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THE EFFECTS OF A REGULATORY GEAR RESTRICTION ON THE RECRUITING YEAR
CLASS IN THE SEA SCALLOP, PIACOPECTEN MAGELLANICUS (GMELIN, 1791), FISHERY

JEFFREY C. BRUST, WILLIAM D. DUPAUL, AND JAMES E. KIRKLEY
Virginia Institute of Marine Science, School of Marine Science, College of William and Mary, P.O. Box
1346, Gloucester Point, Virginia 23062

ABSTRACT
restricted fishing effort by controlling vessel days at sea, crew size, and gear size. Dredge ring size was increased from 76.2 mm (3.07)
to 82,6 mm (3,257 in March 1994, and again to 889 mny (3.5") m January 1996 1o increase the age of entry of scallops into the fishery.

In 1994, Amendment 4 w the sea scallop (Placopecten magellanicas) fishery management plan was adopted, which

Between June 1994 and April 1995, four trips were taken on commercial scallop vessels in the western mid-Atlantic to determine
harvest efficiency of 88 9-mm dredge rings relative 1o 82.6-mm dredge nngs used i the fishery a the nme. Our study tocused on the
abundant and nearly ubiquitous 3-vear-old. 1990 vear class, At the ume. individuals in this year class were approaching the size (70
mm) of both full recruitment to the gear and recruitment into the fishery. Relative harvest efficiency of this vear class ranged from 60%
to 72% over the study period. The 88.9-mm nings were found to be Y0% efficient when scallops had grown to a size of 100-105 mm.
The 88.9-mm ring dredge would therefore delay tull recruitment of the 1990 vear class for almost 1 y relative to the 82.6-mm ring
dredge. Analysis shows that this delay could increase yield-per-recruit by almost 10% and spawning stock biomass by 4% 10 60%.
Benefits of the gear modifications will only be fully realized when used in conjunction with other measures that reduce or stabilize

fishing ettort.

KEY WORDS:
INTRODUCTION

The fishery for the Atlantic sea scallop Placopecten magellani-
cus (Gmelin 1791) began in the United States in the mid-Atlantic
region in the 1920s and expanded i1n the 1930s with the discovery
of large concentrations of scallops on Georges Bank (Bourne 1964,
Serchuk et al. 1979). Commercial landings increased rapidly fol-
lowing World War 11, and reached a peak of 17.174 metric tons of
meats valued at over $145 million in 1990 (NOAA 1991).

Despite high levels of exploitation and fluctuating annual land-
ings, the first fishery management plan (FMP) for the sea scallop
was not in place until 1982 (NEFMC 1982). Objectives of the
original sea scallop FMP were to be achieved by controlling the
age at entry of the scallops into the fishery. An average meat count
restriction of not more than 30 meats per pound (MPP) was en-
torced for vessels that landed shucked meats. For vessels landing
shell stock. a minimum shell size was set at 88.9 mm (3.5 inches).

Several amendments were made to the FMP to correct per-
ceived inadequacies and enforcement ditficultes: however, the
EMP remained relatively unchanged until 1994, Many of these
problems with the original sea scallop FMP are discussed by Naidu
(1987}, Shumway and Schick (1987). Smolowitz and Serchuk
(1987. 1988). DuPaul et al. (1989), Kirkley and DuPaul (1989),
and Schmitzer et al. (1991). One major problem of the 1982 FMP
was the attempt to manage a fishery that extends over a wide
geographic area based on a single parameter of the ammal. the
adductor muscle size. Size of the adductor muscle has been found
to vary widely between resource areas, water depths, seasons. and
within the reproductive cycle (Haynes 1966, Shumway & Schick
1987, DuPaul et al. 1989). and this confounded management ef-
forts.

In March 1994, Amendment 4 to the sea scallop FMP was
implemented to replace existing MPP restrictions. Amendment 4
restricted fishing effort by limiting vessel days at sea. crew size,
the size of the fishing gear. and entry of new vessels into the
fishery, Age at entry controls were imphcitly imposed by increas-
ing the size of the scallop dredge rings and the mesh of the scallop

sea scallop, relative harvest efficiency. ring size. Placopecten magellanicis

trawl nets (NEFMC 1993). The primary gear restriction of Amend-
ment 4 increased the minimum ring size of the dredge from 76.2
mm (3.0") to 82.6 mm (3.23") for 1994 and 1995, and to 88.9 mm
(3.3") beginning January 1, 1996, Previous gear trnals have shown
that increasing dredge ring size or trawl mesh size allows an in-
creased escapement of smaller-sized scallops (Medcol 1952,
Bourne 1965. Smolowitz & Serchuk 1988, DuPaul et al. 1Y83.
DuPaul et al. 1989).

