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PREFACE

Scallops are an important group of molluscs that have contributed
to the affairs of man for many years. In the last century scallops have become
economically valuable in many countries throughout the world. Natural stocks
support large fisheries and aquaculture operations contribute to about half
the world landings which amounted to over 875,000 tonnes in 1990.

International Pectinid Workshops have been held more or less
biennially since they were first convened in Baltimore, Ireland in 1976. The
purpose of these Workshops is to provide a forum for discussion of all aspects
of research work being undertaken on scallops including, fisheries, biology
and culture. The Workshops have attracted not only scientists but people from
industry and resource managers. By design, Workshops have maintained an
atmosphere of informality to encourage open and free discussion so that
results of most recent research work can be presented and discussed by all
attendees.

The 9th International Pectinid Workshop was held in Nanaimo,
British Columbia, Canada from 22-27 April, 1993 and was attended by 150
scallop biologists and industry people from 17 countries. A total of 64 oral,
21 poster and 10 video presentations were made at the Workshop that covered
seven fields: growth, physiology and nutrition, mortalities and disease,
aquaculture, reproduction and recruitment, genetics, fisheries and general
biology. This attests to the growing interest, number of people involved with
scallop work worldwide and the ever increasing volume of information that is
accumulating on scallops.

Papers from most Workshops have not been published, however, 47
papers presented at the 7th Workshop were published in a single volume and
papers from the 8th Workshop have been submitted for publication. With the
increasing worldwide interest in scallops, it was decided to publish papers
presented at the 9th IPW. Authors were asked to prepare a six page summary of
their paper for publication and this has been followed by some authors. Other
authors preferred to publish a shorter paper or an expanded abstract since
they plan to publish their papers in other venues. For those presentations
where no paper was received, the abstract printed in the program is given so a
complete record of papers presented at the Workshop will be available to the
scallop community throughout the world.

The 9th International Pectinid Workshop could not have been held
without the support of many agencies and these are listed on the following
page. In particular we would like to acknowledge the assistance of the
following organizations whose help aided in sponsoring the Workshop, assisted
people to attend the Workshop and greatly aided in producing this publication:
Department of Fisheries and Oceans Canada, Industry Science and Technology
Canada, Natural Science and Engineering Research Council of Canada, Ocean
Production Enhancement Network, Pacific Biological Station, Province of
British Columbia Ministry of Agriculture, Fisheries and Food, and Technology
Inflow Program (NRC). To all of our sponsors we extend our warmest
appreciation.

Assembling this publication has been a time consuming task. We
extend our warmest thanks to all who have assisted with the publication and to
all the authors who submitted their papers. Because of the bulk of this
publication it was decided to publish it in two volumes for practical
considerations. The first volume contains the sections on General Biology,
Mortalities and Disease, Reproduction and Recruitment and Genetics, the second
volume the sections on Aquaculture, Fisheries and Growth, Physiology and
Nutrition.

Neil F. Bourne, Barbara L. Bunting, Linda D. Townsend

Nanaimo, B.C.
April 1, 1994
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ABSTRACT

Bourne, N. F., B. L. Bunting, and L. D. Townsend. 1994. Proceedings of the
9th International Pectinid Workshop, Nanaimo, B.C., Canada, April 22-27,
1993. Volume 2. Can. Tech. Rep. Fish. Aquat. Sci. 1994: 217 p.

International Pectinid Workshops are held biennally and provide a
forum for open and free discussion on a wide spectrum of topics concerning
scallops. The 9th International Pectinid Workshop was held in Nanaimo, British
Columbia, Canada, 22-27 April 1993 and was attended by 150 people from 17
countries who made 64 oral, 20 poster and 10 video presentations.
Presentations were divided into seven categories; growth-physiology-nutrition,
mortalities and disease, aquaculture, reproduction and recruitment, genetics,
fisheries and general biology. This publication presents the papers or
expanded abstracts of papers presented at the 9th International Pectinid
Workshop. For practical considerations it is being published in two volumes.
The first volume contains those sections on General Biology, Mortalities and
Disease, Reproduction and Recruitment and Genetics, the second volume contains
those sections on Aquaculture, Fisheries and Growth, Physiology and Nutrition.
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RESUME

Bourne, N. F., B. L. Bunting, and L. D. Townsend. 1994. Proceedings of the
9th International Pectinid Workshop, Nanaimo, B.C., Canada, April 22-27,
1993. Volume 2. Can. Tech. Rep. Fish. Aquat. Sci. 1994: 217 p.

Des ateliers internationaux sur les pectinidés ont lieu & tous les
deux ans et constituent une tribune permettant une discussion libre et ouverte
sur une vaste gamme de sujets concernant les pétoncles. Le neuviéme atelier
international sur les pectinidés a eu lieu & Nanaimo, en Colombie-Britannique
(Canada), du 22 au 27 avril 1993; y ont participé 150 personnes venues de 17
pays. On y a présenté 64 communications, 20 séances d’'affichage et 10 vidéos.
Les présentations ont été réparties en sept catégories : croissance-
physiologie-nutrition, mortalité et maladies, aquaculture, reproduction et
recrutement, génétique, péches et biologie générale. On trouvera dans la
présente publication les articles ou résumés des communications présentées
lors de ce neuviéme atelier. Pour des raisons pratiques, ce document comporte
deux volumes. Le premier volume regroupe les communications portant sur la
biologie générale, la mortalité et les maladies, la reproduction et le
recrutement, et la génétique; le second, celles portant sur l’aquaculture, les
péches et la croissance, la physiologie et la nutrition.
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EXPERIMENTAL SCALLOP CULTURE USING HATCHERY-PRODUCED JUVENILES
X. Caisey, P-G. Fleury, and G. Vincent

IFREMER, Direction des Ressources Vivantes,
Centre de Brest, BP 70, 29280 Plouzané, France

ABSTRACT

Due to the decline of king scallop, Pecten maximus, populations,
the French and Brittany governments financed a program to re-seed scallop
beds. Results of previous studies by IFREMER showed that regular spat
production in the wild was insufficient to maintain adult stocks. 1In 1981,
they began to produce scallop spat artificially in hatcheries. Later, a spat
production program was organized that had three successive stages:

s production (two months) of 2 mm postlarvae in a hatchery-nursery;

2. intermediate culture of juveniles from 2-30 mm in cages (six to
nine months);

3. on-bottom growout for three years.

Scallops were dredged two or three years later when they were greater than 100
mm shell height and weighed 130 to 150 g each. Recapture rate was variable,
25 to 50% of estimated stock. 1In the immediate future, the rapid development
of hatchery technology may lead to an increase in spat production and a
decrease in costs. However, poor survival rate of spat when transferred to
the sea is a limiting factor for production. Other limiting factors are
mortality due to predation and dispersion, and the quality and availability of
sites. At present, harvest is about 100 t of scallops from annual seedings.
The problem is whether this type of production is economically viable without
public financing. Production would have to finance the complete operation:
about 0.10 FF (less than 2 cents) for postlarvae and 0.60 FF (10 cents) for
juveniles, i.e. 15 to 20 FF/kg (3 or 4 US$) to produce scallops commercially,
including harvesting costs. Groups of fishermen in conjunction with IFREMER
have begun experimental scallop culture trials in other areas. Breton oyster
farmers are also looking at the feasibility of scallop culture in conjunction
with culture of the European oyster, Ostrea edulis, which also requires low
culture densities and a three-year breeding cycle.



RECENT DEVELOPMENTS IN BAY SCALLOP, ARGOPECTEN IRRADIANS,
CULTURE IN CHINA

K.K. Chew' and Z. Fusui?

!school of Fisheries, University of Washington, Seattle,
Washington 98195, U.S.A. and 2Institute of Oceanography, Academia
Sinica, Qingdao 266071, People’s Republic of China

INTRODUCTION

A recent review of bay scallop, Argopecten irradians, culture and
fisheries in Shandong and Liaoning Provinces, in the northern portion of the
Yellow Sea (Bohai Sea), was conducted in March 1993. Several attempts were
made to introduce the east coast United States bay scallop to China between
January 1981 and December 1992. The first two attempts met with failure, but
the third group of 120 scallops received on December 16, 1982, met with
success. Twenty-six individuals of this third group survived and were
subsequently conditioned and spawned in early 1983. A major scallop fishery
has developed for several coastal areas in both provinces.

The Chinese have an indigenous species which is already cultured
from hatchery seed. The Chinese scallop, Chlamys farreri, requires two to
three years to reach 5-7 cm in size whereas the bay scallop, now cultured in
China, normally requires less than ten months to reach a similar size. This
was one of the principle reasons why the Chinese wanted to attempt culture of
this species. It should be noted that the bay scallop (Fig. 1) which was
introduced from the United States is hermaphroditic, whereas the Chinese
scallop has separate sexes.

The successful introduction has led to substantial economic gain
for some of the regional marine culture areas surrounding the Yellow and Bohai
Seas. From the original 26 individuals which were first spawned in the
beginning of 1983, the latest estimate of production for China was placed at
130,000 t live weight in 1992 (Fig. 2). Recent reviews have shown that
scallop culture is now undertaken in many of the major areas as shown in
Figure 3. The major producting areas are located on the east side of Liaodong
Bay near the township of Jinzhou, Liaoning Province, in Laizhou Bay and the
Qingdao-Jiaonan region of Shandong Province. Of these three areas, Laizhou
Bay appears to produce the best growth in the bay scallop. It is postulated
that the Laizhou Bay area, which is influenced by the Yellow River, has a
range -of salinities of 24-31 ppt. The slightly lower range of salinities
coupled with a high nutrient load in Laizhou Bay from the Yellow River,
appears to be better for cultivation of bay scallops.

A few comments about bay scallop culture and related issues are
appropriate.

HATCHERIES

It appears that numerous hatcheries are present throughout the
growing areas. As an example, there are approximately eight hatcheries near
the township of Laizhou and 44 hatcheries in the Penglai-Yantai areas. There
are 30 or more hatcheries around the Qingdao and Jiaonan growing regions.

All hatcheries follow a standard procedure and most grow three to
five species and/or types of algae. One alga grown in all hatcheries is
Phaeodactylum tricornutum, a larger diatom which is used for feeding
broodstock that are being conditioned. It is also mixed with other algae for



feeding larger scallop larvae. Also cultured is Isochrysis galbana and
Pyramimonas sp., which are used primarily to feed the larvae. It should be
mentioned that I. galbana has been brought from the United States, but its
culture has apparently not been highly successful. It grows well under
culture in 20 1 containers; however, once it is put into the larger tanks for
batch culture, it usually crashes. The Chinese stated they were able to
isolate two strains of similar I. galbana from Haiyang County in Shandong
Province (to the northeast of Qingdao). These two new strains proved to be
easy to culture. One is a high temperature I. galbana, growing best at 30°C,
whereas the other strain grows best a lower temperature of 20°C. Other types
of algae such as Chlorella sp. are also used, but mostly cultured are the
basic species noted.

Scallops are brought into the hatchery during March, when the
temperature is still cold. The temperature of the water for broodstock is
increased 1°C every one to two days until a temperature of 23°C is reached.
Generally, round 15 m’ cement tanks are used for conditioning adult bay
scallops. Once the temperature reaches 23°C, an estimated 70-80 scallops are
added per m’ of tank space and allowed to spawn. When egg density reaches
50/ml in the tank, the adult broodstock are transferred to another tank for a
second spawning. This second batch usually does not have as good larval
development and/or survival, but sufficient larvae are obtained to make it
economically viable. Usually after the second spawning the broodstock is
placed in cooler water and slowly reconditioned for another spawning in 20
days. Again, survivorship from this third spawning is not generally as good
as the first spawn, but it takes less time to condition them for the third
spawning. The first spawning is the best. Generally broodstock are
conditioned for spawning during the last week of March and throughout April.

NURSERY

When eyed larvae are observed in hatchery tanks, a special densely
braided netting is placed in the tanks to catch the metamorphosing larvae.
Ten to fifteen days later (depending on temperature), the netting is placed in
a small mesh (0.4-0.5 mm) bag and hung on longline systems in the sea. One
month later they are retrieved, washed, and the spat collected. Approximately
1000 spat are placed into a small mesh bag and hung out again on the longline
system. The scallops are allowed to grow to 5 mm in these bags for 2.5
months, at which time they are large enough for commercial sales. Generally,
spat are separated and thinned and held in bags at densities of 200-300 of the
same size for another 20 days, until they reach a size of approximately 1.0
cm. In some areas they are then held in intermediate lantern nets with small
mesh until they are approximately 2.5 cm, at densities of approximately 200
per compartment. On reaching 2.5 cm, the scallops are transferred to regular
large mesh lantern nets (but with the same outside dimension) to give a
density of 30-35 per layer and left until harvest. In some areas, no
intermediate lantern nets are used, and cultivation goes through various size
mesh bags until the scallops reach 2.5 cm before transferring them to the
final lantern nets for growout to harvest size.

GROWOUT

Generally, when bay scallops are placed in the final lantern net
for growout to harvest size, the only maintenance is periodic cleaning of the
net or even changing nets if fouling is severe. The time from seed collection
in April to the time of harvest in October-November is brief. Longline systems
cover vast areas, e.g. in Shandong Province, over 35,000 MU (2350 ha) surface
area is used for bay scallop culture.



NEW STOCKS INTRODUCED

Two new stocks of bay scallops were introduced in 1991 from the
east coast of North America. One was from eastern Canada, which is presently
being conditioned and spawned to produce an F2 generation. The other is
similar to the original stock from Florida and will be used primarily in the
southern part of China. No attempts have been made to interbreed the various
stocks. The eastern Canada stock appears to have good potential for the
region, since it appears to grow to a larger size. The Florida stock was found
to be doing well under experimental conditions in Guangxi Province in southern
China. The Florida stock has a faster growth rate and attains commercial size
faster than stocks in the northern areas. A new hatchery is being built in
Guangxi province to breed this Florida stock.

DISEASE CONCERNS

There are two concerns about the introduction of bay scallop
stocks. First of all, although the original introduction was small, it is
essential to maintain a great heterozygosity in order to sustain a fisheries
of 130,000 t. Some recent evidence, i.e. survivorship of larvae in some
hatcheries, may indicate reduced heterozygosity of broodstock. The second and
main concern is called velum disease which occurs during culture of the
larvae. Ciliary cells of the velum begin to slough off and the larvae die in
mass. The cause of this disease is unknown, but it may be due to possible
environmental problems related to hatchery practices, viral infestation, or
other causes. Another concern is more frequent evidence of mantle recession
in adults, where the edge of the mantle is pulled back from the edge of the
shell. According to scientists, this condition usually results in poor larval
success. It is unknown whether both conditions are related to genetics,
environmental conditions, or viral diseases.

CONCLUSIONS

Bay scallop culture in China has obviously provided economic
benefits for Shandong and Liaoning Provinces, but scallop growers are becoming
concerned with the increasing evidence of larval mortalities. However, it is
expected that scallop fisheries will continue to expand. One possible area
for extension is polyculture, growing bay scallops with the Chinese marine
white shrimp, Penaeus chinensis. It has been found that when bay scallops are
grown on the bottom of shrimp ponds they reach a larger shell size in a
shorter time than when cultured in the sea. Further, scallops grown in shrimp
ponds tend to have a larger muscle, almost double in size, than when cultured
in the sea. Faster growth rate and larger muscle size may be due to the high
nutrient load in shrimp ponds.

Most other coastal provinces south of Shandong and Liaoning
Provinces are experimenting with bay scallop culture. As a result of new
introductions from eastern Canada and Florida, it may be possible to
interbreed these stocks. However, it is recommended to proceed slowly with
interbreeding until a better understanding of the discreteness of stocks is
obtained through protein analysis.



Fig. 1. 1Introduced bay scallop, Argopecten irradians, in Jiaonan, China.
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Fig.2. Production of bay scallops, Argopecten irradians, in China.
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OCEANOGRAPHIC CONDITIONS CONDUCIVE TO CULTURE OF THE JAPANESE
SCALLOP, PATINOPECTEN YESSOENSIS, IN BRITISH COLUMBIA, CANADA

" S.F. Cross

Aquametrix Research Ltd., 204-2527 Beacon Avenue,
Sidney, British Columbia V8L 1Y1l, Canada

ABSTRACT

The waters of Little Espinosa Inlet, located off the northwest
coast of Vancouver Island, have demonstrated the highest growth rates and the
best survival of hatchery produced Japanese scallop seed (1-3 cm) in British
Columbia. This paper describes spatial and temporal changes in the water
column properties of this unique oceanographic system, and discusses these
conditions in terms of scallop growth and survival. A synopsis of important
site selection criteria, based on the three year evaluation of our site, is
also provided. It was found that site bathymetry plays an important role in
maintaining water column stability and in ensuring that an optimum salinity
and temperature environment is provided throughout the year at this site. Cold
water entering over an outer sill (inlet mouth) during flood tides replenishes
the lower water column water, while warmer water is withdrawn from the inlet
across the surface during the ebb tide. At midsummer, the warmer surface water
extends as low as 5 m (the upper zone in which our scallops were grown).
Although plankton availability increased during this period, growth was
retarded once water temperature reached 12.5°C. When temperatures exceeded
16°C, mortality increased. The sensitivity of the Japanese scallop to water
column instability, particularly with respect to salinity and temperature,
makes proper site selection essential for this species. Our success with
culture of this species is directly related to the oceanographic conditions of
the site.

INTRODUCTION

In the mid 1980’s, the Japanese scallop, Patinopecten yessoensis,
was introduced to the west coast of Canada through the Canadian Federal
Department of Fisheries and Oceans (DFO). Given the extremely limited wild
scallop fishery on this coast, it was decided that importation of a suitable
culture species would contribute significantly to the shellfish culture
industry on this coast. Employing all necessary quarantine and screening
precautions with introduction of this species, procedures for hatchery
production of seed were developed at the Pacific Biological Station in
Nanaimo. These procedures have since been transferred to industry, and are
presently employed by a single hatchery facility (Island Scallops Ltd.)
located on the east side of Vancouver Island.

With the seed production aspect of Japanese scallop culture in
British Columbia initiated and controlled by hatchery techniques, focus has
now turned to growout phase of the culture process, and to identifying
approaches and growing conditions which will optimize scallop growth while
minimizing pre-harvest mortalities. In the spring of 1989, Aquametrix
Research and Espinosa Mariculture initiated an independent study to examine
the commercial feasibility of growing Japanese scallops off the northwest
coast of Vancouver Island. The objectives of this study were to:

1 determine seed transportation mortality (from hatchery to growout
site);
2. estimate timing and magnitude of mortality through the growth

cycle;
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3. explore husbandry techniques and procedures which might
optimize scallop growth;
4. assess scallop growth characteristics in relation to the

oceanographic characteristics of the growout site.

This paper includes a preliminary discussion of the results for
objective 4, providing a description of our study site in terms its physical
oceanographic characteristics, and a summary of how these site attributes
contribute to the success of scallop growth and survival. A summary of these
data is subsequently used to stress the importance of site selection and
proper evaluation procedures for scallop culture growout on this coast.
Presentation and discussion of the performance information (objectives 1-3)
will be provided in future publications.

MATERIALS AND METHODS

STUDY SITE DESCRIPTION

Our foreshore study site is situated within the southern arm of
Little Espinosa Inlet which is located along the northwest coast of Vancouver
Island just north of Nootka Island. The site is within 5 km of the mouth of
Esperanza Inlet, a comparatively large passage which faces southwest into the
open Pacific and is therefore directly influenced by the coastal upwelling
processes discussed earlier.

The southern arm of Little Espinosa Inlet is approximately 2 km
long, 500 m in width, and is aligned due north-south. As the majority of storm
tracks occur in a southeast-northwest or a southwest-northeast direction, our
site never experiences the direct effects of wind. As the inlet is a
relatively short body of water it does not provide adequate fetch for any
build-up of wind-induced wave or swell motion through the site even if air
movement occurs along a north-south vector.

Since the shallow entrance to Little Espinosa, approximately 10 m
in depth, is 90° to the long axis of inlet, no significant wave swell,
produced outside of the inlet system, can be relayed effectively through our
growout site. Tidal currents across the mouth of the inlet reach 4-6 knots,
and as a consequence the epibenthic communities within this area are rich with
filter feeding macroinvertebrates, including a healthy population of rock
scallops, Crassadoma gigantea.

At the north end of the south arm a very narrow and shallow
passage separates our growout sites from the upper basin of Little Espinosa
Inlet. Referred to as the Causeway, water movements through this opening come
to a complete stop for only minutes during the change in tidal direction. As
this passage, which is merely 5 m across and 2 m in depth, separates two
relatively large bodies of water, the diurnal tidal fluctuations which must
transfer water through the causeway typically result in tidal height
differentials which create water movements of 800 cm/sec through this passage.

The shallow sills located at the mouth of Little Espinosa Inlet
and at the causeway produce an isolated basin with an average centreline depth
of approximately 55 m. The inlet is not sufficiently deep so as to support a
stagnant, anoxic bottom environment as is so often found in many coastal
fjords. With the exception of beaches situated on either end of this arm, the
minimal littoral formations along the sides of the inlet, with relatively
steep subtidal slopes, enhance installation of suspended culture systems along
the foreshore.
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STUDY DESIGN

In 1989 Aquametrix Research, in cooperation with Espinosa
Mariculture, designed and initiated a study to examine the potential for
scallop production at the Little Espinosa site. In addition to documenting
growth and survival of scallop seed with depth, the continuing study has
obtained information on the effects of growout density on culture success, and
collected extensive information on spatial and temporal changes in
oceanographic characteristics of this inlet system.

