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EREFACE

India has, in the recent years, mads rapid strides
in mariculture., Technologies have been developed for
production 0of several species of f£infish, crustaceans,
molluscs and seaweeds. The Centre of Advanced Studies
(CAS) in Mariculture (ICARAINDP/FAC) was established at
the Central Merine Fisheries Research Institute (CMFRI)
for caxrying cut research in the several disciplines
concerned with mariculture and also as a centre for post-
gradugte education in this specialisation,

Kum, Anuradha Xrishnan joined the CAS fn Mariculture
as & Senior Research Fellow in the second batch of the Ph,D
programme in Oetober, 1981, During the first semester, she
underwent a comprehensive course work in mariculture amd,
during the second semester, she made an inedepth study of
the optional subject °‘Nutrition of Molluscs', She has
passed the Ph,D, qualifying examination of the University
of Cochin,

The subject ‘Studies on larval nutritiom in the
pesrl oyster Pinctada fucata (Gould)’ wes chosen by the
candidate for research based on practical considerations,
'Seed' availability is ome of the most important



m

pre=requisites for any form of aquaculture, It is well
knowns that natural production of seed is most wundependable
for comercial farming operations, Hatchery technologias
have been developed to mitigate the problem of seed
availability and for other asdvantages of producing
improved strains, The OMFRI achieved a major breakthrough
in developing the techniques of hatchery production of
pesxrl oyster seed, late in 1981, Initially, the diffarant
aspects were developed on an empirical basis, But (it
becane necessary to make further detailed investigatioms
on each sulsystem of the hatchery to standardise the larval
rearing techniques. Knowledge on the nutritional require-
ments ¢f pesrl oyster larvae was oonsidered essential for
proper hatchery management, Since the hatchery technology
for pearl oyster is adoptable for several other species of
tropical marine bivalves, the results of this study would
have a wider implication and usage,

The CMFRI has established the research projects on
pesrl culture and pearl oyster hatchery at the Tuticorin
Research Centre with all feacilities. The experimental
work of the present thesis was therefore carried cut at
Tuticorin, Certain other aspects such as estimations of
radiocactive larval and algal sample and microanalysis eof
biochemical composition of pearl oyster larvae were carried
out at the laboratories of the headquarters of CMPRI at
Cochin,
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The present work has yielded a grest deal of
information on mutrition of pearl oyster larvaes, The
results presented may be used effectively and with
sdvantage in improving the larval rearing system with
specific reference to nutritional aspects, It is also
hoped that this first comprehensive study on pearl
oyster lerval nmutritiom would stimulate further detailed
investigations on many of the finer aspects of tropical
bivalve larval mutrition,



ACKNOWLEDGMENTS

I wish to express my deep gratitude to
Dr, K. Alagarswami, Seniocr Scientist, Central Marine
Fisheries Research Institute, my Supervising Teacher,
whose unstinted guidance, sustained interest and
eonstructive criticism enadbled this work to materialise,
To Dr, E.G., 8ilas, former Director, amd Sub-Project
Co~ordinator, CAS in Mariculture, CMFRI, I wish to express
my sincere gratitude for extending excellent ladboratory
facilities and for his valuadle advice and suggestioms,
It is my privilege to thank Dr, P,8,8,R, James, Director,
CMIRI, for extending all facilities for completing this
thesis,

8ri, XK. Nagappan Nayar, Officer-in-Charge,
Tuticorin Research Centre of CMFRI, toock & keen interest in
my work programme and extended all ladboratory facilities feor
cerrying out the experimental work. I wish to acknowledge
with gratitude all help and encouragement given by him,
I am grateful to Dr, P, Vedavyasa Rao, Senior Scientist,
COMIRI, for all the help received during the course work,

I wish to record my sincere thanks to Dr,C.P.Gopinsthan,
Scientist, OMFRI, for helping with the microalgal culturas amd



in the culturing of the mixed phytoplankton, I acknowledge
with thanks the help rendered by Shri D, Kandaswami,
Seientist, MFRI, in the preparation of the artificial diet
and for his useful suggestions and Shri, M, Srinath who
helped me in the statistical snalysis of the data, My
thanks are also due to scientists, Shri A, Chellam,

Shri S, Dharmeraj, Shri 7,5, Velayudhan and Shri M.E,
Rajspandisn and Staff of the Tuticorin Research Centre of
Central Marine Fisheries Research Institute, for their
timely help, To Ms, Ammini Joseph, and fellow scholars
Mr, C, Gopal, Mr, Subhash Soni, Ms, Elizabeth Joseph and
Mr, GoP:, Mahobia, I express my sincere thanks for their
valuable suggestions and their timely help,.

I thank the Indian Council of Agricultural Research,
New Delhi, for offering me the Seniocr Research Fellowship
t0 cexry cut this work at the ICARANDP/FAC Centre of
Advanced Studies in Mariailture, Central Marine Fisheries
Ressarch Institute, Cochin,



STUDIxS ON LAKVAL NUTRITION IN THE PuARL

OYSTER PINCTADA EUCATA (GOULD)

PREFACE

A CKNOWL:DGEME

CHAPTER 1,

CHAPTER .2,

CHAPTER 3,
CHAFTER 4,

CHAPTER 54

CHAPTER 6,

CHAPTER 7,

CHAPTER 84

SUMMARY

BIBLIOGRAPHY

CONTENTS

NTS

GENERAL INTRODUCTION

EXPERIMENTAL LARVAL
REARING SYLTEM

EVALUATION COF NUIRITIONAL
VALUE OQF MICROALGAz FOR
LARVAL GROWD: .o5iD GETTLoMANT

FILTRATION &0li, UPTAKE
AND RET&NTION O alGal
C_LLY IN Pioitl OYoToi leaikVia

PRELIMINARY oOUDIno ON THi
NUTRITIONAL V..ulU. QF
ARTIFICIAL DILTo anD
DISLOLVED NURPRILNTL ON
P2ARL OYuT ol La.rkVAL GROWTH

3I0CHLMICHL CUMPCLITION QF
MICROALGAHE i .l OYuTuR
LARVAE

EFFECT OF LNVIKU:.MUNTAL
PARAMETERS ON PEARL OYSTER
LARVAL GROWT!H AkD SETTING

SOME ALPLECTO G WaTEHR LUALITY
MANAGEMEND DUING THE PRELWNT
STUDY

pm. 1Oe

1111

iVayv

10

18

137

153

177

194

217
232

239



CHAPTIR 1

SENBRAL INTRODUCTION

Dgpendance on the naturally eccurring seed imposes
severe restrictions, such as unpredictability of supply and
heterogenity of stocks, on aguaculture production, In
countries with asdvanced aguaculture systems, commercial
hatcheries meet part of the total seed recuirements for
both f£infish and shellfish produgtion, Hatcheries for the
molluscen shellfish such as oyster, clam, scallop and
abalone function in U.8.A.,, Censda, U.X., France and@ Japan
(Loosanoff and Davis, 1963ay Davis, 1969; Flassch gt al.,
1975 Imai, 1977),

Hatchery technology for molluscs has been developed
to the present level with the experience of over a period of
about & century, Brooks (1880) worked on the developmeat of
egyus and early larval stages of the American oyster,
Srassastres virginics. Ryder (1883) and Winslow (1884)
reared the larvae of the sbove species but could not obtain
metamorphosis, Vells (1920) for the first time succeeded
in rearing the American oyster larvae to metamorphosis,
using ‘clarified’ seawater, His later works (1927) led
t0 the development of the Wells-Glancy method of larval
resring, Simultaneous to the work of Wells, Prytherch(1924)



reared ’macican oyster larvae up to spat stage using no
supplenentary food, but a running seawatar system,

In tank culture experiments, Cole (1937, 1938) feomd
that the essential factor for successful rearing of the
Earcpean oyster, Q8tkes adilis larvae was the character of
the food organism, Larvae utilised as food only minute
naked flagsllates of the Chlamydomonadacsas, Cryptomonadaceas
ad Chryscmconadaceae, but were unable to utilise non-motile
species with cellulose, Fer Q. gdulis, Bruce gt al.(1940)
were the first to develop satisfactory leboratory techmiquas
for larval rearing. Greenisheyellow or goldsn=brown
flagellates were found to give the most successful results
in spat setting (Bruce gt al., 1940), These flagellates
were later identified as Jgochrvais galbang and Pyramimonas
gEossl (Ukeles, 1971). The work of Bruce gt al. (1940)
ushered in an era of intensive work on micrcalgse as
bivalve larval food in several laboratories in U.S.A., U.K.
and Jepan,

A important milestone in the development of hatchery
technology was the success in achieving cut-of-sessson spaming
and delayed spaming ef C. Yirginica by lLoosanoff (1945)
at the Milford laboratory, This greatly enhanced the scope
of larval rearing work by making larvas svailable throughout
the vyear, Besides, an effective method for mass culture of
phytoplankton wader virtually sterile conditions was developed



using cultures of M, Parke's collectiom, Plymouth, With the
identitication of Jgochivsis galbans end licnochrvais Juthesd
as good foods for oyster lsrvae, successful rearing of
oyster larvae was achieved, Technigues that were found
suitable for $, yYirginica larvee were soon found spplicedle
with suitable modificatioms for s host of other bivalve
species (lLoosanoff and Davis, 1963b),

In U.K., the initial work of Cole (1937, 1938) and
Bruce gt al. (1940) wes continued by Walne (1936a, 1963, 1974),
His studies were largely confined to observations on the food
value of several species of phytoplankton to larvae of

Q. adulis.

In Jspan, Hori and Kusaskabe (1926) were among the
first to rear ¢, gigag lervae . to metamorphosis using the
non-motile alga Chlorells pacifica. Several species of
oysters, clams, scallops and cockles were spawned and their
lervae reared to metamorphosis (Imai gt al., 1930, 1954;
Imai, 1977). Initially the larvee were reared on the
colourless flagellate Mgnag sp. cultured on bacteria (Imai
and Hatanake, 1949), Later, mixtures of flagellates

isochrveis gelbana, Pgvlova lutheri and the diatom

Chaetaocercs calgitrans wers routinely employed for larval
rearing (Imai, 1977),

The recognition, isclation and mass culture of
the naked flagellates, especially I. galbana and P. Juthexi.



as consistently ‘good’ foods paved the way to successful
larval rearing of a variety of bivalve species like the
soft clam Mya arsnarisa (Stickney, 1964), quahog,

Mefesnarls marcenaria. oyster, C. yirginica (Matthiessen
and Toner, 1966), silverlip pearl oyster, Pinctada
margaritifers (Minamr, 1969), bay scallop, Pecten maximug
(Gruffydd and Beamont, 1972), clam, Sgapha gubcrenats
(Ivasaki gt al., 1971), the Japanese pearl oyster, P. fucata
(Wada, 1973) and the clam, Iapasg iaponica (Sunderlin gt al.,
1976) around the world, The majority of these studies have
been qualitative and several species of microalgae were
identified as having good, moderate or poor food value,
Ukeles (1971, 1975), Ryther and Goldman (1975), Kinne (1977)
and Sastry (1979) have reviewed works on bivalve larval
nutrition, Some investigations were also carried out in
making cuantitative estimates of feeding (Ukeles and
Sweeney, 1969y Rhodes and Landers, 1973; Walne, 1974;
Riisgard gt al., 1980, 1981 Gerdes, 1983),

These studies clearly demonstrated that algae
differed in their nutriticnal value., Bivalve larvae were
shown to exhibit both cuantitative and qualitative regulatery
mechanisms (Loosanoff and Davis, 1963b), s compared to
single species, mixtures of microalgae yielded better
results (Kanno, 1965y Matthiessen and Toner, 1966p

Gryffydd and Bemmont, 1972; Ukeles, 1975),



The finding that afult eysters are capable of
absorbing dissolved nutrients across the gllle.surfece
(Collier gt al.. 19337 Stephens and Schinske, 1961;
Gillespie gt al.. 1961) led to several investigations on
the uptaske of dissolved nutrients by bivalve larvae (Davis
and Chanley, 1956; Chanley and Normandin, 1567; Rice gt &le.
1980 Manzhan and Crisp, 1982, 1983). Alternate scurces of
mutrition, which would solve the problems that mass cmlture
of algae present, have been sought after for many years.
Loosanoff gt al. (1951), Carriker (1956), Hidu and Ukeles
(1962), Loosanoff end Davis (1963b) and Chanley and
Normandin (1967) attempted to rear bivalve larvae on a
variety of diets like yeast cells, padlum flakes, frosen
algal cells, ground preparations of Ulva lactucs and
dried and freese 4dried algae but met with little success,
Lixewise, ‘alne (1974), experimenting with spray-dried
chlorella, vacuumedried P, lutheri and freese-dried 1. galbeana
reported poor growth of oyster larvae,

With the advent of the technique of microencapsu-
lation which is a method of supplying artificial diets to
filter-feeding larvae, avoiding the problems of bacterial
contamination and breakdown of the diet (Gabbott gt 21.,1973),
several attempts have been made to culture shellfish larvae
on microparticulate diets, Biphasic diets (Langdon, 1983),
nyloneprotein microcapsules (Ctm gt al., 1962) and micro-



binding diets (Teshima gt al., 1982) have been investigated
for their acceptability to bivalves,

However, microalgae remain the best known accepted
diet for bivalve larvae, Several investicators have attem-
pted t0 explain the difference in food value of differemnt
species of microalgas by analysing the gross chemical
composition of the algae (Parsons gt al., 1961; Riley and
Roth, 1971 Walne, 1974), With the recognition of the role
of lipids and fatty acids in bivalve larval development
(Millar and Scott, 1967y Helm gt al., 19737 Holland gt al..
197%) Holland, 1978y Waldock and Nascimento, 1979), the
fatty acid profile of several species of algae were
investigated (Ackman gf a)., 1968; Chuecas and Riley, 1969),
Differences in food value of microalgal species have also
been related to their amino acid and carbohydrate profiles
(Webd and Chu, 1983),

Other than food, an important requisite for stand-
srdising larval rearing is the identification of the optimum
temperature and salinity ramge, Monofactoriasl (Walne, 1956ay
Davis and Ansell, 1962; Bayne, 1965y Helm and Millican, 1977)
and maltivariate experiments (Davis and Calabrese, 1964}
Lough and Gemor, 1973a, by Siddall 1978a, b) have been
carried out to determine these factors,



As hatchery technigues involve the rearing of large
number Of larvee in a closed system at hich densities, the
conflicting role of bacteria, both in camusing diseases and
as a source of nutrition, has been investigated (Davis, 1953y
Carriker, 1956y Walne, 1956by Hidu and Tubiash, 1963
Tubiash gt al., 1965, Brown, 1973; Murchelano gt al.., 1975;
Brown and lLosee, 1978; Martin, 1979; Elston, 1979a, by
Elston gt ale.. 1982},

The developments in bivalve larval rearing and
establishment of hatcheries for commercial production of
seed have taken place in temperate waters in countries such
a8 U.Z.A., Canada, U.K,, France and Jagpan wvhich have tradi.
tionally exploited the oyster, clam and sbalone resocurces
as an important item of food., In these areas, the shortfall
in wvild seed supply and large~scale mortality among cultivated
stocks Que to disease cuthreaks have necessitated such
develorments in artificial propagation using hatchery
technicues., There has been no parallel development in the
tropics, as molluscs as food scurce were not so important
in the dietary habits of the people and the little exploite
stion on subsistence scale did not form any threat to the
resources, But with changes in food habits, development of
widespread tourism and finding of markets for tropical
seafood in the developed countries, the situation has changed
leading to greater awareness of the importance of molluscan
resources and their increased exploitation in the tropics,



The workshop on "Bivalve culture in Asfia and Pacitic"
(Davy and Graham, 1982) highlighted this awareness amd
significance and discussed the recent experimental work on
bivalve larval rearing snd spat production in the regiom.
In India, Rac gt al. (1976) and Rao (1980) reared the larvae
of the Indian mussel, Parna yiridis wnder laboratory
conditions, AOUACOP (1977) reported the mass production of
the spat of C. gigasg in a tropical envirocnment, Later,
ACUACOP (1979, 1983) reported success in the mass culture
of the green mussel, Mytilus viridis in French Polynesia,
In India, for the first time, pearl ocyster larvae were
successfully raised and reared to the spat stage and beyomd
under laboratory conditions (Alagarswemi gt al., 1993,¢)
which paved the way for development of hatchery technigues
for the production of molluscan seed,

Technical feasibility of culture of economically
important species of molluscs has been established in India:
for pearl culture (Alagarswami and Casim, 1973; Alagarswami,
1974), oyster culture (Nayar and Mahadevan, 1983), mussel
culture (Appukuttan, 1980; Kuriakose, 198C; Nayar and
Mahadevan, 1980y Appukuttan and Nair, 1933) and clam
culture (Narasimhem, 1980, 1983), But, seed availability
has bee~ identified as cne of the major constraints in
establishing commercial operations. The breakthrough
achieved in controlled breeding and spat production for the



pearl oyster, pPinctada fucata (Alagarswami gt al.. 1983a,
b, ¢) has led to similar success in Crassostres madrasensis
(Nayar gt a8l., 1982, 1984), Perna yviridis (Rangarajan, 1983)
and P, indica (Appukutten gt al.. 1984).

Detailed investiqgations in bivalve larval nutrition
have been felt essontial to put this recently developed
hatchery technology on a firm footing., The ‘pnum: work
weas taken up to fulfil this important need, The study
on the larval nutrition of the pearl oyster, Pinctada
Lucata, included the nutritional evaluation of seven
algal species both singly and in combination; dissolved
nutrients and artificial dietsy role of envirormental
parsmeters, effects of assration, mtidiotics and the mode
of delivery of foody assimilation using C'4 . labelles
phytoplankton J snd biocchemical changes Quring larval
develomment,



Studies on larval mutrition of the pearl oystexr
Ringtads fucakp were carried out over a period of two
vYears from October 1982 to September 1984, using several
broods of larvae, The experiments were conducted at the
Tuticorin Research Centre of the Central Marine Fisheries
Research Institute, Certain aspects of biochemical
investications and food assimilation estimates were made
using the facilities of the Institute at Cochin, The
general experimental eonditions of larval resring are
presented in this chapter, The detailed methodology of
different studies are pregented in the relevant chapters,

Broodstock

Pearl oyster broodstock was cbtained either from
the pearl banks of the Gulf of Mannar during October-April,
being the traditional season of oyster collection, or from
the pearl oyster farm of the Central Marine Fisheries
Research Institute in the Tuticorin Harbour basin, Oysters
in the fully mature stage were brought to the laboratory
and maintained in 200.] fibreglass tanks holding seawater,
Oysters used for spawning were in the size renge of 4080w,



weiching betwesn 10-30g., Water was changed daily and the
broodstock was fed to saturation level with a mixed cmlture
of phytoplankton,

Scmming

Larvae were obtained either through natural or
induced spaming in the laboratery, Mature pearl oysters
spawned spontanecusly on many occasions, Oysters were held
in batches of 10-15, '1ith fewer males than females, Induced
spawning through pH elevation was resorted to when natural
spming failed to occur, The pH of the medium was raised
to 9 using TRIS (Hydroxymethyl) methylamine buffer (Morse
et al., 19763 Alagarswami et 3l., 1983a). The oysters were
transferred to fresh sterilised seawater of ambient pH
(8,1-8,3) once spawming wes initiated, The manner of
ejection of gametes enabled diatinqu_uhinq males from
feanales (Alagarswvami gt al., 1983a)and presence of both

sexes was ensured in the above transfer,

Zaxtilisation

When spawning was completed, the prarl oysters
ware removed and only the gametes remained in the spawning
tanks, After 2 hours, when fertilisation was complete
and the fertilised eggs had settled down, the supernstant

water containing excess sperm suspension was decanted,



Adding fresh seawater, the process was repeated thrice

0 ramove excess sperm, The remaining wvater was sieved
through a 60 am mesh screen to remove the debris, The
fertilised eggs were maintained in sterile sesvater without
asration, About 20=24 hours from fertilisation, straight-
hinge veliger larvae appeared in the tanks, These free-
swimning larvae were siphoned gently through s 30 /u mesh
sieve and transferred to 35«1 beakers containing sterile
seawater, Larvae for experimental rearing were removed

from this general stock,

Mality of seswater

For larval rearing, seawater was ccllected from
Tuticorin Bay (Gulf of Mannar) in a seawater well, pumped
and passed through a biological filter and stored in a
concrete sump (Pl, IA), From here, it was pumped yig a
PVC hose, the ocutlet of which was plugged with surgical
cotton, into a ene tonne fibreglass overhead tank, The
water was replenished periodically depending on the
quantity drawn for larval rearing, The seawvater was
passed by gravity through a graded series of cartridge
filters of pore sizes 10/:. S/p. and l/u. Seawater was
then passed into & UVesterilisation unit (Pl, IB) and
collected in a 200=1 fibreglass tank for immediate use,
When the cartridge filters got frequently clogged and
could not be replaced, they were dispensed with,
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PLATE I




laxval denaity estimstion

Pearl oyster larvas collected in S5-1 beskers were
mixed thoroughly taking care to see that the larvae were
not damaged and were evenly Adistributed, Three alicuots
of 1 ml each were removed with a pipette into a larval
counting chamber, The larval counting chamber has a
capacity of 1 ml and is subdivided into 100 Aivisions,
Larvee were fixed in 5% formalin and counted under the
microscope, Estimates of larval demsity, in the 5=1
beakers, ware made from the above count, Calculated
quantitiecs of the general stock were drawn from these beskers
and used to get the required experimental larval densities
in the larval rearing beakers, These estimates were checked
fer their accuracy in the initial set of experiments, Fer
this, the larvae introduced into the larval rearing besker
were killed by adding a few drops of 3% formalin, Three
aliquots of 1 ml vere removed after dispersing the larvas
evenly in the medium and counted in a larval counting
chamber, The error between the former and present
estimates was found to be t 3,3%, Since this error was
considerced negligible, this counter«check procedure was
dispensed with in the later experiments,

larval reaxing

In 2ll experiments, larvae in the required densities
were reared in a volume of 2,5 1 of sterile, filtered and UV



treated seawater, Glass beskers (Borosil make) of three-
litre capacity wefe used throughout as experimental vessels,
Larvae were maintained at smbient pH (8,10.8,30), tempersture
(23,9=31,5°C) and salinity (30,5-38.1%,), unless otherwise
mentiocned, The larval rearing beskers werc kept half
immersed in a waterbath to minimise temperature variation
and were maintained without aseratiom (Pl, II ), Water was
changed in the beakers on alternate days. During water
changes, larvae from individual beakers were collected in

an appronriately meshed nylobolt sieve, washed gently

and relcased into fresh beakers containing 2,5 1 of seawster,

£seding

The microalcae used a food for pearl oyster larvae
were drawvn from 20-1 glass carboys containinag algal culture
(P1,I1I1A). They were draw: from the carboys during the
exponential phase between days 4 and 6, 7~ sample of the
algal spocies was removed into indivi-ual glass vials and
fixed using a few drops of lLugol's iodine fixative., 8ince
the algal cells are very small and in hizch concentrations,
an estimate of the number of algal cells per ml of the
culture was made using a blood counting chamber, Algal
cell counts ranged 0.850-1,470 x 10° cells/ml for Isgchrysis
galbanas 1.265-2.888 x 10° cells/ml for Paviova lutheris
1,005 - 1,870 x 10° cells/ml for Chromulina freiburgensiss

1,960 = 2,890 x 10% cells/ml for Symeghocystis salimas



Flate 1IX

Larval rearing set up



PLATE II




Plate I1I

A Algal culture

B, i“ixed phytoplankton culture



PLATE III




0.223 = 0,513 x 10° cells/ml for Tetraselmis cracilias

0.623 = 0,933 cells x 10° cells/ml for T. chui and 2.750 -
3.359 x 10° cells/ml for Qhlorella salina. Depending on
the experimental algal density chosen for larval rearing,
the anount of culture to be added to the medium was
calculated, This quantity wes added to the larval rearing
beaker in one lot, once a day, In all cases, the total
volume of larval medium (seawater + algal culture) was

maintained at 2,5 1,

Algal culturg

Seven species of microalgae were evaluated for
their food value to pearl oyster larvae, viz., Igochrysisg
galbana, paviovs lutherd, Shromulina freiburgengis,
Synechocystis salina, Ietraselmis gracilis, Z. ghud and
Chlorella saling, either singly or in cambinations, The
<axoncamic position and the size of the al—-ae are given in

Table 1,

The algal species Pgvlova Jutherd and Ietraselmis
gcacilis were isolated from the bay water of Tuticorin,
The alga, Chramulina freiburgensis was isolated from the
waters off the coast of Cochin (Joseph, 1983), Aall
unialgal cultures were grown in filtered, hcat sterilised
seawater contained in 201 glass carboys (°1,1IIA), The
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vater was enriched using “alne's enriclment medium (Walne,

1974). Algal cultures were maintained st a room temperaturse
of 27°C and exposed to a light intensity of 2000 lux for 12
hours a day,

Mixed phytoplanktom

In addition to the untaiqn species, phytoplankton
collected from the pearl banks of Gulf of Mannar off
Tuticorin was cultured in the laboratory and used for
feeding the larvae., Seawater was filtered down to 25/-
through a series of sieves to remove the larger planktonic

organisns and fertilised with the following chemicals,

g/100 1 seawater

Potassium nitrate 1,32
EDTA 0.66
Sodium phosphate 0.66
S8odium silicate 0,33

The tank of 200-1 capacity was covered with a
transparent polythene sheet and exposed to sunlight out-
doors (rl,11IB). Teo=day 014 blooms in the tank were
exanined microscopically for the presence of ohytoplankton,
The phytoplankton blooms were screened through a 10/0\
nylcbolt sieve to eliminate the larger plankton and
subcultured in S«1 beakers, The resulting cultures



congisted mainly of phytoflagellates (10);1: ). Slorella
sp. (3 )‘w.w (3 )m) . Nannochlorda ( 1 )an).

Skel etonema (12-15 )un). Navicula (10-15 )un) and
Shaetoceros (12-19 )vn). The percentage composition of the
differcn t microalgae is shown in Fig, 1. The mixed
culture was maintained by reculturing with fresh media

until the end of the experiment,



PERCENTAGE (°/s)

FIG. 1. COMPOSITION OF MIXED PHYTOPLANKTON CULTURE
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LUATION TI V. M OALG
FCR_LARVAL GROWTH AND SETTLEMENT
INTRODUCTZON

The successful rearing of lamellibrench larvae
depended upon the realisation that their natural foods
were the small cells, the nancplankton, and the development
of procedures for maintaining cultures of nanoplankton
organisms in the laboratory (Loosanoff and Tavis, 1963by
Loosanoff, 1969y Kinne, 1977y Sastry, 1979), For larval
rearing of Crassopires virginica and Mercenaria mercenaria
(Loosanoff and Davis, 1963b) and Optreg eiulis (Walne,1974),
several species of microalgae were tested for their food
value and identified as good, mediocre or toxic foods,

Among the tridacnid clams, Gwyther and Munro (1981)
and Beckvar (1981) reported on a symbiotic association of
their larvae and zooxanthellae, Several species of diatoms
which were thought to be too big and difficult to digest
have also been used either as single food species or in
cambination with other algal species to feed larvae
spproaching metamorphosis (Mathiessen and Toner, 1966y
Gruffydd and Beaumont, 1972 Koganezawa, 1975),



Instances of successful rearing of bivalve larvae
in India are only a few., Kkao gt al. (1976) and Rao (1980)
cultured the larvae of mussel Perna viridis and reported
fairly good growth when fed a mixture of _ypachecystis and

Istrasclnis cragilig snd a mixture of four species,
Svnechocvatis, I..gracilis, zommd'mwﬁmdm
growth when fed with Synechocvstis alone, Desai (1980) could
rear the larvae of different species of oyster Crasgostres
Edvelaris, S. Relcherd, C. grvohoides and C. gucullata fraom
egg to stra.j,qht hinge stage.

Alafjarswami gt al, (1983c) succeeded in rearing the

larvae off/the Indian pearl oyster Pinctasds fucatg to spat

stage using the alga Isochrysis galbsng as food. This was
followed by the successful rearing of the edible oyster
Craggostres madragensis larvae (Nayar gt al., 1982, 1984)
and with suitable modifications in the rearing of the larvae
of the mussel Perna indica (Appukuttan et al,, 1983) and the
green mussel P. yiridis (Rancarajan, 1923),

It is evident fraom the literature that using
differcnt species of microalgae as food for bivalve larvase
there is not much consistency in rearing success, Whereas
8 few spocies such as Igochrysis galbang and favliova lutheri
have given good results for most of the hivalve species in

differcnt regions of the world, the same is not true for



several other species of microalgae, With a view to elucidating
the specific food requirements of the Indian pearl oyster larvas,
seven species of microalgae were tested both individually and in
canbination, This is in keeping with the lines of investications
followed in the recent works on bivalve larval rearing using
unialgal cultures (Loosanoff and Davis, 1963by; Sastry, 1979),

It 4is a known fact that larvae in the wild are dependent

largely an phytoplankton that is locally available, Therefore,
the food value of algal cultures developed from the phyto-
plankters of the Gulf of Mannar for the larvae of the pearl

oyster was also investigated,

MATERIALS AND METHODS

The experiments to evaluate the nutritional value of
microalcae to the pearl oyster, Pinctada fucata (Gould) larvae
were designed for meeting specific objectives of the investis

gations, The specific objectives were determination ofs

Cptimum larval density,

optimum algal cell concentration,

nutritional value of single specics of microalgae,
nutritional value of combined speciecs of microalgae,
efficacy of stratified feeding, and

nutritional value of mixed phytoplankton raised
fram natural stock of phytoplankton,



The general conditions of larval rearing have already
been dealt with in Chapter 2, Since the haptophycean nsked
flagellate, Igochrysis galbana has already been successfully
used as food for P, fucata larvae (Alagarswami gt gl., 1983¢)
snd as it gave consistently good results in the preliminary
trials, J. galbang was extensively used in this stpdy and also
as 8 standard for cawparison of the food value of other
species whereever required, The nutritional value of the

microalcae was assessed based on

a) the growth of larvae,

b) survival rate,

¢) the day and duration of spat setting, and
4) the number of svat produced,

411l experiments were carried out in duplicates, The

experimental protocol for the various determinations is given

below,

Five larval densitics of 1/ml, 3/nl, 5/ml, 8/ml amd
10/ml were tested while the feeding level was maintained

uniformly at 25 cella//ul using Igochrysis calbana as food,

IX. L

The algae, 1. galbana and pavioya lutherd were
tested at the concentrations of 10, 25, 50 and 100 cc;lls/pl.



111,

IV,

Ve

Larval density was maintained uniformly at 5/ml,

Three species of microalgae, Chramuling freibure
gensis, cvnechocystis salina and Tetraselmis gracllis were
All species were tested at the feeding level

used singly.
of 258 Celh/ﬂlo

The algal species were combined in the following

manner and tested for their efficacy:
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In all experiments, the total alcal cell concentratiom

was maintained at 25 cells//ul

and the al~al combinations were

given in equal proportions throughout the larval rearing,

Two experiments were conducted, In one, l. galbana

was used,

In the other, different algal snecies were



provided with increase in larval sise, Three stages of pearl
eyster larvae were identified for the present experiment - D
shape (straight=hinge), early umbo and the eyed umbo stage,
The algal cell concentration was increassed by a step of $
collo//ul with the onset of every stage, as given in the
following tables

i. galvana (cells/ml)

Larval
Stage Treatment Treatment Treatment Treatment
1 | 3‘ 4
D shape 10 15 20 as
Early umbo 15 20 25 30
Eyed umbo 20 2s 30 k ]

The second experiment incorporated different algal

species while feeding density remained constant at 25 cells/ml
as shown in the following table:

Algal speciles

Larval

Stage Treatment Treatment Treatment Treatment
1 2 3 4

D shape I I I+ T I+T

Early umbo I I+T7T I+ T I+T+C

Eyed umbo I+T I+T+C I+T+CI+T4+C

Abbreviations:s I - Igochrysis galbanas T - Ietraselmis chmds

C - Chlorella salina



The mixed phytoplankton raised fram the natural stock
of phytoplankton as described in Chapter 2, was given as food

i, galbang was used for
comparison as per the following schedule:s

to the larvae at different stages,

Larval Treatment Treatment Treatment Standard
Stage 1 2 3

D 'hmﬁ MoPo I, I b ¢
Enly unbo MeP, MePe I I

Eyved umbo MePe MoPe MeDo b ¢
Abbreviationss M,P. = Mixed phytoplankton; I - I. galbans

The algal cell concentration of I, galbang was
majintained at 25 cella//ul. Where the mixed phytoplankteon
was used, samples of 2 ml were withdrawn to make cuantitative
estimate of the number of alcal cells in the larval rearing
m?dium. Algal cell concentration was calculated to be

100 i 21.32 cells,ﬂlo

Estimation of pargmeters
Larvsl crowth

Larval growth was monitored by measuring a sample
of 50 larvae from each rearing beaker along the anteros

posterior axis every fourth day, The larvae, randomly
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picked from the larval rearing beskers were transferred
along with a few drops of ses-vater to cavity slides and
measured under the microscope using an ocular micrometer,

The larvae were then returned to their respective beakess,

To facilitate comparisons between individual -
treatments, the average larval measurements and the standard
deviations were calculated for each day of sampling, Growth
measurements thus calculated were tabulated against the age
in days of the larvae, Actual growth ratc was calculated for
three different periods of larval growth, viz,, day 1«9,
when most of the larvae were in the D share stagey day 9«17
in the early umbo stage and day 17=2% in the late umbo,
eyed umbo and the pediveliger stages, Cverall growth rate
for the neriod day 1-25 was also calculated, It was seen
from these tables that once spat setting camnenced, there
was no anpreciable increase in the gro#th rate of the
free=swimming larvae. In order to subject the data to
statistical treatment, a day falling imnecdiately after
the commencement of spat setting was chosen and regression
analysis was performed for larval growth up to this peried,
The recression of growth on age for indivicual treatments
was calculated using the equation

log vy = a + bx

where, y = average anterowposterior length of the larvae

X = age in days
a=s constant
b = growth coefficient,



The value of ] is the instantanecus rate of growth
or growth regression., The b value has been used in the
present study to make camparisons between treatments in an
experiment and is expressed as log,mm/day. Laxrval growth
was statistically tested for significance after performing
the Analysis of Coevariance and calculating the F value
(Snedecor and Cochran, 1967), When the F value was found
to be statistically sionificant, the student's t-test was
performed to find out significance between the growth
regressions of two treatments within an experiment(Snedecer
and Cochran, 1967),

2urvival rate

Three aliquots of 1 ml were pipetted from the
experimental beakers after thorough mixing, The number of
live and dead larvae were counted under the microscope,
Survival was expressed as the percentage of live larvae

present in the whole population,

Spat getting and prodyction

Cnce spat setting was initiated, the day of first
setting was recorded and the number of spat was counted,
The frceeswimming larvae were transferred to a spare besker
and the newly settled spat were counted. .-pat were counted
with every change of water until no swimming larvae were
observed, No spat collectors were used as the larvas



normally attached themselves with the byssal thread either
to the bottam or the side of the beaker, Total enmumerastion
of the spat was made by ocounting fram the cutside of the
beaker, using a grid of netting with each mesh measuring
2cmx 2 om, The data on spat production wvere statistically
treated for significance by using the normal deviate test
and calculating the Z value (Snedecor and Cochran, 1967),

Algal conmssotion

Algal consumption was monitored 24 h after feeding,
Samples of 2 ml water were remcved from the rearing beakers,
fixed in Iugol's iodine fixative and the algal cell counts
taken using a blood counting chamber, These counts were
taken to represent the level of algal cells present in the
medium at the end of 24 h from feeding., Algal consumption
was calculated by subtracting this from the initial cell

concentration,

RESULTS

'Te DETERMINATION OF CPTIMUM LARVAL DENSI

The experiment to determine the optimum larval density
was carried out during August-September, 1983, Larval
densities chosen were (larvae/ml)s 1, 3, S, 8 and 10,
i+ galbana was used as larval food and supnlied at a



s

cell concentration of 25 cells/ml throughout the lasval
rearing phase up to spat settlement, The environmental
parameters in ambient conditions ranged as follows:
Temperature ¢ 29,0 = 31,3°Cy salinity ;1 37,0 « 38,1%,72
and pH t 8,15 « 8,30, Within the experiment, the larval
rearing conditions were identical for the different larval

densities,

iarval arowth

a) Mean size of larvae (Table 2, Fig. 2): The meen
larval sizes attained by the Pinctada fucata larvae at
different experimental densities on the different days,
along with their standard deviations are given in Table 2,
The initial size of the D shape (straight hinge) larvae &t
24 h from spawning was 65,0 2, S/n.

The sampling of larvae for measurcanents was restrie
cted to those in the column water of the recaring beskers
after qgentle mixing., These larvae included the D shape,
umbo, eved umbo and pediveligers in the active velar phase
of movement, The pediveligers which are in the creeping
phase of movement, plantigrades which have finally settled
at the sides and the bottam and the spat which have already
metamornhosed and attached with byssus have been excluded,
The mean values of larval sizes presented in Table 2 refer

only to those stages sampled from the water column, The
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observed mean sizes of different larval stages were 103.5/um

for early umbo and 18.7.0/um for eyed umbo.

