Not to be cited without
permission of the authors

Canadian Atlantic Fisheries
Scientific Advisory Committee

CAFSAC Research Document 85/30

Ne pas citer sans
autorisation des auteurs

Comité scientifique consultatif des
péches canadiennes dans 1l'Atlantique

CSCPCA Document de recherche 85/50

Movement of Scallops Placopecten magellanicus (Gmelin, 1791)

(Mollusca:Pectinidae) on Georges Bank

by

G. D. Melvin, M. J. Dadswell and R. A. Chandler
Invertebrates and Marine Plants Division
Fisheries Research Branch
Department of Fisheries and Oceans
Biological Station
St. Andrews, New Brunswick EOG 2X0
Canada

1This series documents the scientific
basis for fisheries management advice
in Atlantic Canada. As such, it
addresses the issues of the day in the
time frames required and the Research
Documents it contains are not intended
as definitive statements on the
subjects addressed but rather as
progress reports on ongoing investi-
gations.

Research
official
provided
author.

Documents are produced in the
language in which they are
to the Secretariat by the

lCette série documente les bases

scientifiques des conseils de gestion
des péches sur la cOte atlantique du
Canada. Comme telle, elle couvre les
problémes actuels selon les &chéanciers
voulus et les Documents de recherche
qu'elle contient ne doivent pas €tre
considérés comme des énoncés finals

sur les sujets traité&s mais plutdt
comme des rapports d'étape sur les
&tudes en cours.

Les Documents de recherche sont publiés
dans la langue officielle utilisée par
les auteurs dans le manuscrit envoyé au
secrétariat.



-2 -

Abstract

During a 5-yr tagging program,. 1977-1981, 20,086 scallops were released
from 139 stations on Georges Bank (GB) and in Great South Channel (GSC). Of
these, 1282 (6.4%) were returned representing 135 release sites. Tagged
scallops were at large an average 310 d (R 2-1850) on GB and 243 d (R 11-783)
in GSC. Mean individual distance between release and recapture was 8.4 km
on GB and 5.7 km in GSC. Overall 52.5% of returns were within 5 km of
release site, 77.1% within 10 km and 94.0% within 25 km.

Returns were partitioned into 12 grids for Georges ‘Bank and data pooled
for a single release site at the center of each grid. The angle of mean
vectors for each grid indicated clockwise circular movement around the outer
perimeter of Georges Bank in concert with the mean direction of current

flow.

Résumé

Au cours d'une étude de marquage qui a duré 5 ans (1977-1981),
20 086 pétoncles ont &té reldchés dans 139 stations situées dans le
banc Georges (BG) et dans le Grand Chanel du Sud (GCS). De ce nombre,
1 282 (6,4 %) ont &té recapturés; ils provenaient de 135 statioms.
Les pétoncles marqués ont &té en liberté pendant une période moyenne
de 310 jours (R 2-1850) dans le GB et de 243 jours (R 11-783) dans le
GCS. La distance moyenne entre le point de libé&ration et le point de
recapture était de 8,4 km dans le GB et de 5,7 km dans le GCS. Dans
l'ensemble, 52,5 % des pétoncles recaptur&s se trouvaient 3 moins de 5
km du point de libératiom, 77,1 % & moins de 10 km et 94,0 %Z & moins
de 25 km.

Les pétoncles recapturés ont &té répartis dans 12 grilles (BG)
et les données ont &té réunies pour un seul point de libération du
centre de chaque grille. L'angle des vecteurs moyens de chaque grille
indique un mouvement circulaire dans le sens des aiguilles d'une
montre autour du périmétre externe du banc Georges, suivant la
direction moyenne du courant.
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Introduction

Swimming behavior in Pectinidae has been described as an avoidance
response to disturbance or the presence of a predator and is well developed
in the sea scallop, Placopecten magellanicus (Gmelin, 1791). Caddy (1968)
demonstrated the swimming reactions of P. magellanicus in response to
approaching divers and scallop drags. Thomas and Gruffydd (1971) and
Peterson et al. (1982) described the specific response of Pecten maximus and
Argopectin irradians invoked by various predators.

