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ABSTRACT: Large and small scale distributions of the giant scallop Placopecten magellanicus were de- 
termined in 2 scallop beds near Port Daniel in the Baie des Chaleurs, eastern Canada. Large scale (km) 
distribution was strongly associated with substrates of gravel or gravel mixed with sand. Within each 
bed, small scale (cm) distribution was contagious corresponding to a negative binomial distribution. 
Morisita's index confirmed the contagious spatial distribution and showed that clump size was approx- 
imately 1.13 m2 in one bed and 4.50 m2 in the other. The majority of scallops in both beds rvere ~vithin 
clumps. Small scale aggregation was not related to substrdte type. Mature and immature scallops were 
significantly associated In the less densely populated bed but not in the more densely populated bed. 
This suggests that immature scallops moved nearer to adult scallops when densities were low Both 
sexes were present in 79 %of clumps of adult scallops. In both beds the sex ratio ~ 7 a s  1 : l  and scallops 
did not appear to seek out members of the opposite sex. In the 2 beds 91 and 75 "i of nearest neighbor 
scallop pairs were 100 cm or closer to each other. The short distance between scallops within clumps, 
the high proportion of clumps with both sexes present, and an average of 3 scallops per clump suggest 
high fertilization success within clumps. We suggest that the small scale aggregation of scallops is a n  
adaptation to increase fertilization success, and if this is true, disturbance of these aggregations may 
decrease reproductive success. 

INTRODUCTION 

The distribution of scallops including Placopecten 
magellanicus (Gmelin, 1791) is generally described at 
3 different spatial scales: (1) geographic areas known 
as 'grounds', (2) 'beds' on the scale of kilometres, and 
(3) 'patches' on the scale of 10's to 100's of metres 
(Brand 1991). Tidal and residual currents have an ef- 
fect on larval distribution and the location of aggrega- 
tions at the geographic scale (Sinclair et al. 1985, 
Tremblay & Sinclair 1988). Currents also affect scallop 
distribution by influencing s~vimming patterns (Posgay 
1981, Melvin et al. 1985, Thouzeau et al. 1991a). 
Thouzeau et al. (1991a, b) showed that scallop density 
on Georges Bank (NW Atlantic) is clearly related to 
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sediment type and that highest densities occur on 
gravel. They suggested that scallops are randomly dis- 
tributed, on the scale of metres, within any given sub- 
strate type. MacDonald & Bajdik (1992) also observed 
a small scale random distribution of scallops near 
Colinet, Newfoundland, and suggested that this ran- 
dom pattern was caused by scallops attempting to 
space themselves out to prevent competition for re- 
sources. Scallop larvae may be gregarious at settle- 
ment so that spat might occur in specific sites (Brand 
1991). Hydrozoans and bryozoans appear to be 
strongly preferred substrates for larval scallop settle- 
ment (Brand et al. 1980, M. Harvey & E. Bourget pers. 
comm.). Finally, scallop distribution may be deter- 
mined by interspecific interactions. Langton & 
Robinson (1990) showed that the distribution of adult 
scallops in the Gulf of Maine is negatively correlated to 
the distribution of the cerianthid anemone Cerianthus 
borealis which feeds on scallop larvae. In reviewing 
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the literature on scallop predators, Brand (1991) con- 
cluded that although predation on adult scallops re- 
duces density it is not usually sufficient to control local 
distribution. However, some predators can evoke a 
strong escape response in scallops (Brand 1991, 
Manuel & Dadswell 1991) which affects the dispersion 
of seeded juvenile scallops (Barbeau et al. 1992). 

Placopecten magellanicus is a gonochoristic species 
which spawns large quantities of gametes into the 
water column. Spawning occurs from August to 
October and varies between different geographical re- 
gions although it is generally highly synchronous 
within any given part of a population (Naidu 1970, 
MacDonald & Thompson 1985, 1986, Barber et al. 
1988, Dupaul e t  al. 1989. Parsons e t  al. 1992). 
Synchronous spawning may enhance fertilization suc- 
cess. 