It is seen from Table 2 that the only larval density
which has consistently given better resylts is 5/ml, Although
the larvae were smaller than all other densities up to day 9,
they attained the maximum growth on every day of the subsequent
observations. The final setting was observed on day 28, much
ahead of all other densities,

Considering the larval growth data in densities less
than 5/nl, i.e., 1/ml and 3/ml and greater than 5/ml, i.e.,
8/ml and 10/ml, no definite trend is evident, except for the
fact that at density 3/ml, the larvae have shown poor mean
growth, remaining at the minimum on days 17, 29 and 33, The
larvae in lower and higher densities have remained behind

in growth.

b) Sige frequency distribution (Fig. 2): The

standard deviation (5.D.) of larval measurements are given
in Table 2, To further amplify the data, the size frequency
distribution of larvae (20/urn intervals) on days 5, 13, and
25 has been presented in Fig, 2. There is a progressive
increasec in the size spread of larvae with advance in time
at all experimental densities, On day 5, the S.D. range

of D shape larvae at different densities is 3.3 = 4.0/|n.
There is a notable increase in S.D. when the larvae reach

umbo stage, On day 13, the S.D, range is 11,0 = 16.2/::.
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The maximmh S,D. is noticed on day 25, the range being 20,6
« 23,2 m, The data for Fig. 2 have been limited to 3 cbser-
vation days, namely, days 5, 13, and 25 and it {s found that
the size group of larvae present on day 5 is also present on
day 13; so also the sisze group on day 13, on day 25,

Growth is not uniform within the same larval population. The
wider spread of larval sise on day 25, is indicative of
prolonged spat settliement, The modal larval sise group on day
25 4is at 140-160/}! at densities 1, 3 and 8/ml, at 160-1.0/-
at 1C/ml and zoo-izo,m for 5/ml. The modal group at higher
larval size at density 5/ml explains the carly completiom of

spat settlement compared to all other densities,

c) GCrowth rate (Tables 3 and 4): The average growth
rate of larvae, between day 125, at densities (larvae/ml)

of 1, 3, 5, 8 and 10 were, respectively, 3.91/m/day, 4'°°F‘/
day, 5.40fxm/day, 4.13/Il/day and 3.79/m/day (Table 3). The
maximm crowth rate was observed at density 5/ml, In all
larval densities (except 10/ml), the maximum growth occurred
during the period day 9«17, when the larvac vere predominantly
in the umbo and the eyed umbo stages, For this period the
maximum crowth of 7.71/un/d¢y was observed at the density
$/ml, GCenerally, the growth during the early phase (day 1=9)
and later pelagic phase (after day 17) was less with a few
exceptions, The slow growth recorded after day 17 may be

the result of a large mmber of fast growing larvae having
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reached pediveliger stage and, therefore, not included
in the sswples from column water,

Table 3, Larva) growth rate at different larval densities,

Larval growth per Aday (/u-/day)

Period

(deys) 1/l 3/ml s /ml 8/m1 10/m
19 3,48 4.15 3. 71 4.11 4.46
9-17 4,65 3.85 7.1 5,35 4.18

17=25% 3.60 4,00 4,78 2.94 2,73
1=2% 3.91 4,00 5,40 4,13 3.7

The larval growth data have been analysed and compared
statistically (Table 4), Linear regression analysis of the
data cgave the growth regressions of 0,0163, 0,0161, 0,0234,
0.0166, 2and 0,0159 log/um/day for larval densities 1, 3, 35, 8
and 10/ml respectively, These differences were found to be
highly simificant (P < 0,01) when tested by the analysis of
covariance (Table 4), The growth reqgression, 0,0234 log e/
day at the density of 5/ml was significantly greater than
those at all other densities (P (0,01),

d) Growth curve (Fig. 3)s It is secen that the
growth rate at 5/ml has been higher than at the other
densities after day 9, and this trend becomes more dominant
after day 17 (Fig. 3), While the growth curves for all
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Fig. 3. GROWTH, SURVIVAL AND SETTING OF PEARL OYSTER
LARVAE AT DIFFERENT DENSITIES
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Oother densities are more or less close to cne another,
that for 5/ml shows that the density has resulted in much
faster growth rate,

Survival rate (Fig. 3)

Fran D shape to umbo, survival was 100X at the
densities 1, 3 amd 5/ml, 95,7% at 10/ml and 86,9% at 8/ml
(Fig. 3)s The progressive survival rate to eyed umbo stage
was 91,5+ at density 10/ml, followed by 950,0% at 5/ml,
86,6% at 3/ml, 85,0% at 1/ml and 77,3% at 8/ml, Survival
to spat stage was 8,3% at density 5/ml, followed by 2,4%
each at 1/ml and 8/ml, 1.8% at 3/l and 0,2% at 10/ml,

It is scen that survival rate is very high up to eyed umbo
stage but, thereafter, there is considerable mortality at
all larval densities resulting in relatively low spat
production,

Spat setting sand prodycticn (Tables 2 and 5, Fig. 3)

The earliest setting took place on day 20 at the
larval density of 5/ml, At the densitics 3/ml, 8/ml, and
10/nl, initial setting tock place on day 22, and at 1/ml
on day 25, The size frecuency distribution of larvae on
day 25 (ige 2), which shows a wide spreacd would indicate
that spat setting would also be prolonged, Completion of
setting tock 7 days in the case of density 1/ml, 8 days at
5/ml, 10 days at 10/ml and 16 days at 3/ml and 8/ml, The
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percentage of spat production to initial larval population

was the hichest at 8,3% at density S/ml, followed by 2.4%

at 1/nl and 8/m1, 1.0% at 3/ml and 0.2% at 10/ml, The
percentage spat setting between the densities 3 and S/ml, §
and 8/nl, 8 and 10/ml were found to be statistically significant
by aprlying the normal deviate test (P< 0,01),

Table 5. Normal deviate test (Z value)s comparison of mesn
spat setting at different larval densities,

Larvae/ml 1 3 5 8 10
1 - 1.76.. 15.%' o -’o 21.
3 - 22,56* 3,33 10,59*
] - 22,18* 33,20*
8 - 20,99*
10 -
* p {0s01
** P 0,085

Peak setting took place on day 22 at larval density 5/ml
and on day 28 at all other experimental densities(Fig, 3),

Algal cell copsumption (Table 6)

The data on algal cell consumption are nresented in
Table 6. The percentages were as cbserved in the rearing
vesselzs and were not adjusted to larval survival, However,
it may be seen from Fig, 3 that survival at the differeat



densities are comparabdle,

34

Two trends are seen from the

table: (1) there is an increase in algal consumption with

incrcase in larval size and (2) there is also an increase

in consumption with increase in larval demnsity,

Cent per

cent consumption was recorded for demsities 8/ml ané 10/ml.

At the algal cell concentration of 29 cen./,.n. there

appears to be a greater wastage of cells at the lower larval

density and less or no wastage of cells at the higher

dens 1tYo

However, relating the growth and setting parameters,

it is scen that maximum growth was observed at neither the

highest nor the lowest density, but at the medium density
of 5/ml,

Table 6, Consumption of J, gﬂ*pm_.

cells by pearl oyster

larvae at Aifferent larval densities (algal cell
concentration 25 cells//ul).

8. Larval Algal consumption on different days(%)
No, density

(larvae/ml) d-4 d=10 d-14 d=17 d4=20 d4=21
1. 1 25.0 30.0 35.0 35.0 ‘o.o ‘o‘c
2. 3 35,0 50,0 55,0 55.0 65,0 T3,.(
3. 5 55.0 55.0 ‘0.0 70.0 75.0 ao.c
4. 8 95.0 95,0 100,0 100,0 100,0 100,¢
Se 10 100,0 100,0 100,0 100,0 100,0 100.(




S. Sotimum larval density (Table 7)

In terms of the four parameters considered for deter=
mination of optimum larval density, the density of 5/ml
has given the best results as can be gseen from the
comparison of the salient features shown in Table 7,
Therefore, the larval density of S/ml was adopted as
standard for determinatien of other aspects of this study

on pearl oyster larval mutritiom,
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1

The experiment to determine the optimum algal cell
concentration of I, galbang for peerl oyster larvae was
carried ocut Auring November-December, 1983, The microalga
was given at four cell concentrations of 10, 25/,50 and 100
cells//ul. The larvae were stocked at the uniform density
of 5/nl, The range of environmental parameters in smbient
conditions was as follows:

Temperature 5§ 29,2 « 31,5°Cy salinity 1 35,5 « 36,5%,7 and
pH 38 8,25 « 8,30, Within the experiment, larval rearing
conditions were identical for the different algal cell

concentrations,
Laxval crowth

a) Mean size of lJarvae (Table 8 Fig. S)s It 4s
seen fram Table 8 that maximum mean larval size from dsy S
up to day 33 has fluctuated between the cell concentrations
of 25 and 50 cells/ul, For most days, (5, 9, 17, 21 and 29)

minimum mean larval size is obgerved at the cell concentra-
tion of 10 ceus//ul.

b) Size frequency distribution (Fig. 4)s At all
feeading levels there iz an increase in the size ranges of

the larvas with advance of time (Fig. 4), It is seem that
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Fig.4. SIZE FREQUENCY DISTRIBUTION OF PEARL OYSTER
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similar modal groups sppear on the same days at different
algal densities, except on day 5, However, the range is
narrower on day 13 at 25 cells/ml, and on day 25 at 50
colls/,ul as compared to other densities, The smaller sise
groups of 120-140,:: persist even on day 25 at densities
100 cells//al. Comparing all 4 algal cell concentrations,
28 cells/ /31 and 50 cells//ul gave better results,

c) Growth rate (Tables 9 and 10)s The average growth
of larvae during day 1«25 wvas 4,78, 5,17, 4.7% amd 4.00Mq
far the resnective algal cell concentrations of 10, 25, SO
and 100 cells//ul(Tablo 9), The maximum growth rate of

5.17 ,um/c?ay was obtained far the concentration of 25 celh//ul.
The growth rate during day %-17, when the larvae vere

predaninantly in the umbo and eyed umbo stages, was higher
than in the preceding and succeeding periods, For the
duration day $«17, the algal cell concentration of 50 c.lh/,ul

.gave the highest growth rate of 7.16/um/éay.

Table 9, Larval growth rate at different concentrations of

isochrysis galdbana.

Period _ Larval growth per day (am/day)
(day8) 10 cells/pml 25 cells/ml 50 cells/ml 100cells/ul

1=9 3,51 3,60 3.99 3.66
=17 S.45 6,81 7.16 7.14
17-25 5,35 5.09 3.09 3,59

1-25 4.78 517 4,75 4,80




2.

3.

Growth regressions of 0,0184, 0,0196, 0,0192 and
0.0194 log um/day were obtained at the algal cell concent-
rations of 10, 25, 50 and 100 cells/)ul, respectively
(Table 10), However, these values were not found to be

statistically significant from one anZother (P » 0.,05).

d) Growth curve (Fig. 5): 1In the early period of

larval life, the growth curves for different feeding levels
are close together (Fig., 5). On day 13, they become
divergent and the final order of merit becomes distinct on
day 25. Further data on day 29 show that the algal cell
concentration of 25 cells/)ul gives the highest larval

growth followed by 100, 50 and 10 cells/)ul.
Survival rate (Fig. 5)

Survival was 100% at the umbo stage for all 4 algal
densities (Fig. 5). Survival rate was 90% at 10 cells/)ul,
83.,3% at 25 cells/)ul, 8,8% at 50 cells/)ul and 80,0% at
100 cells/)ul for the eyed umbo stage. Survival to spat
stage was 31,7, 34,7, 28,3 and 23.,8% at 10, 25, 50 and 100

cells/)ul respectively, indicating that considerable mortality

had occurred between eyed umbo stage and spat setting.

Spat setting and production (Tables 8 and 11, Fig. 5)

At all feeding levels, spat setting was observed first

on day 23 (Table 8), Maximum duration of 21 days setting
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period was cbserved at 10 conl//ul (rig, S). At all
other feeding levels, duration of spat setting was cbserved
to be 19 days. The percentage of spat production was
highest at 25 cells/ml, being 34.7X, followed by 31,7% at
10 colll//ll. 28,3% at S0 colll,ul and 23.,8% at 100
colh/,ul. The percentage spat setting between the treat-
ments 10 and 25 eons//ul. 25 and 50 eells//ul, S0 and 100
colls//ul were found to be highly significant (P< 0,01),

Table 11, Normal deviate test (2 value)s comparison of
mean spat setting at different cell concen-

trations of Isochryals galbane.

cdls//ul 10 25 50 100
10 - 5 .m. 5 .87* 1‘. 01*
25 - 10,93* 19,09*
100 -
*P<0,01

Peak setting was seen to differ between treatments,
occurring on day 23 at 28 cella//ul. on day 26at 10
cells/ml and on day 30 at 50 and 100 cells/ml (Fig. S).



4.

Alcal call consusption (Table 12)

As in the case of larval density experiments two
general trends of algal consumption are evident from the
datas (1) there is an incresse in algal consumption with
increase in larval size (advance of time) in all experi-
mental cell concentrations sand (2) on a given dsy, there
is decrease in algal cell consumption with increase in
algal cell concentration (Table 12), For the larval
density of 5/ml, the greatest utilisation efficiency {is
cbtained at 10 cells/ml and the poorest and therefore,
maximum wastage of algal cells, at 100 cells/ /ul.. Although
the lower concentration (10 cells/ml) gives up to 100%
utilization, larval growth is not the best at this,
Utilization of 35,0=55,0% at 50 cclls//ul and 22,5«30,0%
at 100 cclls//.ll leads to considerable wastage of food
material,

Table 12, Consumption of ], by pearl oystex
larvae at different algal cell concentrations

Cell concen- Algal consumption on different days (%)
tration

(cells/ml) a-4 d=7  4-10 a-14 A-18 a=21
10 72.5 72,5 100,0 100,0 100,0 100,0
25 50,0 60,0 71,0 71,0 71.0 80,0
50 35,0 40,0 50,0 50,0 50,0 55,0

100 22,5 22,5 25,0 30,0 27,5 30,0




2.

B. Paviova lutherd

The species Pavlova liutherd is as important as
3+ 921Pma in bivalve larval rearing, The experiment
to determine the optimm cell concentration of P, lutheri
for P. fUcata larvee was conducted during August-Septembder,
1983, The following were the range of envirommental
parameters during the period of studys
Temperature s 29,2=-31,5°Cy Salinity 1 27,0-38,1%,7 and
pH 1 8,25-8,30,

Larval arowth

a) Mean pize of larvae (Table 13, Fig. 7)1 The
initial mean size of the straight-hinge larvae was 69,0 ¢

2.3 am (Table 13). It may be seen that larval growth at
the lower concentrations of 10 and 23 cells/l is better
than growth of larvae at 50 end 100 cella//ul. The maximmm
mean larval sige is observed consistently at 25 celll/pl.
The minimm larval sizes have been recorded at the higher

cell concentrations of 50 and 100 cells//.xl. except on day S,

b) Size frequency distribution (Fig, 6): A uniform
modal group (60-80 am) occurs on day 5 (Fig, 6). Thereafter,

the range and the modal group differs at the four cell
concentrations, On day 13, the widest size range is observed

at 100 cells//ul and smaller sigze ranges for the other cell
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concentrations, The modal sise group was 100-120,m at

10 cella//ul. 140-160,-: st 28 een-’al and uo-uo/— at
50 and 100 cells/ml., On day 25, the sise range and modal
size group (180-200um) were the same for both 10 and 28
cous//.\l. A wide sise range occurs at 50 and 100 cells/ml
with a mode at 160-1.0,'.

c) Growth rate (Tables 14 and 15): The actual larval
growth rates for day 1-25 at the cell concentrations of 10,
25,50 and 100 colla//ul were respectively, 4,86 5,27, 4,18
and 4,82 am sy (Table 14). The highest crowth rate eof
5.27/.m/day was obtained at 25 cells//ul. As in the case
of the experiment with I, galbang, the larval growth rate
during day 9=17 was much higher than during the preceding
and succeeding periods, During day 9«17, the growth rate
was the highest at 10.50/\n/day at the algal density of
10 cells//xl. followed by 10.08/m/d¢y in 25 cell./’ll.
8,03 uum/day in 50 cells/ml and 7.10 um/day in 100 cells/ml,

Table 14 Larval growth rate at éifferent concentrations
of Eavlova jutherd.

Larval growth per day (/um/day)
Per iod
(days) 10 cen.//.;l 25 colls//xl 50 cells//ul 100 ulh/fﬂ

1-9 3,63 4,30 3.48 4.13
=17 10,50 10,08 8,03 7.10
17=25 0.45 1.43 1,03 3,23

1-25 4,86 5427 4,18 4.82




2.

43

linear regression snalysis gave growth regressions
of 0,0253, 0,0256, 0,0234 and 0,0226, logam/day at 10, 28
$0 and 100 colll//ul respectively (Table 15), Growth
fegression is seen to decrease with increasing cell
ocncentrations from )5 to 100 cous//ul. The analysis of
covariance, however, indicated that these values were not

statistically significant from each other (P > 0,05),

d4) Crowth curve (Fig, 7)s Up to day 9 growth in
the different treatment is comparadble, but subsequently,
larval growth at 25 and 10 cells//ul is much better than
growth at 50 and 100 cells/ml (Fige 7)e

Survival rate (Fig. 7)

In all treatments, survival was 100 at the umbo
stage., Jurvival was reduced to 81.8% at 1C colls//ul, 70,6%
at 2% cells//ul, 88,9% at 50 cella//ul and 80,0% at 100
colll//ul at the eyed umbo stage, Survival to spat profu-
etion was 29,0% at 10 gelh//ul, 10,2% at 25 cens/ﬁl,
13,3% at 50 cells//ul and 5,2% at 100 cells//ul.

Spat _setting and prodyction (Tables 13 and 16, Fig. 7)

Setting was initisted on day 18 at 10, 25 and %0
conl//ul and on day 20 at 100 cenl//al (Table 13),
Setting lasted for a maximum of 12 days at 1C cells//ul.
10 days each at 25 and 50 cells/,ul and 8 days at 100
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4.

cells/ ,u.l. Total spat production decreased progressively
from 29,07 at 10 c.n-//ux. to 18,2% at 25 c.u-/,u. to
13,3% at 50 colls//tl and to 5.,2% at 100 cella//nl.

The percentage spat production between 10 and 25
eenn//ul,zs and 50 cellu//ul and S0 and 100 celll/fll were
statistically different fran each other (P(0,01),

Table 16. Normal deviate test (Z value): comparison of
mean spat setting at different cell

concentrations of Pavlova Jutherl.

Cells/ ml 10 23 50 100
10 - 20, 30* 31,03* 52,69*
25 - 10,67* 32,71*
50 - 22,38*

100 -
* P<CO0,01

A remarkably uniform peak setting was observed on
day 22 4in all algal cell concentrations (Fig, 7)., After
the peak setting on day 22, setting at all cell concent-

rations declined sharply,

Algal cell congumption (Table 17)

As observed for 1, galbana, two trends are seen in
algal consumption of P. Jutheri: (1) there is an increase in
algal cell consumption with increase in larval size (advance

b4



of time) at all experimental cell concentrations, and (2)

there is a decrease in algal consumption with increase in
slgal cell concentration for amy given day.

Table 17, Consumption of P. cells by pearl oyster
larvae at Aifferent ce concentrations

Cell Concen- Algal cell consumption on different days(%)
tration

(cells/ /ul) A=b a8 d-11 d=15 de17
10 75,0 100,0 100,0 100,0 100,0

a5 60,0 70,0 80,0 80,0 80,0
50 40,0 45,0 50.0 60,0 60,0
100 a5.0 25,0 32.5 37.5 37.5

Although maximum (100%) utilisation of algal cells
was observed at 10 celh//ul. larval growth was not optimum
at this level, When studied in relation to the earlier data,
the al~al cell concentration of 25 cells/al giving a consume
ption rate of 60=80% appears optimum for larval growth, The
cell concentrations of 50 and 100 cells//ul where consumption
was 40=60% and 25,0=37,5% lead to considerable wastage of
algal cells,



Ce Swumary of results of larval rearing uwsing different
cell concentrations of I. galbana snd P. lutheci

A comparison of the nutritive value of the two algal,
species I, galbana and P. lutherl to the larvae of pearl
oyster Pinctadsg fucatg is attempted based on the results
reported in the two earlier sections., As may be seen fram
Teble 18, mean larval siges on day 25 and actual growth
rates for the period day 1-25 are very similar with differeat
concentrations of 1. galbana and P, Jlutheri, except at
50 cells/ml, The concentration of 25 cells/ml of both
algal species has given higher growth rate, However, growth
regressions of larvae fed with I. galbana (0.0184-0,0196
leq/um/day) are generally lower than those of larvae fed
with p. Juthery (0,0226~0,0256 logam/day). This is due
to the fact that larvae fed with P, Jutheri reached the
setting stage earlier (day 18) than larvae fed with 1. galbana
(Gay 23) and growth of larvae in the pelagic phase had
thereafter stagnated, This may also be deduced from an
examination of the actual larval growth rate for periocds
day 1-9, day 9«17 and day 17-25 (Tables 9 and 14), For
the period day 9=17, much higher growth rates are recorded
with B, luthers as diet (7,10 to 10.50/ln/day) than with
1. galbang as diet (5.45 to 7.14,m/day). The poor larval
growth rate with P, lutherl for the subsequent period,day
17=25 (0.45 - 3.23 um/day) as compared to I. galbana
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(359 = 5435 amm/day) reflects a stagnation in larval growth
due tOo early commencement of setting., However, taken as a

whole, the same trend in growth rate is observed,

Apart from the early initiation of setting using
B. dutheri as diet, Aduration of getting was also short
(8~12 days) as compared to larvae fed with I. galbsna
(18 days), Spat production was consistently Mqﬁex' with
1. galbana was larval food as compared with P. lutherd

at all cell concentrations.

Considering the more important parameters of growth
and spat production, it is noted that while P. luthexi
led to higher growth rates and rapid setting, spat setting
was consistently higher with l. galbans (Table 18), The
experiments with the two algal species having been conducted
at different periods of time, the differences in results may
also be partly Gue to differences in ambient conditions
besides their nutritive value for pearl oyster larvae, Feor
both algal species, pearl oyster larval growth has been
maximum at the cell concentration of 25 cells//ul. However,
while maximum spat setting occurred at the cell concentration

of 25 cells/ml with I, galbang, maximum setting occurred
at 10 cells//.xl with P, Jutherdi.



1.

IXX. IT ’ S SPECIES OF
A. Shromuling freiburgensis

chromuling fxaibureensis vwes wsed as experimental
fooed for pearl oyster larvas at a larval demsity of S/ml

and slgal cell concentration of 25 cells/al, Concurrently,
larval rearing was carried out with Jggchrysis galbsng as
standard food and also with a combination of equal proportions
of C. frelburgensig and 1. galbang, at the same larval
density and algal cell concentration, While the results of
the above three types of larval rearing are presented in the
accompanying tables and figures, only those of single species
are considered here for treatment and discussion, The
results of microalgal combination experiment are discussed

in a later section,

The experiments were carried out during May, 1984,
under the following ambient conditions:
Temperature 1 27,9 = 29,1°Cy Salinity t 33,5 = 35,0%,7 and
pH ¢ 8,10 =« 8,15,

Larval orowth

a) Mean size of larvge (Table 19, ¥ig., 9)s For days
S and 9, larvae fed with C, freiburgensis measured 84,9 am

and 95.3/un as compared to 84.7/m and 92.3/um attained by
larvae fed with I. galbana (Table 19), Thercafter, growth
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of larvae in the standard food was found to be consistently
greater, lLarvas fed with I, galdbang measured 106,9, 145,7,
183,3 and 185,5Aam for days, 13, 17, 21 and 25 as compared to
mean sizes of 100,3, 115.4, 137.4, and 163.8 am for

Ce freiburgongis-fed larvae for the same days,

b) $Size frequency distribution (Fig, 8)s Similer
modal group (oo.1oo/m) for days 5 and 13 occurs for both
Ce freiburgensis-fed and . galbang-fed larvae, However, on
day 13, range of sizes is narrower for C, freiburgensig-fed
larvae, and is restricted to the smaller size range (80-100
/= to 100-120/:\) as compared to that of standard (80=-100 teo
120-140am). On day 25, the range of larval sizes is wider
in standard (100-120 to 220.240/:".) than for C. freiburgensis-
fed larvae (120-140 to 200-220um),

c) Growth rate (Tables 20 and 21): The growth
rate of pearl oyster larvae fed with C. freiburgensisg is
comparable to that of the standard up to day 9 but,
thereafter, growth rate of the standard has remained
consistently higher (Table 20), The actual larval growth
rate for larvae fed with C., freiburgepsis was 4.01-/.-/duy
wherceas it was 4.92/\m/day for standard for the duration
day 1«25, It is also seen that for the period day 9=17

larval growth with C. freiburdensis was very poor at 2,52 am/day,
as compared to the maximm of 6.68/-/day with . galbhana,
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Fig.8 SIZE FREQUENCY DISTRIBUTION OF PEARL
OYSTER LARVAE FED WITH CHROMULINA

FREIBURGENSIS SINGLY AND IN COMBINATION

WITH ISOCHRYSIS GALBANA
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Table 20. Larval growth rate when fed with Shgmuling

w singly and in combinat t
dalkana.

Period Larval growth per day ( am /day)
(Qays)
c I+C I
1-9 3.48 3.78 3.10
917 2,52 3.06 6.68
1725 6,05 6.43 4.98
i~25 4.01 4.42 4.92

hrevietiont * % nohels SRRV
] =

Crowth regressions were of 0,0196 1og/u/dq for
1. galbang-fed larvae and 0,0148 logam/dey for C. Lraiburcensis-
fed larvae (Table 21), The growth regression cbtained oem
feedinc with C, freibuyrgensis was statistically different
from that with I, galbana (P < 0,05),

d) growth curve (Fig, 9)3 Crowth of larvae fed with
&+ galbana is seen to be far better than growth of larvae
fed with S, frelburgepsis (Fic, 9). The differences became

marked from day 9 onwards,

Survival rate (Fig. 9)

Larval survival was 38,5% at the unbo stage whan fed

C. freiburgensis and 66,6% when fed I, galbana (Fig. 9).
Survival was reduced to 17,5% during the eyed umbo stage
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Fig. 9 ..GROWTH,SURVIVAL AND SETTING OF PEARL OYSTER LARVAE FED
WITH CHROMULINA FREIBURGENSIS SINGLY AND IN COMBINATION
WITH ISOCHRYSIS GALBANA
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for larvae fed with C, freiburgensis snd to 44,4% with
1 galbma. Survival to spat stage was 3,0X fer the
former and 6,5% for the latter,

Spat getting and production (Tables 19 and 22, Fig. 9)

Setting was initiated on day 21 in both treatments but
the setting duration was @ days for . freiburgensis-fed
larvae and 8 days for larvae fed with ], galbana (Table 19),

Peak setting was observed on day 23 for 1, galbanp-fed
larvae, '(Fig. 9). Thereafter, there wvas a sharp decline in
percentage spat setting but setting prolonged till day 3%,

On the other hand, larvae fed with C, freiburgensis set in

small numbers initially and peak setting wvas observed on day
27, These results indicate that larvae fed on . freiburcensis
were glower in their growth rate and therefore took a longer
time to set, Spat production was 3,0% for C. freiburamnsis-
fed larvoe and 6,5X for 1. galbana-fed larvae., Spat setting
percentage of C._frejiburgensip~fed larvae was found to be
statistically significant from spat production of 1. galbanae
fed larvae (P < 0,01),

Table 22, Normal deviate test (Z value): comparison of
mean spat setting with different: algal diets,

Algal diet c I+¢C b 4
c - 5,49" 13,14
I+ C - 7.73*
¢ -
* pL 0,01

Abbreviations: C-Chrommlina fieiburcensiss I-isochiveis galbana



4.

Algal cell consumption (Table 23)

Consumption of C, freiburgensis cells is seem to be
less than that of I, galhsna cells. wWhile comnsumption of
& galbma cells was seen to steadily increase with
increase in larval sise, consumption of C. fraiburgensis
was sesn to decrease after day 11, An examinatiom of the
larval survival data shows that survival was reduced to
38,5% even at early umbo stage, The decreased consumption
of C. freiburgensis may, therefore, be associated with the
higher mortality observed for larvae fed with G, fxeiburosnsis.

Table 23, Consumption of C, W}g_ and I,
cells in single and combinatim diets by pear
oyster larvse at the concentration of 25 cells/aml,

Algel cell consumption on different
days (%)
Species
ded d=8 d-11 d-15 d=17 d=20

Co fraiburgensis 45.0 45,0 50,0 3745 as.0 28,0

C. freiburoensis 40.0 50,0 50,0 60,0 60,0 60,0
I. galbma 70,0 70,0 80.0 80,0 90,0 90,0

1’ m 62.5 65.0 7000 7500 75.0 75.0
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B. Synechecvatis salina

The experiment to test the mutritional value of
8§ 2alina wvas carried cut &uring January - Pebruary, 1984
wvhen environmental parameters in ambient comditions were
a8 followss
Temperature § 23,9 « 25,1°Cy Salinity s 33,5=35,0%,7 aad
pM ¢ 8,10 = 8,20,

As in the case of Chramlina freiburgensis, standard
larval rearing was done with I, galbana for comparison,

Larval rearing to evaluate the nutritiocnal value of.
Tetrasclimis gracilis was also dome concurrently, The

data on the latter are presented in tables and figures along
with those on S. galina but are discussed in the section

under T. gracilis.
Lacrval crogth

a) Mgap pize of larvag (Table 24, Fig, 11): As can
be seen from Table 24, starting from day 5 up to day 41,

the mean size of larvae fed on I. galbapa has been
consistently larger than that of larvaes fed on S. galina.
The laxvae fed with S. galina remained in the D shape
stage for a prolonged period, exhibiting a very slow rate
of grovwth, On dsy 41, mean larval size was only 99.9/1!.
In contrast, mean larval sise on day 41 for larvae fed

on I, galbana vas 193.0/\:::.
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b) Size frequency distributicn (Fig., 10)s while the
larval siszss range was seen t0 increase in the standard, the

sise range of larvae fed on S, galing was very limited

(Fig, 10), Although similar modal groups (so-ao/u- and
oo-s.oo,m) occurred for both treatments on days $ snd 13,
the percentage of larger sized larvae in the ao.noo,u- range
on days 5 and 13 was greater in the standard, On day 29,
larvae fed on S, galina had a modal group remaining at
80-100/um and larvae of the standard at 100-120,::. Larvae
fed on I. galbang showed progressive growth up to 160-1!0,-

size range,

¢) Growth rate (Taebles 25 smd@ 26): The growth rate
of pearl oyster larvae fed with S, 2a2ling remained consistently
lower than that of larvae fed with I. galbang cells (standard)
(Table 25). The larval growth rate was seen to decline
steadily with increase in age, For the duration day 1«25,
the overall growth rate was seen to be o.as/m/duy fer larves
fed with 3. galina was compared to 2,37, mm/day obtained with
the standard, Even with the standard, the growth rate was
relatively poor as compared to the results obtained in
larval rearings with I, galbana at other times during this
study. This may be due to the lower temperatures and
salinity conditions that prevalled during this experiment,



Fig.10. SIZE FREQUENCY DISTRIBUTION OF PEARL OYSTER
LARVAE FED ON THE ALGAE, SYNECHOCYSTIS
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Table 25, Larval growth rate using the microalgae
Synschocvatis aalina and Ietraselnis gracilis.

,.dd Larval growth per day ( um/day)
(days) 8 3 T
1-9 1.31 0.93 3,08
9-17 0.73 0,06 1,70
17=-25 0,55 - 2.4
1-235 0,86 - 2,37

Abbreviationss ° - “ynechocystig salinas ¥ - Ietraselmis
graciliss I - Isochrysis gslbang
Growth regressions were 0,0105% log/mn/day for
1. galbany and 0,0034 logmum/day for S, galina (Table 26),

d) Growth curve(Fig, 11)s The growth curve of
larvae fed with 5. galing is more or less a plateau from day
13 showing no perceptible increase in growfh (Fige 17).

Survival rate (Fig. 11)

For larvae fed with T, galing survival at the onset
of umbo stage was seen to be 52,4%, Total mortality occurred
by day 53, In contrast, larvae fed on I. galbang showed a
survival rate of 92,3% at the umbo stage and 76,8% at the
eyed umbo stage.

59
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Fig.ll. GROWTH, SURVIVAL AND SETTING OF PEARL OYSTER LARVAE FED
WITH THE MICROALGAE SYNECHOCYSTIS SALINA AND
TETRASELMIS GRACILIS
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Spat_setting and production (Table 24, Fig. 11)

There was no spat setting among larvae fed with

Se 3alins. In larvae fed with I, galbana spat setting
cammenced on day 28 and lasted a period of 24 dsys yielding

a total spat production of 8,8% (Table 24), FPeak setting
was seen to occur on day M, although there was a prolonged
setting phase up to day 52 (Fig, 11),

algal cell consumption (Table 27)

Although S aaling cells were consumed by the larvae

as confirmed by microscopic examination, the species gppeared

to have had very little nmutritional value for the growth
of P fucats larvae,
Table 27, Consumption of 3, galina and T, gracilip cells

by pearl oyster larvae at the concentration
of 25 cella//ul.

Species Algal cell consumption cn different days(%)

d=3 G=6 d=9 d=16 d-20 d-23

8. salina 65,0 70.0 80,0 80.0 85,0 85,0
!o ma 15.0 1500 15.0 10.0 10.0 -
1. galbana 62,5 65,0 68,0 70,0 75,0 75,0

ob



1.

Co Istraselmis cxacilis

Nutritional value of the microalga T. gracilig fer
the pearl oyster larvae was evaluated in an experiment
carried cut during Janusry-February 1984, The envirommental
parameters were as described for S, galina.

Laxyal growth

a) Mean size of larvas (Teble 24, Fig, 11)s Growth
of larvae fed with I, gracilis cells has been vary poor

(Table 24), Mean larval siszes on days 5, 9, 13 and 17 were,
respectively, 72.2, 75.7, 76,1 and 76.2/!! as compared to
81,1, 92,9, 97.6 and 106.5/‘ attained by larvas fed with

L. galkana for the same days., The larvae fed with T, gracilis
did not grow beyond the D shape stage, All larvae had
perished by day 20,

b) Size frecusncy distributicg (vig. 10)s On day §,
all larvae fed with I, gracilis were in the size group 60-80,am
(Pig, 10), On day 13, while the majority of larvae remained
in the same group, some had advanced to 80-100,.::. However,
the larvae fed with . galbana showed a progressive modal
shift fram 60—80/:11 on day 5 to 80-100/11 on day 13 and to
100-120,n on day 25.

c) Growth rate (Tables 25 and 26): The growth rate
of pearl oyster larvae fed with I, gracilis cells has remained



3.

consistently lower than that of larvae fed with J. galbana

(Table %), It was 0,93 pm/day during day 1-9 and O.Mﬂday

during cday 9-17 as compared to a.m/m/dq and 1.10F/dq
cbtained with . galbana for the same periods,

Linear regression analysis of growth data gave growth
regressions of 0,0029 loqpvday for T, gracilip-fed larvae

and 0,0103 logam/day for 1. galbanp-fed larvae (Table 26).
The growth regression of larvae fed with 1. gracilis wves
statistically significant from that of larvae fed with

3. galbana (P<0,01).

4) gGrowth curve (Fig., 11)s Very poor growth of
larvae fed with T, gracilig i= quite evident (Fig, 11),

guryival rats (Fig. 11)

Since none of the larvae fed with I, gracilis were
seen to reach the umbo stage, count on survival was made at
the same time of sampling., Survival of © shape larvae on
day 15 was 12,5% with I, gracilig as against 92,3% with

I. galbanae Mortality of larvae fed with T. gracilig was
complete by day 20 (Fig, 11),

Spat _actting and prodyctiop (Table 24)

No spat setting of larvae fed with I. gracilis wes
cbserved (Tadble M),



4 Algal cell consumption (Tsble 27)

It 43 seen that there is very poor consumption of
. sxacilia (10-15%) as compared to that of the standard
(62.5 - ”.“) (T.blc 21).

D, Relative merits of W S . ..*‘,n. snd
e Zacilis as htv-%f of pearl oyscer arvae

In the experiments dascribed before, Chromualina
freiburgensis had been tested as larval food for Pinctada
fucata larvae. Isochrysis galbang was used as standard
food for comparison, Similarly, Synechocvstis galinag and

Zetrascinis gracilis were tested independently with I, galbsna
as the common standard, The salient features of merits and

demerits of the test foods are presented in Table 28,

The mean sise of the larvae fram day 13 onwards was
larger with 1. galbang (185.5 amm on day 25) as compared to
C. fxeiburgensis (163.8am on day 23), Growth regression
was greater (0,0196 logam/dmy) with 1. galbana then with
Ce freibucgensdis (0.0148 logawm/dayl)s Larval survival rate
was higher with 1. galbsna. Although spat setting commenced
on the sane day with both food species, spat production waz
higher (6,5%) in the case of 1. galbana than with
. Zraibugenaig (3.0%). The data indicate that
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G Lxallnizoensis, although relatively lower in nutritional
value as campared to . galbana, is & useful food source
for the pearl oyster larvae,

The microalgal species, S, galing snd T. gracilis
have been found to be very poor foods for pearl oyster
larvae, Although the larvae survived for 53 days in
Se. galina, they 4id not grow beyond the eved umbo stage,
In tha case of T. gracilis mortality of larvae was complete
by day 20 and the larvae had not grown past the U shape
stage, On the other hand, larval rearing with the standard
Z. galbang &8 food was normal, The growth regression of
larvee for the period of rearing were 0,0035 logam/day
with S. galina and 0,0029 log,am/day with I. gracilis es
compared to 0,0108 1oq/uq/day for the standard, These two
species have proved to be mutritionally inadequate for

pecarl oyster larvae,



1.

