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ABSTRACT: Greater somatic and gonad production were generally observed in scallops Placopecten 
magellanicus (Gmelin) from shallow water than in those from deeper water, where temperature and 
food conditions were often less favourable Annual variation in total production was attributable to 
differences in reproductive output rather than somatic growth, since the latter changed little from year 
to year. Controlled growth with opportunistic reproduction may be an appropriate strategy in the 
variable and unpredictable environment which scallops experience in Newfoundland. 

INTRODUCTION 

Estimates of production have been useful in asses- 
sing the contributions of several species of marine 
bivalves to energy flow through the ecosystem (Rod- 
house 1979, Griffiths 1981a, b, Vahl 1981) in addition 
to determining the suitability of different habitats to 
the producer (Bayne & Worrall 1980). Many authors 
have attributed differences in production to tempera- 
ture conditions, but recent studies have emphasized 
the importance of food availability and the need to 
measure this factor (for review see Bayne & Newel1 
1983). 

Total production consists of somatic tissue growth 
and gamete output, but the reproductive component 
has generally received less attention and is often omit- 
ted from production estimates (for review see Warwick 
1980). Omission of the reproductive component may 
result in underestimation of production and turnover 
ratios for bivalves by as much as 80 to 90 %, depending 
on the species (Bayne & Worrall 1980, Griffiths 1981b, 
Thompson 1984). 

Because differences in reproductive output by some 
bivalves have been demonstrated within populations 
between various years, additional insight may be 
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gained by studying given populations for 2 or more 
consecutive years (Thompson 1979, Griffiths 1981b, 
Kautsky 1982, Bayne et al. 1983). Accurate compari- 
sons of production estimates between populations are 
difficult because of spatial and temporal differences in 
population structure (Griffiths 1981b), and the variabil- 
ity of such estimates is often not quantified (Broom 
1983). In the preceding paper (MacDonald & Thomp- 
son 1985) we described differences in shell growth and 
somatic growth between populations of the giant scal- 
lop Placopecten magellanicus from various depths at  
different locations, and we showed that these differ- 
ences were associated with variation in temperature 
and food conditions. Here we consider the production 
of gametes and somatic tissue in 3 consecutive years 
by these populations. Gametogenic cycles, scope for 
growth and the partitioning of energy between growth 
and reproduction will be considered elsewhere. 

MATERIALS AND METHODS 

Sampling schedules, locations of the various popula- 
tions of Placopecten magellanicus and seasonal condi- 
tions of temperature and food availability were 
described in the preceding paper (MacDonald & 
Thompson 1985). Estimates of mean somatic weights 
and shell heights for each age class were provided by 
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polynomial regression and Von Bertalanffy equations 
respectively (MacDonald & Thompson 1985). Incre- 
ments in dry tissue weight (including the spent gonad), 
W, between consecutive year classes (W(,+,, - W,) 
were used to estimate annual production of somatic 
tissue (Pg) where 1 g dry weight = 24.5 kJ (Thompson 
1977). 

Gonad and somatic tissue were removed and 
weighed separately after drying at 90°C. Values for 
gonad weights and shell heights were fitted to the 
allometric equation y = axb where y = predicted 
gonad weight, X = shell height, and a and b = fitted 
parameters. Since Placopecten magellanicus spawns 
only once a year, age-specific gamete production was 
estimated from the weight loss of the gonad on spawn- 
ing, determined from the logarithmic regressions, 
where l g dry weight of eggs =26.0 kJ (calculated 
from carbohydrate, lipid and protein content). 

The follicles in the gonads of Placopecten magel- 
lanicus retain their structure after spawning (own his- 
tological obs.), unlike those of other bivalves such as 
Mytilus edulis (Lowe et al. 1982), and for this reason 
the annual increment in dry weight of the spent gonad 
was considered as  somatic growth and included in the 
estimate of Pg. The organic component of the shell was 
not taken into account because it forms only 1.3 % of 
the shell weight and usually represents less than 5 % 
of the annual production of the scallops. 

Statistical procedures, particularly the Bonferroni 
approximation, have been described previously (Mac- 
Donald & Thompson 1985). 

