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ANIRODUCTION

Successful f£ish culture depends upon provision of
diets cohtaining an appropriate balance of essential
nutrients and adeguate lenellof energly G0\ peEmit gthic, mest
efficient growth'of fish, Application of modern techniques;
with wvery high production potentials, demands supply of
nutritionally balanced complete feeds in intensive systems
and supp}ementél feeds in semi-intensive systems. Nutri=-
tionally adequate feeds are not only required for the fisgh
in grow-out systems but also for production of viable brood
fish for artificial propagation, as well as for producticn
of healthy larvae, fry and fingerlings. Design of artificial
diets calls for information on a variety of nutritional,
physioclogical, biochemical and general biological aspects
of candidate species;but to:date, only limited information
is available on broodfish, larvae and fry of saltwater fin
fish species. In spite of this, several empirical feéd
formulations are in use, which are either improved versions
of grow-out dicts Ffor the same species or related species,
In this paper an overview of the recent developments in
artificial feed development for broodfish, larvae and fry
isypresented, Formulations that have been successfully used
for certain species have besn given merely as guidelines
for feed development for brackishwater finfish found in
India. Research needs and priorities ir the relevant aspect

have alsoc been suggested,
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ARTIFICIAL FEEDS FOR BROODFISH

Development of a captive stock of kroodfish is

esséntial for a reliable supply of spawners for artificial
prapagation. Fer whis, dhe Lro. wdish shHould be resred in &
stress-free environment with proper supgly of nutriticnally
- adequate feeds. Rescarches conductad during the .past two
decades, world-wide, have revealed the infiuence of diets L
. : :

on maturation and spawning, fecundity, viability of cametes,
fertilization Eate,pegi quality, hatehability rate,, and |
survival rate of larvae and fry. However, specific nutri-
tional requirements for gonadal maturation of finfish is
largely unknown. In an earlier review, Watanabe (1985)
examined the role of nutrition on fish broodstock develop:-
ment~and'stressed the need for more comprehensive studies
to define the specific nutritional needs of broodfish,

Effeatsh of dietary nukrient, solrces i,

The few nutritional studies carried out in carp,

rainbow trout, ayu, red sea bream and tilapia indicate

that the level or the quality of proteins, lipids, vitamins
{a; A, D and ), minerals (phosphorus) and carotenoids,
and the amount o food offered affect the performance of

bregdfish,

A variety of protein sources have been evaluateqﬁin
the diets of broodfish., ~Shimma et al. (1977) examined the
effect 6f fish meal, methanol-grown single cell p;otein.and
ethanol-grown single cell protein for common ERTp b;QodstocKm
but dic not observe any significant difference in reproduc—
tive performance of the fish between diets due to large

. . ' - . m
individual. variations in fecundlty anc. hatchlng rates OCL

In red sea bream a diet with cuttle fish meal produc@d
.
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mainly normal buoyant eggs with a high rate of hatching,
leading to high productivity of viable larvae (Watanabe
et al.,, 1984c)- 1In rainbow trout Takeuchi et al. (1981)
Gid not find any.sicgniSicant difference in average weight,
fecundity, eqgg diameter, number of =ggs reaching the eyed
stage and hatclability of eage . z=tween a high protein
(crude protein 43-47%) commercial diet and a low protein/
high energy (crude protein 33=35%, 390 Kcal./100 g) diet.
In Leptobarbus heoevenii diets with high protein levels

(32 and 40% crude protein)‘produced better gonadc-somatic
index wvalues and fecundity than a low protein (24% crude
prdtein) diet (Pathmasothy, 1986). In ancther study
(Watanabe et al., 1984b) broodstock of rainbow trout given
a diet containing 36% crude protein and 18% lipid pertormed
as Well as those given a diet with 46% crude protein and

5% lipid suggesting that a diet containing a lower protein
ccntent than that hormally employed but with a high energy
level is as effective for rainbow trout broodstock asz the

more conventional diets of high protein content.