61

IVe TRITIONAL VALUE OF SPEC

In a series of experiments carried ocut during differ-
ent periods of this study, six ocmbinations of microalgal
species were tested for their nutritional value for the
pearl oyster larvas, Larval rearing with I, galbana es
food was done concurrently for comparison of results,

A. JIsochivsis galbana + Ravliova lutherd

The larval rearing with I, galbana + 2. Juthexd
combination was carried out during June-July 1983, under
the following ambient conditions:

Temperature t 29,2° - 31,5°C; Salinity s 36,0 « 38,0%
and pH 1 8,25 - 8,30,

Larval growth

a) Mgan size of larvag (Table 29, Fig, 13): The
initial size of the straight hinge larvae was 67,4 % 2.5/:!
(Table 29), On different days of observation, the larval

sizes in the combination and standard are comparable, although
minor differences are noticed, Such differcnces are randam and
do not indicate any particular trend, However, around the set-
ting time, the larvae fed with combination diet were larger at
138.3/um and 154.1/&\ on days 21 and 25, as compared to those
fed with I, galbana alone which are at 129.1/:: and 1“‘.F'

b) Size frecuency distribution (Fig., 12)s The

pattern of size distribution is seen to be more or less



Table 29, Growth and setting of pearl oyster larvas fed

with a combination of w galbana and
Ravlova .
Age of culture Mean size of larvae ( Am)
(Cays) /=
+
e A
b 67.4 i 2.5 67.4 b d 2,5
5 72.7 + 2.7 715 & 2.7
9. 7649 + 3.9 76.6 + 3,3
13 B6.7 + 7.8 89.8 3 7.2
17 113,0 1+ 16,9 118,2 t 14,6
21 138,3 + 29,3 129.1 3 18,3
29 154.2 ¢ 22,3 158,8 + 26,2
Day of first
setting 25 25

Day of final
setting 42 47

Total no., ©of
spat 953 . 867

Rate of spat
production(%) Te6 6.9




uniform for larvae fed om combination diet as well as

1. galbana diet (Fig., 12), Similar modal size groups are
cbserved for days S (60-80/-!) and 13 (80—100,3). Oon day
25, although the range of larval sisze iz similar, the modes
are different, With standard there is a single mode at
160—180/113,, whereas for larvae fed with cambination diet
there are two modes at 120—140/!! and 180-220,«!&.

c) Growth rate (Tables 30 and 31)3 The overall growth
rate for the period day 1-25 is marginally higher for larvae fed
with the combination diet of I, galbana and B, lutheri(3.62m/day
as campared to that of the standard (3,43 am/day; Table 30),
Maximun growth rate was recorded during the period day 9-17
for larvae of the standard but during day 17-25 for larvae fed
with the caombination diet,

Table 30, Larval growth rate when fed with a combination
diet of I. galbana and P, lutherd.,

Period Larval growth rate per dayy.-/dq)
(days)

I +P I
1=9 1,19 1,18
9«17 4,51 5.20
1725 5.14 3.9%
125 3,62 3.43

Abbreviationss P - Pgylova lutheris I - Isochrysis galbapa



Fig.12. SIZE FREQUENCY DISTRIBUTION OF PEARL OYSTER

LARVAE FED ON A COMBINATION OF ISOCHRYSIS
GALBANA AND PAVLOVA LUTHERI
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Crowth regressions of 0,0161 log/u/day for larvae fed
cambinstion diet and 0,0155 logam/day for the standard
(Table 31), The growth regression of larvae fed with the
canbination diet and standard were not found to be statisti-
cally different from each other (P 0,05),

4) Growth cuyrve (Fig, 13)s Trend in larval growth is
similar up to day 9 (Fig, 13), Till day 17, growth in
standard is seen to be better, Theretifter, growth of larvae

fed on the combination diet is seen to be better,

survival rate (Fig. 13)

Survival was 77.3% at the umbo stage and remained the
same at the eyed umbo stage for larvae fed the cambination
diet, (rig. 13), With I, galbana as diet, larval survival
was 92,3 at umbo and 87,9% at eyed umbo stage, Survival
to spat stage for larvae fed with the carbination diet was

T7.6% as canpared to the 6,9% for the stancard,

Spat getting and production (~able 29, Fig, 13)

Setting was first observed on day 25 in both larval
populations but lasted for different periods of time(Table 29),
Peak setting of larvae fed the cambination diet was observed
on day 30(Fig, 13), Thereafter, there was a gradual decline
and setting was complete on day 42, Far the standard, pesk
setting was observed on day 36, beyond which there was a
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Fig.|3. GROWTH, SURVIVAL AND SETTING OF PEARL OYSTER LARVAE
FED WITH A COMBINATION OF ISOCHRYSIS GALBANA AND

PAVLOVA LUTHERI
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sharp decline and setting lasted a longer period till day 47.
Spat production was 6,9% in the standard and 7,6% in the
cambination diet, The normal deviate test showed a Z value
of 2,14, indicating that spat setting in the 2 treatments
was statistically significant from each other (P < 0,01)e

Algal cell copsumption (Table 32)

Consumption rates of P, Jutherl and I, gaslbana
species for larvae fed with the combination diet and

standard I, galbang were similar (Table 32), Consumption
of algal cells increased with the age of the larvae,

Table 32, Consumption of 1., galbang snd F, cells
by pearl oyster larvae fed a canbination diet

Algal cell consumption on different days(%)

Species
a=5 Aa=9 d-13 d=-17 d=21 a-23
I. galbana 60,0 60,0 70,0 70,0 80,0 80,0
+
20 m 60.0 70.0 70.0 70.0 70.0 80.0
I. galbang 60.0 70,0 70,0 70,0 72,0 83,0

B. Igochryeis galbana + Shramulina freiburgensis

The larval rearing using the combination diet of
I, galbana + C, freiburgensis was carried out during May«June
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1984 when experimental conditions were as described in
section IXI, A,

Larval growth

a) Moan sise of larvag (Table 19, Fig. 9): On days
S and 9, the mean sizes of larvae fed the combination diet

were higher than those of the standard, measuring es.z,.n
and 97.7Am as compared to 84,7 and 92,3 am of the
standard, Thereafter, mean sizes of larvae fed the standard

diet of I, galbang were consistently grester,

b) size frequsncy distribution (Fig, 8): On day 5,

larvae of both treatments showed a similar size frequency
distribution (Fig. 8). Thereafter, the larval sise range
in combination diet was narrower than for standard, While
there was a single modal group at 160-180um on day 25 for
the canbination diet, there were two modal groups at 160-180

Vo and 200-220/: for the standard,

c) Growth rate (Tables 20 and 21)s The overall larval
growth rate for day 1-25 was higher for the standard
(4,92 fxm/day) than for larvae fed with the cambination diet
(4.42/|m/dqy; ‘Tablo 20), The growth rate for day 1=9 was
higher for larvae fed with the combination diet (3,78 /m/dly)
than for the standard (3.10/.:m/day). Maximum growth rate
was observed during day 17=2% for larvae fed with the
cambination diet and during day 9«17 far the standard,
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Growth regressions obtained were 0,0166 log ,m/duy for
the combination diet and 0,0196 log sm/day for standard
(Table 21), The analysis of co=variance showed that the growth
regregsions of larvae fed combination diet and standard were
statistically significant from each other (P < 0,0%8),

d) Crowth curve (Fig. 9): It is seen that growth of
larvae fed with the cambination of I, galhang and C. fxeibur-

gensis was poorer than growth of larvae fed 1, galbsna alone
(Fiq. 9).

Survival rate (F1g.9)

Survival was 85,7% at the umbo stage in the cmb.ipatia\
diet was canpared to 66,6% for the standard (Fig, 9). It was
66.,6X at the eyed umbo stage on combination diet and to 44.4%
in the standard, Survival to spat stage was 4,3% for the
combination diet as compared to 6,.,5% for the standard, The
data would show that although larval survival was slightly
higher during the eyed umbo stage for the combination diet,

spat production was relatively higher for the standard,

Spat_setting and oroduction (Tables 19 and 22, Fig, 9)

Setting was first observed on day 21 in both combination

‘diet=fed larval rearing beakers and in the standard (Table 19),

The duration of setting was scen to be only 4 days in the

former and 10 days in the latter, For both standard as well as

66
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larvae fed the combination diet, spat setting was initiated
with small numbers and reached a pesk on day 23 (Fig, 9).
Setting was campleted by day 25 in the cambination diet
and by day 31 in the standard diet, Survival to spat stage
was 4,3% with the combination diet and 6,5% with the
standard, The Z value of 7,73 (Table 22) showed that this
differen:ec was statistically significant (P¢ 0,01),

Algal cell consumption (Table 23)

Of the combination diet, relatively less C, freibure
gensig cells (40=60%)was consumed J. galbang cells (70=-90%)
(Table 23). In the standard, larvae consumed 62,5-75,0% of

;o m cells,

C. ZIsechrvais galbana + Synechocvstis salina

The experiment to test the nutritional value of the
combination diet of I. galbana and S. galing was carried
out during Jamusry-February, 1984, J. galbang-based larval
rearing was the control, Ambient conditions were as

described in Section III, B,

Larval growth

a) Mean gize of larvag (Table 33, Fig, 15)s In
both treatments, larval rearing was prolonged, WYWhile the
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mean larval sizes were more or less caomparable for both
up to day 28, during the extended period, mean sises were
greatexr for the J. galbang-fed larvae than for the
combination diet«fed larvae.

b) Size freguency distribution (Fig, 14): Similar

modal size groups were seen to occur for both treatments on
day 5 (60-80 am), day 13 (80-100um) and day 25 (100-120,4-).

while the range of larval size was seen to differ (Fig, 14),

c) Growth rate (Tables 34 and 35): The overall
growth rate of pearl oyster larvae fed on the cambination
diet of I, galbana and S, galina was marginally higher
(Z.SO/um/dqy) than that of the standard (2.37,n/d¢y) for
day 1-25, except that the standard diet gave a higher
growth rate (3,08 um/day) than the cambination diet (2.60/./“1)
during day 1=9 (Table 3M4),

Table 34, Larval qrowth rate using combinations of the

microalgae S, zalina, I. gracilis and I. galbana
at the concentration of 25 cells/ /ul.

Pari 0? " Larval growth per day ( /um/dcy)
(days I+S I+T S+ T T+54T 3
1-9 2,60 1,18 1,16 1.74 3,08
9«17 3,21 1,81 0,18 1.'74} 1.70
17-25 2070 - 0021 1.“ ‘2.“
1=-25 2,50 0,98 0.52 1,57 2.37

Abbrevistionss I-m S-Sypechocystis salinas

T
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Fig.14. SIZE FREQUENCY DISTRIBUTION OF PEARL OYSTER
LARVAE FED ON COMBINATIONS OF ISOCHRYSIS

GAL BANA , SYNECHOCYSTIS SALINA AND
TETRASELMIS GRACILIS
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Growth regressions obtained were 0,010% lm/u/dq
for the standard and 0,0085 logam/day for larvae fed the
cambination dlet of 1. galbana and S. galing (Teble 38),
The growth regressions of the two treatments were statie
stically significant from each other (P <0,01),

d) groyth eurve (Pig. 15)s Growth of larvae in
both treatments is seen to fcllow the same trend, in spite
of minor differences of mean size on different days (Fig.1%).
After day 25, however, I, galbana appears to support a higher
growth of larvae than the cambination diet,

Suryival rate (Fig. 15)

Curvival during the umbo stage was 92,3% for standard
and 95,8/, for larvae fed the combination diet (Fig, 15).
Survival at the eyed umbo stage was reduced to 76,9% nd
28,2% for the standard and larvae fed the canbination diet
respectively, Survival to spat stage was 3,0% and 8.,8%
respectively for the combination diet and the standard,

Spat setting apd production (Table 33, Fig, 15)

Spat setting commenced on day 28 in the standard
but was delayed to day 38 for larvae fed with the cambination
diet (Table 33), Setting lasted a period of 24 days in the
standard and a period of 17 days for larvae fed with the
cambination diet, A total of 3,0% of the larvae reached
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Fig.15. GROWTH SURVIVAL AND SETTING OF PEARL OYSTER LARVAE
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the spat stage on the combination diet as compared to the 8,.8%
of the standard, The Z value being 19,66, showed that
percentage spat production of larvae fed with combination
diet and standard were statistically sionificant from each
other (P( 0,01),

Peak setting was observed on day M for I. galbana-fed
larvae and on day 38 for larvae fed with the combination diet
(Fig. 15).

Algal cell congumption (Table 36)

Up to day 31, consumption has been steadily increasing
with the combination diet (60-80% for S, saling and 70=90%
for 1., galbana). When fed with I. galbana alone, consumption
was relatively lower (62,5-75,0%),

D, Igochrysis galbana + Isetraselmis cracilis

Evaluation of the canbination diet of Z. galbana and
Te gracilis was carried cut during January-February, 1984 when

envirommental parameters were as described for the combination
diet of 1. galbana + S. galing.
Larval qrowth

a) lean size of larvae (Teble 33, Fig., 15): From Teble
33, it is seen that on all days, growth of larvae fed with the



Teble 36. Cmauntption of and
. gkacilis cells g# pearl or arvae
whcn fed with combination diets,

Algal cell consumption on different

8pecies
de3  4=6 de12 =20  d=27  4&-31
s. salina 60,0 70,0 70,0 70,0 80,0 80,0
+
I. galbana  70.0 80,0 80,0 80,0 90,0 90,0
'I. mm 10.0 20.0 20.0 20.0 25.0 -
+
Z. galbana 70,0 70,0 70,0  75.0 75,0 -
s. galina 70,0 70,0 70,0 75,0 85,0 -
B
Io m;u 19,0 20,0 20,0 20,0 10,0 -
I galbana 90,0 90,0 100,0 100.0  100,0 1000
+

1. galbana 62,5 65,0 65.0 70,0 70.0 75.0




combination diet of I, galbsna + I gEacilis has been
consistently inferior to that of the standard, It is also

seen that the majority of the larvae were still in the
D shape stage even on day 25 in the combination diet,
wvhereas for . galbapng diet, umbo stage had been reached
on day 17,

b) Size frequency distribution (Fig. 14)s The
pattern of size distribution shows that larvae fed on

combination diet has a restricted increasse in sisze as
compared to that of the standard (Fig., 14), None of the
larvae fed the combination diet grew beyond 100-120 o sise,

while larvae of the standard were observed at the 160-180
om range.

c) GCrowth rate (Tables 34 and 35): The overall growth
rate Of pearl oyster larvae for day 1«25 has been poor at
0,98 am/day (Table 34) for larvae fed with a cambination of

1. gglbang end T, gracilis es compared to that of the
standard (2,37 am/day).

Linear regression analysis of the larval growth data
vielded growth regressions of 0,0051 log/um/day for larvae
fed the cambination diet and 0,0105 logum/day of the
standard (Table 35), As expected, the analysis of
covariance showed that these values were highly signifieant
baetween each other (P < 0,01),
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al growth curve (Fig, 1S)s It is seem that growth
of the larvae fed the combination diet was far below that
of the standard (Fig. 15).

Survival rate (Fig. 15)

Laxvae fed on the combination diet of 1. galbans +
T. gracllis 4id not survive beyond day 29, with very few
larvae having reached the umbo stage, However, when survival
was monitored during the early umbo stage for the standard
(duly 15), a similar count was taken for larvae fed the
éombination diet (Fig. 15). Survival was seen to be 33, 3%
for larvae fed with the combination diet, while it was 92,3%
for the standard, Thereafter, there was total mortality
in the former case, none of the larvae surviving beyomd day

gpat setting and production (Table 33, Fig, 15)

As indicated earlier, the larvae did not grow beyond
100-120 pm size with the combination diet (Table 33). Spat
setting was initiated on day 28 for the standard, lasting a
period of 24 days and yielding a total spat productien of
8.8%. Pesk setting was cbserved on day 34 (Fig. 1%).

Algal cell consumption (Table 36)

Tha algal consumption data presented below show that
there was poor comsumption of I. gracilis cells 10-25%, On
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the other hand, consumption of I. galbang cells in the
standard was 62,5«75,0%,

Z. Synechocystis salina + Tetraselmis gracilis

Nutritional evaluation of the combination diet
S. 2aling and T, gracilis was carried cut during Jemuary-

February 1984 when envirconmental parameters were as

described 1XIXI C,

Larval crowth

a) Mean size of larvae (Table 33, Fig.15)s Table 33
shows that from day 5, the rate of growth of larvae fed with

the cambinatiom diet of S, galina and T, graclliz was
consistently poorer than that of the standard,and that
larvae did not grow beyond the straight hings stage,

b) Size frequencv distribution (rig. 14)s The modal
sigse group for days 5, 13 and 25 remained in the 60-80",.

sise group indicating the very poor rate of growth of
larvae fed on this combination diet (Fig. 14),

c) Growth rate (Tables 34 and 35): The overall
growth rate for day 1«25 of pearl oyster larvae fed with
S. selina and T, gracilis (O.SZ/um/day) is far below that
of the standard (2,37 /um/day). Growth rate declined from
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1.16 pm/day for day 1-9 to 0.18 and 0..21,.-\/6”. respectively,
for day 9=17 and day 17=25 (.able M),

of
Growth regressions of 0,002% loq'/m/day for larvae fed

with the combination diet and 00,0108 loqm/day for standard
were cbtained., As expected the analysis of covariance
(Table 35) showed that the growth regression of larvae fed
on combination diet was statistically sionificant from that

of the standard (P < 0,01).

d) gGrowth curve (Fig, 15)3: Growth of larvae fed on
the cambination diet has been consistently poor frem day 5
onwards (Fig, 15).

Survival was 92,3% for larvae of the standard at the
umbo stage, On the same day of observation, survival was
seen to be only 33,3% for larvae fed with the combination
diet (f'ig, 15). Larvae fed on the combination diet did not

survive beyond day 29,

Spat_setting and prodyction (Table 33)

48 stated earlier, the larvae did not grow beyond
D shape stage on the combination diet, 7The total spat

production was 8,8% for the standard (Table 33),
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Algal_call copsumption (Table 36)

It 1s seen from Table 36 that consumption of

S. 8alina cells was high (70-85%) while that of I. gragilis

cells remained very low (10+20%), Consumptiom of . galbana
cells in the standard was in the range of 62,%=75,0%,

Isechrysis galbana + Synechocystis galina + Iatcaselmis gracilis

A triple combination of lI. galbana, . 2alins snd
T. gracilig was tested for its nutritional value during

January-February, 1984, Temperature ranced from 23,9 ¢t0
25,1°C, salinity from 33,5 to 35,0%, and pH from 8,10 to 8,20,

Larval arowth

a) Mean size of larvae (Table 33, Fig, 15)s It is
seen from Table 33 that, from day $ grovth of the pearl

oyster larvae fed this triple combination diet has been

slowcr than that of the stancard,

The early umbo stage was observed by day 17 in the
standard and by day 21 in the combinaticn diet, Although
the larvae survived for 37 days on the canbination diet,
they did not grow beyond the umbo stage,

b) Size freguency distribytion (Fig. 14)s The
modes were at 60—80/um on day 5, 80=100am on day 13 and
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100-120am on day 25 in the combination diet (Fig. 14).
Although the modes were the same as for standard, the sise
range was restricted to the lower sigze groups up to
120-140/3!\ in the combination diet,

c) GCrowth rate (Tables 34 and 35): The overall
growth rate of pearl oyster larvae fed with the combination
diet of I, galbapna, S. galina and T, gracilis was 1.57/-/dq7
as compared to 2,37 am/day for the standard (Table M),
Growth rate declined from 1,74 ,um/duy cbserved for day 1«9
and 9-17 to 1.24 am/day for day 17-25 for larvae fed with
canbination diet,

Linear regression analysis of growth data yielded
g:fowth reqgression of 0,00%6 log/um/day for larvae fed with
the cambination diet and 0,010% loq/um/day for standard,
The aralysis of co-variance (Table 33) showed that the
growth regression of the two treatments were significant
between each other (P< 0,01),

d) GCrowth curve (Fig, 15): It is seen from Fig, 18
that crowth of larvae fed this combination diet was consiste

ently poorer than that of larvae fed on I. galbana.

sSurvival rate (Fig. 1S)

Larval survival was monitored for the umbo stage and
calculated to be 47.,4% for larvae fed the combination d4iet
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as camnpared to the 92,3% for the standard (Fig. 15),
Mortality was total beyond day 37, the larvae not progre=
ssing beyond the early umbo stage using the combination
diet,

Spat setting and production (Table 33)

No spat setting ocaurred using the combination diet,
In comparison, there was a total spat production of 8,.8%

for the standard,

Algal cell copsumption (Table 36)

Consumption of T, gracilis cells was relatively peor
(15~397) while consumption of S. galina cells was higher
(45~ 907) and that of I, galbana cells was maximum(Table 36).

The salient data on the algal conbinations diet,
L. galbana + B. Jutherl, I. galbapa + C. freiburgensig,
i. galbengy + S. galina, S. galing + I. gracilis and
Z. galbana + S. aalina + I. graclilig are presented in
Table 37 for comparison,

In the combination I. galbsna + L. lutherl, slthough

mean larval sise was seen to fluctuate between larvae fed



on this diet and standard I. galbana, growth regression was
greater for the former (0,0161 loqlum/day) (Table 37). Spat
setting cammenced on the same day (day 25), but duration of
setting was shorter for larvae fed on combination diet (17
days) than for larvae of the standard diet (22 days),

Total spat production was also higher for larvae fed on
cambination diet (7,6%) than for standard (6,9%).

Pearl oyster larvae reared on I, galbana + C. freibure
gensig recorded higher mean values up to day 9, but thereafter
larvae fed on standard I, galbana remained consistently
bigger, The growth regression of larvae reared on combination
diet (0,0166 logum/day) was lower than that of the standard
(0,0196 log /um/day). Survival of larvae reared on cambination
diet was seen to be higher at both umbo and eyed umbo stages,
but total spat production of the standard (6,5%) was seen to
be greater than that for the cambination diet (4,3%). Again,
although spat setting was initiated on day 21 in both treat-

ments, setting lasted for a duration of 4 days for larvae
fed on the combination diet, and for 10 days standard
(Table 37),

Where the combined diet I, galbana + S. galing was
used, mean size of larvae was 128.4 um as compared to 125,2um
of the standard on day 25, Thereafter, however, larval size
of the standard remained greater, The growth regression of
the standard rearing was 0,0105 loq/um/day and that of the
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larvae fed with combination diet was 0,0085 logmm/day.
Survival of larvae fed on combination diest at the eyed umbo
stage vas very poor (28,2X) as compared to that of the
standard (76,9%), Total spat production vas also seen to De
peor for larvae fed on combination diet (3,0X) as campared
to the standard diet (8,.8%),

The other combinaticn diets, . galbana + I. gracilis,
g. salina + I. gracilis and I. galbana + S. aalina + I.giacilie
were seen to be relatively poor combinations for pearl oyster
larvae, iiean sise of larvae fed on . galbang + I. gracilis
showed that by day 25 the majority of the larvae were still
in the D shape stage (91.9,!!\) while that of the standard were
already in the umbo stage (125,2am)., None of the larvae here
survived beyond day 29. Om day 23, the larvae fed with
Se galdra + T. gracilis were in the straight-hinge stage
!ao.v/m) while those of the standard had reached the umbo
-tago(a.zs.z/m). Pearl oyster larvae reared on a combination
diet of I. galbang + S. salina + I. gzacilis showed a
comparatively longer survival period (37 days), The majority
had reached the umbo stage (104.3/3) by day 21 as compared
to the standard (106.5,.1::) on day 17. Growth beyond this
period was very slow., The growth regressions were seen to
be 0,0051 loq/um/dgy for larvae reared on I, galbang +¢
T. gracilias 0,002% lonm/day for larvae rcared on



S. salina + I. gEacilis and 0,0036 log}unﬁaqy for larvae
resred on I, galbsna + S aalioa + I. gkacilis. These
algal diets were seen to be nmutritionally inadequate for
pearl oyster larvae,

Ho Index of relative mutritional value of microalgal diets

Reviewing the experimental results of larval rearing

on the five algal species I. galbana, P. Jutherd, &« Lrsibur-
dgengis, . galing and 7T, gracilis, either singly or in
coambination at 25 cells/ al, it is seen that these species
had varying effects on pearl oyster larval growth and setting,
In order to make comparisons between these experiments, an
index of relative nutritional value has been calculated,
based on the growth regressions of larvae in Adifferent rear-
ings, “he index is derived as follows:

Larval growth regression
Index of relative nutri- with the test algal species

= —D
:’ig'.';l.;ﬁ:.“ the test Larval growth regression with
the standard algal species

Isochrvais dalbana has been used as the standard
food in all experiments, The indices of relative mutritional

value of the experimental diets are presented in Table 38,

The only algal species that has given a relative
nutritional value greater than 1 is Paviova luthexi (1.07).



All other algal species, viz., Co Lxelburcensis, S. salina
and T, gracilis has shown values less than 1, The five

algal species with their relative indices may be written

in order of merit as pPaylova Jutherd (1.07), Isechrvais
galbana (1.07), Chromulina fraibucgensis (0.77),
mms _..m. (0.32’ and Tetraselmis % acilil(O.IB)-

It should be noted that with the exception of the
two algal species S. galing and T, gracilis that were run
concurrently, the other test algal species, 2. luthagl amd
Cs Sreiburgensis vere evaluated for their food value at
different periods of the year, Larval growth, survival and
setting production of these experiments would have been
subject to the prevailing ambient conditions and their
parentage, This may particularly be noted by the growth
regressions of the standard alcal species I. galbang which
veried fram 0,0105 to 0,0233 log/um/day.

The combination diet I, galbana + L. Jutherdi,
although conducted at a differcnt time as &, Jutheri alome,
also yielded a relative mutritional value index greater
than 1 (1.04), Combination of I. galbana + S. fraiburcensis
was conducted simultaneocusly along with the single species
Ce freiburqgensis. Likewise, combinations of I. galbana
with S, galing and T, gracilis were conducted simultaneocusly
with experiments with S, galina and T. gracilis alone, In



Table 38, Index of relative matritional value of the
microalgal diets for pearl oyster larves
against the standard of J. galhani.

8% Algal Growth regression(log /.m/dcy) Relative
NOo dut. Index
Standard diet Test diet
1. ) S 0,0233 -
20 P 0.0250 1.07
3, p 4 0.0196 -
4, C 0.,0150 077
Se I+C 0.,0166 0.85
6. I 000105 -
7. S 0.0034 032
8, T 0,0029 0,28
9. I+S 00,0085 0,81
10, S+T 0,0051 0,49
11, S+T 0,0025 0,24
12, I+54T 0.,0086 0,53
13, I 0,0155 -
14, I+Pp 0,0161 1,04
Abpreviations: Igochrysis galbanas P - Juthery s



each of these instances the addition of the standard alga,

&+ galbana improved the food value of the test algal species,
Tus, for C. freiburqensis, relative mutritional value index
improved fram 0,77 to 0,85y for 3, galins the index improved
fram 0,32 to 0,81 and for I, gracilia fram 0,28 to 0.49,

A triple combination diet of I. galbana + 3, aalina +
Togracilis had an index (0,53) that was less than that
observed for I. galbang + S. aalina (0.61) and greater than
that of 1. galbana + I. gracilis (0.49). Lowest index was
recorded for the combination diet of S, saling and I,
gracilis (0,24), This value was lower than that recorded

for both species when fed alone (0,32 for 3. salina and

0.28 for -, gracilis). By value of their reclative index, the
carbination diets may be considered in the following order
of merit: JX. galbana + P. lutherdi (1.04), I. galbana ¢

Ce freiburgengis (0.85) 1, galbana + S. galins (0.81)

1. galbana + 5. zalina + I. gracilis (0.53), I. galbapa +

T, gracilis (0.49) and S, galina + T. mg;m (0.24),
Maongst these diets, only the first three resulted in

spat production, while the latter three did not produce any

spat,



Ve FPICA STRAT

Two experiments were conducted to study the efficacy
of stratified feeding on larval growth and spat setting, In
the first, there vas a stepwise quantitative increase in algal
cell concentration with the onset of each larval stage, In
the second, while the algal cell coneentration was kept
constant at 25 cells/ml qualitative changes were introduced
using different algal species with the onset of each larval

stege.

A, Stratified feeding schedule of Igochrvsis galbana

The first experiment with Igochrvsis galbana as
food was conducted during June-~July 1983, when the environs

mental parameters were as followss
Tenperature 3 29,2 « 31,5°Cy GSalinity s 36.0 - 38,0%,7 and
pH & 8,25-8,30,

The feeding protocol of the four treatments
nusbered 1, 2, 3 and 4 was as follows:

Algal cell conmtration(cons/’l)

Larval

stage Treatment Treatment  Treatment 'rrn:a-nt
1 2 3

D shape 10 15 20 23

Umbo 15 20 25 30

Eyed umbo 20 28 30 33




1.

karval crowth

a) Mean sise Of larvae (Teble 39, Fig., 17): Up to
day 9, there has been very little difference in mean larval

sizes between treatments (Teble 39), Om cays 13, 17 and 21,
growth was seen to be maximm in treatment 3 (89,6, 119.7,
and 131,6mm) and minimum in treatment 1 (84.6, 103.9 and
119,0am). On days 25 end 29, maximum mean larval sise vas
cbserved in treetment 4 (158,3 and 163.6 am) and minimum in
treatment 1(138.7 and 141.4 am).

b) sSize frecuency distribution (Fig. 16)s For days
$ and 13, the range of larval size groups as well as the

modal groups are the same in all treatments (Fig. 16), On
day 25, although the modal size group is the same for all
treatments, the range is wider for treatment 4 (80=100 to
220-240/.::\) than for treatments 1, 2 and 3 (80=100 to 200-

2zo/um) o

c) GCrowth rate (Tebles40 and 41): The growth rate
shows prooressive increase from treatment 1 through 4,
indicating that, generally, the higher amounts of tat._im
supplied as the larvae grew had resulted in higher rates of
growth (Table 40), Initially during day 1-9, there was
not much difference in growth rates (1.18-1.20/um/day) among
treatments 2-4 (13, 20 and 25 oolls//ul), but were all higher
than growth rate of larvae of treatment 1 (10 cens//ul)
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Fig.16.SIZE FREQUENCY DISTRIBUTION OF PEARL OYSTER
LARVAE FED ON A STRATIFIED FEEDING SCHEDULE

OF ISOCHRYSIS GALBANA
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(0,94 ,n/dw). During the next phase day 9=17, growth rate
in treatment 3 at 25 colh/fl. was highest (S.up/dq).
as campared to growth rates in treatment 1 at 135 cells/ /11
(3.63pa/day), in treatmant 2 at 20 cells/Aml (4,38 am/day)
and 4in treatment 4 at 30 cells/ml (4.34 Am/day). Fer the
period day 17-2%, growth rate in treatment 4 at 35 celll//nl
was maximm (S.OS/m/dly).

Table 40, Larval growth rate when fed with a stratified
feeding schedule of Igochrysie galbanse

Period Larval growth pexr day ( /\m/day)
(dmys)
Treatment Treatment Treatment Treatmant
1 2 3 4

1«9 0,94 1,20 1,18 1,20
917 3,63 4,38 5636 4,34
17-25 4,35 4.76 4.78 5,.8%
1-25 2.97 3.‘5 3.77 3.7’

Growth regressions of 0,0138, 0,0150, 0,0155 and

0,0157 log/um/day were obtained for treatments 1, 2, 3 and 4,

89

respectively (Table 41), There was, however, no statistically

significant difference in growth regressions between treatments

(FY 0,05),

4) GCrowth curve (Fig, 17): Growth curves for all
treatments are similar up to day 9(Pig. 17)., Thereafter,
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Fig. 17 GROWTH, SURVIVAL AND SETTING OF PEARL OYSTER LARVAE
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3.

differences in growth rates become distinct and the order
on day 29 is treatment 4, 3, 2 and 1, the last being the
mato

Saxyival rate (Fig. 17)

Larval survival during umbo stage was seen to be 84,2,
88,8, 72,4 and 90,0X for treatments 1, 2, 3 and 4, respecti-
vely (Fig, 17)e Survival was 80,0, 84,6, 72,4 and 80,3%
during the eyed umbo stage in the same order of treatments,
While these values did not show any particular trend, final
survival to spat increased from 6,1% in trecatment 1, to
12,1% in treatment 2, and 17,49 in treatment 3 and declined

to 5,8% in trestment 4,

Spat setting and production (Tables 39 anc 42, Fig., 17)

Larval setting commenced uniformly on day 25 and
lasted a total duration of 22 days in all trcatments(Fig.17),
However, while peak setting was observed on day 30 in treate
ment 4, it was delayed to day 36 ia all othror treatments,
Total spat production was 6,1, 12.%, 17.4 and 5,8% for
treatments 1, 2, 3 and 4 respectively (Tacl: 39). There was
statistically significant difference in perccentage spat
settinc between treatments 1 and 2, 2 and 3 and 3 and 4

(P<0,01).



Table 42, Nosmal deviate test (Z value): comparison of
mean spat setting using a stratified feeding
schedule of Jgochrysis galbana.

Treatment 1 2 3 4
1 - 16,64* 28, 25* 1,010
2 - 11,85 17,61*
3 - ”.w
4 -
*D ¢ 0e01
**p < 0,08

The data show that the three growth related pars-

meters, namely, mean larval size, daily growth rate and
growth regression, show progressive increase from treatment

1 to treatment 4, although the differences between treatments
3 and 4 are only marginal, With regard to the two parmmeters
on spat setting, namely initiation and &duration, the four
treatments have given identical results, snat production
increased fram 6.1% in treatment 1 to 17,4% in treatment 3
but declined to 5.,8% in treatment 4 (Table 43), In view of
the fact that maximum growth rate for the three phases day
1=9, day 9=-17 and day 17=23, ocourred in treatments 2, 3 aad
4 respectively, it appears that cell concentrations for the
corresponding periods, i,e,, 15, 25 and 135 celll//xlmld be
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the most sppropriate stratification for feeding the pearl
oyster larvae,

B, Stratified feeding protocol of mixed aldal sveclas

The experiment on stratified feeding, involving the
use of three algal species, J. galbana, T. glud and
Chiorella aalina was conducted during Aucust-September,1983
when the ambient conditions were as followss
Temperature 8 29,0=31,5°Cy Salinity : 37.0=-38,1%,7 and
pH 1 8.15-8,20,

Larvae were fed at the uniform algal cell. concent-
ration of 25 cells//ul. I. galbang alcne was used as food

for camparison of results, The feeding protocol was as

followss
~ 1

Larval Algal species used! for feeding
Stage Treatment Treatment Treatment ~recatment Standard

1 2 3 4
D Shape I X I+°T I+°T I
Umbo I Ie+T I+ 7T I+T+C p ¢
Eyed. I+T I+ T I+T+C I+T+C I
Umbo
Abbreviationss I - Isochrysis galbanas T - Istraselmds chuts

C = Ghlorella galina



1.

89

kacyal cxowth

a) Mean sise of larvae (Table 44, Pig, 19): In
treatment 1, T, cwii wves introduced on day 20, csusing no
pexrceptible change in mean size (Table 44), over that eof
standard, In treatment 2, the same algae vas introduced
on day 14 after the onset of the umbo stage. As compared
to the standard, average larval size was smaller from day
21 In treatment 3, I, ghiul was introduced from day 1.
Larval size was similar to that of other trestments and
standard till day 9, but thersafter, growth rate was poer,
The algca , C. galing was introduced on day 20, and the
growth rate improved as seen from the mean size on days
21 and 25 (133.,6 and 153 3am), In treatment 4, where I, chmi
was provided fram day 1 onwards, larval mcan size on day 9
(95.8 mm) was higher than that of standard (87.2um),
£ 8aling wes introduced in the diet fram day 15, Although
larval mean sigze on day 17 (119.9/um) was less than that of
the standard (126.0/um). maximum mean larval size was
recorded in this treatment from day 21 to Gay 29,

b) Size frequency distribution (rfig, 18)s On day
S, similar modal group is seen to occur for all treatments

(Fig. 18)., On day 13, similar size rances and modal groups
(100-120/um) ocaur in treatments 1, 2, 3 and standard, Mode
is at a smaller size group (80=100um) in treatment 4. On
day 25, larvae of treatments 1 and 2, which are on a
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Fig.18.51ZE FREQUENCY DISTRIBUTION OF PEARL OYSTER
LARVAE FED ON A STRATIFIED FEEDING PROTOCOL

OF MIXED ALGAL SPECIES
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cambination diet of I, galbans + I. chui show a wide range
and a modal size group (uo.uo/m-) that s similar to that
of standard, Larvae of treatments 3 and 4 which are on a
combination diet of ]I. qalbana + I. gimd + S» salina show
a modal sise group (160-180/uu) which is oreater than that
of the standard (120-140,m),

c) Growth rate (Tables 45 and 46)1 Growth rate was
seen to fluctuate between treatments (Table 45), The overall
growth rate for the period day 1-25 was maximum in treatment
4 (3.96f:n/d¢y) and minimum in treatment 2 (2.95/n/dq).

In trcatment 1 where the combination diet of [, galbapa aad

I. ghui was introduced from day 20, growth rate has more or

. less followed the same pattern as that of the standard

(Table 45), Crowth rate was maximum for the period 9=17
(4.78/\1mlday) as campared to day 1-9 (2.90/um/day) and day
17=-25 (3.50/m./day). In treatment 2, the combination of

I, galbana and T, chui was introduced fram day 14, Although
the growth rate is cdnparable to that of the standard in

the earlier two periods, a steep decline is cbserved for day
17-25 (1,01 um/day as campared to 3,51 am/day of the standard),
In treatments 3 and 4, where the combination diet of

i+ galbang and I, ghul was introduced frar day 1 onwards,
higher growth rate for the period from day 1-9 is seen for
treatments 3(3.06/um/dq) and 4 (3.35fm\/day) than for
standard (2,28 /mn/day). In treatment 3, with the continuation



of the diet, growth rate has remained the same (3.09 am/day)
as compared t0 the higher growth rate cbsarved for standard
(4.85 um/day), With the introduction of C. galina in the
diet from day 20, growth rate of the larvas of treatment 3
has improved to 4,39 am/day for the period day 17-23, The
growth rate pattern of treatment 4 is also the same as that
of the treatmemt 3, recording a decline in growth rate for
the period day 9-17, The alga C. galins was introduced
from day 15 onwards, Maximum growth rate of 5.53/un/duy
was observed in this treatment from day 17-25,

Table 45, Larval growth rate when fed with a stratified
feeding protocol,

Larval growth per day /um/dqy)

Periog
(days) Treatment Treatment Treatment Treatment I. galbana
1 2 3 4
1=-9 2,90 2,98 3,06 3.35 2,28
9=17 4,78 4,85 3.09 3.01 4.85
17-28 3,50 1,01 4,39 553 3,51

1=25 3.73 2,95 3,51 3,96 3,55

Tinear regression analysis of growth data gave growth
regressions of 0,0162, 0,0139, 0,0144, 0,0167 and 0,0160 log
/m\/dny for treatments 1, 2, 3, 4 and standard respectively
(Table 46),
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d) Grewth curve (Fig. 19): There is only a margimal
difference in the growth of larvas till day 5.(Fig. 19),

Thereafter, the growth curves become increasingly divergemt,
After day 17, the growth curves criss-cross one another with
changes in the order of merit of different trestments., The

growth curve of treatment 4 was generally higher than that

of all other treatments during the later period,

Survival rate (Fig. 19)

The larval survival rate monitored at the umbo stage
was 88,0, 95,5, 91.3, 92,6 and 90,0%X for treatments 1, 2, 3,
4 and standard respectively (Fig. 19), FPercentage survival
for the eyed umbo stage was 71,1, 84,0, 73.1, 82,8 and 80,0%
for treatments i, 2, 3, ¢ and standard respectively, while
total snat production was seen to be 2,2, 1.6, 1.4, 8,7 and

2.6% for the smme order oOf treatments,

$oat setting and production (Tables 44 and 47, Fig. 19)

Setting was initiated on day 22 in all treatments and
lasted till day 45 in tfeatments 1, 2, 3 and 4 (Table 44),
Pclk setting was observed on day 22 for stancdard and uniformly
on day 28 for treatments 1, 2, 3 and 4 (7iq., 19), For all
experimental conditions a smaller peak is observed on day 38,
while setting in standard was seen to decline steadily. Total
spat production was 2,2, 1,6, 1.4, 8,7 and 2,6% for treatments
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1, 2, 3, ¢ and standard respectively. There was statist-
ically significant difference batween percentage spat
production of treatments 1, 2, 3, ¢ and standard (P < 0,01),
Table 47, Normal deviate test (Z value): comparison of

mean spat setting using a stratified feeding
protocol of mixed algas.