A monitoring program was established at one month intervals over
the entire three year study. During each site visit, an oceanographic survey
at four inlet centreline stations, plus one located outside of the inlet,
included a water column profile of temperature, salinity, and dissolved
oxygen. The continuous data-logging CTD used to accumulate this information
was also deployed at each of the four stations during both the ebb and flood
tides to establish movements of outflow and inflow water across the study
site.

Oceanographic information obtained through this monitoring program
was related to scallop growth and survival data, which was collected
concurrently.

RESULTS AND DISCUSSION

OCEANOGRAPHIC CRITERIA

The Japanese have identified three basic site criteria which
should be considered when attempting to grow P. yessoensis. These include:

1. maintenance of low-moderate water temperatures (7-10°C);
2. sustaining high water column salinity (>28 ppt);
Ba minimizing movement, or motion, of the culture apparatus.

These general oceanographic characteristics, considered important to
successful culture of P. yessoensis in Japan, can be readily employed in a
gross water column evaluation of the British Columbia coastline to delimit
specific areas capable of sustaining scallop culture. The coast of British
Columbia, comprised of a variety of deepwater habitats including sheltered
inlets, small and large embayments, exposed open foreshore, constricted high-
current passages, etc., provides considerable opportunity for commercial
scallop culture given the proper consideration of the site-specific
oceanographic characteristics of each site.

Although gross spatial oceanographic information does give a
general indication of regional differences in surface water temperatures,
salinities and circulation patterns, it does not imply that it is a good site
for the Japanese scallop. One must remember that this shellfish species is a
deep water, epibenthic animal, and is therefore not adapted to the
oceanographic fluctuations often represented in coastal surface waters.

STUDY SITE CHARACTERISTICS

Temperature-Salinity Profiles

As Little Espinosa Inlet is influenced only by seasonal inputs of
freshwater, which are associated with winter rainfall events, the summer
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salinity profile, which reflects west coast conditions is vertically uniform
and maintained at a high salinity of between 30 and 31 ppt. Summer temperature
profiles indicate a distinct thermo-gradient, with warm surface waters
gradually displaced with cooler waters at depth.

During winter months input of freshwater to the surface waters
results in a concurrent reduction in both temperature and salinity. A
thermocline and pycnocline corresponding to the freshwater lens which is
created over the inlet’s surface extends to approximately 3-5 m. Below this
layer, salinity becomes vertically stable, again between 30-31 ppt, and
temperatures are uniformly cool at between 7-8°C.

Analysis of data collected over diurnal tidal cycles suggests the
presence of a density related circulation gyre through the inlet. On the flood
tide, cool high salinity water entering over the outer sill sinks to the
bottom of the inlet and maintains the stability and similarity of this lower
water column with that of the outer coastal waters. During the falling tide
the movement is primarily surface driven, with the warmer and seasonally less
dense water moving seaward and over the outer sill. Within either side of the
tidal cycle, deeper water is likely upwelled near the causeway and entrained
within the surface waters at this point.

T/S Effects on Scallop Growth/Survival

Although salinity remained stable at between 30-31 ppt below
approximately 4 m, temperature changed considerably throughout the water
column, over the annual sampling period. Figure 1 summarizes the growth and
survival data collected over two consecutive years for each of two distinct
batches of scallop seed. For each experiment, the scallops showed an average,
linear growth rate of between 5 and 7 mm/month. Retarded growth (RG), or
deviation from this linear growth pattern, occurred during the summer months
when water temperatures exceeded 12.5°C.

Slow growth was sustained above this temperature with no increase
in mortality until such a time as water temperatures attained or exceeded
16°C. The percentage of mortality incurred is shown by the bars. Natural,
"background" mortality of between 0.5 and 1.5% was typical of any sampling
period during the year. However, when temperatures exceeded 16°C, mortalities
as high as 17-21% were recorded.

Vertical changes in temperature and salinity represent seasonal
events within coastal waters which can and should be closely monitored prior
to deploying a scallop suspended culture system. Proper delimitation of
pycnoclines and thermoclines within the site, as well as seasonal changes in
the extent of the surface layer, will provide valuable information on the
optimum placement of growout structures within the water column.

At our site, for example, down or drop lines have been established
no closer to the surface than 7.0 m, thereby avoiding fluctuations in salinity
and temperature associated with freshwater intrusion and summer heating.
Placement of the longline backbone within the surface waters results in a
periodic emersion in freshwater and a coincidental cleaning of any fouling
which may develop on the surface on the line.

Motion

Motion, whether wind-induced or tidal current action, was not
substantial at any time of the year at our site. During extreme outer coast
storm events, the deflected winds through the inlet resulted in a surface chop
of no greater than 0.5 m. In fact, unlike the Japanese growers, who culture
scallops on submerged dampened longlines to minimize wave-induced motion, we
have chosen to grow our animals on standard surface longlines which are much
more easily handled.
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Site selection and evaluation must define, a priori, what (if any)
type of motion may influence the growout apparatus, and thus the scallops, at
a site. Both tidal currents and wave-induced motion will most likely affect
survival of these animals. Where wave-induced motion can cause vertical
agitation of scallops, tidal currents pose a horizontal force which may cause
significant bowing of the drop lines and result in a comparable stress, even
if submerged lines are employed to mitigate wave action effects.

Quantification of climatological information and tidal activity
through a potential culture site thus represent important site selection
considerations for coastal scallop production. Use of Japanese anchoring
systems and longline arrangements may not necessarily solve the potential
problems of motion for this coast.

CONCLUSIONS

The sensitivity of P. yessoensis to temperature, salinity and
motion have important implications to site selection. As suggested in the
previous discussion, surveys for appropriate grow-out or production sites
should be initiated within coastal regions known to provide these basic
oceanographic requirements. Once a potential site is selected, one would be
well advised to review all of the available oceanographic information for the
site, and if such information in unavailable, to implement an independent
seasonal survey to identify water column dynamics for the site.

Japanese scallops do not tolerate large deviations in either
temperature or salinity. One should remember that this species occurs
naturally on the bottom, in deep water. Conditions in these types of
environments are generally more stable, and are not impacted by seasonal
changes in temperature or in salinity as are surface waters.

Unlike many northern latitude regions of the world, the thousands
of kilometres of convoluted coastline comprising British Columbia offer a
choice of potential suspended scallop culture sites. The capability of these
sites to sustain commercial production will depend largely upon initial site
selection evaluations.
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Fig. 1. Japanese scallop growth and survival with respect to water column
temperatures at depths of 5 and 10 m. Two distinct seed batches demonstrate
retarded growth rates (rg) at water temperatures above 12.5°C and show
increased mortality (im) when temperatures reach and exceed 16°C. Growth is
measured as shell height (cm) and mortality is expressed as a percentage.
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EXPLOITING LIFE-HISTORY CHARACTERISTICS OF THE SEA SCALLOP,
PLACOPECTEN MAGELLANICUS, FROM DIFFERENT GEOGRAPHICAL LOCATIONS
IN THE CANADIAN MARITIMES TO ENHANCE SUSPENDED CULTURE GROWOUT

M.J. Dadswell' and G.J. Parsons*®

'Department of Biology, Acadia University, Wolfville,
Nova Scotia BOP 1X0 and ’Department of Zoology,
University of Guelph, Guelph, Ontario N1G 2W1l, Canada

ABSTRACT

Sea scallops on the Atlantic coast of Canada exhibit both annual
and biannual spawning cycles depending on their geographical location.
Populations with annual cycles normally spawn during late summer (August-
September) and collected spat can be grown to commercial size (90 mm shell
height, 15 g meat) in suspended culture in 33-36 months. Populations with
biannual reproduction usually spawn both during early summer (June-July) and
during fall (September-October). Spat collected from the early cohort can be
grown to market size in 25-27 months while the late set requires 36 months for
growout. Use of early spawning populations for spat collection or hatchery
production will significantly reduce the growout period for this scallop.
Strategies exploiting both population types would yield a steady supply of
market size scallops for the farmer, especially if an assortment of end
products were desired (i.e. 50-70 mm live markets, 120 mm roe-on).
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SEED-RECAPTURE OF THE SCALLOP, PECTEN MAXIMUS, BY
COMMERCIAL DREDGING IN THE BAY OF BREST DURING 1991-92

J-C. Dao', J. Barret?, and M.L. Muzellec?

'IFREMER DRV/RA, Centre de Brest, BP 70, 29280 Plouzané and
’CLPM Finistere-Nord, 17 rue J.M. Le Bris, 29200 Brest, France

ABSTRACT

A seed-recapture study of the king scallop, Pecten maximus, was
part of a 10 year program that will end in 1993. As a result of previous work
(Dao, presented at 8th. International Pectinid Workshop) two areas were
selected in the Bay of Brest in 1989 to study the relationship between seeding
and commercial harvest by dredging. The first area of 50 hectares was closed
to dredging during the experiment. The second area, of 200 hectares, was
seeded immediately after the fishing season in order to let the juveniles grow
for the first months without any disturbance before commercial fishing began.
Between May 1989 and April 1990, 1,035,000 juveniles of 25-30 mm were seeded
to give a density of 1 scallop'm?. From November 1991 to February 1992, 40 t
of cultured scallops were harvested, representing 40% to 50% of the total
number of scallops on the grounds. Recapture rate of seeded scallops was 20.8%
by number, but 6% of the remaining scallops after the fishing season were
seeded scallops. Seeding operations were undertaken in several batches and
variability between-batches was greater than the variability between-areas.
Results of this work show that the two strategies can be used for further
management of the resource and that improvement can be expected with better
husbandry of early juvenile stages.

INTRODUCTION

Experimental seeding of juvenile king scallops, P. maximus, is
part of a national research program that will end in 1993. The program
developed technology for scallop aquaculture, through hatchery production of
juveniles, intermediate culture of juveniles in trays set in rigid frames on
the sea floor, followed by seeding at various sites in accordance with local
enhancement strategies. Fishermen from the Bay of Brest and Bay of Saint-
Brieuc have been involved in all these operations.

In the Bay of Brest, seeding was first undertaken to restock
depleted stocks (Dao et al. 1985), but this goal was reviewed in 1988 after
initial results showed low survival rates due to environmental disturbances in
the experimental area. The new management objectives of this project were:

1 test scallop ranching by harvesting animals 2-3 years after bottom
culture when they had achieved commercial size;
2 concentrate culture in the deeper parts of the Bay which are less
sensitive to environmental disturbances;
3. compare two strategies for scallop enhancement management:
a. seed an area and keep it closed to fishing during the
entire experimental period;
b. seed an area but subject it to regular harvesting.

In the second experiment, seeding occurred during the annual closed season in
order to avoid disturbance from fishing gear during the first months following
seeding.
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MATERIALS AND METHODS

Before seeding, a survey was carried out on the different areas of
the Bay using a dredge with an underwater video camera (Merrien 1980; Dao et
al. 1985). In conjunction with fishermen, two sites were identified with
sandy-mud substrate at a depth of 18 to 25 m: Le Caro and Roscanvel (Fig. 1).

At the first site (Le Caro) an area of 50 hectares was subjected
to a restricted fishery. The opening for commercial fishing was restricted to
hours and days in order to determine landings and fishing effort. At the
second site of 200 hectares (Roscanvel) seeding occurred in early spring so
that juveniles would reach a size of 50 to 70 mm before they were disturbed by
fishing (two fishing seasons occurred during the experiment).

Two seedings were carried out at both sites to give a planting
density of 1 juvenile'm™:

1 Le Caro: 190,000 juveniles of 30 mm shell height in May and
295,000 in September 1989;

24 Roscanvel: 150,000 juveniles in May 1989 and 660,000 in April
1990.

During the experiments, regular sampling was undertaken by divers
to assess biochemical condition and state of maturity of the scallops.
Sampling also assessed any potential abnormal mortalities. After one year,
density was estimated as 0.34 to 0.6 scallops-m®”.

At the time of harvest, fishermen completed logbooks giving
information on species caught, daily catch and fishing site. Data return has
been excellent (80%). Visual counts were made of the number of boats at the
two sites and sampling was conducted at each landing port. Sampling was
intended to determine the ratio of cultured and noncultured animals through
identification of a stress ring layed down at seeding.

Two surveys of biomass were conducted at each of the two sites
using an experimental dredge (small sized rings, video camera) before and
after commercial fishing. This method is currently used in the Bay of Saint-
Brieuc for stock assessment (Dao et al. 1985; Fifas 1991).

RESULTS

Results are presented in Tables 1 and 2. Buyers and consumers did
not find any difference between wild and cultured animals.

LE CARO

This area was harvested for eight days in December 1991. After
this period, it was determined that there was no difference in scallop density
between the experimental site and the surrounding natural area and hence there
was no reason to maintain the special closure regulation. Logbooks indicated
that subsequent catches in January and February increased total landings by
about 10%. :

Total landings were estimated at 23 t, of which 66.5% by number
and 64.3% by weight was from seeded scallops. This represents 51,300
individuals from the May seeding and 41,300 from the September seeding. This
was confirmed by experimental dredging (39,700 and 45,300 individuals,
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respectively), which was similar to the reported composition. The difference
in proportion of animals from the two seedings was due to discarded
subcommercial sized scallops during the fishery (80% of scallops from the
first seeding were commercial size, 60% of scallops from the second).

The two surveys produced similar data on survival rate. It was
estimated that about 17,8000 scallops remained from the May seeding and 12,500
from the September seeding. Calculated biomass from experimental dredging
before harvesting was 70% compared to the actual landings. This indicates some
problems with the methodology for direct evaluation of biomass (efficiency of
the dredge, area occupied by the animals). However, we can conclude that
recapture rate of planted seed was 19% and the minimum survival rate was 26%.

ROSCANVEL

The seeding site was located inside the best fishing area in the
Bay. Boats concentrated their fishing effort at the beginning of the season in
this area and quickly found the exact position where higher yields could be
obtained. It was estimated that the fleet remainded on the seeded area for the
two first months and later fished the general "Roscanvel" ground. When the
different landing and sampling data were combined, as was done for Le Caro,
the number of recaptured scallops was estimated at 177,050 individuals (25 t).

As at Le Caro, only some of the scallops (46%) attained commercial
size when the sampling survey was undertaken one month before the commercial
fishery began. Growth continued during autumn and some animals just below the
minimum commercial size that were discarded during the first part of the
harvesting season would be captured later. This would explain the low number
of scallops caught after the fishing season.

A better estimate of biomass was obtained at Roscanvel than at Le
Caro because the bottom had a regular sandy-mud substrate and the dredge was
more efficient on this type of bottom. The estimated number of scallops was
258,000 with 233,000 from the April 1990 seeding. This gave a survival rate of
32% and a recapture rate of 22%. Fishing effort was much higher here as seen
by the number of scallops remaining after harvest compared with the May 1989
seeding at Le Caro.

The first seeding at Roscanvel gave poor results. This was due to
methodology. Scallops were sown on another part of the bed at too low a
density to give accurate results. Survival rate of 17% was estimated from
survey results but sampling at landing ports in November and December
indicated it was only 4.7%. The low number of scallops remaining after the
survey suggests they were exploited late in the harvesting season. If only the
April 1990 seeding is considered, the estimated survival rate was 35% by
survey sampling and 31% from sampling landings and animals remaining on the
beds, giving a recapture rate of 26%.

DISCUSSION

Evaluation of all biological parameters for successful bottom
culture of scallops must be improved. This is a long term project that
requires several technologies. A major problem encountered was estimation of
the final area where the scallops were distributed. This is necessary in order
to relate the sampling to biomass. Further, the precise efficiency of the
dredge must be calibrated for each site and type of substrate. The size of the
experiment in Le Caro was too small and gave excessive "edge effects".



‘ = 19 -

However, the experiment did provide basic data for further
economic analysis such as recapture rate during commercial fishing (Paquotte
and Fleury 1994). Catch per unit effort cannot be determined at Le Caro since
most of the tows were made partly out of the seeded area.

During fishing operations, the secondary effect of incidental
capture of undersized scallops was discovered. It is known that scallops can
be discarded and recaptured during harvesting, thus introducing a mortality
due to additional stress. However, fishermen retain undersized scallops for
personal use and release very small animals in other areas so they can catch
them in the following fishing season. It would have been better in this
experiment to delay fishing for one year, however, it was necessary to obtain
results rather than wait and determine the optimum recpature rate.

CONCLUSIONS

The two seeding trials indicate that sea ranching of scallops was
technically successful and could be undertaken for commercial harvesting. The
average percent recapture was 21% but this could be increased to 25-30% with
improvements in husbandry. Two growout seasons on the bottom is a short time
in the Bay of Brest, and a third would be better and also increase biomass.

Results of the two harvest strategies did not differ greatly.
Recapture rates for the two spring seedings were similar (27% at Le Caro, 25%
at Roscanvel). However, fishing pressure was not the same. There were three
years of growout at Le Caro with a large number of unharvested scallops and
two years at Roscanvel and a high fishing effort. These differences caused an
increase in the survival rate estimated from the landings: 36.5% against
30.1%, respectively. If this result is confirmed in future trials, the
management benefits of closing a seeded area to fishing would be clearly
demonstrated.

From the four individual seedings, we obtained various results
showing the importance of husbandry and management during growout. There were
more differences between seedings than between sites. This was probably due to
a number of uncontrolled factors (stress during transportation, size at
seeding, predation at different seasons, etc.). These will be investigated in
the EEC Concerted Action experiment which started in June 1993.

At present, these results have convinced fishermen and local and
regional authorities of the benefits of seeding and it will be continiued for
the next three years.
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Table 1. Landings and recapture rate of scallops seeded at Caro and Roscanvel
grounds, 1991-1992.

Landings (t) Mean Recapture Rate
(%)
CARO 15 19
ROSCANVEL 25 22
Natural 40 - 60
grounds
Total 80 - 100

Table 2. Number of scallops sown, recaptured, remaining, and percent survival
at Caro and Roscanvel.

Seeded Juveniles Number Number Survival
(Number, date) Recaptured "Unfished" (%)
CARO
190,000 May 89 51,300 17,800 36.5
295,000 sSep 89 41,300 12,500 18.3
ROSCANVEL
150,000 May 89 7,050 2 or O 4.7

660,000 Apr 90 170,000 32,000 30.7
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INTRODUCTION OF NORTH ATLANTIC SCALLOP SPECIES AS A METHOD TO
STIMULATE SCALLOP CULTURE IN THE PRIMORYE PROVINCE OF RUSSIA

G.A. Evseev and V.Z. Kalashnikov

Institute of Marine Biology, Far East Branch, Russian
Academy of Sciences, Vladivostok 690041, Russia

Scallops are valuable resource throughout the world and are
harvested and cultured in many countries. Most world scallop production occurs
in temperate waters between latitudes 30° and 55° where dense populations of
large-sized scallops occur (Brand 1991). One of the largest species,
Patinopecten yessoensis, is harvested and cultured in the northern part of the
Sea of Japan. Production in Japan ranges from 260,000-280,000 t annually (Ito
1991) and about one fifth of this production is sold in the United States,
realizing more than $100 million (US) per year. In contrast, production of
this species from culture and illegal fishing operations on the inshore
grounds in the Primorye Province of Russia, is scarcely 500 t per year, in
spite of the fact that environmental conditions in Primorye and Hokkaido are
essentially the same. The reason for poor production of cultured scallops in
Primorye is that the government has stressed high seas fisheries and capture
of natural stocks rather than investing in aquaculture.

Recently there has been a change in the direction of the economy
in the far east part of Russia and development of aquaculture will be
encouraged in the next two or three years. However, P. yessoensis is the only
scallop species available for culture in this region. Culture areas for P.
yessoensis are located in the upper shelf zone at depths of 5-30 m in bays and
harbour areas which are exposed to wave action or are on the lee side of
islands in Peter the Great Bay. Increasing industrial effluent is discharged
into these shallow areas. Furthermore, the boundaries of culture areas are
ill-defined. The grounds are readily accessible recreational activities,
tourists and illegal fishing, and local authorities have little control over
these activities. The lack of management of these inshore areas makes
investment in aquaculture unattractive for the next five to seven years. It is
doubtful if conditions will improve before 2005.

The lower part of the shelf from depths of 30-130 m is being
subjected to increased disposal of domestic sewage. This lower zone is not
subjected to fishing and is characterized by small variations in temperature
and salinity and has stable currents that bring a steady flow of nutrients.
The substrate of the lower zone is sand with a mixture of gravel and pebbles
and is inhabited by macrobenthic species, including Liocyma fluctuosa,
Pododesmus macrochisma, Ciliatocardium ciliatum, Serripes groenlandicus,
Turritella fortilyrata, Astarte borealis, and other species. Three species of
byssal-attaching scallops are found in this area, Chlamys erythrocomatus, C.
rosealbus and C. strategus. These three species have a patchy distribution on
the gravel-pebble and rock outcrop areas. Slow growth rate, erratic
reproduction, small muscle size and problems with harvesting and processing
make this group of scallops uneconomical for culture or harvesting compared
with larger-sized free-living species. However, larger free-living scallops
are absent from the lower shelf region in the Sea of Japan and also from the
shelf area in the Sea of Okhotsk.

A comparison of environmental characteristics of the shelf area in
Peter the Great Bay and the northwest part of Primorye indicates that
environmental parameters in the lower area such as temperature, salinity,
substrate, food and hydrodynamics are similar to areas inhabited by the giant
scallop, Placopecten magellanicus, and the king scallop, Pecten maximus. These
widely dispersed and commercially valuable species differ from Chlamys sp. in
that they are larger and have higher gamete production and a faster growth
rate.
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The giant scallop, P. magellanicus (Gmelin, 1791), occurs on the
shelf area of Canada and the U.S.A. from Cape Hatteras (36°N) in the south to
Newfoundland (52°N)in north (Naidu 1991) at depths of 55-384 m in the south
to 2-180 m in the north. The main fishing areas are between latitudes 40° and
45°N in depths of 10-100 m. The species is found on a wide range of substrates
including dense silt, fine and coarse sand, gravel and pebbles mixed with
boulders. Both juveniles and adults prefer substrates that have bottom current
speeds of more than 0.3 m/s.

