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SUMMARY

GROWTH AND SURVIVAL OF Penaeus monodon (Fab.) LARVAE AND
POSTLARVAE ON NATURAL AND ARTIFICIAL DIETS.

Larval development of Penaeus monodon from protozoea (PZ1)
to postlarval stages is described on natural and commercially
avallable artificial larval diets under controlled laboratory
feed trials.

Five species of 1live microalgae (Tetraselmis chuii,
Chaetoceros calcitrans, Skeletonema costatum, Rhodomonas
baltica and Pavlova lutherl) were evaluated 1in feed trials at
seven (5-60 cells ul ) cell concentrations with protozoeal
larval stages. Performance of five animal diets (rotifers,
Mytilus eggs, Artemia nauplii, barnacle nauplii and crab eggs)
were examined 1in feed trials from Mysis (M1l) to postlarvae
(PL1) . Best results for protozoeal stages were obtalned on a
comblnation diet T. chuii + R. baltica at 40 cells ul , while
results from mysis to postlarvae were best achieved on Artemia
nauplii. Natural feeds are expensive, difficult to maintain in
mass culture and often vary 1n nutritional value.

Larval performance on ten leading brands of artificial
larval diet marketed using different process technologies were
evaluated 1n replicated feed trials, together with factors
causing variability in larval growth and survival  of

P. monodon. It was found that nutrient leach 1loss from
unstable artificial feeds 1in culture conditions 1increases
levels of ammonia and nitrite beyond safe 1l1limits. Live

microalgal species at 1000 cells ul added to culture water
reduces these toxic levels. The role of microalgae in larval
culture 1s also examined.

To further 1improve 1larval growth and survival on
artificial diets, proteins from different sources, 1lipid,
vitamin and mineral levels were incorporated 1n
microencapsulated feeds. As a result 1mprovement 1in larval
development to postlarval stage was achleved with feeds
containing 60% soya + mussel protein, 5% 1lipid and 13.9%
vitamin and mineral mix. Algal homogenates supplemented to
encapsulated feeds produced 1larval growth and survival
comparable to live feed controls.

P. monodon larvae were grown to the juvenile prawn stage
solely on Frippak feeds. Larval growth was comparable to
growth achieved on live feed controls.

This study forms a basis for further investigations into
nutritional requirements of penaeid prawns.



CONTENTS

GENERAL INTRODUCTION

SECTION ONE °:
P. monodon
foods.

survival of
stages on live

Growth and
larval

INTRODUCTION

MATERIALS AND METHODS

RESULTS :

Growth and survival of P.monodon larvae
(PZ1-PZ3/M1) on microalgal feeds.

Growth and survival of P.monodon 1larvae
(M1-PLl) on zooplankton.

DISCUSSION

Growth and survival of
stages on artificial

SECTION TWO :
P. monodon larval
diets.

INTRODUCTION

MATERIALS AND METHODS

RESULTS :

Dietary composition of feeds.
Artificial diets as total replacement.

Artificial larval feed trial with
microalgae as cofeed.

Leach loss of dietary solubles.

Production of Ionised, Unionised ammonia

and nitrite in feed trials.

Stability of artificial diets.
Bacterial production
Feed efficiency.

DISCUSSION

- %

Page No.

12

13
16
21

21

27
29

38

39
42
46
46
46

47
50

50
52

52
53

55



SECTION THREE :
feed trials.

Role of microalgae 1in

INTRODUCTION

MATERIALS AND METHODS

RESULTS :

Ammonia production from artificial diets.
Assimllation of ammonia by algae.
Assimilation of nitrite by algae.

Algae as a chemoattractant.

DISCUSSION

SECTION FOUR : Effect of diet composition
on P.monodon larvae.

INTRODUCTION

MATERIALS AND METHODS

Feed trial procedure.

RESULTS :

Larval growth and survival on different
proteln sources.

lipid

survival on

Larval growth and

levels.

Effect of vitamins and trace minerals on
larval growth and survival.

Frozen and homogenised algae as supplement
to encapsulated diet.

DISCUSSION

*®

L B

* e

LR

Page no.

59

60
63
66
66
66
69
72
74

80

81
85
86
88

88

90

92

95
97



6.

9.

SECTION FIVE : Growth and survival of

P. monodon nursery and juvenile prawns on
artificial diets,

INTRODUCTION

MATERIALS AND METHODS
RESULTS :

Protozoea to juvenile on artificial diet.

Response o0of nursery stage prawns on
commercially available artificial diets.
DISCUSSION

GENERAL DISCUSSION

REFERENCES

APPENDIX

Page no.

104

105
107
109
109

111

115

119

126

166



GENERAL INTRODUCTION



INTRODUCTION

An 1ntensification of the effort devoted to prawn farming
worldwide produced 565,000 metric tons (live weight) in 1989,
which was 26% of the total prawns harvested from the world
oceans (2.2 million metric tons). These farm cultured prawns
fetched 6 billion dollars at retail prices (Rosenberry, 1988;
1989). Whilst the demand for fish and shellfish continues to
grow at a rapid rate, predicted by FAO to be 130 million metric
tons by early next century, the traditional fishery resources
from the world oceans fast approach the predicted maximum
sustainable yield levels of 90 million metric tons (FAO 1982),
any further exploitation of these resources by using modern
fishery techniques would merely accelerate further depletion
resulting 1n decreased commerclal yields. Hence agquaculture is
perhaps the only way to redress the 1mbalance between supply
and demand. Although aquaculture will by no means replace
traditional fisheries, 1t provides a means to augment natural
productivity.

Prawn culture 1n recent years has evolved 1into a new
industry and has attracted considerable interest worldwide .
Currently there are in over forty countries 31,000 prawn farms,
these are supported by 3,500 hatcheries and 765,000 hectares of
pond production (Rosenberry, 1988). Production 1s centred
around South and Central America and Asia, with Ecuador as the
major producer (70,000 metric tons) 1n the former region, and
Taiwan, China, Indonesia, Philippines, India and Thailand as

the main Asian contributors (300,000 metric tons, Rosenberry,



1988) . Since prawns fetch high prices in the world
(U.S. $10. kg'l) there 1s often a strong desire 1in many
developling countries to rapidly develop ponds and cultivate
prawns 1n captivity. Often 1initially profitable ventures
become economically marginal due to lack of scientific
knowledge. The success of prawn farming depends on the
avallability of essential inputs such as viable seed stocks,
nutritionally balanced and readily available diet and proper

management.