Tréatnenf 1 2 3 4 Standard
1 - 3,52% 4,78  22,98% 2,08*
2 - 1.32%* 25,75% 5.59*
3 - 26.84* 6.82%
4 - 21,17
Standard -
*P ¢ 0,01
**p ¢ 0,05
Algal cell consumptjon (Table 43)

The consumption of I, galbana has remained high
(45=702)) when introduced singly, '‘hen the nroportion of
1. galbana was reduced either to half or a third of 28
cells/ /11, with cambined feeding, consumption was seen toO
increase up to 100%, 1In compariscn, consumption of T, ghud
eells has remained consistently low (6,9=20,0%), Consumption
of C, saling cell was in the rance of 48,6=85,0%.



Teble 48, Consumption of J. nm!m- T. ghiud and C, palina
ter larv

cells by pearl oys as,
Treat- Algal Algal cell consumption on differemt days(X)
ment type

Ged Q=7 dAel0 dAwld d=17 4=20 4-23

1, i. w 40,0 50,0 60,0 65,0 70,0 66,6 83,3

. 25,0 5.0

2, Lo 50,0 5%,0 60,0 70,0 80,0 80,0 90,0

T. 10,0 20,0 10,0 10,0

3. I. 60,0 60,0 70,0 80,0 68540 8%4,0 100,0

Te 10,0 10,0 10,0 20,0 1040 6,0 6,0

o 48,6 85,0

4, 1. 50,0 60,0 60,0 70,0 25,0 8%.,0 100,0

Te 10,0 20,0 1,0 6.9 17.4 6.9

G. 48,6 88,0 88,0

Stan- %. galbansa 55,0 85,0 60,0 60,0 75, 78,0 80,0
dard

The mean larval sizes and growth regressions do mot
fcllow any trend (Table 49), Althouch spat setting was
initiated uniformly on day 22 in all treatments, duration of
setting differed between treatments, The percentage spat
setting Aid not show any trend, Ireatment 4 ave the highest
mcan larval size (164.i/um). maximmm growth regression 00167
loq/um/aay and maximum spat setting (8,7%),
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FRQM A NATURAL STOCK OF PHYT(PLANKTON

The mixed phytoplankton bloom raised from a natural
stock of phytoplankton was evaluated for its nmutritional value
for pearl oyster larvae during September-October, 1983, Envie
rommental parameters of the larval rearing were as followss
Tempersture s 26,3 = 28,6°Cy; salinity ¢ 29,0 = 30,2%,7 and
pH &t £,15 « 8,20,

The experimental protocol was as given below:

Lar ral Treatment Treatment Treatment Standard
stafige 1 2 3

D shape MP I I Y
Umbo MP MP I b 4
Eyed Umbo MP MP MP b ¢

Abbreviations s I-Isochrysis galbana; MP-Mixed phytoplankten

Larval growth

a) Mean pize of larvae (Table 50, Fig, 21)s On day
5 the range of mean larval lengths was narrow between 77,5 -
779 am in all treatments and the standard (Table 50),
Treatment 3, where mixed phytoplankton was introduced durina
the eyed umbo a’tage, gave the highest larval sizes up to
day 37, Treatment 1, where the mixed phytoplankton was
introduced during the straight hinge stage, gave the least
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1arval growth, By day 33, larvee of treatment i suffered
total mortality.

Larvae in treatment 1 did not attain umbo stage.
In treatment 2, where mixed phytoplankton was provided
with the nset of the umbo stage, larval measurements were
alvays less than those obtained in the standard and
treatment 3,

b) Size frecuency distribution (Fig. 20)s Similar
modal groups (60-80/\:m) ocaur in all treatments for day
S (Fig, 20), Larvae provided with mixed phytoplankton from
the D shape remained in the same size range (GO-BO/m to
80-100um) on day 5 as well as on day 13, For other
treatments and standard, however, uniform modal groups
(ee—xoo/um) occur on day 13, On day 25, range of larval
sizes 15 narrower for treatment 3 and standard (100-120 to
‘upu1ao/um) as compared to treatment 2 (80-100 to 180-200/un)
‘Modal size group of larvae of treatment 3 (140-160am)
occurs at a higher range than for standard and treatment

2 (120-140/\:1\) R

c) Growth rate (Tables 51 and 52): The overall
growth rate of pearl oyster larvae for the period day 1-25
was minimum in treatment 1 (0.83/um/day). and maximum in
treatment 3 (3,52 /um/day), while growth rates of treatments
2 (2.98/um/day) and standard (2,96 um/day) were similar
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(Tadle 51). In treatment 1, wvhere the mixed phytoplankten
was introduced fram the D shape stage, a decline in growth
rate from day 1-9 (0.0Q/un/aty) to day 9-17 (O.Z’/ﬂﬂ/ﬂl’)
is cbserved, Maximum growth rate is observed for the
period day 17-2% (I.SS/un/Bly). In treatment 2, where mixed
phytoplankton was introduced from the uwdo stage, there is
8 decline in growth rate for day 9«17 (1,68 am/day) as
compared to period day 1-9 (1,73 am/day). Again, maximasm
growth rate for this treatment occurred during day 17=-25
(5.55/um/aay). In treatment 3, where mixed phytoplankton
was introduced after the onset of the eyed umbo stage,
maximum growth rate (5.81/nm/aay) was observed during day
17=-25,

Table 51, Larval growth rate when fed with a stratified
feeding schedule of mixed phytoplankton,

Larval growth per day (/um/day)

Period
(days) Treatment Treatment Treatment Standard
1 2 3
17«25 1,53 5¢55 5.81 4,11
125 0.83 2,98 3,52 2,96

Growth regressions were 0,0040, 00,0104, 0,0124
loq/um/day for treatments, 1, 2, and 3 and 0,0116 log/um/dly

97
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for standard (Table 52), These were found to be statisti-
cally significant between each other (P< 0,01), The student's
§ test indicated that growth regression of treatment 3 was
significant from all other values (P< 0,01), The growth
regression of treatments 2 and standard end treatment 3

were not sionificantly different (P> 0,05), On the other
hand, the growth regressions of treatment 2 and 3 were found
to be simificantly different (P< 0,01),

d) Growth curve (Fig. 21): The crowth curve for
larvae fed on mixed phytoplankton from D shape stage is
almost £flat up to day 21 and shows a slight rise there-
after (Zig, 21). Growth curve of larvae in treatment 2
was inferior to that of both standard and treatment 3 up to
day 25. 7The growth curve for treatment 3 remained distinctly
elevated throughout,

survival rate (Fig. 21)

Curvival at umbo stage was 85,7, 90,0 and 93,3%
in treatments 2, 3 and standard respectively, Survival on
the same day (cay 15) for larvae of treatment 1 was 78,6%
(Fige 21). Survival was reduced to 36,7, 83,1 and 84 ,8%
at the eyed umbo stage for the same order of treatments,
Survival to spat stage was 0,1, 7,7 and 4,0 for treatments

2, 3 and standard respectively,
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Fig. 2I. GROWTH, SURVIVAL AND SETTING OF PEARL OYSTER LARVAE
FED WITH MIXED PHYTOPLANKTON
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3. Spat setting and production (Tables 50 and 53, Fig.21)

In treatment 3 and standard, setting was initiated
on day 33 (Table 50), It was delayed to day 36 in treate-
ment 2, Setting lasted for different periods of time,
being 18 days in stancdard, 20 days in treatment 3 and 12
days in standard, Total spat production as the least in
treatment 2 at 0,1%, Spat production was 7,7% in treatment
3 and 4,0% in standard, There was statistically significant
difference in percentage spat production between treatments
2, 3 and standard (P <0,01),

‘Table 53, Normal deviate test (Z value): canparison of
mean spat setting using mixed phytoplankton

Treatment 2 3 Standard
2 - 31.83* 22,15*
3 - 1 2.“'
Standard -
*p < 0,01

Peak setting was ocbserved on day 36 in treatment 3,
on day 39 in standard and on day 48 in treatment 2(Fig, 21),

4.

when mixed phytoplankton was given during the straight
hinge stage, this resulted in mortality of all larvas. When



o°y 81 £E STT10°0 96°C PeEYT P3s

L°L 874 £e $Z210°0 Zs°t 8°9ST £
1°0 [ ¢ LE p010°0 86°C sha 12 ¢ 4
- - - 0%0G*®0 €e°0 »°C6 ) ¢
() (8&kep) BuiaIPs A»mm\sux 501) ?mcxﬁmv ?ﬂxv s
uo §3onpoxd uo 3 WBITI uo pEsoabex Aep x9d a23ex Kep uo 3azys Juem
el -exng Jo Kec UyMors yyoab Teaxeq TeAle] uedy =3e8I]

*uo e [do3zkuyd pa<jw 3o Snfea TRUOTITIINU 3ul Ijeniecasd
03 jueutIodyx® PuireaI (pAIPY ;O FIINGST JO Aieuumg °yc S TQRy



introduced during the umbo stage both survival and growth
was poor, But when introduced during the eyed umbo stage,
it was seen that both growth and survival were enhanced,
The highest mean larval size (156,8 am), maximum growth
regression (0,0124 logyum/day) and maximum spat setting
(7.7%) was observed in treatment 3, These values are much
higher than those cbtained with the stancard I, galbana

feeding throughout the larval rearing,

I¢ hes been well recognised that ene of the

isportant fastors in bringing large mbers of bivalve lervas

to metamerphose 15 the type and the ameunt of foed used feor
thair rearing (Rhedes and Landers, 1973), Ukeles (1980)
points eut that larvas have very specific feod requirements
whieh, Af net fulfilled, will result in cessation of nommal
dovelogment, disecase and eventual mersality, The role of
laxval mutrition in seed productien in a shellfish hatohery
1s, therefore, & eritical eme,

The mutriticnal vailme of diets fer bivalve lacvas
nay be deternined by the peromntage of larvae that success-
fully reach metmmerphosis, er by the entent to vhieh the
fesd seurces suecessfully support shell growth er vhele

100



live weight (Ukxeles, 197%). In most studies, larval growth
characterised by increase in mean length (Rhodes and
Landers, 1973) er by growth curves (Walne, 1956ay 1974)
Bayne, 1965 Wada, 1973; Nascimento, 1980) has been used
a8 the criterion for assessing the comparative merits of
algal diets, In a few instances, the instantaneous relative
growth rate, calculated fram the initial amd final lengths
of the larvae has been used for camparison (Bayme, 1965),
Setting percentage has rarely been used as a criterion in
determining the nutritional value of diets (Windsor, 1977).
In general, these experiments have been carried out until
complete metamorphosis of larvae (Bayne, 1976), However,
experiments lasting for shorter durations up to specific
larval stages have also been conducted (Rhodes and

Landers, 1973),

In the present study on larval nutrition in the
pearl oyster Pinctadg fucata (Geuld), a very comprehensive
set of factors has been considered in detail in evaluating
the nutritional value of microalgae, Larval growth has
been dealt with in terms of mean size and standard
deviations, size frequency Adistribution, actual growth
rate, growth regressions and growth curves, Calculation
of growth regression has been improved by considering all
the mean sizes on different days of larval life for

regressicn analysis, as compared to the twoepoint
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calculation done by earlier workers, for exsmple, Bayme
(1965) and Gerdes (1983), Larval survival, spat setting
and algal cell consumption are other parametess
investigated,

The relationship between the quantity of algae
and the density of larvae in culture is of great importance
to good survival and growth of the larvae (Ukeles, 197%).
lucas (1983) recommended strongly against both underfeeding
and overfeeding, In the present study, this aspect was
specifically investigated to study the effect of larval
densities and algal cell concentrations, These results
helped to standardise the larval density and the algal cell
concentration level for carrying out further experiments om

the evaluation of differemt microalgae.

A wide range of fixed larval densities has been
used on bivalve larval rearing by various workers in
evaluating different diets, ranging fram 0,2/ml for the
mussel Mytilus edulis (Jespersen and Olsen, 1982) to
10=-50/m1 for pearl oyster Pinctada paxims (Minsur, 1969),
Few works relate to the effacts of varying larval density

on growth and survival, The larvae of Crassestrea yvirginica
were reared in the range of 0,6 to 32,9/nl (Davis, 1953)

and 1 to 10/ml (Windsor, 1977), of Mepcecnaris megcenaria
in the range of 6 to 52/ml (Loosanoff and Davis, 1963 b),
and of C. gigag in the range of 1 to 20/ml (Helm and
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Millicam, 1977).

Of the five larval densities (i, 3, 5, 8 and 10/ml)
reared at the concentration of 2% coua//xl. the density of
5/ml has givem both maximum growth and maximum setting
percentage in the present study, Mean larval size on day
25 was 198.6/1. at the density of 5/ml as compared to “:’.F
at 1/nl, 165.0/\11\ st 3/ml, 168.2 at 8/ml and ISQ.QF at 10/ml1,
The growth rate for the period day 1-2% was maximum at the
density of 5/ml (5.40/\m/d¢y). Growth rate calculated for
the three phuq.. namely, day 1=9,day 9-17 and day 17-25,
showed that it was during the second phase that major
differences in growth rate yere observed, Per-day growth
rates for day 9-17 were 4,65, 3,85, 7.71, 5.3, and 4,18

/m/dly at the respective larval densities of 1, 3, 5, 8
and 10/ml,

Davis (1953) recorded an inverse relationship between
larval Censity and growth of C. yirginicg at densities of
0.6, 2,8, 18,% and 32,9/ml using Chlorglla at the cell .
concentration of 50 cena//xl. Loosanoff and Davis(1963 »)
observed a similar relationship in the case of M. REEGOnALia
larvae, At the densities of 6, 13, 26 and 52/ml, and
using a uniform feeding level of 100 cells/ul of Chicrella,
the above authors observed that 10=day o0ld larvae measured
respectively, 162, 156, 151 and 144/.m. In a second
experiment, increasing the feeding levels to 100, 200, 400



and 800 allq//ul for the larval demsities of 6, 13, 26
and 52/l respectively, they found that 10-day ©6ld larvae
messured 162 Vo and 148 am st the demsities of 6 and 13/ml
but cbserved camplete mortality at the higher densities,
For C, gigas larvae, Helm and Millicen (1977) cbserved a
16% decraease in growth for D shape and a 60 decrease for
the umbo larvae at the larval density of 5/ml, as compared
to 1/ml, It may be seen that the inverse relationship
observed by Loosanoff and Cavis (1963 b) and Helm and
Millican (1977) has not been noted for pearl oyster larvae
in the preseat study,

Growth regressions of 0,0163, 0,0161, 0,0234,
0,0166 and 00,0159 loquly for densities 1, 3, 5, 8 and
10/ml were recorded in the present study. Growth rate of
larvae reared at 5/l was sionificantly different from all
other densities, The differential rate o: growth of larvae
at different densities was reflected both in the initiation
of spat setting and its duratiom. Earliest spat setting
was observed at the demsity of 5/ml (day 20), Setting
conmenced on day 25 at 1/ml and on Gay 22 at all other
densities, Duration of spat setting was maximum at the
density of 1/ml (17 days) and minimum at the cdensity of
S/ml (8 Gays), There was also a difference in the
percentage of spat production, being maxirum at the density
of 5/m1 (8,3%), The lack of residual algal cells observed



at the hicher densities of 8/ml and 10/kl would seem to
indicate that the ratio of algal cells to larvae was
inadequate at these densities, This is supported by the
poorer rate of growth (4.13 and 3.79 am/day at the
densitics of 8 and 10/ml) and the lesser spat productiom
(244 and 0,2% at the densitics of 8 and 10/nl), The low
algal cell consumption (25-40% and 35-75:) and poor growth
rate (3,91 and 4,00 am/day) and less spat production (2.4%
and 1.8°)) at the lower densities of 1/ml and 3/al would
imply that maintaining larvae in an enviromment of excess

of algal cells does not produce ocptimum results,

indsor (1977) recorded the instantaneocus growth
rate, size frequency distribution, growth and spat setting
for G, ylrginica at the densities of i, 3, 5, 7 and 10/ml,
The density of 3/ml yielded maximum growth rate and maximmm
spat procduction, The slopes given as log /um/day (instante
aneous growth rate) were 0,070, 0,081, 0,076, 0,063 and
0,052 at the increasing densities of 1, 3, 5, 7 and 10
larvae/nl, Total number of spat that metarocrohosed was
seen to decline from 87.3% at 3/ml to 86,.1% at 1/ml, 70,5%
at 5/ml, 23.,2% at 7/al and 3.8 at 10/ul,

Kinne (1977) pointed ocut that growth of bivalve
larvae was affected by crowding, Wwhile some species cam
be reared at high densities un to 50 or 100 larvae/ml as
in the case of M, percenaris (Loosanoff and Davis, 1963 b)
larvas Of other species are sensitive t0 overcrowding,



In general, heavily crowded cultures are more susceptible
to enavirormental stress and disease than less populated
cultures and require more attention, Slower growth in
crowded cultures has been sttributed to reduced availability
of food, frequeant collisions among larvee and increased
levels of metebolic end products.Imai (1977) points out
that when larval density is high, the proportional increase
in algal cell concentration causes larvae to lose their
capacity to feed; instead they excrete mucus resulting in
the settling of food, At low populations, the feed dosage
has to be maintained higher than what is actually required
te make food available to larvae in the swimming layers,
resulting again in wastage of food,

It is evident fram the results of the larval density
experiment that densities net only influence larval growth,
but also affect the production of spat, ~t demasities delow
optimum, efficiency in utilisation of the available food
cells in the rearing medium gets reduced, leading to @
westage of food cells, At densities higher than the
optimum, noor larval growth and setting may be due to @&
possible campetition for food, frequemt collisions amd
accumulation of larval excretory products, The optimum
density for P. fucata larvae, at the feeding level of
235 cells/l, is seen to be 5 larvae/ml,



In attewpts to work ocut optimam cell concentrations,
sathors have used 4different ranges of feeding levels feor
bivalve larvae, 5«30 cells/ /u for the Furopean oyster
Qssrea oulis (Imai, 1977)y 10-500 eolll//ul (Newkirk
at al., 1980), 2%-100 eelh/}al (Bayne, 1965) and 1-40
cells/ ul for Myillus sdulis (Sprung, 1984a); 42-330
eelh//ul (Cary st a)., 1981) for the rock scallop
Hinnites multirugosugs and 25-200 conn//u:l. for
crapsostres gigag (Wilson, 1978), A few authors have used
‘packed celll volune' as a basis for increasing levels of
cell concentration (“alne, 1963; Rhodes and Landers, 1973

Dupuy, 1975),

In the present study, R. fucata larvae, held at a
density of 5/ml, were fed with two microalgal species
isochrvels galbana and Pavlova lutheri at the cell
concentrations of 10, 25, 50 and 100 cells//tl. With
1, galbang, maximum larval growth and spat setting was
obtained at the cell concentration of 25 cells//.\l.

On day 25, the larval size was 195.1/um at 2% celll//u.

as conpared to 185,8, 185,0 and 186.2/.!!! at 10, 50 amd

100 cells/ ,11. respectively. The highest growth rate
(5.17/um/day) and growth regression (60,0196 J.Og/um/d.y)

as also spat setting (34,.,7%) were observed at 25 cells/ ﬁl.
wWith E. lutheri, the results were similar, Maximum larval
size of 195,4 um on day 25, growth rate of 5.27um/day,
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growth regression of 0,0256 loq,m/dq were cbtained at

3 colh/fl. However, maximum spat p:oducu_oa (29,0%)

vas at the cell concentratiom of 10 cens/,n. Statistical
taests showed that there was no significant difference
between larval growth at the four cell concentrations of
10, 25, 50 and 100 cells/ml  for both 1. galbana and

Ee Jutheri. There was, however, statistically sigaificant
difference in the percentage of spat that were recovered st

each cell concentration for both algal species,

Results of larval growth studies at different cell
concentrations have often been conflicting, Some of the
investigations have shown that larval growth is enhanced
with increasing cell concentrations, avis and Cuillard
(1958) recorded mean sizes of 143, 159 and IBO/am for the
hard clam, M. mergenarig larvae at the feeding levels of
31,25, 62,5, and 125 cells/ ) of p. Jutheri over an 8 day
beriod. Imai (1977) recorded mean larval sizes of 220, 223,
229 and 233.5/::\1 with increcasing cell concentrations of 5,
10, 20 and 30 cells/al of M. Jutheri from an initial mean
size Of 204.5 qam over a 3 day period for Q. gdulis larves,
For mussel M, M larvae, Bayne (1965) found an increase
in the instantaneous growth rate (calculated on the basis
of the final and initial larval measurements) with increasing
cell concentrations of I, galbang at 20, 25, 40, 75 and 100

oens//al over a period of 12-15 days,
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Seme studies have shown that increase in algal
cell concentration does not improve larval growth ex
at least does not show any statistically significamt
difference, Davis and Guillard (1958) cbserved mo
difference in larval growth rates of the hard clam
M. mefcenaris reared at the I. galbana cell concentratiom
levels of 2%, 50, 100, 200 and 400 celh//ul. Using
Me lutherd, they observed a difference in growth of the
same larval specics at the cell densities of 31,25,
62,5 anc 125 cells/)ul of M. Jutheri, but there was no
significance in larval growth at 125, 250 and 500 celll/ynl
(Davis and Guillard, 1958), Likewise, there was no
improvement in larval growth of C. yirginica at the algal
densities (packed cell volume) of 690, 1380 and 2070,’/1
(Windsor, 1977), of C. gigas at the cell concentratiomns
of 50, 75, 100 and 125 cells//.ll and 10, 15 and 20/.11/1 of
I. galbang (Nascimento, 1980), Walne (1965) noted that
at the density of 5-10 larvae/ml, increase in the algal
concentration beyond 50-100 cells/’ul did not improve
larval growthe The absence of statistically significant
difference between larval growth at the four cell
concentrations of 10, 28, S0 and 100 eella/ynl for both

I. galbapa and P. lyuther] observed in the vresent study
are in general agreement with the above works,

At the other extreme, a few authors have recorded

decrecase in larval growth rate with increasing cell



concentrations, Newkirk gt al. (1980) cbserved a decrease
in M. gdulis larval growth fram the cell conceatration of
10ul to 100/ ml1 with both J. galksna and R. Jutbaxs.

Cary gt al. (1981), likewise, cbserved that larval growth
of the rock scallop Hipnnites miltirucgosug was the least

at the cell concentration of 230 cclls//ul anong 42, 84,
168 anc 230 cells/l of L. galbans end also the leest at
240 cells//.xl among 30, 60, 120 and 240 celln//al of

M. Jutherd,

A few muthors have examined the occurrence and
the duration of spat setting as a criterion for assessiag
quality of the dict. In the present study, the percentage
of spat ranged from 23,8 t0 34,7% of the initial populatiomn
with 1. galbana as diet, and fram 5,2 to 29,0% with
P. Jutheri as diet, Maximum spat production was cbserved
at 25 cclls/ul for I. galbana and at 10 cells/ul for
e Jutherli. For both species minimum spat production
occurred at 100 cellsful, Loosanoff and “avis (1963 b)
ocbserved that both food and temperature influenced the
duration of larval period. Lven in healthy cultures of
larvae, setting could last up to a period of 27 days. At
11°C, . gdulis larvae toock 39 days to rcach the pediveliger
stage at the algal concentration of 100 cells/ /11. and 70
days at 25 c_en"s//ul. At 16°C, this was reduced to 16 days
at 100 cells//xl and to 31 days at 25 cells//ul (Bayne, 1965),



A less perceptible difference in the onset of spat setting
wvas cbserved for pearl oyster larvae reared at temperature
of 29,0-31,5°C, With I. galbma as diet, setting began
uniformly on day 23, at all cell concentratioms, With

Ee Jutherl, setting was delayed to day 20 at the concen-
tration of 100 eolh/,al a8 campared to day 10 at 10, 28
and 50 eolh/,ul.

windsor (1977) recorded high spat production of
60,9, 56,4 and 57,1% at the three increasing cell densities
of 690, 1380 and 2070 /1 for larvae of C. yikginica. For
Co. gigas, wilson (1978) recorded very low spat productiomn
of 0,52, 0,29, 0,33 and 0,78% at the densities of 25, 50,
100 and 200 cells//ul. windsor (1977) observed that larval
growth was often not a good indicator of setting success,
This has been noted in the experiment using P. Jutheri as
diet, where maximum spat setting was observed at 10 cells/ fl'
but maximum growth was at 25 cells/ /ul.

The concentratiocn of algal cells in the medium is of
cbvious importance in larval rearing inasmch as it influences
the rate of filtration of larvae and consecuent consumption,

A normally feeding larva produces a continuous flow of
micus in which food particles are trapped and carried to the
mauth to be ingested, In the presence of an excess mmnber

of cells, a large number of cells are rejeccted over the oral



palp as pseudofeces, A larva that is procducing excessive
psaudofeces is not only removing its food supply from
suspension and making it unavailable, but is also producing
and losing large amounts of mucus, Besides, strings of
pseudofeces trail behind and often entangle and trap the
swimming larvae (Yonge, 1926), For these reasons excessive
algal cell concentrations in larval rearing are to be
avoided,

Schulte (1975), working on mussels, put forward the
concept -0f "critical cell concentration" which is ome im
which volumes are swept clear, all food particles ingested
and no pssudofeces produced, At food concentratioms higher
than the critical cell concentration, there is a steady
decrease in sweeping rates, with an increase in pseudofeces
formation (Ukeles, 1975), In recent years, cary gt al.(1981)
demonstrated the occurrence of mechanical interference and
heavy pseudofeces production and severe packing of the gut at
cancentrations higher than 40 cells/ /Al through the technique
of videofilming,

In the present study where pearl oyster larvae were
reared at the concentration range of 10-100 cells/ ,ll. growth
was maxirmmm st the lesser concentration of 25 cells/ /nl fox
both 1. galbana and P. lutheri. Algal cell consumptiom data
indicate that maxisum consumpticn Of cells (72,5-100%)
occurred at the feeding level of 10 cells/Al and the least



(22,8=37,5%) at 100 cells/ml, As these values have been
calculated with reference toO the imitial cell comcentration
in the rearing medium, it may also be noted that a greaster
mmbexr of cells have been removed from the medium with
increasing cell oconcentration. Actual mwbder of cells ramoved
at the concentrations of 10, 25, 50 and 100 uus//u wouald
have been, respectively, 7,25 to 10 cells/ /ul, 12,9 to 20
c.ll-//ul. 17,5 to 27,5 c.lllﬁl. and 22,5 to 37,5 eolll//\d..
When studied in relatiom to the works alrecady descrided amd
the ocbserved maximm growth at 25 cells//ul of the present
study, it would appear that much of the cells cleared avay
from the rearing medium at 50 and 100 cells//ul wvere being

rejected as pseudofeces,

Apart fram mechanical interference, high cell
concentrations may affect larvae chemically, via external
metabolites (Kinne, 1977), Loosanoff et al. (1953)
denocnstrated that the algal filtrate containing external
metabolites could csuse mortality of hard clam, M. percenacia
larvae. Qn the other hand, Stephen and Manahan (1984)
recording high concentraticas of amino acicds in algal
filtrates, suggested that these organic nutrients would
be of potential nutritional value to growing larvae,
Retention time of algal cell within the qut was of longer
duration at lower cell concentrations (Ukeles and Sweeney,

1969), At high cell concentrations, the shorter retention



time can lead to inadoquate assimilation.

The above three factors, nasmely mechanical interfersnce
(Malouf and Breese, 1977y Cary gt al., 1981), algal metabolites
(Loosanotf gt ale, 19532 Newkirk et al,, 1980) and shorter
retention time at high cell concentraticns (Ukeles and
Sweeney, 1969) have been implicated as reasams for pocr
larval growth at demsities higher than the optimm. Results
cbtained in the present study also seem to bear cut these
observations, In addition, it is noted that associated with
an increase in the availability of cells in the rearing medium,
there iz a greater wastage of algal cells,

The optimum cell concentration is seen to vary from
speciecs to species and is also larval density dependent,
Optimum concentration of I, galbang observed for other
bivalve spccies are 300 cells/ml for Ogtreg edulig at the
larval density of 2/ml (Wilson, 1979); S0=400 celll//ll for
O, edylis and M, mercenaris at the density of 10=15/ml
(Davis and Guillard, 19%8); 25-32% cens//xl for
Ce Yirginica at the density of 15/ml (Rhoces and Landers,
1973); 10 cellc//al for M. gdulig at the density of 3-10/ml
(Bayne, 1965); and 40=60 colh/,;l of a mixture of
3. galbong and P. Jutheri for M. gdulis at the density of
0.1=-0,2/m1 (Jespersen and Olsen, 1982), In the present

study, an algal cell concentration of 25 cells/ /11 either
with J, galbama or P. Jutharl as food appears to be the



optimum for the rearing of pinctads ficata larvas at the
density of S/ml,

Ever since Cole (1937) established that bivalve
larvae cculd be reared in the laboratory using algal
cultures, there has been a great deal of experimental work
{n isolating, identifying snd culturing microalgal species
and evaluating their food value for larvae, Perhaps, over
40 species of algae have been involved in these experimental
works, Loosanoff and Davis (1963 b) used at least 22 species
of alcae and diatams largely on the hard clam M. mercenaris
and the oyster C, yirginicsg and reared a further 17 speciss
of bivalve larvae up to metamorphosis, ‘‘alne (1974)
evaluated the mutritional value of 25 species of algas for
Ostres adulis. Davis and Guillard (1958) experimented with
10 algal species.,

Many others have concentrated on experiments with
fewer algal species as food for selected bivalves (Bayne,
1965; .ada, 19737 >*u and Li, 1980; Yiyao gt al.., 1985),

These works have only hichlighted the enormous variability
smong species and food, In India, larval rearing technology
itself h:s been recent (Alagarswami gt al., 1983 b, ¢) and
the present study on pearl oyster larval rearing using
Igochrveis galbana. Pavlova Jutheri, Chromuling freiburgensis.

Synechocvstis salina and Tetrasaelmis gracilis is the first
attempt in this challenging field of larval nutritiom,



Ever since Loosanoff and Davis (1963 b) idemtified
&+ galbana, from the algal cultures received from M, Parke's
collecticn, as of great nmutritional significance, it has been
used very extemsively as food for bivalve larvas irrespective
of species and climatic regimes, In the presant study,
apart fram using I. galbana for determination of optimum
larval density and algal cell concentration, it has beem
used as a stancard against the other experimental algae,
~alne (1974) used I. galbang similarly as reference speeies,

The differential rate of growth of pecarl oyster
larvae fed with I. galbang is seen in.the size frecliancy
distributions and in standard deviations recorded on
di fferent days, Standard deviation increased frem 2.9
to 3.S/xm on day 1 toO 17.2—33.6/1:: on day 25, This has
also been cbserved for a great number of veligers reared
under the same conditions from the same parents by Bonar
(1981) and Bayne (1983), Bonar (1981) noted that this
may provide the species with a strategy that ensures wide-
spread distribution, In the present study on P. fucath.
the larval populations have been derived from several
parents and, therefore, the differences even in the same
rearing vessel appear aggravated due to heterogemity of
the broodstock. This was also reported for .. yirgainica
laxrvae (+Windsor, 1977), Differential rate of growth has
been attributed to genetic variability (Innes and Haley,
1977; Losee, 1979 Newkirk gt al.. 1980),



Growth is the primary physiological paxameter of
condition in the larval stages as most of the energy derived
from nutrition is utilised for this purpose (Ukeles, 197%),
Mean larval length, growth rate amd growth curves have beemn
used as criteria for comparing treatments (Bayne, 1965;
Windsar, 1977; Coeroll gt al.., 1984; Sprung, 1984 a),
Working with larvae of different sise groups, Rhodes and
Landers (1973) recorded 2,8 to 19.1Fu/dq growth over 48 h
for C. yirginica. Growth rates of 6.72/.zm/duy for the
larvae of oyster Sgccostrea egchinatg for a period of 11 days
(Coeroli gt al., 1984) and 1.6 to 4.30/:n/duy for the

scallop Hinnites multirucosus (Cary gt al.. 1981) have
been recorded,

Crowth rate of the pearl oyster larvae in the
present study ranged fraom 2,37 to 5,17 /xm/day over the
‘period day 1-25 at the algal concentration of 25 cells/ fll.
'For the three phases, day 1-9, day 9=17 and day 17=25, 1%
is seen that growth rate during the period day 1-9 is
slow (1,18 to B.IO/nn/duy). day 9-17 is greater (1,70 ¢toO
6.60,m/day). and day 17«25 4s again slow (2,34 to 4,98
)q/duy). While these values generally agree with larval
growth rates observed for pearl oyster by ..ada (1973) amnd
Alagarswami gt al. (1983 ¢), these are lower than the
maximum values recorded for the Crassostrea sp. (Rhodes
and Landers, 1973; Breese and Maleuf, 1975).



Bayne (1983) ocbserved that molluscan larval growth
curve fram the earliest stage to metanorphosis may follow
different trends: linear, asymptotie or sigmoidal,
Different growth curves have been recorded for various
bivalve speciess exponential for Q. gdulis ( .alne, 1974),
C. giges (His and Raobert, 1982; Robert gt al., 1982);
signoidal for Y. mercsnarig (locossnoff et al., 1951),

Q. gdulis (valne, 1956a), M. gdulip (Bayne, 1965) and

Co g:._q_ag (Gerdes, 1983); snd linear for Vepus striatuls
(Ansell, 1961), M. mercenaria (Carrikxer, 1561), O. adulis
(walne, 1965), g$iligus patula (Breese and Rcbinson, 1981),
M. gdulis (Jespersen and Olsen, 1982) and :irctica islsndica
(latz gt al., 1982), The Aifferen-es for the same larval
species may be due to differences in experimental and/or
sarpling designs, Sprung (1984 a) recorded a linear f£it
for mussel larval growth data at 6°C at the cell concent-
rations of 10, 20 and 40 cella//:l but a sicmoidal f£it at the
lower cell concentrations of i, 2 and S5 cells par/u].. The
growth curves in the present study are sicmoidal,
Alagarswvami gt al. (1983 ¢) suggested that growth of

Ee fuicata larvas may be a step function, Gerdes (1983)
explains that the sigroidal curve in C. gigas 4is caused

by depressed feeding of the pediveliger when it starts
reducing its velum, Linear curves have been recorded
where selective sampling of the faster groving larvae Has
been resorted to (Sprung, 1984a),



Anong the few authors who have studied setting
success a8 a criterion in asseesing mutritional value of
diets, Vindser (1977) ocbserved very low spat ylelds ( <1,0%)
in C. yirgainica with I. galbana as diet. AUACOP (1979)
recorded spat yields of 50X for mussel larvae, In the
present study, spat yvield was in the range of 2,9% to
M. T%,

Ukeles (1975) pointed ocut that there is an optimm
food consunption at different stages in the life cycle of
bivalves, Imai (1977), observed that optimum feed dosage

incrcased with larval growth and this dosage differed
greatly according to temperature, population density and
type and mode of feeding, Some workers increased the
food supply to provide for the greater nutritional needs
of later stages (“ada, 1973y Dupuy, 19757 ''indsor, 1977),
In one of the experiments of the present study, cell
density in the rearing medium was increased stepwise from
the D shape to umbo and eyed umbo stages (from 10 e.u-/,u
to 35 cens//al). A progressive increase in larval growth
was observed fram treatment 1 to 4 (2,97, 3.45, 3.77 and
3.79 pm/day for the period day 1-25; Table 40). A closer
examination of the data shows that maximum growth rate
has occurred in treatment 2 for day 19, in treatment 3
for day 95-17 and in treatment 4 for day 17-25, This weuld
suggest that cell densities of 15, 25 and 35 cells/ fl nay



be the food requirement for the D shape, unbo and the eyed
uwnbo. larvae, respectively,

Rhodes and Landers (1573), wsing I. galbhama snd
working with seven different sise groups of C. yirainica
larvaes, showed that the food recquirements increased 13-
fold from 2,% eon-//ul for the D shape to 32,8 eoll-//u.l
for larvae of 255.0/11 length, Walne (1966) cbserved a
2,5 times increase in cell requirement for O, edulig larvae,
Dupuy (1975) recommended a 3,15 times increase in cell
volume for C. yirginjica larvae, while Vindsor (1977)
adopted a 2«f0ld increase in cell volume for the same
species, On the basis of the presemt study, an increase
in cell density from 15 cells/ /;1 for the 2 shape to 3%
cclla/éull for the eyed umbo stage, i.e.,, 8 2.33=f0ld
increase in cell requirement in J. galbang cen be
projected, This is close to the findings of Dupuy (1975),
Windsor (1977) and walne (1974), but far below the increase
recanmended by Rhodes and Landers (1973), The latter, apart
fraom working with a higher larval density of 15 larvae/ml,
based their observations on shorteterm experiments lasting
for 48 h, They did not consider the possible deletericus
effects of continuocus exposure to high concentrations of
alcal cells as has been reported for C. virginica laxvae by
Loosanoff and Engle (1947),



The haptophycean alga, pavigva (= lgmoshrvsis)
duthexi, has been cited as cne of the most widely
accepted foods for bivalve larvae giving a nutritiomal
value ecual to or greater than that of 1. galbana
(Loosanoff and Davis, 1963 by Ukeles, 1971, 19757 Yalme,
19743 ‘yther and Goldman, 1975 Imai, 1977 Kinne, 1977
Sastry, 1979).

Minaur (1969) identified Mgnochrvsis lutherl as
one of the better diets for larvae of pearl oyster

Es maximg recording growth increments of greater than 10
/m/dqy over a period of 7 days. He failed to obtain
larval metamorphosis, however, Davis and Guillard (1958)
used P, Jutheri successfully in the rearing of the oyster
Se Yirginica and the hard clam M, parcenaria larvee in the
,cell concentration range of 31,25 to 500 cells/ pl. Bayne
(1965) reported results similar to those of I. galbsna

for larvae of the mussel M, gdulig in the cell density
range of 20«100 cens//xl. Ivasaki gt al. (1971) reared
larvae of the clam Zcapharca subcrenata at two cell
densities of 1/ul and 2/ul, They cbtained growth (3,50 /-/dq)
at 2 cells//ul. but at 1&:1. there was cormlete mortality
by day 22, Windsor (1977) reported relatively poor growth
rates for larvae of C, yirginica when fed with a pure diet
of M. Juther]l as compared to the regular feeding pretocol
of mixed algal species, Regression of growth was 00,0129



log F/dq (windsor, 1977), Comparatively,regrassion
of the preseat study was in the range 0,0192-.0,0196 log
/un/dq. Newkirk gt al. (1980) experimented with beth
young and 0ld cultures of R, Juthegi to larvae of

M. adilis and noted a decrease in growth rate with
increase in ¢ell concemtrations, Tenska gt al., (1970)
found this algal superior and ingestion best when
provided to pearl oyster P. margaritifera.

