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INTRODUCTION



1. INTRODUCTION

Ornamental fishes are called the 'living jewels' due to their great variety of
colour, shape and behavior. These are reasons for great excitement due to their

incredible beauty, dazzling colouration and flowing fins.

Ornamental fish trade is flourishing in Asian countries. India has its stock
of over 100 species of freshwater ornamental fishes. Most of the export of
ornamental fishes from India depends on fish caught from the wild. The
availability of fishes from the wild is fast reaching its limits due to over
exploitation and pollution of natural water bodies. Hence breeding of ornamental

fishes is gaining importance day by day.

Angel fish (Pterophyllum scalare) is one of the most beautiful and popular
of the aquarium cichlids. These elegant graceful fish are available from two
sources i.e. natural seed available from the freshwaters and the hatchery
production. Live feeds like Artemia nauplii are most popular in the hatchery
rearing of larvae. Formulated feeds have brought in very little success in larval

rearing especially in the very early stage.

Feed management stands out to be one of the most decisive factors in
ornamental fish larval rearing. The live feed Artemia nauplii is easily and readily
accepted by the fish larvae than formulated feeds because of its mobility and
acceptable size. It can also be easily and quickly hatched out as per demand. But
experimental trials are being carried out with formulated feeds because these live
feeds are costly and not easily available. Live feed culture methods for various

species are available but there is the problem of uncertainty and failure of culture.

Quality of the artificial diets can be controlled during production. It can

also be manufactured on a large scale, easily stored and distributed on a regular



basis. Artificial feeds can also be sterilized to prevent the risk of importing

pathogens or parasites into the hatchery.

There are several ethological and technical considerations involved in
larval feed preparation. The feed should have correct particle size, each particle
should be water stable to restrict mutrient leaching and should have a low moisture
content to promote stability during storage. Each feed particle must also have the
complete composition of the feed as a whole. A few freshwater species have been

successfully reared from first feeding exclusively on artificial diets.

A recent study on the effect of different diets on growth and survival of
Angel fish fry showed that live feed and artificial feed based on clam meat did not
differ significantly (Neelkanteswar, 1997). This study has proved that the
formulated diet with a protein level of 29.7% was well accepted by Angel fish fry.

But the optimum protein level was not worked out. Hence the present study has

been taken up.
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2. REVIEW OF LITERATURE

Larviculture today depends principally on live food. Artificial lﬁicrofceds
are gradually gaining acceptance in the industry. A wholesome prepared food for
the larvae is still unknown to science. The larvae require sufficient food to grow
several fold during this period even though the gut characteristics are simple.

Advances in biology and technology seek to break one of the last hurdles in the

aquaculture cycle.

2.1 Early biology of fish related to feeding

2.1.1 Endogenous nutrition

Egg yolk provides the initial nourishment to the developing fish egg. The
pattern of yolk absorption is similar among groups though the nutrient content of
the yolk vary with species. Development of embryo in fish depends on a number
of factors such as yolk composition, its digestion by syncytium or analogue tissue,
the absorption and transport of yolk nutrients to developing tissues for somatic
organization and metabolic demands for survival. Carbohydrates, lipids and
proteins are consumed prior to hatching and the catabolization of the latter two

also takes place after hatching (Heming and Buddington, 1988).

Growth during the endogenous nutrition period is also influenced by
abiotic factors such as temperature regimes (Laurence, 1973), oxygen availability
(Hamor and Garside, 1977),.salinity (Santerre, 1976), extreme pH (Nelson, 1982)
and photoperiod (Hamor and Garside, 1975). Decrease in yolk absorption
efficiency probably indicates increased homeostatic and maintenance cost within

the physiologically tolerable range of these parameters (Hamor and Garside,
1977).



Perivitelline fluid and egg membranes are the other suspected non-yolk
nutrient sources (Heming and Buddington, 1988). Some authors have described
the possibility of assimilation of dissolved organic matter from the water after
hatching (Amend and Fender, 1976; Lin and Arnold, 1982; Wiggins et al., 1985).
The feeding capabilities develop as and when the yolk reserves have been
completely utilised and therefore larval survival ultimately depends on the

availability of quality food in sufficient quantities (Rosenthal and Alderdice,
1976).

2.1.2 Exogenous nutrition

The most vital stage in the development of the larvae is the phase when
the yolk has just been depleted and it turns to exogenous nutrients for further
development. Salmon develops a mouth capable of accepting formulated feed
only after the first three weeks during which phase it carries a large yolk sac
(Sorgeloss and Leger, 1992). Newly hatched larvae of Centropyge ferrugatus
measuring 1.28 to 1.3 mm in total length had a large ellipsoid yolk sac whose
front tip clearly protruded beyond the snout of the larva (Hioki et al., 1990). The
rapid development of mouth facilitates a quick changeover from endogenous to
exogenous nutrition. A linear relationship was found between mouth size and the
total length of fish, from the initial exogenous feeding stage up to 20 to 30 mm in
the cyprinids - Aristichthys nobilis, Ctenopharyngodon idella and
Hypophthalmichthys molitrix (Dabrowski and Bardega, 1984). The gape of the
oral opening at first feeding controls the size of food that can be accepted by the
larvae (Shirota, 1970) and often it is less than 0.1 mm (Kohno et al., 1988 and
Glamuzina et al., 1989). The increase of oesophagus diameter was related to the
decrease of the yolk sac diameter, rather than to the increase in standard length in

Clupea harengus, Ruegen spring herring (Busch, 1996).

The digestive functions were poorly developed immediately after hatching

in Clarias gariepinus. However by 48 hours, when the yolk reserves were



depleted, the entire gastro intestinal tract excluding the stomach had formed into
its final segments. After conducting an in-depth study of several fishes, Tanaka
(1973) concluded that there were no pharyngeal teeth and hardly any taste buds at
first feeding. The oesophagus had characteristic longitudinal folds and mucus
cells. The intestine and rectum were the probable sites of digestion as indicated
by the presence in the lining of columnar epithelial cells. On metamorphosis
feeding patterns rapidly change accompanied by the demarcation of stomach and
pyloric stomach. When the larval gut lengths were relatively small, the food
passage time was short and in turn the time required for absorption was short.
Prior to the development of gastric glands, fish relies on mechanical digestion,
proper food selection and intestinal enzymes to compensate for the lack of gastric
enzymes (Ferraris et al., 1987). The presence of trypsin, cﬁ}motrypsin and
intestinal enzymes such as amino peptidase,- non-specific esterase and ATPase
indicated the digestive capability of the fish at the start of exogenous feeding
(Lauff and Hofer, 1984). In Cat fish (Verreth et al., 1992) the pancreatic and
intestinal hormones regulating the metabolism and digestive secretions were

demonstrated within endocrine cells in 2 and 38-hour yolk sac embryos.

Larval fish may be divided into three groups according to their alimentary
tract morphology and the enzymes secreted into the gut: those having a
functional stomach before changing from endogenous to external food
(salmonids); those having no functional stomach or gastric glands at the larval
stage, but whose digestive organs differentiate during a complex metamorphosis
(coregonids); and those who remain stomachless throughout the life; cyprinids
(Dabrowski and Culver, 1991).

During the first days / weeks of fish life inescapable developmental
changes occur in the structure and function of tissues and organs. The
coordination of these morpho physiological events suggests the presence of an
overriding factor that regulates the preprogrammed cells. There is evidence that

several factors, intrinsic or genetic can be modified so that cells can be triggered



to differentiate by specific signal. The morphologic and enzymic differentiation
occurring during exogenous feeding of larval fish can be distinguished into
external (E- not programmed but triggered by external agent such as specific live
food organisms), central (C - preprogrammed by a centrally released substance
such as pituitary, thyroid and adrenal hormone) and local (L - preprogrammed by
local timer in digestive tract; pancreatic enzymes expressed during fish
metamorphosis) factors. The intestinal mucosa might be stimulated by continuous
feeding behavior of the larvae and hence act as a tropic control of the absorptive
cells. The hormones that control the development of intestinal enzyme expression

and the onset of enterocyte differentiation are the central factors (Dabrowski,
1991a).