Prawn farms essentilially require dependable post 1larval
stocks either from the wild or from prawn hatcheries.
Avallability of penaeid prawn larvae for stocking in growout
ponds from natural breeding grounds in the creeks is seasonal.
Juvenliles collected from the breeding grounds are often mixed
with many unwanted pests and separating the desired species of
penaeids from each other becomes a cumbersome and time
consuming task. Further, the supply of post larvae from the
wild can be extremely unpredictable, depending on environmental
factors (Jones, 1988). On the other hand hatchery produced
seed stock are selective and can be made available on
year-round basis 1in substantial quantities for extensive,
semi-intensive or intensive prawn farming. To keep pace with
the demand for seed prawn hatchery construction has increased
dramatically since 1975 with the result that there are now
estimated to be some 1500 hatcheries 1in Taiwan, 1000 1in
Thailand, 400 in the Philippines, 300 in China, a 100 1in
Ecuador and 90 in Indonesia (Rosenberry, 1988). - Production of

post larvae in Ecuador alone produced 3-4 billion post larvae



in 1987 which ultimately produced 70,000 metric tons of
marketable prawns (Rosenberry, 1988). Despite this 1larval
production level Ecuador still cannot supply prawn farm post
larvae requirements from hatcheries, and continues to depend
upon wilild seed for stocking of prawn farms (Wickins, 1986;
Sandifer, 1988). In a number of countries in South-east Asia,
Central and South America hatchery capacity is being increased
to augment shortage of post larvae (Wickins, 1986). The full
production potential of hatcheries depends not only on larval
survival and nutrition, but also on disease and water quality.
The lack of essential nutrients can result 1in specific
deficiency diseases as well as general mortality and
retardation of growth (Kanazawa et al., 1982). Larval
nutrition 1is therefore one of the most important factors

affecting larval development of penaeid prawns (Yufera et al.,

1984).

Various aspects of the dietary requirements of penaeid
species have been studied. New (1976, 1980) presented an
extensive bibliography of research directed towards
understanding the basic nutritional requirements of penaeids.
Much of the work reviewed 1is <concerned with defining
nutritional requirements with the aim of preparing a formulated
feed high 1in nutritional value but at a relatively low cost.
Many of the dietary requirements for adult penaeids are known
(Kanazawa et al., 1970, 1971; Kitabayashi et al., 1971;
Deshimaru and Shigqueno, 1972; Kittaka, 1976; Forster, 1976;

Wickins, 1982). The influence of dietary protein and energy

levels on growth of penaeid prawns have been studied by Andrew



et al., 1972; Sedgwick, 1979; Teshima et al., 1986; and the
utilization of carbohydrates by penaeids in the form of
polysaccharides by Sick and Andrews 1973; Alva and Pascul 1987.
Fisher (1960) reviewed requirements of trace elements, vitamins
and minerals of crustaceans. By supplementing vitamins and
minerals in the diet of P. merguiﬁ)sis Sedgwick (1980) showed
improvement 1n the growth rates of the prawn. Despite the
recent advances 1n understanding adult and 3juvenile prawn
nutrition, much less emphasis has been given to determining
speclific metabolic requirements essential for penaeid larval
growth. This has been limited to a few studies on 1lipid
biosynthesis (Jones et al., 1976, 1979b, Kanazawa et al.,
1985), energy budgets (Emmerson, 1980, 1984; Yufera et al.,
1984; Kurmaly et al., 1989b) and digestive enzyme (MacDonald et
al., 1989).

Currently, most prawn hatcheries rely on live foods such

Artemia and

as microalgae (diatoms, flagellates), rotifers,
other planktonic crustaceans as feed sources (Bardach et al.,
1972; Liao, 1983; Langdon et al., 1985). Acquisition and
culture of 1live food on a commerclial scale 1s frequently
difficult to control, both seasonally and regionally, and
costly in terms of space and manpower utilization. Also out
door algal cultures, which are conventionally wused 1n
hatcheries, rapidly lead to collapse of the culture or are
taken over by other species better adapted to prevailing
outdoor conditions (James et al., 1988). This has often been

considered to be the most serious impediment to the development

of commercial aquaculture to its fullest potential (Bardach et



al., 1972; Kanazawa et al.,1977a; Scott and Middleton, 1979;

Langdon and Waldock, 1981; Watanabe et al., 1983; Scura, 1984;
Lel and Su, 1985). Algal monoculture for penaeid planktonic,
suspension feeding 1larval stages are often difficult (Liao
1983), expensive to maintain (Helm and Laing, 1981; Fox, 1983)
and unreliable in supply and nutritional value (Persoone and
Claus, 1980; Langdon et al., 1985; McConaugha, 1985).

The penaeld 1larva changes from a herbivorous to an
omnivorous mode of feeding during metamorphosis. Although
several species of small motile animals could serve as food for
penaelid larval stages (Watanabe et al., 1983; McConaugha, 1985)
Artemia nauplii and the rotifer Brachionus are the only prey
organisms avallable commercially for late protozoea, early
mysis and post larval stages (Hudinaga and Kittaka, 1967; Cook
and Murphy, 1969; Shigueno, 1975; Lumare et al., 1978; Liao et
al., 1983; Sorgeloos et al., 1983; Yufera et al., 1984). Use
of rotifers is restricted in hatcheries due to difficulties in
mass culture (Schluter et al., 1987; Snell et al., 1987).

Artemia are expensive (U.S. $ 70 Kg"l) and there 1is
concern over availability and nutritional variability between
strains (Wickins, 1972; Watanabe et al., 1980, 1983;
McConaugha, 1985; Leger et al., 1985, 1986), however they are
preferred over other prey organisms as Artemia cysts constitute
the most practical food (Sorgeloos, 1980). Introduction of
live feeds also provides a source of pollution (Bookhout and
Costlow, 1970; Mock et al.,1980a) and of parasitic 1invasion 1n
the culture system (Spotte, 1971). Contaminated Artemia cysts

can also introduce pathogens into the hatchery (Scura et al.,



1984) . Accumulation of ammonia and nitrites excreted by prawn
and live crustacean prey organisms in prawn hatcheries also
have detrimental effects on larvae, juvenile and adult prawns
1n closed culture systems (Wickins, 1976; Mevel and Chamroux,
1981; Chen et al., 1986; Chen and Chin, 1988; Jones et al.,
1989) . Therefore, exclusive use of 1live foods in a prawn
hatchery and growout nursery ponds 1s not always desirable.

In order to obtain predictable production of high quality
hatchery reared penaeid post larvae, feeding regimes must be
improved (Wilkenfeld et al., 1981; Quinitio et al., 1983; Kuban
et al., 1985). Hence pressure to develop artificially produced
diets to replace cultured live food organisms has intensified
in the recent years, to alleviate many of the problems
currently 1limiting hatchery production. These 1inert feeds
should be readily acceptable (Moller et al., 1979; Ache, 1983),
neutrally buoyant (Meyers, 1971) right size range (Jones et
al., 1974; Clark et al., 1986), water stable (Jones et al.,
1979b). Their use will simplify hatchery design and capital
cost requirement, thereby facilitating small scale hatchery

development.