In the present study, setting occurred in 18=20
days, lasted for 8-12 days aﬁd yielded a total spat
production of 5,2=229,0% at cell concentrations of 10-100
cells/al and at the demsity of 5/ml, rlassch (1983)
reports that in commercial hatcheries of Japan, rate of
spat production of P, fucata, when fed with D, lutheri
at 20 cells/ /11 and at 10 larvae/ml, was approximately
20%, i‘etamorphosis occurred in 23 days, 4 UACOP (1979)
cbtained metamorphosis of Mytilus edylis between 10-17
days when P, Juther] was used as diet, indsor (1977)
observed very poor setting percentage(<0,057.) when fed
with i, lutheri.Results of the present study show that
Es Jutherl has a nutritional value equal to that of
1. galbang for the pearl oyster larvae,

In terms of larval growth, survival and setting,

the nutritional value of the alga Shromuling freiburgensise
may be infegior to that of I. galbana. GCrowth rates for

122
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the periods day 1-9, day 9=-17 and day 17-25 vere 3,48,

2,52 and 6.05/n/d¢y and overall growth rate for the

period day 1=-25 wvas 4,01 /m/dly. In comparison, growth
rates for I, galbana for the same periods were, respectively,
3.10, 6.69 and 4.98/m/day and overall growth rate was

‘o’szdw.

Davis (1953) demonstrated that larvas of C, yirginics
could be reared to metamorphosis on pure cultures of
ghrapuling pleiddes. Loosanoff and Davie (1963 b) described
this snecies as of ‘good' value for C. yirginica larvae,
However, Iwasaki gt al. (1971), rearing larvae of
Sgapharca gubcrenata on a diet of Chramulina sp. at the
cell density of 2/ /xl, obtained very poor growth rate of
O.SI/m/clay over s period of 11 days., By day 22, there was
total mortality. More recently, Joseph (1983) demonstrated
that the alga C. frelburgensis was an excellent diet for
larvae of the Indian backwater oyster Crassostrea madrassnsis.
She obtained a growth of 17.4 /.:m/duy over a l4-day period
for G. freiburgensis as compared to 10.5/.1m/d¢y for
&e galbang. The very high growth rates observed for
So madrasengis (Joseph, 1983) over that of P. fucata of this
study may be attributed to the inclusion in the samples of
the spat stages, Mean larval size on day 14 feor

S Badrasensis larvae fed with C. freiburginsis was 298,0
J (Joseph, 1983), The low standard deviation recorded



would also muggest a selective sampling of larvae,

Setting commenced on day 21 in the present study
and yielded a total of 3,0X spat as compared to 6,5% with
1. galbans. Walne (1956a) recofded good larval growth
and adequate setting of O, gdiulis larvae fed with C. pusilla
and C. pleiadag. He cbserved a total of 304 spat with

Se miallls and 684 spat with J. galbsna cut of aa inditial
unknown but presumably ecual number of larvae, In a

second experiment, using C. pleiades, he recorded a total
of 401 spat as compared to 55 spat when fed with I. galbani
ocut of an initial 860 larvae, Joseph (1973) obtained a
total of 2,9% spat production when C, madrasensig was fed
with C, Zreiburgensig as campared to 0,24 when.fed with

1. galbana.

It would appear from the literature that
S. freiburgensis has been used as food for the first time
in pearl oyster larval rearing, Results incdicate that
Co frelburgensis is a nutritionally adecuate diet but net
superior in value to that of I, galbgna. ~hese results
are in keeping with those observed for C, odulig larvae
by “Walne (1956a),

Growth and survival data of pearl oyster larvae
fed with L. galinag indicate that this species is a ‘poor’
food for the species, OCverall larval growth for the

pexriod day 1-28 was 0.86/.n/day as compared to 2, 31,-/@



for larvae fed with 1. galbsna in simultsnecusly co-oxrdinsted
experiments, Although larvae survived for a total period of
$3 days, growth was exceedingly poor, There was no spat
setting (Table M),

Yery few authors have studied the nutritional value
of the gemus Synechocvstis for growth and survival of bivalve
larvae, Rao (1980) used this species as a diet for mussel
Berna yiridis larvae and recorded stunted growth, Walne
(1956a) used another cyanophycean of the genus Synegococqus
and recorded poor larval growth and total lack of metamorphosis,

The alga S. galina satisfied the physical characte
eristics required to be used as a food for bivalve larvae,
by way of motility and the absence of cell wall, The fact
that larvae survived for a long period of time rules out
the possibility of toxicity associated with either the cell
or as mctabolites, The small size of the al-al cell (3 Jam)
makes it easily consumable, The total volume of S, galina
provicded to the pearl oyster larvae would have been far
less than that of I, galbana cells (7-8 /le) and, therefore,
have not met the requirements of larval ciowth,

The species of Tetraselmisg (previously called
Blatvmonas) have been shown to have variable value for
bivalve larvae (Loosanoff and Davis, 1963 b; ‘alne,19%M;
Wilson, 1978; Zong=0ing and Mei-rFang 1980y Cary gt ale.1981p



Yiyao gt al., 1985). In the presemt study, pearl oyster
larvae fed with I. gracilisg exhibited very poor growth
rate and failed to metamorphose, Mortality was total
beyond day 17 (Table 24),

Cole (1937) demonstrated that for O. gdulis larvae
Istraselnis sp. wvas variably successful, :-avis and
Guillard (1958) reported that it was an adequate but not
reliable speciles for culturing of C, yirainica larvae,
Loosanoff and Davis (1963 b) classified this alga as
*good" for clem M. mercenaris larvae but only of "medium®
value for C. yirginica. Walne (1965) cbserved that 10
e¢11s//u1 of T. gpiecica had the nutritional value of

S0 cells//ul of I. galdbana,

At a concentration of 50 cells/ /.\1. #ilson (1978)
recorded good growth of O, gdulis end G, gicas larvae,

In mussel, M. gdulis, Zong-0ing and Mei~:ana (1980) reported

that the “latymonas sp, was acceptable to ¥, edylis larvas

2 days after fertilisation and more easily after attaining

the length of llo/mn. In large scale tank cultures at

larval (cnsities of 3=5/ml and cell concentration of 3,%5«3%,0

Cells//xl setting was initiated in 15 days time,

Cary gt al. (1981) reported that the nutritiomal
value of ‘etragelmig sp. to the larvae of the rock scallop

12

Binnites multirugosus was equivalent to that of unfed cultures,
Unlike the results of Wilson (1978), Walne (1974) and Zemg-(Qing



and Mei-Fang (1980), growth of pearl orster, P. fucata
larvae fed with I, gracilisa has been negligible,

Several aathors have shown that cambinatioms of
algae have induced more rapid growth of bivalve larvae
than a diet of a single species of algae (Loosanoff and
Devis, 1563 by Dupuy, 19757 Ukeles, 1975; !'indsor, 1977),
Combinations of I, galbana + P, lutheri, I. galbana +

C. freiburgensis, I. galbana + S. sglina, I. calbana +

T, gracilis, . galine + I, gracilis and I, galbana +
8, salina + .., grecilis were tested in the present study

for their nutritional value to pearl oyster larvae, In
addition a stratified feeding schedule was adopted and
tested,

The cambination diet of I. galbang and P. Jutherd
has been shown to be a diet of high nutriticnal value fer
several spocies of bivalve larvae (Loosancff and avis,

1963 by ..indsar, 1977). In the present study, growth and
setting of pearl oyster larvae fed with the same cambination
diet has shown marginally greater values than for I. galbana.
growth rate for day 1-25 was 3,66 /m\/day for the cambination
diet as compared to 3.42).|m/day for I, galbana alone,
Likewise, spat setting was 7,87 as compared to 6,9% with

I. galbana. 4ll other combination diets were Of less value
to pearl oyster larvae than I, galbana,



The food value index calailated in the presemt
study for the algal species used singly and in combimation
gives a fair idea of the mutritiomal value of each diet,
The ratio between larval growth of an experimental diet to
larval growth of a common standard had been used by Walme
(1963) for assessing nutritiomal value of diets, It may
be seen fram the food value index (Table 38) that the
only algal species equal to I. galbang has been P. luthepd
used singly (1.07) or in combination with I. galbang(1.04).
Ce frejburgensis gave a food value of 0,77 when fed singly.
This was improved to 0,85 by the addition of I. galhana.

Se §aling which had a low food value of 0,32 was seen to
have an increased value by the addition of I. galbans
(0.81)e To gracilis vyielded the lowest index of 0,28,
While larvae fed with combinations of I. galbanp with

E. lutheri, C. freiburgensis and 5. galina grew to meta-
morphosis, there was camplete failure to metamorphose when

fed with combinations of I, galbang + I. aracilis, I. galbapa

+ S. galina + T. gracilis end a cambination of Z. galing +
o gracilis. In order of merit, the algae used singly may

 [E]

be listed on the basis of their food value index as follows:
E. lutheri, I. galbana, C. freiburgensis, .. saling and

Ze gracilis. The combination diets may be listed as followss

. galbang + E. Jutheri, I. galbana + C. freiburgensis,

X. galbana + S. galina, I. galbana + . galina + I. gracilis,

1. galbang + I. gracilis and S, galing + Z. gracilis.

12¢



It has been shown that several bivalve larvae can
feed On a variety Of species during the later larval
stages (Loosanoff and Davis, 1963 by Matthiessen and
Toner, 1966y Yiyeao gt al., 1985). Studying the results
of the experiment using a stratified feeding schedule of
do galbang, T. ghul and C, paling, it would seem that
growth and setting of pearl oyster larvee vere dependent
on the propertion of utilisable algal cells in the rearing
medium, ‘'hen fed with I, galbgng alone percentage spat
setting was 2,6 but when T, ghui was introduced during the
eyed umbo stage spat production was reduced to 2,2%, Again,
when T, clul was introduced during the straight hinge stage,
spat setting was 1.6%, The additiomn of C. galing cells from
the early umbo stage tO larvae reared on a combination of
L. galbang and I, chul from the D shape stage greatly
enhanced spat production to 8,T%, Residual phytoplankton
counts showed that there was relatively hich consumption of
i. galbana and C. galina cells but poor consumption of
Z. chmd cells,

The food value of both Tetraselmis sn, and Chlorglla
sp. has been shown to vary for different snecies of bivalves.

Cole (1338) was the first to report that larvae of O. sdulis
could not utilise Chlorella sp, Davis (1953), however,
reported that larvae of C, yirginica could make use of the

alga during the later stages of larval development. Davis



and Guillard (1958) used Chlorella as an ‘adequate' species
for both &. Yirginice and M. marcenaris larvae, Loocucgt
and Davis (1963 b) referred to the same as 'medium’ for the
ssme species, Wada (1973) on P. fucats, alne (1974) en

Q. gdulis and Zong-Qing and Mei-Fang (1980) on M. adulis
reported failure to metamorphose and poor growth of larvae
reared on a diet of Chlorellsa sp. Windsor (1977) pointed
out that the amino acid tryptophan is found only in the
Chlorella sp., So, although this species has been found to
be a rather poor food by itself, it might be of some benefit

in a mixed species algal diet,

The greater value of canbination diets is based on
the fact that no one algal species is a camnlete food
source and mixtures of algae can better fulfil the dietary
requirements (Ukeles, 1971, 1975; Kinne, 1277), In the
present study optimum larval growth and snat production was
abserved for larvae reared on a combination of I, galbsna
and T, chul up to the early umbo stage anc, thereafter, fed

on I, galbang, I. ghul and C. salips.

The food value of an algal diet to the bivalve larvae
has been shown to be dependent on cell size, besides
several other factors. The algae I. galbang (7-8/@:\).
R- lutheri (8um), C. frsiburgensis (9m), S. gallng (3 jm),
I. gracilip (12/\m) T. gl (15/!!\) and C. salina (S-G/m)
were used in the present study., Yonge (1926) and Miller (1955)



cbserved that there appeared to be no food sorting
mechanism in the oyster larval gut other than the exclusion
of large particles by the small dismeter of the mouth and
ocescphagus, Ukeles and Sweeney (1969) approximated the
sise of the mouth of C. yirginica larvae (78 x‘?,n) at
less than 10/-. However, Mackie (1969) reported that
larvae of C, yirginica qualitatively selected algal cells
ranging from 1 to 30,:-. Cell size has also been shown to
affect filtration efficiency and ingestion (llughes, 1969;
Haven and Morales-’mo, 1970y Riisgard et al., 1980, 1981),
Webb and Chu (1983) concluded that the suitable size range
of food particles may differ between specics., Non-motility
of cells can cause settling of available food resulting in
its poor food value to the larvae (Webb and Chu, 1983),
However, Babinchak and Ukeles (1979), using epifluorescence
microscopy, demonstrated the active intake of a non-motile
species, Chlorellg autotrophjica. On the other hand, Cary
et al. (1981) observed that a hicghly mobile srecies,
Carterig gglli dg,disnlayed strong avoidance and at times

wag able to avoid entrainment by the larval feeding currents,

Algal food value is also dependent on the ability ef
the larvae to digest the cell membrane, ~“T°ick cell walls
are often more resistant to digestion than the membranes
(Kinne, 1977), Young C. ¥Yirginica larvae vere unable to
utilise forms having cell walls but they wecre able to do

80 after reaching a size of approximately 110 /um(LOOlnoff



and Davis, 1963 b), Poor growth of O, gdilis larvas when
fed with Chlorella snd Cogoomyxg has been attributed to
the inability of larvae to digest the thick cell wall
(Walne, 1974). These findings wers supported by the works
of Babinchak and Ukeles (1979) who cbserved the sbsence of
lysis or digestion of Chlorella matotronhica cells in the
larval gqut of C, yirginics, despite the active ingestion
of these cells, The ability to digest Chlorellys sp. is
said to be dependent on temperature (:astry, 1979), Larvase
of liercenaria mercenaria could utilise it at 25-30°C, but at
15°C, although they could ingest the alnal cells, they
could not assimilate it (Loosanoff and 'avis, 1963 b), Ia
the present study, the only species with cell wall was

Co salinae. At 29,0-31,5°C, the warm te-perature might
have alded its digestion,

Scme organisms such as Prvmpesiun parvum end
Stichococcup sp., have been repeatedly shown as toxic for

bivalve larvae (l‘avis, 1953; Loosanoff and “avis, 1963 by
Webb and Chu, 1983), All algal smecies used in the present
study are generally not known for the release of toxic
substances, Droop (1968) found that liongchrysis released a
vitamin 342 binding substance, thus deactivating vitamin 812.
The occurrence of tryptophan in the extracellular metabolites
of Chlorellg sp., has been cited as a reason for its food
value in combined algal diets (Windsor, 1977), While



reporting on the occurrence 0f @issolved free mmino acids
in algal filtrates, Stephen and Manahan (1984) attributed a
possible mutritive role to these algal metabolites,

The role of bacteria associsted with algal cultures
has been a contradictory one., However, it has generally been
opined that while same bacterial species may enhance algal
food value, a few others may be harmful to bivalve larvae
(Martin and Mengus, 1977)., Although a bacterial load of
41 + 12,3 colonies/ml has been associated with the present
larval rearing, none of the larvae appeared diseased,

The retention time within the gut being short
(Windsor, 1977), the better foods are those that are broken
down faster, This would explain why the naked flagellatas
are better foods than species which have cell wall (Kinne,
1977)., For this reason, the haptophyceans have been reported
to be the best foods for bivalve larvae (Loosanoff and
Davis, 1963b; Ukeles, 1975; Kinne, 1977) which is confirmed
in the present study,

In contrast to the use of pure cultures as food for
bivalve larvae, the Glancy method and the Hidu method have
been used extensively and successfully in experimental as
well as commercial hatcheries (Dupuy, 1975; Dupuy et al..
1977y Dexter gt al., 1978; Bardach gt al., 1972). These
methods are based on utilisation of selectively filtered
ad centrifuged seawater allowing the smaller forms of
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phytoplakton to be grazed upon by the larvae in the static
cultures (Ryther and Goldman, 1975), The /I::II;M phytoplankton
developed for the present study was from the open sea., Pearl
oyster larvae that were reared on the mixed culture from the
straight hinge stage failed to metamorphose and grew very
slowly., “hen introduced at the umbo stage, spat productiom
was 0,1%, but introduced at the eyed umbo stage, there was |
high spat production, It is possible that as larvee grew

in size, the ability to digest and utilise a greater variety
of al:ae increaseé in associatiocn with an enhanced enzyme
system, cavis and Guillard (1958) demonstrated that the
ability to use different algal species increased with
larval cevelopment, These rcsults suggest that bivalve
larvae can be reared on a restricted diet during the

early stages and, thereafter, on a wider range of alges

raised fram general phytoplankton,

In marked contrast tO the extensive literature on
larval rearing of oysters, russels and clams discussed
here, there have been only a few published works on pearl
éyster larval rearing (Minaar, 19693 wada, 1973; Xu and
Li, 1980y ~lagarswami gt al., 1983 b, c; “anaka and
Kumeta, 1981; Yiyao gt al., 1985). Alagarswami gt ale,
(1983 b, c) succeeded for the first time in rearing the
pearl oyster, P. fugata under tropical conditions and
pointed cut the need for further investications to determine



optimum larval density, critical cell concentration and
the use of local microalgae to standardise hatchery
rearing procedures, Minaur (1969) had studied the
comparative merits of ynaliella Saxtiolectum, Z. galbana,

M. Jutherd, Nitaschias glosterium and an algal isclate
provisionally identified as Chlorella sp. for the larvae

of the silver=lip pearl oyster P, maxims. Although the
larvae di& not grow up to metamorphosis, faster growth
rate was observed with I, galbana or M. Jlutheri.

Later, >u and Li (1980) successfully reared larvae

of P, maxima up to metamorrhosis on Platvmonas and yeast
cells, Tanaka and Kumeta (1981) reared larvae of . BAKINA
up to juvenile stage using P, lutheri as diet. Larvae grew
to a lencth of 234/m in 19 days time,

vada (1973) studied the relative values of

M. lutheri, Chaeteceros calcitrang and Chlorellg sp. for
pearl oyster P. fucatg both singly and in combination

at the concentration of 10=20 cells//.\l. ile Jutheri was
reported to induce best larval orowth, C. calcitrang was
identified as having excellent food value, while Chlorells
spe vYielded very poor results, All combinations using

e Jutheri also induced good growth of prarl oyster larvae,

Flassch (1983) reported that 20 of the pearl
oyster for cultured pearl production was cbtained by

controlled reproduction in Japan, Three species of algae



E~ Juthezi, J. galbens end Chagtogeros sp. were used in
larval rearing., Coeroli gt al., (1984) failed in their
attempts to rear the larvae of the blacilip pearl oyster
Ee margaritifers using techniques adopted fram the
classical methods of Loosanoff and Davis (1963 b), Walne
(1966) and Dupuy (1975), Yiyao gt al. (1985) reared
larvae of the pearl oyster p. ghampitzil on yeast, sperm
of P. fucata, a mixture of sperm of P, fucata and
Dicrateria zhanilangensis and D. zhaniiancensis alome.
Yeast was not suitable for feeding D share larvae, but
sperm anc a mixture of sperm and D, zhaniiangensis was most
suitacle, Larvae of the umbo stage were able to feced On

Platymonas spe

The present study has identified both I. galbspa
and P, lutheri as good larval diets and sucgests an
optimum concentration in the range 15-35 cells//ul at the
larval denaity of 5 larvae/ml. C. freiburgensis has beea
observed as a nutritionally adecuate diet for pearl oyster
larvae, Loosanoff and Davis (1963 b) in their review,
classificd the bivalve larvae into three croups: (a) those
which are able to utilise, during the early straight hinge
stage, only a few of the many food algae offerred; (b) those
which are able to utilise most of the al-ae tested, provided
these are small enocugh to be ingested; ancd (c) those which are
intermcodiate to the above two in their dietary requirements,
In this generalised classification, pPinctada fucata sppears
to belong to the first group,



INIRCOUCTION

Availability of algal cells in suitable concentrations
is an important aspect of bivalve larval mutrition, Iucas
(1983) points out that the cuantitative evaluation of
larval nutrition may be based on indirect methods likeo
estimation of growth at different feeding levels (Cavis
and Guillard, 1958; Rhodes and Landers, 1973), rate of
clearance of particles from the medium (Malouf and Breese,
1977; iiilson, 1979, 1980) or by direct methols like the
use of radicactive labelled phytoplankton ( '‘alne, 1985
Ukeles and Sweeney, 1969) or observations with flourescent
microscopy (Babinchak and Ukeles, 1979 Lucas and Rangel,
1983),

Since bivalve larvae feed by filtration, an estimate
of their filtration or clearance rates determines how smach
amd what kind of food can be obtained by them (Mglm! amd
Breese, 1977 Gerdes, 1983), In the present study, an
indirect method to estimate filtration rate by measuring
decrease in cell concentration over time in a static water

system and a direct method using radicactive labelled algal



1.

cells were adopted to make quantitative estimates of pearl
oyster larval mutritional requirements,

MATERIALS AND METHODS
Ziltration ratg of pearl oveter lacvas

The filtration rates of pearl oyster larvae were
determinod at four different algal cell concentratioms,
Larvae from the same brood of oysters were recared according
t0 the methods described in Chapter 2,

Larvae belonging to four sise grcups (D shape at
79.5 £ 6.6 amy Umbo 1 at 122,5 1 8.4 ums Umbo 2 at 14¢,0 &
14.5am; and Umbo 3 at 187.0 ¢ 10.6/:1:) were stocked in cnesl
beakers independently at the uniform density of S larvas/ml,
Filtration rate was estimated at four cell conceatrations of
10, 25, 50 and 100 cells//.ll of I, galbang., For each
larval size and each cell concentration, filtration rate
was calculated from quadruplicate experiments, In a fifth,
only the algal cell concentration under exnerimentation vas

set up without larvae, in order to test the possible

.multiplication of algal cells in the medium during the

experiment. The changes were not found to be important to
influence the experimental fesults. Filtration rates were
determined by measuring the decrease in algal cell concent-
ration at 20 minmutes for en initial period of 3 h and



subsectently at 22 h and 24 h. ZFor this purpose, two J-ml
samples were removed and fixed with lugol's fixative and
the cell count taken using a blood counting chawber, The
residual cell count was averaged and filtratiom rate (F.R,)
was calculated according to a modification of Gerdes (1983),

using the formula

FeRe = 19903 = 109,05 4 M

D
where, Cq = initial cell concentration in the medium

Cy = final cell concentration in the medium
V = volume of the medium (ml)

t -« duration of the experiment (h)

D = larval density.

TFor the results presented in Table 55, filtration
rates have been calculated for a time pericd of 24 h, for
each algal cell concentration (10, 25, 50 and 100 colll//nl)
clearance rate has been calculated as the total number of
algal cells that were removed by the larv-e¢ from each ml of
the mcéium at the end of 24 h, Clearance rate has also been
expressed as percentage of the initial cell concentration
of cells per ml of the medium, Mean clearance per larva
has been expressed as the average of the clcarance per larva

at all the four larval size groups (D shape, Umbo - 1, 2, 3).

~



.re Cl‘-

1) Uptsgkxe: Three species of microal-ae, namely,
dsechryeis galbans, Pavlova Jutherd snd Chroamulina
fxeiburgensis were used to study the uptake and retention
of algal cells by the pearl oyster larvae, The experimental
procedure was adopted from Ukeles and Sweeney (1969),

Cne hundred ml of the algal stock culture in the
expopnential phase of growth was inoculated with 1 ml of
c'elabelled sodium bicarbonate having a radicactivity of
S/nci. “his was incubated overnight under flucorescent
lights, .fter 12 h exposure, the microalgae were centrifuged
and the supernatant containing excess of labelled bicarbonate
was discarded, The resjidual labelled alcal cells were
resuspendxd in sterile seawater, Irom this, calculated
quantities of labelled algae as required for the experimental
cell concentrations (25 ar 50 cells/)nl) were used for
feeding the larvae., For each larval stace and for each time
interval, the experiment was conducted in duplicate and the

average of the two was taken,

At intervals of 1, 3, 20 and 24 h, the larvae in each
beaker was sieved through a ao/nn mesh nylobolt and resus-
pended in sterile seawater, the residual alcae having been
discharged through the sieve. The larvae were filtered
through a 0.32/un membrane filter under vacuum, A drop of
$% formalin was added to preserve the larvae, The membrane
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filters were stored in special planchet holders until
further analysis., Quantities of algal cells equivalent
to those used in feeding experiments were also filtered
through the membrane filter and preserved as standard
sample, in like manner, The larval and algal sawples
were subsecuently analysed at the cié laboratory of CQMFRI,
Cochin, The membrane filters were taken in glass vials
and 1 ml of acetone added to each to dissclve the filter,
15 ml of a cockteil fluid was added and the vials were

screwed tightly,

"he radiocactivity in alcal and larval sawples
preserved as above vere estimated using a iquid
Scintillation Counter (ECIL). The counter was set to
give readings as counts/minute (cym)., The cocktail fluiad
used as the scintillation medium was prenared by dissolving
7 g of -OPOP (phenylozazole) and 100 g of naphthalene in

1 1 of dicxan,

“he uptake of algal cells by the larvae under
different experimental algal censitics vas calculated fram

the racioactivity of algal and larval samml~s as followss

_ Radiocactivity of standard(cpm)
Radioactivity/algal - ty =

cell Total number of algal cells 4m
standard alcal sample

Total uptake of algal » Radiocactivity of larval sample(

141
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cells by larval stock Rgdioactivity per algal cell (q:%



Uptake of algae/larvae was calculated by dividing the
total uptake by the number of larvae,

i1) Regtentions In order to check the number of algal
cells retained by larvae at the end of 48 h, a set of
exper imental beskers originally planned for the study on
24 h uptake, were kept for a further period of 24 h, feeding
them at the same algal eell concentration but from an
unlabelled stock culture used as a 'chaser’', After this
total 48 h duration, the larvae were filtered, preserved
and radicactivity counted in the same manner as for the
uptake exneriment, Retention has been exrressed as the
percentace of the total number of cells th»t have been
taken un by pearl oyster larvae at the end of 24 h to the

initial alaal cell concentration,

RESULTS

Piltration rate

Filtration rates were gseen to decrease with increasing
cell concentrations (Table 55), At the mean larval sise of
79.5/3:1. filtration rates were 6,89, 7,64, 2,97 and 2,39

/ul/larva/h at the concentrations of 10, 25, 50 and 100 cells/ ,11.
Similar decrease in filtration rate with increasing cell
concentration was also cbserved for the umbo larvae (122,83,
144,.0 anad 187.0/.; Fig, 22 a).
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Fig. 22.FILTRATION RATE AND ALGAL CELL CLEARANCE OF

PEARL OYSTER LARVAE
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Filtration rates were seen to increase with incressing

larval sise at all cell concentrations, from 6,89 to 23,10
/ul/larva/h at 10 cells/ ul; from 7,64 to 19.10/n1/1m

at 2% celll//.lly from 2,97 to 7.13/11/1arva/h at S0 colll/’ly
and from 2,39 to 3.20/111/1u‘va/h at 100 cella//nl. This
corresponds to an increased clearance of algal cells

(Table 55), At 10 cells/ /:1. percentage of algal cells
cleared from the medium increased from 56,3% for larvas of
79.5/um to 93,8X for larvae of 18‘7.0/::. A similar f{ncrease
is also noted for larvae reared at the cell concentrations

of 28, 50 and 100 cells/pl. Studied in relation to the
initial cell concentration, however, it is seen that the
range of percentage clearance has declined gradually from
56,3-93,8% at 10 cons//nl to 60,0-90,0% at 25 ceus//n.
30,0=57,5% at 50 celh//nl md 25-31,9% at 100 colh//l!.

Fige. 22c depicts the relation between the availability
of cells in the rearing medium and clearance of algal cells
per larva, Vrhile availability of cells increased from 2000/
larva at 10 cens//ul to 20,000 cells/larva at 100 ce!h//ll.
it may be seen that at the higher cell concentrations of 30
and 100 cells/ /ul. a greater proportion of algal cells is
being wasted, At 10 ulls//ul, with increase in size
from .5 to 187.0,:-. clearance increased from 1126 to 1876
cells/larva, i.e., 56,3-93,8% of the available cells had
been cleared fram the medium, At 25 cells//.tl, for a



similar increase in sise, 3000 to 4500 cells were removed
fram the medium, At 50 and 100 cells//al, number of cells
removed from the medium ranged from 3000 to 5750 and 5000
t0 6367 cells, xespectively, Taking mean values of
clsarance (Table 55) it may be observed that percentage
clearance decreased gradually with increasing cell
omcentrations (76,6% at 10 eens//ul. 71.,1% at 28 ccu./flp
42,5 at S0 colll//nl and 28,9% at 100 cells//xl).

Fige, 23 shows the clearance of algal cells by
pearl cyster larvae cbserved over 24 h at intervals,
Initially, clearance of cells has been rapid, By 24 h

clearance rate has slowed down,

14
Zhe uptake and retemtion of G -labellcd algal cells

The uptake and retention of Ct4_1abelled I. galbanp,

E. lutherd and g, freiburgensis cells by the D shape, umbo
and the eyed umbo larvae are preszented in Table 56,

i) Uptakgs For all three algal species, the untake
of cells is seen to increase with time, Considering the
uptake during 24 h period, about 50% of this amount is
consumed by 3 h, €¢Qs, 1077 cells of I. galbang/larva at 3 h
and 2129 cells/larva at 24 h for the D shape larves.

By inference upteke of algal cells during the next 24 h

iz very slow,
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Algal uptake at the end of 24 h was seen to
increase progressively with increase in larval sise, At
25 cells/ ﬂlo uptake of P, Jutherl increased frem 2151
cells/larva at the © shaps to 3205 cells/larva at the
eyed unbo stage, Similar increase in uptake was cbserved
for both 1. galhapa and . Lreiburcenais at 25 and 850
cells/ Ple

Doubling the alcal cell concentration fram 25 to 50
cells/ /ul leads only to a marginal increase in uptake, At
2¢ h, uptake by the D shapre, umbo and eyed umbo stages have
been, respectively, 3129, 2335 and 3015 cells/larva at
25 cells/larva, while it vas 2763, 2710 and 3742 cells/
larva at SO ceus//nl. using I. galbang as diet, Similar
results are observed for both P, luthari and C, freidburgounsis,
except for umbo larvae fed with P, Jlutheri, where there has
bean a decrease in uptake at 50 colls//al.

41) Retentions The retention of labelled algal
cells at the end of 48 h has been in the range of 67,1«80,0%

for L. w 69.‘-800 °. for R. m and 78.6‘80.‘%
for G, freiturgensls.

SCUSS

Fretter and Montgammery (1968) and Strathman g% Al
(1972) observed that in suspension feeders, the clearsnce



mechanisn determines the cusntum and the kind of food
ocbtained in a given envircrment, In this context, the
role of the velum in feeding and filtration of

particles is importaat, Its structure has been described
in great detail (Yomge, 1926; Elston, 1980).

uantitative estimates of filtration rates are few
and far between, Some of the published results on different
specics are given in Table 57, It may be noted that
filtration rates have been calculated under different temper-
ature ancd feeding regimes, The rance of filtration rate
values observed in the present study (2,39 to 23.10/11/1mq/h)
show fairly good agreement with those of other species, Certain

general comparisons may be made,

There is a reduction in the filtration rate of
pearl oyster larvae with incrcasing cell concentration
(Table 55), This has also been cbserved for the mussel
Mysilus sdulis larvae by Bayne (1965) and Uprung (1984 b),
Bayne (1965) calculated the filtration ratc of mussel larvae
at 18°C to be in the range of 14.6-23.3/\11/1arva /h at the
cell concentration (I, galbana) of 250-270 cells/ ul and
19.2-34 .6 /.xl/larv./h at the lower cell concentration of 40-7%
cells/ /ul. Sprung (1984 b), studying the clearance rates at
the three temperatures of 18°, 12° and 6°C, recorded likewise,
a decréase in filtration rates of mussel M, edulis larveae
with increasing . galbana cell concentration levels,
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Gerdes (1983) recocrded values of 0,92+10,34 /aI/Ith at
the concentratiom of 100 ecn-//nl and 1,98-12,38 /ulflu'vw

at the concentration of 25 cells/ /ul for the D shape larvas
of Crapsostres gigas. This has also been cbserved in the
present study with pearl oyster larvae,

Increase in filtration rates with increasing larval
size as observed in the present study has been demonstrated
for larvae of C. gicas by Gerdes (1983) who recorded filtration
rate valu-s of 0.49-3.62/1.11/1arva/h for the D shape larvas
(16.8-106.8/::). 2.44-21.34/111/1arvae/h for the umbo stage
(11'7.5-154.6/um) and 1‘7.38-47.83)11/1&:17;/’!1 for the late
umbo stage (165.3—198.6/»).

Fretter and Montgommery (1968), studying the treatment
of food by 19 species of monocardium veligers belonging te
8 different superfamilies, observed that there was unifermity
in the functioning of the gut, In the hi~h concentrations of
digestible food, a larva, previously starv-d will £i11 the
stomach in a few minutes and then stop feceding, until
digestion of the meal is under way., In low concentrations
of food, only the occasional cell can be ~athered and
feeding is more or less continuous, The particles are
passed rapidly to the intestine for excretion, In the
present study, a steady decrease in alcal cell concentration
during a 24 h period at all four cell cancentrations ia the

medium suggests that there is continuous feeding, It is,



hovever, possidle that a large portion of the cells being
cleared from the medium is being rejected over the oral
pelp end only a small percentage of thaese cells is
entering the stdimach, This has been seen to occur in
larves of C, giags (Malouf and Breese, 1977), They cbserved
that the removal of 2600 cells/h did not result in appre-
ciably creater growth than did the removal of 1300 cells/h,
Malouf and Breese (1977) suggested that many of the cells
that were removed by the larvae at the higher feeding
rates were not ingested an’ were incompletely assimilated
or were simply cleared and rejected as pseudofeces, 1In
additicn, Malouf and Breese (1977) reported that, when
‘batch’=fad, there is a rapid removal of alcal cells from
the medium, As the number of remaining cells in the medium
decrecases, there is corresponding decrease in removal of
cells, 'he same is also true of pearl oyster larvae,
Clearance was rapid for the first few hours (Table 5%),

By examining results of clearance at the later hours, it
may be inferred that there has been a decrease in clearance

thereafter,

The results of the present study on uptake and
retention showed that, related with an increcase in larval
si-e, there was a corresponding increase in the uptake and
retention of all three species, I. galbana, P. lutheri and
Ce frejburgensig. The uptake of labelled cells was
quantitatively very similar for 1. galbana (2129-3742 cells per



lazrva) and R, Jithard (21513341 cells/laxva) but less for
€ Zxeiburgansis (1531-2326 cells/larva), Despite the
doubling of the csll concentration from 25 to 50 gells/ ,ll,
there wvas only a marginal increase in the uptake of labelled
cells at 50 cells/ /:1 than at 25 cells/ ,11. This vas

cbserved for all three algal species, 1. galbans, P- luasheri
and ¢, Zroiburgensis.

lacas and Rangel (1983) using opiﬂuzaresccncn microscopy
abserved the occurrence of filled and empty stomachs of
Ce. gigag larvae, and suggested that an initial ratiom of
750 cells (P. Jutheri and I, galbang) per larva was adequate
at the temperature of 24°C, At 21°C, the daily recuirement
was estimated to be 470 cells/day.

Ukeles and Sweeney (1969) used labelled M, lutherd
to study assimilation in larvae of G, yirginica. They
observed that the mmber of flagellates ingested becomes
greater as the available mmber of cells increases (251500
cells/pl). However, retention or utilisation of flagellates
did not increase concurrently (Ukeles and Sweeney, 1969),
Incorporation of labelled flagellates increased rapidly in
the first few hours of incubation, but more slowly thereafter,
Although availability of cells increased from less than 1667
cells/l.rvae to 100,000 cells/larva, retention of cells
remain--d steady beyond the cell concentration of 13,333
cells/larva, Mud/mn uptake of the label in 48 h was



greater at 13,333 cells/larva than at 700 cells/larva, -alne
(1974) calculated the average dally consumption of Q. gdulis
larvae fram the density of algal cells and larvae in the
rearing bins, and estimated that it increases from 20,000
cells/day at _the time of first lidberation to 60,000 cells/day
as the larvae approach metanorphosis, Using pu-ldnucd

3» galbana, he estimated that small larvae will assimilate

5000=10,000 cells of lzochrysis per day. In camparison,
they assimilate 16,000=23,000 cells of a small sp-cies such

of a

a8 Ydicromonas, but only 400«1200 cells ofalarge species like
Dunaliella terticlecta twalne, 1974),

In pearl oyster larvase, it was noted that 3000 to
4500 cells/larva was removed from the medium at 25 cells/ ,;l.
Using Cl4.1abelled I. galbana, daily consumption at the seme
cell concentration was 2129 to 3015 cells per larvae.
Assimilation is not as high as obserwved for edible oyster
Q. gdulis by ~alne (1974), but is higher than that observed
for G. gigas by Ukeles and Sweeney (1969) and lLucas and
Rangel (1983), As in the case of O, gdulis, the uptake of
& larger sised species, 1.0., $. SEkelburgensisg is less than
that of the smaller species ], galbana and P, Jutheri in the
present study,

Considering the values of clearance, uptake and
retention of . galbang at the concentrations of 25 and SO
cells/ /11. it is observed that there is a steady reduction



in these values, Although the results are fram two
independent experiments, the data lemd themselves for a
sequential treatment of the three steps of clsaramce

(data from Table 55), uptake and retention (data from
Table 56), At 28 celu//u. the mean clearance of

L. galbapna cells was 3563 cells/larva, mean uptake was
2493 cells/larva and retention vas only 1843 cells per
larva, .it 50 cells/)nl, the figures were, regpectively,
4250, 3077, and 2329 cells per larva, These results
suggest that pearl oyster larvas filter fram the medium,

8 greater number of cells than asre actually required,

At the first instance, many of the gells removed by the
larvee may be cleared and rejected as psaidofeces, Even
after entry into the stomach, material may be rejected
along with the feces without being assimilated, Larvae
exposed to very high concentrations of alcae could ingest
algal cells and pass the- through the digcstive system
without gaining any nutritional benefit fram them (Millar,
1955), Chellan (1983) had pointed cut that the adult pearl
oyster ;. fucata of the Gulf of Mannar is a vasteful feeder,
A similar wastage Of cells is also observed in the case of

its larvae,

Bayne (1976), quoting the work of .alne (1965),
cbserved that an average of 3=4 times the number of cells
were removed than were actually assimilatrd, Comparing the



15¢

results of algal cell clearance (3563 and 4250 cells at
25 and 50 cent/f:l) and the equivalent of labelled cells
that were retained in the larvae (1843 and 2324 cells at
28 an@ 50 cells//nl). it is seen that approximately 1.9
and 1,8 times the actual intake have been clecared frem
the rearing medium,

In laboratory cultures, with relatively high
concentrations of food cells being made available, the
bivalve larvae remove from suspension, more ¢ells than
they can ingest and assimilate ingested cells with an
officiency of 40=-70%(Bayne, 1976), The calculated
assimilation efficiency of pearl oyster larvae using the
data of algal clearance and retention is 51,7% at 28 ellh/fn
and 54,9% at 50 colh//ul. At lower concentrations of food
cells, the larvae may respond by an increase in filtration
and or assimilation efficiency (Bayne, 1976),



CHAPTER S

RE R DIES ON THE TRITIONAL VALUE OF TIPIC

DIETS AND DISSOLVED NUTRIENTS ON PEARL OYSTTR LARVAL GROWTH

INTRODUCTION

Mass culture of microalgae to meet the heavy and
timely Cemands of larval rearing is expensive, requiring
technical manpower, costly ecquipment and systems, and is
8ls0 subject tO0 quantitative and qualitative fluctuations
depending on its culture conditions, Attempts have therefore
been made to rear bivalve larvae on a variety of non-living
dlets (Davis, 1950; Loosanoff gt al., 1951s Carriker, 1956
Hidu and Ukeles, 1962y Chanley and Normandin, 1967; Walnme,
1974y Chu et gl., 1982; Langdon, 1983), Such trials were
aimed at providing a diet that was consistent in its
mutritional quality and was rcadily available,

Mithors experimented with a variety of materials like
yeast (Davis, 1950), detritus (Loosenoff et al., 1951),
pablum flakes (Carriker, 1956), non-living organic materials
(Chanley and Normandin, 1967), dried and freeze=dried algee
(Hidu and Ukeles, 1962; Walne, 1974) and birhasic diets
consisting of both particulate matter and dissolved
nutrients (Langdon, 1983),



In recent years, several types of microparticulate
diets suitable for comsumption by marime invertebrate
larvae have been developed and tested (Chu gt al.., 1982;
Teshima ¢t al., 1982; Langdon, 1983), These include the
microencapsulated diets (MED), the microbinding diets
(#BD) and the microcosting diets (Teshima gt al., 1982).

