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PREFACE

The Centre of Advanced Studies in Mariculture established
at the Central Marine Flsherles Research Ia;titute has been
conducting Workshops in Research Methodologies on specialised
disciplines with a view to enhance the competence of the sclenti-
fie workers specialising in researches connected with mariculture.
The main emphasls in mariculture research has been directed
towards the development of economically viable culture techniques
for culturable species of fish and shellfish, with a view to
augmenting the fish and shellfish production of the country. In
order to develop low-cost technolegies the essential operational
inputs have to be rationally utilized.

+

It haz been well established that feedintg constitutes the
major cost of production, often exceeding 50 per cent of the
operating costs in intensive aquaculture o;;eratioru'. Two main
factors affecting the cost af feeding are cﬁmpoaition of the diet
and efficiency of feed conversion. In order to develop laast-
cost formula diets of high conversion afficiency, knowledge of
the nutritional requirements of the dilfferent specles during the
different phases of the life cycls and the nutritive value of the
complex- feed ingredients avalilable in the country to the candidate
species 13 a prerequisite.

The existing information on the nutritional reguirements
of cultivated species of fish and shellfish in India, is meagre
and recently research has been intensified tn this area. Lf
researches on this field could be cerpied ut using standardised
experimental procedures, the data obtafed on the nutrit?onal
reguirements of the different specics could e stored in & fish
atd ghellfish nutrition data bapk, fram where data could be
disseminated to tiie users such as feed mamafactulers, farmers,
extenslon workers and research workers as and when required,

Ik is also tiecessary that the data colliegted on the chenlcal
oconpositlon £ the feed ingredicnts and their aubcitive value
tor the species should be based un standard chemical methods
and exparimental provedures so that the data could be stoered in
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the data bank uluph Wentnall.y could acc:me 2 Nat.iqnal ‘msn Beed
Information. Cengre, 51 e
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. the,peed .of practicadl gulges dgpcgibinq the rese_arch techn;.gues

N’utrition is 1ssue|d by t.he ant.{..'g pf A?van(;ed Studies .1.n Har:l.- '
culture on t.he occasion of the workahop on Methodology of Fish
apd shellgish Wtrﬂlﬂ? avy dmedvil

=_of qm.g muy.. There aro q:heppers 1p t1:h19 manual eo}ering

v

u;n Mutrition 2t the. %ﬁ m uancuu.g;e, has. beeﬁ kiiﬂ e:mgh'
) uar:.cultm t.he '

vanious mertods on, compgsition, analysis of feeds

coefficient; protein evaluation: b.l.oenemetics; determj.nat:l.on

of essantial amino acid requirements. wsing radioisotope methnd:
ragearch. test diets for fishes and prawns: feed fomulation _
methoda; experimental deaign, ete. Methods of praparation of
microparticulate dlets, phytoplankton and zppp.l.apkton oylture '
methods, ete, are also locluded to facilj.taﬁe larval matrition
studies, . Hany of tha methods given in the manpual have been
standardized for fish and shellfish nutrition studies in India
and abroad. . The users can also gain maxi.mum beneflt by auit.able
modificationa of other methods which are given as guidel.tnas.

o I would like t.o thank all t;ne sclent:ific and technical
staff especlally Shrd s. Ahamed AlSL, pr. I{. Ala.qarsuauni,
Shri D.C,V. Easterson, Shri C.P, Goplnathan, Shri T. Jacob,
Shri M.S. Mathu, .Dr. R. Paul Raj, Dr. A.G. Fonniah and




1ii

le. b. vedavyasa Rao who have rendered assistance during the
preparation of thi= manual. Thanks are also due to Shri Johnson,

Librarian and Shri Kambadkar, Technical Assistant, Central Marlne

risteries Research Institute, for the help rendered i:lythlu in
prioting this manual.