Many population studies of scallops have been 
based on dredged samples which provide estimates of 
population density used in stock assessments but are of 
little value for studies of small scale distribution 
(Caddy 1968, 1970, Brand 1991). More accurate sam- 
pling is possible using SCUBA and submersibles 
equipped with still photography and video cameras 
(Caddy 1970, Langton & Robinson 1990). Although the 
submersible enables surveying of large areas in deep 
water, it is less efficient than SCUBA diving (Caddy 
1970) and it is difficult to collect samples. Sampling 
using SCUBA remains the most accurate method for 
examining the distribution of scallops but this is limited 
to shallow water. Previous estimates have been based 
on quadrats or corridors of up to 1 m in width (Vahl 
1981, Orensanz 1986, Gwyther & McShane 1988, 
Berkman 1991, Tettelbach 1991). One exception is the 

study by Caddy (1968) where scallops were sampled in 
21.2 m* corrals. Recently, MacDonald & Bajdik (1992) 
analyzed scallop distribution within a 15 X 15 m grid in 
2 scallop beds along the Newfoundland coast using 
both SCUBA and still photography. None of these pre- 
vlous studies analyzed the exact spatial distribution of 
scallops within observation areas using nearest neigh- 
bor distance methods. 

In this study we examined the distribution of 
Placopecten magellanicus within 2 unharvested scal- 
lop beds in the Baie des Chaleurs, Gulf of St. Law- 
rence, eastern Canada, using SCUBA diving tech- 
niques. We first tested the hypothesis that scallops 
have a contagious distribution on large (km) and small 
(cm) scales. After finding this to be true, we went on to 
examine clump size (area), clump density (scallops per 
clump), and clump distribution. We analyzed the rela- 
tionships of scallops, including distances and sex ratios 
of nearest neighbor scallop pairs at the scale of centi- 
metres, and considered their determining mecha- 
nisms. 

MATERIAL AND METHODS 

The 2 scallop beds studied were in the Port Daniel 
region on the Quebec shore of the Baie des Chaleurs 
(Fig. 1) (48'48'00" N, 64"58'00" W). The larger bed, 
the Lighthouse bed, was oval in shape and covered ca 
5.0 km2 area, at a depth of 20 to 24 m, whereas the 
smaller rectangular Anse a la Barbe bed covered ca 
2.3 km2 area, at a depth of 16 to 23 m. The 2.5 km of 
substrate between these beds was mainly bedrock 
and supported a low scallop density. The tidal currents 

in the Port Daniel region were semi- 
diurnal and had a maximum range of 

o Quadrat Anse la Barbe 
Port Daniel I Transect 

m 

1.7 m during this study. 
The 2 scallop beds were chosen be- 

cause, according to local fisherman, 
they have not been fished during 
the last 20 yr as  their density is below 
that required for commercial fishing 
(Boulanger & Myre 1971); in addition 
scallops in this area are  not collected 
by sport divers. No traces of dredging 
of the beds were noted. 

Large (km) scale scallop distribu- 
tions in the Port Daniel area were ex- 
amined using thirty 50 m transects 
from 3 June and 5 July 1991 (Fig. 1). 
Transect lines were placed along the 
bottom from a boat and thelr posltion 

Fig. 1. Locatlon of the transect and quadrat surveys in the Port Daniel Bay area 
of the Baie des Chaleurs. Clrcled areas represent the Lighthouse and Anse B 1a determined using and Loran 

Barbe scallop beds. Inset: Location of the Baie des  Chaleurs in relation to C bearings. Each of 2 divers made ob- 
Quebec and New Brunswick, the Gulf of St. Lawrence, Canada servations in a 1 m wide strip along the 
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transect so that a total area of 100 m2 was examined. 
They recorded the position and size of each scallop en- 
countered and noted the different types of substrates 
along the transect. The substrate categories were sand 
(< l mm), gravel (0.1 to 10 cm), rock (10 to 100 cm), 
boulders (> 100 cm) and bedrock. 