Dietary lipids and fatty acids, and fatty acids
profile of'eggs seem to have sigiificant infiuenee on jthe
performance of broodfish. Shimma £t al.(1277) who compared
the fatty acid distribution in the eggs of ayu broodstock
fed diets containing single cell proteins with tthose from
wild ayu found a higher proportion cof 1@:3@% and 20:5w® in
the wild fish eggs and sugcested that if eggs £from the wild
Eioh ares supericy £0) those gf cultlred ifish then 1ipids
rich in these fatty acids should be. supnlied in broodstock
dietB. In common carp a relaticnship was observed between
the rate of hatching and the proportion of 22:6ﬂ5 in eggs.
llatchability was low in egags containing legs than 10% by
weight of 22:65% and, the estimated requirement for 22:6f§

‘was about 20% by weight(Shimma €t al.,1977), These xesults
suggest that the fatty acid distribution in egg lipids,
especially the highly unsaturated fatty acids(HUFA) such
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as 20:5w3 and 22:6w3 may possibly be used as one criterion

of egg -quality.

Diets deficient in essential fatty acid(18:3w3)
when fed to rainbow trout broodstcck resulted in low total
egg production, percentage of <7 :d-eggs produced and total
hatch(Watanabe et al., 19é4b). Interestingly, addition of
linoleic acid (18:2w6) to the essential fatty acid (EFA)
deficient diet led to. a marked improvément in percentage
fertilization and hatch compared to the diets deficient in
essential fatty acid. Besides,.there was no accumulation
of the abnommal pclyeénocic acid, 20:3w9, in the eggs pro-
duced. Lincleic acid is.known to be inferior tc linolenic
acid(18:3w3) as an EFA for rainbow trout fingerlings.
However, the fatty acid distributicn .in the sperm was' found
tc be affected by feeding the EFA deficient dict, with high
level of 20:3w9 'in sperm, quite different from that of
eggse. Watanabe(1985) -suggests that there is a small, but
absolute requirement for w6 fatty acids in rainbow trout
broodstccke. Conversely, in red sea bream a diet with corn
0il, rich in 18:2w6 as a fatty acid source produced the

lowest number of buoyant eggs(Watanabe et al., 1984a).

The impcrtance of dietary carotenoids on the
performance of salmcnid and red sea bream broodstock has
been reported (Deufel, 1965; Watanabe et al., 1984b).

Deufel  (1965) reported that dietary canthaxanthin improved
egg producticn and rate of fertilization in rainbow trout.
Salmonids_are known to mobilise their carctenoid pigmentss;:
astaxanthin and canthaxanthin from flesh and depcsit them

in eggs and skin during maturation. Feeding 2 red sea
bream broodstock with Krill,.mysids, shrimp and crab wastes
résulted in pigmentatic¢n of eggs within.a matter of hours
(Watanabe, 1985), Supplementation of diets ‘with one orthe
cther of carotenoid pigments (p-carotene 0.1%; canthaxanthin

0.3%) and Krill oil extract 9%) containing astaxanthin mono
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and diesters and fed to red sea bream

before

broodstock shortly

spawning resulted in increased percentage of buo-
19844) .

known tc enhance

yant eggs ani .ucrmal larvee (Watanabe et al.,

BEgg astaxanthin iw Jalmo gairdneri is

chemotaxis of spermatozea and carotencids may have a role

in esliulay respi foticn unger Varse oxNvgen conditicns
(Tacon, 13981). Watanabe (198%) =ssigns &n antioxidant

function tc carctencids jin Lizh egugs rather thai their

being an absolute nced for the pigment itself, since nco

carotenoids were detected in the high gquallty eygs of rud

sca breéam broodstock fed on cuttlefish meal ‘diet (Watanabe
ke al., 198%) .

‘ A possible role of ascorbic acid in regroductien
has been suggested by Lutwak~Mann (1258), whb:revealsd that
the ‘aseorbic acid contcnt cf mammalian ovaries varied with
the different stages of ovarian cycle. This:bs certlcn igs
ccnfirmed by the studices of Seymour (1981) in crucian carp

(Carassius carassius)and Sandnes and Braekkan(1961) in cod

(Gadus morhua). Besides, chemical analyses have consis-
tently revealed high concentraticns of accorbic acid in
(Ikeda et &l., 1963 3 Hilton et'al., 1979).
al.,{1964) establishcd the essentiality of
dictary ascorbic scid in the reproduction of rainbow trout

dneri)and suggested that the dietary level of

fish roe

Sanancsg ¢t

(alme galr
ascorbic acid should be suffiecicnt to give 20 mg total
ascorbate/g wet welght of eggs for ncxrmal fry development.
« (1986)
n of tilapia broodstock diet (125 mg ascerbic acid per
hatchability of cggs and fry con-

Seliman gt 2l showed that ascorbic acid supplcemen=

tatic

100 ¢ ¢ry diet) improvee

dftion, The above authors suggest that ascorbic acid

supplementaticn of broodstock dicts results in some
of the wvitamin via the eggs to ﬁ&wly hatched fry' resulfing
in some amelicration of ascorbic acid cdeficiency during

the *  ecarly stages of life. Most recently Waagb gt zl.