Various types of natural products and artificial
particulates have also been used for larval rearing (table 1).
Natural products are processed or prepared elther by spray
drying or freeze drying microalgae, yeast and shellfish
crumbles (Sick and Beaty, 1975; Mural and Andrews, 1978; Mock
et al., 1980b) but have had limited success 1n hatcheries due
to cell 1lysis with subsequent bacterial fouling of larvae

culture mediunmn. Teshima and Kanazawa (1983) report that



P. japonicus larvae grow better on freeze-dried microgel food
particles which were prepared simply by mixing dietary
ingredient together with a gelling agent to encapsulate organic
solvent e.g. calcium alginate, carageenan, Zein or agar
( Kanazawa et al., 1982; Teshima et al., 1983 ; Langdon, 1983;
Levine et al., 1983; Langdon et al., 1985). However these
diets have poor water stability (Adron et al., 1974; Jones et
al., 1979a) and accelerate culture collapse due to the high
feeding densities required by filter feeders (Gatesoupe et al.,
1977; Goldblatt et al., 1980).

Recognizing the 1importance of inert larval feeds 1in the
development of aquaculture Jones et al., (1974) adapted and
developed the microencapsulation techniques introduced by Chang
et al. ’ (1966) to produce nylon-protein microcapsules
containing haemoglobin as artificial red blood cells. Jones et
al., (1974) used nylon-protein microcapsules to deliver
nutrients to aquatic filter feeders, and to study the
nutritional requirement of crustaceans larvae. Jones et al.,
(1979a, 1979b) studied the nutritional requirement of

P. japonicus larvae through metamorphosis using a

microencapsulated diet. Microcapsules have since been used by

numerous workers to study ingestion growth and survival amongst

larval forms.

Attempts to culture a wide range of other crustacean
larvae on nylon-protein encapsulated artificial diets have been
less successful (Sasaki, 1981; Teshima et ‘al., 1981, 1982).
One of the problems in feeding larvae on these artificial diets

was poor digestibility of the capsule wall. In addition



capsules tended to aggregate, and the permeable capsule allowed
rapld nutrient 1leach into culture water which accelerated
bacterial fouling of larval culture (Jones et al., 1976; Jones

et al., 1979%9a; Langdon, 1980). Nylon-protein milcrocapsules
were also shown to contain traces of toxic detergent (Tween 20)
used to separate capsules from organic phase, which interfered

with larval feeding behaviour (Moller et al., 1979).

Jones et al. (1984) modified the nylon-protein
encapsulation method so as to eliminate the need for toxic
chemicals 1in the preparation of microcapsule by using a
stronger acid chloride and eliminating nylon and Tween 20
(British Patent nos. 79437454 and 2103568). This method
produces protelin-walled microcapsules which protect the diet
from dissolution and resist bacterial contamination. The
cross—linked protein microcapsule is available commercially in
dehydrated form with a range of different capsule diameters
(2.5 4 - 250 u) and can be rehydrated for use as larval feeds.
Jones et al, (1987) demonstrated complete replacement of all
live foods in commercial  hatcheries for P. vannamei
P. stylirostris and P. monodon larvae. Microencapsulation has
now become an acceptable tool in the study of nutritional
requirement for crustacean larvae (Jones et al., 1979b;
Sakamoto et al., 1982; Levine and Sulkin, 1984), bivalves
(Langdon and Waldock, 1981; Chu et al., 1982), and larval and
post larval fish (Gatesoupe et al., 1977; Jones et al., 1984).

Section one of the present study evaluates growth and

survival of P. monodon larvae on different algal speciles and

optimum algal cell concentrations which are required for larval



development. Microalgal species which support good larval
growth 1n feed trials were ranked accordingly. Zooplankton
species have also been evaluated in larval feed trials from
mysis (Ml) to post 1larvae (PL1l) stages. Based on 1larval
survival and growth achieved on each of the feeds,
zooplankton species as prey organisms have also been ranked.

Section two examines a wide range of artificially produced
diets currently availlable as substitutes for live feeds. These
diets were evaluated to assess factors relating to culture
performance using P. monodon larvae under controlled culture
conditions, either as total replacement to live feeds, or with
live microalgae at 10 cells ul”1 as a cofeed. To determine
factors affecting performance, diet composition, nutrient leach
loss, toxicant production, particle feed stability, bacterial
production 1n culture water environment and feed efficiency of
artificial diets were examilned. Better larval growth: : and
survival achieved by inclusion of live algae as supplemental
cofeed with artificial diets prompted the work reported 1in the
next section.

Section three looks at the role of algae 1n the culture
medium, and examines the relationship between the addition of
artificial 1larval feeds and the production of ammonia and
nitrite in P. monodon culture, and their control by algae
acting as a biofilter. Microalgae was also ‘caged’ 1in culture
medium in a simple experiment to determine whether secreted
algal metabolic products act as chemoattractants for larval

stages of P. monodon.

Section four evaluated performance of microencapsulated
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feeds, produced by different sources and levels of proteilins,
lipids, vitamins and trace metals. Comparatively better larval
growth and survival were achieved in feed trials, however
larval development was less than that achieved on live algal
controls. Inclusion of homogenised algae added to
microcapsules in larval feed trials gave significantly better
larval growth and survival which were comparable to live feed
controls.

Section five evaluates growth and survival of nursery
stage prawns on commercially available artificiél diets and
flakes. In feed trial P. monodon larvae were also reared
through metamorphosis from protozoea (PZ1l) to juveniles on the

same artificial diet.

The aim of this thesis 1s to evaluate live feeds and a
wlde range of artificially produced diets, currently available
using different process technologies, to act as substitutes for
live feeds used 1n prawn culture. Each process type was
evaluated to assess factors relating to culture performance in
larval feed trials. Since microalgae used as supplemental food
gave better performance in feed trials, the role of microalgae
in larviculture was examined. The aim of this study was also
to compare P. monodon 1larval development on a series of
nutritionally improved microencapsulated feeds as total
replacements and with supplements of growth promoting substance
taken from live feeds. Further, crustacean algal replacement
(CAR) diet were used in the absence of all live conventional

feeds to rear P. monodon larvae through metamorphosis from

protozoea to juvenile prawn on a single artificial diet.
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Table 1

crustacean filter feeding larvae

i. Uncoated artificial diets

Species

Mollusca.
Crassostrea
virginica

C. virginica

Crustacea.
Macrobrachium
rosenbergili

M. rosenbergili

Palaemonetes
pugio

P. vulgarils

Penaeus
aztecus

P. japonicus

P. japonicus

P. japonicus

P. setiferus

Eurypanopeus
depressus

Type of diet

Microgel
particles

Microgel
particles

Freeze dried
catfish

Freeze dried
crumbles of

oyster and
trout feed

Freeze dried
squid

Freeze dried
plankton
(euphausiid)
particles

Freeze dried
and frozen
diatoms

Soyabean cake
crumble

Microgel: diet B
(Kanazawa et al.,
1977)