To examine small scale scallop distributions 37 grad- 
uated (cm) quadi-ats, each 3 X 3 m, were placed within 
each bed from 12 to 26 July 1991. These were posi- 
tioned over the bed from a boat using a rough compass 
bearing. After placing each quadrat, its exact position 
was determined by compass and Loran C bearings 
(Fig. 1) .  The quadrats were allowed to fall to the 
bottom from the boat to ensure that they were placed 
randomly. On several occasions the quadrat was ob- 
served as it fell onto the bottom and no scallops were 
noted to swim as it settled. This was possibly because 
the quadrat was made of light plastic and settled onto 
the bottom slowly. Divers recorded the position of each 
scallop to the nearest centimetre. When the nearest 
neighbor of a scallop within the quadrat was outside 
the quadrat but within a maximum of 1 m from the 
quadrat edge,  that neighbor's position was also re- 
corded. This 1 m boundary strip is necessary to prevent 
biased nearest neighbor measurements for scallops 
near the edge of the quadrat (Krebs 1989). The sub- 
strate type within each quadrat was also recorded 
Care was taken to prevent scallops from swimming; 
when a scallop appeared to be preparing to swim, it 
was prevented from doing so by a diver touching it. 
Each scallop was collected and its shell height (mm) 
and sex determined. Sex was identified by gonad color 
(Davidson & Worms 1989), except for immature scal- 
lops where the gonads were undeveloped and beige in 
color. 

Large (km) and small (cm) scale distributions of scal- 
lops were compared to both Poisson (random) and neg- 
ative binomial (contagious) distributions. The arithme- 
tic mean of the number of scallops per sample is the 
only parameter required to calculate the Poisson distri- 
bution (Elliott 1971). The negative binomial distribu- 
tion uses this arithmetic mean and the exponent k, 
which is related to the spatial distribution on the bot- 
tom and is estimated by using the method of maximum 
likelihood (Elliott 1971). Only scallops within and 
touching the edge of the quadrat were used in distribu- 
tion estimates. Expected values derived from these 
models were grouped according to Cochran's rule, 
which states that < 20 O/o of the expected frequencies 
should have a value < 5 .  Agreement between the ob- 
served and expected values was evaluated using chi- 
square tests at the 5 and 1 % levels of significance 
(Elliott 1971, Sokal & Rohlf 1981). When the number of 
degrees of freedom was equal to 1, Yates' correction 
was used in the chi-square test (Spiegel 1981). 

We also used Morisita's index of dispersion (I) to ex- 
amine scallop distribution. Morisita's index gives a de-  
tailed analysis of the pattern of dispersion. I t  is inde- 
pendent of the mean number of scallops per quadrat 
and of the sum of the number of scallops per quadrat. 
However, i t  is strongly affected by the number of 
quadrats (Elliott 1971, Langton & Robinson 1990) Thus 
it is preferable to use the same number of quadrats 
when comparing 2 populations as we did in our study. 
An index of 1 is obtained for a random distl-ibution 
whereas a greater value indicates a contagious distri- 
bution (Elliott 1971). We calculated a standardized 
Morisita's index to verify our distribution estimates. 
The standardized Morisita's index is independent of 
population density and sample size and therefore it is 
presently the best measurement of dispersion (Krebs 
1989). Morisita's index is also strongly influenced by 
quadrat size (Elliott 1971, Langton & Robinson 1990). If 
the size of the quadrat is much larger or smaller than 
the average clump size then the dispersion of the pop- 
ulation is apparently random and non-randomness is 
not detected. If  several different sample sizes are used 
and the mean to variance ratio is always unity, then a 
random population distribution is strongly indicated 
(Elliott 1971). To evaluate this effect, starting in a given 
corner, we sequentially reduced the 9 m2 quadrats by 
half 4 times Thus, we obtained quadrats of 4.5,  2.25, 
1.13 and 0.56 m2, respectively. These results were ver- 
ified by repeating the process but finishing in the op- 
posite corner of the 9 m2 quadrat. For each quadrat 
size, we calculated Morisita's index and tested for de- 
partures from randomness (Elliott 1971). 

