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At the 1958 annual meeting of the Committee on Research and 
Statistics an ~ ~ subcommittee was appointed to consider the avail
able information on the sea scallop (El~c2p~cien magell~n1cys) fishery 
of Subarea 5 in the light of a rossible mesh regulationo The report 
of this subcommittee (Appendix III, 1958 Report of the Standing Com
mittee on Research and Statist lcs) sta ted, "The rate of growth of 
sea scallops 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 is likely to in
crease the yield 0" The subcommittee therefore advised that particular 
emphasis in the research program should be placed on the collection of 
data on growth and mortality rates in various areas, tagging experi
ments designed to give mortality estlmates$ collection of catch and 
effort statistics 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~Tecruit year-classes, fundamen
tal re.earch on the biology of the scallop and on its environment, and 
a direct measurement of natural mortal1ty" This paper reports the 
progress made during the past year by United States investigator. in 
implementing these recommendat1onso 

Catch and Effort Statistics 

The catch and effort statistics are presently being collected 
in eight United States ports of landing, Both the United States and 
Canada are forwarding their statistics, tabulated by 10-minute unit 
area squares, at monthly intervals to the ICNAF. The 1958 yearly sum
mary for both fleets i. shown in Figure 1. The catch and effort of 
the 123 trips for which either effort or area of capture information 
1s lacking has been distributed according to the fi.hing pattern of 
the respective fleet. In addition to the 17.1 million pounds from 
Georges Bank, the United States had landings of 3,0 million pounds and 
Canada 007 million pounds of sea .callop meats from other areas o The 
total landings of 2008 million pounds make. 1958 the lowest year .ince 
19540 

Area Swept per Day 

The amount of bottom area swept in a day of fishing effort 
ha~ been estimated from data collected on three trips made on com
mercial scalloping vessel.o The three trips had a total of 18 06 days 
of fishing effort during which the dredges were on the bottom fishing 
for 343.5 hours. They were towed at an average speed of 4,0 knots, 
A.suming that the effect of the tidal currents cancelled out, the two 
II-foot dredges were towed 74 nautical miles per day, sweeping 0.27 
square mile. of bottom, At this rate", it wOllld take 278 days to com
pletely sweep the 75 square miles of a unit areao An 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 
is being built and will be tested soon. 

Relatiye Strength of Pre-recruits 

Samples 
but we do not yet 
cruise is planned 

of the pre-recruit yesr-class have been collected 
have anything with which to compare them. A 

for this May which should five added information. 
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Biology 

We have been successful for the first time in collecting 
specimens of the early nostlarval stages. Baird (195~ has reported 
the collection of two small samples of sea scallops ranging from 1150 
to 2250 microns but, with this exception, no one has ever reported the 
cOllection of any smaller than about 5 mm. Tile found several thousand 
specimens, ranging in size from 250 microns to 14 mm, attached by 
their byssal threads to the inner wall of the stabilizer tube of a 
navigation buoy. This observation confirms our previous assumption 
that the egg and larval stages of the sea scallop are pelagic. 

Tagging Experiments 

FOur tagging experiments have been conducted on Georges Bank 
since 1955. The first two were rather small scale preliminary attempts 
to test techniques and gathe~ information on growth rates. In the 
first, 825 sea scallops were tagged and released at three locations 
(Figure 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 scal
lops were tagged and released at eleven locations (Figure 2) in July 
1956. In 32 months, 3.3 percent were recovered. 

The scallops in these two ex~eriments were tagged with a 
single, numbered Petersen disc pinned through the anterior 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 conspicuous and this valve 1s held down in th~ fisherman's left 
palm when the scallop is being shucked. We therefore believe that the 
low rate of return is caused by tags not being seen. To make the tags 
more conspicuous, 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 pr1marily to measure 
the rate of return of tags from a limi.ted area as a function of tJ"e 
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 area of liberatton rather pre
Cisely, but this was not posslbl~ so it was necessary to fall back on 
the a.sumption that the effort within the un1t area (la-minute square) 
in which the scallops were released was distributed nt random over the 
unit areaG This assumption 1s nrobably not strictly valid for a short 
time interval but should be resonably true fOT heavily fished areas 
over several years~ Realizing that it 1~ only a first approximation, 
we have used the 1958 data to calculate F = (,000957) (days fished per 
unit Brea per year)o 

