B. SEA SCALLOP ASSSESSMENT SUMMARY FOR 2007

State of Stock: Based on both the previous Biological Reference Points (BRPs) as well as the
new recommended BRPs, sea scallops in the US EEZ (Figure B1) during 2006 were not
overfished and overfishing was not occurring. Biomass (for scallops > 40 mm shell height, SH)
during 2006 was 166 thousand mt meats, which is above the new recommended biomass target
(108.6 thousand mt meats), and above the new recommended biomass threshold (54.3 thousand
mt meats, Figure B2). The NEFSC sea scallop survey index in 2006 was 7.3 kg/tow (adjusted
for an assumed dredge survey selectivity pattern as in previous assessments, see below), which is
above both the previously used biomass target (5.6 kg/tow) and biomass threshold (2.8 kg/tow,
both adjusted, Figure B3).

During 2006, the fully recruited (> 120 mm SH) fishing mortality for sea scallops from
the size-structured catch at size analysis (CASA) model (0.23 per year, Figure B4) was below the
updated fully recruited fishing mortality threshold (0.29 per year, Figure B5). Using the rescaled
F approach that was used in previous assessments, fishing mortality during 2006 was 0.20 per
year, which is below both the current overfishing threshold (0.24 per year) and the updated
estimate (0.29 per year).

Projections: Projections with fishing mortality rates of 0.20 and 0.24 per year suggest there will
be modest increases in biomass and landings during 2006-2009, although projection results are
uncertain (Figures B6-B7). Projected landings during 2007-2009 (25,000 — 33,000 mt meats) are
similar or slightly higher than historically high 2003-2006 landings (Figures B6-B8). Example
projections are based on current area-based management from sea scallop Amendment 10 and
Framework 18 (NEFSC 2003, 2005), historical recruitment patterns, and on recent biological and
fishery conditions.

Stock Distribution and Identification: Atlantic sea scallops are distributed from Cape Hatteras
to Newfoundland. In the US EEZ, sea scallops are mainly at depths of 30 to 110 m. Sea scallops
in the US EEZ are a single management unit although spatial management has been used in
recent years to increase yield and prevent overfishing.

Catches: Landings increased from about 8,000 mt meats per year in the mid-1980s to over
17,000 mt meats per year during 1990-1991 (Figure BS). Landings declined during 1993-1998
to 5,000-8,000 mt meats per year and then increased rapidly during 1999-2001. Landings
reached historical peaks (averaging about 26,000 mt meats per year) during 2002-2006. The
Mid-Atlantic Bight accounted for three-quarters of total landings during 2000-2005. In contrast,
Georges Bank accounted for two-thirds of total landings during 2006. The shift in 2006 was due
to low landings in the Hudson Canyon Access Area in the Mid-Atlantic combined with high
landings in the Georges Bank access areas. Landings in the Gulf of Maine ranged from 134-622
mt meats and averaged 316 mt meats per year during 1997-2006, while landings in southern New
England ranged from 20-403 mt meats and averaged 139 mt meats during 1997-2006. Total
discards averaged 1,000 mt meats per year during 1992-2006. Discard levels were above average
during 2000-2004 but declined in 2005-2006, due in part to changes in gear regulations (4”
rings). Survival of discards is probably high.

Data and Assessment: The sea scallop fishery in the U.S. E.E.Z was modeled separately for

Georges Bank and the Mid-Atlantic Bight (Figure B1), and results for the two regions were
combined to assess the entire stock. Overfishing and overfished status were evaluated in this
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assessment for the stock as a whole, as specified by Amendment 10 to the Sea Scallop Fishery
Management Plan (NEFMC 2003). Other areas, such as the Gulf of Maine and Southern New
England, that contribute little to landings or biomass were not included in the assessment models.

New growth data were used for the first time in this assessment. The new growth data
indicate that Mid-Atlantic sea scallops do not grow as large and that they reach their maximum
size faster than previously assumed. The new growth data for Georges Bank indicate that growth
is similar to the previously estimated growth curve.