RESULTS 

Since there were no significant differences between 
years in the somatic weight versus age relations for 
scallops from identical depths at any given location 
(MacDonald & Thompson 1985), an overall mean 
somatic weight for each age class was estimated for 
each population from polynomial equations fitted to 
data pooled from all years. In the case of St. Andrews, 
where data were obtained for 1 yr only, there was no 
difference between depths in somatic weight at any 
given age, and observations from all depths were 
therefore pooled. As a result, somatic production (Pg) 
values were identical for a particular depth at each 
location (or between depths in St. Andrews), and any 
annual differences in total production were attribut- 
able to variable gamete production (Pr) values. 

There were no consistent differences between males 
and females in somatic weight or in gonad weight 
(before spawning) per unit shell length, so data for 
males and females were combined for the estimation of 
both components of total production (Pg and Pr). 

Annual variation 

The gonad weight versus shell height regressions 
(Table 1) were compared for each depth and site to 
determine if these relations varied from year to year 
(Table 2).  Where no difference between years was 
demonstrated for a particular depth and location, com- 

Table 1.  Placopecten magellanicus. Summary of regression parameters and statistics for the relation between the weight of the 
ripe gonad y (g) and shell height X (mm),  (log y = log a + b log X) for all sites and depths calculated separately for each year 

sampled. ' P <  0.05; "P< 0.01; ' "P < 0.001 

Sunnyside Dildo TNNP St. Andrews Collnet 

1 0 m  2 0 m  3 1 m  1 0 m  2 0 m  3 1 m  1 0 m  2 0 m  3 1 m  1 0 m  3 1 m  7 6 m  6 m  1 6 m  

1981 
l o g a  -5.55 -6.93 -4.41 -6.11 -3.65 -6.37 - - -7.13 -2.99 

b 2.90 3.56 2.26 3.09 1.87 3.10 - - - 3.44 1.57 
n 44 42 39  19 22 24 - - 45 44 
r2 0.73 0.77 0.23 0.75 0.23 0.87 - 0.82 0.17 
F 116"' 134"' 10.8" 52"' 5.8' 151"' - - - - - 203"' 8 6" 

1982 
l o g a  -7.59 -7.41 -6.16 -3.70 -7.06 -7.58 -2.08 -6.00 -9.31 -7.60 -4.78 

b 3.97 3.86 3.11 2.17 3 6 8  3 .85  1.29 3.05 4.67 3.68 2.40 
n 37 41 36 11 43 17 48  54 34 33  27 
r2 0.87 0.80 0.79 0.78 0.79 0.76 0.13 0.69 0.90 0.74 0.27 
F 235"' 155"' 128"' 32.. '  154..' 48.. '  7.1' 115'" 285'" - . 87". 92"  

1983 
log a -6.29 -5.08 -5.75 -4.90 -3.60 -791  -5.16 -4.74 -2.48 -9.96 8 . 2 1  -9.58 -669  -7.29 

b 3.29 2.72 2.87 2.60 1.99 4.07 2.70 2.47 1.35 5 0 5  4.16 4.93 3.34 3.55 
n 41 32 48 29 32 31  31 29 34 43 41 18 36 37 
r2 0.83 0.74 0.60 0.78 0.60 0.89 0.29 0.39 0.26 0.92 0.93 0.98 0.81 0.74 
F 187"' 83"' 69"' 98". 45'" 240'..  12.5" 17.0"' 11 1" 477"' 513'" 668'" 145'" 1 0 l m m m  
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Table 2. Placopecten magellanicus. Summary of t values for comparisons of relations between weight of ripe gonad and shell 
height for samples collected from identical water depths and sites but in different years. 'P < 0.05; ' 'P < 0.01; ' ' 'P < 0.001. Note 

that for this table 6 m and 16 m at Colinet were considered equivalent to 10 m and 20 m elsewhere 

1981 vs 1982 1982 vs 1983 1981 vs 1983 

Depth Sunnyside Dildo Colinet Sunnyside Dildo Colinet TNNP Sunnyside Dildo Colinet 