The fourth tagging experiment Is another attempt to measure 
the mortality rate" This time, insteLld of concentrating the tags in 
a small area, they were released in grouns of 5~O o~ so in a pattern 
roughly comparable to the distribution of thp. fishing effort on the 
eastern half of Georges Bank (Figure 3)0 997 tagged shells, 13.2 per
cent, were returned in the first eight months after releaseD 

The 2438 tagged sea scallop shells that have so far been re
turned out of the 15,839 that have been releas~d have provided an ex
tremely valuable body of data on growth rates by area and by season Q 

They have also established the fact that sea scallop beds move very 
little if at all~ Over 95' percent of the! rf'turned tags were reported 
as being recaptured at the same place ',",here they had been releasedc 
Most of the remaining 5' percent are either obvious nav1gation errors 
or errors 1n recordingo There remain only abollt ten shells wh1 ch may 
possibly 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 
cause!!! remain attached at the hinge for some period of time while the 
fishermen always break the hinge and separate the valves when they 
shuck out the meatso Part of every dredgp. haul 15 made up of these 
"clappers 11 along with live scallopsj single shells, and other trash. 
The clapper/1ive scallop ratio divided by the fraction of a year that 
the clappers persi!t before the hinge ligament decomposes and the 
valve! !eparate gives an estimate of th~ instantaneous natural mor
tality rate. Table 1 gives the results of applying this formula 

to clappe~ s~/live scallop ratios collected at various places on 
Georges Bank. The number of days that the ~lappers persist, t, was 
taken as 100 days, the value given by Dickie (1955) as the result of 
!!ome tank experimentso His calculations for the Digby area gave an 
average value of 0 0 10 0 

Making the reasonable assumntion that live scallons and 
clappers are equally liable to capture by scallop gear, the sensitive 
parameter is t. It seems likely that clappers would separate 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 yield isopleth diagrams (Figure 5) which were 
calculated for natural mortality rates of 0,15 and 0.20.. It now 
seems that these diagrams are, if anything, conservativeQ 
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YIELD IN WE IGHT PER 10,000 RECRuITS 
L 

m= .15 

.10 

m = .20 

./0 

Figure 5. 
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yield isopleth diagrams calculated for the Georges Bank 
sea scallop fishery using the growth rate shown in the 
tvo right-hand columns. The contour values are in pounds. 
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TABLE L 

Length 
(gun) 

85- 95 

95-105 

105-115 

115-125 

125-135 

135-145 

85-145 

- 7 -

Natural mortality rate from th~ rDt10 of clapper shells 

x (365) 
umrJ to live scallops (L) M = +g 

NeE. Peak 
Ch~!lD~l N~ J1jgge Blrd f s Bill 

L C M L e M L C M 

118 15 .464 4408 30 ,025 2286 80 .128 

439 11 ,091 2540 21 ,030 1522 79 ~189 

302 16 193 1171 25 .078 926 53 ,209 

134 2 .054 933 26 ,102 328 12 ,133 

49 1 ,074 888 15 .062 83 5 ,220 

350 9 .094 15 

1042 45 ,158 10290 126 ,045 5160 229 ,162 

(e) 

M 

.067 

,890 

,143 

,104 

.075 

.088 

Fishing Mor.~ll..Y 

We hav!" two kinds of data from whlC'rl to calcu18 te the rate 
of fishing mortality; year-class frequency distributions and the rate 
of return of tagged animalso We have analyzed many length frequency 
distributions to determine the relative numbers of the successive 
year-classes and then calculated the total mortality ratp, Subtract
ing the natural morta;L1ty estimate deTlved from the clapper/11ve scal
lop r-atio we have obtained values of F ranging from about 02 to about 
07" The necessary assumption of equal recruitment each year is prob
ably too gro~s to regard these values as anything more than maxlmurn~ 
minimum estimates~ and we have not made any attempt to relate them to 
fishing intensity~ As pointed out above~ estimates of fishing mor
ta11ty rates derived from rate of tag returns should probably be r~
garded with some degree of caution untll more data have accumulated 
but these data are the most reliable that are presently availableo 

