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Abstrak

Studl terhadap pertumbuhan kerang simping Placopecten magellanicus, yang dibudidayakan dengan metode
suspended culture telah dilakukan selama tujuh bulan di lokasi budidaya di Graves Shoal, Mahone Bay, Nova
Scotia, Kanada. Benih scallop muda dipelihara dalam pearl nets dengan kepadatan 30-35 ekor dan ditempatkan
pada empat lokasi yang mewakill perairan permukaan (7 m), dasar perairan (14 m), di luar lokasl budidaya
(outer edge), di tengah-tengah lokasi budidaya (centre). Pertumbuhan cangkang (tinggi cangkang) diamati
setlap bulan sekall. Monitoring terhadap tingkat ketersediaan pakan pada permukaan dan dasar perairan
Juga dilakukan. Tingkat pertumbuhan pada tinggi cangkang sedikit lebih besar di permukaan perairan
dibandingkan dengan di dasar perairan. Di permukaan sendirl pertumbuhan lebih besar terjadi dj luar lokasl
budidaya, tetapl di dasar perairan pertumbuhan yang lebih besar terjadi di lokasi budidaya. Hubungan yang
signifikan terjadi antara pertumbuhan cangkang dengan tingkat ketersediaan chlorophyll a di perairan.

Kata kunci: ketersediaan pakan, pertumbuhan cangkang,kerang simping, Placopecten magellanicus
Abstract

A study of the growth of the sea scallop, Placopecten magellanicus, under suspended culture conditions
was carrled out over a seven month period at a culture site in Graves Shoal, Mahone Bay,Nova Scotia -
Canada. Scallop spat were cultivated in pearl nets at a density of 30-35 per net set at four locations
corresponding to the surface (7 m) and bottom (14 m) at the outer edge and the center of the site. Shell
growth rate (shell helght) was measured at monthly intervals. Environmental conditions represented as food
avallability at the surface and bottomn over the same period were also monitored. Shell Height growth rate
was sl{ghtly greater at the surface than at the bottom. At the surface sites growth was greater at the outside
(SUROUT) than at the center locations, but at the bottom growth was greater at the centre location (BOTIN).
The only significant relationship between shell growth and food variables was chlorophyll a concentration.
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Introduction

The scallop is a semi-mobile filter feeder and
utilizes available particulate matter for food. Although
food quality is thought to be important for good
growth, there Is a general lack of Information on the
specific food items preferred by bivalve species in
their patural habitats (Shumway et al., 1987). For
Placopecten magellanicus, phytoplankton may be the

in particular (MacDonald and Thompson, 1985;
MacDonald, 1986). As pointed out by Levinton
(1972), not only is the food supply constantly
fluctuating, it is unpredictable and these suspension
feeding organisms must maintain an adaptive strategy
which maximizes the generality of their food
requirement.

The use of shell growth as measured by shell

primary source of nutrition. Detritus alone is
apparently a poor alternative but can be utilized as
an additional food source when phytoplankton
concentrations are low (Cranford and Grant, 1990).

The quality and quantity of food available,
therefore, is a major limiting resource for suspension
feeding organisms In general and for P. magellanicus

height is a better temporal integrator of growth than
is increase in tissue weight. Indeed shell growth can
occur even when soft tissue weight Is decreasing
(Santoso, 1993). This is the reason it is often the
only growth measurement made in many studies on
bivalve growth (Seed, 1980; Grizzle and Morrin,
1989).
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The objective of this study was to determine the
quality as well as the quantity of food availability for
the sea scallop, 2 magellanicus, and its relation to
the shell growth at a culture site in Graves Shoal,
Mahone Bay, NS Canada.

Materials and Methods

Juvenile giant scallops 9-12 mm in shell height
(summer spat cohort) were placed into pearl nets
and deployed at a grow-out site located at Graves
Shoal in Mahone Bay (Figure 1). Approximately 3,000
scallops were transferred to 84 pearl nets at a density
of 30-35 individuals per net: 21 at a site located at a
depth of 7 m and on the outside margin of the site
(SUROUT); 21 at a depth of 7 m and located within
the interior of the site (SURIN); 21 at depth of 14 m
and on the outer margin (BOTOUT); and 21 at depth
of 14 m located within the interior of the site (BOTIN).
At each site there were 7 arrays each of which
contained 3 pearl nets representing 3 replicates.