This assessment used new shell height/meat weight relationships for survey and
commercial catches. Shell height-meat relationships for commercial catches were adjusted based
on sea sampling and landings data to account for commercial shucking practices, absorption of
water during storage and transport, and seasonal patterns in meat weights during each year.

The selectivity of the lined survey dredge used in the NEFSC sea scallop survey was
estimated by comparison to SMAST video survey data. Results show that the lined dredge has
the same selectivity (equal efficiency of catch) for all sea scallops larger than 40 mm SH.
Previous assessments assumed that the lined dredge had maximum selectivity and catch
efficiency for catch for sea scallops 40-60 mm SH. All calculations, other than sensitivity
analysis and comparisons to existing reference points, in the current assessment used NEFSC
dredge survey data assuming equal selectivity for all sea scallops greater than 40 mm SH.
Because of the change in assumed selectivity, the NEFSC dredge biomass indices are about 25-
30% lower than those given in previous assessments; this is a change in the relative biomass
indices only and is not related to any change in the estimates of absolute biomass.

A size-structured forward projecting assessment model (CASA) was used as the primary
assessment model, with additional analyses based on rescaled F approach used previously. The
CASA model for sea scallops was introduced in the last assessment (NEFSC 2004) but was not
used to determine stock status at that time because the model was relatively new and had not
been tested thoroughly. Simulation modeling and sensitivity analysis in this assessment
indicated that the CASA model was generally more accurate than the rescaled F' method
previously used. The CASA model results were based on a wide range of information including
data from the NEFSC sea scallop, winter bottom trawl and SMAST small camera video surveys,
commercial landings, shell height measurements for landed scallops from port and sea sampling,
commercial landings per unit effort, and growth increment data from growth rings on scallop
shells. Biomass and fishing mortality estimates from the CASA model for Georges Bank and the
Mid-Atlantic Bight had mild retrospective patterns, but there was no retrospective pattern for the
stock as a whole because the retrospective patterns for the two regions were in opposite
directions. The estimated fishing mortality for sea scallops during 2006 from the CASA model
(0.23 per year) was similar to the estimate (0.20 per year) from the rescaled F approach and
trends in mortality estimates from the two models were similar.

Biological Reference Points: Based on the new assessment, the recommended biomass target
for sea scallops is Brarger = 108.6 thousand mt meats (for scallops > 40 mm shell height) and
the recommended biomass threshold reference point is Braresporp = Y2 Brarcer = 54.3 thousand
mt meats. The recommended target biomass was calculated with CASA model estimates, by
multiplying biomass per recruit at Fyax (86.3 grams per recruit) times median recruitment
during 1983-2006 (1,258 million sea scallops per year). Explorations of possible stock-
recruitment relationships indicate that recruitment overfishing is unlikely provided that sea
scallop biomass remains above the proposed reference points.

Fuax, a proxy for Fysy, is used as the overfishing threshold. In the new assessment, a
size-based per recruit model provides an updated estimate of Fryresnorp (Fmax = 0.29 per year;
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Figure BS) for the whole stock. The updated estimate of Fuax is based on new information on
growth rate and fishery selectivity patterns during 2006, and it is higher than the older value
primarily due to the new estimates of growth in the Mid-Atlantic region, and the shift towards
larger scallops in fishery landings.

Based on Amendment 10 (NEFMC 2003) of the sea scallop FMP, the current (i.e., older)
biomass target reference point is Brarger = 5.6 kg/tow (adjusted as in the last assessment for
assumed NMFS survey dredge selectivity patterns). That value was calculated as biomass per
recruit at Fyax, from a previous per recruit model, times the median recruitment index from
NEFSC sea scallop surveys. The current biomass threshold is 2 Brarcer = Bruresnorp = 2.8
kg/tow (adjusted).

The current (i.e., older) estimate of the overfishing threshold (Fumax = 0.24 per year) was
based on an age-based yield per recruit analysis (Applegate et al. 1998). The target fishing
mortality rate is 0.20 per year, and this was not revised.

