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SECTION 1

INTRODUCTION

1.1 Scope of project

Virtually all of the research proposed in the original "Mariculture nutrition" grant
application (1984-1986) and in the application to extend the grant (1986-1987) has
been undertaken. (One experiment proposed in the 1986/1987 progress report
was not conducted after a cooperating feed company failed to supply the
promised International Crustacean Nutrition Project diets.)

The major objectives of the grant were as follows:

(a) The development and evaluation of supplementary prawn diets to be used in
prawn farming ponds.

(b) The development of microencapsulated artificial oyster diets for larval and
juvenile oysters.

In addition, several related topics have been investigated. Considerable attention
has been given to utilising soluble nutrients (amino acids and minerals) when
feeding oysters, particularly pianktonic larvae approaching the settling phase when
they become attached to a hard substrate. More emphasis has been placed on
optimising environmental conditions for prawns and oysters than originally
proposed in the 1984/1 985 application. For oysters we chose to assess these
environmental parameters, e.g., temperature and salinity, in combination with

another important environmental factor, i.e., fluoride concentration. As indicated in

the proposal to extend the grant for 1986/1987, it was possible to utilise the
Technical Officer employed on this grant to investigate nutritional factors in oysters
on a commercial, estuarine oyster farming lease rather than only in experimental
systems. Again we chose to conduct this work in combination with another
variable of interest to the oyster industry, i.e., intertidal growing height and hence
the incidence of an oyster disease (winter mortality).

As a result of these initiatives, this research grant report encompasses a wide
variety of research. In addition to direct nutritional studies involving artificial diets
fed to prawns and oysters, research has been carried out on a range of associated
topics. These include:

(a) The effects of dissolved nutrients and toxins in seawater on oysters.

(b) The interactive effects of the type of diet and stocking density of prawns in
ponds.

(c) The effects of water quality factors on prawns and oysters particularly in
relation to feed intake at different temperatures.



(d) Changes in indices of the nutritional condition of oysters in relation to
intertidal growing height and winter mortality.

The relevance of these individual components of the total project to the overall goal
of increasing our understanding of oyster and prawn feeding and nutrition is quite
clear. However, as this is a diverse set of topics, we have decided to discuss
below how each component relates to the research station's overall program for
examining the factors which affect oyster and prawn growth and survival rates.
Furthermore, this overall program includes several separate projects that have
been funded through F.I.R.T.A. The interrelationships among these F.I.R.T.A.

projects have been emphasised.

1.2 Overview of research station's prawn and oyster
research programs

1.2.1 Temperature

Oysters and prawns are farmed commercially in situations where growth and
survival rates can be affected by a range of environmental factors. To interpret
growth data and to improve production results it is necessary to have some
understanding of the effects of these environmental variables. As both prawns and
oysters are ectotherms, water temperature is a key environmental variable.
Previous research by one of the authors indicated that water temperature had a
major effect on the uptake by Sydney rock oysters (Saccostrea commercialis) of a
soluble amino acid, L-methionine from seawater (Nell and Dunkley, 1984). In the
present study the effects of water temperature on the growth rates of Sydney rock
and flat oysters {Ostrea angasi} were investigated (Section 3.3.1 of this report). As
some species of oysters are usually grown intertidally, air temperature can also be
an important consideration. The tolerances of Sydney rock oysters and Pacific
oysters (Crassostrea gigas) to a range of air temperatures was studied as part of
the F.I.R.T.A. funded "Pacific oyster" project.

Observations made during experimental prawn farming trials in ponds at this
research station indicated that food consumption rates are affected by the water
temperatures that prawns are exposed to. Studies were undertaken in aquaria
(Section 2.2) to more precisely describe the effects of different water temperatures
on food consumption, growth and food conversion efficiency for school
{Metapenaeus macleayi}, eastern king {Penaeus plebejus) and leader prawns
(Penaeus monodon).



Growth studies in estuaries and in ponds are of major interest to industry but
experiments in aquaria are far more easily controlled and interpreted. For these
latter studies it is preferable to provide favourable environmental conditions at least
for control groups. This is particularly important for feeding studies as the
nutritional requirements of slow growing prawns may differ from those of faster
growing individuals. Hence information is again required on environmental
requirements and in the case of eastern king prawns it was even necessary to
define the water temperatures which would simply allow high survival rates and
prevent serious disease problems (Section 2.2).

1.2.2 Salinity

As oysters and prawns are farmed commercially in estuarine areas, salinity can be
another key environmental variable. Again salinity has been shown to affect
soluble nutrient uptake (Nell and Dunkley, 1984).

In this project the tolerances and osmotic responses to a range of salinity levels
were investigated for several bivalves including Sydney rock and flat oysters
(Section 3.2). In addition, the effects of salinity on the growth rates of these
oysters were measured (Section 3.3). Similarly the osmotic and growth responses
of school prawns to a range of salinities were also studied (Section 2.3).

1.2.3 Trace minerals and contaminants

Growth and other physiological parameters are not only affected by natural
fluctuations in environmental variables but also through contamination of estuaries
by potentially toxic substances. The effects of high levels of copper (Section 3.8)
and fluoride (Section 3.3.1) on some of these parameters (growth, survival and
accumulation of potential toxins) have been investigated for Sydney rock or flat
oysters. At low concentrations, trace minerals can be considered as nutrients and
in particular, potassium has been identified as a useful nutrient for encouraging
Sydney rock oyster larvae to undergo the desirable process of settling and
attaching to oyster spat collecting materials (Section 3.8).

Other aspects of oyster larval settlement in hatcheries and in estuaries are being
covered by research station staff in the ongoing F.I.R.T.A. funded "Nursery culture"
project and in privately funded research (McOrrie, 1986). This latter research has
now attracted F.I.R.D.C. funding as "Oyster Settlement and Recruitment Study".

In relation to prawn farming a more pressing concern is the accumulation of
organochlorine pesticides by prawns grown in ponds constructed using soils
previously used for agriculture. That study was conducted as another component
of the research station's overall approach to research on prawn and oyster biology
and husbandry.



1.2.4 Other water quality factors in ponds

A range of water quality factors other than temperature, salinity and pollutants can
affect prawns and oysters, particularly when grown in nutrient enriched ponds. The
changes which occur in water quality during prawn farming pond trials have been
documented in an earlier F.I.R.T.A./Reserve Bank grant report ("Clarence River pilot
scale prawn farming"). Subsequently detailed investigations using a bioassay
system were undertaken to assess the effects of different levels of key water quality
parameters, either singly or in combination, on prawns. This work is a part of the
ongoing F.I.R.T.A./F.I.R.D.C./Reserve Bank funded "Prawn farming pond

management" project. The other part of that project involves setting up different
pond management treatments (including stocking density and feed input
treatments) in replicated pools and determining treatment effects on prawn growth
and survival rates, water quality and pond biota. Some of the initial work which led
to the development of this experimental system was conducted during the
"Mariculture nutrition" project (Section 2.6.2).

Some initial work on the production of oysters in ponds was carried out by two of
the authors (Maguire et al., 1981; Nell and Wisely, 1984). However, a considerable
amount of work remains to be done on the effects of water quality variables on
oysters, e.g., tolerance to high pH levels during algal blooms. Moreover, it is likely
that nutrient enriched estuarine ponds will be important nursery sites for ongrowing
hatchery spat to a size at which commercial oyster farmers can place them on
estuarine leases (Holliday, 1985). Further development of this and other nursery
systems in being conducted in the ongoing F.I.R.T.A. funded "Nursery culture"

project and as a part of the operational procedures for the research station's large
scale oyster hatchery.

1.2.5 Stocking density

The growth rates of animals in aquacultural systems are usually sensitive to the
density of animals in the system. Earlier research by one of the authors led to a
mathematical description of a density-growth relationship for school prawns
(Maguire and Leedow, 1983) and the hypothesis that this inverse relationship was
largely due to competition for natural food items in the ponds. The relationship
was further investigated during this project using factorial-type studies involving
combinations of supplementary diet types and stocking densities (Section 2.5).
The appropriateness of a diet may depend on the density at which a particular
species is stocked. This work was carried out in netting enclosures within ponds
(pens). In contrast to pool trials (Section 2.6.2), the effects of different treatments
on water quality tend to be negated in that type of experimental system.
Promising results at high density treatments led to an additional density experiment
involving a range of high stocking density treatments (Section 2.5). Following
communication of these results to industry (Maguire and Allan, 1987), commercial
high density trials with school prawns were undertaken by farmers.

The effects of stocking density on the growth of oyster spat in estuarine nursery
trays was the subject of research conducted by Holliday and Nell (1988).



1.2.6 Natural productivity and food intake

One of the most influential factors affecting the growth rates of cultured aquatic
animals is the supply of food. Food items can arise from the natural productivity of
the farming environment, i.e., chiefly in natural, estuarine areas for oysters and in
man-made ponds for prawns, or from direct inputs of supplementary feed, e.g.,
pelleted prawn diets. The potential for natural productivity in ponds to contribute to
the food intake of prawns was demonstrated in earlier research (Maguire and Bell,
1981; Maguire and Leedow, 1983). Some of the nutrient pathways involved in the
transfer of carbon and nitrogen from algae within ponds to prawns should be
elucidated in the "Prawn farming pond management" project mentioned previously.
The residual organic content of filtered seawater in hatcheries has proved to be a
quite significant source of nutrients for Sydney rock oyster larvae (Section 3e).

1.2.7 Supplementary feeding

A considerable number of dietary studies involving supplementary diets for oysters
and prawns were conducted by research station staff both prior to and during this
project. While dietary composition has been the major research topic, the
appropriate quantity and form of presentation of the feeds are also important
factors and these were investigated by Maguire and Leedow (1983) for prawns and
Nell and Wisely (1984) for oysters.

Initial research on the formulation of artificial diets for Sydney rock oysters focussed
on nutrients which were not encapsulated. Soluble nutrients, e.g., amino acids and

vitamins, are taken up readily by oysters (Nell and Dunkley, 1983; Nell et at., 1984)
and other bivalves (Section 3.2). However, supplementation of an algal diet with a
mixture of soluble amino acids regretably did not improve juvenile Sydney rock
oyster growth rates (Section 3.4). Less soluble nutrients were also supplied to
oysters in an unencapsutated form as an artificial diet containing single cell proteins
from bacteria or yeast (Nell and Wisely, 1983; Nell, 1985). It was concluded that
encapsulation of the diets was desirable. Various published methods for
producing encapsulated or microparticulate diets were evaluated (Section 3.5) but
regretably various artificial diets produced using some of these methods did not
prove to be as effective a diet as live microalgae (Section 3.6).

The research was redirected towards supplementary feeding of oyster lan/ae as
this is likely to be more economically feasible than supplementary feeding of adults
in a grow-out situation. Oysters, if given a supplementary diet in a commercial -
farming trial, would usually be fed microalgae. Sydney rock oyster lan/ae were fed
various species of microalgae either singly or in combination (Section 3.6). The
most recent research was aimed at using encapsulated diets in combination with
microalgae to feed oyster larvae (Sections 6.1 and 6.2).

Research station staff involved in nutritional research on prawns have given high
priority to assessing the suitability of commercial formulations (Maguire and Hume,
1982) and this type of work continued (Section 2.6). More basic research on
specific nutritional requirements using experimental diets was conducted both
previously (Maguire and Hume, 1982) and during this project (Section 2.4). An



overview of international trends in prawn feeding and nutrition was prepared for
industry (Maguire, 1987).

1.2.8 Growth rates in commercial systems

Ultimately all of this research is aimed at improving and interpreting growth and
production results in commercial scale farming systems. Prior to the setting up of
commercial prawn farms in New South Wales, growth and production data had to
be generated by research station staff mostly as part of the F.I.R.T.A./Resen/e Bank
funded "Clarence River pilot scale prawn farming" project (Maguire and Allan,
1985). Subsequently, it became possible to obtain this type of data from the
commercial farms (Maguire and Allan, 1988) and hence prawn farming research
was redirected towards experimental scale work at the research station (Allan and
Maguire, 1988). Commercial scale oyster hatchery and nursery facilities have been
developed at the research station and growth and production data for these early
stage oysters will continue to be generated. Some growth data is available from
commercial subtidal leases (Wisely, et al., 1982) but very little growth data has
been obtained for juvenile and adult oysters on intertidal leases in estuaries. This
type of information has become available through research conducted in this
project (Section 4) and in the ongoing F.I.R.T.A. funded "Pacific oyster" project.

1.2.9 Diseases

The growth data presented in Section 4 arises out of a study of growth, survival
and nutritional condition of Sydney rock oysters in relation to growing height and
the incidence of the disease known as winter mortality (Wolf, 1977a).
Another major oyster disease "QX" {Marteilia Sydney!) (Wolf, 1977b), was
investigated during the F.I.R.T.A. funded "Sydney rock oyster genetics" project.
Survivors of "QX" outbreaks have been used as broodstock and progeny placed
on oyster leases as part of an ongoing attempt to establish whether resistance to
"QX" has a genetic base. Bacteriological characteristics of edible oysters and
oyster larval rearing systems have also been investigated by research station staff
(E. Capps, unpublished data).

Research on prawn diseases has chiefly been carried out by the University of
Queensland under a F.I.R.T.A. funded program. Research station staff have

cooperated with the program and N.S.W. Department of Agriculture veterinary staff
are taking an increasing interest in prawn diseases.

1.3 Summary of research strategies

Overall, it can be seen that the work covered by the various sections of this report
fits into a general program of prawn and oyster research carried out utilising a
team approach so that individual projects tend to interact rather than being
discrete units.
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Effects of temperature on growth, food consumption and food conversion for

Penaeus monodon, Penaeus plebejus and Metapenaeus madeayi

GREG B MAGUIRE and GEOFF L ALLAN

NSW Fisheries, Brackish Water Fish Culture Research Station, Salamander Bay,

NSW, 2301 (Australia)

[A version of this paper will appear in G. Allan and W. Dall (Editors), Proceedings

Aquaculture Nutrition Workshop, Salamander Bay, NSW, 15-17 April, 1991]

INTRODUCTION

In addition to feed quality and price, feed costs are greatly affected by feed inputs

which are usually varied in relation to biomass and water temperature in

aquacultural systems. Water temperature has been shown to influence metabolic

rate, food consumption, moulting frequency, growth, food conversion efficiency and

survival of a range of crustaceans including several carid and penaeid species -

farmed experimentally or commercially (Choe, 1971; Venkataramiah et al., 1974,

Farmanfarmaian and Moore, 1978; Kurmaiy et al., 1989). The leader prawn

(Penaeus monodon) is the major farmed penaeid world-wide including Australia

and recommended feed rates in ponds for this species are provided by feed

companies in many countries (Maguire and Allan, in press). However, these
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usually relate to water temperatures perceived to be optimum for this species and,

in Australia, this species is often farmed at water temperatures considered by

farmers to be suboptimal. Adequate data on the effects of temperature on food

consumption and conversion efficiency for P. monodon are not available. The

need for research on alternative species to P. monodon for farming in cooler

months in Australia has also been recognised. School prawns (Metapenaeus

macleayi) and eastern king prawns (Penaeus plebe/us) have been proposed as

having potential for this role and have been trialled by several farmers (Maguire

and Allan, 1991). In the present study the effects of temperature on growth, food

consumption and food conversion efficiency were determined in separate

experiments for P. monodon, M. macleayi and P. plebejus.

MATERIALS AND METHODS

Juveniles of each species, collected from aquacultural facilties or NSW estuaries,

were grown in 60 I aquaria. For each species replicate aquaria (n=3) were used

for each of the experimental temperatures which were approximately 3 °C apart

(Table 1). Two additional treatment levels for P. plebejus involved diurnal

temperature cycles of 21.0 - 27.1 °C and 20.9 - 29.7 °C. The average temperatures

for these two cycles (based on two hourly readings) were 24.5 °C and 28.3 °C.

Prawns were progressively acclimated to experimental temperatures using 3 °C

increments every 2 - 3 days. P. monodon and M. macleayi were individually

tagged (see Allan et al., 1990) but, to minimise stress, P. plebejus were not tagged.

Temperature control was effected using 200W submersible aquarium heaters. For
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P. monodon and M. macleayi about 50 I was removed from each tank and

replaced with preheated seawater (P. monodon 1 - 2 times daily; M. macfeayi once

daily). To overcome the mortality of P. plebe/us at lower water temperatures in

static aquaria recorded in earlier trials, continuous flow aquaria (180 ml min'1 tank'1)

were used for that species. Dissolved oxygen and pH levels were above, and

unionised ammonia and nitrite plus nitrate levels well below, growth reducing levels

for penaeid prawns (Allan and Maguire, 1991, in press; Allan, et al., 1990).

Prawns were fed bivalve flesh (pipi, Plebictonax deltoides) ad iib/tum each afternoon

and for P. plebejus this diet was supplemented with a pelleted prawn feed

imported from Taiwan (41.8 % crude protein [Nx6.25] dry basis). Average ratio

pipi: pellets was 4.5:1 on a dry weight basis for the experiment with P. plebejus.

Average weight gain values (g prawn'1) were based on mean values for each

aquarium; for P. monodon and M. macleayi individual tags allowed for exclusion,

from initial weight estimates, of prawns which died. Food consumption data were

based on the equivalent weight for a diet containing 92 % dry matter and were

expressed as a % of wet prawn biomass [0.5 (initial biomass + final biomass)] on

a per day basis. Food conversion ratio (FCR) data (feed input on a 92 % dry -

matter basis: wet biomass gain) involved initial biomass estimates corrected for

mortality. Moulting frequency data were expressed as moults prawn"1 day'1 based

on daily counts of moults and number of prawns present in each tank on each

day. These data may be conservative as penaeids, especially P. monocton,

consume moults. Survival rate data were transformed using arcsine ([% survival x
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0.01 ]°'5) and other data were transformed as required to ensure homogeneity of

variance as indicated by Cochran's test. Homogeneity was only achieved for food

consumption and FCR data for P. monodon by deleting the 33 °C treatment from

the analyses. Treatment effects were compared using one-way ANOVA and

regression, and least significant difference values (LSD) were used for comparing

individual means.

RESULTS

The optimum temperature ranges (°C) for growth of P. monodon, P. plebe/us and

M. mac/eay/were 27.2 - 33.1, 30 and 21.3 - 26.8 in that order (Fig. 1a, 2a, 3a).

Significant growth reductions of 28.2 % and 17.8 % were recorded with P. plebejus,

for 21.0/27.1 °C and 20.9/29.7 °C temperature cycles, compared to 26.8 °C and

30.0 °C respectively (Fig. 2a). Moult frequency increased with temperature for P.

monodon (P< 0.001), M. macleayi (P< 0.05) and P. plebe/us (P< 0.01) (Fig. 1b, 2b,

3b). Food consumption, as a percentage of average biomass, increased with

temperature (P< 0.001) over the entire range for each species (33.0 °C excepted

for P. monodon) (Fig. 1c, 2c, 3c). These regression analyses indicated increases

in food consumption, for a 10 °C temperature difference, of 4.76 % of average -

biomass d"1 (F. monodori) and 2.1 % of average biomass d"1 (M macleayi and P.

plebejus).

Temperature had a significant effect on FCR for P. monodon (33.0 °C excluded)

and M. macleayi (P< 0.001) but not for P. plebejus (P> 0.05) (Fig. 1d, 3d). The
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optimum temperature range for FOR was 24.1 - 30.1 °C for P. monodon and 18.2 -

26.8 °C for M. macleayi (Table 2). The average FCR for P. plebejus was 1.5:1.

DISCUSSION

The increase in moulting frequency and food consumption at higher temperatures

could be interpreted as a response to increased metabolic rate for a poikilothermic

animal. Similarly Kurmaly et al. (1989) found that respiration rate of P. monodon

(posttarvae to adult) increased with temperature in the range 1 5 - 30°C. These

trends may be interpreted as enhanced opportunity for growth but at excessively

high temperatures growth can be disrupted. The optimum temperature range for

P. monodon was not exceeded in this present study but growth results were

adversely affected at 30.3 °C and 33.0 °C for M. macleayi and P. plebejus

respectively. Clearly food consumption (in relation to average biomass) and

moulting frequency were unreliable guides to growth in these cases.

The optimum temperature range for growth was quite broad for P. monodon (5.9

°C) and M. macleayi (5.6 °C) but a single optimum temperature was identified for P.

plebejus (30.0 °C). Similar differences in responses to water temperature have.

been recorded for other crustaceans (Jones, 1988). However, growth data for P.

plebejus should be interpreted with caution as gill melanisation, associated with the

presence of apostome ciliates, possibly Synophrya sp. (Johnson and Bradbury,

1976) within the gills, became evident as the experiment progressed. Dense

melanisation was not observed at 30.0 - 33.0 °C but occurred in 41.8 - 48.8 % of
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prawns at 18.6 - 24.2 °C and 16.2 % at 27.1 °C indicating an inverse relationship

between temperature and melanisation (Fig. 2d). Growth depression at 33.0 °C in

the absence of gill melanization indicated that growth results were not necessarily

determined by the presence of apostome ciliates.

The other major difference among the species was the absence of a significant

effect of temperature on FCR for P. plebejus (P> 0.05). Farmanfarmaian and Moore

(1978) found that growth increased with temperature for Macrobrachium

rosenbergii but that FCR was not significantly affected (P>0.05) while

Venkataramiah et al. (1974) concluded that growth and FOR for several penaeids

were affected by temperature. The poorer FCR values for P. monodon, compared

to M. macleayi and P. plebejus, could have been influenced by high food

consumption levels and unfavourably high salinities.

The major finding of the study was that, through appropriate inputs of feed,

optimum food conversion could be obtained at temperatures suboptimal for growth

of P. monodon and M. macleayi ( 24.1 °C and 18.2 °C respectively). The relatively

minor reductions in growth caused by 6.1 °C and 8.8 °C daily temperature

fluctuations were promising when considered in relation to diurnal temperature .

fluctuations of only 2-3 °C recorded in some prawn farming ponds (Maguire and

Allan, 1985).

While data for P. plebejus should be interpreted with caution, this species grew as

well as P. monodon at optimum temperatures (on a g prawn-1 week"1 basis) but,
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based on the results of this study, could not be considered as appropriate for

farming in cooler seasons. M. macleayi was relatively well suited to cooler

temperatures but other factors such as postlarval availability and market value of

prawns han/ested from ponds should also be considered.

REFERENCES

Allan, G. L and Maguire, G. B., 1991. Lethal levels of low dissolved oxygen and

effects of short-term oxygen stress on subsequent growth of juvenile

Penaeus monodon. Aquaculture, 94: 27-37.

Allan, G. L and Maguire, G. B., in press. Effects of pH and salinity on survival,

growth and osmoregulation in Penaeus monodon. Aquaculture.

Allan, G. L, Maguire, G. B. and Hopkins, S. J., 1990. Acute and chronic toxicity of

ammonia to juvenile Metapenaeus macleayi and Penaeus monodon and the

influence of low dissolved oxygen levels. Aquaculture, 91: 265-280.

Choe, S., 1971. Body increases during molt and molting cycle of the oriental

brown shrimp Penaeus japonicus. Mar. Biol., 9: 31-37.

Farmanfarmaian, A. and Moore, R., 1978. Diseasonal thermal aquaculture -1.

Effect of temperature and dissolved oxygen on survival and growth of -

Macrobrachium rosenbergii. Proc. Ann. Meet. World Maricul. Soc., 9: 55-66.

Johnson, C. A. III. and Bradbury, P. C., 1976. Observations on the occurrence of

the parasitic citiate Synophrya in decapods in coastal waters off the

southeastern United States. J. Protozool., 23(2): 252-256.



19

Jones, C. M., 1988. Aquaculture potential of Cherax quadricarinatus:

Research objectives and preliminary results. In: L. H. Evans and D.

O'Sullivan (Editors), Proceedings First Australian Shellfish Aquaculture

Conference, 23-27 October, 1988. Curtin University fo Technology, Perth,

pp. 73-78.

Kurmaly, K., Yule, A. B. and Jones, D. A., 1989. Effects of body size and

temperature on the metabolic rate of Penaeus monodon. Mar. Biol., 103:

25 - 30.

Maguire, G. B. and Allan, G., 1985. Development of methods for growing juvenile

school prawns, Metapenaeus macleayi\n estuarine ponds. In: P. C.

Rothlisberg, B. J. Hill and D. J. Staples (Editors), Second Australian National

Prawn Seminar, NPS2, Cleveland, Australia, pp. 337-351.

Maguire, G. B. and Allan, G., in press. Shrimp culture industry in Australia. In: A.

Fast and J. Lester, (Editors), Culture of Marine Shrimp: Principles and

Practices, Elsevier Publishing Company, Amsterdam/Oxford/New York, pp.

763-776 (in press).

Venkataramiah, A., Lakshmi, G. J. and Gunter, G., 1974. Studies on the effects of

salinity and temperature on the commercial shrimp, Penaeus aztecus Ives,

with special regard to survival limits growth, oxygen consumption and ionic

regulation. US Army Eng. Waterw. Exp. Stn., Vicksburg, Miss., Contract

Rep. 11 -74 -2, US Army, Miss. 134 pp.



20

TABLE 1

Experimental conditions for aquarium experiments on effects of water temperature on three penaeid species

Species

Variable Penaeus monodon P. plebejus Metapenaeus macleayi

No of prawns per aquarium 10 15 10

Average initial prawn weight
(g prawn'1)

x
Rangea

Duration of experiment

Experimental temperatures
(°C)b

Satinity range (%o)

1.9

1.6-2.3

4

18.4-33.1

34.0-36.5

1.1 2.4

0.9-1.3 2.1-2.9

3.5 6

18.6-33.0 15.7-30.3

26.1-33.2 30.5-34.8

Based on mean values for individual tanks

Experimental temperatues were arranged in increments of approximately 3°C
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EVALUATION OF THE SUITABILITY OF SOME AUSTRALIAN AND
TAIWANESE DIETS FED TO LEADER PRAWNS (.Pesaeus aoaodoa)

IN PONDS.

Dr. Greg B. Maguire1, Mr. Geoff L. Allan1, Dr. Robert
Baigent2 and Ms. Jane Frances1'3.

1 New South Wales Agriculture & Fisheries,
Division of Fisheries,
Brackish Water Fish Culture Research. Station,
PO Salamaader Bay NSW 2301 (049-821232).

2 New South Wales AgTiculture & Fisheries,
North Coast AgTicultural Institute,
Bruxner Highway, Wollongbar NSW 2480 (066-240200)

3 Present Address: Newcastle Regional Museum,
?0 Box 2156, Dangar NSW 2309 ( 049-622001 :• .

ABSTRACT

Leader Drawns ( Pssaeus jnonodon'] performed bettsr under pond

conditions (higher weight gains and befctsr food conversion
efTiciency) when fed Taiwanese prawn diets rathsr th.an
Australian diets during' the summers of 1986/8" and 1987/88.

Proxiroats, fatty acid and amino acid composition of these
diets are discussed. Apart from unusually high and low lipid

levels is two Australian diets, the differences ia growth
r-ssuits for prawns fed the various diets could not be

explained by diffareacss ia chemical composition, food
consumption rates or pellet stability in seawater. The
importance of improving locally manufactured diets and the

need for farmers to use appropriate feed rates are

emphasized.
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INTRODUCTION

Feed costs are a major component of operating costs in many
aquacultural industries. These can be minimised through use
of appropriate feed rates and by improving the nutritional

quality and reducing the cost of artificial diets. The
farming of penaeid prawns in ponds usually involves the use
of artificial diets unless very low stocking' densities are

used. As prawn farming began to expand rapidly throughout
the world during the 1970'S, a considerable amount of

research on penaeid nutrition was conductfcd (see reviews by
New 1976 and Maguire 1980). While this nutritional research
has continued (Kanazawa 1985), much of the progress towards
the development of cost-effective prawn diets has been made

through the efforts o-f feed companies who progressively

improved thei-r commercial rations. The formulations for

these feeds are usually proprietary information. However,
comparisons of the weight gains of prawns fed a range of
commercially available feeds may prove to be a useful
direction for nutritional research. This is particularly so
when growth data can be related to the results of chemical
analyses of the diets (Ako and Domi.ny 1987). In addition to
helping to indicate relationships between growth and feed

composition, this approach is of considerable interest to
farmers who wish to know which of the available diets are
more effective.

Diets can be evaluated in aquaria, where prawns are thought
to obtain most of their nutritional requirements from the
artificial feeds, or under pond conditions in which natural
food items can make a major contribution to the diet of the

prawns (Anderson et aj. 1987). In the present study, netting
enclosures (pens) within fertilised ponds were used to allow

comparisons of growth rates of leader prawns {Penaeus
asonodoa'} when fed a range of Australian or Taiwanese prawn
diets. Comprehensive analyses of the composition of these
diets were also carried out.

MATERIALS AND METHODS

EXPERIMENTAL ANIMALS AND FACILITIES

Diets available to commercial farmers in Australia in the
summers of 1986/87 and 1987/88 were compared in Experiments 1
and 2 respectively. Juvenile leader prawns were obtained
from experimental or commercial ponds that had been stocked

with hatchery reared postlarvae. The prawns were harvested
from the ponds with seine nets and in Experiment 2 they had
to be transported about 700 km by road in aerated seawater.
The prawns were stocked into replicate peas within tidal,
0.11 ha ponds at the Brackish Water Fish Culture Research

Station, Salamander Bay, New South Wales. These pens were as
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describc-l by Maguire and Bell (1981) except that they
enclosed an average of 2.7 m2 of pond bottom per pen and the
lids, walls and subsur'face floors were constructed using 7 mm

plastic mesh.