Shell height (SH) was measured at monthly
intervals over a seven month period beginning June
1992 and ending December 1992. Shell height, the
maximum distance between dorsal (hinge) and
ventral margins (Seed, 1980), was measured to the
nearest 0.1 mm using a vernier caliper.

During May to December 1992 the following
environmental factors were monitored on a weekly
basis; water temperature (to describe the system of
water stratification), chlorophyll a concentration and
]particulate mater concentration. Water temperatures
were taken by SCUBA divers using a hand-held
mercury temperature. One | water samples for
determination of chlorophyll a and particulate mater

@ncentrations were taken at depths corresponding
.« the surface and bottom sites. Water samples for
chlorophyll a were filtered through Whatman GF/C
glass fiber filters under gentle vacuum (<20 mmHg)
and the filters stored frozen until analysis. Chlorophyll
a measurements were made spectrophotometrically
(Strickland and Parsons, 1972) after extracting the
pigment in 15 ml of 90% acetone for 24 h at 4° C in
the dark.

Three measurements of particulate matter were
made: Total Particulate Matter (T PM), Particulate
Inorganic Matter (PIM), and Particulate Organic Matter
(POM). TPM was determined by filtering 1 | of water
onto previously combusted and tarred Whatman GF/
C filters. The filters were then dried at 60-70 °C for
24 h in a vacuum oven and reweighed. For PIM
determination, the dried filters were combusted at
450 °C for 24 h in a muffle furnace and then

reweighed. POM was calculated as the difference
between TPM and PIM measurements.

A variety of statistical procedures were used to
analyze the data set. These included Pearson
correlation analysis, linear regression analysis, analysis
of variance (ANOVA) and analysis of covariance
(ANCOVA). For ANOVA analysis, pairwise mean
differences and comparison probability matrices
(based on Bonferroni probability levels) are presented
to facilitate interpretation of results. All the analysis
was conducted using Systat (Wilkinson, 1988).
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Figure 1. Map showing location of the study site at
Graves Shoal, Mahone Bay, Nova Scotia —
Canada

Results and Discussion
Water temperature

During the study period water temperature
ranged between 3-19 °C at 3 m depth (representing
the surface site) and 2-17 °C at 14 m depth
(representing the bottom site) (Figure 2). At both
surface and bottom sites temperature peaked in mid-
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August. Up to this period stratification also increased,
and at maximum stratification the mean difference
between surface and bottom site was about 4 °C.
Near the end of August a mixing event caused
stratification to break down, but this was reestablished
shortly afterwards and lasted until about mid-October
when the system became destratified and remained
so for the remainder of the study period.
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Figure 2. Seasonal variation of temperature at the
surface site and bottom site at Graves
Shoal, Mahone Bay

Phytoplankton chlorophyll a

Phytoplankton chlorophyll a at the surface site
ranged between 0.19-1.92 ug I with a mean of 0.78
ug I''. Bottom site chlorophyll a concentrations were
slightly lower than those at the surface ranging
between 0.13-1.86 ug I'1 with a mean of 0.71 ug I
! (Figure 3). Seasonally chlorophyll a values peaked
during early June and late September. Between mid-
June and early August chlorophyll a levels were
generally low with surface values being slightly less
than bottom values.
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Figure 3. Seasonal variation in chlorophyll a
concentrations at the surface site and
bottom site at Graves Shoal, Mahone Bay

Particulate matter concentration

Total Particulate Matter Concentration over
the study period ranged between 1.6-25.6 mg I"! with
a mean of 8.5 mg |'! (Figure 4). There was little
difference between concentrations at the surface and
bottom. The seasonal variation in TPM was very
erratic. Peaks occurred in early July and August, and
In late October. Between the end of August and late
October TPM values remained relatively constant and
high. There was no clear relationship between TPM
concentration and mixing events although the peak
in late September did occur at the period of fall
destratification.