Fishing Mortality: Fully-recruited fishing mortalities for sea scallops during 2006 were 0.31 per
year on Georges Bank, 0.17 per year in the Mid-Atlantic, and 0.23 per year for the whole stock,
based on CASA model estimates (Figure B4). Based on uncertainties in survey and commercial
catch data, there is only about a 7% probability that overfishing occurred (fishing mortality
above the new recommended threshold reference point) in the sea scallop stock during 2006
(Figure B9). A 95% confidence interval for 2006 whole-stock fishing mortality is (0.17, 0.32).
CASA model estimates of fishing mortality are not comparable to previously estimated fishing
mortality reference points because of changes in selectivity and estimates of growth.

Recruitment: Sea scallop recruits correspond roughly to two year old individuals. Recruitment
was below average for sea scallops on Georges Bank during 2004-2006 based on CASA model
estimates (Figure B10 and Catch and Status Table). Recruitment in the Mid-Atlantic has been
above average for every year since 1998 except 2004 and 2006.

Stock Biomass: Stock biomass was 166 thousand mt meats in 2006, which is the historical high
during 1982-2006 (Figure B2). Sea scallop biomass was almost equally distributed between
Georges Bank (81,000 mt meats) and the Mid-Atlantic Bight (85,000 mt meats). Considering
uncertainties in survey and landings data, there is less than a 1% estimated probability that the
sea scallop stock biomass was below the target biomass of 108.6 mt meats during 2006 (Figure
B11).

Special comments: The current recommended F)x proxy for Fysy in sea scallops should be
revisited in the next assessment because the recent fishery selectivity patterns that focus harvest
on large sea scallops make yield-per-recruit curves flat on the top, making it difficult to estimate
Fyux precisely (Figure BS).

Area management plays an important role in sea scallop stock dynamics, with much of
the biomass located in long-term or rotational closures, or in reopened closed areas under special
management. When there is spatial variability in fishing mortality, as occurs under area
management (Hart 2001), fishing mortality reference points such as the Fx proxy, calculated
under the assumption of spatially uniform fishing mortality, may overestimate the fishing
mortality level that would actually maximize yield per recruit. For example, if half of the scallop
biomass was located in closed areas, the whole-stock fishing mortality would have to be about
half of the recommended fishing mortality threshold in order to maximize yield per recruit in the
areas remaining open to fishing.
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Figure B1. Sea scallop stock, with 2006 NEFSC sea scallop survey catches.
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Figure B2. Sea scallop biomass estimates from CASA model, along with recommended
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Figure BS. Sea scallop yield and biomass per recruit.

45th SAW 32

Assessment Summary



300000 -
250000 -
0
©
£ 200000
E
3 150000
£
o — A— 1stQuartile
g 100000 - .
— A— 3rdQuartile
- -¢- - 5thPercentile
50000 1 - -~ - 95thPercentile
— — Biomass Target
0 ‘ - = = = Biomass Threshold
2006 2007 2008 20
Year
50000 4, *
- \g . - B ) -
B 40000 -
17} P
g __-—'-- __—"'\s__
- - —_— —
'E 30000 e — — - V
~ — — *‘ —
% o — — k" — — —
e ®-----=--"""" - --..
-g 20000 Mean
3 — A— 1stQuartile
10000 — A— 3rdQuartile
- -¢- - 5thPercentile
- -¢- - 95thPercentile
2007 2008 2009 2010
Year

Figure B6. Example, short-term forecasts of sea scallop biomass and landings, assuming
that whole-stock fishing mortality in 2007-9 is 0.20.
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Figure B7. Example short-term forecasts of sea scallop biomass and landings, assuming
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Figure B8. Sea scallop landings (MT meats), 1982-2006.
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Figure B9. 2006 fishing mortality probabilities with new recommended overfishing threshold
(long-dashed line) and current threshold (dotted line) for sea scallops.
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Figure B10. Trends in scallop recruitment, 1982-2006.
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Figure B11. 2006 biomass probabilities with new recommended biomass threshold (long-
dashed line) and biomass target (dotted line) for sea scallops.
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