The ponds were initially fertilised with 20 kg N/ha and 2 kg
P/ha using single superphosphate and ammonium nitrate.
Periodic additions of fertilisers (,10% of initial amount)
were made in an attempt to maintain phytoplankton blooms.
The pond used in Experiment 1 developed a serious leak so
that daily refilling of the pond was required to help
maintain a depth of 1 m in the pond. This was only partially
succ.essful and this shallow pond did not usually have an

obvious phytoplankton bloom. As a result filamentous algae
and the seagrass Halopbila decipiens grew on the pond bottom
within the pens. In Experiment 1 feed was supplied twice per

day (morning and afternoon) and visual observation of uneaten
feed on the sediment layer within each pen was used to adjust

feed rates on an ad llbitua basis.

In Experiment 2 pond leakage problems were much less serious
but daily replacement of water losses was considered to have
provided an adequate water exchange rate. During this
experiment it was possible to maintain a sufficient

phytoplankton density to prevent the growth of benthic algae
and seagrass. To allow for more precise adjustment of feed
rates in Experiment 2, a 0.6 m diameter feed tray, made of 18
mm electrical conduit and 2.0 mm vinylon mesh netting, was

placed in each pen. Feed was supplied four times daily in
this experiment but the relative amounts provided on a

morning:afternoon basis were similar to those used in

Experiment 1 i.e, 1:2. On weekends feed was only supplied
twice per day but this did not have an obvious effect on

daily food consumption rates.

While pond leakage problems did not allow for optimum pond

management, water samples taken from each pen at the end of
each experiment indicated that ammonia and nitrite levels
were much lower than the levels found to adversely affect

penaeid growth rates (Wickins 1976) . Ammonia and nitrate
were measured using the methods described by Dal Font et a2.

(1973) and Major et al. (1972). Each pen was continuously
aerated with compressed air released through adjustable

plastic valves suspended near the bottom sediment.

Temperature and salinity readings were taken using a
thermometer, a thermograph and a Yeokal salinity/temperature
conductivity meter.

EXPERIMENT 1

Five diets and an unfed control were tested using four

feplicafce pens per diet. The diets included a Taiwanese diet
(A), three Australian diets (A-C) and freshly shucked and
chopped meats from pipis, Plebidonax deltoldes, which are a
type of burrowing bivalve collected from oceanic beaches.
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Despite the fact that it would be too expensive to use pipi

meat in commercial ponds, it was included as a control

because prawns in aquaria grow well OD this diet. Apart from
pipi meat and Australian diet C in Experiment 1, which was a

crumble, all diets in both experiments were pelleted (2-4 mm

diameter pellets). In Experiment 1 the diets were fed for

six weeks during which time average daily water temperature
and salinity levels (mean, range) were 24.1°C (20.5-26.0°C)
and 33.9%o (26.0-40.0%o) respectively. Prawns were stocked
at 15 juveniles/m2 and the average initial weight was

6.32+0.11 g/prawn (mean^S.E, n=24 for groups of 39-47

prawns).

EXPERIMENT 2

Two diets (Australian D and Taiwanese B) were each fed to
prawns stocked at 15 and 30 juveniles/m2. Two other diets

(Australian E and Taiwanese C) were only tested using 15
juveni les/m2 . The hig'her density treatmeD'cs were included
because it was not oossible to obtais other Australian diets.

An increased number of replicates (5 pens/diet) were used in

the experiment. The average initial weight of the prawns was
2.59-0.04 g/prawn (mean-S-2, n=31 for groups of 39-86

prawns). The diers were fed for seven weeks during which
time the average daily minimum and maximum water temperatures
(mean, range) were 24.4°C CIS.8-27.5°C) and 27.2°C (22.5-

31°C) respectively. Average daily saliaity levels (mean,

range) were 30.1'So ( 28 . 7-31. 5%o) .

PERFORMANCE INDICES

Average weight gain values (g/prawn) were determined for each
pen. For Experiment I, the combined weight of all prawns
stocked into a pen was recorded. After being harvested, the
prawns from a pen were sexed prior to bulk weighing. A

similar procedure was used in Experiment 2 except that groups
of about 15 prawns were added sequentially to the 35 pens

until the appropriate number had been stocked into each pen.
The total weight values for each subgroup were combined to
provide estimates of initial prawn biomass and average
initial prawn weight for each pen. This procedure was

adopted to reduce variation 'among replicate pens in average
initial prawn weight.

To minimise handling stress for the large number of prawns
involved (1850 prawns in Experiment 2), individual prawns
were not sexed prior to stocking. There was no significant
effect of diet type on sex ratio at harvest (P>0.05). This
was important because females were consistently larger than
males at harvest.

Only a few dead or moribund prawns were observed in the pens
during the first week after stocking. In each experiment
additional prawns of equivalent size were added to compeosate
for these initial losses. Differences between the number of
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pc-awns in a pen at the beginning and end of a trial were used
to estimate mortality. In four of the pens in Experiment 2,
it was suspected that prawns had escaped and these pens were
not included for performance estimates or statistical
analyses.

The term food quotient (F.Q.) has been used to indicate the
apparent efficiency of food conversion (feed input;biomass
gain) in the presence of natural food (Maguire and Leedow
1983). Feed consumption rates (feed input:biomass,
expressed as a percentage) were estimated for the concluding
bwo weeks of Experiment 2 using prawn biomass at harvest as
the biomass estimate. All feed input values were adjusted to
a standard of 92% dry matter to al-low for differences in

moisture content among the diets.

An economic index was used to compare the cost efficiency of
each diet within Experiment 2. The estimates of relative
cost efficiency were derived by ranking the calculated
Economic Return (EE) for each diet. Using this method the
best diet in terms of economic return had a Relative Cost

Efficiency (RCE) of 1.0 while the equivalent value for the
poorest diet was zero.

RCE = _(ER_for a diet — ER for poorest diet)
(ER for best diet - ER for poorest diet)

ER = Value of crop - Cost of stock - Feed costs

(S/m2) (S/m2) ($/m2) (S/m2)

Value of crop = Weight of crop x Price of crop

(S/m2) (kg/ra2) (S/kg)

Size dependent price estimates were used because market

prices for prawns generally increase with average prawn size.
The size price model used was:

Price of crop = Average prawn weight

($/kg) (g/prawn)

This relationship was only applied to groups of prawns whose
average sizes ranged from 9-15 g. For very large prawns e.g.

30 g, this simple linear relationship would overestimate the

value of the prawns for the domestic market

Cost of stock = Density x A$0.075 per juvenile

($/m2) (prawns/m2)

Feed prices were provided by the Australian feed companies at

the beginning of Experiment 2 (A$l,100 - 1,300/tonne) or were
obtained from prawn farmers who had imported or obtained

quotes for the importation of Taiwanese feeds prior to this

experiment (A$l,600 - 1,660,tonne).
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feed costs = Total weight of feed used x Feed price

($/m2) (kg/m2) ($/kg)

STATISTICAL ANALYSES

All treatments were randomly allotted and homogeneity of

variance was confirmed using Cochran s test. One way ANOVA
was used to assess treatment effects and the least

significant difference (LSD) method was used for multiple
comparisons of means (Steel and Torrie, 1960). Survival rate

data were subjected to an arc sin square root transformation.

Covariance analyses were used in Experiment 1 to examine the
most influential covariates when assessing weight gain,

biomass gain and food conversion results. The general linear
models procedure (Freund et al. 1986) was used for these

analyses. The covariates examined were: average initial

prawn weight; pea size; survival rate; sex ratio; occurrence
of other species of prawns in the pens, and average coverage
of sediment within pens by seagrass and filamentous alg'ae.
The aim was to identify ways of improving the methodology

used in Experiment 1 so that variarion in performance indices
among replicates is Experiment 2 could be reduced.

DIETARY ANALYSES

Chemical analyses were usually carried out in accordance with
methods specified by the Association of Official Analytical
Chemists (1980). Detailed merhodclogy for amino acid and

fatty acid analyses is available from one of t.he authors

(Dr. R. Baigent).

The physical stability of diets was determined by estimating
the percentage of dry matter retained.on 550-600 urn plankton
mesh arranged as a concave seive submerged in seawater in a

1 litre beaker. The beakers were positioned in a water bath
at 27°C and each of four replicate beakers per diet received
similar metered air flow which was released throug'h a 5 mm
glass tube at the bottom of each beaker. Up to 30 g of a

diet was placed in each seive and these samples were aerated
for five hours prior to dry matter determinations. The
method was adapted from For'ster (1972).

R.ESULTS

In both experiments leader prawns grew much better on
Taiwanese diets than on Australian diets. In Experiment 1

average weight gains for prawns fed pipi meat were similar to
those fed Australian diets. Small increases in average
weight for unfed controls were recorded in each experiment.
In Experiment 2 Taiwanese diet B produced a significantly
greater weight gain (P<0.01) than Taiwanese diet C in pens
stocked at 15 prawns/m2. However, in both experiments there
were DO significant differences among Australian diets in
average weight gain (P>0.05). An increase in stocking
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density from 15 to 30 juveniles/m2 depressed weight gains for
both Taiwanese diet B and Australian diet D in Experiment 2

(P<0.01). Survival rates were very high in most pens and

were not significantly affected by diet type (P>0.05).

More efficient food conversion (low F.Q. values) was obtained
with Taiwanese diets than with Australian diets. However,

there were some differences between the average weight gain
and food conversion results. In Experiment 1, Australian
diet A produced a significantly poorer food conversion result
than the other Australian diets (P<0.01). While weig-ht gain
on pipi meat was no better than for the Australian diets in
Expe-riment 1, this diet produced the best food conversion
efficiency (Table 1). This was la-rgely due to the fact that

feed consumption rates for prawns fed pipi meat are usually
relatively low. Although there was a significant difference
in weight gain results for the Taiwanese diets (B and C) at
15 juveniles/m2 in Experiment 2, there was no significant

difference (P>0.05) in the food conversion results. la
contrast, Australian diet E produced a similiar weight gain
as Australian diet D, yet the food conversion results for

diet E were significantly poorer than for diet D (P<0.01).

Taiwanese diets were not necessarily more physically stable
in water than Australian diets. In Experiment 1, Taiwanese
diet A was the most stable diet while in Experiment 2

Taiwanese diet B was the poorest and Taiwanese diet C equal

best in terms of stability (Tables 1,2). The stability
results should be interpreted with caution as coarsely ground

diets can tend to fall apart but larger particles are still
retained on the plankton mesh selves. This factor may have
influenced the results for Australian diet D in Experiment

2. Overall, the poorest stability result was obtained for
Australian diet C in Experiment 1. This was not suprising as

the diet was supplied as a crumble.

There was no significant effect of diet type on food
consumption rate over the last two weeks of ExperimeDt 2 when
expressed as a percentage of bioraass (P>0.05). The data from
this experiment were used because it was considered that feed
consumption could be much more accurately measured when feed
trays were used. The final period was used rather than the

initial period because at the beginning of an experiment
there is a tendancy "bo underfeed as feed inputs are

progressively raised until excess feed is eventually
supplied. By the end of the experiment feed inputs would

have more closely reflected demand for feed by the prawns.

The economic analysis used for Experiment 2 (Table 2)
indicated that although the Australian diets tested were less
expensive per tonne than the Taiwanese diets, they were also
less cost-effective.
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Analysis of a covariance in Experiment 1 indicated that

average initial prawn weight was the only covariate which was

consistently significant (P<0.05) for all the dependant
covariates: weight gain, biomass gain and food conversion

efficiency. However, considered individually, pen area and
the presence of other species of prawns inside the pens (from

.natural recruitment) were also significant covariates

(P<0.05) for weight gain. Sex ratio was a significant
covariate for both biomass gain and food conversion
efficiency and pen area was also a significant (P<0,05)
covariate for food conversion efficiency. This information
was useful for designing Experiment 2; the aim being to

minimise the variation among replicates in that experiment.

The proximate analysis of the diets used in Experiment 1 and

or Experiment 2 are presented in Tables 3 and 4 respectively.
The result for amino acid and fatty acid analyses are

presented in Tables 5 and 6 respectively.

DISCUSSION

There were a few differences in chemical composition among
the diets (Tables 3-6) which could help explain the
differences in weight gains achieved with the various diets.

The most obvious differeDce between Taiwanese and Australian

diets was in Experiment 2 where Australian diers D and E had
unusually low and high total lipid levels respectively (Table

4). The optimum dietary lipid level for another penaeid

Peaaeus Japonlcus, is 6% and high iipid levels can depress
growth rates (Deshimaru et al. 1979).

The amino acid composition of all of the diets were quite

similar when expressed as a percentage of dietary protein
(Table 5). However, the best diet in Experiment 1, Tniwnnonc
diet A, had a higher combined level of methionine and cystine

than two of the Australian diets (A,B) and a higher lysine
level than Australian diet A. It is difficult, to explain

differences among the performances of the diets in Experiment
2 on the basis of amino acid composition. This is
particularly so for the two Taiwanese diets with diet B
having a lower level of all of the essential amino acids than

diet C which produced a lower weight gain. Some caution
should be expressed when comparing these diets as diet B was
air freighted to Australia while diet C was sent by sea.
Differences in storage conditions could have affected the
relative nutritional value of the Taiwanese diets.
Furthermore there was no significant difference between these
two diets in terms of food conversion efficiency (P>0.05).
In general, all of the diets had low levels of several
essential amino acids, especially methionine (+ cystine),
when compared to the composition of prawn tail muscle.

In Experiment 2 the Taiwanese and Australian diets had
similar fatty acid composition (Table 6). The levels of
C20:5»*r3 and C22:5w2 fatty acids were, however, generally
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higher in the Taiwanese diets. Kanazawa et al~. (1977)

emphasized the importance of these fatty acids for P.
Japondcus. Taiwanese diet B and Australian diet D contained
considerably higher levels of linoleic (18:2ff6) and
linolenic (18:3w3) fatty acids than Taiwanese diet C,
Australian diet E or squid meal, a widely used ingredient in
prawn diets. Given the importance attached to supplying
adequate levels of w3 fatty acids in prawn diets (Kanazawa
1985), the low overall w2: w6 ratio in all of the diets was
suprising. The results indicate that terrestrial ingredients
make up a significant proportion of the diets as ingredients

of aquatic origin e.g. squid meal, tend to have a much higher
w3:w6 ratio (Table 6).

The testing of these diets under pond conditons created
considerable interest among feed companies and commercial
farmers. The results indicate that further development of
the Australian diets is required and this problem is

currently being addressed by several feed companies.
However, apart from khe differences noted in fche total lipid

levels, the poor relative performance of the Australian diets
could not be adequately explained by differences in protein,
mineral, fatty acid or amino acid content. However, other
variables can affect the usefulness of individual ingredients
e.g. the presence of growth inhibitory substances. An
investigation of the relative suitability of potential feed
ingredients should be given a high priority when attempts are

made to improve Australian prawn diets.

The pen system used to evaluate the diets has major
advantages in that the testing is carried out under pond

conditions where rapid growth rates can be obtained and large
juveniles easily maintained. As such, the results are

generally applicable to commercial prawn farms and
consequently are of more interest to farmers than those from
experiments conducted in aquaria. However, it may be more
cost effective to use aquaria to evaluate potential
ingredients and formulations. Pens or model ponds could then
be used to compare the cost efficiency of commercial diets

when feed companies are confident, on the basis of aquarium
trials, that the diets are nutritionally adequate.

Partly as a result of this research, many prawn farmers in
Australia have chosen to use Taiwanese diets. However, as
noted earlier in this paper, the availability of cost-

effective nutritionally adequate diets is not the only factor
involved in determining feed costs. Appropriate feed rates

must also be chosen. In Table 7 encouraging production

results from New South Wales prawn farms are presented.
Unfortunately, the food conversion results from these farms

were generally not satisfactory. While farmers are improving
their pond management skills, there is still a tendancy to
overfeed. Feed trays can be very useful as indicated by the
food conversion results from Experiment 2. However, feed
rates should still be considered in relation to estimations
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of prawn biomass. Some feed manufacturers provide

recommended feed rates (as a percentage of biomass) and these
should be considered as the maximum amounts that could be

used under ideal conditions in ponds stocked at a high
density. It is usually better to use more conservative feed

rates. Overfeeding will not only increase feed costs but

will also contribute to problems in maintaining adequate

water quality, especially for dissolved oxygen.

A major factor in pond management, particularly in temperate
areas is the need to reduce feed rates during cooler weather.
ID 'Experiment 2, water temperatures were unfavourable for two

of the seven weeks of the experiment ie, maximum daily water

temperatures were less than 25°C. By reducing feed inputs

during this cooler period, satisfactory food conversion
results were obtained'. Maguire and Allan (unpublished data)

found that in aquaria optimum food conversion efficency could
be obtained for leader prawns at a low temperature at which

growth rates were depressed. This was achieved by reducing
feed inputs. It should also be noted, however, that it is
far easier to manage aquaria and pens than comaercial-scale

ponds.

If mariae prawn farming is to prosper in Australia it will
probably be necessary for cost-effective, locally made feeds
to be developed. Farmers will continue to purchase imported
feeds if local diets do not improve or do not maintain a
price advantage. However, farmers can also have a major

influence on feed costs by monitoring feed consumption rates.
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TABLE 1

Performance indices for leader prawns fed commercial diets

during 1986/87 in Experiment 1 (mean^S.E.).

Diet

Tai'wanese

A

Australian

A

B

c

Pipi meat3

Unfed

We
(

8.

5.

6.

D .

6.

•7

ight gain1
g/prawn)

8+0 . 4a

9+0.2b

2+0.5°

6-0 . 4°

l±0.3b

2-0 . 4C

97

97

98

97

97

94

Survival2

w

.0-

.0:

±3.1

±1.8

.9+0.7

. 4-

. 6-

.3-

-3 . 2

±1.0

+4.2

3

6

0

0

9

F. Q. 1

. 7+_0 . 2a

.4-0.4b

. 1-0. 4=

. 3-0 . 3C

.8-0.2a

Instab i
{% weight

21

33

35.

DO .

5+0 .

5-rO .

2±0.

2-0 .

lity1
loss )

5a

5b

8b

6=

Diet type had a significant effect on this
variable (P<0.05). Means, within a column, which

share a common superscript are not significantly
different (P>0.05).
Data subjected to an arc sin square root

transformation prior to analysis. Diet type had
no significant effect on this variable (P>0.05).
Freshly shocked and chopped meats of the bivalve
Plebidonax deltaides.
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TABLE 2

Perfornance indices for leader prawns fed commercial diets during 1987/88 in
Experinent 2 (neanfS.E.).

Diet Stocking Wt gain1 Survival2-3 FO1 Instability1 •?c1-3--*
density (g/prawn) (.t) (.t wt loss) (X/day)

(no./n-2)

RCE5

Taiwanese

B 15 11.6+0.2a 91.0+3.5 1.26+0.03" 24.5+1.8' 3.0+0.1 1.00

B 30 9.5+0.2bc 94.5+1.4 1.43+0.01a 2.8+0.6 0.98

15 10.0+0.6= 88.2+3.3 1.2S+0.03a 11.2+0.8&c 2.8+0.2 0.65

AUH 1. rn 1 i ;in

D 15 7.7-0.4d 89.7-3.1 1.82-0.04C 9.1-1.43 3.6-0.1 0.35

D 30 6.5-0.le 85.4+3.0 1.78-0.03d 3.7-0.1 0.00

S 15 7.1-0.3d- 86.0+4.5 1.90+0.06:1 14.9--_2.0= 3.4-r0. 4 0.22

Unfed 15 1.2-0.2' 82.7-4.0

1 Diet had a significant effect on this variable (P<0.05). Mcnna,
within a coluan, which share a cannon superscript are not

significantly different (P>0.05).
2 Data subjected to an arc sin square root transfonnatioa prior to

analya is.

3 Diet type did not have a significant effect oa this variable
(P>0.05).

4 Average food consumption per day during last two weeks (FC).
FC = feed input (92X dry matter)/ final biomaaa (expressed as a
percentage).

5 Data from replicates have been pooled to calculate economic return
values which have been ranked (0 = poorest, 1 = beat diet) as
relative cost efficiency (RCE).
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TABLE 3

Composition of diets in Experiment 1
(expressed on a dry weight basis).

Diet

Taiwanese
A

Australian

A

B

c

Pipi meat

Pro

(

42.

42.

36.

41.

72.

tein
%)

b

0

8

1

4

Lip
or
7o

5.7

8.6

5. 6

D. 0

6.3

id
)

Ash
(%)

15.

11.

10.

7. 8

15.

0

1

/

9

(
Ca
%)

3.

9

-3
a *

1.

0.

2

8

3

8

48

p
(%)

1.6.

1.8

1. 3

1.2

0.97

Fe

(mg/kg)

1003

477

802

399

n/a1

1. Data not available.

TABLE 4

Composition of diets in Experiment 2
(expressed on a dry weight basis).

Diet

Taiwanese
B

c

Australian
D

E

Protein

w

41.8

46.7

40.8

42.4

Lipid
(%)

6.5

6.4 "

3.9

13.9

Ash

w

15.2

11.9

11.0

13.6

Ca
(%)

2.8

2.7

3.1

3.1

p
(%)

1.8

2.1

1.3

2.0

Fe
(mg/kg)

689

234

658

880
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TAD LK 5

Amino iicid (AA) (:()ini>oa i I i on of dicta <:Ki>rt:sHed QS a percentage of the

concenI lit I ioi) found in pruwn Luil muscle1.

Ea a en I. i <* I

B mi no tie i da

Arg in i IKI
His Iidi ne
I a o I e ti c i n e
I,euc i nr;

F.ys i n e

M e 1. li i o n i n c

(+ Cya L ine)
Phenylnlani nc
(+ Tyrosine)
Threon i ne

Tt-yptophan

Vat i ne

T n i wiincBt

A

101
84
66
(i2
i)9
^1:<

7H

65

60

K }( p (i

A

A

I 2:<
07
7i)
7:1
(I'l

:t2

7(i

74

7:1

I i 111 UII (.

II H ( I » I

I)

m>
1 II
59
fiil

1;(1
:11

75

(»7

70

1> i e t

I

l un

(;

I 2t\
KM

t)i)
74

121
4 I

(>7

75

79

a

r i p i

131
55
69
62
90
49

74

75

65

Kxper

Taiwanese

D

96
70
73
65

104
40

69

71

75

c

99
88
87
73

116
53

01

76

80

i me n k 2

Aus Lral

D

108
86
80
73

104
.• 66

87

75

Rl

lan

R

104
60
70
69

102
51

77

71

83

1. The amiiio m: i d cornpoa i I ion <tti(n wute l)ased on analyses expressed as

g AA/l6g N for the diela rni(I for prawn tnila (Shewbart et al. 1972).
This is equivalent to AA content. HH 11 percentage of dietary protein.

0
1^
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TABLE 6

Major fatty acids present in diets in Experiment
(expressed as % of total fatty acids).

Fatty acid

C14: 0
Cl6:l»f7
CIS: 0
Cl8:4w3
CIS: 2fv6
CIS: 3 w3
CIS: lf*-9
C18: 1^7
C18: 0
C20: 4f*6
C 2 0 ; 5 ^3
C20:4«/3

C20: 1
C20: 0
C22: 6^3
C22: 5w3
C22: 1

w2: w6 ratio

_D

Taiwanese

B

5. 16
5.24

23.25
1 . 54

21.30
3. 05

12. 12
3. 36
3 . 66
0.59
5 , 96

0. 00
1 .50
0.00
4.51

0.46
0.43

0.75

c

7. 10
6. 94

27.83
2. 05

12. 00
1.72

12.76
3.93
3. 80

0. 80
8. 92
0. 00
1 . 95

0. 00
5 . 88
0. 00

0. 00

1.45

iets

Aus

D

4. 74
4.93

24. 92
0.00

23 . 84
3. 14

13.95
3. 15
4 . 56

0. 00
A . 1 q

0. 00
1 . 44

0. 00
3 . 99

0. 00
0.00

0.47

tralian

E

8.67
9.51

23.02
1.67

11.28
1.86

12.43
3.01
4.15
0.73

/

0.52
i . 15

0.21

3. 18

0.64
0.00

1.22

Squid meal1

7.21
6. 94

21. 79
2. 85
5. 05

1. 39
11.68

3. 82
2. 89
0 . 67
9 . 89
0. 64
4. 17

0.27
7. 09
0. 70

1. 61

3. 94

1. Included for comparative purposes.

TABLE _7

Production results from commercial prawn farming ponds in New

South Wales stocked at >8 prawns/m2 (as postlarval or
juvenile leader prawns) during the 1987/88 growing season1.

Stocking Production

density (kg/ha)
mean (range) mean

Average
weight at
harvest (g)

Survival

(%)
mean

F.Q.

mean (range)

13.8 (8-22) 1530 21.7 58.5 3.1 (1.2-4.2)

1. Based on results from eleven ponds.
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2.3 Maguire, G. B. and Allan, G., 1989. Nutritional studies on school prawns
Metapenaeus macleayi and leader prawns Penaeus monodon. In: E. Chauvez
(Editor), Proceedings of the Mexico-Australia Workshop on Marine Sciences,
Merida, pp. 469-478.
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NLJTRITiCMAL STUDIES CN SCHOOL FRAVNS METAPENAEUS MASLEA^L

^0 UEX)ER W/^NS PENAEUS MONODON

GREG B. MAGUIRE AND GEDFF ALLAN

DIVISION OF FISHERIES, DEPARTMENT OF AGRICULTURE, N.S.W. BRACKISH WATER
FISH CULTURE RESEARCH STATION. SALAMANDER BAY, N.S.W. 2301, AUSTRALIA.

ABSTRACT

Two types of nutritional experiments have been conducted by the

authors. Aquaria are used to test experime'ntal diei in a situation where

the diets are the only major source of nutrients for prawns.
Alternatively', swimming pools or netting enclosures within ponds (pens)
allow comparison between commercially available diets in a situation

where prawns also have access to natural food organisms within ponds.
Result of aquarium trials are presented which show that school prawn

growth rates are improved when bivalve meat is included in a compounded
diet fed to prawns. This improvement was attributed to an improved amino

acid balance rather than to changes in the lipid composition of the diet.
Pen and pool trials are discussed in relation to trends in the formulation
or commercial prawn farming diets in Australia.

RESUMEN

Los autores ban desarroiiado dos clases de sxperimen'cos nuuricionaies.

Se utilizaron acuarios para orobar distas exuerimentalss sr. •.ina sltuacion

donae estos son ia unica ruente ae nuLrimenxos oara -os ca;r.arones.

AiLsrnativamenta, los ancierros en jaulas dentro de esrancues per^iitisron

hacer comparaciones entrs dietas comercialmente disponibles, en una
sicuacion donde los camarones tambien tienen accsso a alimento natural.

3e presentan los resultados ds las pruebas en los acuarios v ^usstran
que ^as tasas ae crsc^sisntc en -as agrupaciones ae camar^nes incrsmenta-

ron cuanao carne ae 3i'/aivo rue inc^uiaa sn una a^era sa^-ancsaaa para

alimentarlos. Escs incrsmento rue atribuido mas bien a un aumento en

el balance de los aminoacidos que a cambios en la composicion de 1-ipidos

an la dieta. Los sxperimentos de jaulas y estanques se discuten an rela-
cion a una oriantacion en la formulacion de dieras comerciaies para el

cultivo de camarones sn Australia.

INTRODUCTION

i?'eea costs are a major factor in determining the profitability of

prawn farming operations, particularly when high stocking densities are
used. Farming of school prawns (Metapenaeus macleayi) may well have
to be carried out at relatively high densities to be of continuing

interest to commercial growers (1). Al low densities, school prawns

can be grown on simple inexpensive diets but at higher densities more
nutritionally complete diets are required (2,3).

469
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As commercial prawn farming progressed in Japan the emphasis shifted

from using crushed bivalve in farming ponds to using compounded diets,
i.e., based on a combination of feed ingredients (4). During the
development of thes Japanese commercial diets, bivalve meat was used

as a control diet in experimental feeding trials. Also, supplementation
of experimental diets with various components of bivalve meat proved

to be useful for identifying growth-limiting inadequacies in dietary

formulations (5).

In the present study various components of bivalve meat were obtained
by solvent extractions or pipi meat .(FLebidonax deltoides). These

components were used to supplement an experimental, compounded diet fed
to school prawns. Pipi meat which had not been treated with solvents

was also used as a control diet. One of the aims of this study was to
identify wheter protein quality of the types or lipids used were major
limiting factors for the development of nutritionally adequate, commercial
prawn diets. The status of Australian commercial marine prawn diets
is discussed in relation to diet evaluation studies involving school
prawns and another species, the leader prawn Penaeus monodon.

MATERIALS AND METHODS

^xoerlmental Svscems

The pipi suppismentation £x?eriment with school prawn was conducted
in 60 1 aquaria. The school prawn and leader prawn trials for evaluating
commercial diets v.'ere conducted in swimming pods and pens, respectively.

Pens are netting enclosures surrounding sections of pond bottom. These
experimental systems have previously been described (1).

Juvenile school prawn (2-6 g individual prawn weight;) were collected
oy otter trawling in the William River, New South Wales, Australia.
They were transported in aerated tanks to the Brackish Fish Culture
Research Station at Port Stephens (32°42'S, 152°12'E) and separated into

male and female groups, only the latter of which were used for the
aquarium experxment.

