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At the 1958 annual meeting of the Committee on Research and
Statistics an ad ho¢ subcommittee was appolnted to consider the avatl-
able information on the sea scallop (Placopecten magellanicys) fishery
of Subarea 5 in the light of a possible mesh regulation. The report
of this subcommittee (Appendix ITI, 1958 Report of the Standing Com-
mittee on Research and Statistics) stated: "The rate of growth of
Sea %callops in relation to the likely mortality rate in the Georges
Bank area seems to be so high in and above the present selection range
of the gear that postponing the age of first capture i1s likely to in-
crease the yield." The subcommittee therefore advised that particular
emphaais in the research program should be pleced on the collection of
data on growth and mortality rates in various areas, tapging experi-
ments designed tc give mortelity estimates, collection of cateh and
effort atatistics from Canadian and United States vessels, measurement
of the amount of area swept during a unit fishing time, attempts to
measure the relative strengths of pre-recruit year-classes, fundamen-
tal research on the blology of the scallop and on 1ts environment, and
a direct measurement of natural mortality. This paper reports the
progress made during the past year by Unlted States investigators in
implementing these recommendations.

Catch and Effort Statistics

The cateh and effort statisties are presently being collected
in eight United States ports of landing. Both the United States and
Canada are forwarding thelr statistics, tebulated by 10-minute unit
area squares, at monthly intervals to the ICNAF, The 1958 yearly sum-
mary for both fleets 1s shown in Figure 1. The catch and effort of
the 123 trips for which sither effort or area of capture information
Is lacking has been distributed according to the fishing pattern of
the respective fleet. In addition to the 17.1 million pounds from
Georges Bank, the Unlted States had landings of 3,0 million pounds and
Canada 0.7 million pounds of ses scallop meats from other areas, The
{g;ﬁl landings of 20.8 million pounds makes 1958 the lowest year since

Ares gwept par Day

The amount of bottom area swept in a day of fishing effort
has been eatimated from data collected on three trips made on com-
merclal scalloping vessels. The three trips had a total of 18.6 days
of fishing effort durlng which the dredges were on the bottom fishing
for 343.% hours, They were towed at an average speed of 4,0 knots.,
Agsuming that the effect of the tidal currents cancelled out, the two
1l1-foot dredges were towed 74+ nautical miles per day, sweeping 0.27
square miles of bottom. At this rete. it wonld take 278 days to com-
pPletely sweep the 75 square miles of a unit area. 4n attempt to get
a direct measure of the area swept failed when the odometer attached
to the dredge was badly damaged. A sturdier version of the odometer
1s belng built and will be tested soon.

Relative Strength of Pre-recruits

Samples of the pre-recruit year-class have been collected
but we do not yet have anything with which to compare them, A
cruise i3 planned for this May which should give added information.
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Blology

We have been successful for the first time in collecting
specimens of the early vostlarval stages. Baird (1953) has reported
the collection of two small samples of zea gcallops ranging from 1150
to 2250 mlerons but, with this exceptlon, no one has ever reported the
collection of any smaller than about 5 mm. We found several thousand
specimens, ranging in size from 250 microns to 1k mm, attached by
thelr byssal threads to the inner wall of the stablllizer tube of =
navigation buoy. This observation confirms our previcus assumption
that the egg and larval atages of the sea scallop are pelagle.

I E i s

Four tagging experiments have been conducted on Georges Bank
since 1959. The first two were rather small scale preliminary attempts
to test technlques and gather Information on growth rates. In the
first, 825 sea scallops were tagged and released at three locations
(Flgure 2) in December 1955, By March 1, 1959, 2.2 percent had been
recovered in the 38 months that had passed. In the second, 2100 secal-
lops were tagged and released at eleven locatlons (Figure é) in July
1956. 1In 32 months, 3.3 percent were recoversd.

The scallops in these two exneriments were tagged with a
single, numbered Petersen disc pinned through the anterlor ear of the
left valve, This is the only place on a sea scallop where a tag can
be fastened without wounding the animal. However, the tags are not
very conspleuons and this valve is held down in the fisherman's left
palm when the scallop 1s being shucked. We therefore belleve that the
low rate of return is caused by tags not being seen. To make the tags
more consplcuous, we added a 6-1nch length of yellow plastic tape to
the disc in the next two experiments.
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The third tagging experiment was set up primarily to measure
the rate of return of tags from a limited avea as a function of the
fishing effort within the area. 5375 tagged scallops were released in
September 1957 (Figures 3 and 4), There were 198 returned during the
remainder of 1957 and 1106 during 1958, We had hoped to measure the
amount of effort expended within the ares of liberstion rather pre-
clisely, but this was not possible so it was necessary to fall back on
the assumption that the effort within the unit area (10-minute square)
in which the scallops were released was distributed at random over the
unit area. Thls assumption 1s »robably not strictly valld for a short
time interval but should be resonably true for heavily fished aresas
over several years. Reallzing that it i3 only a first approximation,
we have used the 1958 data to calculate ¥ = (.000957) (days fished per
unlt area per year).