[n this paper we present an assessment of the effects of an
merease in dredee nng size on aspects of selectivity, harvesting
efficiency. and delay of entry into the fishery. The study targeted
the very large 1990 year class of scallops (NEFSC 1993). We
found that an increase in scallop dredge ring size will increase
escapement of small, pre-recruit scallops less than 70 mm and will
delay entry of scallops greater than 70 mm into the fishery. This
regulatory measure could lead to substantial increases in yield and
spawming potential of specific year classes of scallops.

MATERIALS AND METHODS

Data Collection

Data for this study were collected during four trips aboard
commercial scallop vessels (June. August, and November 1994
and April 1995). each lasting 7 to 14 days. Sampling was con-
ducted aboard the fishing vessel (F/V) Carolina Breeze and the
FIV Stephanie B in the Delaware/Maryland/Virginia region of the
western mid-Atlantic (NAFO stanstical area 6. Fig. 1), Both ves-
sels are approximately 23.01 m (75.5 feet) in length. Catches were
sampled from 209 of the 759 tows conducted with the expenmen-
tal gear.

The fishing gear used during these experiments was the stan-
dard offshore New Bedford style scallop dredge used by most
vessels in the fishery. Posgay (1957) provides a general overview
of the gear. and a more detailed description is given in Bourne
(1964). For each trip, the control gear was constructed from 82.6-
mm (3.25") rings, the size used in the fishery at the time of the
study. The experimental gear was constructed from 88.9-mm (3.5")
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Figure 1. Location of sampling efforts in the Mid-atlantic region.

rings. Both vessels used are capable of towing two dredges simul-
taneously. Since studies have shown that there 15 no statistical
difference in catch for dredges towed in pairs (Bourne 1963, Du-
Paul et al. 1989). the control and experimental gears were towed
simultaneously. The Carolina Breeze towed two 4.27-m-( 14-foot)
wide dredges, and the Stephanie B towed two 3.96-m-(13-toot)
wide dredges.

Data collection methodology was similar to that of Bourne
(1965) and DuPaul et al. (1989). Sampling procedures were de-
siened to allow usual commercial operating procedures, except
that catches from the two dredges were Kept separate throughout
the trip. For sampled tows, the crew was allowed to cull out the
commercial-sized scallops, The remaining bycatch was then sorted
to retrieve undersized or discarded scallops. Up to two baskets (]
basket 1s approximately 1.3 bushels) of commercial-sized scallops.
and at least a portion of the discards were retained from each
dredge tor shell height frequency sampling. Shell height, the maxi-
mum distance from the umbo to the ventral margin of the shell,
was measured to the nearest 5-mm interval using National Marine
Fisheries Service scallop measuring boards.

Six one-basket samples of scallop shell stock were obtained
from commercial scallop vessels between February and May 1994
to collect shell height and meat weight data. Each sample repre-
sented a single trip by a single vessel. When these scallops were
shucked, the upper (left) valve was measured to the nearest mil-
limeter using a measuring board, and the respective meat was
weighed to the nearest 0.1 g using an Ohaus CT 600 electromc

seale,
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Data Analysis

To compare catches from the different trips, the data were
standardized to a common unit of effort equal to 50 h of tow time
using a 3.96-m wide dredge using the following equations:

N, =(n,/b) X B, (1)

SPH, =N, / (") (2)

W |
SC,= >, SPH, [ (*/s0) (3)
=1

where N, = the total number of scallops at shell height ¢ in tow j;
i, = the number of scallops sampled at shell height i in tow j; b,
= the number of baskets sampled in tow j; B, = the total number
of baskets in tow j; SPH, = the number of scallops caught per
hour at shell height 7 in tow j: T, = tow fime m minutes of tow j;
SC. = standardized number of scallops caught at shell height 1 for
the trip: and ST = the number of tows sampled during the trip.

For data from the trip using the 4.27-m-wide dredges, n,, was
multiplied by 13/14 to standardize to a 3.96-m-wide dredge before
using the above equations.