Into each aquarium were added ten individually weighed and tagged

prawns (fluorescent piement - in petroleum jelly injected into tail

musculature). The aquaria contained coarse sand covering a subsurface
biofilter plate which was connected to a continuous source of compressed
air. Water recirculated through the sand bed which had been conditioned

prior to the experiment to encourage the growth of nitrifying bacteria.
Daily water exchange ranged from an initial rate of 50% per day by the

time the experiment was terminated after four weeks. Seawacer (215-31%)
was preheated prior to water exchange in the aquaria which were maintained
at 2.5 ±0.6 C. Dissolved unionized amnonia. and nitrite levels measured

in all aquaria were below those reported to inhibit penaeid growth
rates (6). - All diets were supplied on an aa libitum basis and were
fed once per day just prior to the onset of the dark phase within
the artificially controlled 12:12 day: night light cycle. There were
three replicate aquaria per diet.
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Preparation of Diets

Pipis, a type of burrowing marine bivalve, were collected from

the intertidal surf zone on a sandy beach near the research
station and kept alive in aerated seawater before being shucked.
The lipid component of pipi meat was extracted using the following
method (7): Six volumes of chooped pipi meats were homogenized
with six volumes of rain water. After filtering the homogenate,
the residue was rinsed with six volumes of solvent mixture and two

volumes of rain water. The filtrate was allowed to seprate
overnight into three phases: water/methanol; water/protein and
chloroform/lipid. Four preparations of pipi meat were used:
freshly shacked and chooped meat which was held on a sieve to

drain off excess liquid (chooped pigi); chooped, drained pipi
meat homogenized in a domestic blender and frozen (whole pipi

component); the insoluble residue collected after the extraction
process and frozen (insoluble pipi component), and the fraction
which was obtained by evaporation the chloroform phase (pipi lipid
component). This last component was subsequently stablished with

Endox anfcioxidant (approximately 250 mg Endox/kg oil).

Five compounded diets were prepared for the experiment (Table 1).

These involved a basic experimental diet (A) and various modifications
of this diet (B-E). This basic diet involved some of the more

common fsed ingredients available to commercial prawn feed

producers in Australia. It included a range of protein sources,
high and low fibrs carbohydrate sources, fish oil (the protsin
meals also contsin lipid), cholestsroi, glyciae (as a food

a^craccant.i , m^nsra-LS, vitamins and a binder. The methods used bv

tne autnors to prspars this type of compounded diet have previously

been described (2). Diet (A) conrained no oiDz. componenxs and
was prepared as an alginate-bound, 5G7o sioisture contant, firm

oasr which was sxrruded through a meat grinder (3 mm die), frozen
or oresentea as a comoounded diet.

The actual nutrient comDosition of the diets is siven in
Table 2. Ta.bulansd composition values (3,9) were used for some
ingrsaients and tne actual comuosi-zion or the batches obcainea

from commercial suppliers may nave difiersd from these values.

The major discrepancy between actual composition and that aimed
for when the diets were designed was for diet (C), where the
procein content was substantially lower than planned. This could

have resulted from variations between groups of chooped, drained

pipis in protein or moisture content. Differences between orotein
levels in the range 400-450 g protsin/kg dry weight should not
arrsct shod pra'.vn growth rates (2).

Statistical Analysis

Homogeneiry of variance, overall treatment effects and differences
among treatment means were assessed using Cochran's Test,
Analysis of Variance ANOVA and the Least Significant Difference
Method (10).
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Five compounded diets were prepared for the experiment (Table 1). These

involved a basic experimental diet (A) and various modifications of this
diet (B-E). This basic diet involved some of the more common feed
ingredients available to commercial prawn feed producers in Australia. It
included a range of protein sources, high and low fibre carbohydrate
sources, fish oil (the protein meals also contain lipid), cholesterol,
glycine (as a food attractant), minerals, vitamins and a binder. The

methods used by the authors to prepare this type of compounded diet have
previously been described (2). Diet (A) contained no pipi components and
was prepared as an alginate-bound, 50% moisture content, firm paste which

was extruded through a meat grinder (3 mm die), frozen and then broken up
into individual pellets. Before being frozen the extruded diet was

sprayed with a fine mist of a 3% CaCls solution to improve binding. Diets
B-E were prepared in the same manner except than before being frozen the
extruded pastes were sprayed with a 1.5% sodium alginate solution followed
by a 37o CaCls solution to coat the pellets. This resulted in an estimated

2.75 g dry sodium alginate per kg dry diet being retained on the surface
of the pellets.

Diet (E) differed from diet (A) only in being coated with aiginate.
Diets (C-E) contained pipi components with diet (C) containing the

equivalent of 300 g of dry whole pipi component per kg dry diet. The pipi
was in fact added to the diet in an undried form after its mois-cure con^em:
was estimated. Diets (A-E) were designed to have the same total protein
and total.lipid contents. Hence in diet (C) the levels of fish and soybean

meals, torula yeast and fish oil were reduced. The level of maize meal was

increased to retain the same total amount of dry matter. The amounts of

the insoluble component and the lipid component in 300 g dry whole pipi
component were estimated to be 196.8 g and 15.0 g, respectively on a dry
weight basis. These amounts were incorporated into diets (D) and (E),
respectively and appropriate adjustments made to other protein sources,
fish oil and maize meal (Table 1). Besides diets (A-E), an additional
treatment was included in the experimental design as a control . Prawns in
these aquaria were fed chopped pipi which was not homogenized, treated with

solvents, frozen or presented as a compounded diet.

The actual nutrient composition of the diets is given in Table 2.

Tabulated composition values (8,9) were used for some ingredients and the

actual composition of the batches obtained from commercial suppliers may

have differed from these values. The major discrepancy between actual
composition and that aimed for when the diets were designed was for diet

(C), where the protein content was substantially lower than planned. This

could have resulted from variations between groups of chopped, drained
pipis in protein or moisture content. Differences between protein levels

in the range 400-450 g protein/kg dry weight should not affect school prawn
growth rates (2).

Statistical Analysis

Homogeneity of variance, overall treatment effects and differences

among treatment means were assessed using Cochran s Test, Analysis of
Variance ANOVA and the Least Significant Difference Method (10).
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RESULTS

The type of diet provided had no significant effect on prawn survival
rates (p>0.05) which were relatively high for all treatments (Table 4).

School prawns grew significantly better on chopped pipi than on diets

(A-E) (Table 4) (p<0.01). Coating the pellets with sodium alginate did
improve their physical stability in sea water, but there was no significant
difference between the weight gains for prawns fed diets (A) or (B)
(p>0'.05). The supplementation of the basic formulation used in diets (A)
and (B) with pipi lipid (diet (E) did not significantly improve growth
(p>0.05). Inclusion of the whole pipi component (diet (C) and the
insoluble component (diet (D) did significantly improve the weight gains
(p<0.01). There were no significant differences between prawns fed diets

(C) and (D) (p>0.05).

DISCUSSION

Aquarium Experiment

In the present study supplementation of the basic experimental diet
(A,B) with whole pipi and insoluble pipi components (diets (C) and (D),
respectively), did substantially improve school prawn weight gains whereas
supplementation with ?i?i iioid (diet (E) did not (Tables 1,4). In a
szmiiar study invol-.-ing supplemenration of an experimental diet with
insoluble ana liDia comoonencs or che short-necked ciam CVeneruois

or.iliopinarum) , both components improved P. -;aoonic.us weignc gains (4,5).

However, in thaz study the insoiuble component had a larger growth
nromoting effect ^han r.he lioid comuonent when addea to the 'a-asic diet which

was devoid of clam comDonents. Deshimaru C5) described the insolubie
comuonent as the orocsin fraction. He concluded thar t:he nucritive value

or the clam should be orimariiv attributed to its protein content and that
the low nu-critive value or the basic experimental diet was because of its

'jnaDtirooriate ann-no acid balance.

When a complex nutrient source, s.g., insoiuble oipi meac fraction, is

added co a dieT: several nutrient levels are likelv to be altered. The
development of techniques for retaining purified solubie nutrients, e.g.,

amino acids, in experimental diets would allow for more precise control of
nutrient levels ':han can be achieved by incorporating bivalve components.
L-lowever, the low rate of intake of soluble nutrients bv prawns due to
teaching or these nutrients from diets is a major constrain (5). In -the

present study inclusion of whole and insoluble pipi components not only
altered the amino acia balance but also increase Copper and Zinc levels and
reduced Calcium, Phosphorous and Potassium levels (Table 2). Some of these

minerals have been snown to affect prawn growth rates (11). Regardless it

is probably reasonable to attribute the growth promoting effects of these

components to an improved amino acid balance. In both the present study
and the one conducted by Deshimaru (4,5) there was evidence that inclusion

of bivalve meat can cause a major increase in the arginine level. There

were also some increases in the levels of tyrosine and methionine in the
present study (Table 3).
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None of the compounded diets produced growth increments as large as that

obtained with chopped pipi meat. This suggests that the design of the
basic experimental diet (A,B) would have to be changed before it could be
used commercially to feed school prawns in a situation where natural food
items made only a minor contribution to the diet of the prawns. When a

moderate stocking density was used, i.e., 15 prawns/m , natural food items
comprised more than 40% of the stomach (proventriculus) contents of
school prawns (12). At higher stocking densities this contribution could

decline greatly. It should be noted however, that trials in aquaria are
likely to provide a far more stringent test for compounded diets than pond

trials would. It is interesting to note that when one commercial diet
which was widely used on commercial Penaeus jappnicus farms in Japan was

fed to school prawns in aquaria, poor growth results were obtained despite
the fact that quite rapid growth races were obtained when chopped pipi
meat was used in that exuerimenx (13).

OVERVIEW OF AUSTRALIAN COMMERCIAL PRAWN FARMING DIETS

Two types of commercial dier evaluation trials have b.een carried out by
•^'ne authors. In rne firs-^, school prawns were stocked inro reulicated

3.- m diameter svimnn.ng pools at a aensi^y of 15 prawns/'m'. The feed types

used were as follows: unfed; ?. commercial rrou^ diet (398 g protein/kg dry

diet); a commercial school prawn diet based on.a poultry ration supplemented
with fish meal (22S g procein/kg dry diet); and an experimental prawn diet
(401 g pro-cein/kg dry diet) designed for a- commercial manufacturer. This

last diet was formulated to have an amino acid balance similar r.o that or

pipi meat. The results of this trial confirmed the results of commercial
pond trials and earlier pen trials (2,3), i.e., thai a relatively simple,
low protein, pelleted diet was adequate for school prawns grown at a

moderate density in the presence of a natural food supply. Subsequently,
the only Australian commercial prawn farming diet specifically designed for

school prawns has been upgraded and should be more appropriate for
commercial school prawn farming trials at higher stocking densities.

The second type of commercial diet evaluation trial was conducted using
leader prawns (P. monodon) sotcked at a density of 15 prawns/m in

replicated 3 m pens. This much larger species is the one which at least
initially wil be used by the majority of Australian commercial prawn
farmers (14). The dietary treatment were as follows: unfed; frozen pipi

meat and four commercial diets designed for leader prawns. One of these
was an imported Taiwanese diet (425 g protein/kg dry diet) and three were
Australian diets (368-419 g protein/kg dry diet). All diets supported
high survival rates but the Australian diets produced either much poorer

growth or food conversion results than the Taiwanese diet or the pipi meat.
These Australian diets are being redesigned and several other commercial
feed companies are also likely to produce diets for leader prawns. The

emphasis seems to be on including marine protein meals, e.g., squid meal,
in addition to fish meal. This strategy would also change the lipid
component of the diet. However, if the results of the school prawn
aquarium trials presented in this paper and the bivalve supplemntation
results with I\ jauonicus diets (4,5) are a guide, the major impact could

well be an improvement in the amino acid balance. Some marine protein
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meals can also be a source of a type of food attractant and an unidentified

growth factor (15). Regretably, except for some locally made fish meals,
marine protein meals are not produced in Australia and their inclusion will
increase feed costs.
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TABLE 1 Composi+. jon of experimental diets (ingredients

expressed as g/kg dry weight)

Ingredient

Fish meal (640g/kg protein)
Soybean meal
Torula yeast
Glycineb

Maize meal
Wheat bran
Vitamin mixc

Mineral mix0
Cholesterol
Cod 1iver oil
Endoxe
Binder'

TSPpa
Whole pipi component
Insoluble pipi component

Pipi lipid component

A,Ba

230.
316.

164.
10.
69.
94.
20.

30.
5.

45.
0.

15.
0.50

70
10
00
00
00
45
00
00
00
00
25
00

D
c

65
90
46
10

282
94
20
30

0

40
0

15
0

300

iets

.70

.00

.70

.00

.40

.45

.00

.00

.00

.00

.25

. 00

.50

. 00

D

124.90
171.20
88.80
10.00

190.40
94.45
20.00
30.00

5.00
52.80

0. 25

15. 00
0.50

196.80

E

230.70
316.10
164.00
10.00
69.00

94.45
20. 00

30.00
5.00

30.00
0.25

15.00
0.50

15. 00

a Diet B contained the same ingredients as diet A but the

pellets were coated with sodium alginate.

b Added as a food attractant (4).
c Vitamins mixed with wheat starch. Dietary vitamin levels

(as mg active vitamin/kg dry diet) were retinol (A) 2.00,
cholecalciferol (D) 0.03, alpha-tocopherol acetate (E)

50.00, menaphthone dimethylpyrimidinol bisulphite (K)
10.00, thiamin (Bx) 20.00, riboflavin 30.00,
pyridoxine (Be) 20.0, pteroylmonoglutamic acid (folic
acid) 5.00, ascorbic acid (C) 3,000.00, calcium

pantothenate 60.00, myo-inositol 4,000.00
choline chloride 3,000.00, nicotinic acid (niacin) 200.00
and cyanocobalamin (Bis) 0.20.

d Dietary mineral levels (as mg/kg dry diet)
CaHP04.2H20 16380, K2HP04 11000, Alz(804)3
ZnS04.7H20 900, CuClz 85, KI 50 and CoClz.

e Anti-oxidant.

f Manugel GMB (sodium alginate).
g Tetrasodium polyphosphate (TSPP) is a sequestrant for the

binding process.

biot in 2
(niaci

were

. ISHzO
6HzO 2!

~<
n }

69
50.

.00
200

»
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TABLE 2 Nutrient composi-b ion of experimental diets and pipi

components (nutrient content expressed as g/kg dry weight unless
otherwise stated)

Component

Crude proteina
Ash
Lipid
Gal c i um

Phosphorus
Potass ium
Magnesium
Sodium
Manganese

(mg/kg)
Copper (mg/kg)
Zinc (rag/kg)

A

460.
120.
102.

12.
15.
16.
3.

6.

45.
55.

259.

0
3
0
8
3
5
1
5

5
8
0

Diet
B

464.0
125.5
101.0
13.5
15.2
17.7
3.2
6.5

42.0
80.0

275.0

c

408.0
115.0
87.5
7.9

12.1
13.8'

2.7
9.6

27. 1
115.0
341.7

D

453.
109.
93.

9.

13.
12.
2.

7.

. 33.

76.
338.

0
7
1
9
4
2
9
7

1
5
2

E

462.
125.
102.

13.
15.
16.
3.

6.

40.
68.

290.

0
3
9
2
8
4
0
9

5
6
0

Pipi
Whole

724.0
151.6
62.6
4.8
9.7

12.6
3.1

19.1

6.3

60.6
243.5

component

Insoluble

762. 0
125.8

8.3
4.8
9.5
7.4
3.2

10.2

8.4

130.0
421.0

Crude protein determined as N x 6.25.

TABL2 3 Amino acid composition of experimental diets and pipi

components (expressed as a percentage of total protein)

Ami no acid

Asoar^ic acia

Threonine
5 er in e

Glu-c am ic acid

?rol_ne

Glycina

Alan in e
V a 1 in e

C y s t in e
M--1 hi on ine

'^soleucine

a u c i n e

? y r o s i n e
P h a n y 1 a 1 an 1 n e
Hiscldine
^ya.'.na

A r g in in e

co amino acid

recovery

A

d .

3.

•-1

b .

8.

3 .

,1

3.

1.

3.

0 .

9

3.

2.

6.

91.

0
6
0
0
rf
/

3
2
6
b

0
5
2
s
6
3
0
3

4

B

8.

4 .

3 .

8.

3 .

4.
0
^ .

0
t-1 *

6.
-7

3.

3.

5.

6.

98.

3
3

^

u

s
6
9
7
7

7
5
f7
/

7
6
0
1

8

Diet
r^
\^

8.2
4.0

4 . 3

13.2

6. 1
9. 0

5.3
4.1

3.4

2.0

3.7
6 . 8

3.7
3.7

2.8

5.1

7. 1

95.8

D

9.

4.

4.

13.
s.

0 .

5.

4.

3.

1.

4.

7 .

3.

3.

2.

5.

7.

94.

7
1

8
J-

0

3
7
9
3
6
1
8
5
3
6
7
4

7

-d

9.

4.

5.

13.
r-7

I .

8.

*^> *

4.
r^

-!

3.

/ ,

9

4.

2.

4.

6.

97.

0
0
5
1

c
7
7
6
»-1

J

4
7
0
8
9

6
9
6

5

_p_:1D1

Whole

8
4
/t

•-t

13
4
6.

5
4.

2
2
Q
•-?

7
3
f^
0

I
6
7

93

. 9

. b

. 0

1
1

.9

9

.5

.3

.8

R

.8

. I

9

.2

, 9

.A

.6

.0

c ora r> o

inso

Q

^

.'}

0

"7

5
3
2
'7

3
b

3
9

!
6
7

90

nan r

IUD 1C

.-^1

c

D
f~-.

>~l

c.

<"s

.7

a

. 9

.5
rf

/

p;

.0

.9

. y
')

.8

.8
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TABLE 4 Weight
fed experimental

gain and
diets (X

survival
+ S .D . )x

results for school prawns

Diet Weight gain
(g/prawn)

Survival2

rate (%)

A
B
c
D
E

Chopped pipi

0.43
0.43

l.]0
1.00

0.51
2.42

+

+

+
+
t-

4-

0. 11 a
0.09 a
0.04 b
0.27 b

0.10 a
0.29 c

80.0 + 10.
90.0 +

100.0
90.0
93.3

: 17.
0
10.
5.

100.0 -r 0

0
3

0
8

Mean-s sharing a common superscript within each column are
not significantly different (p>0.05).

Data transformed (arc sin square root) prior to
statistical analysis. Survival rate not significantly
affected by diet type (p>0.05^.
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3.1 Introduction

Very little was known about the effect of temperature and salinity on Sydney rock
oyster {Saccostrea commerciafis) and flat oyster {Ostrea angasl) spat. Oyster
farmers have thought salinity to be an important factor in oyster growth and spat
recruitment, but have not been able to distinguish between the effects of salinity
and the generally higher nutrient levels associated with low salinity estuarine water
as compared to oceanic water (Ward and Twilley, 1986) . A lot of interest has been
shown (King, 1977) in the cultivation of Pacific oysters {Crassostrea gigas) in
hypersaline ponds. However, no data was available on the salinity range for
maximum growth of the introduced Pacific nor the native Sydney rock nor the flat
oyster. There was therefore a considerable need to do some salinity studies.
Temperature is another important factor in oyster growth and farming that was not
well understood. Water temperature tends to increase as light intensity (sunshine)
increases on a seasonal basis. However both factors can directly influence algal
production and hence the supply of food for oysters. Therefore a series of
experiments were conducted to investigate the effects of temperature on oyster
growth rates under conditions where excess food was provided and where light
levels did not differ between treatments.

Copper is known to be toxic to oysters (Calabrese et al., 1977), but has also been
known to stimulate the settlement of oyster larvae (Prytherch, 1931, 1934). There
have been large increases in oyster meat copper concentrations in the Georges
River, NSW, from 37 mg/kg in 1973 to 65 mg/kg in 1985 (Chvojka, personal
communication, 1987). The reasons for this increase are not known, but the high
copper concentrations are of great concern. For these reasons an experiment was

conducted on the effect of copper concentrations on the settling rate of oyster
larvae.

Potassium has been used to stimulate the settlement of abalone larvae (Batoun and
Morse, 1984). Because of the need for rapid settlement of oyster larvae in
hatcheries, a number of experiments were conducted to test the use of potassium
as a stimulant for the settling of oyster larvae.

Fiuoride is a potential environmental hazard (Anonymous, 1983) for Port Stephens,
Australia's premier oyster growing area. A series of experiments were conducted
to assess the possible effect of increased fluoride concentrations in seawater on
oysters.

Cultured uniceltular algae have been used for decades as the sole food source in
oyster hatcheries. Because of the high cost and unpredictability of production,
development of artificial diets for oysters has been attempted by several
investigators. The best of the artificial oyster diets were compared against a
standard algal diet consisting of T. Isochrysis aff. galbana and Pavlova lutheri.
Oysters readily absorb dissolved amino acids from seawater (Nell et at., 1983) but
no attempt had been made to use dissolved amino acids as a dietary supplement.
The effect of amino acids on the growth rate of juvenile oysters was investigated.
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The evaluation of the relative value of various algal species as food sources for
larval oysters has been given a new impetus, because of the F.I.R.T.A. funded work

by Drs. S. W. Jeffrey and C. D. Garland. Their fatty acid composition data are a
useful guide in explaining why oyster larvae grow better on some algal species and
not so well on others. The findings by Enright et al. (1986a, b) that the 20:5o)3 and
22:6u3 fatty acids are of great importance to the food value of algal species, has
given oyster larval nutrition a new direction. However, algae size and algal cell wall
digestibility are other important factors to be considered. It is also likely that larval
size and age will have an effect on the choice of algal species. Some experiments
were conducted to evaluate the food value of some algal species for 1 -day old
Sydney rock oyster larvae.
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Abstract

The salinity tolerance range of the scallop Pecien fumatus Reeve was 25-40 g 1~ , of the pipi (clam)

Plebidonax deltoides (Lamarck) and the flat oyster Ostrea angasi Sowerby, 20-45 g 1- , and of the

blue mussel Mytilus eduiis pianulatus Lamarek and the Sydney cockle Anadara trapezia (Deshayes),

15-45 g 1~ . All of these bivalves absorbed substantial amounts of the amino acid L-methionine directly

from seawater.

Introduction

The salinity tolerance of bivalves is species-dependent and habitat related (Pierce 1970;

Bedford and Anderson 1972; Vernberg and Vernberg 1972; Anderson and Anderson 1975).

For mussels of the genus Modioius, Pierce (1970) showed that estuarine species have the widest

and oceanic species the narrowest salinity tolerance range.

Active absorption of free amino acids dissolved in seawater has been demonstrated for

many marine bivalves (Stephens 1972, 1982; Stewart 1979). The absorbed amino acids partially
meet their nutritional requirements (Stephens 1972; Manahan and Crisp 1982; Wright 1982).

Dissolved amino acids were used to supplement an artificial oyster diet (Nell and Wisely 1984)

following a study of conditions necessary to optimise the accumulation of the essential (Harrison

1976) amino acid L-methionine and iis meiabolites in oysters (Nell and Dunkley 1984).

The saliniiy tolerance of five Australian bivalves with aquaculture potential were determined

to aid in the selection of hatchery and field culture sites with a suitable salinity regime.

The ability of bivalves to absorb dissolved L-methionine from seawater also was determined

for possible amino acid supplementation of artificial diets in tanks or raceways.

Materials and Methods

Satinity Tolerance

The collection details and habitat descriptions for the experimental animals are shown in Table 1.

All animals were collected from localities with relatively stable seawater salinities of approximately

35 g i-I and transported in seawaier with a salinity of 35 g i-]. The experiment commenced the day

after collection and the animals were transferred directly from a salinity of 35 g 1~' to the experimental

salinities of 5-55 g 1-1 with 5-g 1-1 intervals. Mortality rates were recorded over a range within which

most animals survived. When all individuals of a species held at the extreme salinities had died, mantle

fluid samples were taken from all survivors for osmolarity determination. Hence, there were different

experimental periods for the species, depending on the period of survival (Table 1).
Four aerated aquaria (40 litres) were used for each salinity. Each aquarium contained four adult animals

of the following species: the scallop, Pecten fumatus Reeve, 1852, the pipi (clam), Plebidonax deltoides
(Lamarck, 1818), the flat oyster, Ostrea angasi Sowerby, 1871, the blue mussel, MyCilus edulis planulatus
Lamarck, 1819, and the Sydney cockle, Anadara trapezia (Deshayes, 1840). Sufficient sand was placed

0067-1940/86/060721S02.00
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in one-third of the floor area of each aquarium to allow the pipis and scallops to bury themselves.

All animals were randomly allocated to aquaria. Salinities were measured with a temperature-compensated

refractometer. Precise salinities were obtained by adding an artificial sea salt mbaure (Wood and Ayres

1977) or rairiwater as required to sand-filtered seawater with a salinity of 35 g l-l. Temperatures were

kept at 22°C and the water was changed each day.

Pooled mantle fluid samples of all animals of a species from individual aquaria were used to measure

osmolarities. Animals were taken out of water 20 min before opening and dried off to avoid mantle

fluid mixing with seawater. Mantle fluid was chosen for osmotic pressure determination because of the

difficulty encountered in obtaining sufficient volume of either pericardial fluid or blood from Plebidonax
deltoides. Any of these fluids can be used to determine the salinity tolerance range of bivalves as the

osmolarity of all three is very similar (Pierce 1970; Wada 1984). To ensure that mantle fluid could be
used instead of pericardial fluid to determine the salinity tolerance range of bivalves, this relationship

was established experimentally with non-acclimatised Sydney rock oysters, Saccostrea commercialis (Iredale

& Roughley, 1933). Experimental techniques were as described previously. Oysters were held in experimental

salinities for only 2 days before fluid samples were taken. Collected mantle fluid samples were stored

in capped vials and frozen uniii the end of the experiment. Fluid samples for osmolarity determination

can be stored in this manner for at least I week without a change in osmolarity (Nell and Dunkley 1984).

The osmolarity of mantle fluid and water samples from the aquaria was determined on a vapour pressure

osmometer (Wescor 5100B). Salinity tolerance range in this study was defined as the salinity ranges in

which bivalves survived and their mantle fluid osmolarities conformed with the osmolarity of the seawater

that they were in.

Table 1. Determination of the salinity

Scientific and

common names

Pecten fumaius,

scallop

Plebidonax deltoides,

pipi (clam)
Oslrea angasi,

flai oyster

Mytilus edulis planuiatus,

blue mussel

Anadara trapezia,

Sydney cockle

tolerance range for five

Collection details

Habitat

Sand bottom,

deep water

Ocean

beach

Mud
bottom

Rope

culture

Seasrass

beds

Place

Jervis

Bay
Stockton

Bight
Jervis

Bay
Jervis

Bay
Jervis

Bay

Latitude

(°s.)

35

32

35

35

35

bivalve species

Saliniiy
tolerance

range
(g 1-1)

25-40

20-45

20-45

15-45

15-45

Survival

(days)

1

7

8

10

II

A Longest survival time at salinities outside the salinity tolerance range.

L-Methionine Absorption

The ability of che bivalves to absorb L-methionine directly from seawater was investigated with

tritium-labelled L-methionine (Radiochemical Centre, Amersham, England) at 555 kBq 1-1 as a tracer.

Non-labelled L-methionine was added to obtain the required L-methionine concentration of 0-7 mg l-l

in seawater. This concentration of L-meihionine produced the highest level of accumulation (Nell et at.

1983) in Saccostrea commercialis. This oyster was used again in this experiment, together with the five

species of bivalve used in the salinity tolerance study.

Four aquaria each containing three randomly allocated animals in 3 litres of water with a salinity

of 30 g 1-I and a temperature of 22°C were set up for each species. Seawater was filtered through a

0-22-ftin membrane filter. All animals were acclimated to the experimental conditions for 10 days.

After a 4-h experimental period in the L-methionine solutions, the bivalves were opened and'the tissues

were washed with water and homogenised in 5 volumes of 10% (w/v) trichloroacetic acid. The homogenates

were cemrifuged and 0- 5-ml aliquots of the supernatants treated with 1 ml of solubiliser (Radiochemical
Centre, Amersham, England). Radioactivity was counted by liquid scintillation spectrophotometry

(Packard model 6892) with 10 ml of scintillation fluid (4 g of 2,5-diphenyloxazole, 0-2 g of l,4-bis[5-
phenyloxazolyl-2-]benzene, 330 ml of Teric and 670 ml of toluene per litre). Quenching was reduced
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by the addition of acetic acid to the scintiltation fluid. The data in Table 3 were checked for homogeneity

of variance using the Cochran test and the variances were within acceptable limits [P = 0-05) to

compare the data statistically. They were then submitted to analysis of variance and mean values were

compared by least-significant differences (Sokal and Rohlf 1981).

Seawater salinity (g l~1)

20 40

1600 h

0
E

0

v>
0

13

3

1200 h

800 h

Seawater osmolarity (mOsm

Fig. I. Relationship between mantle fluid (C---0) and pericardial fluid (•—®)

osmolarities for Saccosirea commerciaHs. Means ± 1 s.d. Diagonal line indicates isosmolariiy.

Table 2. Bivalves surviving within the salinity tolerance ranges

Sixteen bivalves of each species were used for each salinity

Salinity
(gl-')

5
10
15
20
25
30
35
40
45
50
55

Pecien

fumaius

0
0
0
0

14
15
15
16
0
0
0

Plebidonax

delta ides

0
0
0

14
15
16
15
16
16
0
0

Number surviving

Ostrea

angasi

0
0
0

16
16
15
16
16
16
0
0

Mytilus
eduiis

planulatus

0
0

13
16
16
16
16
16
13
0
0

Anadara

trapezia

0
0

16
16
16
16
16
16
16
0
0

Results

Salinity Tolerance

There was a good relationship between mantle and pericardial fluid osmolarities in Saccostrea

commercialis (Fig. 1). There was no difference in the fluid osmolarities at the salinities from
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Seawater salinity (g 1-1)
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/

400
10 ZO

aoo
30
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40 50

400 800 1200 1600
t-1\

1800 (e)

/

Seawater osmolaritY (mOsm

Fig. 2. Effects of seawater salinky on mantle

fluid osmolarity of five bivalves. Means ± 1 s.d.