10 m a 7.24"' 0.41 2.43' 6.76"' 3.24" 1.34 2.06 3.45" ' 4.31"' 
b 3.15" 1.65 0.55 1.74 0.82 0.78 1.64 1.00 1.05 0.26 

20 m a 2.51' 12.78. " 0.43 0.94 - 0.77 0.87 1.50 8.48"' 0.94 
b 0.73 0.76 0.91 2.28 3.91"' 1.65 0.79 1.59 0.12 1.73 

31 m a 0.87 7.87"' - 1.20 2.87' - 0.60 - 
b 0.98 1.38 - 0.48 0.41 5.82"' 0.75 2.45' - 

mon regressions were then calculated to estimate 
gonad weight loss on spawning. Variable gonad 
weights for scallops collected from 10 m and 20 m in 
Sunnyside (Table 2) resulted in higher values for Pr 
and total production in 1982 than in 1981 and 1983 
(Fig. 1, Table 3). Annual variation in gonad weight 
was not observed in the Sunnyside (31 m), Colinet 
(16 m) or Terra Nova National Park (TNNP; 10 m, 
20 m) samples (Table 2), resulting in common values 
for Pr and total production, but year to year variation in 
Pr and (Pg + Pr) was observed for all depths in Dildo 
and in 31 m at TNNP (Fig. 1 to 4, Table 3 & 4). The 
1981 and 1982 samples from 6 m at Colinet were simi- 
lar to one another but significantly different from that 
of 1983. 

With the exception of Dildo (31 m) and Colinet (6 m), 

where Pr was greater in 1983 than 1982, the Pr values 
for 1982 were at least as great as those from other years 
at all sites (Fig. 1 to 4). In those sites sampled over a 
period of 3 yr, either very high values of Pr were 
obtained for 1982 and lower but similar Pr values for 
1981 and 1983, as in the Dildo (10 m) example, or no 
significant differences at all were found between 1981 
and 1983, e.g. at  Sunnyside (10 m, 20 m). Large annual 
variation was characteristic of the shallowest depths 
from the more productive sites, such as Sunnyside and 
Dildo, in contrast to less productive sites such as TNNP 
and Colinet. 

The general trend for Pr was to increase steadily 
with age until an asymptote was reached (Fig. 1 to 4). 
Pg values increased rapidly during the first few years 
and, after reaching a peak at age approximately 4 or 

Fig. 1 Placopecten magellanicus. Age 
specifir somatic (Pg) and gamete produc- 2 0 
tion (PT) in Sunnyside scallops. Pg values 
are for 1981, 1982 and 1983 data com- - 2 0  

bined 
2 6 1 0  14 18 2 6 1 0  14 18 2 6 1 0  14  18 

AGE (yrl 
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Table 3. Placopecten magellanicus. Annual total production values, Pg + Pr (kJ y r l ) ,  for each depth sampled at Sunnyside. 
TNNP and St. Andrews during 1981. 1982 and 1983 

Age (yr) Sunnyslde TNNP St. Andrews 
10 m 20 m 31 m 1 0 m  2 0 m  31 m 10 m 31 m 76 m 

1981/83 1982 1981/83 1982 1981/82/83 1982183 1982/83 1982 1983 1983 1983 1983 

3 50 4 7 36 34 35 - - - - 55 57 57 
4 93 92 83 82 38 - - - 82 82 89 
5 124 132 106 109 61 - 7 6 - - 98 95 112 
6 139 161 123 133 66 130 82 50 66 124 112 147 
7 153 194 140 159 70 140 87 59 70 155 130 188 
8 166 229 155 186 74 144 92 68 70 190 151 235 
9 178 265 168 209 76 147 95 76 69 226 170 283 

10 187 298 180 231 78 147 97 84 69 262 188 329 
11 194 327 188 249 80 147 98 92 69 296 205 374 
12 198 353 193 263 80 145 98 99 68 - - - 

13 201 375 196 275 78 143 97 105 67 - - - 

14 202 392 197 282 77 139 96 110 65 
15 200 406 195 287 74 135 94 115 64 
16 197 416 191 288 7 1 131 92 119 62 
17 192 423 185 287 65 125 89 122 6 1 - 

