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the results obtained in experimental cultwe of the mussel in the
bay as well as the open sea, it is possible to increase mussel
production in the area by adopting raft cultwe techmiques, One
major area of cwrent research relates to devdoping suitable methods

for year round opcrations in the open sea sinece the growth of
mussel and production rate are higher in the open sea than in the
bay, Exparimants on this aspects are being carried out at Madras,
Calicut and Vizhinjam. '
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THE CULTURE OF PHYTCPLANKT QN
D.C.V. EASTERSON

The bivalves during development depend mainly on lipids
available in the .egg for their energy requir ements, while as adults
rely chiefly upon ca.rbohydrates. The oyster larvae at thet ime of
hatghing have some quantity of lipid left to meet the initial
metal]_.ic reqzziremenpé, With the initiation of feeding on car.bohy_drate
rich algae ‘they switch over to carbohydrate basedleuergy metabolism,
The smooth switching over of the enargy source and the easy availabi-
1ity of the choice food algae are the two vital factars which detere
mine the swvival of the larvae, '

The bivalve larvae are pelagic, fine particle filter feeders
having opposed ciliated bands. They feed on very small sized
unicellular algae. Therqfcf e in the hatchery production of molluscan

.sead, cultwe of unicellular algae come to occupy a pivotal position.

Choice of the algae

Not all wnicellular algaeart the purpose of being a larval
food argmism, It depands on the following factars. The phytoplank=
ters injgener'al are known to release cartain chemicals a® metabolic
bye products into the medium called extra cellular metabolites ar
exocrines. The exoerins of many algae contain toxins, the quantity
“of uhich depends on the density of the algac. Apart fram this,/the
algnl ecll boundarics become infestod with toxie bacteria, whereby
even otherwise non=toxic algae may acquire toxic gquality. The cell
wall of some of the algare are very thick and resist digestion.
Therefare algae with thin or no cell wall are preferred, Another
importart factor is the size of the cell, The algae should be very
small so that the larvae are able to swallow them, In the following
table the al gae and t heir food value far the bivalve larvae have beell
oampi.led.
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Table 1, Food value of various algae to the bivalve larvae.

Algae
Chlaro gac

Coccomyxa sp.

Chlorella stigmatophara
C, marina

Nannochlaris atomus
Dunaliella tertiolecta
D, euchlara '

Prasinophyceac

Pyramimonas grossi
P, ovata

J Tetraselmis suecica
T, marina
Micromonas pusilla

Hapt ophyceae

Isochrysis galbana
" Dicrateria inornata
D, gilva
Chrysochromulina spp.
Prymnesium parvum

Clrysophyceae

Chromulina pleiades
Monochrysis lutheri

Crypto eae

Crytochrysis rubens
Cryptomonas acuta
Hemiselmis rufescens
H, virescens

Cyanophyceae
Synechococcus clongatus

Bacillariophyceae

Phaedactylum tricornutum
Chaetoceros calcitrans
Cyclotella nana
Skelebonana costatum

Food value

None
"

n
" Low
*Low
Medium

Good
High
High
Medium
High

Very high
f
n

High

Poinsonous

High
Very high

Medium

Medium

None

Low
Very high
L

Medium

Difficult to culture

No eall well
Difficult to cultwre
n

- e

Difficult to cultwre
No ccll wall

Difficult to culture

Difficult to culture
n
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The nutritional walue of algae is not always wnifoarm, it is a
function of culture conditions, Furthe it is also found that
mixtue of different algac often give better larval growth. In
order to kecp the congentration of the exocarines low the algal
density should be maintained at an optimum and further a constant
flow of water is also hdpfuli 7

(Masswarc

The glasswire used in phytoplankton culture should be of

barosilicate (Carning @ Pyrex) and neutral in reaction, First the
_new glassware are cleaned in tap water to remove spares and dust
from the packing materials and than soaked in 1% hydrochloric acid
to removc any free alkali present. Afterwards washed in labaratory
detergents (teepol ar lab wash), many times with tap water and
f:.na.]ly rinsed in distilled water for a number of times., Since
copper is to:u.c, the distilled water prepared fram stainless steel
‘or glass still should be wed. It is found that chromium ions are
tozi.c ‘and’ get abscrbed on to the glasswares. Therefare chromic
acid should nét be used to clean the glass vessels, Instead concent=
rated H250 satwrated mth LR. grade sodium nitrate ar hot nitric
acid should be wsed. Finally the culturc.vessels are allowed to
dry well and it is preferred to heat them at 70°C far atleast 1 hr,
Far large scale culture we use Hoffkins flasks and glass®carbouys,

