure 6). An average skate length-weight equation was applied to the samples
and used to estimate the landings numbers at length for each market category (Figure 7).
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Length compositions for each species for the two regions (GOMGBK — Offshore strata
13-30, 36-40, and Inshore strata 56-66; SNEMA — Offshore strata 1-12, 61-76, and Inshore strata
1-55) were estimated. The species length-weight equations were then applied to determine
weight-at-length by species. The proportions at length by species for both number and weight
were applied to the commercial landings-at-length to estimate landings-at-length by species. The
lengths had to be grouped into 5 cm intervals to avoid zero cells in the survey and all fish greater
than 112 cm were set to be barndoor skate.

For the second method, a selectivity ogive was estimated for observed hauls in each skate
fishery compared to the applicable surveys during 2004-2007. The data were fit using a three
parameter logistic curve via Millar’s (1992) SELECT model. Results of these logistic model fits
are given in Table 13 and in Figures 8-11. In most cases where the parameters could be
estimated, the L50s for winter and little skates were similar to the overall fit for all skate species
(with a notable exception of little skates observed in the retained fraction of gillnet catches).
Also the ogives by region were very similar to one another within each fishery and gear type. As
a result, pooled selectivity ogives for each gear and skate fishery were used to determine the
exploitable species composition at size in each survey stratum. In the following table, the L50s
for the newly estimated ogives are compared with the PDT’s assumed knife edge selectivity
ogive.

LS50 for selectivity ogive

applied to survey weight per

PDT assumed knife edge

Fishery tow data selectivity

Trawl wing 66.9 cm >40 cm
Trawl whole/bait 44.4 ¢cm and < 59 cm <59 cm
Gillnet 54.9 cm > 65 cm

Average proportional weight per tow by three digit statistical area was re-estimated by
determining an average stratum weight per tow and then computing an area-weighted average for
the sampled strata within each three digit statistical area. While this approach does not readily
allow estimation of variance (like a domain estimator), the averages computed in this way satisfy
the conditions of the stratified random survey design. These average proportions of survey catch
by skate species were then applied to the VTR data by gear type, fishery (product form), and
trimester (corresponding to the spring, fall, and winter surveys).

Comparison of the two methods generally shows higher amounts of winter, clearnose,
and rosette skate in method one (length composition) compared to the second method (selectivity
ogive) and lower amounts of little, smooth, and thorny skate (Tables 14-15; Figures 12-14).
Barndoor skate are generally comparable. The length composition method uses the annual length
data when possible, but may be ignoring some sub-regional differences due to the low sample
sizes. The selectivity ogive method, on the other hand, uses the sub-regional data while assuming
that the length composition of the survey, once the skates are fully selected, reflects the length
composition of the fishery. The two methods give a range of values and will both be used in any
future modeling efforts.

Discards by Species Estimation

The discard estimates were not dis-aggregated to skate species in previous assessments
because identification of skates is uncertain in the Domestic Observer Program (NEFSC 2007).
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The observer lengths of the discarded component of the catch were used by gear type. The data
were apportioned into two regions, Gulf of Maine to Georges Bank (GOMGBK — Divisions 51
and 52), and Southern New England to Mid-Atlantic (SNEMA — Divisions 53 and Subarea 6).
The number of fish measured in these regions was barely sufficient (Table 16) so no further areal
division was attempted. Pooling over years, sometimes over the entire time series, within a
region was still required to get an adequate number of fish (Figure 15). For longline gear, all
samples were used for both regions. An average skate length-weight equation was applied to the
samples and used to estimate the discard numbers at length by gear category (Figure 16).

Length compositions for each species for the two regions (GOMGBK — Offshore strata
13-30, 36-40, and Inshore strata 56-66; SNEMA — Offshore strata 1-12, 61-76, and Inshore strata
1-55) were estimated. The species length-weight equations were then applied to determine
weight-at-length by species. The proportions at length by species for both number and weight
were applied to the commercial landings-at-length to estimate landings-at-length by species. The
lengths had to be grouped into 5 cm intervals to avoid zero cells in the survey and all fish greater
than 112 cm were set to be barndoor skate. The estimates by gear type and species are given in
Table 17.

Research Survey Data- Total Stock Biomass

Indices of relative abundance have been developed from NEFSC bottom trawl surveys
for the seven species in the skate complex, and these form the basis for most of the conclusions
about the status of the complex. The NEFSC trawl survey has been conducted in the autumn
from the Gulf of Maine to Southern New England since 1963 (Azarovitz 1981) and the Mid-
Atlantic was added in 1967. A spring survey was started in 1968 with stations <= 27 m added in
1975. All statistically significant NEFSC gear, door, and vessel conversion factors were applied
to little, winter, and smooth skate indices when applicable (Sissenwine and Bowman, 1978;
NEFC 1991). Juvenile little and winter skates are not readily distinguished in the field. The
numbers of juveniles were split between the two species based on the abundance of the adults in
the same tow.

For the aggregate skate complex, the spring survey index of biomass was relatively
constant from 1968 to 1980, then increased significantly to peak levels in the mid to late 1980s.
The index of skate complex biomass then declined steadily until 1994, but increased until 2000
and has since decreased (Figure 17). If the species in the complex are divided into large
(barndoor, winter, and thorny) and small sized skates (little, clearnose, rosette, and smooth), it is
evident that the large increase in skate biomass in the mid to late 1980s was dominated by winter
and little skate (Figure 17). The biomass of large sized skates steadily declined from the mid-
1980s to the mid-1990s and has since been stable. The increase in aggregate skate biomass from
the mid-1990s to 2000 was due to an increase in little skate and the subsequent decline is also
due to little skate (Figure 17).

Indices were also derived for the aggregate skate complex by region. The index of skate
biomass in the Gulf of Maine (Offshore strata 26-30, 36-40) was steady through the mid-1970s,
started to decline and is currently among the lowest on record (Figure 18). The index for the
Georges Bank region (Offshore strata 13-25) was relatively low at the start of the time series,
increased to high levels in the 1980s and has since declined to low levels (Figure 18). For the
Southern New England region (Offshore strata 1-12), the index either increased over time (the
spring survey) or was stable (the fall survey) (Figure 19). The index for the Mid-Atlantic
(Offshore strata 61-76) region has increased over time (Figure 19).
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Indices of relative abundance for some of the species have also been developed from
MADMF and CTDEP research surveys. Data are also available from the Maine-New Hampshire
inshore survey, the ASMFC shrimp trawl survey, the monkfish survey, and the VIMS trawl
survey but have not been developed into indices at this time.

The bootstrap methodology of Smith (1997) was continued from the previous SARC and
also applied to the MADMEF survey but the complete results are not shown. The data are shown
to demonstrate what may be available for future modeling work.

Winter skate

In the NEFSC spring survey offshore strata (1968-2008), the annual total catch of winter
skate has ranged from 160 fish in 1976 to 1,891 fish in 1985. In the NEFSC autumn survey
offshore strata (1963-2007), the annual total catch of winter skate has ranged from 115 fish in
1975 to 1,187 fish in 1984. Calculated on a per tow basis, these spring survey catches equate to
maximum stratified mean number per tow indices for the GOM-MA offshore strata of about 7.9
fish, or 16.4 kg, per tow during 1985; autumn maximum catches equate to indices of 3.7 fish, or
13.3 kg, per tow in 1984 (Tables 18-19).

The catchability of winter skate in the NEFSC winter bottom trawl survey (which
substitutes a chain sweep with small cookies for the large rollers used in the spring and autumn
surveys, to better target flatfish) is significantly higher than in the spring and autumn series,
especially for smaller winter skates. NEFSC winter survey (1992-2007) annual catches of winter
skate have ranged from 841 fish in 1993 to 4,055 fish in 1996, equating to a maximum stratified
mean catch per tow of 43.5 fish, or 25.2 kg, per tow in 1996 (Table 20). The winter survey is
focused in the Southern New England and Mid-Atlantic offshore regions, with a limited number
of samples on Georges Bank, and no sampling in the Gulf of Maine and has been discontinued.

Indices of winter skate abundance and biomass from the NEFSC spring and autumn
surveys were stable, but below the time series mean, during the late 1960s and 1970s (Figure
20). Winter skate indices increased to the time series mean by 1980, and then reached a peak
during the mid 1980s. Winter skates indices began to decline in the late 1980s. Current NEFSC
indices of winter skate abundance are below the time series mean, at about the same value as
during the early 1970s. Current NEFSC indices of winter skate biomass are about 20% of the
peak observed during the mid 1980s (Figure 20).

The NEFSC scallop dredge survey, as with the winter survey also catches winter skates
mostly on Georges Bank and also does not sample in the Gulf of Maine and on the very
shallowest portions of Georges Bank. However, the trends in abundance are similar to the trends
in the spring and autumn surveys (Figure 21).

Indices of abundance for winter skate are available from the Massachusetts Division of
Marine Fisheries (MADMF) spring and autumn research trawl surveys in the inshore waters of
Massachusetts for the years 1978-2008. MADMF biomass indices of winter skate were
moderate to high from 1981 through 1987. Thereafter, both spring and autumn indices declined
to time series lows in 1989-1991. The spring index rebounded to moderate levels during 1992-
1996 before dropping again to low values in the late 1990s and remaining low through 2008
(Figure 22). The autumn index is more erratic, but generally shows the same pattern.

Indices of abundance for winter skate are available from the Connecticut Department of
Environmental Protection (CTDEP) spring and autumn finfish trawl surveys in Long Island
Sound for the years 1984-2008 (1992 and later only for biomass). Annual CTDEP survey catches
have ranged from 0 to 115 skates. CTDEP survey indices suggest that after increasing to a time
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series high from 1984 through 1989, winter skate in Long Island Sound has declined slightly
(Figure 23).

Little skate

In the NEFSC spring surveys (1976-2008), the annual total catch of little skate has
ranged from 2,271 fish in 2006 to 16,406 fish in 1999 (Table 21). In the NEFSC autumn surveys
(1975-2007), the annual total catch of little skate has ranged from 1,124 fish in 1993 to 6,523
fish in 2003 (Table 22). Calculated on a per tow basis, these spring survey catches equate to
maximum stratified mean number per tow indices for the GOM-MA inshore and offshore strata
of about 28 fish, or 10 kg, per tow during 1999; autumn maximum catches equate to indices of
18 fish, or 7.7 kg, per tow in 2003 (Tables 21-22).

The catchability of little skate in the NEFSC winter bottom trawl survey (which
substitutes a chain sweep with small cookies for the large rollers used in the spring and autumn
surveys, to better target flatfish) is significantly higher than in the spring and autumn series.
NEFSC winter survey (1992-2007) annual catches of little skate have ranged from 8,870 fish in
2003 to 18,418 fish in 1992, equating to a maximum stratified mean catch per tow of 170 fish, or
66 kg, per tow in 1992 (Table 23). The winter survey is focused in the Southern New England
and Mid-Atlantic offshore regions, with a limited number of samples on Georges Bank, and no
sampling in the Gulf of Maine and has been discontinued.

Indices of little skate abundance and biomass from the NEFSC spring and autumn
surveys were stable, but below the time series mean, during the 1970s. Little skate spring
survey indices began to increase in 1982, reached a peak in 1999, and declined thereafter (Figure
24). Autumn survey indices have been relatively stable over the duration of the time series, with
a slight increase in recent years (Figure 24). The application of the NEFSC gear conversion
factors to spring survey indices decreased the indices in 1981 and earlier years by 75 percent.
This may account for some of the mis-match between the spring and autumn surveys.

The NEFSC scallop dredge survey, as with the winter survey also catches little skates in
all areas and also does not sample in the Gulf of Maine, on the very shallowest portions of
Georges Bank, and parts of Southern New England. However, the trends in abundance are
similar to the spring and autumn surveys with the indices showing little trend over the time series
(Figure 25).

Indices of abundance for little skate are available from the Massachusetts Division of
Marine Fisheries (MADMF) spring and autumn research trawl surveys in the inshore waters of
Massachusetts for the years 1978-2008 (Figure 26). MADMF biomass indices of little skate
declined through the 1980's to time series lows in 1989 (autumn) and 1991 (spring). Biomass
indices quickly rose to high levels in the early 1990's, and have since fluctuated without trend.

Indices of abundance for little skate are available from the Connecticut Department of
Environmental Protection (CTDEP) spring and autumn finfish trawl surveys in Long Island
Sound for the years 1984-2008 (1992 and later only for biomass). Little skate are the most
abundant species in the skate complex in Long Island Sound, with annual CTDEP survey catches
ranging from 142 to 837 skates. CTDEP survey indices suggest an increase in abundance of
little skate in Long Island Sound through 1996 followed by a decline (Figure 27).

Barndoor skate

In the NEFSC spring surveys (1968-2008), the annual total catch of barndoor skate has
ranged from O fish (several years during the 1970s and 1980s) to 325 fish in 2007 (Table 24). In
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the NEFSC autumn surveys (1963-2007), the annual total catch of barndoor skate has ranged
from 0 fish (several years in the 1970s and 1980s) to 120 fish in 1963 (Table 25). Calculated on
a per tow basis, the autumn survey catches equate to maximum stratified mean number per tow
indices for the GOM-SNE offshore strata of about 0.8 fish, or 2.6 kg, per tow in 1963 while the
spring maximum is 1.5 fish, or 6.8 kg, per tow in 2007 (Tables 24-25). The spring survey index
was driven mainly by one large tow (277 fish; >1500 kg).

The catchability of barndoor skate in the NEFSC winter bottom trawl survey (which
substitutes a chain sweep with small cookies for the large rollers used in the spring and autumn
surveys, to better target flatfish) is significantly higher than in the spring and autumn series and
may be particularly higher for smaller skates as in winter skates. NEFSC winter survey (1992-
2007) annual catches of barndoor skate have ranged from 0 fish in 1992 to 355 in 2006, equating
to a maximum stratified mean catch per tow of 3.2 fish, or 3.0 kg, per tow in 2006 (Table 26).
The winter survey is focused in the Southern New England and Mid-Atlantic offshore regions,
with a limited number of samples on Georges Bank, and no sampling in the Gulf of Maine and
has been discontinued.

Indices of barndoor skate abundance and biomass from the NEFSC spring and autumn
surveys were at their highest values during early to late 1960s, and then declined to 0 fish per
tow during the early 1980s. Since 1990, both spring and autumn survey indices have steadily
increased, with the spring survey at the highest value and the autumn survey nearing the peak
values found in the 1960s (Figure 28).

The NEFSC scallop dredge survey, as with the winter survey also catches winter skates
mostly on Georges Bank and also does not sample in the Gulf of Maine, on the very shallowest
portions of Georges Bank, and parts of Southern New England. However, the trends in
abundance are similar to the trends in the spring and autumn surveys showing a large increase
since 1992 while the biomass is much noisier (Figure 29).

Thorny skate

In the NEFSC spring surveys (1968-2008), the annual total catch of thorny skate has
ranged from 29 fish in 2006 to 574 fish in 1973 (Table 27). In the NEFSC autumn surveys
(1963-2007), the annual total catch of thorny skate has ranged from 36 fish in 2005 to 874 fish in
1978 (Table 28). Calculated on a per tow basis, these spring and autumn survey catches equate
to maximum stratified mean number per tow indices for the GOMSNE offshore strata of about 2
to 3 fish, or about 6.0 kg, per tow during the early 1970s (Tables 27-28).

NEFSC spring and autumn survey indices for thorny skate have declined continuously
over the last 40 years. Indices of thorny skate abundance and biomass from the NEFSC spring
and autumn surveys were at a peak during the early 1970s, reaching 2.9 fish per tow (5.3 kg per
tow) in the spring survey and 1.8 fish per tow (5.9 kg per tow) in the autumn survey. Kulka and
Mowbray (1998) indicated a similar period of high abundance for thorny skate in Canadian
waters. NEFSC indices of thorny skate abundance have declined steadily since the late 1970s,
reaching historically low values by 2005-2007 that are less than 10% of the peak observed in the
1970s (Figure 30).

The NEFSC scallop dredge survey also catches thorny skates primarily on the edges of
Georges Bank and a sharp decline followed by no trend (Figure 31). The scallop survey also
does not sample in the Gulf of Maine, on the very shallowest portions of Georges Bank and parts
of Southern New England.
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Indices of abundance for thorny skate are available from the Massachusetts Division of
Marine Fisheries (MADMF) spring and autumn research trawl surveys in the inshore waters of
Massachusetts for the years 1978-2008. MADMEF indices of thorny skate biomass have been
variable over the time series, but there is a decreasing trend evident in both the spring and
autumn time series. The spring index has stabilized around the median of 0.2 kg/tow throughout
the 2000's, while the autumn index has been below the median of 0.6 kg/tow since 1994 except
for 2001 and 2002 (Figure 32).

Smooth skate

In the NEFSC spring surveys (1968-2008), the annual total catch of smooth skate has
ranged from 12 fish in 1996 to 179 fish in 1973 (Table 29). In the NEFSC autumn surveys
(1963-2007), the annual total catch of smooth skate has ranged from 10 fish in 1976 to 130 fish
in 1978 (Table 30). Calculated on a per tow basis, these spring and autumn survey catches
equate to maximum stratified mean number per tow indices for the GOM-MA offshore strata of
0.6 to 1.6 fish, or about 0.6 to 0.9 kg, per tow during the 1970s (Tables 29-30).

Indices of smooth skate abundance and biomass from the NEFSC surveys were at a peak
during the early 1970s for the spring series and the late 1970s for the autumn series (Figure 33).
NEFSC survey indices declined during the 1980s, before stabilizing during the early 1990s at
about 25% of the autumn and 50% of the spring survey index values of the 1970s.

The NEFSC scallop dredge survey also catches smooth skates primarily on the edges of
Georges Bank and the indices have slightly increased (Figure 34). The scallop survey also does
not sample in the Gulf of Maine, on the very shallowest portions of Georges Bank and parts of
Southern New England.

Clearnose skate

In the NEFSC spring surveys (1976-2008), the annual total catch of clearnose skate has
ranged from 9 fish in 1979 to 136 fish in 1993 (Table 31). In the NEFSC autumn surveys (1975-
2007), the annual total catch of clearnose skate has ranged from 19 fish in 1983 to 221 fish in
2001 (Table 32). Calculated on a per tow basis, these spring and autumn survey catches equate
to maximum stratified mean number per tow indices for the Mid-Atlantic offshore and inshore
strata set of 1.2-1.6 fish, or about 0.8-0.9 kg, per tow during the mid 1990s and 2000s (Tables
31-32).

The catchability of clearnose skate in the NEFSC winter bottom trawl survey (which
substitutes a chain sweep with small cookies for the large rollers used in the spring and autumn
surveys, to better target flatfish) is significantly higher than in the spring and autumn series.
NEFSC winter survey (1992-2007) annual catches of clearnose skate have ranged from 343 fish
in 1999 to 3,086 fish in 1996, equating to a maximum stratified mean catch per tow of 12 fish or
15 kg per tow in 1996 (Table 33). The winter survey is focused in the Southern New England
and Mid-Atlantic offshore regions, with a limited number of samples on Georges Bank, and no
sampling in the Gulf of Maine, and has been discontinued.

NEFSC spring and autumn survey indices for clearnose skate increased from the mid-
1980s through 2000, declined to about average values, and increased slightly in the last few
years (Figure 35).

Indices of abundance for clearnose skate are available from the Connecticut Department
of Environmental Protection (CTDEP) spring and autumn finfish trawl surveys in Long Island
Sound for the years 1984-2008 (1992 and later only for biomass). The CTDEP survey had caught
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very few clearnose skate, with annual catches ranging from 0 to 20 skates through 1998, but the
indices have increased in Long Island Sound over the times series with 100 caught in 2005
(Figure 36).

Rosette skate

In the NEFSC spring surveys (1968-2008), the annual total catch of rosette skate has
ranged from 0 fish, in 1970 and1984, to 70 fish in 1977 (Table 34). In the NEFSC autumn
surveys (1967-2005), the annual total catch of rosette skate has ranged from 1 fish, most recently
in 1982, to 46 fish in 1999 (Table 35). Calculated on a per tow basis, these spring survey catches
equate to maximum stratified mean number per tow indices for the Mid-Atlantic offshore strata
set of about 0.6 fish, or about 0.1 kg, per tow during 1977 (Tables 34-35).

The catchability of rosette skate in the NEFSC winter bottom trawl survey (which
substitutes a chain sweep with small cookies for the large rollers used in the spring and autumn
surveys, to better target flatfish) is significantly higher than in the spring and autumn series.
NEFSC winter survey (1992-2007) annual catches of rosette skate have ranged from 143 fish in
1993 to 1029 fish in 2003, equating to a maximum stratified mean catch per tow of 2.8 fish or
0.7 kg per tow in 2003 (Table 36). The winter survey is focused in the Southern New England
and Mid-Atlantic offshore regions, with a limited number of samples on Georges Bank, and no
sampling in the Gulf of Maine and has since been discontinued.

Indices of rosette skate abundance and biomass from the NEFSC surveys were at a peak
during 1975-1980, before declining through 1986. NEFSC survey indices for rosette skate
increased from 1986 through 2001, declined slightly and recent indices are near the peak values
of the late 1970s (Figure 37).

Research Survey Data- Spawning Stock Biomass

Maturity information was available in some form for all species to split the survey length
information into mature and immature animals (Table 37). The series chosen for each species
was the same as chosen for reference points at SARC30. There is a protracted spawning as
females likely lay eggs year round so there is no need to pick a season based on spawning time.
The autumn survey was used for all species except little as it is generally the longest. For little
skate, the spring series from 1982 on was used to avoid gear conversion issues.

Winter skate SSB generally follows the pattern of the autumn total biomass index with
very low values in the 1970s followed by the large expansion of the size composition in the
1980s (Table 38; Figure 38). The index of SSB declined in the mid- to late 1990s, increased
slightly, and is currently at low values. Little skate SSB has been fairly stable through the time
series with slightly higher values from 1999-2004 than in the 1980s and early 1990s (Table 38;
Figure 38). The pattern in barndoor skate SSB indices is much the same as that of total biomass
with high values in the early 1960s, followed by very low to nonexistent values in the 1970s and
1980s, and then a consistent increase in the 1990s and 2000s (Table 38; Figure 38). The decline
in thorny skate SSB indices is more pronounced than for the total biomass index (Table 38;
Figure 38). Smooth skate SSB indices are very variable, but exhibit a slight decline over the
time series (Table 38; Figure 38). Clearnose skate SSB has increased over the time period
(Table 38; Figure 38). Rosette skate SSB has been variable but has generally increased (Table
38; Figure 38).

Skate Complex 13



Fishing Mortality Estimates

Gedamke and Hoenig (2006) developed a method to estimate mortality from mean length
data in nonequilibrium situations, now called Survival Estimation in Non-Equilibrium Situations
Model (SEINE, available at http://nft.nefsc.noaa.gov/). It is an extension of the Beverton-Holt
length-based mortality estimator that assumes constant recruitment throughout the time series
and mortality at fixed levels for certain periods within the time series. The approach allows for
the transitory changes in mean length to be modeled as a function of mortality rate changes.
After an increase in mortality, mean length will gradually decrease due to larger animals being
less prevalent in the population. After a decrease in mortality, mean length will increase slowly
due to growth of the fish in the population. The rates of change in both cases depend on the von
Bertalanffy growth parameters and the magnitude of change in the mortality rates. Since the
method requires only a series of mean length above a user defined minimum size and the von
Bertalanffy growth parameters, it can be applied in many data poor situations. Gedamke and
Hoenig (2006) demonstrated the utility of this approach using both simulated data and an
application to data for goosefish caught in the NEFSC fall groundfish survey.

Most of the information for the six species suggests that there is one break-point in the
time series. This is not useful in monitoring the species on an annual basis. Further modeling
efforts are required to estimate fishing mortality.

Biological Reference Points

Current Reference Points

The existing biomass reference points were developed at SARC 30 (NEFSC 2000) and
maintained at SARC 44 (NEFSC 2007) with Bysy Proxy formulated as the 75" percentile of the
given time series of each species, except barndoor (Table 39) and half that value for Buyreshold. It
was assumed that all species had at some time passed through Bysy at some point in the time
series. For barndoor skate, the mean of the first four years of the autumn survey were used
instead, given that biomass had been extremely low during most of the time series. To reduce
the variability in the survey estimates, a three-year moving average of the survey indices was
proposed to evaluate stock status for all species (Table 40).

The fishing mortality reference points developed at SARC 30 were not accepted by the
NEFMC and a different method for evaluating fishing mortality was developed by the Plan
Development Team (PDT). The thresholds for fishing mortality are based on annual percentage
declines of the three-year average of the NEFSC trawl survey time series chosen for the biomass
reference points. The percentages are specified for each species individually based on historical
variation within the survey. The thresholds also include what is termed a precautionary
“backstop” that indicates that overfishing is occurring if the trawl survey mean weight per tow
declines for three consecutive years. The main part of the definition is that overfishing is
occurring when the three-year moving average of the given survey biomass index declines by
more than the average CV of the time series. The resulting overfishing status determinations are
shown in Table 41.

Extension of time series

One alternative biomass reference point is to use the 75" percentile of the series, but to
add the nine years of survey data since the last SARC (Table 42). This gives slightly lower
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estimates of Byt for winter, thorny, and smooth, a much lower estimate for barndoor, and
higher estimates for little, clearnose, and rosette.

An Index Method (AlM)

An Index Method (AIM, available at http://nft.nefsc.noaa.gov/) was attempted for all
seven species using both spring and autumn surveys. For this method, the replacement ratios,
defined as the biomass index in the current year divided by the average biomass indices from the
previous 5 years was calculated. Autumn and spring survey biomass indices and total landings
and total catch were used to compute the relative exploitation rates, defined as the catch in the
current year divided by the 3 year average survey biomass index for the current year and the
previous and following years. These relative exploitation rates (or relative F) may be considered
a proxy for F. The relationship between replacement ratios and relative F was evaluated by a
linear regression of the Loge replacement ratio on Loge relative F. None of the relationships were
significant and some were actually positive. This method was also attempted for the aggregate
skate landings/catch for the four regions. These model runs were also unsuccessful.

SPR- Based Reference Points

SPR-based reference points for three skate species, barndoor, winter, and thorny, were
derived from life-history parameters and fitted Beverton-Holt stock recruit relationships
(Appendix 3). Estimated overfishing reference points for these three species are F,se,, F379,, and
Fa4e, respectively. Future assessments could estimate comparable F’s from mean length models
(SEINE, e.g.), or from age-specific assessment models provided discards and landings could be
disaggregated to species level. Estimates of overfished reference points are also SPR based, and
are defined in terms of depletion, i.e. the proportion of spawners relative to unexploited levels.
For barndoor, winter, and thorny skates, the depletion reference points are 0.20, 0.27, and 0.32,
respectively. Future assessments could determine stock status by comparing these depletion
levels either with depletion in the surveys or from a stock assessment model that incorporates
information about maturity. There are several important caveats for the methods used in this
working paper, namely, that a fixed value of M was assumed for all ages, that the errors in
variables problem was ignored in fitting the stock recruit relationship (status quo), and that no
fishing is assumed to occur prior to the age of recruitment. The sensitivity to the assumed M
value is addressed by exploring alternative values. If any fishing were to occur prior to the age
of recruitment, then the estimated slope at the origin (a in the Beverton-Holt function) would be
biased low, leading to an SPR reference point having a positive bias.

Reference Point Recommendation

In general for skates, no new measurable alternative BRPs were identified or
recommended. Until new models are constructed using the new catch by species information,
the existing overfishing definitions, using information updated through 2007/2008 (except for
barndoor skate), will remain in place (Table 43; Figure 39). For barndoor skate, the reference
point estimates will not be updated through 2007/2008 because barndoor skate survey indices
were extremely low during most of the time series and have been increasing recently (Table 40).

Under the current definition, a stock of skates is designated as overfished when the three
year moving average of the NEFSC survey index is less than Bryresporp. For each of the skate
stocks, estimates of the three year moving average survey index are provided in Table 40.
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Overfished status determinations can be made by comparing the survey index estimates (Table
40) to the recommended biomass-based reference points (Table 43).

The overfishing status determinations are shown in Table 41 (See additional description
in the earlier section labeled “Current Reference Points”.

Research Recommendations

1) Given the new information on catch by species, efforts should be made to use a more complex
model such as Stock Synthesis.

2) The identification of the species composition of the skate catch should be improved.

3) Age and growth studies, for all seven species in the complex, should be continued.

4) Fecundity studies, for all seven species in the complex, are needed. Use of life history models
requires these data, and may prove useful in establishing biological reference points for the skate
species.

5) Estimates of commercial and recreational fishery discard mortality rates, for different fishing
gears and coastal regions and/or bottom types, for all seven species in the complex, are needed.
6) Studies of the stock structure of the species in the skate complex are needed to identify unit
stocks. Stock identification studies, especially for barndoor, thorny, winter, and little skate, are
needed.
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Table 1. Total commercial landings of skate (mt) in NAFO

subareas 5 and 6 by country from 1960-2007. U.S.
landings are from NAFO database from 1964-1978,

weighout from 1979-2007.

1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
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

us

4081
2343
2738
2715
2417
3045
1583
900
866
1191
2026
752
754
1143
1130
1280
1577
838
878
3603
4157
3984
4159
5078
7255
6707
11403
11332
12525
12904
8783
7217
14213
10945
13832
11684
13360
13120
13004
15005
16072
14113
16158
19085

USSR

0

0

0
2121
3974
6410
2544
5000
7957
6754
1623
3216
412
240
216
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Total

4083
2363
2844
4898
6483
9462
4128
5905
8823
7963
3651
3968
1212
1418
1353
1423
1650
847
878
3603
4157
3984
4253
5078
7264
6707
11403
11332
12525
12904
8783
7217
14213
10945
13832
11684
13360
13120
13004
15005
16072
14113
16158
19085
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Table 2. U.S. commerical landings (mt, live wt) of skates (all species) by month from 1964-2007.

Month
year 0 1 2 3 4 5 6 7 8 9 10 11 12[Total
1964  4050.3 20 39 36 3.1 20 16 0.9 13 16 2.0 2.1 6.4 40810
1965  2304.4 5.4 7.2 7.5 4.3 2.4 0.4 0.6 1.2 0.6 2.3 26 42| 23430
1966 2707.1 6.4 7.3 6.0 1.0 0.9 0.2 0.1 0.7 1.7 1.4 24 29 2738.0
1967|  2643.3 15.1 73 18.1 7.7 3.0 1.6 0.6 0.4 1.8 6.1 29 71| 27150
1968  2381.3 10.3 1.9 5.3 1.3 15 1.3 15 2.6 3.0 2.8 25 17| 24170
1969  2993.4 4.1 6.2 5.7 6.2 25 23 3.1 32 3.0 5.0 5.7 46| 30450
1970  1513.4 6.1 8.6 13.9 7.0 4.1 34 5.6 5.3 8.3 4.1 2.1 11| 1583.0
1971 836.7 4.9 6.2 8.5 73 7.7 2.7 3.0 2.8 3.5 8.2 3.9 47 900.0
1972 780.1 7.2 6.9 121 12.3 9.1 4.9 5.7 7.8 4.3 4.2 5.9 55 866.0
1973 1104.1 8.3 3.9 10.4 12.4 71 6.7 71 7.0 8.1 71 4.7 4.1 1191.0
1974  1945.9 5.7 4.9 5.6 12.3 8.0 46 44 12.3 6.7 52 26 78| 2026.0
1975 637.9 7.3 10.1 16.6 16.2 13.0 73 6.7 76 9.8 56 6.9 6.9 752.0
1976 641.8 8.4 12.5 19.2 22.4 9.6 43 8.1 47 6.9 3.1 6.3 6.8 754.0
1977 994.7 15.4 19.7 27.9 20.0 9.0 8.9 6.8 11.0 7.0 8.8 9.3 45 1143.0
1978 827.4 19.3 247 11.7 29.8 30.5 46.4 33.9 26.2 23.2 20.9 19.3 16.7 1130.0
1979 787.4 248 248 46.5 62.6 50.4 28.1 294 55.5 38.8 421 52.9 36.5 1279.6
1980 961.1 61.5 112.6 121.1 82.8 63.9 27.3 26.4 24.4 22.8 27.4 205 254 15772
1981 509.9 33.9 30.8 54.4 31.1 26.7 253 15.1 245 23.1 12.3 19.2 31.9 838.4
1982 449.5 30.4 23.3 54.0 475 58.2 18.9 25.3 35.1 32.3 34.4 31.3 38.2 878.1
1983 2720.3 84.1 95.9 134.0 95.4 102.3 76.3 441 66.1 53.3 37.0 56.6 37.5 3603.0
1984 3325.7 99.4 127.3 134.9 108.6 84.0 36.7 30.9 29.0 259 37.0 54.2 63.0 4156.5
1985  3220.7 85.4 85.5 150.6 142.7 31.6 29.9 33.2 29.9 28.8 37.7 59.3 486 3984.1
1986 3173.4 98.6 89.7 149.7 147.8 91.8 36.4 33.7 490 282 72.6 86.3 102.5| 41595
1987|  3638.7 83.8 114.3 207.7 227.0 2453 106.2 403 53.0 33.8 87.6 101.5 139.1| 5078.4
1988 5141.7 281.6 338.2 378.7 284.0 150.3 74.5 154.5 137.9 75.0 54.1 66.2 118.8| 72555
1989 4157.8 240 1 150.3 227 1 454 .3 292.6 102.6 142.2 2723 221.9 174.8 173.0 98.4 6707.3
1990 4252.9 136.6 182.0 424 .8 834.4 948.5 1174.9 763.8 818.7 624.4 265.9 542.3 4334 114025
1991  4255.9 464.0 4238 460.9 606.0 419.8 370.4 658.1 925.7 515.5 565.5 958.9 708.0| 113323
1992  4782.2 517.3 4577 510.1 567.1 564.3 816.2 764.4 7182 862.3 639.1 7711 555.4| 125253
1993  4860.4 335.1 265.6 4712 741.7 875.2 8232  1005.6 859.1 7124 535.5 864.0 555.0| 12904.0
1994 175.5 338.2 309.8 291.7 501.5 855.1 1238.5 780.9 1263.7 960.6 937.7 787.3 3429 8783.3
1995 1.0 183.8 285.7 413.6 515.5 752.0 915.7 768.4 7522 557.7 724.8 897.2 449.7| 72172
1996 2.3 224 .6 229.3 206.5 360.1 1012.0 1389.7 1539.8 1577.6 1720.4 24404 2411.8 1098.4( 142128
1997 530.8 469.9 597.5 395.5 969.4 11276 11818 11896 10623 10842 13052  1031.1| 10944.8
1998 518.9 589.8 625.4 8149  1406.0 17022 16439 15127 15515 12249 12771 964.5| 13831.8
1999 511.2 401.0 591.8 678.6 1295.5 1436.2 1039.3 1137.7 1388.8 1055.8 1250.0 898.1| 11683.9
2000 667.8 615.2 1024 .2 826.2 1187.7 1594.2 1188.5 1534.6 1270.1 946.4 1583.6 921.1] 13359.7
2001 802.4 588.6 956.2 967.3 984.0 10582 11505 14651  1197.3 11151 16921  1143.6| 131204
2002 742.3 730.7 7832  1093.9 7735  1372.6 9987 14886 12478 13521 12644  1156.3| 13004.0
2003 548.3 447 6 857.4  1043.7  1006.6 11830 16329  1867.9 18891 19933 15633 971.9| 15004.9
2004 5381  1278.0 13050  1391.0 11551 14569 20088 15579 15736 11157 15416 11502 16071.8
2005 8716 12044  1077.6 11766  1071.0 13147 17632 16893  1336.1 828.5 9745 805.5| 14113.0
2006 939.8 1036.9 1490.8 1564.6 921.8 1250.3 17411 1847.2 1071.4 1498.6 1653.3 11421 16157.7
2007 778.6 7029 12259 14815 12547 25242  2916.6 24980  1587.6 15282 13484  1238.1| 19084.8
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Table 3. U.S. commercial landings (mt, live wt) of skates (all species) by state from
1964-2007. Data are from weighout database.

STATE

year cT DE ME D MA NH NJ NY NC RI VA Total
1964 262 24 30.7
1965 38.1 04 38.6
1966 30.1 0.8 30.9
1967 71.1 05 7.7
1968 35.7 35.7
1969 51.6 51.6
1970 69.0 0.6 69.6
1971 61.9 1.4 63.3
1972 85.2 0.7 85.9
1973 15 80.9 46 86.9
1974 8.8 67.2 4.1 80.1
1975 14.9 94.8 4.4 114.1
1976 36.2 74.9 1.1 1122
1977 62.6 82.0 3.7 148.3
1978 86.9 161.8 2.9 50.9 302.6
1979 181.1 259.0 0.7 515 492.2
1980 197.5 2975 0.4 120.7 616.1
1981 151.2 137.3 22 0.8 37.0 328 .4
1982 175.0 210.4 3.9 0.1 39.3 428.7
1983 258.8 455.0 3.3 0.6 165.0 882.7
1984 230.8 445.4 26 0.7 150.8 05 8308
1985 1445 409.3 23 2.4 204.9 763.3
1986 107.6 363.8 1.1 10.8 55.0 4472 06|  986.1
1987 168.9 746.2 20.6 8.9  133.1 361.9 1439.7
1988 81.9 1376.2 51.9 105  172.2 420.9 21137
1989 122 99.8 2030.1 18.6 182 1077 4420.0 07| 6707.3
1990| 1469 47.1 17 57420 105 8.8  162.4 5282.1 1.1 114025
1991 1133 16.9 5696.1 124  125.4 56.9 5310.7 06| 11332.3
1992 97.0 45.1 06 59233 101 267.2 2311 5950.1 08| 12525.3
1993| 2379 167.1 41 61185 95 3761  168.2 5820.3 2.3| 12904.0
1994 1755 4429 466  6616.4 372 1861  225.3 1047.1 64| 87833
1995 3003 349.2 456 29265 246 2914 1417 31115 17.3] 72172
1996| 4320 267.4 558 90169 203 3302 164.2 3908.8 8.3| 14212.8
1997| 3575 221.0 978 39334 170 7948 3745 9.4 51314 8.1| 109448
1998| 4419 162.2 956 63250 191 807.8  575.0 9.1 53725 23.6| 138318
1999| 5183 218.8 635  4809.3 263 6368  396.8 2.6 49119 99.6| 11684.0
2000 4938 138.0 656  6517.8 384 5646 3877 206 48250  308.2| 13359.7
2001] 6189 138.2 555 66835 332 6247  366.7 01 45362 63.4| 131204
2002| 3676 137.2 520 63350 245 5824  462.9 0.3 50296 12.7| 13004.0
2003| 4337 76.4 269 80980 149 4487 3533 0.8  5516.6 35.7| 15004.9
2004| 4417 0.0 13.3 62 10075.9 106 3743 2227 0.5  4881.0 45.7| 16071.8
2005| 3534 109 84 89889 94 3348 1575 0.5  4219.1 30.3| 14113.0
2006| 2596 15 146 111327 112 4516  229.3 0.1 40515 5.5 16157.7
2007| 2562 29.9 182 13554.4 56 5241 3249 0.3 43194 51.8] 19084.8
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Table 4. U.S. Commercial landings (mt, live wt) of skates (all species) by gear type from

1964-2007. Landings are from weighout database.

gear
year longline  ottertrawl other sink gillnet |Total
1964 0.1 30.5 0.0 30.7
1965 0.3 38.2 0.0 38.6
1966 30.9 30.9
1967 71.7 71.7
1968 35.7 35.7
1969 51.5 0.0 51.6
1970 0.6 68.8 0.0 0.2 69.6
1971 1.1 62.0 0.1 63.3
1972 3.7 80.8 0.1 1.3 85.9
1973 7.0 77.9 1.9 0.2 86.9
1974 10.5 64.3 0.2 5.1 80.1
1975 11.7 101.4 0.1 0.8 114.1
1976 16.2 93.3 0.2 2.5 112.2
1977 13.4 126.8 0.9 7.2 148.3
1978 44 290.0 3.2 5.0 302.6
1979 18.4 456.0 5.8 12.0 4922
1980 16.5 577.9 6.0 15.6 616.1
1981 5.1 311.7 1.2 10.4 328.4
1982 2.0 408.4 7.4 10.8 428.7
1983 3.4 846.2 225 10.6 882.7
1984 5.0 796.5 19.1 10.3 830.8
1985 3.7 721.5 17.8 20.3 763.3
1986 6.6 954.4 14.2 10.9 986.1
1987 224 1384.4 16.1 16.8 1439.7
1988 5.7 2070.7 22.2 15.2 2113.7
1989 30.6 6636.1 273 13.4 6707.3
1990 3.8 11339.6 47.7 11.5] 114025
1991 243 11169.9 77.0 61.1 113323
1992 219 122425 35.1 225.8| 125253
1993 634 11913.6 204.6 722.3| 12904.0
1994 193.9 7174.3 374.9 1040.1 8783.3
1995 98.6 5725.5 416.2 976.8 7217.2
1996 543 12879.6 141.9 11371 142128
1997 47.6 9157.6 394.0 1345.5] 10944.8
1998 53.9 11704.7 449.8 1623.5| 13831.8
1999 38.2 10073.7 105.5 1466.6 11684.0
2000 37.7 114447 81.7 1795.5| 13359.7
2001 13.2 10808.4 46.4 2252.5] 131204
2002 14.2 9630.3 45.0 3314.5| 13004.0
2003 30.0 10553.2 65.1 4356.5( 15004.9
2004 247 113557 665.7 4025.7| 16071.8
2005 175.9 9249.8 1078.6 3608.8 14113.0
2006 1.4 10523.0 838.2 4785.0( 16157.7
2007 12.2  12531.0 339.1 6202.6] 19084.8
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Table 5. Landings of skate by region.

1968
1969
1970
1971
1972
1973
1974
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

gm

30
50
62
51
264
60
63
95
96
126
181
469
609
344
434
486
445
372
309
585
1140
909
1076
979
644
982
800
590
579
549
1064
909
1050
689
799
491
259
310
337
358
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gb

2641
252
1742
2681
5384
5097
1116
2965
450
215
94
215
394
122
165
240
234
183
103
333
404
1243
4905
4801
4944
5143
5964
2060
8210
3095
5160
3997
5517
5784
4936
6811
8632
6900
8367
11502

she

3802
8425
2178
3014
3087
2701
2359

722

487

823

871

559

465

272

216
2824
3411
3379
3634
3968
5394
4395
5249
5306
6430
5826
1340
3826
4579
5802
5392
4390
4508
4294
4516
5575
5060
5571
6173
5664

ma

23

10
735
146
159

88
105
113
186
179
254
207
179
182
109

63

53

71

50
207
193
326
160
173
246
508
953
680
742
845

1498
2216
2388
2284
2354
2753
2129
2121
1333
1280
1561



Table 6. U.S. landings (mt, live wt) of skates by species and markey category from 1964-2007. Landings are from weighout database.

Species and Market Category

YEAR [Uncl. Uncl. Winter Winter Little Barndoor Barndoor Thorny Thorny Smooth  Smooth  Clearnose Clearnose Rose Rose Total
Whole Wings Whole Wings Whole Wings Whole Wings Whole Wings Whole Wings Whole Wings Whole WinggW hole Wings
1964 30.7 30.7 0.0
1965 38.6 38.6 0.0
1966 30.9 30.9 0.0
1967 717 7.7 0.0
1968 35.7 35.7 0.0
1969 51.6 51.6 0.0
1970 69.6 69.6 0.0
1971 63.3 63.3 0.0
1972 85.9 85.9 0.0
1973 86.9 86.9 0.0
1974 80.1 0.0 80.1 0.0
1975 1141 1141 0.0
1976 112.2 112.2 0.0
1977 148.3 148.3 0.0
1978 302.6 302.6 0.0
1979 492.2 492.2 0.0
1980 616.1 616.1 0.0
1981 328.4 328.4 0.0
1982 277.2 151.4 277 .2 151.4
1983 169.6  713.0 169.6 713.0
1984 68.1 762.8 68.1 762.8
1985 68.3 695.0 68.3 695.0
1986 2626 723.5 262.6 723.5
1987 87.5 1352.2 87.5 1352.2
1988 742 2039.6 74.2 2039.6
1989| 4163.1 2544.2 4163.1 2544 .2
1990( 50029 6399.6 5002.9 6399.6
1991| 5069.2 6262.5 0.6 5069.7 6262.5
1992 5860.5 6664.7 5860.5 6664.7
1993| 5526.6 7377.5 0.0 5526.6 7377.5
1994 7034 8079.9 703.4 8079.9
1995 3095.1 3985.5 136.6 3231.7 3985.5
1996 3981.5 10230.8 0.4 0.2 3982.0( 10230.8
1997 5369.1 5575.6 5369.1 5575.6
1998| 5391.8 8440.0 0.0 5391.8 8440.0
1999 5026.7 6655.3 21 5028.7 6655.3
2000| 3633.2 8690.6 0.0 1036.0 0.1 0.0 4669.1 8690.6
2001| 43995 87185 22 0.0 0.1 0.1 4401.7 8718.7
2002| 4396.9 8606.9 0.1 0.1 4396.9 8607.1
2003| 4327.8 10650.0 0.8 26.0 0.2 0.1 4328.8| 10676.0
2004 998.1 8450.3 2.8 2697.5 2867.4 8.6 0.3 0.1 0.0 95.6 1.0 927.2 35 16.6 27 3873.2 12198.5
2005 4171 66794 59.3 3301.4 3449.6 15.6 0.2 54 1.5 126.2 0.6 1.0 33.3 16.6 5.9 3978.2( 10134.9
2006 1101.0 8543.5 79.3 2904.6 3138.3 6.4 22 137.4 0.6 31.9 189.6 8.5 145 4517.2| 11640.5
2007| 1279.3 11129.7 41.0 2796.4 3479.4 0.3 1.2 11.5 113.4 0.1 26.7 176.1 15.1 14.8 5002.5( 14082.4
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Table 7. U.S. landings (mt, live wt) of skates by state, species and markey category from 2004-2007.

Species and Market Category
Uncl. Uncl. Winter Winter Little Little  Barndoor Barndoor Thorny Thomy Smooth Smooth Clearnose Cleamose [Rosette Rosette Total
YEAR|State |Whole Wings Whole Wings Whole Wings Whole Wings Whole Wings Whole Wings Whole Wings Whole  Wings [Whole [Wings
2004|CT 369.9 71.8 369.9 71.8
DE 0.0 0.0 0.0
ME 0.0 12.2 1.2 0.0 13.3
MD 1.0 2.4 2.7 0.1 1.1 5.1
MA 17.7 6482.2 0.2 2467.9 97.5 0.0 834 0.1 926.8 0.1 115.5 9960 .4
NH 5.1 54 0.1 0.0 10.6
NJ 15  131.2 0.3 1355 103.0 2.7 0.1 104.8 269.5
NY 233 183.6 1.2 0.6 0.7 0.1 12.0 1.0 0.3 26.1 196.7
NC 0.5 0.0 0.5
RI 583.7 1537.3 1.2 84.2 2666.1 5.8 2.6] 3251.0 1630.0
VA 1.1 24.0 0.3 0.1 3.5 16.6 4.9 40.8
Total | 998.1 8450.3 2.8 2697.5 2867.4 8.6 0.3 0.1 0.0 95.6 1.0 927.2 3.5 16.6 0.0 2.7] 3873.2 12198.5
2005|CT 275.6 7.7 275.6 777
ME 10.2 0.5 0.2 0.0 10.8
MD 23 6.1 2.3 6.1
MA 60.2 5699.0 21.7 3071.7 211 1.3 1.5 111.6 0.0 0.7 104.5 8884 .4
NH 0.0 9.4 0.0 94
NJ 04 120.0 244 1107 45.0 1.1 04 327 102.9 231.9
NY 12.3 96.6 0.4 1.6 12.7 0.2 0.2 4.1 12.6 0.0 0.3 16.6 42.2 115.3
NC 0.5 0.0 0.5
RI 659 630.4 128 116.9 33709 14.1 2.0 0.2 0.1 5.9] 34497 769.4
VA 0.3 29.3 0.7 1.0 29.3
Total | 417.1 6679.4 59.3 33014 34496 15.6 0.2 5.4 1.5 126.2 0.6 1.0 33.3 0.0 16.6 5.9] 3978.2 10134.9
2006|CT 190.5 69.1 190.5 69.1
ME 1.5 0.0 1.5
MD 5.0 4.2 2.3 2.2 0.9 7.2 7.4
MA 8342 7584.2 627 23179 196.2 0.2 136.6 0.6 0.0] 1093.7 10039.0
NH 11.2 0.0 0.0 11.2
NJ 5.3 45.8 0.7 1659 11.8 2.9 31.8 187.4 17.8 433.9
NY 112 176.0 19.3 10.1 2.2 0.1 8.5 2.1 29.7 199.6
NC 0.1 0.0 0.1 0.0
RI 54.7  648.1 159 399.2 2918.1 2.4 0.8 12.4] 2988.6 1062.9
VA 3.4 2.2 2.2 3.4
Total | 1101.0 8543.5 79.3 2904.6 3138.3 6.4 0.0 2.2 0.0 137.4 0.6 31.9 2.2 187.4 8.5 14.5] 4329.8 11827.9
2007(CT 195.4 60.8 195.4 60.8
ME 29.9 0.0 29.9
MD 9.0 6.9 1.5 0.4 0.3 9.4 8.8
MA 958.0 9993.9 227 2390.9 56.3 11.5 103.2 18.0 1048.4 12506.1
NH 5.3 0.3 0.0 5.6
NJ 0.1 107.2 1.8 2034 31.8 8.3 171.6 205.2 318.9
NY 143  247.8 8.3 27.8 3.9 1.2 9.4 0.1 0.3 11.9 38.5 286.4
NC 0.3 0.3 0.0
RI 91.7 6454 82 1715 3387.0 1.1 45 14.8] 34915 832.7
VA 0.0 0.0
Total | 1268.7 11097.2  41.0 2795.3 3479.4 0.3 0.0 1.2 115 113.7 0.1 26.7 176.1 0.0 11.9 14.8] 4988.7 14049.2
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Table 8. Estimated discards (mt) of skates (all species) by gear type taken in the Gulf of Maine-Georges Bank region, 1964-2007.