Broken lines indicate isosmolarity. (a) Pecten

fumatus. (b) Plebidonax deltoides. (c) Ostrea

angasi. (d) Mytilus edulis planulaws.

(e) Anadara trapezia.

0 400 800 1200 1600

Seawater osmolarity (mOsm t~l)

Table 3. Comparison of the accumulation of L-methionine and its metabolites

Values are m^ans ± 1 s.d. Within each coiumn, means that do not share a common superscript

differ significantly (P < 0-05)

Species

Pecten fumatus

Plebidonax deltoides
Ostrea angasi

Mytiius eduiis ptanulatus
Anadara trapezia

Saccostrea commerciaiis

Total wet tissue

weight

(g)

7-2±0-7

7-8±1-1

3-9±1-2

7-6±1-7

3-5±0'3

4.7±0-5

Amount of

L-methionine

accumulated by

bivalve (p.g)

286±42bc
364±55C
217±73ab
365±75C
136±42a
281±86l":

Concentration of

L-methionine

in bivalve
Qtg g-l wet tissue)

40±6a
47±6a
55±7a
50±12a
38±9a
62±22a
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20 to 45 g 1~1 but, even outside this range, mantle fluid osmolarity was a good indicator
of salinity tolerance. A linear regression through the origin gave a relationship for pericardial
fluid 0') on mantle fluid (x) osmolarity of y = Q-99x (r = 0-99).

None of the species of bivalve tested was an effective osmoreguiator, as they tolerated

unregulated changes in mantle fluid osmolarity within their ranges of salinity tolerance

(Fig. 2). Very few bivalves died within the saiinity tolerance ranges (Table 2) and survival

time outside these ranges was correlated to the width of the salinky tolerance ranges
(Table 1). The stenohaline bivalves had the shortest and the suryhaline bivalves the longest

survival times, at salinities outside the salinity tolerance range.

L-Methionine Absorption

All bivalves accumulated large amounts of L-methionine and its metabolites. There were

no significant (P > 0 • 05) differences among the bivalves in the tissue concentrations

(Table 3). The average concentration of L-methioaine and its metabolites in the bivalves was

49 fig g~' tissue. The actual amounts accumulated were greatly dependent on the tissue weight
of the bivalves (Table 3).

Discussion

Both mantle and pericardial fluids may be used to determine the salinity tolerance range

of bivatves. This finding is in agreement with the reports of Pierce (1970) and Wada (1984),
that the osmolarities of mantle fluid, pericardial fluid and blood of bivalves are very similar.

Bivalves from an oceanic habitat had the narrowest and those from an intertidal estuarine
habitat the widest salinky tolerance range. Pierce (1970) found the salinity tolerance range

for mussels of the species Modiolus modioius L., 1758 collected from a rocky coast to be

22-41 g 1~ , and for mussels of the species Modiolus demissus demissus Dillwyn, 1817

collected from a salt marsh to be 8-48 g i-l. In this study, Mytitus edulis planulatus had

a salmky tolerance range of 15-45 g 1"l and this lower salinity tolerance level was very similar

to the 13 g 1-1 reported by Almada-Villela (1984) for Mytilus edulis edulis L., 1758 collected

in England. Pecten fumatus had a salinity tolerance range of 24-40 g 1-I. Thus, it is far
less tolerant of low salinities than Argopecten irradians (Lamarck, 1819), which has a lower
salinky tolerance level of 10 g 1~' (Mercaldo and Rhodes 1982).

The salinity tolerance range of the intemdal esmarine Saccostrea commercialis was found

to be 15-45 g 1-1 by Nell and Dunkley (1984), but this range was subsequently shown to

extend to 50 g I"' (J. A. Nell, unpublished data); however, it grows best at a salinity range

of 25-35 g 1~I, as does Osirea angasi (J. A. Nell and G. Livanos, unpublished data).

The lower salinity tolerance level of Ostrea eduiis L., 1758 of 15 g 1-1 (Chanley 1957), is
lower than that of 0. angasi in this study (20 g 1-1), but higher than that of the American

oyster Crassostrea virginica Gmelin, 1791 (5-6 g 1-1: Castagna and Chanley 1973; Anderson

and Aaderson 1975). The salinity tolerance range of the Pacific oyster, Crassostrea gigas

Thunberg, 1793, was 5-55 g 1 (J. A. Nell, unpublished data) and this oyster grows well

at salinities as high as 40 g 1-! (Hughes-Games 1977; King 1977). Thus, C, gigas could be

cultivated successfully in hypersaline ponds (Hughes-Games 1977; King 1977), whereas this

is not likely to be successful with either 5. commercialis or 0. edutis (J. A. Nell and G. Livanos,
unpublished data).

This study showed that the wider the salinity tolerance of the bivalve investigated, the

longer its survival time at salinities outside the salinky tolerance range. Survival time at

salinities below the salinky tolerance range decreases with increasing temperatures (Mercaldo

and Rhodes 1982). Bivalves held at the extreme saliaities of 5 and 55 g 1-I died before

those held at 10 and 50 g, 1-1, which in turn generally died before those held at 15 and

45 g 1-I. This suggests that the five species tested were unable to remain totally inactive and

to keep the valves tightly closed. Rather, the animals became as active as necessary to provide

minimal water exchange, thereby lowering their tissue fluid osmolarity and water balance levels
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until these became critical and killed them. This is supported by the findings of Nell and
Dunkley (1984), who found that S. commercialis held at salinities outside their saiinity tolerance

range for 10 days were hyperosmotic at 5 g 1-1 and hypo-osmotic at 55 g 1-1 and dying.

Bivalves, especially those from intertidal habitats, need not exchange water over short periods

of time to maintain tissue fluid oxygen levels. They may instead revert to anaerobic metabolism

(Bayne et al. 1976; Zwaan 1977; Gilles and Jeuniaux 1979). Water exchange, however,

may be required to reduce the concentration of excretory products such as ammonia in
the tissue fluids.

The variations from the isosmotic line that occur in molluscs and are evident in Fig. 1
of this study have been discussed by Vernberg and Vernberg (1972). The deviations from

the isosmotic line are a result of the animal's ability to hyper-regulate, at least over some

part of their normally encountered salinity range. In the case of Plebidonax deltoides the

response is very similar to that of some gastropods that maintain internal body fluids slightly

hyperosmolic but parallel to the isosmotic line (Vernberg and Vernberg 1972).

The concentration of L-methionine and its metabolites in the tissue after exposure for
4 h was very high for all species tested. This suggests that all species could benefit from dissolved

free amino acids in seawater to help meet their nutritional requirements for essential amino

acids (Harrison 1976), as well as in maintaining their fluid osmolarities (GiIIes 1972; Hoyaux
et al. 1976; Powell et at. 1982). There was surprisingly little difference in the L-methionine

absorption of the six species tested, despite the large differences in their natural habitats.
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EFFECTS OF FLUORIDE CONCENTRATION IN SEAWATER
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Abstract—Fluoride concentrations in Sydney rock oyster spat increased linearly from 45 to 204 ^g dry
spat with increasing seawaier fluoride additions from 0 to 30 mg 1- . Over this fluoride range, weight gains
decreased lineariy with a 20% growth depression at the highest concentration. Higher concentrations of
fluoride were found in spat of both species held at a salinky of 15%» in 30mgFt~' than in those held

at salinities of 25, 35 and 45°oo at the same seawater fluoride concentration. Spat of both species grew
fastest at salinilies of 25 and 35°»o. Mortalities of flat oyster spat were higher at l5°/a» than at salinities

of 25. 35 and 45%o. Weight gains for Sydney rock oysters increased with increasing temperatures from
12 to 30°C. Fiuonde concentrations in Sydney rock oyster spat held in seawater containing 50 me F 1~'
at24and30-C(22S2and2130.ugg-' dry spat) were much higher than in those held at 12 and 18°C(1116
and 1140^gg-' dry spat).

Key words — accumulation, concentration. fluonde. growth rates, mortalities, oysters. salimty, spat.

temperature, weight gains

INTRODL'CTION

Fiuoride is readilv accumulated in the shell and meats

of marine bi valves (Hemens and Warwick, 1972;

Wright and Davison, 1975) Exposure of the brown

mussel (Perna perna) to seawater containing as little
as 7.2mgFl-! caused increased mortality (Hemens

and Warwick, 1972). Increases in mortality rates were

also recorded among blue mussels (Mytilus edulis)
when exposed to a level of 10mgFl-I for 30 days

(Wright and Davison. 1975).
Oysters (species not mentioned) held for longer

than 5 days in seawater containing 128mgFl~' or

for more than 30 days at 32mgFl~' suffered high

mortalities (Moore. 1969). In addition to adversely

affecting oysters, elevated fluoride levels in seawater

can lead to undesirable fluoride levels in oyster meats

for human consumption. Any major increase in

oyster meat fluoride levels above that found in meats

from unpolluted waters could be considered to be
undesirable. Specifically fluoride levels ^30^gg-l

dry meat are a potential health risk if oysters are

consumed in large quantities (Moore. 1969). Fluoride

concentrations of 18, 30 and 100^gg-l dry adult

oyster meat were observed for oysters held for 30

days in seawater supplemented with 2, 8 and
32 mg Ft-' in that order (Moore, 1969).

This study was initiated in response to a proposal

to dump fluoride-containing aluminium smelter

wastes at Wallaroo (Anonymous, 1983) near Port

Stephens. New South Wales, a major Australian
ovster srowina estuarv. The effects of fluoride con-

centration. salinity and temperature on the growth.

survival and fluoride accumulation rates for two

oyster species were investigated.

MATERIALS AND METHODS

Unless otherwise stated, all experiments were conducted
in 81. aquaria containing lightly aerated seawater with a
salinity of 30%o at 24 ± 2°C for 3 weeks. Salinities were
measured with a temperature compensated refractometer
and were adjusted by adding artificial sea salt mixture
(Wood and Ayres, 1977) or rainwater as required to sand
filtered seaswater with a salinity of approx. 30%o.

Four samples of 100 juvenile oysters (spat) were taken at
random at the start of each experiment from the same
population as the experimental spat to determine initial dry
weights. All live oyster spat were counted at the end of each
experiment, dried at 110°C and weighed. Each of the four

replicates per treatment consisted of 100 spat held on a

nylon mesh tray in an aquarium.
Water in the aquaria was changed daily and excess food

in the form of the algae Isochrysis galbana and Pavlova
lutheri added to the aquaria to a final concentration of
150,000 cells ml-l for each species. Fluoride was added as
sodium fluoride (NaF) dissolved in distilled water at
10gFl-l. All fluoride concentrations in this study are
additions to the background level of 0.7mgFl-l.

Experiment I

The effects of fluoride concentration in seawater on the
growth rate and fluoride accumulation of Sydney rock
oyster spat were determined using fluoride additions to

seawater of 0, 5, 10, 15. 20, 25 and 30mgFl-'.

749
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Experiment 2

Sydney rock oyster and flat oyster spat were held at
salinities of 15, 25, 35 or 45%o with or without a fluoride
addition of 30mgFl seawater. Growth and fluoride
accumulation rates were assessed in a separate experiment
for each species. Samples taken from each pair of replicates
for analysis of the fluoride content of Sydney rock oyster
spat at the end of the experiment were pooled because of the

small sample weights.

Experiment 3

Growth and fluoride accumulation rates were measured
for Sydney rock oyster spat grown at 12, t8. 24 and 30°C

with or without a fluoride addition of 50mgl-l seawater.

-The fluoride concentration in ovster shell and meat of 4
samples of 6 adult oysters from Port Stephens were deter-

mined for comparison with juvenile spai. All oysters and
spat were held in filtered seawater for 24 h and were washed

before the preparation of samples for analysis. Whole oyster
spat were used for analysis, because of the difficulty in

separating the meat from the shell in large numbers of spat.
The shell content in whole dry spat is approx. S9% (J. A.

Nell, personal observation. 1987).

Ftuoride analysis

All ovster fluoride concentrations were calculated on a
dry weight basis. Whole spat. adult oyster shells and flesh
samples were dried at UO°C and ground to a fine uniform

powder. Samples of dried, powdered adult shells and whole

juvenile oysters (0.1 g) were extracted with 5 ml of 1 M HC1
by stirring mechanically in polypropylene beakers for
20 min followed by ultrasonic agitation for a further 10 min.
The solution was brought to pH 5-6 with 1M NaOH. 20 ml
of total ionic strength adjustment buffer (TISAB) were
added (Anonymous, 1973) and the volume was adjusted to
30 ml with deionised water. For adult oyster flesh. 1-2 g of

dn', ground sample was treated in the same way as the
juvenile oyster samples, the final solution was filtered and
the fluoride concentration determined by standard addition.

Standards of 0.2, 1.0. 2.0 and 10.0 ^gF ml-' were pre-
pared in polypropylene beakers, containing 0.3 g NaCl,
0.15g CaCl3-2H;0, 20ml TISAB and adjusted to a total
volume of 30 ml with deionised water. Depending on the
levels of fluoride in the samples, two standards which
differed in concentration by a factor of 10 were selected and

used for calibration.
Fluoride concentrations were measured using an ion

selective electrode (Frant and Ross, 1966) coupled with a
double junction reference electrode connected to a high
impedance mV meter with direct concentration readout.
Standards and samples were measured by immersing the
electrodes and stirring until a stable response was obtained

(about 3 min). The meter calibration was checked after
every 3 samples and adjusted as required.

Previous investigations (Singer and Armstrong, 1968:
Stewart el a/., 1974) have shown that ion selective electrode
procedures compare favourably with older, slower methods

for the determination of fluoride in biological samples. The
major drawback of this technique is the effect of total ionic
strength on electrode response. In this procedure we have
minimised the problem by using small sample weights where

possible and adjusting the ionic matrix of standards to
match that of the samples by addition of specified quantities
of NaCI, CaCl; and TISAB.

A number of extraction procedures have been in-
vestigated to establish a pretreatment technique which was

both rapid and reliable. Dry ashing of the samples was
found to be unsatisfactory as it gave inconsistent results.
Ashing after wetting with 1M NaOH improved re-
producibility and gave results comparable to those obtained

by K.OH fusion. Simple acid extraction, similar to that
employed by Tusl (1970), Wright and Davison (1975)
and Torma (1975) was found to be most efficient for this

type of sample and had the added advantage of reduced
analytical time. Recoveries of fluoride (NaF) added to
oyster shell at levels ranging from 14 to 3600 mg kg-l were

consistently between 89 and 98% (mean 94.8%, coefficient
of variation 3.5%).

Statistical analysis

Linear regression analyses were used to show the effect of
ftuoride additions to seawaier on spat. Other data were
analysed by analysis of variance after testing for h.pmoge-
neity of variance using the Cochran test. Arcsin ^'.v trans-

formations were used for the percentage mortalities because
the data covered a wide range of values. Logio trans-
formations were used for the ftuoride concentrations in

oysters to achieve homogeneity of variance. Least significant
differences were calculated to compare mean values. All
statistical analyses were carried out according to Sokai and
Rohlf (19811.

RESULTS

Experiment 1

Whole Sydney rock oyster spat fluoride concen-

(rations increased linearlv (P < 0.001) from 45 to

204 ^gg~' dry spat with increasing seawater fluoride

additions from 0 to 30 me 1 (Fig. 1). Weight gains

decreased linearly (P < 0.01) with a 20% .growth

depression being recorded at the highest concen-

tration. Overall mortality was 1.9% and the seawater

fiuoride concentration had no sienincani efTect

(P > 0.10) on mortality.

Experiment 2

Both the Svdnev rock and the flat ovster soai erevv

much faster ai salmiues 01 25 and 35%o (Table 1) than

at 15 and 45%o (P < 0.05). The highest fluonde

concentrations in spat were found at 15%o in seawater
containing 30 mg F 1-1 (Table 2). The flat oyster spai

showed an increased mortality at the lowest salinity

of 15%o (Table 3). Sydney rock oyster spat had a

much higher mortality rate (17.7%) than the flat

oyster but their mortality rate was not significantly
affected by salinky (P > 0.10). There were no

significant effects on mortality rate caused by fluoride

level on either species [P > 0.10).

Experiment 3

Weight gains of Sydney rock oyster spat were very

low at 12CC (Table 4) and increased with increasing

temperatures up to 30:C. There was no effect of
seawater fluoride concentration on weight gains at

12°C. A trehd towards reduction in growth rate

became apparent at 18 and 24°C. However, the

reduction in growth rate with added fluoride was

only significant (P < 0.05) at 30°C. Fluoride concen-

trations in Sydney rock oyster spat held in seawater
containing 50mgFl-' at 24 and 30°C (2282 and

2130 ^g g-I dry spat) were much higher than in those

held at 12 and 18°C (1116 and 1140/<gg-' dry spat).
By the end of the experiment, the mean mortality was

3.5% and there were no significant effects of tem-

perature or fluoride concentration on mortality
(P> 0.10).
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Fie. 1. Effects offluoride concentration in seawaier on erowth and fiuoride accumulation bv Svdnev rock

oyster {Saccosirea commercialis ) spat over 3 weeks. Means ^ SD Experiment 1. Initial average dry weight
of spat was 2.65 me.

The concentration of fluoride found in drv adult

ovster shell and meat from Svdnev rock ovsters

collected from a commercial intertidal ovster lease in

Port Stephens. New South Wales. Australia, was 111

and 1.8^gg~!. respectively.

DISCUSSION AND CONCLUSION

Sydney rock and flat oyster spat readily accumu-

late large amounts of fluoride. The dry shell and meat

fluoride concentrations of 111 and 1.8^gg-l, re-

speciively, in adult Sydney rock oysters grown in
unpolluted seawater show that under natural condi-

tions. fluoride accumulation occurs primarily in the

shell of oysters. However, prolonged exposure of

oysters to high fluoride concentrations greatly in-

creases the fluoride concentrations in oyster meats

(Moore. 1969).

The reduction in srowth rates at the extreme
saliniiies of 15 and 45°oo confirmed the finding of Nell

and Holliday (1988) that these salinities are outside
the range for maximum growth of both oyster spe-

Table 1. Effects ofsalinity and fluoride concentration in seawater on growth
of Sydney rock oysier [Saccosirea commercialis} and flat oyster {Ostrea
angari) spat over 3 weeks. Growth is expressed as dry weight gain (mg) per

spat*. Experiment 2

Sydney rock oyster
Salinity
(°oo) OmgFl-'

Flat oysier

30mgFl- OmgFl- 30mgFl-

15
25
35
45

0.49 ± 0.26"
1.33=0.40b
1.29 ±0.42"
0.51=0.36'

0.39 ±0.15*
1.02 ±0.07"
1.02±0.57»
0.38 ±0.15'

2.5 = 0.3'b

9.4 ± 1;OC
10.4±1.5C
4.8 = 0.4"

2.1 ±0.7"

10.5 ± 2.9°
8.5 ± 2.5°

4.6± 1.1"

•Means ± SD. For each species, means which do not share a common
superscript differ significantly (P < 0.05). Initial average dry weights of
Sydney rock and flat oyster spat were 0.12 and 2.77 mg, respectively.

Table 2. Effects ofsalinity and fluoride concentration in seawaler on fluoride
accumulation by Sydney rock oyster (Saccostrea commercialls) and flat
oyster {Oslrea angasi) spat over 3 weeks. Fluoride accumulation data are

expressed as f;gFg-I dry spat*. Experiment 2

Sydney rock oyster
Salinily
(%o) OmgFl-'

Flat oyster

30mgFI- OrngFI" 30mgFI-

15 27 ±3' 834 ±92° 63=26' 386±68f
:5 36= I" 574 ±53" 16=2' 179 ±29'"
35 46=Ite 525 ±127" 18 ±6' 145 ± 52'1
45 5I=4C 652 ±20'" 36 = 2b 218 ±56'

•Means ± SD. For each species, means which do not share a common
superscripl differ significantly (/> < 0.05). For statistical analysis a log,,
transformation was used.
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Table 3. Efiects of satinity on the mor-
tality of flat oyster (Oslrea msasi) spat

over 3 weeks. Experiment 2

Saliniiy
(%o)

15
25
35
45

Mortality*
(%)

6.6 r 5.4k

2.3 ± 2.5'

2.6:: 2.1*

1.4s 1.3'

•Means ± SD. Means which do not
share a common superscripi differ
significantly (P < 0.05). Foi^statisti-
cal analysis an Arcsin ^,.v trans-

formation was used.

cies. Growth rates of Sydney rock oyster spat is

increased with increasing temperatures, presumably
because of increased filter-feeding activity (Nell and

Dunkley, 1984). The increase in oyster spat fluoride
concentrations, when temperatures increased from 12

and 18CC to 24 and 30°C, was probably also caused

by increased filter feeding activity at higher tem-

peratures.

Fluoride was not very toxic to either Sydney rock

or flat oyster spat. Significant reductions in growth

were only obtained at very high seawater fluoride

concentrations of 30 and 50 me Fl~ . Even at these

fluoride concentrations no effect of fluoride on mor-

tality was observed, whereas Moore (1969) reported

high mortalities for oysters (species not mentioned)

held for longer than 30 days in seawater containing
32meFl-'.

It has been demonstrated thai increased dissolved

calcium levels can have a detoxifying effect on

fluoride (Neuhold and Sigler, 1960). Increasing the
salinity from 15 to 45%o would have increased the

calcium concentration from 0.17 to 0.51 g Cal-).

However, any detoxifying effect if operative in the

present study must have been minor compared to the

deleterious effects of hypersaline conditions on Sy-

dney rock and flat oyster spat. Only the flat oyster

spat sufiered increased mortalities at the salinity of

15%o. This indicates that they are less tolerant of low

salinities than Sydney rock oysters (Nell and Gibbs,
1986).

This study indicates that fluoride accumulation,

rather than a reduction in growth is the major effect

of high seawater fluoride concentrations on Sydney

rock and flat oysters. Fluoride is toxic to man

(Underwood, 1977) and any major increase in oyster

meat fluoride levels above that found in oyster meats

from unpolluted waters must be considered un-

desirable. Specifically, fluoride concentrations should

be kept below 30 ,ug g-l dry oyster meat. The greatest

danger of increased oyster meat fluoride concen-

[rations would occur in summer, the main oyster

marketing period in Australia, as fluoride accumu-

lation in oysters is much higher at summer water
temperatures of 24-30°C than at winter waier

temperatures of 12-18::C.

Acknowledgements — We would like to thank Mrs G. Want

for her technical assistance and Dr G. B. Maguire for
critically reading the manuscript. Tt>e authors wish to thank
the Fishing Industry Research Committee for its financial

support of this study.

REFERENCES

Anonymous (1973) Fluoride Electrode Instruction Manuai.
Orion Research Inc.. Cambridge, Mass.

Anonymous (1983) Environmental impact statement for a
solid waste disoosal site at Wailaroo. New South Wales.

Tomago Aluminium Company Pty Ltd. Tomago. New
South Wales.

Frant M. S. and Ross .1. W. (1966) Electrode for sensing
fluoride ion aciivitv in solution. Science 154, 1553-1555.

Hemens J. and Warwick R. J. (1972) The effect offluoride

on estuarine organisms. Wai. Res. 6. 1301-1308.
Moore D. J.(1969) A field and laboratory study offluoride

uptake by oysters, Wat. Resour. Res. Inst.. Univ. North
Carolina. Reoon No. 20.

Nell J. A. and Dunkley P. R. (1984) Effects of temperature.
nutritional factors and salinity on the uptake of

L-methionine bv Svdnev rock ovslers Saccosirea commer-
cialis. Mar. Biol. (Berl.) 80, 335-339.

Nell J. A. and Gibbs P. J. (1986) Salimty tolerance and
absorption of L-methionine by some Australian bivalve

molluscs. Aust. J. Mar. Freshwal. Res. 37, 721-727.
Nell J. A. and Holliday J. E. (1988) Effects ofsalinity on the

growth and survival of Sydney rock oyster (Saccosirea
commercialis) and Pacific oyster (Crassostrea gigas)

larvae and spat. Aquawlture. 68, 39-44.
Neuhold J. M. and Sigler W. F. (I960) Effects of sodium

fiuoride on carp and rainbow trout. Trans. Am. Fish. Soc.
89, 358-370.

Singer L. and Armstrong W. D. (1968) Determination of
fluoride in bone with the fluoride electrode. Anatyt. Chem.

3, 613-614.
Sokal R. R. and RohlfF. J. (1981) Biomeiry. Freeman. New

York.
Stewart D. J., Manley T. R., White D. A.. Harrison D. L.

and Stringer E. A. (1974) Natural fluorine levels in the

Table 4. Effects of temperature and fiuoride concentration in seawaier on
growth and fiuoride accumulation by Sydney rock oyster (Saccostrea commer-

cia/u) spat over 3 weeks. Experiment 3

Temperature
(°C)

12
18
24
30

Dry weight gains

OmgFI-'

0.25 ± 0.07'
1.00 ±0.25"
2.04 ± 0.32C
2.80 ± 0.65''

50 mg Ft-'

0.33 ± 0.09'
0.98 ± 0.08"
1.63±0.35C
2.10± 0.65°

Fluoride

OmgFI-'

71 ± 24'
72 ±6'
59 ±21'
58 ±14'

accumulation

50mgFI-'

1116±2181'
1140 ±202"
2282 ± 706°
2130±357E

'Means ± SD. For dry weight gains and fluoride accumulation, means which do
not share a common superscript differ significantly (P < 0.05). Initial dry
weight of spal was 1.53 rng. For statistical analysis a logm transformation
was carried out on fluoride accumulation data.



68

Fluoride accumulation by Sydney rock oysters 753

Bluff area. New Zealand. 1. Concentrations in wildlife Underwood E. J. (1977) Fluoride metabolism. In Trace

and domestic animals. ;V. Z. J. Sci. 17, 105-113. Elements in Human and Animal Nutrition, pp. 347-374.
Tonna L. (1975) Collaborative study of ion selective elec- Academic Press. New York.

trode methods for the direct determination offluoride in Wood D. C. and Ayers P. A. (1977) Artificial seawater for

feeds. J. Ass. off. Analyt. Chem. 58, 477-481. shellfish tanks. Laboratory leaflet No. 39. Lowestoft,
Tusl J. (1970) Direct determination offluoride in phosphate Min. Agric. Fish. Fd, Directorate of Fisheries Research.

materials in mineral feeds with the fluoride in activity Wright D. A. and Davison A. W. (1975) The accumulation

electrode. J. Ass. off Analyl. Chem. 53, 267-269. of fluoride by marine and intertidal animals, fnrir./'o//u(.
8. 1-13.



69

3.3.2 Nell, J. A., 1986. Fluorine danger to oysters. Australian Fisheries,

45(1): 29-30.



Fluorine danger to oysters

70

THE SITING of an aluminium
smelter waste dump on a tributary
of Port Stephens, nonh of
Newcastle, threatens the local
ovsier industry.

The risk, though remote, could
raise estuarine fluorine levels in
the oysters, reducing their growth
rate and rendering them unsuit-

able for human consumption.

Ovsters are cold-blooded
esiuarine animals which are im-
mobile as adults — hence their
immediate environment necessari-

Iv affects their survival, growth
and reproduction.

That environment is subject to
widely fluciuaiing salinity and
temperature, yet pollution from
residential, agricultural and in-
dustrial developments may
threaten them.

With the proposal to site the
waste dump approximately
1200 m from Twelve Mile Creek,
a tributary to Swan Bay in Port
Stephens, we began a series of
three-week experiments to assess

the effects of temperature, salinky
and fluorine concentration.

Juvenile oyster spat (1 mg dry
weight each) were fed as much
unicellular algae as they could
filter, and the effects of controlled
conditions monitored.

Temperature

The effects of temperature on
the growth rates of Sydney rock
(Saccosirea commercialis) and flat
oysters (Ostrea angasi) spat are
shown in Table 1. Both species of
oysters showed increasing weight
gains with increasing temperatures
up to 28-30 °C.

However, substantial weight
gains were obtained at 12 C in-
dicating that winter may be a

-Salamander Bay, NSW 2301.

by Dr. J. A. Nell

John A. Nell is senior biologist at
the Brackish Water Fish Culture
Research Station at Port
Stephens.*

suitable time for the culture of
hatcherv and naiurallv caueht
spat.

Growth rates of both species
were maximum ai 28-30 °C,

however these temperatures could

be stressful during long-term
exposure.

Temperatures of 28 °C and
higher may be experienced north
of the Hastings River in New
South Wales, during short periods
in summer (Wolf and Collins,
1979).

Although both species appear
to prefer similar temperatures for
growth (Table I), they have quite
different reproductive cycles.

In New South Wales, the
Sydney rock oyster fattens, ripens
and spawns from October to May,
whereas the flat oyster does this
from June to February (J. E.
Holliday, personal communica-
tion, 1985). Flat oysters, however
are not marketed when they are
ripe, because they hold their lar-

vae in their mantle cavity for ap-
proximately two weeks before
releasing them.

A different growing technique
for flat oysters is essential if they
are to be cultivated intertidally, as
they do not tolerate high
temperatures out of water as well

as Sydney rock oysters.
They should be shaded and

cultivated approximately 200 mm
below the normal growing height
for Sydney rock oysters (J. E.
Holliday, personal communica-
tion, 1985). This could be achiev-
cd by suspending trays of flat
oysters below trays of Sydney
rock oysters.

Salinity
The effects of salinitv on the

growth and survival as indicated
by the salinity tolerance range are
shown in Table 2.

Both the Sydney rock oyster
and the flat oyster grow best at a
salinity of 25-35 parts per
thousand.

However the Sydney rock
oyster tolerates low salinities bet-
ter and this is important after
heavy rain.