Gonadal devlopment begins in the first year at a temperature about
1°C and they are ripe during the second year when the scallop is 25-=75 mm
shell height. Spawning occurs generally in August-September but sometimes from
September-December when bottom temperatures have increased to 8°C (Barber and
Blake 1991). Average length of the pelagic larval phase is about 35 days at
15°C. Larvae frequently settle on the lower side of pieces of gravel (Thouzeau
et al. 1991). Juveniles and some adults attach themselves to empty shells and
pebbles with thin byssus. Giant scallops may live for 15-20 years at which
time they are 150-180 mm shell height, but they grow to commercial size in 4-5
years. Optimum growth occurs at 10°C. Lethal temperature for adults is 20-
24°C. Density of self-sustaining populations is between 0.6-8.8 individuals-m?
(Orensanz et al. 1991). Commercial fishing is considered profitable when the
density is more than 0.6 scallops'm?. Predators include several species of
fish, e.g. plaice, sea stars and crabs. At present the price for 1 kg of
muscles is US $14-18.

The king scallop, P. maximus (L., 1758), inhabits shelf areas off
the coast of the U.K., Ireland, France, Spain and West Africa (Brand 1991).
The southern limit of distribution is approximately latitude 30°N and the
northern limit is in the Shetland Islands (61°N) and on the Lofoten Islands
(68°N). King scallops occur in depths from 3-183 m but maximum densities are
between 20-50 m. The main fishing areas are found between latitudes 48° and
56°N. Larvae settle most frequently on substrates that are fine to coarse sand
and gravel. The species is rarely found on silty substrate.

King scallops are hermaphrodites. They are sexually mature at 2-3
years after attaining a size of 50-80 mm shell height. Major spawning occurs
in April-May with a second peak occuring in some areas (Barber and Blake
1991). Water temperature for spawning is 7-9°C (Strand and Nylund 1991) and
15-16°C (Ansell et al. 1991). Length of the pelagic larval stage is 21-33 days
at temperatures of 15-18°C (Cragg and Crisp 1991). Maximum growth occcurs at
temperatures between 4.5-10°C (Dare and Deith 1991). Juveniles lose their
byssus when they are about 15 mm in shell height. Adults live in small pits in
the substrate. King scallops live about 20 years but commercial size is
attained in 5-6 years. Densities of self-sustaining poulations range from
0.01-5.6 scallops'm?. At present the price for 1 kg of adductor muscles is US

$15-20.

A comparison of the ecological and physiological characteristics
of the north Atlantic species with the local P. yessoensis is of interest
(Table 1). The main differences between giant and king scallops compared to P.
yessoensis is growth rate and optimum temperatures for growth which are lower
in the two north Atlantic species. Other marked differences are time of
spawning, type of preferred substrate and type of food. Peak spawning of P.
yessoensis is between the peaks for giant and king scallops, but food ratio of
the north Atlantic species is broader than for P. yessoensis and involves some
detrital material (Bricelj and Shumway 1991). Spawning temperature for all
three species is similar. Optimum salinity, lethal temperatures, age, duration
of the larval stage.and bathymetric requirements are of lesser importance for
such deep water species and may depend on the local environment.

Considering these preqrequisite conditions, two areas of the Primorye
shelf might be suitable for the introduction of giant and king scallops. One
of these is Peter the Great Bay where the substrate in depths greater than 30
m is fine to coarse sand and the water column is well mixed throughout the
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year (Fig. 1). Bottom temperatures rise to 8-10°C during summer (Fig. 2).
Total area that could be used to culture giant and king scallops is 380,000-
400,000 ha. If scallops were cultured at a density of 0.2-0.3 scallops-m-2,
production would be of 30-40 kg (whole weight) per ha. The entire area could
produce scallops worth US $20-30 million per year even at the lowest current
world prices. The second area that could be considered for introduction of
giant and king scallops is northeast of Cape Povorotny (Fig. 3). This is an
area of cold water currents where bottom temperatures rise to 5-6°C in summer
and the smooth shoreline eliminates movement of large-scale water masses. As a
result, the area for scallop culture could be considered as being the upper
and lower shelf zone in which water depths range from 15-45 m. This area is
affected alternatively by cold water intrusions and drift along the shore from
the south. Bottom temperatures in this zone increase to 8-10°C in summer. The
substrate is mostly gravel and pebbles. Populations of P. yessoensis here are
low because of poor recruitment. This area could be used for introduction of
giant scallops. The area available for culture between 15-50 m is 110,000-
130,000 ha. With a minimum commercial density of 0.6 scallops-m-? or a
production of 90 kg (whole weight) per ha, an annual production of US $20-25
million could be realized.

Introduction of giant and king scallops in the Primorye area would
involve a large project and include:

1z development of a hatchery to produce and grow juveniles;

2% transportation of juveniles to growing areas where environmental
conditions, particularly temperature, are inadequate for spawning
but would support growth (similar to culture of P. yessoensis in
Japan and Mytilus galloprovincialis in China);

35 management of the fishery to increase densities to commercial
levels;

4. export of juveniles to the shelf area of Sakhlain Island and the
western part of the Sea of Okhotsk;

5% development of a processing industry that would establish an

industry valued at US $100-120 million annually.

Introduction of these two scallop species could be achieved in
several stages.

1 Experimental production of juveniles. Import 100-200 adult giant
and king scallops from the north Atlantic under quarantine
conditions. Adults would be acclimated and spawned and the larvae
raised to maturity. Juveniles would be grown in cages and then
placed out in experimental areas.

2. Commercial production of juveniles for growout. Continue to
increase production of juveniles and extend the growout area.
Export juveniles out of Primorye area to begin scallop culture in
the northern part of the Sea of Japan, the Sakahalin Island shelf,
the shelf of the Okhotsk Sea and the shelf of the east Korean Bay.

s Establish the infastructure to manage the operation. Management
would include restricting the area for harvest, quotas, limiting
size of the catch, type of vessel and gear. It would also include
sowing of juveniles and rotation of culture grounds.

Introduction of exotic species has been used in other countries,
e.g. P. yessoensis is now cultured on the Pacific coast of Canada and in
France (Cochard et al 1991), Arogpecten irradians was introduced a few years
ago into the Yellow Sea area of China, Crasssotrea gigas is now cultured and
of economic importance in the U.S.A., U.K., France, Spain, Australia and New
Zealand. However, to insure there are no negative effects on the native
benthos from such an introduction into the Russian area it is necessary to:

1. undertake a qualitative and quantitative inventory of existing
benthos;
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2. determine food production and competition for such resources in
the intended areas for scallop culture;

3. continue such surveys after the introduction of giant and king
scallops to determine if new benthic communities have become
established.

None of this work should require a large amount of funding, particularly when
the potential benefits are considered.

This project would be of interest not only to the aquaculture
industry of Primorye Province but also to other countries where production of
giant and king scallops occurs such as France, the U.K. and Ireland, where
there is over 50 years experience in managing and fishing scallops. It would
also be of interest to countries such as Canada, southeast Asia, the U.S.A.,
Japan and even Korea.
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A comparison of characteristics of Placopecten magellanicus, Pecten
maximus, and Patinopecten yessoensis.

Species
Placopecten Patinopecten

Characteristic magellanicus Pecten maximus yessoensis
Geographic area 36-52°N 30-68°N 38-52°N
Depth 2-381m 3-183 m 5-25 m
Substrate type gravel, pebble fine-coarse sand, coarse sand,

gravel gravel
Temperature for 10°cC 4.5-10°C 12-14°C
growth
Temperature for 8-11°cC 7-16°C 12-14°C
spawning
Spawning period August-November April-May, June-July

August-November
Larval period 35 days 21-33 days 20-35 days
Culture cycle 4-5 years 5-6 years 3-4 years
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ARTIFICIAL SEED PRODUCTION AND CULTURE OF SCALLOPS IN SUNGO BAY
J-G. Fang

Yellow Sea Fisheries Research Institute, 19 Laiyang Road,
Qingdao, Shandong 266003, Peoples Republic of China

ABSTRACT

Sungo Bay, at the eastern end of Shandong peninsula, is one of the
most important mariculture areas in China. Scallop culture, initiated in the
early 1970’s, was mainly limited by seed supply. When several hatchery
problems were solved in the late 1970’s, more than 40 hatcheries were
established on the bay, with an annual production of 1.5 billion seed of the
native scallop, Chlamys farreri, and 300 million seed of the bay scallop,
Argopecten irradians. Most bay scallop seed was sold to other cities because
the lower water temperature of Sungo Bay is not sufficient for growth.
However, most of the C. ferrari seed is cultured in the bay. The adequate
seed supply and high economic return encouraged the mariculture companies to
rapidly expand their scallop culture area with high culture densities. Now
about 10% (more than 600 ha) of the total potential culture area in the bay is
occupied by scallop culture, with total annual output of 10,000 t live weight.
The remainder is occupied by Laminaria culture. Accompanying the rapid
development of scallop culture were problems of reduced growth rate, extension
of culture period, increased mortality, and decreased product quality. Local
government agencies attempted to control the scale of scallop culture in the
bay; however, growers were not inclined to reduce culture efforts. Recently,
a new model of polyculture was introduced to understand these problems. The
significant release of inorganic nutrients such as ammonium and CO. by
scallops can be taken up directly by Laminaria, and the O, by-product of
Laminaria photosynthesis may benefit the living environment of scallops.
Meanwhile, the detrital yield from Laminaria is a potential food source for
scallops. The mutual positive effect of polyculture on both scallops and
Laminaria may be effective in obtaining optimal mariculture production in
Sungo Bay.
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KING SCALLOP FARMING IN FRANCE
P-G. Fleury, J-C. Dao, X. Caisey, and C. Mingant

IFREMER, Direction des Ressources Vivantes,
Centre de Brest, BP 70, 29280 Plouzané, France

ABSTRACT

Due to fisheries management problems with natural stocks,
production of king scallops, Pecten maximus, in France is developing more and
more into a culture industry. Rearing techniques for king scallops are
presented. Collection of wild spat is insufficient for the industry, and
hence spat production must rely on hatcheries and nurseries using the
following methods. Adults are conditioned using large quantities of food,
larvae are reared in cylindrical-conical tanks, and postlarvae (metamorphosed
larvae) are set in cylinders with mesh bottom. As in other molluscan
hatcheries and nurseries, phytoplankton must be produced in large quantities.
When spat are approximately 2 mm, they require too much phytoplankton to be
held in nurseries. Hence spat are raised in cages in the open sea for six to
nine months in two stages: "small mesh" cages (500 y to 1.5 mm mesh size) are
used for newly settled and early spat when the shell is thin (translucent),
"large mesh" cages (5 mm mesh) are used when the spat lose their byssus
attachment and the shells becomes thick (coloured). Survival rate is about
30% using this technology. Mortality occurs mostly at the beginning of the
first phase and is due to stress at transfer and to the fragility of the thin
shell. At 3 cm (< 1 year), the juveniles can be seeded on the open sea.
Optimal density is about 10 to 20 scallops'm? (extensive culture). In
intermediate culture, mortality occurs mostly during the first month. 1If
undisturbed, scallops do not move from the depression they dig. Scallops are
harvested by dredging two or three years later when they are larger than 100
mm and about 150 g in weight. The percentage of recapture is variable, from
25 to 50% on seeded sites. Scallop farming is increasing in France (=100 t in
1992), however the two important causes of mortality, transfer to the open
sea and seeding at 30 mm, must be solved to make the operation more
economically viable.



DEVELOPMENTS IN THE INDUSTRIAL PRODUCTION OF
SCALLOP, ARGOPECTEN PURPURATUS (LAMARCK, 1891), SEED
IN SEMI-CONTROLLED ENVIRONMENTS IN THE NORTH OF CHILE

A. Flores-Bricefio, B.L. Garcia, B.A. Trench,
J.C. Véliz, and R. Gonzales-Plaza

Pesquera San Jorge, Bahia Inglesa, Chile

ABSTRACT

During the last year, our production of scallop, Argopecten
purpuratus, seed of marketable size has been raised to ever increasing levels.
However, during the autumn-winter, seed production may be zero due to 100%
larval mortality. Our success rests upon our operation and the management of
certain parameters that explain our 1 million - 10 mm seed production per
month. We start with the individual selection of potential breeders followed
by a 10-day conditioning period. During this time, the scallops are fed a
defined microalgae diet at 17°C. We spawn chosen individuals every 10 days.
Spawning and fertilization are controlled and at 36 hours postfertilization, a
D-larvae is obtained. At 20°C, settlement is induced in 17 days. The success
rate of larval development is due to: the quality of seawater used;
phytoplankton culture; periodic management of larval tanks; larval size
selection; and the use of Nannchloropsis sp. and Isochrysis (Tahitian clone)
as larval food. Metamorphosis and larval settlement are performed at constant
temperature. Netlon nets used as settlement substrate are sent directly to
the ocean. Taken together, all these factors explain the success of our seed

production during the last year.
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DISPERSAL OF SEA SCALLOP, PLACOPECTEN MAGELLANICUS, JUVENILES
SEEDED ON THE BOTTOM OFF THE ILES-DE-LA-MADELEINE,
QUEBEC, CANADA

M. Giguére' and G. Cliche?

'Institut Maurice-Lamontagne, Ministére des Péches et des Océans, C.P.1000,
Mont-Joli, Québec G5H 324 and Ministére de l1’‘Agriculture, des Pé&cheries et de
l’Alimentation du Québec, C.P. 658, Cap-aux-Meules, Québec GOB 1BO

ABSTRACT

Dispersal and predation of juvenile sea scallops are two important
factors in culturing operations and restocking natural beds. Experimental
seeding carried out in 1990 and 1991 off the Iles-de-la-Madeleine (Quebec,
Canada) indicated a rapid dispersal of scallops over the bottom. In 1992, our
objectives were to assess the importance of seeded scallop displacements,
their predation mortality, and changes in the abundance of predators on a
small scale and over a short period. In 1992, a total of 8,980 sea scallops,
Placopecten magellanicus, of four size classes (<35 mm, 36-50 mm, 51-70 mm and
>70 mm) were tagged and seeded in a 30 m x 30 m quadrat. Systematic sampling
was carried out by video and diving surveys. A few days before seeding, the
density of indigenous scallops was estimated at 0.24 scallops/m’. The density
of seeded tagged scallops over time on the 30 m x 30 m seeding site dropped
from 10 to 0.29 scallops/m? over the 44 day study. On the 50 m x 50 m area,
including seeding site, the density change was less drastic, dropping from 3.6
to 1.0 scallops/m?’ over the same period. On the eight surrounding parcels (50
m x 50 m), the density increased noticeably from O to 0.13 scallops/m’ between
the beginning and the end of the experiment. Scallop dispersal was extensive
and rapid. On day three, 70% of the scallops were still concentrated on the
seeding site. On day nine, only 32% of the individuals were left, mainly
concentrated in the southern part of seeding site, suggesting a displacement
in that direction. On July 29 (day 25) the majority of the scallops had left
the central parcel (50 m x 50 m), their distribution was fairly uniform, and
the mean density was about 1 scallop/m?. Displacement after 44 days was more
than 60 m for 49% of the seeded scallops. Orientation of the displacements did
not correspond with movement of the water mass during this period. Short term
displacements seemed to be preferentially toward the south. Size structure of
the scallops showed a strong decrease over time in the frequency of two size
classes, <35 mm and 51-70 mm. The diving survey 44 days after the seeding
revealed 1,150 dead scallops or parts of tagged shells on the seeding site,
which is 12.8% of the total number seeded. Between July 1 (day 4) and August
17 (day 44) the predator density on the study site increased from 946 to 1,454
sea stars per 1000 m? and from O to 123 rock crabs per 1000 m’. Distribution of
the sea stars was, moreover, relatively uniform on the study site. At any
rate, crab predation appears to be the most prominent since the diving
observations revealed that 90% of the dead scallops had broken shells. The
number of predators, sea stars and rock crabs, increased significantly after
seeding.



EXPERIMENTAL CULTURE OF PECTEN JACOBAEUS (L.) IN THE ADRIATIC SEA
O. Giovanardi

Istituto Centrale per la Ricerca Scientifica e Tecnologica Applicata
al Mare, ICRAM, Viale Stazione, 5 - 30015 Chioggia (Venice), Italy

ABSTRACT

Except for experiments carried out in France with Pecten maximus
and Patinopecten yessoensis, no other scallop culture has been attempted in
the Mediterranean Sea. In March 1991 a preliminary scallop culture experiment
was started in an area 2.4 km off Venice in the Adriatic Sea using Pecten
jacobaeus. Juveniles were cultured in lantern nets (Japanese type) and in
plastic baskets (commonly used for oyster culture). Data on growth and
mortality of juveniles held at different densities and under different
environmental conditions showed this species has potential for culture.
Similar trials undertaken during the same period on artificial reefs located
about 240 km south showed high rate of scallop mortality during August 1991
when water temperatures were at their maximum (28°C). At present some fishery
cooperatives in the northern part of the Adriatic Sea that are involved with
mussel culture, are investigating the possibility of growing locally caught
juvenile scallops on longlines.

Scallop culture has not been attempted in the Mediterranean Sea,
except for experiments in France to culture Pecten maximus and Patinopecten
yessoensis (Buestel et al. 1989). Recently experiments were carried out to
determine the feasibility of culturing the "Great Mediterranean Scallop", P.
jacobaeus L., a member of the family Pectinidae known locally as "capasanta"
(Giovanardi et al. 1992). The work was carried out in collaboration with a
mariculture cooperative at Cavallino (Venice) that has a leased area about 2.4
km offshore using juvenile scallops collected locally by beam trawls called
"rapido". Dragging was concentrated on a bed of scallops southwest of
Chioggia in an area off the Po River delta (Renzoni 1991).

On 13 March 1991, several hundred animals ranging in shell height
from 40-75 mm were placed in Japanese lantern nets or plastic trays that are
used in oyster farming and suspended depths between 5 and 10 m. Mortality due
to transportation and handling on shore was negligible. Mortality was 17% in
lantern nets and 4.5% in plastic trays a few days after seeding.

. After 204 days of culture, total mortality in the lantern nets was
43.1%, shell height in the largest size increased from 3.1 * 1.5 mm to 14.1 *
3.8 mm, depending on the size at the time of seeding. Total mortality in the
plastic trays was 63.3% with mean increases in size ranging from 13.4 %* 3.9 mm
to 28.4 * 4.4 mm. Although no procedures were taken to prevent encrusting
organisms from settling in trays, no fouling sufficient to cause damage to the
scallops was observed until October 1991. However, in the following year
(February 1992) fouling became severe and required manual cleaning of affected
animals.

Seeding density was one factor that affected growth and mortality.
In the period from March to October (Fig. 1), a good relationship was observed
between mortality and density (r=0.83, significant with p<0.01), when the
scallops occupied approximately 60% of the floor area of the lantern net.
During the period from March 1991-February 1992, greater growth was observed
in the plastic trays than in the lantern nets (Fig. 2); however, this might
have been affected by density.
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Further observations are required to assess whether commercial
scallop culture is feasible in this area. Experiments are needed to assess
the effects of many variables that include environmental factors and culture
methodology. Similar work carried out during the same period off the coast of
Romagna (Central Adriatic) showed high mortalities, particularly in the month
of August, which coincided with high water temperatures (up to 28°C). In this
work low initial mortalities were observed in spite of a 24-48 h period
between the time of capture and seeding in nets.

A small research project is now being undertaken by ICRAM in an
offshore area in depths of 15-30 m, where lower water temperatures and less
risk from fouling occur. Results will be compared with those obtained in the
inshore areas.

Mention should also be made of occasional "experimental large-
scale" rearing of juvenile P. jacobaeus, which are captured by the "rapido"
and cultured by mussel farmers on longlines lcoated within five km of shore in
the upper Adriatic, particularly in the Friuli region. Initial results have
been encouraging, with good growth rates and limited damage due to fouling
provided the culture system is monitored regularly. The situation is similar
to that observed in the Spanish Atlantic area a few years ago (Roman 1991).
The major problem is high water temperatures in summer that can cause
mortalities.

It should be pointed out that commercial quantities of small P.
jacobaeus can only be captured by the "rapido" in nursery areas. The impact of
harvesting juveniles should be controlled for example by establishing a yearly
harvest quota.

Present management regulations in the wild fishery include a size
limit and temporary trawling closures. The size limit is difficult to control
and there are significant landings of small scallops below the size of sexual
maturity, particularly during periods when scallops are scarce. Although
temporary closures have limited duration (usually 45 days in summer), they may
have a beneficial effect on settlement of spat.

Overexploitation to the point of fishing out scallop beds has
occurred periodically in this area, e.g. the disappearance last year of a bed
from which juveniles from our present work were taken and the present
exploitation of beds close to Croatian territorial waters. Because of this
situation and fluctuations in environmental factors such as the abundance of
the stock, its size and distribution, there is little possibility to collect
seed using natural seed collectors. Areas where spat will accumulate are
variable resulting from the complicated oceanographic conditions in the basin.

. Culture techniques require improvement, i.e. locating culture
operations in deeper and cooler waters. Some people have suggested
introduction of exotic scallop species into the area which could be bred in
hatcheries and which would tolerate high temperatures. Some attempts have been
made in the Adriatic and others are planned. We think that because of the
encouraging results with the native species, P. jacobaeus, it is worth
undertaking biological studies of this species to determine the feasibility of
production of juveniles in hatcheries. Then other culture methods could be
studied after careful assessment of the cost/benefit ratio in terms of
production and also impact on the environment.