Half 1 Scallop Half 2 Scallop
year Line Trawl Otter Trawl Shrimp Trawl Sink Gill Net Dredge Total Half 1 Line Trawl Otter Traw/Shrimp Tra Sink Gill Net Dredge  Total Half 2 Grand Total
1964 449 37,255 0 12 5,868 43,583 403 22,824 0 7 6,541 29,775 73,358
1965 498 38,321 0 16 2,284 41,120 522 24,329 0 5 600 25,456 66,575
1966 380 39,624 0 26 742 40,771 491 22,374 0 7 1,506 24,379 65,149
1967 329 30,462 0 21 575 31,387 323 19,148 0 8 2,295 21,775 53,162
1968 259 26,067 0 36 728 27,090 299 18,036 0 10 1,651 19,995 47,085
1969 281 25,173 0 32 1,004 26,490 455 15,909 0 6 1,935 18,305 44,795
1970 308 22,927 0 22 1,228 24,485 415 15,208 0 7 1,890 17,520 42,005
1971 472 21,746 0 21 1,749 23,988 615 14,941 0 8 1,458 17,023 41,011
1972 476 19,491 0 31 1,217 21,215 659 12,401 0 13 1,724 14,796 36,011
1973 569 19,548 0 30 1,758 21,905 640 13,558 0 15 1,502 15,715 37,620
1974 614 17,687 0 57 1,043 19,400 592 11,947 0 24 1,413 13,976 33,377
1975 680 15,631 280 60 1,303 17,953 613 11,792 36 26 2,047 14,514 32,467
1976 464 15,157 66 97 1,650 17,434 353 12,139 0 37 3,115 15,645 33,078
1977 341 19,662 39 166 3,299 23,507 294 14,148 0 47 7,176 21,664 45,171
1978 561 23,070 0 186 4,012 27,828 321 14,383 0 66 7,889 22,658 50,487
1979 779 22,771 26 153 5,275 29,004 508 16,612 0 67 8,454 25,641 54,645
1980 851 28,570 21 185 7,342 36,969 155 18,066 0 96 6,972 25,288 62,258
1981 332 29,786 99 252 8,206 38,676 95 15,643 0 93 9,501 25,332 64,008
1982 302 26,789 124 89 5,632 32,937 74 19,496 7 83 7,936 27,596 60,533
1983 297 29,695 115 113 4,802 35,022 93 16,467 22 69 5,663 22,314 57,336
1984 307 27,882 152 121 3,463 31,925 19 13,640 53 94 4,359 18,165 50,090
1985 263 22,242 225 112 2,308 25,149 52 10,748 70 81 4,720 15,671 40,820
1986 322 19,142 252 166 4,010 23,892 49 8,856 83 87 6,206 15,281 39,173
1987 536 15,330 288 137 3,905 20,197 166 8,272 46 85 7,574 16,144 36,340
1988 561 17,091 183 158 6,175 24,169 199 8,410 46 90 10,002 18,746 42,915
1989 503 18,497 73 37 6,349 25,459 161 8,727 17 1,265 11,105 21,276 46,735
1990 358 23,476 208 347 7,290 31,680 156 9,910 71 940 15,222 26,299 57,979
1991 1,069 11,624 243 99 9,842 22,877 264 8,680 44 628 10,383 19,999 42,876
1992 1,269 8,056 245 162 8,843 18,575 471 2,848 0 518 10,919 14,756 33,331
1993 169 4,528 35 119 4,512 9,362 125 11,482 1 1,406 4,928 17,942 27,305
1994 82 4,912 11 130 2,294 7,429 146 10,132 1 1,382 2,103 13,764 21,193
1995 147 7,492 8 209 398 8,253 152 2,312 1 2,029 1,647 6,141 14,393
1996 123 7,507 26 284 837 8,777 121 1,181 8 1,921 3,029 6,259 15,037
1997 119 3,788 32 110 1,804 5,854 123 3,189 2 987 3,165 7,466 13,320
1998 99 5,276 8 50 2,376 7,809 142 15,784 0 1,930 4,101 21,957 29,767
1999 112 2,870 4 98 1,207 4,292 123 7,146 0 1,799 2,957 12,024 16,316
2000 62 4,490 5 121 2,086 6,764 131 7,584 0 2,100 1,387 11,201 17,965
2001 87 19,242 0 188 518 20,034 92 6,262 0 1,241 582 8,176 28,210
2002 97 11,085 1 135 1,095 12,413 44 5,761 0 1,844 2,030 9,680 22,093
2003 34 11,684 8 253 1,836 13,815 24 9,848 0 1,995 1,975 13,842 27,656
2004 3 11,505 4 269 294 12,075 17 13,832 0 1,027 1,060 15,937 28,012
2005 91 9,468 2 399 594 10,554 54 12,844 0 925 2,212 16,034 26,588
2006 193 8,042 0 173 1,085 9,494 17 9,344 1 1,599 2,408 13,369 22,863
2007 46 10,703 0 378 871 11,999 27 11,158 0 1,439 3,418 16,042 28,041
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Table 9. Estimated discards (mt) of skates (all species) by gear type taken in the Southern New England-Mid-Atlantic region, 1964-
2007.

Half 1 Scallop Half 2 Scallop
year Line Trawl Otter Trawl Sink Gill Net Dredge Total Half 1 Line Trawl Otter Traw/Sink Gill N« Dredge Total Half 2 Grand Total
1964 0 16,916 0 1 16,917 0 12,929 0 494 13,422 30,339
1965 0 20,746 0 2,108 22,854 0 15,053 0 7,343 22,396 45,250
1966 0 23,680 0 5,026 28,707 0 11,657 0 4,067 15,724 44,431
1967 0 26,886 0 2,257 29,143 0 13,933 0 1,771 15,704 44,848
1968 0 30,741 0 2,926 33,667 0 13,895 0 2,516 16,411 50,077
1969 1 30,557 0 1,279 31,837 1 11,827 0 683 12,510 44,348
1970 2 21,694 0 399 22,095 0 10,272 0 462 10,734 32,829
1971 2 13,419 0 91 13,511 0 4,979 0 756 5,735 19,246
1972 2 13,272 0 724 13,999 1 6,373 0 488 6,862 20,860
1973 11 15,425 0 391 15,828 4 6,227 0 173 6,404 22,232
1974 30 19,170 0 706 19,906 11 5,279 0 987 6,277 26,183
1975 30 9,882 0 1,069 10,981 11 5,131 0 2,060 7,202 18,183
1976 17 7,688 0 2,175 9,880 9 7,804 0 3,979 11,792 21,672
1977 9 7,639 0 3,302 10,950 3 7,169 0 1,352 8,525 19,475
1978 185 12,605 0 3,946 16,736 168 8,389 0 4,215 12,772 29,509
1979 86 16,229 0 3,399 19,714 164 10,770 0 2,929 13,862 33,576
1980 170 11,730 0 2,314 14,213 131 10,958 0 2,355 13,444 27,657
1981 180 13,828 0 1,065 15,072 131 10,028 0 976 11,135 26,208
1982 115 17,088 0 1,597 18,800 77 17,764 0 2,699 20,540 39,340
1983 99 20,196 0 3,646 23,941 66 15,883 0 4,480 20,429 44,371
1984 79 21,023 0 4,933 26,035 46 17,034 0 4,046 21,126 47,161
1985 56 18,452 0 4,302 22,809 66 12,401 0 3,220 15,687 38,496
1986 94 18,225 0 3,215 21,534 74 17,119 0 4117 21,310 42,844
1987 99 21,129 0 8,277 29,504 81 15,105 0 8,492 23,678 53,182
1988 78 18,544 0 7,704 26,326 13 13,960 0 6,365 20,339 46,664
1989 45 19,166 0 12,414 31,625 22 11,537 0 5,363 16,923 48,548
1990 35 26,989 0 10,327 37,352 29 25,810 0 4,662 30,501 67,853
1991 112 11,258 0 8,285 19,655 64 21,176 0 5,567 26,807 46,462
1992 234 5,097 107 4,661 10,100 245 16,761 51 777 24,234 34,333
1993 75 3,466 94 5,366 9,000 34 10,309 45 7,260 17,648 26,648
1994 36 59,775 135 4,193 64,140 16 6,039 150 3,250 9,454 73,595
1995 18 15,368 234 8,729 24,349 23 9,305 91 18,394 27,813 52,162
1996 40 8,046 135 7,738 15,960 34 23,207 66 8,544 31,851 47,811
1997 58 2,978 282 9,318 12,636 49 2,957 76 3,779 6,861 19,496
1998 47 22,088 167 4,300 26,601 36 4,876 194 4,372 9,479 36,080
1999 23 920 500 6,023 7,466 17 2,370 140 4,990 7,517 14,983
2000 19 2,341 60 3,241 5,661 23 8,924 52 3,335 12,333 17,994
2001 31 1,750 215 3,260 5,256 38 1,989 51 2,701 4,779 10,035
2002 26 1,049 255 5,190 6,520 82 3,721 2,242 5,691 11,736 18,255
2003 36 6,200 268 6,096 12,600 32 7,549 289 6,108 13,978 26,578
2004 36 2,864 180 5,178 8,258 7 7,629 248 3,099 10,982 19,240
2005 0 4,633 634 5,523 10,789 0 6,115 354 2,419 8,888 19,678
2006 2 2,526 676 4,676 7,880 0 2,846 68 2,507 5,421 13,301
2007 0 3,913 661 5,234 9,808 0 5,334 406 4,161 9,901 19,709
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Table 10. Estimated discards (mt) of skates (all species) by gear type, 1964-2007.

Half 1 Scallop Half 2 Scallop
year Line Trawl Otter Trawl Shrimp Trawl Sink Gill Net Dredge Total Half 1 Line Trawl Otter Traw/Shrimp Tra Sink Gill Net Dredge  Total Half 2
1964 449 54,171 0 12 5,869 60,500 403 35,752 0 7 7,035 43,197
1965 498 59,067 0 16 4,392 63,974 522 39,381 0 5 7,943 47,852
1966 380 63,304 0 26 5,768 69,478 491 34,031 0 7 5,573 40,103
1967 329 57,348 0 21 2,832 60,530 323 33,081 0 8 4,066 37,479
1968 259 56,808 0 36 3,653 60,756 299 31,931 0 10 4,167 36,406
1969 283 55,730 0 32 2,283 58,327 455 27,736 0 6 2,617 30,815
1970 310 44,621 0 22 1,627 46,580 415 25,480 0 7 2,352 28,253
1971 474 35,165 0 21 1,840 37,499 615 19,920 0 8 2,214 22,758
1972 478 32,764 0 31 1,941 35,213 659 18,774 0 13 2,211 21,658
1973 580 34,973 0 30 2,150 37,732 644 19,785 0 15 1,674 22,119
1974 644 36,856 0 57 1,749 39,306 603 17,226 0 24 2,400 20,253
1975 710 25,513 280 60 2,371 28,934 624 16,923 36 26 4,106 21,716
1976 481 22,845 66 97 3,825 27,314 362 19,943 0 37 7,094 27,436
1977 350 27,301 39 166 6,601 34,457 296 21,317 0 47 8,528 30,189
1978 746 35,675 0 186 7,958 44,565 489 22,772 0 66 12,104 35,430
1979 864 39,000 26 153 8,674 48,717 672 27,382 0 67 11,382 39,504
1980 1,021 40,300 21 185 9,656 51,183 285 29,024 0 96 9,327 38,732
1981 512 43,614 99 252 9,271 53,749 226 25,671 0 93 10,478 36,467
1982 417 43,877 124 89 7,228 51,737 151 37,260 7 83 10,635 48,136
1983 396 49,891 115 113 8,448 58,963 159 32,350 22 69 10,143 42,744
1984 385 48,904 152 121 8,396 57,959 65 30,674 53 94 8,406 39,292
1985 318 40,693 225 112 6,609 47,958 117 23,149 70 81 7,940 31,358
1986 415 37,367 252 166 7,225 45,425 123 25,975 83 87 10,323 36,591
1987 635 36,459 288 137 12,182 49,701 247 23,377 46 85 16,066 39,821
1988 639 35,635 183 158 13,879 50,495 212 22,370 46 90 16,366 39,085
1989 547 37,663 73 37 18,763 57,084 183 20,264 17 1,265 16,469 38,198
1990 393 50,465 208 347 17,618 69,032 185 35,720 71 940 19,884 56,800
1991 1,181 22,882 243 99 18,127 42,532 328 29,856 44 628 15,950 46,806
1992 1,503 13,153 245 269 13,504 28,674 716 19,609 0 569 18,096 38,990
1993 244 7,994 35 212 9,877 18,362 160 21,791 1 1,452 12,187 35,591
1994 118 64,688 11 265 6,487 71,569 162 16,171 1 1,532 5,352 23,218
1995 165 22,860 8 443 9,127 32,602 176 11,617 1 2,120 20,041 33,954
1996 164 15,554 26 419 8,575 24,737 155 24,388 8 1,987 11,573 38,110
1997 177 6,766 32 392 11,123 18,489 172 6,146 2 1,062 6,944 14,327
1998 146 27,363 8 217 6,676 34,410 178 20,659 0 2,124 8,474 31,436
1999 136 3,790 4 598 7,230 11,758 139 9,516 0 1,939 7,947 19,542
2000 81 6,831 5 181 5,326 12,425 153 16,508 0 2,152 4,721 23,535
2001 118 20,992 0 403 3,778 25,290 130 8,250 0 1,292 3,283 12,955
2002 123 12,134 1 390 6,285 18,933 126 9,482 0 4,087 7,721 21,416
2003 70 17,884 8 522 7,931 26,415 56 17,397 0 2,284 8,083 27,820
2004 40 14,369 4 449 5,472 20,333 24 21,461 0 1,275 4,159 26,919
2005 91 14,100 2 1,033 6,117 21,343 54 18,959 0 1,279 4,630 24,922
2006 194 10,569 0 849 5,761 17,374 18 12,190 1 1,667 4,916 18,790
2007 46 14,616 0 1,038 6,105 21,807 27 16,492 0 1,845 7,579 25,943
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Grand Total
103,696
111,826
109,580

98,009
97,162
89,142
74,833
60,257
56,871
59,852
59,560
50,650
54,750
64,646
79,995
88,221
89,915
90,216
99,873
101,707
97,251
79,316
82,016
89,523
89,579
95,282
125,832
89,338
67,664
53,953
94,788
66,556
62,848
32,816
65,846
31,299
35,959
38,245
40,348
54,235
47,252
46,265
36,164
47,750



Table 11. Coefficients of variation for the discard estimates from the two main gear types.

Scallop  Otter
dredge  trawl

1992 164.5 27.6
1993 65.8 249
1994 137.2 26.0
1995 84.9 224
1996 40.9 36.1
1997 48.2 30.3
1998 116.5 17.5
1999 120.5 19.6
2000 196.7 18.6
2001 109.1 50.8
2002 68.8 8.9
2003 384.3 11.3
2004 70.1 8.2
2005 194.0 5.3
2006 184.8 6.8
2007 94.5 6.0
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Table 12. Number of landed skates measured by fishery, region and season. The bait fishery are
fish <= 60 cm while the wings are those > 60 cm.

GOM-GBK
half 1 half 2

YEAR bait wings half 1 total bait wings half 1 total Grand Total
1994 27 36 63 19 20 39 102
1995 0 118 118 0 0 0 118
1996 45 38 83 4 14 18 101
1997 0 0 0 1 15 16 16
1998 0 17 17 0 0 0 17
1999 8 160 168 0 251 251 419
2000 43 102 145 0 438 438 583
2001 0 378 378 40 1222 1262 1640
2002 1 591 592 22 2088 2110 2702
2003 4 1304 1308 166 6656 6822 8130
2004 62 1464 1526 114 5931 6045 7571
2005 147 917 1064 146 1543 1689 2753
2006 34 1063 1097 175 7087 7262 8359
2007 232 46 278 39 21 60 338

SNE-MA

half 1 half 2

YEAR bait wings half 1 total bait wings half 1 total Grand Total
1994 0 0 0 155 191 346 346
1995 9 327 336 301 17 318 654
1996 2 408 410 152 128 280 690
1997 295 257 552 14 441 455 1007
1998 27 1462 1489 199 653 852 2341
1999 67 305 372 76 264 340 712
2000 131 335 466 526 69 595 1061
2001 886 502 1388 1359 1967 3326 4714
2002 932 873 1805 95 286 381 2186
2003 540 489 1029 939 2228 3167 4196
2004 811 2542 3353 133 945 1078 4431
2005 706 854 1560 1121 774 1895 3455
2006 1300 563 1863 584 152 736 2599
2007 749 606 1355 2288 332 2620 3975

Skate Complex; Tables 30



Table 13. Selectivity parameter estimates for observed skate landings fitted to survey length frequencies using the SELECT
model (Millar 1992).

Winter skate
Trawl, wings

Trawl, whole

Gillnet

= 1.278 4.401 -3.800 | 3.311 2.109 1.595
= o 0.103 o o 0.037 0.148 0.052 0.075 0.094
= I} 0.00042 k| k| 0.00192  0.01032 | 0.00147 0.00102  0.00092
L50% € 66.911 = = 60.817 59.030 | 68.626  68.381  61.597
SE S 34530.57 S S 901.88 4817.01 689.32 221572 2709.99
Range > 15.32 > > 43.07 10.66 30.19 20.90 16.81
Log-likelihood| = -11.74 = = -26.84 1449 2241  -1890  -15.62
AIC 29.49 59.68 34.98 50.82 43.80 37.23
Little skate
Trawl, wings Trawl, whole Gillnet
GoM (€]=] GoM GB MA GoM (€]=] MA
a= -0.004  2.094 6.287 -2.141 2418
b= o i o 0.111 0.125  -0.070 i 0.106 0.095
&= I} kS| k| 0.01140 0.00082 0.03171 kS| 0.10842  0.00154
L50% € = = 43.46 43.04 35.57 = 44.23 46.73
SE S S S 77422  4369.11  82.34 S 18.53  1967.88
Range > > > 14.18 12.58  -22.80 > 15.39 16.62
Log-likelihood| = = = -8.38 508  -20.09 = -7.42 -6.99
AIC 2275 16.16 46.18 20.85 19.99
All landed skates
Trawl, wings Trawl, whole Gillnet
GoM (€]=] MA All GoM (€]5) MA All GoM
= -0.080 | 2.407 1.800 1.689 5.014 1.030
= o i o 0.112 0.076 0.065 0.031 0.052 0.100
&= I} kS| kS| 0.002 0.003 0.010 0.068 0.001 0.001
L50% € = = 59.85 48.75 48.35 43.03 44.36 60.42
SE © S S 16247.71| 1390.32 276.63  27.61  1789.43 | 231.93
Range > E > 14.05 20.80 24.14 51.36 30.00 15.77
Log-likelihood| = = = -5.28 -19.86  -1220  -20.96  -11.23 | -18.79
AIC 16.55 45.72 30.40 47.92 28.45 43.59
Skate Complex; Tables 31



Table 14. Species composition of landings using the length composition method. The first
three columns are metric tons, the last three are in pounds.

1995 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total
1996 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total
1997 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total
1998 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total
1999 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total

Skate Complex; Tables

market

bait
1060.72
1926.66
2.08
0.60
0.77
214.47
5.39
3210.70

1165.20
2399.89
0.02
0.39
0.37
377.56
11.01
3954.44

1050.68
3792.04
0.01
1.38
2.64
451.84
12.90
5311.49

1025.76
4028.73
0.62
1.91
7.83
266.14
27.33
5358.33

1040.52
3680.41
5.59
0.50
0.95
234.34
15.35
4977.65

wings
3392.77
0.00
81.03
313.97
0.00
134.01
0.00
3921.77

8886.34
0.00
336.37
759.13
0.00
162.33
0.00
10144.16

4303.02
0.00
281.03
509.00
4.35
296.89
0.00
5394.28

7318.49
0.00
160.49
626.28
0.00
181.31
0.00
8286.58

5826.05
0.00
446.78
203.22
1.15
90.02
0.00
6567.20

Grand
Total

4453.48
1926.66
83.11
314.57
0.77
348.48
5.39
7132.47

10051.54
2399.89
336.39
759.51
0.37
539.89
11.01
14098.60

5353.70
3792.04
281.04
510.38
6.99
748.73
12.90
10705.77

8344.25
4028.73
161.12
628.19
7.83

447 .45
27.33
13644.90

6866.57
3680.41
452.37
203.71
2.09
324.36
15.35
11544 .86

32

market

bait
2,338,486
4,247,565
4,584
1,330
1,706
472,827
11,886
7,078,384

2,568,833
5,290,862
38

851

822
832,372
24,268
8,718,046

2,316,356
8,360,013
26

3,046
5,815
996,134
28,439
11,709,829

2,261,416
8,881,828
1,378
4,205
17,264
586,744
60,253
11,813,088

2,293,964
8,113,912
12,324
1,092
2,089
516,626
33,841
10,973,848

wings

7,479,767
0

178,644
692,180

0

295,431

0
8,646,022

19,591,016
0

741,568
1,673,587
0

357,871

0
22,364,042

9,486,530
0

619,554
1,122,149
9,584
654,530

0
11,892,347

16,134,513
0

353,828
1,380,710
0

399,721

0
18,268,771

12,844,231
0

984,972
448,014
2,527
198,458

0
14,478,203

Grand
Total

9,818,252
4,247,565
183,227
693,511
1,706
768,258
11,886
15,724,406

22,159,849
5,290,862
741,606
1,674,438
822
1,190,243
24,268
31,082,087

11,802,887
8,360,013
619,580
1,125,195
15,399
1,650,664
28,439
23,602,176

18,395,929
8,881,828
355,205
1,384,915
17,264
986,465
60,253
30,081,859

15,138,195
8,113,912
997,296
449,105
4,617
715,084
33,841
25,452,051



Table 14 cont.

2000 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total
2001 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total
2002 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total
2003 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total
2004 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total

Skate Complex; Tables

market

bait
833.19
3334.57
2.03
1.18
2.49
405.42
19.96
4598.85

1057.56
1700.99
5.21
4.55
18.78
1558.81
8.61
4354.50

1230.90
2371.81
69.34
2.31
16.97
588.66
10.72
4290.70

663.38
3302.87
89.20
4.72
8.11
149.05
5.82
4223.16

1499.08
1955.26
72.65
0.82
5.63
277.16
6.80
3817.42

wings
7539.80
1.45
492.39
465.21
5.18
96.52
0.00
8600.54

6597.72
0.00
1531.64
190.88
0.00
301.26
0.00
8621.50

5863.28
0.00
2054.33
399.32
0.28
51.55
0.00
8368.75

9322.73
0.00
765.62
208.22
0.43
186.56
0.00
10573.56

10288.74
0.00
771.86
510.74
0.00
67.38
0.00
11638.72

Grand
Total

8372.99
3336.02
494.42
466.39
7.67
501.95
19.96
13199.39

7655.28
1700.99
1536.85
195.42
18.78
1860.07
8.61
12976.00

7094.18
2371.81
2123.66
401.63
17.24
640.20
10.72
12659.45

9986.12
3302.87
854.82
302.94
8.55
335.61
5.82
14796.72

11787.82
1955.26
844.52
511.56
5.63
344.54
6.80
15456.14

33

market

bait
1,836,873
7,351,473
4,484
2,602
5,482
893,806
44,009
10,138,729

2,331,521
3,750,031
11,489
10,026
41,397
3,436,582
18,992
9,600,038

2,713,677
5,228,949
152,866
5,085
37,406
1,297,766
23,629
9,459,378

1,462,512
7,281,580
196,653
10,402
17,890
328,603
12,834
9,310,475

3,304,912
4,310,621
160,176
1,809
12,410
611,037
14,998
8,415,962

wings
16,622,407
3,197
1,085,523
1,025,606
11,416
212,795
0
18,960,944

14,545,480
0
3,376,682
420,810

0

664,174

0
19,007,146

12,926,318
0
4,529,014
880,356
608
113,637

0
18,449,932

20,553,111
0
1,687,903
657,458
953
411,288

0
23,310,713

22,682,786
0
1,701,668
1,125,978
0

148,552

0
25,658,985

Grand
Total

18,459,279
7,354,670
1,090,007
1,028,208
16,899
1,106,601
44,009

29,099,673

16,877,001
3,750,031
3,388,171
430,836
41,397
4,100,756
18,992

28,607,184

15,639,994
5,228,949
4,681,879
885,441
38,014
1,411,403
23,629

27,909,310

22,015,623
7,281,580
1,884,556
667,861
18,843
739,891
12,834

32,621,188

25,987,698
4,310,621
1,861,844
1,127,787
12,410
759,590
14,998

34,074,947



Table 14 cont.

2005 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total

2006 winter

little

barndoor
thorny
smooth
clearnose
rosette

Total

2007 winter

little

barndoor
thorny
smooth
clearnose
rosette

Total

Skate Complex; Tables

market

bait
628.98
3056.36
55.49
1.69
8.71
63.94
8.97
3824.14

1624.28
2392.33
138.00
2.20
15.77
248.57
8.63
4429.77

1492.23
3078.31
91.67
2.23
8.53
193.40
22.41
4888.77

wings

7021.60
0.00
1920.85
438.17
1.68
104.53
0.00
9486.83

7632.53
0.00
2494.83
640.77
5.73
135.92
0.00
10909.79

11368.57
0.00
1919.79
349.68
9.30
168.33
0.00
13815.67

Grand
Total

7650.58
3056.36
1976.34
439.86
10.39
168.47
8.97
13310.97

9256.81
2392.33
2632.83
642.97
21.51
384.49
8.63
15339.56

12860.80
3078.31
2011.46
351.91
17.84
361.73
22.41

18704.44

34

market

bait
1,386,658
6,738,126
122,337
3,733
19,202
140,958
19,773
8,430,787

3,680,914
5,274,186
304,241
4,843
34,775
547,993
19,024
9,765,977

3,289,800
6,786,503
202,088
4,914
18,816
426,370
49,398
10,777,889

wings
15,479,978
0
4,234,744
965,997
3,709
230,452
0
20,914,880

16,826,851
0
5,500,163
1,412,653
12,637
299,656

0
24,051,960

25,063,404
0
4,232,420
770,915
20,512
371,098

0
30,458,349

Grand
Total

16,866,636
6,738,126
4,357,081
969,730
22,911
371,410
19,773

29,345,667

20,407,766
5,274,186
5,804,404
1,417,496
47,412
847,650
19,024

33,817,937

28,353,204
6,786,503
4,434,509
775,828
39,328
797,468
49,398

41,236,238



Table 15. Species composition of landings using the selectivity ogive method. The first
three columns are metric tons, the last three are in pounds.

1995

1996

1997

1998

1999

winter
little
barndoor
thorny
smooth
clearnose
rosette
Total

winter
little
barndoor
thorny
smooth
clearnose
rosette
Total

winter
little
barndoor
thorny
smooth
clearnose
rosette
Total

winter
little
barndoor
thorny
smooth
clearnose
rosette
Total

winter
little
barndoor
thorny
smooth
clearnose
rosette
Total

Skate Complex; Tables

market

bait
543.41
2077.88
1.35
6.53
0.66
5.11
1.04
2635.99

1059.12
2751.73
0.02
6.42
0.37
5.56
0.19
3823.41

659.60
4623.60
1.13
6.66
1.52
42.97
0.12
5335.61

929.83
4015.43
4.62
1.31
2.75
8.63
0.33
4962.91

920.69
3914.15
3.67
1.81
3.27
5.12
1.07
4849.79

wings/gill
net

2013.59
551.82
43.45
1149.72
27.36
17.49
0.08
3803.50

7716.89
842.40
193.10

1213.05

72.48
39.14
0.04
10077.10

3149.35
703.24
145.26
1016.35
53.07
114.89
0.02

5182.17

4495.66
960.18
292.51
2237.44
69.25
38.78
0.19

8094.01

4431.13
751.91
292.22
875.62
73.44
69.83
1.30

6495.46

Grand
Total

2557.01
2629.69
44.80
1156.25
28.02
22.60
1.11
6439.49

8776.01
3594.13
193.12
1219.47
72.85
44.70
0.23
13900.51

3808.94
5326.84
146.39
1023.01
54.59
157.86
0.14
10517.78

5425.49
4975.61
297.13
2238.76
72.00
47.42
0.51
13056.93

5351.83
4666.06
295.90
877.43
76.71
74.95
237
11345.25

35

market

bait

1,198,024
4,580,935
2,986
14,389
1,461
11,273
2,287
5,811,355

2,334,952
6,066,523
54

14,152
821
12,261
408
8,429,172

1,454,161
10,193,302
2,496
14,691
3,349
94,737

271
11,763,007

2,049,928
8,852,516
10,175
2,899
6,073
19,034
726
10,941,351

2,029,784
8,629,229
8,096
4,001
7,204
11,279
2,364
10,691,958

wings/gill
net

4,439,210
1,216,547
95,787
2,534,702
60,313
38,553
170
8,385,281

17,012,833
1,857,173
425,711
2,674,321
159,794
86,285

91
22,216,208

6,943,124
1,550,375
320,243
2,240,666
117,002
253,281
40
11,424,732

9,911,233
2,116,832
644,877
4,932,717
152,669
85,505
409
17,844,243

9,768,974
1,657,669
644,245
1,930,410
161,916
153,955
2,866
14,320,035

Grand
Total

5,637,234
5,797,481
98,773
2,549,091
61,774
49,826
2,457
14,196,636

19,347,785
7,923,696
425,765
2,688,474
160,615
98,546
499
30,645,380

8,397,285
11,743,677
322,739
2,255,357
120,352
348,018
311
23,187,739

11,961,161
10,969,349
655,053
4,935,616
158,743
104,539
1,135
28,785,594

11,798,758
10,286,898
652,341
1,934,411
169,120
165,234
5,230
25,011,993



Table 15 cont.

2000 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total
2001 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total
2002 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total
2003 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total
2004 winter
little
barndoor
thorny
smooth
clearnose
rosette
Total

Skate Complex; Tables

market

bait
306.95
4046.00
217
0.79
1.61
64.17
6.06
4427.75

504.29
3606.10
3.30
16.61
13.50
28.05
5.46
4177.30

580.15
3785.75
19.15
5.68
15.45
8.59
1.20
4415.97

446.47
4066.26
17.10
33.21
23.03
0.99
0.89
4587.95

669.89
2856.62
17.00
0.32
7.77
2.72
0.04
3554.37

wings/gill
net

5023.89
954.65
449.67
1782.98
72.34
145.20
0.95
8429.67

6011.92
1105.32
494.71
830.96
56.53
68.36
0.36
8568.16

6003.17
947.41
325.19
1190.99
58.01
34.30
0.26

8559.33

7174.71
1449.03
687.24
981.39
39.37
69.61
0.05
10401.39

9395.37
599.49
876.63
370.51

49.48
29.64
0.31
11321.43

Grand
Total

5330.84
5000.65
451.84
1783.77
73.95
209.36
7.01
12857.43

6516.21
4711.42
498.01
847.57
70.02
96.41
5.82
12745.47

6583.32
4733.17
344.34
1196.67
73.46
42.89
1.46
12975.30

7621.18
5515.29
704.34
1014.60
62.39
70.60
0.94
14989.34

10065.26
3456.12
893.63
370.83
57.25
32.36
0.36
14875.80

36

market

bait
676,715
8,919,903
4,790
1,736
3,550
141,463
13,369
9,761,525

1,111,776
7,950,090
7,268
36,608
29,753
61,841
12,044
9,209,381

1,279,018
8,346,161
42,213
12,520
34,054
18,933
2,644
9,735,542

984,297
8,964,572
37,705
73,219
50,766
2,190
1,953
10,114,702

1,476,861
6,297,778
37,479
701
17,138
6,002

91
7,836,049

wings/gill
net

11,075,785
2,104,651
991,345
3,930,806
159,473
320,105
2,085
18,584,251

13,254,016
2,436,815
1,090,653
1,831,959
124,618
150,707
793

18,889,560

13,234,716
2,088,690
716,932
2,625,682
127,890
75,627

565
18,870,102

15,817,519
3,194,556
1,515,097
2,163,595
86,786
153,464
118

22,931,134

20,713,238
1,321,658
1,932,636

816,836
109,075
65,334

693
24,959,470

Grand
Total

11,752,500
11,024,554
996,135
3,932,542
163,023
461,568
15,454
28,345,776

14,365,792
10,386,905
1,097,921
1,868,568
154,371
212,548
12,836
28,098,941

14,513,734
10,434,851
759,145
2,638,202
161,944
94,559
3,209
28,605,643

16,801,816
12,159,128
1,652,803
2,236,813
137,552
155,654
2,071
33,045,837

22,190,099
7,619,436
1,970,115
817,537
126,212
71,337
783

32,795,519



Table 15 cont.

2005

2006

2007

winter
little
barndoor
thorny
smooth
clearnose
rosette
Total

winter
little
barndoor
thorny
smooth
clearnose
rosette
Total

winter
little
barndoor
thorny
smooth
clearnose
rosette
Total

Skate Complex; Tables

market

bait
528.33
3041.72
9.30
6.52
3.78
3.69
0.14
3593.48

981.76
3387.88
26.84
13.95
29.23
24.31
2.62
4466.60

752.79
3824.08
24.69
7.92
5.49
32.01
297
4649.94

wings/gill
net

6421.31
1090.08
1255.49
169.88
153.39
25.96
0.15
9116.25

6607.23
1030.19
2816.91
301.22
287.89
20.20
0.12
11063.76

10757.92
1557.94
452.76
642.53
27.79
52.32
0.49
13491.75

Grand
Total

6949.64
4131.79
1264.79
176.39
157.17
29.65
0.29
12709.73

7589.00
4418.07
2843.75
315.16
317.11
44.51
2.75
15530.35

11510.70
5382.02
477.45
650.46
33.28
84.33
3.45
18141.69

37

market

bait
1,164,766
6,705,841
20,504
14,367
8,338
8,132
315
7,922,263

2,164,413
7,469,003
59,181
30,748
64,436
53,599
5,780
9,847,161

1,659,612
8,430,648
54,429
17,469
12,103
70,564
6,544
10,251,369

wings/gill
net

14,156,572
2,403,206
2,767,871
374,512
338,169
57,236
334
20,097,900

14,566,459
2,271,174
6,210,223

664,068
634,678
44,532

274
24,391,409

23,717,145
3,434,679
998,173
1,416,545
61,265
115,340
1,072
29,744,220

Grand
Total

15,321,337
9,109,047
2,788,376

388,879
346,507
65,368

649
28,020,163

16,730,872
9,740,177
6,269,404
694,816
699,114
98,131
6,054

34,238,569

25,376,757
11,865,327
1,052,602
1,434,014
73,368
185,905
7,616
39,995,590



Table 16. Number of length samples by region, year, season, and gear type of the discarded
component of the skate catch from the Observer Program.

GOM-GBK
half 1 half 2

YEAR longline  otter trawl shrimp trawl sink gill net scallop dredge longline  oftter trawl shrimp trawl sink gill net scallop dredge
1994 0 60 0 0 0 9 332
1995 726 9 55 0 90 37
1996 626 17 0 107 7 45
1997 265 25 0 9 183 25 0
1998 0 13 1499 60 213 0
1999 0 52 0 77 18 47
2000 464 13 31 393 97 0
2001 1201 80 0 167 58
2002 752 177 0 6089 224 762
2003 22 7508 186 552 12 0 6949 724 80
2004 41 5783 15 1710 654 56 8229 1703 634
2005 74 19162 29 702 744 13 12705 688 1169
2006 50 8075 459 346 35 8020 404 2500
2007 3 9374 392 703 52 12468 1949 2605

SNE-MDA

half 1 half 2

Year longline  otter trawl shrimp trawl sink gill net scallop dredge longline  otter trawl shrimp trawl sink gill net scallop dredge
1994 0 na 0 0 619 na 55 354
1995 726 na 55 0 500 na 12
1996 626 na 17 379 247 na 0 0
1997 265 na 0 52 1323 na 46 179
1998 0 na 13 0 43 na 28 0
1999 0 na 52 0 0 na 10 0
2000 464 na 13 0 922 na 32 86
2001 1201 na 80 0 1664 na 74
2002 752 na 177 0 1701 na 164 2125
2003 0 7508 na 552 1524 1 520 na 1312 987
2004 0 5783 na 1710 6162 0 2530 na 630 5953
2005 0 19162 na 702 1643 0 3966 na 761 1164
2006 24 8075 na 459 0 1 1743 na 192 3440
2007 0 9374 na 392 1591 0 932 na 39 1319

Skate Complex; Tables 38



year

Table 17. Discards by species, gear type and half year from 1995-2007.

Species
1995  winter
little
barndoor
thorny
smooth
clearnose
rosette
1996  winter
little
barndoor
thorny
smooth
clearnose
rosette
1997  winter
little
barndoor
thorny
smooth
clearnose
rosette
1998  winter
Little
barndoor
thorny
smooth
clearnose
rosette

dredge
2575.94
6357.05
1.30
19.58
8.85
103.50
4.49
2617.45
5843.77
4.31
13.34
6.50
32.84
3.78
2174.14
8408.50
211.92
38.81
28.61
166.51
25.55
1046.54
5249.09
10.97
101.80
178.62
37.82
9.82

Skate Complex; Tables

gillnet
211.38
202.52
0.28
10.29
9.92
5.55
0.08
257.18
139.90
1.23
4.39
1.49
11.96
0.05
168.54
183.94
0.69
2.79
0.70
32.53
0.46
72.21
120.08
0.66
1.32
6.19
14.56
0.17

Half 1
Gear

Type
longline

118.53
24.02
2.70
12.97
2.35
3.1
0.00
113.66
29.59
6.55
5.28
0.36
7.21
0.00
114.86
31.36
7.70
10.44
0.38
11.22
0.01
84.83
32.44
6.10
9.48
4.95
7.77
0.02

shrimp
0.19
1.63
0.00
3.98
1.76
0.00
0.00
3.93
9.58
0.91
7.72
3.93
0.00
0.00
3.09
17.02
0.00
6.16
5.68
0.00
0.00
0.15
2.93
0.00
2.41
2.49
0.00
0.00

trawl
11984.72
7319.12
206.84
312.32
286.58
2602.62
6.74
7584.85
6076.34
20.03
87.04
51.67
1635.71
2.41
3543.37
2598.91
55.31
148.38
31.19
336.86
9.96
8171.28
15693.50
140.29
350.86
392.15
2414.69
32.01

Half 2

Gear

Type

dredge gillnet longline

6880.52 1517.84 122.18
12516.80 354.22 18.55
19.40 58.80 19.09
90.71 115.10 20.03
105.69 43.25 2.75
140.62 17.38 5.30
163.92 0.30 0.01
3057.90 1438.02 163.78
7836.97 354.78 2493
14.58 26.98 21.44
163.38 105.46 12.21
164.40 48.39 3.73
54.04 10.47 7.78
210.38 0.63 0.04
1920.23 778.96 93.34
4581.22 234.94 20.66
17.04 19.70 30.77
114.96 92.08 16.98
189.77 29.38 3.20
53.65 10.84 5.96
24.53 0.21 0.02
2343.94  1538.36 132.05
5702.77 490.01 21.50
11.38 10.92 15.65
109.09 85.99 3.58
33.43 7.78 0.44
105.83 26.68 3.51
115.28 1.57 0.02

39

shrimp
0.04
0.15
0.00
0.17
0.18
0.00
0.00
1.89
2.83
0.32
1.65
0.99
0.00
0.00
0.35
0.45
0.00
0.74
0.67
0.00
0.00
0.03
0.15
0.00
0.17
0.09
0.00
0.00

trawl
4162.79
5902.89
41.05
159.80
103.54
1127.79
47.64
6713.87
13618.24
11.20
81.16
68.15
3555.45
189.70
2408.23
3200.03
9.37
136.90
201.79
143.34
8.52
12338.24
6860.44
68.87
468.93
128.80
607.17
59.48

dredge
9456.46
18873.85
20.70
110.29
114.54
244 .12
168.41
5675.35
13680.74
18.90
176.72
170.91
86.88
214.17
4094.37
12989.73
228.96
153.77
218.38
220.16
50.08
3390.47
10951.86
22.35
210.89
212.05
143.65
125.10

gillnet
1729.22
556.73
59.08
125.39
53.17
22.94
0.38
1695.20
494.68
28.21
109.84
49.88
22.43
0.68
947.50
418.88
20.39
94.87
30.08
43.37
0.67
1610.57
610.10
11.58
87.31
13.97
41.24
1.74

Total
Gear
Type

longline
240.71
42.57
21.79
33.00
5.10
8.41
0.01
277.45
54.52
27.98
17.49
4.09
14.99
0.04
208.21
52.02
38.47
27.42
3.58
17.17
0.03
216.89
53.94
21.75
13.06
5.38
11.28
0.04

shrimp
0.23
1.78
0.00
4.15
1.93
0.00
0.00
5.82
12.41
1.23
9.36
4.92
0.00
0.00
343
17.47
0.00
6.90
6.36
0.00
0.00
0.18
3.09
0.00
2.57
2.59
0.00
0.00

trawl
16147.51
13222.00
247.89
472.13
390.12
3730.41
54.38
14298.72
19694.58
31.23
168.20
119.81
5191.16
192.11
5951.61
5798.94
64.68
285.29
232.98
480.20
18.47
20509.53
22553.94
209.16
819.79
520.95
3021.86
91.49



year
1999

2000

2001

2002

Table 17 cont.

Species
winter
Little
barndoor
thorny
smooth
clearnose
rosette
winter
Little
barndoor
thorny
smooth
clearnose
rosette
winter
little
barndoor
thorny
smooth
clearnose
rosette
winter
little
barndoor
thorny
smooth
clearnose

rosette

dredge
703.27
6369.41
5.12
17.03
33.32
49.32
8.18
731.54
4394.88
39.56
60.54
24.56
40.04
2.55
610.66
3062
10.19
12.90
12.14
31.40
5.17
413.56
5705.43
38.02
18.10
38.86
26.14
6.10

gillnet
182.27
353.58
0.77
1.03
1.55
55.01
0.46
82.47
83.65
2.92
1.78
2.57
6.11
0.03
178.6
170
11.91
10.27
4.35
25.04
0.25
209.52
63.13
55.00
12.38
6.23
41.39
0.00

Skate Complex; Tables

Half 1
Gear Type
longline
92.72
31.99
3.99
1.43
0.84
3.79
0.00
50.29
20.58
5.15
1.58
0.48
2.75
0.00
68.39292
34.11211
4.83
3.55
1.60
4.45
0.00
62.18
34.63
14.04
4.76
3.47
2.83
0.00

shrimp
0.23
0.25
0.01
0.87
2.37
0.00
0.00
0.37
2.88
0.00
1.66
0.40
0.00
0.00

0.09
0.31
0.00
0.18
0.21
0.00
0.00

trawl
2137.63
1402.49
18.29
44.98
40.50
120.89
1.60
3362.87
2849.42
149.55
116.53
69.87
238.26
2.36
10483.5
8579.03
683.64
779.67
324.85
10.37
1.72
6012.98
3473.59
1527.48
696.08
323.61
33.79
0.10

dredge
1991.81
5586.79
43.56
116.34
41.52
45.46
72.41
1203.23
3297.27
4.07
37.45
45.93
28.44
75.76
518.056
2516.46
8.70
10.38
40.60
38.67
129.82
1502.58
5737.55
79.27
22.90
55.59
207.14
68.42

gillnet
1393.05
413.62
22.86
57.38
16.14
23.29
0.79
1552.52
439.12
25.12
76.84
36.43
8.28
0.38
1005.6
276.27
125.84
20.48
58.60
42.08
4.04
3372.67
272.85
300.10
21.29
40.72
53.66
0.09

40

Half 2
Gear Type
longline
122.37
20.95
26.24
2.67
1.25
5.64
0.02
87.04
19.60
31.63
9.28
2.33
2.58
0.01
76.0568
16.29889
27.58
0.96
3.01
4.73
0.05
84.28
17.61
15.12
0.35
0.64
7.16
0.06

shrimp
0.01
0.04
0.00
0.03
0.01
0.00
0.00
0.01
0.02
0.00
0.04
0.03
0.00
0.00

trawl
5432.98
3082.78
100.43
198.34
153.32
472.19
17.62
6321.91
7164.16
1134.40
275.87
159.76
1254.93
95.30
4021.27
1769.56
1034.13
85.23
239.16
1045.62
4.37
5864.64
1960.72
369.34
75.81
112.39
1038.69
2.21

dredge
2695.08
11956.20
48.67
133.37
74.84
94.77
80.59
1934.77
7692.16
43.63
97.99
70.48
68.47
78.31
1128.72
5578.50
18.89
23.29
52.74
70.07
134.99
1916.14
11442.97
117.28
41.01
94.44
233.28
74.51

gillnet
1575.32
767.20
23.63
58.41
17.70
78.29
1.25
1634.99
522.76
28.04
78.62
39.00
14.38
0.42
1184.29
446.31
137.76
30.75
62.95
67.12
4.29
3582.19
335.98
355.11
33.67
46.95
95.06
0.10

Total
Gear Type
longline
215.09
52.94
30.23
4.10
2.10
9.43
0.02
137.33
4017
36.78
10.86
2.80
5.33
0.01
144 .45
50.41
32.41
4.51
4.61
9.18
0.06
146.47
52.23
29.16
5.11
4.11
9.99
0.07

shrimp
0.24
0.29
0.01
0.90
2.38
0.00
0.00
0.38
2.90
0.00
1.69
0.43
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.09
0.31
0.00
0.18
0.21
0.00
0.00

trawl
7570.62
4485.26
118.72
243.32
193.82
593.08
19.23
9684.78
10013.58
1283.95
392.40
229.63
1493.20
97.66
14504.81
10348.59
1717.77
864.91
564.01
1055.99
6.09
11877.62
5434.31
1896.82
771.88
435.99
1072.49
2.31



year
2003

2004

2005

2006

Table 17 cont.