Manahan and Crisp (1982) postulated that since the
majority of larvae have ciliated epithelium normally
associated with mutrient absorption, dissolved nmutrients may
well form one of the energy sources during larval developmant.
Investigations have been carried out on the role of dissolved
nutrients in bivalve larval growth (Davis and “hanley, 1956
Crane gt 3le, 19577 Chanley and Normandin, 1967; Stephen,
1968; Gustafson, 1980; Bayne, 1983), Manahan and Crisp
(1982, 1983) established the uptake of aminoacids fram
seawater by veligers of C, gigas, O. edulis, M. edulig and
newly settled larvae of C, glaas and Pecten maximug.

Realising that the field is open for baseline studies
and no conclusive results are available on the merits of
non=l1living diets as bivalve larval food, investigations were
taken up to study the effect of freege-dricd algas amd
carrageenan bound microparticulate diet as well as dissolved
nutrients, on the growth and survival of Pinctadsg fucsta

larvae.



1.

MATERIALS AND METHODS

Two types of non=living diets were evaluated for
their food value, viz,,

a) Freese-dried I. galbana cells,
b) Carrageenan bound microparticulate diet (CaMD),

Dissolved nutrients in the form of water soluble vitamins

and amino acids were added to the larval rearing medium both
individually and in combination as shown belows

a) .mino acids mixture,
b) Vitamin mixture,
c) Amino acid + Vitamin mixture,

Exeparaticn of the diets

Izecze-dried glgal cultures of I. galbana: Large volumes
of algal cultures of 1. galbana were centrifuged and stored

in a refrigerastor, The collected alcal cells were then
freese-dried in a laboratory model udder type freese-drier
(pl, III), The freeze-dried material in the form of fine
powder was stored in the deep-freeze under nitrogen gas

atmosphiere until further use.

"he preparation
o/
of the diet was according to Kanasawa (1922), The diet

composition is8 given in Tables 58, 59, 60, 61 and 62,

Twenty grams of the diet was mixed with 80 ml of water
and heated to 80°C in a water bath, One cram of carrageenan



Flate IV

Udder type freeze drying spoeratug
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Table 58, Gross compositioa of the microparticmlate diet

(caMD)
Ingredient Wedght(g)
1. Casein 8.0
2 Starech 2.0
3. Dextrin 4.0
4, Lipid (cod liver o41) 3.0
5, Mineral mix 2,0
6s Vitonins* 0.6
7. Maing acids* 0.4
Total 20,0

Table 59, Composition of amino acid mixture*

Amino acid mg/1
1. L.alanine 97
2. 2 amino=-n=butyric acid 18
3. L-arginine 57
4. Aspartic acid 99
Se L-cysteine 5
6. Glutamic acid 84
7. Glycine 63
8. L-histidine 19
9. lLeiso leucine 33
10, Leucine 102
11, L-lysine 73
12, Crnithine 4
13, Methionine 32
14. Phenylalanine 44
15, Leproline 67
16, Serine 60
17, Threonine 50
18, Tryptophan 4
19, Tyrosine 21
20, vValine 68
Total 1000

¢ according to Lengdon (19€3)



Table 60, Composition of water soluble vitamins*

Vitamin

1. Thiamine

2. Nicotinic acid

3. Nicotinamide

4, Calcium pantothenats
Se Ridoflavine

6, Pyridoxal (HC1)

7e p- sminobensoic acid
8. Biotin

9. Choline chloride
10, Inocsitol
11, Folic acid

12, Ascorbic dcid

Total

mg/1

10
23
r &)
10
10
50
1)
10
500
50
10
50

800

Table 61, Coamposition of fat soluble vitamins®

Vitamin

1. Calciferol

20 Menad ione

3. Vitemin

4. % =tocopherol
Se Cholesterol

Total

Table 62, Camposition of mineral mixture

Mineral

1. K HPO‘

2
3, Mg 80, ,7H,0
4. NCH’PO‘. ZH:O

Total

® according to Langdon (1983)

mg/1

10
1
14
1
20

46



was added to the diet with constant mixing, Potassium chloride
(0.,5¢) was gradually added with constant mixing, This was then
cooled in a refrigerator for half an hour, When the diet had
solidified, it was cut into small cubes and freeze-dried, The
cubes were homogenised in a blender and then passed through a
graded series of sieves of 150, 53 and zo/um. The diet in the
form of fine powder was stored in a plastic bag inflated with
nitrogen gas, in a deep~freeze and then used as and when
required, The particle size of the diet cobtained ranged from

2/“\ to 20/“0
Bxerimental desian
Non=1iving dist

Pearl oyster larvae were cbtained and stocked in the manner
described in Chapter 2, Larval cultures were civen mild aeration
through sterilised hypodermic syringe whenever a prepared diet
was given to the larvae, The antibiotic streptomycin sulphate was
added to the rearing medium with each water change at the rate of
mg/l. The diet was introduced successively at the D shape,umbo
and the eyed umbo stages Of larvae, The feeding protocol was as
follows

Stages Treatment 1 Treatment 2 Treatment 3 Standard
D shape A.D, T I 1
Umbo AeD, AeD, I I
Eyed umbo Al.De NeDo el I

Abbreviations: A.D. - Artificial diet (frecezeedried algal cells/
- carr ageenan-bound microparticulate diet);
I =~ Isochrysis galbana (live culture),



Wherever J. galbang was used as standard its
concentration was maintained uniformly at 25 cells/ fl'
The artificial diet was also provided at the concentration
of 25 particles/ /;1. For this purpose, the diet in the
form of fine powder was suspendsd uniformly in 100 ml of
sterile seawater, Counts of the particle concentration
were made using the blood sounting chamber, Calculated
values to yield a concentration of 28 particlas/ /ul. were
added to the larval rearing medium, The dosage of diet

was rencwed with each water change,

Dissolved nutrients

The amino acid mixture and the vitamin mixture used
were prepared according to Lamgdon (1981). The concentration
of amino acids was 0,004 mg/nl and that of vitamins wvas
0,0032 mg/ml in the rearing medium, Dissolved nutrients were
used both singly and in combination with algal cultures as

‘shomny below,

Ireatment No, Diet
1 I. galbana + Amino acids
2 I. galbana + Vitamins
3 X. galbana + mino acids + Vitamins
4 Amino acids
S Vitanins
6 Maino acids + Vitamins

The diet was renewed with each water change,



1.

Two controls were kept in the experimentss

1, Larvae fed with live I. galbana culture and

2. Starved larvae

Bacterial load

Bacterial load was estimated using the standard pour
plate method and using the nutrient agar medium, Bacterial
load is expressed as numver of colonies/ml (Cappucino and

Sherman, 1933),

RE_ULTS

He. zvaluation of freege dried I. galbana
for pearl oyster larval growth

The experiment to study the nutritional value of freeze
dried I, galbana cells for pearl cyster larval growth and
setting was carried out during May-Jdune, 1984, when the
ranges of temperature, sal'nity and pH were 27.9 - 29,0¢°C,

34.4 - 35,0/, and 8,10 - 3,15, respectively.
Larval growth (Ta.les 63 and 64; iigs, 24 and 25)

From the mean larval slzes presented in Table 63,
it may be obse:ved that tne¢ least growth was observed in
treatment 1 where freeze dried I. galbana cells were introcuced

from the D shape stage, There is progressive increase in
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growth values from treatment 1 to treatments 2 and 3, vhile
naximum growth was observed for standard fed with the live
algas (Table 63). This is further substantiated by the
larval sise frequency distribution on days 5, 13 and 28
(Fige 24)., The growth curve of larvas fed with freese
dried L, 'm cells from the straight hinge stage is
almost flat indicating very poor larval growth (Fig, 25),.
Beyond day 13 jrowth of standard has remained consistently
greater than all other treatments,

Rurther, the overall growth rate for the period day
1«25 is similar for treatments 2 and 4 (4.20 and 4.17/n/day)
and maximum for larvae fed I, galbang cells (4.83/n/dly).
In treatment 2, growth rate for the period day 17-2% is
maximum (5,34 ,m\/duy), while in treatment 3, growth rate
for the period day 9-17 is maximum (5.93fm/duy).

Table 64, Larval growth rate using freeze dried I, galbgna

as diet.
Per{od Larval growth per dJday ( /m/duy)
(days)
Treatment Treatment Treatment Standaxd
1 2 3
19 1.3% 2,899 3,0% 2,86
9«17 - 4,38 5.93 6,91
17=-25 v SeM .54 4.70
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Fig. 25.6GROWTH, SURVIVAL AND SETTING OF PEARL OYSTER LARVAE

FED WITH FREEZE-DRIED |. GALBANA
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Linear regression analysis yielded growth regressions
of 0,0053, 0,0180, 0,0195 and 07,0211 loq/m\/dly for treatments
1, 2, 3 and standard respectively. The analysis of coe-variance
showed that there was highly significent difference in the
growth regressions between treatments (P < 0,01), The growth
regressions of treatments 2, 3 and standard were not
significant from each other (P > 0,05) but that of treatment
1 was significant from all others (P< 0,01), |

2. Survival rate (Fig. 25)

Survival at the umbo stage was 77.7, 76,9 and 66,6%
for treatments 2, 3 and stancard, respectively, For the
sene day (13), survival in treatment 1 was £3.8%, Survival
at the eyed umbo stage was 43.2, 62,9 and 44.4% for treatment
2, 3 and standard, respectively, Survival to spat stage was
1.0, 2,8 and 6,5% for treatments 2, 3 and standarg,

respectively (Fig., 25).

3. Epat setting and production (Table 63, Fig. 25)

Spat setting was initiated uniformly on day 21 in
treatment 2, 3 and standard, Peak setting was observed on
day 23 in standard, on day 25 in treatment 3 and on day 27
in treatment 2 (Fig, 25), Total spat production was maximum
for standard (6,5%) and less in treatments 2 (1,0%) and

treatment 3 (2,8%), There was highly significant difference



4,

in percentage spat production between treatments 2, 3 and
standard (P< 0,01),

Algal cell consymption

In treatment 1, where the freeze dried alcal cells
were provided at the D shape stige, consumption was in the
range Of 4,2+9,2%, In treatment 2, where freese dried

algal cells were given during the umbo stage, consumption

161

of live algaes up to umbo stace was in the range of 55,0-70,0%,

while it was reduced to 5 to 10% with the introduction of
freeze dried algal cells, In treatment 3, consumption of
live algae was in the range of 50-75% while consumption of
live alcae in the standard was in the range of 60-75% of
the total number of cells provided,

Bacterlal load

The bacterial load was 116 ¢ 30, 106 + 32, 93 ¢ 24
and 41 + 14 colonies/ml in treatments 1, 2, 3 and standard,

respectively,

Summary of re L a2
freeze~-cdried I. galbana.

A summary of the results of the experiment is
presented in Table 65, Larvae of the standard have shown
better larval growth (183,3 /un) and better spat setting
(6,5%) than larvae fed on freeze dried alcral cells, ¥With
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1

delay in the feeding of freese 4dried algal cells, there is
both better growth and better setting of pearl oyster

larvae,

B. Evaluation of CWD for pearl oveter jarval growth

The experiment to study the effect of CBMD om pearl
oyster larval growth was carried cut during the moaths of
September-Cctober 1983, when the ranges of temperature,
salinity and pH were 26,3-28,6°C, 29.0+30,2%, and 8,15+8,20
respectively,

Larval growth (Tables 66 and 67, Figs. 26 and 27)

The CEMD was introduced fram day 1, day 22 and day 27
to larvae of treatments i, 2 and 3, resvectively, Vhile
least growth was observed in treatment 2 where none of the
larvae crow beyond the © shape stage (78.2/um on days 13
and 17), it may be observed that larval growth in treatments
2 and 3 after the introduction of the CBM1 has also been
poor (Table 66), The size ‘recuency déistribution whiech
demonstrates the larval size ranges on days 5, 13 and 25 is
presented in Fig, 26, The growth. curves presented in Fig,27
also substantiate the negligible growth of larvae fed with

CBMC from the D shape stage onwards,

Least larval growth rate per day vas observed in
treatment 1 (Table 67). Introducing CBML on day 22 4in
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Fig. 26. SIZE FREQUENCY DISTRIBUTION OF LARVAE
FED WITH ARTIFICIAL DIET (CBMD)
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Fig. 27.GROWTH, SURVIVAL AND SETTING OF PEARL OYSTER LARVAE
FED WITH CARRAGEENAN BOUND MICROPARTICULATE DIET
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treatment 2, least growth for the period day 17=25 is seen
in treatment 2, Comparable rates of growth for treatments
3 and standard are recorded since the CBMD was introduced
in treatment 3 only om day 27,

Table 67, Larval grewth rate using CEMD as diet,

period Larval growth per day (jm/duy)

(days) Tro;tnmt 'rte;tmcnt ‘rreagment Standard
1-9 0.32 2,10 2,08 2,00
9=17 0.43 2,84 3.43 2.9
17=25 - 2,56 4,01 4,11
1=-25 - 2,50 3.17 2.97

Growth regressions obtained were ©,0024, 0,0102,
0,0113 and 0,0123 log)xm/day for treatments, 1, 2, 3 and
standard respectively, The analysis of covariance showed
that the growth regressions between treatments were
statistically significant (P<0,01), The students § test
showed that the growth regressions of treatments 2, 3 and
standard were not significant fram one another (P > 0,0%),
while that of treatment i was highly significant from the

growth regressions of all the other treatments (P 0,01),

Suryival rate (Fig, 27)

Larval survival was 88,2, 93,8 and 93,3% for

treatments 2, 3 and standard respectively, ror the same day,
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4,

Se

larval survival in treatment 1 was 36.4% (Fig.27). DMy day
13, mortality was total in treatment 1, lLarvas survived
for 29 days in treatment 2 and for 33 days in treatment 3,
Survival at the eyed umbo stage was 84.4 and 84,.8% for
treatment 2 and standard respectively, Cetting was
observed enly in stendard, yielding 4,0% spat,

Spat setting apd production (Table 66, Tig, 27)

There was no larval metanorphosis in all treatments
except standard, Spat setting was initiated on day 33 in
the stancard, yielding 4,0 spat,

Smgumption

Particle counts were taken as for alcal cells, It
should be noted, however, that clumping of particles was

ocbserved, Microscopic examination of larvae fed artificial

diet indicated that in at least a few larvae, ciliary activicy

of the stcmach region showed consumntiocn of varticles,

Generally, however, larvae presented a starved appearance,

Bacterial load

The bacterial load in the larval r-aring mediwm was
seen tO be 168,2 b d 51.5y 192,5 4 27.8 and 184,0 4 39,6
colonies/ml of the standard,
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1.

Table 68 gives the salient features of the

experiment using CBMD, The response Of pearl oyster
larvae to the diet has been very poor,

The experiment to evaluate the role of dissolved
nutrients in pearl oyster larval nutrition was carried ocut
during sugqusteSeptember, 1984, Range of temperature,
salinity and pH were 29,0=31,5°C, 37.1-38,0%, and 8,1%.8,30
respectively,

Larval arowth (Tables 69 and 70, Figs., 28 and 29)

““hen dissolved nutrients were suprlemented along
with live 1, galbana cells (treatments i, 2 and 3), growth
comparable to that of standard was seen only in amino acid
supplenented diet (treatment 1), From the maximum mean
larval sizes recorded in these treatments, it is evident
that larvae had reached the umbo stage but c¢id not grow
beyond (Table 69), Dissolved nutrients, alone(treatments
4, 5 and 6), caused a slight, but not substantial incorease
in mean larval size over that of control (starved larvae),

The very limited increase in larval size in the absence of



- €°g - - - - - 0°t (%X)uor3onpoad

3eds jo ajey

- 8c0T - - - - - 611 jedsg

3o °“ON TR3oL

- T4 - - - - - 144 Suyizas

IRuUT3 jJo Aeqg

- oz - - - - - oz oﬁu_uon

I8IF3 jo Leq
- L°ET ¥ 9°861 - - - - - - sz
L*E ¥ ¥°8BL L°sZ ¥ 0°981 - 9°% ¥ »°c8 - - - 6°2ZZ ¥ B8°161 12
€°€ ¥ 8°8L z°zz ¥+ 8°091 C°€ ¥ 9°28  p°c ¥ g°ss ¥°€ ¥ v°s8 9°9 ¥ 8°00T T°2T ¥ 0°SIT  6°81 + 0°09°T LY
6°€ ¥ P°LL  $°¥L ¥ 0°ZET 9°C ¥T°SB  p°p F 9°ca I°y + 2°%8 8°y ¥ 0°L6 6°8Z + €°€2T  ¥°IT ¥+ 9°¥IT €T
6°Y ¥ ¥°SL Z°9 ¥ ¥°66 ¥ ¥ ¥ P18 g%t F zoseL I°€ ¥ 8°9L 8°% T 9°t6 8°6 F T°¥WI L°E + 8°66 6
8°€ ¥ Z°ZL STt FytLL  YEF¥SL Lcc F oo L E°E T 9°SL L€ T 9°SL S*C ¥ 9°z8 L°¥ ¥ v°08® S
€°C ¥ 0°69 £°CZ ¥ 0°69 €°Z ¥+ 0°69 €°C F 0°69 €°2 7 0°69 £€°CZ ¥ 0°69 €°C ¥ 0°69 £°C ¥ 0°69 1

1033U0)H 9 s - 14 ) € 4 T

paageRig pIepuejg JuluneaIy JUIUNRIXY, usuneay - FUUQRII], JIUUREIAL JUBURRIIYL (s4mp)

- 9RAIRT

A.._.B\V PRATRT FO IITS UROK 30 aby

°S3USTIINU PIATOSSTP UF peIewax evaae] Jeislo pIeed jJo buyizjzes puw yzmoxs *69 oIqey



16t

an algal diet is also cbserved in their size frequency
distribution as compared to algae-fed larvae (Fig., 28),
This may also be observed in their growth curves (Fig.29),
None of the larvae survived up to day 25 except in standasd,

mong the treatments that were provided with
1. galbang supplemented with dissolved nuitrients (treatments
1, 2 andé 3), omly treatment 1 (supplementcd with amino acids)
vielded growth rate that was compararle to that of standard
fed with I, galbang (Table 70), Larvae that were provided
with dissolved mutrients alone recorded ¢greater growth rate
values than observed for larvae that were starved but far

less than observed for larvae that were fcd with 1, galbsns.

Table 70, Larval growth rate using dissolved nutrients,

Period Larval growth per day ( /.xm/day)

(days) m——
Treat Treat Treat ireat Treat “reat Stands Starved
ment ment ment ment ment ment ‘ard Control
1 2 3 4 5 6

1-9 3,35 4,40 3,08 0,98 0,78 1,55 3,80 0,80
9=17 8403 1,35 0,90 1.08 1,33 0,15 7.68 0,43
17-25 - - - - - - 47 -
1-25 « - - - - « 5,40 =

Linear regression analysis of growth curves yielded
growth regressions of 0,0234, 0,0159 and 0,0113 lqu/dq
for trecatments 1, 2 and 3; 0,0063, 0,0061 and 0,0087 lquMq



Fig.28.SIZE FREQUENCY DISTRIBUTION OF PEARL OYSTER LARVAE
REARED WITH DISSOLVED NUTRIENTS ALONE AND WHEN
SUPPLEMENTED WITH 1.GALBANA
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Fig. 29.6GROWTH,SURVIVAL AND SETTING OF PEARL OYSTER LARVAE REARED W
DISSOLVED NUTRIENTS ALONE AND WHEN SUPPLEMENTED WITH
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for treatments, 4, 5 and ¢ and 0,0233 and 0,0036 log F/dq
for standard and control respectively., The analysis of
covarimnce indicated that there was statistically signifi-

cant difference between growth regressions of all treatments

(P <0,01),

survival rate (Fig. 29)

Survival was estimated to be 88,8, 83,3, 66,6 in
treatments 1, 2 and 3 for the early umbo stage, On the
same day (day 11), survival in treatments 4, S and 6 were
75.0, 75,0 and 54,5%, and was 100X snd 80 for standard
and control, respectively, Larval metamorrhosis was
cbserved only in treatment 1 and standard, Larvae survived
over a period of 17 days in treatments 2 and 3 after
attaining the umbo stage; 17 days in treatment 4 and 13
days in treatments 5 and §, while rem:ining in the straight
hinge stage. Survival was reduced to 51.8% in treatment 1
and 90,0% 4n standard, Survival to spat stage.was 1,0X in
treatment 1 and 8,3% in standard,

goat _satting and production (Table 69, Fig, 29)

Larval metamorphosis resulting in spat production was
observed only in treatment 1 #d in standard, Setting vwas
initiated on day 20 in standard and treatment 1; and lasted
for 8 Gays and 2 days in standard and treatment 1 respectively,
(Fig.29)., Total spat production was 1,0% in treatment 1 and
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8,3% in standard, The percentage spat production of
treatment 1 was significantly different from that of
standard (P< 0,01),

Bacterial load

Bacterial losd was 202,6 ¢ 58,0, 170..0 ¢ 18,7,
300,0 + 20,4, 176,6 + 24.1, 208,3 + 31,2, 243,3 + 22,8
for treatments 1, 2, 3, 4, 5 and 6 respectively and
88,3 + 10,5 and 24,6 4 8,3 colonies/ml in standards 1 and 2,

Pearl oyster larvae whose algal diet was supplenented
with dissolved nutrients individually and in ccmbination
showed a growth rate that was generally less than of standard,
Only larvae whose diet was supplemented with amino acids
showed growth rate (growth regression 0,0234 log /m/dly) that
was camparable to standard (growth regression, 0,0233 log /n/dq)
Cnly larvae of treatment 1 yielded spat (1.0%). Larvae
rearced with dissolved nutrients alone have shown better growth
than that of the fully starved larvae, rercentage of spat
produced from a diet of 1. galbana cells, however, was
greater than that produced when the algal diet was supplemented
with amino acids (Table 71),
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A major eomstraint in the commarcialisstion of
molluscan culture systems is the dependence of both afult
and larvel forms on live food (Cwm g al., 1982). Over
the years, several alternate forms of diets have been
investigated for their mutritiomal wvalue, both for divalwe
sdults and their larvae (Caxriker, 19356; Hidu and Ukeles,
1962y Chanley and Normandin, 1967; Walne 1974y Chm gf alss
1982y Teshima gt gl., 19682), These have ranged frem
organic detritus (Stickney, 1964; Zong “ing and Mei-Yang,
1960), dried and powdered macroslgse (Hidu and Ukeles, 1962),
dried, spray dried, vacuum 4dried or freese dried preparations
of microalgas (Hidu and Ukeles, 1962y Chanley and Normandin,
1967; ~alne, 1974), to artificial formulations ( hanley and
Rormandin, 1967y Clais and Adler, 1970y Langdon, 198)3),
including microparticulate diets (Chm gt al., 1982
Teshima gt al., 1982 Langdon, 1923),

Results of these experiments have generally shown that
for juveniles and adults, growth has been poor as compared &0
the results wit cultures of live slcae (Langdon and w“aldodk,
1981 Langdon, 1983), For larval forms, the dried algal
preparations and a few of the microparticulate diets have

proiuced varying results (“eshima gf al.., 1982), Among the
microparticulate diets, the nylom protein microencapsulated
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diet has been found very difficult to digest, taking as
much as 72 h for their complete breakdown; the gelatin
acacia capsules were found more suitable for providing
1ipid fractians (Langdon, 1981) but were more susceptible
to bacterial attack (Clm g% al., 1982),

In the present study, larvas fed with freess dried
I, galhang from D shape stage showed a poor growth response,
However, those fed with the freese dried cells from the umbo
and the syed umbo stages onward, grew to metamorphosis,
Growth regressions were 0,0053, 00,0180, 0,0195 and 0,02112
log /u/duy for larvas fed with freese dried algal cells from
the D shave, umbo, eyed umbo stage and the standardq,
respectively, Spat production was 1X when the freese dried
diet was introduced during the umbo stage and 2,8% whea
introduced during the eyed umbo, It was 6.5% with live
algal diet, It would seem that although pecarl oyster larves
cauld utilize the freesze dried algal cells for qrowth, ’1to
matritional value is more when introduced to larvas of later
stages (eycd umbo onwards), However, it is a poor substitute
for live algal cells of I, galbana.

Chanley and Normandin (1967) observed that larvae of
M. mercenaria fed with dried foods grew less than those
receiving live unicellular algas but generally more tham
unfed larvae, They also cbserved that larvae fed with dried



foods metamorphosed at larger sises. Results that are very
similar to those cbserved in the present study were zlso
recorded by Hidu and Ukeles (1962), Hidu and Ukeles (1962)
reared larvas of the clam M. mercanaria on three dried

unicellular algas, Dunalislls suchlora, Scensdesnes oblicuus

and jgochrvels gallapa. Lervas reared on T, gRliGUNE gFew
t0 a mean size of 163.6/- with the addition of antibiotic

sulmet and to 132.6)- without its addition, Larvae fed
with the flagellate mixture grew to 197.2/\11 as compared to
129.4}:11\ of starved larvae, owver a period of 12 days, Walne
(1974) reported the failure of O, edulis larvae to grow om
spray dried Chlorells sp., Zaylova vacuum dried over
mannitol or freeze dried cultures of Igochrvsis galdang.

In the present study, the CBMD-fed pearl oyster larvas
suffered total mortality when introduced at the D shape, umbo
and the eved umbo stages, When introduced to the D shape
stage, the larvae did not grow beyond the straight hinge
stage, Growth regressions were 0.0;02 and 0,0113 log F/dq
for larvas fed with artificial diet at the umbo and the eyed
wbo stages as campared to 0,0123 log pm/day of larvas fed
with the live diet 1. galbana.

Teshima gt al. (1982) used the carrageenan micro-
binding diet and a nylon protein diet for larvae of the
moble scallop Mimachlamys pobllig and recorded mean size
of 875/- when fed with a 111 mixture of Chlorellg end
CBMD and a survival of 4.,8% over a period of 49 days. In



comparison, larvas of the standard fed with a 131 mixture

of chiokella and Chastocercs recorded & mean size of 995 m
and a survival of 19,2% over a period of 47 days. Larvae
fed with nylon protein microencapsulated diet gave a poor
growth response cauparable to that of feeding with Chlorella
alone, and died in 23 days, It uﬁst be noted, however, that
Teshima gt al. (1982) used combinations of artificial diet
and live algal c¢ells and the cbserved good growth of the
larvas might have been due to the included live algal diet,
Cha gt al. (1982), studying the acceptability and digestibility
of microcapsules in C. yirgipica larvas, reportéd that larvae
fed with microcapsules grew as rapidly as those fed with the

algal pPgeudodsochrysis paradoxa until about day 11,

Langdon (1981) evaluated a biphasic diet consisting
of both dissolved mitrients and particulate matter for larvee
of the oyster Craspostresa gigags. Most of the larvas fed with
artificial Aiet reached the umbo stage within 6 days, but
1{ttle further growth occurred, He commented on the
inability of larvae to meet their requirements for vitmmins
by absorption from the culture medium, In separate experiments
individual evaluation of the dissolved and particulate phases
of the diet showed that C, gigas larvae failed to utilise tiw
particulate matter (Langdon, 1983), The increasad mean
larval size observed for . glgag reared on the biphasic diet



(Langdon, 1983) must have cbvicusly resulted from the
dissolved phase of the dist,

Larval rearing of P. fugata using dissolved nmutrients
showed that this diet cannot produce metanorphosis although
larval growth was slightly better than that of starved laxvase,
Mean larval sise on day 17 was 85.4, 85.8 and 82.6/- for
larvae reared in a medium of dissolved amino acids, dissolved
aino acids and vitamins as compared to 78.8/- of the
starved larvas, Although growth of larvae whose 1live algal
diet was supplemented with anino acids was comparable to
that of standard (160,0 and 160,.8 am, respectively), total
spat production was only 1.,0% as compared to 8,3% of the
standard, ‘“hen supplemented with vitamins and a combination
of amino acids and vitamins, mean larval size (115,0 and
100,8 pam respectively) shows that pearl oyster larval @growth
was inhibited by their presencs,

Davis and Chanley (1956) working with larvae of
S. ylrgiplca, Q. Jurida and the clam . perceparia reported
that dissclved nutrients in the form of riboflavin combined
with other vitamins, enhanced growth of larvae of
Ce Yirginica and Q. lurids but Adid not influence growth of
M. BeESenaria significently. A number of liquid artificial
f00ds including bacterial media mixture, nutrient agar,
milk bouillon and smino acid carbohydrate solution were
agbserved to have an "unsatisfactory® effect on growth of



M. peroenacia larvas (Chanley and Nocmandin, 1967),
Gustatson (1980) reported a significant improvement in
larval survival over fully starved larvae when reared in
low concentrations (5—0/1'4) of dissolved free mmino acids
(DFAA). He sls0 reported that larvas exposed to DFAA
maintained higher proicia and lipid rescurcs than starved
larvae, Zonge-Qing and Mei=Fang (1980) successfully reared
larvae of 4, gdulis up to metamorphosis cn soyabean milk,

Several athors have demonstrated the uptake of
dissolved monosacchar ides from sea water (Johanes gt al..
1969y “fford and Tsumera, 1973 Schulte et al., 1973,
Schulte and Lawrence, 1977, 1978a, by Fankboner and Burgh,
1978), ‘utoradiographic studies firmly established that
bivalve larvae are capable of absorbing dissolved free
amino acids (DFAA) from the water (Manahan and Crisp, 1982,
1983), i{hose authors suggested that this ability to sbsord
DFAA would give the larvae an enhanced chance of surviving
in nature, In the present study, both larval growth and
setting were inhibited by the presence of dissolved

nutrients,

Chanley and Normandin (1967) cbserved that the addition
of any food to larval cultures may enrich the water and result
in substantial increase in the bacterial populations, 1In the
present study, levels of bacteria increased in the larval
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rearing mediuvm whenever s non-living diet or dissolved
amtrients were used despite the sddition of antibiotic
streptamycin sulphate, The role of bacteria in bivalve
larval nutrition 1s highly speculative, Most investigators
have found that bacteria have a detrimental rather tham a
beneficial effect on larvas (Lavis, 1958; Guillard, 1958;
1959y Loosanoff and Davis 1963 b; VWalne, 1964; Tubiash

st Ale, 1965), In a few instances, bacteria have been
implicated as a source of larval nutrition, (Carriker, 1956
Hidu and Tubiash, 1963; Prieur, 1983), Martin (1979)
concluded that few bacterial species have noxicus effects,
others are inoffensive and a few can enhance growth, He
speculated that larval mortality and growth can be related
to the equilibrium which may exist between the different
bacterial strains,

Murchelano gt al. (1975) found no significant
differcnce in the bacterial load of the larval rearing
medium treated with the antibiotic sulphamethazine at 60
mg/1 fram that of normal seawater, UV irradiation of
seawvater, however, reduced the achromobacters, flavobsecteria
and the vibrios, The reduction in vibriocs is particularly
relevant as they cause extensive morialities in cultures of

oyster larvae,

In the present study, UV irradiated wvater was
used contimiously, In addition, the sntibiotic streptamyecin
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sulphate vas added to the larval rearing mediwm at 8 wmg/1
as recammended fer hard clam larvae (Castagna and Kramter,
1981), Counts showed an increased bacterial populatiom in
the larval rearing medium, In the experiment using freese
dried 1. galbang cells, the increase in spat setting
cbserved in relation to the delay im introducing the
freege dried algal cells suggest that continuous exposure
to microbes may have a dedilitating effect on pearl oyster
larval growth and survival,

The present study suggests that freeze dried algsl
cells may be a potential source of nutrition for pearl oyster
larvae, Research attention paid to this aspcct has been
£rsctional as compared to the experimental and applied work
done on live food organisms at different laboratories, With
directed research in future, the freese dried algal foods may
play an important role in meeting the nutritional reqirements

of larval x;earing in shellfish hatcheries,



Investigations on bivalve larval mutrition have showm
that there is considerable variation in the nutritional
value of different aloal spacies (Loosanoff and Davis, 1963d)
Ukeles, 19753 Ryther and Goldman, 1975 Sastry, 1979y Kinne,
1977 Bayne, 1983), In an attempt to understand these
differences, several authors have studied the biochsmical
camposition of different algae (Spoehr gt al., 1949; Parsons
st al., 19617 Saddler and Taub, 19727 Walne, 1974; Chu and
Dupny, 1980; Langdon and Waldock, 1981; Wikfors et al,,1984),
Webk and Chu (19€3) have revi-wed and discussed the amimo
acid, fatty acid and carbohydrate composition of slgal

species used as food for oyster larvas,

Apart fram algal biochemical studies, few aathors have
also attempted to understand the biochemical changéds during
larval development (Millar and Zcott, 1967; Holland and

Spencer, 1973 Helm gt al.. 1973; Holland gt al., 1975
Bartlett, 1979; Waldock and Nascimento, 1979),



MATERIALS AND METHODS
Rischamical composition of alaae

The seven species of microalgas used as diets for

pearl oyster larvae, namely, Zsochrysis galbana, Eavlova
dutherd, chromulina fxeiburgengsig, Synechocvstis salina,

Aattaseinis gracilis, I. chud and Chlorella galina were
snalysed for their biochemical composition, They were
examined for moisture, total polysaccharides, total
protein and total lipid,

Algae for the analysis was collected during the
expanential phase of growth between days 4 and 6, Ten
litres of algal culture were centrifuged and the packed
cells washed with 0,9% smmonium formate, isotonic with

seawater, to remove traces of salt, prior to analysis,

lelsture

The packed cells were weighed on a micrcbalance
{0,001 g accuracy) immediately after centrifugation to

obtain wet weight, The cells were dried to constant weight
at 60°C for 10 to 12 h in a hot air oven and weighed (dry

weight) after cooling in a dessicator over silica gel,
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percentace of moisture content was calculatcd from these data,

Analysis of protein, polysaccharides and total lipid

was carried cut on wet samples,
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Iotal lipid

The gravimetric method of Bligh and Dyer (1959) was
used to estimate total lipid, Wet samples of algal cells
were homogenised in 10 ml of 211 (V/V) chloroform: methanmol
mixture (analar grade). Extraction was done repeatedly
with small volumes of the chloroform-methanol mixture. The
lipid extract and washings were transferred to a separating
flask and shaken with distilled water, Total lipid was
isolated and i{ts weight determined on a microbalance
(0,001 g accuracy) after evaporating the sclvent and drying

the residue over silica gel,

Eelvaaccharides

Fateextracted algal samples were used for analysis of
polysaccharides, After fat extraction with chlorofeorme
methanol mixture, the precipitate was air-dried and the
carbohydrate extracted in 10% trichloroacetic acid (TCA),
Alicquots of the supernatant were treated by the method of
Dubois gt al. (1956) using glucose as the standard, Optical
density readings were taken at 490 nm on a spectrophotcmeter,

dotal protedn

Total protein was estimated by Lowry's method (Lowry
ot al., 1951). Fat-extracted algal samples were dissolved
in 1 N sodium hydroxide and the smount of protein determined

using Folin-Ciocalteu reagent, Readings were calibrated on



& spectrophotometer against the standard bovine serum albumen
at the wvavelength of 540 mm,

The level of 1lipid, carbohydrate and protein in the
microalcae was calculated as percent dry weight,

Rdocchenical composition of larvas

As large numbers of larvae were n-cessary for getting
sufficient weight for analysis, pearl oyster larvae were
reared in 200-1 fibreglass tanks holding 100 1 seawater,

3. galbana was used as larval food, Samples for biochemical
analysis were removed at five stages, namely, the early D
shape, the late D shape, the carly umbo, the eyed umbo and
the plantigrade stages, by using asppropriate nylobolt
screens, ..11 larval samples were washed with 0,9% ssmonium

formate, isotonic with seawater, to remove traces of salt,

The excess moisture that was present in the larval
sample collected in the nylobolt screen was blotted cut om
filter paper, transferred to an aluminium foil and dried in
the oven at 60°C for 12 h, The dried larval material was
then stored in glass vials in a dessicator until further
analysis, Larval samples with shell on were analysed for
ash, protein, total lipid, phospholipid and total carbochydrate,

aah

Inorganic matter was estimated gravimetrically after
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ashing 20 mg larval sample in a muffle furnace at 700°¢C

for 14 h., All weighings were done on an electric balance
(0,01 mg accixracy).