Sea water y

Though artificial sea wata is used in many labaratories
natuwral sea water is prefemed, Sea water collected from the offshare
regions and allowed to age is the best suited. The sea water is
first filtered through cotton wocl supported on a nylon mesh and
then through a whatman No, 1 filter paper. Whatman GJF.C. filter
paper can also be used along with suction., For better results
Millipare membrance filters arc recammended. The filtered sea water
is auwbcclaved at 2 atm far 1 hr.
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ENRICHMEI'T MEDIA

Far special purposes culbwre media are used. Bub generally
sea watar to which nubrients have been added, known as enrichment
media are used. Therc are so mny. In owr labaratory the following

arc being used.

1., Erdschreiber medium

Sodium nitrate (Na NO, ) 0,100 g
DlSOﬂllm*'HdI‘Oan phosphsze (Nﬂ LiPO " 12]-120) 0,020 g
Soil extract 50 ml
Sea watar . 900 ml
Distilled water 100 ml

Soil extract is prepared as follows: Good garden soi:EL is
collécted, allowed to dry, the large stones are hand p:Lcked and
cmshéd well, The eruwshed sample is finely seived. Th:Ls ﬂme powder
is autoclaved ab 120°C for 20 minubes with twicc its volume of disti-
1led water and allowed to sediment. The supernatant yellow=broun
caloured watar is decanted and stared in a Pefrigeratar far use.

In preparing the media, sea watar along with sodium nitrate
and acid phosphate is autoclaved, in which the salts may precipitate,
and the addition of distilled water the precipitate dissclves. To
this cool solution soil extract from the’regrigeratar is added.

2. Miquel's medium

Solution = A
Potassium nitrate (KNO ) 20.2 g
Distilled water 100 ml
Salution - B

Sodium acid phosphate monobas:.c(NaEHPO o1 2H20) Leg
Calcium chloride (Ca= C1,.6 H,0) 4 Lg
Conc . hydrochloric acid ( 2 ml
Ferric chloride (Fe C1.,) 2 g

98 ml

Distilled watar 3
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Cultwe medium: *
Solution A L 0455 ml
Solution B . 05 ml
Sea water 1 litre

3. Modified Miquel sea water= Shiraishi's medium

Solution =A . - ag givlen above

Solution =B )

Sodium acid phosphate (Na. HPO J 2H20) L g
Caleium chlaride (Ca CL, 6 H20) Lg
Hydrochlaric acid 2 ml
Distilled water 80 ml

Solution=C (Mineral mixture)
Disodium ecthylene diamine tetra acetic acid(EDTA) 300 mg

Ferric chlaride (Fe 013) 8 mg
Manganesc chlaride (Mn Cl,. 41{20) 12 mg
Zino chlaride (zn Cl 1.5 mg
Cobatous chluride (Co Cl 6H20 0.3 mg
Copper sulfate (Cu 504. 5H 0) 0412 mg
Ortho boric acid (H 03) : 60,0 mg
Distilled water 100 ml

Solution=D (Vitamin mixture)

Vitardn }31,, 0.1 mg
Thiamin '~ 40 mg
Biotin 0.1 mg
Distilled water . 100 ml

Stare in a refrigarator
Culture medium

Solution A 2
Solution B 1
Solution C 2
Solution D i
Sea wtar 1
Tris buffer 50




Lo Walne's emricment rodium

Solution=-A

Ferric chloride (Fo 013.6}120) 246 g
Manganese chlaride (i 012.41-120) . 0.72 g
Qrthobaric acid (HBBéB) . 67420 g
Sodium EDTA 90,00 g
Dibagic sodium acid phosphate (Na H2P9:2H20) 40,00 g
*#Potassium nitrate (KNO3) . 200,00 g
Distilled watar : * 2 litres
Solution=B
Zinc chloride 2.1 g
"Cobalt chlaridc 20 ¢g
Ammonium para molybdate (NH )6 Mo,,0, 4.4}!20 09 g -
Coppar sulfate (Cu SO _5H20 | 240 gt -
Distilled water 4 1 litre
Acidify with HCL to obtain a clear liquid
Solution=C
Vitamin B12 10 mg
Thiamine = 200 mg ;
Distilled water 2 litres
To be stored in a refrigergtar - ;
Culture medium:
A ]
Soluticon A 10 ml
Solution B 1 ml
Solution, C 1ml
Sea water 10 litres