Species
winter
little
barndoor
thorny
smooth
clearnose
rosette
winter
little
barndoor
thorny
smooth
clearnose
rosette
winter
little
barndoor
thorny
smooth
clearnose
rosette
winter
little
barndoor
thorny
smooth
clearnose
rosette

Skate Complex; Tables

dredge
1049.56
6664.13
38.86
31.42
72.24
14.15
12.02
1521.17
3620.75
58.49
5.18
13.60
211.88
7.01
1964.26
3294.29
379.78
20.39
96.95
293.51
29.94
1870.57
3551.05
166.18
16.29
59.35
58.37
3.84

gillnet
324.86
79.66
79.76
15.12
9.1
10.02
0.05
214.72
97.27
105.04
7.67
15.62
5.65
0.00
556.59
154.67
219.52
21.30
44.69
29.28
0.32
466.42
30.82
320.57
2.83
10.17
13.38
0.01

Half 1
Gear

Type
longline

39.94
17.94
5.25
1.43
1.05
3.59
0.01
23.11
9.49
2.81
0.12
0.14
3.70
0.00
39.74
17.95
20.64
4.98
7.28
0.00
0.00
105.59
37.69
38.67
3.31
7.80
0.18
0.00

shrimp

1.04
0.60
0.06
1.64
4.60
0.00
0.00
0.66
1.99
0.00
0.46
1.07
0.00
0.00
0.26
0.28
0.27
0.44
1.15
0.00
0.00
0.04
0.05
0.01
0.02
0.04
0.00
0.00

trawl
8936.49
6948.71
702.72
478.64
460.31
236.78
10.15
8200.57
4591.50
519.91
275.00
571.56
119.12
2.66
5967.05
4855.81
1263.90
478.08
1136.78
298.89
12.93
5449.79
2755.35
1375.82
125.64
506.45
290.17
0.42

dredge
877.36
6824.40
48.35
94.16
152.53
26.89
9.25
1654.52
1974.36
22.89
27.47
88.88
356.73
8.61
1600.00
2425.36
277.40
35.54
73.48
165.44
24.68
1784.91
2532.95
227.09
69.86
89.19
165.23
16.25

gillnet
1545.44
309.58
226.61
85.95
48.54
53.38
0.11
863.08
233.16
77.54
35.21
41.11
16.83
0.28
696.13
290.48
489.30
14.98
23.97
58.71
0.75
717.39
206.95
613.16
69.90
39.94
8.55
0.40

41

Half 2
Gear

Type
longline
33.89
8.50
8.85
0.74
0.50
3.25
0.00
14.34
245
5.39
0.37
0.54
0.62
0.00
26.53
5.60
19.57
0.59
0.96
0.00
0.01
89.87
23.42
84.51
7.51
5.17
0.13
0.00

shrimp

0.02
0.01
0.00
0.03
0.11
0.00
0.00
0.01
0.03
0.00
0.01
0.05
0.00
0.00
0.09
0.22
0.00
0.13
0.11
0.00
0.00

trawl
7232.20
7902.79
373.64
469.39
458.02
847.79
6.53
11645.92
6962.03
657.79
369.88
857.39
806.37
29.17
8071.63
8054.99
1576.52
185.03
453.69
478.90
21.69
5404.90
4347.21
1428.08
299.26
407.48
202.28
25.32

dredge
1926.92
13488.53
87.21
125.58
224.77
41.05
21.26
3175.68
5595.11
81.38
32.65
102.48
568.61
15.62
3564.25
5719.66
657.17
55.93
170.44
458.95
54.62
3655.48
6084.00
393.27
86.15
148.54
223.60
20.09

Total
Gear
Type

gillnet longline
1870.30 73.83
389.24 26.44
306.37 14.10
101.07 2.17

57.64 1.54
63.40 6.84
0.16 0.01

1077.80 37.45
330.43 11.94
182.58 8.20

42.88 0.49
56.72 0.68
22.48 4.31

0.29 0.00

12562.72 66.28
445.15 23.55
708.83 40.21

36.28 5.57
68.65 8.24
87.98 0.00

1.07 0.01

1183.81 195.46
237.77 61.11
933.73  123.18

72.72 10.81
50.11 12.97
21.93 0.32

0.41 0.00

shrimp
1.04
0.60
0.06
1.64
4.60
0.00
0.00
0.68
2.00
0.00
0.49
1.19
0.00
0.00
0.27
0.31
0.27
0.45
1.20
0.00
0.00
0.13
0.27
0.01
0.15
0.14
0.00
0.00

trawl
16168.69
14851.49
1076.36
948.03
918.33
1084.57
16.68
19846.48
11553.53
1177.70
644.88
1428.95
925.49
31.83
14038.68
12910.80
2840.41
663.11
1590.47
777.79
34.61
10854.69
7102.56
2803.90
424.89
913.94
492.45
25.74



year
2007

Table 17 cont.

Species
winter
Little
barndoor
thorny
smooth
clearnose
rosette

Skate Complex; Tables

dredge
724.50
5069.34
135.26
12.33
27.01
96.347
3.0999

gillnet
704.35
194.05
75.39
5.58
14.24
38.47
0.027

Half 1
Gear
Type
longline shrimp
22.80 0.04
10.09 0.10
11.45 0.00
0.69 0.03
1.10 0.08
0 0
0 0

trawl
5826.92
5200.60
2465.17
172.78
395.69
464.41
0.92939

dredge

2964.42
4128.47
167.73
55.58
101.80
90.1909
23.916

gillnet

1330.14
238.32
156.75
16.98
22.13
66.433
3.1576

42

Half 2
Gear
Type
longline shrimp
12.55 0.00
2.57 0.00
10.79 0.00
0.48 0.02
0.33 0.01
0 0
0 0

trawl

9437.23
4170.34
1042.24

179.56

303.58
1246.24
11.5952

dredge

3688.92
9197.81
303.00
67.91
128.80
186.54
27.02

gillnet
2034.49
432.37
232.13
22.56
36.37
104.91
3.18

Total
Gear
Type

longline
35.35
12.66
22.25
1.18
1.42
0.00
0.00

shrimp
0.04
0.10
0.00
0.05
0.09
0.00
0.00

trawl
15264.15
9370.95
3507.40
352.35
699.27
1710.65
12.52



Table 18. Abundance and biomass from NEFSC spring surveys for winter skate for the Gulf of Maine to Mid-Atlantic region
(offshore strata 1-30,33-40,61-76). The mean index, 95% confidence intervals, individual fish weight, minimum, mean, and
maximum length, 5th, 50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught are presented for
1968-2008.

weight/tow number/tow length nonzero
mean  lower upper mean  lower upper ind wt min 5% 50% mean 95% max tows no fish
1968  2.171 1.640 2.978 0.854 0.530 1.178 2.542 32 42 56 58.6 79 112 36 232
1969 5913 4.283 7.543 2790 1907 3.672 2.119 15 25 53 535 79 111 68 640
1970 2645 1.627 3.663 0.971 0.626  1.317 2.723 37 43 59 61.0 83 103 44 275
1971 3.387 2.066 4.708 1.894 0.873 2915 1.788 15 30 48 51.8 76 103 41 513
1972 4620 3.033 6.207 2,602 1.253 3.951 1.776 15 24 48 49.5 74 97 63 634
1973 2905 2.024 3.786 1257 0.824 1.689 2.311 21 32 55 555 79 100 49 347
1974  2.091 1.352  2.830 0.943 0.505 1.381 2.218 29 34 53 55.6 76 101 46 222
1975 2395 1.521 3.269 0.893 0.556 1.230 2.682 17 38 59 594 79 99 46 227
1976 2153 1.075 3.231 0.628 0.279 0.978 3.428 22 38 64 63.1 86 97 29 160
1977 3111 1.815  4.408 0.838 0.513 1.163 3.712 20 29 69 64.7 93 106 35 204
1978 8.275 -0.327 16.877 1.355 0.121 2589 6.108 43 62 79 785 89 96 41 395
1979 1852 1.095 2.608 0.333 0.206  0.459 5.568 23 35 78 735 93 105 50 204
1980 2990 1.751 4.229 0.538 0.331 0.745 5.559 22 45 78 74.8 97 104 49 187
1981 4140 2905 5.376 2.083 1.199 2966 1.988 15 22 39 476 91 104 56 586
1982 5773 3.876 7.670 2137  1.195 3.080 2.701 15 26 46 54.9 95 109 64 707
1983 14.329 8.182 20476 3.264 1.772 4.756 4.391 15 28 67 644 96 108 65 817
1984 10.480 6.816 14.144 2948 1.694 4.201 3.555 15 22 60 59.0 94 106 59 753
1985 16.373 11.119 21.627 7.861 4653 11.069 2.083 15 22 46 54.3 94 116 65 1891
1986 10.019 6.973 13.064 3.538 2181 4.894 2.832 15 27 58 62.2 97 108 67 969
1987 13.126 8.428 17.824 4.821 2926 6.716 2.723 15 29 56 60.8 97 108 69 1221
1988 14.543 10.508 18.577 7409 4736 10.082 1.963 15 25 43 534 95 107 73 1827
1989 10.141 7.736 12.546 4252 3.095 5409 2.385 15 25 59 61.4 94 109 74 1429
1990 7.183 5.184 9.183 5.087 2.657 7.517 1.412 15 27 41 499 91 105 67 1678
1991 6.965 4.012 9.918 3.239 1979 4.499 2.150 17 29 54 58.6 93 107 57 1027
1992 5988 3.369 8.607 5.208 0.635 9.780 1.150 15 23 42 46.2 82 106 51 1303
1993 4761 3.392 6.131 4305 2.561 6.049 1.106 15 25 42 46.5 82 103 62 1118
1994 1421 0990 1.852 1.673 1.150 2.196 0.849 20 32 43 46.5 69 99 49 519
1995 2.151 1.340  2.961 1.998 1.231 2766 1.076 15 34 44 484 71 103 49 476
1996 4547 2499 6.594 4470 2384 6.556 1.017 15 34 46 49.0 68 96 56 1004
1997 3.065 1.325 4.806 1.834 0.987 2.680 1.672 15 23 51 535 78 93 39 458
1998 1504 0.913 2.096 1.045 0.561 1.529 1.439 15 32 51 53.4 79 94 52 341
1999 2968 1.303 4.632 1.876 0.870 2.883 1.582 16 27 54 549 79 100 52 482
2000 4.358 2.273 6.443 1.998 1.041 2954 2.181 15 34 62 62.2 82 99 57 457
2001 3496 1.889 5.103 2350 0912 3.787 1.488 20 27 44 521 82 100 48 556
2002 3.132 1.650 4.614 1.688 0.949 2426 1.856 15 29 59 58.6 82 93 48 407
2003 2799 1.471 4127 2.047 1.164 2931 1.367 15 29 49 534 82 100 61 606
2004 2446 1512 3.379 1.547 1.015 2.080 1.581 18 29 50 54.6 85 97 56 356
2005 1.757 0.869 2.645 1.672 0470 2874 1.051 15 30 45 48.6 75 97 52 375
2006  3.041 1.020 5.062 3.067 0.465 5.668 0.992 15 24 43 47.2 75 99 55 779
2007 4.732 3428 6.035 1.798 1.326  2.269 2.632 17 36 63 64.4 93 101 66 547
2008 2996 1.224 4767 1.843 0.726  2.959 1.625 16 36 56 57.2 81 95 55 750
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Table 19. Abundance and biomass from NEFSC autumn surveys for winter skate for the Gulf of Maine to Mid-Atlantic region
(offshore strata 1-30,33-40,61-76). The mean index, 95% confidence intervals, individual fish weight, minimum, mean, and
maximum length, 5th, 50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught are presented for

1967-2007.
weight/tow number/tow length nonzero
mean  lower upper mean lower upper ind wt min 5% 50% mean 95% max tows no fish
1967 2.159 1.248  3.070 0.825 0.544 1.106 2.617 15 32 56 57.0 83 107 35 213
1968 1.865 1.264  2.466 0.928 0573 1.284 2.009 15 25 51 51.8 80 100 56 227
1969 1315 0.856 1.774 0.540 0.351 0.730 2.435 16 37 58 58.3 78 90 36 161
1970 2996 1.663 4.328 1357 0576 2.138 2.208 21 33 54 56.0 77 97 53 331
1971 1.078 0.542 1.615 0.588 0.238  0.938 1.833 18 27 50 50.5 77 93 35 163
1972 2958 2113  3.804 2.071 1.413  2.728 1.429 15 24 42 46.9 74 96 64 592
1973 4686 3.348 6.024 2238 1510 2.967 2.093 21 32 54 551 78 101 48 662
1974 2.097 1418 2777 1.024 0672 1.376 2.048 17 30 52 53.6 77 103 39 262
1975 1315 0.682 1.948 0420 0.260 0.580 3.130 16 24 62 60.9 84 103 31 115
1976 2.655 0.918 4.392 0.766  0.257 1.274 3.468 19 22 70 59.9 83 98 21 190
1977 4.095 2814 5376 1617 1.049 2185 2.533 15 25 47 54.8 87 100 51 662
1978 4989 3.778 6.199 1.042 0777 1.307 4.787 15 36 77 736 94 105 94 762
1979  5.121 3.768 6.475 1290 0.976 1.603 3.971 20 31 75 66.0 93 113 89 975
1980 6.233 3.806 8.660 1558 1.015 2.100 4.002 15 37 66 66.4 95 108 60 602
1981 5.668 3.726 7.610 1505 0916 2.094 3.766 15 25 61 623 99 110 54 516
1982 8306 4.780 11.831 3889 0502 7.275 2.136 15 22 35 46.7 92 112 45 950
1983 12.852 5.693 20.012 2590 1.447 3.733 4.962 16 28 78 70.5 95 108 42 843
1984 13.323 8.465 18.181 3.653 2450 4.857 3.647 15 21 55 59.0 95 110 52 1187
1985 9.182 6.552 11.811 2.665 1.842  3.488 3.446 15 32 79 69.7 97 107 37 827
1986 15.800 7.184 24.415 4196 2496 5.895 3.766 15 34 75 715 97 110 46 1089
1987 11.063 8.200 13.925 4.291 2.783  5.800 2.578 15 25 58 60.1 97 109 49 1165
1988 7.564 4.961 10.167 3126 2223  4.028 2.420 15 23 49 574 97 110 45 888
1989  5.081 3.288 6.874 2.084 1422 2745 2.439 15 27 59 61.0 96 106 48 720
1990 7.145 4658 9.632 2.451 1.397  3.505 2.915 22 33 68 66.5 97 107 44 895
1991 4724 3627 5.821 2.631 1.866  3.396 1.796 17 31 48 56.3 94 106 58 941
1992 3582 2140 5.024 1862 1.116  2.608 1.923 22 33 51 57.4 91 103 39 509
1993 1905 1.280 2.530 1458 0.965 1.951 1.307 16 33 48 52.8 88 104 50 452
1994 2120 1432 2.808 1925 1217 2.633 1.101 15 26 44 476 84 106 52 503
1995 1985 1.214 2757 1769 1.047 2.491 1.122 17 31 46 494 77 102 43 424
1996 2276 1.615 2937 1426 0985 1.867 1.596 17 35 51 549 83 104 44 370
1997 2455 1150 3.760 1.611 0.738  2.484 1.524 19 34 54 555 79 101 55 415
1998 3.753 2488 5.018 2140 1438 2.843 1.753 19 27 55 56.8 83 101 50 609
1999 5.089 2.080 8.098 2642 1.320 3.963 1.927 15 31 58 58.0 80 111 53 966
2000 4.378 2.390 6.366 2535 1.351 3.718 1.727 18 25 56 55.5 82 99 45 756
2001 3.887 2442 5333 2165 1415 2914 1.796 15 32 58 57.8 83 98 53 601
2002 5.600 3.417 7.782 2323 1535 3111 2411 16 33 66 63.9 87 101 55 743
2003 3.386 2.111  4.662 1498 0.928 2.068 2.260 16 33 62 63.0 87 104 43 435
2004  4.031 2632 5430 1942 1343 2542 2.075 15 33 62 60.4 87 102 50 611
2005 2.615 1.791 3.439 1.671 1.005 2.337 1.565 18 31 52 55.1 81 98 54 475
2006 2484 1.416  3.553 1759 1124 2395 1.412 18 31 50 52.2 78 99 52 619
2007 3.705 2.169  5.241 2.324  1.208  3.440 1.594 15 33 53 55.0 80 94 56 747
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Table 20. Abundance and biomass from NEFSC winter surveys for winter skate for the Georges Bank to Mid-Atlantic region
(offshore strata 1-3,5-7,9-11,13-14,16,61-63,65-67,69-71,73-75). The mean index, 95% confidence intervals, individual fish weight,
minimum, mean, and maximum length, 5th, 50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught
are presented for 1992-2007. Stratum 16 not sampled in 1993, 2000, 2002-2007. Strata 13 and 14 not sampled in 2003 and 2007.

Stratum 63 not sampled in 1993. Stratum 14 not sampled in 2005 and 2007.

weight/tow number/tow length nonzero
mean _ lower upper mean lower upper ind wt min 5% 50% mean 95% max tows no fish
1992 31.571 21.666 41.476 39.759 23.811 55.707 0.794 15 24 38 424 74 105 62 4042
1993 10.261 6.052 14.469 10.676  2.331 19.021 0.961 15 23 41 441 81 106 47 841
1994 14.439 10.586 18.293 14.216  8.465 19.966 1.016 15 29 40 454 81 102 33 1079
1995 23.268 14.507 32.029 35.528 18.060 52.996 0.655 15 27 40 422 59 104 53 3773
1996 25.239 7.110 43.369 43.515 7.434 79.596 0.580 15 25 40 41.2 56 99 59 4055
1997 11.643 7.287 15.999 12.565 7.109 18.022 0.927 15 27 45 46.9 71 98 46 1414
1998 22.464 15.878 29.050 19.950 13.556 26.344 1.126 15 26 48 494 74 105 60 2092
1999 21.089 13.628 28.549 18.380 10.899 25.860 1.147 15 24 49 49.0 74 101 52 1932
2000 11.315 4.814 17.815 5697 2.799 8.596 1.986 18 27 56 57.6 88 101 33 486
2001 28.634 19.682 37.585 15,555 9.234 21.875 1.841 16 30 58 57.5 84 100 76 2025
2002 28.733 17.246 40.220 15.982 6.565 25.400 1.798 15 24 49 551 88 107 53 1849
2003 17.425 7.871 26.979 29.540 -6.318 64.399 0.590 15 15 28 34.8 75 99 34 1662
2004 26.618 13.793 39.444 13.833 9.244 18.422 1.924 15 31 55 58.0 86 102 58 1342
2005 19.424 8.976 29.872 16.081 6.327 25.836 1.208 16 26 48 50.3 76 95 46 972
2006 32.411 12125 52.697 18.233 9.593 26.874 1.778 15 30 56 57.4 86 102 60 1776
2007 14.689 5443 23.936 13.020 3.847 22.193 1.128 15 27 48 50.2 73 93 38 1087
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Table 21. Abundance and biomass from NEFSC spring surveys for little skate for the Gulf of Maine to Mid-Atlantic region (offshore
strata 1-30,33-40,61-76, and inshore strata 1-66). The mean index, 95% confidence intervals, individual fish weight, minimum, mean,
and maximum length, 5th, 50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught are presented

for 1976-2008.

weight/tow number/tow length nonzero
mean lower upper mean lower upper ind wt min 5% 50% mean 95% max tows no fish
1976 1.308 0.861 1.755 3.218 2136  4.301 0.406 8 12 40 36.9 48 58 172 4202
1977 1.347 0.882 1.811 3.336 2177 4.494 0.404 6 19 41 387 48 57 160 4218
1978 1.391 0.962 1.821 3.286 2.363 4.209 0.423 8 11 42 37.5 48 62 160 3945
1979  0.650 0.501 0.799 2.182 1429 2934 0.298 4 12 31 327 48 56 204 5684
1980 2.206 1.705 2.707 5.898 4.384 7.413 0.374 8 12 37 36.0 48 57 224 9031
1981 1.501 1.200 1.803 3.426 2714 4137 0.438 6 15 41 38.3 49 55 175 4113
1982 3.627 2.644 4.611 7.214  5.351 9.076 0.503 9 18 43 407 49 55 153 3564
1983 5718 4.017 7.420 13.024 9.215 16.832 0.439 6 16 42 37.9 48 57 167 6365
1984 4.094 2.615 5.574 10.023 6.787 13.258 0.409 7 11 40 35.8 48 55 139 4573
1985 6.265 4.628 7.901 15.175 10.575 19.775 0.413 8 11 40 36.8 48 57 148 6535
1986  2.753 1.712 3.795 8.554 3.399 13.709 0.322 6 14 33 345 48 57 153 3512
1987 4625 3.149 6.102 16.031 10.222 21.839 0.289 8 12 32 331 47 55 145 9584
1988 5.083 3.444 6.721 14.593 9.688 19.498 0.348 8 11 36 345 48 55 130 4195
1989 6.634 3.434 9.834 21.643 9.844 33.441 0.307 8 13 34 334 46 55 144 10760
1990 4993  2.397 7.589 14.979 5250 24.708 0.333 8 11 37 347 47 56 132 7085
1991 5990 4.672 7.308 18.731 14.059 23.403 0.320 8 13 34 342 47 58 178 11986
1992 5.297 2477 8.118 16.793 5.234 28.352 0.315 8 16 33 341 46 57 136 6392
1993 7.524 5.187 9.862 22.361 15.110 29.611 0.336 9 12 36 35.0 47 54 160 9574
1994 3.622 2425 4.819 9.365 6.297 12.434 0.387 9 19 39 373 46 54 154 8548
1995 2872 2.024 3.720 7.574 5215 9.933 0.379 8 10 39 36.1 47 59 148 3801
1996 7.574 5.522 9.626 18.185 12.647 23.722 0.417 7 17 41 38.3 48 58 168 9086
1997 2708 2.231 3.184 6.671 5.504  7.837 0.406 9 13 40 37.8 48 54 151 4840
1998 7.471 6.156 8.787 20.938 16.232 25.644 0.357 7 17 37 358 47 56 195 15710
1999 9978 7.688 12.267 28.377 20.345 36.409 0.352 8 12 38 354 47 56 157 16406
2000 8.596 6.647 10.545 19.677 15.270 24.083 0.437 9 21 41 38.9 47 57 179 15367
2001 6.835 4.297 9.372 15.347 9.900 20.794 0.445 8 18 42 39.5 48 58 154 6978
2002 6.444  4.546 8.341 16.280 11.306 21.254 0.396 8 11 42 37.7 48 57 154 11983
2003 6.486  4.505 8.486 15.116 10.195 20.036 0.429 9 22 42  40.1 48 55 169 6919
2004 7.219 5.374 9.064 17.039 11917 22.162 0.424 7 25 42 39.9 47 57 147 9866
2005 3.241 2.305 4177 7.328 5515 9.141 0.442 8 13 43 38.9 48 53 138 3108
2006  3.323 1.892 4.753 7.878 4.544 11.211 0.422 7 11 42 38.4 48 55 138 2771
2007 4.459  3.031 5.887 9.081 6.385 11.778 0.491 9 16 4 411 48 58 159 5538
2008 7.339 4537 10.142 16.659 9.678 23.641 0.441 9 17 42  39.1 47 58 149 11863
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Table 22. Abundance and biomass from NEFSC autumn surveys for little skate for the Gulf of Maine to Mid-Atlantic region
(offshore strata 1-30,33-40,61-76, and inshore strata 1-66). The mean index, 95% confidence intervals, individual fish weight,
minimum, mean, and maximum length, 5th, 50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught
are presented for 1975-2007.

weight/tow number/tow length nonzero
mean lower upper mean lower upper ind wt min 5% 50% mean 95% max tows no fish
1975  2.379 1.508  3.249 4858 3.063 6.654 0.490 10 18 43 40.3 49 56 118 1386
1976  2.185 1.582 2.788 4576 3.278 5875 0.477 8 22 43 40.6 48 58 74 1421
1977 3172 2.271 4.072 6.589 4.683 8.495 0.481 9 22 43 407 49 56 122 2438
1978 2938 2140 3.736 5.613  3.947 7.279 0.523 10 22 44 420 49 62 144 3171
1979 2902 2.343 3.461 5944 4790 7.098 0.488 8 21 44 41.0 49 58 177 4597
1980 2.312 1.768  2.855 5.055 4.102 6.008 0.457 9 13 43 379 49 55 142 2451
1981 2779 2175 3.382 5.847 4479 7.215 0.475 9 19 43 39.9 49 58 111 1728
1982 5799 2673 8.925 15.391 6.979 23.803 0.377 9 18 36 36.4 48 56 123 3848
1983 1.990 1.340 2.639 5244 3.268 7.219 0.379 8 17 38 36.6 49 55 100 1313
1984 2483 1.688 3.279 5487 3.789 7.185 0.453 10 13 43 38.3 49 56 95 1350
1985 2423 1.629 3.217 6.103 4.006 8.199 0.397 9 17 40 37.5 49 58 119 2761
1986 1.502 1.125 1.879 4203 2759 5648 0.357 10 16 36 357 49 55 96 1240
1987  2.311 1.532  3.090 8.104 4.084 12.124 0.285 10 14 31 324 48 55 96 2093
1988 1177  0.663 1.692 3.524 2144 4903 0.334 9 13 34 338 48 56 80 1128
1989  2.321 1.091 3.552 6.698 3.574 9.823 0.347 5 13 38 35.2 48 56 100 2288
1990 1.242 0.802 1.681 3.204 1913 4.495 0.388 9 17 40 37.3 48 54 98 1183
1991 3.552 1494 5610 8.854  3.301 14.408 0.401 11 24 40 39.3 47 55 102 2866
1992 1.542 1.126 1.958 4294 2993 5595 0.359 6 14 38 36.0 49 63 107 1460
1993 1.180 0.805 1.555 3.136 2.174  4.099 0.376 10 14 41 36.3 49 55 115 1124
1994 1.906 1.349 2.463 4329 3102 5556 0.440 9 18 42 394 49 59 131 1729
1995 2.682 1795 3.569 5527 3739 7.316 0.485 9 21 43 41.2 48 56 118 2058
1996  2.239 1504 2973 5.146 3.582 6.711 0.435 9 13 42 381 49 60 112 1878
1997 2.148 1533 2.763 4825 3407 6.243 0.445 10 21 43 40.0 49 60 109 1757
1998 2.704 1.968  3.441 5914 4237 7.591 0.457 10 20 43 40.2 49 57 129 1713
1999 3210 2.344 4.076 7.698 5.042 10.355 0.417 6 21 41 384 48 58 143 2289
2000 2.550 1.607 3.493 5.711 3.761 7.661 0.447 10 22 43 401 49 63 116 1759
2001 2.845 2.032 3.658 6.044 4265 7.823 0.471 10 22 43 414 49 57 130 1985
2002 3.375 2.371 4.379 7.358 5170 9.545 0.459 9 23 43 40.8 49 54 135 2515
2003 7.740 5.218 10.261 18.199 11.697 24.702 0.425 10 18 41 393 48 55 141 6523
2004  2.265 1.388  3.141 4556 2714 6.399 0.497 8 26 43 423 49 57 122 2270
2005 3.766  2.281 5.252 7.606 4.698 10.515 0.495 9 21 44 418 49 55 122 2437
2006  3.551 2492 4611 7.339 5154 9.524 0.484 9 20 43 414 49 57 130 3349
2007  2.030 1199  2.861 5.111 2997 7.225 0.397 10 13 42 36.6 49 55 118 1439
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Table 23. Abundance and biomass from NEFSC winter surveys for little skate for the Georges Bank to Mid-Atlantic region (offshore
strata 1-3,5-7,9-11,13-14,16,61-63,65-67,69-71,73-75). The mean index, 95% confidence intervals, individual fish weight, minimum,

mean, and maximum length, 5th, 50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught are

presented for 1992-2007. Stratum 16 not sampled in 1993, 2000, 2002-2007. Strata 13 and 14 not sampled in 2003 and 2007. Stratum

63 not sampled in 1993. Stratum 14 not sampled in 2005 and 2007.

weight/tow number/tow length nonzero
mean Iowz-ar upper mean lower upper ind wt min 5% 50% mean 95% max tows no fish
1992 66.321 50.335 82.306 170.155 127.459 212.852 0.390 9 21 39 38.0 47 62 89 18418
1993 56.377 43.992 68.761 166.927 120.808 213.045 0.338 9 19 36 358 46 53 94 16026
1994 49.812 37.387 62.236 131.570 95.199 167.940 0.379 10 20 39 375 47 60 67 10113
1995 57.368 39.311 75.424 138.769 87.458 190.081 0.413 8 24 40 391 47 53 95 14530
1996 64.056 47.616 80.495 150.579 108.945 192.213 0.425 9 15 41 38.7 47 62 102 15701
1997 51901 39.986 63.816 117.751 92.288 143.214 0.441 9 23 42 40.2 47 58 92 12084
1998 57.512 49.249 65.775 138.503 111.869 165.136 0.415 9 20 41 38.7 47 57 105 14492
1999 58.566 46.296 70.837 138.876 104.459 173.292 0.422 6 22 41 39.3 48 55 99 14740
2000 50.725 37.806 63.643 115572 87.597 143.547 0.439 8 20 42 39.5 47 53 92 10722
2001 47.429 38.584 56.274 105.749 85.050 126.447 0.449 8 11 42 39.7 48 63 120 12956
2002 63.321 49.704 76.937 149.228 116.464 181.993 0.424 8 23 42 40.2 48 56 110 17329
2003 63.943 44.340 83.546 151.185 105.428 196.943 0.423 9 24 41 40.0 48 54 62 8870
2004 71.803 50.398 87.208 162.456 128.807 196.106 0.442 10 25 41 40.5 47 54 94 13822
2005 64.149 45.820 82.478 140.444 93.239 187.648 0.457 9 25 42 40.9 47 54 68 9544
2006 59.254 48.374 70.134 116.433 96.399 136.467 0.509 9 23 43 421 49 55 87 12687
2007 48.498 33.785 63.210 106.848 70.103 143.593 0.454 9 22 43 40.8 48 58 86 9258
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Table 24. Abundance and biomass from NEFSC spring surveys for barndoor skate for the Gulf of Maine to Southern New England
region (offshore strata 1-30, 33-40). The mean index, 95% confidence intervals, individual fish weight, minimum, mean, and
maximum length, 5th, 50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught are presented for
1968-2008.

weight/tow number/tow length nonzero
mean lower upper mean lower upper ind wt min 5% 50% mean 95% max tows no fish
1968 0.374 0.075 0.673 0.138 0.026  0.249 2.716 41 46 61 717 115 118 10 21
1969 0.658 -0.364 1.681 0.145 -0.011 0.301 4.539 33 42 70 83.1 119 120 8 22
1970 0.111 0.033 0.188 0.047  0.017  0.078 2.350 45 44 62 68.2 104 105 9 10
1971 0.116  0.018 0.214 0.102  0.021 0.183 1.134 26 31 59 57.1 69 80 8 20
1972 0.222 0.028 0.416 0.023 0.005 0.041 9.617 63 62 119 104.7 123 124 6 6
1973  0.010 -0.001 0.022 0.017 0.000 0.034 0.621 51 51 51 54.1 59 60 3 3
1974 0.020 -0.005 0.045 0.017 -0.002 0.037 1.146 43 43 58 53.3 59 60 3 3
1975 0.001 -0.001 0.003 0.001 -0.001 0.003 0.900 60 60 60 60.0 60 60 1 1
1976 0.010 -0.010  0.030 0.006 -0.005 0.017 1.800 61 61 61 61.0 61 61 1 1
1977  0.000 0.000 0.000 0.000 0.000 0.000 - - - - - - - 0 0
1978 0.015 -0.009 0.040 0.016 -0.006  0.039 0.933 51 50 55 56.3 61 62 2 3
1979 0.000 0.000 0.000 0.000 0.000 0.000 - - - - - - - 0 0
1980 0.000 0.000 0.000 0.000 0.000 0.000 - - - - - - - 0 0
1981 0.000 0.000 0.000 0.000 0.000 0.000 - - - - - - - 0 0
1982  0.002 -0.001 0.005 0.002 -0.002 0.005 1.000 54 54 54 54.0 54 54 1 1
1983 0.000 0.000 0.000 0.000 0.000 0.000 - - - - - - - 0 0
1984 0.000 0.000 0.000 0.000 0.000 0.000 - - - - - - - 0 0
1985  0.001 0.000 0.002 0.007 -0.004 0.017 0.076 20 20 20 246 37 38 2 2
1986  0.003 -0.001 0.007 0.011 -0.004 0.026 0.250 33 33 41 375 41 42 2 2
1987 0.002 -0.002 0.006 0.007 -0.006 0.020 0.300 37 37 37 37.0 37 37 1 1
1988 0.000 0.000 0.000 0.000 0.000 0.000 - - - - - - - 0 0
1989  0.007 -0.007 0.021 0.006 -0.006 0.019 1.100 60 60 60 60.0 60 60 1 1
1990 0.000 0.000 0.000 0.000 0.000 0.000 - - - - - - - 0 0
1991 0.002 -0.002 0.006 0.007 -0.006 0.020 0.300 38 38 38 38.0 38 38 1 1
1992 0.136 -0.117  0.389 0.013 -0.006 0.032 10.397 41 41 117 982 124 125 2 4
1993 0.032 0.024 0.039 0.028 0.005 0.051 1.147 31 31 37 453 89 90 5 5
1994 0.084 -0.023 0.191 0.029 -0.001 0.059 2.926 46 46 65 70.1 120 121 4 6
1995 0.015 -0.007 0.037 0.012 -0.005 0.029 1.254 55 55 63 59.6 63 64 2 2
1996 0.062 -0.039 0.162 0.025 -0.003 0.054 2.465 23 23 66 63.2 111 112 4 6
1997 0.077 0.006 0.148 0.035 0.007 0.063 2.216 39 39 67 68.7 89 90 6 7
1998 0.169 -0.024 0.363 0.061 0.015 0.106 2.799 26 26 60 64.4 122 123 8 15
1999 0.279 -0.102 0.660 0.052 0.011 0.094 5.343 28 28 74 809 125 126 8 11
2000 0473 0.246  0.699 0.138 0.076  0.200 3.419 19 20 68 714 125 127 14 29
2001 0.170  0.032 0.307 0.141 0.048 0.234 1.200 20 20 52 548 77 115 13 30
2002 0477 0233 0.721 0.129  0.047 0.212 3.690 35 35 66 773 127 133 13 26
2003 0.885 0.341 1.429 0.302 0.172  0.432 2.928 19 19 54 64.0 126 132 23 64
2004 0.103 0.039 0.167 0.111 0.032 0.189 0.928 19 19 55 50.6 81 89 12 24
2005 0.670 0.120 1.221 0.319 0.073 0.565 2.101 26 33 68 68.1 109 122 15 59
2006 1.706 -0.995 4.407 0.586 -0.087 1.260 2.910 19 19 69 699 123 134 22 196
2007 6.711 6.606 6.816 1.451 1.331 1.572 4.624 20 35 73 834 128 133 23 325
2008 1.370 -0.678 3.419 0.519 -0.059  1.096 2.641 28 33 67 709 113 133 17 140

Skate Complex; Tables 49



Table 25. Abundance and biomass from NEFSC autumn surveys for barndoor skate for the Gulf of Maine to Southern New England
region (offshore strata 1-30, 33-40). The mean index, 95% confidence intervals, individual fish weight, minimum, mean, and
maximum length, 5th, 50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught are presented for

1963-2007.
weight/tow number/tow length nonzero

mean lower upper mean lower upper ind wt min 5% 50% mean  95% max tows no fish
1963 2.633 1.604 3.663 0.762 0.468 1.056 3.458 28 44 69 746 121 136 47 120
1964 1212 0489 1.934 0.400 0.229 0.570 3.030 40 41 69 727 112 122 32 63
1965 1.822 1.115 2.528 0.695  0.441 0.949 2.622 27 42 67 699 111 134 36 95
1966  0.811 0.394 1.229 0459 0.243 0.675 1.767 23 38 60 63.0 88 115 26 62
1967 0.438 -0.025 0.901 0.064 0.017 0.111 6.844 45 52 65 81.0 119 120 10 14
1968 0.285 0.123  0.447 0.132  0.067 0.198 2.150 42 42 67 69.1 96 132 18 29
1969 0.054 -0.003 0.111 0.035 -0.006 0.076 1.551 51 51 62 62.0 73 74 5 8
1970 0.066 -0.046 0.178 0.011 -0.005 0.027 5.868 66 66 65 89.1 128 129 2
1971 0.170  -0.051 0.392 0.117 -0.077  0.311 1.455 35 35 53 54.6 63 120 19
1972 0.096 -0.073  0.265 0.012  -0.001 0.026 7.751 59 59 70 90.3 132 133
1973  0.004 -0.001 0.009 0.008 -0.003 0.019 0.474 41 41 47 487 52 53
1974  0.000 0.000  0.000 0.000  0.000 0.000 - - - - - - -
1975 0.017 -0.016  0.049 0.010 -0.010  0.031 1.600 70 70 70 70.0 70 70
1976  0.047 0.002  0.091 0.058 -0.003 0.119 0.810 50 50 51 54.6 61 62 1

1977  0.000 0.000 0.000 0.000 0.000 0.000 - - - - - - -
1978 0.000 0.000 0.000 0.000 0.000 0.000 -
1979  0.009 -0.008 0.026 0.003 -0.003 0.009 3.000 78 78 78 78.0 78 78
1980  0.000  0.000  0.000 0.000  0.000  0.000 - - - - - - -
1981 0.000 0.000 0.000 0.000 0.000 0.000 - - - - - - -
1982 0.000 0.000 0.000 0.000 0.000 0.000 - - - - - - -
1983 0.000 0.000 0.000 0.000 0.000 0.000 - -
1984 0.010 -0.004 0.024 0.003 0.000 0.007 2.900 61 61 84 73.0 84 85

1985 0.004 -0.004 0.012 0.002 -0.002  0.005 2.300 70 70 70 70.0 70 70

1986  0.029 -0.018 0.077 0.015 -0.002  0.032 2.008 22 22 52 51.0 90 91

1987  0.014 -0.005 0.032 0.012 -0.004 0.027 1.200 53 53 63 58.5 63 64

1988  0.007 -0.005  0.020 0.009 -0.005 0.022 0.850 34 34 33 4438 76 77

1989  0.005 -0.005 0.014 0.002 -0.002  0.007 2.100 71 71 71 710 71 71

1990 0.028 -0.022  0.078 0.010 -0.005 0.024 2.964 60 60 66 76.3 95 96

1991 0.031  0.000  0.062 0.020  0.000  0.040 1.579 54 54 61 61.3 73 74

1992  0.002 -0.002  0.007 0.004 -0.004 0.013 0.550 46 46 51 49.0 51 52

1993  0.141 -0.040 0.321 0.023 0.004 0.042 6.180 45 45 74 86.6 127 128

1994  0.035 0.001  0.069 0.044 0.006  0.082 0.790 33 33 47 494 75 76

1995  0.111  -0.009  0.231 0.040 -0.006  0.085 2.810 48 48 62 709 113 114 1
1996  0.042 -0.020 0.104 0.023 0.000 0.046 1.841 25 25 61 59.8 92 93

1997  0.105 -0.024 0.234 0.026  0.004 0.047 4.065 36 36 79 733 124 125

1998 0.089 -0.036 0.214 0.026  0.002 0.050 3.453 48 48 71 739 120 121 4 5
1999  0.300 0.051  0.549 0.085 0.041 0.130 3.511 23 23 54 68.0 120 121 13 15
2000 0.288 0.054 0.521 0.054 0.023 0.085 5.360 29 29 89 855 121 122 12 15
2001 0.543 0.050 1.036 0.149  0.052  0.247 3.635 24 40 75 755 121 126 16 34
2002 0.778 0.351 1.205 0.269 0.130  0.407 2.893 26 27 59 68.0 119 129 24 59
2003 0.553 0.255 0.852 0.251 0.157 0.345 2.203 22 22 48 571 115 120 29 55
2004 1.295 0.677 1.913 0.229 0.122 0.336 5.662 42 47 80 90.1 124 128 23 58
2005 1.036 0.482  1.590 0.360 0.207 0.513 2.877 18 25 64 681 118 132 29 73
2006 1.168 0.392 1.945 0.435 0.169  0.701 2.687 19 29 58 655 118 127 35 102
2007  0.798  0.387  1.208 0.305 0.125  0.485 2.617 26 33 59 67.0 126 140 24 71
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Table 26. Abundance and biomass from NEFSC winter surveys for barndoor skate for the Georges Bank to Mid-Atlantic region
(offshore stratal-3,5-7,9-11,13-14,16,61-63,65-67,69-71,73-75). The mean index, 95% confidence intervals, individual fish weight,
minimum, mean, and maximum length, 5th, 50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught
are presented for 1992-2007. Stratum 16 not sampled in 1993, 2000, 2002-2007. Strata 13 and 14 not sampled in 2003 and 2007.

Stratum 63 not sampled in 1993. Stratum 14 not sampled in 2005 and 2007.

weight/tow number/tow length nonzero
mean Iow<-ar upper mean lower upper ind wt min 5% 50% me;m 95% max tows no fish
1992 0.000 0.000 0.000 0.000 0.000 0.000 - - - - 0 0
1993 0.123 -0.066 0.311 0.052 0.004 0.100 2.358 20 20 65 57.3 119 120 4 6
1994 0.185 -0.027 0.397 0.080 0.011 0.148 2.328 21 21 60 635 102 103 5 7
1995 0.362 0.121 0.603 0.198 0.056 0.340 1.828 33 33 62 63.6 88 109 11 24
1996  0.291 0.079 0.503 0.203 0.054 0.352 1.434 19 20 61 564 85 92 12 23
1997 0.618 0.208 1.028 0.275 0.032 0.519 2.247 35 38 65 67.7 112 117 10 28
1998 0.455 0.146  0.765 0.464 0.092 0.837 0.980 20 26 41 46.8 83 123 12 57
1999 1.053 0.347 1.760 0.709 0.318 1.099 1.486 23 27 46 532 113 124 22 81
2000 2.718 0.153 5.284 1.081 0.518 1.643 2.515 19 19 56 628 122 126 12 69
2001 1.373 0.375 2.370 0.929 0.168 1.691 1.477 19 30 60 58.7 95 127 21 107
2002 2.126 0.506 3.746 0.950 0.441 1.459 2.238 18 29 58 639 119 126 24 123
2003 0.872 0.429 1.316 0.776 0.227 1.324 1.125 26 31 46 52.0 90 131 11 47
2004  3.397 1.214 5.581 1.786 0.972 2.601 1.902 18 30 53 609 116 130 23 247
2005 1.061 0.542 1.581 1.23101 0.703 1.759 0.862 18 19 44 4738 84 102 21 103
2006  3.015 1.519  4.511 3.171 1.622 4.719 0.951 20 29 51 529 78 111 37 355
2007 1.847 0.815 2.878 2.318 0.199 4.438 0.797 20 30 44 485 80 118 25 220
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Table 27. Abundance and biomass from NEFSC spring surveys for thorny skate for the Gulf of Maine to Southern New England
region (offshore strata 1-30,33-40). The mean index, 95% confidence intervals, individual fish weight, minimum, mean, and
maximum length, 5th, 50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught are presented for
1968-2008.

weight/tow number/tow length nonzero
mean lower upper mean lower upper ind wt min 5% 50% mean 95% max tows no fish
1968 3.181 2137  4.225 1.600 1.067 2.134 1.987 12 16 44 478 91 105 60 252
1969 4526 3.186 5.865 1.680 1.161 2.199 2.694 12 13 47 511 98 109 64 294
1970 4202 3229 5174 1.990 1.478 2502 2112 12 16 41 48.2 95 110 84 363
1971 3.683 2475 4.891 1.974 1473 2475 1.866 12 15 44 478 95 116 81 424
1972 4984 3.757 6.212 2219 1.773 2665 2.246 12 16 47 50.7 94 110 91 443
1973 6.622 4.867 8.377 3.562 2640 4.483 1.859 12 15 44 479 91 108 75 574
1974 3.774 2939 4.608 2450 1.938 2962 1.540 9 14 43 458 87 106 81 376
1975 3.189 2222 4157 1.360 0.990 1.731 2.344 10 15 46 50.5 95 102 62 192
1976 2.895  2.041 3.750 1.671 1.281 2.060 1.733 13 15 43 47.2 90 106 79 339
1977 1623 1.175 2.070 0.942 0675 1.209 1.722 12 15 42 48.1 89 111 74 213
1978 1250 0.806 1.695 0.800 0.579 1.020 1.564 10 15 49 46.8 83 97 71 191
1979 1.079 0.729 1.429 0.582 0410 0.754 1.853 12 17 51 50.5 84 102 68 163
1980 2105 1.308 2.901 1.319 0.880 1.757 1.596 11 13 37 436 92 100 60 250
1981 2700 2.065 3.335 1535 1.139  1.930 1.760 9 13 47 48.1 87 100 60 255
1982 2.345 1685 3.004 1.144 0.878 1.411 2.049 10 17 53 524 85 97 62 218
1983 2142 1.398 2.886 0.968 0.728  1.209 2.212 12 15 52 523 91 103 55 156
1984 1453 0.818 2.087 0.608 0.462 0.755 2.389 12 16 51 53.0 96 100 40 97
1985 3.074 2124 4.024 1413 1.060 1.766 2175 11 14 44 484 95 102 59 209
1986 2619 1974 3.263 1.718  1.377  2.058 1.525 10 15 38 44.0 83 98 69 276
1987 1469 0.805 2.133 0.852 0.646  1.058 1.724 14 16 42 46.6 87 109 53 141
1988 1173 0.735 1.612 1.106 0.766  1.446 1.061 11 14 32 385 82 98 59 176
1989 1.481 0.793  2.169 1.221 0.801 1.640 1.213 11 15 34 40.0 84 101 57 175
1990 1565 0.833 2.296 1.097 0.688 1.506 1.427 14 16 39 445 82 99 49 167
1991 1542 0.945 2.139 0.858 0.569  1.147 1.797 11 13 47 485 89 99 47 132
1992 1.092 0.621 1.564 0.612 0.384 0.840 1.784 14 15 47 484 89 102 31 86
1993 0.700 0.366 1.034 0486 0.327 0.646 1.440 13 13 36 42.0 91 105 37 79
1994 0.435 0.242 0.629 0439 0.270 0.609 0.991 12 12 37 393 67 92 39 80
1995 0.564 0.307 0.821 0.384 0.236  0.533 1.467 9 12 42 458 84 92 31 66
1996 0.371 0.178  0.563 0.321 0.106  0.535 1.156 12 12 36 40.8 80 93 24 63
1997 0422 0117 0.727 0.270 0.153  0.387 1.560 15 20 47 479 82 87 25 47
1998 0.480 0.209 0.752 0.334 0.236 0.431 1.440 12 14 35 408 89 98 42 85
1999 0.369 0.093 0.646 0.255 0.163  0.347 1.448 11 17 40 46.2 83 89 26 44
2000 0.423 0.166  0.680 0.470 0.013 0.927 0.900 12 12 24 34.0 82 89 28 103
2001 0.493 0.217 0.769 0.221 0.080 0.362 2.234 14 33 56 57.7 80 92 16 35
2002 0.333 0.138 0.529 0.248 0.127  0.369 1.340 13 15 38 42.0 88 93 24 53
2003 0.594 0.268 0.920 0.332 0.203 0.461 1.790 19 19 50 50.9 86 102 30 57
2004 0.368 0.178 0.557 0.212 0.128 0.296 1.731 15 15 47 493 91 95 22 48
2005 0435 0.154 0.716 0.371 0.167 0.576 1.171 16 17 44 444 76 89 19 62
2006 0.201 0.035 0.366 0.186  0.020 0.352 1.079 12 14 41 419 83 87 15 29
2007 0.390 0.144 0.635 0430 0.228 0.632 0.907 9 11 24 323 88 98 26 99
2008 0.255 0.088 0.422 0.184 0.086  0.281 1.387 10 12 37 415 90 94 20 39
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Table 28. Abundance and biomass from NEFSC autumn surveys for thorny skate for the Gulf of Maine to Southern New England
region (offshore strata 1-30, 33-40). The mean index, 95% confidence intervals, individual fish weight, minimum, mean, and
maximum length, 5th, 50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught are presented for