18 184 425 178 283 61 121 86 125 59 - 

19 176 426 168 277 55 115 83 127 57 - - - 

- 
DlLDO 1982 

2 6 1 0  14 18  2 6 10  14 18 

AGE (yr) 

2 6 10 14 18 

A G E  (v) 

Fig. 2. Placopecten magellanicus. Age 
specific somatic (Pg) and gamete produc- 
tion (Pr) in Dildo scallops. Pg values are 
for 1981, 1982 and 1983 data combined 

Fig. 3. Placopecten magellanicus. Age 
specific somatic (Pg) and gamete produc- 
tion (Pr) in M N P  scallops. Pg vdlues are 

for 1982 and 1983 data combined 
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Fig. 4. Placopecten rnagellanicus. Age specific 
somatic (Pg) and gamete production (Pr) in St. 
Andrews and Colinet scallops. Pg values are for 
1981, 1982 and 1983 data combined (Colinet) 
and for 10,31, and 76 m combined (St. Andrews) 

5 yr, they steadily declined with age until 17 or 18  yr, 
when they become negative, owing to the decrease in 
somatic weight which occurs in older scallops (Mac- 
Donald & Thompson 1985). 

Total production (Pg + Pr) increased with age du- 
ring the earliest years, but after (Pg + Pr) reached a 
maximum, a gradual decline in subsequent years was 
demonstrated in almost all the long-lived Newfound- 
land populations (Tables 3 & 4 ) .  Decreasing total pro- 
duction was a result of Pg declining faster than Pr was 
increasing. Exceptions included the Sunnyside 10 m 
and 20 m samples collected in 1982, in which Pr was 

AGE (v1 

increasing at a faster rate than Pg was declining, and 
the St. Andrews populations. 

Differences related to water depth 

In scallops from Sunnyside, Dildo and TNNP, there 
was a negative correlation between age-specific Pg 
and depth (Fig. 1 to 3), whereas at Colinet and St. 
Andrews there was no such variation in somatic pro- 
duction (Fig. 4) .  

In each year at Sunnyside, slopes for the regressions 

Table 4. Placopecten rnagellanicus. Annual total production values Pg + Pr (kJ y r l ) ,  for each depth sampled at Dildo and Colinet 
during 1981, 1982 and 1983 

Age (yr) Dildo Colinet 
10 m 20 m 31 m 6 m 6 m  1 6 m  

1981 1982 1983 1981 1982 1983 1981 1982 1983 1981/82 1983 1981-83 

3 - - - - - - - 16 18 - 
4 - - 62 65 - 44 49 52 3 7 5 2 37 

5 128 212 150 106 122 - 63 74 79 67 62 76 
6 138 245 164 104 138 - 63 8 1 92 56 65 75 
7 139 263 168 102 157 142 62 88 105 57 69 75 
8 139 280 171 99 175 151 62 97 119 57 72 75 
9 139 294 172 95 193 153 61  104 132 58 77 74 

10 139 306 172 91 210 154 60 110 143 58 79 74 
11 137 314 170 86 225 154 58 115 153 58 82 73 
12 135 320 167 81 339 153 57 119 161 59 84 7 2 
13 132 324 164 77 250 151 54 122 167 58 85 70 
14 127 324 159 71 258 149 51 123 171 57 86 67 
15 123 325 154 65 264 145 49 123 174 56 87 65 
16 118 323 147 60 269 142 45 123 176 55 86 62 
17 112 320 141 54 273 138 42 122 176 53 86 57 
18 106 317 134 48 275 133 38 120 176 50 85 54 
19 98 312 127 43 276 129 34 118 175 49 84 50 
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of gonad weight against shell height were similar for 
all depths (Table 5). Elevations were not significantly 
different between 10 m and 20 m, but gonad weight 
was significantly lower in scallops from 31 m than in 
those from shallower water. Age-specific reproductive 
output was always greater in 10 m and 20 m than in 
31 m (Fig. I ) ,  and in 1982 there was a negative correla- 
tion between Pr and depth at Sunnyside. In 1981 and 
1983, however, Pr was the same at 10 m and 20 m. 
Total production at Sunnyside was a decreasing func- 
tion of depth (Table 3). 