(E.¢, 3il&s)
Director, CMFRI,
Sub-Project Coordinator,
Ceantre of Advanced Studies in Mariculeupw
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CHAPTER 17

*
METHODS OF CULTURING ZOOPLANKTON
1 INTRODUCTION

Successful hatchery production of the fry of fish and

~crustaceans for aquaculture purposes depends, among other things,

on theavailability of zooplanktonic ¢rganiams of appropriate
size for feeding the larvae, Freshly hatched Artemia nauplii
have heen the popular larval feed used by scientists and aqua-
culturists for a Jlong time. But the high cost of Artemia )
cysts has lead the aquaculturilsts to search for other suitable
zooplankters which could be easily cultured on a large scale.
The rotifer Brachionus PRlicatilis, the cladoceran Moina ap.
the harpacticoid copepods such as Tigrlopus spp and Tisgg pp,
the nematode, Panagreilus sp and the cillate Fabrea salina,
all of which have a high reproductive rate, short generation
time, and the ability to live and grow In crowded culture
conditions have been found to be usaful as live feed crganisws
for larval rearing of cultivable species of fish and crustaceans.
Among them Brachionus plicatilis and Moina sp have been most '
successfully used in larval rearing work in many countries and
hence, in tnis paper, the methods of culturing thesa animalas
on a large scale are discussed in the light of experience
gained in mass culturing them at the Narakkal Prawn Culture
Laboratory of the Central Marine Fisheries Research Institute.

2 BRACHTONUS PLICATILIS

This filter feeding, planktonic, euryhaline, rotifer
whic¢h multiplies at a very fast rate by parthenogenesis under
ideal conditions has been found to be an excellent feed for
rearing marine fish fry especially during the sarly larval
stages. It is alsc a good food for late mysis and early post-
larval stadges of penaeid prawné.

* Prepared by H.N. MOthu, Cencral MarIna_Fisharies Résearch

Instituts, Cochiq—-ls .
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Isglation

Brachionus plicatilis grows naturally in brackishwater -
ponds and can be easily isclated undef a binocular micro-
scope with a fine pipette. As the rotifer ia parthenogene-
tic, it is easy to isclate a few egg-bearing females in a
petri-dish containing £iltered brackishwater and by feeding
them with a suitable algal food to build up a stock culture
within a few days.

Cculture mediyn

B, plicatilis is euryhaline and can be acclimatised to
grovw in waters with a salinity of 10 to 40-ppt. It 1is
likely that there are geographical races which may grow
hetter in certain salinity ranges, which will have to be
determined experimentally. Generally a salinity range of
20=-30 ppt is good enough. Filtered sea water can be
diluted with gcod tap water or well water to get the
desired salinity.

culture contalners

Contalners ranging from 20 litre glass carbouys to
380 ton concrete tanks have been used for culturing
B. plicatilis depending on the quantity of rotifers
needed. For a hatchery, large plastic containers, fibre-
glass tanks or concrete pools will be necessary. It 1s
essential that the containers are provided with good
aeration facilities as the dense concentration of algae
and rotifers corsume a lot of oxygen especially during
night time, :

Feed for the rotifers

B AR W S

B, plicatilis has been grown on pure cultures of
unicellular algae such ag Chlorella sp., Tetraselmis sp.,
punaliella sp., bakers' yeast, marine yeast and methanoli-~
grown yeast, and freeze-dried or spray dried Chlorella,
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Spiruline or Platymonas, or even on powdered formmlated
dlets. If fresh algae are used they are cultured separately
and added to the rotifer cultures every day. To reduce the
cost of culturing algae varicus types of egricultural -
fertilizers such as ammonium phosphate, ammonium sulphate
and urea are used; organic manures such as sxtracts of
chicken dung., plg manure, and groundnut oil cake have also
been tried. These organic manures induced a good growth

of Chlorells and bacteria which are utilized by the rotifer
as food. :