2.1.2.1 Role of larval foods

The first stages of larval rearing of many species largely depend upon
expensive live zooplankton. Although most fish accepts artificial diets, they lead
to low growth rate and high mortality when fed exclusively between hatching and
metamorphosis of the fish. The digestive processes of the predator are supported
and accelerated by the digestive enzymes which living prey contains. These
exogenous enzymes represent up to 70% of the total proteolytic activity of the
digestive tract in White fish, Coregonus clupeaformis (Lauff and Hofer, 1984). In
larvae the activity of digestive enzymes is generally low but increases with age
(Lauff and Hofer, 1984; Dabrowski, 1979).

In Roach larvae, the intestine amounts to only 45% of the body length
compared to about 102% in adults. Intestinal length and gut passage time are
positively correlated in larvae (Hofer, 1982). In Roach larvae, however, trypsin
activity in the second half of the intestine amounts to 46% of total activity and it
is reduced to 12% of the total activity in adults. This compensates for the short
intestine by extending time at which enzymes may act on the food (Hofer and

Nasiruddin, 1985). The larval diets must be nutritionally balanced, easily



digestible, palatable, and resistant to crumbling, water stable, buoyant and

enhance pigmentation in ornamental fish (Boonyaratpalin and Lovell, 1977).

2.2 Nutrient demands in early stages

The nutritional requirements of fish embryos and eleuthero-embryos have
not yet been defined. Nevertheless they would be expected to match the
composition of the yolk that caters for the needs of the pre-feeding fish. Further,
understanding of the nutrient needs of the early stages has been hampered by
difficulty in changing the composition of the endogenous yolk reserve as a means
to decipher the requirements (Heming and Buddington, 1988). The nutrient needs
are demarcated specifically according to developmental stages based on the
anatomical and physi(-)logical changes during ontogeny. The liver and related
synthetase systems do not develop even after the appearance of the yolk
syncytium (Takahashi et al., 1978) and thus the later stages have narrower set of
nutritional reéuircments than the pre-feeding fish (Heming and Buddington,
1988). Therefore it is not possible to compare the nutrient requirements of

juvenile and adult fish.

Protein, which is the most abundant component among the nutrients
contained in the egg, rcsides mainly in the yolk. It provides amino acids for tissue
growth and energy through catabolic processes. The next major component is the
lipid, which varies widely among the species in its content ranging from 0.1% of
the egg weight in Plaice (Pleuronectes platessa) to 45% in mouth brooding
cichlid, Labeotrophus (Balon, 1977). They mostly serve as the structural
components of cell membrane or for energy production. Triglycerides and wax
esters meet the increasing energy requirements after hatching. Yok
carbohydrates are present both in free state and as glycoproteins, though only
available in relatively small quantities. Glycogen has been implicated as an
energy source in the early embryonic stages and it is the primary carbohydrate in

all fish eggs studied to date (Nakagawa, 1970; Terner, 1979; Cetta and Capuzzo,



1982; Vetter et al., 1983). Carbohydrate has been attributed a nutritive role in
initial cleavage because it is the nutrient utilised to the maximum between

fertilization and hatching (Moroz and Luzhin, 1976).

Specific diets are required since the physiological capabilities are limited.
be they live food organisms or formulated feeds. The lack of nutritionally
competent ideal micro diets has brought in the use of the variety of live foods in
larviculture. For the larval rearing, Artemia nauplii, rotifer and their enriched
“orms serve as successful diets for developing the fish. An understanding of the
nutrient needs of the growing fish is required to develop an artificial diet, which
acts as the missing link in the larviculture cycle. Current knowledge on nutrition
has centred on the utilization of the yolk elements, survival and growth based on
certain essential nutrients particularly essential fatty acids (EFA) derived from
livefood or provided through micro diets since standard growth studies cannot be
performed on early stages. The highly unsaturated fatty acids (HUFA) of the n-3
and n-6 series are crucial to survival and growth of first feeding larvae and this
has been proved by several studies (Watanabe et al., 1983b; Henderson and
Sargent, 1985). Fyhn (1990) emphasized the importance of amino acids for the
developing larvae. Free amino acid pool in the yolk was used up during
development largely as a substrate in energy metabolism and was also employed
at different rates for body protein synthesis (Ronnestad, 1992). The availability of
dietary amino acids, their transport through intestinal mucosa and their
availability at synthesis sites determine the body growth based on protein
deposition. In vitamin requirement studies, enzymes, which use vitamins in a
modified form as co-enzymes, could be used as status indicators (Dabrowski,
1991a).

22.1 Lipids

In the early stages of fish life lipids are indispensable. In marine fish

embryos, lipids are the main source of energy even from the gastrula stage (Vetter



et al., 1983). The exponential Joss in lipid reserves of larval fish on food
deprivation underscores its primary role (Ehrlich, 1974; Tandler et afl., 1989).
Triacylglycerols constitute the characteristic oil globule(s) in many eggs
(Nakagawa and Tsuchiya, 1971). The fact that essential fatty acids have been
attributed with several functions in the adult fish paves way to the importance of
the role of lipids in larval nutrition (Cowey and Sargent, 1979; Watanabe, 1982;

Kanazawa, 1985a).

For the normal growth and survival of the larval fish, it has been
demonstrated that the n-3 highly unsaturated fatty acids (n-3 HUFA) are required.
Mortality and deficiency signs such as under-developed swim bladder have been
reported in larval fish, which were low in n-3 HUFA (Kanazawa, 1985b; Dhert et
al., 1991; Koven et al, 1992). Due to low HUFA diets, incomplete
metamorphosis of Summer flounder (Paralichthys dentatus) larvae has occurred
(Bisbal and Bengston, 1991). One of the most essential fatty acid in fish, the
eicosa pentaenoic acid (EPA, 20:5n-3) is a constituent of the cellular membranes
of developing tissues (Kanazawa et al., 1982). Rapidly growing larval fish takes
up relatively large amount of exogenous EPA. Improved growth and- survival
were obtained by inclusion of phospholipids in larval feeds. It is proposed that the
phospholipids were probably involved in the formation of new cell components
though a precise physiological role was not demonstrated. The rate of
biosynthesis of phospholipids in the larvae was probably insufficient to meet the

developmental requirements (Kanazawa, 1985b).
2.2.1.1 Enrichment of live food with PUFA

Experiments were conducted to improve the dietary value of live
foods such as rotifers, Artemia nauplii and Moina sp. by allowing them to feed on
n-3 HUFA and fat-soluble vitamins by the direct method (Watanabe et al.,
1983b). Oka et al. (1980) found that linoleic acid (18:2n-6) had no EFA value

whereas n-3 HUFA was effective in enhancing growth of the larvae of Ayu when



10

feeding experiments were conducted on this species. He used rotifers cultured on
n-3 yeast rich in linolenic acid and n-3 HUFA as feed. Watanabe et al. (1989)
after taking into consideration the activity and availability of n-3 HUFA and also
on the basis of improved growth and survival obtained on larval Red sea bream,
suggested that the minimum requirement of this species is about 0.4% wet weight
basis of rotifer. Izquierdo et al. (1989) on the same fish at the Artemia eating
stage established using fortified animals that the larvae require at least 3% n-3
HUFA in the Artemia nauplii on a dry matter basis. Tandler et al. (1989) in
another study on Pagrus major revealed that there was a relative increase in n-3
fatty acids associated with food depreviation. Le Milinaire et al. (1984) reared
the larva of Turbot (Scophthalmus maximus) with rotifers fed on artificial micro
diets with or without n-3 HUFA and proved their importance as EFA. Walford er
al. (1991) suggested that feeding Sea bass larvae with microcapsules along with

rotifers was successful
2.2.1.2 Importance of poly unsaturated fatty acids

Based on the chemical profile, Tocher and Sargent (1984)
proposed the high n-3 PUFA requirement in early larval stages of marine fish.
The concentration of docosa hexaenoic acid (DHA; 22:6n-3) was generally high
in the eggs of marine species and fell quickly during development (Watanabe.
1993). The superiority of DHA over EPA in promoting growth and survival has
been recently demonstrated in larval Red sea bream (Watanabe et al., 1989;
Takeuchi, et al., 1991), Yellow tail (Watanabe, 1993) and Flounder (Kanazawa er
al., 1989). Feeding of DHA also led to increased resistance to stress in
Coryphaena hippurus (Ako et al., 1991). The importance of DHA may be seen
from the fact that it is selectively retained in the polar lipids of developing larvae
during starvation and when it is fed it is selectively incorporated into the larval
glycerophospho lipids, which are essential components of biological membranes.
Fluidity of the membrane in gills seems to depend less on the arachidonic acid

content than on the DHA. DHA is the main component of the
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glycerophospholipids in marine fish roe (Tocher and Sargent, 1984). It is also
stored in the olfactory nerve and retina (Sargent et al., 1993) and central nervous
system of fish (Mourente and Tocher, 1992), enhancing the detection and capture
of prey and the net energy gained by the larvae (Noakes and Godin, 1988). The
DHA content in phosphoglyceride lipids of larvae was directly correlated with

growth improvement in Gilt head sea bream (Rodriguez et al., 1994).