Microgel: diet B

Frozen
skeletonema
costatum and
Artemia

Microgel: calcium
alginate rotifers
and Artemia

Result

1574 growth of
algal fed
controls

S2% growth of
algal fed
controls

11% survival to
metamorphosis

27% survival to
metamorphosis

26.77% survival to
post larval stage

13.3% survival to
post larval
stage

457 survival to
mysis 1 stage

Poor growth and
survival
67% survival to

post larvae

94% survival to
post larvae

80% survival to
post larvae

50% survival to
megalopa

Artificial and processed natural diets used to culture mollusc and

Reference

Langdon &
Siegfried (1984)

Langdon &
Bolton (1984)

Sick & Beaty
(1975)

Murai &
Andrews (1978)

Sandifer &
Williams (1980)

Sandifer &
Williams (1980)

Brown (1972)

Hirata et al.,
(1975)

Jones et al.,
(1979a)

Kanazawa et al.,
(1982)

Mock et al.,
(1980a)

Levine et al.,
(1983)



11. Coated artificial diets

Mollusca.
Crassostrea

glgas

C. gligas

C. virginica

Crustacea.
Artemla

Artemia

M. rosenbergii

P. merguiensis

P. Jjaponicus

P. Japonicus

P. japonicus

P. monodon

P. monodon

P. vannamel

P. stylirostris

Nylon-protein,

glycopeptide,
microcapsule

Gelatin-acacia
microcapsules

Gelatin-acacia
and lipid walled
microcapsules

Cross-1linked
nylon-protein
microcapsules

Nylon cross-
linked protein-
wall microcapsule

Nylon-protein
microcapsules

Nylon-protein
microcapsules

Nylon-protein
microcapsules

Nylon-proteiln
microcapsules

microparticulate
diet with
carageenan binder

Micro-
encapsulated
diet

Micro-
encapsulated
diet plus algae

707% X-linked
protein micro-
encapsulated diet

Micro-
encapsulated diet

Promoted growth
in spat

Exhibited
enhanced spat
growth

297% survival
after 25 days

257 survived
after 10 days

34. 9% survival
to adult

Larvae survived
to 4th stage of
development

Survival to
mysis 1

S0% survival
to post larval
stage

78% survival to
post larval stage

36% survival
to PL1

477 survival
to PL7

Survival to post
larvae ranged
from S8 to 69%
81% survival to
PLS5 stage

65% survival to
PLS

Gabbott et al.,

(1975)

Langdon &
Waldock
(1981)

Chu et al
(1987)

Jones et
(1974)

Sakamoto
(1982)

Jones et
(1975)

Jones et
(1975)

Jones et
(1979a)

Kanazawa
(1982)

al.

et

al.

al.

al.

et

Teshima &
Kanazawa (1983)

al.

al.

Jones et al.,

(1987)

Kurmaly et al.,

(1989a)

Jones et al.,

(1987)

Jones et al.,

(1987)



Eurypanopeus
depressus

Portunus
trituberculatus

Nylon-protein
microcapsules

Nylon-protein
microcapsules
plus rotifers

83% survival to
magalopa

16.1% survival
to juvenile
crabs

Levine et al.,
(1983)

Kanazawa et al.,
(1983)



SECTION 1

Growth and survival of Penaeus monodon

larval stages on live foods
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INTRODUCTION

Currently, most prawn hatcheries are dependent upon live
foods (Liao, 1984; Langdon et al., 1985) such as microalgae
(diatoms, phytoflagellates), rotifer, Artemia and a variety of
other small Zzooplankton as food sources for P. monodon larval
stages which change during development from a herbivorous to an
omnivorous mode of feeding. Algae are provided at the outset
of the protozoeal stage, and zooplankton added usually at the
beginning of the first mysis substage (Hudinaga and Kittaka,
1967; Cook and Murphy, 1969; Liao, 1984). Natural live feeds
are generally consilidered to be nutritionally superior to inert
diets (Depauw, 1988). It 1s not widely recognised, however,
that many 1live feeds gilve 1inferior growth and survival.
Certaln specles of algae are better than the others (Scott and
Middleton, 1979), similarly, some live or frozen prey organisms
used for mysis larval stages may not support growth and
development to postlarval stages (Simpson et al., 1983).

There 1s therefore a continuous need to evaluate algal
species and select those which promote rapid growth and high
survival when fed to prawn larvae. To be acceptable as a food
source algae must possess an acceptable sl1ze range, be
non-toxic, have adequate nutrition and possess a digestible
cell wall (Web and Chu, 1982). Several specles of algae have
been used successfully as food in the culture of penaeid
protozoea (Simon, 1978). The centric dilatoms Skeletonema
costatum (Greville) and Chaetoceros sp. have been used

extensively (Hudinaga, 1942; Hudinaga and Kittaka, 1967; Cook

13



and Murphy, 1969; Mock and Murphy, 1971; Liao and Huang, 1972;
Mock et al., 1980a; Simon, 1981; Tobias-Quinito and Villegas,
1982; Kuban et al., 1985), together with Thalassiosira Sp.
(Cook and Murphy, 1966; Thomas et al., 1976; Emmerson, 1980).
Amongst the flagellates, Isochrysis sp. (Bardach et al., 1972;
Wilkenfeld et al., 1981; Kuban et al., 1983) and Tetraselmis
sp. (Hudinaga, 1942; Mock et al., 1980b; Tobias-Quinito and

Villegas, 1982) have also been successfully used to culture

penaeid larvae.

Although zooplankter such as rotifers, Brachionus
plicatilis (Muller) and brine shrimp Artemia salina (L.) have
been widely employed as a food source for protozoea and mysis
stage (Hudinaga and Kittaka 1967; Cook and Murphy, 1969; Liao,

1984; Yufera et al., 1984; Hirata et al., 1985; Chu and Shing
1986; Samocha et al., 1989), there are disadvantages in their
use. Artemia has been shown to be inconsistent in hatchability
(Bookhout and Costlow, 1970), vary in nutritional quality

(Wickins, 1972) and may be expensive (U.S. $ 15-30 per 454g of

cysts). Several other species of zooplankters have been used
as food for larval stages of penaeids (Simpson et al., 1983;
McConaugha, 1985; Beidenbach et al., 1989). As partial or

complete replacement for Artemia nauplil.

The purpose of the present study was to identify potential
natural diets and evaluate their performance on growth and
survival of P. monodon larvae from protozoea stage (PZ21l) to
protozoea stage III (PZ3) using five species of unilcellular
algae (diatoms, phytoflagellates) selected on the basis of cell

size, digestibility and nutritional quality. Some speciles,
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elther individually or in combination have not previously been

fed to P. monodon larvae. Each algal species was evaluated at
a range of feeding concentrations under controlled laboratory
feed trials to determine minimum and maximum cell densities
required for optimum larval growth and survival. The best
algae were identified and ranked according to the growth and

survival performance of larvae at protozoea III (PZ3)/ mnmysis

substages.