Gonad weight was significantly lower in scallops 
from 31 m at Dildo in 1981 than in scallops from 10 m, 
but the 20 m samples were similar to those from 10 m 
and 31 m (Table 5). In 1982, however, the 2 shallow 
populations (10 m, 20 m) displayed different regres- 
sion slopes from one another, but both differed in slope 
and elevation from the 31 m sample, resulting in great- 
er gonad weights for the 2 shallow samples. Regres- 
sions for scallops from 10 m and 20 m in 1983 had 
equal slopes and elevations, but the slope for the 31 m 
sample was different. With the exception of a very 
productive sample from 31 m in 1983, a general trend 
of similarities between 10 m and 20 m samples but 
declining Pr and (Pg + Pr) values with increasing 
depth was also apparent in the Dildo data (Fig. 2, 
Table 4) .  

There were no differences in the gonad weight ver- 
sus shell height relations for scallops from different 
depths at TNNP in 1983, but they all differed in slope 
in 1982 (Table 5). With the exception of the 1982 sam- 
ple from 31 m, TNNP scallops showed a decrease in Pr 
and (Pg + Pr) with increasing depth (Fig. 3, Table 3). 

The gonad weight versus shell height regressions for 
scallop samples from 6 m and 16 m at Colinet had 
different slopes in 1981, similar slopes but different 
elevations in 1983 and were equal in 1982 (Table 5).  
Greater values of (Pg + Pr) were obtained in scallops 
from 16 m except in 1983, although differences in age- 
specific Pr and total production between depths at 
Colinet were very small (Fig. 4, Table 4). 

At St. Andrews, only the gonad weight versus shell 
height regressions for the 10 m and 31 m samples were 
significantly different in 1983 (Table 5). There were 
between-depth differences in age-specific Pr and total 
production at St. Andrews, the greatest values occur- 
ring in the deepest water i.e. 76 m > 10 m > 31 m 
(Fig. 4, Table 3). 

The turnover ratios (or production/biomass ratios) 
were calculated for each age class using the term 
(Pg + pr)/B where B is the mean somatic weight. Mean 
P/B ratios for all 3 depths in each year were obtained 
by pooling data from Sunnyside, Dildo and TNNP 
populations (Fig. 5).  The ratios rapidly declined during 
the first 10 yr, but changed very little thereafter. 

m r .  
^D = 
0 0 

- 
E 
in. 
Â¥ M m  
g CM T 

E N O  
(0 

4 r. 
=? ̂ r 
0 - 
4 + 
CM 01 
0 0 

Â¥  ̂
I 2  

- 
E  
w - r. u-l 
g "I "I 
E d "  
(0 

w 
I to 

M 

tD CT1 
01 CM 
0 0 

- 
E .  
i n .  - m  
2 1 ;  

E 
CO 

M 7. 
10 CM 
0 Ã 

00 T 
0 "I 
0 - 

E 



McDonald 81 Thompson: Ecological energetics of the giant scallop. 11. Product~on 

Im , .60 

a .. ........... 
Fig. 5. Placopecten magellanicus. Mean g 
turnover ratios for pooled Sunnyside. .20 
Dildo and TNNP data. 6: mean somatic 

weight of an individual scallop 
4 8 12 16 4 8 12 16 4 8 12 16 

AGE i v r l  

Despite the much greater somatic weights of scallops 
from shallow water, these animals were generally 
more productive per unit weight than those from 
deeper water, except in 1983 when a very productive 
(i.e. high Pr and low biomass) 31 m sample from Dildo 
may have strongly influenced the mean. There was 
some annual variation in the turnover ratio in scallops 
from 10 m (1982 > 1983 > 1981) and in those from 31 m 
(1982, 1983 > 1981). Our observations are consistent 
with those of Shafee & Conan (1984) for Chlamys varia, 
in which there is a decrease in the turnover ratio in 
older animals and also year-to-year variation in PIB. 