Harvest efficiency of scallops from the 1990 year class was
determined for the 88.9-mm ring dredge relative to the 82.6-mm
ring dredge for each 5-mm shell height interval within the year
class and for the vear class as a whole. This was done by dividing
the number of scallops caught in the larger ring dredge by the
number caught in the smaller ring dredge. Efficiency estimates for
the individual shell height intervals were then smoothed using a
moving geometric mean of three (Pope et al. 1975, Serchuk &
Smolowitz 1980, DuPaul et al. 1989).

The range of the shell height intervals used for the year class
was found using the Petersen method (Jearld 1983). Year classes
were distinguished by different peaks in the shell height frequency
distributions for scallops from all trips. except the April 1995 trp.
In April 1995, the 199] year class distribution overlapped shightly
with the 1990 year class distnbution. The 1990 year class was
delineated by finding the modal shell height of the year class and
visually estimating the right tail of the distribution. It was then
assumed that the number of size classes present on each side of the
mode was the same.

The conventional allometric or shell height:meat weight model
was estimated using SAS software (version 6.09). A log-log trans-
formation was necessary to allow estimation of the relation using
ordinary least squares. A random effects model was run. with time
of collection being the random variable, in order to combine the
samples and obtain a common shell height:meat weight relation-
ship. The model can be expressed as:

IntMW)y = Inla)+ b x In(SH) + u (4)

where “In" is the natural logarithm. MW and SH are meat weight
and shell height respectively. and the error term u is N(0. o).

Scallop growth was estimated by applying an exponential
erowth model to catch data collected during different trips, includ-
g data from a trip taken in November 1993 (DuPaul & Kirkley
19944, DuPaul & Kirkley 1994b). It was during the November
1993 trip that the 1990 year class first started to recruit to the
76.2-mm ring dredge used at the time (DuPaul & Kirkley 1994a).
The growth model can be expressed as
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SH, = SH,, x exp|G % (1 = t.)] (3)

where SH, 1s shell height at time 1, SH,, 1s shell height at time 0, and
(; 1s the exponential growth coetficient.

The mean shell height of the specified age class from each of

the trips was plotted agamst number of days relative to the first
samphing trip. It was assumed that danly growth of scallops during
each mp was minimal, and that for each trip, all scallops were
collected on one day. The first day of each sampling trip was
arbitrarily designated the collection day. All increments 1in days
were counted from the first day of the first trip to the first day of
each successive trip.

Results of the ethciency, growth, and shell height:meat weight
calculations were used to examine the effects mcreasing ring size
to 88.9 mm mught have on yield-per-recruit (YPR) of the fishery,
The YPR calculations assume only scallops 70 mm and larger are
retained by the fishermen. The June 1994 trip was used as a ref-
erence point. and the catch in the 82.6-mm ring dredge during that
trip was assumed to be a representative sample of the shell height
trequency distribution of the year class. Catch in the 82.6-mm ring
dredge in June 1994 was multuphed by 10 to give an arbitrary
mitial abundance of the year class (N,)). Values of fishing mortality
(£) and natural mortality (M) were set at F = 1.5 (NEFMC 1993)
and M = 0.1 (Dickie 1955, Mermrill & Posgay 1964) for a tull year
((L75 and 0.05, respectively, over 6 mo). The yvear was broken into
two 6-mo periods. and the equation

Noo= Neogpli! (6]

was applied 1o find populaton size at ime 1 = 6 mo. At the end
of each 6-mo period, the remaining population (N,) was reduced hy
the natural mortality rate to find the N, tor the next period. The
growth coetficient was applied to the scallops comprising the new
N, to obtain the new shell height frequency distribution. These
calculations were repeated four times to simulate harvest over a
2-y peniod (0-6, 6-12, 12-18, and 18-24 mo). Catch for each
pentod was esumated from C = N, = N,. The shell heieht:meat
weight model was applied to the harvest at each shell height for
each repetiion and was summed over all repetitions to finds land-
mgs for the entire period.

To estimate landings for the 88.9-mm ning dredeoe, similar
methods were used except that the catch was adjusted by the
relative efficiency at each shell height. N, was found as N, — C, and

(037

then reduced by the natural mortality rate 1o give N, for the nexi
period.