The Sydney rock oyster can sur-
vive for seven days or more at
salinities below its tolerance range

Table 1. The effects of temperature on the growth rate
oysters ISuccostreu

Whole
Temperature'f

12
16
18
20
24
28
30

of juvenile Sydney rock
commercialis/ and flat oysters (Ostrea angasi).

oyster dry weight gains over three
'0 Svctnev rock ovsier

16

65

133

183

* Initial whole oyster dry weight was 1 mg.

weeks* (%1
Flat oyster

128
191

520
690
806
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Table 2. The salinity preference of some oysters.

Species

Salinity tolerance

range

(pptl

Flat oyster (Ostrea angasi) 20-45

Sydney rock oyster (Saccostrea
commercialis) 15-50

Pacific oyster (Crassostrea gigas) 5-55

Salinily range for
maximum growth

ipptl

25-35

25-35
??-40

The Department of Agriculture,
NSW is concerned about the
potential problems associated
with fluorine pollution of Port
Stephens. However, providing all
conditions laid down in. the report
by the Commissioner of Inquiry
(Simpson, 1985) are met, the
Department does not object to the
establishment of the aluminium
smelter waste dump at Wallaroo.

whereas Hat oysters survive only
for about two days in such condi-
lions. For example, if salinities
dropped to 10 parts per thousand
or less for one week, most Sydney
rock oysters, but few flat oysters,
would be expected to survive.

The preferred salinity range for
maximum growth of Pacific
oysters (Crassostrea gigas) is not
known, although good growth
rates have been reported for
salinities as high as 40 parts per
thousand (King, 1977; Hughes-
Games, 1977). The salinity
tolerance range of this oyster is
somewhat wider than that of the
Sydney rock oyster (Table 2).

Neither the Pacific nor the flat
oyster keeps as well out of water
as the Sydney rock oyster (J. A.
Nell, personal observation, 1985).
This is a factor to be considered
when marketing oysters, because
it determines their shelf life.

The Pacific oyster has a sub-
tropical nature (Korringa, 1976).
Spawning takes place at water
temperatures of 20 °C and higher,
each female producing millions of
eggs. Most oyster hatcheries
culture Pacific oyster larvae in
seawater with a salinity of 35 parts
per thousand at 26-28 °C (Holli-
day, 1985) but they can also be
reared successfully at a salinity as
low as 25 parts per thousand (W.
Guse, personal communication,

1985).

Fluorine

Growth rates of juvenile Sydney
rock oysters decreased linearly
with increasing estuarine water
fluorine levels from the port's
normal 0.7 ppm to 30 ppm under
experimental laboratory condi-
tions (J. A. Nell and G. Livanos,
unpublished data, 1985).

At the experimental level of 30
ppm growth rates were reduced by
20 per cent compared with the
control oysters kept at 0.7 ppm.
(Oysters accumulate fluorine in
their shells as well as their meats).

FIuorine levels in whole dry spat
increased linearly from 45-204
ppm over the range of experi-
mental fluorine levels from 0.7-30
ppm. Normal day adult oyster
shell and meat fluroine levels are
Ill and 2 ppm respectively. This
indicates that flourine is primarily
deposited in oyster shell.

The greatest potential damage
to the oyster industry, if estuarine
water fluorine levels were to rise,

would not be in reduced growth
rates of oyster spat, but in render-

ing oyster meats unsuitable for
human consumption.

When adult oysters were expos-

ed to only 2 and 8 ppm additional
fluorine, dry oyster meat fluorine
levels increased from 7 to 18 and
30 ppm respectively (Moore,
1969). Fluorine levels of 18 and 30
ppm in human foods would be
highly undesirable (Underwood,
1977).

It is difficult (Moore, 1969) to
keep oysters alive for longer than
30 days at 32 ppm and for longer
than five days at 128 ppm Ouorine
in water.

This indicates that prolonged
exposure to water fluorine levels
as low as 32 ppm could be
disastrous to oyster populations in
the affected area.

Because of the oyster's ability
to accumulate fluorine in its meats
and the toxicity of fluorine to
oysters, it is imperative that the
water fluorine level in Port
Stephens is not allowed to rise
beyond the normal levels found in
estuarine and seawater.

Reprimed from A usiruliun Fisheries Vol. 45 No. 1
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3.4 Supplementation of an algal diet for juvenile Sydney rock oysters
(Saccostrea commerciaiis) with a mixture of dissolved amino acids

John A. Nell

NSW Fisheries,
Brackish Water Fish Culture Research Station,
Satamander Bay, N.S.W., 2301, Australia.

Abstract

When juvenile Sydney rock oysters (Saccostrea commercialis) were supplied with
0. 1.5 and 3.0 mg essential amino acids per litre, with or without algae, there was
no effect of amino acid supplementation on growth rates.

Introduction

Active absorption of free amino acids dissolved in seawater has been
demonstrated for many marine bivalves (Stephens, 1972, 1982; Stewart, 1979) and
for Sydney rock oysters (Nell et at., 1983). The absorbed amino acids partially
meet the nutritional requirements of bivalves (Stephens, 1972; Manahan and Crisp,
1982; Wright, 1982). A feeding experiment was conducted to investigate the effect
of essential amino acid supplementation of an algal diet for juvenile oysters.

Materials and Methods

Oysters

Small hatchery-reared Sydney rock oysters {Saccostrea commercialis) were held
on nylon mesh trays in 8 L aerated aquaria (one tray of 50 spat per aquarium).
Filtered seawater with a total of volatile suspended solids (> 0.7 /jm - < 35 ^m)
content of 1.2 and 0.3 mg/L respectively was used. The seawater had a salinity
range of 29-34%o, it was maintained at 24°C and was changed daily. The average
whole dry weight of four samples of 50 of the small spat at the start of the
experiment was 0.7 ± 0.08 mg. There were four replicates per treatment and the
experiment was terminated after three weeks.

Feeding

Juvenile oysters were supplied with 0. 1.5 and 3.0 mg essential amino acids (Table
1) per litre, with or without the algae 7~. Isochrysis aff. galbana and Pavlova lutheri\n
equal weight proportions at a combined rate of 3 mg dry weight per litre per day.
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Statistical Analysis

Homogeneity of variance was confirmed using the Cochran test. The data were
then submitted to analyses of variance and mean values were compared by least
significant differences (Sokal and Rohlf, 1981).

Results and Discussion

There was no effect of essential amino acid supplementation on the growth rate of
juvenile oysters. Oysters supplied with the microalgae T. Isochrysis aff. galbana
and Pavlova lutheri grew much faster than the unfed oysters (Table 2). There were
no mortalities in this experiment. Although Sydney rock oysters readily absorb
dissolved amino acids from seawater (Nell et at., 1983) they must not have been a
growth limiting factor in this study.
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TABLE 1 Essential1 amino acid composition of Sydney rock oyster {Saccostrea
commercia/is) and a crystaltine amino acid mixture

Arnino acid

Arginine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Cystine
Phenylalanine
Tyrosine
Threonine
Valine
Proline

Sydney rock oyster2

(mg/g protein)

45
15
35
53
57
18
5

30
29
36
34
35

Crystalline amino
acid mixture3

(g/100g)

11.5

3.8

8.9

13.5

14.5

4.6

1.3

7.7

7.4
9.2

8.7

8.9

Harrison, 1976.
Nell, 1985.
The proportions of the essential amino acids in the crystalline amino acid
mixture were the same as those in the Sydney rock oyster meat.
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TABLE 2 Effects of essential amino acid concentration in seawater on the
growth rate of juvenile Sydney rock oysters (Saccostrea
commercially over 3 weeks.

Dietary composition (mg/L) Whole spat dry weight gainsl
(mg)

Amino acids Algae2

1.

2.

3.

4.

5.

6.

0.0

1.5

3.0
0.0

1.5

3.0

0
0
0
3
3
3

0.31 ± 0.22 a

0.32 ± 0.08 a

0.37 ± 0.19 a
0.81 ± 0.33 b

0.82 ± 0.26 b

0.79 ± 0.43 b

Values are mean ± S.D. Means with a common superscript do not differ
significantly (p > 0.05). Initial average whole dry weight of the spat was 0.70
± 0.08 mg.

The algae 7'. Isochrysis aff. galbana and Pavlova lutheri were fed at equal
proportions on a dry weight basis.
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3.5 Nell, J. A., 1985. Microparticulate diets for aquaculture evaluated.

Feedstuffs, 57(22): 16-17.
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MICROPARTICULATE DIETS FOR AQUACULTURE EVALUATED

Reprinted from Feedstuffs 57(22): 16-17 (June 3, 1985)

By John A. Nell
Salamander Bay, New South Wales

Abstract

Although the culture of shellfish and finfish has been practiced for a long time, the
lan/al rearing of these animals in hatcheries still relies on feeding live phytoplankton
and zooplankton. The production of these live food organisms is both costly and
labor intensive. However, with the development of a wide range of microparticulate
artificial diets, alternative feeding practices are developing. These diets may allow
reductions in feeding costs and greater consistency in food composition. This
paper reviews recent developments in microparticulate diets for aquaculture, with
emphasis on prawn larval rearing.

Types of microparticulate diets

Microparticulate diets for aquacuiture must not only provide a complete diet, but
also the particles should be of a suitable size for the animals to ingest. Food
particles should be neutrally buoyant in water and have impermeable or semi-
permeable walls (Table 1). A proper balance of positively buoyant lipid
components (>250g/kg dry diet), together with carbohydrates and protein can give
the required particle density.

Aeration of water to aid suspension of larvae will assist the suspension of food
particles, so that slightly negatively buoyant diets may be acceptable (Jones and
Gabbott, 1976); Good aeration to keep food particles suspended is best achieved
in cone shaped containers (McVey and Fox, 1983) to prevent food particles from
settling out on the bottom.

With molluscan lan'ae and adults, which ingest food whole, the particle wall should
be impermeable and stable in seawater, but readily broken down by a change in
pH or by the action of digestive enzymes (Jones et al., 1974). Alternatively, the-
particle wall may be broken mechanically by larvae or adults such as prawns which
masticate food.

EDITOR'S NOTE: John A. Nell is associated with the Department of Agriculture,
Division of Fisheries, Brackish Water Fish Culture Research
Station, Salamander Bay, New South Wales.
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The coating or binding materials used in preparation of microparticulate diets often
constitute a large proportion of the particle and this should be taken into account
when formulating a diet. Microparticulate diets may be grouped as follows (Table
2) according to Teshima et al. (1982).

1 Micro-encapsulated diets are microparticulate diets made by enclosing a
solution, colloid or suspension of dietary ingredients within a membrane.

2 Micro-binding diets are powdered diets with a binder such as propylene
glycol alginate (Forster, 1972) and calcium aiginate (Levine et al., 1983).

3 Micro-coating diets are prepared by coating micro-binding diets with some
materials such as wheat gluten and cholesterol-lecithin.

Micro-encapsulation of diets commenced with the development of a nylon-protein
capsule (Table 2) by Chang et al. (1966). This type of capsule is very stable and
has been used successfully to feed marine prawn larvae (Jones et al,. 1979;
Kanazawa et al,. 1982; Maugle et at,. 1983a). However, care must be taken that
the toxic solvents used in the preparation are removed.

A protein-walled capsule is produced commercially by Frippak Feeds.1 This
capsule has a protein wall, which is insoluble in water. When fed to marine prawn
larvae, it produced good growth and survival rates (N. Preston, personal
communication, 1984) .2 The gelatin-acacia (Langdon, 1981; Langdon and
Waldock, 1981; Chu et al., 1982), lipid-walled microcapsule (Langdon, 1981 and
Langdon and Siegfried, 1984) and the microgel particulate diet (Langdon and
Siegfried, 1984; Langdon and Bolton, 1984) have all been used successfully to
feed juvenile oysters or larvae.

The whole-egg diet (Chow, 1 980) utilizes the property of egg albumin to coagulate
at high temperatures. Besides being a useful binder, egg atbumin is a relatively
complete protein source and the inclusion of whole-egg into diets improves their
buoyancy.

Frippak Feeds, Armstrong Road, Daneshill Industrial Estate, Basingstoke,
Hants., RG24, ONU, England.
N. Preston, Department of Zoology, The University of Sydney, Sydney, NSW,
2006.
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The calcium alginate micro-binding diet preparation was used successfully to feed
brachyuran crab larvae (Levine et al., 1983) on dry powdered Artemia naupfiiand
appears suitable for the binding of other ingredients and for feeding to prawn and
fish larvae. The binder propylene glycol alginate (Forster, 1972) may also be used
to prepare micro-binding diets. A wide variety of binders was investigated by
Forster (1972) and it was concluded that they had little effect on the digestibility of
diets for juvenile prawns.

Zein (modified maize gluten) micro-coating diets have also been used successfully
to feed marine prawn larvae (Kanazawa et al., 1982) and when fed to marine finfish
larvae (Teshima et al., 1982) produced growth and sun/ival rates which were only
slightly less than those achieved with Brachionus. Other micro-binding diets have
been used successfully to feed marine prawn larvae (Teshima et al., 1982) and
have produced growth and survival rates equal to those achieved on live Artemia.

Table 1 Some properties of microparticulate diets used in aquaculture

Property

Particle size

Particle wall

Easily ruptured,
irregular shape,
rough surface

Buoyancy

Internal phase

Filter feeders

5 to 150/jm

Nontoxic impermeable

Enzyme soluble,
pH labile

Neutral in seawater

Aqueous or oil based
diet

Particle feeders

40 to 1000jum

Nontoxic imperm-
eable or semi-

permeable

easily ruptured

Neutral in
seawater

Aqueous or oil
based diet

After Jones and Gabbott, 1 976

Discussion

If microparticulate diets are to substitute for Brachionus or newly hatched Artemia,
both of which are commonly used prawn larval foods (Liao et al., 1983), particle
sizes of 45 and 450mm, respectively, should be aimed for. Feeding level and
frequency are also important (Teshima and Kanazawa, 1983) and should be
investigated for each set of conditions to achieve optimum results.
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If particles are dried, the drying method is also important because drying at high
temperatures for a long time is likely to damage vitamins. Teshima and Kanazawa
(1983), found that freeze dried particles produced better growth rates in marine
prawns than oven dried (60°C) particles.

The choice of ingredients used will depend on availability and convenience, but
care must be taken to formulate complete diets containing all the major and minor
nutrients in adequate quantities and suitable proportions. A sound knowledge of
nutrition is required before formulating a prawn diet. Salt and freshwater prawn
nutrition was reviewed by New (1976). Penaeid prawn nutrition was reviewed by
Maguire (1980) with particular emphasis on practical farming application. The
nutrition of the freshwater prawn Macrobrachium rosenbergii was reviewed by
Biddle (1977) and Sick and Millikan (1983).

Leaching of water soluble nutrients (Goldblatt et al., 1979; Langdon, 1981) from
diets is a problem in aquaculture, but it is a particularly serious problem with
microparticulate diets. Great care should be taken that the vitamin premix contains
adequate amounts of all vitamins. It may also be advisable to increase the level of
the premix into the diet to make up for losses due to leaching. This may be
avoided by including single cell proteins such as yeasts and bacterial proteins,
which are usually good sources of B vitamins (Thomas and Garden, 1977). The fat
soluble vitamins are no problem as they dissolve in oil instead of water and they
are also present in substantial quantities in fish oils.

Minerals supplied in the premix will be difficult to contain within a permeable
membrane. However, requirements for the major inorganic elements might be met
simply by the diffusion of salts from seawater into the particles. This benefit is only
available to marine animals and dietry inclusions must always be made for
freshwater species. In the case of oysters, minerals are absorbed directly from
seawater (Nell and Wisely, 1984), eliminating the need for their inclusion in artificial
diets.

Microcapsules may also be used to supply medicinal compounds to prevent or
cure internal diseases in marine organisms (Jones and Gabbott, 1976). The
enzyme amylase has been encapsulated in a nylon-protein membrane successfully
to improve starch digestion and growth rates of marine prawns (Maugle et al.,
1983a,b). This procedure could also be used to encapsulate drugs for release
within the digestive tract and it would widen the range of disease treatments
available to aquaculturists.

The development of water-stable microparticulate diets allows accurate
determination of the nutrient requirements of marine organisms. In general,
minerals and vitamins are added to artificial diets without adequate data on the
quantitative requirements of the nutrients. Aquacufture nutrition is now entering a
new and exciting period of research. New feeding techniques are becoming
available, which will enhance commercial aquaculture. The development of simple
microparticulate diets for prawn larvae will improve the commercial viability of
prawn farms and hatcheries.
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Table 2 Microparticulate diets used in aquaculture 83

Composition Size (^m) Comment References

Micro-encapsulated diets
Nylon-protein Carbohydrate 5-300

protein, oil
Gelatin-acacia Oil 5-10

Lipid-walled

Chitosan

Glycopeptide
Whole egg

Micro-binding diets
Agar
Gelatin
Carrageenan
(edible purple seaweed)
Calcium alginate
Microgel

Micro-coating diets
Cholesterol-lecithin
Zein (modified maize
gluten)

Oil, vitamins

Complete diet

Protein
Protein, fat

Complete diet
Complete diet
Complete diet

Complete diet
Carbohydrate
Protein, lecithin

Complete diet
Complete diet

5-20

5>30
100-400

40-1000
40-1000
< 5-125

> 44
1->20

40-1000
40-1000

Toxic solvents

Used to supply fat
soluble vitamins and
fatty acids
Encapsulates water
soluble vitamins and
supplies fat soluble
vitamins in the oil
Chitosan not available
in Australia
Difficult to prepare
Unstable

Carrageenan not
available in Australia

Contains cellulose

High .cholersterol level
Zein not available in
Australia but wheat gluten
may be used instead

1,2,3,4,5,6,7

6,8,9,10

8,11

6
2
12

6
6
6,13

14
8,11

6

6,15

1) Chang et al., 1966; 2) Gabbott et al., 1975; 3) Jones et
etal., 1982; 7) Maugle et al., 1983a; 8) Langdon, 1981; 9)
Siegfried, 1984; 12) Chow, 1980; 13) Teshima et al., 1983;

a/., 1975; 4) Teshima et al., 1981; 5) Sakamoto et al., 1982; 6) Teshima
Langdon and Waldock, 1981; 10) Chu et al., 1982; 11) Langdon and
14) Levine et al., 1983; 15) Kanazawa et al., 1982.
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3.6 Effect of several artificial diets on the growth of juvenile Sydney rock oysters
{Saccostrea commercialis)

John A. Nell

NSW Fisheries,
Brackish Water Fish Culture Research Station,
Salamander Bay, N.S.W., 2301, Australia.

Abstract

Juvenile Sydney rock oysters {Saccostrea commercialis) fed an artificial diet
exhibited a growth rate equal to 60% of that obtained on an algal diet. The artificial
diet was based on starch, bacterial protein (Pruteen) and lipid-wailed capsules.
The growth rate for that artificial diet was higher than for three other artificial diets
but the differences were not significant (p > 0.05).

Introduction

Cultured unicellular algae have been used for decades as the sole food source in
oyster hatcheries. Because of the high cost and unpredictability of production,
development of artificial diets for oysters has been attempted by several
investigators (e.g., Castell and Trider, 1974; Chu et at., 1982, 1987; Langdon and
Waldock, 1981; Nell and Wisely, 1983, 1984; Langdon and Siegfried, 1984;
Laing, 1987). All of these attempts assist the future development of commercial
oyster diets, yet none of the diets are without problems. They either do not
support good growth or they cause bacterial fouling of oysters, tanks and water.
This study was conducted to assist in the development of commercial diets for
oysters.

Materials and Methods

Oysters

Small hatchery-reared Sydney rock oysters {Saccostrea commercialis) were held
on nylon mesh trays in 8 L aerated aquaria (one tray of 50 spat per aquarium).
Sand filtered water with a salinity of 32%o was used in the aquaria. The water in
the aquaria was maintained at 24°C and changed daily. The average whole dry
weight of four samples of 50 small spat at the start of the experiment was 2.95 -±
0.38 mg. There were four replicates per treatment and the experiment was
terminated after three weeks.

Feeding

The oysters were fed once a day at the rate of 6 mg dry matter per litre. They
were either unfed or fed a combination of the algae T. Isochrysis aff. galbana and
Pavlova lutheri, a bacterial protein (Pruteen) and lipid-walled capsule diet (Table 1),
a gelatin-acacia cod liver oil capsule diet (Table 2), a protein-walled capsule (CAR)
diet from Frippak Feeds, Basingstoke, England, or a microgell and lipid-walled
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capsule diet (Table 3). All algal cell, particles or capsules were in the size range of
5-20 ^m.

Statistical Analysis

Homogeneity of variance was confirmed using the Cochran test. The data were
then submitted to analyses of variance and mean values were compared by least
significant differences (Sokal and Rohlf, 1981). The larval survival data were
transformed by arcsin x°'5 before analysis of variance, because the percentage
covered a wide range of values.

Results and Discussion

The best growth rates were obtained with the algal diet. The starch, bacterial
protein (Pruteen) and liped-watled capsule diet was the best of all the artificial diets
tested. This diet is very similar to the oyster "fattening" diet that was developed by
Nell and Wisely (1983, 1984). The growth rates on all the other artificial diets were
substantial and much better than that of the unfed oysters. There was no
significant (p > 0.10) dietary effect on mortalities. The average mortality was 15%.
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TABLE 1 Starch, Pruteen and lipid-walled capsule diet

Composition

Wheat starch
"Pruteen" plankton grade 1
Lipid-walled capsules 2
Wheat starch
Pruteen
Cod liver oil
Acacia
Fat soluble vitamin premix (Table 4)
Water soluble vitamin premix (Table 5)

c»>3 fatty acids
ug fatty acids

Cholesterol

Calculated composition:

Crude protein (N x 6.25)
Carbohydrate
Total lipids

u»3 fetty acids
ug fatty acids

Cholesterol
Fat soluble vitamin premix
Water soluble vitamin premix

g/kg dry weight

445
319
236
445
319
200
32

1
3

56
6
1

250
482
229
56
6
1
1
3

Bacterial protein (Methylophilus methylotrophus), Pruteen.

Langdon and Siegfried, 1984.
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TABLE 1 Starch, Pruteen and lipid-walled capsule diet

Composition

Wheat starch
"Pruteen" plankton grade 1
Lipid-walled capsules 2
Wheat starch
Pruteen
Cod liver oil
Acacia
Fat soluble vitamin premix (Table 4)
Water soluble vitamin premix (Table 5)

us fatty acids
ole fatty acids

Cholesterol

Calculated composition:

Crude protein (N x 6.25)
Carbohydrate
Total lipids

03 fatty acids
og fatty acids

Cholesterol
Fat soluble vitamin premix
Water soluble vitamin premix

g/kg dry weight

445
319
236
445
319
200
32

1
3

56
6
1

250
482
229
56
6
1
1
3

Bacterial protein (Methylophilus methylotrqhus), Pruteen.
<*~,'^

f
Langdon and Siegfried, 1984.
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TABLE 2 Gelatin-acacia microcapsule1 composition

Calculated composition

Cod liver oil

Carbohydrate (acacia)

Protein (gelatin)

Fat soluble vitamins (Table 4)

co3 fatty acids

Us fatty acids

Crude protein (N x 6.25)

g/kg dry weight

811

92

93

4

226

4

92

Langdon and Waldock, 1981; Chu et at., 1982, 1984.



TABLE 3 Microgell and lipid-walled capsule diet

Composition

MicrogelP
Lipid-walled capsule

Ingredients

Wheat starch
Egg albumin
Soy lecithin
Carboxymethyl cellulose
Cod liver oil
Acacia
Fat soluble vitamin premix (Table 4)
Water soluble vitamin premix (Table 5)
Cholesterol

Calculated composition:

Crude protein (N x 6.25)
Carbohydrate
Total lipids

(OB fatty acids
us fatty acids

Cholesterol
Fat soluble vitamin premix
Water soluble vitamin premix

g/kg dry weight

764
236

386
253
115

9
200
32

1
3
1

213
427
315
67
65

1
1
3

1 Langdon and Siegfried, 1984.
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TABLE 4 Fat soluble vitamin premix

Vitamin g vitamin/100 g premix

Retinol (A) 1.1

Cholecalciferol (Da) 0.02

a-Tocopherol acetate (E) 26.4

Menadione 5.6

2,6-Di-t-butyl-p-cresol 2.0

(Butylated hydroxytoluene; BHT)
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TABLE 5 Water soluble vitamin premix

Vitamin g vitamin/kg premix

Thiamin.HCI (Bi) 20

Riboflavin (Bg) 20

Pyridoxine.HCI (Bg) 20

Folic acid 20

Ascorbic acid (C) 100

Ca-pantothenate 40

Myoinositol 60

Biotin 2

Choline bitartrate 160

Nicotinamide 80

Cyanocobalamin (B^ 0.2

2,6-Di-t-butyt-p-cresol 20

(Butytated hydroxytoluene; BHT)
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TABLE 6 Comparison of artificial diets for juvenile Sydney rock oysters
(Saccostrea commercialis) over 3 weeks

Diets Whole dry spat
weight gains1

(mg)

1. Unfed control2 0.07 ± 0.37

2. T. Isochyrsis aff. galbana
/Pavlova lutheri 2.02 ± 0.16 b

3. Starch, bacterial protein (Pruteen)
and lipid-walled capsules 1.27 ± 0.80 ab

4. Gelatin-acacia cod liver oil capsules 0.86 ± 0.57 a

5. Protein-walled capsules (CAR) 0.60 ± 0.56 a

6. Micro-gell and lipid-walled capsules 0.69 ± 0.33 a

1 Values are mean ± S.D. Means with a common superscript do not differ
significantly (p > 0.05). Initial average whole dry weight of the spat was 2.95
± 0.38 mg.

2 Some of the unfed replicates lost weight and were therefore excluded from
statistical analysis.
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3.7 The evaluation of some algal species as food for 1 -7 day old Sydney rock
oyster {Saccostrea commercialis) larvae

John A. Nell
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Abstract

The algae Pavlova lutheri, T. Isochrysis aff. galbana and Chroomonas salina
produced the highest 6-day length increase in Sydney rock oyster {Saccostrea
commercialis} larvae fed a single algal species. When lan/ae were fed Pavlova
lutheri in combination with other algal species, several species improved the growth
rate of larvae compared to those fed a diet of Pavlova lutheri alone.

Introduction

Sydney rock oyster (Saccostrea commercialis) larvae have been reared in
hatcheries for over 9 years, but no studies had been carried out to evaluate the
value'of. algal species as food for these lan/ae. The-two atgal species Pavlova
lutheri and T. Isochrysis ^aff. galbana which are widely used in overseas hatcheries
(Holliday, 1985) have been used routinely for feeding these larvae. The findings by
Enright et al. (1986a, b) that the 20:5W3 and 22:6W3 fatty acids are of great
importance to the food value of algal species, has given oyster larval nutrition a
new direction. However, algae size and algal cell wall digestibility are other factors
to be considered. In the present study a wide range of algal species were fed to
Sydney rock oyster larvae either singly or in combination with Paviova lutheri.

Materials and Methods

Oyster larvae

One day old D-stage oyster larvae were stocked in 8 L non-aerated aquaria at a
density of 5 larvae/mL Water in the aquaria was maintained at 26°C and changed
every 48 hours with the larvae being retained on a 45 um diagonal screen. Algae
(Table 1 and 2) were added to the aquaria at the rate of 0.95 mg dry weight per
litre at the start of the experiment and after every water change. When a
combination of algal species was used (Table 2), they were fed on a calculated
equal dry weight basis. There were four replicates per treatment. The experiments
were terminated after 6 days and the larvae were preserved in a solution containing
10% formalin in seawater. The percentage of live and dead larvae at the time of
preservation was assessed by microscopic examination. The term survival in the
text describes the percentage of lan/ae alive at the end of the experiments as not
all larvae stocked could be accounted for. The length (greatest distance parallel to
the hinge) of > 50 preserved larvae per aquarium were measured using a
microscope and a micrometer slide. Seawater with a salinity of 35%o was filtered
down to 1 urn before use to reduce the background level of potential oyster food
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experiment and after every water change. Care was taken to use cultures that
were in logarithmic growth phase. When a combination of algal species was used
(Experiment 2), they were fed on an equal dry weight basis.

For all experiments there were four replicates per treatment. The experiments were
terminated after 6 days and the lan/ae were preserved in seawater containing 10%
formalin. The length (greatest distance parallel to the hinge) of > 50 preserved
larvae per aquarium were measured using a microscope and a micrometer slide
(±0.5 ^m). Oceanic seawater (35%o) was filtered using 1 jum (nominal) cartridge
filters before use to reduce the background level of potential oyster food items in
the water. Levels of suspended solids in seawater were =$ 0.6 mg I"1 (dry weight),
equal to 63% of the weight of the algal supplements. .

Algal culture techniques

Algal cultures were grown in 20 I polyethylene bags. All species were batch
cultured in oceanic water (salinity 34-35 %o) using f/2 beta gro^/vth medium
(Guillard, 1983) at 21±1°C with a 16:8 h lightdark cycle and were illuminated with
cool white fluorescent tubes to an intensity of 4000 Lux at the container surface.

Dry weight determination of algal cells

Algal cultures were filtered through a 35 pm (diagonal) mesh screen to remove any
debris or clumps of algal cells and the cell concentration determined with a Coulter
counter. A known volume (50 - 150 ml) was filtered through a 0.7 /jm pore size
glass fibre filter to collect the algal cells. The filter was washed with 100 ml of
0.5 M ammonium formate to remove seasalts (Epifanio, 1979) and dried at 100°C.
The dry weight of suspended solids in the seawater used for the experiments was
also determined in this way.

Experimental design

For Experiment 1, larvae were supplied with a diet consisting solely of one of a
range of atgal species (Table 2). For Experiment 2, P. lutheri (which promoted the
greatest growth in Expt. 1) was fed in combination with the same range of species
as in Experiment 1 (Table 3). Both experiments had an unfed control.