1963-2007.
weight/tow number/tow length nonzero

mean lower upper mean  lower upper ind wt min 5% 50% mean 95% max tows no fish
1963 5.371 3.788 6.954 1.672 1.305 2.039 3.213 10 15 60 60.4 99 107 65 297
1964 4403 3273 5534 1.651 1110 2192 2.667 10 14 49 527 96 110 66 278
1965 4474 3268 5.681 1.825 1.243 2408 2.451 10 14 45 49.6 95 107 55 352
1966 7.971 6.163  9.780 2.371 1.855 2.886 3.362 9 13 61 594 95 112 72 364
1967 2712 1422  4.001 0.982 0.383  1.580 2.763 12 14 49 525 95 100 54 165
1968  4.421 3.321 5.521 1.440 1.040 1.840 3.071 12 16 55 57.5 97 107 59 217
1969 5715 4320 7.110 1.833 1.359  2.307 3.117 12 14 55 56.7 97 106 72 289
1970 7.347 5.630 9.065 2216 1474 2958 3.316 8 19 57 60.4 98 109 77 403
1971 5357 4.149 6.565 1434 1.095 1.774 3.735 12 18 63 64.1 929 111 69 284
1972 4119 2974 5263 1.717 1.302 2132 2.399 12 16 51 53.1 94 105 75 306
1973 4564 3.227 5.902 1536 1.134  1.939 2.971 12 17 59 61.2 95 111 72 274
1974 3.038 2.166  3.910 1392 1.025 1.759 2.182 10 14 50 51.1 89 111 79 293
1975 2474 1483  3.464 1.027 0716  1.338 2.409 10 12 47 50.0 94 106 70 232
1976 1720 1.003 2437 0.798 0543 1.052 2.157 12 15 44 491 91 103 57 143
1977 3.221 2513 3.928 1548 1.223 1.874 2.080 10 13 49 507 89 107 108 446
1978  4.291 3473 5.109 2145 1643 2648 2.000 10 16 49 511 88 107 155 874
1979 3612 2750 4.474 1283 0.864 1.702 2.815 11 21 59 59.5 89 101 134 486
1980  4.601 3.344  5.859 1.882 1.484 2.280 2.445 11 14 54 544 90 100 84 416
1981 3.339 2551 4127 1.305 0957 1.653 2.559 12 15 55 57.1 90 103 71 223
1982 0.646 0.312 0.981 0.393 0.194 0.592 1.644 11 13 33 430 85 96 31 83
1983 2409 1.553 3.266 0.833 0589 1.077 2.892 15 20 56 58.8 93 108 49 121
1984 2887 1978 3.795 1270 0975 1.565 2.272 10 13 48 49.8 94 107 70 211
1985 2877 1.765 3.988 1438 1.094 1.783 2.000 12 16 49 496 87 103 66 260
1986 1.629 1.068 2.189 1.019 0.771 1.268 1.598 11 15 35 442 83 101 61 183
1987 0.944 0590 1.297 0.841 0.600  1.082 1.123 12 14 36 40.2 78 92 49 143
1988 1.488 0.998 1.978 1.099 0.702 1.497 1.354 13 15 31 415 84 101 56 208
1989 1.883 0.980 2.786 1129 0.787 1471 1.668 12 14 40 46.2 85 101 63 198
1990 1704 1.090 2.318 1.040 0.744 1.335 1.639 12 17 42 472 85 95 53 202
1991 1.632 0519 2745 0.921 0.591 1.251 1.772 13 15 47 495 86 108 54 153
1992 0.962  0.551 1.373 0.775 0.461 1.088 1.242 12 13 36 41.2 83 99 48 144
1993 1.658 0.639 2.676 0.901 0.440 1.361 1.840 12 13 47 478 91 101 50 157
1994 1.509 0.343 2.675 0.981 0.311 1.652 1.538 13 17 45 46.9 84 97 41 170
1995 0.783  0.331 1.235 0.639 0.183  1.095 1.226 13 14 39 422 72 99 37 107
1996 0.814 0.360 1.269 0.602 0.362 0.842 1.352 14 14 39 433 85 99 37 102
1997 0.849 0405 1.293 0.404 0.241 0.567 2.101 12 20 50 52.3 83 99 33 79
1998 0.648 0.297 0.999 0.307 0.145 0.468 2113 13 14 51 524 87 93 30 60
1999 0479 0.249 0.710 0.326 0.195 0.457 1.469 13 14 41 46.3 87 94 38 72
2000 0.832  0.391 1.274 0.374 0.239 0.510 2.224 13 17 49 527 92 102 27 70
2001 0.332 0.087 0.577 0.294 0.157  0.430 1.129 16 17 44 441 74 82 23 60
2002 0436 0.188 0.684 0.260 0.126  0.393 1.679 14 15 35 442 85 95 25 52
2003 0.742 0450 1.035 0.930 0.168  1.691 0.798 12 14 23 342 74 89 34 175
2004 0.710  0.272  1.148 0.358 0.167  0.550 1.980 14 18 45 50.1 87 90 23 65
2005 0.224 0.092 0.357 0.205 -0.034 0.443 1.096 13 18 39 426 76 90 17 36
2006 0.726  0.385 1.066 0.254 0.154 0.354 2.857 13 15 51 54.6 93 94 27 52
2007 0.316  0.083  0.549 0.296 0.072 0.520 1.068 10 13 19 34.6 84 92 22 45
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Table 29. Abundance and biomass from NEFSC spring surveys for smooth skate for the Gulf of Maine to Southern New England
region (offshore strata 1-30,33-40). The mean index, 95% confidence intervals, individual fish weight, minimum, mean, and
maximum length, 5th, 50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught are presented for
1968-2008.

weight/tow number/tow length nonzero
mean lower upper mean lower upper ind wt min 5% 50% mean 95% max tows no fish
1968  0.211 0.080 0.342 0484 0.129 0.838 0.436 12 24 41 421 58 64 17 41
1969 0.377 0.193 0.562 0.834  0.521 1.147 0.452 11 19 48 43.3 58 63 28 82
1970 0.346 0.134  0.557 0.702  0.376 1.028 0.492 9 14 47 409 57 61 25 68
1971 0.800 0.395 1.205 1.185 0.650 1.719 0.675 9 20 51 48.2 61 63 40 114
1972 0.621 0.355 0.886 1.016  0.582  1.450 0.611 14 20 47 443 59 64 34 122
1973 1.000 0.745 1.255 1.907 1.401 2.414 0.524 9 24 45 442 59 65 51 179
1974 1.092 0.594 1.590 2.003 1.109 2.896 0.545 9 9 47 427 59 63 47 172
1975 0.240 0.133 0.346 0.383 0.224 0.543 0.626 19 25 49 46.8 59 61 22 37
1976 0.534 0413 0.655 1.150 0.870 1.429 0.464 12 16 43 39.8 57 60 49 134
1977 0.122 0.066 0.178 0.302 0.158 0.445 0.405 15 18 40 414 57 60 28 45
1978  0.251 0.144  0.358 0413 0.258 0.567 0.609 24 26 50 46.7 58 61 33 56
1979 0.218 0.097 0.340 0410 0.163  0.657 0.533 15 19 39 402 54 61 27 54
1980 0.484 0.316  0.651 0.948 0.625 1.271 0.510 16 20 42 419 56 60 42 84
1981 0.358 0.227 0.489 0.782  0.513 1.050 0.458 8 13 38 37.2 57 65 38 70
1982 0.152 0.057 0.247 0.225 0.092 0.357 0.677 11 10 52 456 57 64 14 23
1983 0.363 0.219 0.507 0.531 0.335 0.727 0.683 11 21 50 47.9 57 69 25 50
1984 0.065 0.010 0.120 0.124 0.026 0.221 0.523 19 20 48 39.8 59 60 9 13
1985  0.211 0.136  0.286 0450 0.298 0.602 0.469 18 20 41 404 57 63 31 59
1986 0.250 0.137  0.362 0466 0.256 0.677 0.536 20 24 48 46.7 59 65 30 93
1987 0.069 0.029 0.108 0.105 0.044 0.166 0.655 43 42 48 50.2 59 62 12 15
1988 0.115 0.044 0.186 0.328 0.175 0.480 0.350 11 13 36 36.3 57 60 24 49
1989 0.225 0.107 0.343 0.620 0.402 0.838 0.363 13 15 37 38.8 60 63 30 88
1990 0.152 0.010 0.294 0.294 0.080 0.509 0.515 11 16 46 44.0 57 62 18 40
1991 0.137 0.073  0.200 0.237 0.136  0.337 0.576 11 17 49 471 59 62 22 34
1992 0.063 0.025 0.101 0.104 0.035 0.172 0.608 22 40 49 485 56 57 12 16
1993 0.086 0.021 0.151 0.214 0.020 0.408 0.403 21 23 42 412 56 58 14 35
1994 0.098 0.043 0.153 0.176  0.082 0.269 0.558 29 29 47 471 56 58 15 30
1995  0.101 0.050 0.152 0.234 0.119 0.349 0.432 9 20 42 419 55 59 18 33
1996 0.036 0.014 0.058 0.084 0.038 0.129 0.429 20 19 48 43.8 53 59 10 12
1997 0.037 0.015 0.059 0.122 0.035 0.208 0.307 17 20 36 38.9 55 58 11 22
1998 0.200 0.089 0.311 0410 0.206 0.613 0.489 9 19 46 446 56 60 28 77
1999 0.243 0.068 0.418 0.925 -0.074 1.924 0.262 18 20 32 35.6 51 65 23 111
2000 0.060 0.025 0.095 0.220 -0.021 0.460 0.272 10 10 27 30.9 59 62 13 30
2001 0.058 0.020 0.096 0.125 0.058 0.192 0.466 19 28 46 446 57 60 16 25
2002 0.184 0.096 0.271 0.482 0.297 0.667 0.381 10 13 45 404 55 61 26 78
2003 0.224 0.161 0.287 0.642 0.429 0.348 0.348 14 19 40 404 55 59 36 95
2004 0.262 0.141 0.383 0.650 0.278 1.022 0.403 12 19 43 423 56 60 32 125
2005 0.457 0.125 0.788 1.207 0.288 2.126 0.378 10 27 42 424 53 60 22 178
2006 0.203 0.005 0.401 0.531 -0.009 1.072 0.382 19 21 41 413 56 62 22 71
2007 0.125 0.035 0.214 0.294 0.095 0.494 0.423 16 21 46 419 57 60 18 64
2008 0.340 0.075 0.604 1.050 0.156 1.945 0.323 9 14 38 36.8 55 59 20 168
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Table 30. Abundance and biomass from NEFSC autumn surveys for smooth skate for the Gulf of Maine to Southern New England
region (offshore strata 1-30,33-40). The mean index, 95% confidence intervals, individual fish weight, minimum, mean, and
maximum length, 5th, 50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught are presented for

1963-2007.
weight/tow number/tow length nonzero
mean  lower upper mean lower upper ind wt min 5% 50% mean 95% max tows no fish
1963 0498 0.306 0.689 0.543 0.282 0.804 0.917 9 20 48 43.9 58 62 26 53
1964 0326 0.152  0.501 0.360 0.209 0.512 0.906 9 20 42 417 59 64 19 35
1965 0475 0.140 0.811 1.221 0.440  2.001 0.389 11 16 35 38.1 56 64 27 94
1966 0323 0.175 0.471 0.867 0519 1.216 0.372 13 17 37 386 58 59 28 60
1967 0.152  0.036  0.268 0293 0.118  0.469 0.518 22 24 48 46.5 62 69 16 27
1968 0.385  0.211 0.559 0.665 0.375 0.955 0.579 17 20 48 459 58 62 24 56
1969 0.290 0.131 0.449 0.604 0.282 0.925 0.481 12 16 41 39.6 58 64 21 50
1970 0.232  0.121 0.343 0.530 0.289 0.771 0.437 9 13 45 38.3 59 62 25 50
1971 0.157  0.077  0.238 0.250 0.120 0.379 0.631 17 36 53 51.0 57 59 18 27
1972 0332 0.185 0.478 0499 0.285 0.713 0.664 16 24 49 4938 62 64 30 52
1973 0311 0.199  0.423 0.506 0.344 0.667 0.614 17 22 48 46.9 58 60 32 56
1974 0123  0.055 0.192 0.180 0.088 0.273 0.684 1 1" 50 485 60 63 13 21
1975 0.076  0.029  0.123 0.104 0.043 0.165 0.727 21 30 49 46.7 56 57 12 15
1976 0.039 0.004 0.074 0.077 0.020 0.135 0.501 17 36 41 439 52 60 9 10
1977 0376 0.274 0478 0.600 0.443 0.757 0.627 19 24 48 449 56 61 50 84
1978 0450 0.240 0.661 0.635 0.359 0.912 0.709 8 25 50 48.0 59 66 49 130
1979 0.182 0.075 0.288 0239 0.116  0.362 0.761 9 29 50 48.7 60 62 31 60
1980 0.343 0.167 0.519 0.522 0.254 0.789 0.658 15 23 52 46.4 58 62 37 60
1981 0.119  0.039  0.199 0.167  0.069 0.264 0.715 23 26 49 4841 60 61 13 18
1982 0.039 0.007  0.071 0.074 0.025 0.123 0.521 9 9 49 419 63 64 11 11
1983 0.146 0.056  0.236 0.255 0.085 0.426 0.573 14 14 46 40.9 57 59 12 24
1984 0.199 0.106  0.292 0.389 0.171  0.607 0.512 14 22 37 39.2 58 71 23 39
1985 0.210 0.088 0.332 0.340 0.180  0.500 0.617 12 15 51 452 59 63 28 64
1986 0.209 0.118  0.300 0.392 0.216  0.567 0.534 13 21 47 45.0 63 66 24 63
1987 0.095 0.045 0.145 0.164  0.081  0.247 0.581 15 15 48 448 60 61 19 28
1988 0.284 0.103  0.465 0446  0.223 0.670 0.637 20 20 51 483 59 65 27 90
1989 0.128 0.072 0.185 0.336  0.194  0.478 0.382 13 16 33 36.8 59 62 27 52
1990 0.194 0.120 0.268 0.332 0.202 0.462 0.584 16 23 48 46.4 58 62 27 45
1991 0.167 0.070 0.265 0.335 0.188  0.482 0.500 18 20 46 43.9 57 62 25 59
1992 0.126  0.024 0.228 0.316  0.120 0.511 0.400 12 18 43 40.0 58 60 16 56
1993  0.227 0.107 0.346 0.818 0.273  1.362 0.277 13 13 26 326 56 62 29 123
1994 0.099 0.030 0.169 0269 0.105 0.433 0.370 11 1" 36 38.0 57 59 17 36
1995 0.189 0.115  0.263 0.764 0.315 1.214 0.247 10 13 30 326 56 59 29 119
1996 0.176  0.093  0.260 0.421 0.249 0.594 0.418 15 18 46 416 56 59 26 55
1997 0232 0.117  0.347 0449 0.232 0.665 0.517 16 21 47 452 60 64 20 59
1998 0.028 0.005 0.051 0.108 0.021  0.194 0.263 18 17 29 352 51 53 11 18
1999 0.070 0.032  0.109 0.110  0.050 0.171 0.638 22 22 50 487 60 62 16 22
2000 0.154 0.083 0.226 0.318  0.190  0.447 0.485 10 11 45 423 59 73 27 55
2001 0.287 0.169  0.405 0.565 0.349 0.781 0.507 17 23 49 465 58 62 29 84
2002 0.111  0.067 0.155 0209 0.140 0.278 0.533 15 24 50 46.2 60 62 25 32
2003 0.190 0.076  0.304 0.646 0.248 1.045 0.294 10 14 39 36.3 52 62 30 84
2004 0.214 0.126  0.303 0467 0.283 0.652 0.458 18 24 47 453 55 59 29 58
2005 0.131 0.039 0.224 0.291 0.143  0.439 0.451 15 17 47 431 59 62 18 44
2006 0.211 0.106 0.316 0.387 0.230 0.544 0.545 10 14 50 456 59 62 27 56
2007 0.089 0.048 0.131 0.198  0.107  0.289 0.451 16 24 47 43.6 58 71 19 31
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Table 31. Abundance and biomass from NEFSC spring surveys for clearnose skate for the Mid-Atlantic region (offshore strata 61-76,
inshore strata 15-44). The mean index, 95% confidence intervals, individual fish weight, minimum, mean, and maximum length, 5th,
50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught are presented for 1976-2008.

weight/tow number/tow length nonzero
mean  lower upper mean lower upper ind wt min 5% 50% mean  95% max tows no fish
1976 0.100 0.020 0.179 0.129 0.040 0.218 0.770 26 26 43 48.5 66 67 8 12
1977 0.509 0.297 0.722 0.500 0.260 0.741 1.017 23 23 56 52.5 63 64 17 41
1978 0.211 -0.094 0.516 0.237 -0.057 0.530 0.893 20 20 57 52.2 68 69 8 21
1979 0.109 0.010 0.209 0.125 0.004 0.247 0.875 25 25 42 50.3 77 78 6 9
1980 0.319 0.100 0.538 0456 0.136 0.775 0.700 25 25 41 451 64 69 14 44
1981 0.891 -0.141 1.923 0.606 0.106 1.107 1.469 24 26 60 55.9 67 72 10 44
1982 0.328 0.165 0.491 0.368 0.126 0.610 0.892 30 32 52 53.6 66 71 14 40
1983 0.138 0.005 0.270 0.127 0.003 0.252 1.081 13 13 58 51.3 65 66 7 11
1984 0.380 0.103 0.658 0.288 0.018 0.557 1.321 48 48 62 60.7 70 74 11 25
1985 0.493 -0.166 1.151 0.436 -0.203 1.076 1.129 48 48 58 59.3 69 72 10 37
1986 0.155 0.035 0.274 0.232 0.038 0.427 0.666 27 27 44 448 68 69 11 15
1987 0.306 0.150 0.463 0.202 0.109 0.204 1.519 49 51 63 61.9 69 72 16 20
1988 0.340 0.171 0.508 0.300 0.097 0.502 1.134 44 44 58 57.1 67 71 11 19
1989 0424 0.258 0.590 0415 0.275 0.554 1.023 25 25 58 523 68 72 14 40
1990 0.501 0.283 0.719 0.420 0.243 0.597 1.192 30 30 59 56.2 67 72 15 52
1991 0690 0463 0.918 0.543 0.354 0.731 1.272 27 27 62 58.8 68 71 23 59
1992 0.748 0.324 1.172 0489 0.218 0.760 1.529 46 46 63 63.0 68 80 23 47
1993 0.856 0.479 1.233 0.656 0.216 1.096 1.305 21 33 63 58.6 70 74 12 136
1994 0.319 0.052 0.585 0.188 0.043 0.333 1.699 51 57 65 66.0 73 74 8 24
1995 0.669 0.361 0.977 0.464 0.261 0.666 1.443 46 46 67 62.4 68 74 18 32
1996 1.224 0.194 2.254 0.948 0.255 1.641 1.291 13 27 62 59.8 70 75 30 95
1997 1290 0.885 1.695 0.972 0.542 1.403 1.326 33 39 63 61.3 71 78 22 80
1998 0.903 0.674 1.133 0.667 0.369 0.964 1.355 26 38 62 60.2 70 74 29 81
1999 0.943 0.647 1.238 0.862 0.470 1.255 1.093 26 28 59 57.3 67 72 19 54
2000  1.391 1.046 1.736 1.140 0.789 1.491 1.221 24 40 59 594 70 76 31 126
2001 1.380 0.674 2.087 1.097 0.456 1.738 1.258 42 49 62 60.8 68 72 19 74
2002 0.836  0.281 1.392 0.617  0.241 0.993 1.355 29 42 62 60.5 69 74 23 59
2003 0.622 0.366 0.879 0.448 0.265 0.631 1.389 49 49 62 62.7 75 76 16 35
2004 0433 0.050 0.815 0.376 0.049 0.703 1.151 35 35 59 56.2 70 72 9 23
2005 0.569 0.030 1.109 0.414 0.008 0.820 1.374 42 42 61 61.2 70 73 11 27
2006 0.567 0.189 0.946 0.420 0.179 0.661 1.350 36 41 63 60.7 68 72 18 39
2007 0.857 0.406 1.308 0.745 0.273 1.217 1.150 28 30 60 58.4 69 73 19 48
2008 1.188 0.603 1.773 0.846  0.370 1.322 1.404 27 43 62 624 72 79 30 103
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Table 32. Abundance and biomass from NEFSC autumn surveys for clearnose skate for the Mid-Atlantic region (offshore strata 61-
76, inshore strata 15-44). The mean index, 95% confidence intervals, individual fish weight, minimum, mean, and maximum length,
5th, 50th,and 95th percentiles of length, number of nonzero tows, and number of fish caught are presented for 1975-2007.

weight/tow number/tow length nonzero
mean lower upper mean lower upper ind wt min 5% 50% mean  95% max tows no fish
1975 0.237 0.086 0.388 0.246 0.133  0.360 0.961 21 21 53 50.3 63 66 31 49
1976 0.302 0.189 0.415 0.348 0.236  0.459 0.869 18 34 52 52.1 64 69 26 54
1977 0.768 0.288 1.248 0.742 0.281 1.203 1.035 15 37 57 554 65 68 32 106
1978 0.156 0.073  0.240 0.224 0.086 0.363 0.697 10 10 44 40.8 64 66 14 23
1979 0419 0.116 0.721 0.346 0.146  0.545 1.211 22 24 56 554 67 71 27 46
1980 0.685 0.408 0.961 0.549 0.322 0.775 1.248 33 37 59 58.1 69 72 32 80
1981 0.171 0.081 0.260 0.179 0.087 0.271 0.954 27 27 55 515 65 68 19 28
1982 0.213 0.099 0.326 0.183 0.095 0.271 1.163 32 43 59 58.3 67 72 26 37
1983  0.141 0.027 0.254 0.127 0.043 0.210 1.110 16 16 57 522 64 70 15 19
1984 0.178 0.064 0.293 0.189 0.063 0.315 0.945 34 37 53 54.0 67 83 20 32
1985 0.306 0.173 0.439 0.315 0.182  0.447 0.974 32 41 56 54.9 66 71 23 42
1986 0.545 -0.038 1.027 0.591 0.091 1.092 0.921 23 23 59 52.6 64 71 31 62
1987 0.320 0.176 0.465 0.289 0.167 0412 1.107 15 41 56 55.5 69 70 23 42
1988 0.335 0.157 0.513 0.329 0.163 0.495 1.019 33 37 57 56.0 66 71 19 60
1989 0.273 0.075 0.471 0.324 0.064 0.584 0.843 37 37 52 527 63 70 20 39
1990 0.402 0.157 0.646 0.306 0.114  0.499 1.311 16 41 60 57.9 69 72 17 50
1991 0.922 0.279 1.566 0.816  0.339 1.294 1.130 35 39 58 57.1 69 71 35 119
1992 0.345 0.185 0.505 0.312 0.185 0.440 1.104 16 42 59 56.7 67 69 22 48
1993 0.495 0.145 0.844 0474 0.188 0.759 1.044 35 40 57 56.8 66 73 27 104
1994 0.938 0.479 1.398 0.842 0.494 1.190 1.115 35 40 57 57.1 66 73 35 129
1995 0.331 0.189 0473 0.426 0.233 0.618 0.777 14 14 51 455 66 72 25 63
1996 0430 0.194 0.666 0.369 0.163 0.576 1.165 29 45 59 58.8 68 72 20 42
1997 0.614 0.296 0.932 0.484  0.281 0.688 1.269 43 43 61 60.2 69 77 27 60
1998 1.121 0.115  2.128 1.096 0.124 2.068 1.023 34 43 57 575 68 73 32 98
1999 1.053 0.536 1.570 0.928 0.525 1.332 1.134 15 32 61 57.8 69 71 41 84
2000 1.032 0422 1.642 0.795 0.353 1.238 1.298 14 47 60 60.5 69 74 29 61
2001 1.614 1.092 2.136 1494 0.984 2.004 1.081 13 15 59 552 68 73 41 221
2002 0.891 0.372 1.411 0.863 0.317 1.409 1.033 14 38 55 56.0 68 73 27 63
2003 0.661 0.417  0.906 0.640 0.456 0.823 1.034 15 30 54 545 71 78 38 81
2004 0.709 0.201 1.217 0.590 0.172 1.008 1.201 37 43 62 60.1 69 75 18 55
2005 0524 0.192 0.855 0452 0.207 0.697 1.159 26 37 62 59.6 71 74 30 71
2006 0.533 0.257 0.809 0.654 0.347 0.961 0.816 13 37 53 526 64 71 35 77
2007 0.853 0.430 1.276 0.788 0.386 1.191 1.082 13 34 60 57.9 67 74 25 74
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Table 33. Abundance and biomass from NEFSC winter surveys for clearnose skate for the Georges Bank to Mid-Atlantic region
(offshore stratal-3,5-7,9-11,13-14,16,61-63,65-67,69-71,73-75). The mean index, 95% confidence intervals, individual fish weight,
minimum, mean, and maximum length, 5th, 50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught
are presented for 1992-2007. Stratum 16 not sampled in 1993, 2000, 2002-2007. Strata 13 and 14 not sampled in 2003 and 2007.

Stratum 63 not sampled in 1993. Stratum 14 not sampled in 2005 and 2007.

weight/tow number/tow length nonzero
mean lower upper mean lower upper ind wt min 5% 50% mean 95% max tows no fish
1992 5622 3.247  7.997 5247 2974 7.519 1.072 23 26 59 54.7 67 93 22 551
1993 6.013 3.818 8.208 5973 3.852  8.093 1.007 22 33 57 543 67 81 23 716
1994 8854 4.037 13.672 7692 2152 13.233 1.151 27 33 60 57.5 69 77 16 639
1995 7.924 2521 13.327 6.247 1.301 11.194 1.268 24 45 61 60.2 69 76 23 737
1996 14.725 8.266 21.183 11.555 6.347 16.762 1.274 22 40 61 60.0 69 77 32 3086
1997 5522 3.154  7.890 5.069 2158 7.980 1.089 22 35 59 56.2 70 76 32 682
1998  6.031 4470  7.592 4878 3.195 6.560 1.236 22 36 60 58.3 71 88 32 1091
1999 3826 2335 5.317 3.022 1586 4.459 1.266 23 37 61 59.6 70 76 30 343
2000 10.102 5.693 14.510 8.864 4579 13.150 1.140 25 42 59 58.2 69 93 43 1449
2001 8.316 5.624 11.008 6.599 4240 8.957 1.260 25 43 61 60.6 69 86 41 1300
2002 12.223 8.343 16.102 8.864 5886 11.843 1.379 23 39 63 61.6 70 74 51 1704
2003 19.637 13.819 25.455 15.769 10.902 20.635 1.245 23 39 62 59.1 70 81 36 2260
2004 11566 7.743 15.389 10.162  6.344 13.979 1.138 20 35 60 58.1 70 80 38 1880
2005 6.036 3.837 8.235 5.078 2425 7.731 1.189 24 44 60 59.1 70 82 26 1047
2006 11.723 4.862 18.585 11.085 4.693 17.477 1.058 23 35 57 56.7 70 77 41 1916
2007 15.151 10.623 19.679 11.760 8.466 15.054 1.288 25 44 62 60.5 70 82 51 1731
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Table 34. Abundance and biomass from NEFSC spring surveys for rosette skate for the Mid-Atlantic region (offshore strata 61-76).
The mean index, 95% confidence intervals, individual fish weight, minimum, mean, and maximum length, 5th, 50th, and 95th
percentiles of length, number of nonzero tows, and number of fish caught are presented for 1968-2008.

weight/tow number/tow length nonzero
mean lower upper mean  lower upper ind wt min 5% 50% mean 95% max tows no fish
1968 0.005 -0.002 0.012 0.014 0.000 0.029 0.356 33 33 33 344 35 36 3 3
1969 0.001 -0.001 0.002 0.003 -0.003 0.010 0.200 37 37 37 370 37 37 1 1
1970 0.000 0.000 0.000 0.000 0.000 0.000 - - - - - - - 0 0
1971 0.005 -0.005 0.014 0.010 -0.009 0.028 0.500 57 57 57 57.0 57 57 1 1
1972  0.000 0.000 0.001 0.003 -0.003 0.010 0.100 35 35 35 35.0 35 35 1 1
1973 0.006 -0.001 0.012 0.023 -0.006 0.052 0.240 38 38 38 38.6 41 42 4 5
1974 0.005 -0.005 0.015 0.025 -0.024 0.074 0.200 41 41 41 41.0 41 41 1 1
1975 0.001 -0.001  0.003 0.005 -0.005 0.014 0.200 38 38 38 385 39 39 1 2
1976  0.007 0.000 0.015 0.035 -0.003 0.073 0.208 31 31 36 36.9 44 45 4 6
1977 0102 0.019 0.186 0.552 0.107 0.998 0.185 20 26 32 33.6 37 42 11 70
1978 0.010 0.001  0.019 0.041 0.008 0.074 0.232 12 25 35 353 40 41 7 10
1979  0.007 0.005 0.009 0.040 0.031 0.048 0.171 13 13 34 316 40 41 4 10
1980 0.072 0.030 0.115 0.373 0.167 0.580 0.194 26 27 34 353 41 42 15 47
1981 0.013 0.001 0.025 0.057 0.006 0.109 0.231 19 28 37 36.3 41 42 6 17
1982 0.025 0.010 0.040 0.108 0.043 0.174 0.234 22 25 37 374 43 44 1 20
1983 0.002 -0.001 0.004 0.012 -0.006 0.029 0.147 29 29 34 342 35 36 2 5
1984 0.000 0.000 0.000 0.000 0.000 0.000 - - - - - - - 0 0
1985 0.005 -0.001 0.011 0.059 0.040 0.079 0.080 17 17 18 21.0 29 42 3 9
1986 0.002 -0.002 0.006 0.012 -0.008 0.031 0.182 32 32 35 353 35 36 2 2
1987 0.003 -0.002 0.009 0.017 -0.012 0.046 0.200 35 35 36 36.7 36 37 2 2
1988 0.020 -0.001 0.041 0.111  -0.002 0.223 0.180 26 26 35 3238 35 36 4 6
1989 0.010 -0.004 0.025 0.051 -0.036 0.137 0.200 28 28 34 346 40 41 2 15
1990 0.010 -0.004 0.024 0.049 -0.022 0.121 0.200 36 36 35 36.0 35 36 3 3
1991 0.036 0.014 0.058 0.143  0.057 0.228 0.253 19 33 37 372 40 42 7 19
1992  0.014 -0.001  0.029 0.063 0.012 0.113 0.223 24 24 37 36.0 40 41 5 5
1993 0.009 0.007 0.011 0.037 0.030 0.043 0.255 38 38 37 38.6 39 40 2 5
1994 0.005 0.001 0.009 0.021 0.006 0.035 0.243 36 36 38 38.7 40 41 4 4
1995 0.010 0.000 0.020 0.056 0.003 0.110 0.173 19 19 35 329 36 37 3 5
1996 0.014 -0.011  0.039 0.095 -0.013 0.203 0.149 9 9 35 29.3 42 43 5 19
1997 0.028 0.022 0.033 0.138 0.091 0.186 0.200 30 30 34 356 41 42 4 25
1998 0.038 0.007 0.068 0.132 0.041 0.223 0.287 32 33 38 38.0 41 42 11 15
1999 0.043 0.003 0.083 0.206 0.012 0.399 0.211 15 29 37 36.7 42 43 9 16
2000 0.026 0.009 0.043 0.106  0.040 0.171 0.247 30 32 37 38.0 41 42 7 15
2001 0.010 -0.005 0.025 0.041 -0.012 0.095 0.244 21 21 40 38.2 40 41 4 4
2002 0.019 -0.007 0.045 0.076 -0.029 0.180 0.252 12 12 38 34.1 39 40 3 5
2003 0.028 -0.002 0.057 0.115 0.003 0.226 0.241 9 24 38 37.0 39 41 5 17
2004 0.023 -0.009 0.055 0.084 -0.025 0.193 0.276 30 32 39 39.2 40 41 3 7
2005 0.050 -0.029 0.128 0.216 -0.131 0.564 0.229 13 31 37 36.7 40 41 5 21
2006 0.012 0.007 0.016 0.051 0.020 0.081 0.230 25 25 39 355 40 41 5 8
2007 0.006 0.001  0.010 0.033 0.008 0.058 0.167 18 18 31 323 39 40 8 11
2008 0.024 -0.008 0.057 0.172 -0.044 0.388 0.142 7 7 27 29.9 38 41 4 24
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Table 35. Abundance and biomass from NEFSC autumn surveys for rosette skate for the Mid-Atlantic region (offshore strata 61-76). The mean
index, 95% confidence intervals, individual fish weight, minimum, mean, and maximum length, 5th, 50th, and 95th percentiles of
length, number of nonzero tows, and number of fish caught are presented for 1967-2007.

weight/tow number/tow length nonzero
mean  lower upper mean  lower upper ind wt min 5% 50% mean 95% max tows no fish
1967 0.019 0.002 0.037 0.117 0.010 0.224 0.166 10 18 34 343 39 42 7 17
1968  0.003 -0.001 0.008 0.023 -0.019  0.065 0.135 28 28 28 289 37 38 2 2
1969 0.002 -0.002 0.006 0.010 -0.009 0.028 0.200 38 38 38 38.0 38 38 1 1
1970  0.009 -0.006  0.024 0.033 -0.025 0.090 0.276 39 39 39 395 39 40 2 3
1971 0.001 -0.001 0.004 0.006 -0.005 0.016 0.250 40 40 40 405 40 41 1 2
1972  0.016  0.001 0.032 0.058  0.021 0.094 0.285 12 12 34 342 40 41 7 8
1973 0.012 -0.008 0.032 0.0563 -0.016  0.122 0.224 16 16 28 29.0 40 41 3 5
1974 0.012 -0.002 0.026 0.079 -0.014  0.171 0.156 23 23 34 338 40 41 4 11
1975  0.004 -0.001 0.009 0.034 -0.001 0.070 0.122 25 25 34 336 38 39 4 8
1976  0.024 0.003 0.045 0.149 0.016  0.281 0.163 28 28 33 337 37 40 7 21
1977  0.020 -0.002  0.043 0.087 -0.011 0.185 0.231 31 31 33 352 40 41 5 8
1978  0.007 -0.007  0.022 0.015 -0.014  0.043 0.500 39 39 39 39.0 39 39 1 1
1979  0.010 -0.004 0.025 0.043 -0.016  0.101 0.242 22 22 35 36.1 39 40 3 6
1980 0.090 0.042 0.138 0.312 0.120 0.505 0.287 14 25 38 36.6 41 42 10 24
1981  0.079 0.011 0.148 0.296 0.052 0.539 0.268 27 28 37 375 41 43 10 45
1982 0.006 -0.006 0.018 0.020 -0.019  0.059 0.300 39 39 39 39.0 39 39 1 1
1983  0.001 -0.001 0.003 0.010 -0.010  0.030 0.100 12 12 12 20.7 36 37 1 3
1984 0.029 0.005 0.053 0.128 0.033 0.223 0.229 13 26 36 356 39 40 7 16
1985 0.005 0.004 0.007 0.036 0.019 0.054 0.146 14 14 25 28.0 35 36 5 6
1986  0.003  0.001 0.004 0.009 0.005 0.013 0.300 37 37 37 382 39 40 3 3
1987 0.028 0.006 0.050 0.112 0.040 0.183 0.253 11 15 38 327 41 42 7 10
1988 0.021 0.000 0.043 0.093 -0.002 0.188 0.228 30 30 32 350 41 42 5 8
1989 0.018 -0.005 0.041 0.046 -0.012 0.105 0.378 33 33 33 335 36 37 3 4
1990 0.023 -0.004  0.049 0.099  0.001 0.198 0.228 32 32 37 377 41 42 5 10
1991  0.005 -0.004 0.014 0.021 -0.009  0.051 0.237 15 15 34 314 34 35 3 3
1992 0.035 0.006 0.064 0.170 0.033 0.308 0.203 25 25 35 353 41 42 9 1"
1993 0.021 0.005 0.037 0.102 0.033 0.170 0.211 25 25 37 351 40 41 4 8
1994  0.073 0.000 0.146 0.301 0.006 0.597 0.242 27 27 37 36.8 42 43 6 21
1995 0.039 -0.005 0.084 0.174 -0.009 0.358 0.227 19 24 35 351 38 39 7 13
1996  0.043 -0.014  0.100 0.273 -0.127 0.674 0.158 7 19 32 316 38 42 7 21
1997 0.013 0.000 0.026 0.074 -0.014 0.162 0.176 31 31 33 34.0 42 43 4 6
1998 0.050 -0.008 0.108 0.208 -0.042 0.458 0.241 33 33 37 3841 40 41 7 22
1999 0.067 0.038 0.096 0.380 0.182 0.578 0.177 12 18 34 326 41 42 8 46
2000 0.033 -0.006 0.073 0.134 -0.015 0.283 0.248 26 30 35 36.5 39 40 7 10
2001 0.121 -0.007  0.249 0.472 -0.016  0.961 0.257 11 34 39 386 43 44 10 28
2002 0.052 0.009 0.095 0.347 0.045 0.648 0.150 8 8 30 28.0 40 42 11 29
2003 0.033 0.016  0.051 0.136  0.071 0.200 0.247 33 33 36 374 39 41 7 18
2004 0.048 0.003 0.092 0.231  0.030 0.432 0.206 19 29 35 355 37 40 8 29
2005 0.065 0.001 0.129 0.286 -0.004 0.575 0.227 30 30 35 364 39 40 7 24
2006 0.058 0.015 0.101 0.211  0.062  0.361 0.275 35 35 38 39.6 42 43 10 23
2007 0.070 0.002  0.137 0.268 0.037  0.499 0.260 24 24 38 374 40 41 7 17
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Table 36. Abundance and biomass from NEFSC winter surveys for rosette skate for the Georges Bank to Mid-Atlantic region
(offshore strata 1-3,5-7,9-11,13-14,16,61-63,65-67,69-71,73-75). The mean index, 95% confidence intervals, individual fish weight,
minimum, mean and maximum length, 5th, 50th, and 95th percentiles of length, number of nonzero tows, and number of fish caught
are presented for 1992-2007. Stratum 16 not sampled in 1993, 2000, 2002-2007. Strata 13 and 14 not sampled in 2003 and 2007.
Stratum 63 not sampled in 1993. Stratum 14 not sampled in 2005 and 2007.

weight/tow number/tow length nonzero
mean Iowc;r upper mean lower upper ind wt min 5% 50% me;m 95% max tows no fish
1992 0.264 0.138 0.390 1.125 0.619 1.632 0.235 16 27 36 36.4 41 45 15 230
1993 0.149 0.048 0.251 0.663 0.197 1.130 0.225 26 29 36 36.7 39 41 9 143
1994 0.199 0.148 0.249 0.761 0.608 0.914 0.261 16 28 37 36.8 40 44 15 162
1995 0.195 0.066 0.323 0.774 0.273 1.275 0.252 19 32 37 37.9 41 42 23 197
1996 0.324 0.121 0.526 1.410 0.443  2.376 0.230 19 28 36 36.3 40 46 23 899
1997 0.258 -0.051 0.567 1.079 -0.194 2.353 0.239 13 30 36 36.9 40 44 21 238
1998 0.160 0.102 0.219 0.664 0.421 0.907 0.241 15 30 36 36.5 40 45 21 350
1999 0.271 0.043 0.500 1.151 0.082 2.220 0.236 24 27 37 36.6 41 44 25 228
2000 0.344 0.198 0.491 1.357 0.725 1.989 0.254 8 28 37 37.5 43 47 34 740
2001 0.437 0.185 0.690 1.718 0.797  2.640 0.254 9 24 38 37.6 41 46 36 790
2002 0.723 0.140 1.307 2.655 0.603 4.708 0.272 8 29 38 38.3 42 47 34 913
2003 0.670 0.195 1.144 2.774 0.802 4.745 0.242 8 26 37 36.9 41 47 28 1029
2004 0.300 0.171 0.429 1.192 0.653 1.730 0.252 16 31 37 37.8 41 46 29 784
2005 0.189 0.090 0.289 0.716 0.357 1.076 0.264 12 30 38 38.2 43 45 19 281
2006 0.437 0.209 0.665 1.738 0.821 2.654 0.251 8 31 37 37.7 42 45 28 513
2007 0.634 0.262 1.006 2.446 1.110 3.781 0.259 9 33 38 38.2 41 44 28 750

Table 37. Estimates of size at 50% maturity, length-weight parameters (Wigley et al 2003) and Von Bertalanffy Parameter estimates
used to estimate SSB and to calculate Hoenig (1987) mortality estimates. Smooth skate data in parentheses are female values.
Clearnose data in parentheses are in disk width.

Species (Study) L50 In(a) b Linf K t0 (LO)

Winter (Frisk 2004) 76 -13.1531 3.3199 122.1 0.07 -2.06
Little (Frisk 2004) 44  -12.4462 3.128 56.1 0.19 -1.17
Barndoor (Gedamke 2005) 116 -13.3224 3.2919 166.3 0.14 -1.2912
Thorny (Sulikowski 2005, 2006) 88 -12.088 3.1197 124.0 0.12 -0.35
Smooth (Sosebee 2005; Natanson et al 2007) 50 -13.0139 3.1812 75.4(69.6) 0.12 11 cm (10cm)
Clearnose(Gelsleichter 1998; Sosebee 2005) 66 -13.8683 3.4235 94.3(61.8) 0.17 -0.88
Rosette (Sosebee 2005) 34 -125504 3.0718
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Table 38. Estimates of spawning stock biomass indices from NEFSC surveys using
sizes at 50% maturity as knife-edge cutpoints.

Winter Little Barndoor = Thorny Smooth  Clearnose Rosette

1963 0.796 3.934 0.202

1964 0.227 2.799 0.091

1965 0.135 2.848 0.297

1966 0.000 4.673 0.218

1967 0.553 0.063 1.411 0.126 0.022
1968 0.338 0.073 2.857 0.229 0.001
1969 0.183 0.000 3.668 0.190 0.002
1970 0.534 0.060 5.155 0.152 0.009
1971 0.151 0.047 3.921 0.134 0.002
1972 0.464 0.077 2.593 0.244 0.010
1973 0.892 0.000 2.987 0.189 0.001
1974 0.377 0.000 1.368 0.080 0.013
1975 0.327 0.000 1.344 0.039 0.003 0.005
1976 1.117 0.000 0.943 0.015 0.019 0.020
1977 1.863 0.000 1.450 0.201 0.076 0.015
1978 3.008 0.000 1.514 0.288 0.007 0.004
1979 3.400 0.000 1.569 0.112 0.073 0.009
1980 3.663 0.000 1.972 0.217 0.166 0.070
1981 3.513 0.000 1.312 0.079 0.016 0.070
1982 4203 2.744 0.000 0.261 0.035 0.038 0.005
1983 7.598 4.058 0.000 1.065 0.073 0.006 0.001
1984 7.253 2.655 0.000 1.480 0.095 0.041 0.024
1985 8.514 4.184 0.000 1.077 0.169 0.069 0.003
1986 12.279  1.599 0.000 0.653 0.152 0.030 0.002
1987 7.768 2.168 0.000 0.209 0.062 0.085 0.021
1988 5594 2.936 0.000 0.521 0.207 0.072 0.011
1989 3.753 2.832 0.000 0.709 0.073 0.028 0.002
1990 6.129 2.983 0.000 0.790 0.122 0.072 0.023
1991 3499 2.854 0.000 0.734 0.116 0.341 0.003
1992 2.083 2.384 0.000 0.292 0.079 0.080 0.033
1993 1.012 3.875 0.134 0.700 0.146 0.110 0.018
1994 0.841 1.742 0.000 0.434 0.072 0.184 0.063
1995 0.536 1.706 0.000 0.189 0.081 0.097 0.033
1996 0.793  4.551 0.000 0.318 0.128 0.083 0.029
1997 0.664 1.601 0.052 0.333 0.167 0.269 0.009
1998 1.576  3.634 0.062 0.319 0.016 0.234 0.051
1999 1.331 5.078 0.118 0.145 0.062 0.442 0.055
2000 1.753 4.424 0.048 0.420 0.102 0.371 0.028
2001 1.397 4.783 0.250 0.066 0.226 0.376 0.129
2002 3.154 4.858 0.366 0.196 0.094 0.261 0.034
2003 1912  4.401 0.161 0.233 0.106 0.353 0.032
2004 2222 4.340 0.773 0.365 0.146 0.259 0.043
2005 1.005 2455 0.285 0.047 0.082 0.253 0.057
2006 0.638 2472 0.477 0.482 0.180 0.042 0.060
2007 1.033 3.555 0.353 0.207 0.071 0.228 0.065
2008 5.048
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Table 39. Current (i.e., not updated) estimates of biomass-based reference points for skates.
The estimates for barndoor are an average of 1963-1966 biomass estimates.

Busy BrhresHoLD
Winter 6.46 3.43
Little 6.54 3.27
Barndoor 1.62 0.81
Thorny 4.41 2.2
Smooth 0.31 0.16
Clearnose 0.56 0.28
Rosette 0.029 0.015
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Table 40. Three-year moving average of the chosen time series from 1965-2008.

Winter Little Barndoor Thorny  Smooth Clearnose Rosette
1965 1.89 4.75 0.43
1966 1.28 5.62 0.37
1967 1.02 5.05 0.32
1968 0.51 5.03 0.29
1969 1.78 0.26 4.28 0.28 0.008
1970 2.06 0.13 5.83 0.30 0.005
1971 1.80 0.10 6.14 0.23 0.004
1972 2.34 0.11 5.61 0.24 0.009
1973 2.91 0.09 4.68 0.27 0.010
1974 3.25 0.03 3.91 0.26 0.014
1975 2.70 0.01 3.36 0.17 0.009
1976 2.02 0.02 2.41 0.08 0.014
1977 2.69 0.02 2.47 0.16 0.44 0.016
1978 3.91 0.02 3.08 0.29 0.41 0.017
1979 4.74 0.00 3.71 0.34 0.45 0.013
1980 5.45 0.00 417 0.33 0.42 0.036
1981 5.67 0.00 3.85 0.21 0.43 0.060
1982 6.74 0.00 2.86 0.17 0.36 0.058
1983 8.94 0.00 2.13 0.10 0.18 0.029
1984 11.49 4.48 0.00 1.98 0.13 0.18 0.012
1985 11.79 5.36 0.00 2.72 0.19 0.21 0.012
1986 12.77 4.37 0.01 2.46 0.21 0.34 0.012
1987 12.02 4.55 0.02 1.82 0.17 0.39 0.012
1988 11.48 415 0.02 1.35 0.20 0.40 0.017
1989 7.90 5.45 0.01 1.44 0.17 0.31 0.022
1990 6.60 5.57 0.01 1.69 0.20 0.34 0.020
1991 5.65 5.87 0.02 1.74 0.16 0.53 0.015
1992 5.15 5.43 0.02 1.43 0.16 0.56 0.021
1993 3.40 6.27 0.06 1.42 0.17 0.59 0.020
1994 2.54 5.48 0.06 1.38 0.15 0.59 0.043
1995 2.00 4.67 0.10 1.32 0.17 0.59 0.045
1996 2.13 4.69 0.06 1.04 0.15 0.57 0.052
1997 2.24 4.38 0.09 0.82 0.20 0.46 0.032
1998 2.83 5.92 0.08 0.77 0.15 0.72 0.035
1999 3.77 6.72 0.16 0.66 0.11 0.93 0.043
2000 4.41 8.68 0.23 0.65 0.08 1.07 0.050
2001 4.45 8.47 0.38 0.55 0.17 1.23 0.074
2002 4.62 7.29 0.54 0.53 0.18 1.18 0.069
2003 4.29 6.59 0.62 0.50 0.20 1.06 0.069
2004 4.34 6.72 0.88 0.63 0.17 0.75 0.044
2005 3.34 5.65 0.96 0.56 0.18 0.63 0.049
2006 3.04 4.59 1.17 0.55 0.19 0.59 0.057
2007 2.93 3.67 1.00 0.42 0.14 0.64 0.064
2008 5.04
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Table 41. Fishing mortality overfishing definition for skates based on the average
coefficient of variation in the survey. The percentages are percent change

from one three-year moving average to the next. The shaded cells indicate
overfishing is ocurring.

Winter Little Barndoor Thorny = Smooth Clearnose Rosette

-20% -20% -30% -20% -30% -30% -60%

1992 -8.8 -7.6 -3.8 -17.6 -04 4.5 37.7
1993 15.6 180.7 -1.1 6.7 5.6 -2.0
1994 -12.6 2.0 -2.9 -13.0 0.9 110.9
1995 -14.8 61.3 -4.3 13.8 -0.8 3.8
1996 6.2 04 -9.8 -3.6 16.4
1997 5.3 -6.5 37.3 28.6 -19.1 -38.4
1998 26.3 35.0 -8.6 -5.5 -26.9 57.5 11.1
1999 33.2 13.5 109.2 -14.5 -24.2 28.8 225
2000 17.0 29.2 371 -0.9 -23.6 15.0 15.3
2001 1.0 2.4 66.0 -16.1 102.3 15.4 47 1
2002 3.8 -13.9 42.5 -2.6 8.1 -4.4 -6.9
2003 -7.2 -9.6 16.5 -5.6 6.5 -10.5 0.2
2004 1.1 1.9 40.7 25.0 -12.4 -28.6 -35.4
2005 Rl 150 9.8 112 3.7 -16.2 9.7
2006 -9.0 -18.7 21.3 -1.0 3.9 -6.8 16.8

2007 s -« o 8.1 12.7
37.2

2008

Table 42. Estimates of biomass-based reference points for skates updated through 2007/2008.

BMSY BTHRESHOLD
Winter 5.60 2.80
Little 7.03 3.51
Barndoor 0.44 0.22
Thorny 4.12 2.06
Smooth 0.29 0.14
Clearnose 0.77 0.38
Rosette 0.048 0.024

Table 43. Recommendation for new biomass-based reference points for skates updated through
2007/2008. The estimates for barndoor are an average of 1963-1966 biomass estimates.

BMSY BTHRESHOLD
Winter 5.60 2.80
Little 7.03 3.51
Barndoor 1.62 0.81
Thorny 412 2.06
Smooth 0.29 0.14
Clearnose 0.77 0.38
Rosette 0.048 0.024
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Figure 1. Total reported landings of skates in NAFO subareas 5 and 6.
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Figure 2. Estimates of discards hind-cast using three different methods.