The fourth tagging experiment is another attempt to measure
the mortality rate. This time, instead of concentrating the tags in
a smell area, they were released in grouns of 570 or so in a pattern
roughly comparable to the distribution of the fishing effort on the
eastern half of Georges Bank (Figure 3). 997 tagged shells, 13.2 per-
cent, were returned in the first sight months after release.

The 2438 tagged sea scallop shells that have so far been re-
turned out of the 15,539 that have been released have provided an ex-
tremely valuable body of data on growth rates by area and by season.
They have also established the fact that sea scallop beds move very
1ittle 1f at all. Over 95 percent of tha returned tags were reported
as being recaptured at the same place where they had been released.
Most of the remaining 5 percent are elther obvicus navigation errors
or errors in recording. There remain only about ten shells which may
po3sibly have moved from the point of release.

Natural Mortality Rate

Dickie (1955) has described an ingenious method of directly
estimating the natural mortality rate of sea scallops. It depends on
the fact that the two valves of a scallop which has died from natural
causes remaln attached at the hinge for some period of time while the
flshermen always break the hinge and separate the valves when they
shuck out the meats. Part of every dredge haul is made up of these
"clappers" along with 1ive scallops, single shells, and other trash,
The clapper/live scallop ratic divided by the fraction of a year that
the clappers persist before the hinge ligament decomposes and the
valves separate gives an estimate of the instantaneous natural mor-
tality rate. Table 1 gives the results of applylng this formula

M= %% x 3%5

to clapper shell/live scallop ratios collected at various places on
Georges Bank. The number of days that the clappers persist, t, was
taken as 100 days, the value glven by Dickie (1955) as the result of
some tank experiments. His calculations for the Digby area gave an
average value of 0,10,

Making the reasonable assumntion that live scallons and
clappers are equally liable to capture by scallop gear, the sensitive
parameter 1s t. It seems likely that clappers would separdte more
rapidly on the fishing grounds than in a tank because of currents and
dredging action but even if we halve the value of t and thus double
our estimate of M, it would still only bring the average estimate of
M for Georges Bank up to 0.18, about 16 percent per year. Posgay
(1958) has presented yleld isopleth diagrams (Figure 5) which were
calculated for natural mortality rates of 0.15 and 0.20. It now
seems that these diagrams are, I1f anything, conservative,
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Figure 5. Yleld isopleth diagrams calculated for the Georges Bank
Sea scallop fishery using the growth rate shown in the
two right-hand columns. The contour values are in pounds.
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TABLE 1. Natural mortality rate from the rstio of clapper shells (C)
to live scalleops (L) M = %%% X é%gg%

N.E. Peak
Channel N, Fdge Birdfs Bill Total

Length
_{mm) L c M L c M L C M M

85. g% 118 15 ka4 W08 3¢ .025 2286 80 .128 067

95-105 439 11 .09l 254k 21 .030 1522 79 189 ol=To)
105-115 302 16 .193 1171 25 078 926 53 .200 L1L3
115-125 13 2 054 933 26 102 328 12 .133 L104
125-135% hg 1 o7 888 15 ,062 83 5 .220 .075
135-1k5 _— 3150 9 094 15 --

85-1L5 1o0k2 45,158 10290 126 045 5160 229 162 .088

Fishing Mortality

We have two kinds of data from which to calculate the rate
of fishing mortality; year-class frequency distribntions and the rate
of return of tagged animals. We have analyzed many length frequency
distributicns to determine the relative numbers of the successive
year-classes and then calculated the total mortality rate., Subtract-
ing the natural mortality estimate derived from the clapper/live scal-
lop ratio. we have obtalned values of F ranging from about .2 to about
«7. The necessary assumption of equal recruitment each year is prob-
ably too gross to regard these values as anything more than maxfimum-
minimum estimates, and we have not made any attempt to relate them to
fishing intensity. As pointed out above, estimates of fishing mor-
tality rates derived from rate of tag returns should probably be re-
garded with some degree of cautlion until more data have aceumulated
but these data are the most rellable that are presently available.

The rate of return of tagged scallops from the Sentember
1957 tagging exneriment glves F = (.000957) X (days fished/unit area/
year) if the fishing effort was distributed either uniformly or at
random over the entire 7% square miles of the unit area. If the ef-
fort was not distributed over the entire unit area but was concentrated
on some smaller section, the apparent value of the second term, (days
fished/unit area/year), will be smaller than the true value and the
estimate of ¥ will be too low.