#¥Dr. Walne has given Na I‘IO3

Chelaters

Chelaters arz used in the cultuwre medium to avoid heavy
precipitation of metals whareby avoiding toxicity, The addition of
a chelating agent such as EDTA to the sea water scts wp equilibria
in which cations compete for available EDTA bonds, while enough ions
are released to mest the needs of the growing cells,
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ISOLATION OF ALGAE

At the onset autoclaved 1.5 = 2,0% agar sclution prepared in
desired culture medium is powed in autoclaved petridishes and
kept ready. The heat liahlo nutrients are to be powed after
cooling. The algae from the sea mter suample :1$ concantrated
egitha by sedimentation a by cmtrlgugatlon and examined for the
presence of the desired alda. In casc the wanted alga is present
a drop of algnl crmcentrate is takon in a platinum wire loop and
streaked over the agar in a zigzag pattern. Then the petridishes
are inverted and kept under or above cool white fluarescemt light.
Dust froe a®r conditions rooms are preferred, The petridishes are
padodicau;i examined for growth, Differert algae are distingui=
shable in the form of colonies. Each clean patch or algal cells
are picked up uri.th a sterilc wire loop and second agar plating is
done. This process is continued until) a single species of algal
cells are obtained., Finally this pwe culture is transfefed to the
liquid media. Instead of petridishes slamt cultures ean also be
doné'. Ohher methods of isolation and pwrification are pipette
method and by using antjbiotics, ‘
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PROBLEMS RELATED TO SEED PROCUREMENT FOR CULTURE OF MARINE
EDIRLE BIVALVE MOLLUSCS:

CRASSOSTREA MADRASSENSIS AND MY ILUS (=PERNA) VIRIDIS

K. VIRABHADRA RAO "

Procurement of adequate quantities of seed is an essential
primary step in undertaking culture practices of economic species
of bivalve molluscs, This applies not; only in respect of molluscan
species but eqa:l.ly well to all other aguatic living resources as
the erustaceans and finfishes, i

Procurement of seed helps establishing fresh farms in suitable
grounds having similar environmemtal conditions as the ariginal
habitat ar planting them in the existing farms at favoiurable loca-

. ticns to substantially :mcreé.se the yields, It he];pap:‘omt.ion of

export trade in selected varieties possessing qual::.ties of consumer
preferences, Sced occupy much less space and withstand the strains
of transpart better then the adult shellfish, Seed in some ean be
conditioned for exposure over tolerably long periods of time outside
water to enable their being carried to long distances as from one
coutry to another, Seed can be colleated fisom natural habitats
using appropriate methods ar produced in hatcharies by employing
advanced sciemtific techniques of induced treeding by suitable
means and rearing of the resultant larvae to the stage of
settlement as seed ar spat feeding them on sclected species of
algal cultwes, Althoush the methods for these purposes developed
outside this cowrtry.arc broadly knbm, the requirements of the
individwal species vary a good deal and the techniques have there-
fore to be modified and perfected far the local speciés to respond
favourably.
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CCLLECTION OF SEED FROM NATURAL SOURCES

Seed fram well established natwral shellfish beds -8 usually
abundant bub their satisfactary procurement depex;ls upQ Many
factors, The farmdr should have precise kmowledge of aere, when.
and how best to collect the seed of the species in gsStiom,

S of o3 t_on cultch: Much resear¢ has gone into
‘problems related to oyster cultu.re in France, Ehﬂand United States
of America, Canada, Australia, Japan, Philippirs and other maritime
coutries where certain species arc regularlyultwred, viz.,