Scallops swim by jet propulsion (Stanley 1970; Gould 1971) and swimming
speeds of 4-1 bl/sec are known (Moore and Trueman 1971; Gruffydd 1976). Of
four scallop species studied, P. magellanicus was determined to be
hydrodynamically the most suited for swimming (Thorbum and Gruffydd 1979).
Escape movements of scallops are made at lower speeds and higher angles of
attack than normal swimming (Moore and Trueman 1971) and the development of
good hydrodynamic shape may be evolutionarily selected to facilitate
movement by scallops for additional reasons.

Previous investigations of movement or migration of P. magellanicus
were predominately descriptive. Baird (1954) examined the movement of
scallops in the relatively shallow water of Penobscot Bay, Maine., From tag
returns he concluded adult scallops demonstrate little, if any migratory
behavior. Similar conclusions were drawn by Posgay (1982) for Georges Bank
scallops. However, Posgay commented that although movement was localized,
the direction of apparent movement corresponded well with known current
patterns on Georges Bank. B ‘

Our study represents the first attempt to quantify movement of P.
magellanicus in terms of distance and direction using vector analysis. A
similar approach has been used to study directional movement of the bay
scallop, Aequipectin irradians (Moore and Marshall 1967) and the western
rock lobster, Panulirus cygnus (Phillips 1983).

Methods

Scallops were collected during the summer months (May-August) of 1977
through 1981 from Georges Bank and 1977-78 from the Great South Channel.
Collections were made using a single 2.44 m offshore drag (New Bedford type
lined with 3.8-cm mesh) towed for approximately 1 km on each set from the
Canadian Research vessel "E.E. Prince”. Each scallop was marked with one of
three tag types (Peterson disk 1.4 cm dia., Floy spaghetti tag 7.6 cm long,
or an Anchor tag 4.5 cm T-Bar), measured for shell height, notched, and
retained in seawater until released at selected locations (Fig. 1). Release
latitude and longitude were determined by Loran-A in 1977 and Loran-C from
1978 to 198l. A reward of two to four dollars, depending upon the year and
the information provided with each tag, was offered to enhance returns.

All tag returns were reported by commercial fishermen. In many cases
the information supplied was incomplete and accuracy of several recapture
locations was doubtful. Approximately 50%Z of returns were tags with no
information pertaining to location or date and could not be used in this
study. In addition, several scallops were reported recaptured prior to
their release or submitted in a batch with conflicting dates or locatiomns.
All the above returns were excluded from the analysis. However, in the
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event no objective grounds could be established for the removal of a return,
it was included in the analysis.

For analytical purposes Georges Bank was divided into 12, 20-min grids.
The angle of movement and distance traveled by each returned scallop was
computed from its original release site to the point of recapture using
standard trigonometric functions (Batschelet 1965); (Curry 1956). The data were
then adjusted to represeat movement about a single release point; the center of
the grid. All latitudes and longitudes were rounded off to the nearest
minute prior to analysis. Descriptive statistics and vector analysis were
conducted on an HP 3000 computer using SPSS (Nie 1975) and author compiled
FORTRAN programs.

Results

During the 5-yr tagging program 20,086 scallops were released from 139
stations on Georges Bank and the Great South Channel. Of these, 1282 (6.4%)
were returned representing 135 release sites. Table | summarizes the number
released and subsequently recaptured by yvear for each area. Release size of
scallops ranged from 50 to 117 mm for Georges Bank and 83 to 96 mm for the
Great Channel with means of 77.7 and 89.6 mm, respectively (Table 2).