Culture methods

It is sdvisable to grow the rotifers and the algal feed
in separate containers, -Desired amount of algal suspension
is added to the rotifar tank to maintain a concentration of’
10° celis/ml in the case of Tetrassimis and Dunalislls or
5-10 X 10° cellsa/ml of chlorella, Yeast, algal powders
and formulated diets are given at the rate of 200-300 my/
litre per day in 3 divided doses, The rotlfer population
grows rapidly and attains a qonoentration of 200=300 nos/ml
in 4=5 days after starting a culture at & temperature of
28-30°C, ' If the rotifer culture {s not harvested, a density
of upto 600 nos/ml is reached in 6-7 days and then the
culture declines rapidly., It is better to harvest daily
1/3 to 1/4 of the culture and replace thé volume harvested
with fresh algal culture or rotifer medium, Harvests of
30-50 nos/ml per day could be made every day, Regular
harvesting helps to maiptain the culture in good condition
for a longer period. Since the cult,uée are not maintained
under sterile conditions they are likely to be contaminated
with the grovwth of undesirable filamentous algae and
ciliates, Under such conditions the cultures should be
discarded, the pools cleaned thoroughly and a fresh culture
started again,

At the Narakkal Prawn Culture bLaboratory of the CMFRI
B. plicatilis is cultured ia 24 dia. outdoor plastic pocla
using 20-30C ppt. brackishwater fertilized with groundmut
oil cake (250 gm/ton) urea (IB gn/ton) and superphosphate
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(4 g/ton) to induce a bloom of Chlorella on which the
rotifezs feed, '

Harvesting

Harvesting of rotifers is done by filtering through a
nrlon bolting silk cloth of 40 micron mesh eize. The
oconcentrated rotifers are washed in clean sea water and
used for fesding larvas elthar in fresh or in frozen
condicion. Rotifers that are to be frozen should not be
washed in freshwater as it leads to osmotic breakdowm of
oull mambranes and at the time of thawing a very poor
product is obtatned. Harvesting should be done in the
sxponsncial growth phase when the rotifers are sean with
3 or more eggs attached to the body. The organic matter
content of the body is maximum at this stage. In the
senepcent stage, the rotifers do not carry eggs, thair
body tispues are depleted, the test being practically
empty and the animals swim feebly around, The mutritive
valus of such rotifers will be very poor indeed,

trit ¥,

It has been reported by Japanese workers that the
autritive walue of the rotifers to the fish larvas depenis
on the diet on which the rotifers were reared. Fish larvas
fod with rotifers grow on a diet of fresh algal cultures
appear to ba well nourished while those fed with rotifers
raared on a3 diet of yaaat or compercia) single cell proteins.
are weak and their survival is low, This is attributed 3\
to the difference in the fatty acld composition of the
rotifers fed with yeast and algae respectively. The latter
are found to be rich in w3 long-chailn unsaturated fatty
acids (INFA). HNarine £ish and crustatean larvae seem to
have a specific requirement for w3 IUPA which can be
satisfied only through the diet,

e

Maintenance of cultures

¥ew cultures can l;e started from rasting eggs which
oan be atored for long peridds, - B. plipatilis which
nommally reproduces by parthenogenssis, produces resistant
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reating eggs under unfavourable conditions or whan the
densicty of tha rotifer population beconss too high.

B. plicatilis which have been growing in normal sea water
have heen induced to produce resting eggs when they are
transferred to 25% seawatar. By this method reating eggs
could be collected end stored in a deep freeze at -14°C
for 3 months and for 3 waeks in a desiccator at room
temperatura without loss of viability. It is reported
that the shelf life of desiccated aJgs cah be increased
te 25 waeka by a process known as sonificatlion at low
anergias. ’

3 MOINA SP.

™e freshwater cladoceran Mnina is frequently found in

temporary ponds. It is readily saten by bigger fish fry and

by alder postlarvae of panasid prawns. Moina also ceproduces
by parthenogenesis vnder favourable condltlons and forme resting
agge through sexual reproduction under unfavourable conditions.

™he

embryos develop inside the dorsal brood pouch and the young

ones hatch out fully formed,

3.1

3.3

Isolation

Moina can be collected from ponds and a steck bullt up
starting from a single parthenogenetic female, From a
single female kept in a 2  litre boaker containing Chlorella
water, it has been posaible-to oktain 42,000 Moina within
12 days.