Alternative 2zooplankton sources both live and frozen were
also evaluated 1in terms of 1larval growth and survival from

myslis I substage to postlarval (PL1l) stages of development.
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MATERIALS AND METHODS

MICROALGAL FEEDS

Live monospecific cultures of five phytoplankton species
(Tetraselmis chuii [Butcher], Chaetoceros calcitrans [Paulsen],
Skeletonema costatum [Greville], Rhodomonas baltica [Karsten],

Pavliova lutheri [Droop] ) were fed to P. monodon larvae from

5cul ', 10 cul ', 20 cul , 30 cul 1, 40 cul'l, 50 cul“1 and
60 cul'l, (table 1) to determine feeding levels which promote

optimal growth and survival.

At the School of Ocean Sciences algal cultures were
maintained in the exponential growth phase for larval feeding.
Conway medium (Walne, 1966) is the source of nutrient for the
algal cultures. Algal cell densities were estimated at the
time of harvesting prior to feeding the 1larvae by Coulter
Counter model ZB with an orifice of 100 u and haemocytometer,

cell densities from each subsample were counted five times for

accuracy. Algal feeding rates were determined by

Vol. of : -1
. . . al eq’d 1n B (cul

A required _ Vol. of B (mls) x Conc. algae r q_1 (cul )

(mls) Conc. of algae 1n A (cul )

where A = algal culture

B = larval culture
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ZOOPLANKTON FEEDS

Five animal food sources, both 1live (freshly hatched
Artemia salina (L) nauplii, 1live barnacle 1larvae Elminius
modestus Darwin, 1live rotifers Brachionus plicatilis [Muller)]
), and frozen (fertilized eggs of mussels Mytilus edulis
[Linnaeus] and undeveloped frozen eggs of crab, Hyas araneus
[L.] ) were fed to P. monodon larvae to determine the optimum

zooplankton food source required for rapid growth and high
survival from mysis (M1l) to ©post larvae (PL1l). Food

concentration levels are listed 1n table 2.

Artemia (Instar 1 San Francisco Bay Brand) were hatched 1n
U/V-sterilized sea water at a salinity of 32% and water
temperature of 28°C. Non-feeding Artemia nauplil were
concentrated to a light source, three nauplil counts were made
to assess the number of Artemia nauplili prior to feedilng.
Specimens of the barnacle E. modestus containing ripe egg
masses within the mantle cavity were removed from the wooden
piles of the Menai Bridge pier, placed in a bucket filled with
seawater, broken up and stirred vigorously to release hatching
substance (Crisp, 1956; Crisp and Spencer, 1958) to promote
hatching of the ripe eggs. First stage nauplil were collected
at the 1illuminated sﬁrface of the bucket and transferred by
pipette to a beaker containing, irradiated (U.V.) and filtered
seawater. Stage 1 nauplii were non-feeding and extremely
active. Fertilized eggs of Mytilus edulis were obtained 1in the
laboratory by induced spawning (Bayne, 1976) and frozen. Adult

rotifers, B. plicatilis were obtained from continuous cultures
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maintained in the laboratory on algal feeds. Berried females
of Hyas araneus captured from the wild were frozen. Frozen
eggs from both the crab and mussels were thawed prior to

feeding. P. monodon larvae were previously fed on Tetraselmis

from P21 to PZ3 larval stages.

FEED TRIAL PROCEDURE

Non-feeding stages of P. monodon nauplii (N4 - N6)
subsisting entirely on their egg yolk, were flown in from
Frippak Research Centre, Aberdeen, enclosed 1in styrofoam
packing material. The larvae were acclimatised to the
laboratory culture temperature and stocked in 10 1litre round
bottom glass containers at 100 17" in well aerated sea water
maintained at a temperature of 28 + 1°C and 32% salinity. At
the protozoeal (PZ1l) stage, characterised by dark eye spots, a
well-rounded carapace, developing abdominal region and
elongated antennae and caudal spine, the larvae were stocked in
feed trial experiments.

Healthy PZ1 were concentrated by a portable light source
(6 volts) and stocked 1n 2-litre round bottom flasks using
U.V.-sterilised sea water filtered through 0.2 um filters. The
salinity of the culture water was 32% and was malntained at
28 + 1°C. Gentle aeration was supplied through a glass tubing
at the bottom of the flask, at a rate of 2 - 3 air bubbles
sec_l, which not only provided the culture water with oxygen

but also ensured uniform distribution of 1larvae and food.

18



Prior to feeding 50% of the culture water was exchanged daily
to renew water quality (McVey and Fox, 1983). Algal feed
trials were terminated when larvae metamorphosed to PZ3/mysis
(M1) stage. A similar procedure was employed when animal feeds
were evaluated from mysis (M1l) 1larval stage to post 1larvae
(PL1) .

Both algal and animal feed trials were replicated and
larval growth and percentage survival were monitored every
other day for diet performance. Growth measurements were taken
as body lengths of ten randomly sampled larvae per flask, which
were recorded from the base of the rostrum spline to the end of
telson excluding caudal spines (Motoh, 1979). Individual
larvae were measured carefully under a binocular milcroscope
with a calibrated ocular micrometer and returned to the
experimental flask as soon as possible as delays 1n measurement
and rough handling caused stress to the larvae. To estimate
percentage larval survival, 1ndividual counts of larvae per
flask was taken. To facilitate counting, larvae together with
their culture water were gently poured on to a glass trough and

placed on top of a light box with frosted glass. Individual
larvae were picked up and counted using a soft plastic pipette
then returned to the experimental flask.

Statistical analysis for algal feeds was performed using
2-way ANOVA between algal species, cell densities, larval
growth and survival, together with 1-way ANOVA to determine any
significant difference on larval growth and survival when algal
-1

species were fed at 40 cul'l, 50 cul"1 and 60 cul 1-way

ANOVA was also performed to evaluate differences between the

19



various animal feeds offered. This was followed Dby
Bartletts-Box test (Sokal and Rohlf, 1981) for homogenity of
variance. Tukeys/Scheffe’s multiple pairwise comparison were
done to determine where the differences were at (P = 0.05)
level of significanee. All statistical analyses were performed

using SPSSX statistical package on the VAX mainframe computer.

20



RESULTS

GROWTH AND SURVIVAL OF P. monodon LARVAE (PZ1 - PZ3/M1)

ON MICROALGAL FEEDS

Larval growth and survival responses of P. monodon larvae

(PZ1 - PZ3/M1), on five algal species fed as individual diets
and two algal specilies mixed together as combination diets at

seven levels of cell concentrations are given in tables 3

and 4.

Highest growth rates and percentage survival were

obtalned when larvae were fed on a combination diet of the

phytoflagellates T. chuii and R. baltica fed at a ratio of 1:1
at 40 cul™’, 50 cul' and 60 cul ' concentrations. With the
exception of S. costatum, algal cell concentrations below
20 cul“1 did not support larval growth and survival. At feed
levels of 20 and 30 cul_1 both larval growth and survival were

relatively poor (fig. 1 and fig. 2).