The scale of clumping within a population was esti- 
mated by dividing the Morisita's index for one quadrat 
size by the Morisita's index for the next largest quadrat 
size (I,/I,+,) and plotting this ratio against the larger 
quadrat size of I,,,. A peak occurs when quadrat size 
and clump size are approximately equal (Elliott 1971). 
The number of clumps per quadrat was then calculated 
based on the estimate of clump size for each bed, and 
the frequency of clumps compared to a Poisson distri- 
bution. Morisita's index of dispersion was also calcu- 
lated for clump distribution to estimate departures 
from randomness. 

Within a quadrat and its 1 m boundary strip, each 
scallop's position (cm) was plotted and its size and sex 
determined. The nearest neighbor analysis technique 
was then used to determine nearest neighbor ratios 
between male and female scallops and between ma- 
ture and immature scallops. Proportions of sexes and of 
immatures and matures within each clump were also 
determined. These various ratios were compared to 
expected frequencies using chi-square tests (Spiegel 
1981). 

Chi-square tests were used to determine whether 
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Substrate type 

Fig. 2. Placopecten magellanicus. Association between sub- 
strate type and scallop density (ind. m-') in the Port Daniel 
Bay area, based on samples collected from thirty 100 mZ 

transects 

the association of scallops with substrates differed 
from a random association, using the data from the 
50 m transects, and to compare the substrates of the 
2 scallop beds with the quadrat data. The mean 
densities from the quadrat samples of the 2 scallop 
beds were compared using a Student t distribution. 

A l-way ANOVA was applied to the quadrat data to 
compare scallop densities to substrates within the scal- 
lop beds. 

RESULTS 

The transect survey showed that the large scale (km) 
distribution of Placopecten magellanicus in the Port 
Daniel area was contagious ( X 2  = 2.31, df = 1, p >0.05; 
agreement with a negative binomial distribution) and 
strongly associated with substrate type, (X2 = 269.09, 
df = 6, p <0.01). The highest l? magellanicus densities 
(0.30 m-2) were on gravel and gravel mixed with other 
materials (Fig. 2). 

The density of Placopecten magellanicus, estimated 
from the quadrat survey, was significantly greater in 
the Lighthouse bed (0.57 m-2) than in the Anse a la 
Barbe bed (0.34 m-') ( t  = 2.29, p <0.05). In both beds, 
scallop distribution was significantly different from a 
random (Poisson) distribution and similar to a negative 
binomial distribution (Table l), indicating that the scal- 
lops were clumped. Morisita's index and Monsita's 
standardized index also showed a significant agree- 
ment with a contagious distribution pattern (Table 2) .  
However, as quadrat area decreased the scallop distri- 
bution became random for both beds. 

The clump size of scallops in the Lighthouse bed was 
1.13 m2 compared to 4.50 m2 for the Anse a la Barbe 
bed (Fig. 3). The mean number of scallops per clump 

Table 1 Placopecten magellanicus. Chi-square analysis comparing observed scallop frequencies to Poisson and negative bino- 
mial distributions using data from 37 quadrats collected in both the Lighthouse and Anse a la Barbe beds in the Port Daniel Bay 

area. Departure from expected frequencies are significant at " p < 0.01 

Poisson series Negative binomial 
Scallops Observed Expected Scallops Observed Expected 

per quadrat frequency frequency per quadrat frequency frequency 

Lighthouse bed 
0-3 15 9.12 0-1 8 6.39 
4 2 6.30 2-3 7 8.98 
5 3 6.48 4-5 5 7.67 
6 4 5.54 6-7-8 10 7.43 
7 2 4.07 g(+) 7 5.37 
a(+) 11 5.46 
x2  15.70' ' 3.16 

Mean = 5-14, variance = 13.56, df = 4 for Poisson; df = 2, k = 2.33 for negative binomial distribution 

Anse a la Barbe bed 
0- 1 9 6.79 0 4 
2 11 7.99 1 5 
3 7 8.28 2 11 
4 4 6.43 3 7 
5-6 1 6.07 4-5 5 
7(+) 5 1.45 6(+) 5 
x 2  15.90. 