Ostrea edulis and Crassostrea angulata in BWope, C. virginica and /@
.Q._ in Japan and C. commercialis in pstralia. C. madrasensis g
: cpltm-ed in India in recent yerS On quite a small scale,
Faced u:i:t.h the problem of denudation of once productive beds,
H'amw the first country to har successfully established

oyster cultwre on an industrisl %2sis as early as the middle of
nineteenth c-entry. Tt was p~ognised that collection of seed was

an impartant aspect of cyWe. Wooden planks coated with pitch,
otha"rﬁﬁ;@iala; me‘ved roofing tiles, and roofing tiles with

a coabing ‘of Mme g2 sand were tried and of these the last mentioned
item proved to v efficient for after spat setting and a period
inmdtial growth, the spai could be flaked off and the tiles recoated
with lime mixure to be wsed over again, Japan used mostly bamboo
twigs fixed in tidal flats ar scallopshells or even oyster shells
strung on wire in gorlard fashion and fixed on stakes in suitable
locatims. In Umitod Siatos of America and Canada ard also 4n

Brope mostly dead oyster shells arc made use of s In Australia

spat are caught on stones spread or & grounds in shallow waters,

The choice of cultch depends to a large oxtent on the local availabi-
1lity of the material ocbtaimable at reasonably low cost, Cultch should
be clean far the larvee to sebtle and seb as spat.

Culbch should be laid at appropriate time when the larvae are
big enough to settle, If it is placed too early in water silt would

settle and render it wmsuitable far spat settlement, and if it is
/ec, in the United States of
ca and Canada,
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placed late the absence of the larvae*in the environment-would
defeat the very purpose far which the culteh is laid, The treeding
period or periods should be correetly nssessed. *In temperate waters
rise in watar temperatures gives an indication of approaching
breeding time. After spawning in the case of oviparous species or
swarming in the laviparous ones,*two to three weeks -tinifa' would be .
required for complebing the larvel dovclopment to attain the partlf
crecping and partly swimming stage knowm as the pediveliger which
now settles on the culteh laid or in the absence of it on any ha,'t'c'l4
material at the substratum and caplares the spot for a while: - =4

3

creeping by its foot, If the spot is clean it moves to its-und 4
surface and ‘attaches itsclf with the left valve to the surface ofg
adhesion, fixation being secwred by a rapidly hardening exudation
from a gland at the foot base. Internal chinges follow rapidly and
the spat thus settled is a miniatwro oyster fixed to one spot.

The location wharc good setting takes place in the naigh= -
bowrhood of oyster beds are in the diroction towards which currents
flow cirrying thdlarvac and these have to be ascartaimed while
laying the cultch., Favowsble localitics far spat setting ave
usudly several in the vieindby of a single large bed, « Cultch has -
tharefore to be 1aid in scveral places simultancously to obtain
adequate qugntities of spat, :

Spawning ar ét-ml‘wd_ng of the adult "oysters,.rate of cie;vélop—
mont dwation of larval life, and sctting intensities are determined
by factars like fluctuations in water temperatwres, morked though
not small changes in salinity media, availability of food and changing
phases of the moon, In the backwaters and estuaries seasonmally cub
off from the sea by sand bars, commmication established with the
gea after the monsoon rains pramotes breeding and larval sebting.
Infarmation centres for collection of rel evnt envn'roméntal data and
roparting the same to aquaculturists as is being done in Japan would
help a great deal to undartake timely field operations.
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Crassostrea madrasensis occwring on the southern and central

regions of the east and the west coasts is an oviparous species.
There are no larviparous edible oyster species of commercial impar-
tance in the Indian waters, The spat are collected on lime and sand
coafed tiles.and reared in trays in the well laid owb experimertal
oyster farm of the Central Marine Fisharies Research Institute at
Tuticor in where the adult marketable size is attained in about a
year, The Japanese oyster Cradsostrea gigas is introduced into the
‘United States, Canada, Central and South America gs well as some -
of the European countries be'causc of its faster rate of growth than
the indigenous species in those cowrtries, Conditioning the spat of
the Madras oyster far trangparting and  marketing them in other oyster
g:&iﬂ.ng countries may be tried because it ‘grows even faster than
C. glgas. |

Seed of the ses mussel: The mussels cultured in BEuwope are the
Mlantie spécies Mytilus edulis and the Mediterranean species M.
@lloprovineialis. ©On the Pacific coast of Narth America occurs