Statistical analysis

Homogeneity of variance was confirmed using the Cochran test (Winer, 1971). The
data in Experiments 1 and 2 were subjected to a single factor analysis of variance.
In both experiments mean values were compared using Tukey's w (Sokal and
Rohlf, 1981).

Results

The average dry weight of algal cells ranged from 8 pg for Th. pseudonona to 96
pg for Tetraselmis chui Butcher (Table 1). The length/breadth ratio of all species
measured had a narrow range from 1.1-1.7 except for Phaeodactylum tricornutum
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Bohlin which had a ratio of 6.4 (Table 1).

Experiment 1

When used as the sole food source the algae P. lutheri, Tahitian Isochrysis and
Chroomonas salina (Wislouch) Butcher produced the highest length increases in
larvae. Length increases of larvae supplied with the algae Dunaliella tertiolecta
Butcher were significantly higher (P<0.05) than those of the unfed larvae, whereas
length increases of larvae supplied with T. suecica, Ch. calcitrans and T. chui were
higher, but not significantly different (P> 0.05) from those of the unfed larvae (Table
2). Length increases of larvae supplied with N. atomus were lower, but not
significantly different (P> 0.05) from those of the unfed larvae (Table 2), whereas
those of larvae supplied with Ch. gracilis Schutt, Ph. tricornutum and Th.
pseudonana were significantly lower (P<0.05) than those of unfed larvae.

Experiment 2

When larvae were supplied with the alga P. lutheri in combination with other algal
species, six diets produced higher length increases in lar/ae (Table 3) than those
supplied with a diet of P. lutheri alone, however, the differences were not significant
(P>0.05). The addition of Tahitian Isochrysis or N. atpmusto P. lutheri, produced
some of the highest length increases; Length increases of the unfed larvae were
lower, but not significantly different (P> 0.05) from those supplied with a
combination of P. lutheri and Ch. gracilis (Table 3), and significantly less (P< 0.05)
than those from larvae supplied with any of the other algal diets.

Discussion

Practical experience in the rearing of Sydney rock oysters has, over a period of ten
years, selected three species, P. lutheri, Tahitian Isochrysis and Ch. calcitrans as
superior larval feeds (Frankish et al., in press). Our experimentation supported the
practical observations as one, or a combination of, these species' produced the
greatest length increase in larvae whether fed singly, or in combination with P.
lutheri. These three species contain high levels of one or both of the long chain
unsaturated fatty acids, 20:5n3 and 22:6n3 (Brown et al., 1989), which individually
or in combination have been shown to be important in obtaining high growth in
Pacific oyster spat (Langdon and Waldock, 1981) and in flat oyster spat (Enright et
ai., 1986a, b). However, it has been suggested (Whyte et al., 1990) that oyster
larvae have a relatively low requirement for 20:5n3 and 22:6n3 fatty acids and once
met, carbohydrate level is the most important factor governing the food value of an
algal species. The similarities between algal species of protein levels (Enright et al.,
1986a) and amino acid levels (Webb and Chu, 1 983) suggested that they are
unlikely to be important factors.

Several algal species ( N. atomus, Ph. tricornutum, T. suecica and T. chu!) when
used as the sole food did not produce growth increases significantly greater
(P>0.05) than unfed controls (Table 2). However, when fed in combination with P.
lutheri, they all produced higher length increases than larvae fed P. lutheri alone
(Table 3). Chr. salina, a species found to be of value to flat oyster spat (Laing and
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Millican, 1986), and D. tertiolecta produced high length increases in larvae when
supplied singly (Table 2), but did not improve length increases in lan/ae when fed
in combination with P. lutheri (Table 3). Two algal species reported to have
produced good growth and survival in juvenile American oysters Crassostrea
virginica (Gmelin), Th. pseudonana (Romberger and Epifiano, 1981) and Ch.
gracilis (Enright et al., 1986a), failed to produce good growth either as a single
feed or in combination with P. lutheri (Tables 2 and 3).

The performance of various algal species in relation to one another varied from one
experiment to another. Growth rates of algae produced under routine culture
conditions, differ from time to time and this may have altered their food value.
Differences in nutrient reserves of the 1 -day-oid larvae used may also have affected
the relative performance of the algal species in different experiments. The amount
of natural food present in filtered oceanic water (0.6 mg I'1 dry weight of suspended
solids) is also an important, but often overlooked factor influencing the growth of
oyster larvae.

In summary, when algae were supplied to 1 -7 day old Sydney rock oyster larvae, a
wide range of algal species in combination with P. lutheri produced high length
increases (Tables 3 and 5) . However, in the case of stored concentrated algae, a
diet of P. /L/?/7e/7 with C/7. calcitrans produced the best results (Table 5).
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TABLE 1

Algal cell dry weight and size

100

Dry weight (pg1)

n x±SD

Size
Length
x±SD

(jum)2
Breadth
x±SD

Length/
breadth
ratio

Diatoms

Chaetoceros gracilis Schutt
Phaeodactylum tricornutum Bohlin
Chaetoceros calcitrans (Paulsen) Takano
Thalassiosira pseudonana Hasle and Heimdal

Flagellates

Tertraselmis chui Butcher
Dunaliella tertiolecta Butcher
Chroomonas salina (Wislouch) Butcher
Tetraselmis suecica (Kylin)
Pavlova lutheri (Droop) Green
Nannochloris atomus Butcher
Tahitian Isochrysis aff. galbana Green

4
4
4
4

20±3.8
19±3.0
15±3.3
8±1.3

6
6
4
6
5
5
4

96±17
83±21
60±
52±-

23±
21 ±
19±

: 1.

:11
; 4.

: 4.

: 4.

.9

.1

4
.0

1
8
3

7.4±1.2

23.8±2.9

4.0±0.9

5.7±1.0

13.8±1.3

10.2±1.5

11.4±1.5

9.7±1.4

6.9±1.4

5.0±1.1

8.5±1.6

5.4±1.1

3.7±0.8

3.1 ±0.6

4.6±1.0

9.1±1.3

8.3±1.8

6.9±1.2

7.1 ±0.9

4.9±0.8

4.5±0.9

5.4±1.1

1.4

6.4

1.3

1.2

1.5

1.2

1.7

1.4

1.4

1.1

1.6

1pg = 1 x 10-12g
n =30
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TABLE 2

Comparison of the food value of some algal species fed to 1 -day-old Sydney rock

oyster {Saccostrea commercialis) larvae for six days. Experiment 1.

Algal species Average length increase

after 6 days (<L/m)1

Pavlova lutheri 32.2± 1.2a

Tahitian Isochrysis 31.4± 1 .6a

Chroomonas salina 31.3± 1 .4a

Dunaliella tertiolecta 24.8± 1.7b

Tetraselmis suecica 22.7±2.6bc

Chaetoceros calcitrans 22.5 ± 1.1c

Tetraselmis chui 20.7±0.4cd

Unfed control 20.6±2.1cd

Nannochloris atomus 18.3± 0.7de

Phaeodactylum tricornutum 15.8±0.9e

Chaetoceros gracilis 11.8±0.6(

Thalassiosira pseudonana 8.9±0.6f

1 Values are means ± 3D. Means with a common superscript do not differ

significantly (P>0.05). Initial average length of the 1-day-old larvae was 72.0

± 0.2 ^m.
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TABLE 3

Comparison of the food value of some algal species in combination with Pavlova

lutheri fed to 1 -day-old Sydney rock oyster {Saccostrea commercial!^ larvae for six

days. Experiment 2.

Algal diets Average length increase

after 6 days (^m)1

Pavlova /L/?/7e/7/Tahitian Isochrysis 41.3±2.5a

Pavlova lutheri/Nannochloris atomus 40.8±2.5a

Pavlova lutheri/Tetraselmis suecica 38.2±6.6ab

Pavlova lutheri/Phaeodactylum tricornutum 37.8± 1.1abc

Pavlova lutheri/Chaetoceros calcitrans 37.4±3.9abc

Pavlova lutheri/Tetraselmis chui 37.3±3.7abc

Pavlova lutheri 35.5±2.0abc

Pavlova lutheri/Dunaliella tertiolecta 35.2±3.6abc

Pavlova lutheri/Chroomonas salina 33.5±4.4abc

Pavlova lutheri/Thaiassiosira pseudonana 30.8±2.9bc

Pavlova lutheri/Chaetoceros gracilis 28.6±5.4cd

Unfed control 20.9±1.8d

Values are means ± SD. Means with a common superscript do not differ

significantly (P>0.05). Initial average length of the 1-day-old larvae was

74.7±0.6^m.
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ABSTRACT

Nell. J.A. and Holliday, J.E., 1986. Effects of potassium and copper on the settling rate of Sydney
rock oyster (Saccostrea commercialis) lar-'ae. Aquacutture, 58: 263-267.

Larvae of the Sydney rock oyster I Saccosrrra co m me re lan's) were stimulated to undergo met-

imorohosis and settle in concentrations or S-i2 mM ootassium chloride in seawater. At higher

ODtassiumchlondeconceniranonsseitiine races were reduced. A concentration of ">. 14 • '.U- m.M

CuCL. increased the settlinn race on the rirst day, but jrter 5 davs. nettlin4 rates were lower -han

".he coniroi and remaining iar.'ae had died.

INTRODUCTION

For efficient hatchery operation it is imponanc that oyster larvae settle rap-
idlv. Hence an extensive number or studies on settlement have been under-

taken. Eyed photosensirive larvae or the American oyster. Crassostrea uirginica,

prefer the darker underside of settling surfaces (Ritchie and Menzel, 1969).

These larvae are also stimulated to settle by increases in temperature (Lutz ec

al., 1970; Hidu and Haskin, 1971) but not salinity (Hidu and Haskin, 1971).
Larvae of the American ovster are stimulated to settle by the addition of shell-

fish glycogen (Keck et al.. 1971) and a proteinaceous substance in mantle fluid

(Veitch and Hidu. 1971).
Copper concentrations of 0.15-0.50 mg Cu/1 in seawater immediately initi-

ated the settling process of larvae of the American oyster (Prytherch, 1931,

1934). Low copper concentrations are, however, toxic to oyster larvae (Cal-

abrese et aL, 1977) . Elevated potassium levels in seawater were shown to induce

and stimulate metamorphosis in Haliotis rufescens larvae (Baloun and Morse,

1984). Therefore, a series of experiments were conducted to study the effect

0044-8486/86/$03.50 © 1986 Elsevier Science Publishers B.V.
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TABLE 1

Effects of copper concentration in seawater on the settling rate (means ±SD) of Sydney rock
oyster (Saccostrea commercialis) larvae

Copper concentration

(10-;lmMCuCL)

0
1.57
3.14
4.71
6.28
7.85

(%)

Day 1

2.0 ±0.5 a

9.2±2.1c

5.4 ± 2.9 b
4.0 ± 1.3 ab
2.3 ±0.8 a
1.9 ±0.6 a

Day 5

23.7 ± 6.0 c
ll,0±l.8b
5.2 ±1.6 a

3.0 ±0.7 a
1.9 ±0.1 a

2.1 ±0.9 a

Within each column, means which do not share a common superscript differ significantly (P < 0.05 ).

of CuCL) and KC1 on the settling rate of Sydney rock oyster (Saccostrea com-

mercialis) larvae.

MATERIALS AND METHODS

All the oyster iarvae used in these investigations were reared at the Brackish

Warer Fish Culture Research Station at Port Stephens, N.S.W.. Australia.
Experiments were conducted on "eyed" larvae retained on a 300-um (diagonal

measurement) screen. There were four randomised aquaria (81) per trear-

menr. each painted black and containing 2000 lan/ae. The settling surfaces

were grey polwinyi chloride sheets (. 300 X 150x0.8 mm.) held 5 mm off the

bottom ofrhe aquaria. Sand-filtered seawater from the Port Stephens esmary

with a salinity of SO'-'cc was used and preheated to and maintained at 28 ± I" C.

The aquaria were dimly lit (100 lux) and lightly aera-ced. Water in che aquaria

was changed daily and the algae, Isochr^is galbana and Pauiova iutheri, added

to the aquaria once a day at a concentration of 75 000 cells/ml for each species.

The pH in all aquaria with algae and cupric chloride or potassium chloride
added remained between 7.0 and 8.5, the range for optimal survival and devel-

opment of oyster larvae ( Calabrese and Davis, 1966). The number of live set-

tied spit that could not be washed off the sheets by gentle rinsing with seawater
was counted and the viability of the larvae checked daily. The number of live

spat settled was expressed as a cumulative percentage of "eyed" larvae stocked.

The effects of copper as CuCL> on the settling rate oflarvae were investigated

at concentrations of 0, 1.57, 3.14, 4.71, 6.28 and 7.85 x l0-3 mM CuCl,. The

effects ofpotassium on the settling behaviour oflarvae were determined in two

separate experiments. The initial experiment used concentrations of 0 and 12

mM KC1 to determine the effect on the settling rate over 7 days. In the second
experiment concentrations of 0,4, 8,12,16 and 20 mM KC1 were used to deter-

mine the optimum concentration in seawater over a 7-day settling period.
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Fig. 1. Effects 01 potassium concentration in seawater on the settling rate of Sydney rock oyster

( Saccoscrea commercialis) iap/ae. Means r SD of cumulative percentage of live spat settled.

One-way analysis or '.'anance was used to assess the effects of copper and

potassium on settling rates arier resting r'or homogeneiiy of variance using the

Cochran test. Least significant differences were used to compare mean values.

All statistical analyses were carried out according to Sokal and Rohlf(1981).

RESULTS

There was an initial settling stimulus at day 1 in copper concentrations of

1.57 and 3.14 :< 10-u mM CuCL (Table 1 ). However, by day 5 the copper addi-

tions were having an adverse effect. The experiment was terminated on day 5

when > 90<"o or the iarvae treated wkh copper at concentrations ^ 3.14 X 10

mM CuCL, had died. while those in the control treatment were alive.

Poiassium as 12 mM KC1 had an immediate and continued effect on settling

rates (. Fig. 1) . The average settling rates on day 7 for 0 and 12 mM KCl were

13 and 32%, respectively, and were significantly different (P< 0.05).

The optimum potassium concentration for the settling of oyster larvae was

found to range from 8 to 12 mM KC1 ( Fig. 2). Settling rates at higher concen-

trarions were significantly reduced (P< 0.05). Larvae at 16 and 20 mM KC1

began to die after dav 2 and most had died by dav 7.
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Loooer aDoearea To oe coo :oxic :.o oe used as a setums snmuiani: tor Svdnev

rock 3vsT:er lar.'ae. This coniir^is '-he findins bv Caiabrese er ai. ' 1977':'. ^hat

-ow jonca:K~auons or cooaer S: 0.05 ' 10- ' mM CuCl.' • are hishiv ?oxic ":o

>ar.-ae ;i '."e American ovs^er ' Lrassoscrea uirsmica ,' alihou2;n it was stiown

by Pryrnercn . 1931. 1934 . ";o mcrease me seniins rare of lar/ae of the same

oyster. In r,he present study, porassium as KC1 at S-12 mM proved co be a

suitable sumuiam and could be used in haicheries. The effect ofpotassium and

the concentration required for rhis effeci were very similar to chose reported

;or ':he meTamorphosis of lar.'ae of^he abaione Haiiocis rufescens i Baloun and

Morse. 1984 ••. The use or seaiing stimuli could be of great benefic co oyster

narcneries: however, if cukchless spar are required, it would be preferable to

achieve metamorphosis without senlemenc. The use of 10 mM adrenalin

eoineahrine ) for the induction of settlemeni in Pacific oyster, Crassostrea

gigas, larvae was reported by Coon and Bonar (1985). They reported thai 95%

of the larvae metamorp hosed, with more than 90% of these being unattached.
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3.9 Conclusion

The salinity ranges for survival and growth of some oyster species are given in this
study. These data should be considered before selecting any new oyster hatchery
or growing site. It is interesting to note that growth rates of juvenile Sydney rock
oysters increased with increasing temperatures from 12-30°C. This was somewhat
surprising as the Sydney rock oyster is farmed at latitudes from 27-37°S, where
water temperatures of 30°C rarely occur. Similar results, however, were obtained
by Nell (1986) with flat oyster spat, a species of oyster which is generally found in
cooler water than the Sydney rock oyster. The geographic range of these oysters
is probably depended on their reproductive success rather than on maximum
growth.

Increased copper and fluoride levels in water in oyster growing areas are not likely
to be high enough to affect the mortality rates of larvae or spat. Oysters however,
are significant accumulators of copper and fluoride and relatively small increases of
the element in water could make oysters unsuitable for human consumption.

Oyster larval nutrition is a new field of research that deserves more attention. It is
intended to do more research at the Brackish Water Fish Culture Research Station
on the evaluation of the feeding value of algal species for 2-we.ek old Sydney rock
oyster larvae. The use of gelatin-acacia capsules (Langdon and Waldock, 1981;
Chu et al., 1987) for the supplementation of algal diets with cod liver oil as a source
of essential fatty acids will also be investigated. The han/esting of algal cultures by
centrifugation and the storage of algal paste is another technique that could assist
the hatchery rearing of oyster larvae.
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4. The effects of growing height on growth, condition and winter mortality of
Sydney rock oysters {Saccostrea commerdalis, Iredale & Roughley).

lan R Smith

NSW Fisheries
Brackish Water Fish Culture Research Station
Salamander Bay NSW 2301 Australia

ABSTRACT

Mortality in Sydney rock oysters (Saccostrea commercialis), exposed to Australian
winter kill disease showed an inverse relationship with growing level for the range
of 300 mm below normal intertidal growing level (52% mortality) to 300 mm above
normal growing level for trays (9% mortality).

Whole weight, dry meat condition index, lipid content and glycogen content of the
oyster meats were not significantly different between oysters in the different height
treatments.

Oysters moved between high and low risk areas in a reciprocal habitat exchange
experiment differed in mean cumulative mortality. In the 1986 season in the
Georges River, NSW, the mean cumulative mortality of oysters left in a low risk area
for winter mortality was 17%, whereas those left in a high risk area experienced
35% during the same period. October was the month of greatest mortality during
the experimental period.

These results indicated that raising the growing level by 300 mm can confer on
market sized Sydney rock oysters at least as much protection against winter
mortality tosses as does the current practice of transferring them to a low risk area
upstream. It also does this without a reduction in condition. No growth differences
were recorded between height treatments but this could be expected as growth
was unusually poor for all treatments of oysters during the experimental period.

INTRODUCTION

The Sydney rock oyster (Saccostrea commercialis) is cultured intertidally by the
stick and tray method in estuaries along the eastern seaboard of Australia
(Malcolm, 1987) from about 27°S to 37.5°S latitude. For the southern half of this
range, i.e. from Port Stephens to the NSWA/ictorian border, the species is
susceptible to the economically important disease Australian winter kill (Lauckner,
1983), known locally as "winter mortality". Losses attributed to this disease can
range to 70 to 80% of marketable oysters in some areas (Lauckner, 1983, Malcolm,
1987).
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Roughley (1926) first studied the disease and described symptoms which included
abscesses or pustules in gill, mantle, gonadal and adductor muscle tissues,
followed by gaping and death. Histological examination revealed massive
haemocytic infiltration around focal necroses but no aetiological agent was
apparent. Farley et al (1988) attributed the disease to a small (1-2 jum) intracellular
parasite of the recently erected phylum Ascetospora (Levine et al, 1980). They
described the organism from tissue of S. commercialis specimens from
Woolooware Bay, Georges River, NSW and named the new genus Mikrocytos and
species M roughleyi. The life cycle outside of the host, and mechanism of
infection of this organism are unknown as is the case for other members of this
phylum.

Several environmental factors have been associated with the severity of winter
mortality and knowledge of these may be useful in developing management
techniques for controlling the severity of the disease.

Sydney rock oysters affected with winter mortality typically die just after winter, and
the disease is experienced only in the colder part of the geographic range of these
oysters. Roughley (1926) concluded, in the absence of evidence for a causative
organism, that low temperature stress was the probable cause of the disease. He
qualified this with the obsen/ation that oysters higher in the tidal range are more
exposed to low air temperatures longer so these could not be solely responsible
for the disease. He had also observed lower mortalities among naturally caught
Sydney rock oysters on. mangrove trunks and pneumatophores which occur higher
in the tidal range than farmed oysters, and consequently suggested raising oyster
growing levels as a means of reducing the severity of the disease.

Wolf (1976, unpublished data/ personal communication) found that raising the
growing level of oysters on the leases could be used to reduce winter mortality
losses, and stated that this had been successfully applied by an oyster farmer in
Port Stephens, NSW. Wolf (1967) had already added high salinity as a contributing
factor to the disease. He based this on oyster farmers' experience of greater
losses at the salty seaward ends of estuaries than upstream and from their general
belief that winter mortality is worse in years with low rainfall in autumn and early
winter.

Farmers with oysters in areas with a history of severe winter mortality generally sell
their largest oysters, which they believe to be the most vulnerable, before winter's
end. Trayed oysters which will not be marketed before the end of winter are
relocated upstream in the estuary where experience has shown that there is a
lower risk from the disease. To be sure of saving them they must be moved
upstream by mid to late May (the last month of autumn). Sticks of younger oysters
which would be ready for market the following year are often left in the high risk
downstream areas. These are on racks set at about 1 50 mm higher than the level
of the trays and usually escape severe mortality at this level.

Some oyster farmers believe that oysters which do not spawn in autumn, and thus
enter winter with a high condition index, are more susceptible to the winter mortality
disease than oysters in poor condition.
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This study quantifies the consequences of the growing level manipulation
suggested by Roughley (1926) and Wolf (1976). Growth, meat composition, and
condition index were measured to determine if a loss in production was associated
with raising oyster growing levels, and to determine the relationship between meat
condition and mortality.

The effect on mortality of relaying oysters in a lower risk area was also determined
to allow this disease management method to be compared with height
manipulation. A reciprocal habitat transfer experiment was set up in which plots of
oysters were exchanged between high and low risk areas for winter mortality. It
was designed to identify the risk period in Woolooware Bay and to measure the
degree of protection that the transfer of oysters to a low risk area offered the
oyster farmers during the 1 986 winter season on the Georges River, NSW.

MATERIAL AND METHODS

Experiment 1: the effect of growing height on cumulative mortality.

Space on a commercial oyster lease in Woolooware Bay, Georges River, NSW
(lat.34°S). was provided by local oyster farmers. The tarred wooden rails used to
support tpayed* oysters in the traditional growing method (Malcolm, 1987) were
modified ttt provide five growing levels at intervals of 150 mm, centred on the ;
intertidal growing height normally used by oyster farmers in Woolooware Bay.
Oyster sticks in Wootooware Bay are grown at the second highest level used in this
experiment, i.e. normal tray level plus 150 mm.

Commercial 1.8 x 0.9 m, tarred, timber and galvanised wire mesh oyster trays were
divided into two equal compartments. Two trays at each level provided four
replicate compartments at each of the five growing heights.

Sydney rock. oysters of approximately plate grade (45 to 50 g,'for the half-shelt
trade) and 3 years old were obtained from two oyster farmers,, and were well mixed
before they were placed in the tray compartments at the rate of 190 oysters per
compartment (235/m2). The trays were covered with a light plastic netting to
minimise oyster losses resulting from wave action.

The experiment ran from 23 April, 1986 (mid autumn) to 12 January, 1987 (mid
summer). Oysters which died at the start as a result of culling damage were -
replaced with live oysters which had been held under similar conditions.

Mortality was determined monthly and samples of six oysters from each replicate
were weighed and analysed for glycogen, lipid content, and their condition index
determined.

Glycogen content was assayed by the enzymatic method of Kepler and Decker
(1974). Lipid content was determined by the chioroform-methanol-water extraction
method of Bligh and Dyer (1959). The condition index (Cl) was calculated as:-
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Cl = dry weight of oyster meat (g) x 1 00

shell cavity volume (mL)

Cavity volumes were determined by subtracting the weight in air of the oyster's
shell from the weight in air of the intact oyster (Lawrence and Scott, 1982). This is
a valid method because the effective density of cavity contents is close to 1 g/mL
Dry meat weights were determined by drying to a constant weight at 90°C.

Experiment 2: The effect of reciprocal movement of oysters between high and low
risk growing areas.

Oyster trays and oysters in this experiment were the same as those used in
experiment 1 with the exception that the trays were divided into eight
compartments (plots) each of which was stocked with 100 oysters. Oysters which
died at the start as a result of culling were replaced after a two week
acclimatisation period. A set of six trays with numbered plots were deployed on a
commercial oyster growing lease at Woolooware Bay, (WWB) near the mouth of
the Georges River. This area has a history of high losses from winter mortality. A
second set of oyster trays with plot numbers paired with those at WWB was
deployed at Lime Kiln Bar (LKB), about 15 km further upstream, a; location
considered by oyster farmers to be of low risk for the disease.

The experiment ran from April 23 (mid autumn) to December 14 (early summer),
1986. Each month all oysters in each of four plots in the low risk area were
exchanged with the oysters from their matched numbered plots in the high risk
area. The plot numbers of pairs to be exchanged were determined using random
number tables, and plots were not exchanged more than once during the
experiment.

Dead oysters were recorded and removed at exchange times and cumulative
mortality calculated.

STATISTICAL ANALYSIS

Homogeneity of variance was confirmed using the Cochran test (Winer, 1971). The
data for each of these experiments were then subjected to a single factor analysis
of variance, (Sokal and Rohlf, 1981).

RESULTS

Experiment 1: TTie effect of growing height on cumulative mortality.

At the termination of the experiment an inverse relationship was apparent between
cumulative mortality and growing level (Table 1, Fig. 1). The mean cumulative
mortality of oysters at the highest level (9.3 ± 0.9%) was significantly lower
(P< 0.05%) than normal tray level (35.1 ± 8.4%) and at the lowest level (52.4 ±



116

6.2%) was significantly higher (P< 0.05%) than for oysters at the normal tray
growing level. The mean cumulative mortalities of oysters at intermediate levels
were consistent with this trend for all monthly counts after the August count (Fig.1)
when an increase in mortality rate was recorded for all but the topmost level.

The cumulative mortality of oysters in trays at the normal tray growing level
reached 30% by mid-October (Fig 1), and increased slowly thereafter.

Measurements of whole weight (Table 2; Fig.2), dry meat condition index (Table 3),
glycogen content (Table 4) and lipid content (Table 5) were not significantly
different between the height treatments (P< 0.05). Data for the five height
treatments were therefore pooled for dry meat condition index, glycogen content,
and for lipid content (Fig.3), although the variance of the lipid content data was not
homogeneous between treatments.

Experiment 2: The effect of reciprocal movement of oysters between high and low
risk growing areas.

Oysters left in Woolooware Bay for the whole term of the experiment exhibited a
significantly greater mean cumulative mortality of 35.4 ± 6.4% (mean ± SD) than
those left upstream at Lime Kiln Bar (16.8 ± 6.1%) during the same period.

Oysters shifted from LKB to:WWB in the months May (end of autumn) to October
(mid spring) inclusive, exhibited mortalities which were not significantly different
from those oysters left at WWB (Fig.4).

Oysters moved from LKB to WWB after this time experienced a lower average
cumulative mortality similar to oysters which had remained for the whole
experimental period at LKB.

Oysters moved upstream from WWB to LKB in May to October inclusive,
experienced low mortalities which were not significantly different to those of oysters
left in LKB for the whole of the experiment. Oysters moved up river after this time
showed high mortalities similar to those remaining in WWB for the whole
experimental period.

DISCUSSION

The inverse relationship between winter mortality and growing height (Roughley,
1926) was demonstrated clearly in the growing level experiment. Oysters on the
highest trays (raised 300 mm), suffered a mortality of about 9% over the nine
month period of the experiment. Oysters die at around this rate in areas where no
winter mortality occurs (Nell & Mason, 1991). The second highest level was
identical to normal stick height in WWB (normal tray level + 150 mm) and here the
cumulative mortality was half that for normal tray height (35%). Such a loss of
marketable oysters could not be sustained regularly by farmers.
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The lower levels used in the experiment showed greater mortalities (up to 52%) but
these levels would not normally be used for growing oysters because of the risk of
losses from mud worm attack in summer (Roughley, 1922) as well as from winter

The winter and spring of 1986 were considered by the local oyster farmers to be
"normal" with respect to winter mortality. In worse years for the disease, younger
oysters and those higher in the intertidal range can be expected to die (Roughley,
1926) so data across several years are needed to determine the most useful winter
growing height for commercial use.

No significant increase (P< 0.05) in whole oyster weight occurred for all treatments
of oysters in the experiment (Table 2, Fig.2) so it was not possible to find
differences, if any, between treatments. This lack of growth was also experienced
by Woolooware Bay commercial oyster farmers who described it as atypicai. The
lack of growth is consistent the growth reduction caused by bis-tributyl tin oxide
(Nell & Chvojka, 1992) later found to be a problem in Gwawley Bay, not far from
Woolooware Bay in the Georges River (Batley, et al, 1989).

There were no differences between the height treatments in measurements of
condition index, which supports Roughley (1926) in his view that condition is a not

'major factor in determining winter mortality'losses. Oyster farmers, however,
claimed in Roughley's time (Roughley, 1926) and still do believe that the "fattest"
oysters die first and most when winter mortality occurs. The dry cold autumns
which are associated with winter mortality are most likely also to prevent late
spawning in oysters, which means they will normally be in a fat condition during
those winters which are worst for winter mortality.