Spawning potential (in terms of overall fecundity of each ani-
mal) was estimated using residual reproductive value (RRV)
(MacDonald 1984), RRV takes into consideration the probability
of a scallop surviving between successive spawning events. The
probability of survival between ages X and X + | is multiphied by
the fecundity at age X + |. Overall fecundity was found as the sum
of tecundity at age X plus the RRV of fecundity at age X + L.

RESULTS
Relative Efficiency

Harvest by each of the ring sizes during each of the trips is
shown tor each shell height standardized to 50 h of tow time in
Table 1. Esumates of relative harvest etficiency by the 88.9-mm
ring dredge ranged from 60% to 72% over the study period (Table
2). Examination of the etficiency estimates by shell height (Table
3) mdicated that scallops trom the 1990 year class would be cap-
tured with Y0% 1o 100% relative efficiency when they reach 100 to
105 mm shell height. Harvest by the larger ring dredge exceeded
harvest by the smaller ring dredge for several of the larger shell
heights. but then decreased. With the exception of the November
1994 tnp. relative efficiency increased for larger scallops. The
unusually large decrease mn efficiency in November 1994 is not
readily explamnable, but has been observed and documented during
other gear tnal studies (DuPaul et al. 1989).

Shell Heighe: Meat Weight and Growth

Six one-basket samples of scallop shell stock were obtained
between February and May 1994 for use in shell height:meat
weight analysis. Each sample represented a single trip by a single
vessel. A random effects model was run, with time of collection
being the random variable, in order to combine the samples and
obtain a common shell height:meat weight relationship. The rela-
tionship found 1s shown below. The values under the equation are
the t values for the coefficients.

InfMW) =-9.7776+ 2.6996 x InlSH) (=73.604) (98.136) (7)

The estimates of the daily growth coefficient between succes-
sive rips are shown in Table 4. The overall estimate for the daily

TABLE 1.

Shell height frequency distributions for the 82.6- and 88.9-mm ring dredges for each trip, standardized to 50 h of tow time. The values in
bold denote the 1990 vear class. (Scallops smaller than 35 mm and larger than 110 mm caught by the gear are not shown.)

—

Shell Height June 1994 June 1994 August 1994 August 1994 Nov 1994 Nov 1994 April 1995 April 1995
{1mm ]| (82.6 mm) (88.9 mm) (82.6 mm) (88.9 mm) (82.6 mm) (88.9 mm) (8.6 mm) (88.9 mm)
55-60 22 s I (Y 345 870 S02 e e RN
fill—65 258 130 456 254 587 365 1. 876 1.161
6570 2,107 B66 1,398 813 1,238 755 3,987 2,585
7075 10,128 5,796 5,253 3,359 2814 1.699 7,023 4,964
7580 21,306 13.254 9,941 1,256 4,048 2.497 7.890 5,632
BO-85 17.644 11,755 11,294 8,123 4,284 2.541 7.611 4,388
K 3-9() 5,153 3,581 5,548 3,828 3.684 1,951 6,483 4,159
9095 757 561 1.376 942 2,502 1.377 5,071 4.447
95100 162 199 293 246 1,145 8495 3,791 3,573

L0105 62 171 16 16l 419 404 2.489 2,291
1051 11) |46 163 201 175 6y 167 1.241 1.061
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TABLE 2.
Relative harvest efficiency estimates for the 1990 year class during each trip and for all trips combined.

Catch in Catch in Relative

Modal Shell Height 82.6-mm Ring 88.9-mm Ring Harvest

Trip Date (mm) Dredge Dredge Efficiency
June 1994 Tai i L 1Y At 510 ().63
August 1994 82.5 35,719 24,982 0.70
November 1994 825 20,721 12.484 (). 60)
April 1995 925 42,633 3.916 (.72
Overall 47.396 31,542 1).66

arowth coefficient (G = 0.000736) was used for all growth cal-
culations n this paper.

YPR and Spawning Potential

Applving the shell height:meat weight relationship to the shell
height frequency distribution of the 1990 vear class observed in
June 1994 results m approxamately 490 ke of meats. Delayving
harvest by 1 y (assuming knife-edege selectivity) would vield ap-
proximately 844 ke of meats, assuming M = (0.1 and relanve
efficiency is 909%. This is an crease mn vield of more than 70%.
The offshore scallop dredge. however. does not perform wath
knife-edge selectivity. When size-specific relative efficiency is
considered over a 2-y period. vield from the larger ring dredge was
approximately 8.3% more than the smaller ring dredge (Table 5).
Based on analysis of cumulative tecundity of scallops ages 3 and
4 using residual reproducnve values. mcreases in fecundity were
estimated to range from 43% to 39% higher when the 88.9-mm
ring dredge 1s used and more scallops are present to spawn at age
4 (Table 6).