Site related differences 

Direct comparisons of growth and reproductive out- 
put were made between Sunnyside, Dildo and TNNP 
samples only, because at these locations scallops were 
obtained from the same 3 water depths (10 m, 20 m and 
31 m). The corresponding Pg values for each depth 
were slightly higher in Dildo than in Sunnyside scal- 
lops, but values for the TNNP samples were lower than 
those for the other 2 sites (Fig. 1 to 3). 

The gonad weight versusshell height regressions for 
the Dildo and Sunnyside 20 m samples in 1981 were 
similar, but lower elevations were observed for the 
Dildo 10 m and 31 m samples (Table 6). Total produc- 
tion estimates and Pr values were lower for Dildo 
scallops than for scallops from comparable depths at 
Sunnyside in 1981 (Fig. 1 & 2, Table 3 & 4). 

The slope of the gonad weight versus shell height 
regression for Sunnyside scallops from 10 m in 1982 
was different from those for TNNP and Dildo samples, 
and lower weights were observed in TNNP scallops 
than in Dildo scallops (Table 6). At 20 m the gonad 
weight relations for Sunnyside and Dildo samples 
were equivalent, but both had greater elevations than 
TNNP samples. At 31 m the regression slopes for Sun- 
nyside and TNNP populations were different from one 
another, but both were similar to Dildo samples. In 
1982 greater values for Pr and total production were 
observed at 10 m and 20 m in Sunnyside than at  Dildo 
or TNNP (Fig. 1 to 3, Table 3 & 4). Similar Pr values 
were seen in the 31 m scallops from all 3 sites, but total 
production was greater in scallops from Dildo and 
TNNP than in those from Sunnyside. 

The gonad weight versusshell height regressions for 
Dildo scallops at  10 m in 1983 were similar to those for 
TNNP and Sunnyside scallops, but the Sunnyside ani- 
mals had heavier gonads than those from TNNP 
(Table 6). At 20 m, the Dildo and Sunnyside samples 
were again equivalent, but TNNP scallops had lower 
gonad weights than those from either of the other 2 
sites. Regressions for scallops from 31 m at TNNP were 
not significantly different from those for Sunnyside 
samples, but differed in slope from those for Dildo 
scallops, which had heavier gonads than Sunnyside 
animals. In 1983 greater values for Pr and total produc- 
tion were found in the Sunnyside 10 m and 20 m sam- 
ples than in Dildo or TNNP scallops from similar 
depths (Fig. 1 to 3, Table 3 & 4). At 31 m in 1983, Pr and 

Table 6. Placopecten rnagellanicus. Summary of t values for comparisons of gonad weight versus shell height regressions 
between scallops from identical water depths and years but from different sites. 'P < 0.05; 'P' < 0.01; ' ' 'P < 0.001 

Depth Sunnyside vs Dildo Dildo vs TNNP Sunnyside vs TNNP 
1981 1982 1983 1982 1983 1982 1983 

a b a b  a b  a b  a b a b a b  

l 

10m 2.13' 0.31 - 2.66" 1.10 1.28 2.69" 1.36 1.03 0.81 - 5.54. ' 2.44' 2.02 
20 m 1.57 1.30 0.46 0.39 0.94 1.53 4.98"' 1.30 3.10" 0.75 6.02"' 2.10 4.27"' 0.43 
31 m 3.19" 1.16 2.12 1.13 5.54"' 2.16 0.34 1.22 - 2.61" - 4.04. " 1.72 1.61 
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(Pg + Pr) were greater in Dildo scallops than in those 
from Sunnyside or TNNP. 

In any given year, Pr and (Pg + Pr) were lower in 
scallops from 6 m at Colinet than in those from 10 m at 
other sites, especially Sunnyside and Dildo. Reproduc- 
tive output and total production were lower in Colinet 
scallops from 16 m than in those from 20 m at any other 
site in any given year, with the exception of 1981, 
when they were similar to Dildo scallops. 