LITERATURE CITED

Buestel, D., P. Paquotte, and I. Defossez. 1989. Scallop cultivation in golfe
du Lion in the Mediterranean Sea. Results of 1987 and 1988 ongrowing
experiments with Pecten maximus and Patinopecten yessoensis. 7th.
International Pectinid Workshop, Portland, Maine, U.S.A. 20-26 April
1989. ’



» = 37 =

Giovanardi, O., F. Pranovi, F. Savelli, and M. Vidali. 1992. Prime esperienze
di allevamento della cappasanta, Pecten jacobaeus L. Biologia Marina,
suppl. Notiz. SIBM 1: 261-262.

Renzoni, A. 1991. Italy, p. 777-788. In: S.E. Shumway [ed.]. Scallops:
Biology, Ecology and Aquaculture. Elsevier, Amsterdam.

Roman, G. 1991. Spain, p. 753-762. In: S.E. Shumway [ed.]. Scallops: Biology,
Ecology and Aquaculture. Elsevier, Amsterdam.



- 38 -

MORTALITY (%)

0 20 40 60

DENSITY (no. ind./plane)

Fig. 1. Relationship between mortality and density in the lantern nets from
March-October 1991.

35

8 PLASTIC TRAYS

30
a LANTERN NET

mm

L (mm)

Increases in size observed in the lantern nets and plastic trays from

Fig. 2.
March 1991 - February 1992.



: =. 39 =

EFFECTS OF PREDATION AND COMPETITION ON SCALLOP, PECTEN MAXIMUS,
SEABED CULTIVATION IN SAINT BRIEUC BAY: PRELIMINARY RESULTS
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ABSTRACT

Seabed cultivation trials with the scallop Pecten maximus have
been undertaken since 1980 by fishermen’s organizations from Brest and Saint-
Brieuc in cooperation with IFREMER. Spat was produced in a hatchery at Brest
and transferred to Saint Brieuc for intermediate culture. Batches were later
divided equally between both scallop grounds for seeding trials with
appropriate local strategies. In the Bay of Saint-Brieuc, harvesting began in
1986 by dredging, with recovery ranging from 0 to 25% of the seeded animals.
These low recovery results did not agree with observations made by divers in
the summer which showed good growth and survival after seeding and during
growout. To obtain a better understanding of this problem, an experimental
program was conducted between 1990 and 1993 on a reserve area of 110 ha close
to commercial fishing grounds. Preliminary results were:

1. mortality during the seeding operation was generally low.

2. there was severe predation by the whelk (Buccinum undatum) which
was very specific: exclusively in winter with large variability
between years;

3o there was competition with the slipper limpet (Crepidula
fornicata) when this species occupied more than 20% of the seabed.
Scallop growth rate is then lower and the heavy Crepidula biomass
changed the biotope and was a constraint during dredging. This
species is increasing on scallop grounds,

4. other causes of mortality found in previous experlments in the Bay
(bad weather affecting the sediment layer, predation by crabs) had
no evident effect in this case.

INTRODUCTION

In the Bay of Saint-Brieuc, scallop seeding trials began in 1980
when evidence of this enhancement method was shown to be promising (Buestel
and Dao 1979). Operations where difficult to initiate due to the lack of
juveniles from local stocks. Introductions of spat from Scotland (1980) and
Ireland (1982) were used. After 1984, the hatchery in Brest provided
sufficient postlarvae and spat for the experiment.

The first results from the work were related to physiological
behaviour at maturation and growth rate of different strains occurring on the
same seeded area (Dao et al. 1985b). However, it was not possible to evaluate
the survival rate.

Small scale experiments were attempted to determine the optimum
size of the juveniles for seeding in a joint trial in the two grounds, Saint-
Brieuc and Brest (Dao et al. 1985a). Survival rate was calculated after six
months of free-living for animals 5 to 30 mm shell height (groups of 5 mm).
Good results were obtained for juveniles above 15 mm, with survival rate
increasing with the size at seeding. Predation was mainly by crustaceans,
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since there were no starfish in the Bay and octopus disappeared from the area
in 1963. Competition between scallops and other fauna was not evident.

Following these encouraging results, larger scale seedings
(100,000 to 1,000,000 animals) were conducted annually at different locations
selected in collaboration with the fishermen’s organizations of the Bay (Fig.
1) . Results have been poor and late (1989 and 1990), and various explanations
have been proposed to explain these phenomena.

1 Marginal quality of the sites chosen by the fishermen. As the
seeding area had to be closed to the fishery for several years,
the best fishing grounds were retained for commercial operations.
Specific site problems included:

a. Brehat site: sediment instability due to effect of bad
weather on this poorly sheltered area.
b. Le Palud site: sediment covered by crepidula (C. fornicata)
. which prevented scallops from recessing properly.
2. Logistic constraints for completion of the experiments, e.g.

finding local boats for experimental recapture evaluations,
fishing allowed only during the open season from November to
April. Some seed was recaptured in two years time, which made
survival rate difficult to evaluate.

3. Winter schedule of the biological team, e.g. the number of days of
bad weather preventing field work on the boat and diving, and
management of the local scallop grounds from 1986 to 1988 when
several samplings were conducted to study abnormal winter
mortalities (Le Gall et al. 1988).

A new program based on sampling by divers was developed with a
strict fieldwork procedure in order to obtain data on the following subjects:

1. why were poor final results obtained after summer observations
indicated great growth and survival during growout?

2. is the drift of juveniles important?

3 what is the predation level by crustaceans and other animals?

4. is there any difference in survival rate between areas with or
without Crepidula?

5. is the growth rate similar under various conditions in the Bay?

MATERIALS AND METHODS

The area selected for the intensive diving program was "Les
Comtesses", where optimum results were obtained previously. Part of the site
was occupied by intermediate culture cages, which required periodic visits.
The substrate was sandy-mud, well colonized by a natural population of
scallops. Depth was 17 to 18 m at low tide (11 m more at high spring tide).
The site was divided into four units (Fig. 2), with unit C further divided in
two to account for culture equipment.

Seeding was carried out at an initial density of 5 to 10
individuals (30 mm shell height) per m?, for a total of the following:

Unit C: 660,000 individuals in March 1990
Unit B: 640,000 individuals in July, 290,000 individuals in August 1990
Unit A: 828,000 individuals in July, 665,000 individuals in November

1991.

The total area covered was 110 ha. Diving was undertaken since it was the

only way to sample every size of seed, especially during the early stage of
seeding. Sampling was carried out inside a quadrat of 1 m’> and the number of
replicates was related to the size of the observed scallops. At 20 m depth,
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the area covered by a trained diver was 20 m’ for scallops 30 mm shell height,
and 50 m* for animals greater than 50 mm shell height. In accordance with
other results, scallops were considered to be sedentary animals, although they
are capable of some random movements but these do not affect the calculated
density.

From a central mooring point, lines on the bottom were laid out
north, south, east and west. Divers counted live animals, "fresh" dead ones
(attached valves), separated shells, predators and estimated ground coverage
by Crepidula. An initial dive seven days after seeding estimated mortality
due to stress of transfer from intermediate to bottom culture. A second dive
after 20 days evaluated mortality due to adaptation. Dives were made every
month during winter and every two to three months for the remainder of the
year to verify prior data.

The final biomass could not be evaluated by diving, consequently
it was assessed by harvesting scallops with a dredge and developing a sampling
program to discriminate natural from cultured animals. Cultured scallops were
identified easily because of the additional stress ring created at the time of
seeding. Results presented in this paper were deduced only from diving data,
except for Unit C. Survival rate and mortality were calculated from the
difference in local densities during successive samplings and must be
confirmed by fishing operations at a later date.

RESULTS

MORTALITY DURING SEEDING

In all experiments, mortality during seeding remained low. As
our understanding of intermediate culture progressed, some basic rules were
developed to avoid overcrowding in the trays and stress during transfer of
seed to the seabed.

SEASONAL SURVIVAL

Two periods were noticeable during the experiment: May to November
and December to April. For the first period, survival was good for all sizes
of scallop. Natural mortality was estimated at 5% corresponding to an annual
value of 15 to 25% which is used for recruited animals in stock management
(Dao et al. 1985a; ,Fifas 1991).

Winter survival rate was much lower and highly variable. Mortality
was higher on small scallops during their first winter due to predation by
crabs in shallow waters or near rocky areas, as well as by the whelk (Buccinum
undatum). When it became evident that the whelk was a major predator, some
complementary experiments were undertaken. Crabs, including the hermit crab
(Eupagurus bernhardus), were more active predators of scallops 30 mm shell
height or smaller (Fleury 1989) but whelk predation continued on scallops to
50 mm size. Predation did not totally explain the increase in mortality during
the winter period. From 8-20% of the animals died at the end of the winter in
late March and April; mortality at the beginning of spring growth has been
classically observed in other bivalve species.

The cumulative evaluation of survival rate showed highly variable
results of different seedings on an apparently identical area. Conditions
during the first winter affected the success of seabed culture; early 1990
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seeding yielded only average results, but results from the two other seedings
are more promising.

The estimated survival rate in Unit C, which was harvested, was
25%. The recapture rate of 18% was corrected for dredging efficiency, because
10% of the animals were broken or unfished. The presence of Crepidula forced
harvesting operations to terminate early there and increased the expected
number of scallops left on the bottom.

PREDATION

Primary predation at all sites was due whelks. During the first
experiment, this counted for the loss of nearly 60% of the animals in the
first two months. To positively identify whelks as a predator, some whelks
were placed in trays in intermediate culture cages with scallop spat:
predation was effective and significant. The same observation was made in
tanks. Scallops remained passive to whelks and were quickly eaten. During
seeding surveys, test-trays with scallops but without whelks were monitored.
In all cases winter mortality remained low (Tables 1 to 3).

Predation by whelks was highly variable from year to year. In the
winter of 1991-92, whelks were not identified as the cause of significant
predation. However, whelk predation corresponded to winter mortality and it
appears to be a major component of seabed culture management in this area. As
an unfished species in the Bay, the population is expected to remain on the
grounds. The lack of scallop mortality can be attributed to the size of the
scallops, which was too large for active predation.

Predation by whelks occurred during two short periods, in winter
after Christmas and in March. There has been no study of the behaviour of this
animal, which appears to be confusing. In south Brittany, it was not possible
to show predation in tanks using the local whelk. However, the species is well
known to be active in cold water which could explain predation in March at the
lowest temperature of the year. ARnother possible factor is the physiological
state of the scallops at the end of the winter, which makes them more
vulnerable. Predation in January could have a further explanation: whelks
could be active feeders before the spawning season in February.

COMPETITION

Scallop grounds in the Bay of Saint Brieuc were located on sandy-
mud sediments at depth of 8 to 40 m, on homogeneous substrate with little
epibenthic fauna. However, since 1975-78 there has been a gradual increase in
dispersal and density of Crepidula. In a number of places the animals built up
a continuous bed several centimeters in depth which reached a biomass of 15-20
kg/m?’. Crepidula is a filtering gastropod whose larvae settle on the shells
of adults to form a chain of 10-12 animals. They also settle on scallop
shells, and one scallop can carry several chains whose weight may equal the
host. Thus, competition can be spatial and/or trophic, and may cause
secondary effects since small crabs can find protection in the layer of live
and dead shells. Mud can become deposited under this layer and become nearly
anoxic. Infestation of an area can be very injurious to scallop seabed
culture. For this reason it has not been possible to fully exploit the "Le
Palud" site and recovery there has been only 4%. The effect of Crepidula
during fishing operations is to fill the dredge very quickly, and much time is
spent clearing the gear and separating Crepidula from the few scallops to be
marketed (one hour fishing, two hours cleaning).

o On the "Les Comtesses" site, the Crepidula population has
increased considerably in recent years (Fig. 2). Experimental dredging was
undertaken to reduce Crepidula populations in Unit A during the winter of
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1989-90. A local effect on density was observed but it is doubtful if this
operation could be extended to include all scallop grounds. Moreover, the
stock on Unit C showed a decrease in growth rate: scallops required an
additional year on the ground to reach the commercial size of 100 mm in length
when Crepidula occupied over 20% of the surface.

CONCLUSIONS

These results on mortalities caused by whelks and Crepidula
provide additional information for management of scallops in the Bay of Saint
Brieuc. Mortalities observed during the first winter confirm the observations
of Thouzeau and Lehay (1991) during the National Programme on Determination of
Recruitment, where heavy mortalities of natural scallop recruits were
observed. Results of this present work must be included in analysis of the
economic feasibility of scallop culture (Paquotte and Fleury 1994). Financial
profitability is realized when the recapture rate is 25 to 30% which
apparently could be achieved by avoiding seeding during the short period of
whelk predation. Ideally the scallops should attain a size of 50 mm by
Christmas which requires seeding animals 25-30 mm from May to September.

Any further development of aquaculture, including the fishery, in
the Bay of Saint Brieuc, depends on the spread of populations of Crepidula. It
is estimated that up to 50% of the fishing grounds in the area may be occupied
by this species and that its biomass for the entire area (including the
adjacent bays of the Gulf of Norman-Breton) is about one million t. A five
year program to investigate commercial use of Crepidula has begun.
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Table 1. March 1990 seeding of Unit C at "Les Comtesses" (Bay of Saint
Brieuc). '
Evaluated Whelk density Test-trays Number of
mortality % no/100 m? mortality % survival
(index)

Seeding 100
27.03.90 25.0 40
23.05.90 57.0 36 5
06.06.90 60.0 = 40
06.08.90 1.6 0]
04.12.90 5 5 0 38
27.01.91 15.0 0
26.02.91 0 0
16.05.91 0 4 32
11.07.91 147 0
17:09.91 1.0 (0]
23.10.91 0 0]
02.12.91 0] 0 31
06.01.92 0 0
19.02.92 0 0
03.03:92 0 0
31.03.92 0 0
22.04.92 10.0 0 27
12.05.92 (0] 0]
22.07.92 0 0]
Recapture 18

09.92
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Table 2. August 1990 seeding of Unit A at "Les Comtesses" (Bay of Saint
Brieuc).

Evaluated Whelk density Test-trays Number of
mortality % no/100 m? mortality % survival
(index)

Seeding : 100
17.09.90 5.0 0]
13.11.90 0 0 10 95
20.12.90 0.8 0
20.01.91 20.0 30
26.02.91 2.0 12
13.03.91 1.0 4
26.04.91 25.0 18 1 47
11.07.91 2.0 0o
18.09.91 0.5 0]
22.10.91 1.0 0
04.12.91 1.0 0 44
03.01.92 0 (0]
03.02.92 0 0
02.03.92 1.0 0]
30.03.92 5.0 o}
14.04.92 2.0 4 40
12.05.92 1527 0 2.5
29.06.92 0.8 0]
22.07.92 0 o]
14.10.92 0] 0]
09.11.92 0] 0]

0 0 39

22.12.92
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Table 3. July 1991 seeding of Unit B at "Les Comtesses" (Bay of Saint Brieuc).

Evaluated Whelk density Test-trays Number of
mortality % no/100 m? mortality % survival
(index)

Seeding 100
10.07.91 1.5 0
07.08.91 1.8 0
04.12.91 1.0 0 95
02.01.92 1.0 0
03.02.92 10.0 14
02.03.92 0 0
30.03.92 3.0 0
14.04.92 6.0 0 2 76
11.05.92 0 0
23.06.92 0.5 0 4
19.10.92 0 0

06.11.92 1.5 0 74
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AN IMPROVED SYSTEM FOR MICROALGAE CULTURE
B.S. He

Research Institute of Fishery Engineering,
Chinese Academy of Fishery Sciences, Qingdao, China

ABSTRACT

A new type of unicellular algal culture system that can be used
for large scale production is described. The system is composed of two
culture containers for growing algae and a control rack which can adjust light
intensity and temperature. The light intensity, temperature, and amount of
aeration can be controlled to meet environmental requirements for various
species of algae. As a result, algae can be cultured in all types of weather.
Two years’ testing has proven that many species of algae cultured in this
system remain healthy, fast-growing, and do not crash easily. The production
cycle is shortened in this system and less initial investment is required.
Production is three to four times greater as that in concrete tanks, per m’ of
water, and production costs are reduced by 80%.

INTRODUCTION

The algal culture facility is a most important part of a bivalve
hatchery. Adequate quantities of high-quality food must be available at all
times for successful operations. Scallops feed on microalgae both as larvae
and adults. There must be an adequate supply of food to maintain them in a
healthy condition.

Concrete tanks are commonly used for large scale algal culture in
bivalve hatcheries in China. The method is inefficient and tanks occupy
considerable area. In addition, the cost is high. Algae grow slowly and
crash easily in concrete tanks. A failure in the algal culture facility can
be catastrophic to the hatchery. An improved system for microalgal culture
was required for large scale production.

DESCRIPTION OF THE SYSTEM

The new system (Fig. 1) is composed of two culture containers and
a control rack which can adjust light intensity and temperature. The amount
of aeration can be controlled to meet environmental requirements for various
species of algae. As a result, algae can be cultured in all types weather
with this system.

The culture container is a sterile nylon-polyethylene bag. The
outside of the bag is nylon, the inside is polyvinyl plastic. The size of the
bag is 1.5 x 2.0 m, and holds about 1400 1 of water. The bags are sealed and
the inside is sterile. They can be inflated with air to form the required
shape before they are filled with sterilized seawater.

The bags must be supported by a frame to maintain a rectangular
shape and should be positioned so that the maximum distance from the light
source is no greater than 20 cm.
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Seawater can be sterilized by pasteurization. The water is heated
to 80°C for a minimum of 30 minutes in concrete tanks, then cooled before it
enters the bags.

Reration is used in the system to provide CO, for photosynthesis
and to mix the water. Air with CO, can be injected into the bags with the
hatchery air system or by a small aerator.

EXPERIMENTS AND RESULTS

Experiments were carried out in 1989-1990 comparing algal
production using the two systems. The results are shown in Figures 2 through
5.

GROWTH OF ISOCHRYSIS UNDER DIFFERENT CULTURE TECHNIQUES

Growth of Isochrysis is much faster in the improved culture system
than in concrete tank culture (Fig. 2).

GROWTH OF NITZSCHIA IN SEMI-CONTINUOUS CULTURE

Algae cultured in the new system remained healthy, fast-growing,
and remained in good condition for a long period of time. 1In concrete tanks,
the algal cultures crashed readily.

GROWTH OF ISOCHRYSIS UNDER DIFFERENT LIGHT INTENSITIES

Light is an important factor for algal culture. Adequate light
for photosynthesis is required for optimal algal growth. Fluorescent lights
are used in the improved system and light intensity is controlled by a switch.
The range of light intensity is 1690-8220 Lux at a distance of 10 cm from the
light source. Usually, the system is placed in a greenhouse and natural light
is sufficient to maintain the culture. If cloud cover is excessive,
artificial light is used.

GROWTH OF ISOCHRYSIS UNDER DIFFERENT TEMPERATURES

Temperature is also a limiting factor for algal growth. The
proper temperature must be maintained to maximize algal growth and temperature
fluctuations must be kept to a minimum. Usually, algae should be cultured in
a temperature controlled room. In our system, we use a special electric heater
that heats the water. A monitor automatically controls the temperature for
different species.
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Fig. 1. a) Front view of the culture system.

Fig. 1. b) Side view of the culture system.
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CRAB AND STARFISH PREDATION OF THE SCALLOP
PECTEN MAXIMUS (L.) DURING SEABED CULTIVATION

N.C.H. Lake' and C.L. McFarlane?

!sea Fish Industry Authority, Marine Farming Unit, Ardtoe, Acharacle,
Argyll, Scotland PH36 4LD and ’Scottish Office Agriculture and Fisheries
Department, Fisheries Office, Mallaig, Inverness-shire, Scotland

ABSTRACT

Seabed cultivation of scallops is seen as a cost effective
production method. Using this technique, the earlier stock can be moved from
suspended cultivation to the seabed, the greater the economic gain. However,
predation pressure is likely to be inversely related to scallop seeding size.
Crab and starfish predation of juvenile scallops has been found to be an
important factor in both cultivation and stock enhancement programs. In order
to assess the relative predatory importance of crabs and starfish, laboratory
trials were undertaken with locally occurring species. Cancer pagurus L. was
the most voracious of the four crab species investigated. Size selective
predation at rates proportional to the relative predator:prey size ratio was
evident. All sizes of scallop from 3-9 cm (shell height) were predated. With
respect to starfish, of the four species studied Asterias rubens L. was
within the locality the most abundant predator, while Marthasterias glacialis
L. was far less common but also preyed on the scallop. Size selective
predation occurred, with predator size increasing in relation to prey size.
Field trials have been undertaken as a comparison to the laboratory studies.
Results are discussed in relation to optimization of seeding size and
techniques.
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INITIAL STUDIES IN THE HATCHERY CULTURE OF KING SCALLOP,
PECTEN MAXIMUS

P.F. Millican

Ministry of Agriculture, Fisheries and Food, Fisheries
Laboratory, Benarth Road, Conwy, Gwynedd, Wales LL32 8UB

ABSTRACT

The king scallop, Pecten maximus, was conditioned to spawn in the
laboratory. Adult scallops (220 mm shell height) were held in groups of 10 on
1 cm aperture mesh trays containing substrate. Trays were supported off the
bottom of 120 1 fibreglass tanks through which unfiltered seawater, heated to
between 11-16°C, flowed to waste at a minimum rate of 20 ml-'min':scallop’.
Seawater temperature was increased by 1°C each week to a maximum of 16°C.
Approximately 30 l-day' of an algal mixture containing Tetraselmis suecica and
Skeletonema costatum were continuously dosed into the seawater. After 5, 11
and 12 weeks of conditioning, scallops were induced to spawn by thermal shock.
Fertilized eggs were set up in 150 1 of filtered, UV-treated seawater at 16°C
and EDTA (1 mg-l') and chloramphenicol (2 mg-:l') were added. Egg
concentration was kept low at 50'ml’' to prevent abnormal development. After
72 h, percentage recovery to "D" larvae (100 u) was estimated and ranged from
10.1-58.3%. Larvae were reared in seawater treated as above, and fed a
mixture of 50 cells-ul of Isochrysis galbana Parke and 50 cells-.ul of
Chaetoceros calcitrans Takano. Water and food were exchanged at 48 h
intervals. At 100 p, larvae ingested 200 algal cells-:d!, increasing to 3000
cells-larva'+-d’! at the commencement of metamorphosis (240 u). Metamorphosis
was reached after 20-25 days depending on temperature. Larvae (>50% eyed)
retained on 170 u mesh were encouraged to settle using three methods:

1k larvae were placed in 15 cm diameter perspex tubes with 170 p
nylon mesh bases and grown on in a 170 1 downwelling system;

2. 10 cm diameter, 30 cm long perspex tubes were filled with black,
nylon filament netting and placed in 150 1 larval bins;

3 larvae were placed in specially constructed 170 p nylon mesh

baskets (50 x 24 x 30 cm) and reared in 150 1 larval bins.