For further analysis of protein, total 1lipid,
phosrholipid and carbohydrate, 20 mg of rulverised, dried
larval material was weighed accurately on an electrcbalance
(0,01 mg accuracy) and homogenized in 5 ml of distilled
water in a small ground tissue homogenizer, The methods
recommended by Holland and Cabbott (1971) for marine

invertebrate larvae were then used,

Iotal lipid

Lipid was extracted using a 112 (V/V) chloroform:
methanol mixture, After standing at 4°C for 10 mimutes,
the 1ipid dissolved in chloroform was ext:racted by centitie.
fugation at 10,000 rpm, 4lig:ots of the lipid extract were
quantitatively estimated by the method of !‘arsh and Weinstein
(1966) using tripalmitin as standard, - fter drying alicuots
of 1lipid samwple at 37°C, sulphuric acid was added and
heated for 1% min at 200°C, Cn coolincg, cdistilled water was
added and the absorbance read at 375nm on a spectrophotometer,

Ehesphollinid

Lipid phosprorus was estimated as inorganie phosphate
after acid digestion using potassiumedi.hy.rogen phosphate
as standard. After drying aliquots of chloroform extracted
1ipid at 37°C for 15 min, sanwles were digested with



phosphorus digestion mixture (50550 20 N M, 30, and 8 N
perchloric acid) successively at 120°C for 1 ¥, 200°C

for 15 min and 320°C for 2 h 30 min, On cooling, smmonium
molybdate, aminonaphthosulphonic acid reagent and distilled
water were added successively, After heating the reaction
mixture and cooling, absorbance was read at 850 nm on a
spectrophotometer, The values of inorganic phosphorus were
raised by a factor of 25 to give values of phospholipid
(Holland and Cabbott, 1971).

Heutral lipid

The values of neutral lipid were calculsted by

subtracting mean values of phospholipid from total 1lipid,

Iotal carbohvdrate

From the larval homogenate, total carbohydrate was
dissolved in cold 15% TCA, A modification of the method
of Folin and Malmros (1929) specified by i'olland and
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Gabbott (1971) was used with glucose as a standard, Absorbance

was read at 420 nm on a spectrophotometer,

Iotal vrotein

The protein precipitated from the 15% TCA for
analysis of carbohydrate vas dissolved in warm sodium
hydroxide by heating for 30 min at 56°C, ~amples were
digested in sulphuric acid and the resulting mmmoniwm
nitrogen determined spectrophotometrically by the phemol



1.

hypochlorite method (Solorzanoc, 1969), Zmmonium sulphate
was used as standard, The sbsorbance was determined at
635 nm, The protein nitrogen values thus cbtained were
multiplied by 6,28,

Idpdd staining of larvas

A technique of lipid staining of bivalve larvae
developed by “allager and Mann (1981 a, b) was used in
pearl oyster larvae, At particular stagcs (D shape, umbe
and eyed umbo stages) of larval development, duplicate
larval subsamples were removed, W“hile one subsample was
narcotized, fixed and stained specifically for lipid, the
other subsanple was placed in filtered seawater with no
food for a period of three days and thercafter narcotised,

fixed and stained, /‘agnesium chloride, formalin and Sadan

black were used respectively for narcotiging, fixing and
.t.iningo

RESULTS
Riochemical composition of the microslgse

Moisture content was maximum for -, salina (95,1%),

It was 90.,5% for C. galipa, B4.7% for I, galbana, 86,5% fer
B lutheri, 90.0% for C. freiburgensis, 83.1% for I. gracilia

end 84,1% for T, ghud (Table 72),
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The protein content expressed as percentage Adry weight
was 40,6%, 37.3%, 50,2%, 43,6%, 50.5%, £4q.q% and 53,8% for
the algae 1. galbana, E. Jutherd, S. frelburgensis,

S. galipa, I. gracllis, I. gmd and C. gallna respectively,

Carbohydrate content was 21,2%, 28,8%, 19,.5%, 22.4%,
19.4%, 15.6% and 19.9%, respectively for I. galbans.
B. Jutherl, c. freiburgensis, S. galina, I. gEacilis,
Z. ghud, and C. galina.

Lipid levels ranged from 7.3% for 1. gracilis to 15,3% for
1. galbana. For E. Jutheri, C. freiburgensis, 3. salina

2. m and .c_o m lip’.d levels were 13,.8%, 11.9%' 13.“.
92.97% and 8,5% respectively,

Bdochemical changes ip larvae

Percentage ash was seen to decreasc »nro-ressively fram
the early U shape larvae to the eyed umbo stage, being 81,7%
in the early D shape larvae, 79,3% for the late D shape
larvae, 75,3% for the umbo, and 71,9% for the eyed umbo
larvae, FPlantigrade larvae showed an increased ash content

up to 76,7 of the total dry weight (rig. 30),

Total protein was seen to increase steadily from the
D shape to the eyed umbo stage and to decline thereafter
in the plantigrade stage, Protein levels were 179.3,
185.4, 188,.8, 191,3 and 18_6.9/\_1qu for the early D shape,
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late D shape, early umbo, eyed umbo and the plantigrade
stages (Fig, 30),

Carbohydrate levels were, respectively, 17.6, 18,9,
19,6, 19,0 and 18.9’0%9 for the save stages,

Total lipid levels showed a significant increase frem
17.5/nq/mg for early D shape, 49.8/19/1:9 for late D shape
larvae, 58.9/:q/nq for umbo larvae, 94.8/ug/n\g for the eyed
umbo larvae and thereafter decreased to 69,8 /xg/hq feor
plantigrade larvae. A large part of the increase in total
1lipid levels came fram increase in neutral lipid levels.
This was seen to increase from 9,6 /xq/mq for early D shape
larvae to 33.9/19/&9 for late © shape larvae, to 35.3/19/!\;
for early wmbo larveae and 69,6 /ug/hg for eyed wmbo larvae,
Neutral lipid declined to 45.6/ugﬁmg for the plantigrade

larvae,
Lipld staining of larvae

It was seen from the intensity of the stain takem wup
by the larvae that those which were starved for a period of
3 days showed a lesser amount of lipid, This was more
clearly demarcated for the umbo and eyed umbo stages than

for the © shape larvae indicating that lipid is stored with

increasing larval growth (Pl, V),
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Plate V

Fully fed D ghape pearl oyster larvae - 90/\14

Three days starved U shape pearl oyster
lazvas - 90 )m

Pully fed early umbo pearl oystar larvee - 115}»‘

Three days starved early umbo pearl oystar
larvae - 1_2021-

Fully fed eyed umbo pearl oyster larvae - ‘1'15}-

Three cays starved eyed wwbo larvee.- 180 /Jn
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RASCUSS JON

Apart fram the bioclogical approach, there has been

very few cnantitative and qualitative .analysis of the

major chenical components (protein, lipid and carbohydrate)
of algal species used as larval oyster foods (Chm and Dupuy,
1980), Likewise, in comparison with the morphological amd
behavioural studies, very little work has been done on the
biochemistry of molluscan larvae (Gabbott, 1983), Knowledge
concerning the nutritional requirements of bivalve larvae

is, thercfore, still limited,

In the present studv, where the proximate camposition
of pearl oyster, P. fiicatg larvae was studicd at five stages
of larval development, It was seen that as» forms the major
camponent of the total dry weicht at all stages (71,9% to
81,7%)e. +his is evicently due to the inclusion of the shell,
Total organic matter was seen to increase from 18,3% for
the early  shape larvae to 28,1% of the total dry weight
for the eyed umbo stage, corresponding to a decrease in
ash content for the same stages, Similar increase in
organic matter has also beer reported for Tgtrea edilis
larvae (Holland and Spencer, 1973) and for lMytilus edulis
larvae (‘prung, 1984a), An increase in total organic
matter fram 17% to 26,5% of the total dry weight wvas
cbserved for Q. gdulis larvae (Holland and Spencer, 1973),

Sprung (19S84a) recorded an increase in organic matter from



37.3% at 120 um to 48.2X at 298 am. Millar amd Scott (1967)
had earlier shown that total organic matter varied from 14,%
to 28,8% of the total dry weight in Aifferent batches of

Oe £fulis larvas, For the same species, Helm gt al. (1973)
recorded values ranging from 17% to 24%, Bayne (1976)
reperted 15,9% organic matter for the veliger of M. gdulis.

The values of total organic matter cbserved in the
present study are in general agreement with those cbserved
for the other species O. edylis and M, gdulig. Much of this
increase in total organic matter, has been largely in the
form of total lipid and protein and to a lesser extent in
carbohydrate (Fig, 30), Total lipid was seen to increase
from 1,755 at the D shape to 9,48% at the eyed umbo stage,
A major increase in total lipid was seen tO be due to increase
in neutral 1lipid levels from 9.6/Agﬁnq to 68.6/4g/mg for the
eyed umbo stage, A similar increase in total lipid from 17,3%
to 29,9% of the total orqanic matter with neutral 1lipid
increasing from 8,2% to 23,2% for the same period was reported
by Holland and tpencer (1973), Eartlett (1979), however,
reportcd a decrease in neutral lipid from 21- to 10% and

increase from 6 to 10% 4in phospho=1lipid of the total organie
matter for the oyster Cragpostrea gidgas.

Results of the present study also incdicate increasing
levels of protein, Protein increased from 179,3 /ugﬁnq at
the D shape stage to 191.3/‘lgﬁng at the eyed umbo stage,
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Bartlett (1979) observed an increase in protein from €3%

to 85% of the total organic matter for C., gijas larvas prior
to metamorphosis, On the other hand, Heolland and Spencer
(1973) reported a decrease in protein levels fram 68,T% to
$9,5% from one-day to 12-day old larvas of O, edulis. In the
present study, carbohydrate level was also seen to incresse .
t0 a lesser extent from 17.8/nq/hg at the D shape stage to
19.0/.19/’5\9 at the eyed umbo stage,

Relating the changes in larval biochemistry to the
anatanical changes during peu:l oyster larval development
as described by Alagarswami gt gl. (1983 b, c), the results
would suggest that a large part of the increase in protein,
lipid and carbohydrate is utiliszed in building up tissues,
At the eyed umbo stage, larvae are seen to have a foot
primordium and a ctemidial ridge, Metamorphosis marks a
crucial phase in the development of the larvae, Correlated
with the transition from the eyed umbo (free-swimming larvae)
to the plantigrade (creeping stage) stage, several changes
ocour, Dluring this stage, the velum is resocrbed, and organs
such as the foot, gill filaments are elaborated and other
organs such as labial palps appear (Alagarswami gt al..1983 b,e),
Bartlett (1979) suggests that associated with this transition,
there is a cessation of feeding, while a new mode of feeding
using the labial palps and the gills is being established,
A large part of the stored energy is diverted to maintenance and
tissue build up during this change, Gabbott (1983) cbserved

that the main loss of energy reserves occurred during
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metamorphosis. Chu and Webb (1985) suggested that mmch
of this enerqgy was derived from neutral lipid,

Larval biochemistry of the pearl oyster reveals that
associated with this change, there has been a decrease in
the levels of the total lipid (composed to a gr-at extent
of neutral 1lipid), protein and to a lesser extent in carbo=-
hydrate, Levels of lipid, protein and carbohydrate decreased
to 69,8, 186,9 and 18.9/nqﬁng of the total organic matter,
Among the 1lipid, the decrease in neutral 1lipid has been
greater (from 68,6 to 45.6/ugﬁng). The increase in ash
content cbserved in the plantigrade larvae may have been
caused relatively due to the decrease in the total organic
matter or due to formation of new shell for the dissoconch

shell (ilagarswami gt al., 1983c),

The present study shows a significant loss in the
neutral lipid and to a lesser extent in the protein levels in
the plantigrade stage, Holland (1978), while reviewing the
role of 1lipids in the energy metabolism of marine inverte
brates, pointed ocut that both lipids and protein form the
main enerqgy reserves of marine bivalve larvae, Several
other authors, however, stressing the importance of lipid
have shown that neutral lipid in O, gdulis (Millar and Scott,
1967) phospholipid and neutral lipid 4n M, edulis. (Bayne
gt al., 1975) and phospholipid in O, edulis larvae(Holland

and Spencer, 1973) are the main sources of energy,



Bayne (1976) pointed out that a striking feature of
the gross biochemistry of marine bivalve larvae was the high
proportion of lipid and a relatively low proportion of
carbohydrate, This is in contrast to the majority of adult
bivalves, where both lipid and carbohydrate form energy
reserves (. /atanebe and Ackman, 1974 Holland et al. 1975;
Riley, 1976; Desai and Hirani, 1979), Holland gt al.(197%),
relating 1lipid levels in specics of periwinkles to different
reproductive strategies, suggested that neutral lipid is the
major energy reserve for larvae of Littorina littores end
L. peritoides having a free swimning pelagic phase, while
larvae of L. Saxatilis and L, Jittorglis that are released
at the crawling stage have a body chemistry closely parallel
to the adult littorinids,

Starvation experiments in O, edylis larvae by Millar
and Scott (1967) and Holland and Spencer (1973), and in
M. gdulis Wy Bayne gt gl. (1975) have shown that the large
lipid stores in lamellibranch larvae are used as an energy
reserve during planktonic life, Holland and Spencer (1973)
showed that neutral 1l4pid accounted for 41 of the total
organic matter lost during starvation, whcreas protein
accounted for 34% and carbohydrate 25%, DBayne gt al. (197S)
recorded losses of both lipid and protein, during starvatiom,
Gallager and Mann (1981 a,b), using a simple 1lipid specific
staining technique, cbserved a decrease in larval bivalve
condition index on stearvation of ¢, yirginica, Q. gdulis smd
Ieredo navalis. Similer results were also cbserved im pearl

131



191

oyster larvae when starved (Pl, V), Crisp (1978) peinted

out that lipid provides necarly twice as much energy when
catabolised than does protein or carbohydrate and also

canfers buoyancy on the larvae, Viability, vigour, set

and successful metasworphosis are also known to be related to
egg or larval lipid content (Helm gt al., 1973; Creekman, 1977),
Gallager (personal communication) has suggested that a
*aritical threshold" level of lipid is necessary in the egQg

for successful larval growth,

Carbohydrate reserves seem to be ufiimportant in the
metabolism of pearl oyster larvae as in other cases, Collyer
(1957) had concluded that there was no correlation between
larval viability and their glycogen content in Q, gdulis.

Investigations have shown that alcal biochemistry is
highly influenced by its environmental concditions, being
affected by several factors like temperature, light intensity,
photoperiod and levels of nutrients in the medium (Antia,
et al., 1963; Holm-Hansen ¢t 3l., 1968; Hobson and Pariser,
19717 Myklestad and Hang, 1972 Saddler and Taub, 1972;

Terry gt al.., 1983y Redalje and Laws, 1983; Wikfers gt gl.,
1984), In separate investigations, differcnces in

nutritional values of different algal specics have been
attributed to provision of essential micronutrients (Pechenik
and Fisher, 1979), absence of the amino acid tryptophan
(Epifanio gt al., 1981), higher concentrations of total protein
(Webb and Chu, 1983) and to triacylglycerol content of the
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algal diet (Waldock and Nascimento, 1979). During the present
study, four algal species, I. galbana, E. lutheri,

Ce. freiburgensis and S, galina were seen to have higher
percentage lipid content than the other 3 species I. gracilis,
I. ghui and C, galina. Protein content of both I. galbana
and P, Jlutherd which have given best larval growth and
setting (Chapter 3) was less than the other algal species

(Table 72), Carbohydrate content 4id not vary much between

the species. C. freiburgensisg and S, aalina having the same
range of lipid content as that of I. galbana and P, Jutheri
yielded camparatively poor larval growth., This would seem
to suGgo st that the mutritional value of a diet may be
related to the lipid and amino acid profile rather than to
gross composition, Webb and Chu (1983), reviewing the amino
actd; fatty acid and carbohydrate profiles of alcal species
used to feed oyster larvae, found that the nutritional value
of algal specics was not correlated to its total 1lipid or
carbohydrate content, but was possibly related to thg higher
concentrations of protein within the algal cell, They found
evidence indicating that 20:5w3 and 22:6w3 fatty acids are
essential for oysters and that the cuantity of total wé
fatty acids in the diet may affect growth and metamorphosise
of oyster larvas, Very little is xnown of fatty acid
nutriticn requirements in marine bivalve molluscs, Watanedbe

acid
and Ackman (1974) reported that the fattyl\composition of the

oysters, Q, edulig and C. yirgipica fed two species of the
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alges Dicrateris incrnata and lgochrysis galbana ves
species oriented rather than dependent on the diet,

Results of the study on biochemical changes during
larval development indicate that in pearl oyster larvae
there is a gradual building up of organic material in the
form of protein, lipid end to a lesser extent of carbo-
hydrate up to the premetamorprhic stage, Fart of this build
up is chammelised into tissue formation while another part
is stared, At the transition from the free-swimming stage
to the creeping stage, the stored energy is utilised for
body maintenance and in the formation of neow tissues, During
this phase there is a large contribution of lipid in the form
of neutral lipid and to a lesser extent of protein and
carbohydrate, This is evidenced by the decrease in these

levels at the plantigrade stage,

Analysis of the biochemical components of algal
speci: s used in the present study, showed no major differences
between species, Lipid content of the threce al-ase that were
indivicually identified as good, I, galbana, P. Jutherl, and
Ce freiburgensig has been slightly higher than that of
S. galina, I. gEacilis, I. chud and C. galina. It is
suggested that the mutritional value of a diet may be related
to lipid and amino acid profile than to gross composition,



CHAPTER 7

EFFECT OF ENVIRONMENTAL PARAMETERS ON PrARL OYSTER
LARVAL GROWTH AND SETTING

ODUCTI

Besides diet, the rearing envirorment determines the
success or failure of larval culture, Hancock (1973) and
Bayne (1976) noted in particular the role of envirommental
conditions such as temperature and salinity in bivalve
larval setting under natural conditions, Jeveral investi-
gations have been carried aut to elucidate the role of these
parameters in larval rearing (Yalne, 1956a; Davis and Ansell,
1962; 'avis and Calabrese, 1964; Hrs Brenko and Calabrese,
1969; Bourne and Smith, 1972; Lough and &Gonor, 1971y Kingston,
19743 Helm and Millican, 1977; Siddall, 1978a, b), Generally,
these studies have either been carried out as monofactorial
experiments examining the effects of only one paraneter at
a time ( alne, 1956a; Bayne, 1965y Coeroli et al.,1984;
Sprung, 1984a) or as multivariate experiments studying the
effects of more than one factor simultaneously (Davis and
Calabrese, 1964 Helm and Millican, 1977)., Results of
these experiments have been used to identify iceal rearing

conditions,
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The present investigation was carried out in
monofactarial form and was aimed at studying the effects
of salinity, temperature and pH individually on pearl oyster
larval growth and setting,

MATERIALS AND METHODS

The effects of temperature, salinity and pH on pearl
oyster larval growth and setting were studi~d individually
and with different broods of larvae, Pearl oyster larvae were
stocked at the uniform larval density of 5/nl and fed with
Isochrysis galbana at the concentration of 25 cens//xl. The
general larval rearing conditions have already been explained

in Chapter 2,

ismperaturg

Puring the experimental period January-February, 1984,
the rance in anbient temperature, salinity and pH levels
were 23,9-25,1°C, 33,5«35,0%, and 8,1=8,2, respectively,
Larvae were reared at four temperatures of 32°%, 28¢ and
20°C and at the ambient water temperature, Rearing tempersgtures
were cbtained by immersing the beakers in waterbaths of the
desired temperature, Terperatures higher than the ambient
(32°C ancd 28°C) were obtained in the waterbath using a Joum
heating anparatus having a silicon coated heating rod(Pl,Vl.
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By asrating the waterbath, a uniform temperature throughout
the bath was ensured, Larvas reared at the temperature of
20°C were maintained in the BOD incubator,

Salinity

Two separate experiments were conducted to study the
effects of salinity on pearl oyster larval rearing, The
first experiment was carried out during ‘uqust-September,
1983, when range in ambient temperature, salinity and pH
was 29,2-30,2°C, 37,0=38,1%, and 8,15-8,30, Larvae were
reared at the salinity levels of 30, 32, 34, 36%, and at a
mean ambient salinity of 37,7%, (37.0=38.17,),

The second experiment was carried out during Novembere
Decanber, 1983, when range in ambient temnerature, salinhity
and pH were 25,1=27,5°C, 32,6=35,2%, and 8,20=8,25, Larvae
were rcared at the salinity levels of 26, 28%, and at a mean
anbient salinity of 34.1%, (32,6=35.2%,). For both experiments,
seawvater of the desired salinity was prepared prior to water
change, UV sterilised seawater was taken in a vessel and
diluted with distilled water until the desired salinity was
obtained, 7he salinity was monitored using a salincmeter and
then estimated argentometrically (Strickland and Tarsons,1976),
Larvae ere acclimated to the lower salinities gradually by

a step Cecrease of 2%, per day.
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Co

The experiment was conducted Auring March-April, 1984,
when arbient temperature, salinity and pH were 24,7-26,3°C,
30,5234 ,5%, and 8,10=-8,15, Larvae were maintained at four
PH levels of 7,5, 8,5, 9.0 and mean ambient pH 8,12 (8,10-8,18),
For raising the pH level of the medium to above that of the
ambient, ris (hydroxymethyl methylmmine) buffer of pH 7-9
was used; while for bringing pH of the medium to below that
of the ambient, sclution of citric acid was used, Seawater
of the dcsired pH level was prepared just prior to water
chanie, UV sterilised seswater was taken in a vessel and
solution of either Tris buffer or citric acid was added and
mixed tharoughly until the pH meter reading was at the
desired level, This seawater was used for larval rearing,
Later, samples were again monitored, Rance in pH values in
the rearing vessels was 74287460 (pH 7.5), 8,37=~8,51 (pH 8,5)
and 8,84-9,22 (pH 9,0),

RESULTS

1. Larval crowth (Tables, 73 and 74, Fige 31 and 32)

A distinct trend in growth rate was observed with the
maximum at the highest temperature of 32°C, declinh?, steadily
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Fig. 3. SIZE FREQUENCY DISTRIBUTION OF PEARL OYSTER
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Fig.32. GROWTH, SURVIVAL AND SETTING OF PEARL OYSTER LARVAE
CULTURED AT DIFFERENT TEMPERATURES
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to be the lowest at the least temperature tested, 20°C
(Table 73, Fig, 31). This trend in growth is consistently
maintained from day 5 up to the time of setting (day 22)
and even thereafter up -o day 33, At 20°C, none of the
larvae survived beyond dJday 25,

The overall rate of growth for the period day 1-2%
is seen to decrease with decrease in temperature (Table 74),
The same trend has been maintained for the phases day 1«9
and day 17-25, Growth rate for the period day 9«17 is seen
t0 be camnarable for larvae reared at the temperatures of

28 anc¢ 32°C (6.70/um/aay at 32°C and 6.74/um/aay at 28°C),

Table 74, Larval growth rate at different temperatures,

Period Larval growth rate per day (/un/a-y)
(days)
3a2°C 28°C Aobient 20°C
1-9 4,40 3,28 3.08 1,41
1-25 4,54 4,16 2,37 0.70

From linecar regression analysis of the data, the growth
regressions were calculated to be 0,0161, 0,0159, 0,0105 and
0,0033 IOg/um/aay. Analysis of co=variance indicated highly
significant difference between growth rates at the temperatures
of 32°C, 28°C, smbient and 20°C (P<0,01). ‘hereas growth rate
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at 32 and 28°C was found t0 be not significant from each other
(»>0,05), growth rate at 20°C sad at awbient tempersture vwas
found significeant from growth rate at all other temperatures
(P<0,01),

Survival rate (Fig, 32)

Survival at the umbo stage was seen to be 90,0, 88,8,
92,3 and 81,8% for larvae maintained at the temperatures of 32,
28, ambient and 20°C respectively (Fig, 32)., Although none of
the larvae at 20°C grew up to the umbc stage, survival count

here was taken &long with the others on day 11, For the eyed

umbo stage survival was 80,0, 71,1 and 76.9% for larvae maintained

at 32, 29 and ambient temperature, Larvae maintained at 20¢C,
did not survive beyond day 25, Total spat production was seen
to be 47,1, 35,5 and 8,8% for larvae maintained at 32°C, 28¢C

and anbient temperature respectively,

Spat setting and production (Table 73, rig. 32)

There was a decrease in the total number of spat

produced, with decrease in temperature (iable 73), Onset

of metamorphosis occurred in 22 days at 32° and 28°C and in
28 days at ambient temperature., Setting la-ted for 22 days at
32°C, 24 days at ambient temperature and 33 days at 28°C,

Peak spat setting was cbserved on day 40 for larvae
reared at 32°C and 28°C, and on day 34 at ambient temperature
(Fige 32)., Total spat production was 47,1, 35.5 and 8,8% at
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the temperatures of 32°C, 28°C and ambient respectively.

There was hithy aignigicant difference between the percentage
of spat production at temperatures 32°C, 28°C and ambient
(P<0,01), .

Algal cell copsumption (Table 75)

Algal consumption was seen to increase with increase
in temperature being the least at the temperature of 20°C
(8,5=15,07) and the maximum (65,0=80,0%) at the temperature
of 32°C, Since algal cell concentration was maintained
uniformly at 25;3113/}:1 at all temperatures, this would
mean that fewer cells were being consumec at lower tempergtures
than at the higher temperatures,

Table 75. Algal cell consumption by larvae reared at
different temperatures

s, Temperl= Alqai cell consumption (%)
No., ature

(°C) d=2 d=7 G=10 d=13 d-18 d=21
1. 32 65.0 70,0 75.0 80,0 80.0 80.0
2, 28 62.5 65,0 70,0 7040 75.0 .0
3. Ambient 62,5 62,5 625 65,0 70,0 70.0

‘. 20 8.5 8.5 12.5 15.0 12.5 -

There is a progressive increase in larval qrouth rates
with increase in temperature (Table 76). iiaximum growth in
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terms of mean larval sise (177.3/\- on Aay 25), actual growth
rate (4.54 }m/dq for day 1-25) and growth regression (00,0161
log /\q/dq) was cbserved at the temperature of 32°C, while the
least sise (85.0/-/m day 25), growth rate (0.10P/dq) and
growth regressiomn (0,0033log /m/duy) was @bserved at 20°C,
This difference wae also reflected in the spat setting data.
Shortest time for initiation of setting (22 days) and maximm
spat production (47,1%) was observed at the highest temperature
of 32°C,

B,

EXPERIMENT 1s Sal., 30, 32, 34, 36 and gnbient 37,0-38,1%,
Larval growth (Tebles 77 and 78, Figs, 33 and 34)

Mean larval sicze lj seen to decrease with increasing
salinity. Upto day 21, the minimum size is observed ccnsiste
ently at ambient salinity, Masimum mean larval sise up to
day 17 is observed at 30%, (Table 77)., Taken as a whole,
larval growth rates at 30, 32 and 34X, have been comparable,
while it is the least at 36X, and ambient salinity.

The difference in larval size range between treatments
is also observed in their sise frequency distribution (rig.33),
and in their growth curves (Fig, 34)., The overall rate of
growth for the period day 1-25 is seen to decrease steadily
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Fig.33.SIZE FREQUENCY DISTRIBUTION OF PEARL OYSTER LARVAE
REARED AT DIFFERENT SALINITIES (EXPT. 1)
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Fig.34.GROWTH, SURVIVAL AND SETTING OF PEARL OYSTER LARVAE
CULTURED AT DIFFERENT SALINITIES (EXPT. 1)
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with increase in salinities recording the maximum at 30%, and
the lsast st ambient salinity, The difference in growth rates
between larvae reared at 30 to M¥%, for the period day 1.9

and between larvae at 30 and 32X, for the period day 9-12,
however, sre not as sharply defined as the difference

between larvae at M and 36%, .

Table 78 Larval growth rate at different salinities
(Experiment 1)

Period Larval growth per day ( /m/day)
(Qays)
30%, 32%, %, 36%, Ambient
19 3.14 3,03 3.13 2,60 2.20
17=25 - - - - 2.73
1-25 ‘.2‘ 4.05 3.99 2.80 3.28

The growth regression was calculated to be 0,0224,
0.,0223, 0,0222, 0,0194 and 0,0174 log/um/day for larves
maintained at salinities of 30, 32, M, 36%, and ambient
salinity, respectively, The analysis of co-variance, however,
showed that there was statistically no sicnificant different
between these values (P) 0,05),

Survival rate (Fig. 34)

Survivel at ths umbo stage was 100,00, 94,1, 94,1,
92,3 and 90,0% for larvae reared at 30, 32, 34, 36X, and
ambient salinity, respectively, Survival at the eyed umdo
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stage was 94,1, 84,2, 85,7, 73.8 and 79.8X and total spat
production was 12,0, 9.4, 8,5, 3,7 and 2,6%, for the same
order of treatments (Fig. M),

Spat aetting and production (Tsble 77, rig, 34)

Spat setting was initisted on day 18 at salinities 30, 32
and M¥%,, cn day 20 at 36%.and on day 22 at ambient salinity,Set-
ting lasted for 10 days each at 30 and 32%X,, 17 days at 34%,, 8
days at 36%, and a maximum of 20 dsys at ambient salinity(Table 77)

Peak setting was cobserved on day 20 at 30%, day 22 at 32%,,
day 25 at 34 and 36%, and day 22 at ambient salinity. Setting was
prolonged at M%, and at ambient salinity to 17 and 20 days res-
pectively, Total spat setting reduced progressively from that at
30%,+ There was highly significant difference in percentage spat
production between all treatments (P< 0,01),

Algal cell consymption (Table 79)

It is seen that there is a marginal increase in algal ocell
consumption with decreasing salinities (Table 79),

Table 79, Algal cell consumption at different sealinities
(Experiment 1)

Sali- Algal cell consumption (%)

ni

(%9 Gl d=10 d-14 4-18 d«20 d-23
30 50,0 60,0 70,0 7%.,0 7%.0 80,0
32 45,0 5540 70,0 70,0 75.0 80,0
34 45,0 50,0 50,0 65,0 70,0 70.0
36 40,0 55,0 60,0 60,0 60,0 65,0

Ambient 43,0 50,0 55,0 55,0 60,0 65,0




A CRIMENT 28 26, 28 and ambient 32,6=354 2/

1, Larval growth (Tables 80 and 81, :1gs.35 and 36)

There are only small di:ferences betwe:-n mean lorval
sizes at 28 and 26X,. Throughout the larval rearing,
mean size of larvae reared at anvient salinity remained
the least recorded (Tlable 8.), -imilar trends in larvzl
size ranges when recared at 26 and 28.. are also observed
in their size frequency distribution (Fig, 35) and in
thelr growth curvee (¥ige 36)e Urowth of larvae reared
st ombient sczlinity remaeined less thien that of larvae

reared at 26 and 28x,-

The overall growth rate of larvae at 26«.
and 28ko are very similar (5,18 and 5.1§/um/day respectively)

and the least at ambient salinity (4.3§/um/day). This

trend has been rmaintained for all three phases days 1=9

9«17 and 1725 (Table 81).

Growth regression values of 0.0196. 00197, and
060176 log/um/day were calculated Ior the sslinities of
26, 28.,and :mbient salinity respectively, itesults of
the analysis of co-variance, however, indicated that there
was no statistically significant difference between tnese

regression values () 0,05) e



Table 80,

Growth and setting of

arl oyster larvae
reared st different salinities (Experiment 2),

:“‘J:t:f‘ Mean size of larvae ( am)

(aaye) 28%, 26%, rsbient
1 Ti.1 £ 3.1 71.1 £ 3.1 Ti.1 £ 3,1
S 83,3 ¢+ 2,9 82,8 1+ 2.9 T9.4 £ 3.1
9 102,0 £ 4.2 100,7 + 440 97.2 + 3.6
13 137.4 + 14,7 126.4 + 10,8 125.,8 + 10,8
17 155,9 + 12.9 155,9 + 11,8 142,9 + 15.8
21 188.8 + 26,5 181.9 4 20,2 163.8 4 23,7
25 194.8 + 24,0 195,5 + 18,5 175,64 + 35,0
29 200.9 + 13,0 203.6 + 13,8 180,1 + 21,6
33 190.8 + 40,6 202.2 £ 17.7 193.9 & 18,2
37 207.2 4 10,2 207,6 £ 10.8 205,0 ¢ 16,2

Day of first

setting 23 23 23

Day of final

setting 41 41 41

Total No, of

spat 4893 3512 2268

Rate of spat

production (%) 9.1 2841 18,1




Fig.35.SIZE FREQUENCY DISTRIBUTION OF PEARL OYSTER
LARVAE REARED AT DIFFERENT SALINITIES
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A—A day 5
o—e day 13
100 26 %o v—vday 25
50 — /
R*
0—’1’ Al T 7 — 1 T Y |
100 -
> 28 %o
(&)
= 50 /
w
-
54 0+ Y T T T T T T T T T
w . ..
100 Ambient salinity
o
W
507
O—J'/l/ T T T T T T T I T T
60-80 100-120 140-160 1I80-200 220-24

LARVAL SIZE GROUPS (/um)



Fig. 36.GROWTH, SURVIVAL AND SETTING OF PEARL OYSTER LARVAE
CULTURED AT DIFFERENT SALINITIES (EXPT. 2)
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Table 8l Larval growth rate wnen resred at different
salinities (Experiment 2)

Larval growth per day ( /xm/day)

Period
(Gays) 264, 285, Asbient
1-9 | 2,93 3,05 2,08
9=17 6490 6.74 5471
17-25 4.95 4,86 4.06
1-25 5.18 5,15 4.35

survival rate (fig, 36)

urvival was 904, 944 and 86,60 for salinities of
26, 264, and ambient, respectively, for the umbo stage .
(rige 36), During the eyed umbo stage, survival was
76,2, 82,6 and 75,1. for 26, 28%_ and ambient salinity
respectivelys 1otzl spat production on completion of
ti:c experimnt wacs 28,1, 39,1 and 18eL. ioxr 26, 28+~ and
anbient salinity respectivelye

spat setting and votal production (lavle 80, iige 36)

wpat setting was initiated uniformly on day 23 and
lasted for a total period of 18 days at all salinity lcvels
(Tavle 80)s Peak spat vetting was observed at all salinity
levels orn day 26 (:igs 36), This was followed by a gradual
decline, but prclonged setting period upto day 4ls Total
spat production wes 28,1, 39,1 and 18,1%¢ There was
highly significan: statistical differcnce in percentage

spat Seiting betw:en all treatmentc (P < 0,01),
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ilgal ééll consumption (T:ble 82),

It is seen that with :dvance in time and with increase
in larval, size there is an increaz. e in the consumption of
algal cells, ilowever, there is no difference in percentage
consumption between treotments,

7Table 82, ‘ercentage algal cell consumption at difierent
salinities (:xperiment 2)

. islgal Cell consumption (..)

e

NOe cvalinity

a-4 d=8 de11 delS d=17 Ge20

1e 26 50 50 60 70 70 70
2. 284, 50 50 60 80 80
3. Ambient 50 50 60 70 70 70

From the details of mean larvel size, growth raote and
growth rogressions of experiment 1 (Table 83), it is seen that
larval growth at salirities 30=-34..,wa8 comparable, -hortest
time for initiation of metamorrhosis (18 days) and greater

percentage of setting (8,5=12,0..) was observed again for the
salinities 30-34

In the second experiment, maximum mean larval size

(188.8/um) and growth raegression (0,0197 10g/um/day) wes
observed at the salinity of 23.,,
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while no difference in spat setting, initiation and duration
was recorded between salinities maximum spat setting was
obsexved at 28%,,

C. Effect of different pi levels on Deagl Qyster

1 h va

Larval growth (Tables 84 and 85, iigs, 37 end 38)

Taken as a wnole, yrowtn of pearl coystcr larvae at
the pii levels of 7,5 and 9,0 i: seen tc »e poor as compared
to growth at pid 0,1 and £,5, licne of the larvae at pii 7,5
and 9,0 survived beyond deay 21 and gre: beyond the umbo
stage (“cble 84), The poor larval growti: at pH 7,5 and pi
9.0 is also reflected in the size freguency distribution
(fige 37) and the growth curves (I'ige, 38). Maximum
growth .rate for all the phases day 1-9, day 9=-17 and
day 17-25 is observed consistently at ardiert pH (.able 85).
Larval growth rate at pHd 8,5 1s marginally less than at

ambient pHe Least growth rate was recorded at pH 9,0,



Table 84,

Growth and setting of pearl oyster larvae
reared at different pH levels

Age of Mean sige of larvae (,n)

culture

(days) 7.5 8,1 8,3 9,0
1 69.2 + 2.3 69,2+ 2,3 69,2+ 2.3 69,2+ 2,
5 91,9 + 3.6 9244 £ 4.0 939+ 3.8 929+ 4,
9 104,2 s ) 6e2 107.9 i T7e1 106,.3 i 5.0 102,0 + Se
13 1200 3 7.7  159.0 + 18,6 147.8 + 17.0 14,3 + 7,
17 126,6 1 11,1 185,0 + 24,5 178.1 + 14,2 122,99 = 9.
21 125.5 + 12.6 204,8 + 13,2 192.4 i 20,9 111,2 % 10,
29 - - 202.4 1 12,5 -

Day of first

setting - 17 20 -

Day of final

setting - 29 29 -

Total No, of

spat - 848 529 -

Rate of spat



Fig.37. SIZE FREQUENCY DISTRIBUTION OF PEARL OYSTER
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Fig.38. GROWTH, SURVIVAL AND SETTING OF PEARL OYSTER L ARVAE
CULTURED AT DIFFEREN pH LEVELS
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Growth regressions of 0,0126, 0,0228 and 0,0103 log
/sy were cbtained for larvae reared at pH 7.5, 8.1, 8.5
and 9,0 respectively, Results of the analysis of cO=
variance showed that these values were statistically
significant (P< 0,01), The students § test further showed
that grovth regressions of larvae maintained at pH 7.5 and
pH 9.0, were both statistically significant from that of pH
8.1 and 8,5 (P <0,01), There was no significance between
growth reqressions of larvae maintained at nl! 8,1 and 8,5

(P> 0,05),

Survival rate (Fig, 38)

Survival during the umbo stage was 96,2, 94.1, 95,2,
and 42,8 for larvae reared at pH 7.5, 8.1, 8,5, and 9,0
respectively, Survival at the eyed umbo stage at pH 8,1 and
8¢5 was 88,8 and 89,.,9%, respectively, Total spat production
was 6.8, at pH 8,1 and 4,2X at 8,5,

Spat getting apd production (Table 84, Fig, 38)

Spat setting was initiated on day 17 at pH 8,1 but
was delay-d to day 20 at pH 8,5 (Table 84), There was no
setting at pH 7.5 and 9,0, Setting lasted for a period of
12 days in pK 8,1 and 9 days at pH 8,5, Peak snat setting
was observed on day 20 for larvae reared at pH 8,1, after
which there was a sharp decline (Fig, 38). At pH 8,5, peak
setting vas cbserved on day 23, gradually declining up teo
day 29, Total spat production was 6.8 an:: 4,2% at pH levels

208
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of §,1 and 8,5 respectively. There was highly significant
difference in percentage spat setting at these pH levels
(P 0,01),

Algal call consumption (Table 86)

Consumption is seen to increase with larval size
only at2 oH levels of 8,1 and 8,5, At the other two pH levels

of 7,5 and 9,0, algal cell consumption is scen to decrease

.after cay 9. Also, the consumption percentage is seen to be

far below that of larvae maintained at p! 8,1 and 8,5,

Table 86, Algal cell consumption of larvae reared at different
pH levels,

Algal cell consumption on different days (%)

No, P!