LARVAL GROWTH (PZ1l - PZ3/M1)

To study the effect of algal feeds and cell densitles on
larval growth, two-way ANOVA between varlable algal feeds and
cell concentrations at seven levels was done. Results of
two-way ANOVA for larval growth by variable algae and feed
levels are given 1n table 5a. Both algal specles and feed
levels produced a significant effect on 1larval growth

(P < 0.05). Multiple pair wise comparison for larval growth by
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algal specles is given in table 5b and pair wise comparison for
larval growth by seven levels of cell concentration is given 1n
table 5c. Since the two-way interaction between algal diets
and cell concentration on 1larval growth was significant
(P < 0.05), (raw data shows that both 1larval survival and
growth were dependent on ration size and algal species offered
as diet). One-way ANOVA was performed to determine the effects

of individual algal diet on larval growth at different 1levels

of cell concentration.

Larval Growth at 20 cul .

Larval growth on each of the algal diets fed at 20 c:ul'1 ,
either as a single feed or in combination were significantly
different (P < 0.05 table 6a). Multiple pairwlse comparison
indicates that 1larval growth was significantly better on a
combination algal diet of R. baltica and T. chuii fed at a
ratio of 1:1 compared to single algal diets (C. calcitrans,
T. chuii, P, lutheri, R. baltica) but growth was not
significantly different to the diatom S. costatum and the algal
combination of S. costatum and R. baltica fed 1n a ratio of

1:1. Summary of multiple pairwise comparisons are given 1n

table 6b.

Larval Growth at 30 cul™'.

Larval growth on individual algae fed singly or as a
mixture gave significantly different (P < 0.05) growth rates

Multiple pairwise comparisons shows S. costatum

(table 7a).

fed singly performed significantly better than algal diets
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T. chuii, P. lutheri, combinations of S. costatum and

as a mixture in a ratio of 1:1. summary of multiple

comparisons given in table 7b.

Larval Growth at 40 cul"1 .

Larval Grdwth performance on algal feeds at 4+0 cul'1 were
significantly different (P < 0.05 table 8a). Multiple pairwise
comparison (table 8b) shows that the algal combination diet
R. baltica and T. <chuii fed at a ratio of 1:1 gave a
significantly better growth rate compared to algal feeds of
P, lutheri, C. calcitrans, T. chuii, S. costatum fed singly,
but growth was not significantly different with R. baltica and
with the feed combination of S. costatum and R. baltica fed in

a ratio of 1:1.

Larval Growth at 50 cul"1 :

Significant differences (P < 0.05) in larval growth were

-1

evaluated with algal diets fed at 50 cul (table 9a).

Multiple pairwise comparison (table 9b) shows that the algal
combination diet R. baltica and T. chuii fed in a ratio of 1:1
at 50 cul'1 gave a significantly better growth performance when
compared to P. lutheri, C. calcitrans, R. baltica, T. chuii,
and S. costatum fed as a single diet. Growth performance was
however not significantly different from the algal diet of

S. costatum and R. baltica fed 1n a ratio of 1:1.
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Larval Growth at 60 cul"1 .

Larval growth were significantly different (P < 0.05)
with different algal diets (table 1l0a). Multiple palrwise
comparison (table 10b) shows that the algal diet R. baltica and
T. chuii gave significantly better larval growth rates when fed
ln a combination (ratio of 1:1) compared to algal diets of
P. lutheri, C. calcitrans, T. chuii, S. costatum, but growth

was not significantly different compared to R. baltica and

R. baltica and S. costatum fed in combination of 1:1.

LARVAL SURVIVAL (PZ1 - PZ3/M1)

The effects of algal diets and cell concentration 1levels

on survival of P. monodon 1larval stages PZ1 - PZ3/M1 were
evaluated by employing two-way ANOVA to test variability
between algal feeds, cell concentration and their effect on
larval survival. Results of two-way ANOVA for larval survival
by different algae and feed levels are given 1n table l1lla. The
main effects of both algae and feed levels on larval survival
were highly significant (P < 0.05). Multiple ©pairwise
comparison of 1larval survival on algal specles 1s given 1n
table 11b, and pairwise comparison of larval survival at seven
cell concentrations is given in table 11lc. Since the two-way
interaction between algal feeds and cell concentration on
larval survival was significant (P < 0.05), one-way ANOVA was
employed to determine the effects of individual algal diets on
larval survival at different 1levels of cell concentration.

Feed levels below a cell concentration of 20 cul"1 did not
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support larval survival through to metamorphosis.

Larval Survival at 20 cul'l.

One-way ANOVA shows an overall significant (P < 0.05)
difference in larval survival with individual algal species fed
at 20 cul™’ table 12a. Multiple pairwise comparison between
survival and algae species shows the combination diet
S. costatum and R. baltica to be significantly different from
single species algal diets P. lutheri, S. costatum, and
C. calcitrans, but survivals were not significantly different
from R. baltica, T. chuii or with a mixture of T. chuii and
R. baltica 1n a ratio of 1:1. Summary of multiple comparisons

are given in table 12b.

Larval Survival at 30 cul"1 .

There was an overall significant (P < 0.05) difference 1in

larval survival with differing algal species fed at 30 cul”™

table 13a. Multiple pairwlise comparisons table 13b shows that
algae fed 1n a combination of R. baltica and T. chuii 1in a
ratio of 1:1 gave significantly (P < 0.05) better survival
rates than with P. lutheri and C. calcitrans algae fed alone.
However larval survival was not significantly different from
survival rates obtained on algal feeds S. costatum, R. baltica,

T. chuii fed as a single diet and with S. costatum and

R. baltica fed in combination (ratio of 1:1).-

: -1
Larval Survival at 40 cul .

Larval survival was overall significantly different
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(P < 0.05) with algal types fed at 40 cul! (table 14a).
Multiple pairwise comparison (table 14b) shows that 1larval
survival were significantly better on the algal combination of
R. baltica and T. chuii fed in a ratio of 1:1 in comparison to
S. costatum, C. calcitrans and P. lutheri. Larval survival was
not significantly different from T. chuii, R. baltica fed as a

single diet and with S. costatum and R. baltica when fed as a

comblination diet in a ratio of 1:1.

Larval Survival at 50 cul_1 .

There was an overall significant difference (P < 0.05) in
larval survival with different algal species at 50 cul™’ (table
15a). Multiple pairwise comparison shows that the algal
combination diet of R. baltica and T. chuii fed in a ratio of
1:1 gave a significantly better survival when compared with
algal diets C. calcitrans, S. costatum, and P. lutheri fed
alone. Larval survival however was not significantly different
from individual algal diets of T. chuii, R. baltica and

combination algal diet S. costatum and R. baltica fed 1n a

ratio of 1:1, table 15b.

Larval Survival at 60 cul_l.