A total of 30,000 (8.0%) spat survived metamorphosis, but only 2,000 (8.3%)
reached a minimum planting-out size of 10 mm.
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SHALLOW WATER BAY SCALLOP, ARGOPECTEN IRRADIANS,
CULTURE IN VIRGINIA

M.J. Oesterling and W.D. DuPaul

School of Marine Science, Virginia Institute of Marine Science,
College of William and Mary, Gloucester Point, Virginia 23062, U.S.A.

ABSTRACT

Culturing the bay scallop, Argopecten irradians, in the shallow
waters (<3 m) of Virginia, U.S.A., has been investigated since 1990.
Particular attention was paid to early nursery phase and final growout
technology. The use of land-based upweller nursery systems for juvenile (>1
mm shell height) growth to field planting size resulted in growth rates of 0.3
mm shell height per day. Growout technology using polyethylene trays, plastic
mesh cages and either multi-tiered or single tier racks was studied. While
market-sized animals could be obtained within seven months of spawning using
any of the gear combinations, the most viable culture option appears to be
plastic mesh cages on single tier racks.

INTRODUCTION

In the mid-1960‘s the bay scallop, A. irradians, was identified by
scientists of the Virginia Institute of Marine Science (VIMS), Wachapreague
Laboratory, as having culture potential for Virginia waters. It was
considered to be suitable for marine aquaculture because of its high market
value, high level of consumer recognition and acceptance, its variability in
availability due to natural population fluctuations and a rapid growth to
market size. 1In addition, hatchery techniques for spawning and rearing larvae
were successfully demonstrated.

Castagna and Duggan (1971) documented the biological feasibility
of rearing bay scallops from egg to market size within the span of 8 to 10
months. However, they identified a major impediment to further culture
development. Duggan (1973), reiterated by Castagna (1975), noted that better
handling and holding methods were needed for expanded growout ventures.

An additional constraint to development was perceived to be
unfavourable economics of producing bay scallops for the shucked meat market.
At the time Castagna and Duggan conducted their investigations, only the
adductor muscle of the bay scallop was utilized. It is still felt that U.S.
culture of bay scallops for a shucked product is not economically feasible, in
light of the large volume of imported bay scallop meats that annually enter
the U.S. Recently, however, interest has developed in using the entire
animal, similar to oysters or hard clams. These animals command a premium
price and make the economics of culture much more favourable.

With this renewed interest in bay scallop culture, a project was
begun to demonstrate growout methods for Virginia waters. From the outset,
the traditional lantern net technology for grow-out was not considered
immediately feasible, primarily due to regulatory uncertainty surrounding the
permitting of large numbers of lantern nets in Chesapeake Bay. Instead, a
rack and tray system was investigated which could utilize the abundance of
shallow water available in Virginia.

This paper will review the progress in the development of
techniques for shallow water (less than 3 m water depth) culture of the bay
scallop in Virginia waters. To be discussed will be spawning, onshore nursery



procedures and efforts at field growout, including stocking density
investigations.

MATERIALS AND METHODS

The VIMS, Wachapreague Laboratory was utilized for spawning and
growth of post-set bay scallops to over 1.0 mm shell height. Broodstock
initially came from a line of animals maintained at the Laboratory since the
1970‘s. These animals represent a hybridization of the three subspecies of
Argopecten (A. i. irradians, A. 1. concentricus and A. i. amplicostatus) and
have been shown to grow well in Virginia waters (Castagna, Pers. Comm.).

For spawning, no artificial conditioning was employed. Ripe
animals, as identified visually based upon gonad colour, were placed into a
spawning trough and induced to spawn using standard procedures of temperature
manipulation. Following the initiation of spawning, fertilization was allowed
to occur within the trough. Periodically, spawning trough water was drawn
down and eggs collected on a 25 u screen. Eggs were washed through a 153 pu
screen to remove debris, subsampled and counted.

Larvae were raised in static water tanks and fed "brown" water,
natural water that was passed through a 10 u bag filter. Just prior to the
initiation of settlement, larvae were transferred to troughs fitted with
vertical inserts. The inserts served as surface area for attachment of the
post-set animals. Following settlement, troughs were supplied with flowing
seawater filtered through a 50 py bag filter.

After the animals exceeded 1.0 mm shell height, they were
transferred to the onshore upweller nursery system of a commercial hard clam
culture facility (Cherrystone Aqua-Farms) located on the Bay side of the lower
Eastern Shore of Virginia, near the town of Cape Charles. This location also
served as the final field growout site for the project.

Approximately 10,000 bay scallops were placed in each 46 cm
diameter upweller cylinder. Flowing, unfiltered seawater (salinity 27 ppt)
was supplied at the rate of 15 1 per minute per cylinder. Outflow drains had
to be screened to prevent the escape of scallops. The cylinders were drained
and flushed with fresh water daily to remove accumulated silt and debris. The
scallops were sampled weekly and measured for shell height as an indication of
growth. Once over 75% of the animals exceeded 8 mm shell height, they were
graded and field planted.

In 1990, bay scallops were field planted in polyethylene trays
originally designed for hard clam culture. The trays measured 112 cm by 79 cm
by 8.9 cm with solid side walls and 4 mm square perforations over the entire
bottom. Once scallops were placed into the trays, plastic mesh with 4 mm mesh
openings was snapped into place across the top using special clips that ran
the entire length of the sides. No attempts were made to control the stocking
density at this time. Trays were deployed either directly onto the bottom or
were placed onto cinder blocks to be held off-bottom.

For 1991, racks were constructed of 3.8 cm by 3.8 cm L-angle
fiberglass reinforced plastic. Each rack was designed to hold three of the
polyethylene trays secured by bungee cords. Racks were deployed into 2.0 m
water depth (mean low water) so that the scallops would always be subtidal.
Additionally, a single tier rack was constructed and installed in shallower
water for a stocking density-growth study. Trays were stocked at three
different densities: 513 per m’, 797 per m?, and 1026 per m’.

Planting strategies for 1992 employed steel reinforcing bar racks
(single level) deployed into 1.5 m of water depth using both polyethylene
trays and plastic mesh cages (88 cm X 45 cm X 8 cm). Two stocking densities



- 60 -

were initially used, 513 per m’ and 1026 per m’. However, once mean shell
height of animals in the 1026 per m’> gear exceeded 30 mm, half the gear was
split into 513 per m’ as well. This was done in an effort to evaluate
alternative handling procedures at initial stocking. Additionally, when
animals in mesh cages exceeded 30 mm shell height, they were removed from the
original stocking cage which had a mesh size of 6 mm and placed into cages
with larger mesh openings of 12 mm.

RESULTS AND DISCUSSION

In the interest of clarity and for chronological purposes, each
year’s results will be presented and discussed separately.

1990

This marked the first year of fieldwork and as such was used as a
trial period so that preliminary questions could be answered. Little
attention was paid to details other than would scallops survive and grow at
the experimental site in the gear being tested. No attempts were made to
quantify growth or survival. Field observations consisted of whether or not
the gear was still in place, whether scallops were alive and how could the
entire system be improved. Additional information was obtained regarding the
use of downweller and upweller nursery facilities for seed production.

The use of downweller nursery systems for early juvenile (750 u to
3 mm) bay scallops proved not to be workable; for one reason, the scallops
grew too fast and actually overgrew the downweller cylinders. Additionally,
the manpower required to maintain and clean the cylinders was excessive. The
use of upweller cylinders for more advanced juveniles (over 2 mm) was
acceptable, provided the water outflows were screened and enough surface area
could be provided to the scallops for attachment. Using plastic mesh inserts
within the cylinders, while increasing the surface area for attachment, made
removing the seed very tedious. Rather than trying to provide additional
surface area within an individual cylinder, using more cylinders was
considered to be the more preferred option.

Subjective information indicated that the experimental site would
support scallop growth, however changes must be made in the growout method
being used. Problems identified with the tray system being used included
excessive siltation should the tray rest directly on the bottom, poor water
circulation resulting from excessive fouling or overcrowding, the need for a
more manageable gear system and better information on stocking densities and
logistics of animal management. This information was used to develop the
experimental plan for the subsequent year.

1991

On April 16, 1991, 184 animals were used as broodstock for
spawning at the VIMS Wachapreague Laboratory. Using standard bivalve spawning
techniques 128,955,000 eggs were produced. The resultant larvae and post-set
juveniles were cultured at the Wachapreague Laboratory until June 11, 1991, at
which time they were transferred to the Cherrystone Aqua-Farms upweller
nursery facility. Approximately 105,000 animals were equally divided among 10
upweller cylinders. At the time of transfer, mean shell height was 3.5 mm
(S.D. 1.3, range 1.0 to 6.5 mm). Growth within the upweller cylinders was
quite rapid; over a four week period, mean daily change in shell height was



: - 61 -

0.2 mm. By this time all available surface area was being utilized. Scallops
were overgrowing the cylinders and escaping into the upweller trough.

Three-tiered racks were deployed into 2.0 m water depth (mean low
water) on July 16, 1991. A total of 17 racks were used. Deploying and
securing the racks was labour intensive, requiring six men one hour for
initial deployment and then four men an additional hour to secure the racks in
the bottom.

Polyethylene trays were stocked with scallops on July 17, 1991,
and secured to the racks using bungee cords. Three different sized animals
were used (6 mm, 8 mm, and 12 mm), at three different stocking densities (513,
797 and 1026 per m°). A total of 34,272 animals were deployed into 51 trays.

Five days later, racks were discovered tipped over with trays
missing. Other racks were still upright, but had trays missing. Three
problems were identified associated with the multi-tiered racks and
polyethylene trays. First, the trays were semi-buoyant. The combination of
little weight associated with small seed scallops and the bungee cord
attachment could not counteract this buoyancy and trays escaped the racks.
Secondly, at least for this site, the rack profile was too high in the water
column, exposing the trays to excessive physical forces, contributing to lost
trays or tipped racks. Finally, the actual water depth in which the racks
were deployed was too deep to efficiently work and be sure that all racks and
trays were secure.

A single-tier rack was deployed on July 25, 1991, in shallower
water and stocked the following day with six trays, using the three densities
as previously, two trays per density. Beginning in August, 1991, animals from
the three stocking densities were non-destructively sampled biweekly and
measured for shell height. Over the course of the entire sampling period, a
Scheffe’s Test for significant differences of shell heights between stocking
densities revealed that the shell heights of animals stocked at 513 per m? and
" 797 per m° were significantly different (0.05 level) from 1026 per m.

However, 513 per m° and 797 per m’ animals were not significantly different
from each other. These results corroborated the findings of Duggan (1973).
As further subjective indication of overcrowding effects, the incidences of
shell blunting or misshapen shells increased with time in the 797 per m? and
1026 per m’ stocked trays.

On September 19, 1991, both 513 and 797 per m’ animals averaged
over 40 mm shell height. 1In concurrent work with restauranteurs in Virginia,
40 mm shell height was determined to be the minimum acceptable market size for
whole bay scallops. Thus, in 1991 market-sized animals were available five
months after spawning.

In actuality, animals for distribution to restaurants were not
harvested until the last week of October, six months after spawning. However,
at that time only 57% of the animals exceeded the minimum market size of 40
mm.

Table 1 presents the harvest data for the scallops that were grown
in trays on the three-tiered racks. Several interesting trends are visible in
this data. First, percent survival decreased beginning in January, 1992.

This period coincided with the onset of severe winter storms with increased
turbidity and associated high sediment loads. Trays harvested at this time
had large amounts of sediment within the trays and many scallops were buried.
Secondly, those trays with the highest stocking densities generally had lower
percentages of market-sized animals. Note that on November 13, 1991, one tray
with a stocking density of 1065 animals per m® had a marketable percentage of
only 48.2, while a tray with a stocking density of 646 animals per m’ had a
marketable percentage of 83.8.
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The activities during 1991 demonstrated a further need to refine
the grow-out methods. The use of multi-tiered racks in 3 m of water was not
satisfactory, both from an initial expense position (rack construction
material cost US$6.56 per linear meter) and because of the difficulties in
installing and maintaining trays.

1992

Spawning and nursery of juvenile bay scallops was conducted
identically to the previous year. On April 28, 1992, 202 broodstock animals
from the previous year’s production produced 211,275,000 eggs. The resultant
larvae were cultured at the Wachapreague facility. Only 54,000 animals over 1
mm shell height were transferred to the upweller facility for continued
nursery. It is speculated that the cooler than normal spring water
temperatures adversely affected bay scallop survival at the Wachapreague
facility by slowing the growth rate of the scallops as well as reducing the
available natural phytoplankton food supply.

Growth within the upweller system was again rapid. Over a three
week period, mean daily change in shell height exceeded 0.3 mm.

Polyethylene trays and plastic mesh cages were deployed onto
single-tier steel reinforcing bar racks on August 5, 1992. Five trays and
five cages were each stocked at 513 animals per m?; eight trays and seven
cages were stocked at 1026 animals per m’. Problems still occurred with the
trays, even on a single-tier rack in shallower water. Some trays were lost.
Additionally, because of the size of the tray and weight of the scallops as
they approached market size, the trays became unwieldy for a single person to
handle. The plastic mesh cages, on the other hand, did not move, allowed for
good water flow and were easily handled by one person, even when full of
market-sized animals.

The first harvest for distribution occurred on October 20, 1992,
175 days after spawning. However, only 75.5% of the animals stocked at 506
per m’ exceeded minimum market size of 40 mm shell height and just 56.0% were
market size from those animals stocked at 646 per m’> (Table 2). Overall
survival was excellent, ranging from a low of 94.8% to 100% survival within a
tray. Early in the harvest season (November and December) those gears with
the highest stocking densities had the lowest percentage of market size
animals (51.4% and 76.0%); thereafter all densities produced high levels of
market size animals.

Experiences from this year’s activities demonstrated that growout
technology using single-tier racks and plastic mesh cages was acceptable in
terms of growth to market and ease of handling. Additional work is planned
for the early stage nursery systems and setting of larvae in hopes of
increasing survival.

SUMMARY

Continuing the work initiated in the early 1970‘s, this current
project has corroborated earlier results. Spawning technology for bay
scallops is well in place, with no difficulties in obtaining substantial
numbers of fertilized eggs. Larval culture is relatively well-known, with
acceptable survival to setting stage. Post-set juveniles still pose some
problems in maintaining high survival rates to a shell height exceeding 1 mm.
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Growth in upweller nursery systems of juveniles exceeding 1 mm
shell height is excellent. Growth rates of 0.3 mm per day were obtained. At
this rate, juveniles require only three weeks in this system before field
planting size is reached. Space limitations can become a problem if juveniles
remain in the upwellers too long.

Oof the various field planting methods evaluated for shallow water
Virginia conditions, the use of plastic mesh cages held off-bottom on steel
reinforcing bar racks offers the most potential for commercial application.
These cages allow for unrestricted water flow, are easy to secure to the
racks, are easy for one person to handle, even when full of market-sized
animals and are readily available, fairly inexpensively.

Field planting densities between 513 and 797 animals per m’* appear
to be the best utilization of space as measured by growth rate to market size
and shell shape. Stocking density of 1026 animals per m’> was too dense,
resulting in reduced size and misshapened shells.

In Virginia, harvestable numbers of market-sized animals can be
achieved within seven months of spawning using techniques described.
Restaurants will accept animals over 40 mm shell height. However, for
appearances sake, most likely the best market size is over 45 mm.

Finally, while there is considerable interest from commercial
sectors in growing bay scallops, additional research must be done to fine tune
the techniques for larval culture and growout prior to large scale expansion
of the industry.
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Harvest data for 1991-92 bay scallops grown in trays.

Harvest date

(Days after Actual stocking Number Percent Number Percent
spawniing) density (#/sq m) alive survival >39 mm market
animals

22 Oct 91 (189) 678 732 92.9 415 56.7
13 Nov 91 (211) 1065 1112 90.7 536 48.2
13 Nov 91 (211) 646 501 66.4 420 83.8
20 Nov 91 (218) 925 866 80.2 246 28.4
20 Nov 91 (218) 753 675 77.1 300 44.6
20 Nov 91 (218) 687 672 83.8 521 77.4
9 Dec 91 (237) 872 868 85.3 399 46.0

9 Dec 91 (237) 334 327 83.0 274 83.8

18 Dec 91 (246) 753 713 81.3 361 50.6
18 Dec 91 (246) 990 820 71.4. 490 59.8
18 Dec 91 (246) 850 605 61.2 399 66.0
20 Jan 92 (279) 408 423 88.1 378 89.4
28 Jan 92 (287) 818 787 79.7 568 72.2
28 Jan 92 (287) 484 498 89.2 437 87.8
28 Jan 92 (287) 732 607 71.2 260 42.8
28 Jan 92 (287) 990 632 55.1 337 53.5
3 Feb 92 (292) 506 404 68.2 339 83.9

3 Feb 92 (292) 258 125 42.3 111 88.8

3 Feb 92 (292) 936 469 42.8 328 69.9

2 Mar 92 (319) 516 205 33.3 203 99.0

2 Mar 92 (319) 1044 730 60.0 565 77.4

7 Apr 92 (355) 732 298 34.9 286 96.0

7 Apr 92 (355) 742 557 64.3 517 92.8

7 Apr 92 (355) 732 335 39.0 290 86.6

23 Apr 92 (371) 484 337 59.9 330 97.9
23 Apr 92 (371) 742 361 41.7 345 95.6




: = 65 =

Table 2. Harvest data for 1992-93 bay scallops. Following the.Actual
Stocking Density, a "T" indicates a tray and a "C" means a cage was used for
field grow-out.

Harvest date

(Days after Actual Number Percent Number Percent
spawning) stocking alive survival >39 m market

density (#/sq animals

m)

20 Oct 92 (175) 506 C 204 96.7 154 7545
20 Oct 92 (175) 646 C 257 94.8 144 56.0
6 Nov 92 (192) 344 C 140 98.6 127 90.7
6 Nov 92 (192) 452 C 189 99.0 170 89.9
6 Nov 92 (192) 570 C 238 95.2 181 76.0
6 Nov 92 (192) 764 C 313 97.5 161 51.4
1 Dec 92 (217) 506 T 421 100.0 389 92.4
1 Dec 92 (217) 979 T 805 98.4 612 76.0
1 Dec 92 (217) 527 T 439 99.1 401 91.3
1 Dec 92 (217) 420 T 336 97.4 307 91.4
.6 Jan 93 (253) 624 C 256 98.5 232 90.6
6 Jan 93 (253) 678 C 278 98.6 246 88.5
6 Jan 93 (253) 366 C 151 98.7 145 96.0
6 Jan 93 (253) 613 C 356 99.2 235 91.8
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PRODUCTION COSTS IN FRENCH SCALLOP CULTURE
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ABSTRACT

Methods of culturing king scallops in France (hatchery production
of seed, intermediate culture in cages and extensive growout on the seabed)
have been developing since 1983. A multi-step project analysis was carried out
to estimate the economic feasibility of such culture. Since there is no market
for scallop spat in France at the present time, the project analyzed the
entire production cycle from hatchery to harvest. The project was based on a
production of 150 t of marketable scallops, which represents the expected
supply from culture activities in the near future. The software developed by
IFREMER for the project analysis provided the main financial criteria, i.e.
internal rate of return, potential earning power, cash requirements and a
breakdown of production costs. The first simulations indicated scallop culture
in France was profitable, but attention must be given to the cash flow because
of the lack of income during the first years. Generally, it appears that
regardless of rearing strategy a survival rate of 30% after sowing is required
to expect economic viability when the ex-farm price of scallops is about US
$3.60/kg.

INTRODUCTION

Development of king scallop, Pecten maximus, culture in France is
supported by the French government and regional authorities of Brittany. Now
that culture technology has been developed, the government requires
information on the economic feasibility of scallop production. Work on
improving the technical results continues, and IFREMER (the French Public
Organization for Marine Research) has initiated an economic evaluation of
scallop culture which takes into account production costs, pectinid market
analysis, and social and legal constraints. The study of production costs
presented here is based on a project analysis that allows prediction of both
financial needs and the profitability of the activity.

Due to a lack of natural sources of seed and slow growth of P.
maximus in hanging culture, French scallop farming is characterized by the
production of postlarvae (2 mm) in a hatchery-nursery, intermediate culture of
spat in cages in the sea (from 2 mm to 30 mm), extensive growout culture on
the seabed (density 10-m?), and dredging the scallops 2.5-3.0 years later when
they reach a marketable size of 100 mm shell height.