DISCUSSION

When Amendment 4 became effective in March 1994, the sea
scallop resource was considered to be overfished if spawning stock
biomass (SSB) was below 5% of that of an unfished population,
The optimum level of fishing mortahty relative to the SSB thresh-
old detimition (F5., ) was determined to be 0.97 (NEFMC 1993). A

997 review of the sea scallop resource found that fishing mortal-
ity 1n the Mid-Atlantic bad been above the overfishing definition
since 1985 (NEFSC 1997). Higher than sustainable levels of fish-
mg etfort decreased the abundance of sea scallops, and subse-
gquently, the number of exploitable year classes available to the
fisherv, This created the situation where the fishery 1s highly de-
pendent on the recrinting year class (Serchuk et al. 1979, Brown
1987, NEFSC 1993, NEFMC 1993). When there are limited ex-
ploitable yvear classes. a fishery may be detrimentally affected by
continued exploitation.

Gear regulations contained in Amendment 4 were implemented
primartly to lower tishing mortahity on small scallops and delay
age al entry into the hishery. Data from this study suggest that the
e Y-mm nngs will achieve these goals and also improve vield per
recrint in the fishery and increase SSB of the scallop stock. The
8. Y-mm dredge nngs were anticipated to be an important factor in
reducing fishing mortality to below the overfishing definition and
meeting the management objectives, when used in conjunction
with the other management measures.

Relative Selectivity, Efficiency, and Age at Entry

The year class targeted during this study was the largest year
class on record to recruit to the Delaware/Maryland/Virginma re-
gion (NEFSC 1993). As many as 25 baskets (3540 bushels) of
these scallops were caught per tow in a single dredge during a
sampling trip in November 1993 (DuPaul & Kirkley 1994a, Du-

TABLE 3.

smoothed efficiency values by shell height for each trip and for all trips combined. The values in bold print denote the shell height range of
the 1990 year class during each trip.

Shell Height

(mm) June 1994 August 1994 MNovember 1994 April 1995 Overall
S0)-55 (1,40 0,49 .63 (.65 .57
55-60 0.49 .53 061 (.64 .59
665 (.42 (.55 .60 (.63 (.57
H5-T1() 0.49 0.59 .61 0.66 .59
TO-75 0.53 0.65 .61 0.69 .61
75-8() .62 0.69 0.60) 0.66 .65
a(-85 .66 (071 0.58 0.64 0.66
85-90 .70 (.70 0.56 0.66 (.68
90-95 (.56 0.73 .61 0.78 0.75
51100 0.99 0.83 0.72 (.88 (.85
LO0-10)5 .12 0.9 0,91 0.91 (1,92
105110 |.19 ().96 1.2 (.88 (1.95
110=1135 1. 3] {1.9¢ {)Y5 .89 (.97
115-120 |43 Lh U 1.011 1.0 | .U
| 2{}—125 B (51 1.01 27 1.05
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TABLE 4.

Estimates of the exponential growth parameter () for the 1990 vear class for each trip and for all trips combined.

Mean Shell Height

Interval Between Trips

Cumulative Interval Growth Coetficient

Trip Date (mm) (days) (days) (x 107
November 9493 62.16 0
June 9494 TH.87 217 217 1097
August 1994 80.17 67 284 2.44
November 1994 B2.03 75 359 3.06
Apnl 1995 023 181 3440) 66
Chverall 54() 540) 7.36

Paul & Kirkley 1994b). The majority of these scallops were 6065
mm and averaged 100 MPP. Larger individuals from this year
class were already being retained by the fishermen (DuPaul &
Kirkley 1994a).