(1989) reported the role of ascorbic acid in vitellogenesis

transfcr



~234~

in . voinbow tmowul. AQUlt ralibow  trout fed a diet devold of
ascorbic acid for 21 months, including the stages of gonailal
development, has lower serum lovels o estr <iol-17 $ola!

vitellogenin and became anaemic <t the ¢nd of feeding.

The importance of vitamin E in brcodstock diets

a1l . k898 1 o CBED

8]

has been esteblished for ayu (Takeuchi et

{

(Watanabe and Takashima, 1977), rainbow trcut. (Kinumaki et

i

Bl 228daY s LI}

PR

als, 1972)and red sca bream (Watanabe ef

iy

the carp, Cyprinus carpio deficiency of s ~tocephercl in the

diet resulted in lower gonad weight, gonado-somatic incex,
retarded occyte development, muscular dystrophy characteriszd '
by a marked loss of flesh from the back, highcr moisture
levels, and lower levels of proteir, "1lipids ancd phospheli-
picds in ‘the gonads than the .control fish (Watanabe and Take-
shima, 1977). In rainbow trout vitamins A, D and E are
transferred from broodfish tc the eggs as well as to fxy

(Kinamuki et al., 1972) .

The mineral  requirements of brpodfisgh ‘are not
clearly established, but for phesphon s, Feeding a digt
witheut supplcmental phosphorus resulted in lowest growth
of ayu breodstock with the lowest &gg produgticn, .In red
sea bream a‘diet low in phosphorus produced large nunber of
abnermal eggs with 2 c¢il glcbules as against. cne oil globule
din skhe normél:eggs (Watanabe et al., 1984z). In rainbow
trout manganése concentraticn in the eges was affecgted by

trace element deficiency (Watanabe, 1985).

Effects of food levels on maturation and fecunditys

Diet restricticn cn a leong-—-term basis hos boen s hown
to cause a reduction in number of fish .maturing end in number
of eggs produced in rainbow trout (Scott, 19562) and reduction
in facundity and delayed maturaticn in brown trout(Bagenal,

1969) . «In laboratory maintainec hadcock cgg production anc
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feed levels were positively correlated (Hilsop et al.,1978).
In stickleback high focé levels increased both the percen~
tage of fish meturing and their spawning frqQguency, but the
food level had no cffect on egg size (Wootton, :1977).
Poynter(1976) clearly demcnstrated that the fecundity of
hatchery reared“lakeﬁtrout is @ircctly related to food
availalbitliey o B el Fad. ail @ ddily raté of 0.75% of their
body w=ight produccd morc and larger eggs with higher fer-
tilizaticn rate than those fed at a rate of 0.5% of their
bedy weight. Springate et al.(1985) examined the effccts
of feeding a half-ration (0.35% of body weight)or a full
raticn (0.7% of body weight) cof a dry commercial pellet
with 47% protein, 22% carbchydrate, 7% fat, 13% ash, 2%
fibre and 9% moisture) to rainbow trout. Fish fed on the
full ration produced significantly more and larger eggs per
fish than those on half-ration. It has been suggested that
food deprivation reduces oocyte numbers by inducing atré@éia
cr by modifying the recruitment of oocytcs into vitellogen—
esis (Robb, 1982),

Feed fcrmulations used for broodstc -k of brackishwater fine-

fish species relevant to India:

A variety of.supplemental feeds; relatively ‘High-in
protein level (about 45% crude protein)and vitamin additi-
vea have been prepared and used successfulsly for Mugil
cephalus brecocdstock (Nash and Shehadeh, 1980). The ingre=-
dients composition of two of the formulations successfully
used are given in Table 1. The feceds are prepared as
foliowss milled and sieved (0.5 mm size) ingredients are
mixed and stored dry at ambient temperature; freshwater is
acdded just befcre feeding,.sufficient to make the dry fedd
mix stick together. .The feeds are oifercd at a rate. of 1%
of body weight per day for fish in ocuidoor pcnds with natu-
ral food and 5% of body welght per day for fish in indcor
tankse. In the Philippines captive brccdstock of the milk-

" fish, Chancs chanos, are initially fed on a commercial
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pellet. feed L 20% prgtein)at 1. 5%=2,0% body welght until

vnoy, are three years cla, after which they are given &

commercial pelleted crustacooan food (42% prctiin)at 2=3%

of the body weight 4 4y the Eifth year

is sncreascd €O gof of Doudy peight (Lope2

-

+1e feeding rate

e\ :.:-J‘-.Il 19'9'6) L]

Broodstock of EATTIIIVOILUS apecics 11ike thic ‘2ca

bass (Lztes calcaritzr) and grouper {Epily

are mainly fed on rrash fish in gouthesst

-phelus tauving)

Aslan countriis.

Very rccently-experimental artificial diets Bavebe@n

developed for evalusting their perfcrmanc

e in sca bags aric)

grouper (Meyers;’1987b). The .ingredient compositicn oft ene

of such diets is given in Tabhle 2.

ARTIFICIAL FEEDS FOR LARVAE

Most species cf fish pass through a larval stage

before assuming the adult f£orme Scmetimcs

the newly hatahil

£ish is called a 'prolarva' antil the yolk is abdurbec anrd

then a pestlarva o fry. During the pro

larval stage yolx

provides the cesential nutrients fCL meeting the encrdy

demand. But after yolk abscrpticn (FPostl

arval stage) the

larvae need fcod tC satisty thuir‘nutritiﬁnal needs. Thus,

feeding ©f the larvae after yolk abscrption, wit suitable

« feeds dis an important aspect CF fish sel

At present, sglectea species &

sre mass cultured and usca fer feeding th

o roductione.

Live food crganisms

e larvae of marine

fish., Liveg food providds the cagentizl nutrients in ade-

quate levels and ba¥anced proporticns Tt

sides, the presence cf attractants, feedl

+he LifEvacs Hi=-

ne stimulants anel

digestive enzymes in the live focd and +he goft texture are LR

considered atdvantagecus ta the larvae whi

pocrly developed digestive organs and Qig

But geparate facilities, xravw materials, encrdy input and

man=-power arc required for procucticn &%

the prolonged use of live fOoc can be oS

ch invariably have

pative cNaymiSe

1dwe £foods Thus

'

tlv and variaticns

+
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I
in <‘_':[ua]_j_ty can ,;1{;'*\,—@35@137 affaect survival anue yruwtils of laivac
nd £rwe Sosdevelopment of weaning Qiets roceived pricrity

i several coupntridsyrand at pregént, some species are ex-

Glugively grown enpartificias diets.

}{Unliké natiirel fesds) o EBificial diets a:§rnot
subjeetto saascral verlaticns in guphly or nutriticnal
compesiticty argl can be thoroughly guality-eontrolled @during
febrication (Meyers, 18739). The feedstuffs they are made
LEom can be easily stored and. the . dingredisnt compositign, call
Pevadjugted “to, the . roquiranents of the larvaé SNc s ErviaHeWwevE D,
thérc are certain inherent problems in the development o
ccmplete artificial feeds, as live food replacements, for
the first feeding stages of marine fish larvae, as most of
the larvae after hatching are very small in size (2.5 mm to

o5 mrt) e

Ihevanic st tvepecs ot actif naita L di aeftsisehais heve

been ccnsidered for weaning larveae are;

i». Minced diets: A feed paste is prepared by homagenising

weétior wet and dry ingkredients with addition of mireral

anca vitamin premix and binders and as. such. fed.

2. Wet microporticulate diets:s Preparing a custard diet
with chicken eggs, c¢lams, f£ish sclubles, vitamins, miner-

b Ak e Thededind stimilants and flour and homogenising tg
get fine particlilcs. The desired particle size can be

ebtained Dv: sievings.