One of the major prostaglandins in the giils of freshwater trout is reported
to be a prostaglandin PGF, formed from DHA (Mati et al., 1981). German et al.
(1983) later demonstrated that this compound is a trihydroxylated derivative of
DHA. Though the growth and survival of Summer flounder larvae were not
affected by the elevation of dietary DHA levels, it slightly increased the
pigmentation and number of fish that completed metamorphosis. In contrast.
excessive levels of DHA significantly reduced total weight of Summer flounder

larvae (Bisbal and Bengston, 1991).

Eicosapentaenoic acid (EPA), an important PUFA has not been paid due
attention. Elevation of the dietary EPA effectively prevents low growth and
survival rates (Watanabe et al., 1989). The larvae of several species during
starvation selectively retain arachidonic acid and it is regarded as the major source
of prostaglandin (E, and F, alpha) although it is present in lower concentrations
than EPA in fish tissues (Rainuzzo et al., 1994). Arachidonic acid is present in

high concentrations in the phosphatidyl inositols of marine fish (Bell et al., 1984).

Present knowledge suggests that not only DHA but also other PUFAs are
essential for marine fish larvae. A balanced dietary ratio of EPA/DHA may also
be necessary to obtain optimum growth rates along with the importance of total
content of DHA or n-3 PUFA (lzquierdo, 1996). Harel and Place (1999) have
suggested that several fish species also require arachidonic acid and that diets
should be carefully formulated with a species- specific dietary DHA: EPA: AA
ratio. The level of DHA and the DHA: EPA ratio in Dentex dentex larvae given
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rotifers and Artemia were significantly lower related to the corresponding values
in the unfed larvae (Tulli and Tibaldi, 1997).

2.2.1.3 Phospholipids

Kanzawa et al. (1983a) examined the effects of supplemental growth of
larval Red sea bream using the purified microparticulate diets. It was shown that
phospholipids improved the growth and survival irrespective of age. In order to
clarify which components of bonito-egg lecithin were most effective for the larval
Ayu, Kanazawa et al. (1983b) has examined the effects of several phospholipid
classes on the growth and survival of Plecoglossus altivelis. These compounds in
addition to n-3 PUFA are believed to be indispensable for normal growth and
survival. The requirement for the phospholipids may arise from a limited ability
of the larval fish to synthesize it from ordinarily available precursors. High
amounts of EPA in relation to DHA may create an imbalance in the structural
composition of the phospholipids, which could affect the normal growth and the

quality of marine larvae (Rainuzzo et al., 1997).

2.2.2 Amino acids

Several research studies have revealed that the freely soluble amino acids
(FAA) occur in high amounts in pelagic eggs of some marine species (Suzuki and
Suyama, 1983; Fyhn and Serigstad, 1987; Fyhn, 1990; Ronnestad, 1992) and the
variation observed among the species was related to egg size. In the newly
spawned egg the FAA concentration represented about 50% of the total
osmolality. Ronastad (1992) suggested that the FAA pool constituted 20 to 50%
of the total amino acids in pelagic eggs. In the marine demersal egg this was only
about 3% (Ronnestad, 1992) and about 5% in fresh water fishes (Dabrowski ez al.,
1985b). The abundance of FAA in the pelagic eggs correlated its role in the
process of oocyte hydration. The major amino acids detected were leucine,

lysine, valine, isoleucine, alanine, serine and the related composition of these
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FAA pool showed little variation (Ronnestad, 1992). The similar profiles have
resulted from the hydrolysis of a common yolk protein - Phosvitin -
corresponding to water uptake during swelling (Mc Pherson et al., 1989; Thorsen
and Fyhn, 1991). The absolute and relative composition of the yolk may change
with development and a consistent reduction in the FAA pool occurs, the decrease
applying to all individual FAAs. The decline in the larval FAA pool is the result
of a metabolic turnover within the embryo, particularly the need for protein
synthesis (Nakagawa and Tsuchiya, 1972). Larval protein synthesis has been
described for Cod, Gadus morhua (Fyhn and Serigstad, 1987), Lemon sole,
Microstomus kitt (Ronnestad et al., 1992a), Turbot, (Ronnestad et al., 1992b) and
Atlantic halibut (Ronnestad et al., 1993) in the yolk sac stage.

Ronnestad (1992) is of the view that body protein may be just a temporary
storage molecule for amino acids removed from the free amino acid pool during
egg stage to be utilised later for bio energetic purposes. When the larva turns to
exogenous food, amino acids necessary for energy would be provided by the
ingested food. It is not clear whether the primary intestine in the larval fish is
able to digest food proteins in presence of the early proteolytic enzymes or

whether they depend on FAA provided by the feed (Fyhn, 1990).

Some preliminary experiments in Flounder (Paralichthys olivaceus) was
done using various protein sources which had an overall amino acid profile
similar to the whole body of the larval fish. A comparison of the nutritive values
of four micro particulate diets formulated with white fish meal, brown fish meal,
bonito powder, yeast powder, crab meal, gluten meal and krill meal was also
made with the live food control. The survival range for the test group was 36 -
45% and for live food control it was 52%. A drastic reduction of abnormal
pigmentation was observed when the test micro diets were compared to live food
(Kanazawa, 1988). Kanazawa et al. (1989) recorded better survival but slightly
inferior growth compared to live food when the larvae of Red sea bream were fed

microdiets based on sardine powder, squid powder, scallop powder and krill meal



14

containing a balanced proportion of amino acids. These studies revealed that the
essential amino acid composition of the larval fish body closely match their

dietary requirements.

As the larva starts exogenous feeding, spurt in activity demands lot of
energy. The fish accepts its first food, probably tempted by chemo-attraction
from the amino acids and other metabolites emanating from the prey organisms
since the endogenous energy reserves are finite (Tanaka et al., 1991). In the
marine fish larvae, the FAA is predominantly used as metabolic fuel but they are
also utilised for body protein synthesis. Amino acids are also important catabolic
substrates after the onset of first feeding and may account for 60% or higher of
the energy dissipation. In vivo studies have shown that there is higher absorption
of FAA than peptides and protein bound amino acids from the larval gut in the

early stages of marine fish larvae (Ronnestad et al., 1999).

2.2.3 Vitamins

Studies on the vitamin needs in the early stages of fish have focused on
vitamin-C. The minimum dietary requirements of ascorbic acid using stable
phosphate derivatives has been determined for teleost species to be in the range of
10-20 mg /kg (Merchie et al., 1996). Many workers noticed a rapid drop in the
ascorbic acid content during development (Cowey et al., 1985, Sato et al., 1987
and Dabrowski, 1990). Since the fish is unable to synthesize the vitamin it is
necessary to replace it during first feeding to ensure larval survival. As yolk
reserves were limited in cyprinid larvae when compared to salmonids, ascorbic
acid was particularly essential for development in the former (Dabrowski er al.,
1988). The body pool of ascorbate was used up rapidly due to the high growth
rate and therefore structural malformations appeared easily. In cyprinids, vitamin
C free diets led to retardation of growth, to lordosis and scoliosis and to increased
mortality (Agrawal and Mahajan, 1980). Dabrowski (1990) fed White fish

(Coregonus lavaretus) with a relatively high amount of vitamin-C (about 1500
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micro gram ascorbate per gram dry matter fed) in order to maintain the body
concentration of ascorbate during early ontogeny. It was revealed that a decrease
in the body concentration of ascorbate was relatively slow in larvae fed on live
food. Nakagawa et al. (2000) suggested that dietary supplementation with
catechin as well as Spirulina improved vitamin-C metabolism in Red sea bream
larvae. Merchie et al. (1996) in a study indicated that common carp larvae have a
dietary requirement for ascorbic acid and the required level for maximum tissue
storage is higher than that needed for survival and maximum growth. Based on
growth response, a dietary requirement of about 45 mg ascorbyl polyphosphate
equivalent kg™ was suggested. Blom ez al. (2000) based on the long possible life
span_of Angel fish in the aquarium, proposed a conservative dietary ascorbic acid

requirement of 360mg/kg diet necessary to maintain maximum tissue storage of

vitamin C.