Amendment 4 increased the ring size used in the scallop dredge
imitially from 76.2 1o 82.6 mm, and subsequently to 889 mm,
DuPaul and Kirkley (19944, 1994b) have shown that the 82.6-mm
ring dredge decreased efficiency of the scallop dredge (in terms of
number of baskets caught) by 12% on soft bottom (sand and mud)
to 45% on hard bottom of cobble. relative to the 76.2-mm ring
dredge. During the present study, harvest etficiency of the 88.9-
mm ring dredee relative to the 82.6-mm nng dredge (in terms of
number of scallops caught) ranged from 60% to 72% (Table 2).

For this study, full recruitment (retention) to the experimental
gear was considered to be reached when 90% efficiency relative to
the 82.6-mm ring dredge was attained. For example, 90% to 100%
relative efficiency was reached when scallops were 100-105 mm
shell height (Table 3). Using the June 1994 modal shell height of
77.5 mm as a reference point, and by applying the estimated
growth equation determined in this study, 1t would take the 1990
vear class 346 days, or nearly a vear to reach the size of 100 mm
and thus be fully retamed by the 88.9-mm nng dredge.

YPR

Many studies have examined the effects of delaying harvest as
a means to increase YPR n terms of meat weight in the scallop
fishery (e.g., Posgay 1958, Posgay 1962, Caddy 1972a. Caddy
1972b, Posgay 1979, Serchuk et al. 1979, Sinclair et al. 1985).
Posgay (1979) and Serchuk et al. (1979) estimated that maximum
YPR is attained by harvesting 8-year-old scallops. Serchuk et al.
(1979). however, suggest that scallops be harvested when they
reach age 6. since delaying harvest past this age results in only
minor addinonal increases in YPR. Previous studies have shown
that an increase in age at first capture from age 5 1o age 6 will

TABLE 5.

Estimates of yield (Kilograms) over a 2-y time period using the 82.6-
and 88.9-mm ring dredges.

Time Period 82.6-mm Rings 88.9-mm Rings

(-6 mo 2.236.53 |.463.82
6—12 mo 1,524 88 |.546.34
12-18 mo 084.35 |.639.49
18-24 mo H34.99 1.178.42
Total 3.380.75 582807

result in an increase in YPR of 10% to 200% (Posgay 1962, Serchuk
et al. 1979; Table 7). Delaying harvest from age 4 to age 5 will
increase YPR by as much as 50% (Sinclair et al. 1985). By the
early 1990s, age at first capture had decreased to between ages 3
and 4. It is, therefore, important to investigate the changes m yield
that could be expected by delaving harvest to age 4 or older.

Assuming knife-edge selectivity and no changes in commercial
culling size and shucking capacity, delaying harvest from age 3 to
age 4 would increase vield in the fishery by nearly 753%. These
conclusions are consistent with those presented n other studies
that examined YPR for similar sized scallops (Table 7). The otf-
shore scallop dredge. however. does not perform with knife-edge
selectivity, and partial recruitment results in the capture and shuck-
ing of small scallops. When partial recruitment is considered 1n the
analysis, and fishing mortality of £ = 1.5 and natural mortality of
M = 0.1 are assumed, the 88.9-mm ring dredge would increase
yield no more than 10% (Table 5).

Our results indicate that advances in yield made possible by
gear changes have to be optimized with additional measures to
reduce fishing mortality and effort. Posgay (1979) concluded that
(95 mm) was too young and the fishing
mortality (F = (1.7) was too high to achieve maximum yield for
the Georges Bank scallop resource during the 1960s. Currently, in
the mid-Atlantic fishery, age at recruitment is younger and hishing
mortality is higher than on Georges Bank in the 1960s. Increasing
ring size to 88.9 mm can increase the yield in the fishery, but
additonal measures to decrease fishing mortality and effort must
be implemented in order to attain the maximum YPR.

a cull size of age 5

Spawning Potential and Spawning Stock Biomass

Data from this study show the larger ring dredge has the po-
tential to mmprove scallop SSB, which has been depressed due to
high exploitation rates. drasuically reducing the number of age 4
and 5 scallops. Scallops are sexually mature by the end of their
third vear (NEFMC 1993), and fall spawning generally occurs
between late August and December (Posgay & Norman Y55,
MacDonald & Thompson 1986. DuPaul et al. 1989, Schmitzer
1990). It 1s during this period that the faster growing 3-year-old
scallops begin to recruit to the 76.2-mm gear. Most scallops spawn
at this time, but the 3-year-old scallops do not contribute signifi-
cantly to the overall fecundity of the resource (McGarvey et al.
1993). Even considering partial recruitment, the larger dredge
rings will decrease harvest of age 3 scallops and allow more scal-
lops to spawn at age 4. Because fecundity of sea scallops increases
exponentially with size for several years after first reaching sexual
maturity (MacDonald & Thompson 19585, Langton et al. 1987,
Carnegie 1994). the delay in harvest should increase the overall
fecundity of the resource (Table 6). In addition, McGarvey et al.
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TABLE 6.