Mean = 3 11, variance = 7.93, df = 4 for Po~sson; df = 3, k = 2.62 for negative binomial distribution 
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Table 2 Placopecten rnagellanlcus. Morisita's Index of d~sperslon for scallops wlthin the Lighthouse and Anse B la Barbe beds. 
The data are from 37 quadrats collected in both beds. In the first reduct~on,  the 9 m2 quadrat was reduced by half 4 times T h ~ s  
process was repeated In the second reduction but to the opposite corner of the quadrat Depdrture from randomness is significant 
when I ( Z x  -1) + (n - XX) is outside the value for n -1 degl-ees of freedom or a value equal to or greater than 0 5 or equal to or 

less than -0 5 for the standardized Morislta's ~ n d e x ;  ' p < 0.05, ' ' p < 0.01 

Scallop bed Quadrat slze (mZ) 
9 4 .5  2.25 1 1 3  0.56 

Lighthouse 
Morisita's index 

Sign~flcance 
Standardized 

Second reduction 
Significance 
Standardized 

Anse a la Barbe 
Morisita's index 

Significance 
Standardized 

Second reduction 
Significance 
Standardized 

Table 3 Placopecten magellan~cus Chl-square analysis comparing scallop clump distrlbut~on to a Po~sson distribution and 
checked w ~ t h  Morlslta's Index of d ~ s p e r s ~ o n  Data were from 37 quadrats collected in both the Llghthouse and Anse a la Barbe 

beds Departure from randomness was calculated by x2 test dlstrlbutlon was found to be random In both beds 

Lighthouse bed Anse a la Barbe bed 
Clumps per Observed Expected Clumps per Observed Expected 

quadrat frequency frequency quadrat frequency frequency 

0 12 9.30 0 11 14.00 
1 7 12.90 1 17 13.60 
2 11 8.90 2-3 9 8.70 
3-4 7 5.50 XZ 1.07 
x2 4.39 

Clump slze 1.13 m2; df = 2; Clump slze 4.50 m2, df = 1; 
Morislta's index 0.80 Mor~sita's lndex 0.65 

Table 4.  Placopecten magellanicus. Chi-square analysls cornpanng the nearest neighbor assoclatlons among scallop pairs of dif- 
ferent sexes and stages of maturity in both the Llghthouse and Anse a la Barbe beds. Departure from randomness was calculated 

by x2 test;' p < 0.05 

Rat10 Observed Expected Ratio Observed Expected 
frequency frequency frequency frequency 

Lighthouse bed 
Male-Male 2 1 16.3 Mature-Mature 65 63.8 
Male-Female 32 32.5 Mature-Immature 7 3 69.5 
Female-Female 12 16.3 Immature-Immature 15  18.9 
xZ 2.49 xZ 1 .OO 

Anse a la Barbe bed 
Male-Male 16 14.0 Mature-Mature 56  66.7 
Male-Female 29 28.0 Mature-Immature 4 3 29.4 
Female-Female 11 14.0 xZ 7.40'  
x2 1 .oo 
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Fig. 3 .  Placopecten rnagellanicus. Companson of Monsita's 
index ratio (IJI,,,) to quadrat size of I,,, for both the 
Lighthouse and Anse a la Barbe scallop beds. Peaks in the 
lines occur when quadrat size and clump size are approxi- 
mately equal. In the first reduction, the 9 m2 quadrat was 
reduced by half 4 times. This process was repeated in the 

second reduction but to the opposite corner of the quadrat 

was similar for both beds [F = 2.9 (SD = 2.1) scallops in 
the Lighthouse bed and F= 3.1 (SD = 2.1) scallops in 
the Anse a la Barbe bed] but the maximum number of 
scallops per clump was 5 in the Lighthouse bed com- 
pared to 9 in the Anse a la Barbe bed. In the 
Lighthouse bed, clumps covered 17 % of the area sam- 
pled (57.4/333 m') and 78 % (150/193 scallops) of the 
scallops were within clumps. In the Anse a la Barbe 
bed, clumps covered 49 % of the area sampled 
(162/333 m') and 87 % of the sampled scallops were 
within clumps (110/126 scallops). The distribution of 
scallop clumps within both beds was random (Table 3); 
however, this may have been because the quadrat size 
was not su.bstantially larger than clump size. 