Skate Complex; Figures

66



140
130
120 A
110 +
100 +
90 -
80 -
70
60 -
50
40 4
30 1
20 1

Discards (000s mt)

10 A

1960 1970 1980 1990 2000 2010

Year
Figure 3. Total discards of skates in NAFO subareas 5 and 6. The closed circles
represent the new estimates which include all sources. The circles from
1964-1988 are hind-cast using the first three years. The open circles are the SARC44 estimates
which did not impute missing information and/or
it

140

130 —e— New Estimates
120 A --0--- Hind-Cast Estimates

110 - %o
w4 % o
90 - "'g 000
80 - : O

70 - ,.
60 - O OO
50 o
40 -
30
20 -
10 4

Discards (000s mt)

1960 1970 1980 1990 2000 2010

Year

Figure 4 Estimates of discards comparing hind-cast estimates (first three years) for the entire
time series.
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Figure 6. Pooling scheme used to derive length compositions for the landed component of the
skate catch

Skate Complex; Figures 69



All Skates
Landings Length Frequencies

800
600
400
200

0
600
400
200

0

800
600
400
200

0 20 40 60 80 100 120 140

LENGTH (cm)

NUMBER Of FISH LANDED (000s)
NUMBER Of FISH LANDED (000s)

0 20 40 60 80 100 120 140

LENGTH (cm)
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Figure 12. Comparison of landings for winter and little skate using two different methods.
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Figure 13. Comparison of landings for barndoor and thorny skate using two different methods.
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Figure 14. Comparison of landings for smooth, clearnose, and rosette skate using two different methods.
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Figure 15. Pooling scheme used to derive the length composition of the discarded component of the
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Figure 17. Species composition of skates from the spring survey. The top panel is all skates, the middle
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Figure 18. Landings and survey indices of skates from the Gulf of Maine (top panel) and Georges Bank
(bottom panel).
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Figure 19. Landings and survey indices of skates from Southern New England (top panel) and the Mid-
Atlantic (bottom panel).
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Figure 20. Abundance and biomass of winter skate from the NESFC spring (circles) and autumn
(squares) bottom trawl surveys from 1967-2008 in the Gulf of Maine to
Mid-Atlantic offshore region.
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Figure 21. Abundance and biomass of winter skate from the NESFC scallop dredge surveys from 1985-
2008. The circles represent the original stratified mean, the squares represent the mean combining strata
for bootstrapping, and the triangles represent the bootstrapped mean.
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Winter Skate - Massachusetts Trawl Survey
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Figure 22. Abundance and biomass of winter skate from the Massachusetts spring and autumn finfish
bottom trawl survey in state waters (strata 11-36).
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Winter Skate - CTDEP Finfish Survey
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Figure 23. Abundance and biomass of winter skate from the CTDEP spring and autumn
finfish bottom trawl survey in Connecticut state waters, 1984-2008.
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Figure 24. Abundance and biomass of little skate from the NESFC spring (circles) and
autumn (squares) bottom trawl surveys from 1975-2008 in the Gulf of Maine to Mid-Atlantic offshore
and inshore regions.
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Figure 25. Abundance and biomass of little skate from the NESFC scallop dredge surveys from 1985-
2008. The circles represent the original stratified mean, the squares represent the mean combining strata
for bootstrapping, and the triangles represent the bootstrapped mean.
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Little Skate - Massachusetts Trawl Survey
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Figure 26. Abundance and biomass of little skate from the Massachusetts spring and autumn finfish
bottom trawl survey in state waters (Strata 11-36).
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Little Skate - CTDEP Finfish Survey
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Figure 27. Abundance and biomass of little skate from the CTDEP spring and autumn
finfish bottom trawl survey in Connecticut state waters, 1984-2008.
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Barndoor Skate
GOM-SNE Offshore Only
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Figure 28. Abundance and biomass of barndoor skate from the NESFC spring (circles) and autumn
(squares) bottom trawl surveys from 1963-2008 in the Gulf of Maine-Southern New England offshore

region.
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Barndoor Skate
Scallop Survey
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Figure 29. Abundance and biomass of barndoor skate from the NESFC scallop dredge surveys from
1992-2008. The circles represent the original stratified mean, the squares represent the mean combining
strata for bootstrapping, and the triangles represent the bootstrapped mean.
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Thorny Skate
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Figure 30. Abundance and biomass of thorny skate from the NESFC spring (circles) and
autumn (squares) bottom trawl surveys from 1963-2008 in the Gulf of Maine to Southern New England
offshore region.
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Thorny Skate
Scallop Survey
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Figure 31. Abundance and biomass of thorny skate from the NESFC scallop dredge surveys from 1985-
2008. The circles represent the original stratified mean, the squares represent the mean combining strata
for bootstrapping, and the triangles represent the bootstrapped mean.
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Thorny Skate - Massachusetts Trawl Survey
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Figure 32. Abundance and biomass of thorny skate from the Massachusetts spring and autumn finfish
bottom trawl survey in state waters (Strata 25-36).
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Smooth Skate
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Figure 33. Abundance and biomass of smooth skate from the NESFC spring (circles) and autumn
(squares) bottom trawl surveys from 1963-2008 in the Gulf of Maine to Southern New England offshore
region.

Skate Complex; Figures 97



Smooth Skate
Scallop Survey
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Figure 34. Abundance and biomass of smooth skate from the NESFC scallop dredge surveys from
1985-2008. The circles represent the original stratified mean, the squares represent the mean combining
strata for bootstrapping, and the triangles represent the bootstrapped mean.
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Clearnose Skate
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Figure 35. Abundance and biomass of clearnose skate from the NESFC spring (circles) and autumn
(squares) bottom trawl surveys from 1975-2008 in the Mid-Atlantic offshore and inshore regions.
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Clearnose Skate - CTDEP Finfish Survey
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Figure 36. Abundance and biomass of clearnose skate from the CTDEP spring and autumn finfish
bottom trawl survey in Connecticut state waters 1984-2008.
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Rosette Skate
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Figure 37. Abundance and biomass of rosette skate from the NESFC spring (circles) and
autumn (squares) bottom trawl surveys from 1967-2008 in the Mid-Atlantic offshore region.
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Table 1. Discard estimates by stratum for the longline fishery.

mean mean within average -
within combined region (ie average 1993-
areaf sne-ma) across year 2004

mt total
YEAR QTR areaf kept discards dkratio kept discards
1991 1 GBK 15961.0 12350.0 0.7738 970.0 750.53
1991 2 GBK 485.1 159.90
1991 3 GBK 4423 145.79
1991 4 GBK  27562.0 4796.0 0.1740 393.9 68.55
1991 1 GOM 359.8 118.61
1991 2 GOM 122.1 40.24
1991 3 GOM 131.6 43.38
1991 4 GOM 10806.0 4440 0.0411 1417 5.82
1991 1 MA 164.1 54.08
1991 2 MA 58.6 19.32
1991 3 MA 26.5 8.72
1991 4 MA 124.5 41.02
1991 1 SNE 84.9 27.99
1991 2 SNE 32.2 10.60
1991 3 SNE 15.5 5.10
1991 4 SNE 28.1 9.25
1992 1 GBK 30379.5 27527.0 0.9061 1116.6 1011.79
1992 2 GBK 1922.0 426.0 0.2216 632.5 140.19
1992 3 GBK 460.6 142.54
1992 4 GBK 4994 154.55
1992 1 GOM 33786.8 3722.0 0.1102 800.8 88.22
1992 2 GOM [116579.3 79188 0.3095 939  29.05
1992 3 GOM 176.6 54.66
1992 4 GOM 386.0 119.45
1992 1 MA 226.1 69.98
1992 2 MA 0.0 0.0000 64.9 0.00
1992 3 MA 111.6 34.55
1992 4 MA 124.0 38.38
1992 1 SNE 330.0 102.11
1992 2 SNE 200.3 62.00
1992 3 SNE 151.1 46.76
1992 4 SNE 403.4 124.83
1993 1 GBK 12201 82.89
1993 2 GBK 579.3 39.36
1993 3 GBK 587.7 39.93
1993 4 GBK 606.0 41.17
1993 1 GOM 296.0 26.0 0.0878 380.0 33.38
1993 2 GOM 193.9 13.17
1993 3 GOM 247.8 16.84
1993 4 GOM 404.4 27.47
1993 1 MA 4205.0 0.0 0.0000 138.0 0.00
1993 2 MA 200N 96.8 6.57
1993 3 MA 578.0 0.0 0.0000 45.3 0.00
1993 4 MA 116.7 7.93
1993 1 SNE 569.6 38.70
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Table 1. cont.

1993
1993
1993
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996

N

N-2DPDBON_LPEPON_PAON_L2RERAON_,2RERARON_APRPON_,APRPON_,APRPON_,APAPON_2APARARON_L2APRPOON_22PMM®

SNE
SNE
SNE 329957 3945 0.0679

0.0000

GBK 481.0 0.0
GBK
GBK
GBK
GOM
GOM
GOM

GOM 329957 3945  0.0679
MA

0.0000

64.4 0.0
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
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434.8
146.9
239.3
989.6
568.2
5121
676.0
268.2
365.9
649.2
314.0
101.9
50.3
3.0
1.5
382.1
104.5
69.4
160.6
948.1
691.6
436.9
811.2
221.9
297.2
463.0
529.8
135.2
64.3
43.5
46.3
186.3
15.5
30.3
223.0
649.6
576.0
380.5
841.8
325.5
263.6
171.4
394.5
120.9
79.5
76.5
109.2
319.5
74.9

20.54
9.98
16.26
0.00
38.60
34.79
45.92
18.22
24.86
4410
21.33
0.00
3.42
0.20
0.11
25.96
7.10
4.71
10.91
64.41
46.98
29.68
55.11
15.08
20.19
31.45
35.99
0.00
4.37
2.96
3.14
12.66
1.05
2.06
15.15
44.13
39.13
25.85
57.19
2211
17.91
11.64
26.80
8.21
5.40
5.20
7.42
21.70
5.09



Table 1 cont.

1996
1996
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
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SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE

115.0 10.0 0.0870

107

86.0
221.9
416.1
662.5
306.6
645.3
342.2
336.1
292.0
563.6

86.7
113.0

98.4
134.7
463.8
185.6
119.8
370.9
661.8
276.2
358.4

1137.5
2542
271.8
205.0
384.4
173.2

62.7

43.3
255.6
322.8
133.3

94.1
127.8
805.6
589.2
482.1

1145.9

84.0
1771

64.3
112.8
103.8

57.4

37.4
112.4
109.1

70.4

42.0

5.84
15.08
28.27
45.01
20.83
43.84
23.25
22.83
19.84
38.29

5.89

7.68

6.68

9.15
31.51
12.61

8.14
25.20
44.96
18.77
24.35
77.27
17.27
18.46
13.93
26.12
11.77

4.26

3.77
17.36
21.93

9.06

6.39

8.69
54.73
40.02
32.75
77.85

5.71
12.03

4.37

7.66

7.05
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Table 1 cont.

1999
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
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2001
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MA
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MA
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SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE

683.0
6362.0

937.0

145.0
208.0

427.0

0.2123
0.0327

0.4557

108

54.1
474.0
309.0

1545.6
200.5

64.0

65.6

98.6

80.5
108.4

36.7

43.3
168.6

79.3

60.6

65.6

54.5
446.2
739.7
438.0
805.7

34.8

53.5

21.9

87.4
177.3
124.3
109.9
304.8
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32.6

47.2

91.9
619.8
451.4
113.1
527.0
105.1
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36.7

63.6
204.3

78.7

70.4
163.9

53.2

45.7

69.3
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3.67
32.20
20.99

105.00
13.62

4.35

4.46

6.70

5.47

7.36

2.49

2.94
11.45

5.38

412

4.46

3.71
30.31
50.25
29.76
54.73

2.36

3.64

1.48

5.94
12.04

8.45

7.47
20.71

8.42

2.22

3.21

6.24
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Table 1 cont.

2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
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2004
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2005
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SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK

4138.0

6300.0
9886.9

684.0

18336.1
5331371
6638.8

1144.0

14802.0
25875.8
103532.8
52318.8
625960.6
36869.1
4250.0
5209.4
12918.0

11009.0
37561.0

13904.0
5382.3

Skate Complex; Appendix 1

643.0

0.0
567.0

9.0

638.0
4358.3
70.0

0.0
2416.0
29924.0
5492.0
21498.1
1932.0
101.0
62.0
11.5

0.0
0.0

0.0
2678.0

0.1554

0.0000
0.0573

0.0132

0.0348
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747 .4
170.8
17.7
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145.2
215.0
137.4
41.2
26.5
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4.5
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4.49
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2006
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SNE
SNE
SNE

15863.0
725.0
122382.7
29380.8
11947.3
591.0
5870.0
26623.8
25933.5
25392.0
27314.0
36898.8
23469.9
28359.0
5152.0
19980.8
13550.6
704.0
162247.8
15599.3
1315.8
679.2
15414.0

21468.9
2793.0

16828.0

Skate Complex; Appendix 1

3717.0
0.0
6628.4
1181.6
469.9
0.0
228.0
1.5

3.0
48.0
0.0
281.0
96.0
0.0

7.0
7508.0
618.0
57.0
82771
1455.8
45.0
61.8

0.0
0.0

0.0

0.2343
0.0000
0.0542
0.0402
0.0264
0.0000
0.0388
0.0001
0.0001
0.0015
0.0000
0.0076
0.0030
0.0000
0.0014
0.3758
0.0456
0.0810
0.0510
0.0933
0.0342
0.0910

0.0000
0.0000

0.0000

110

77.5
20.6
282.3
251.9
11.4
9.3
49.7
190.4
120.0
161.2
354.7
206.0
63.5
74.9
171.9
40.3
85.2
94.2
302.4
292.0
3.7
37.8
88.5
148.8
111.8
192.4
480.6
188.6
77.3
38.3
85.9

18.16
0.00
15.29
10.13
0.30
0.00
1.93
0.01
0.01
0.24
0.00
1.57
0.19
0.00
0.23
15.15
3.89
7.62
15.43
27.25
0.13
3.44
0.45
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



Table 2. Discard estimates by stratum for the otter trawl fishery.

YEAR
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1990
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991
1991

average within

areaf

QTR areaf
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE

—_

N-=2DPPWON_PEAPON_2,PEAON_APARAON_APARAON_,APARAON_,APAPON_,APRAPON_,APARAPON_,APRAPON_2PPODN

ksums
117519.0
210790.2
454241.8
252775.0
48544.0
27026.8
50683.0
42992.8
203087.8
52984.0
11208.1
109527.0
80602.4
64276.6
20408.4
157064.6
169125.7
200458.5
140104.7
198538.0
1822.0
23842.0
27414.7
75133.5
262107.9
18160.1
11400.1
107716.6
95622.5
234679.7
24171.4
77514.8
286394.1
81042.4
265911.0
321971.0
29317.0
44616.2
31819.0
300163.0
638472.8
19918.0
7639.0
1221565.0
144929.0
104618.7

Skate Complex; Appendix 1

dsums
94262.0
57319.0
129818.0
97525.0
16810.0
4486.0
6507.0
8354.0
43259.0
1248.0
5721.0
15869.0
136040.0
19099.0
23176.0
89395.0
175388.0
67116.0
17486.0
55702.0
448.0
3089.0
765.0
21051.0
37787.0
1863.0
4375.0
45878.0
246951.0
18902.0
3174.0
141495.0
98774.0
32320.0
19991.0
166273.0
3598.0
1855.0
2640.0
25951.0
6016.0
8849.0
12186.0
255263.0
102308.0
47207.0

dkratio
0.8021
0.2719
0.2858
0.3858
0.3463
0.1660
0.1284
0.1943
0.2130
0.0236
0.5104
0.1449
1.6878
0.2971
1.1356
0.5692
1.0370
0.3348
0.1248
0.2806
0.2459
0.1296
0.0279
0.2802
0.1442
0.1026
0.3838
0.4259
2.5826
0.0805
0.1313
1.8254
0.3449
0.3988
0.0752
0.5164
0.1227
0.0416
0.0830
0.0865
0.0094
0.4443
1.5952
0.2090
0.7059
0.4512

111

cf_totalmt
15772.5
10299.5
8532.2
11330.0
6779.9
4201.0
3824.7
7340.8
19939.2
4127.6
6179.5
12396.1
7660.9
6365.3
2033.9
7514.9
16371.4
12978.9
11239.0
16617.9
5568.7
6045.3
7291.1
12997.3
16534.5
4986.0
7225.0
15494.3
9198.6
4201.0
25457
8822.3
16731.6
12068.2
9653.7
12115.9
6247.8
6581.6
7495.0
12435.0
26490.5
5490.1
8983.1
15782.6
9132.3
4703.6

disc
12651.1
2800.7
2438.4
4371.3
2347.8
697.3
491.0
1426.4
4247.2
97.2
3154.2
1796.0
12930.0
1891.4
2309.8
4277.2
16977.6
43455
1402.7
4662.3
1369.3
783.2
203.5
3641.6
2383.7
511.5
2772.7
6599.2
23755.8
338.4
334.3
16104.1
5770.5
4812.8
725.8
6256.9
766.8
273.6
621.9
1075.1
249.6
24391
14330.0
3298.0
6446.7
21224



Table 2 cont.

1991
1991
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994

Skate Complex; Appendix 1

WN 2D ON_2PERAPON_2PEAPON_22PERAON_2PRPON_2APERPON_2APRPON_L2APARAPON_2APRPON_2APERAPON_2APAPON_APMA®

SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE

76042.7
269344.8
2117155
127642.0
109207.0
224868.0
219231.0

51966.3

42787.0
107219.0
432338.9

3688.0
4008.1
264680.4
260659.6

25181.0
157759.0
114864.2
134660.8
127030.0
160014.0

79910.0

36155.0

53969.0

18086.0

69066.0
292580.3

871.0
4335.0

65343.2
128829.0

22059.2

43748.0
280056.4
436769.0

72759.5

46292.5

35845.9

24887.0

3141.0

14080.0

21317.4
381053.6

6763.5

23752.0
138197.2
294069.2

1871.0
2871.0

27575.0
69244.0
100398.0
12823.0
3158.0
38302.0
22429.0
728.0
1023.0
5166.0
47195.0
75.0
850.0
161108.0
6965.0
9938.0
36466.0
67854.0
15600.0
32601.0
3233.0
59777.0
5288.0
2862.0
446.0
5482.0
7047.0
39.0
205.0
29027.0
7757.0
14224.0
37881.0
72207.0
88920.0
33874.0
11055.0
31958.0
738.0
220.0
1000.0
554.0
37798.0
36765.0
1130.0
18468.6
1267.0
4222.0
204.0

0.3626
0.2571
0.4742
0.1005
0.0289
0.1703
0.1023
0.0140
0.0239
0.0482
0.1092
0.0203
0.2121
0.6087
0.0267
0.3947
0.2312
0.5907
0.1158
0.2566
0.0202
0.7481
0.1463
0.0530
0.0247
0.0794
0.0241
0.0448
0.0473
0.4442
0.0602
0.6448
0.8659
0.2578
0.2036
0.4656
0.2388
0.8915
0.0297
0.0700
0.0710
0.0260
0.0992
5.4358
0.0476
0.1336
0.0043
2.2565
0.0711

112

3685.5
8602.9
12897.5
11609.2
9223.0
11227.9
6679.5
6444.1
7549.5
10138.2
27963.5
7562.2
10730.1
16932.3
9872.3
4122.2
2338.8
6158.5
9861.9
9047.7
9184 .4
13966.0
5540.6
4782.4
5934.0
8854.3
24397.6
5242.9
12974 .8
13454.6
6354.0
3506.2
1693.1
8737.8
8945.5
5641.3
6584.7
8935.1
5544.9
4287.4
5197.5
8638.0
20620.1
9182.5
11546.8
15207.5
8344.8
3447.9
3812.2

1336.4
2211.7
6116.1
1166.3
266.7
1912.5
683.4
90.3
180.5
488.5
3052.6
153.8
2275.5
10306.5
263.8
1626.9
540.6
3638.0
1142.5
2322.0
185.6
10447.3
810.4
253.6
146.3
702.8
587.6
234.8
613.6
5976.8
382.6
2260.8
1466.0
2252.9
1821.2
2626.4
1572.5
7966.0
164.4
300.3
369.1
2245
2045.4
49914.0
549.3
2032.3
36.0
7780.2
270.9



Table 2 cont.

1994
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997

AWON-_BARON_RARON_RARON_RARWON_RARWON_RARWON_2CRARWON-_CRARWONCRWON2RARWON-2RAWN - A

SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE

47233.3
398782.6
100454.1

42319.5
106802.9
177529.2

37469.2

73591.3
127430.2
265025.8

38774.2
155938.2
175000.0

38708.1

4411.8
9451.3

88329.5
184663.6
117595.1

0.0
209964.4

61714.6

69868.1

63234.1
141362.8
479520.5
264761.7
965224.6
944748.5

10668.2

48753.8

5599.4

77863.0
227488.1
170456.4
222203.6

61677.5

95497.2

542.0

16785.2

37608.1
565473.0

1007214.8
2280771.0
175400.4
107043.1

19773.8
148705.0

74102.4

Skate Complex; Appendix 1

15154.0
165691.7
76175.0
5071.0
25099.0
8604.4
1324.0
818.2
3981.0
167568.1
11692.0
16521.1
96826.8
3904.0
2159.0
1015.0
12063.0
113637.0
37819.0
0.0
16941.0
2034.0
3330.0
6.2
4941.7
107702.1
9485.0
3855.3
69812.6
1410.0
14780.0
11266.0
112269.0
54825.9
34555.0
32189.0
16650.0
12207.0
6.0

71.0
4094.7
44438.5
17920.1
6448.3
2873.5
13335.0
1151.0
78903.0
3041.0

0.3208
0.4155
0.7583
0.1198
0.2350
0.0485
0.0353
0.0111
0.0312
0.6323
0.3015
0.1059
0.5533
0.1009
0.4894
0.1074
0.1366
0.6154
0.3216

0.0807
0.0330
0.0477
0.0001
0.0350
0.2246
0.0358
0.0040
0.0739
0.1322
0.3032
2.0120
1.4419
0.2410
0.2186
0.1449
0.2700
0.1278
0.0111
0.0042
0.0477
0.0786
0.0326
0.0028
0.0164
0.1246
0.0582
0.5306
0.0410

113

9931.6
7122.9
5439.9
4323.4
6558.7
5299.9
4249.4
4344.0
6542.1
17081.4
6733.4
9038.7
12480.0
8666.6
3399.2
4432.9
7074.4
7858.4
7171.7
6840.9
11369.5
4742.3
4379.7
4269.6
7532.8
24713.8
6571.0
7059.7
11609.4
7603.4
4140.8
3906.9
10028.6
7139.8
6615.0
4697.8
8173.5
4563.5
3408.8
27743
6084.7
19625.7
3915.8
11231.8
16504.1
8470.6
4338.8
4355.4
8380.8

3186.4
2959.5
4125.1
518.1
1541.3
256.9
150.2
48.3
204.4
10800.0
2030.4
957.6
6905.1
874.1
1663.5
476.1
966.1
4835.9
2306.4
0.0
917.3
156.3
208.7
0.4
263.3
5550.8
2354
28.2
857.9
1004.9
1255.3
7860.7
14460.1
1720.7
1446.1
680.5
2206.4
583.3
37.7
1.7
290.3
1542.3
127.6
31.8
270.4
1055.2
252.6
2311.0
343.9



Table 2 cont.

1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2001

A R WN-_2CRARWON-_CRARWON_CRARWON_CRARWONCRARWONARAWONARWONARWONARWONSRNWON=RNWN =

GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK

114649.0
54096.1
21141.4
26497.8
20993.4

3021.6
19.0
8011.3
395451.2
733.3

348354.9

111097.6
74163.6

507.4
28215.2
11191.0
89278.8
70345.7
41587.0

126953.2

27103.3

454.9
7163.2
73691.8
1013097.0
35400.0

178663.2

2492114

152117.7
37805.6
73651.9
31032.6

501596.7
83110.4

151326.8

389648.5
61838.6
75118.8

1213443
88946.2

1383068.8

224847.0

867161.0

129964.5
26945.5
27953.0

289.9
50400.0

502325.9

Skate Complex; Appendix 1

19374.5
17653.8
3131.0
30456.0
1933.0
71.0
11.0
671.7
20314.5
1455.0
39500.0
12894.0
5339.0
93.0
1813.0
2065.0
383.0
26052.0
16863.0
53410.0
275.2
9.0
300.5
516.1
10230.0
4903.0
1582.0
27940.0
918.0
297.0
1449.0
3132.0
61654.5
24463.0
29832.0
211490.0
9326.0
8142.0
1973.0
4701.0
54066.0
27600.0
9318.0
57963.0
2520.0
4273.0
54.0
23473.0
567152.5

0.1690
0.4888
0.1481
1.1494
0.0921
0.0235
0.5789
0.2315
0.0514
1.9842
0.1134
0.1161
0.0720
0.1833
0.0643
0.1845
0.0043
0.3703
0.4055
0.4207
0.0229
0.0198
0.0420
0.0070
0.0101
0.1385
0.0089
0.1121
0.0060
0.0079
0.0383
0.1009
0.1229
0.2943
0.1971
0.5428
0.1508
0.1084
0.0163
0.0529
0.0391
0.1228
0.0107
0.4460
0.0935
0.1529
0.1863
0.4657
1.1291

114

9249.6
6539.3
6382.8
10561.3
4942.6
2594.6
2411.0
5630.4
23801.8
9736.8
14521.9
10795.8
10848.1
4171.6
4222.3
9238.2
11941.5
7255.9
71141
9847.4
3908.0
21244
1932.4
5311.1
17301.2
4809.8
7405.0
13499.0
8584.7
3448.9
3281.6
6597.4
13462.5
6144.5
5143.5
11464.9
4204.0
3622.9
3294 .2
5555.4
15666.5
4468.3
8165.7
11506.8
6498.4
3743.4
4355.6
6211.3
15645.4

1563.1
3196.5
945.3
12138.9
455.1
61.0
1395.9
1303.5
1222.7
19319.3
1646.6
1253.0
780.9
764.6
2713
1704.7
51.2
2687.2
2884.7
4142.8
89.5
42.0
81.1
37.2
174.7
666.2
65.6
1513.4
51.8
271
125.6
665.8
1654.8
1808.6
1014.0
6222.8
634.0
392.7
53.6
293.6
612.4
548.5
87.7
5131.9
607.7
572.2
811.5
2892.8
17664.5



Table 2 cont.

2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2004
2004

NP WON_PARAON_PARAPON_,APARAPON_,PAPON_,APARAPON_,APARAPON_,APRPODN_,APRPON_,APRPON_,APRPON_,APPODN

GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK

163268.7
179922.9
429590.9
39995.0
87230.2
50757.2
271527.6
3117272.2
53707 .4
586146.4
236560.3
118525.2
4475.0
3995.0
33110.6
285255.2
321494.8
853066.8
1850673.9
211295.9
16769.4
230292.9
292352.7
636320.1
14028.4
2174281
88761.5
36892.0
30767.5
2765.5
36505.7
2025154.8
913155.6
764077.2
1488066.9
816958.4
296503.7
206323.8
491413.8
264353.0
44843.7
2116191.0
805656.0
66694.2
24570.5
25743
71582.1
1906366.7
1196759.3

Skate Complex; Appendix 1

23552.0
29426.0
132451.0
2465.0
4889.0
3269.0
9978.0
13786.0
3795.0
7925.5
14662.5
4803.0
1444.0
456.0
7189.0
130977.0
135567.5
263641.2
534334.8
6556.0
1546.0
16668.9
27891.6
41276.0
1118.5
12693.0
19159.0
3.0
1388.0
224.0
12143.0
1165520.9
287681.7
360934.0
671086.7
62916.9
23768.3
17607.8
27891.4
49131.7
7188.0
10965.9
84646.5
47740.5
864.0
5833.5
24892.0
850612.0
679946.0

0.1443
0.1635
0.3083
0.0616
0.0560
0.0644
0.0367
0.0044
0.0707
0.0135
0.0620
0.0405
0.3227
0.1141
0.2171
0.4592
0.4217
0.3091
0.2887
0.0310
0.0922
0.0724
0.0954
0.0649
0.0797
0.0584
0.2158
0.0001
0.0451
0.0810
0.3326
0.5755
0.3150
0.4724
0.4510
0.0770
0.0802
0.0853
0.0568
0.1859
0.1603
0.0052
0.1051
0.7158
0.0352
2.2660
0.3477
0.4462
0.5682

115

7396.8
6675.5
15368.5
4963.4
3651.8
2783.3
6863.4
12403.5
3036.1
4713.0
9509.3
9405.5
3407.2
3987.4
4054.6
16750.6
7098.2
5735.8
11038.8
6421.0
2186.5
33561.7
5858.3
10552.9
29761
5233.4
9490.7
6232.9
2814 .1
2226.0
3566.9
14506.5
8159.6
6512.7
13722.5
7344 .1
2477.7
2939.0
5860.4
12727.0
2450.4
3789.2
8999.7
4730.9
1580.9
1960.4
6158.4
13896.7
7900.6

1067.0
1091.8
4738.4
305.9
204.7
179.3
252.2
54.9
2145
63.7
589.4
381.1
1099.5
455.1
880.3
7691.2
2993.1
1772.6
3187.2
199.2
201.6
242.6
558.9
684.5
237.3
305.5
2048.5
0.5
126.9
180.3
1186.5
8348.8
2570.6
3076.5
6188.6
565.6
198.6
250.8
332.6
2365.4
392.8
19.6
945.6
3386.5
55.6
44423
21415
6200.6
4488.8



Table 2 cont.

2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2007
2007
2007

WN-_2PON_LPAPON_L,PRPRON_L,PON_L,APONL2APON2APON_2PRPON_2APRPON_2APRPON_L2APON_2APMMP®

GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK

1310535.8
23291451
663041.1
111970.8
140897.7
789168.0
1315546.7
309818.9
1688970.5
2167080.6
163708.3
103306.4
39012.3
111008.8
7807344.5
4814352.4
2242281.5
5070013.8
1460432.0
366527.9
363672.6
905399.7
1406306.4
150171.1
2939911
1050916.6
575564.0
59569.3
167366.8
279194.2
3424697.6
1622453.8
1933865.4
1578415.8
711124.0
19006.0
92619.0
198574.3
1871943.9
1647404.2
1991620.9
1096588.4
860190.4
87581.6
85786.2
227163.2
2716869.7
2002073.1
1385278.3
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812051.2
1308189.5
32656.5
13358.7
5950.6
93840.7
84251.6
24332.0
38723.0
96405.2
18157.0
17879.5
28424.5
96013.5
4202547.8
2749110.2
1610769.3
3456805.2
86059.9
22120.3
24488.2
157153.5
63760.8
49163.0
45674.3
115930.0
96978.0
56647.1
105007 .1
181264.2
2457176.4
731960.0
1412239.9
1128798.5
75375.0
3383.0
7354.8
15191.4
62970.2
59383.5
40898.7
87026.7
149848.5
6228.5
23498.0
52487.5
1847037.5
1113493.0
14710991

0.6196
0.5617
0.0493
0.1193
0.0422
0.1189
0.0640
0.0785
0.0229
0.0445
0.1109
0.1731
0.7286
0.8649
0.5383
0.5710
0.7184
0.6818
0.0589
0.0604
0.0673
0.1736
0.0453
0.3274
0.1554
0.1103
0.1685
0.9509
0.6274
0.6492
0.7175
0.4511
0.7303
0.7151
0.1060
0.1780
0.0794
0.0765
0.0336
0.0360
0.0205
0.0794
0.1742
0.0711
0.2739
0.2311
0.6798
0.5562
1.0620
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9243.2
11898.2
5842.7
4420.4
8207.7
9043.0
13442.2
10123.4
16252.8
14202.6
6955.0
2524.4
2811.4
5290.5
9767.2
6521.3
5950.3
10262.1
5309.4
2874.2
4164.6
7443.5
16560.4
4843.3
7761.4
10842.3
5434.7
1451.7
1783.4
3996.5
7699.6
4057 1
44591
7837.4
4452.7
1211.8
2978.2
3213.8
32892.0
4259.7
9085.0
13777.2
6488.1
1913.9
2553.5
3750.6
10413.1
5199.6
4478.8

5727.4
6682.7
287.8
527.4
346.6
1075.3
860.9
7951
372.6
631.8
771.4
436.9
2048.4
4575.9
5257.5
3723.8
4274.5
6996.8
312.9
173.5
280.4
1292.0
750.8
1585.6
1205.8
1196.0
915.7
1380.5
1118.9
2594.7
5524 .4
1830.3
3256.3
5604.9
472.0
215.7
236.5
2459
1106.5
153.5
186.6
1093.4
1130.2
136.1
699.4
866.6
7079.3
2891.8
4756.3



Table 2 cont.

2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007

AP ON-_2PON_2PON-_22 D>

GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE

3181301.6
732365.3
290266.9
358148.5
611896.9
962031.0

93576.9

1939160.2

1735005.5
564348.9
102264.1
260652.2
251575.7
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2050467.9
112054.9
17910.3
10986.0
49552.7
104525.7
51220.5
97902.8
369938.7
100567.6
42452.0
124886.5
96107.7

0.6445
0.1530
0.0617
0.0307
0.0810
0.1087
0.5474
0.0505
0.2132
0.1782
0.4151
0.4791
0.3820
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9427.9
4161.4
1546.3
2091.2
3220.8
11354.0
1957.8
4913.8
10653.6
5368.0
1569.1
2211.9
4593.7

6076.6
636.7
95.4
64.1
260.8
1233.6
1071.6
2481
2271.6
956.6
651.3
1059.8
1754.9



Table 3. Discard estimates by stratum for the shrimp trawl fishery.

Average
average within average across 1995-
areaf across mesh comb region (ie sne-ma) 2007

Total
YEAR QTR areaf kept discards dkratio mt kept discards
1989 1 GBK  761.0 0.0 0.0000 0.0000
1989 1 GOM 37722.0 763.0 0.0202 3213.4194 64.9976
1989 2 GOM  8980.0 380.0 0.0423 198.7805  8.4117
1989 4 GOM 12558.0 227.0 0.0181 931.1231  16.8311
1990 1 GBK 173843 917.7 00582° 16.6527  0.9694
1990 2 GBK [ 173843  917.7 00582  37.1733  2.1640
1990 1 GOM 377440  1877.0 0.0497 4014.9878 199.6644
1990 2 GOM 74370 820 00110 478.8901  5.2802
1990 4 GOM 69720 7940 0.1139 619.7042  70.5745
1991 1 GBK  691.0 200.0 0.2894  51.3303 14.8568
1991 1 GOM 54049.0  3704.0 0.0685 3144.6289 215.5025
1991 2 GOM 8673.0 330.0 0.0380 339.8328  12.9303
1991 4 GOM 6233.0 807.0 0.1295  340.0274  44.0241
1992 1 GBK [127845.0"" 20407 0.0263° 495051  1.3012
1992 1 GOM 788340 6117.0 0.0776 3137.5987 243.4570
1992 2 GOM 7250 0.0 0.0000 983130  0.0000
1992 4 GOM 3976.0 50 0.0013 161.2525  0.2028
1993 1 GBK  2300.0 0.0 0.0000 0.0000
1993 1 GOM 621350 11450 0.0184 1885.0247 34.7365
1993 2 GOM 331225 579.5 0.0109 5.0068  0.0547
1993 4 GOM  4110.0 14.0 0.0034 316.2319  1.0772
1994 1 GBK 23.0974  0.0618
1994 4 GBK 0.0454  0.0001
1994 1 GOM 72823.0 329.0 0.0045 2419.8023  10.9322
1994 3 GOM 412295 168.5 0.0027 9.1372  0.0244
1994 4 GOM  9636.0 8.0 0.0008 897.0524  0.7448
1995 1 GBK 222133 0.0233
1995 4 GBK 54626  0.0057
1995 1 GOM 74054.0 126.8 0.0017 4426.6070  7.5795
1995 2 GOM 48706.0 67.9 0.0010 5.4390  0.0057
1995 3 GOM 48706.0 67.9 00010 124094  0.0130
1995 4 GOM 23358.0 9.0 0.0004 1359.4640  0.5238
1996 1 GBK [15813:3 537000320 422716  0.1340
1996 1 GOM 32304.0 128.7 0.0040 6560.2339  26.1361
1996 2 GOM 93420 0.7 0.0001 979.4293  0.0734
1996 4 GOM 57940 31.6 0.0055 1416.1748  7.7237
1997 1 GBK  1590.0 1.0 0.0006  24.8224  0.0156
1997 4 GBK 3.0699  0.0106
1997 1 GOM 20010.0 125.9 0.0063 4761.5655 29.9591
1997 2 GOM 629.2601  2.1775
1997 3 GOM 15.0107  0.0519
1997 4 GOM 630.9021  2.1832
1998 1 GOM 28751596  7.4407
1998 2 GOM 219.7514  0.5687
1998 3 GOM 9.0877  0.0235
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Table 3 cont.

1998
1999
1999
1999
1999
1999
2000
2000
2000
2001
2001
2001
2002
2003
2003
2004
2004
2004
2004
2004
2005
2005
2006
2006
2006
2006
2007
2007
2007
2007
2007
2007
2007

AP OWON_PAPONPOAPRRER 2R ON_L, AN, AN_2A2 DD O_APRON_, D™

GOM
GBK
GOM
GOM
GOM
GOM
GOM
GOM
GOM
GBK
GOM
GOM
GOM
GOM
GOM
GBK
GOM
GOM
GOM
GOM
GOM
GOM
GBK
GOM
GOM
GOM
GBK
GBK
GBK
GOM
GOM
GOM
GOM

4950.0 0.0 0.0000
14519.3 135.6  0.0093
21444 .0 84.7 0.0039
21444.0 84.7 0.0039
21444 .0 84.7 0.0039
21444 .0 84.7 0.0039
27219.2 78.8 0.0029
27219.2 78.8 0.0029
77625.1 14.1  0.0002
43012.6 12.1  0.0007

8400.0 10.1 0.0012
50203.0 6.6 0.0001
50203.0 6.6 0.0001
50203.0 6.6 0.0001
50203.0 6.6 0.0001

119

Skate Complex; Appendix 1

159.0295
12.9020
1177.4074
229.1803
32.2999
0.9453
2067.9439
22.0582
12.6198
0.2155
812.8656
0.0408
307.5170
855.2058
0.2572
0.2132
1065.2263
3.5045
1.8715
42.6259
835.6192
39.6508
1.6806
846.9831
1.4678
445.9153
26.7878
17.6080
1.8538
1828.3506
40.7557
57.4321
281.7607

0.4116
0.0334
3.0470
0.5931
0.0836
0.0024
5.3517
0.0571
0.0327
0.0006
0.0000
0.0001
0.7958
7.9870
0.0007
0.0008
4.2075
0.0138
0.0074
0.1684
2.4191
0.1148
0.0012
0.1538
0.0010
0.5362
0.0035
0.0023
0.0002
0.2404
0.0054
0.0076
0.0370



Table 4. Discard estimates by stratum for the sink gill net fishery.

average within areaf average across comb region (ie sne-ma)
YEAR QTR areaf ksums dsums dkratio cf_totalmt disc
1989 1 GBK 22453.7 2450 0.0084 586.7 5.0
1989 2 GBK 3410.0 11.0 0.0032 1039.2 3.4
1989 3 GBK 30690.0 140.0 0.0046 2108.0 9.6
1989 4 GBK 33261.1 584.0 0.0176 1194.9 21.0
1989 1 GOM 98651.0 716.5 0.0055 2085.5 11.5
1989 2 GOM 98651.0 716.5 0.0055 3209.8 17.7
1989 3 GOM 13516.0 47.0 0.0035 4023.2 14.0
1989 4 GOM 183786.0 1386.0 0.0075 6232.1 47.0
1989 1 MA 106.3 0.0 0.0000 1079.2 0.0
1989 2 MA 106.3 0.0 0.0000 769.4 0.0
1989 3 MA 106.3 0.0 0.0000 820.8 0.0
1989 4 MA 106.3 0.0 0.0000 1222.8 0.0
1989 1 SNE 106.3 0.0 0.0000 3241 0.0
1989 2 SNE 106.3 0.0 0.0000 38.1 0.0
1989 3 SNE 106.3 0.0 0.0000 83.9 0.0
1989 4 SNE 106.3 0.0 0.0000 264.0 0.0
1990 1 GBK 4037.0 58.0 0.0144 306.3 4.4
1990 2 GBK 8856.0 119.0 0.0134 1017.9 13.7
1990 3 GBK 104237.1 29.0 0.0003 1598.3 0.4
1990 4 GBK 59828.1 122.0 0.0020 869.0 1.8
1990 1 GOM 31339.0 3354.0 0.1070 1775.3  190.0
1990 2 GOM 23717.0 1114.0 0.0470 2967.6 1394
1990 3 GOM 94015.6 323.0 0.0034 6385.8 21.9
1990 4 GOM 72931.2 655.0 0.0090 5447.0 48.9
1990 1 MA 2261.4 0.0 0.0000 1180.8 0.0
1990 2 MA 255.7 0.0 0.0000 541.7 0.0
1990 3 MA 2261.4 0.0 0.0000 670.5 0.0
1990 4 MA 4267 .1 0.0 0.0000 1384.0 0.0
1990 1 SNE 1138.4 0.0 0.0000 363.8 0.0
1990 2 SNE 1138.4 0.0 0.0000 1060.2 0.0
1990 3 SNE 1138.4 0.0 0.0000 238.4 0.0
1990 4 SNE 1138.4 0.0 0.0000 1155.4 0.0
1991 1 GBK 6139.0 32.0 0.0052 166.8 0.9
1991 2 GBK 100725.3 730.0 0.0072 833.0 6.0
1991 3 GBK 221500.1  4243.0 0.0192 1248.6 23.9
1991 4 GBK 78760.0 3517.0 0.0447 539.7 241
1991 1 GOM 21516.0 882.0 0.0410 1258.5 51.6
1991 2 GOM 338493.2 4779.0 0.0141 2867.9 40.5
1991 3 GOM 10327445 8763.0 0.0085 4929.0 41.8
1991 4 GOM 576265.9 3962.0 0.0069 3354.7 23.1
1991 1 MA 1947.7 0.0 0.0000 1441.7 0.0
1991 2 MA 3226.6 0.0 0.0000 1042.6 0.0
1991 3 MA 2587.1 0.0 0.0000 894.0 0.0
1991 4 MA 2587.1 0.0 0.0000 2591.0 0.0
1991 1 SNE 657.0 0.0 0.0000 1954.6 0.0
1991 2 SNE 657.0 0.0 0.0000 1629.6 0.0
1991 3 SNE 1057.0 0.0 0.0000 110.3 0.0
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Table 4 cont.

1991
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
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A WON-_2DPAPON_L2PARAON_,ADPRON_,ADPRPON_,APERPON_L,APARAON_L2PRON_L2APRARON_,APRPON_,APPON_,ADPDPODN~ D>

SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE

257.0
8797.0
64292.0
257302.9
26579.0
83433.0
327513.2
619171.0
422764.0
159421.1
159421.1
159421.1
159421.1
24339.0
158927.0
12277.0
116631.4
10907.0
35533.1
184496.5
79788.8
65333.1
195803.4
220513.3
322639.1
88819.2
39302.1
1798.0
27289.0
17184.0
66155.0
7014.0
116496.0
11743.0
50530.1
102328.1
32304.7
12656.0
9843.3
47074.7
64128.1
424842.9
62247 .1
46100.8
290493.6
15407.0
1780.0
39030.0
99903.1

0.0
466.0
805.0
558.0

1041.0
8691.0
5495.0
2005.0
1933.0

0.0

0.0

0.0

0.0
381.0

8499.0
824.0
2077.0
190.0
177.0
419.0
1556.0
3277.0
3330.0
474.0
1296.0
0.0
19.0
0.0
57.0
759.0
2719.0
1190.0
1243.0
78.0

0.0

7.0
501.0

1302.0
30.0
24.0

814.0
2959.0
206.0
31.0
3790.5
216.0
122.0
2901.7
8367.0

0.0000
0.0530
0.0125
0.0022
0.0392
0.1042
0.0168
0.0032
0.0046
0.0000
0.0000
0.0000
0.0000
0.0157
0.0535
0.0671
0.0178
0.0174
0.0050
0.0023
0.0195
0.0502
0.0170
0.0021
0.0040
0.0000
0.0007
0.0000
0.0021
0.0442
0.0411
0.1697
0.0107
0.0066
0.0000
0.0001
0.0155
0.1029
0.0030
0.0005
0.0127
0.0070
0.0033
0.0007
0.0130
0.0140
0.0685
0.0554
0.0838

121

2105.3
119.9
582.4

1262.9
480.8

1018.6

2507.2

5062.0

3928.4

1552.6

1284.1
855.9

2243.4
994 .4

1717.9

63.8

2636.8
134.9
604.0
994.0

1368.6

1164.5

3220.8

6614.9

5316.5

24461

1684.6

1248.5

3380.6
4911

17191
135.3

1419.2
117.4
803.0

1897.1

1330.6

11721

2806.3

6382.9

3814.1

22141

1410.4

1614.0

3221.9
653.6

1542.2
282.8

1085.2

0.0
6.4
7.3
2.7
18.8
106.1
421
16.4
18.0
0.0
0.0
0.0
0.0
15.6
91.9
43
47.0
24
3.0
2.3
26.7
58.4
54.8
14.2
214
0.0
1.2
0.0
7.1
21.7
70.7
23.0
15.1
0.8
0.0
0.1
20.6
120.6
8.6
3.3
48.4
15.4
4.7
1.1
42.0
9.2
105.7
15.7
90.9



Table 4 cont.

1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1998
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A A WON L RARWON A RWONCAWON A BRON CRAWONCRONCRAWNCRARWONCRWON2RAWN - RON -

GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK

5379.6
107372.2
154650.9

44697.3
16330.9
29104.0
80281.6
39633.4
755815.3
125150.4
52056.3
262332.0
8833.0
31651.4
3936.0
33918.5
10373.0
25715.0
112924.3
33751.5
22662.2
15555.1
32440.7
75904.3
800368.3
148496.3
42831.4
214088.6
18515.5

9094.5

1277.3

1110.9

20931.9

5213.2

5882.0

7335.2

4971.0

25021.5
29352.1
44359.9
711796.5
138710.4
54975.6
176529.4
22081.1
7321.8
3082.4
22597.5
13254.0

165.0
350.0
432.0
597.0
1583.1
532.5
216.0
1990.0
10447.5
1229.0
216.0
3379.3
678.0
1999.0
447.0
468.0
365.0
64.0
861.0
361.1
4893.8
266.0
140.0
111.9
12530.5
1423.4
280.0
1649.0
75.0
116.0
0.0
15.0
102.0
44.0
3.0
59.0
236.7
311.7
3.0
78.6
13753.7
6381.0
11.0
1573.0
47.5
0.0
94.0
470.0
289.0

0.0307
0.0033
0.0028
0.0134
0.0969
0.0183
0.0027
0.0502
0.0138
0.0098
0.0041
0.0129
0.0768
0.0632
0.1136
0.0138
0.0352
0.0025
0.0076
0.0107
0.2159
0.0171
0.0043
0.0015
0.0157
0.0096
0.0065
0.0077
0.0041
0.0128
0.0000
0.0135
0.0049
0.0084
0.0005
0.0080
0.0476
0.0125
0.0001
0.0018
0.0193
0.0460
0.0002
0.0089
0.0022
0.0000
0.0305
0.0208
0.0218
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239.6
1658.3
1825.6
1793.9
1365.0
3486.5
6267.8
4241.2
2503.3
1809.5

847.1
3991.1

595.0
2150.8

172.4
1204.2

200.0
1371.7
1572.6
1875.5
1081.5
2323.0
6154.5
4372.9
5261.4
3097.0
1745.6
5262.4

386.4
1681.4

216.0
1044.4

428.3
1641.7
1166.1

978.7
1335.0
2471.6
4699.3
38211
7893.1
2791.0
1862.2
5587.1

398.9
1130.0

160.5

989.9

428.2

7.3
5.4
5.1
24.0
132.3
63.8
16.9
213.0
34.6
17.8
3.5
51.4
45.7
135.8
19.6
16.6
7.0
34
12.0
20.1
233.6
39.7
26.6
6.4
82.4
29.7
11.4
40.5
1.6
214
0.0
14.1
2.1
13.9
0.6
7.9
63.6
30.8
0.5
6.8
152.5
128.4
0.4
49.8
0.9
0.0
4.9
20.6
9.3



Table 4 cont.

1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2001
2001

Skate Complex; Appendix 1

N-2DBDWON_L,PEAON_L,PEAON_L2,RERAON_L2C,PRARON_,ADPPON_,ADPPON_,DPDPODN_L,APEAPON_L2APRPON_2PRON_22PLODN

GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK

13539.2
103634.0
81759.1
8246.3
65996.6
49801.2
193863.8
7484031
76002.7
2258.0
77028.3
1614.1
20995.3
19049.8
34540.0
17467.9
41630.0
58207.3
28471.6
22623.7
33414.6
94138.0
176380.0
63037.4
18830.8
5370.5
25202.0
8739.8
8818.0
7389.7
4611.2
21170.1
17915.7
19154.2
51549.7
23536.8
30212.8
34168.9
38219.2
49061.9
15007.2
12557.5
62224.3
9597.0
22779.3
13675.7
8650.7
23497.4
20554.2

21.0
2259.0
317.4
173.1
216.0
34.0
1266.7
6338.5
1863.0
64.0
1279.1
3.0
120.0
229.0
563.9
1572.2
126.0
189.0
114.0
188.7
507.9
2711
6468.1
1342.0
1496.5
0.0
383.5
122.0
119.0
169.0
266.0
331.8
683.3
9308.0
49421
341.9
957.8
242.6
446.7
16.0
79.0
0.0
533.0
222.0
738.0
355.3
106.0
1354.3
380.0

0.0016
0.0218
0.0039
0.0210
0.0033
0.0007
0.0065
0.0085
0.0245
0.0283
0.0166
0.0019
0.0057
0.0080
0.0163
0.0900
0.0030
0.0032
0.0040
0.0083
0.0152
0.0029
0.0367
0.0213
0.0795
0.0000
0.0152
0.0140
0.0135
0.0284
0.0577
0.0157
0.0381
0.4860
0.0959
0.0145
0.0317
0.0071
0.0117
0.0003
0.0053
0.0000
0.0086
0.0231
0.0324
0.0226
0.0123
0.0576
0.0185

123

10121
783.5
1880.9
1544.7
2135.8
5544.6
4330.9
7460.2
3902.1
1692.5
7274.9
408.4
1211.2
162.2
1486.6
605.4
1612.3
1217.7
1695.2
1176.5
1910.8
2414.2
2529.0
8640.0
3584.5
1480.7
4889.5
885.0
1406.2
338.3
973.9
709.6
976.1
11191
1504.5
1103.9
1776.8
2376.4
2964.0
6565.2
2654.3
1958.7
4986.7
918.0
697.5
100.6
579.9
875.6
953.7

1.6
171
7.3
32.4
7.0
3.8
28.3
63.2
95.6
48.0
120.8
0.8
6.9
1.3
243
54.5
4.9
4.0
6.8
9.8
29.0
7.0
92.7
183.9
284.9
0.0
74.4
12.4
19.0
9.6
56.2
11.1
37.2
543.8
144.2
16.0
56.3
16.9
34.6
2.1
14.0
0.0
42.7
21.2
226
2.3
7.1
50.5
17.6



Table 4 cont.