Watanabe (1990) focussed on the importance of the vitamin E in salmonid
larvae in his studies on the chemical composition of eggs. In both Chum salmon
(Oncorhynchus keta) and Coho salmon (O. Kisutch), the vitamin-E content was
depleted by almost one half during the developmental period of 40 days from
hatching. Hence the role of vitamin E in larval survival cannot be

underestimated.

2.3 Hormones and larval quality

The hormonal level in eggs / larvae may be a vital factor to determine the
egg / larval quality. Recent studies suggest that hormones are passed on to eggs
by brood fish. The fish larval growth, development, osmoregulation, stress
response and other physiological functions, prior to the functional development of
their own endocrine glands are controlled by the store of maternal hormones in
eggs (Lam, 1994).
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2.3.1 Thyroid hormones

The thyroid hormones thyroxine (T4) and triiodo thyronine (T;) are
consistently present in teleost eggs and thus may play an important role in the egg
development (Lam, 1994). T, concentrations were significantly greater than T»
concentrations in most fresh water fishes, whereas T3 concentrations were greater
in seawater fishes (Tagawa et al., 1990). The significance of this is not clear and
seasonal variation in T4 and T; levels are possible (Lam, 1994). During the
course of development, thyroid hormones in eggs decreased markedly before
hatching. Thyroxinogenesis (endogenous thyroid hormone production) appears to
be turned on at around or before the time of yolk sac resorption (Tagawa and
Hirano, 1990). A distinct surge of thyroid hormones were observed in 9 day old
larvae indicating its major role in organ differentiation during early larval stages
of Catla catla (Nayak et al., 2000).

2.3.1.1 Effect of treatments

In several freshwater species: Tilapia, Oreochromis mossambicus (Reddy
and Lam, 1992) O. niloticus (Nacario, 1983); Common carp, Cyprinus carpio
(Lam and Sharma, 1985); Goldfish, Carassius auratus (Reddy and Lam, 1992)
and Gauramy, Colisa labia (Reddy and Lam, 1987) larvae, treatment by
immersion in T4 or T solution promoted growth. Fin differentiation and growth,
yolk sac resorption, transition to free swimming stage, skin and scale formation,
pigmentation, silvering and exophthalmia (in Black moor) were the
developmental stimulating effects.  Stimulation of heartbeat is a possible
metabolic effect observed (Reddy and Lam, 1992), although this was not
observed in Chum salmon (Dales and Hoar, 1954). Thus, the treatment with T4 or
T3 had supplemented the level obtainable from the maternal store (Reddy and

Lam, 1992), there by producing the enlarged growth and developmental effects.
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An adverse effect on growth and development was noticed when excessive
or prolonged treatment was given (Nacario, 1983). Even with early
thyroxinogenesis, availability of iodine in these freshwater species may be
limiting, thus allowing for efficacy of T4/T5 treatment. In marine speci:as, jodine
deficiency is not a problem (Lam, 1994). In such cases  Ty/T5 treatment of post
larvae may bring in particular developmental events associated with the marked
increase in T4/T3. They include transformed post larva of Milkfish, Chanos
chanos from being long, slender and transparent to silvery, opaque and juvenile
like (Lam et al., 1985); accelerated metamorphosis in Flounder, P. olivaceus
(Yamano et al., 1991); promoted the transformation of post larvae of black
'telescopic eye' gold fish to the black exophthalmic form of the adult (Reddy and
Lam, 1992); and accelerated appearance of black stripes on the body and change
in habitat from pelagic to benthic in post larvae of Red sea bream, Pagrus major
(Hirata et al., 1989).

Injection to the mother fish is a more practical means of thyroid hormone
adminijstration to eggs / larvae. This method has been successful in Striped bass,
Morone saxatilis (Brown and Bern, 1989). Mortality is the end result when
overdose of thyroid hormones are administered which leads to thyrotoxicosis
manifested in larvae by growth retardation and abnormal development (Lam and
Sharma, 1985). Bengston ef al. (2000) in his experiments indicated that thryoid
hormone treated Summer flounder (Paralichthys dentatus) larvae do not exhibit
significantly greater survival than untreated larvae. Administration of T4 to P.
olivaceus egg by immersion at a dose of 0.05 x 10  resulted in significant

increase in growth rate in 0 to 10 age in days (Bao Baolong et al., 1999).
2.3.2 Other hormones
Studies were conducted to find out the possible role of cortisol, the

principal cortico steroid in early fish development (Idler and Truscott, 1972; Lam,

1994). In the newly fertilized eggs of the Flounder (P. olivaceus) cortisol has been
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detected. When Seabass(Lates calcarifer) was subjected to salinity test, cortisol
was found to promote survival (Sampathkumar et al., 1993). Transient growth
stimulation in the Brown trout, Salmo trutta was observed when the eggs of it

were immersed in 15mg per ml recombinant trout GH (Le Bail et al., 1991).

2.4 Diets for larval fishes

Research work in larval nutrition and feeding strategies stand out
as the priority areas for the industrial up scaling of aquaculture of fin fishes and
shell fishes. The cellular growth and the energy needs of the developing émbryo
are met by the nutrients within the egg until the larva starts feeding. When the
larva commences exogenous nutrition, the scarcity of suitable planktonic prey
organisms will result in body tissue autolysis and eventual death (Bagarinao,
1986). Different types of phytoplankton, small zooplankton and invertebrate
larvae form the natural diets. The physical qualities such as purity, availability,
acceptability and size together with nutritional indicators such as digestibility and
nutrient / energy obtainable from it are the criteria in deciding the food source
(Leger et al., 1987). It should also be easily procurable, reproducible and
economical. These definitive criteria limit the choice to a few ciliate protozoa,
rotifers, copepod nauplii and small planktonic invertebrate larvae such as
trocophores and veligers (Dhert and Sorgeloss, 1995). At present there is an

increasing trend to offer formulated micro diets to several larval fish.
2.4.1 Live foods

2.4.1.1 Microalgae

The primary link in the food chain of aquatic animals is formed by
microalgae. The production of specific types of larval aquaculture species and
zooplankton food is dependent upon nearly 20 different species of diatoms and

flagellates in the size range of 2-20 pm, which is used as live food. Improved
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growth and survival during the larval stage are obtained by the addition of various
microalgae to the water during first feeding of fish larvae (Howell, 1979; Scott

and Middleton, 1979; Jones et al., 1981; Naas et al., 1992).

The use of green water technique has been successful in the culture of
various larval fishes and shrimps. Maintenance of sufficient concentrations of
phytoplanktonic algae in the larval culture tanks is the major technique involved.
Microalgae do not constitute a major food source at the start of feeding since fish
larvae do not filter feed, but they are carnivorous hunters. Several works have
been done to explain possible beneficial effects of the green water technique. In
Cod (Meeran, 1982) and Halibut (Reitan et al., 1991), it has been shown that the
larvae take up considerable numbers of micro algae during the initial days of yolk
absorption (‘green stomachs'), which may support the proposition that they are
used as direct food source at the start of feeding. Fortuitous ingestion can be a
source of micronutrients, which are not available through the administered rotifers
or brine shrimp nauplii. At the start of feeding, fish larvae have only a primitive
digestive system and the supply of exogenous enzymes by them could assist in the
digestion of zooplankton. This technique has been used in the culture of Common
carp, Cyprius carpio, Bighead carp, Aristichthys nobilis (Fermin and Recometa,
1988) and Atlantic halibut, Hippoglossus hippoglossus ~ (Naas et al ., 1992).