34 Dry microparticulate diets: Preparation of a watere

stable matrix of dry’ lngrediénts or a mixture cf A&rye
mecist and wet ingredients followed by suitable drving
(freeze~crying, vacuun drying, cven-drying), grinding and
sieving tc get deéesircc particles. ' Thig is the mcst

widely uscé type of artificial diet for larval rearinge.
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Enpradadaiaidishkas WS miarad y £+ﬂ@3y qrgun@ matorials
are sprayved ante hot airsang then dried. Particles ran-
ging in size 50-100 microns are produced and used for
rearing marvine f£isl. larvae in Japan (Kuronuma and Fuku-
gho, 1984)., Ingredicnt com»rsiticn of a spray-dried

Lerval feodahkls given in Babld J.

Microbouod djdtsys Powdered dicts with-a;binder. Canras
geenan, agsr, zoine. alginic acié and gelatin microbound
Gieets haye Ladiy proposed (Kattazawa, 1986). An cutline
cf the prccedure. for micrcbound diet preparation is
given 4 Figel.

Microcoated diets: Prepared by coating microbound dicts

with scme materials such as zein and chcelestercl-~leccithin.

Micrcencapsulated dlct s The goncept of a miniagture

packaging assemblage (a microcapsule)in,which li@uids
or Yarbkicula > diatary components ar¢ encloged in a
carefully engineered wall, with ~elease under specific
macro or microenvircmmental ccnditicns has brosd appli-
caticns in fish dulture (Meyers, ¢t al:, 1975). .Rclcase
of the internal nutrient components et active sites can
be accomplished by rupture (enzymatic ecticn, pH change
(S bmEcterial gotion)af the capsule wall. A major advan-—
(Cage o £, capsulated. diets fias that there ig minimal loss
of nutrients within the aquecusg cnvircnment, thus mini-
mising.iorganic 1¢ad in the system and alteraticns in
oxygen and pH levels.,  The capsules can be nroduced in a
range cof fizes (5 mm to 700 mm- capsules &re prcduced by
Frippak) thereby, sulttable’ sigts can' bo cffercd t¢ tha
fish larvae:.and fry as they grocw. Depending upcn the
capsule wall material Kanazawa (19866) preposed the fcello=
wing categoriés:@hylonnprotcin microencapsulated diet
(MED)@?gclat;ngum acacia MED&Qegg albumin MED;¥Glyco=-
peptide MED:%hitosan MED., An cutline c¢f tlhe procedure

for nylon-protein MED preparaticn is shown in Fig.2.
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8. Flpke diets: Flake diets prepared through a.double drum
SuSine Fangt ds & potentialrfeed for £ish

(Meyers, 1979) . Flakes can be. reduced to small parti-

cle sizecs by grinding and sieving withoat reducing the

baslclstaRility chisracteristins.'' Ingesti's rates @f

the fecd couldl 'bg enhanced by using suiteble phbindersy

flavours, colours. Liarval stages of striped bass,

perch, and Atlantic silverside have been rgaredvon

tlake paerticles.

Consideraticns in artificial larval feed'design!
Fneluce® thiose Of colour/ size, attractabhiilty, Sehydicas
tion characteristics. anéd degree of bucyancy in the
aqueocus systems (Meyers, 1979). Alsc, the feed manu-
facturing process should nct adversely affect .the nutri-
ticnal dntegrity of the final product. Exeeéssive anc
prolonged heating, inclusion of chemdicals that, may
denature dictary components. or reduce the biclegical
value of heat-labile components may pc¢se real problems

in the fabrication operation.

artificial diets used for mullet larvaoes

Several artificial diets, compounded firom natural
thetic materials have been fed +to larvae and fry of

it
mullets Nash and Shehedel (1980) suggest use c¢f crtificial

paraticns for Mugil cephalus after 35-40 days cof hatching.