2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2004
2004
2004

Skate Complex; Appendix 1

WN-_2DPDRON_L,PARON_L,ADPRPON_L,ADPRPON_,PRPON_L,A,PRAPON_L,2PRARON_L,2PRON_,APRARON_,APPON_,ADPPON~,2DdDP®

GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK

8626.2
21143.6
4458.5
24667.5
27845.6
15130.2
73646.7
26561.1
4520.2
27136.9
3451.0
4886.0
55.0
5146.0
9228.4
32100.7
10484.5
23319.1
34205.3
27988.8
21374.4
45843.6
37080.4
5868.0
2315.9
29532.6
10840.5
9468.0
963.0
6070.0
4577.5
43470.1
88411.1
177024.0
16371.3
88920.5
140135.5
169528.6
19277.5
22960.6
15101.8
27781.5
21451.2
95480.1
28536.0
135270.5
81315.1
129247.6
374557.7

81.0
1650.0
88.0
1391.0
314.0
145.5
287.0
168.9
0.0
143.0
0.0
896.0
0.0
82.0
308.0
3809.0
235.0
701.4
55.0
4411
1106.5
611.0
1069.0
90.0
0.0
95.0
381.0
428.0
20.0
10329.0
1311.1
818.8
3181.0
3756.3
481.0
1586.0
1562.9
1429.1
483.0
85.5
0.0
671.0
1487.0
4352.0
1581.1
13896.6
5199.0
2860.5
17328.5

0.0094
0.0780
0.0197
0.0564
0.0113
0.0096
0.0039
0.0064
0.0000
0.0053
0.0000
0.1834
0.0000
0.0159
0.0334
0.1187
0.0224
0.0301
0.0016
0.0158
0.0518
0.0133
0.0288
0.0153
0.0000
0.0032
0.0351
0.0452
0.0208
1.7016
0.2864
0.0188
0.0360
0.0212
0.0294
0.0178
0.0112
0.0084
0.0251
0.0037
0.0000
0.0242
0.0693
0.0456
0.0554
0.1027
0.0639
0.0221
0.0463

124

1118.3
1180.4

913.8
1802.7
21291
2701.6
4166.3
2656.1
1374.3
5366.6

296.6

992.5

162.7
1455.3

960.7

691.9

986.8
1696.6
13371
1198.4
1789.4
2488.4
4219.3
2569.0
1376.1
4375.4
1141.9
1186.8

169.1
1307.3

652.0

356.4
1988.6
1881.1
12621
1282.3
1866.6
2504.9
3761.1
38711
1356.5
4402.7
1023.0
1948.2

317.6
1608.6
3067.2

822.7
1744.6

10.5
92.1
18.0
101.7
24.0
26.0
16.2
16.9
0.0
28.3
0.0
182.0
0.0
23.2
32.1
82.1
22.1
51.0
2.2
18.9
92.6
33.2
121.6
394
0.0
141
40.1
53.6
3.5
22245
186.8
6.7
71.5
39.9
37.1
22.9
20.8
21.1
94.2
14.4
0.0
106.3
70.9
88.8
17.6
165.3
196.1
18.2
80.7



Table 4 cont.

2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2007
2007
2007
2007

Skate Complex; Appendix 1

A WON_LPEAON_L2RARAON_,ARARON_,APRPON_,ADPPON_,ADPDPON_,APPERPON_L,APAPODN_L2APRAPON_L,APRPON_,ARPRON_D

GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK

270667.2
85320.3
50461.3

383048.0

702958.2

3046.2
3174.0
24512.5
67317.3
207015.0
145289.2
3084.4
76143.0
23149.2
8228.8

387916.7

260812.3
78700.7
39841.1

473344.6

7215671
22404.2

163104.8

9684.2
58178.3
28835.0
85795.2
74307.2

104448.1

44571.9

3979.8
96432.4
90164.1
82164.8
11490.3
35246.8

177169.4
41258.2
18235.7
20961.0
34747.8
59437.3

9257.0

3466.3

4979.8
13029.1
27562.6

471464.1

327498.6

18566.0
2177.7
907.2
3395.8
14946.0
0.0

0.0
1109.5
3328.4
7432.5
6361.6
77.5
4066.9
17751.8
56.0
17402.0
30642.3
3997.6
1358.5
4407.0
5408.5
555.0
17011.0
366.0
3033.5
1689.0
7663.3
7851.0
6386.0
1004.2
911.0
5581.0
8982.2
4076.8
348.8
2711
992.2
1454.5
1563.0
55.0
776.0
3969.0
3059.0
438.0
7.5
8109.6
902.0
32418.6
27336.1

0.0686
0.0255
0.0180
0.0089
0.0213
0.0000
0.0000
0.0165
0.0494
0.0359
0.0438
0.0251
0.0534
0.7668
0.0068
0.0449
0.1175
0.0508
0.0341
0.0093
0.0075
0.0248
0.1043
0.0378
0.0521
0.0586
0.0893
0.1057
0.0611
0.0225
0.2289
0.0579
0.0996
0.0496
0.0304
0.0077
0.0056
0.0353
0.0857
0.0026
0.0223
0.0668
0.3305
0.1264
0.0015
0.6224
0.0327
0.0688
0.0835

125

868.8
1491.0
927.6
1855.8
2891.6
4538.0
19571
1198.8
3915.3
3361.1
1347.6
131.5
579.3
395.2
326.5
1476.1
816.7
1268.2
857.1
2259.6
2766.7
5461.8
2885.5
1627.0
4218.2
779.4
1700.7
357.9
569.0
505.5
427.2
2044.7
1449.4
928.5
598.9
1835.5
3050.9
3138.0
1662.8
666.8
2173.8
1173.6
10421
130.5
539.4
497.4
1017.4
2927.8
1174.2

59.6
38.1
16.7
16.5
61.5
0.0
0.0
19.8
193.6
120.7
59.0
3.3
30.9
303.0
22
66.2
96.0
64.4
20.2
21.0
20.7
135.3
300.9
61.5
219.9
45.7
151.9
37.8
34.8
11.4
97.8
118.3
144.4
46.1
18.2
14.1
171
110.6
142.5
1.7
48.5
78.4
344.4
16.5
0.8
309.6
33.3
201.3
98.0



Table 4 cont.

2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007

Skate Complex; Appendix 1

A WON-_2PAON_22PRAON-

GOM
GOM
GOM
GOM
MA
MA
MA
MA
SNE
SNE
SNE
SNE

95553.5
19165.0
54180.0
226349.7
24863.2
30796.9
11744 1
35426.4
101559.1
25749.0
3710.3
32680.2

1742.9
358.5
699.2

2411.7
629.3

3589.5
154.5
668.2

12113.1

1942.5

149.0
13702.3

0.0182
0.0187
0.0129
0.0107
0.0253
0.1166
0.0132
0.0189
0.1193
0.0754
0.0402
0.4193

126

976.4
918.0
1723.1
3896.9
5147.9
3028.1
1726.3
4732.4
845.4
1014.5
222.5
679.9

17.8
17.2
22.2
415
130.3
352.9
227
89.3
100.8
76.5
8.9
285.1



Table 5. Discard estimates by stratum for the scallop dredge fishery.

average

within areaf ‘ average across comb region (ie sne-ma)

YEAR QTR areaf trp kept

1992 1 GBK GEN

1992 2 GBK GEN

1992 3 GBK GEN

1992 4 GBK GEN

1992 1 GBK LIM 37455.6
1992 2 GBK LIM 86300.4
1992 3 GBK LIM 6944.1
1992 4 GBK LIM 111608.7
1992 1 GOM GEN

1992 2 GOM GEN

1992 3 GOM GEN

1992 4 GOM GEN

1992 1 GOM LIM

1992 2 GOM LIM

1992 3 GOM LIM

1992 4 GOM LIM 91471
1992 1 MA GEN

1992 2 MA GEN

1992 3 MA GEN

1992 4 MA GEN

1992 1 MA LIM 19225.3
1992 2 MA LIM 38383.6
1992 3 MA LIM 41502.6
1992 4 MA LIM 42997.7
1992 1 SNE GEN

1992 4 SNE GEN

1992 1 SNE LIM 3488.0
1992 2 SNE LIM

1992 3 SNE LIM

1992 4 SNE LIM 13688.2
1993 1 GBK GEN

1993 2 GBK GEN

1993 3 GBK GEN

1993 4 GBK GEN

1993 1 GBK LIM 66175.0
1993 2 GBK LIM 80588.9
1993 3 GBK LIM 43354.5
1993 4 GBK LIM 89633.9
1993 1 GOM GEN

1993 2 GOM GEN

1993 3 GOM GEN

1993 4 GOM GEN

1993 1 GOM LIM

1993 2 GOM LIM

1993 3 GOM LIM

1993 4 GOM LIM

Skate Complex; Appendix 1

discards

6519.0
23051.0

1275.0

39436.0

2524.0

5127.0
4037.0
4989.0
23748.0

2360.0 0.6766

14100.0

15317.0
7761.0
6788.0

28322.0

127

dkratio mt kept

31.6
5.9

7.6

45.2
21901.7
16714.3
18107.8
18596.8
47.7
247
241
43.4
2086.3
62.5
187.2
3429.0
293
26.8
18.0
43.6
13260.1
8296.8
81561.2
9604.1
14.7
24
245.0
17.7
108.5
790.1
204
18.8

1.4

2.7
12972.9
8057.1
8084.3
9741.0
68.5

1.9

3.9
50.8
3048.1
505.6
134.0
27253

total

discards
7.9
1.5
1.9
11.3
3811.9
4464.4
3324.8
6571.0
12.0
6.2
6.0
10.9
523.3
15.7
46.9
946.2
13.4
12.3
8.3
20.0
3536.2
872.6
979.9
5304.4
6.7
1.1
165.8
54.0
49.7
813.9
4.1
3.8
0.3
0.5
3002.7
775.9
1265.8
3077.9
13.7
04
0.8
10.2
609.9
101.2
26.8
545.3



Table 5 cont.

1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1993
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1995
1995
1995
1995
1995

P ON-_2=2BN_2DN_,2,RARON_L2,PRARON_L2APRON_L2ARON_,2PRAPON_,2AEAN_2PRPON_,2PAPON_,2PRARON_2PRON-

MA
MA
MA
MA
MA
MA
MA
MA
SNE
SNE
SNE
SNE
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
GOM
GOM
GOM
GOM
MA
MA
MA
MA
MA
MA
MA
MA
SNE
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GBK

GEN
GEN
GEN
GEN
LIM 968914 51649.0 0.5331
LIM 717621  14807.0 0.2063
LIM 23586.3 12465.0 0.5285
LIM 317434  24792.0 0.7810

GEN
GEN
LIM 3955.1 1147.0  0.2900
LIM
LIM 3707.0 8500.0 2.2929
GEN
GEN
GEN
LIM 6226.1 1147.0 0.1842

LIM 43256.7 7210.0 0.1667
LIM 33287.5 12404.0 0.3726
LIM 132915.5  20306.0

GEN
GEN
GEN
GEN
LIM 43471 2530.0 0.5820
LIM
LIM
LIM 6426.1
GEN
GEN
GEN
GEN
LIM 2017855 52137.0 0.1787
LIM 40392.6 5693.0 0.1409
LIM 86889.7 883.1 0.0102
LIM 122573.3  22078.5 0.1801
GEN
GEN
LIM
LIM
LIM 7118.0 14798.0 2.0790
GEN
LIM 6959.1 1098.0 0.1578
LIM
LIM 447311  11497.0 0.2570
LIM 62540.7 5166.0 0.0826

610.0 0.0949
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17.5
3.5
20.7
53.8
7909.9
4591.2
4652.4
5251.9
9.0
22.8
5.7

2.8
346.9
78.7
68.4
254.0
4.8

1.0

1.0
3979.7
2855.3
3220.2
2961.9
46.7
171
7.5
1117.0
1754.9
176.0
86.7
1437.5
220.0
586.9
295.0
343.9

13240.8

8982.1
8358.9

12326.9

7.2
50.9
195.2
244
295.1
1.1
868.0
425.7
4489.5
3713.5

13.5
27
16.0
41.5
4216.4
947.3
2458.7
4101.8
6.9
17.6
4.4

2.1
100.6
60.7
52.8
582.4
1.3

0.3
0.3
733.2
475.9
1199.9
452.5
121
4.4
20
289.2
1021.4
45.6
224
136.5
113.9
303.9
152.8
178.1
2365.9
1266.0
85.0
22204
3.7
26.3
101.1
12.6
613.5
0.1
136.9
56.6
1153.9
306.7



Table 5 cont.

1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996
1996

N_2PBPON_PAPON_L,PRARON_L,PRPON_L2APRPRON_L2ADPRON_2PRAPON_2PAPONPON_,2PAPON_,2,PRON_2PPON-

GOM
GOM
GOM
GOM
GOM
GOM
GOM
GOM
MA
MA
MA
MA
MA
MA
MA
MA
SNE
SNE
SNE
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
GOM
GOM
GOM
GOM
MA
MA
MA
MA
MA
MA
MA
MA
SNE
SNE

GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM 26643.9
GEN
GEN
GEN
GEN
LIM 424321.9  83199.8 0.1961
LIM 107649.9 32633.8 0.3031
LIM 78172.3 5807.0 0.0743
LIM 38957.1  96189.0 2.4691
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
GEN
GEN
LIM 193963.0 18448.6 0.0951
LIM 73941.0 9214.4 0.1246
LIM 140909.2  13983.1  0.0992
LIM 82763.7 19698.7 0.2380
GEN
GEN
GEN
GEN
LIM 58226.0 6312.0 0.1084
LIM
LIM
LIM 851.7
GEN
GEN
GEN
GEN
LIM 254269.2 51641.0 0.2031
LIM 139290.9 52641.5 0.3779
LIM 133185.7 32433.2 0.2435
LIM 83422.2 93504.9 1.1209
GEN
GEN

923.0 0.0346

180.0 0.2113
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737.5
18.1
5.5
553.6
367.4
411.4
5471
1140.0
356.6
2329
118.8
101.6

17547.8
15124.0

6990.4
7096.1
0.1
66.4
0.4
232.4
102.9
74.6
102.9
78.4
11.8
14.5
79.8
2333.8
2869.5
5825.1
8059.0
350.1
45.3
217.7
323.5
794.6
763.3
531.9
1711.8
143.5
242.2
85.0
135.7

12247.5
12782.6

8449.0
4974.9
241
9.3

98.1
24

0.7
73.6
48.9
54.7
72.8
39.5
271.3
1771
90.4
77.3
3440.7
4584.8
519.3
17521.0
0.1
50.5
0.3
176.8
78.3
56.8
78.3
0.0

1.7

2.1
11.7
222.0
357.6
578.1
1918.1
51.2
6.6
31.8
47.3
86.1
111.5
7.7
361.8
106.5
179.8
63.1
100.7
2487.4
4830.8
2057.5
5576.1
17.9
6.9



Table 5 cont.
1996
1996
1996
1996
1996
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1997
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998

2, R WON_22PRPON_2APAPON_,APRAPON_,PRAPO_2PRAPON_L,PRARON_L,APRPON_L2APRPON_,2APRPON_2APAPON_,2PARPON_ M

SNE
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
GOM
GOM
GOM
GOM
MA
MA
MA
MA
MA
MA
MA
MA
SNE
SNE
SNE
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
GOM

GEN
LIM

LM 103404.7 405762 07423

LIM 1867.1 2236.0 1.1976
LIM 8393.0 11000.8 1.3107
GEN
GEN
GEN
GEN
LIM 118384.4 12318.9 0.1041
LIM 97509.7 134451 0.1379
LIM 794124 329429 0.4148
LIM 97398.0 18331.6 0.1882

GEN
GEN
GEN
GEN
LIM 34113.0 4646.7 0.1362
LIM
LIM
LIM 3107.0 8.0 0.0026
GEN 10171 795.0 0.7816
GEN 280.0 550.0 1.9643
GEN
GEN
LIM 185187.6  96703.0 0.5222
LIM 97013.5 58382.0 0.6018
LIM 59890.5 14226.0 0.2375

LIM 98861.3
GEN
GEN
GEN
LIM

LIM

LIM

LIM

GEN
GEN
GEN
GEN
LIM

LIM 46777.6
LIM 20064.1
LIM 124771.5
GEN
GEN
GEN
GEN
LIM

29649.3  0.2999

6201.0
7128.0
46771.0

0.1326
0.3553
0.3749
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5.3
111.8
34.6
184.5
398.3
62.5
22

2.8
33.7
6089.8
5545.3
4835.8
5211.2
516.5
64.8
63.4
246.8
1698.9
417.6
709.9
2049.2
75.3
182.7
135.4
149.1
7755.5
6919.4
4788.9
5276.8
11.7
36.1
33.7
118.1
149.9
194.9
377.2
13.6
13.8
1.2
10.6
49031
4105.2
4911.3
5428.4
350.0
55.9
50.0
149.2
1255.2

3.9
83.0
25.7

221.0
522.0
10.2

0.4

0.5

5.5

633.7
764.6
2006.0
980.8
84.7
10.6
10.4
40.5
2314
68.5
116.4

5.3

58.8
358.9
154.8
170.4

4049.9
4164.1
1137.5
1582.5

13.3

41.3

38.5
134.9
538.5
222.7
4311

3.6

3.7

0.3

29

1316.9
544.2
1744.8
2034.9
94.0
15.0
13.4
40.1
3371



Table 5 cont.

1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1998
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999

WN-_2PBPO_2APRPWON_APEAPON_,PAPON_,A,PARARON_L,2PRPON_L,APRPON_L2DPRPON_2PRPON_,2PAPON_,PRARON_2PLODN

GOM
GOM
GOM
MA
MA
MA
MA
MA
MA
MA
MA
SNE
SNE
SNE
SNE
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
GOM
GOM
GOM
GOM
MA
MA
MA
MA
MA
MA
MA
MA
SNE
SNE
SNE
SNE
SNE
SNE

LIM 57.5
LIM 27646 3 5851.0 0.2116 1179.8
GEN 11271937 10898.2 04998 149.5
GEN 209.1 240.0 1.1477 127.9
GEN [[11271937711108982110/4998 1928
GEN 16905.3 13181.0 0.7797 139.6
LIM 24099.0 5711.0 0.2370 7089.8
LIM 112632.5 414515 0.3680 5633.0

LIM 17567.8 6319.0 0.3597 3980.5
LIM 18657.1 9355.0 0.5014 5213.8
GEN 121.8
GEN 18.0
GEN 56.3
GEN 3.5
LIM 2353
LIM 2755
LIM 144.5

LIM 285.0 0.1053 181.3

GEN 86.5
GEN 216.7
GEN 208.2
GEN 274
LIM 5313.5

LIM 195274.1  13165.0 0.0674 9508.8
LIM 6145971  57555.3 0.0936 13175.9
LIM 209844.6  28257.5 0.0942 16243.1

GEN 2448
GEN 37.7
GEN 689.6
GEN 470.3
LIM 723.5
LIM 32.7
LIM 13.3
LIM 848.4
GEN 63.2
GEN 100.5

GEN 7301.1 3450.0 0.4725 65.0
GEN 6453.1 268.0 0.0415 195.3
LIM 11180.6
LIM 128464.8 27604.0 0.2149 10468.4
LIM 40581.7  21755.0 0.5361 4921.5
LIM 36516.6 21910.0 0.6000 3704 5

GEN
GEN
GEN
LIM 287 0

LIM 21688 8 1650.0 0.0761 133.6
LIM 204.2
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61.2
15.5
249.7
74.7
146.8
96.4
108.8
1680.2
20731
1431.8
2614.3
60.9
9.0
28.2
1.7
117.6
137.7
72.2
191
7.4
18.4
17.7
23
452.2
641.1
1233.9
1530.8
20.8
3.2
58.7
40.0
61.6
2.8

11
72.2
204
32.5
30.7
8.1
3617.1
22494
2638.3
22227
0.2

24

0.1
92.9
10.2
66.1



Table 5 cont.

1999
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001
2001

N_2PBPON_PAPON_L,PRARON_L,PRPON_L,APRPON_L2ADRE 2P ON_L,APRPON_L2APRPRON_,2APRPON_2PAPON_,2PARPON_ B

SNE
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
GOM
GOM
GOM
GOM
MA
MA
MA
MA
MA
MA
MA
MA
SNE
SNE
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
GOM
GOM
GOM
GOM
MA
MA

LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
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21015 3

152.0

0.0072

1177880.0 2185149 0.1855
4167318.0 354352.8 0.0850

8461975.4

6530.1
11461.2
117173.4
294371
413530.5
648.1
170769.5
187837.4
2001.7
2001.7
2001.7
1381.8
1762.5
2860.9

1368169.2
92514.0

625.0
3415.0
16514.3
6616.0
65296.3
0.0
6511.8
33136.0
88.7
88.7
88.7
115.0
138.0
13.0

32211.0
2429.0

132

173648.5 0.0205

0.0957
0.2980
0.1416
0.2248
0.1579
0.0000
0.0381
0.1764
0.0554
0.0554
0.0554
0.0832
0.0783
0.0045

0.0235
0.0263

66.8
92.6
175.4
200.9
370.3
4192.9
9072.3
12036.1
15449.1
126.1
156.0
133.1
371
559.5
95.5
171
192.9
320.2
516.4
282.2
430.0
19122.7
19744 .1
12072.2
15440.1
98.7

0.4
567.1

175.7
61.6
443.5
494.3
280.5
95.3
10806.5
7261.0
12396.2
9160.7
216.6
1535.0
538.2
408.6
74.0
146.9
81.9
412.4
450.6
430.1

21.6
6.9
131
15.0
2.7
312.7
1683.0
1023.4
317.0
9.4
11.6
9.9
2.8
41.7
71
1.3
14.4
30.6
153.9
39.9
96.6
3019.5
0.0
460.3
2723.8
5.5
0.0
31.4
0.0
13.8
0.3
11.0
12.3
7.0
24
254.4
190.6
308.7
2281
54
38.2
13.4
10.2
1.8
3.7
2.0
10.3
215
20.5



Table 5 cont.

2001 3 MA GEN_ 518.2 24.7
2001 4 MA  GEN 265.9 12.7
2001 1 MA LIM  207896.6 17123.0 0.0824 27830.9 22922
2001 2 MA LIM 35222116 107337.1 0.0305 30088.7 916.9
2001 3 MA LIM 2152093.3 81877.5 0.0380 21323.6 811.3
2001 4 MA LIM 2516352.0 129157.5 0.0513 36061.8 1851.0
2001 1 SNE GEN 0.2 0.0
2001 2 SNE GEN 26 0.1
2001 3 SNE GEN 0.0 0.0
2001 4 SNE GEN 8.3 0.4
2001 1 SNE LIM 3013.0 110.0 0.0365 131.4 4.8
2001 2 SNE LIM 84.2 4.0
2001 3 SNE LIM 10.5 0.5
2001 4 SNE LIM 7.3 0.3
2002 1 GBK GEN 129.0 8.0
2002 2 GBK GEN 155.5 9.6
2002 3 GBK GEN 223.7 13.9
2002 4 GBK GEN 112.0 6.9
2002 1 GBK LIM 5761.6 356.9
2002 2 GBK LIM 9314.7 577.1
2002 3 GBK LIM 3681149 280075 0.0761 18366.3 1397.4
2002 4 GBK LIM 5818357 21500.1 0.0370 15534.0 574.0
2002 1 GOM GEN 756.8 46.9
2002 2 GOM GEN 406.6 25.2
2002 3 GOM GEN 251.4 15.6
2002 4 GOM GEN 4868.1 354.5 0.0728 147.3 10.7
2002 1 GOM LIM 11447 70.9
2002 2 GOM LIM 1.7 0.7
2002 3 GOM LIM 108.6 6.7
2002 4 GOM LIM 82.3 5.1
2002 1 MA  GEN 420.7 43.1
2002 2 MA  GEN 818.0 83.7
2002 3 MA  GEN 762.8 78.1
2002 4 MA  GEN 9769.2  1792.0 0.1834  1715.0 314.6
2002 1 MA  LIM 1622662.7 122137.0 0.0753 39750.2 2992.0
2002 2 MA LIM 1654031.2 100861.0 0.0610 33889.7 2066.6
2002 3 MA LM 1691190.7 1749171 0.1034 23042.3 2383.2
2002 4 MA LIM 24182115 214653.0 0.0888 32696.2 2902.3
2002 1 SNE GEN 1.0 0.1
2002 2 SNE GEN 4.1 0.4
2002 3 SNE GEN 22 0.2
2002 4 SNE GEN 1.7 0.2
2002 1 SNE LIM 35.7 3.7
2002 3 SNE LIM 106.1 10.9
2002 4 SNE LIM 115 1.2
2003 1 GBK GEN 188.7 16.8
2003 2 GBK GEN 392.9 34.9
2003 3 GBK GEN 663.4 58.9
2003 4 GBK GEN 19728.3  2844.0 0.1442 431.6 62.2
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Table 5 cont.

2003 1 GBK LIM 2494381
2003 2 GBK LIM 159227.5
2003 3 GBK LIM 98491.0
2003 4 GBK LIM 572128.5
2003 1 GOM GEN 716.0
2003 2 GOM GEN

2003 3 GOM GEN

2003 4 GOM GEN

2003 1 GOM LIM

2003 2 GOM LIM

2003 3 GOM LIM

2003 4 GOM LIM

2003 1 MA GEN 13839.7
2003 2 MA GEN 2864.0
2003 3 MA GEN 16803.3
2003 4 MA GEN 28628.5
2003 1 MA LIM 17384571
2003 2 MA LIM  1809350.1
2003 3 MA LIM  1912523.4
2003 4 MA LIM  3431011.6
2003 1 SNE GEN

2003 2 SNE GEN

2003 3 SNE GEN

2003 4 SNE GEN

2003 1 SNE LIM 187199.1
2003 2 SNE LIM

2003 4 SNE LIM 3749.0
2004 1 GBK GEN

2004 2 GBK GEN

2004 3 GBK GEN

2004 4 GBK GEN 34306.1
2004 1 GBK LIM 145522.9
2004 2 GBK LIM

2004 3 GBK LIM

2004 4 GBK LIM 4320027.3
2004 1 GOM GEN 696.0
2004 2 GOM GEN

2004 3 GOM GEN

2004 4 GOM GEN 18618.0
2004 1 GOM LIM

2004 2 GOM LIM

2004 3 GOM LIM

2004 4 GOM LIM

2004 1 MA GEN

2004 2 MA GEN 11665.2
2004 3 MA GEN 51917.9
2004 4 MA GEN 75295.0
2004 1 MA LIM  3512382.0
2004 2 MA LIM 42428711

Skate Complex; Appendix 1

4599.0
24910.0
9761.3
41546.2

0.0184
0.1564
0.0991
0.0726

30.0 0.0419

681.0
475.0
6195.0
315.0
169608.8
112134.5
125992.5
254800.5

0.0492
0.1658
0.3687
0.0110
0.0976
0.0620
0.0659
0.0743

1481.0 0.0079

1486.0 0.3964

2300.2 0.0670
6479.0 0.0445

197057.4 0.0456
2.0 0.0029

2596.5 0.1395

1152.0
6628.5
7013.5
218198.2
152827.9

0.0988
0.1277
0.0931
0.0621
0.0360

134

8836.7
9834.4
13445.5
6749.3
665.4
309.2
164.8
131.2
100.7
206.3
8.7

43.3
2210.3
1038.3
1609.2
2055.3
33207.8
41415.9
29962.6
46569.2
8.1

1.5

3.6

215
265.3
35.8
142.7
347.4
478.6
219.3
5741
4375.4
736.0
2782.7
18164.4
126.6
69.2
44.8
62.4
13.6
4.8

7.6

17.9
2108.4
1469.8
1746.8
2082.7
52059.4
40819.4

162.9
1538.5
1332.6

490.1

27.9
274
14.6
11.6
8.9
18.3
0.8
3.8

108.8

172.2

593.3

226
3239.8
2566.8
1973.9
3458.4

1.1
0.2
0.5
2.8
2.1
4.6

56.6

20.8

28.7

13.1

38.5

194.8

44 1

166.7

828.6

0.4
4.1
2.7
8.7
0.8
0.3
0.5
1.1

298.7

145.1

223.0

194.0
32341
1470.3



Table 5 cont

2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2006
2006
2006
2006
2006
2006
2006

WN-_2PBARON_LPEAON_,APEAON_,APARAON_,APEAPON_,APERAPON_,2APARAPON_,APARAPON_2APAPON_LAPERAPON_2APAPON_2APMA®

MA
MA
SNE
SNE
SNE
SNE
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
GOM
GOM
GOM
GOM
MA
MA
MA
MA
MA
MA
MA
MA
SNE
SNE
SNE
SNE
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GBK
GBK
GBK

LIM
LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
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3747024.5
5005748.4
1850198.5
1850198.5
1850198.5
4403.1
1850198.5
1850198.5
1850198.5
479.0
41555.5
21770.8
33530.6
6791.4
1555423.6
506638.5
3279688.8
4234053.2
11563.2
11563.2
11563.2
11563.2
11563.2
11563.2
11563.2
11563.2
61095.5
49746.3
105742.2
198930.7
2664400.4
1606428.9
1041484.0
911974.9
5845.1
3141.7
3141.7
3076.1
3141.7
3141.7
504.0
3141.7
1512131.0
26456.1
26567.8
45981.8
1052972.5
1776873.6
4908723.7

140658.8
270046.3
88558.9
88558.9
88558.9
155.0
88558.9
88558.9
88558.9
350.0
907.1
260.5
1006.0
148.0
45189.8
28918.0
158732.0
177304.3
586.9
586.9
586.9
586.9
586.9
586.9
586.9
586.9
13888.0
3487.0
7938.0
30837.0
179014.5
97359.5
92504.5
58671.5
1536.0
920.7
920.7
1026.0
920.7
920.7
200.0
920.7
50721.1
2744
2245.6
2645.6
43136.0
291624
59263.8

135

0.0375
0.0539
0.1417
0.1417
0.1417
0.0352
0.1417
0.1417
0.1417
0.7307
0.0218
0.0120
0.0300
0.0218
0.0291
0.0571
0.0484
0.0419
0.0508
0.0508
0.0508
0.0508
0.0508
0.0508
0.0508
0.0508
0.2273
0.0701
0.0751
0.1550
0.0672
0.0606
0.0888
0.0643
0.2628
0.3310
0.3310
0.3335
0.3310
0.3310
0.3968
0.3310
0.0430
0.0104
0.0845
0.0575
0.0410
0.0164
0.0121

28934.5
27941.7
121.9
18.2
179.7
162.2
59.7

8.7
235.7
33.0
156.3
761.2
1251.3
1262.2
11253.2
4017.4
25084.8
21842.3
261.5
128.6
162.7
165.1
86.0
16.2

8.7

18.7
22433
1595.9
2087.8
2610.5
32820.5
37930.8
10527.7
10021.0
2255
321.8
292.9
251.7
200.2
4991
73.0
204.2
830.6
1566.4
1082.4
1305.6
11703.4
31707.2
44152.5

1086.2
1507.4
17.3
2.6
255
5.7

8.5

1.2
334
241
3.4

9.1
37.5
275
326.9
229.3
12141
914.7
13.3
6.5

8.3

8.4
4.4
0.8

0.4

1.0
509.9
111.9
156.7
404.7
2205.1
2298.8
935.1
644.7
59.3
106.5
97.0
84.0
66.3
165.2
29.0
67.6
35.8
16.2
91.5
75.1
4794
520.4
533.1



Table 5 cont.

2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007

ARWON-ADRON-DARON-RARWONRAON2RARON=2ARON2DARON=ARON=RARWON=2ARWN=2KWN =

GBK
GOM
GOM
GOM
GOM
GOM
GOM
GOM
GOM
MA
MA
MA
MA
MA
MA
MA
MA
SNE
SNE
SNE
SNE
SNE
SNE
SNE
SNE
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GBK
GOM
GOM
GOM
GOM
GOM
GOM
GOM
GOM
MA
MA
MA
MA
MA
MA
MA
MA

LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
GEN
GEN
GEN
GEN
LIM
LIM
LIM
LIM
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2747341.3 218319.9 0.0795 21441.8

19798.3
262927.9
11021.8
167288.2
201969.6
262927.9
66415.1
1111074.6
4205.3
4205.3
5919.8
2826.0
4205.3
4205.3
4205.3
4205.3
3870.1
358236.7
288991.1
1247.0
593878.9
2849421.4
3884526.0
2561393.5
2047.0
1866.0
2047.0
2228.0
2047.0
2047.0
2047.0
2047.0
70251.7
29147.2
78997.6
85023.5
2004191.4
2129420.5
1126763.4
2908179.8

1046.5
39213.7
2654.0
61724.6
19943.0
39213.7
2655.0
147259.0
620.7
620.7
897.0
959.0
620.7
620.7
620.7
620.7

6.0
4589.8
7412.7
384.0
41340.9
46885.3
140290.9
380441.5
161.8
87.0
161.8
236.5
161.8
161.8
161.8
161.8
10615.7
1961.5
5916.0
9005.0
123968.2
79156.8
68026.4
1942947

136

0.0529
0.1556
0.2408
0.3690
0.0987
0.1556
0.0400
0.1325
0.1641
0.1641
0.1515
0.3393
0.1641
0.1641
0.1641
0.1641
0.0016
0.0128
0.0257
0.3079
0.0696
0.0165
0.0361
0.1485
0.0764
0.0466
0.0764
0.1061
0.0764
0.0764
0.0764
0.0764
0.1511
0.0673
0.0749
0.1059
0.0619
0.0372
0.0604
0.0668

228.7
314.2
64.3
36.7
107.0
128.6
1.7

1.4
3376.0
22954
1999.7
2107.8
24214 1
9894.9
1594.3
74111
321.2
613.7
697.4
81.8
200.0
138.3
2855
132.6
532.5
1451.1
1733.7
757.2
6329.5
23308.7
27790.1
141951
2331
118.9
67.9
97.4
49.1
8.3
110.6
56.2
4568.1
3812.6
3056.1
3266.0
42576.1
31869.6
13663.4
24775.2

1703.9
9.8
13.5
2.8

1.6
4.6

5.5

0.1
0.5
178.5
357.3
481.5
777.7
2391.0
1540.1
63.7
982.2
52.7
100.7
105.7
27.8
32.8
22.7
46.9
21.8
0.8
18.6
445
233.2
440.6
383.5
1003.6
2108.4
17.8
5.5

5.2
10.3
3.7

0.6

8.4

4.3
690.3
256.6
228.9
345.9
2633.5
1184.7
824.9
1655.2



Table 5 cont.
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126.0
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240.0
518.0
1657.0
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518.0
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75.0
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0.8185
0.1246
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0.2128
0.7936
0.8185
0.8185
2.1428

68.3
299.0
361.5
395.9

19.2
440.7
225.0
252.8

55.9
37.3
295.9
84.2
15.3
360.7
184.1
541.7
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New England Fishery Management Council
50 WATER STREET | NEWBURYPORT, MASSACHUSETTS 01950 | PHONE 978 465 0492 FAX 978 465 3116
John Pappalardo, Chairman | PaulJ. Howard, Executive Director

MEMORANDUM
DATE: December 11, 2008
TO: Data Poor Assessment Workshop
FROM: Andrew Applegate

SUBJECT: Discard estimation

During the Data Poor Assessment Workshop (DPWS), new skate discard estimates were
presented which differed substantially (see Figure 1) from those estimated during SAW44 and
updated by the Skate PDT during the development of Amendment 3. Most of the differences
were thought to be associated with filling unmatched trips with average DK (live weight ratio of
observed discarded skates to the observed kept of all species). Like the SAW44 estimate, a three
level stratification was applied to observed trips and dealer landings (obtained from the area
allocation “AA” tables). The stratification included gear (longline, limited access scallop
dredge, general category scallop dredge, shrimp trawl, sink gillnet, and fish trawl), region (Gulf
of Maine, Georges Bank, Southern New England, Mid-Atlantic) and quarter (1-4).

The new estimates had the same trend as the previous ones through 2002, but differed
substantially from 2003 to 2006 (Figure 1). Most filled DK rations, however, were concentrated
in earlier years (Figures 4-7), the largest difference arising from longline gear in 1991 and 1992
and trawl gear in 1998. The cause of the differences for 2003-2006 were not apparent. These
more recent discard estimates are critically important because the Council uses the last three
years of the discard time series (2004-2006) to reduce the allowable catch limits and set landings
targets. Based on the earlier estimates, it was believed that discards had declined substantially
due to regulatory effects. The new estimated discards do not show this decline.

To explore the source of these important differences the sea sampling and dealer data
were analyzed independently using a different stratification schema to potentially reduce the
effects of oversampling of the US/CA area, access area, and special access program trips which
are distributed in special areas. Also mesh categories were also introduced to account for DK
differences that might be caused by small (< 5.5 inches), large (5.5 to 8 inches), and very large
mesh (> 8 inches) for trawl and sink gillnets. A seasonal stratification was also applied (fall 07-
10, spring 03-06, and winter 11-02) to comport with the three annual finfish NMFS trawl surveys
so that the aggregate discard estimates could be allocated by species. A four level stratification
was applied to both data sets: gear (longline, scallop dredge, scallop trawl, sink gillnet, fish
trawl, shrimp trawl, and other), sub-region (Delmarva, E. Georges Bank, E. Gulf of Maine, NY
Bight, Offshore, S. Channel, Southern New England, and Other), season (see above), and mesh
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(see above). Dealer data that matched observed DK ratios from observed trips accounted for
about 65-75% of total landings. Where DK matches did not exist, the DK ratio for a two level
stratification (gear and sub-region) was applied. Together, the combined matches accounted for
95-99% of total landings. The remaining unmatched trips were for combinations that generally
seemed to be associated with low skate discards and the DK ratios were assumed to be zero. No
general linear modeling was applied (see analysis below for further discussion) at the time of
these discard estimates.

Similar to the NEFSC estimates, the ratio of sums (DK) were applied to total live weight

landings of all species on the dealer reports. A simplified method was also applied which
discards are the multiplicative product of the observed skate discards per trip times the number
of trips landed by dealers. For both, discard 95% confidence levels were computed by
bootstrapping the trips (10% of trips in 100 iterations) to obtain a standard deviation for the DK
mean by gear. The discard estimates in each ‘cell’ were then calculated over 1000 iterations
with a log normal distribution on DK with a mean p and a standard deviation o.
The alternative discard estimates (Figure 2) tend to agree reasonably well with the NEFSC
estimates since 1999, and particularly well for estimates since 2003. Before 1998, the discard
estimates diverge due to low sample size, but generally all estimates show a declining trend from
1996-1999.

These discard estimates did not however reveal the source of the error in the SAW44
discard estimates. Further exploration of the discard rates was conducted to try to understand
why skate discards do not appear to be declining despite more restrictive groundfish regulations
during the recent period. For vessels using trawls, skate discards per haul, trip, and kept landings
increased from 2000 to 2008 (Figure 9). A similar pattern was observed for vessels using sink
gillnets (Figure 10). Observed skate discard rates declined for vessels using scallop dredges
(Figure 11). In all three cases, the trends could be caused by oversampling trips in special access
programs that could have skate discard rates that differ from regular trips.

Skate discards for vessels landing more than 1000 lbs. of skates (live weight) also
increased since 2001 (Figure 12), but appear to level off since 2005 and possible decline in 2008
(a partial year). Skate discard rates for vessels fishing in the Gulf of Maine (Figure 14) and the
Mid-Atlantic (Figure 16) appeared to vary without trend (Figure 13) at very low levels
particularly since 1999, either per trip or per lb. kept. There appears to be a moderate upward
trend in discards in Southern New England (Figure 15) since 2000. Skate discard rates on
Georges Bank appear to have trended upward since 2001 (Figure 14), mimicking the overall
trend.

When broken out by management program, skate discard rates for regular trawl trips in
the Georges Bank region varied without trend from 1989 to 2000, then increased in 2001 and
varied at a higher level since that time. In the more recent period, discards averaged 0.3 to 0.6
Ibs. of skates per pound kept. In contrast, skate discards on oversampled US/CA area trips were
much higher, averaging 0.6 to 0.8 lbs. of skate discards per pound kept.

During the comparison of the discard estimates during the DPWS, it was determined that the
SAW44 estimates did not include the US/CA area, scallop access area, and groundfish special
access program observed trips. It seems plausible that this omission may have contributed to the
estimated declining trend in skate discards that was previously estimated. On the other hand, the
high skate discard rates in the US/CA trips may also in some cases be inappropriately applied to
non-US/CA area trips, but there is no field in the dealer data to determine trip type. Some post-
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stratification of DK rates and dealer landings by sub-region and time could reduce this undue
influence on the discard estimation.

Also during the DPWS, it was suggested that a General Linear Model (GLM) analysis
should be conducted to determine which type of stratification of observed trips would be better a
better model to follow. All three stratifications were analyzed via GLM, plus the NEFSC
stratification with only regular management program trips (excluding US/CA area, scallop access
area, Multispecies Category B DAS, and special access program trips). All models were
significant and one stratification wasn’t clearly superior to the other, except that simpler models
(i.e. less independent variables) explained a significant amount of the DK variance, but all
models had relatively low predictive capability (low R).

More detailed information about the GLM analyses are shown in Tables 2-5. For model
1 (Table 2), the MSE for all independent variables except quarter were significant. Holding the
effects of the other independent variables constant, the least squares means increased from 2001
to 2007. Trawl DK rates were substantially higher than other gears and higher in the Southern
New England region than the others. Similar trends were observed for a GLM applied to only
regular management program observed trips (Table 3).

For model 3 (Table 4), which was applied to unmatched trips in this analysis, all
independent variables (year, gear, sub-region) were significant and explained a significant
fraction of the DK variation. DK trends for year and gear were similar to those for models 1 and
2. DK rates were high for the E. Georges Bank, NY Bight, and Southern New England sub-
regions. All independent variables in model 4 (which was used in this analysis to estimate
discards on matched trips) were significant (Table 5), except for season which was retained to
comport with the survey data to be used to allocate aggregate discards to species. Holding the
effects of the other independent variables constant, the least squares means showed a similar
trend for year, but the discard rate for trawls was lower than the other model formulations which
did not use mesh as an independent variable. Somewhat counter intuitively, the DK rate was
highest for large mesh trawls and gillnets, and lowest for small mesh trawls and gillnets. This
may be related to the lower amount of kept for other species compared to the discard of skates
for vessels using large mesh. It also suggests that vessels using mesh larger than 8 inches may
have a lower skate discard rate — or simply catch more of the target species relative to the amount
of skates discarded.
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Figure 1. Comparison of new NEFSC discard estimates with SAW44/PDT discard estimates.
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Figure 2. Comparison of discard estimates, including one using a simplified method and a re-
stratification at the subregion level (gear, sub-region, season, mesh)
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Figure 3. Match trips and all fill types: Estimated discards by gear type via the new NEFSC
skate discard estimation.
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Figure 4. Mean within area fill: Estimated discards by gear type via the new NEFSC skate
discard estimation.
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Figure 5. Mean within region fill: Estimated discards by gear type via the new NEFSC skate

discard estimation.
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Figure 6. Mean within year fill: Estimated discards by gear type via the new NEFSC skate
discard estimation.
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Figure 7. Mean for gear fill: Estimated discards by gear type via the new NEFSC skate discard
estimation.
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Fill type'

Average of dkratio  |Gear areaf |
Longline Scallop dredges Shrimp trawls [Sink Gillnets [Trawls [Grand Total
YEAR QTR [GBK GOM MA SNE GBK GOM MA SNE GBK GOM GOM MA SNE GBK GOM MA SNE _|
1989 1 0.000 0.020 0.000 0.802 0.346 0213 1,688 0.438
2 0.042] 0.003 0.000 0.272 0.166 0.024 0.207 0.115
3] 0.005 0.003 0.000 0.286 0.128 0.510 1.136 0.295]
4 0.018 0.018 0.008 0.000 0.386 0.194 0.145 0.569 0.167
1990 1 0.050 0.014 0.107 1.037 0.246 0.144 2.583 0597
2 0.011 0.013 0.047 0.000 0.335 0.130 0.103 0.081 0.090
3| 0.000 0.003 0.125 0.028 0.384 0.131 0.112
4 0.114] 0.002 0.009 0.000 0.000 0.281 0.280 0.426 1.825 0.326
1991 1 0.774 0.289 0.069 0.005 0.041 0.000 0.345 0.123 0.009 0.706 0.236)
2 0.038 0.007 0.014 0.000 0.399 0.042 0.444 0.451 0.174
3 0.019 0.008 0.000 0.075 0.083 1.595 0.363 0.306
4 0.174 0.041 0.129 0.045 0.007 0.000 0516 0.086 0.209 0.257 0.147
1992) 1 0.906 0.110 0.078 0.053 0.104 0.000 0.016 0.474 0.102 0.109 0.027 0.180
2 0.222 0.000 0.000 0.013 0.017 0.053 0.100 0.014 0.020 0.395 0.083
3 0.002 0.003 0.067 0.029 0.024 0.212 0.231 0.081
4 0.001 0.039 0.005 0.018 0.170 0.048 0.609 0591 0.185
1993 1 0.088 0.000 0.000 0.018 0.017 0.050 0.000 0.044 0.116 0.146 0.024 0.060 0.047
2 0.068 0.005 0.017 0.041 0.257 0.053 0.045 0.645 0.141
3 0.000 0.002 0.002 0.000 0.170 0.020 0.025 0.047 0.866 0.126
4 0.003 0.020 0.004 0.002 0011 0.748 0.079 0.444 0.258 0.174
1994] 1 0.000 0.000 0.005] 0.007 0.103 0.007 0.014 0.204 0.030 0.099 0.004 0.043
2 0.000 0.003 0.003 0.069 0.466 0.070 5.436 2.257 1.038
3 0.000 0.001 0.001 0.239 0.071 0.048 0.071 0.061
4 0.001 0.016 0.013 0.013 0.084 0.892 0.026 0.134 0.321 0.166
1995 1 0.002 0.031 0.097 0.014 0.077 0.415 0.048 0.632 0.101 0.157
2 0.003 0.018 0.010 0.063 0.758 0.035 0.302 0.489 0.210
3 0.003 0.003 0.004 0.114 0.120 0.011 0.106 0.107 0.058
4 0.000 0.013 0.050 0.013 0.014 0.235 0.031 0.553 0.137 0.116
1996, 1 0.004 0.035 0.216 0.016 0.004 0615 0.033 0.225 0.132 0.142
2 0.000 0.002 0.017 0.010 0.013 0.322 0.048 0.036 0.303 0.083
3 0.008 0.004 0.007 0.000 0.000 0.004 2,012 0.291
4 0.005 0.011 0.001 0.008 0.014 0.081 0.035 0.074 1.442 0.186
1997 1 0.001 0.006 0.005 0.048 0.019 0.002 0241 0.128 0.079 0.125 0.065
2 0.008 0.012 0.046 0.000 0.011 0.058 0.023
3 0.001 0.000 0.000 0.030 0.145 0.004 0.003 0531 0.089
4 0.008 0.002 0.009 0.021 0.270 0.016 0.041 0.052
1998 1 0.022 0.021 0.008 0.002 0.169 0.092 0.051 0.072 0.055
2 0.002 0.003 0.025 0.006 0.023 1.984 0.183 0318
3 0.087 0.022 0.001 0.028 0.148 0.579 0.113 0.064 0.130
4 0.004 0.007 0.017. 0.016 1.149 0.116 0.185 0.213
1999 1 0.090 0.008 0.021 0.014 0.004 0.010 0.006 0.022
2 0.003 0.015 0.079 0.013 0.370 0.020 0.139 0.008 0.081
3 0.003 0.003 0.000 0.405 0.042 0.009 0.077
4 0.004 0.037 0.015 0.058 0421 0.007 0.112 0.101 0.094
2000 1 0.016 0.015 0.000 0.023 0.123 0.151 0.039 0.094 0.057
2 0.038 0.032 0.005 0.032 0.204 0.108 0.123 0.153 0.098
3 0.486 0.007 0.000 0.197 0.016 0.011 0.186 0.129
4 0.096 0.012 0.009 0.012 0.543 0.053 0.446 0.466 0.204
2001 1 0.000 0.058 0.020 0.004 0.000 1129 0.062 0.004 0.041
2 0.018 0.056 0.006 0.183 0.144 0.056 0.071 0.323]
3] 0.009 0.011 0.000 0.000 0.164 0.064 0.014 0.114
4 0.078 0.010 0.005 0.016 0.308 0.037 0.062 0.217
2002 1 0.033 0.002 0.029 0.035 0.459 0.031 0.065 0.000
2 0.119 0.016 0.015 0.045 0.422 0.092 0.080 0.045
3| 0.212 0.022 0.052 0.000 0.021 0.309 0.072 0.058 0.081
4 0.033 0.000 0.456 0.030 0.013 0.003 1.702 0.289 0.095 0.216 0.333]
2003 1 0.155 0.057 0.018 0.042 0.073 0.008 0.009] 0.286 0.029 0.025 0.069) 0.576 0.077 0.186 0.716
2 0.156 0.114 0.019 0.018 0.004 0.046 0.315 0.080 0.160 0.035
3 0.099 0217 0.036 0.011 0.000 0.055 0472 0.085 0.005 2.266
4 0.000 0.108 0.043 0.396 0.021 0.008 0.024 0.103 0451 0.057 0.105
2004 1 0.013 0.011 0.045 0.003 0.062 0.004f 0.064 0.026 0.000 0.036 0.446 0.049 0.064
2 0.067 0.022 0.018 0.000 0.044 0.568 0.119 0.079
3 0.035 0.083 0.046 0.009 0.025 0.620 0.042 0.023
4 0.008 0.000 0.000 0.056 0.139 0.074 0.383 0.069 0.021 0.049 0 @| 0.562 0.119 0.044
2005 1 0.093 0.052 0.000 0.025 0.051 0.147 0.263 0.003[ 0.767 0.051 0.025 0.059 0538 0.059 0.045
2 0.289 0.024 0.035 0.065 0.007 0.034 0.104 0.089 0571 0.060 0.327
3| 0.105 0.012 0.039 0.082 0.397 0.045 0.009 0.038 0.106 0718 0.067 0.155
4 0.034 0.001 0.000 0.000 0.032 0.110 0.334 0.117 0.007 0.052 0.061 0.682 0.174 0.110 .
2009 1 0.498 0.040 0.008] 0.041 0.076 0.000) 0.023 0.050 0.035 0.067 0717 0.106 0.034 0.174 0.130)
2) 0.234 0.000 0.013 0.229 0.030 0.086 0.330 0.451 0.178 0.036 0.071 0.139)
3 0.000 0.000 0.000 0.048 0.140 0.152 0.058 0.008 0.003 0.126 0.730 0.079 0.021 0.274 0.114]
4 0.054 0.039 0.000 0.001 0.069 0.251 0.339) 0.001 0.100 0.006 0.022 0.00_2| 0.715 0.077 0.079 0.231 0.128|
2007] 1 0.376 0.093 0.036 0.106 0.794| 0.000) 0.622 0.018 0.025 0.119 0.680 0.153 0.109 0.178 021§
2) 0.046 0.034 0.015 0.047 0.052 0.125 0.033 0.019 0.117 0.075] 0.556 0.062 0.547 0.415 0.138
3 0.081 0.091 0.000 0.031 0.068 0.069 0.013 0.013 0.040) 1.062 0.031 0.050 0.479) 0.142)
4 0.051 0.005 0.000 0.000) 0.228 0.106 0.086 1.178 0.083 0.011 0.019 0.419) 0.645 0.081 0.213 0.382) 0.263
Grand Total 0.183 0.041 0.013 0.058] 0.059 0.065 0.102 0.456] 0.073 0.022] 0.057 0.024 0.017 0.075) 0.423 0.086 0.261 0451 0.160)

Figure 8. Observed D/K ratios by stratum, NEFSC estimation.