DISCUSSION 

We have previously shown that the greater food 
ration and higher temperatures characteristic of very 
shallow water environments (6 to 10 m) in eastern 
Newfoundland are more conducive to the growth of the 
shell and the somatic tissue in Placopecten magel- 
lanicus than are conditions in deeper water (Mac- 
Donald & Thompson 1985). Here we have demon- 
strated that reproductive output is also greater in scal- 
lops from shallow water. Consequently, considerable 
differences in total production are observed between 
deep and shallow water populations, e.g. in 1982 at 
Sunnyside, where scallops from 10 m were almost 8 
times more productive than those from 31 m. Similar 
observations of enhanced reproductive output and 
total production under better environmental conditions 
have been reported by Bayne & Worrall (1980) for 
populations of Mytilus edulis only a few km apart. 

At St. Andrews, New Brunswick, where the water 
column is thoroughly mixed by tidal forces, there is no 
difference in shell growth or somatic growth between 
scallops from various depths, and at Colinet, New- 
foundland, where the water is very shallow, scallops 
from 6 m and 16 m have identical shell growth rates, as 
well as similar rates of somatic growth and total pro- 
duction by individuals (MacDonald & Thompson 
1985). Nevertheless, in some instances (e.g. St. 
Andrews; Dildo in 1983) scallops from deep water may 
be more productive than those from shallow water, 
owing to enhanced reproductive output in the former, 
but we are unable to relate this to environmental 
conditions, since we have no measurements of food 
ration at these sites. Furthermore, shell growth and 
somatic growth are not necessarily good indicators of 
environmental quality, although the estimates of total 
production confirm our earlier conclusions (Mac- 
Donald & Thompson 1985) that Sunnyside and Dildo 
are more favourable locations for scallops than TNNP 
or Colinet. 

Reproductive output varies not only between popu- 
l a t ion~  from different depths or sites, but also between 
consecutive years in a given population. This suggests 
that gamete production is strongly influenced by 

environmental conditions, and that annual variation in 
total production for individual scallops from New- 
foundland populations is primarily attributable to vari- 
able gamete production, since there is little variation 
in somatic growth from year to year (MacDonald & 

Thompson 1985). Annual variation in fecundity has 
been recorded in Placopecten magellanicus by 
Thompson (1977) and in mytilids by Thompson (1979), 
Griffiths (1981b), Kautsky (1982) and Bayne et al. 
(1983). In some of our Newfoundland sites, conditions 
for scallop production in 1982 were more favourable 
than in 1981 or 1983 (MacDonald & Thompson 1985). 
For example, the greater production of gametes by 
scallops from 10 m at Sunnyside in 1982 was associ- 
ated with greater food availability in that year, com- 
pared with poorer ration conditions and lower produc- 
tivity by scallops in 1983. Lower summer temperatures 
at Sunnyside before spawning in 1982 may also have 
contributed to an increased reproductive output by 
reducing the maintenance energy requirement. 

Male and female scallops from given sites and 
depths have similar somatic growth rates and, with a 
few exceptions, the same reproductive output. Differ- 
ences or similarities between males and females in 
terms of growth and production may depend on the 
species and the location. For example, in the mytilids 
A ulacornya ater and Chorornytilus meridionalis there 
are no differences in growth and production between 
the sexes (Griffiths & King 1979, Griffiths 1981b), but 
differences have been observed by Sprung (1983) in 
Mytilus edulis and by Sundet & Lee (1984) in the 
Iceland scallop Chlamys islandica. 

In general, greater somatic growth and reproductive 
output are found in scallops from shallow water or from 
more favourable sites, and differences in production 
are well correlated with food availability and tempera- 
ture. It is probable, however, that there are qualitative 
differences in ration (e.g. fatty acids, amino acids) 
between depths and sites, which may contribute to 
variation between populations in growth and gamete 
production and which merit consideration in future 
work. 

The environment that scallops experience in New- 
foundland is both variable and unpredictable, and it 
may be an appropriate reproductive strategy to invest 
any surplus energy in gametes when more favourable 
conditions are encountered. If the additional energy 
were allocated to somatic growth, the scallop may not 
be able to support a larger body mass should environ- 
mental conditions deteriorate in subsequent years. 
Controlled growth with opportunistic reproduction is a 
more conservative strategy which may account in part 
for the highly variable recruitment characteristic of 
populations of Placopecten magellanicus in New- 
foundland. 
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