An overall significant difference (P < 0.05) was recorded
for larval survival when algal diets were fed at 60 cul'1 ,
results for ANOVA are summarised 1n table 1l6a. Multiple
pairwise comparisons between algal diets fed singly or as a
combination and larval survival are given 1n table 16b. The

algal combination diet R. baltica and T. chuii gave
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significantly better survival than C. calcitrans, S. costatum,
P. lutheri, R. baltica and T. chuii when fed as a single algal
diet. Larval survival however was not significantly different

from algal combilnation diet S. costatum and R. baltica fed to

larvae at 60 cul"'1 in a ratio of 1:1.

GROWTH AND SURVIVAL OF P. monodon LARVAE (M1 - PL1)

ON ZOOPLANKTON

Results for larval growth and percentage survival of mysis
larval stages fed on five diets consisting of 1live/frozen
crustacean/mollusc eggs and larval forms are ranked and
summarised in table 17. Ration levels and diets fed are listed
in table 2.

Highest larval growth rates (BL = 4.77 * 0.133mm) and
percentage survival (89%) were obtained for postlarvae (PL1)
fed with Artemia salina nauplil, followed by 1larvae fed on
fertilized eqgs of Mytilus edulis (BL = 4.33 * 0.109mm) when
percentage survival to PL1 was 87%. Larval growth on frozen
undeveloped crab eggs was 4.14 * 0.185mm with a survival of 84%
to PL1 stage. Growth rates on 1live rotifers were 3.88
0.147mm and percentage survival to intermediate PL was 55%.
Lowest growth (3.85 * 0.101lmm) was obtained for larvae fed live
barnacle nauplii, where percentage survival was 61% to
intermediate PL stage. Figures 4 and 5 give growth and

survival of larvae to post larvae stages on different animal

feeds.
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Larval Growth (M1 - PL1)

To determine the effects of five animal diets on larval
growth, one-way ANOVA analysis was employed, table 18a shows an
overall significant response (P < 0.05) in terms of larval
growth for larvae fed different animal diets. Tukeys multiple
palrwise comparison (table 18b) indicates that freshly hatched
Artemia nauplii supported significantly (P < 0.05) higher
larval growth rates 1in comparison to 1larvae fed on live
barnacle nauplii, rotifers, crab eggs and fertilized mussel
eqggs. Larval growth on fertilized mussel eggs was
significantly better than larval growth achieved on diets of
barnacle nauplii, 1live rotifers and crab eggs. Similarly,
larval growth on a diet of undeveloped <crab eggs was
significantly (P < 0.05) different from growth obtained on a
diet of barnacle nauplil and 1live rotifers. However 1larval
growth on diets of 1live rotifers was not significantly
different (P < 0.05) from larval growth achieved with a diet of

barnacle nauplili.

Larval Survival (M1 - PL1)

Results of five animal feeds 1n terms of larval survival
were determined by one-way ANOVA. Table 19a 1ndicates an
overall significant (P < 0.05) effect on larval survival with
differing animal diets. Tukeys multiple pairwise comparison
(table 19b) was employed to identify diets which gave
significantly (P < 0.05) higher survivals. Larval survival on
freshly hatched Artemia nauplii were significantly better then

survivals obtained on diets of live rotifers and live barnacle
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nauplii. Percentage 1larval survival of 1larvae fed Artemia
nauplil was however not significantly different (P < 0.05) from

survival obtained for larvae on diets of undeveloped crab eggs

and fertilized mussel eggs.

DISCUSSION

Amongst the five unicellular algal species (table 1)
tested 1in P. monodon larval feed trials (P21 - PZ3/M1), best
growths were obtained with the combination diet of R. baltica
and T. chuii mixed 1n a ratio of 1:1 at ration levels of
40 cul'l, 50 cul'1 and 60 cul'l. The algal combination of
S. costatum and R. baltica mixed 1in a ratio of 1:1 also
promoted good growth at 40 cul'l, 50 cul”1 and 60 cul“1 (table
3) . Larval growth on R. baltica and S. <costatum fed
individually as single algae at 40 cul'1 performed moderately
well and growth was not significantly different from the
combination diets at 40 cul™ and 60 cul™ (tables 8b and 10b).
Algal ration 1levels of 20 cul'1 and 30 cul'1 support larval
growth but the larvae are less active, show poor growth rates
and delayed metamorphosis compared to larvae fed at optimum
cell densities between 40 cul"1 and 60 c:ul"1 . Larval growth
was poor when the flagellate P. lutheri was fed at all feeding
levels. Partially digested P. lutheri cells were observed 1n
larval faeces, and it appears that P. monodon larvae are unable
to digest and break down cells of the species mechanically or
enzymatically. P. lutheri was also shown to be of poor food

for oyster spat (Langdoxi and Waldock, 1981). Larval survival
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-1 -~
50 cul and 60 cul ', followed by the combination diet

S. costatum and R. baltica also fed at 1:1 ratio. Larval
survival were not significantly different (P < 0.05) to diets

comprising the single algal species T. chuii and R. baltica at

-1 -1

40 cul and 50 cul (table 14b and 15b). Algae cell

-1

concentrations below 20 cul do not sustain survival.

Percentage larval survival were relatively poor at algal

densities of 20 cul™' and 30 cul™’ compared to survival on

-1 -1 -1

algal diets at 40 cul ', 50 cul and 60 cul ', table 4.

S. costatum, C. calcitrans and P. lutheri gave comparatively
lower survival when fed as single species.

Amongst the single algal species, the only previous
reference to R. baltica as a P. monodon 1larval diet is by
Kurmaly et al., (1989a) who obtained highest percentage
survival and larval growth on this species. These results are
also consistent with the present study in which highest growth
and larval survival were obtained (table 3 and 4) with R.
baltica fed as a single algal species at 40 cells ul = in
comparison with other species (T. chuii, C. calcitrans, S.
costatum and P. lutheri). Rhodomonas spp are known to contain
high levels of both protein and lipids (Enright et al., 1986).

Macronutrient composition of algae and 1levels of
polyunsaturated - fatty acid (PUFA) have been tabulated from
literature (table 20 and 21). When differentvalgal specles are
used as diets for larvae, variability 1in larval growth and

survival may be attributed to nutritive value, digestibility,
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cell size or chemical composition of algal cells (Webb and Chu
1982; Volkman et al., 1989). Fernandez-Reiriz et al., (1989)
have shown variation in the biochemical composition of marine
microalgae when harvested at the exponential and stationary
growth phases. It was shown that carbohydrate 1levels in
Rhodomonas sp., P. lutheri, Tetraselmis sp. and C., calcitrans
increases as the culture develops.