POM concentrations at both depths were
always much lower than PIM concentrations and
ranged between 0.6-4.6 mg |I'' with a mean value of
1.7 mg I''. In general, POM accounted for about 20
percent of TPM indicating that most of the particulate
matter present was inorganic. In addition, POM
showed very little seasonal variation compared to
that exhibited by PIM.
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Figure 4. Seasonal variation in Particulate Organic
Matter (POM), Particulate Inorganic Matter
(PIM) and Total Particulate Matter (TPM)
concentrations at surface site and bottom
site at Graves Shoal, Mahone Bay

Shell growth (Shell height)

The mean values of shell height at the surface
sites were greater than at the bottom sites (Figure
5). Result of ANOVA analysis indicated the differences
between means were significant (p<0.05). The mean
values, however, were not significantly different
between the Inside and outside sites (Table 1).
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Figure 5. Comparison of the mean and standard error
of Shell Height at each site

Table 1. ANOVA of the effect of Site on Shell Height (SH)

Dependant varable: SH N: 2754
Analysls of varlance

Source Sum-of-squares DF Mean-square F-Ratlo P
Site 3355.192 3 1118.397 10.647  0.000
Ermror 288882.241 2750 105.048
Matrix of palrwise mean differences :

SITE SURIN BOTIN SUROUT BOTOUT

SURIN 0.000

BOTIN -2.255 0.000

SUROUT 0.676 2.930 0.000

BOTOUT -1.075 1.179 -1.751 0.000
Matrix of pairwise comparison probabllities :

SITE SURIN BOTIN SUROUT BOTOUT

SURIN 1.000

BOTIN 0.000 1.000

SUROUT 1.000 0.000 1.000

BOTOUT  0.309 0.217 0.008 1.000

Figure 6 presents the value of Shell Height (SH)
at each sampling time. ANCOVA, using time as the
covariate, indicated a significant site effect (p<0.05)
in terms of increase with time (Table 2).
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Figure 6. The change in mean value of Shell Height
over the study period (error bars are one
standard deviation of the mean)

Table 2. ANCOVA of Shell Height (SH) with Site
using Julian Day as the covariate

Dependant variable; SH N:2754  Square multiple R: 0.892

SourceSum-of-squares DFMean-square F-Ratio P
Site 72.376 3 24125 2.1030.098
D 256496.228 1 256496.22822355.0070.000
Site*JD 182372 3 60.791 5.2980.001
Error 31506975 2746 11.474

Further analyses of these differences were carried
out by performing simple linear regression analysis
of growth versus time (Table 3), and by comparing
the differences in the slopes (absolute growth rates)
of Shell Height (SH) at each site. When multiple
comparisons of slopes among sites for the growth
were performed, the regression probabilities were
Bonferroni adjusted (Table 4).

Table 3. Linear regression analysis of SH at each site
on Julian Day

Site N Regression R2
SURIN 695 y=11284+0.155x  0.865
BOTIN 644  y=-13.015+0.154x  0.919
SUROUT 730 y=-11.990+0.160x  0.886

BOTOUT 685  y=-11453+0.149x 0897

Table 4. Regression probabilities " for comparison
of slopes based on linear regressions

(ANCOVA)
SITE SURIN BOTIN  SUROUT BOTOUT
SURIN -
BOTIN 0.140 -
SUROUT 0.019*  0.008 * -
BOTOUT 0.005*  0.004 * 0.000 * -

" Bonferroni adjusted
*) Significant at 95% level

For shell height absolute growth rates were
0.155, 0.154, 0.160 and 0.149 mm d"' for SURIN,
BOTIN, SUROUT and BOTOUT, respectively. The
differences were significant between all sites with
exception of SURIN and BOTIN. This indicates that
the increase of shell height at SUROUT was the
greatest, equal at SURIN and BOTIN, lowest at
BOTOUT.
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Relationships between shell growth
(shell height) and food availability

In order to examine the relationship between
shell growth rate and the food variables, the mean
daily of shell growth rates between each sampling
period was compared to the mean value of the food
avallabllity over the same perlod. On two occasions,
24 October and 24 November, the data for shell
height at SURIN appeared to indicate a decrease with
time. Since a decrease In shell height with time Is
unlikely, It was assumed that this represented a
sampling artifact and, to avold negative growth rates
of SH, this data was omitted from the analysis.