Skate Complex; Appendix 2

146



6,000 0.60
[ Trips observed
4 Skate discards per haul
5,000 - - - - #& |-~ Skate discards pertrip  |-----------"-~--"-~-"-~-"-~-~-~-~-"F------- - 0.50
—— Skate discards per Ib. kept
el
:
2 4,000 +040 &
S £
g =
E 53
B a
2 3,000 - 1030 3
2
s
= g
@ 2,000 - +0.20 %
g
[
1,000 ~ T 0.10
0 - - 0.00
D N > VD PP AN RO DL DO >N O/
N I L S S e M i M e e A A N N N U N SR SR VEN
SR - I S S S S S S S S
Figure 9. Observed skate discard rate for vessels using trawls.
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Figure 10. Observed skate discard rate for vessels using sink gillnets.
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Figure 11. Observed skate discard rate for vessels using scallop dredges.
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Figure 12. Observed skate discard rate for vessels landing > 1000 Ibs. of skate, live weight.
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Figure 13. Observed skate discard rate for vessels fishing in the Gulf of Maine.
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Figure 14. Observed skate discard rate for vessels fishing on Georges Bank.
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Figure 15. Observed skate discard rate for vessels fishing in Southern New England.
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Figure 16. Observed skate discard rate for vessels fishing in the Mid-Atlantic.

Skate Complex; Appendix 2

150




== Trips observed
Skate discards per haul

=i~ Skate discards per trip
- Skate discards per Ib. kept

10,000

8,000 -

6,000 -

4,000 ~

Skate discards Ibs or trips observed

2,000 A

o,

5 > G
P S &S
S

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

Skate discards per Ib. kept

Figure 17. Observed skate discards for vessels using trawls on regular Georges Bank region

trips.
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Figure 18. Observed skate discards for vessels using trawls on US/CA trips in the E. Georges

Bank sub-region.
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Table 1. GLM statistics for various independent variables predictors of average observed DK

ratios.

Statistic
Stratification . . Kolmogorov | Durbin-
model Multiple R | F-ratio (df) | p-value _Smirmov Watson D AIC
1. NEFSC 0.127 13.45 (24) 0 0.361 1.927 90,347
2. NEFSC 0.112 | 7.573 (24) 0 0.378 1.945 69,420
regular trips
3. Gear/ 0136 |1401227)| 0 0.358 1.930 92,665
Sub-region
4. Gear/
sub-region/ 0.136 9.902 (28) 0 0.368 1.941 71,517
season/mesh

Table 2. GLM statistics and results for Model 1, gear/region/quarter.

Analysis of Variance

Source [Type III SS Edf EMean SquareséF-ratio Ep-value
YEARS [307.2600 (13  23.6354 :

GEARS [10353742 5 207.0748

iGN Tog 3

QTRS 33255 3 -

e : 1373873311963357932

Estimates of Effects B = (X'X)"'X'Y

Factor Level EALLSKATES_DK_RA-
TI0

CONSTANT] 0.1932
YEARS  [1994 20,0532
YEARS  [1995 20,0242
YEARS  [1996 0.0193
YEARS  [1997 20.0731
YEARS  [1998 20.0556
YEARS  [1999 20.0910
YEARS  [2000 0.0417
YEARS 2001 20.2394
YEARS  [2002 =0.0589
YEARS  [2003 0.0209
YEARS  [2004 0.0098
YEARS  [2005 0.0469
YEARS 006 01568
GEARS  |Other 20,1614
GEAR$ -------- Scallop dredgé-O, 1201
GEARS  [Scallop trawl -0.0262
GEARS  [Shrimp trawl -0.0413
GEARS  [Sink gillnet  -0.0526
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Estimates of Effects B = (X_'X)'IX'Y

Factor Level EALLSKATES_DK_RA-
TIO

REGIONS |[GB =0.0575

REGION$S |[GOM  -0.1278

REGIONS |[MA 20.0080

QTRS | 1.000000  -0.0405

QTRS £.000000  :0.0334

QTRS | 3.000000  -0.0295
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Table 3. GLM statistics and results for Model 2, gear/region/quarter, using only regular
management program observed trips.

[Analysis of Variance

Source [Type III SS idf :Mean SquaresiF-ratio ip-value
[YEARS [371.1617 13  28.5509
GEARS ™ [601.7510
REGION${67.3027
QTRS 33.3625

Error

3

Estimates of Effects B = (X'X)'X'Y

Factor Level EALLSKATES_DK_RA-
TI0

CONSTANT] 0.2075
YEARS  [1994 20.0629
YEARS  [1995 =0.0254
YEARS  [1996 90.0037
YEARS  [1997 20.0752
YEARS  [1998 20.0660
YEARS  [1999 0.1071
YEARS  [2000 0.0294
YEARS  [2001 20.2749
YEARS  [2002 20.0525
YEARS  [2003 0.0028
YEARS  [2004 20,0375
YEARS  [2005 0.0097
YEARS  [2006 0.1379
GEARS  [Other 0.1651
GEARS  [Scallop dredge-0.0354
GEARS  [Scallop trawl :0.0017
GEAR$ ---------- Shrimp trawl 2—0,1078
GEARS  [Sink gillnet -0.0570
REGIONS [GB 20.0754
REGIONS [GOM 20.0773
REGIONS |[MA 20.0015
QTRS 1.000000  -0.0389
QTRS 2.000000  0.0372
QTRS | 3.000000  -0.0556
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Table 4. GLM statistics and results for Model 3, DK rates post stratified by gear and sub-region.

Analysis of Variance

Source Type III SS df EMean SquareséF-ratio Ep-value

YEARS 0777085 13 21.3622 3.8130 0.0000

GEARS 066.1356 6 '

SUB REGIONY[378.6510 8  47.3314

Error 113629.019020282i5.6025

Factor Level ALLSKATES DK RA-
TIO

CONSTANT

YEARS

YEARS

YEARS

YEARS

YEARS

YEARS

YEARS

VEARS

VEARS

YEARS

YEARS

YEARS

YEARS

GEARS

GEARS ot 20.1217

GEARS Scallop dredge-0.1314

GEARS Scallop trawl 0.0643

GEARS Shrimp trawl -0.0946

GEARS Sink gillnet  -0.0362

SUB_REGIONYDelmarva  -0.0171

SUB REGIONYE.GB  0.1545

SUB REGIONYE.GM  20.3530

SUB_REGIONYNY Bight  0.2262

SUB_REGION§Offshore  -0.2487

SUB REGIONYOther ~ 0.0182

SUB_REGIONYS. Channel ~ ~-0.0531

SUB_REGIONYSNE ~ 10.2751
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Table 5. GLM statistics and results for Model 4, DK rates post stratified by gear, sub-region,
season, and mesh.

[Analysis of Variance
Source Type 111 SS Edf EMean SquareséF-ratio Ep-value
[YEARS 2822944 113 21.7150 33.0537 0.0002

GEARS

SUB_REGIONS

SEASONS$

MESH$

Error

Estimates of Effects B = (X'X)'X'Y

Factor Level 'ALLSKATES_DK_RA
TIO
CONSTANT 0.5507
YEARS 1994 0.4975
YEARS 1995 20,4047
YEARS 1996  -0.4169
YEARS 1997 0.4944
YEARS 1998 -04748
YEARS 1999 05144
YEARS D000 -0.2394
YEARS 2001 -0.6300
YEARS 2002 -0.4004
YEARS 2003 03571
YEARS 2004  0.3743
YEARS 2005 -0.3498
YEARS 2006 -0.2432
GEARS Other  -0.4991
GEARS Shrimp trawl-0.0567
GEARS Sink gillnet -0.3809
b REGION S

SUB_REGIONYE. 10.2404

SUB REGIONSE.GM  -03755

SUB_REGIONSNY Bight 0.4924

SUB_REGION${Offshore  -0.0499

SUB_REGIONSOther ~ 0.2337
SUB_REGIONS[S. Channel 0.0072
SUB REGIONYSNE ~ 0.4252
MESH$ Large 02542

MESHS Small  -0.0982

SEASONS FALL  0.1023

SEASONS  [SPRING  [0.0493
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Executive Summary

SPR-based reference points for three skate species, Barndoor, Winter, and Thorny, were
derived from life-history parameters and fitted Beverton-Holt stock recruit relationships.
Estimated overfishing reference points for these three species are Fise,, Fs7e,, and Fago,
respectively. Future assessments could estimate comparable F’s from mean length models
(SEINE, e.g.), or from age-specific assessment models provided discards and landings could be
disaggregated to species level. Estimates of overfished reference points are also SPR based, and
are defined in terms of depletion, i.e. the proportion of spawners relative to unexploited levels.
For Barndoor, Winter, and Thorny skates, the depletion reference points are 0.20, 0.27, and 0.32,
respectively. Future assessments could determine stock status by comparing these depletion
levels either with depletion in the surveys (provided information is available to estimate
depletion for the first year in the survey) or from a stock assessment model that incorporates
information about maturity. The same approach to derive reference points was attempted for
Clearnose skate, however the parameter estimates from stock recruit curve were unrealistic.

There are several important caveats for the methods used in this working paper, namely,
that a fixed value of M was assumed for all ages, that the errors in variables problem was ignored
in fitting the stock recruit relationship (status quo), and that no fishing is assumed to occur prior
to the age of recruitment. The sensitivity to the assumed M value is addressed by exploring
alternative values. If any fishing were to occur prior to the age of recruitment, then the estimated
slope at the origin (a in the Beverton-Holt function) would be biased low, leading to an SPR
reference point having a positive bias.

Introduction

Determination of stock status requires a set of reference points that are measured in the
same units as estimates of current stock levels. The de facto target reference points are
associated with Maximum Sustainable Yield (MSY), with limit reference points being some
fraction of the target, typically one-half of the target. When MSY estimates can’t be obtained,
reference points based on spawning potential ratio (SPR) are a common proxy. There is
abundant literature exploring the use of SPR (Goodyear 1977; Gabriel et al. 1989; Goodyear
1993; Mace 1993) and recommending appropriate levels of SPR (Clark 1991; Mace and
Sissenwine 1993). Brooks et al. (in prep.) suggest that the appropriate level depends on species-
specific characteristics, and that the level can be derived analytically from life-history
parameters. The ability to express the reference point explicitly in terms of survival, maturity,
and fecundity allows the proxy SPR level to be tailored to the species of interest. The
appropriateness of the SPR level can be evaluated by inspection of the individual components to
determine whether they are biologically realistic, and sensitivity to assumed rates can be
calculated directly.

As is discussed in this WP, skate landings are not disaggregated to the species level, and
there is uncertainty in the species identification of observed skate discards. The lack of species
specific catch poses a major problem to conducting stock assessment analyses. The methods
proposed in this working paper for deriving biological reference points use only data from the
research surveys conducted by the Northeast Fisheries Science Center, thereby avoiding the
potential problems associated with disaggregating the commercial catches.

Methods

Overfishing and overfished reference points are derived in terms of the SPR level that

achieves maximum excess recruitment (MER, Goodyear 1980). MER differs from MSY in that
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it solves for the maximum yield in numbers rather than in weight. By comparison,
SPRMer<SPRysy because the F that achieves MER is greater. This is due to the fact that MSY is
achieved by allowing more fish to survive to older, hence heavier, ages. MER reference points

are expressed in terms of maximum lifetime reproduction, & (Myers et al., 1997, 1999), where
Amax age-1

(1) d=a) PgEg[]e™.

age=r j=1
In (1), r is the age of recruitment, Page is the proportion mature at age, Eage is the number of eggs
produced at age, M is natural mortality, and a is the slope at the origin in the Beverton-Holt
equation

as
(2) R=—F—.
1+%

The level of SPR corresponding to MER is given by
1
(3) SPRyer =

72
After calculating & , the resulting SPRyer could be used to determine the overfishing target by
calculating Fo,spr. An overfished target could similarly be calculated from & as
@ SBue _ \/5—1.

SSB, a—1

The calculated value in (4) gives a target depletion level, against which current estimates
of spawner depletion could be compared.

In order to calculate the reference points, the components of & are needed. First, the
slope at the origin, a, was obtained by fitting Beverton-Holt curves to NEFSC fall bottom trawl
survey data following Gedamke et al. (2009). Annual estimates of mean number of spawners per
tow were derived by assuming knife-edged maturity at Lsp. To obtain a time series of
recruitment, the length corresponding to age of full vulnerability to the gear (Lcrir) was
determined, and this was converted to a mean age from von Bertalanffy growth curves (Table 1).

The stratified mean number of fish per tow above Lsg (spawners) and for the year class
corresponding to L. (recruits) was then estimated for all years. The vector of mean number of
spawners per year was then paired with the vector of mean number of recruits given the
appropriate lag (Table 2). For instance, if recruitment was determined to occur at age 4, then a
lag of 5 years was taken to account for the additional year spent as an egg. Years with missing
data in these lagged pairs were dropped from the analysis. We emphasize that we used spawning
number rather than spawning biomass. This is a more realistic approach for elasmobranchs,
because they typically produce a few large eggs sacks (or pups, in the case of live bearers).

Counting the number of spawners reflects the fact that there is a finite capacity for egg
production and internal storage, whereas using spawning biomass as a proxy implies that
fecundity increases by a power function with age. The fall survey was used because it is a longer
time series and was more likely to reflect a wider range of observed stock sizes (NEFSC 2000).
Beverton-Holt curves were fit in ADMB (Otter Research, Ltd. 2004) assuming log-normal error
in recruitment. We note that while the observations of spawners are not measured without error,
the errors in variable problem is ignored (Status quo).
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The estimate of a obtained from the Beverton-Holt fits is a compound term that expresses
survival from the egg stage (Segq) to the age of recruitment (Sy.1) as well as the number of eggs
produced per spawner (E), which is assumed to be a constant for all ages:

(5) a=ES,,S,S, -5, ;.

egg
Given the definition of & in (1), the remaining term depends only on the natural mortality rate
(M) assumed:

Amax age-r vy . Amax . ef(Amatfr)*M
(6) a=a z Page He i — ge(Amat-n*M ze—(age—Amat) M _a —
age=r j=1 age=Amat l1-e

The final term above is the closed form solution for the sum of a geometric series, which
results for very large Amax, the maximum age. If Amax is 30 years or greater, then the difference
between the finite sum and the infinite sum is small (Appendix 1). Estimates of an age-constant
natural mortality (M) were calculated using four different methods based on life-history
parameters: Pauly (1980), Hoenig (1983), and the Jensen (1996) age at maturity and k methods.
Estimates ranged from 0.09 to 0.17 yr™', 0.15 to 0.18 yr'', and 0.17 to 0.25 yr’' for winter, thorny
and barndoor skates, respectively. The base case values used for these three species were 0.15,
0.18, and 0.18, respectively. For the clearnose skate, an M of 0.15 was used based on similarity
with the other skates. Note that an estimate of water temperature is required for the Pauly (1980)
estimator and we used 8.5 C as reported by Myers et al. (1997).

The reasonableness of the estimate of a can be evaluated by dividing a by E, the total
number of eggs produced by a female in a year. The term remaining from this division is the
cumulative survival from egg stage to the age of recruitment, SeggSeSi...Sr.1. Assuming that
survival is constant at each of these pre-recruit stages, then the annual survival can be calculated
as (SegyS0S1...Sr-1) "

The sensitivity of & and SPR based reference points was explored for a reasonable range
of alternative M values that bracketed the estimates discussed above (0.10-0.25). The resulting
SPRumer and the level of F that would produce SPRyver were calculated for each of the possible
M values. Uncertainty in the reference points arising from uncertainty in a was evaluated with
MCMC in AD Model Builder (Otter Research, Ltd, 2004). Two independent chains of length
1E+06 were simulated, with a thinning rate of 1/50. The first 35% of each chain was dropped
(burn-in), and the remaining values were retained for analysis.

Results

The results of fitting Beverton-Holt relationships to the observed spawner and recruit data
were evaluated by examination of diagnostic plots (Figures 1-4). For Barndoor, Thorny, and
Winter skate, the diagnostics are acceptable, and the estimated parameters are reasonable (Table
3). However, for Clearnose skate, the residuals show unacceptable time trends (Figure 4) and the
estimates are not reasonable (Tables 3 and 4; steepness of about 0.96).

The estimated precision for the reference points only reflects the precision of the
estimated stock-recruit parameters (a and K). Sensitivity of the estimated reference points and
the associated fishing mortality rate for alternative values of M are given in Tables 5-7. For
higher M, SPRyigr and depletion at MER are also higher, which equates to a lower F. This may
initially seem counterintuitive, for one often finds that assuming a higher M leads to a higher
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estimate of Fygy in a typical stock assessment. However, in this case, the result of a higher M
producing a lower Fospr 1s due to the direct impact of M on the unexploited calculation of
spawners per recruit (Table 8). It is this parameter that scales a to yield &, from which the
reference points are estimated.

Barndoor skate

There were 14 observations of (Sy, Ry) for Barndoor skate from the fall NEFSC bottom
trawl survey (Table 2). The estimated slope at the origin was 5.78, which gives a maximum
lifetime reproduction of 15.61 (&, Table 3). From equations (3) and (4) above, SPRygr=0.25
and the depletion of spawners at MER (Smgr/So) 1s 0.20. The estimated fishing mortality that
achieves an SPR of 0.25 is F,s0,= 0.18. The implied annual survival during the pre-recruit stage
is 0.27/year for three years (egg stage to age 2, Table 3). The long right tail in the posterior
distribution of the slope at the origin (a) reflects the poorer precision of that parameter
(CV=50%). By comparison, the reference points were twice as precise.

Winter skate

There were 36 observations of (Sy, Ry) for Winter skate from the fall NEFSC bottom
trawl survey (Table 2). The estimated slope at the origin was 2.94, which gives a maximum
lifetime reproduction of 7.39 (&, Table 3). From equations (3) and (4) above, SPRygr=0.37 and
the depletion of spawners at MER (Smer/So) 1s 0.27. The estimated fishing mortality that
achieves an SPR of 0.37 is F370,=0.08. The implied annual survival during the pre-recruit stage
is 0.43/year for five years (egg stage to age 4, Table 3). As was the case with barndoor skate, the
estimated CV for the slope at the origin (a) was twice that of the reference points (0.39 for a
versus 0.19 and 0.14 for SPRygr and depletion at MER).

Thorny skate

There were 40 observations of (Sy, Ry) for Thorny skate from the fall NEFSC bottom
trawl survey (Table 2). The estimated slope at the origin was 2.71, which gives a maximum
lifetime reproduction of 4.67 (& , Table 3). From equations (3) and (4) above, SPRygr=0.46 and
the depletion of spawners at MER (Smer/So) 1s 0.32. The estimated fishing mortality that
achieves an SPR of 0.46 is F46,,=0.07. The implied annual survival during the pre-recruit stage
is 0.44/year for five years (egg stage to age 4, Table 3). As was the case with barndoor skate, the
estimated CV for the slope at the origin (a) was twice that of the reference points (0.31 for a
versus 0.16 and 0.11 for SPRygr and depletion at MER).

Clearnose skate

There were 28 observations of (Sy, Ry) for Clearnose skate from the fall NEFSC bottom
trawl survey (Table 2). The estimated slope at the origin was 101.10, which gives a maximum
lifetime reproduction of 15.61 (&, Table 3). The diagnostics were not acceptable, and the
parameter estimates were unrealistic (steepness=0.96, Table 4); therefore, the estimated
reference points are considered inappropriate for management advice. No MCMC simulations
were conducted for this species based on the poor initial model fit.

Conclusions

Assessment of skate species has proven to be difficult, due to the aggregated nature of
commercial landings and the lack of data on discards for much of the time series. The difficulty
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applies equally to the estimation of reference points for skates. The methodology of Gedamke et
al. (2008) provided a method to estimate the slope at the origin for Beverton-Holt stock recruit
relationships. Management reference points are strongly dependent on the stock recruitment
curve, and the slope parameter is a key component in determining appropriate reference points.
Combining the slope with other biological parameters, the analytic solutions for SPRyvgr were
derived from results in Brooks et al. (2008, in preparation).

Data were sufficient to attempt fitting stock recruit curves to four skate species: Barndoor
(14 data points), Thorny (40 data points), Winter (36 data points), and Clearnose skate (28 data
points). The diagnostics were acceptable for all but Clearnose skate, and the parameter estimates
for the remaining three species appear reasonable. The resulting reference point estimates are on
a scale that would be compatible with existing assessment methodology. For example, models
such as SEINE (2008; NMFS Toolbox module based on Gedamke and Hoenig, 2006) , or other
mean length based models, could provide estimates of fishing mortality, provided the lengths
examined included only those above the full vulnerability to the gear. These assessment-based
estimates of F could then be compared to the Fo,spr estimated in this working paper to determine
the overfishing status. The overfished status could be determined by examining the implied
depletion of spawners, for example by examining the final point in the scaled index of mean
spawners/tow (Sy/Sy=1). The scaled index of spawners would be depletion from an unexploited
state if it was appropriate to assume that the stock was unexploited in year y=1. If that is not the
case, then the index could be multiplied by a scalar, d, which reflects a measure (or expert
opinion) of the level of depletion in year y=1. Alternatively, if algorithms to dissociate the
landings and to hindcast discards are developed and agreed upon, then traditional stock
assessment methods could be applied to estimate current levels of fishing mortality and stock
size.

These SPR reference points were bounded by considering sensitivity across a reasonable
range of natural mortality (M) levels.

Beverton-Holt curves were fit, but no Ricker curves were attempted because there is no obvious
mechanism that would lead to overcompensation, nor is there data available that would suggest
it.

As 1s common in most stock-recruit curve fitting exercises, the error in observed
spawners per tow is ignored. Walters and Ludwig (1981) suggest that the estimation
performance from ignoring error in the ‘independent’ variable is worse if the observations all
come from a period where the stock was already heavily exploited. As the time series used in
fitting Beverton-Holt curves extends back to the 1960s, it may be that a fairly broad range of
spawning stock sizes is reflected in the observations.
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Appendix 1. Evaluation of the bias generated by calculating unexploited spawners per recruit,
spr(F=0), as either an infinite sum or by calculating the series only up to the maximum age
(Amax). For this exercise, the ratio between terms in the series is r=e™. The infinite sum is
1/(1-r) while the sum to Amax is given by (1-r"™**1)/(1-r). The combinations of Alag and M in
this illustration correspond to the observed pairs for skate species examined in this document.

spr(F=0) spr(F=0) % bias

Sum to (Infinite sum - Sum to

Amax Alag M Amax __Infinite sum  Amax)/ Sum to Amax
15 4.5 0.18 2.36 2.70 14%
20 4.5 0.18 2.56 2.70 5%
25 4.5 0.18 2.64 2.70 2%
30 4.5 0.18 2.68 2.70 1%
35 4.5 0.18 2.69 2.70 0%
40 4.5 0.18 2.70 2.70 0%
15 7 0.15 1.86 2.51 35%
20 7 0.15 2.20 2.51 14%
25 7 0.15 237 2.51 6%
30 7 0.15 244 2.51 3%
35 7 0.15 2.48 2.51 1%
40 7 0.15 2.50 2.51 1%
15 7 0.18 1.38 1.72 25%
20 7 0.18 1.58 1.72 9%
25 7 0.18 1.67 1.72 3%
30 7 0.18 1.70 1.72 1%
35 7 0.18 1.71 1.72 1%
40 7 0.18 1.72 1.72 0%

Table 1. Criteria used to define the age at recruitment (full vulnerability to the survey gear), the
age at maturity (assumed to be knife-edged), and the NEFSC bottom trawl survey used to
generate paired observations of spawners and recruits.

Parameter Barndoor Thorny Winter Clearnose
Length range at full vulnerability 55-69 cm 46-54 cm 40-44 cm 42-50 cm
Age at full vulnerability

(recruitment) 2 4 4 4
Length at full maturity 116 88 76 66
Age at full maturity 6.5 11 11 6
NEFSC survey used

(SPRING/FALL) FALL FALL FALL FALL
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Table 2. Pairs of observed number of spawners/tow and number of recruits/tow for Barndoor, Thorny, Winter, and Clearnose skate.
The year indicates the year that eggs were spawned. Note that the year differs between the skate species.

Barndoor Thorny Winter Clearnose
Year Spawners Recruits Year Spawners Recruits Year Spawners Recruits Year Spawners Recruits
1963 0.0592 0.1703 1963 0.5141 0.1175 1967 0.1024 0.3502 1975 0.0022 0.0692
1964 0.0194 0.0181 1964 0.3766 0.1723 1968 0.0657 0.2330 1976 0.0106 0.0489
1965 0.0092 0.0572 1965 0.3774 0.2832 1969 0.0448 0.1035 1977 0.0459 0.0350
1967 0.0055 0.0072 1966 0.6772 0.1568 1970 0.1228 0.0197 1978 0.0044 0.0026
1968 0.0047 0.0495 1967 0.1945 0.1997 1971 0.0358 0.0256 1979 0.0414 0.0306
1993 0.0100 0.0039 1968 0.3602 0.2635 1972 0.1025 0.1320 1980 0.0902 0.0516
1997 0.0040 0.0073 1969 0.4592 0.1408 1973 0.2083 0.0442 1981 0.0094 0.0621
1998 0.0053 0.0286 1970 0.6659 0.0716 1974 0.0895 0.1283 1982 0.0216 0.0689
1999 0.0106 0.0747 1971 0.5239 0.0853 1975 0.0688 0.1684 1983 0.0031 0.0627
2000 0.0039 0.0388 1972 0.3609 0.1978 1976 0.2673 0.1504 1984 0.0214 0.0573
2001 0.0219 0.0295 1973 0.4130 0.4055 1977 0.3921 0.2500 1985 0.0395 0.0957
2002 0.0297 0.0890 1974 0.1989 0.1295 1978 0.5990 0.1135 1986 0.0162 0.2069
2003 0.0151 0.0691 1975 0.1850 0.1982 1979 0.6634 0.3065 1987 0.0456 0.0528
2004 0.0642 0.1059 1976 0.1344 0.2253 1980 0.6649 0.2047 1988 0.0413 0.0969
1977 0.2131 0.0258 1981 0.5778 0.1448 1989 0.0161 0.1828
1978 0.2172 0.1476 1982 0.7272 0.4153 1990 0.0374 0.0408
1979 0.2480 0.1543 1983 1.4457 0.3024 1991 0.1917 0.0732
1980 0.2864 0.1213 1984 1.2900 0.1518 1992 0.0455 0.0653
1981 0.1973 0.0380 1985 1.4719 0.2345 1993 0.0642 0.3494
1982 0.0384 0.1114 1986 21119 0.3594 1994 0.1021 0.1941
1983 0.1424 0.0934 1987 1.3070 0.2254 1995 0.0555 0.1712
1984 0.1925 0.1368 1988 0.9280 0.2203 1996 0.0452 0.2421
1985 0.1490 0.1241 1989 0.6537 0.3772 1997 0.1473 0.2520
1986 0.1069 0.1899 1990 1.0601 0.3256 1998 0.1215 0.1001
1987 0.0321 0.0723 1991 0.6036 0.2136 1999 0.2430 0.0612
1988 0.0812 0.1316 1992 0.3846 0.1167 2000 0.2059 0.0582
1989 0.0997 0.2209 1993 0.1721 0.1284 2001 0.2110 0.1417
1990 0.1313 0.1271 1994 0.1436 0.2063 2002 0.1428 0.1216
1991 0.1087 0.0782 1995 0.1048 0.2237
1992 0.0449 0.0605 1996 0.1557 0.2399
1993 0.0963 0.0370 1997 0.1460 0.1339
1994 0.0655 0.0481 1998 0.3493 0.0740
1995 0.0270 0.0605 1999 0.2881 0.2109
1996 0.0450 0.0568 2000 0.4001 0.2149
1997 0.0528 0.0214 2001 0.3131 0.2157
1998 0.0516 0.1567 2002 0.6870 0.2470
1999 0.0197 0.0482
2000 0.0605 0.0175
2001 0.0127 0.0311
2002 0.0303 0.0234
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Table 3. Estimates of Beverton-Holt parameters, and implied annual survival
(SeggSo-.Sr1)"" for the product of total number of eggs per female per year and cumulative
survival to recruitment, SeggSo. .. Sr-1.

Parameter Barndoor Thorny Winter Clearnose
a (slope at origin) 5.78 (0.50) 2.71 (0.31) 2.94(0.39)  19.01 (0.65)
K 0.01 (1.65) 0.08 (0.48) 0.10 (0.52) 0.01 (0.80)
E (Total Number of eggs/female) 80 41 48 40
SeqsSo..- St 0.07 0.03 0.04 0.24
(SeggSo---Sra)™" 0.27 0.51 0.50 0.83

Table 4. Species specific reference points (and CV) for the assumed natural mortality rate (M),
the estimated maximum lifetime reproduction (& ), and the implied steepness (steepness is
related to @ as @ /(& +4)). No reference points are given for Clearnose skate as diagnostics and
estimates were unsatisfactory.

Parameter Barndoor Thorny Winter Clearnose
M (natural mortality) 0.18 0.18 0.15 0.15
a 15.61 (0.50) 4.67 (0.31) 7.39 (0.39) 101.10(0.33)
steepness 0.80 0.54 0.65 0.96
SPRuer 0.25(0.25)  0.46(0.16)  0.37 (0.19) N/A
Swer/So 0.20(0.20)  0.32(0.11)  0.27 (0.14) N/A

Table 5. Sensitivity of SPRygr reference points to the assumed level of natural mortality (M).
For each species, the value in bold is the base case value assumed for M.

M value Barndoor Thorny Winter

0.10 0.16 0.27 0.26
0.15 0.22 0.38 0.37
0.18 0.25 0.46 0.44
0.20 0.28 0.52 0.50
0.25 0.34 0.68 0.66

Table 6. Sensitivity of depletion reference points (Syer/So)to the assumed level of natural
mortality (M). For each species, the value in bold is the base case value assumed for M.

M value Barndoor Thorny Winter
0.10 0.14 0.21 0.20
0.15 0.18 0.28 0.27
0.18 0.20 0.32 0.31
0.20 0.22 0.34 0.33
0.25 0.26 0.41 0.40
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Table 7. Estimated fishing mortality rate (F) that achieves SPRygr given the base value assumed
for M. For each species, the value in bold is the base case value assumed for M.

M value Barndoor Thorny Winter
0.10 0.19 0.10 0.10
0.15 0.18 0.08 0.08
0.18 0.18 0.07 0.07
0.20 0.17 0.06 0.06
0.25 0.15 0.04 0.04

Table 8. Effect of Alag (difference in years between maturity and recruitment ages) and M on
the unexploited spawners per recruit, spr(F=0).

Alag M spr(F=0)
4.5 0.10 6.70
4.5 0.12 5.15
4.5 0.15 3.66
4.5 0.18 2.70
4.5 0.20 2.24
4.5 0.22 1.88

7 0.10 5.22
7 0.12 3.82
7 0.15 2.51
7 0.18 1.72
7 0.20 1.36
7 0.22 1.09
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Figure 1. Diagnostic plots for barndoor skate: observed (open triangles) versus predicted mean
number of recruits (top left), observed time series of spawners scaled by the first observation
(Sy/Sy=1) (top right), log-scale fit of observed (solid circles) to predicted (open circles) number of
recruits/tow with shaded 95% confidence interval (bottom left), and standardized log-scale
residuals (bottom right).

Skate Complex; Appendix 3 174



thorny recruits vs spawners Relative trend in thorny spawners
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Figure 2. Diagnostic plots for thorny skate: observed (open triangles) versus predicted mean
number of recruits (top left), observed time series of spawners scaled by the first observation
(Sy/Sy=1) (top right), log-scale fit of observed (solid circles) to predicted (open circles) number of
recruits/tow with shaded 95% confidence interval (bottom left), and standardized log-scale
residuals (bottom right).
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winter recruits vs spawners Relative trend in winter spawners
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Figure 3. Diagnostic plots for winter skate: observed (open triangles) versus predicted mean
number of recruits (top left), observed time series of spawners scaled by the first observation
(Sy/Sy=1) (top right), log-scale fit of observed (solid circles) to predicted (open circles) number of
recruits/tow with shaded 95% confidence interval (bottom left), and standardized log-scale
residuals (bottom right).
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clearnose recruits vs spawners
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Figure 4. Diagnostic plots for clearnose skate: observed (open triangles) versus predicted mean
number of recruits (top left), observed time series of spawners scaled by the first observation
(Sy/Sy=1) (top right), log-scale fit of observed (solid circles) to predicted (open circles) number of
recruits/tow with shaded 95% confidence interval (bottom left), and standardized log-scale
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Figure 5. Posterior distributions from MCMC for the slope at the origin (top), SPRyer (middle),
and depletion at MER(bottom) for barndoor skate. In each plot, the point estimate is indicated
by a solid circle and that value is beside the point. The median of the posterior is indicated by a
solid vertical red line, while the 2.5™ and 97.5"™ percentiles are indicated by dashed vertical red
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*Editor’s Note: The authors of this red crab report added italicized text to this chapter,
summarizing the Peer Review Panel Report (that full report is available at
http://www.nefsc.noaa.gov/nefsc/saw/).
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Executive summary

Deep sea red crabs in the northwest Atlantic represent a data-poor stock because they
inhabit deep water, are rarely caught in NMFS bottom trawl surveys, require targeted surveys to
collect data on abundance, and little is known about their life history. Data from related species
has been considered to make assumptions about the life history. Targeted surveys were
conducted in 1974 (Wigley et al. 1975) and during 2003-2005 (Wahle et al. 2008). Two stock
assessments have been completed for red crabs (Serchuk 1977; NEFSC 2006a).

This male-only fishery began in the late 1970’s. Quality of commercial landings data is
variable. The most recent targeted survey (2003-2005) found that there had been a significant
reduction in abundance of large male crabs since 1974. In 1974 the minimum acceptable
marketable size was 114 mm carapace width (CW). In 2008 the minimum market size of landed
crabs was less than 90 mm. The size distribution of the females did not change, indicating that
the change in male size frequency was due to harvesting. The male red crab carries the female
during mating, and the male must be larger than the female for successful mating. The reduction
in large males in the population could reduce mating success. Females might not find males of
the right size and sperm shortage might occur.

The deep sea red crab fishery management plan (FMP) was implemented in 2002. The
FMP set an MSY (2830 mt) based on the biomass of male red crabs over 102 mm in carapace
width. Overfishing is considered to be occurring if catch>MSY, or a proxy thereof. The Bysy
calculated for the FMP is 18,867 mt of males, and if biomass goes below /2 Bysy then the stock
is considered overfished.

Three options for updating Bysy were considered. The first was status quo (i.e., the value
in the FMP), the second was to use an updated MSY (provided there was one) to calculate a
Bumsy proxy, and the third option was to use the biomass of fishable males from the more recent
survey as a Bygsy proxy. The review panel did not recommend a new Bysy or Bysy proxy, but
they were concerned with the change in size of harvested crabs over time. Bygy for red crabs
will remain at the default level of 18,867 mt of males.

Several options for updating MSY for red crab were considered. Two models were used,
the depletion corrected average catch model (DCAC) (A. MacCall, pers. comm.) and a 2-point
boundary model. Runs made over a range of assumed M values (0.05 to 0.15) estimated
sustainable catches from 1785-2004 mt. The long-term average catch (1775 mt) was also
suggested as a possible MSY proxy. It was also suggested that MSY could be calculated with an
updated version of Gulland’s (1970) equation with an Fysy to M ratio of 0.8 and the same range
of M values, which gave estimates of 549-1740 mt. MSY values from the new options were
smaller than the status quo value of 2830 mt.

The panel rejected the current estimate of MSY (2830 mt) as too high, based on observed
changes in population size structure since the beginning of the fishery. Based on congruence
between average landings and results from the DCAC model, the panel concluded that MSY
ranges from 1700-1900 mt of males.

The review panel did not change the overfishing definition for red crab (i.e. overfishing
occurs if catch of males >MSY).

Terms of reference (TOR)

a) Recommend biological reference points (BRPs) and measurable BRP and maximum
sustainable yield (MSY) proxies.
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b) Provide advice about scientific uncertainty and risk for Scientific and Statistical
Committees (SSCs) to consider when they develop fishing level recommendations for these
stocks.

c¢) Consider developing BRPs for species groups for situations where the catch or landings can
not be identified to species. Work on this objective will depends on, and needs to be consistent
with, final guidance on implementing the Reauthorized Magnuson-Stevens Act, whenever that
guidance becomes available. (This TOR not applicable to red crab)

d) Comment on what can be done to improve the information, proxies or assessments for each
species.

Biological characteristics’

Information in this section is summarized primarily from Steimle et al. (2001) and Wahle
et al. (2008). Deep-sea red crabs (Chaceon quinquedens) are a brachyuran crab (family
Geryonidae) inhabiting the edge of the continental shelf and slope from Emerald Bank, Nova
Scotia, the Gulf of Maine, and south through the mid-Atlantic Bight and into the Gulf of
Mexico. According to Weinberg et al. (2003), genetic differences between deep-sea red crabs
from southern New England and the Gulf of Mexico indicate that crabs in the two areas belong
to different biological populations (figure 1). Red crabs in Southern New England and the Mid-
Atlantic Bight (south of Georges Bank) and the Gulf of Maine (north of Georges Bank) are
assumed to be the same stock although fishing occurs primarily off Southern New England. Red
crabs in the Gulf of Maine are smaller and the bottom is rough so little fishing for red crab
occurs there.

Deep-sea red crabs live at depths of 200—1800 m, where temperatures are between 5 and

8 °C. Adult crabs are segregated incompletely by sex. Adult females generally inhabit shallower
water than adult males, and juveniles tend to be deeper than adults, suggesting a deep-to-shallow
migration as the crabs mature.
Information on the growth, longevity and mortality of red crabs is scarce. Natural mortality rates
were assumed to be 0.2 y' in Serchuk (1977) and 0.15 y"' in the current Fishery Management
Plan (FMP) for Deep-Sea Red Crab. An assumed longevity of 30 or more years corresponds
approximately to M = 0.1 y™' (see below).

On the basis of limited laboratory data, red crabs are believed to require 5-6 years to
attain a size of 114 mm carapace width (CW). Male red crabs are estimated to mature at about 75
mm CW and to reach a maximum size of about 180 mm CW. Females begin to mature at
somewhat smaller sizes and reach a smaller maximum size of about 136 mm CW.

As in other brachyuran crabs, the mating male is larger than the female and forms a
protective “cage” around the female while she molts and becomes receptive to copulation. The
protective copulatory period may last as long as 2—3 weeks in red crabs. The minimum size of
males relative to females required for successful mating is unknown. Information about sperm
storage is not available for female red crabs.

Fishery and management

Red crabs in the US waters outside the Gulf of Mexico are managed as a single stock
located primarily in the Mid-Atlantic Bight to Gulf of Maine region, although red crabs in the
Gulf of Maine are not considered in calculation of reference points, biomass estimates or other
management analyses.

! Based on Steimle et al. (2001) and Wahle et al. (2008).
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A small experimental fishery for red crabs was established in the early 1970s. Before the
initial targeted survey for red crabs (Wigley et al. 1975), fishery catches were small and sporadic.
In the 1980s and 1990s, fishing effort was inconsistent due to market demand. A directed fishery
for male red crabs and consistent markets developed in the mid-1990s.

The current US fishery for male red crabs has limited entry and as of 2006 consisted of

four or fewer vessels 30+ m long. The fishery uses specially designed traps almost exclusively,
although small catches are taken also in lobster traps. Fishing occurs year round and catches are
made mainly along the continental shelf from the Canadian border (Hague Line), at the eastern
end of Georges Bank, to Cape Hatteras, NC, USA, in depths ranging from 400 to 800 m.
Annual US commercial landings of red crabs during the period 1982-2005 ranged from 466 mt
(1996) to 4000 mt (2001); there was no fishery in 1994. Since 2002, when the FMP was
implemented, landings have been stable at about 2000 t per year. The current fishery is
authorized to operate with a target TAC of 2688 mt, and an effort allocation of 780 days at sea.
There is no recreational fishery for the species.

Minimum market sizes and fishery size selectivity have decreased since the early 1970s.
The minimum market size for male deep sea red crabs in 1974 was 114+ mm CW. The
minimum market size for male deep sea red crabs in recent years is about 85 mm CW. Fishery
size selectivity has been estimated for the current fishery during 2004-2005 (Lsp=92 mm CW)
but no selectivity estimates are available for earlier years.

Based on limited log book, sea- and port sample information, discards of female and
undersize male red crabs appear to average about 30% of total catch but can range from about
10% to 69% of total red crab catch. Discard mortality from being brought to the surface and
handled on deck averages about 5%. (Tallack 2007). Bycatch of red crab in fisheries directed at
other species is minor.

The major fishery related uncertainties for red crab are discards, discard mortality, as
well as historical and recent fishery size composition. In addition, the expected response of the
stock to fishing in terms of growth and recruitment is uncertain.

The infrequency of stock assessments is another key uncertainty. Only two stock assessments
have been completed for deep-sea red crab off Southern New England (Serchuk 1977; NEFSC
2006a). Both were based on camera/trawl surveys completed just prior to the assessment.

Data availability

The principle fishery data for red crab are landings data from dealer reports starting in
1973, logbooks that start in 1994, size composition data for marketable males from routine port
samples, and sea sample data for females and all males from a pilot program involving one
vessel during 2004-2005. Landings data from dealer reports for years prior to 1982 are less
reliable than data for later years. Landings per unit effort data are available from logbooks and
dealer reports but are difficult to interpret. The fishery occurs off south of Georges Bank and
virtually no fishery data are available for the Gulf of Maine. As described above, discard
estimates based on limited sea-, port and logbook data are available and size selectivity estimates
for the recent commercial fishery are available from comparison of sea- and port sample data.

The principle fishery independent data for red crab are from camera sled/bottom trawl
surveys conducted during 1974 and 2003-2005 on red crab habitat between Maryland and the
eastern tip of Georges Bank (excluding the Gulf of Maine). Camera data provide information
about red crab density and bottom tow data provide information and sex- and size composition.
The survey data for 2003-2005 are generally combined and treated as one survey. Data from a
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variety of research bottom trawl surveys are of limited use for red crab because catches are very
low. The NMFS Cooperative Monkfish Survey may provide some useful information about red
crab in the Gulf of Maine.

Camera and trawl tows in the 1974 and recent surveys were generally from the same or
similar sites and sample locations. The two sets of surveys used bottom trawls of the same
design and the same trawling protocols, although different vessels were used. Efforts were made
to make camera data from the two surveys as comparable as possible but there is uncertainty
about the effective area sampled (and therefore red crab density) by images collected during the
1974 survey. Density estimates from the recent survey are believed to be biased low because
crab densities were significantly lower in the foreground (close to the camera sled) than in the
background of the sampled area suggesting crabs were avoiding the camera, but the extent of the
potential bias is unknown. The most reliable survey data are bottom trawl size compositions
from both sets of surveys and density estimates from the most recent surveys.

Current stock status

Information in this section is summarized from NEFSC (2006a). The most recent
assessment concluded that overfishing was not occurring because red crab landings during 2005
(2013 mt) were less than an MSY proxy (2830 mt, see below). Recent fishing mortality estimates
were available but not used to determine overfishing because no F based reference point or
proxy for Fysy was available.

Based on the most recent assessment, average fishing mortality rate (landings / fishable
biomass) on male red crabs was estimated to be F=0.055 (SE 0.008) y™' during 2003-2005. This
estimate is probably an underestimate because it does not consider potential mortality due to
discarding of undersized male crabs and completely omits mortality due to discarding of females.
Fishing mortality estimates are calculated using biomass estimates from surveys during 2003-
2005, which are relatively certain but possibly biased low due to avoidance of the camera sled.
Red crab biomass is appreciable but catches are currently near zero in the Gulf of Maine.

Alternate fishing mortality estimates including discards and based on best available
discard estimates for sea- and port samples are given below (Table 1) for males only, females
only and males plus females. Results indicate that total fishing mortality (including discards)
during 2003-2005 were F < 0.08 y' for both sexes and for the sexes combined. The alternative
estimates are “worse-case” scenarios because they assume that 50% of discarded red crabs die,
whereas the current best estimate of discard mortality indicate that about 5% of discarded red
crabs die from being brought to the surface and handled on deck (Tallack 2007). Discard rates
(discard/total catch) were from sea- and port samples during 2003-2004 (Table D4.5 in NEFSC
2006a). In this exercise, fishing mortality for red crab was approximated as catch (landings +
discards) divided by total biomass and catch divided by 90+ CW biomass (the approximation for
F are relatively precise because mortality rates are low). Calculations using total biomass may
understate fishing mortality because total biomass includes small size groups probably not taken
in traps although potential bias may be small because small crabs have low weight. Calculations
using 90+ CW biomass may overstate fishing mortality because red crabs of sizes smaller than
90+ CW make up the bulk of the discard.