Indirectly microalgae may' trigger enzymatic synthesis (Hjelmeland et al.,
1988) and onset of feeding (Naas et al., 1992). It was found that algal
polysaccharides might act as non-specified fmmunological stimulants in the larval
fish (Lavens et al., 1995) and in this way may contribute to more stable forms of
production. Spirulina spp. has been relied upon as an excellent source of many

nutrients and it has been widely used as a source of pigment in ornamental fish
(Dhert and Sorgeloss, 1995).

Stock cultures kept under sterile conditions and batch cultures of

increasing size are required for the maintenance of algal cultures. Problems still
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exist with regard to contamination as well as consistent nutritional quality
between batches (Olsen, 1989). Many substitute products as algal replacement
diets are under experimental stages. Freeze-dried heterotrophically grown
microalgae (Liang and Verdugo, 1991), manipulated yeast (Coutteau et al., 1990)
and various microparticulate and microencapsulated diets (Kanazawa et al., 1982)

are examples.

2.4.1.2 Rotifers

Brachionus plicatilis has become the most extensively used zooplankton
for rearing various freshwater and marine larval fish during the first and second
week of feeding since the establishment of culture possibilities (Ito, 1960). A
combination of marine chlorella and baker's yeast (Saccharomyces cerevisiae)
were used to culture and produce the rotifers with improved nutritional quality
(Kitajima et al., 1979). The digestibility of rotifer protein was high as 84-94%
was revealed by nutritional studies based on rotifers and the net protein utilisation
(NPU) was relatively high when tested in Rainbow trout and Carp (Watanabe ez
al., 1983a). Rotifers, which are widely used as live feed, supply only half of the
methionine and tryptophan requirement for most fish larvae (Harel and Place,
1999). The variations in n-3 PUFA content brought about by the culture
conditions strongly affect the quality and in turn the survival of larval fish, which
prey on them (Fukusho, 1989). The dietary value could be improved not only in
terms of n-3 PUFA but also fat-soluble vitamins by using the emulsified
formulations (Watanabe et al., 1983b). The quality enhancement technique is
used as early as 24 hours before offering them to the fish larvae (Watanabe et al.,
1983a). Walford and Lam (1987) successfully enriched rotifers to contain a high
concentration of EPA and DHA eight hours after feeding by using microcapsules.
Brown et al. (1998) in his studies indicated that the enrichment and retention of
ascorbic acid in rotifers fed with micro algal diets were possible and the
production of rotifers rich in ascorbic acid may be particularly valuable for the

culture of fish larvae, which have a high requirement for the vitamins.
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The development of an artificial diet, which completely replaces algae and
at the same time eliminates the need of an extra enrichment period for
enhancement of the rotifers’ dietary value, has been a recent break through in
production technology. The dry products need to be immersed in water prior to
feeding. The food suspension can be used in automatic feeding as long as 48
hours provided it is continuously aerated and stored at low temperature (Lavens et
al., 1995). Under these conditions, i.e. twice a week water renewals, strain
adapted temperatures, ciliate removal and culture under shaded conditions,

doubling of the population may even be expected every 24 hours (Lavens et al.,
1994).

The exclusive use of artificial diets in rotifer culture reduces the unit
production costs of rotifers by more than 60%, which is revealed by the study on

the economics of rotifer production in operational hatcheries (Lavens et al.,
1995).

2.4.1.3 Artemia

Aquacultural practices have promoted Artemia as the most favoured food
for larval organisms since its discovery by Seale (1933). It has various attributes
that make it an ideal choice for aquaculturists apart from the nutritional qualities.
Their availability in two forms and wide size range are two prominent attributes.
In addition, they could be used as carriers to make available essential nutrients,

pigments, prophylactics and therapeutics to fish larvae (Leger et al., 1987).

The maximum food value is for the early nauplii, loosing up to 30% with
age (Sorgeloss et al., 1996). They are to be judiciously utilized as food for
different stages of the larval fish. Cold stored freshly hatched nauplii kept for
periods of 24 hours and longer have been said to attain a better quality food ration

(Sorgeloss and Leger, 1992). There exists a positive correlation between Artemia
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nauplii size and larval fish mortality (Beck and Bengston, 1982) and this
emphasises the need for the selection of the Arfemia strain to be offered as food,
which depend on the farmed species. This is because of the large variations seen
in the nauplii size among the large number of geographical strains (Vanhaecke
and Sorgeloss, 1990).

Watanabe et al. (1983a) found that live food was well digested and high
net protein utilization and protein efficiency ratio were obtained while he was
evaluating the nutritional qualities of Arfemia nauplii in Rainbow trout and carp.
Enhanced digestion was obtained by the autolytic action of the endogenous
enzymes, amylase and trypsin (Samain et al., 1980). The consumption of
Artemia nauplii by marine fish larvae may increase the production of bombesin, a
hormone influencing digestion. When Artemia nauplii was given as a sole food to
the larvae, the presence of bombesin increased by 300% as compared to the levels

that were found in the larvae given only a micro diet (Kolkovski et al., 1997).

2.4.1.3.1 Bioencapsulation

Prior to feeding predator larvae, it is possible to incorporate different kinds
of products into the Artemia nauplii, taking advantage of the primitive feeding
characteristic of its nauplii. For enhancing the nutritional value of Artemia with
essential nutrients (like n-3 PUFA and vitamin C), this method called as Artemia
enrichment or boosting, is widely applied in marine fish and crustacean

hatcheries.
2.4.1.3.1.1 Poly unsaturated fatty acids

British, Japanese and Belgian researchers developed enrichment
products and procedures using selected microalgae and /or microencapsulated
products, yeast and /or emulsified preparations, self emulsifying concentrates and

/or microparticulate products (Leger et al., 1986). The highest enrichment levels
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are got from emulsified concentrates (50 - 60 mg/DW n-3 PUFA) after a period of
24-hour enrichment. High dietary levels of total PUFA can have a negative
impact and that DHA is more important than EPA for various physiological
functions including survival, growth and pigmentation success which was
revealed when studies with various species of marine fishes were carried out
(Watanabe and Kiron, 1994). However, the enrichment of Artemia with DHA is
not easy because of inherent catabolism of this fatty acid upon enrichment
(Triantaphyllidis et al., 1995).

2.4.1.3.1.2 Ascorbic acid

Ascorbic acid (AA) is generally considered to be an important dietary
component in larviculture (Dabrowski, 1992). Supplemental dietary ascorbate
has enhanced several biological (eg. skeletal development, growth and survival)
as well as physiological functions (eg. resistance to toxicants and stress, immuno
activity in larvae (Merchie et al., 1996). A stable derivative of AA which is
Ascorbic acid 2- sulphate (AAS) was discovered in dormant cysts of Artemia by
Mead and Finamore (1969). Cysts of different batches and strains of Artemia
differed largely in AAS content (296-517 ug AA/g DW) (Merchie et al., 1995).
The amount of AA, liberated in freshly hatched nauplii gives an idea of the AAS
reserve present in the cysts and provides evidence for the conversion of AAS to
free AA‘during completion of embryonic development into nauplii (Dabrowski,
1991b). Researches have been conducted to incorporate extra ascorbic acid into
Artemia nauplii in a stable and bio available form. Using a standard enrichment
procedure (Leger et al, 1987) and experimental self emulsifying concentrates
containing 10-20% ascorbyl palmitate (AP), levels upto 2.5 mg free AA/g DW

can be added into brine shrimp nauplii within 24 hours (Merchie ef al., 1995).
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2.4.1.4 Cladocerans

2.4.1.4.1 Daphnia spp.

Daphnia is a good food source in freshwater aquaculture and ornamental
fish industry. They can also be used in mariculture as substitute live food for
Artemia. Dhert and Sorgeloss (1995) revealed that the nutritional value of
Daphnia sp. is highly dependent on the chemical composition of their food source
(Dhert and Sorgeloss, 1995). If Daphnia sp. is fed solely with Chlorella,
Chlamydomonas, mixture of Yeast and Scenedesmus or Scenedesmus and
Chlamydomonas, then the cultures tend to collapse after 10-30 generations. This
problem can be avoided by adding vitamin mixtures and trace elements to the
culture medium. Daphnia sp. contains a wide range of digestive enzymes such as
proteinases, peptidases, amylase, lipase and even cellulase, which can serve as

exoenzymes in the gut of the fish (Dhert and Sorgeloss, 1995).