As the technical methodologies are clearly defined and results are
consistent, it is possible to accurately determine the requirements for
equipment, manpower, etc. Only the rate of recapture from seed remains
variable (20% to 50%). This has little influence on the size and amount of
equipment and input required since this occurs at the end of the rearing
cycle; however, the recapture rate influences revenues directly and thus can
have a significant effect on the profitability of the operation.
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MATERIALS AND METHODS

PROJECT ANALYSIS

Project Identification

The project was defined first by location, personnel, farming
operations and production targets. These choices led to preparation of an
annual schedule for the use of equipment and manpower (Fig. 1).

Estimation of Costs and Revenues

Secondly, it was necessary to assess annual costs and revenues for
a 15 year period, a convenient time frame due to the length of the farming
cycle (three years):

i amount of initial investment, depreciation and renewal;
2. manpower and other operating costs;
s stocks, yield and expected revenues.

A financial plan was proposed to meet the need for initial investment, taking
into account the availability of subsidies and the legislation regulating
debt.

All these figures were computerized on tablesheets for an
automatic calculation of accounting data and cash position survey, with the
help of PROJAQ, a software program we developed on the basis of Microsoft
EXCEL (Fig. 2).

A breakdown of operating costs for different rearing stages was
also carried out in order to obtain an analytical accounting and assess the
cost of intermediate products (postlarvae and juveniles). This breakdown, like
any other analytical accounting method, depended somewhat on arbitrary
assumptions.

Financial Analysis

The third step was financial analysis, undertaken with PROJAQ from
the computerized accounting data and other parameters beyond the control of
the entrepreneur, such as survival rate during intermediate culture (as long
as it did not greatly modify the size of the project), recapture rate from
seed, market price of scallops and the interest rate (currently 8% in France).
From these data, PROJAQ supplied within a few minutes:

1. the return on investment through the Internal Rate of Return (IRR)
over 15 years. The IRR measured the rate at which the money would
have to be invested elsewhere to get the same return as in this
project. This step did not take into account either the financial
plan of the project or thé interest expenses. This analysis
examined the project from the standpoint of the investor;

2. the project feasibility through monitoring the cash flow during
the next 15 years in order to demonstrate potential problems and
permit a revision of initial financial choices. The definitive
financial plan was obtained after a succession of iterations
carried out by PROJAQ. These elements are particularly important
to the lending banker; '
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3. profitability of the activity and factors causing variation. The
breakdown of costs of five main items (purchases, salaries, taxes,
depreciation and interest expenses) is a good method to appraise
the profitability of the activity according to different ratios,
such as Operating Result/Turnover or Net Result/Turnover. These
criteria represented the entrepreneur’s point of view;

4. an analysis of costs through a breakdown of operating expenses and
particularly of depreciation expenses during the rearing stages
and the type of investment, in order to highlight relevant
profitability issues and possible productivity gains. This
breakdown would be helpful to the researcher in charge of
improving culture technique.

Study of Variants

The last step in project analysis was the study of variants, which
was partly modified due to results of prior analysis. These results led to new
choices, for instance changing organizational structure, equipment or
financial plan, and consequently led to a new project identification (return
to the first step of the analysis).

THE ENTIRE SCALLOP FARMING PROJECT

Since there was no market for spat in France, and therefore no
" current price for either the 2 mm postlarvae or the 30 mm juveniles, the
project analyzed the entire production cycle from hatchery to harvest, and was
not based on purchase of spat. An integrated model was designed based on the
predicted production over the next few years. Approximately 100 fishermen were
considered to be involved in the construction of a hatchery, intermediate
culture, and in management of extensive scallop seeding. The seeding area was
assumed to be a 150 ha lease, of which 50 ha was seeded annually. It was
estimated that the fishermen produced three batches of four million
postlarvae, i.e. 12 million annually, yielding 4.2 million juveniles, then
150-180 t of marketable scallops three years later.

Investment

On the whole, it was assumed the project would require an
investment of $1 million (U.S.). The primary investment costs were the
hatchery (US $349,000), 57 frames and 2000 cages for intermediate culture (US
$224,000), pumping station (US $153,000), land (US $73,000), on-land working
station with tanks (US $67,000), and a 15 m dredging barge and dinghy (US
$67,000). Part of this equipment was considered to be renewable after five,
seven, or ten years, with renewal extended over several years when possible.
Total depreciation was calculated at US $100,000 per year. The first
investment could be partly supported by the E.E.C. and the regional government
(up to 50% in Brittany at the present time) if the entrepreneurs could
demonstrate professional ability and contribute 10 to 15% of the financing.
The remainder was presumably financed with loans adjusted according to the
first results of the financial analysis (feedback).

Salaries and Other Operating Costs

According to the production schedule, the project required six
permanent employees; other operating costs were calculated from the real
accounting of the Local Fishermen Committees. Operating costs (excluding
depreciation) totalled US $320,000 per year, of which US $200,000 was required
for manpower. Due to the lack of revenue during the first three years, these
costs were considered to be financed by contributions from the partners and by
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bank loans with deferred payment. Again, the definitive financing choices
were dependent on preliminary results of the financial analysis (feedback).

Output and Sales

The assumptions on farming output and sales were based on current
data: survival rates of 25% in the nursery stage and 35% during intermediate
culture, and seed recapture rates of both 25% and 30%. An average price of US
$3.60/kg was adopted due to the presence of gonads which are desired in the
French market. After a small harvest in year four, full production was
considered to begin in year five with 150 t, valued at US $545,000 on a 25%
recapture, and 180 t, valued at US $650,000 on a 30% recapture. Sales were
generally considered to be greater than operating costs, but the question
remained whether these were sufficient to cover expenses during the first
three years and interest charges.

RESULTS OF FINANCIAL ANALYSIS AND DISCUSSION

RETURN ON INVESTMENT

The importance of investment as early as the first year and the
lack of revenue during the first three years were the main reasons for
obtaining an Internal Rate of Return less than 6.4% at 30% recapture, and a
negative IRR at 25% recapture (Fig. 3). This result should not be considered
as a death sentence for the project, however, but rather as an indication that
this kind of activity is not likely to attract investors whose primary object
is either a fast return on investment or a high internal rate of return.

FINANCIAL PLAN, CASH EVOLUTION AND PROJECT FEASIBILITY

Many investment costs have to be financed in year one, then
renewed in years eight and fifteen. Operating costs must also be financed
during the first three years. Therefore, the operation cannot rely on personal
contribution and subsidies alone, but must resort to borrowing. The definitive
financial plan was calculated by PROJAQ after several iterations. With these
financial conditions, the evolution of the cash flow was very different for
each assumption (Fig. 4). At a recapture rate of 25%, annual sales were not
enough to meet the sum of operating costs and interest costs. The feasibility
of the project was jeopardized at this price and with this method of
financing. In contrast, at a recapture rate of 30% the cash flow remained
positive during the first three years, due to the different loans, and
seesawed around zero till year 1l1. From year 12 on, the operation started
making a profit since most of the loans were repaid, and it was possible to
repay the partner’s contributions. The cash position in year 15 was enough to
cope with renewal of investments without any new loans, but this position was
not sufficient to permit any new development or diversification of the
activity before year 15.

PROFITABILITY OF THE ACTIVITY

The ratio of added value was greater than 80% regardless of
recapture rate. After taking the operating charges into account, the ratio of
Operating Result/Turnover declined to 23% for a recapture rate of 25%, or 36%
for a recapture rate of 30%. After including the financial expenses, the ratio
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of Net Result/Turnover remained at 21% if the recapture rate was 30%. This
value appeared to be sufficient to conclude that the activity was profitable
under these financial conditions. If the recapture rate was only 25%, however,
financial expenses were so high that they led to a negative Net Result (Fig.
5) e

ANALYSIS OF PRODUCTION COSTS

To better understand the way in which the project works and the
factors affecting its profitability, it may be interesting to study it
independently of financial expenses. This reduces the influence of the
financial plan, which depends a great deal on the institutional context
(subsidies) and on the overall economic situation (interest rates). As
recapture rate in the range 25-30% had little influence on operating costs,
this analysis is the same in both situations. The breakdown of costs in the
three rearing stages (Fig. 6) shows the prevalence of the hatchery costs at
more than 50%, while intermediate culture and growout represent about 25%
each.

The repartition of costs among the different stages is somewhat
arbitrary but allows appraisal of the production cost at each level:

1z US $0.02 per postlarva;
2. US $0.08 per juvenile (30 mm);
3. US $0.34-0.40 per marketable scallop according to the seed

recapture rate (30 or 25%, respectively), i.e. US $2.30-2.80 per
kg of whole scallop, or US $16.00-19.00 per kg of muscles (without
gonads) .

DISCUSSION AND VARIANTS

Such a financial analysis makes it possible to assess
potentialities and the limits of scallop culture in France. The cost of the
hatchery seems very important but because of technical constraints, it is not
possible to reduce the number of employees, and because of financial
constraints, it would be hazardous to look for economies of scale by
increasing its size. As for intermediate culture, only a reduction of the
price of frames and cages or a better control of spat survival may lead to a
reduction of production costs.

Recapture rate of seed appears to be the key for increasing
productivity, principally because it occurs at the end of the rearing cycle
and brings added value. The existence of clear differences in the results of
the financial analysis of this scallop farming project based on assumptions
about the recapture rate emphasizes the importance of obtaining more reliable
technical results during growout.

These preliminary results may also lead to the study of variants
of the project in consideration of new rearing choices such as partial or
total supply of wild spat, marketing of surplus postlarvae, or intermediate
culture in cheaper frames. In these cases, the problems in terms of
maintenance cost, depreciation, or longer rearing cycle (four years instead of
three) required to increase income by raising larger animals, must be taken
into account.
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CONCLUSIONS
INTERESTS AND LIMITS OF FINANCIAL ANALYSIS AND PROJECT ANALYSIS

The design of PROJAQ makes it possible to assess all the effects
of technical innovation, a modification of the farming method or change in
biological standards in terms of production and financial results, for it
takes into account the organization of production for the whole operation. It
is a simulation tool which helps to distinguish results of different variants
of the same project based on numerous criteria.

However, results of the financial analysis cannot be accepted as
definite or absolute. Market uncertainty and risks inherent in dependence on
the natural environment must be considered. These results should be regarded
as elements to facilitate decision-making by investors, bankers,
entrepreneurs, researchers or public policy-makers with respect to their own
aversion to risk.

Finally, in the present economic context of extremely high real
interest rates, very few projects may seem attractive strictly in terms of
financial profitability. Agricultural and aquacultural projects are at a
particular disadvantage because they need a long time for a return on
investment. These high interest rates are also the cause of cash difficulties
if biological results do not attain the norm, since bank charges continue in
addition to interest expenses.
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STRATEGIES FOR INTERMEDIATE SUSPENSION CULTURE
G.J. Parsons and M.J. Dadswell

'Department of Zoology, University of Guelph, Guelph,
Ontario N1G 2Wl and ’Department of Biology, Acadia University,
Wolfville, Nova Scotia BOP 1X0, Canada

ABSTRACT

The traditional technology for intermediate scallop culture has
been the pyramid-shaped pearl nets. In this experiment we compared the cost
and handling time (loading and unloading) of several different types of net
designs (square-base pearl nets, round-base pearl nets, lantern nets,
superlantern nets, Shibetsu nets, and oyster cages). We also examined the
effect of stocking density on growth and survival of juvenile sea scallops,
Placopecten magellanicus, held in pearl nets and, using this information, we
compared the growth and survival of juvenile scallops held in the different
nets at the same density. An inverse relationship was found between shell
growth and stocking density but overall survival was not influenced by
density. A table summarizing the costs involved in producing 100,000 scallops
held in the different nets is presented to illustrate the trade-offs between
costs of nets, ease of handling, and growth and survival. The optimal
strategy for intermediate suspension culture is dependent on net choice and
stocking density, and is influenced by the overall growout strategy including
final market product (e.g. whole vs meats only).



HISTORY AND STATUS OF SCALLOP CULTURE IN NORTH AMERICA
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ABSTRACT

Experimental scallop culture in North America began in the early
1970’s with at least seven different species. Results from feasibility
studies on the growout of scallops to market size with natural spat collection
and hatchery produced seed indicate hatchery seed growout to be a more viable
economic choice than natural spat collection. At least four commercial
hatcheries now produce seed for the bay scallop, Argopecten irradians, deep
sea scallop, Placopecten magellanicus, and the Japanese scallop, Patinopecten
yessoensis. Other candidate species for culture currently under survey are
the pink scallop, Chlamys rubida, spiny scallop, C. hastata, and the rock
scallop, Crassadoma gigantea.
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EXPERIMENTAL CULTURE OF MOON SCALLOPS, AMUSIUM
PLEURONECTES, IN ULUGAN BAY, PALAWAN, PHILIPPINES"

M.A. Rice!, R.B. Rheault?, M.S. Perez?’, and V.S. Perez’
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ABSTRACT

Growth rates were determined for scallops (35 to 75 mm valve
height) held in pocket nets and lantern nets at varying densities. The
Ford-Walford linear transform of the von Bertalanffy growth equation was used
to correct for lower expected rates of ontogenetic growth in larger
individuals and to allow quantification of food-limited stunting. Pocket nets
allowed for greater growth of scallops than did the lantern nets at all
stocking densities. The growth rates of scallops in pocket nets,
nevertheless, was well below the growth of scallops in the wild. Clearance
rates of Caribbean strains of Isochrysis galbana (C-Iso) and Chaetocerous
gracilis (C-Cg) were determined for moon scallops, Amusium pleuronectes, in
static chambers at 28°C. The scallops have a great capacity to filter both
species of phytoplankton. Clearance rates were observed to range from 2.84 to
12.13 1/g+*h dry weight (4.7x10° to 9.8x10° cells/min or 1.3x10%® to 2.8x10%
cells/g-h) in pre-conditioned 70 mm animals. The threshold cell concentration
for the beginning of pseudofeces production is less than 20,000 C-Cg cells/ml.
The high rates of particle clearance and concomitant water transport by A.
pleuronectes are adaptations to their native warm oligotrophic waters. These
high clearance rates coupled with their habit of active swimming (>9 m/swim)
may limit this species to low density bottom pen culture methods.

INTRODUCTION

The Asian moon scallop, A. pleuronectes, is found in southeast
Asia from the Ryukyu Islands of southern Japan to Thailand and Indonesia
(Habe, 1964). In the Philippines, moon scallops are caught throughout the
archipelago in small-scale trawl fisheries (Llana 1983; DelNorte et al. 1988).
A number of studies have focused on aspects of reproduction, recruitment,
growth and mortality of natural populations of these scallops as they relate
to the capture fisheries (Llana and Aprieto 1980; DelNorte 1988). The
reported rapid growth of this species (=two year life span), its relatively
large maximum size (Ho=106 mm), some promise in development of spawning and
larviculture techniques, and its relatively high viscera and adductor muscle
weights to shell weight ratio make this species attractive to study as a
potential aquaculture prospect (Belda and DelNorte 1988; DelNorte 1991). One
key aspect that makes bivalve molluscs attractive as a culture species in many
developing nations is that they are filter feeders, utilizing
naturally-occurring, low food chain phytoplankton and other suspended
particulates (see Newkirk 1992 for a recent review). Concomitant with culture
of filter feeding bivalves is the recognized effect of reduced growth with
increasing stocking density (e.g. Eldridge et al. 1979; Eversole et al. 1990;
Newell 1990). Because of this, it is of practical interest to determine
optimum stocking densities as part of an economic feasibility analysis. The

"This is publication 2855 of the Rhode Island Agricultural Experiment Station.
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primary aim of this study is to evaluate the technical and economic
feasibility of growout culture of A. pleuronectes.

Feeding rates of bivalves in relation to available food supply are
an important factor influencing growth of animals in suspended culture (Incze
et al. 1981). Thus a secondary aim of this study is to estimate the particle
filtration rates of individual scallops.

MATERIALS AND METHODS

A. pleuronectes (ranging from 35 to 75 mm valve height) were
caught by small-scale commercial trawlers in the Sulu Sea near Palawan,
Philippines, and kept in buckets of aerated seawater while aboard the boats.
After being brought ashore, scallops were transported in 500 ml capacity
plastic bags (two to three scallops/bag) with approximately 200 ml seawater
(34 ppt) and inflated to full capacity with pure oxygen. Bags were placed
into styrofoam fish transport boxes with gel-ice packs for overland transport
to the study site at Ulugan Bay, on the South China Sea coast of Palawan.
Transport survival of scallops was near 100%.

The seawater of Ulugan Bay is oligotrophic (average >10 m Secchi
depths), supporting fringing reefs beyond lightly exploited intertidal
mangrove forests. During the growth study period, August to October 1991,
salinity and water temperature averaged 34 ppt and 31°C, respectively.
Variously sized and individually marked scallo?s were placed at varying
densities (10, 20, and 40 scallops per 1140 cm®) on shelves of lantern nets
with exterior netting mesh of 4 mm. Larger mesh netting allows for nipping of
scallop tentacles by grazing fish (Siganidae and others). Pocket nets with
dimensions of 1 m x 1.5 m were constructed of 4 mm mesh outer nylon netting
sandwiching an inner 25 mm mesh net. The pocket nets accommodated a total of
192 scallops (96/side). Both lantern nets and pocket nets were suspended at 2
m intervals from a 30 m subsurface longline set at right angles to the
prevailing tidal currents. All gear were constructed of materials locally
available in the Philippines.

Growth of individually marked scallops was determined on a monthly
basis August through October. Data were analyzed by use of the Ford-Walford
linear transformation of the von Bertalanffy growth equation.

Clearance rates were determined by using cultured Caribbean
strains of Chaetoceros gracilis (C-Cg) and Isochrysis galbana (C-Iso) at 28°C
in 30 1 aerated static chambers. Prior to determinations of filtration and
ingestion rates, scallops (=70 mm valve height) were preconditioned for six
hours in water containing 60,000 cells/ml. Clearance rates of 5 to 10 animals
per experiment with two replicates were determined by monitoring depletion of
phytoplankton from the medium by triplicate haemacytometer counts every 5-10
minutes. Rates were calculated by the equations of Jorgensen (1943) or
Coughlin (1969), and expressed as ml/g+h or cells filtered per unit time. 1In
some experiments, phytoplankton was added at 10 minute intervals in an attempt
to maintain constant cell concentrations.

RESULTS

Growth studies suggest that Amusium is prone to density-dependant
stunting or food limited growth when held in lantern nets (Table 1). Scallops
held at low densities exhibited a growth check corresponding to transport and
initial stocking; growth resumed at a reduced rate. Scallops held at the
highest densities did not grow. Apparent maximum valve heights (Hw), may be
used as an index of the degree of food limited growth. Scallops held in
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pocket nets grew faster than scallops in lantern nets, but their growth was,
nevertheless, lower than scallops in nature (Table 1). Amusium are prone to
swim around the open space of lantern nets when disturbed; pocket nets allow
individual scallops to be held in place.

Survival of scallops was high (>95% for all densities) during
first month of the study. During the second month, mortalities were
approximately 50% in the high density lantern nets. In December, freshets
associated with the northeast monsoon lowered the salinity of Ulugan Bay to
<25 ppt, killing all scallops.

At average phytoplankton densities of 60,000 cells/ml, filtration
rates of 70 mm scallops were observed to range from 100 to 427 ml/min (2.84 to
12.13 1/g-h dry weight or (1.3x10%® to 2.8x10°® cells/g-h) (Table 2). The
threshold cell concentration for the beginning of pseudofeces production is
<20,000 cells/ml Chaetoceros gracilis.

DISCUSSION

The von Bertalanffy (1938) growth equation has been successfully
applied to growth of bivalve molluscs (reviewed by Vakily, 1992). In a number
of studies, von Bertalanffy growth parameters have been used to assess growth
and production of bivalve populations in sites with varying hydrographic
conditions or positions in the intertidal zone (Bayne and Worrall 1980; Broom
1982), as a means for assessing the impact of pollution on bivalve growth
(Appeldoorn 1981), and as an indication of food-limited stunting in
particularly dense wild bivalve populations (Rice et al. 1989). In this study
we show that von Bertalanffy growth parameters may possibly be used as a tool
for rapid assessment of growth and production potential for bivalves in
off-bottom culture.

The particle clearance or filtration rates of A. pleuronectes are
high in comparison to some other scallops. Bricelj and Shumway (1991) list the
reported clearance rates from a number of species. Dry weight standardized
clearance rates ranged from 0.145 to 31 1/g*h in various species of scallops.
The only species with greater filtration rates than Amusium were Chlamys
opercularis and Pecten furtivus. Although the reported values for particle
clearance by Amusium are rather high, it is likely that the (60,000 cell/ml
cell densities in the experimental chambers may have led to an underestimation
of filtration rate in field conditions (Palmer 1980; Doering and Oviatt 1986).

We speculate that high particle filtration rates along with
concomitant water transport rates by A. pleuronectes are an adaptation to warm
oligotrophic waters. Scallops strongly compete for limited food resources.
This presents an interesting challenge for those contemplating commercial
culture of this species. Use of intensive (high stocking density) methods
such as traditional lantern nets or pocket nets for growout appears to be
unfeasible for this species. However, this does not rule out the possibility
that larger-scale bottom enclosures with low stocking densities might be a
viable culture method.
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Table 1. Walford analysis parameters.

Theoretica Lantern nets
1
(DelNorte 10/shelf 20/shelf 40/shelf Pocket net
1988)

y—-intercept 7.831 6.494 2.151 0.762 4.968
slope (k in yr™" 0.9261 0.9017 0.9664 0.9839 0.9336
intercept on 106.0 66.1 65.0 47.3 74.8
y=x (apparent
Ho in mm)
correlation (r) i 0.9914 0.9964 0.9966 0.9860

Table 2. Results of feeding studies.