Based on the most recent assessment (Table 2), fishable red crab biomass during 2003-
2005 was about 36,000 mt. Overfished status was not determined for lack of an adequate Bysy
estimate or proxy (see below).
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Comparisons of biomass estimates from the two surveys are uncertain due to uncertainty
about the effective area sampled by cameras during 1974. However, biomass estimates from the
two sets of surveys (table 2) indicate that male fishable biomass (based on current fishery
selectivity) increased by about 20% during 1974 to 2003-2005. Female biomass (total, 90+ and
114+ CW) increased substantially by 150%-250%. In contrast, total male biomass increased by
only 75% and biomass of large (114+ CW) males decreased by about 43%. Size composition
data from the surveys indicates that both male and female red crabs have benefitted from
recruitment in recent years (figure 2). The loss of large (114+ CW) male biomass and relatively
modest increase biomass of males 90+ mm CW can probably be attributed to size-selective
fishing (Weinberg and Keith 2003).

Red crab overfishing definitions

The Magnuson-Stevens act includes the requirement that all FMPs “specify objective and
measurable criteria for identifying when the fishery to which the plan applies is overfished.” The
National Standard Guidelines (NSGs) require the specification of “status determination criteria”
(63 FR 24212). These criteria are to be “expressed in a way that enables the Council and
Secretary to monitor the stock or stock complex and determine annually whether overfishing is
occurring and whether the stock or stock complex is overfished.”

The National Standard Guidelines define overfished stock conditions and overfishing.
According to the NSGs, an overfished stock is one “whose size is sufficiently small that a change
in management practices is required in order to achieve an appropriate level and rate of
rebuilding.” A stock is considered overfished when its size falls below the minimum stock size
threshold (MSST). The Magnuson-Stevens Act requires a rebuilding plan for stocks that are
overfished. According to the NSGs, overfishing “occurs whenever a stock or stock complex is
subjected to a rate or level of fishing mortality that jeopardizes the capacity of a stock or stock
complex to produce MSY on a continuing basis.” Overfishing is considered to occur if the
maximum fishing mortality threshold (MFMT) is exceeded for one year or more.

Reference point approaches for red crab do not establish a fixed metric or approach to
measuring stock biomass or exploitation. Based on the current FMP, overfished stock status and
overfishing for red crab should be defined in terms of the best available measures of stock
biomass and exploitation or fishing mortality relative to the value of the measures under MSY
conditions. Choice of the particular measure or proxy depends on best available data and
circumstances but a list of potential proxies and conditions is described in the FMP. In
particular, based on the FMP, the red crab stock will be considered to be in an overfished
condition if one of the following three conditions is met:

Condition 1 -- The current biomass of red crab is below 2 Bmsy in the New England
Council’s management area (excluding the Gulf of Maine).

Condition 2 -- The annual fleet average CPUE, measured as marketable crabs landed per
trap haul, continues to decline below a baseline level for three or more consecutive years.
Condition 3 -- The annual fleet average CPUE, measured as marketable crabs landed per
trap haul, falls below a minimum threshold level in any single year.

Similarly two potential approaches or proxies for identifying overfishing are described:
Proxy #1: F / Fmsy -- It is common for data sparse stocks to estimate trends in fishing
mortality as an exploitation ratio, i.e., landings or catch divided by an index of
abundance, usually from a survey. As a proxy for Fmsy, Councils in the past have
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selected an exploitation level that existed during a time with no trend in biomass at an

intermediate biomass level.

Proxy #2: Landings / MSY — In the absence of other information, overfishing can be

defined as catches in excess of an estimate of MSY. Although crude, provides an

indication of current fishing effort relative to MSY conditions.\

The FMP describes a default control rule (figure 3) that could be used by managers,
although this has proved impractical due to lack of biomass, exploitation, natural mortality and
reference point estimates.

Current reference points

Information in this section is summarized from NEFSC (2006b). The reference point
used as a fishing mortality threshold is MSY = 2,830 mt (6.24 million pounds).
The reference point used as a biomass target is BMsy = 18,867 mt (41.6 million pounds) of male
red crabs 102+ mm CW (4” CW). The reference point used as a biomass threshold reference
point %2 Bmsy = 9,434 mt. A suggested CPUE baseline (presumably for use as a target) is 26-29
market-size crabs per trap, before adjustment for an equivalent number of 102 mm (4”) CW
market-size crabs.

Logic and justifications

In view of survey data limitations and infrequency of stock assessments for red crab, a
landings-based BRP (e.g. estimate of MSY) for overall exploitation is appropriate for use as a
threshold for exploitation rates in deep-sea red crab.

Serchuk’s (1977) original MSY estimate (1,247 mt or 2.75 million lbs) assumed an
underlying Schafer surplus production model, and used estimated biomass for male red crabs
114+ mm CW from the 1974 camera/trawl survey as an estimate of virgin biomass By (114 mm
CW was the minimum marketable size at that time). Based on the Schaefer surplus production
model, MSY= 2MBy and it was assumed that Fysy =M. For the original red crab estimate,
M=0.2 y"' and Bp=24,948 mt of male red crabs 114+ mm CW.

The MSY estimate (2,903 mt) currently used by managers was made using the same
formula and revised values for M and By. The revised value for natural mortality M=0.15 y"' was
thought to be a better estimate than M=0.2 y™ for red crab. The original By value was adjusted
downward to account for part of the survey being in Canadian waters, adjusted upward to include
male crabs 102 mm (4”) CW and larger, as compared to the 1974 marketable size of 114 mm
(4.5”) CW, and adjusted upward again to account for the fact that the area fished is larger than
the area surveyed. The adjustments took away biomass which now belongs to Canada, and added
biomass to account for the area of the fishery south of the survey boundary to Cape Hatteras.

Reference point weaknesses

In the most recent stock assessments (NEFSC 2006) the current MSY and Bysy estimates
for red crabs were criticized and judged unreliable due to uncertainty about biological parameters
and the model used to calculate MSY. New estimates were not developed due to lack of
information about growth, longevity and trends in abundance.

Relatively little new information has become available since the last assessment.
However, limited data for related species (Geryon maritae; Mellville-Smith 1989) suggest that M
may be as low as 0.1 y™', which is lower than the previous estimates (0.15 and 0.2 y™).
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The assumption that Fpysy=M has been criticized recently. Walters and Martell (2004)

suggest that Fysy is lower and approximately 0.8M for many species.
The assumption that Busy = "2Bg (Schaefer surplus production curve) is reasonable if the
underlying spawner-recruit relationship is a Ricker curve. However, Busy< '2Bg if the
underlying spawner-recruit relationship is a Beverton-Holt curve. Beverton-Holt recruitment
dynamics are more likely for red crab because there is no known biological mechanism that
might result in maximum recruitment at intermediate spawning biomass levels.

The current Bysy estimate of 18,867 mt in the FMP is for male red crabs 102+ mm CW
(4” ) which is not representative of current fishery conditions. The current fishery lands male
red crabs 80+ mm and the L50 for current fishery selectivity is 92 mm CW.

The survey biomass for 1974 may be a poor estimate of By because of statistical variance
in the estimate (variances are not available for the estimate), uncertainty about effective area
sampled by the camera sled, or because some fishing had already taken place prior to 1974. The
total biomass for male red crabs during 2003-2005 (56,443 mt) exceeds the estimate for 1974
(32,190 mt) despite consistent fishing indicating that the estimate for 1974 is a poor estimate of
Bo.

The fishery appears to have substantially reduced the abundance of the largest male red
crabs. Smaller male crabs may not be able to mate with large females. There is concern that
reduced abundance of large male crabs may lead to sperm limitation and reduced levels of egg
production if there are no males left in the population to mate with the larger females.

Landings per unit of fishing effort data (LPUE) are mentioned in the FMP as a baseline stock
biomass indicator for red crab but LPUE data have proven difficult to interpret, particularly as
long time series (NEFSC 2006a).

Options and recommendations

This section outlines a range of options for exploitation and biomass based biological

reference points to be used managing deep-sea red crab in the management area outside the Gulf
of Maine.
The exploitation BRPs described here are thresholds specified in terms of landed weight (yield).
Yield based approaches are the only practical approach for red crab because the only fishery
dependent or fishery independent data routinely available for red crabs are landings. The options
for yield based BRPs are intended as proxies for landings at Fysy.

Options outlined below emphasize the most reliable information sources for red crab,
which are landings since 1982 and biomass, abundance and size composition data the most
recent camera/trawl survey conducted during 2003-2005, and size composition data from the
original camera/trawl survey conducted during 1974. Biomass estimates from 1974 are less
reliable and more uncertain because of questions about the effective area sampled by cameras in
that survey. Uncertainty about biomass estimates makes trend analysis uncertain. Size
composition data from 1974 are more reliable and are comparable to size composition data from
2003-2005 because bottom trawls and towing protocols used in 1974 were well documented and
because trawls and protocols used in later years were the same.

Fishing for females

All options outlined in this report assume a male only fishery for deep-sea red crab.
None are applicable to fishery involving female red crabs. If a female red crab fishery is ever
established, then all yield- and biomass based BRPs should be revaluated.
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Marketable sizes and fishery selectivity

In laying out options for BRPs, we assume that fishery selectivity in the future will be the
same as during 2003-2005. As described above, fishery selectivity for red crab has changed over
time. Marketable size males were 114+ mm CW during the late 1970s. Based on the last stock
assessment, the selectivity pattern in the current fishery follows a steeply increasing logistic
pattern with selectivity near 0% at 80 mm CW, 50% selectivity at 92 mm CW and nearly 100%
at 120 mm CW. If fishery selectivity changes, then all yield- and biomass based BRPs should be
reevaluated.

OPTIONS for a Gulf of Maine stock

The management area for red crab excludes the Gulf of Maine and this situation
complicates the development of biomass based BRPs. Red crabs in the Gulf of Maine (where
little or no fishing occurs) and red crabs in the Southern New England and the Mid-Atlantic
regions where (fishing occurs) are considered to be a single US stock. It is possible that
depletion of red crabs south of Georges Bank might be “hidden” by including some level of
unfished biomass in the Gulf of Maine as part of the stock as a whole, to the detriment of the
entire stock and the fishery. Thus, the separation of red crabs into one management area and an
area with no active management complicates specification and probably reduces the potential
benefits of BRPs.

Under these conditions, it may be advisable to manage the areas north (Gulf of Maine)
and south (Southern New England and Mid-Atlantic areas) as separate stocks. Red crab are a
demersal species that migrate ontogenetically and seasonally from shallow to deep but there is no
evidence of strong migratory movement of juveniles and adults along the coast. Thus, localized
depletion may occur in red crabs due to continuous fishing in areas south of Georges Bank. The
shallow waters and geography of Georges Bank effectively separate the Gulf of Maine from
other habitat areas along the US coast. Red crabs in the Gulf of Maine appear to be smaller than
red crabs in southern areas where the fishery is occurring, suggesting differences in growth rates
and other biological characteristics. However, it is unlikely that red crabs in different areas off
the northeast coast of the US differ genetically. It is also likely that recruitment is linked to some
extent along the entire US coast due to transport of larvae in currents.

Two options are proposed.

Option 1: Continue to manage a single US stock of red crabs. The main
advantages of this option are minimization and simplicity of regulations. The
main disadvantages are loss or potential benefits from BRPs.
Option 2: Manage red crab in the Gulf of Maine and areas south of Georges Bank
(Southern New England and Mid-Atlantic regions) as separate stocks.

Under this option, the exploitation BRP used to define overfishing for the
Gulf of Maine stock would be Fysy or the best available proxy. BRPs used to
define the biomass target and biomass threshold for the Gulf of Maine would be
Bmsy and Y2Buisy or the best available proxies. Fusy and Bysy for the Gulf of
Maine are currently unknown and would have to be determined if interest in a
Gulf of Maine red crab fishery develops. One or more special surveys designed
to target red crabs would likely be required.
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The main disadvantages of this option are increased regulations and
complexity although any increases would be modest. The main advantage would
be increased benefits of BRPs for red crab in the area were fishing occurs.

The second option (separate stocks) is recommended because the hypothesis of two
stocks is scientifically credible, in view of restricted adult movement around Georges Bank and
smaller red crabs in the Gulf of Maine, and because the potential utility of BRPs for the fished
and unfished stock areas is increased. Under current legislation, BRPs used to define overfishing
and overfished stock conditions must apply to entire stocks. Overfishing definitions for parts of
stocks, such as the current management area for red crab, are apparently not allowed. Therefore,
meaningful BRPs that address only red crab in the current management area appear impractical.
The review panel did not discuss management of deep sea red crabs in the Gulf of Maine.

OPTIONS to regulate minimum legal size for male red crabs

Minimum size regulations may be desirable and should be evaluated for use in the red
crab fishery. Minimum size regulations are used with some success in many crab and lobster
fisheries. It is much easier to recommend biomass based reference points once the fishable stock
(including minimum size) is clearly established and BRPs for a specified fishable stock are likely
to be more meaningful and useful. Moreover, none of the options for exploitation and biomass
based BRPs in this report deal effectively with concerns that sperm limitation may result from
removal of large males by fishing. Exploitation and biomass based BRPs are indirect approaches
to dealing with these potential issues.

Because marketable sizes, fishery selectivity and potential sperm limitation are important,
three options for regulating minimum marketable sizes are presented for consideration by
managers. Detailed analysis of this topic is an important area for research which should be
carried out as soon as possible under any option because the full range of cost and benefits to the
stock and fishery have not bet identified.

Option 1: No action. The main advantage is minimal impact on the fishery and
minimal management costs. There is no evidence of serious problems in the
fishery so no actions to regulate minimum legal size may be necessary. Minimum
legal size regulations could be implemented in the future if required. The main
disadvantage is the potential for changes in marketable sizes that tend to make
BRPs for deep-sea red crabs moot. It is also possible that shifts in marketable
sizes could exacerbate loss of large males which may be important for successful
reproduction.

Option 2: Implement a minimum legal size for red crab that would leave some
larger males in the population yet allow for a significant portion of crabs currently
landed to remain marketable. This option would prohibit landings of male red
crabs less than a specified CW. This minimum legal size should be close to the
current minimum marketable size, such as 85-90 mm CW, to minimize fishery
impacts yet large enough to leave males suitable for mating with newly mature
females. With this option in place further losses of large males and the potential
for sperm limitation in the population might be minimized. BRPs for red crabs
would be more meaningful and useful if the fishable stock is defined.
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Option 3: Defer minimum legal size regulations until more analysis is carried out
to determine the optimum minimum legal size from the fishery and biological
perspectives. This option is basically a combination of options 1 and 2.
Option 2 is recommended to increase potential benefits of BRPs and to help avoid
potential problems with loss of large males. Impacts on the current fishery would be
minimal.

The review panel did not discuss minimum legal size for male red crabs.

Biomass based biological reference points

As described above, biomass based reference points can be outlined for red crabs but data
limitations and infrequent assessments will probably undermine their utility. Exploitation (yield-
based) reference points are likely to be more important in a practical sense for deep-sea red
crabs.

Some MSY analyses and estimates described in this report for red crab assume virgin or
near virgin biomass conditions during 1974. Many are basically trend analyses which assume
that biomass estimates for 1974 and 2003-2005 are directly comparable. The results of these
analyses are uncertain to the extent that biomass estimates for 1974 are uncertain because of
questions about the area of the sea floor the camera sled was able to illuminate and photograph
clearly during the 1974 survey. Biomass estimates from more recent 2003-2005 surveys are
better understood, better documented and the area covered by the cameras is well defined.
Recent estimates were affected by some avoidance behavior that resulted in negative bias and
some underestimation of stock biomass. Avoidance behavior may affect 1974 estimates as well
but uncertainty about the effective area of the camera is most important. Biomass estimates for
1974 are also uncertain because biomass estimates for all but large male crabs were substantially
higher for 2003-2005 than for 1974, despite substantial fishery removals during 1974-2003.

OPTIONS for biomass based BRPs

Terms of Reference and NSGs require biomass based BRPs that describe target and
threshold biomass levels. It is possible to define biomass based BRPs for red crabs but they are
likely to be of little use because of lack of stock assessments, lack of useful survey data and
difficulties in interpreting fishery catch rates (LPUE). None of the proposed options for biomass
BRPs involve commercial catch rates (LPUE) because they have proven difficult to interpret for
red crab (NEFSC 2006).

Three proposed options for Bysy estimates that could be used as target BRPs for red crabs
are described below. In each case, the threshold BRP would be 'z of the Busy estimate or proxy.

Option Bumsy (males only)
1 18,867 mt 102+ mm CW
2 16,904 mt fishable sizes
3 36,253 mt fishable sizes

Option 1: Status quo or no action (Listed in red crab FMP, 2002, Section
3.6.4). This gives a biomass based target Bysy =18,867 mt of male red crabs 102+
mm CW, developed from the approximation MSY = }2MB, where By was the
estimated biomass of male red crabs during 1974 with adjustments for male
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biomass at size and for areas not sampled in the survey. The biomass threshold
that defines an overfished stock biomass is “2Busy = 9,434 mt. Weaknesses with
Option 1 are described in earlier section of this report “Reference Point
Weaknesses”. Weaknesses are related to underlying assumptions about the
spawner recruit curve, what By represents in terms of virgin biomass, and M.

Option 2: Use the updated estimate of MSY (to be selected, see below)
and current fishable biomass from the most recent assessment to estimate Bysy.
The biomass threshold that defines overfished stock biomass conditions is '2
Bwmsy.

The main advantage of Option 2 is ensuring that biomass BRPs are
consistent with exploitation based BRPs. If virgin biomass is very uncertain, then
it may be better to base biomass reference points on the MSY proxy or estimate of
sustainable catch. The main disadvantage is that it necessitates additional
information about stock productivity. In addition, it may provide a poor estimate
of Busy if the Fysy proxy is inaccurate or the estimate of sustainable yield is
substantially different from MSY.

In particular, assume Fysy =CM where ¢=0.7 (see below) and the natural
mortality rate M= 0.15 y'1 (see below), then MSY= Fysy Bmsy = 0.7(0.15) Busy =
0.105 Bmsy and Bysy = MSY /0.105 =9.52 MSY. For example, if MSY= 1775
mt (the long term average catch and within the range of sustainable yield and
MSY proxy options given below), then the biomass target Bysy =9.52 x 1775 =
16,904 mt fishable biomass and the biomass threshold Bysy /2 = 8,452 mt fishable
biomass.

Option 3: Use the most recent estimate of fishable biomass from the last
assessment (36,247 mt) as Bysy. The biomass threshold that defines overfished
stock biomass conditions is ¥2 Busy.

The main advantage of Option 3 is that it is based on the relatively reliable
2003-2005 biomass estimate. As described above, uncertainties about the 1974
biomass estimate for red crab may preclude its use in estimating virgin biomass.
The stock shows signs of fishing down (reduction in abundance of large males)
expected under fishing at MSY levels. Current fishing mortality rates appear to
be relatively low (F=0.055 y' in the managed stock area ignoring discards and no
more than 0.1 y"' including discards). These fishery induced mortality estimates
are comparable to the range of Fysy levels (Fusy =0.6 M to 0.8 M, with M=0.1-0.2
y-1) that might be considered for red crabs and potentially sustainable. The main
disadvantage is the possibility that current biomass is substantially larger or
smaller than Bpsy.

Option 2 (use the updated estimate of MSY to specify Busy) is recommended by the
Working Group because virgin biomass is uncertain. Option 1 is not recommended because it
involves poor approximations to Fysy and Busy. Option 3 is not recommended because it implies
MSY= Fmsy Bmsy levels of about 0.7 (0.1) * 36,253 = 2,538 mt per year. This estimate is
substantially larger than the long term average catch which has a pronounced effect on the
relative abundance of large males.

The Peer Review Panel recommended Option 1 for Bysy. The Panel did not recommend
changing Bmsy or the Busy proxy for red crab, due to concerns about the shifting size of
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marketable crabs and fishery-induced size frequency changes in the population. A simple
biomass-based Busy proxy would not be reliable under the present circumstances of the fishery.

Options for exploitation based BRPs

All of the options for exploitation based BRPs in this report are specified in terms of
landings (yield) because landings are the only data consistently available for the fishery.
Landings based BRPs are also desirable for red crabs because they are simple and easy for
managers to use outside the formal stock assessment process and without extensive review.

Ideally, all exploitation BRPs for red crabs based on landings would be MSY estimates or
proxies to be used as thresholds that define overfishing. In principal, these BRPs are not used as
targets. In particular, current NSGs indicate that managers may specify any annual catch limit
(ACL) as long as exploitation is below the exploitation threshold BRP. In other words,
managers are expected to consider uncertainties and risks in setting ACLs in addition to not
exceeding the threshold reference point. In this report, we focus primarily on uncertainties about
the reference points themselves and ignore many of the uncertainties managers face in setting
ACLs.

A number of the methods used to calculate potential exploitation based BRPs are
estimators for “sustainable” catch levels, rather than estimates or proxies for MSY. There is no
guarantee that sustainable catch levels calculated for red crab are near MSY. Sustainable yield
estimates are often estimates of average catch with or without adjustments for unsustainable
“windfall” catches that may occur as virgin stock is fished down towards Bysy. MSY is the
maximum sustainable catch level at biomass levels usually less than 7 virgin biomass.

A number of the methods used in this report to calculate potential exploitation based
BRPs are equilibrium estimators that assume constant recruitment, growth and mortality over the
period of years in the model. Equilibrium estimators are often used in data poor circumstances
but they tend to perform poorly in non-equilibrium situations. Size composition data from
surveys during 1974 and 2003-2005 indicate changes in recruitment because small male and
female red crabs were abundant during the latter survey. Changes in growth and recruitment
would, in fact, be expected as the near virgin stock in 1974 was fished down over several
decades. Results of the equilibrium estimators are uncertain to the extent that equilibrium
assumptions may have been violated.

We used 4 methods to estimate MSY or proxies thereof:

1) Long-term average catch. We can make the argument that if CPUE in pounds per day
at sea has been relatively stable and the biomass of currently marketable red crabs hasn’t
changed much from 1974 to 2005, then the level of fishing on the population since the 1970s
must be sustainable. If summed recorded landings from 1973-2007 (35 years) equal 62,132mt,
then the mean annual take of red crab has been 1,775mt, which is slightly less than mean
landings since 2002.

2) Updated yield equation. The equation used to calculate MSY for the FMP was Y =
(0.5)(M)(Bp) = (0.5)(0.15)(Bp of males >114mm). However, Busy< 2By if the underlying
spawner-recruit relationship is a Beverton-Holt curve. Beverton-Holt recruitment dynamics are
more likely for red crab because there is no known biological mechanism that might result in
maximum recruitment at intermediate spawning biomass levels. Secondly, the ratio of Fysy to M
at maximum sustainable yield has been found to be less than one for most fisheries (Walters and
Martell 2004). A coefficient ¢ should be applied to M that is often 0.8 but for stocks more
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vulnerable to overfishing can be as low as 0.5. To update the equation to match the conditions of
the current red crab fishery, the By must be for males smaller than the >114mm CW it was
originally calculated for. So that leaves the equation Y = (0.4)(c)(M)(By fishable males). We used
a range of M values and calculated MSY's based on both the 1974 and 2003-2005 survey biomass
of fishable males.

3) Depletion-corrected average catch (DCAC) model. The addition of a second survey
allowed us to run two models which use length frequency or abundance data from two points in
time to look at potential sustainable yields. The DCAC model input consists of summed annual
landings, an estimate of M, an estimate of the Fysy to M ratio, the amount of depletion between
the two surveys and the number of years between them. It calculates a sustainable yield of a
population after accounting for the “windfall” which occurs at the beginning of a fishery. We ran
the model using several different estimates of M. For model details see appendix 2.

4) Two-point boundary model. This approach also uses abundance data from 2 points in
time, and was run using various values of M. Estimates of median recruitment of males and
females of various sizes, average F, and catch at equilibrium were derived for male and female
red crabs from the 1974 and 2003-2005 surveys, and landings from 1974 to 2003. For model
details see appendix 3.

Most of the yield based reference points presented in this report (Table 3) are lower than
the current estimate of MSY (2830 mt) and target TAC (2688 mt). Most are lower than the
observed catches during some years. Most of the estimates are reasonably consistent, possibly
because they are based on average landings or because they assume fishable stock biomass levels
were similar during 1974 and 2003-2005. The similarity of many of the new MSY estimates
(figure 4) to the long-term average catch (from 1973 to 2007, 1775 mt) supports the idea that this
level of landings is sustainable. Recent catches from 2002 to 2007 (mean 1853 mt) have been in
this range, yet declining over the last few years. We recommend a catch limit that mimics both
recent and long term mean annual landings, and suggest the current MSY of 2830 mt is not
sustainable.

The review panel agreed that the MSY calculated for the FMP (2,830 mt) is not reliable.
If the assumption that the changes in red crab population structure were caused by fishing is
true, then previous higher catches have not been at sustainable MSY levels. The review panel
concluded that, using the best available scientific information, estimates of MSY for male crabs
only was in the range of 1700-1900 mt. The depletion corrected average catch model (DCAC),
which estimated MSY to be very similar to the long-term mean catch, was deemed an acceptable
model for this rarely-surveyed resource. The panel found no reason to change the overfishing
definition of catch>MSY.

The panel noted that the change in the size distribution of landed male crabs over time
may introduce uncertainty in the DCAC model. Even though the data were standardized to the
same size structure, it is unclear how the removal of smaller and smaller male crabs over time
may affect the model estimates of BRPs.

The review panel suggested that BRPs based on size and sex ratio may be useful in the
future due to the importance of preventing sperm limitation in the red crab population.
Unfortunately, that would require regular surveying, since fishery-dependent data does not give
an accurate picture of the whole population as large males are targeted and the crabs are
generally segregated by sex.
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Since there is evidence the red crab fishery may be moving southward into previously
lightly-fished areas as large males are depleted in the traditional fishing areas, the review panel
noted the estimated BRPs are for the current area being fished and/or the extent of the surveys.

Scientific risks and uncertainties

Risks and uncertainties regarding BRPs for deep-sea red crabs are described below which
are important in the context of choosing among BRP options, and in setting ACLs once BRPs are
chosen. Risks to the stock due to overharvest and to the fishery due to foregone harvest are
described in general terms but have not been quantified (no formal risk analyses were carried
out).

Biomass based BRPs are difficult to evaluate for red crabs at this time due to lack of
routinely available information about biomass levels and trends, and infrequent stock
assessments.  Therefore, risks and uncertainties regarding exploitation based BRPs are
particularly important.

The following key uncertainties are listed in approximate order of importance.

a) There is a great deal of uncertainty about fundamental life history parameters in red crab,
including longevity and natural mortality, growth and maturity, and reproductive biology.
There is also uncertainty about whether red crabs have a terminal molt and the extent to
which females can store sperm.

b) There is no available information about the spawner-recruit pattern and recruitment
variability in red crab. There is uncertainty about the potential productivity of red crab
due to uncertainty about fundamental life history parameters and recruitment.

¢) Minimum marketable sizes and fishery size selectivity have changes since the early
1970s and processors now accept smaller male red crabs. There are no management
measures regulating minimum size. Thus future fishery selectivity patterns are uncertain.

d) Based on the last stock assessment (NEFSC 2006a; 2006b), there is no evidence of
serious problems in the red crab population (fishery induced mortality rates are < 0.1 y™)
and recruitment was apparently occurring during 2003-2005. However, survey size
composition data from 1974 and 2003-2005 show reduced abundance of large males
(114+ CW) probably due to fishing. There is little uncertainty about reductions in
occurrence of large males. There are questions about the potential importance of large
males in spawning. In particular, loss of large males may affect reproductive capacity of
the red crab stock. These questions have a sound logical basis but have not been fully
investigated.

e) Discards of undersize males and females are thought to be about 30% of total catch but
the estimates are uncertain. Mortality of discarded crabs was relatively low in a recent
study (~5%) but the estimate is uncertain and may be higher during routine fishing.

f) Some of the methods used to calculate biological reference points in this report rely
heavily on landings data collected during a period when exploitation levels were
relatively low. Historical catches may understate MSY to the extent that fishing
mortality has been less than Fysy during recent years. Thus, there is appreciable risk that
reference points in this report will result in unnecessarily foregone catches.

g) Some of the methods used to calculate biological reference points in this report involved
equilibrium assumptions that may not be justified for red crab. The potential effects of
the equilibrium assumptions are uncertain.
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h) As noted above, biomass estimates from the camera/trawl survey during 1974 are
uncertain because of questions about the effective area searched by camera. Uncertainty
in the 1974 biomass estimate increases uncertainty in BRP calculations that evaluate long
term biomass trends or use the 1974 survey to characterize virgin or near-virgin stock
levels.

1) Recent red crab biomass estimates from surveys during 2003-2005 have a negative bias
due to a statistically significant level of red crab avoidance behavior. The magnitudes of
red crab avoidance behavior and bias have not been evaluated.

j) There is uncertainty about whether new NEFSC bottom trawl surveys will provide useful
information about red crabs. Available data from comparative fishing experiments
provide little evidence one way or the other in this regard.

k) Changes in fishing locations have occurred during recent years, presumably due to
localized depletion.

The review panel, in their report under ‘“‘advice about scientific uncertainties”
emphasized what they thought were the most significant sources of uncertainty. Under
““observation uncertainty”, they listed aspects of the biology, the survey and the fishery for red
crab. Regarding red crab biology, the most significant sources of uncertainty were the lack of
basic knowledge of life history, especially maximum age, growth per molt, intermolt period, and
the occurrence of a terminal molt. Seasonal changes in distribution were also noted as a source
of possible uncertainty.

Uncertainties involving the surveys exist because only two have been conducted (30 years

apart). Also, there are concerns about comparability of the two surveys because of uncertainty
about how crab counts from the illuminated area in the first survey were expanded and
extrapolated to estimate the number of crabs in the entire region.
There is also uncertainty surrounding the fishery and the distribution of effort both spatially and
temporally, and whether the distribution of the crabs was affecting the behavior of the fishery.
The panel noted that an assumption of all the red crab analyses was that the pattern of harvest
was from a stationary population.

In terms of “process uncertainty””, the panel emphasized several possible sources. The
first was that there is no knowledge of the influence of male to female ratios, in both number and
size, on reproductive potential. The removal of a significant portion of the large males over time
may have significant consequences on the population as males must be larger than females to
mate. Other process uncertainties are the fact that the fishery may be changing its distribution
and thus changing availability patterns, and the unreliability of the VTR discard data.

Research recommendations

a) Establish a regular schedule for surveys that provide useful information about deep-sea
red crab. This is the most important research recommendation for red crabs.

b) Develop practical survey approaches for red crab in deep water. Recent cooperative
work indicates that towed body video surveys are accurate and useful for sea scallops. It
is likely that the same equipment and approaches would be useful for deep-sea red crab.

c) Evaluate the importance of large male red crabs in reproduction considering the size
distribution and molting cycle of females, sperm storage, length of the mating season,
duration of copulation and other key parameters.

d) Studies to refine estimates of growth parameters, longevity, natural mortality and
reproductive parameters are needed.
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e) Place scientific observers on board fishing vessels during routine fishing trips to collect
data about discards.

The review panel recommended several additional research needs and general suggestions

which would reduce the uncertainties in the BRPs:

a) Consider additional fishery-independent surveys, with continued industry support and
involvement. These cooperative surveys might include standardized trap-based sampling or
HABCAM (cameara) surveys. The panel noted that the industry is already supporting a
sizeable tagging program.

b) Additional information on relative sizes of mating pairs and its consequences on reproductive
potential (sperm limitation) would allow for the inclusion of additional size-based BRPs

i) Consider simulation modeling to explore the response of the population sex ratio to different
exploitation patterns to determine whether sex ratios may serve as a tool to inform
management on current catch rates. The review team noted that such an approach would
only work if knowledge of the population wide sex ratio was indexed.

¢) Studies of brood production, incubation period, and pattern of sperm storage would be
helpful.

d) Studies to refine growth (intermolt period and growth per molt) and longevity estimates would
improve understanding of stock dynamics.

e) Assessment of whether females, in particular, exhibit a terminal molt would help development
of growth models.

f) Information on movement and behavior of crabs within their range would be of utility.

g) Abundance-habitat relationships.

h) Role of economic factors in crab and other fisheries may alter distribution and interpretation
of fishing effort.
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Table 1. Total annual mortality due to fishing (landings and mortal discard) during

2003-2005, by sex.

Males Females Total
Average 2003-2005 landings (mt) 1,992 0 1,992
Discard/(total male + female catch) 0.11 0.18 0.29
Catch (mt, includes all discards) 2,238 2,429 4,667
Discard (mt) 246 2,429 2,675
Discard mortality rate (5 x best estimate) 0.5
Mortal discard (mt) 123 1,215 1,338
Landings + mortal discard (mt) 2,115 1,215 3,330
Total biomass (mt) 56,443 74,689 131,132
90+ CW biomass (mt) 38,220 55,279 93,499
F relative to total biomass 0.04 0.02 0.03
F relative to 90+ biomass 0.06 0.02 0.04

Table 2: Biomass estimates, standard errors and CVs from deep-sea red crab camera/bottom trawl

surveys. The standard errors for 1974 estimates are approximations based on the assumption that CVs
for variability among samples was the same during 1974 as during 2003 to 2005. The differences in CVs
between the two periods are due do differences in assumed effective sample size.

Males Females Total
Size

Year  groups Biomass SE Biomass SE Biomass SE
(mm m m Y my o my Y my my ©V
CW)

1974 90+ mm 29991 6208 021 15654 3719 024 45645 7314 016
1n1fn+ 23794 4303 018 2106 433 021 250900 4325 0417
Fishable 30,302 6363  0.21 NA NA  NA NA NA  NA
Al 32190 5001 016 20674 5221 025 52864 7230 014

2003

o 90+mm 38220 4208 011 55279 7,033 043 93499 8242  0.09

2005
1;4m+ 13770 1334 010 5224 576 041 18994 1453  0.08
Fishable 36247 4612 0413 NA NA  NA NA NA  NA
All 56443 4646 008 74689 10102 014 131132 11119 008
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Table 3. Summary of exploitation based BRPs as MSY or MSY proxy options.

Method

Method
or
model

Result

Estimate
or range of
estimates

Uses 1974
survey
Information?

Equilibrium
estimator?

Status quo
MSY

MSY

2830 mt

Yes

No

Long term
sustainable
catch

Sustainable
yield

1775 mt

No

Yes

Updated
yield
equation
applied to
1974
biomass

MSY

549 - 1646 mt

No

No

Updated
yield
equation
applied to
2003-2005
biomass

MSY

580 - 1740 mt

No

No

DCAC
model

Sustainable
yield

1785 - 1862 mt

Yes

Yes

2-point
boundary
model

Equilibrium
catch

1987 - 2044 mt

Yes

Yes
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Figure 1. The management area used by the New England Fishery Management
Council for deep-sea red crab. The portion of the stock in the Gulf of Maine is
excluded.
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Figure 2. Catch per 30-minute trawl by size in the 1974 survey (top) and 2003-2005 surveys.
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Figure 3. Default MSY control rule in the FMP for deep-sea red crab.
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Figure 4. Summary of estimates of sustainable yield for red crab estimated using various
methods. The upper boundary of the shaded area is the mean annual landings of red crab since
2002 and the lower boundary represents landings during 2007.
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Red crab size composition analysis

Based on the ratio of minimum mature size, and ratio of mean size in 1974, we assume that
males must be at least 25% larger than females to mate successfully (alternative assumptions could be
explored). This analysis examines the impact of the fishery on the size structure of the population,
specifically with regard to the ratio of number of males to the number of females small enough for the
males to fertilize.

Direct analysis of survey results has the benefit of being able to explore the sex ratio in terms of
observed densities of crabs, but lacks the ability to interpret those results in terms of a reference point of
no fishing. It may be possible to interpret the 1974 survey as representing size distributions under light
fishing, so that 1974 could serve directly as a reference distribution.

Direct analysis of survey densities

Table 1a shows summary statistics of mature red crabs from the 1974 and 2003-2005 surveys.
Females are assumed to mature at 70mm, and males at 90mm. The densities of mature male crabs per
30-minute tow declined slightly, but the density of female crabs increased substantially in the later
survey. This poses some difficulty for interpretation, with the main hypotheses being that it is due to
imprecision (including differences in survey locations—all this needs to be explored), or alternatively
that it is due to exploitation effects on a population that otherwise would have been more abundant in
the later period. If the 1974 ratio of males to females is applied to the density of females in 2003-2005,
the expected male density would have been approximately 30, in which case the relatively low observed
value of 15 is presumably due to exploitation effects. Mean size of females is similar in the two
surveys, but mean size of males declined as would be expected from exploitation effects including a
shift of minimum marketable size from 114mm to 90mm. By tabulating the sum of densities of females
smaller than the minimum sized female each male size class is capable of mating with, table 1a below
shows the mean number of females available to the males, weighted by the size frequency of males. In
order to maintain a similar level of fertilization, the average male in 2003-2005 must mate with 2.33
times the number of females that it did in 1974. If thel974 size composition already showed
exploitation effects, the population impact is greater than is shown in table 1a.

Table 1a. Summary of size composition analysis.

Survey date 1974 2003-2005
males females males females
Size at maturity (mm) 90 70 90 70
total density (n per 30-min tow) 17.2 17.8 15.0 31.3
mean size of mature crabs (mm) 113.8 94.1 105.7 95.1

mean ratio of size-dependent
available females to males 25.3 58.9
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Depletion-Adjusted Average Catch Model

Alec MacCall, NMFS/SWFSC/FED (draft 9/6/07)

Unlike the classic fishery problem of estimating MSY, data-poor fishery analysis must be
content simply to estimate a yield that is likely to be sustainable. While absurdly low yield estimates
would have this property, they are of little practical use. Here, the problem is to identify a moderately
high yield that is sustainable, while having a low chance that the estimated yield level greatly exceeds
MSY and therefore is a dangerous overestimate that could inadvertently cause overfishing and
potentially lead to resource depletion before the error can be detected in the course of fishery monitoring
and management.

Perhaps the most direct evidence for a sustainable yield would be a prolonged period over which that
yield has been taken without indication of a reduction in resource abundance.

The estimate of sustainable yield would be nothing more than the long-term average annual
catch over that period. However, it is rare that a resource is exploited without some change in
underlying abundance. If the resource declines in abundance (which is necessarily the case for
newly-developed fisheries), a portion of the associated catch stream is derived from that one-time
decline, and does not represent potential future yield supported by sustainable production. If that non-
sustainable portion is mistakenly included in the averaging procedure, the average will tend to
overestimate the sustainable yield. This error has been frequently made in fishery management. Based
on these concepts, we present a simple method for estimating sustainable catch levels when the data
available are little more than a time series of catches. The method needs extensive testing, both on
simulated data and on cases where reliable assessments exist for comparison. So far, test cases indicate
that it may be a robust calculation.

The Windfall/Sustainable Yield Ratio

The old potential yield formula Ypot = 0.5*M* Bunrisuep (Alverson and Pereyra, 1969; Gulland,
1970) is based on combining two approximations: 1) that Bysy occurs at 0.5*Buynpisuep, and 2) that
Fumsy = M. In this and the following calculations fishing mortality rate (F) and exploitation rate are
treated as roughly equivalent.

However, it is possible to take the potential yield rationale one step farther, and calculate the
ratio of the one-time “windfall” harvest (W) due to reducing the abundance from Bynpispep to the
assumed Bysy level. After that reduction in biomass has occurred, a tentatively sustainable annual yield
Y is given by the potential yield formula. So we have the following simple relationships:

Y = 0.5*M* BUNFISHED , and
W = 0.5* BunrisHeD-

Under the potential yield assumptions, the ratio of one-time windfall yield to sustainable yield is
the windfall/sustainable yield ratio (or simply the “windfall ratio””) W/Y = 1/M. For example, if M = 0.1,
the windfall is equal to 10 units of annual sustainable yield.

An Update

The assumptions underlying the potential yield formula are out-of-date, and merit reconsideration. Most
stock-recruitment relationships indicate that MSY of fishes occurs somewhat below the level of 0.5*
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Bunrisaep. We replace the value of 0.5 with a value of 0.4 as a better approximation of common stock-
recruitment relationships.

The Fysy = M assumption also requires revision, as fishery experience has shown it tends to be
too high, and should be replaced by a Fysy = ¢*M assumption (Deriso, 1982; Walters and Martell,
2004). Walters and Martell suggest that coefficient ¢ is commonly around 0.8, but may be 0.6 or less for
vulnerable stocks. Figure 1 shows the distribution of ¢ values for West Coast groundfish stocks assessed
in 2005. The average of ¢ for those West Coast species is 0.62, but there is a substantial density of lower
values. Because the risk is asymmetrical (ACLs are specifically intended to prevent overfishing), use of
the average value is risk-prone. Consequently, we have used a value of ¢=0.5 in the following
calculations.

The yield that is potentially sustainable under these revised assumptions is
Y = 0.4* Bunrisuep *c*M,

or forc =0.5,

Y = 0.2* Bunrisuep *M.

The windfall is based on the reduction in abundance from the beginning of the catch time
series to the end of the series,

W= Bbegin - Bend =DELTA* BUNFISHED .

where DELTA is the fractional reduction in biomass from the beginning to the end of the time series,

relative to unfished biomass. The analogous case to the potential yield formula is Bbegin = Bynpisuep,
and Bend = 0.4* Bunrisaep, in which case DELTA = 0.6. In practice, Bbegin is rarely Bunrisuep, and

DELTA is unlikely to be known explicitly. Although data may be insufficient for use of conventional
stock assessment methods, an estimate (or range) of DELTA based on expert opinion is sufficient for

this calculation. The windfall ratio is now

W/Y = DELTA/(0.4*c*M),
or in the case of ¢=0.5,
W/Y = DELTA/(0.2*M).

For example, in the case of fishing down from Bynpispyep to near Bysy where DELTA=0.6, if ¢ = 0.5,
W/Y = 3/M. Thus the revised calculation gives a much larger estimate of the windfall ratio. For the
previous example of M = 0.1, the windfall ratio is now estimated at 30 units of sustainable annual yield.

A Sustainable Yield Calculation

Assume that in addition to the windfall associated with reduction in stock size, each year
produces one unit of annual sustainable yield. The cumulative number of annual sustainable yield units
harvested from the beginning to the end of the time series is n + W/Y, where n is the length of the series.
In this calculation it should not matter when the reduction in abundance actually occurs in the time
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series because assumed production is not a function of biomass. Of course, in view of the probable
domed shape of the true production curve, the temporal pattern of exploitation may influence the
approximation.

The estimate of annual sustainable yield (Ysust) is

Ysust = sum(C)/(n + W/Y).

In the special case of no change in biomass, DELTA = 0, W/Y = 0, and Ysust is the historical average
catch. If abundance increases, DELTA is negative, W/Y is negative, and Ysust will be larger than the
historical average catch.

Examples

The widow rockfish fishery began harvesting a nearly unexploited stock in 1981 and for the first
three years, fishing was nearly unrestricted (Table 1). Reliable estimates of sustainable yield based on
conventional stock assessments were not available for many years afterward. By the mid-1990s, stock
assessments were producing estimates of sustainable yield ca. 5000 mtons, with indications that
abundance had fallen to 20-33% of Bunrisuep.

Application of depletion-corrected catch averaging indicates good performance of the method
within a few years of the beginning of the fishery. Two alternative calculations are given in Table 1. The
first calculation assumes M = 0.15, ¢ = 0.5, and that biomass was near Bysy at the end of the time
period, so that DELTA = 0.6. The second calculation is closer to the most recent stock assessment (He
et al., 2007) and assumes M = 0.125, ¢ = 0.5, DELTA = 0.75 (ending biomass in year 2000 is about 25%
of BunrisHeD).

Other examples would be worth exploring, especially were they can be compared with “ground
truth” from a corresponding formal stock assessment.

Low biomasses

The yields given by these calculations can only be sustained if the biomass is at or above
Bumsy. If the resource has fallen below Bysy, the currently sustainable yield (Ycurrent) is necessarily
smaller. A possible approximation would be based on the ratio of Bcurrent to Bysy,

Ycurrent = Ysust*(Bcurrent/ Bysy) if Beurrent< Bygy

Implementation

This method is most useful for species with low natural mortality rates; stocks with low
mortality rates tend to pose the most serious difficulties in rebuilding from an overfished condition. As
natural mortality rate increases (M > 0.2), the windfall ratio becomes relatively small, and the depletion
correction has little effect on the calculation.

The relationship between Fysy and M may vary among taxonomic groups of fishes, and among
geographic regions, and would be a good candidate for meta-analysis. Uncertainty in parameter values
can be represented by probability distributions. A Monte Carlo sampling system such as WinBUGS can
easily estimate the output probability distribution resulting from specified distributions of the inputs.
With minor modifications, this method could also be applied to marine mammal populations. Although
estimation of sustainable yields is not a central issue for marine mammals nowadays, the method would
be especially well suited to analysis of historical whaling data, for example.
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2-point boundary model

Estimation of Average Recruitment, Biomass Weighted F, and Equilibrium Catch

Two quantitative surveys of red crab abundance and long-term record of landings provide
an opportunity to estimate the average recruitment necessary to support the observed time series
of catch.  This is accomplished by using a simple mass balance equation with boundary
conditions defined as the initial and final survey values.

Process Equation
Let B, represent the biomass at time t and specify the boundary conditions By and Br.
The biomass at time t+1 can be expressed as

Bt+1 = (Bt _Ct + Rt )S (1)

Where C; is the total catch and R; is total recruitment of biomass to the population. The
parameter S can be thought of as either the survival rate = e™ or the difference between the
instantaneous rate of growth G and M or S=¢ ™. For this application it was assumed that
increments to population biomass via growth are included in the Rt term; therefore S=e™ No
information is available to estimate the annual recruitment to the population but Eq. 1 can be
simplified by let R; equal a constant, say R.

Bt+2 = (BHI - Ct+1 +R )S (2)
Substituting Eq. 1 into 2 recursively leads to
B.,=(B,-C,+R 5-C,, +R )
Bt+3 = (BHZ _CHZ +R )S

B..=((B,-C,+R )s-C,,+R J5S-C,,+R )

T-1 T-1 )
B, =BS™"'+> SR->C;S™! (3)

j=1 j=t

If we let B=B(0), Bi-t=B(T) and assume S then it is possible to estimate R as the average
recruitment necessary to satisfy Eq. 3.
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B(T)-B(0)S™ +Tf‘cjs“l'
R= = 4)

T-1

Ss

=l

Given the average recruitment R, the year-specific F; can be estimated as

)

The estimates of year specific F;are unreliable since they depend on the average recruitment
estimate R. However, the average F over the period can be estimated as

F:IFJ

j:1T_1

T
_ (6)
The average catch sufficient to maintain the population at its current size can be estimated by
setting Br+1=Br in Eq. 1 and solving for C as

(1-8) 7

Eq. 4, 6 and 7 can now be used to estimate the average recruitment necessary to support the total
removals between time t and t+T, the average biomass weighted F experienced by the
population, and the average catch necessary to maintain the population at its current value of Br.

Incorporating the Uncertainty in Population Size

The uncertainty in initial and final population sizes has important implications for the
uncertainty in the average R, Fbar and Cgq. This uncertainty can be approximated by convolving
the distribution of initial population size with the final population size. Assume that the survey
mean estimates are normally distributed. Let B~N( ctz), Bur~N(pesr GHTZ) and @(.) define
the cdf of the normal distribution. The inverse of the normal cdf, say ®'(.), can be used to
define population estimates for equal probability intervals

max

BT,ﬂ :(D_l(ﬂTaO_Tza:Bl B = Brinre-Proax )

-1 2
B, =@ (,ut,at ,al a=a,,, .o

Define R, p as the average recruitment obtained by substituting B, and Brg in Eq. 4 for
B(0) and B(T) respectively. The sampling distribution of R and by extension, Fbar and Cbar,
can now be obtained by simply matching all possible values of a with all possible values of 3.
More economically, one can define a small step size, say & and evaluate R,g for equal
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increments between the minimum and maximum values of the cdf. The sampling distribution of
R, Fbar, and Ceq is just the collection of discrete estimates since all estimates R, g have equal
probabilities of occurrence = &> and the sum of all &” s is one.

Application to Red Crab

Estimates of R, Fbar, and Cgq were derived for male and female red crab from the 1974

and 2004 fishery independent surveys (Table A3-1) and landings from 1974 to 2003 (Table A3-
2). The distributions of R, Fbar and CEQ were based on convolution of 51 equal probability cut
points representing a 95% confidence interval for the initial and final year biomass estimates.
The convolution distribution was based on 2601 (i.e. 51 x 51) evaluations of Eq. 4. Annual
survival for the base runs was assumed to be 0.86 (i.e., M=0.15)
Model results suggest that the median male recruitment is about 8500 mt per year. Historical
average F between 1974 and 2004 was about 0.04 (Table A3-3). Given the population size in
2004, catches of 2,060 mt would keep the population at its current size of about 36,000 mt.
This is about 16% higher than the average catch between 1973 and 2007 but 10% less than
landings since 2000.

Between 1974 and 2004 the female population (>90 mm CW) increased nearly four-fold
from 15 kt to 55 kt. Under the assumption that fishing mortality on the females was essentially
zero, the estimated median recruitment was 9837 mt. The confidence intervals for median
recruitment levels for males and females overlap which suggest comparable rates of biomass
recruitment. The parameters for average recruitment and survival are confounded and the small
differences in average recruitm