The rate of return of tagged scallops from the Sent ember 
1957 tagging exnerlrnent gives F = 10000957) X (days fished/unit areal 
year) if the fishing effort was distributed either uniformly or at 
random over the entire 7, square miles of the ilnit area e 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 F 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 j it must follow 
that. any unit area which had much less than 278 days of fishing effort 
per year was not completelY swepto It may hav~ been fished at random 
but the more likely nresumpt1on, fishermen being what they are, is 
that the boats found a small pocket which they fish~d until it was 
cleaned outo 

We have therefore calculated an average value of F =0 031 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 neavtly 
fish~d had 604 5 days with an average of 323.7 days/unit area/y~ar. 
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TABLi 2. Lugtb and ",.igh. of ._ eca.llopa at tiJM of tarnation at the annual ring 

A!iEA 1Lia PEAK .Ii. JanE BlIillIS BILL CHAlDiiJ. DIGBY 

.UMB<B 
II .26 25' 178 1035 172 

S»\t'LE 

BIIG 10. L(_) .(,.,) L(om) W(",,) L(om) W(8)") L(om) .(8)") L(om) .(8)") 

1102 13.0 16.B 19.5 13.1 
2 30.2 3~.1 Itl.l 53.9 2 •• 25 •• 
3 51.8 1.3 56 •• 3.1 67.5 3.7 79.7 7.1 5B.3 2·3 
• 79.9 6.0 Bo.B 7.7 B7.0 B.o 97.3 12.11 B2.B 6.7 
5 9805 12.6 96.7 12.2 9'/.1 11,,2 lOBS 16·5 97·5 10.9 
6 1100Q 19.0 10705 16.1 l~.'+ H.I 117.2 20.7 107.B lq.B 
7 119.7 25.3 IH.9 IB.9 11100 16.B 123.6 2'1·3 117.0 IB.9 
8 126,'1 30.7 121." 21.5 111t.7 IB.B 121.B 21. It 

9 131.B 35.6 127.6 2,+.8 126.0 23.7 
10 130.7 26 ... 

Parameters of ti tt.d growt.h curve 

[ -k(t-'.j 
L .. -L<><> 1-. 

L- !;6.5 1 .. 1.8 121.5 137.6 106.3 

• .30 .28 ." .35 .23 
\0 1.32 1.00 1.00 S' .22 

TABJ.i 3. Growth ot \a.gged eee. scallops 

Ago 9/22/57 (yra) 3.98 •• 98 5·98 6.98 7.98 

hm_ 22 33 06 25 15 

L 9/22/57 (om) 9'.2 107.2 117.1 125.2 131.19 

L 8/5/58 (,.,,) 111.1 117.9 125.3 130.1 135.1 
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Since 12 of the 25 unit areas had less than 278 days of fishing we ar~ 
certainly overestimating the area swept and thUS obtaining a minimum 
value of F. If the estimate is confin~d to the 13 unit areas which 
had over 278 days of fishing in 1958, F = .41. 

Growth Rate 

Almost all the published sea scallop growth rate estimates 
made by United States investigators have been calculated from the 
growth increments measured on relatively small samples of tagged and 
recaptured specimens (Posgay, 1953, 1958). Canadian investigators 
have, however, successfully interpreted prominent annuli on the shell 
as annual ~lngs and derived growth rates from these data much as Is 
commonly done from fish scales (Stevenson & Dickie, 1954; Dickie, 1955). 
We have recently made a vigorous attempt to master the technique of 
reading annual rings from Georges Bank specimens and believe that we 
can now use this method to derive growth rates for different areas and 
for different year-classes. 

Our confidence is based on the close coincidence of results 
obtained from using both methods on the same samnleo 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 returnedo The entire sample was aged and the average size at the 
time of ring formation determined (Table 2). Part of the sample, 141 
3hells, had been recaptured in a group after being at large for 49.6 
veeks. This group (Table 3) was used to calculate the growth rate 
from the average increment added by each year-class between tagging 
and recapture 0 

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 rings 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 gaYe values identical to two significant figures for the 
parameter K but the narameter to differed by 0.17 years. The to value 
of the ring data was therefore adjusted by this amount and a single 

• . - -.30(t-1.32) 
equation, Lt = 146.5 (1 - e , fitted to the combined data. 
The cor~elation coefficients aTe: tag data, 0"9898, annual ring data 
0.9996. There can be little doubt that the two methods give equally 
precise esti~ates 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 samnlp.!'; were collected 
are: the Northeast Peak, 4lo5l'N-66°23'W; the Northern Edge, 42009'N-
670l4'W; the Bird's Bill, 4lo26'N-66023'W; the Channel, 4Io03'N-
68045'W; Digby, 44°45'N-6~47'W. 