. d-3 d-6 d=9 d=13 d-16 d=19 423
1 7.5 35,0 40,0 35,0 25,0 25,0 25,0 -
2 8Se1 60,0 65,0 65,0 70,0 70,0 70,0 -
3 8¢5 55,0 5540 60,0 60,0 650 65.0 65,0
4 9,0 30,0 40,0 40,0 25,0 10,0 10,0 -
Summarv of results

Qifferent pH levelg (Table 87)

Larvae reared at the ambient pH showed the highest mean
larval size (204.8/um). growth reqression (0,0244 1oq,n/dqy)
and maximum spat production (6,3%), Onset of metamorphosis
was also the earliest at 17 days (Table 87) at gatbient pH,
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RISCUSS ION

Pillay (1962a, b), studying the physicochemical
factors prevailing in the pearl oyster banks of Gulf of
Mannar, reported the minimum and maximum temperature of
26,5° and 30,5°C, salinity of 32,2%, and 35,9%, and pH
of 8,1 and 8,6, respectively, These reflect the prevalence
of fairly statle conditions throughout the year, In pearl
oyster farms at Veppalodai, Victor (1983) recorded minimum
and maximuam values of 25.5° and 32,1°C for temperature,
28,5 and 35,6%, for salinity and 7,96 and 8,42 for pH,
Alagarswani and Victor (1977) recorded the lowést salinity
ievel of 15,6%, for a short duration in the same area,
Bayne (1933) noted that tolerance limits of larvae are
normally wide and encompass the variations that may be
experienced in nature, Keeping this in mind, and extending
the natural limits, pearl oy-fer larvae vere reared at a
temperature range of 20=32°C, salinity range of 26«37,7%,
and a pH range of 7,5=9,0,

Results of the experimental larval recarinag at the four
different temperatures of 20°, 24,9° (anbient), 28° amd 32°C
indicate a direct relationship between temperature and
larval growth and spat production, Growth rates were 0,70,
2437, 4,16, and 4,54 xm/day and the growth regressions were
0,0033, 0,0108, 0,0159 and 00,0161 lm/zm/(lay for the same
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order of temperatures, There was total mortality of larvae
reared at 20°C, Progressive increase in total spat produ=
ction was cbserved with increase in temperature (8,8% at

24 ,9°C, 35,5% at 28°C and 47,1% at 32°C), Setting was
oar).iest at 22 days at 28° and 32°C and at 28 days at mean
anbient temperature of 24,9°C,

Bayne (1983) observed that rates of growth of larvae
increase with rise in temperature to an optimum and thea
decline with further terperature increase, ''ithin a range
of 5=30°C, Hrs-Brenko and Calsbrese (1969) cbserved progressive
increase in larval growth rate of Mytilus edulip from 5° to
20°C an<, thereafter, a decline at 25°C, There was complete
mortality at 30°C, Bourne and Smith (1972) observed increase
ing growth rates of 5.4/.m/dq. 7.2/xm/dqy and 7.9,n/dq
at temperatures of 5°, 10°® and 15°C and total mortality at
20°C for larvae of the horse clam Iresinx capvax. Within a
temperature range of 10=35°C, normal growth was observed at
20=25°C for larvae of the cockle Cardium edule and at 30°C
for larvae of ¢, glaucym (Kingston, 1974), Loosanoff and
Davis (1963 b) cbserved normal development of Crassogtrea

yirainica at 17.5-30°C, and of Mercenaria mercenaris at the
maximum temperature of 25-30°C, 1In the tropical oyster

Saccostrea echinata larvae measured 136 and 203/.:1\ at
temperatures of 25°® and 27°C on day 17, and 212/.1:11 at 29°C
on day 16 (Coeroli et al., 1984). Larvae reared at 25°C,

however, suffered canplete mortality.
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The influence of temperature on spat production has
been reported for a few bivalve species. Loosanoff gt al.
(1951) cobserved setting of M. mercensria larvae in 7 days
at 30°C and in 16 days at 18°C, M, edulis larvae tock 31
days at 16°C and 70 days at 11°C gt the feeding level
identical to the present study (Bayne, 1965). For Q. gdulis
larvae, setting occurred in 26 days at 17.5°C, 14 days at
20°C, 8«12 days at 25=30°C (Daviz and Calabreae, 1969),

For the cockle, C. gdule, setting occurred in 26=30 days

at 15°C, and 20«24 days at 20° and 25°C, Hou=Cheng Chen
(1984) noted setting in 17 days at 23°C while no setting

was cbserved at 18°C in clams snd abalones, In S. gghinata
setting was initiated in 18 days at 29°C and 22 days at

27°C (Coeroll gt al., 1984), In the present experiment,
initiation of setting occurred in 22 days time at the
temperatures of 28°C and 32°C, while it was delayed to 28 days

at the mean ambient temperature of 24,9°C,

Very few accounts of total spat production at different
tenrerature regimes have been cited in literature, Davis and
Calabrese (1969) observed an inverse relation between total
spat production of O, gdulis and temperature, with incressing
temperatures of 20°, 22,5°, 25°, 27.5®°and 30°C, total spat
produced from an initial population of 6000-8000 D shape
larvae were, respectively, 4964, 4863, 3790, 602 and 14 spat,
In the present study, however, a direct relationship between
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tenperature and total spat production within the temperature
range of 20=32°C i3 seen, Total spat produced increased f£rom
8485 at mean ambient temperature of 24,9°C to 35,1X at 28°C
and to 47.1% at 32°C,

The following optimum temperature for larval rearing
have been identified for several temperate and a few tropical
speciea:s 17,2-23,2°C for lfya arenaria (Stickney, 1964)p 15-.20°C
for Mytilus edulig (Hrs-Brenko and Calabrese, 1969); 18°C for

Pecten maximup (Gruffydd and Beammont, 1972); 15°C for Trealnx

capax (Bourne and Smith, 1972); 10=15°C for Adula californiensis
(Lough and Gonor, 1973 b); 22°C for QOptrea gedulis (Walne, 1974);

20=25°C for Cardium gduyle (Kingston, 1974) and 20=-24°C for
Haljotis feulgens (Leighton et al,, 1981), Higher temperatures
of 30°C for oyster Crassostrea virqinica (Loosanoff and Davis,
1963 a; Davis, 1969) 30°C for Mercenaria mercenaria (lLoosanofg
et al., 1951; Loosancff and Lavis, 1963 a), 28°C for Cpgssostres
gioas (Helm and Millican, 1977), 29°C for Saccostrea echinata

(Coercldi gt al., 1984) and 27.5°C for iulinia lateralis
(Calabrese, 1969) have been found optimum for larval rearing,

In the present study, within the range of 20=32°C, 32°C

vYielded the best results by way of growth and spat production,

Davis and Calabrese (1969) noted that temperatures
above and below a given range casused weakening of the oyster
larvae and made them more susceptible to toxins and disecases,

Bayne (1965) and Davis and Calabrese (1964) sugcested that the
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fallure of bivalve larvae to grow at low temperatures appeared
to be caused by their insbility to digest food although food
was ingested, It is suggested that the very insigmificant
growth of pearl oyster larvae at 20°C might have been
primarily due to insufficient consumption and digestion of

cells,

Ukeles (1961) demonstrated that I. galbang and P. lutherd
were destroyed at temperatures above 27°C, Bayne (1965) sttrie
buted mortality of mussel larvae at 30°C to the destruction
of alogal cells which could have caused a bacterial build up in
the larval rearing system, However, the present study demon.
strates that the maximum growth rate and setting was obtained
at the tenperature of 32°C, Although the algal cuiturc. were
maintained at 27°C, they were fed to larvae at experimental
temper atures, Algal cells were found normal, Joseph (1983)
reported maximum photosynthetic activity of I. galbana at 30°C,
This wauld confirm that microalgae of the same species in
different geogranhical locations may have different temperature

responses,

vith regard to salinity, while there were no sharp
differcnces in larval growth rates as cbserved with temperature
changes, a decreasing trend with increasing salinity was
noticed, Crowth regressions decreased progressively from

0.,0224 1og)um/3ay to 0,0174 log/um/aay with increasing
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salinity levels fram 30%, to 37.7%,. ILikewise, in the
second experiment growth rate of pearl oyster larvae reared
at 28%, and 28%, were higher than that at 34.1%,. Setting
was also affected by changes in salinity. At 30=34%,, spat
setting was the earliesat at 18 days, At 36%, and anbient
salinity, setting was delayed +¢t020 and 22 days respectively,
Total spat production was seen to decline progressively with
increase in salinities fram 30%, to 37.7%,. In the second
experiment, although setting was initiated on day 23 and
lasted for 18 days in all cases, spat production was maximum

at 28 ° and least at 34.1%..

Hrs-Brenko and Calabrese (1969) cbserved maximmm
increase in mean length at the salinity rance of 25=35%,.
Between S5«60%,, Kingston (1974) observed maximum growth of
Cardium edule and C, glaucum larvae at 30=-35%,. Within the
range of 15 to 34%,, Helm and Millican (1977) observed maximum
larval growth at 25%,. Bayne (1965) observed sluggish growth
of M, cdulis larvae at 15%,, slow growth at 24%, and quickest
gro-th at 30=32%,, For the tropical oyster .gccoptrea
echinata, best growth occurred at 20=30%,. Davis and Ansell
(1962) studying the effects of lowered salinities on larvae
of Q. gdullp reported normal grewth of larvae down to 22X,

fran the ambient 27%,.

alne (1956a) obtained 3,2 and 0,9% spat at the
salinities of 25,9«30,3%, and 27.,9=34,1%,. Davis and Ansell
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(1962) recorded 2,6, 8.4, 2.0, 1.9 and 0.,3% spat at 26=27x,,
a5%,0 22454,, 20%, and 17.5%. respectively. Fu:rther decrease
4a salinity did not yleld any spat,

Calabrese and Davis (1966) in their study on pi
tolerance of embryos and larvae of M. mercenaria and ¢. virginica
xeported normal development of clams in the pH range of 7 to
B8¢75. <bove pi 9,0, development was affected, The range of
nomal growth was narrower than for survival, Kkapid growth
occurred at pi 8,25=-8,50 in clamz (Tavis and Calabrese, 1966),
In thr prescnt study, Very slow growth rste was observed at
the twe D levels, 7.0 and 8,0, Mzan size 5% larvae raared
at ambient pi (8.12) was grcater than that of larvae reared at
PH Be5e levting was obsServed only at pii 8.5 and at ambient
pii (8,12),

Davis end Calabrese (1966) rulcé out the possible
unaccertability of the live algal cells to the larvae aiter

reporting that aslgal cells remained unatiected by pH change,

Joseph (1983) reported that flagellates grew dest at
pPH 8,0, while acidic pli was unsuitable. !llowever, marine alga)l
8pecies are reported to tolerate pH levels of 6,8=9,6 with an
optimum at pil 8,0 (Kain and rogg, 1958), <Tavis and Calabrese
(1966) have =150 reported the toxicity to Tris 3uffer to
bivielve larvee abovw pH 8,6, In the prrosent study, Tris

surier was u ed for maintaining pH at 9,0 and 8,5 ‘While



%grvn. at pH 8,5 grew and metamorphosed, larvae at pH 9,0
suffered mortality. Werking with the scallop, Argopecten
drradiang irradiasnsg larvae, Tettlebach and Rhodes (1981)
cbgerved that while both temperature and salinity affected
develorment and larval growth, temperature was the more
daninant factor, Calabrese and Davis (1969) had stressed
the importance of maintaining optimum temperature in
hatcheries, as growth below 70% of the optimum could increase

cost of labour gnd reduce efficiency,

The results of the present study would indicate that,
apart fram the genetic diversity of the parents used for
s~awning, the differences in ambient rearing conditions
micht be responsible for the differences in larval growth
ané getting, Fram the results of the monofactorial experi-
ments conducted in the present study, it is sugnested that
tenperature of 30=32°C, salinity of 28«30, and ambient pH
(8,10=8,15) would be optimum for pearl oyster larval rearing

in the hatchery,



CHAPTER 8

SQME ASPECTS OF WATER CUALITY MANAGEMENT
RURING THE PRESENI STURY

TRODUCT

Most investigations on bivalve larval rearing have resorted

to routine addition of antibiotics in the culture medium as a
precautionary control measure against disease (Stickney, 1964p
Bayne, 196%; Gruffydd and Bemmont, 19727 Iucain and Martin,
1974; Martin and Vicente, 1975). Le Pennec and Prieur (1977)
have reviewed antibiotic usage in bivalve larval culture,
Castagna and Krater (1974) reccmmended occasional antibietic
washes during water changes, whenever the occurrence of

disease was imminent,

While Jalne (1974) considered that aeration for larval
cultures was essential for growth and vigour of the bivalve
species, Loosanoff and 'avis (1963 b) did not consider this
necessary if water was changed regularly, Nascimento (1980)
observed that aeration was injurious to good larval growth,
Helm and Spencer (1972) recammended the use of aeration only

after rcaching a particular larval sisze,

Ukeles (1975) stressed the importance 04 avoiding statie
water conditions in larval rearing, Most studies, however,



Ao

219

have successfully adopted static water system for larval
rearing (Bayne, 1965; wWada, 1973; Sprung 1584 a ,b)s A
few attempts have been made in recent years to rear larvas
in contimuous flow systems (Flasch gt al., 1975; Malouf
and Breese, 1977y Wilson 1978),

In the light of the above observations, experiments
on antibiotic treatment of larvae, provision of aeration and
contimious flow system were carried cut in an attempt to
elucicate the role of these factors in pearl oyster larval

rearing,

MATERIALS AND METHQODS

The effects of antibiotics, aeration and a continmous-
flow system on pearl oyster larval growth and setting were
studied individually. Pearl oyster larvae were reared at
the larval density of 5/ml and fed with I. galbang at the

concentration of 25 cells/ pul

Antiblotic treatment

Streptamycin sulphate was used at a single dosage
level of 8 mg/l, as recammended for the hard clam Mercenaria
mercenaria larvas by Castagna and Krauter (1974), The
antibiotic was either used as "washes"” or added to the

rearing medium, In the*wash" treatment pearl oyster larvae
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were collected on a sieve and kept immersed in a litre of
segwater treated with streptcmycin sulphate for a period of
one and a half hours, Larvae were then washed thoroughly
with sterilised seawater and released back into the rearing
beskers, In the second treatment, the antibiotic was
directly added to the larval rearing beakers after each
water change, In a third treatment, larvae were reared
without the addition of antibiotics as a control,

Asratjon

1114 seration was provided to the pearl oyster larvae
through sterilised hypodermic syringes. The culture medium
was aerated from the D shape stage in treatment 1, umbo stage
in treatment 2 and eyed uwmbo stage in treatment 3, The
standard rearing without aeration was kept as control,

gentipuous flow system

A continmuous flow system was established experimentally
for maintaining pearl oyster larvae of the umbo stage. An 80 /n
nylcbolt sieve was attached to a rectancular wooden frame and
kept floating in a tank of seawater, The level of water
inside the frame was maintained at a constant head, Flow
rate was maintained at 9.1=1/h by contimuously letting in
water fran an overhecad tank, The standard rearing in a

beaker was kept as control,



1.

RESULTS
A. Matibiotic treatment

The experiment to study the effect of streptamycin
sulphate was carried out during March-April 1984, when
snbient temperature, salinity and pH ranges were 24,7=-26,3°C
30e5=34,5%, and 8,10-8,15, respectiwvely,

Larval arowth (Tables 88 and 89, Figs, 39 and 40)

Data in Table 88 show no particular trend of growth,
The maximum sizes on different days either occur in treatment
1 or in standard, An almost similar pattern of sige-
frequency distribution is observed for larvae of both
treatments and for standard (Fig., 39). The modal sises are
identical on different days, Larval growth curve is presented
in Fig. 40, The growth rate for the period day 1«25 was
maximum for larvae of the standard (5.78/xm/day) vhile it was
5.47/|.nu/day in treatment 1 and 5.55/um/day in treatment 2
(Table 89), The highest growth rates. for the periods day 1«9
and day 17-25 were observed in standard, but in treatment 1
for day 9«17, However the differences do not appear to be
significant,



Table 88, Growth and setting of pearl oyster larvae
treated with the aatibiotic streptomycin sulphate.

Age of Mean size of larvae ( /.n)

culture

(days) Treatment 1 Treatment 2 Standard
1 69,2 k4 2.3 69,2 £ 2.3 69,2 + 2.3
5 93,5 £+ 3.9 92,3 £ 5.5 924 ¢+ 4.0
9 106,3 + 7.2 106.3 + 5,0 107.9 £+ 7.1
13 162,.7 £+ 14,7 154.7 £ 14.0 159.0 ¢ 18,6
17 184,4 + 23,2 181,9 + 28,0 185.0 + 24,5
21 214,.9 t 25.4 200.4 + 21.5 204.8 ¢ 13,2
as 200.4 + 28,5 202,3 £ 13,6 208,0 ¢ 12.4
29 208,8 + 13,0 182,2 3 25.6 -

Day of first

setting 17 17 17

Day of final

setting 32 32 29

Total No, of

spat 7559 2854 848

Rate of spat

production (.:) 60,5 22,9 6.8
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Fig.40.GROWTH, SURVIVAL AND SETTING OF PEARL OYSTER L ARVAE
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Teble 89, Growth rate of larvas treated with streptomycin

I\Ilph‘t.c
Period Larval growth per day (/nn/dq)
(Qays) Treatment 1 Treatment 2 Standard
1-9 4.64 4,64 4.04
9=17 9.76 9.45 9.64
17=25 2,00 2,55 2,88
1=25 5.47 5.55 S.78

The growth regression values were 0,0250 log )ﬂ/ﬂq
for treatment 1, 0,0242 log /xm/day for treatment 2 and 0,0244
log /um/day for the standard, But the growth regressions were
not statistically significant (P) 0,0%5),

2. Survival (Fig, 40)

Survival during the umbo stage was 100° for larvae of
treatment 1 and standard and 92,0°¢ for larvae of treatment 2,
At the onset of the eyed umbo stage, survival was 92,0, 80,0
and 72,7: for larvae oOf treatments 1, 2 and stancdard respectw
ively, Total spat production was 60,5% for treatment 1, 22,3%

for treatment 2 and 6.8% faor standard (rig., 40),

3. Spat getting and spat production (Table 88, rig. 40)

Setting began uniformly on day 17 and lasted the
shortest duration of 12 days in the stancdard, Setting lasted
for 15 Cays in treatments 1 and 2, Peak setting was observed

on day 20 in standard, on days 22 and 26 for larvae of



1,

treatment 1 and on day 32 for larvas of treatment 2, Total
spat production between treatments and standard varied
markedly, Perceatage of setting was 60,5 in treatment 1,
2243 in treatment 2 and only 6,8 in standard, There wvas
highly significant statistical difference between percent-
age spat production of treatments and standard (F< 0,01),

B. Aeraticn

The experiment to study the effect of asration at
different larval stages was carried cut during the month of
November 1983, when range in ambient temperature, salinity

was
end PH 2541-2745°C,32,6-35.2%, and 8,10-8,15, respectively.

Larval arowth (Tables 90 and 91, Figs, 41 and 42)

Larvae of treatment 2, where aeration was introduced
from the D shape stage, have consistently recorded the least
mcan size up to day 21, beyond which none of them survived,
Aeration was introduced in treatment 2 from day 12 onwards
and the larvae have shown less mean size than that of the
standard with no seration, In treatment 3, aeration was
introduced from day 19 and the highest mean larval size was
recorded in this, Fram a uniform modal size group on day S,
size frecuency distribution of larvae has differed subse-

auently on days 13 and 25 (Fig, 41), Crowth rate for the
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periocd day 1=25 was maximmm in treatment 3 and the least in
treatment 1 (Table 91),

Table 91, Growth rate of larvae cultured with aeratiom.

Larval growth per day (}m/day)

Pericd
(dm) Treatment Treatment Treatment Standard
1 2 3
1-9 1 .9‘ 3.‘8 3.“ 3.22
9«17 2,76 4,90 586 Se71
1-25 - 4.” 5. 22 ‘ .35

Linear regression analysis of the larval growth data
yielded growth regressions of 0,0109 log/.m/day for larvae of
treatment 1, 0,0162 log/.m/day for larvae of treatment 2,
0.0193 log m/day for larvae of treatment 3 snd 0,0184 xm/day
for standard, The analysis of co=variance showed that there
was statistically significant difference in growth regression
of the treatments and standard (P< 0,01), The growth
regression of treatment 1 was found to be statistically
significant fram that of all other treatments (P < 0,01),

survival (Fig. 42)
Survival during the umbo stage was 82,0, 100, 92,5 and
100% for treatments 1, 2, 3 and standard respectively (Fig.,62),
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Fig.42. GROWTH, SURVIVAL AND SETTING OF PEARL OYSTER LARVAE
PROVIDED WITH AERATION

2zq GROWTH
£
=
1804
T
—
w
&
1 140+
-
<
>
E a—a treatment |
v treatment 2
1 1004 o—a treatment 3
zZ o—o standard
<
wl
b
60—
f T T T T T T
5 i0 15 20 25 30
AGE OF CULTURE (days)
SURVIVAL SETTING
t
OuMeo EYED UMBO :::gg'frr?\%%t%
B SPAT —ostandard
nil with treatment 1
100 m 40
80 | —~
32 30
60— (D
< 20
] -
40 —
7
20. 10 1
0 s 0 A+ T T T T T
! 2 3  STANDARD 22 26 30 34 38 42

TREATMENTS AGE OF CULTURE (days)



229

In trestwant 1, none of the larvae survived beyond day 17,
dying before they had reached the eyed umbo stage, For the
eyed umbo stage, survival was 86,5, 73 and 75% for treat-
ments, 2, 3 and standard respectively, Total spat production
wvas 1,8, 22,8 and 18,1%X for treatments 2, 3 and standard

respectively,

Spat setting and production (Table 90, Fig, 42)

Setting began on cay 23 in treatment 3 and standard
and on cay 30 in treatment 2, Setting lasted a period of
11 days in treatment 2, 15 days in trcatment 2 and maximm
of 18 Jays in stancdard (Table 90), Peak spat setting wae
observed on day 41 in treatment 2, day 30 in treatment 3 and
on day 26 in standard, There was no spat setting in treate
ment 1, FPercentage of spat settin_q was lecast in treatment 2
(1,8) and maximum in treatment 3 (22,8), Setting was 18,1%
in standard with no aeration, FPercentage of spat setting

was statistically significant between all treatments (P < 0,01),

Co Sontimious flow gvstem

The efficacy of rearing pearl oyster larvae in
continucus flow system after the onset of the umbo stage was
tested in an experiment carried out during the month of

March, 1984, Rangesin ambient conditions of temperature,
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salinity and pH were 24.7=26,3°C, 30,5=34¢5%: and 8,10=8,15,

respectively,

1. Larval growth (Tables 92 and 93, Figs, 43 and 44)

Mean size of pearl oyster larvae: up to day 13 has been
comparable (Table 92), From day 17 onwards, mean size of
larvae cultured in the continuous flow system has been
greater than mean size of larvae in a static water system,
>imilar mocal size groups occur om day 5, day 13 and on day
25 (rige,43) ior both trcatments, Overall growth rate for
the period day 125 has becn yreater for lorvae maintained
in a continuous flow systun 55 comvar.d to tie static water

system (:able 93),

Linear regression analysis of larval growth data
yielded growth recression of 0,0252 log am/day for larvae
of the continuous flow system ac compared to 060244 log/um/day
for larvae of the static cysteme There wus no significant

difference in the growth regressions (>.,05).



Teble 92, Growth and setting of pearl oyster larvae in a
contimious-£f1low system,

Age of Mean size of larvae (/un)

culture .

(days) Continuocus-flow system Static water system
1 69,2 + 2,3 69,2 + 203
8 93.8 + 3.9 02,4 + 4,0
9 105.8 + 5,1 107.9 + 7.1
13 158,0 + 15,1 159,0 + 18,8
-17 194 ,0 18,0 185,0 + 24,8
21 209,0 10,1 204.8 + 13,2
25 215.6 15.2 208.0 + 12.4

Day of first

setting 17 17

Day of final
setting 29 29

Total no, of
spat 4877 848

Rate of spat
production (% 39,0 6.8




Fig.43.s1ZE FREQUENCY DISTRIBUTION OF PEARL OYSTER
LARVAE CULTURED INA CONTINUOUS FLOW SYSTEM
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Table 93, Crowth rate of larvae cultured in a continuous
flow system,

Larval yrowth per <oy ( ai/Cayd

reriod

(days) Continuous flow cysiam vtatic .ater Lystem
1=9 4,58 4,84

9«17 11,03 9,64

1725 2470 2,88

125 6.10 Se 78

.urvival (Pig,4)

sercentage lerval survival ot the onset of the unbo
stage vas 1.0.:. £or both treatments (rig.44). ot the cyed
urbo stage, survival wis 81,8.. Lor larvae reared in the
continuouc flow systam as compaxsad o 7i,7% ¢f larvce of the
standarde Totel spat production waes 39,04 in the continuous

flow syisten ancl 6,8.. in the static w:ter system.

“pat setting arxd_ggcdugg;cn (220)e 92, <1ige44)

~pat setting was ceen to n0lliow the seme trend for

both tx.atnents, osetting was initiated on diy 17 and lusted
a total of 12 davs us to day 29 in hotn treatments, reak
setting wos observed on day 2C (figetd)e Total spat Hrodus
ction in the continucus flow system w.s significantly
greater than that of =tamxlard (.- (C.01}), -ercentage spat
production was 3%,0. for the forrne:, as compered +o G40 .-

in the stendari.



Fig.44.GROWTH, SURVIVAL AND SET TING OF PEARL OYSTER LARVAE
CULTURED IN A CONTINUOUS -FLOW SYSTEM
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DISCU..SION

T1: Lhe present study, strepiemycin culphate wars geé
at the sinviae dosazs lovel f ¢ ng/l elther zg n7-iticns to

the recring mediuvm s commonly practiscd ir most hetcherles

228

or in the form of "vashes" with «very water change, . ltiiough

there was relatively ro differerce in larvel ¢rowth rates

petween the two treatments, there was a remarkable difierence

in the total nurber of spat chat re:chad setiing staga,
total of 60,5: of the initial porulation rezched setting
stage for the antibiotic wash treatinenc as canpared to
2249~ {or ant:iblotic addition, Tn the standard with uo
antibio;ic. spat production w:s only 6.8.°¢ These recults
would show that antibiotic wash of larvee is more desirable

than itz addition to tne rearing mediumn,

Ukeles {1975) liuted a number of reasons for not
recorrending the routine use of antibiotics to the lacrvel
rearinrg medium, These incluwed the prohnibitive cost fLor a
commeiclal vanture, tie development O0f resistant strsins of
bacteria, unsxpected side efiects on lervae by the {illers
used in technical gr:de antibiotics, stimuletion oi ¢rowth
of moulds by inhibition of bactericl populations and the
formation of larval anomalies, .ntibiotics were, therefore,

recomrnended only for ure in cner-encies. ntidiotic"washes"

oehpears to rrovide a safe alternctive to the asxove, iiowever,

administration o antibiotics would depend on situations which
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can vary from vessel to vessel, narticularly in static rearing

conditions,

Besides Loosanoff and Davis (1963 b), most studics on
larval nutrition where water waes changed on alternate days
have not provided aeration during rearing (sayne, 1965p
lndnaur, 1969 wadqa, 1973 whodes and Lenders, 1973p; AQU.CUPR,
1979y wwart cnd Epiranio, 1381; voeroli gt al., 1984, <~ome
workers have provided aeration ioutinely during larval
culture (.:lre, 1974y Dupuy, 19757 «ilson, 1978y Cory gt 3les
1981). .ielm and _pencer (1972) Ldvocoted the use cf
aeration for C.gigz8 only aftter the larvee «ttained a
length of 120 /9ReNascimento (1980) observed depressed
growth oi C.gigas larvae in aerated cultures given the
dlets Chaetoocrss galcitzons or Pyyamimonac virginics, Using
Ie gaioans and isgudo] sochrysis paracoxm &8 diets, howcver

e did not £ind «ny significant diilerences betweels 1.rvol

growtli rates of geratz& =5d non-ceratced cuLltures,

The results of the present stuly indicate the eilects
of aeration on searl oyster larval growth and setting. vhen
introduced zt the L shupe s5t.je .rowth rate wes poor (urowth

regression, 0.0129 1lc¢g /um/ddy) 2nd none of the larveae

survived beyond dey 5. IlLarvae theét were yiven aeration from
the vnbu stige, exhibited growth rate that was less than that
of ccatrole ¢Cn the other hand, iatroduction ¢t aeration at

the eyed umho Stages enhanced iarvael Jrowth rétees (otal spat
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production amounted to 1,8, 22,8 and 18,1~ in the treatments-
where aeration was introduced at uibo and eyed umbo stages
and in the control, “hese results would show that ifox the
pearl oyster larvae, aeration iz not desirable at the early
Ltages of laxrvae but, giveu au licer stayss, 1t can not only
enhance growth out ¢lso improve ..t production, This tollows
closely the obszrvation ot Heln and wpencer (1972) ou g.ggggg

larval rearing,

Ukeles (1$75) stressed the importance of avo:iding static

water conditions in larvel rearinc, iiost :stulies, hLowever,
have adopted rtatic water systems for rearing (kRhides and
Landers, 1973; iada, 1973; Walne,1974), Loosanoff (1369)
reported that the inltiul eiforts ot the Milford laroratory
in rearing oyster larvae in slowly {lowing witer ned COne
sistently met with failure, Very {uw attempts hive been mede
to rear larvae in u continuous flow systam (halouf and Sreese,
1277y wilson, 1978,, Io the precent study, a coatiinucuseflow
system has yiclded better result: on larval growth e¢nc gpat

production, ..axrval growth rate was 6.1q/um/day in the flow
system as comparcd to 3.78/um/day {or the s:tztic s5.8tan, roOr

the period d.y 9=17, the yrowth rate of 11.03/pm/dmy was the
highest recoxrded during e ecatire wtudy, Llhere wus also
considerable diiference in total s,.ut production, being 39,04
in the continucus flow system ard Ge8+ in the Static wuter

systeme The continuous flow sy:ten hut the distinct advantage
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offering an alternative to frecguent handling of larvze,

thereby reducing stress, and in «voiding the build up
Oi metabolities in the medium, irialouf «nd dreese (1977)
pointed out that the continuocus flow system could give tho

maximum return in terms of larval ¢rowth,



w UMMARY

1. ‘studies on larval nutrition in the pecarl

oyster Pinctada tucata (Gould)' comprises a critical
eveluation of the nutritional value of microalgal ciets for
larval growth and spat settings quantitative estimations of
filtration rate and uptake and retention of algal cells;
evaluation of a few nan-living dietsy; and biochemical
investigations on pearl oyster larvae anéd the tested
microalgal diets, Investigations on the role of environmental
parameters anc came aspacts 0f water quality management were
also taken up in the present study., cteveral sets of
experiments, e:ch with a specific objective, with standard
and contro} for co parison, were carried ocut in the experie

mental shellfish hatchery laboratory at Tuticorin,

26 «. canprehensive set of factors, larval growth, survival
spat setting and production and algal cell consunption was
used to asscss the nutritiocnal value of all tested diets 4in
promoting larval growth and spat settlement. ..ppropriate
statisiical tests were employed to canpare the results within
each set of experiments to understand the significance

of difference, if any,



3. Rearing pearl oyster larvae in the density range of
1=30 larvae/ml, it was evident that larval densities
influence both growth and setting, At the lower densities,
sfficiency in utilisation of the available algal cells in
the rearing medium is reduced, lesding to & wastage of food
cells, At the higher larval densities, poor growth and
setting were observed, This may be due to a possible
campetition for food, frequent collisions and accumulation
of excretory products, The optimum larval density for
rearing pearl oyster larvae at the cell concentration of

25 cells/ /ul was seen to be 5 larvae/nl,

4, The concentration of algal cells in the wmedium is of

importance in larval rearing inasmch as it influences the
rate of filtration of larvae and consecuent consumption,
Pearl oyster larvae reared at the algal cell concentration
range of 10«100 col.ln//ul of both Isochrvsis galbana and
Eavlova lutheri showed maximum growth at 25 cells/ /ﬂ. for
both algal species, Setting was maximum at 25 cena//ul
for I, galbang and at 10 cells//ul for P, Jutheri. The
poor growth of pearl oyster larvae at the higher algal
cell concentration of 50 and 100 cells/ /11 has been
attributed to mechanical interference to the filtering
aps\raml, heavy pseudofeces formation, increased algal
metabolites and poor rete;:tim time within the gut,

233
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5. The microalgee Chramulina freiburcensis, Synechocvetis

salipa and Ietramelmis Sracilis were tested for their food
value at the uniform cell density of 25 cells/ /nl. Results

indicated that G, freiburgensis is a nutritionally adequate
dist, but not superior in value to that of I. galbang. Growth
and survival of pearl oyster larvae fed with S, galina
indicate that the species iz of ‘poor' food value, Although
larvas survived fer a total period of 53 days, growth was
exceedingly poor, There was no spat setting. Pearl oyster
larvae fed with T, gracilig exhibited very poor growth rate

and a total failure to metamorphose, Mortality was total

6. An examination of the algal cell consumption data of
the tested micxoalgai species at 25 cells/ /.11 revealed high
consumption of I, galbang (50-80%), P. lutherj (60-80%),

and S, salina (65-85%), marginally lower consumption of

Ce freiburgensis (25-45%) and poor consumntion of T, gracilis
(10=15%), The difference in their cell consumption may
possibly be due to their cell size, the larger cells

(I. gracilis and C. freiburgensjs) beinc consumed to a

lesser extent than the smaller cells (I, galbana, P. lusheri
and S, 3alina).
7e The combination diets of I, galbana + P. jutheri,

i. galbens + . fxeiburgensiz and I. galbana + 5. ealina

were seen to be mutritionally adequate foo s for pearl oyster



larvae, On the other hand, the comdimation diets of

L. galbana + I, gracilis, I. galbapa + S. galina + I. gracilla
and S, aalina + I. gracilia were nutritionally inadequate
foods for pearl oyster lm Differences in mutritional
value of different algal species haw been discussed in
relation to their physical characteristics,

8. Based on the larval growth regressions (loql.m/dqy)

obtained for different algal srecies, a food value index

was prepared to rank the diets for nutritional value, In
order of merit, these algal diets may be written as:

B. dutherls l. galkana + B, lutherir I. galbanar 1. galbana
+ §. freiburgensiss . galbana + S. galinas . freiburgensiy
£. salinas 1. galbana + 2. galina + I. gracliils, I. galbsaa +
1. gEacilis and 5, galina + I. gracilis.

9. Larval growth and setting results obtained on a
stratified feeding schedule with I. galbang showed that
quantitatively, algal cell requirements would increase fram

15 cells/ul of I. galbana at the D shape stage to y 13 ech/ll
at the eyed umbo stage, The stratified feeding protoceol

using I. galbana, I. ghul and . galina, however, showed
variable results, the larval growth data and the setting

percentages showing no particular trend,

10, The mixed phytoplankton culture that was developed

from a stock of natural plankton collectcd fram the open
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sea proved to be of good food value to the larvas when fed
from the eyed unbo stage onwards, The earlier stages 0f
D shape and umbo larvse met with mortality when fed om a
diet of mixed phytoplankton,

11, Quantitative estimates of filtration rates at four
increasing cell concentrations from 10 to 100 cells/ /ul.
showed two distinct trends: an incresse in filtration rate
with increase in larval size; and a decrease in filtration
rate with increase in cell concentration, v“hen studying the
actual number of cells removed from the resring medium, it
vas seen that greater numbers of cells were being removed

from the medium at the higher cell concentration,

12, The use of radioactive Cl‘-labelled algal eslls to
make quantitative estimates of the actual number of cells
taken in by the larvae showed that 2129 to 2729 1, gaglbana
cells, 2151 to 3341 of 2, lJuther] and slightly lower values of
1531 to 2326 of C. frejburgensis cells were actually consumed
by the larvas., Retention was approximately 67.,1% to 80,4
of the total number of cells consumed., 7The increase in

cell concentration fram 25 to 50 cells//ul did not increase
the uptake of algal cells substantially, The uptake of

S, Lxeiburgensis cells was quantitatively lower than that

of 1. galbana.

13, Relating the values obtained from clearance and
those obtained while using labelled microalgae, it was seen



that pearl oyster larvae is a wasteful feeder, It is
suggested that at high densities of 50 cellu/)ul. a
major part of cells cleared from the medium may either de
rejected as pseudofeces or poorly assimilated,

14, WO types of none=living diets, freeze Aaried

i+ galbeng cells and a carrageenan bound microparticulate
diet (CBMD) were evaluated for their food value, Results
indicated that although pearl oyster larvae could utilise
the freeze dried algal cells for growth, its nutritional
value is more when introduced to larvae of later stages
than the earlier D shape stage, However, it is a poor
substitute for live algal cells of I. galbang. With CEMD,
there was complete mortality of larvae at each stage,
Using dissolved mutrients it was seen that although growth
was bctter than that of starved larvae, there was no larval

meta ornhosis,

18, vWith increase in larval size, the total organic
matter was seen tO increase from the D shape stage to the
eyed umbo stage, This increase in organic matter was
largely in the form of protein and lipid and to a lesser
extent in carbohydrate, With the onset of metamorphosis,
levels of lipid, protein and carohydrate were seen to
dec¢rease, It is suggested that a major part of this energy
is diverted for use during metamorphosis., The role of
neutral lipid seems to be more important, Biochemical
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analysis of the tested algal species 4id not reveal amy
gross differences in composition of different species,

16, Mconofactorial experiments were conducted to study
the effects of temperature, salinity and pH om larval growth
and setting, There was a direct relationship between growth
end tempergture within the temperature range of 20-32°C,
Larvas reared at 20°C, 414 not grow beyond the early
straicht hinge stage and none survived beyond day 21,

Growth and setting was influenced to a lesser extent by
salinity, Within the pH range of 7,5«9,0, maximmm growth
and setting was cbserved at ambient pH(8,1),

17. Studying some aspects of water cguality management,
it was seen that antibiotic streptomycin sulphate greatly
enhanced total spat production when provided as ‘'washes',
When added to the rearing medium, spat production was
increased slightly. Aeration depressed growth rate whea
introduced at the D shape atace, but enhanced agro-th and
setting when introduced during the eyed umbo stage., The
contimious=£f1low system may be used effectively after the
umbo stage. Spat production was greatly enhanced by such

a system,
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