2.4.1.4.2 Moina spp.

Mass culture can be done with the freshwater cladoceran, Moina spp.
(Shim, 1988) and has often been used as live food for a variety of fish larvae
(Watanabe et al.,, 1983a; Fermin and Recomenta, 1988). For rearing tropical
aquarium fish larvae Moina sp. is found to be a suitable live food (Volkart, 1994).
Sea bass larvae and juveniles (Maneewongsa and Tattaman, 1983), fry of mullet
(Nandy, 1979) and fry and fingerlings of Rainbow trout (Norman et al., 1979),
can be reared using Moina spp.. The n-3 PUFA composition of Moina spp.
fluctuates with the culture medium but it can be upgraded nutritionally by
employing emulsified lipids (Dhert and Sorgeloss, 1995; James and Sherief,

1999). The Moina sp. cultured on poultry manure had a high EPA content (Shim,
1988).
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2.4.1.5 Copepods

Marine copepods such as Tigriopus sp; Acartia sp., Eurytemora sp..
Euterpina sp., Oithona sp. and Paracalanus sp. are offered to fish larvae of about
7mm. Uhilig (1984) has demonstrated the suitability of the genus Tisbe as a
microfaunal food organism in mariculture. The proximate and the mineral
composition of these live foods were varied by the culture media, but there were
no significant differences in the aminoacid composition. In Rainbow trout and
Carp their dietary value in terms of NPU and PER was high. Irrespective of
culture media and food organisms, Tigriopus contained relativciy high amounts of

EPA and DHA, which suggest its high nutritional value (Watanabe et al., 1983a).

Copepods are far superior to Artemia nauplii from the nutritional point of
view; their lower proteolytic activity and better fatty acid composition makes
them an excellent food with high energy content (Dhert and Sorgeloss, 1995).
Their use in aquaculture has often brought in better growth, survival, development

and pigmentation of the fish.
2.4.1.6 Frozen or Freeze-dried plankton

Live, frozen or freeze dried plankton as initial food, either alone or in
combination with artificial diets seem to meet the nutritional needs of fish larvae
(Jungwirth et al., 1989). Frozen zooplankton proved to be a successful diet for
several marine species, particularly Sea bass (Dicentrarchus labrax) (Kentouri,
1981). Medgyesy and Wieser (1982) found that White fish (Coregonus laveratus)
was reared successfully with frozen zooplankton beyond metamorphosis using a
feeding apparatus, which prevents leaching of proteins. The fry of Danube
salmon (Hucho hucho) was successfully fed with freeze dried zooplankton, which

suggésts that it might have been a source of exogenous enzyme activity (DeVerga
and Bohm, 1992).
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2.4.1.7 Others

The high protein content of the nematode Panegrellus redivivus has made
it a viable food source for fish larvae (Kahan et al., 1980). Without consuming
algae, it can survive over 72 hours in seawater and this was pointed out as an
advantage it had over Artemia. There are several differences in the fatty acid
composition (Biedenbach et al., 1989). The DHA is almost the same or a little
higher than that in Artemia while the EPA content is nearly a third. By employing
a culture medium consisting of wheat flour, yeast and fish oil , Rouse ¢t al. (1992)
succeeded in enhancing the nutritional quality in terms of EPA and DHA .
Nematodes could be used as an alternative live food that is inexpensive and
consistently nutritious when cultured under proper medium conditions. In
Common carp, Cyprinus carpio and Silver carp, Hypothalmichthys molitrix, the
experimental use of free-living nematode, Panegrellus redivivus as larval food

has been successful (Dhert and Sorgeloss, 1995).

The natural food of freshwater fish include aquatic oligochaetes and the
use of tubificid Branchiura sowerbyi in aquaculture, including its culture has been
reported (Aston, 1984). Another species Tubifex tubifex has been given as food
for elvers of Anguilla nebulosa (Reddy et al., 1977) and cat fish, Mystus vittatus
(Arunachalam and Reddy, 1981). Trouts were fed with terrestrial oligochaetes
such as Eisenia foetida (Tacon et al., 1983) and Dendrodrilus subrubicundus
(Stafford and Tacon, 1984). In early stages of ornamental fish, Brachydanio
rario, Roach, Rutilus rutilus and carnivorous perch, Perca fluviatilis, the
possibilities of the use of Enchytraeus sp. as food and its chances of mass

production was described (Bouguenec and Giani, 1989)
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2.42 Formulated Feeds
2.4.2.1 Physical requirements of formulated feeds

More than two decades of research have been done on the formulation of
artificial diets to replace biofood in larviculture and have met with only limited
success. The efficacy of artificial diets varied widely among species. Certain
diets provided good growth, feed efficiency and stress resistance. Early
application of inert diets enables easy weaning on dry food. This could drastically
scale down expense in larviculture as the dependence on live food production is
reduced. Generally the main problems encountered are the low ingestion and

poor digestion rates.

The factors to be considered for artificial larval diets have been described
by Kanazawa (1988) and Walford et al. (1991). The normal diet ranges between
5 and 300 micrometer but the particle size and the specific gravity depends on
developmental stage and the species in production. It should be stable in water
for a long time, attractive for the larvae and kept in motion until the first feeding
larvae can capture it. The binding material should be easily broken down to
release the nutrients, which in turn have to be easily digestible in the alimentary
tract of the early stages of fish. Based on these principles, early attempts at
feeding with microparticualte diets were made by Adron et al. (1974). In
several species (e.g. European eels, Atlantic salmon, Pacific salmon, Chinook
salmon and Arctic charr), the particle size optimal for growth relative to fish size
was determined following feeding experiments and described relative to fish
length and mouth size (Fowler and Burrows, 1971; Wankowski and Thorpe,
1979; Knights, 1983; Tabachek, 1988). The larvae must be able to chemically and
optically recognise the feed as food (Appelbaum, 1980). For Clarius gariepinus
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larvae, a feed particle diameter of 2.2% of the mean initial length of the larvae or
fry was found to be optimal (Uys and Hecht, 1985). The feed particles must be
water stable to restrict leaching and should have a lower moisture content to
promote stability during storage (Csavas et al., 1979). If these conditions are not
met, it may pave way to differential acceptability of the food particles by the
larvae and may ultimately result in a nutrient imbalance leading to high mortality

and may also cause water quality deterioration.

The feed must not be exposed to excessive and /or prolonged heat during
the manufacturing process (Meyers, 1979). The complete range of nutrients must
be present in a biologically available form and at optimum level and ratios (Nose,
1979). The cost and time involved in manufacturing must be reasonable. All the
above criteria have to be satisfied in developing a simple yet suitable feed

manufacturing process.

2.4.2.2 Weaning

Weaning in larval rearing is the process by which the larvae must learn to
eat the prepared diets in place of the live food (Bromley, 1981). This successful
transition is dependent on the feed quality and the larvae themselves (Devresse
et al., 1991). The best time to start weaning is soon after larvae switch to
exogenous feeding. Since weaning is economically advantageous, it is important
for aquacultural purposes. Refrigeration or freezing is done to store dry feed.
Commercial dry feed can be used in automatic feeders and this eliminated much
of the labour, cost and time expended in rearing and dispensing of live food
(Bromley, 1981).