Culture medium

cood tep water or well water can be used for growing
Moina, ZSalinities above 3 ppt are not tolerated by them.

Culture contailnars

P

3' - 12' dia, plastic pools or copcrete tanks can be
used for Meina culture. Good aeration'should be provided,
The tanks are kept outdoors.
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Fead for Moina

It is a filter feeder living on a varlety of unicellular
fresh water algae., Chilorella appears to be the bast fead.

Culture methods

The culture tank is filled with freshwater, innoculated .
with a culture of Chlorella, fertilized with groundnut olil
cake (250 gm/ton), urea (8 gm/litre) and superphosphate
(4 gm/ton) and well aerated. On the second day after the
water becomes slightly greenish the culture :l.s_.tnnoculated
with a pure culture of Moina which multiplies rapldly and
attains a concentration of 20 to 30 thousapd individuvals
per litre in &6-7 days. At this stage 1/3 - 1/2 the volume
can be harvested and replaced by freshwater along with the.
proportional amcunts of the above fertilizers, or by
Chlorella water cultured in a separate cank using the aame
fertilizers. If the latter method is followed 1/3 of the
culture volume can be harvested everyday. The groundnut cil
cake sustains the algal bloom for a longer pericd and in
the f£inely dilvided state may be eaten dirsctly by the clado-
cerans, Cnlorella blooms can be maintained by fertilizing
with chicken dung or pig mamire also,

Appearance of males in the culture, heralds the declipne
of the population by formatilon of resting eggs. When this
happens it is better to remove all the water leaving only
the sadimcnts at the bottom and £illing up the tanks with
chlorella water again. Moina culture revives in a few days.

Harvesting

Harvesting is done with a plankton net in the exponential
groweh phase when the females are reproducing actively by
parthebogenesis. Parthenogenetic females contaidn:ing 8-12
embryos in the brood pouch are rich in organic matter and
are evidently more nutritive than females with resting eggs
or the males. Harvested Moina are washed in water and
frozen into small blocks for' future use.
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3.7 Nutritive value

Moina which can alsc be grown on yeast or commarcial
single cell proteins, are said to be deficient in w3 LUFA
and are therefore infericr as feed for the fish and
crustacean larvae. Moina fed with fresh algal cultures
are nutritionally adequate.

3.8 Main @ O ltures

Resting eggs can be collected from the bottom of the
culture containers and storsd in dry conditions at room
temperature for 2-3 weeks without loss of viability.
Freah cultures can be started by kewping the dry resting
eggs in well serated ghlorella water; parthenogenetic
femalas hatch out from the resting eggs within 48 hours.

4 ARTEMIA SALINA

Artemls saline nauplii are usually hacched -out from cysts
stored in sealed capm. Cysts hydrated in seawater hatch out in
24-30 hra. They ase isolated from the floating empty cysts by
keoping & light at' the tfansparent bottom of the conical con-
tainers used for hatching the cysts, The nauplii which congre-
gate near the light age siphoned cut and used for feeding the
larvas or for starting batoh cultures of adult Artemia to feed
the juveniles and adulys of fish or prawns. Freshly hatched
Artemia nauplii are gald to be nutritionally suparior to one
day ald nauplii,

Dense batgh cultures are grown in large containers usaing
well aerated, high saline water (40-60 ppt}. Suspensions of
yeast, dry chloreils or Spirulina powder, rice bran or groundmut-
oll-cgke=milk have boen used ta feed the Artemia. Thay become
eggd bearing adults in 12-14 daya, The nutritlional quality of
the adults grown on different diets will be different amd will
have to be =ssessed in relation tg the purpose for which they
are raised.

Maintalning continuous cultures of Artemia under controll-
ed conditions for cyst.preoduction is possible only on a small
scale for experimental purposas. However Artemia is being
cultured in sslt pps for commercial production of cysts.
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