The weights given in Table 2 were not, except for the Bird's 
Bill sample, derived from the same samnle as the lengths. They are 
calculated average weights derived from samples collected at various 
times from locations close to the locations of the growth rate samples. 
Some of these length-weight data suggest that the length-weight ratio 
may vary seasonally. Samples are being collected to test this hy
pothesis. 

The most important factor in deciding if there will be any 
increase in the yield of a year-class if a savings gear is introduced 
is the relative balance between the average annual rate of natural 
morta11ty 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-tnch ring presently in use has a 50 percent re
tention point at about 69 mm, the fishermen rarely shuck anything 
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TABLE O. Growth or .ea .calla.,. for three yeaH att..r Ut.y an HCl'Ilitied to \.he fishery 

I.E. PEAK .Ii. EIGE BIHD'S BILL CHAmm. DIGBY 

YEABS i i ---T------ i % 
DiUY L V Ipo. L V IDo. L W IDo. L W IDo. L W Inc. 

0 85.0 7.~ 85.0 8.7 85.0 7.0 85.0 805 85.0 7.2 

1 100.9 13.1 85 98.8 12.8 07 97·2 11·3 53 10005 13.6 60 97.6 11.0 53 

2 112.7 20.0 49 109.3 16.6 30 105·' lOS 28 11105 18.1 33 107.6 ".7 30 

3 12105 26.6 30 117.2 19.8 19 111 ..... 18.6 28 119.2 21.8 20 115.6 18.3 20 

T.IBLE 5. lncr ... in Yhid to be Expected tram a. Savings Gea.r 

19S8 
Benefit Loadings Benefit 

l' if (2"0_ltc) % eX_l ~ M lb •• M lb •• 

5- r!y: (~ Poat. ,. ~.2 nII'I) 

•• ~. HAl: .0153 .9807 .~ .167 .1818 16.0 4846 795 

I. 111m .0468 .9532 .63 .195 .2153 15.8 0296 679 

BDm'S BILL 00750 .9246 .11 .220 .2061 15.2 4095 622 

CIWiDL .0152 .9808 S5 .170 .1853 16.7 )816 -ilL 
Total Bendi to 2133 

If-lL2· riDs: '~Faint • l06.i II1II) 

I.:I. nAI. .1204 .8796 1.47 .056 .5778 38.8 4~ 1880 

I. i:I':GJ: .2830 .7170 1.70 0539 .7143 22.9 .296 983 

BlJID'S BILL .~91S .SOB5 2.73 .806 1.3303 1805 4095 7S8 

CHAIIIl:L .1202 .8798 1.53 .070 .606q 41.3 3816 ...!ill... 
fot.e.l Beuen \ 5197 



-11-

smaller than 85 Mm. The meats are too small to make it worthwhile. 
Starting at the 85 mm commercial cull therefore Table 4 gives the 
average increase in length and weight for one, two, and three years 
postponement of first capture for the five areas. So long as the 
annual rate of natural mortality is less than the annual percent in
crease in weight, there would be a net increase in the biomass avail
able for exploitation. 

EFFECT OF A SAVINGS GEAR ON YIELD 

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

Percent Benefit = 100 [2Y(eF (2
t c - Itc) - 1) - l~ 

It requires that the proportion of the mean annual catch in weight of 
animals larger (21) and smaller (lY) than the proposed new length at 
first capture be'Known, as well as the fishing mortality (F), and the 
difference in age (2tc - ltc) between those animals whose lengths 
fall at the 50 percent retention points of the old and new gear. 

This method has been applied to the Georges Bank data. 
Table 5 gives the results to be expected from the introduction of a 
4-inch ring and a 4t-inch ring. The size distribution of the catch 
~as calculated from samples collected from the commercial fleet, 
F = .31 from the tag return data, and the growth rates from the data 
of Table 2. The length at lto was taken as 85 mm, the commercial 
cull, not the 50 percent point 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 lY, gives the proportion 
of the catch wbich would have been lost dUring 1958 if the savings 
gear had been in use. The sixth column gives the percent benefit 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 Deorges Bank sea scallop fishery would re
sult in a very substantial increase in the yield. 

BAIRD, 

DICKIE, 
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