Artificial dicts, conpositicn given in Table 1, have boen

successfully used after milling end sieving to cbtain ade-
guate particle sigcs of about 100 microns for the pest-
larvae of mullets. Other prepared diets-that. have: béen
tested focr the larvae ¢£ mullets at cne time or other include
codliver'oil,'pOWQered cil cakes, bean crcam, f£ish ovarics,
eg¢ albumin, boiled egg yolk, liver juice and enzymes,

amine gecids, brewers yeast, fish meal, urea,. rice bran and
flanr, millesscwder, powdered‘oats, and commercially avai-

lable tropical‘f@eds (Nash -and Shechadeh, 1980).
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Artificial dicts ussd IOF flkEisn 1 acyais

4 fish meal based dict containing 30% protcin
Qroduécc better grota than Lower protein_lcvels anc eern®
cluten meal wes Zoand o be & poer protein gource (Seneri-
ches —hd Chiu, e N e md LRI R AL another study.
Alava and Lim (14£8) sioccesfully used several ertificial
dicts contalning A0, 8% masn coude protein £or milk£fish fry
(100 mg body weight and 10 mm total lcngth) collected From
the nurssry grounds. composition of the diet thet gave e
bestfrespensc is cive Lo Table 4. The diets wers nrepared
by mixing prepicved Cry ingredients (250 microns particlcs),
0il and gelatinished wheat i etn (binder) and extruding tha
c¢eugh through 2 2 min hole pelliting machind, «ried in &an
cven ot 60°c until the mcisture was 10% cr less, ground an
sieved threugh 60 mesh sieve (25 mierong) and 40 mesh
sicve (425 microcns) . The 250 micrcns foced was fed forihe
firat 14 days fcllowed by the 425 microns feed for the nexc
14 days of rearing. gurvival rates ranging from 92-98% have
been cbhbtained with this feed. Santiage et al. (1988) chtaitic
the best growth and survival ¢f milkeish fry with a formu-
lated diet ccntaining 41.5% crucde protein and 11.9% cruce
fat(Ingredients ccmpositions fich meal 56.6%, soyabean meal
T A R R a5 menl 9U0%, rice bran 19.9%, codliver AT
corn oll 2.5%; storch 1%, vitamin mix 0.7% anc mineral mix
3.6%) as ccmpﬁr&& wo o et of rice L arl, s BpRee digﬁ with

spdrulins PEHGGT T sirmiulated feed in combinaticn. Larveae

fed to, satiation metemorphesed earlier +han thcse subjected

to'a restricted feeding regimea

Weaning diete for sea bass (Lates calcarifer)larvees

Tn Thailand, sca bass £ry (10 mm total length and

150 my weight) have been successfully rearcc Ol small claan
particles of fish meat pass=cd thrcugh a J=4 mm meEsh SCreci.
Egg yolk and yolk mixed with instant milk were Found L& b
pocy quality‘chds Maneewcng, 1986) e TH pueensland, Sea

hass was weaned on a comnercial salmen starter foea fine
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granules ccntaining 52% vrotein and 16% fat, frcm the size
of 13-15 mm (Mackinnen, 1986). Tubcngbanu (1986)evaluated
the efficacy ¢f£ formulated diets containing 40% prckein
ancd 3700 ME to sea bass fry (Welght 0.18::0.57 g and total
length 2.3-3.7 em), DMcist feo . ware prepared using trash
fish, scyabean meal, ccpra meal, wheat flcur, rice bran.
salt and.vitamin premix ag ingredicnés, preserved by
lactic acid femmentaticn end fed to the fish in.a deugh
fcrme The ingredients compositicn of a processed mcist
dist for fry andg filngerlings ¢f sta bDass! ang grcﬁper

(ADCP, 1983) is given in Table 5.

Weaning diets tried with cther species:

Varicus types of weaning foods tried for turbot,
s¢le and cod larvae inclucde fish powder, mussel powdexr,
staxrtey feeds, nylon-protedld. coated. capsules (Bromely
and Sykes, 1985). Of these, micrccapsules and fish nowder
gave poer results; the micrccapsules appeareé tc pass
through the gut without the ccating being ruptured. Kana-
zawa et al. (1984)reported cn the mass producticn cf ayu
ancdl carp seed with a micrcbhbecund diet ccontaining lecithin
(feble 6)« Micrccapsules are not digested by the newly
hatzhed larvioe cf aye and! r3G s€a bream uncil abecut 11 dovs

ter hatching (Kanavawa st al., 1982).