Tagged scallops were at large for an average of 310 (Range 2 - 1850 d)
on Georges Bank and 243 (Range 11 - 783 d) in the Great South Channel. Mean
individual distance moved was 8.40 km for Georges Bank scallops and 5.72 km
for the latter region representing yearly rates of 9.9 and 8.6 km. The mean
days at large, distance traveled and rates of movement for each scallop
size—-class are presented in Table 3. Mean distance traveled demonstrated an
inverse relatiomship with size for scallops greater than 60 mm; however,
mean days at large were widely variable between the size intervals.
Examination of mean rates of individual movement, which were positively
skewed, generally demonstrated the converse, increasing rates to 90-99 mm.
The mean rates are misleading and, when extrapolated, produce unrealistic
distances with time. Median rates more appropriately describe the movement
(Table 3). Maximum distance traveled on Georges Bank was 72.2 km in 675 d
compared with 33,0 km in 92 4 for the Great South Channel. Regression of
distance with time (days) produced no significant correlation (p «0.05).
This was presumably confounded by the large number of returns with little
movement. Removal of scallops traveling less than 5 km resulted in a
gignificant (p <« 0.0l) relationship.

The relative frequency of individual distances moved on Georges Bank,
in 35 km divisions were; 52,5% of returns recovered within 5 km of their
release site, 77.1% within 10 km, and 94.0% within 25 km (Fig. 2). Scallops
between 60 and 89 mm traveled the maximum distance (Fig. 4). Scallops above
and below this range were relatively stationary. These findings may be
related to the selectively of commercial fishing gear and restricted
movement of larger scallops due to size.

The division of returns from Georges Bank into 12 grids and the pooling
of data to a single release provided some cognizance for the wvariation in
the direction of movement between grids. The angle of the mean vector and
its associated length (Table 4) for each grid are graphically illustrated
(Fig. 4)., This figure depicts a clockwise movement around the outer
parameter of the bank which follows the generalized current patterns
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described by Bigelow (1927) and Flagg et al. (1982). The direction of the
mean vector is approximately southeast compared with a southwest vector for
the Great South Channel. In addition, Rayleigh "2", which tests the
hypothesis of uniform distribution, indicates that direction of the mean
vector differs significantly (p & 0.05) from O (Table 4) with a general
concentration of movement for most northern and eastern grids. No
significant direction was observed for grids A, B, C and F (Fig. 4).

The representation of only the mean vectors can be somewhat misleading
(Fig. 5). There is a great deal of scatter in individual scallop movement
about a single release site. Movement around a single point for each grid
can be in all directions. Associated with each grid (Fig. 5) are the mean
velocity and percent current occurrance for 8 directional bins determined
from satellite-track drogues within 30 m of the surface (Flagg et al., 1982).
Although these current patterns do not represent actual bottom currents,
they do serve to demonstrate the variability and generalized movement of
water on the bank.

Discussion

In this study the distance traveled by an individual scallop. from
release point to recapture location was widely varied and averaged only 8-10
km/yr. Apparently for scallops of the size tagged, movement was relatively
localized with respect to Georges Bank as a whole. However, at the above
rate an accumulated distance equivalent to the width of Georges Bank could
be covered during the lifetime of this species.

On Georges Bank the distance moved by Placopecten was found to be size
dependant. Mid-sized scallops (60-89 mm) displayed the widest dispersion of
distance traveled. Smaller and larger scallops demonstrated localized
movement. These observations agree with those available in the literature.
Wiborg (1963) noted that mid-size Chlamys islandica swam more frequently
than larger ones and laboratory studies by Gruffydd (1976) confirmed this
observation. Caddy (1968) observed that P. magellanicus greater than 100 mm
rarely swam. Our observations, however, may be confounded by two factors;
gear selectivity (7.6-cm ring restriction on commercial drags) and scallop
size. The majority of our smaller scallops, although probably relatively
active swimmers, were collected for tagging by commercial drags lined with
3.8-cm mesh and as such were less susceptible to commercial capture at a
later date. On the other hand, mid-size scallops were most certainly fully
recruited to the fishery and wvulnerable to capture over the entire bank.

The observed limited distances of movement by larger scallops may well be a
function of their inability or need to move {(Gould 1971; Caddy 1968).