Glycogen and lipid content also showed no indication of difference between height
treatments. In the data pooled for ail height treatments (Fig.3) dry meat condition
index was seen to drop quickly from April to May indicating that at least some
oysters spawned. Their condition remained constant at a dry meat condition index
of just above 12 (about the minimum condition suitable.for marketing) until
November. A rapid rise to December's reading followed by another fall in January
indicates further spawning. Spawning is commonly associated with the spring
tides close to the summer solstice. The glycogen content showed a sharp drop to
the December reading consistent with conversion of glycogen into gonadal material
prior to spawning. The oysters' reproductive capacity would therefore appear to
be functioning normally in spite of the low growth recorded during the experiment.

Oyster farmers who, for several decades, have transferred oysters from susceptible
downstream leases for over-wintering on leases upstream, recognise a critical time
before which oysters must be moved. They typically justify this by quoting
situations in which a patch of oysters was moved from a downstream lease to an
upstream lease over a week or two. They found afterwards that oysters on trays
which had been moved before a particular date "all" survived, whereas those
moved later than this time showed a consistently high mortality.
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This critical time is said to become progressively later from around the end of April
(mid autumn) at Quibray Bay near the entrance to Botany Bay, to around the
beginning of June (first month of winter) at Oyster Bay, approximately 20 km
upstream. Winter mortality is not usually experienced upstream from Oyster Bay
except in very bad years.

The reciprocal transfer experiment designed to measure this phenomenon showed
surprising results. Oysters which were moved out of Woolooware Bay from May
until August 20, 1986 to Lime Kiln Bar and without suffering any greater mortality to
those oysters which had been left at LKB for the whole of the experiment. Oysters
coming into WWB from LKB all suffered about the same high mortality (about 30%)
as those left in WWB for the whole experiment up to and including the September
exchange. After September their mortality was no greater than those left in the low
risk area (around 15%). These results are not consistent with the 2.5 month
incubation period suggested by Wolf (Farley et al, 1988) nor the concept that
oyster farmers hold of a critical time early in winter for moving the oysters out of
the area of risk. Instead a relatively short period of infection was recorded in
September and October. The period of infection and incubation may be much
more variable than previously believed.
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TABLE 1

Mean cumulative mortality* of Sydney rock oysters (Saccostrea commercially at five growing levels on Woolooware Bay, Georges River, NSW,

from May 1986 to January 1987.

Cumulative mortalfty (%)

Month June July Aug Sept Oct Nov Dec Jan

Growing level

+ 300 mm

+ 150mm

0 mmT

-150 mm

- 300 mm

3.9

±0.7

3.6

±0.5

1.7

±0.5

1.4

±1.4

3.7

±1.0

4.3

±0.8

4.6

±1.2

3.4

±0.3

4.1

±2.1

6.3

±1.0

4.7a

±1.1

6.4ab

±1.8

6.7ab

±1.1

9.6bc

±3.8

11.8°

±1.6

5.7a

±1.2

7.4a

±2.2

11.8ab

±1.3

21.4bc

±9.1

25.5C

±5.4

6.8a

±0.9

13.0a

±3.3

30.3b

±7.2

41.7bc

±8.7

44.5C

±7.9

7.6a

±0.9

15.0a

±3.5

33.0b

±8.4

44.9bc

±9.7

48.9C

±6.7

8.4a

±1.1

15.5a

±3.8

33.6b

±8.5

45.7bc

±9.8

50.0C

±6.8

9.3a

±0.9

16.8a

±4.2

35.1b

±8.4

47.2bc

±9.6

52.4°

±6.2

* Data are expressed as (mean ± SD) with the latter shown below the mean.

t Growing level '0 mm' is the normal growing level for oyster trays in Woolooware Bay which is a little below mid-tide.

Within colums, means which do not have a common superscript differ significantly (P<0.05). For analysis of variance an arcsin x°5 transformation
was used and Tukeys w was used to compare mean values.
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TABLE 2

Whole weights* of Sydney rock oysters (Saccostrea commercially at five growing levels on Woolooware Bay, Georges River, NSW, from April 1986 to January 1 987.

Whole weight (g)

Growing Level

+ 300 mm

+ 150mm

0 mm+

-150 mm

- 300 mm

April

48.5
±2.6

48.5
±2.6

48.5
±2.6

48.5
±2.6

48.5
±2.6

May

51.3
±3.1

53.4
±3.0

50.6
±1.2

55.2

±5.7

54.1

±6.3

June

50.0

±2.6

59.5
±2.4

55.4
±4.0

53.8
±5.7

56.0
±2.1

July

51.3

±5.2

51.2
±2.4

53.6
±2.4

53.2
±6.6

51.4

±5.4

Aug

52.2

±1.1

49.4

±4.8

54.3
±4.9

51.2
±4.0

53.6

±3.0

Sept

47.3
±2.3

56.1
±10.4

56.3
±3.0

57.9
±5.8

54.5
±4.4

Oct

48.3
±3.1

50.8
±4.1

52.3
±3.5

51.1
±3.5

53.4

±5.4

Nov

49.6
±1.9

53.7
±3.8

59.0
±4.7

52.7
±4.1

54.7

±1.4

Dec

54.7
±3.0

52.6
±4.9

54.9
±3.8

55.8
±7.4

54.9
±4.4

Jan

52.0
±4.0

53.2
±5.9

53.1
±2.6

60.6
±7.4

51.4
±6.2

* The data are expressed as (mean ± SD), with the latter shown below the mean.
t Growing level '0 mm' is the normal growing level for oyster trays in Woolooware Bay, and is a little below mid-tide.
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TABLE 3

Condition index' of Sydney rock oysters (Saccostrea commercially at five growing levels on Woolooware Bay, Georges River, NSW, from April 1986 to January 1987

Condftfon Index"

April May June July Aug Sep Oct Nov Dec Jan

Growing Level

+ 300 mm

+ 150 mm

0 mmt

-150 mm

- 300 mm

16.6

±1.7

16.6
±1.7

16.6
±1.7

16.6
±1.7

16.6

±1.7

12.8
±1.2

13.8
±1.7

12.5
±1.7

13.9
±1.2

13.6
±0.3

12.3
±1.4

12.5
±0.3

11.9
±2.0

12.6
±1.0

12.5
±1.6

12.1
±0.6

13.5

±0.7

12.0
±0.5

12.8
±1.2

12.9
±1.0

11.8
±1.2

12.8
±1.6

11.7
±0.7

12.3
±1.0

13.2

±1.0

12.0

±1.2

13.4
±1.0

12.4
±1.1

12.8
±0.8

12.6

±1.2

12.3
±0.8

12.7
±1.1

12.8
±1.0

13.2
±0.7

11.7

±1.6

13.9

±1.0

12.9
±0.8

12.6
±0.2

11.2
±1.5

12.2

±0.9

14.9

±1.1

16.2
±1.1

15.5
±0.9

14.8
±1.8

15.1
±2.9

15.1
±0.7

15.3
±1.4

14.0
±1.6

12.9
±1.4

14.0

±1.8

* The data are expressed as mean dry meat condition index (mean ± SD), with the tatter shown below the mean.
t Growing level '0 mm' is the normal growing level for oyster trays in Woolooware Bay, and is a little below mid-tide.
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TABLE 4

Gtycogen' levels of Sydney rock oysters (Saccostrea commercially at five growing levels in Woolooware Bay, Georges River, NSW, from April 1986 to January 1987.

Gfycogen content*

Growing Level

+ 300 mm

+ 150mm

0 mmT

- 150mm

- 300 mm

April

21.3
±1.2

21.3
±1.2

21.3
±1.2

21.3
±1.2

21.3

±1.2

May

18.1
±1.1

18.9
±1.5

16.2
±1.1

18.3
±2.8

16.3

±0.2

June

19.7
±1.2

18.7

±1.6

18.9
±0.8

18.6

±0.3

18.9

±1.1

July

19.0
±1.9

19.9
±3.2

21.8
±1.1

21.6
±0.5

19.1

±0.7

Aug

20.0

±0.9

19.8

±1.0

2U.3

±0.6

19.0

±2.5

21.6

±1.0

Sept

22.2
±0.9

23.0
±0.6

23.1
±1.9

22.1

±0.7

22.4
±0.4

Oct

22.5
±0.3

22.3
±0.8

20.9
±1.3

22.0

±0.8

21.9
±0.9

Nov

22.9
±1.7

23.9
±1.3

23.6
±0.8

21.8
±2.9

18.8

±1.1

Dec

18.8
±1.2

18.9
±1.1

19.3
±1.2

22.1
±0.6

22.7

±1.0

Jan

21.2
±0.6

21.7
±2.0

21.6
±0.9

21.2
±0.7

20.3

±1.3

* Data are expressed as mean glycogen level (g/100 g dry meat weight) ± SD (xbar ± 3D), with the latter shown below the mean.
+ Growing level '0 mm' is the normal growing level for oyster trays in Woolooware Bay, and is a little below mid-tide.
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TABLE 5

Lipid content of Sydney rock oysters (Saccostrea commercially grown at fh/e growing levels on Woolooware Bay, Georges River, NSW, from April 1986 to January 1987.

Lipid content'

Growing Level

+ 300 mm

+ 150mm

0 mmt

-150 mm

- 300 mm

April

19.2
±1.0

19.2
±1.0

19.2
±1.0

19.2
±1.0

19.2

±1.0

May

15.4
±0.9

15.6
±2.0

13.5
±1.5

14.1

±0.4

14.0
±2.5

June

11.9
±1.4

14.0
±1.9

14.0
±0.3

16.3
±2.6

15.2

±2.0

July

12.8
±0.5

22.1
±1.5

18.4
±2.0

16.5
±1.8

15.1

±2.3

Aug

13.2
±2.0

15.2

±2.0

15.0

±3.2

\2A
±1.9

13.4

±1,8

Sept

12.5
±7.0

7.5

±3.2

11.6

±1.8

10.5

±4.0

7.1

±0.6

Oct

9.8

±1.9

16.6
±8.4

17.5
±0.7

16.6
±1.5

11.2
±1.7

Nov

18.2
±3.9

15.5
±0.9

16.3
±1.3

13.9
±3.9

9.5

±0.9

Dec

9.9

±0.9

11.9
±2.0

10.5
±1.5

10.1
±0.4

12.4

±2.9

Jan

17.2

±1.9

16.2

±0.9

16.9

±2.6

16.6
±1.9

16.3

±0.8

* Data are expressed as mean lipid content (mean± SD), with the latter shown below the mean.

t Growing level '0 mm" is the normal growing level for oyster trays in Woolooware Bay, and is a little below mid-tide.
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Fig 1 The effect of growing height on cumulative mortality (%) of the Sydney rock
oyster Saccostrea commercialis in Woolooware Bay, NSW, from April 1986
to January 1987.

Fig 2 Whole weight of Sydney rock oysters Saccostrea commercialis, at five
growing heights during the winter mortality season from April 1 986 to

.January 1987.

Fig 3 Dry meat condition index (A), glycogen content (B) and lipid content (C) of
Sydney rock oysters Saccostrea commercialis, pooled data, during the
winter mortality season from April 1986 to January 1987.

Fig 4 The effect on cumulative mortality (%) of time of reciprocal transfer of
Sydney rock oysters Saccostrea commercialis between a high risk winter
mortality area, Woolooware Bay, and an area of low risk, Lime Kiln Bar.
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SECTION 5

CONCLUSION

This study showed good progress in the fields of prawn and oyster nutrition. The
effects of temperature on growth, food consumption and food conversion on some
commercially farmed species were demonstrated and the suitability of some
commercially available (1986-88) Australian and Taiwanese diets evaluated. Results
of diet evaluation in aquaria swimming pools or netting enclosures in ponds were
discussed.

The effects of range of environmental factors (salinity, fluoride, potassium and
copper) and nutritional factors (dissolved amino acids) on oysters were
demonstrated. Several artificial diets and a range of algal species were evaluated.
Subsequent studies demonstrated the benefits of supplementation of algal diets
with cod liver oil containing gelatin-acacia capsules and the potential use of stored
algal concentrates as alternative foods for commercial hatcheries.
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Effects of gelatin-acacia microcapsule and algal
meal supplementation of algal diets on growth

rates of Sydney rock oyster, Saccostrea
commercialis (Iredale & Roughley), larvae

Katsuyuki Numaguchi* and John A. Nell
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Station. Salamander Bav, N.S. W. 2301. Australia
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ABSTRACT

Numaguchi. K. and Nell. J.A.. 1991. Effects of gelatin-acacia microcapsule and algai meal suppie-

memation of aieai diets on growth rates of Sydney rock oyster. Saccosirea commercialis (Iredaie &.

Roughiey i. iarvae. Aquacnliure. 94; 65-7S.

Gelaun-acacia microcapsuies were noi adequaie as a complete diet for Saccosirea commerciaii:

iarvae but were usem'i as a dieiapi' suppiemeni at a conceniraiion of 0.05 mg/1 ( 1330 microcapsuies

mi;. and reduced :tie reauirement tbr microaieae. Th? inclusion o;' cod iiver oil in the microcaosules

was tbunc 10 Droaucs bener eromh rates tnan sauid or modinec ilsh oil. both o; which coniainec

higher concentrations of the C22 : ocu3 and C20: 5fci3 t''auy acias. Algai meal. a anea exirac; of Duna-

iielta saiina (Teodoresco). fed at 0.123 mg./1 was equal to the microcapsules fed ai 0.05 mg/1 as a

dietary supplement.

INTRODUCTION

Spat production of bivalves in hatcheries has usually been dependent on
microalgae for food. Algal culture is rather expensive (Bolton, 1982 ) and not
always reliable as cultures may fail to grow. Artificial dietary supplements
and substitutes for algae would be very beneficial for spat production. The
diets should be neutrally buoyant, stable in water and cheaper to provide than
algae. Jones et al. (1974) emphasized that bivalve larvae and spat, which
ingest their food whole, require particles with a capsule wall that is impenne-
able and stable in seawater but readily broken down by a change in pH or by
the action ofdigestive enzymes. Gabbott et al. (1976) investigated the feed-
ing of microencapsulafed diets to blue mussel, Mytilus edulis (L.), and Pa-

"Present address: Ohmura Branch National Research Institute of Aquaculture, Ohmura, Naga-

saki 856,Japan.

0044-8486/91/S03.50 © 1991—Elsevier Science Publishers B.V.
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cific oyster, Crassostrea gigas (Thunberg), spat and demonstrated the impor-

tance of capsule size and digestibility.
The importance.of the essential fatty acids C22:6a>3 and C20:5&>3 for Os-

trea edulis (L.) was clearly demonstrated by Enright et al. (1986a,b). The
need for the C22: 6a)3 fatty acid in larval development was indicated by the
effectiveness of including oyster lipid extract in gelatin-acacia microcapsules
fed to oyster spat by Langdon and Waldock (1981). A comprehensive anifi-
cial diet consisting of microgel particles, lipid-walled microcapsules and ka-

olin showed promise when fed to American oyster, Crassostrea virginica

(Gmelin), spat (Langdon and Siegfried, 1984). This kind of diet, however,
tends to produce high bacterial numbers (Langdon and Bolton, 1984 ) and is
therefore less suitable for larvae. Gelatin-acacia microcapsules are a useful

artificial diet as American oyster larvae can be reared to metamorphosis on

this diet alone, although growth rates were lower than on a live microalgae

dieKChuetaL. 1987).
Adult Svdnev rock oysters. Saccostrea commerciaiis (Iredale & Roushly).

were successfully "fattened" on non-encapsulated artificial diets (Nell and

Wisely. 1983, 1984; Nell. 1985'). These diets were shown to be unsuitable for

oyster larvae. because of the high numbers of bacteria growing on the particles

in the larval reanng tanks (K. Numaguchi. personal observation. 1988 ). We

thererbre decided TO investigate the use or' gelaun-acacia microcapsules and

algai meal as a partial substitute for aigae in the diet of Sydney rock oysier

larvae.

MATERIALS AND METHODS

Gelatin-acacia microcapsules

Gelatin-acacia microcapsules were prepared using 160 bloom, beef skin
gelatin (Langdon and Waldock, 1981). The mean diameter of the microcap-
suleswas4.5± 1.1 pxa (x±s.d., n=50). The average dry weight of the micro-

capsules was estimated to be 37.6 ± 5.4 pg (x± s.d., n= 9), using a method for

the determination of the dry weight of algal cells (Epifanio, 1979). The av-
erage oil content of the microcapsules was estimated to be 81.1 ±5.4%

(jcts.d., n =5), by total lipid extraction (Bligh and Dyer, 1959).

Algal meal
The algal meal was a dried extract of Dunaliella salina (Teodoresco) sup-

plied by Betatene Ltd.; Cheltenham, Vie., Australia. It is a dry reddish brown
powder (Table 1) and is a by-product of /?-carotene production. The algal
meal was analysed for ash by heating at 550°C for 4 h, for cmde protein
(Nx 6.25) by nitrogen estimation, and for total lipid contents by ether
extraction.
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TABLE 1

Dry weight composition of algal meal

Nutrients %

Ash 72.7
Carbohydrate (calculated) 12.1
Protein (Nx 6.25) 10.3
Total lipids (ether extract) 4.9

'The algal meal was a dried extract from DunalieUa saiina.

Feeding and maintenance of oyster larvae

One-day-old D-stage Sydney rock oysters were stocked at a density of 5

larvae/ml. in lightly aerated aquaria (81) maintained at 25 ± 1 °C. Allexper-
iments were randomised with three replicates per treatment. Oceanic water

(salinity 35%o), filtered through 5- and i-.um filter cartridges was used in all

experiments. The amounts of total suspended and volatile (pamculate or-

game maner) solids> 0.7 um were 2.4 and 0.8 mg/1. respectively. Water was

changed every 48 h and all larvae were retained on a 45- um (diagonal) mesh

screen.

Excepi for experiment 5. the algae. Paviova hunen (Droop) and Isochn-sis

aff. galbana (Parke i clone T-Iso.. were used for the feeding experiments. Ai-

gal rations were composed of a 50/50 mixture i an' weight ) ofPavlova luthen

and Isochn'sis galbana. The average an'' weights of individual cells for Iso-

cnn'sn' "albana and Paviova iuiheri were deiermined 10 be 19 r 4.3 and 23 r -.;

pg (.vrs.d.. n=5). respectively, using the meihod of Epifanio ( 19'70 ), Oils

were encapsulated in gelaiin-acacia microcapsules. and cod liver oil was used

unless stated otherwise. No antioxidants were used in the preparation of the

microcapsules, although the modified fish oil (&>60 methyl ester ) contained
0.05% ethoxyquin.

The experiments were conducted over 8 days, unless stated otherwise, and

the larvae were preserved in a solution containing 0.2% buffered formalin in
seawater. The length (greatest distance parallel to the hinge) of >- 30 pre-
served larvae per aquarium was measured using a microscope and microme-

ter slide. The term. survival in the text describes the percentage of larvae

stocked which were alive at the end of the experiments. Not all larvae stocked
could be accounted for.

Experiment 1
Larvae were either not fed or fed microcapsules at 0.013, 0.025, 0.05, 0.10

or 0.15 mgl-l day"1 or algae at 0.05 or 0.25 mgl-I day ~* (Table 2). Algae

at 0.05 or 0.25 mg/1 were equivalent to a total of 2.4 xl O3 and 1.2 x 104 cells/
ml, respectively.
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Experiment 2
Larvae were either not fed or fed algae at 0.10 or 0.25 mg 1-1 day"'. The

larvae fed algae at 0.10 mg 1~' day"' received either only algae or microcap-

sules as an algal supplement at 0.013, 0.025, 0.05, 0.10 or 0.15 mg 1-' day-'

(Table 3). Algae at 0.10 mg/1 were equivalent to a total of 4.8 x 10'5 cells/ml.

Experiment 3
Larvae were either not fed or fed algae at 0.025, 0.05, 0.1.0.175, 0.25, 0.375

or 0.5 mg 1-' day" . The algal diets were either fed as above or supplemented

with microcapsules at 0.05 mg 1 day" (Fig. 1). There was an additional

treatment oflarvae fed algae at 0.0125 mg 1-1 day"' supplemented with mi-

crocapsules at 0.05 mgl-1 day-*. Algaeat 0.025, 0.05, 0.1, 0.175, 0.25, 0.375

or 0.5 mg/1 were equivalent to a total of 1.2x10-'. 2.4xl0-\ 4.8xl0-\

8.4 X103, 1.2 Xl O4, 18xl04and24xl04cells/ml.respecrively.

Exverimem 4
Larvae were either not fed or fed algae at 0.05 or 0.25 mg 1~ day" (Table

4). The low density algal diet (0.05 mg 1-1 day-' ) was either fed alone or

supplemented with microcapsuies ai 0.05 me 1~ day" . Different treaiments

received microcapsules containing one of the following oils: modified fish oil

[co60 methyl esier made from sardine oil by Nippon Chemical Feed Co Lie...

Hokkaido. Japan ): olive oil. soybean oil. corn oil. squid oil. or cod liver oil
(Table 4';.. The fanv acid composition of the oils is shown in Table 5. .- sam-

pie of 800 ml was taken from the (8 1) aquaria for length measuremenis of

larvae on day 8, and the experimem was terminaied on day 14.

Experiment 5
Larvae were either not fed or fed diets A, B, C or D (Table 6) which in-

volved various combinations of algae (Isochrysis galbana) and microcap-
sules. Samples of 800 ml were taken from the (81) aquaria on days 5, 9, 13
and 17 for length measurements of larvae, and the experiment was termi-

nated on day 21 .

Experiment 6
Larvae were either not fed or fed live algae at 0.05 or 0.25 mg 1-1 day"'.

Larvae fed live algae at 0.05 mg/1 included treatments (Table 8) with live
algae only or live algae supplemented with algal meal at 0.123 mg/1, gelatin-
acacia microcapsules at 0.05 mg/1 or both algal meal (0.123 mg/1) and gela-
tin-acacia microcapsules (0.05 mg/1).The feedinglevelofO.123 mgl-l day"1
for the algal meal was chosen, because this level was previously shown to pro-

mate the best growth rates in Sydney rock oyster larvae. Higher levels ofalgal
meal also caused problems with bacterial contamination (K. Numaguchi,
personal observation, 1988).
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Lipid analyses
Fatty acid composition was determined by a transesterification method

based on that of Welch (1977). Oil samples (50 mg) were heated in 3% meth-
anolic sulphuric acid for 75 min at 105 'C. The methyl esters so formed were
quantified using a Hewlett Packard (Avondale Pennsylvania, USA) 5890 gas
chromatograph and HP 7673A autosampler fitted with a 30 m x 0.25-mm BP 1,
non-polar capillary column (Scientific Glass Engineering Pty. Ltd., Ring-

wood. Vie., Australia). A fish oil reference sample (C.S.I.R.O. Division of

Oceanography. Hobart. Tasmania. Australia) was used to aid identification

of the fattv acid methvl esters.

Statistical analyses
Homogeneity of variance was confirmed using Cochran's test (Winer.

1971). The data were examined statistically by analysis of variance and mean
values were compared by least significant differences (Sokal and Rohlf. 1981 ).

The larval survival daia were transformed bv arcsin -\ before analvsis of

variance, because the percentages covered a wide range of values. Throughout

the text means r standard deviation (s.d. ) are used.

RESULTS

Experiment I
Growth raies oflarvae fed onlv wnh microcapsuies increase'd wiih increas-

ing (0.013-0.15 mg/1) microcapsuie concenirations (Table 2 ). Growxh raies

of the iarvae fed microcaDsules ai 0.15 mg/1 were similar to those fed ai.eae a'i

TABLE 2

The effects ofgelatin-acacia microcapsule (CAM) concentration on the growth rates of Sydney rock
oyster larvae over 8 days' (experiment 1)

Diets (mg/1) Length increase- (/zm)

Unfed control
0.013 CAM
0.025 CAM
0.05 CAM
0.10 CAM
0.15 CAM
0.05 Algae3
0.25 Algae

i3.9±i.r
14.7±1.9»

15.7 ±2.2'

17.4±2.6b

20.2±2.9bc

22.4±2.5C

23.4±1.0C

32.5±l.ld

'Values are means±s.d. Means with a common superscript do not differ significantly (P>0.05).

There were no significant dietary effects (P> 0.10) on survival rate and the average was 40 ± 7%.
^Initial average length of the 1-day-old D-stage larvae was 68.0 ± 0.2 fim.

3The algae Isochrysis galbana and Pavlova lutheri were fed on an equal dry weight basis; 0.25 mg
algae/1 was equivalent to a total of 1.2x 10 cells/ml.



138

70 K.NUMAGUCHI AND J.A. NELL

0.05 mg/1 (2.4X 103 cells/ml). Larvae fed with algae at 0.25 mg/1 (1.2x 104
cells/ml) had by far the highest growth rate. There were no significant dietary
effects (P> 0.10) on larval survival rate and the average was 40±7%
(xts.d.).

' Experiment 2

For larvae fed the low concentration (0.10 mg/I) of algae supplemented
with microcapsules, growth rates increased with microcapsule concentration

up to 0.05 mg/1 (Table 3). At this feeding rate the growth rate of the larvae
was similar to that oflarvae fed the high concentration (0.25 mg/1) ofalgae
without supplementation. The survival rates of larvae on all diets was high

(65 ±9%, x± s.d.) and although there was a significant effect (P< 0.05) of
diet type on survival, there was no clearly discernible survival pattern among

larvae fed the different diets (Table 3).

Experiment 3

The addition ofmicrocapsules at 0.05 mg/1 to algal dieis produced a signif-
icam {P< 0.001) improvement in growth rates ai all algal concenirauons (Fig.

1 '). There were no significant dietan' effects [P>Q.\O i on survival raie and

the average was 32 r: 9% i .f^s.d. ;. In this experimental system, an algal den-

shy maintained ai 0.175 mg/'l is adequaie for growing iarvae unni they are S

days old.

TABLE 3

The effects of gelatin-acacia microcapsule (GAM) supplementation of an algal diet on the growth
and survival rates of Sydney rock oyster larvae over 8 days' (experiment 2)

Diets (mg/1)

Unfed control
O.lOAlgae"
0.10Algae+0.013GAM
0.10Algae+0.025 CAM
O.lOAlgae+0.05 CAM
O.lOAlgae+O.lOGAM
0.10Algae+0.15GAM
0.25 Algae

Length increase2

(/mi)

14.8±0.7a

24.1 ±2.3"

26.1±3.2bc

27.6±2.01'cd

30.4±0.7d

28.8±0.8cd

29.3±3.3cd

30.5 ± 2.3d

Survival

(%)

64.9±7.7bc

76.1 ±4.2"

54.8 ±4.6"

68.5±4.8bc

70.6 ± 8.0cd

55.5 ±12.2"

65.8 ± 3.0bc

62.3 ± 8.7ab

Values are means ±s.d. Within columns, means with a common superscript do not differ signifi-

cantly(P>0.05).
Initial average length of the 1-day-oldD-stagelarvaewas 68.0±0.2/mi.

3For statistical analyses an arcsin x transformation was used.

The algae Isochrysis galbana and Paviova lutheri were fed on an equal dry weight basis; 0.25 mg
algae/1 was equivalent to a total of 1.2x 10" cells/ml.
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0 Aigae . M icrocaosules

0.' 0.2 0.3 0.'. &;

>-oncen; ration OT alaaeima/i

Fig. ;. Eieni-day growth responses of Sydney rock oyster lan.'ae when fed eelaun-acacia micro-

capsules i CAM I a: 0.05 me per i of aquarium water per dav wnh aleae over a range ofconcen-

irauons i expenmeni 3 ,'. Values are means rs.d. The aieae isocnr'.-sis gaihana and Paviova iuiri-

en were tea on an equal an' weighi basis: 0.25 mg algae/i was equivalent 10 a loiai of ;.2x 1C''

cells. There were no significant dietary effects (P> 0.10) on survival rate and the average was
32 ± 9%. Initial average length of the 1 -day-old D-stage larvae was 71.1 ± 0.7 fim.

Experiment 4
Supplementing an algal diet with microcapsules which contained cod liver

oil produced by far the best growth rates and a high survival rate (Table 4).
This dietary combination (0.05 mg cod liver oil GAM/1+0.05 mg algae/1)
produced significantly better (P< 0.05) growth rates after 14 days than the
larvae fed only algae at 0.25 mg/1. Squid oil was the second best oil supple-
ment but the other oils (modified fish oil, olive, soybean and corn oil) pro-
duced no significant improvement (P> 0.05) in growth rates when compared
to the 0.05-mg algae/1 treatment.

Fatty acid composition of the oils and algal meal
Modified fish oil, squid and cod liver oil contain (Table 5) large amounts

of the essential fatty acids C22-.6c.o3 (31, 16 and 9% of the total fatty acid
content in that order) and €20:50)3 (17, 14 and 10%, respectively). The
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TABLE 4

The effects of different oil supplements in gelatin-acacia microcapsules (GAM) on the growth and
survival rates of Sydney rock oyster larvae' (experiment 4)

Diets (mg/1)

Unfed control
Aigae4 only 0.05

Algae only 0.25
Algae (0.05)+GAM (0.05)

Modified fish oil
Olive oil
Sovbean oil

Corn oil
Squid oil
Cod iiver oii

8-Day length
increase"

(/mi)

18.2=2.:"

25.1=4.3"

32.5 =3.5"'

24.6= 3.4lb

25.7=4.!"

26.4=4.4bc

30.!r5.0bcd

33.-=;.4C

35.6=4.0°

14-Day

Length increase

(/mi)

24.9±2.1°

36.6= 8.0'b

51.9±14.9bc

40.9±9.3bc

42.2±8.0bc

38.7= 11.-""

45.8=6.^°'

71.i=10.8°

Survival3

(%)

22.6 ±
34.4±
45.3 ±

32.8=:
38.91.
45."r

0—

37.8=

43.3=:

.4'

.ocd

If

.obc

-ide

^

jao

»;cae

;il"

Values are means =s.d. Within columns. means with a common superscripl do not differ signifi-

cantly (P> 0.051.