Isochrysis galbana
(at 60,000 cells/ml)

Chaetoceros gracilis
(at 60,000 cells/ml)

(n = 15) (n = 58)
mean clearance rate 204.0 114.2
(ml/min)
std. dev. clearance rate 137.6 86.2
(ml/min
range clearance rates
(ml/min) 108 to 427 100 to 344

(1/g*h wet wt)

0.46 to 1.84
(1/g*h dry wt)

3.07 to 12.13

mean clearance rate 7.6
(10%cells/min)
mean clearance rate 5.80

(1/g+*h dry wt)

0.43 to 1.48
2.84 to 9.77

6.8

3.25
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OBSERVATIONS ON LARVAL DEVELOPMENT AND SETTLEMENT OF
PATINOPECTEN YESSOENSIS IN HATCHERIES
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ABSTRACT

The influence of density on Patinopecten yessoensis larval
development was studied during production of an F2 generation. Setting
behaviour of P. yessoensis on PVC removable spat collectors, previously tested
with Pecten maximus, was determined. Poor larval growth of P. yessoensis was
observed at a larval density of 7:ml! and postlarval settlement occurred
mainly on the bottom of the baskets, as has been observed with the king
scallop, P. maximus. The PVC collector is not suitable for either species of
scallop.

INTRODUCTION

Production of an F1 generation of P. yessoensis in France (Cochard
et al. 1993) enabled initial experiments to be undertaken on the culture of
this species in the Mediterranean (Buestel et al. 1989). In spite of high
mortalities (Coatanea, Pers. Comm.) the broodstock was maintained in France.
This was necessary because of difficulties encountered during its introduction
into France and the potential for further investigation on the feasibility of
culture of this species on the Atlantic coast, where scallop farming is of
considerable interest.

In Britanny, the scallop industry is based on harvest of the king
scallop, Pecten maximus. Low survival rates (20 to 50%) observed during
transfer of spat to sea is the major problem for culture of this species
(Fleury et al. 1993). High mortalities at this time may be due to removal of
spat from setting tanks because mortalities during transfer of unattached spat
have been low. A change in the setting techniques using removable spat
collectors has been suggested as a method to reduce mortalities. Consequently,
experiments with P. maximus showed that spat settled mainly on the bottom of
the baskets (Robert et al., unpublished data).

The aim of this study was to determine the suitability of
removable spat collectors for Patinopecten yessoensis and to compare setting
behaviour of both species. Experiments were carried out while producing an F2
generation.

MATERIALS AND METHODS

LARVAL REARING

Sexually mature P. yessoensis were collected from the Bay of Brest
(France) in April 1992. Spawning was induced in the laboratory by increasing
seawater temperature from 11°C to 13.5°C. After incubation (72 h), veliger
larvae were put in five 450 1 cylindrical-conical tanks at densities of
1.5'ml' in four tanks and at 7'ml’' for one tank. This higher density is used
in culture of P. maximus larvae under our standard conditions. All larvae were
reared in 1 p filtered seawater, renewed at 48 h intervals, at a salinity of
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33-34 ppt and a temperature of 15°C. Bacterial contamination was controlled by
adding chloramphenicol (8 mg'l') and the larvae were fed daily on a mixed
algal diet of Isochrysis aff. galbana, Pavlova lutheri and Skeletonema
costatum to give a final concentration of 30 to 60 cells:ul'. Larval size was
determined on a minimum of 50 individuals per tank, every second day, by
measuring the shell length converted to equal shell diameter by means of an
image analysis technique as described by de Pontual et al. (1993). Mortalities
were assessed by counting the number of dead larvae in a sample of 200
individuals from each tank under a profile projector (Nikon V12). After
grading on a 150 y mesh screen, mature larvae were transferred to setting
tanks.

POSTLARVAL REARING

The postlarval rearing containers used were 100 1 flat bottomed
rectangular tanks paired and connected to the same seawater supply. Each tank
was continuously supplied with 400 l:h' of 15°C seawater, filtered to 1 u for
the first 10 days, and then only sand-filtered at =50 u. The seawater,
enriched with 0.2 1:h' of phytoplankton (Isochrysis aff. galbana, Pavlova
lutheri, Chaetoceros calcitrans and Skeletonema costatum) was homogeneously
distributed from above to each tank by means of PVC removable drilled tubes,
connected perpendicularly to the primary circuit. Five rectangular containers
with a mesh bottom, whose mesh size corresponded to spat size (125 to 250 u),
were placed in each tank (Fig. 1). PVC baskets (45 cm long, 35 cm wide and 12
cm high, for a total water volume of 15 1) were used as a setting surface. In
these containers, the setting surfaces were 1535 cm? for the bottom and 1600
cm’* for the edges. Supplementary collectors, formed by crossed PVC sheets (the
same material as the edges of the baskets) with a setting surface of 4648 cm?,
were placed in some of these baskets.

Pediveligers (950,000) were placed in five baskets, four of which
(Bl-B4) were equipped with additional collectors at a density of 190,000 (=13
larvae'ml'). Spat numbers were estimated six weeks later by counting the
entire population on the collectors and by counting a sample of individuals
settled on either 30 cm’ on the bottom (30 squares of 1 cm’ randomly selected)
or 50 cm’ on the edges. Spat size was estimated at the end of the trial by
measuring the length (anteroposterior axis) of 100 individuals per treatment,
under a profile projector. The experiment was undertaken from May to July
1992. Data were processed using Excel, Statview and Sigmaplot software.

RESULTS

LARVAL DEVELOPMENT

The average fecundity per female was low (5 million oocytes
released) but development to the veliger larvae was high, 55%. The rate of
abnormality was 10%. At lower larval densities, mortality was less than 5%
until the end of the larval period. At higher densities, similar values were
recorded during the first 10 days but then mortalities increased to 15%.
Larval growth is shown in Figure 2. At the lower larval density, the increase
in size was steadier with a daily length increment of 7 u. In contrast, at the
higher larval density, the growth rate declined from the 12th day onward which
produced a difference in length of 50 p on day 23. Consequently this brood was
discarded before transferring larvae to the nursery. Excluding this brood, the
average larval yield (number of mature larvae retained on 150 y mesh screen
compared to the initial number of veliger larvae) was high (65%).
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Spat survival rates and densities (number-:cm?) are shown in Table
1. Low survival rates, less than 20%, were observed, with a high range of spat
dispersal in the baskets with collectors representing a coefficient of
variation of 23%.

Spat densities on collectors were low (Table 1). There was a
difference at the 5% significance level in spat density between collectors,
edges and bottoms of the baskets (Kruskal-Wallis test: H=7.038; P=0.0296)
leading to the rank of classification shown in Table 2. Nevertheless, the
average rate of collector settlement (number of spat on collectors compared to
total number of spat), independent of the setting surface, was satisfactory
(41.75 + 6.00%).

; No differences in spat size, at the 0.1% significance level, were
noticed, at the end of the experiment, between spat settled on collectors
(mean shell length = 1.51 * 0.11 mm) and bottoms of the baskets (1.51 + 0.13

mm) .

DISCUSSION

It was impossible to rear Patinopecten yessoensis larvae at the
same larval density as is used for Pecten maximus, 7°'ml'. At a lower density,
1-ml?, a daily length increment of 7 u was recorded, similar to that reported
by Bourne et al. (1989). P. maximus reared at the same period but at the
higher density of 7:'ml' showed a similar growth with a daily length increment
of 6.3 y (Fig. 2). Larval overcrowding may explain the poor growth of P.
yessoensis at the higher density, but this result may also be explained by
underfeeding from day 12 onward, when the growth rate decreased. The potential
amount of food per larva was constant during this experiment (4,500-9,000),
whereas Bourne et al. (1989) recommended a higher ratio for older larvae
(>12,000-20,000). Compared to P. maximus, P. yessoensis feeding requirements
seem to be higher.

Low survival rates of spat were probably due to overcrowding
and/or underfeeding. The setting density was 13-°ml’' whereas Bourne et al.
(1989) recommended lower densities (<2:°ml'). Under our standard culture
conditions, P. maximus setting density is also lower, 6:ml'. The high spat
mortality made interpretation of results difficult. Nevertheless, P.
yessoensis appeared to settle mainly on the bottom of the baskets as was
observed with P. maximus (Tables 3 and 4).

Consequently, in our postlarval culture system, these types of
collectors are not considered effective for either scallop species. In future,
we will focus on developing new techniques such as deeper raceways with
recirculating systems and using new types of collectors such as Kinran which
has been reported to be the best cultch (Bourne et al. 1989).
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Table 1. Patinopecten yessoensis. Percentage survival of spat (number-:cm?) on
removable collectors (B1-B4), edges and bottom of the baskets.

Survival Collector Basket edge Basket Total
rate bottom
BO (control) 17.50 * 7.38 14.00 10.62
Bl 20.80 3.15 6.26 9.67 5.07
B2 15.70 2.79 2.26 8.60 3.83
B3 11.80 2.00 3.42 5.03 2.89
B4 16.20 3.05 4.80 5.87 3.96

Table 2. Patinopecten yessoensis. Kruskal-Wallis rank classification for
density of spat on collectors, edges and bottom of the baskets.

Count Sum ranks Mean ranks
Collector 4 13.00 3.25
Edge 4 25.00 6.25
Bottom 4 '  40.00 10.00

Table 3. Pecten maximus. Percentage survival and density of spat (number:cm?)
on removable collectors (B1-B4), edges and bottom of the baskets.

Survival Collector Basket edge Basket Total
rate bottom
BO (control) 39.20 * 9.60 15.53 12.50
Bl 35.19 2.61 4.82 10.00 4.52
B2 38.24 2.65 7.14 9.43 4.91
B3 51.02 2.61 7.32 17.70 6.55
B4 45.80 2.72 5.14 16.23 . 5.88

Table 4. Pecten maximus. Kruskal-Wallis rank classification for density of
spat on collectors, edges and bottom of the baskets.

Count Sum ranks Mean ranks
Collector 4 10.00 2.50
Edge 4 26.00 6.50

Bottom 4 42.00 10.50




SPAT PRODUCTION OF THE SEA SCALLOP, NODIPECTEN NODOSUS
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ABSTRACT

The most suitable native species for the development of scallop
culture in Brazil is Nodipecten nodosus due to its fast growth rate, large
size and commercial value. The experimental production of spat of N. nodosus
was achieved in the hatchery for the first time in Brazil. Broodstock was
collected from a wild population at Arvoredo Island, Santa Catarina State, and
maintained under laboratory conditions for five weeks prior to induction of
spawning. Procedures for spawning, larval culture and settlement were modified
from techniques used for other scallops. Viable gametes were released and
fertilization was accomplished. Straight-hinged veligers (1.26 x 10% were
present in the culture container after 22 hours. Eyed larvae were observed
after 14 days. Settlement and metamorphosis took place on artificial
substrates after 19 days. One set of collectors holding juveniles was
transplanted to the sea 33 days after fertilization and another set was kept
in the laboratory. The total number of spat produced was 2,286. Further
research is needed before large scale culture work can be attempted. Detailed
studies of physiology and reproductive cycle of broodstock, triggering of
spawning as well as the larval and juvenile requirements are essential. These
studies may allow an increase of spat production of N. nodosus in the hatchery
as well as subsequent establishment of a new economic activity in coastal
areas in the south of Brazil.

INTRODUCTION

The sea scallop, Nodipecten nodosus (Linnaeus 1758) (= Lyropecten
nodosus), is the largest pectinid occurring in Brazilian waters (Rios 1985).
According to Smith (1991) N. nodosus is found in the Caribbean and
discontinuously as far south as Rio de Janeiro, Brazil. Commonly named the
Lion’s Paw, its colour varies from dark maroon-red to bright-red, orange, or
rarely yellow (Abbott 1974; Abbott and Dance 1990). The depth distribution is
reported to be from 35 to 150 m over sandy and calcareous algae bottoms (Rios
op cit).

Landing statistics are not available for N. nodosus in Brazil;
however, in Santa Catarina State the species is occasionally collected by
divers, who sell the scallops in local markets. The prices vary from US$3.00
to US$5.00 each, depending on size and season. Not only are the adductor
muscle and gonads consumed, but the shells are used also as curios.

Mollusc culture is a new activity in Brazil and only a few
enterprises exist for growing mussels and oysters (Ostini and Poli 1990).
Scallop culture is still non-existent and initial efforts to study its
feasibility are taking place at the Federal University of Santa Catarina. The
Marine Molluscs Culture Laboratory is an experimental hatchery designed to
produce spat of Crassostrea gigas for artisanal fisherman in local communities
as well as to develop new alternatives for aquaculture in coastal areas of
Santa Catarina State.
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A natural bed of N. nodosus was found at Arvoredo Island (Lat
27°17’S, Long 48°22°'W), which is a Federal Biological Reserve. Adults larger
than 170 mm have been collected in the lowest part of the sublittoral, in
depths ranging from 6 to 30 m. The population distribution seems to be random
and the density is too low to support commercial exploitation. Experiments to
assess spat settlement in artificial collectors were carried out in the field
for the last two years; however, the number of spat collected has been very
low. The growth experiments with naturally collected spat indicate that they
can exceed 10 cm total length within 12 month of culture (Manzoni and Rupp
1993). If viable scallop culture is to be developed in Brazil it will probably
rely on hatchery produced spat.

Techniques to induce spawning and culture larvae and juvenile
scallops have been presented by several authors: Bourne et al. (1989);
Castagna (1975); Comely (1972); Costello et al. (1973); Loosanoff and Davies
(1963); sSastry (1965); Velez et al. (1990); among others. However, no
information was available for N. nodosus other than that of Coronado et al.
(1991) and Velez (1987).

The objective of the present work was to determine the feasibility
of producing spat of N. nodosus on an experimental scale in the hatchery.

MATERIALS AND METHODS

BROODSTOCK MAINTENANCE

Broodstock was collected at Arvoredo Island and transported to the
laboratory. Fifteen scallops were placed in a 500 1 tank provided with a
system modified from the one described by Devauchelle and Mignant (1991),
where the scallops were maintained for five weeks prior to spawning. Food was
supplied daily and consisted of a mixture of at least two of the following
species: Isochrysis aff. galbana (Tahitian variety), Chaetoceros gracilis,
Chaetoceros calcitrans and Tetraselmis tetrathele. Concentrations were about
150,000 cells/ml per day. Water was changed every two or three days.

The temperature range during all culture phases was from 22°C to
27°C. Water was pumped from the sea, pre-filtered and passed through 5, 3 and
1 u filters (FSW). The salinity was 31 * 2 ppt.

INDUCTION OF SPAWNING

Nine individuals, showing the best gonadal condition by visual
inspection, were used to induce spawning after scrubbing and cleaning the
epifauna. A combination of techniques described by Chew et al. (1987) was
employed. Broodstock was subjected to thermal stimulation and UV-irradiated
FSW with the addition of hydrogen peroxide, after being immersed in high
density of algae for one hour. Temperature was decreased from 25°C to 23°C and
increased to 27°C at intervals of half hour for each 2°C. Broodstock was
exposed to air for 15 minutes between each temperature change.

Spawning and fertilization procedures were accomplished after the
methods of Bourne et al. (1989).
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LARVAL CULTURE

Some of the fertilized eggs (1,440,000) were placed in a plastic
bin containing 100 1 of UV-irradiated FSW and gently aerated. The other eggs
were used for various experiments.

Feeding consisted of Isochrysis and Chaetoceros in final
concentrations varying from 3 to 5 x 10° cells/ml. Proportions ranged from
100% Isochrysis the second day to 50% of each species at 15 days. Water was
changed every other day and larvae were retained on nylon screens ranging from
50 to 150 p. Procedures for draining tanks, holding and counting larvae were
similar to those reported by Bourne et al. (1989). No sorting of larvae was
carried out and larval density was reduced by natural mortality.

Algae supplied as food was cultured in the Conwy media, modified
with vitamins, in 5 1 carboys as described by Walne (1979).

SETTING

Plates of polycarbonate and netlon filaments previously soaked in
FSW were placed inside the culture container on day 15, one day after eyed
pediveligers were observed. Water was changed daily so that water entered the
tank at the same rate as it was drained by a siphon for approximately half an
hour. This method avoided exposure of the settled larvae to air. The larvae
retained on screens were replaced in the tank. Feeding consisted of 6 x 10°
cells/ml until day 19 (70% Chaetoceros, 30% Isochrysis), and 8 x 10% cells/ml
from day 20 to day 30.

NURSERY

After 33 days of culture, some of the polycarbonate plates and
netlon containing settled juveniles were taken out of the setting tank and
placed inside a 500 uy mesh nylon bag. This bag was transported to Arvoredo
Island immersed in FSW, where it was hung on a longline at a depth of 8 m.
Size and number of spat were estimated after a period of 38 days.

The other set of settled juveniles was kept under laboratory
conditions for three more weeks, when the number and size of spat were
estimated. Feeding during this period consisted of a mixture of Isochrysis
(45%), Chaetoceros (45%) and Tetraselmis tetrateli (10%) at a final
concentration of 100,000 cells/ml.

RESULTS

No mortality was observed in the five week period that broodstock
was maintained in laboratory.

N. nodosus is a functional hermaphrodite having gonads with a
reddish-orange ovarian portion and a white testis. All scallops that were
conditioned for spawning released gametes. Spawning started 20 minutes after
the temperature was increased to 25°C. Sperm was released initially and only
two individuals subsequently released oocytes (3,000,000). A certain degree of
self-fertilization was unavoidable.
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The initial stocking density was 1,440,000 fertilized eggs in the
culture container. By the second day there were 1,260,000 "D" shaped veligers
(87.5% survival), and at the end of 14 days of culture there were 76,000
larvae (5.27% survival). As soon as setting began it was not possible to
assess the number of surviving individuals.

Swimming trochophores were observed 12 hours after fertilization.
Fully developed "D" shaped veligers were present after 22 hours at 27°C, and
slightly protruded umbones were formed after 7 days. An eye spot and a
rudimentary foot were observed after 14 days.

Individuals showing conspicuous dissoconch shells crawling over
the collectors were observed by the 19" day. Settlement and metamorphosis took
place on both polycarbonate plates and netlon filaments.

Spat maintained in laboratory for a period of 52 days from
fertilization reached an average size (anterio-posterior length) of 1.1 mm (%
0.39, n=30). The total number of surviving individuals was 1,660.

Spat transplanted to the sea 33 days after fertilization reached
an average length of 5.16 mm (* 2.1, n=54) 38 days after transfer (71 days
after fertilization). The number of surviving spat in the sea was 626;
however, it was not possible to assess the initial number of transplanted
spat.

DISCUSSION

Broodstock of N. nodosus was successfully maintained under
laboratory conditions for five weeks when fed with a mixture of unicellular
algae. However, it is unknown whether food supplied was of sufficient quantity
and quality enough to fulfil nutritional requirements. Nor was it possible to
assess gonadal maturation during this period, since no conspicuous changes
were observed in gonad structure. The reproductive cycle of this species in
the region is unknown, so it was not possible to determine whether broodstock
was collected during the spawning season as would be desirable for
conditioning.

Methods employed to trigger spawning in N. nodosus were a
combination of different techniques used for inducing spawning in other
molluscs. Prior to the present study several other techniques were used to
induce spawning of scallops by the author, but they were not successful.
Methods used here were sufficient to induce liberation of sperm, since all
individuals released active sperm. However, only two individuals released
oocytes. It is not clear whether the techniques employed inhibited liberation
of oocytes or whether the conditioned scallops had ripe female gonads.

Larval culture of N. nodosus was found to be feasible using
techniques similar to the ones employed for scallops in other hatcheries
(Bourne et al. 1989; Illanes 1990). The high mortality observed during the
larval period (93.9% from D-shaped veligers until the 14" day) may be due to
inadequate feeding, overcrowding or other factors such as handling or disease.

The pattern of embryogenesis and larval development was typical
for scallops as described by Sastry 1965, Loosanoff and Davies 1966, Rose et
al. 1988, among others.

Settlement took place on polycarbonate as well as on netlon. There
was no apparent preference of one material compared to the other.

. The culture of juveniles was undertaken in the laboratory as well
as in the field. Further studies will be necessary to determine the best size



- = 95 =

of spat for transplanting to the field. An efficient nursery system must also
be developed.

The total number of spat produced (2,286) is obviously too low for
commercial purposes. However, considering the lack of biological knowledge and
that this was the first attempt to induce spawning, rear larvae and culture
spat of N. nodosus in Brazil, the results attained indicate that the species
has a good potential for mariculture. A research program to study the biology
of N. nodosus and to improve culture technology is needed if spat is to be
produced at satisfactory levels.

CONCLUSIONS

The production of spat of N. nodosus was found to be feasible on
an experimental basis in the hatchery. However, further research is needed to
improve the methods and techniques before a large scale culture can be
attempted. Detailed studies of the physiology and reproductive cycle of
broodstock, as well as procedures to induce spawning, are necessary to permit
production of gametes of desirable quantity and quality. Research into larval
and juvenile culture conditions is also needed in order to reduce mortality
and permit an increase in spat production. Further research into the culture
and biology of N. nodosus may permit establishment of a new economic activity
in coastal areas of South Brazil.
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ABSTRACT

Tens of thousands of juvenile Placopecten magellanicus (10-25 mm
shell height) have been seeded onto the seabed at three sites in tidal
channels in Lunenburg Bay, Nova Scotia, and monitored for up to three years.
The fate of the seeded populations varied significantly in terms of the type
and magnitude of losses from the seeded areas and the relative importance of
migration and mortality. The post-release dynamic was rapid in all cases,
with losses of 30%, 75% and 95% during the first two weeks in the three sites.
Variation between sites greatly exceeded that between seasons of seeding. The
densities of predators within seeded areas did not increase markedly during
the course of the seeding trials, but local populations of the crab Cancer
irroratus showed a functional response to scallop density at the site with the
highest mortality rates. Patterns of dispersion away from release sites are
not simply reflected by hydrodynamics, due to the complexity of swimming
behaviour. Small between-site differences in near-bed physics and predator
fields at the time of seeding produce large variations in surviving population
sizes, indicating that post-settlement processes contribute significantly to
the great variability of scallop populations.
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ABSTRACT

- Harmful algal blooms occur worldwide and their associated
phycotoxins are accumulated by filter-feeding bivalve molluscs. Since only
the adductor muscle of scallops has been traditionally marketed, scallops are
not usually included in routine monitoring programs. A renewed interest in
marketing both whole and ‘roe-on’ scallops from various geographic regions
along with intensified aquaculture ventures in areas prone to toxic blooms
have provoked public health concerns regarding the safety of this resource.
Our studies have focused on the sequestering and biotransformation of
phycotoxins in scallops. Our results, coupled with a review of historic data,
indicate that:

1. toxins are not distributed evenly throughout the scallop tissues,
most toxin is usually concentrated in the mantle and digestive
gland;

2. some scallop tissues, e.g. digestive glands and mantles remain
highly toxic throughout the year;

3. toxicity varies considerably (*43.5%) between individual animals
collected in the same area;

4. no correlations could be made between toxicity levels in gonadal

tissue and any other tissues.