In an attempt to predict growth parameters of
the food, multiple regression analysis of the growth
parameter (SH) using mean chlorophyll a and
Particulate Organic Matter (POM) was carried out. In
only one instance was there a significant regression
and this was between the growth rate of shell height
and mean chlorophyll a (Table 5).

Table 5. Summary of multiple regression results for
prediction of mean growth of shell (GASH)
using mean chlorophyll a and Particulate
Organic Matter as predictors.

Dep Ver. GASH N26 Squared Mutiple R021) Adjusted Squared Muttiple R0.178
Standard Error of Estimate:0.072

Variable Coefficient

Std Error  P(2 tail)

Constant  0.055 0.038  0.162
Chla 0.129 0051 0.018

Analysis of Variance
Source Sum-of-Squares DF  Mean Square F-Ratio P
Regression 0.033 1 0.033 6.414 0.018
Residual 0.125 2 0.005

The growth rate measured in this study appear
to be considerably greater than those reported from
studles on wild scallops, and about equal to those
reported for studies on scallops grown under
suspended culture condition (MacDonald, 1986;
Schick et al., 1988; Chandler et al., 1989; Dadswell
and Parsons, 1991). In general, the growth rates of
wild scallops on bottom are about fifty percent less
than that of scallops grown in suspended culture.

The greater growth rates of scallops grown by
suspended culture Is probably a result of more
favorable environmental conditions within the water
column as opposed to near-bottom, especially in
stratified systems. In this case surface waters would
tend to have higher temperatures (Figure 2), and
contain more food materials than bottom waters.

In most studies, there has been a generdl
agreement that growth of P. magellanicus is depth
dependent, with increasing depth representing
deteriorating environmental suitabllity (Schick et al.,
1986). Therefore, in stratified systems, growth in the
upper mixed layer is generally greater than that in
the bottom waters.

in this study, the difference in growth rates
between the surface and bottom cultured scallops
was not very great. This may be a result of the fact
that, although the system did exhibit stratification,
this occurred for only 2-3 months over the seven
month study period. in addition, when it did occur,
stratification was never particularly strong and,
although bottom waters were significantly colder than
surface waters (Figure 2), there was little difference
between surface and bottom water in food availability
as measured by phytoplankton chlorophyll a and
POM concentrations. POM levels were not particularly
low compared to other nearby coastal marine
systems. The mean POM level over the course of the
study was 1.8 mg I''. Mallet (1989) measured a mean
POM concentration of 1.5 mg I'' for a similar coastal
embayment.

Attempts to relate scallop growth in shell height
to food varlables showed that the only significant
relationship occurred between the growth and
chlorophyll a concentrations (Table 5). This suggests
that chlorophyll a may be a better indicator of food -
availabllity than variables related to particulate matter
concentration. The latter includes both inorganic and
organic materials and there Is some evidence that
the ratio of these components, In addition to their
absolute concentration, may be important in
determining thelr ability to be utilized. Vahl (1980),
in a study on the Iceland scallop, Chlamys islandica,
reported that POM could not be absorbed as food
when PIM comprised more than 80 percent of the
seston. In another study on the same species, Wallace
and Reinness 1985) showed that growth was seriously
reduced when the ratio of PIM to POM in seston
exceeded a critical value of 3.5. In the present study
the ratio of PIM to POM averaged about 4 and this
may indicate relatively poor food quality, especially
If P. magellanicus exhibits the same response to the
relative proportions of PIM and POM as does C.
islandica.

Chlorophyll a concentrations peaked during late
May and late September while temperature peaked
during early August. As result the Increase in filtration
rates would have occurred at a time when food
concentrations were low and the benefits of increased
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filtration rates would not have been realized.

Variation in growth rates between scallops
located on the outside edge of the site relative to
those located within the interior of the site were
relatively minor. Scallops located near the margins
of a cuiture site, compared to those located within
the Interior, are less likely to be affected by depletion
of food materials as water flows through the site.
The lack of any clear difference in growth rates
suggests that food depletion was not a problem at
the scallop densities used in this study.
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