-Initial average length of the ;-day-old D-stage lan'ae was 67.5=0.7 um.

'I'-OF siaiisucal analyses an arcsm .':*"• transionnanon was used.

The aleae Isocnrvsis .salbana and Panora iwnen were fed on an equal an- weiehi basis: 0.25 mg

algae/! was equivalent to a toial of 1.2x 1C'' cells/mi.

vegetable oils contain little or none of these imponanx faity acids. Corn and

sovbean oil contain large amounts of the shoner chain unsamraied fan\- acids

(C 18: 2u>6 and CIS: 1&>9). Olive oil contains largely the CIS: 1 <y9 fatty acid
(74%). The algal meal contained a large amount (45%) oftheC16:0 fatty
acid, only small amounts of the Cl 8 saturated and unsaturated fatty acids and
no longer chain fatty acids (Table 5).

Experiment 5
Diet A with the high algal concentrations (0.25, 0.5 and 1.0 mg/1) pro-

duced the best growth rate and the highest percentage of "eyed" larvae, i.e.,

larvae that are competent to metamoqihose and settle (Fig. 2, Tables 6 and

7). However, the larvae on this diet had a significantly lower (J°< 0.05) sur-
vival rate than those fed diet B with the low algal concentrations (0.05, 0.1
and 0.2 mg/I) or the low algal concentration diets supplemented with micro-
capsules (diets C and D).

Supplementation of the low algal concentration (0.05, 0.1 and 0.2 mg/1)
diets with microcapsules at 0.05 mg/1 or more significantly improved
(P< 0.05) the growth rates and promoted development of the larvae. Supple-
mentation of the low concentration algal diet with more microcapsules (diet
D) than 0.05 mg/1 (diet C) produced no further improvement in larval de-
velopment (Table 7).
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TABLE 5

Fatty acid composition

Fattv acid

C10:
C12:0
C14:0
Unknown-'

Unknown'1

C16:lu7
C16-.0

C17:0
C18:4u3
C18:2u6
C18:3u3
C18:la>9
CIS: lai"

Unknowrr

C18:0
Unknown-

C20:4<y6
C20:5u:'
C20-4u:-

Unknown''

C20:;
c:o:o
C;2:6a>3
C22:5u3
Unknown''

C22:1
Unknown8

C22:0
C24:0
C26:0

Total

(%) of oils'

Soybean
oil

9.76

54.52
6.49

20.7'

1.97

4.13

0.5:-

\J. — ^

0.3&

0.44

0.09

99.31

Corn oil

10.95

48.81
i.l4

33.08
i.47

2.24

0.46

0.4C

0.4C.

99.04

Olive oil

0.76
10.66

6.71

"^ 00

1^

.2

0.33

0. - 6

0.3^

98.57

Cod liver
oil

6.60
0.78

0.47

6.82
14.97

4.09

2.81

1.56

10.87
2.67

0.40

I.S"

0.28
0 s;^

0.70

0.92

s.—

1.15

12.02
1.36

1.36
0.78

99.77

Squid
oil

4.88

5.07

15.16
0.51

3.34

;.54
•s

i;. 19

3.54

0.45

1.88

0.76
; ^04

0.80

;5.S2

1.26

4.13

1.38
1.88
0.61
1.00

96.45

Modified
fish oil

0.30
0.24

0.69
2.65

1.38

0.85

Q.55

6.69
1.8^

0.2:

i.32

0.9S
!~.06

0.6:

30. S3
2.66

1.14

9.19

0.89
0.26
2.07
0.52

92.79

Algal
meal

10.81
2.97

0.94

1.80

4.28

45.17

0.67
^ !

i.Sl

3.64

1.03

0.9:
;.4!

0.7b

77.72

'Data expressed as percentage of total fatty acids present.

•^Unknown indicates unidentified components; other fatty acids at concentrations < 0.2% are not listed.

Experiment 6
Growth rates of larvae fed live algae at 0.05 mg/1 were significantly in-

creased {P< 0.05) when supplemented with algal meal at 0.123 mg/1, micro-
capsules at 0.05 mg/1 or algal meal and microcapsules at the rates mentioned
before (Table 8). There were no significant dietary effects (P> 0.10) on sur-
vival and the average rate was 37 ± 8% (x± s.d.).
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A Un-ted control

A 3iets ;A )
;s )

0 .. ( C )

BO

Days

Fia. 2. The effects ofdieis on the growth of Sydney TOCK oysier ian.'ae over 20 days i exDenmem

5 ). Values are means rs.d. The alga Isochrysis galbanu was fed as in Table 6.

TABLE 6

Concentrations ofalgae Isochrysis galbana and gelatin-acacia microcapsules (GAM) fed to Sydney
rock oyster larvae (Experimem 5 )

Diets Dry weight of diets (mg/1)

(A) Algae
(B)Algae
(C) Algae

CAM
(D)Algae

CAM

Days: 1-7

0.25(12.5xl03)'
0.05 (2.5 XlO3)
0.05(2.5X103)
0.05(1.3X103)
0.05(2.5X103)
0.05(1.3X103)

8-14

0.5(25X103)
0.1(5xl03)
0.1(5xl03)
0.05(1.3X103)
0.1(5X103)
0.1(2.6xl03)

15-20

1.0(50xl03)
0.2(10xl03)
0.2(10xl03)
0.05(1.3xl03)
0.2(10xl03)
0.2(5.2xl03)

'Parentheses show the number ofalgal cells or gelatin-acacia microcapsules per ml.
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TABLE 7

The effects of diet on length increase, percentage of "eyed" larvae and survival of Sydney rock oyster

lan'ae over 20 days' (experiments)

Diets

Unfed control
(A)Algae
(B)Algae
(C)Algae-GAM
(D)Algae-GAM

Length increase-1

(/un)

60.0z6.8'

203.1 ±6.6°

144.1:15.1"

187.7±5.8C

181.5±0.6C

"Eved" larvae

(%)

0
94.0=3.6"

75.0=4.4-

81.3=2.3°

81.0=3.0°

Survival
(%)

27.8±3.3-

26.8±3.6°

49.6±9.2b

45.5± 14.5°

50.5= 19.lb

'Values are means r s.d. Within each column, means with a common superscript do not differ signif-

icantly (.P>0.05).

Initial average length of 1 -day-old D-stage larvae was 70. 1 ± 0.4 um.

3For statistical analvses an arcsin x°-5 transformation was used.

TABLE S

The effects of algal meal (AM) and gelatin-acacia microcapsule (CAM ) supplemeniaiion of a live

aigai diei on the growth rates of Sydney rock oyster lan.-ae over 8 days • (Experiment 6)

Diets Ims. Lengm increase- (,um •

uniea comro:

0.05 Aigae-

0.05 Aleae-0.i23.AM

0.05 Aieae-0.05 CAM

0.05 Algae-0.123 AM-0.05 CAM

0.25 Algae

30.4= 1.6'

2S.-=3.5r

32.5^1.lc

'Values are means±s.d. Means with a common superscripts do not differ significantly (P>0.01).

There were no significant dietary effects (P>0.10) on survival rate and the average was 37± 8%.
initial average length of the 1 -day-old D-stage lar/ae was 68.2 ± 0.4 fim.

The algae Isochrysis galbana and Pavlova lutheri were fed on an equal dry weight basis; 0.25 mg
algae/1 was equivalent to a total of 1.2x 10 ceils/ml.

DISCUSSION

Gelatia-acacia microcapsules which contained cod liver oil were a. most

effective supplement for algal diets fed to Sydney rock oyster larvae. In the
present study the optimum concentration (Table 2) for microeapsules as the
sole dietary component is 0.10-0.15 mg/1 (2660-3990 microcapsules/ml),
which is considerably more than the 500 microcapsules/ml recommended by
Chu et al. (1982). The optimum concentration (Table 3) for microcapsules
as a supplement to algal diets was found to be 0.05 mg/1 (1330 microcap-
sules/ml). When supplementation was provided at 0.05 mg/1, over a range
of algal concentrations from 0.0125 to 0.5 mg/1 (600-24 100 celk/ml),
growth rates at all algal concentrations were increased (Fig. 1 ).
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Although microcapsules were shown to be an excellent dietary supplement

or partial substitute for algae, growth rates of larvae fed only microcapsules

were less than that for larvae fed only algae (Table 2). The microcapsules
used in this study contained 81 % oil, the remainder was gelatin (protein ) and
acacia (carbohydrate). The optimum level of dietary protein for juvenile
American oysters C virginica was found to be 21% (Flaak and Epifanio,
1978), which is considerably more than that provided by the gelatin in the
microcapsules. Gelatin has a rather unusual amino acid composition (Lent-

ncr, 1981) and is possibly not as good a source of protein for the larvae as

algae,

Of all oils tested, cod liver oil produced the highest growth rates (Table 4) .
although the squid and modified fish oil had much higher concentrations of
two important (Langdon and Waldock. 1981: Enrishi st al.. l986a.b ! long

chain unsamrated fattv acids ( C22: 6&>3 and C20 : 5ai3). This implies that the

conceniraiions of these TWO very important essential fany acids in cod liver

oil were adequate for optimum larval development. The amount of C22: 6&»3

fatty acid in the modified fish oil was 38% according to ihe supplier, but on
analysis ii was found 10 be only 31%. so ii is possible thai some oxidauon may

have occurred, although the oil contained 0.05% ethoxvQuin. Oxidaiion of

some of the unsaiuraied fattv acids ma\' have reduced tne food value of the

modified fish oil. The io\v srowih raies on the veseiabie oils were in accord-

ance with the findings by Trider and Casiei; •; 1980 i. who aiso compared the

food value of different oils (not encapsulated). Tnder and Casiell i 1980 :.

found cod liver oil 10 be better than corn and hydrogenaxed coconut oil for

adult American oysters. Although the relatively high essential fatty acid con-
tent of the cod liver oil is likely to have enhanced larval growth raies, this oil
may also be an important energy source for oyster larvae.

The use of gelatin-acacia microcapsules containing cod liver oil in combi-

nation with a low input of algae (0.05, 0.1 and 0.2 mg/1) significantly
(P< 0.05) increased the percentage of "eyed" larvae (i.e., larvae that are

competent to metamorphose and settle ) compared to the low concentration

algal diet without supplementation (Table 7); however, the growth rates of
even the larvae fed algae at a high rate (Table 7), would not have been ac-
ceptable in commercial hatcheries where a length increase of 240 JJLTQ. (total
length 310 /mi) would be expected by day 20 for Sydney rock oyster larvae.
The slower growth rates in this study may have been caused by the small size
of the aquaria (81) and/or by a less than optimum food concentration. Com-
mercial hatcheries try to maintain the optimum concentration by feeding sev-

eral times a day, whereas in this study, for logistical reasons, larvae were only

fed once a day. Higher growth rates may have been produced by the micro-

capsule-supplemented diets C and D, if higher algal feeding rates had been
used or if the larvae had been fed more frequently.

This study shows that microcapsules may be used successfully as a partial
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substitute for algae in oyster hatcheries. This would appear to be preferable
to using them as an alternative diet (Chu et al., 1987). Algal meal fed at 0.123
mg/1 could be an alternative dietary supplement to microcapsules fed at 0.05
mg/1. The above level of algal meal would have supplied rather insignificant
levels of protein and total lipids (12.7 and 6.0 ;ug/l, respectively). It appears
unlikely, therefore, that the growth promotion of the algal meal was due to its

macronutrient content, but more likely due to some unidentified trace nu-

trient. This could not have been the C20:5&>3 and C22:6&»3 essential fatty
acids (Enright et al., 1986a,b), because the algal meal did not contain any of
these fatty acids (Table 5).

Recently gelatin-acacia microcapsules were used successfully in our labo-

ratory to supplement the algae Dunaliella tertiolecia for the rearing of Sydney
rock oyster larvae in two (2000 1) Tanks (J.E. Holliday. personal communi-

cation. 1988 ). This was done out of necessity as the laboratory was experi-

eiicing some aigai produciion problems. D. teniolecia is a good algal supple-

ment but a poor complete did (J.A. Nell. unpublished data. 1988) for Sydney
rock oysier larvae. This finding was supported by Walne (1970). who re-

Don.ed.thai D. lenioiecia fed alone is not a sood diei for bivalve iarvae. Growth

rates of Pacific oyster spat. however, were greatly improved when D. leni-

oiecia was suppiememed with encapsulated 22: 6cy3 fany acid (Langdon and

Waldock. i 98; i. Although microcapsuies appeared ro be unsuitable as an al-
ternauve diet for Svdney rock ovsier larvae. mev proved 10 be a ver\- usefui

partial substitute or supplemem for live algal diets.
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A comparison of commercEal
diets for Leader prawns
(Penaeus monodon]

eed bills can constitute uu to
60% of operating costs for
Australian prawn farms de-

Feed bills can constitute up 1:0
60% of operating costs for Australian
prawn farms depending on feed rates
and feed price. Naturally enough
then. farmers wish to make sure thev

get maximum benefit from their feed
dollar. However, faced with a choice of

iniDortec and Australian feeds, i: is

difficult to evaluate theu- comuarauve

performance, as production results

from similarly managed ponds tend to
van,' greatlv. In 1988, four research -

ers * comuared a range of P. m.on.odon

feeds under pond conditions and

found thai the Australian dieis were

consisieniiv less effective thar-

eauivaleni Taiwanese dieis. The

present trial, which hac u. be con -

dueled in aquaria, was undertaken to

see if this situation had imuroved.
During June, 1990 four pelleted

grower diets for leader prawns were
compared in 40 litre aerated aquaria
(five tanks per diet, each containing
eight juvenile prawns, average weight
6.30-6.95 g per prawn). Three of the
diets were imported feeds (a Thai diet
CP. Taiwanese Fong Leng and Tai-
wanese President) and were obtained
from Australian farmers. These diets
were, according to bag labels, pro-
duced around the same time (Febru-
aiy-March. 1990). The other diet was

Australian (Aquafeed) and was dis-
patched by the feed company in laie
May. The prawns were fed twice daily
to slight excess and water quality in
the recirculating systems used was
adequate (temperature 26.7°C, salln-

Hy 30.4 ppt, pH 7.6-7.9 and negligible
ammonia and nia-ii.e).

The growth, survival and physical
sLabilin- daia are summarised m the

labie. Siausacai analyses mdicaied

some clear differences between feeds.

with CP and Fong Leng supporting
considerably larger weight gains than
President- ana Aauafeed. However.

there were no significant differences

berween CP and. Fonfi Lenc o- Presi-

den', and Aquafeed. Prawns fed with

CP did sumv" better thar. those tea

Ui& other diets. All diets were ven'

water siaoie m i-ne aosence 01 orawTis

out tne use 01 a recircuiaune svsiem.

in which waier is reused after passing
through a physical filter and a biofil-
ter, indicated how wasteful prawns
are with artificial feeds.

The growth rates obtained were
quite reasonable for aquarium trials
especially as an electrical problem
caused depressed water tempera-

tures for the last week of this four
week trial. However, it should be
noted that aquarium trials pose a
severe test for a diet as fhe prawns do
not have access to natural feed, as ta
ponds, which could help make up for

Performance of juvenile Penaeus monodon on a range of commercial feeds.*

Brand

CP

Pong Leng

President
Enterprises

luafecd

Feed

4005 "
Grower 2

Grower

Grower

Grower

Origin

Thailand

Taiwan

Taiwan

Australia

Price
(A$ tonne)
ex - Brisb.

1485-
1575

1450

1380
-1460

1350

Av. Weight
Gain

(g/prawn)

2.80 a

2.81a

2.03b

1.85b

Survival
(%)

100

90

83

85

Feed Stability
(% loss)*"

13.0a

ll.Sa

8.4b

13.4a

Average values, within a column. which do not share a common letter (a.bl are slgnlficanUy different,

Thta is a high performance grower for 6-20g prawns stocked at > 20 prawns per square melre. Price varies with quantity.

% loss of dry matter for pellets held on a gcntty aiTatcd sicvc foT 5 hours tn the absence of prawns.

any nutritional inadequacies. The
differences m survival rates may not
have been repeated under pond con-

ditions . The densirv used in the trial
(about 50 prawns per square metre)
was also very high. The salinitv was
higher than is used in mosr commer-
cial ponds buz other aquarium trials
showed that salmitv (15-30%) did not
affecr growth rates of juvenile P. mon-

odon.

Given the above cauuonan' com-

ments. wha-i. can be concluded from

the trial?
It is noteworthv that the Austra-

lian feed (Aauafeed). which was de-
signed to be as good as President feed,

sausfiec uns goal. This reuresenis E.

grea: imorovernen; over the earlier

mais. However. Presideni. a wideiv

used prawn feed. did nor prove w be

as &ood as Fong Leng. again conlirm-

ins an earuer conclusion thai Tas-

wanese dieis dtffe- m uen'ormance

aeuendine OR brana. CP anc Fone

Len£ born raied highiv.

1 wouja urge Ausu-alian rarmers tc

conunue 10 maKe ourcnases oi Au&-

u-alian ieeas This mal invoivea onn.'

one loca^ aie;. --Yisc. r wouis nor oe ir;

rhe interest o: inausu->- ic reiv iioialiv

on unponec leeas. Ausu-alian Drawr.

farmers need to foster the develoo-

ment of a local feed indusm' which is
responsive to their needs. Further-

more. the results apply only to the
batches tested and further improve-
ment in local diets can be expected in
the future. Nevertheless, based on

this trial there is still a place for
imported feeds in the Australian
market even though they may be
more expensive and not 'as fresh' as

locally manufactured feeds. What are
needed now are more observations

from pond trials.

This magazine article has been prepared
prior to the completion of chemical analyses
andJurther data onaiyses because ofthe inter-
est the trial created among Janners and feed
suppliers. A more comprehensive scientific
report should be published later.

Greg B. Maguire
Senior Lecturer

National Key Centre for Teaching
and Research tn Aquaculture

P.O. BOX 1214,
LAUNCESTON TAS 7250

* Magulre. G.B., Allan, G.L., Balgent. R. and

Frances, J.. 1988. Evaluation of the sulta-

bllltv of some Australian and Taiwanese diets
fed to leader prawns (Penaeus monodon) in
ponds.
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Issues associated with the evaluation of commercial prawn farming diets
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National Key Centre for Teaching and Hesearch in Aquaculture, University of

Tasmania at Launceston, PO Box 1214, Launceston, Tas, 7250 (Australia)

ABSTRACT

Maguire, G. B., 1991. Issues associated with the evaluation of commercial prawn

farming diets. In: G. L Allan and W. Dall (Editors), Proc. Aquaculture

Nutrition Workshop, (ANW), Saiamander Bay, 15-17 April 1991, ANW,

Salamander Bay, Australia, pp. 00.

Comparisons of artificial feeds, conducted with appropriate replication and

statistical analyses, provide useful information for pond managers attempting to

optimise their supplementary feeding strategies in ponds. The experimental

systems which can be used to evaluate prawn feeds are discussed and it is

suggested that aquaria and pens within ponds are useful systems for developing

new feeds and evaluating existing feeds respectively.

INTRODUCTION

Pond managers usually have to choose from a range of commercially-available,

artificial diets, with the aim of maximising the cost effectiveness of their
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supplementary feeding strategies. Given the large scale of commercial ponds and

the inherent variability in results from individual ponds (Wee, 1989), they are rarely

in a position to evaluate conclusively alternate brands of feed. The need for

comparative feed trials of commercial diets has been recognised in agricultural

industries (Batterham et al., 1988).

The evaluation of feeds is complicated by the fact that ingredient profiles are

usually proprietary information and that diet performance as assessed by feed trials

is only one of the factors that influence pond managers along with costs, reliability

of supply, credit arrangements, extension services provided by feed companies,

information from other users, proposed stocking densities and natural food levels

in ponds. An adverse result for a particular brand in a feed trial may evoke a very

strong reaction from the supplier of that feed (Maguire, 1990.b). However, given

the commercial sensitivity of the work, researchers must give due consideration to

the impact on their scientific reputation, particularly if the work cannot be

conducted in a way that limits avenues for criticism.

The aim of this paper is to consider the factors which may enhance or detract from

the goal of useful and objective research and is based on comparisons of

commercial diets for Penaeus monodon conducted by the author during recent

years (Maguire et al., 1988; Maguire and Allan, 1989; Maguire, 1990a; Maguire,

unpublished data, 1991).
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Experimental systems

A variety of systems can be used for comparisons of pond management and

feeding strategies (Maguire and Allan, 1985). Four major systems have been used

for comparing prawn diets. These are aquaria (New, 1976; Maguire, 1990a),

netting enclosures within ponds (Maguire et al., 1988; A. Lawrence, personal

communication, 1987), model ponds (Maguire and Allan, 1989; Freeman and

Duerr, 1991) and larger ponds e.g., 0.1 - 0.2 ha (Elam and Green, 1974).

The 'ideal' system allows for cost-effective replication, elimination of confounding

variables other than diet type, and applicability of results to commercial ponds. In

general, farmers would prefer results obtained from replicated larger ponds but

these facilities are not readily available, produce variable results and are very

labour intensive. Model ponds provide results which seem applicable to larger

ponds but are again very labour intensive (Allan and Maguire, 1988). Netting

enclosures (1-3 m2 pens) allow for the establishment of pond fauna and are only

labour intensive for establishment and harvesting but not for operational aspects

other than physical maintenance of the netting pens. All of these systems will yield

results which are sensitive to pond characteristics especially pond productivity.

Aquaria also allow generous replication and are usually temperature controlled.

However, they are not usually considered to contain significant natural food levels

and may be prone to poor water quality. Growth rates may be lower in static

aquaria receiving periodic water exchange, than in flow through systems (Allan and

Maguire, in press). The use of recirculating systems for aquarium trials should
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minimise variation among replicates and, in the author's most recent feed trial with

commercial diets at the National Key Centre for Teaching and Research in

Aquaculture, nested analysis of variance, based on results with individually tagged

prawns, indicated that differences among replicates were not a significant source of

variation (P> 0.05). The relative absence of environmental fluctuations and natural

food items in aquarium systems does make application of the results to commercial

ponds more tenuous and performance indices such as food conversion ratio

should be interpreted with caution (Maguire, 1990b). However, they do overcome

the concern that the results are only applicable to the specific ponds used for pen

trials, indeed it has been argued that research workers should use aquaria and let

pond managers apply the data to specific ponds, based on prior experience with

their production systems.

On balance, aquarium systems are probably most appropriate for development

trials with commercial rations, while replicated trials conducted under pond

conditions are preferable for comparisons of different brands of commercial feeds,

particularly if the data are to be used directly by farmers. It is quite possible that,

with appropriate assistance on data analysis, pond managers could use simple

experimental systems such as pens to validate cost effectively the results of

aquarium trials for their own ponds.

Sourcing of diets and experimental animals

Commercial feed trials create a dilemma in that to obtain feeds of the same

manufacturing date and to minimise storage time before the research worker
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receives the feed, the diets should be obtained directly from the feed

manufacturers. The Australian prawn farming industry still relies heavily on

imported feeds and hence direct liaison with feed manufacturers overseas would

be necessary. As the results of comparative feed trials can greatly influence feed

purchases, the risk of obtaining an unrepresentative feed sample from a company

should be considered seriously. A trial based on feed samples of the same age,

held under the same ideal storage conditions, will address the question of which

product at point of manufacture is the best under the conditions provided for the

experiment i.e., under pond aquarium conditions. This is not necessarily the

question most farmers would be interested in as they usually wish to know which

diet will perform most cost effectively, not at the point of manufacture, but as

commercially available within Australia and after being stored under farm

conditions. Trials conducted by the author (Maguire et al., 1988; Maguire, 1990a)

reflect the latter approach, although where possible the imported diets have been

of similar age (Maguire, 1990b). However, a major limitation is that if diets are not

obtained from manufacturers but from individual farmers, there can be differences

in storage conditions prior to the research worker receiving the diets and this could

confound the feed trial. Of these two somewhat imperfect approaches, the latter

seems to be the more appropriate, especially if the data are to be made available

to farmers.

Ideally the animals used in a feed trial should be obtained from the wild or from

aquacultural facilities where the stock results from several spawners so that a small

gene pool is avoided. As far as possible the stock should be disease free as this

factor may have depressed growth rates in feed trials (Freeman and Duerr, 1991).
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Frequency of trials

One legitimate concern is that a single feed trial provides results which are

applicable to the particular batch tested and may not reflect the average

performance of sequential batches of feed for a given brand (Evans, 1990). As

feed trials require substantial resources it is generally not possible to conduct

numerous trials before reaching a conclusion, unless the work is externally funded

e.g., by feed companies. It is unlikely that a competitive research grant could be

obtained for commercial diet testing. Another factor is the need for rapid feedback

to farmers so that the information relates to current formulations. The onus is on

feed companies to regularly conduct or contract out feed trials so that, as part of a

general quality control program, diet testing is conducted prior to the commercial

release of feed resulting from a major change in formulation strategy.

Statistical techniques

An experiment may lead to a conclusion that there is no significant difference

between two diets (P> 0.05). The choice of the 0.05 critical level as opposed to a

0.10 value will influence the likelihood of 'finding' significant differences. Similarly, if

analysis of variance (ANOVA) indicates a significant effect due to diet type for a

group of diets, the subsequent choice of multiple comparison technique for

comparing average results for pairs of diets will be influential. A conservative

technique such as Tukey's Honestly Significant Difference Test' will often result in

fewer significant differences for the same data set than less conser/ative

techniques such as 'Fisher's Least Significant Difference Test' (Klockars and Sax,
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1986). A useful approach is to conduct a power analysis (Cohen, 1988) so that a

'no significant difference' result can be further examined to give an estimate of the

power of the experiment i.e., 1-p, where p is the probability of falsely accepting an

incorrect null hypnoses (Type II error) i.e., reaching a conclusion of no significant

difference when a genuine difference existed. Ideally, there should be sufficient

replication to give a power value of 0.8 for a specified minimum effect of diet type.

Power analyses have been used in Australian aquacultural nutrition research (Wee

et al., in press). A minimum size of effect is important because industry may not

be interested in minor growth differences even though these can be detected with

very generous replication. In general, emphasis should be placed on the

assumptions inherent in the statistical techniques used and on evaluation of the

appropriate level of replication (Underwood, 1981, 1990). One of the assumptions

for ANOVA is homogeneity of variance but variation among replicates may depend

on the quality of the diet used for those replicates (Freeman and Duerr, 1991).

Analysis of covariance may also be a useful approach, particularly for pond trials,

as it allows the influence of other variables that differ between replicates to be

examined e.g., natural food levels or survival rates (Maguire et al., 1988).

Most of the feed trials discussed or referred to in this paper have involved a group

of diets compared under the same conditions, with the effect of diet type being

analysed by one-way ANOVA. It should be emphasised that this is a much more

robust approach than a series of individual t-tests as a much better estimate of

random variation is obtained using ANOVA and the probability of a Type I error is

reduced (falsely rejecting a true null hypothesis i.e., concluding that there is a
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significant difference when there is not). However, instead of relying on one-way

ANOVA, factorial experiments could be conducted so that diet type is examined in

combination with other relevant variables, e.g., temperature, salinity (Shiau et al.,

1991) or perhaps more importantly, feed rate. Factorial experiments have inherent

statistical power and also allow examination of interactions between the two or

more factors being studied. In the most recent feed trial conducted by the author,

there was a significant interaction (P< 0.05) between diet type and feeding strategy

(i.e., daily feed input in contrast to only feeding on three days out of every four

days; see Courtney, 1989). Relative growth responses to different fish diets may

be influenced by feeding strategy {ad libitum in contrast to restricted daily inputs of

feed; Lovell, in press). In feed trials by the author, ad libitum feed strategies have

generally been used as these probably reflect the most common commercial

practice.

Histologicat analyses of prawns may also be a useful initiative (Vogt et al., 1985) as,

in the above prawn experiment, both feed type and feeding strategy influenced

hepatopanceas structure. Feed trials, particularly in aquaria, are often restricted to

relatively short periods (3-6 weeks) and histological changes could be indicators of

longer term trends.

Impact of feed trials

The purpose of commercial feed trials is to provide relative performance data to

help pond managers improve the cost effectiveness of their supplementary feeding

practices and to provide information for feed companies and their agents so that
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diets can be redesigned where necessary. Feed trials conducted by the author

have influenced farm management decisions at Australian prawn farms. There are,

however, some genuine concerns about the impact of such trials. Adverse results

may inhibit the development of the much needed Australian aquacultural feeds

industry (Evans, 1990) and reduce the number of brands marketed in Australia,

thereby reducing future options for pond managers. From the point of view of the

research worker the value of this type of research, in relation to other possible uses

of research resources, must be weighed against potential damage to scientific

reputation given that it is probably impossible to eliminate potential confounding

factors such as feed storage differences or unrepresentative samples of

commercial feeds.

Given the difficulties of funding this type of work and the unwelcome controversy it

generates, it is likely that the publications may only be available for data based on

developmental work for diets. Increasingly, the trend is for evaluation of

commercially-available, agricultural diets to be done on a contract basis with

companies having the right to suppress unfavourable information. Some

companies will publicise the results of trials which indicate that their diets perform

well (Subramanyam, 1991). However, pond managers should consider doing their

own trials either individually of collectively.

The results of feed trials may also be of value in a research sense as nutrient

analysis data may correlate with growth data and suggest future directions for

more detailed research with experimental diets (Ako and Dominy, 1987; Maguire et

al., 1988). However, unless a large number of diets are compared, the multiplicity
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of nutritional variables inherent in the design of a diet may make the link between

growth results and diet composition difficult to establish. As the ingredient profiles

are usually proprietary information, it is even more difficult for the research to

interpret growth and other performance data in relation to specific nutrients or

ingredients.
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