Estimates of residual reproductive value (RRY ) assuming 10% natural mortality and 66% harvest efficiency between ages 3 and 4.

Age RRV Cumulative Fecundity
Reference Study Area (v} (millions of eggs) (millions of eggs)

MacDonald 1984 Sunnyside, 3 4.95 4,95
Newtoundland R 258 7.54
Langton et al. 1987 Boothbay, Mane 3 9:31) .3()
4 3.96 13.26
MacDonald and New Jersey 3 5.49 5.49
Thompson 1986 2 3.24 8,73

(1993) found a stansucally signiticant relanonship between the
number of spawners and recruits for Georges Bank scallop stocks.
Delaying harvest by using the larger rings could therefore lead to
icreases 1 overall stock abundance and concomitant increases in

SSB.
Conclusions

The effects of increasing dredge ring size are strongly depen-
dent on the amount of fishing effort in the study area. A decrease
mn fishing effort would increase the benefits of the larger ring size,
while ncreasing ettort would reduce the positive effects of the
larger nngs. Analysis conducted for this study suggest that the
88.9-mm dredge rings should provide many benefits to the sea
scallop fishery and resource, and combined with the other regula-
tions defined in Amendment 4, should have helped achieve several
of the oebjectives outhined in the FMP. The benefits of the larger
ring size sugeested by this study have not been realized, however,
This 1s most likely due imtially to management measures for other
species, and subsequently, similar measures for scallops.

In December 1994, the use of mobile fishing gear, including
sea scallop dredges, was prohibited in certain areas of Georges
Bank (Closed Area 1 and Closed Area II) and southern New En-
gland (Nantucket Lightship Closed Area) in order 1o allow se-
verely depleted groundfish stocks to rebuild (NEFSC 1997). Much
of the fishing effort previously targeting scallops on Georges Bank
was displaced to the southern New England and mid-Atlantic re-
gions, which remamed open. Fishing ettort substantially mcreased
in these regions (NEFSC 1997), In April 1998, at the request of the
New England Fishery Management Council, the Secretary of
Commerce closed two additional areas in the mid-Atlantic to scal-
lop fishing to protect small scallops. Recently. the NEFMC (1997
determined that fishing mortality on scallops 1s still above the

overfishing definition, and the closure of these 1,900 square miles
in the mud-Atlantic only concentrates fishing effort into the re-
Maining open areas.

Muodifications to scallop fishing gear designed to reduce the
harvest of small scallops and advance the age of entry can be an
important management tool, but are most effective when used in
conjunction with measures to reduce or stabilize fishing effort and
mortahty. Data from this study suggest that increasing scallop
dredge nng size can decrease mortality of small scallops and post-
pone recruitment of scallops to the commercial hishery. The delay
m recruitment can lead to increases in fishery yield and spawning
potential of the resource. The potential benefits of the recent gear
modifications, however, have been diminished due to increased
fishing effort in the area. In order to realize the full benefits of
mcreasing scallop dredge ring size, the gear restrictions must be
associted with measures to stabilize or decrease fishing mortality
and fishing effort.
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TABLE 7.

Results of previous sea scallop vield-per-recruit (YPR) studies.

Harvest Percent
Age (size) at Delayed Increase in
Reference Study Area First Capture Lintil YPR
Posgay 1962 Georges Bank 3 6 | 8
Serchuk et al. 1979 Gieorges Bank 5 fy L1
Serchuk el al. 1979 Mid-Atlantic 5 6 15
Sinclar et al, 1985 Georges Bank 4 5 55
Serchuk et al. 1979 Georges Bank (76 mm) (YN mm) 37
Serchuk et al. 1979 Mid-Atlantic (77 mm) (97 mm) 39
Caddy 1972a Georges Bank (73 mm) (92 mm) 65
Present study Mid-Atlantic 3+ (72.5 mm) 4+ (100 mm) 74
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