Although these data indicated Placopecten of the size tagged do not
move significant distances in this region from a migratory sense, there is
sufficient evidence to suggest that the apparent direction of observed
movement was concentrated for one reason or another. Rayleigh's test of the
distance vectors with each of the 20-min grids on Georges Bank indicated
that 8 of the 12 divisions differed significantly from a uniform
distribution away from the release site. This implies a concentration
towards a preferred direction. Observed differences in the direction within
and between grids on Georges Bank, the Great South Channel, and Browns Bank
(Melvin, unpublished data) strongly suggests that some physical factor
rather than directed movement may be responsible for these findings.
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Underwater observations by Caddy (1968) (Figs. 9-10) provide convincing
evidence that the escape direction of the scallop {P. magellanicus) to
approaching divers was independent of current direction. The response
appears to be evasive and perhaps a function of orientation within the
current. There is, however, the indication that net movement might be
related to the direction of water flow. Scallops swimming upstream have a
tendency to move in an arc towards the prevailing current. Other
researchers have used currents to explain the directedness of movement of
the bay scallop, A. irrandians, Moore and Marshall (1967) and the
progressive increase in age of C. islandica in the fjords of Norway
(Gruffydd, 1976). -

The current structure of Georges Bank is complex and widely variable
(Flagg et al. 1982). Overall the general movement of bottom water has been
described as a clockwise gyre around the northwestern portion of the bank
(Bumpus 1976; Bumpus and Lauzier 1965; Bigelow 1927). This is further
complicated by the interaction of tidal and wind driven currents.

Unfortunately, no accurate measurements of bottom current direction or
variability are available for the comparison of scallop and water movement.
Flagg et al. (1982) have documented the mean velocity and percent occurrence
of currents within 30 m of the surface for discrete area on Georges Bank
from satellite-~tracked drogues. The patterns they describe, although not
directly related, are assumed to at least partially reflect the bottom
currents of a specific area. Consequently, the appropriate patterns have
been included with our figures of individual scallop movement to assist in
the discussion of observed directed movement and the scatter about a release
site., When examined, the figures show some interesting relationships. Not
only does the mean vector of scallop movement for a specific grid lie close
to the direction of the strongest and most dominant where statistically
significant directed movement was observed, but also the variation in
observed movement corresponds rather well with secondary currents. 1In
addition, for areas where no significant direction was observed, the
currents described by these authors were of approximate equal duration and
speed - suggesting a relationship between direction of scallop movement and
water flow. Anomalies occurred for grids with a small number of returns.

One possible explanation for the observed findings which must not be
completely overloocked is that the mean vectors reflect a pattern of fishing.
Fishermen have a tendency to follow traditional paths in search of their
desired species. As such, the reported locations of returns may represent
the general movement of the fleets fishing excursions.

Inherent with any quantative study which relies on reported data from
uncontrolled sources is a certain degree of unknown error. We have
attempted to remove as much of this type of error as possible from the data
without biasing the results. We acknowledge that the results presented are
subject to question owing to the many possible sources of error, especially
the accuracy of reported recapture locations. However, the observed
consistencies in mean direction of movement between grids, with generalized
current patterns and the similarity of mean vectors with documented bottom
currents on Georges Bank, Browns Bank and the Great South Channel, where
current patterns are distinctly different, supports the general hypothesis
of current-related movement of adult scallops. We conclude that, although
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scallop movement of the size examined was relatively localized, there is
sufficient evidence to Implicate the importance of velocity and direction of
water flow on Georges Bank scallop movement.
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Table 1. Summary of scallops marked and recaptured for Georges Bank and the Great

South Channel from 1977 ~ 1981

.

Number Number Number of Number of
release scallops station scallops Percent
Location Year stations released recaptures recaptured recaptured
Great South Channel 1977 4 542 4 22 4,1
1678 2 302 2 10 3.3
Georges Bank 1977 24 3185 24 130 4.1
1978 17 3272 17 88 2.7
1979 22 3990 22 242 6.1
1980 41 4447 41 493 11.1
1981 29 4348 25 297 6.8
TOTAL 139 20086 135 1282 6.4

Table 2. Summary of scallop return data.

deviations.