The sex ratios of adult scallops in both the 

Lighthouse (69 males / 54 females; X 2  = 1.5, df = 1, 
p > 0.05) and Anse a la Barbe (51 males / 51 females) 
beds were not significantly different from 1 : 1. The 
sexes were associated randomly so that there was an 
equal chance of a scallop's nearest neighbor being a 
male or a female (Table 4). Both sexes were present in 
84 % of the clumps of mature scallops in the Light- 
house bed and 74 % of the clumps in the Anse a la 
Barbe bed (Table 5). 

The ratio of mature to immature scallops (<49 mm) 
was 2: 1 (123 matures/65 imrnatures) in the Light- 
house bed and 4 : 1 (102 matures / 25 immatures) in the 
Anse a la Barbe bed. In the Lighthouse bed, mature 
and immature scallops were associated randomly 
(Table 4). In contrast, mature and immature scallops 
were significantly associated in the Anse a la Barbe 
bed (Table 4). In the Lighthouse and Anse a la Barbe 
bed, 39 % and 25 % of the total clumps, respectively, 
had either mature scallops of a single sex and one or 
more immature scallops or only immature scallops 
(Table 5). 

In the Lighthouse bed 91.6 of the nearest neighbor 
scallop pairs were c 100 cm apart while in the Anse a la 
Barbe beds 90.9 % of the nearest neighbor scallop 
pairs were 140 cm or closer (Fig. 4). In the Lighthouse 
bed, mature nearest neighbor scallop pairs were 
equally distributed over a distance ranging from 0 to 
100 cm. However, the majority of immature-immature 
and mature-immature nearest neighbor scallop pairs 
were within 60 cm of each other. In the Anse a la Barbe 
bed, no mature nearest neighbor scallop pairs were 
closer than 20 cm to each other, but as &stance in- 
creased the frequency of mature nearest neighbor 
scallop pairs increased until a distance of 100 cm was 
reached. After 100 cm the frequency of mature nearest 
neighbor scallop pairs decreased sharply. The fre- 
quency of mature-immature nearest neighbor scallop 
pairs decreased after a distance of 120 cm in the Anse 
a la Barbe bed. In both beds, 9 % of all scallops inside 
the quadrats may have had a nearest neighbor beyond 
the 1 m boundary strip, therefore these estimates may 
be slightly skewed. 

Within the 2 scallop beds, the frequencies of the var- 
ious types of substrates were similar ( X 2  = 8.25, df = 9, 
p > 0.05) and gravel was the predominant substrate 

Table 5 Placopecten rnagellan~cus. Proportion of mature scallop clumps with both sexes present or with a single sex present, and 
clumps made up either of immature scallops and only of one sex of mature scallops or only immature scallops, in both 

the Lighthouse and Anse a la Barbe beds 

Scallop bed Clump size t.lature clumps Immature clumps 
(m2) Both sexc!s Single sex 

Lighthouse 
Anse a la Barbe 
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in both. Only l quadrat in the Lighthouse bed ~ighthouse bed 

and 5 quadrats in the Anse a la Barbe bed did 50 

not contain gravel. Scallop density was not - immature-immature 

significantly related to substrate type in either 40 

bed (p = 0.09 in the Lighthouse bed, p = 0.41 
30 

in the Anse a la Barbe bed; ANOVA), al- Mature-immature 

though the highest densities (0.88 scallops 
20 

at the Lighthouse and 0.56 scallops m-2 at / Mature-mature 

the Anse a la Barbe bed) were observed on 10 
gravel-sand substrate. Z 

4' 
I O 
c 7  

DISCUSSION 
L 50- 

Anse A la Barbe bed 

40 - 
The large scale (km) distribution of 

Placopecten magellanicus was contagious in 30 - 
Port Daniel Bay. This corroborates previous 
findings on l? magellanicus (Caddy 1968, 20 