Protein 1levels in P. lutheri, Rhodomonas sp. and
C. calcitrans increases in the stationary phase and a decreased
level of proteins in Tetraselmis sp. and P. lutheri was shown
to increase with the development of culture. Lipid levels for
Tetraselmis sp. and C. calcitrans were observed to be high in
the early stationary phase of growth. Rhodomonas sp. was shown
to contain the highest values of polyunsaturated fatty acids
(73.60%) 1in the exponential phase compared with C. calcitrans
(33.7%), P. lutheri (42.0%) and Tetraselmis sp. (51.20%). A
deficlency 1in some essential fatty acids in algae such as
20-carbon and 22-carbon fatty acids of the w3 series seems to
be the major reason for poor nutritional value. It has been
shown that some PUFA’s 20:5w3 (elcosapentaenoic acid) and
22:6W3 (decosahexaenoic acid) synthesized by algae are
essential for normal growth and development of penaeid prawns
(Colvin, 1976; Guary et al., 1976; Kanazawa et al., 1977a;
Kanazawa et al., 1977b; Jones et al., 1979b).

Conventional larval rearing methods rely heavily on 1live
S. costatum in prawn hatcheries as a single diet (Liao et al.,
1988). Present laboratory algal feed trials with P. monodon
larvae using S. costatum gave 1inferior growth and survival

4
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compared to mixed algal diets. S. costatum is known to contain
relatively small quantities of certain essential amino acids
e.g. tyrosine (Chuecas and Riley, 1969). Kurmaly et al.,
(1989a) also suggest that mechanical fouling of cephalic
appendages by S. costatum may occur inhibiting effective
feeding and respiration. Jones et al., (1987) also observed
low annual larval survival 1n a Taiwan prawn hatchery where
S. costatum was used exclusively. Liao et al., (1983) reports
S. costatum to be harmful for penaeid larvae if harvested in or
‘after the stationary growth phase. Therefore, exclusive use of
S. costatum as a single diet 1in prawn hatcheries is not
recommended.

In general, best growth and survival is obtained on mixed
algal diets (Fig. 3) which are more 1likely to contain the
diversity of macro and micro nutrients to satisfy most
nutritional requirements for larval growth and development.
Two or more sources of protein are better then one as the amino
acid spectra and levels of amino acids are likely to be greater
(Rumsey and Ketola, 1975).

Optimum larval growth and survival obtalned 1n the present
algal feed trials were on the mixed diets-of T. chuii/R.
baltica and S. costatum/R. baltica. It is 1likely that mixed
algal diet provides the 1larvae with a better balance of
nutrients such as amino acids, fatty acids and carbohydrates,

as well as micronutrients, e.g. vitamins and minerals. Thus

any nutritional deficiency in one algal species may be

compensated by its presence in another species. Changes can

occur in the biochemical composition of microalgae. Speciles
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considered as successful food specles occasionally and as yet

unpredictably, become unsuitable and even harmful to prawn

Algal food concentrations offered to the larvae is also an
important factor in determining 1larval growth and survival.
Estimates of energqgy budget calculated by Kurmaly et al.,
(1989b) for P. monodon larvae fed T. chuii at 60 cellsul"1
showed that PZ1 larval stage required 0.746 Joules. larva ..
day for development. 1In the present feed trial T. chuii fed

at cell concentrations below 20 cul ' did not support larval

growth. Cell concentrations of 10, 20 and 30 cul_1 provided

0.124, 0.248 and 0.373 J. larva ..

day ', this amount of enerqgy
maintains larval growth but it is inadequate for optimum
development, both 1larval growth and survival are inhibited
(table 3 and 4). The demand for energy increases as the larvae
metamorphose through successive developmental stages. Larval
development 1n the present protozoeal feed trial was optimum

-1

between cell concentrations of 40, 50 and 60 cul which

provides 0.500, 0.621 and 0.746 J. larva .day respectively.

The assimilation efficiency of protozoeal stage fed at cell

concentrations of 40 cul'1 was calculated to be between 18 to
35%. Assimilation efficiency was lower for cell concentrations
-1 -1 o :
fed at 50 cul (15 to 19%) and 60 cul (12 to 16%). At high
feed concentrations (60 cul"l) Kurmaly et al., (1989b) obtailned
assimilation efficiency at around 16% for protozoeal stages.
Lower assimilation efficiency at high algal feed concentration

was attributed to superfluous feeding by the larvae (Kurmaly et
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al., 1989b). This author suggested that optimal energy gains
may be best obtained by the larvae if food is shunted rapidly
through the gut partially digested, but replenished quickly.
P. monodon larvae can refill their guts 5-7 times h™ when
feeding on dense algal cultures (Jones and Kurmaly, 1987). 1t
can be concluded that P. monodon larval growth and survival
from PZ1 to PZ3 are highly dependent on both cell concentration
and algal specles offered as a diet.

When the planktonic filter feeding protozoeal stages of
penaeld larvae metamorphose into mysis stage, the larvae assume
an adult-like appearance and move to the next trophic level 1n
the planktonic food chain. The herbivorous 1larvae become
omnivorous and actively feed on both phytoplankton and
zooplankton. During the mysis substages there 1s a gradual
transition from herbivorous feeding to 2zooplankton as the
preferred food, thus becoming first 1level predators. Ideal
prey must therefore be of an appropriate size for easy capture
and available for consumption in adequate concentrations and
should have essential dietary nutrients.

The comparative macronutrient biochemical composition of
zooplankton species offered as food in the present feed trial
(M1 - PL1) have been extracted from the literature and are
listed in table 22. Variation in the nutritional value of live
diet may explain the variability obtained in larval survival
and growth of P. monodon larvae on different diets. Simpson et
al., (1983) suggest diletary level of protein requirement for
prawn larvae to be 1in the range of 52-57%. Live freshly

hatched nauplii of brine shrimp Artemia (Instar 1, San
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Francisco Bay Brand) have a protein component of 69%. Highest
larval growth (4.77mm) and percentage survival (89%) were
obtained on Artemia in comparison to other diets tested (table
17) . Artemia constitutes the best live substitute for wild
zooplankton for shrimp larvae (Liao et al., 1983) owing to its
high nutritive value (Claus et al., 1979). Sulkin and
Epifanio, (1975) reported that Artemia nauplii generally
contain two or three times more 1lipid per dry welght than
rotifers. In present work fertilized eggs of Mytilus edulis

ranked second 1n supporting metamorphoses to PL stage (larval
growth 4.33mm and survival 87%). Mussel eggs also have a high
dietary protein 1level (60%) and a 1lipid content of 12%
(Holland, 1978). Eggs of the crab Hyas araneus also contaln
56 of dietary protein and a high 1lipid (21.9%) content
(Holland, 1978), larval growth 4.14mm and survival 84% on this
diet ranked third in performance. McConaugha, (1985) suggested
that most decapod larvae require 1long chain fatty acids, to
complete metamorphosis. Jones et al., (1979a), using
microcapsules containing He- palmitic acid, showed that P.

Japonicus larvae are able to syntheslize 20:5w3 and 22:6w3 from
18:3w3. Kanazawa et al., (1979a, b) also showed that addition
of 20:5w3 and 22:6w3 fatty acid to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>