Since it has been shown above that it requires at least 278
days of fishing effort to completely sweep a unit area, 1t must follow
that, any unit area which had much less tharn 278 days of fishing effort
ber year was not completely swept. It may have been fished at random
but the more likely vresumption, fishermen being what they are, 1
that the boats found a small pocket which they fished until it was
cleaned out,

We have therefore calculated an average value of F = .31 for
Georges Bank in 1958 from the amount of effort expended on the 25 most
heavily fished unit areas (Figure 1). These accounted for a total of
8092,3 days of fishing and landings of 13,148 thousand pounds, 77 per-
cent of the total landings from Georges Bank. The least heavily fished
area of this group had 144.5 days of fishing and the most neavily
fished had 67% 5 days with an average of 323.7 days/unit area/year.
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TABLE 2, Length and welghi of eea ecallops at time of formation of the annual ring

AFEA B.E. PEAK ¥. KIGE BIKD'S BILL CHAMNEL DICBY
NUMBLH
1N 426 254 178 1035 172
SAMELE :
FING 0. L{m) w(gn) L(mm) W(gn) L{m} w(gn) L{mm)} W(gm) L{mm) W(gn)
1 11.2 131.0 16.8 19.5 13.1
2 30.2 3u.1 41,1 53.9 2.4 25,4
3 1.9 1.3 56.4 3.1 67.5 3.7 79.7 7.1 $8.3 2.3
4 79-9 €.0 80.8 7.7 87.0 8.0 97.3 124 B2.8 6.7
5 98.5 12.6 9.7  12.2 7.1 il.2  108.5 16.% 97.5  10.9
6 110.4 19.0 107.5 16.1  1O4.4  14.1 117.2  20.7 107.B 14.8
7 119.7 25.3 114.9 18.9 111.0 16.8 123.6 24.3 117.0 18.9
8 126.4 30.7 121.4 21.5 114.7 15.8 121.8 21.4
9 131.8  35.6 127.6 4.8 126.0  23.7
10 130.7  26.m
Parameters of fitted growth curve
-k(t.—hoj
Lt = Leo|l - o
L= 146.5% 14)..8 121.5 137.6 146.3
K .30 .28 o1 =35 -23
‘o 1,32 1.00 1.00 54 .22
TABLE 3. Growth of tagged sea scallope
Age 9/22/5T (yra) 3.98 4.9 598 698 7.98
Bumber 22 33 46 25 15
1 9/22/57 (nm) 94,2  107.2  117.1  125.2  13l.4
1 135.1

8/5/58 {mm) 111.1  117.9  125.3 130.1

G9



-9 -

Since 12 of the 25 unit areas had less than 278 days of fishing we are
certalnly overestimating the area swept and thus obtalning a minimum
value of F. If the estimate 15 confined to the 13 unit areas which
had over 278 days of fishing in 1958, = 41,

W Rate

Almost all the published sea scallop growth rate estimates
made by United States Investigators have been calculated from the
growth increments measured on relativelg amall samples of tagged and
recaptured snecimens (Posgay, 1993, 1958), Canadian investigators
have, however, successfully interpreted prominent annull on the shell
as annual rings and derived growth rates from these data much as 1s
commonly dome from fish scales (Stevenson & Dickie, 195%; Dickie, 1955).
We have recently made a vigorous attempt to master the technigue of
reading annual rings from Georges Bank specimens and belleve that we
can now use this method to derive growth rates for different areas and
for different year-classes.

Our confldence 1 based on the close coincldence of results
ohtained from using both methods on the same samnle. The sample con-
sisted of 426 shells which had been tagged and released on the North-
east Peak of Georges Bank on September 22, 1957, and later recaptured
and returned. The entire sample was aged and the average size at the
time of ring formation determined {(Table 2). PFart of the sample, 141
shells, had been receaptured In a group after being at large for 49.6
weeks. This group (Table 3) was used to calculate the growth rate
from the average increment added by each vear-class between tagging
and recapture.

In order to compare the two kinds of data, it was nescessary
to allow for the difference in time between the unknown date of for-
mation of the annual rlngs and the known birthday of the year-classes.
This was done by fitting the linear form of the growth equation (Bever-
ton and Holt, 1957) to each set of data using the actual values of t
for the tag data and arbitrary values of t for the ring data. The
calculations gave values Iidentical to two significant figures for the
parameter K but the narameter t, differed by 0.17 years. The %ty value
of the ring data was therefore ad]usted by this amount and a single

equation, Ly = 146.5 (1 - e -30(¢ l°32), fitted to the combined data.
The correlation coefficlents are: tag data, 7.9898, annual ring data
0.9996., There can be little doubt that the two methods glve equally
precise estimates of the growth rate.