Few species have been reared successfully from the one-day-old hatchling
stage exclusively on artificial diets and in most cases success at the experimental
level has yet to be reproduced on a commercial scale. In general, it is easy for the

freshwater larvae to adapt to dry feed since they are fairly large at hatching. This



29

is true particularly for the Salmonids (12 to 25 mm at hatching), which possess a
functional stomach at first feeding and which do not require live prey at this stage.
Among other freshwater species, the most encouraging results have been achieved
with coregonid larvae, which in many experimental studies have been reared
exclusively on dry diets (Champigneuille, 1988). From first feeding, Coregonus
laveratus can be reared on a yeast based dry diet with good growth and survival
(Champigneuille, 1988). Aurtificial feeds are exclusively used to rear Common
carp, Cyprinus carpio (Charlon and Bergot, 1984; Charlon et al., 1986) and Ayu,

Plecoglossus altivelis (Kanazawa et al., 1985).

Artificial diets can successfully be fed to early larvae as a partial
replacement for, or supplement to, live foods. In some cases co- feeding live and
artificial diets can bring in growth and survival in early larvae superior to that
achieved with either live foods or artificial diets alone. This has been found for
Micropterus dolomieri (Ehrlich et .al., 1989); Clarius gariepinus (Jones et al.,
1993) and Carassius auratus (Abi-ayad and Kestemont, 1994). Dabrowski, 1984
experimented on the larvae of Common carp, Cyprinus carpio and Silver carp,
Hypophthalmichthys molitrix. Dry pellets in the size range of 50 - 280
micrometer were given and comparisons were made with live food supplies. He
found that the rearing of common carp on a dry diet was difficult compared to that
of Silver carp. Kanazawa (1988) revealed that carp, Gnathopogon elongatus
caerulescens fed on a commercial microparticulate diet soon after hatching had
good growth and survival. Larval Dover sole, Solea solea were reared from first
feeding to metamorphosis either on Arfemia nauplii or inert diets alone or on inert
diets following pre feeding with Artemia nauplii (Appelbaum, 1985). Kanazawa
(1988) revealed that Pagrus major larvae had better survival (75%) than live
foods (~ 45%) when a micro boﬁnd diet based on sardine powder was fed. Good
growth and survival were observed in the rearing of Striped knife jaw,

Oplegnathus fasciatus, when fed with micro particulate diets from day five
(Kanazawa, 1988).
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The advantages afforded by the live foods were not considerable
compared to certain formulated diets in Flounder, Paralichthys olivaceus larvae
(Kanazawa, 1988). Juario et al. (1991) succeeded in weaning Lates calcarifer on
artificial diets following more than 10 days on bio food. Wolnicki and Gorny
(1995a) indicated that, for satisfactory larval growth of the Ide (Leuciscus idus) at
a high survival rate, a supply of live food in combination with a dry food might be
indispensable, as has been found for Tench (Wolnicki and Kowin - Kossakowski,
1993) and Minnow (Kestemont and Stalmans, 1992). Channa striatus could be
trained to accept formulated feeds using Artemia nauplii supplemented with
formulated feed for 30 days, then gradually eliminating live food over a 7 to 10
days period (Qin et al., 1997). Lazo et al. (2000) demonstrated that Red drum
larvae might be raised on a micro particulate diet from first feeding without use of
zooplankton. The artificial universal starter feed is appropriate to initial feeding
and rearing of European wels, Silurus glanis larvae up to 16 days of age, i.e. to

the mean total length of 22 mm and weight of 0.1 gm. (Prokes et al., 1999).
2.5 Biology of Angel fish Pterophyllum scalare (Lichtenstein)

P. scalare, the scalare or Angel fish comes from Rio Negro and Amazon
basins and attains a length of 5 ". Their unusual shape, graceful movements and
attractive colouring make the Angel fish one of the perennial favourites among
aquarists. The body is compressed and body colour is silvery. The iris of the eye
is red and a black vertical bar passes through the eye to the base of gill plate. The
fins are the unusual feature, the dorsal fin being as high as the body, deeper and
rounded on top. The anal fin is even deeper than the dorsal and the first ray also
forms a long filament, which extends beyond the tail. The ventral fins consist of

only a few rays, which sometimes are longer than the overall size of the fish
(Axelrod and Vorderwinkler, 1979).
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The fish attains maturity within one-year period. The main breeding
season is between June and November although it is observed to breed throughout
the year (Mathew et al., 1999). Degani and Yehuda (1996) have studied in detail
about the changes during the cycle of oogenesis of P. scalare. The duration of
spawning and the quality of eggs (i.e. hatching %) are affected by the age of the
fish and environmental condition. The average cycle extends for 11 days, during
which the oocyte passes through vitellogenesis, maturation and spawning. P.
scalare, a multi spawning fish differs from seasonal spawners and one time
spawners (Luquet and Watanabe, 1986). The fish breeds repeatedly at varying
intervals extending from 9 - 279 days (Mathew et al., 1999). An average of 465
eggs were laid but the number of eggs varied from 100 to 1204 per spawning for
fishes of 39 mm / 3g to 72 mm/18g. The diet, particularly the live food is very
important in the adult female P.scalare since oogenesis occurs all the time. It
therefore affects egg quality and the frequency of spawning more than the number

of eggs per spawning (Degani and Yehuda, 1996).

The eggs hatch out in 2 to 3 days and start free swimming in about 7 days
and start accepting food (Mathew et al., 1999). Degani (1993) suggested that the
natural diet of the first feeding P. scalare larva consists of various species of
invertebrates. They can be fed with live Artemia nauplii, Daphnia sp., chopped
Tubifex and finely ground flake diets under artificial rearing conditions (Volkart,
1994). Boonyaratpalin and Lovell (1977) revealed that Angel fish (0.5 gm) fed
low fish and shrimp meal and with pigment diet registered a lower growth

compared to the fish fed high fish and shrimp meal and no pigment diet.

Degani(1993) suggested that the Angel fish juveniles require a high
protein diet (40-50%). There was no difference in growth rates between various
levels of protein, but the addition of Artemia nauplii to the diets caused a
significant increase in growth of the fish (Degani, 1993). Mathew and Sherief
(1999) while working on the effects of dietary protein source on growth and

survival of Angel fish, found that clam meat based diet gave the highest specific
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growth rate and survival as compared to fish meal and slaughter house waste.
They suggested clam meal as an ideal animal protein source for Angel fish, P.
scalare rearing. Neelkanteswar (1997) suggested that clam meat based artificial
diet can be effectively used as a weaning diet to substitute the live foods like
Artemia nauplii or Moina micrura, which are costly and difficult to procure in the

larval rearing of Angel fish.
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3. MATERIALS AND METHODS

Angel fish  (Pterophyllum scalare Lichtenstein), a much adorned
aquarium fish is marketed all over the world for hobbyists. This species now has
a number of selected forms including some with a marbled pattern and others with
a veil-tail development of the fins. This study was conducted to find out the
optimum protein level required in the artificial feed of Angel fish larvae. Data

pertaining to the maximum growth and survival of the larvae was also recorded.

3.1 Experimental rearing facilities

The experiment was conducted in the wet lab of the Department of
Aquaculture, College of Fisheries, Panangad in glass tanks of 30 x 30 x 30 ¢cm
dimension. Filtered freshwater was stored in fibre reinforced plastic (FRP) tank

and was used for the experiment. Subdued light was provided for the glass tanks
in the wet lab.

3.2 Experimental animals

The study was done using one-day-old free-swimming hatchlings of Angel
fish, P. scalare of the same brood. Ten hatchlings were randomly distributed to
all the experimental tanks after recording their average weight in an electronic
balance. The initial weight of the hatchlings ranged from 1.26 to 1.32 mg and

standard length varied from 4.3 to 4.6 mm.
3.3 Test diets used in the study

Particulars of the test diets used in the experiment are given in Table 1

(percentage level of protein in the treatments).
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3.3.1 Feed ingredients

Seven test diets were prepared at different protein levels- 25%, 30%, 35%,
40%, 45%, 50% and 55% - using defatted clam meat powder, egg yolk, wheat
flour, lipid and vitamin-mineral mixture. Defatted clam meat powder was
obtained employing the following procedure. Clam meat was sun dried and
powdered. The powdered clam meat was subjected to solvent extraction using
petroleum ether (60 - 80°C) in a solvent extraction apparatus till the crude fat was
removed. This fat was also used as a feed ingredient. Vitamins and minerals
were supplemented through Supplevit-M (Sarabhai Chemicals, Mumbai). Good
quality wheat flour and eggs were purchased. Polythene bags were used to store

the powdered ingredients after sieving through 250-micron mesh.