M. californdanus and off Japan M. grassitosta, the exploitation

of both of which is low due to consumer preference far other bivalve
speciss a.vafl;_"lable in abyndance, Among other mussel species are the
green xussel, Mytilus viridis (Syn. Perna viridis) and the brown
mussc., P, indica both of which are regularly utilized as food in
India ty the eoastal populations who have developed a liking far
them anc She mussels are being cultured on seientific ldnes to 2
limitec extent in demonstration farms of the Central Marine Fisheries
Fesearch Institutc's Research Gemtre at some places both on the east
ard the west coast of the coumtry (Madras, Calicut and Vizhinjam).
M¢ %ridis extends its distribution beyond the Indian territory to
Singaere where attempts are made to culture the species.

T France where mussel cultwre is an anciont practice seed
¢ollection is resarted to by the "bouchot™ system of cultwe with
twigs Lterfioven in V-shaped fasicnin the muddy tidal flabs parallel
to coass line., The seed sebting on them grow not only very fast, but
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they are also free from the attacks of predatars and pests which
normally take a large toll when they_are lying an the substratum.
Kong the Northern coast of France stout 4 m. long ook poles are
used as stakes, Ropos upon which musscl seed are allowed to set
are spirally twisted round the poles, 4s rnus:e.el:a grow, thinning is
done, To prevent the mussels falling off they are put in narrow
long net bags which are in turn tied to the poles. This helps the
younger mussels time enough to securt fresh attachment sy their
byssus threads. ; .

The musscl culture indwstry of Spain has made fapid strides
since the Post-=Second Warld War years when they a.dapted the ra
cultwe method in the very productive waters of the (hllclan Bays %
and her present annual production has come to rank the highest
~ among the mussel producing countries of the warld, The rafts are
wooden platfarms mounted on sturdy floats (filbreglass. mol;i?_a_ﬂ_ o
bear wooden poles fixed to frame vork and they jet oub to aupport
ropes which hang down into waters. The smaller rafts (20 n x.20 m)
suppart suspension of 500 ropes ench and the largar ones. 1;0*1‘(')00
ropes. Seed settle on them and grow on these ropes, . When setting

<

is poar seed from elsewhere are supplemerrbeg.

In Philippincs seed are carefully hand-picked from the
natwral enviromment by cubting out the byssus bub not by pulling
them out of their attachment, They are put in bamboo_trdys along
with same cultch and the trays are fixed to bamboo pcles above the
level of the bottom of the bay in shallow waters in such a way that
they are always immersed in water even at low tides.

In owr watars mussels seem to breed round the year bub with a
pexk season of intensive reproduction followed by profuse seed setting.
Based on observations so far made it is now known that this period of
abundant seed setting differs in diffarenmt regions along the coasts.
The seeds are at present ccllected from natural grounds by hand-picking
after the period of intonse spat scttlement,




RATSING THE SEED BY EMPLOYING HATCHERY TECHNIQJES

In the United States of America, Cinada, Britain and Japan
large scale produf'tlon of sced under fully controlled caxditions
especially of the ed:\ble oysters and to some extent other. species
of shellfish is being practised, annloylng hatchery techniques .
Inducemet of C. madragensis and \I viridis to spawn, -effecting
ferbzl:l.satlon of the spawndd oub eggs, rearing of ‘th&.. larvae through
*mr:.ous s‘b‘lges on a supply ‘of :food org:).msms and. creating conditions
far thc. gromn wp larvae to set as spat have been tried in our labaras
tarics with a cert~in mount of success, but the tech.niques have to
be standardised for production in the mtcheries an comercial scale.
Spawning can be induced by physical, chamical, mechanical, electrical
.and biglogical stimilaticns but they are not universal in their .
apphcﬂftlon ‘a8 “the responses vary with the different ‘Species .
A.large,—nunbaf of algl cultwes are generally used for feeding the
growing larvae, of but all are not equally suitable far different /@
need preliminary investigetions. With the adequate labaratory and
ficld faeilities that are being built up at the CMFRI it is possible
to initiate and carry ot successfully hatchery techniques for
augmating oyster and mussel production.

/@ shell fish species. These and many

other problems
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