Mean values have associate standard

Georges Bank

Great South Channel

Number released
Number recaptured

Number without recapture date

Number with incomplete data
Number with complete data
Mean release size (mm)

Mean recapture size (mm)

Mean days at large

Mean distance moved (km)

Mean rate of movement (km/day)
Angle of mean vector

19242
1250
485
83
682
77.7
88.9
310.0
8. 40
0.03
217.41°

P+l 1+ +

8.6
11.3
268
9.77
0.10
39.9

844
32
15
1
16
89.6
101.9
244
7.72
0.02
101.5°

4l ++1 41+

4.4
12.6
257
7.75
0.07
17.1
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Table 3. Summary of Georges Bank scallop movement statistics for each
height interval. Values in brackets are standard errors.

Mean Mean © Mean Median
Size days distance rate rate
(mm) Number at large (km) (km/d) (km/d)
59 11 373.5 6.5 0.05 0.02
- (87.6) (1.4) (0.02)
60-69 96 382.7 9.3 0.06 0.02
(25.6) (1.0) (0.02)
70-80 291 323.5 8.7 0.05 0.02
(13.5) (0.5) (0.01)
80-89 231 257.9 8.0 0.14 0.03
(18.8) (0.7) (0.19)
(41.0) (1.7) (0.84)
100-110 11 547.3 4.8 0.07 0.01

(176.7) (0.7) (0.41)
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Table 4. Mean individual distance, distance of mean vector, angle
of mean vector, and Rayleigh's # for each 20 min grid on Georges
Bank (A~L) and the Great South Channel (M).

Mean Dist.
individual mean Angle

dist. vector mean Rayleigh
Grid N {km) (km) vector -2
A 4 6.32 2.79 6.8 1.73 NS
B 2 37.04 35.54 54,9 0.40 NS
c 7 7.93 0.58 90.0 0.03 NS
D 6 3.52 2.17 166.7 2.99 *
E 46 13.35 6.38 307.6 8.09 #**
F 16 8.99 3.21 281.9 0.96 NS
G 357 7.68 2.00 206.4 21.29 %
H 5 7.49 3.74 233.5 2,42 *
1 77 8.03 3.15 225.0 8.59 *=*
J 102 7.67 4,30 233.4 8,53 **%
K 46 10.75 5.15 245.8 8.18 #%
L 14 8. 60 6.68 187.7 7.4  *%
TOTAL 682 8.40 2.40 217.4 40,8  **%
M 16 5.72 2,22 101.5 1.26 NS

* Significant at 0.05 level
*% Significant at 0.0l level
NS Non-significant
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Figure 2. Frequency distribution of distance in 5 km divisions for
Georges Bank scallop returns.



0.8
122
s L
0.4 4 Size : <59 mm L 80 - 89 mm
N=11 N=231
L a5
0.2 -
1 L
5 3 3 4
o ] ] | | ] ] [ 12 I 1
0.8 F
50 21
- [
>
2
g o4 680 - 69 mm - 90 - 99 mm
g N=96 N=41
g L 12
u
z 20
< o2 |
-
w
@
8 7 - 4
4 4 fﬁw
1 ! 1
0 L . /M
0.8 -
153 —_
B 5
0.4 70 - 79 mm L 100 - 109 mm
N=291 N=11
0.2 -
2
0 p—— | 1 1 ! t 1 t L
1-5 10-15 20-25 30-35 40-45 >50 1-5 10-15 20-25 30-35 40-45 >50
DISTANCE (km)
Figure 3. Relative frequency of distances moved for Georges Bank

- 14 -

GEORGES BANK SCALLOP RETURNS

scallops by shell height.
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Figure 5 (A-M).
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Individual scallop movement and mean vector for each grid.
The insert represents the approximate velocity and percent
occurrance of currents for 8 directional bins reproduced
from Flagg et al. (1982). Length of the mean vectors are
scaled to mean distance traveled.
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Figure 5D.
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Figure SE.
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Figure 3G.
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Figure 5I.
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