!l
Fh

e

IMPORTANCE OF FELDING-STIMULAMNTS IN
AR LE2CTAL FEELS

Indlusicn ¢f 'a feedingwstimulant torertiticial
fleeds ¢f fish particularly for fastidicus feeders and for
larval and fry stages may Improve the palatability of the
diets leading to increcased intake. Feeding stimulants that
nave been fcound effective for a few species arc summerised
in Table 7. Mackie and Mitchell (1985) termed a mixture of
L-ampino acids, glycine-betaine and incsine or incsine 5'
moncphcsphate as Muniversal feeding stimulants" for f£ish.
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During spoilege Atat ksl incsine will get deccmpcsel te the
inactive hypexanthine., If spoilod £iagl areylisedy fOr arti-
ficial feed development fCr fi$ﬁ;'a feed stimulant suppler
ment  (either, syrtaetic' or natural ?roﬁuct) sheuld invaris

abyly ‘be incluged -Lor SRR AL its pelatability. AmoOnNg

natural dingredicnts sguld and sOCLMD eytracols, are known 1
he geod sturceg of feeding stinuliants essecially for tha
=t I

o o~y

carnivorcugs finfish such g sca Dass, sgks, and ved, sea
broam.  Artemia pcwder has been found o e of attractanc
value to eurcpean sea bass (”1’[L'1 yrohug ;;Drix?*ﬂ( mussal

I ———— e p—

meat for Lates calcarifer.

CONCLUSIONS AND RECOMMENDATIONS

. Nutritional studies so far conductcd with finfish
brcodstoék indiéate.that tre levcl and/or tht'quality oi
proteins, lipids, certain vitemins, carctencids and mincr-
als in thé diets, and the amount c¢f f£cod offered signifi-
c«ntly affcet the performance c¢f brood fish. Hcwever,
QUuntltcthb requlremento of essential nutrients have nct
been established so far for any of the culturable b;ackishm
water specics relevant tc India, viz., mullets, milkfish;

sea bass (Lates calcarifer), grcuper and nearl spct

(Etroplus §uratensis), In spite of this, a variecty of

amtipEitcdtal Glats have been used fcr the captive broodstock
of most of the said species in other countries. Sdmilar
feced formulas cculd be used for rearing the broodstock 2F
brackishwater species found in India, and feeds can be
prepared using indigencus . raw materials. The potential
autritive value of a number of rew materials fcund in India
nd the antinutritional factors present in them have beea
discussed by_Péulraj (1287a,b). However, tc develop

nutriticonally belanced.practical feeds, a great Ceal cf
K G

(2}

nutritional informaticn is. required, and thus Bread-icl

nutriticn research should receive tcp pricritye.
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It is also evident from some of the studies that
the level of certain nutrients (essential fatty acids,
phesphelipids and tracc e¢lerm=nts) in the =cgs may reflect
the nutriticnal status of the female fish as well as 1its
pexrfcrmance. ' Datailed planned luvestigations are suggested
on the kiochemical changes occuring in the geonads, blood,
liver and muscle of a stcck of wild end captive brecdiien
by sequential sampling c¢f the tissues te asccrtain the rate
of synthesis and/or mebilisaticon of nutricentse.

Performance c¢f female fish alcne is ccnsidered in
most ¢f the diet-evalu-ation studies with brccdstock.  FPeip-
fcrinance ¢f the male fish alsc should be evaluated while
examining the effects cf diets cn broodstceccks. New bictech-
nclogical approaches, especially the genetic improvement

programmes, require high quality sperms besices the -¢ggss

Systematic experimental studies are necessary L
define the essential nutrient levels in diets, cptimum
protein~lipid-~carbchylrate ratios, cptimum raticns, and o
identify suitable natural. ingredient scurces, fedding sti-
muleltsmoist ff&m cte for brcodfish. A well-designed datca
ccllecticn programme is very essentiel to cvaluate the

performance c¢f brccedrishe.

Suitable artificial dicts {(complete and supplamentasyy
should, be develcped for weaning the larvae. Expevimental
stu@ies shculd be taken up, ¢s and . when larveac beccme
availablec, to determine desired particle 'size and fcrm of
caiet,’.and’ alsg to ldentify effective naburel feagding~oli-
mulants, attractants and binders. Information on digestive
system, digestive enzymes, feeding behavicur, feeding fres-

quency, raticns required must be obtained.

Microparticulate and microenceapsulated diets can
be tried fcr larvae and fry keeping in view their utility

and cost,

The econcmic advantages of live fccd versus arti-

ficial feeds require prcper asscessment.
L
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