Growth rates have been calculated by reading annual rings
for three other areas on Georges Bank (Table 2) and the Digby grounds
in Subarea 4. The exact locations where the samnles were collected
are: the Northeast Peak, 41951 *N-66923'W; the Northern Edge, 4+2°09'N-
67014 'W; the Bird's Bill, 41926 'N-66923 'W; the Channel, 41003 'N-
68%451W; Digby, U4OL5TN-65O47 "W,

The welghts glven in Table 2 were not, except for the Bird's
B111 sample, derlved from the same samnle as the lengths. They are
caleulated average welghts derived from samples collected at various
times from locatlons close to the locations of the growth rate samples.
Some of these length-weight data suggest that the length-welght ratio
maihvaiy geasonally. BSamples are being collected to test this hy-
pothesis.

The most important factor in deciding if there will be any
increase in the yileld of a year-class if z savings gear is introduced
is the relative balance between the average annual rate of natural
mortality and the average annual increase in weight in the sizes which
fall between the 50 percent retention points of the old and the new
gear. Although the 3-inch ring presently in use has a 50 percent re-
tention point at about 69 mm, the fishermen rarely shuck anything

G 10
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TABLE 4. Growth of mea scallops for thres years aféer they are recruited to the fichery

N.E. PEAR ¥. EIGE BIMD'S BILL CHANNEL DIGEY
$ L ¥ ;x:o L ¥ xf,,- L W I:c L W I:_c: b W Iﬁc.
o 85.0 7.4 85.0 8.7 85.0 7.4 B5.0 8.5 8s.0 7.2
1 100.9 13.7 B85 98.8 12.8 &7 97.2 11.3 53 100.5 13.6 60 97.6 1.1.0 53
2 2.7 0.5 %9 109.3 16.6 30 105.4 14,5 28 111.§5 16,1 33 107.6 14.7 34
3 121.5 266 30 117.2 19.8 19 114.4 18.6 28 119.2 2.8 20 115.6 18.3 24
TABLE 5. Increase in Yiald to be Expscted from o Savings Gear
1958
Benefit  Landinga  Benefit
17 ¥ (2beate) x o*-1 % M_lbs, M lbs.
" r Point * 4.2 mm

N.E. PEAK 0153 9847 5% 167 .1818 16.4 4846 795

¥, EIGE 0468 L9532 63 L1958 2153 15.8 4296 679
BIFR'S BILL 0754  .92u6 N 220 2461 15.2 4095 622
CHANNEL Q152 9848 .55 170 .1853 16.7 316 _637
Total Benefit 2733

4-1/2" ring (50K Point = 106.9 mn)

N.R. PRAK L1206 8796 1.47 456 5778 38.8 4846 1880

¥. KGE .283%0  .7170 1.74 -539 <7143 22.9 4296 983
BIRD'S BILL  .§915  .5085 2.73 846 1.3303 18.5 4095 758
CHABNEL -1202  .8798 1.53 7Y ~606H 41.3 3815 _1576
Total Benefit 5197
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amaller than 85 mm., The meats are too small to make 1% worthwhile.
Starting at the 85 mm commerclal cull therefore, Table L gives the
average lncrease in length and welght for one, %wo, and three years
postponement of first capture for the five areas. So long &s the
annual rate of natural mortality is less than the annual percent in-
crease in weight, there would be a net inerease in the biomass avall-
able for exploitation.

EFFRCT OF A BSAVINGS GEAR ON YIELD

Rolt (1958) has described a short method of calculating the
benefit to be expected from the introductlon of a mesh regulation.

Percent Benefit = 100 [ay(eF(Et'c -1t -1y - lﬂ

It requires that the proportion of the mean annual catch in welght of
animals larger {,y) and smaller (;¥) than the proposed new length at
first capture be“known, as well as the fishing mortality (F), and the
difference in age (pt. - jtc) between those animals whose lengths
fall at the 50 percen% re%ention points of the old and new gear.

This method has been applied to the Georges Bank data.

Table 5 glves the results to be expected from the introduction of a
L-inch ring and a W&-inch ring. The slze distribution of the catch
¥ps calculated from samples collected from the commerclal fleet,

= .31 from the tag return data, and the growth rates from the data
of Table 2. The length at 1%, was taken as 85 mm, the commercial
cull, neot the 50 percent po}n% of the 3-inch ring now in use. The
50 percent points were taken from the mesh selection data reported
by Posgay (1958).

The first column of Table 5, headed 1Y, gives the proporticn
of the eateh which would have been lost during 1558 if the savings
gear had been in use. The sixth column glves the percent beneflt that
would have resulted and the total of the last column, the eventual
benefit in pounds. These calculations indicate that the introduction
of a savings gear into the Georges Bank sea scallop fishery would re-
sult in a very substantial increase in the yleld.
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