1970, Caddy & Carter 1984, Langton & 

Robinson 1990, Thouzeau et al. 1991a) and 10- 

other scallop species (see review by Brand 
1991). In the Port Daniel region, scallop ag- o r  

20 40 60 80 100 120 140 160 180 200 220 
gregation at the large scale (km) was strongly Nearest neighbor distance for scallops (cm) 

associated with substrate type, the highest 
densities being on sand-gravel and gravel Fig. 4 .  Placopecten magellanicus. Frequencies of distances for mature- 
substrates, High densities are also strongly mature, mature-immature, and immature-immature nearest neighbors 

associated with these substrates throughout scallop pairs in both the Lighthouse and Anse a la Barbe scallop beds; 
distances were clumped in groups at 20 cm intervals 

the range of P magellanicus (Caddy 1970, 
Langton & Robinson 1990, Brand 1991, 
Thouzeau et al. 1991a). came random due to scallops attempting to prevent 

In our study, small scale (cm) aggregations occurred competition for food by spacing themselves. We found 
in both scallop beds but were greater in the Lighthouse that small scale aggregation was not related to sub- 
bed, where the higher scallop density (0.57 scallops strate type, which was similar in both our scallop beds. 
m-') was found. Lighthouse bed scallop clumps were Also, the light tidal currents over this homogeneous 
smaller, covered less total area, and had a greater total substrate would not form eddies and would probably 
number of scallops compared to clumps in the Anse a not contribute to scallop clumping. Further, small scale 
la Barbe bed. In the Lighthouse bed, immature and aggregation was probably not influenced by food limi- 
mature scallops were randomly distributed, but in the tation in the Lighthouse bed, where 11 % of nearest 
Anse a la Barbe bed they were significantly associated, neighbor scallop pairs were 20 cm or closer and 91 %of 
even though immatures were less common in this bed. nearest neighbor scallop pairs were 100 cm or closer. 
This could indicate that immature scallops moved Food availability may have affected c lun~p size in the 
closer to mature scallops when mean scallop densities Anse a la Barbe bed, where no mature nearest neigh- 
were low. bor scallop pairs were closer than 20 cm to each other 