Scallop culture and commercial fisheries can thrive in areas prone to toxic
algal blooms if only the adductor muscle is utilized. Safe marketing of ‘roe-
on’ scallops is feasible only under strict regulatory regimes. Marketing of
mantles or whole scallops poses a high risk to public health and should only
be undertaken after extensive monitoring. Scallop mariculturists should be
acutely aware of the potential risks associated with phycotoxins. Further,
public health guidelines with particular emphasis on toxin levels in
individual tissues is necessary if scallops are to be marketed whole or in
conjunction with tissues other than adductor muscles.

*This paper has appeared in: Reviews in Fisheries Science 1(2): 121-150 (1993)



- 99 -

GROWTH OF THE SCALLOP MIZUHOPECTEN YESSOENSIS CULTURED
IN THE COASTAL WATERS OF PRIMORYE PROVINCE, RUSSIA

A.V. Silina

Institute of Marine Biology, Far East Branch,
Russian Academy of Sciences, Vladivostok 690041, Russia

ABSTRACT

Growth of juvenile scallops, Mizuhopecten yessoensis (1.0-1.5
years old) after they were transferred from nursery-collectors to bottom
culture grounds was studied using alternate seasonal markings of broad
multidiurnal and narrow diurnal growth layers on the microsculpture of the
surface of the shell. Growth rate of cultured scallops was similar to that of
native (resident) scallops in all areas, but the initial body weight and shell
height of juveniles from collectors was lower. Final size of cultured scallops
was generally smaller than native individuals of the same age: 10-15 mm shell
height if juveniles were seeded in May, and 20-25 mm if they were sown later,
in August-September. If juveniles were planted early when they were 1.5 years
old in October, then shell height of cultured and native scallops was similar.
In some areas it is recommended that scallops be cultured until they are four
years old before harvesting.

INTRODUCTION

M. yessoensis is the only scallop species cultured in Russia, in
the coastal waters of Primorye Province in the northwestern part of the Sea of
Japan. The main culture method includes collection of spat in
nursery-collectors and rearing them in the same suspended collectors for one
year, followed by transfer of juveniles to bottom culture grounds where they
attain commercial size (100 mm), usually in two to three years. The purpose
of this study was to determine growth of scallops after they were transferred
from collectors to the bottom at age 1.0 and 1.5 years at different times of
the year, and to compare their growth with that of native (resident)
individuals inhabiting the same area.

MATERIALS AND METHODS

Growth rates were studied in scallops transferred in different
years from collectors to the bottom in 14 areas situated along the south and
east coast of Primorye Province. Planting usually occurred in May-June when
the juveniles were one year old. Early sowing of six-month-old scallops was
done in October in four areas. In two areas, sowing was delayed until
August-September, the time when water temperatures were highest and salinities
lowest. Samples of 30-50 cultured scallops were taken at one, three, and six
months and after one and two years. The external surface of the upper valve of
these scallops had a thin microsculpture with detectable elementary growth
layers. Width and appearance of growth layers change seasonally (Silina 1978).
One broad growth layer was formed every 5-7 days during the period from mid
November-April when water temperatures were below 4-6°C, but a narrow layer
was formed diurnally during the rest of the year. These layers differ in
appearance and permit one to determine age and linear growth rate of each
individual. When juveniles were transferred from collectors to the bottom
there was a significant ring formed at the edge of the shell. This ring
allowed us to distinguish between cultured and resident individuals, determine
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the year and season when transfer occurred and determine the age of the
scallop when it was planted.

RESULTS

Scallops were usually transferred from collectors to culture
grounds in May-June when they were about one year old. The microsculpture of
the external shell surface of cultured scallops differed appreciably from
resident animals. Scallops transferred in May-June had a narrower shell
section (from the umbo) with broader winter growth layers than resident
animals. The distinct shell breakage sign was found just across this section
(Fig. la). Transferred scallops usually weighed less and were smaller in shell
height by 10-15 mm than native scallops. This difference usually continued
throughout the life of the scallops (Fig. 2a,b, 3a,c). It is believed that
slower growth of scallops in collectors during winter and spring when the
density is high affects growth unfavourably. Moreover, some growth inhibition
resulted from shell breakage during transportation and sowing on the bottom.
Growth of transferred scallops was further affected while the animals
adaptated to the new habitat and regenerated new shell at the ventral margins.

On two culture grounds in the east of Primorye, scallops were
seeded in both May-June and later in August-September, when maximum annual
water temperatures occurred. The microsculpture of the scallops transferred to
the bottom at the end of summer had numerous shell breakage signs prior to the
main one formed during the planting. Both the first section from the umbo with
multidiurnal winter growth layers, and the section formed in May-August, were
narrower than the same sections in native scallops. Because of the long period
when scallops were held under high density in collectors and unfavourable
environmental conditions which weakened the scallops and caused a longer
period for adaptation to the new habitat, scallops transplanted in August were
smaller than those transplanted in May at the following autumn (Fig. 2b,c).
Scallops transferred to the bottom at the end of summer were smaller by 20-25
mm shell height than native scallops (Fig. 2a,c). Their adductor muscle weight
was less than 4 g (10 g in native scallops) when they were two years old, and
only about 10 g (20 g in native sallops) at three years old.

Juveniles less than half a year in age were sown on culture
grounds in south Primorye in October. Scallops of this age were usually 14-26
mm shell height because of the early warming of waters that occurs along the
southern coast of Primorye. Almost all juveniles died when they were sown on
gravel-pebble or mud substrates. Most juveniles that were more than 20 mm
shell height survived well when planted on sand and mud-sand substrates. Signs
of shell breakage were clearly observed in the microsculpture of shells of
juveniles formed during the year that were sown in the autumn (Fig. 1b). After
this mark, broader diurnal growth layers were observed. They were similar to
multidiurnal winter layers in width, but not in appearance. The increase in
growth rate was probably related to the change in scallop density when they
were transferred from collectors to the bottom during the period of optimal
environmental conditions. In autumn, shell height of seeded scallops was
almost the same as native scallops (Fig. 3a,b). If the site where juveniles
were collected had warmer water earlier than where culture occurred, then in
the autumn juveniles from the collectors were larger than native scallops. In
this situation, cultured scallops remainded larger than native scallops until
they were 1.5 years old, but their sizes were nearly the same when they were
two years old (Fig. 4).
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DISCUSSION

Scallops usually reach commercial size (100 mm) at an age of three
years under natural conditions along the coast of Primorye. The adductor
muscle weight of scallops of this age ranges from 20 to 40 g depending on
geographic location (Silina and Pozdnyakova 1986). Near islands in the south
of Peter the Great Bay, scallops reach commercial size as two-year-olds and
have a muscle weight of about 21 g. Because of environmental parameters,
scallops sown as one-year-olds do not reach commercial size until they are
three years old on the main culture grounds, particularly in cold-water areas.
Since growth of the scallop muscle is fastest when they are two to four years
old (10-17 g per year) and mortality of three to four-year-old scallops is
minimal (Silina 1990), it is recommended that scallops sown as one-year-olds
in such areas be cultured until they are four years old before harvest.

When early (autumn) transfer is made of scallops six months old,
there is no need to extend the period of growth to commercial size. In years
when the waters are warmed early to 8-10°C, spawning occurs earlier (Yamamoto
1951), and juveniles can reach a larger size than usual by the autumn. In
years when environmental conditions are optimal for this species, early
October transfer of juveniles with a shell height of more than 20 mm from
collectors to bottom culture is recommended.
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Fig. 1. Japanese scallop, Mizuhopecten yessoensis, transferred in May-June
from nursery-collectors to the bottom at about one year old (a) and in October
at less than six months old (b), x1.5.
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Fig. 3. Linear growth of the scallop
Mizuhopecten yessoensis: a - native
animals, b - animals transferred
from nursery-collectors to the
culture ground in Peter the Great
Bay (the Sea of Japan) in October at
less than six months old, and ¢ - in
May-June at about one year of age.
Designations as in Fig. 1.

Fig. 4. Linear growth of the scallop
Mizuhopecten yessoensis: a - native
animals, b,c - animals transferred
from nursery-collectors to the
culture ground in Possjet Bay (the
Sea of Japan) in October of
different years when they were six
months old. Designation as in Fig.
1.
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AN INVESTIGATION OF TECHNIQUES FOR THE HATCHERY AND
NURSERY REARING OF THE KING SCALLOP, PECTEN MAXIMUS (L.)

J.E. Taylor, B. Gunn, P. Williams, and I. McNicoll
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ABSTRACT

A three-year investigation of the practical techniques involved in
king scallop, Pecten maximus, spat production was carried out at a pilot-scale
hatchery located in the Orkney islands. The investigation included all stages
of hatchery and intermediate nursery culture, with the main emphasis on
incubation methods, and on larval husbandry. Prophylaxis and vessel design
during incubation were investigated as factors in normal development of three-
day veliger larvae. It was found that use of chloramphenicol during
incubation, and aeration of the incubation vessel, were detrimental to normal
development. Successful spat production was achieved under this program, using
a flow-through system to exchange water in larval and post-metamorphic spat
culture vessels. A significant improvement in growth rate was attributed to
the change in cleaning method from a more traditional drain-down, to this
flow-through system.

INTRODUCTION

In Great Britain, cultivation of the king scallop is confined to
Scotland, with the majority of activity being concentrated in the Highland
region of the country. Scallop production remains relatively low at 59 t of
production in 1992 (S.0.A.F.D., 1992). However, this species fetches a high
price, and production has consistently increased since 1990, with a dramatic
55% improvement in production for the table market between 1991 and 1992.

To date, there has been no successful commercial hatchery
production of king scallop spat in Great Britain, with which to supply
growers. Scallop farmers are still reliant upon the natural spatfall for their
raw material, and are consequently vulnerable to cyclical failures in
recruitment, such as last occurred on a major scale in 1988.

The remit of the present work was therefore to investigate this
species as a subject for commercial spat production. The duration of the
project was three years, from September 1990 to September 1993, and included
the design and construction phase of the hatchery and nursery facilities. The
program was successful in its basic aim of enabling culture of scallop spat,
and this paper identifies those aspects of husbandry that were found to be
material to this success. Production of seed as a commercially viable
operation has not yet, however, been achieved.

INCUBATION

Two aspects of the incubation process were considered under this
program. The first of these was the use of antibiotics.

In this hatchery, incubation is carried out in treated seawater.
Treatment consists of settlement, filtration to 10 u through a sand filter,
followed by filtration to a nominal 1 y through a cartridge filter. The water
is then heated to 17 * 1°C, passed through a degasser a polishing 1 u filter,
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and through an ultraviolet sterilization unit, before delivery to the
hatchery. Development to veliger occurs within approximately 50 hours of
fertilization at this temperature, at which stage feeding can commence, but it
is established practice for the first feed and water change to be delayed
until three days post-fertilization. Comparisons of the percentage of
fertilized eggs retrieved at the first water change as normal, healthy D-
veligers were made for eggs incubated in the standard treated seawater
(control treatment), and in treated seawater containing 2 ppm chloramphenicol
(experimental treatment.)

It was found in the two trials conducted that a higher proportion
of normal larvae were retrieved from incubation without the antibiotic.
Experimental and control populations of these two batches produced 51% and
61%, and 44% and 48% normal larvae, respectively. From these results, it was
concluded that chloramphenicol may have a minimal inhibitory effect on
embryogenesis, resulting either in zygote mortalities, or in abnormal
development. In view of this finding, and the known disadvantages of routine
antibiotic use, it is now the practice in this hatchery to incubate eggs
without the use of antibiotics.

The second aspect of incubation to receive attention was the
design of the incubation vessel, and the requirement for aeration. Two
distinct systems were employed; a static, flat-bottom tray of 25 1 capacity,
and a cylindro-conical vessel of 600 1 capacity, with a central aeration
point. In each system, fertilized eggs were incubated at a density of 20 per
ml.

In two trials, percentage development from fertilized egg to
normal, healthy three-day D-veliger, was 51% and 28%, and 46% and 33%, in tray
and vessel, respectively. These results suggest that turbulence during
incubation has an adverse effect on normal development. Although shelled
larvae are unexpectedly robust, the trochophore stage before shell development
may be subject to mechanical damage. It was concluded from these trials that a
higher percentage of fertilized eggs will develop normally to the early
veliger stage, in a static system than in an aerated system. Egg density must
be carefully controlled, as shown by Gruffydd and Beaumont (1970), and
overstocking of eggs in a static system may equally result in abnormal
development and mortalities, resulting from mechanical damage or localized
oxygen deficiency.

Normal development from egg to veliger in the aerated system has
varied between 30% and 50% during the scallop culture program. These values
compare well with those quoted in the literature for Pectinid species, e.g.
21-28% (Cabello and Camacho 1976) and 10-15% (Gonzalez and Roman 1983.)
Practically, it has been found that retrieval of larvae is much easier from
the cylindro-conical vessels, which also represent a more efficient use of
hatchery space than the trays. As such, incubation continues to be carried out
in this hatchery in the aerated, cylindro-conical vessels, despite the
apparent theoretical advantage of the static system.

LARVAL HUSBANDRY

A major part of this program was an assessment of the practical
techniques of larval husbandry. P. maximus is cultured in this hatchery at
around 17°C, and at this temperature, the duration of the free-swimming,
planktotrophic phase of development is 30 to 35 days. During this phase, the
larval diet consists of a mixture of three algal species, comprising one
flagellate and two diatoms, fed at 50 cells-ul'. The species generally in use
are Isochrysis galbana, Chaetoceros calcitrans and Thalassiosira pseudonana.
The method of feeding is an adaptation of that used by Bourne et al. (1989).
The appropriate volume of each species, calculated on the basis of culture
cell density and relative cell volume, is added at each water change on
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alternate days. Once the feed is distributed within the culture vessel, a
sample of the water is taken, screened on a 45 uy mesh to remove larvae and
debris, and a cell count taken using a Coulter Multisizer. On days in which
there is no water change, a further count is taken, and the proportion of a
full feed that has been consumed in the preceding 24 hours is returned to the
vessel, in order to maintain the cell density between water changes. The data
collected in this process were also used to calculate clearance rate in static
culture systems, this parameter being used as a measure of larval health. In
addition to clearance rate, increase in mean shell length, survival and rate
of attainment of key developmental stages were used as indicators of larval
vigour.

In the early stages of the program, water change in larval vessels
was effected by siphoning all water out of the vessels, and retaining the
larvae in the water column on a 45 y mesh. The vessel was then cleaned with
hypochlorite solution, rinsed and refilled. The larvae were graded on an
appropriate selection of meshes, and returned to the vessel. It was found that
this method produced a gradual mortality in the cultures after approximately
the first week after incubation, followed by a sudden collapse, characterized
by heavy protozoan infestation of dead and moribund larvae. Immersing the
larvae in dilute hypochlorite solution and antibiotic baths failed to overcome
this problem. During the 1992 season, a novel method of cleaning larval
vessels was investigated. This involved setting up an outflow pipe on the side
of the larval vessels, with a 45 u or 64 uy banjo filter fitted to this pipe,
to retain the larvae in the vessel. Clean treated seawater flowed into the
vessel at a rate equating to outflow, such that the volume in the vessel
remained constant. On alternate days, this method was used to change one and a
half the total vessel volume, with the aim of producing a complete water
exchange.

Two trials were carried out to compare these two cleaning
techniques. Figure 1 shows the growth curves for experimental (flow-through)
and control (drain-down) populations of these batches. Comparison of the
regression coefficients of mean shell length on age shows that there was a
significant difference at the 5% confidence level in slope of the control and
experimental growth curves for both batches, indicating that larvae in the
experimental populations had a significantly higher rate of growth. Clearance
rate data showed considerable variability, but a pattern emerged of higher
clearance rates in the experimental group than in the control. The increase in
clearance rate around settlement was quite marked, and reflects the response
to reduced feed level at this stage, as well as the higher feeding rate which
occurs following metamorphosis, when the gill starts to function as a feeding
organ, and ration increases to support increased somatic tissue and shell
growth rates.

Spat production was also found to be affected by the cleaning
technique used. In batch 14, survival from day three to post-metamorphic spat
at day 73 post-fertilization was 0.10%. Of these spat, 83% were produced in
the experimental system, and mean shell length of spat was 429 u and 340 u in
experimental and control populations, respectively. In batch 16, the control
population was discarded at day 37, at which time only 5% of the original
population remained, and these larvae showed no signs of competency. Spat
production in the experimental culture was equivalent to 0.21%.

From these trials, it was concluded that reducing the amount of
disturbance during culture maintenance produces significant improvements in
larval vigour, and in survival at metamorphosis. The precise effect of the
drain-down procedure on larvae is not known. It is possible that feeding is
interrupted, and does not recommence immediately on return to the culture
vessel. This theory is supported by the observation that larval motility in
the control populations was visibly less than in the experimental groups. It
has also been suggested that draining down the culture vessels resuspends
pathogenic surface-coating bacteria, with the risk of disease transmission
being aggravated by holding the larvae at high densities while the vessel is
cleaned and refilled.
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Successful spat settlement has been achieved in three subsequent
larval batches cultured on a flow-through water change regime, conclusively
proving the efficacy of this method.

CONCLUSION

The hatchery has produced approximately 50,000 post-metamorphic
spat to date, and survival of hatchery-reared spat in intermediate culture has
been found to be high. Production of seed in viable numbers has yet to be
achieved, but represents a realistic prospect in view of the material
improvements made in larval husbandry techniques under this program.
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Fig. 1. Growth of P. maximus larvae maintained on flow-through and drain-down
water exchange regime, batches 14 (a) and 16 (b).
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THE DEVELOPMENT OF SCALLOP HUSBANDRY FISHING IN TASMANIA
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ABSTRACT

The Scallop Enhancement Research Project between the Tasmanian
government and the Japanese Overseas Fishery Cooperation Foundation ran from
1987 to 1990. Contracted Tasmanian oyster hatcheries were unable to produce
sufficient spat for large scale experiments. Wild spat collection of
commercial scallops Pecten fumatus Reeve was sufficient to demonstrate that
intermediate culture of scallops was necessary for survival of scallops
‘reseeded’ or sown on the seabed. Hanging culture by lantern cage could
produce marketable scallops (80 mm shell length) 18 months from spatfall.
Survival rates of sown scallops were 60% after one year. These results were
encouraging so a new project, the Scallop Enhancement Project, commenced in
1990 to take the Project into its pilot commercial stage. Earhanging of
scallops and sowing after intermediate culture are now the major activities of
the fledgling industry. A fishermen’s company was set up to develop the
industry along Japanese lines. The Project thus became a sociological as well
as an economic and biological experiment. Areas of seabed which provide
fastest growth for scallops do not always have the best survival rates.

Storms seem able to bury scallops in shifting sand causing large mortalities
within a few days. Scallops from the area with the highest survival rate had
the lowest meat yield.
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IMPROVED TECHNOLOGIES FOR SEED MANAGEMENT IN TﬁE
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ABSTRACT

The economically viable hatchery production of, on the average,
two million Argopecten purpuratus seed from six producers during the last hlgh
season has been possible due to the development of new improvements on
existing technologies to handle the seed from metamorphic larvae until the 20
mm size. range. The life cycle of scallops from metamorphic larvae is
completed in the open ocean and therefore, it is a necessary condition to
monitor seed status to obtain a suitable number of physiological robust seed.
Our production-related decisions are made by the enforcement of at least twice
per week diving regime. The complexity of natural variables in the water
column makes almost impossible the use of efficient management
diving-independent schedules. Also, it is economically unwise to predict the
outcome of a particular batch of seed without a detailed weekly ecoanalysis of
seed condition. The most frequent causes of mortality or loss of seed are:
detachment, excess sedimentation, predation and bad handling.

INTRODUCTION

The present paper is based on experience of seed management in the
Third Region of the Atacama Desert in northern Chile at 27°N. The Region has
a straight coastline of over 300 km. Here, upwelling of deep water, rich in
nitrates and phosphates, occurs frequently. This phenomenon, together with
others, makes this zone high in primary productivity.

Aquaculture began less than 10 years ago and today the only
shellfish that is being cultivated on a commercial scale is the Ostion del
norte, A. purpuratus. This species, the only scallop in northern Chile, is a
functional hermaphrodite and has a rapid growth rate of 1.5 years to reach
commercial size of 90 mm (at 20 to 40 scallops per kg). There are 15
operating centers of aquaculture in the region with 1,250 hectares of
concessions. Five of these centers have hatcheries.

A small part of the scallop seed for the industry comes from
natural collection. At the last high season, the natural collection
increased drastically; this may be due to the increa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>