MacDonald & Bajdik (1992) found a small scale con- and clump area was large, but not to the extent that it 
tagious distribution for large scallops (> 110 mm shell inhibited aggregative behavior. 
height) in their low density (0.19 scallops m-2) scallop Small scale aggregation of scallops could be an ad- 
bed and a random distribution in their high density aptation to enhance fertilization success. Both sexes 
(0.86 scallops m-2) scallop bed. When they included were present in 79 % of adult scallop clumps in our 2 
scallops < 110 mm in shell height, distnbutions in both scallop beds. Nevertheless, scallops did not appear to 
scallop beds became random. MacDonald & Bajdik's seek out members of the opposite sex as there was an 
(1992) results are the opposite of our findings. They equal probability of the nearest neighbor being male 
suggested that at low densities scallops form local ag- or female. If the number of scallops per clump is 3, and 
gregations if food supply is not limited but they did not this was the average in the Port Daniel region, there is 
speculate on the reason for this behavior. They also a 75 % chance that both sexes will be present in adult 
stated that at high densities scallop distribution be- clumps (assuming that the sexes are randomly distrib- 
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uted). If 4 scallops make up a clump, the probability of 
both sexes being present in that clump increases to 
87.5 %. However, if the clump area increases and the 
number of individuals per clump remains the same, the 
probability of gametes from different individuals en- 
countering each other would decrease. Fertilization 
success in the sea urchin Strongylocentrotus droe- 
bachensis is 60 to 95 % when males and females are 
within 20 cm of each other but the success rate drops to 
< 15 % when the distance between individuals is >20  
cm (Pennington 1985). Denny & Shibata (1989) sug- 
gested that in marine organisms, the low effectiveness 
of external fertilization can lead to self-compatibility in 
hermaphrodites, internal fertilization, synchronous 
spawning and behavior leading to the aggregation of 
spawning adults. Further, group size, degree of aggre- 
gation, position within spawning group, and water 
flow, all of which affect sperm concentration and 
sperm-egg contact, have a strong effect on fertilization 
success of marine echinoderms (Levitan 1991, Levitan 
et al. 1991, 1992). These studies show that sperm con- 
centration is rapidly diluted within metres of its source 
so that the concentration is insufficient for successful 
fertilization if distance between spawning individuals 
is great. Sperm concentrations from 103 sperm ml-' to 
4.7 X 107 spermml-' are required to obtain high fertil- 
ization success in echinoderms (Pennington 1985, 
Levitan et al. 1.991). However, fertilization success can 
be extremely high if population densities are large and 
spawning is synchronous (Sewell & Levitan 1992). 
Minchin (1989) suggested that directional movement 
in 2 scallop species, Pecten maximus and Mihuzo- 
pecten (Patinopecten) yessoensis, occurs to enhance 
synchronized spawning. Laboratory experiments on 
Placopecten magellanicus suggest similar concentra- 
tions, 5 X 104 to 5 X 106 sperm ml-l, were required for 
successful fertilization (J. Bonardelli unpubl. data). 
The majority of scallops in both the beds we examined 
were in clumps. The majority of nearest neighbor scal- 
lop pairs in both the Lighthouse (91 %) and Anse a la 
Barbe (75 %) beds were within 100 cm of each other. 
The short distance between nearest neighbor scallop 
pairs within clumps, an average of 3 scallops per 
clump, and the high proportion of clumps with both 
sexes present suggest a higher fert~lization success 
within clumps and lower fertilization success outside of 
clumps. 

To determine the size of clumps, it is necessary to 
sample a population using a variety of quadrat sizes 
(Elliott 1971) Most previous studies examining spatial 
distribution of Placopecten magellanicus used either 
1 m2 quadrats or 1 m wide sampling corridors and the 
exact position of scallops was not noted. Beds of scal- 
lops at the scale of 0.9 to 1.9 km2 have been reported 
(Caddy 1970, Langton & Robinson 1990), which are on 

the same scale as the large scale distribut~on of scal- 
lops in Port Daniel Bay. Our data on the exact position 
of scallops permitted resampling using different sized 
quadrats and nearest neighbor analysis, which showed 
that aggregation also occurred on the order of centi- 
metres. If sampling is conducted using a quadrat size 
similar to the clump size, the variance among samples 
will be maximized and this will prevent identification 
of aggregations (Green 1979). Many of the previous 
studies would not have detected the small scale clumps 
we describe because of the similarity of the quadrat 
size to clump size (1 m2 quadrats or 1 m wide corri- 
dors), because scallops within a sample were collected 
as a single unit, and because of the uniformity of the 
sampling unit. Clump distribution appears to be ran- 
dom, which suggests that patches do not exist on the 
scale of 10's or 100's of metres in the Port Daniel beds. 
However, our sampling method does not allow a rigor- 
ous stat-istical analysis of contagious patterns on this 
scale. 

Scallop dredging may have negative effects on scal- 
lop populations because it increases mortality (directly 
and indirectly) and stimulates aggregation of preda- 
tors (Caddy 1970, 1973). Further, Langton & Robinson 
(1990) showed that dredging for scallops has a severe 
impact on natural fauna1 association. Thouzeau et al. 
(1991a) determined that scallops are randomly distrib- 
uted within each sediment type (m2 scale) on Georges 
Bank where fishing pressure is heavy. We suggest that 
aggregation, on the scale of centimetres, in scallop 
beds may be an adaptation to increase fertilization suc- 
cess. If  this is true, it is likely that disturbing such ag- 
gregation~, by dredging or other activities, would de- 
crease reproductive success. 
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