3.3.2 Diet formulation

The test diets were prepared by accurately weighing the respective
ingredients in an electronic balance. Table 2 gives the proportion of the
ingredients used in the preparation of the formulated diet. The ingredients except
the Supplevit-M were mixed well in a clean, dry mortar. The dry mixture was
made into a soft dough consistency by adding distilled water at the rate of 125 ml
per 100 g of feed and mixed well in the mortar. The dough was transferred in to a
glass beaker and steam cooked for 30 minutes in an autoclave at ambient pressure.
The cooked dough was cooled well under an electric fan and again mixed well in
a dry mortar along with Supplevit-M. The well-homogenized mixture was spread
on clean dry trays as thin layers and sun dried for a period of 8 hours. The dried

feeds were powdered and stored in airtight containers.



Table 1. Test diets used in the experiment

Percentage level of protein Treatment
25 T
30 T
35 Ts
40 Ty
45 Ts
50 T
55 T,

Table 2. Composition of Artificial diets

Percentage by weight

Ingredients

T T, T, Ty Ts Te T,
Defatted Clam meat | 19.1 | 27.6 { 354 | 452 | 539 | 62.7 | 713
powder
Wheat Flour 68.1 | 596 | 50.8 | 42.0 | 33.3 | 24.5 15.9
Egg Yolk 10.8 { 108 | 10.8 { 108 | 10.8 | 10.8 | 10.8
Vitamin mineral 1 1 1 1 1 1 1
mixture
Fat 1 1 1 1 1 1 1

35
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3.4 Proximate composition of feed ingredients and test diets

Proximate composition of feed ingredients and test diets was analyzed to
obtain the nutrient status. The results are based on the mean of three samples and

are expressed on a dry matter basis.

The sample was dried at 105°C till a constant weight was arrived at to get
the moisture content. Microkjeldahl's method (AOAC, 1984) was used to
evaluate the crude protein content. Solvent extraction using petroleum ether (60 -
80°C ) in a solvent extraction apparatus for 6 hours was carried out to estimate
the crude fat. The ash content was determined by burning the sample at 550°C +
10°C for 6 hours in a muffle furnace. The method described by Pearson (1976)
was used to estimate the crude fibre. The carbohydrate content was estimated by
Difference method (Hasting, 1976).

3.5 Experimental design and procedure

Square shaped glass tanks were used for conducting the experiment. Each
treatment was replicated three times following completely randomized design.
For the seven treatments a total of 21 tanks were used. Feed was given ad libitum
with test diets twice daily. Every day before giving the feed, the leftover feed and
excreta were siphoned out. The water level in the tanks was maintained by
adding fresh water. Water quality parameters like temperature, pH, dissolved
oxygen, hardness and ammonia were monitored weekly. Standard length and
weight were recorded at weekly intervals during the 21 days time period. By the
end of the feeding study the larvae were starved for one day, the number in each

tank was counted and weighed collectively to determine the average final weight .
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3.6  Water quality measurement

Physico-chemical parameters of the water in the rearing tanks were

measured by the following methods.

. Temperature - With bulb thermometer having an accuracy of 0.1°C

. pH - Universal indicator method

1
2
3. Dissolved oxygen - Winkler's method (Strickland and Parsons, 1972)
4. Total hardness - EDTA - Eriochrome black-T indicator method

5

. Ammonia Nitrogen - Phenol-hypochlorite spectrophotometric method

(Strickland and Parsons, 1972)

3.7 Evaluation criteria

The parameters evaluated are average net weight gain, average gain in

length, average percentage growth, specific growth rate and percentage survival.

3.7.1 Average net weight gain

It gives the increase in weight of the larvae during the experimental period

when fed on various diets using the formula :

Average net weight gain = Average final weight - Average initial weight

3.7.2 Average gain in length

This gives the increase in standard length of larvae during the
experimental period when fed on various diets. It was calculated using the

formula:

Average gain in length = Average final length - Average initial length.



38

3.7.3 Average percentage growth

Percentage growth of larvae in weight and length was calculated using the
following formula:

(Average final average initial

measurement - measurement)
Average % growth = X 100

Average initial measurement

3.7.4 Specific growth rate

In the present study, growth performance was also measured in terms of
specific growth rate (SGR) since it is a more refined and an improved growth

index than absolute growth or percentage growth as pointed out by Hepher
(1988).

In W, _In W1
SGR =
T,. T,
where W; = weight at time T, W, = weight at time T,

3.7.5 Survival rate

It is expressed in percentage.

Initial number - number of dead animals

Survival % = X 100

Initial number
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3.8 Statistical analysis

ANOVA (Snedecor and Cochran, 1968) was performed for the data
collected. Percentage values (x) were transformed into arc sine values
(sin"\/x / 100) for analysis. Pair wise comparisons of the data were done using
Newman-kuels test. Least square method of estimation of regression coefficients

is used to establish the relationship between SGR and protein level.



RESULTS
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4. RESULTS

The effect of different artificial diets on growth and survival of Angel fish,
Pterophyllum scalare was evaluated. The details of the observations made during
the study are presented below. The test diets with protein levels 24.91%, 29.83%,
34.72%, 39.86%, 44.79%, 49.85% and 54.63% are denoted as Ty, T, T3, T4, Ts,

Ts and T+ respectively.
4.1 Proximate composition of the feed ingredients and test diets.

The proximate composition of the feed ingredients (defatted clam meat
powder, wheat flour, egg yolk) and the test diets used in the study, Ty, Ta, T3, T4,
Ts, T¢ and T+ are shown in Table 3 and Table 4 respectively.

4.2 Efficiency of various test diets

4.2.1 Growth

The data corresponding to the weight gain in the larvae fed on different
diets are given in Table 5. The average live weight gain of larvae fed on diets of
different protein levels showed maximum growth in treatment Ts with 44.79%
protein level and the minimum in treatment T; with 24.91% protein level. The
graphical representation of the live weight gain is given in Fig.1. Analysis of
variance showed that the growth of the larvae were significantly different between
the treatments (Table 6). The data obtained on the percentage weight gain (Table
5) revealed that the maximum value was in the treatment Ts and the minimum
was in the treatment T;. The percentage weight gain of larvae fed on different

diets is presented graphically in Fig.2. The analysis of variance (Table 7) showed

that the treatments differed significantly.

The data on the growth in standard length of larvae fed on different diets

are given in Table 8.



Table3: Proximate composition of feed ingredients on dry weight basis.

Ingredients Crude Fat Ash Fibre NFE
Protein

Defatted clam meat | 70.1 - 9.40 0.37 20.13

powder

Wheat flour 13.2 1.31 1.01 0.58 83.9

Ege yolk T26.1 6846 320 |- 224

Table 4: Proximate composition of different test diets on dry weight basis.

Test diets Crude Fat Ash Fibre NFE
Protein

T 2491 9.21 2.79 0.45 62.64
Ta. 29.83 9.13 - 3.51 0.43 57.10
Ts 34.72 8.99 424 042 51.63
Ty 39.86 8.90 '4.83 0.40 46.01
Ts 44.79 8.81 5.52 0.38 40.50
T 49.85 8.70 6.24 0.36 34.85
T, 54.63 8.54 6.91 0.34 29.58




Table 5: Growth of P. scalare larvae in weight fed on different diets.

Treatment Replication Average Average | Gainin Averace live Percentage Average
initial weight | final weight | weight weisht ga in (mg) weight Percentagg ain
(mg) _(mg) °TE gain &

T, 1 1.32 93.69 | 92.37 ' 6997.73
2 1.29 9431 93.02 92.18+0.78 7210.85 | 7147.30 £ 106.16
3 1.26 9240 | 91.14 7233.33

T, 1 1.31 97.82| 96.51 7367.18
2 1.28 98.05 | 96.77 98.09+2.05 7560.16 | 7565.27 + 163.86
3 130 102.29 | 100.99 ‘ 7768.46

Ts 1 1.30 102.62 | 101.32 7809.23
2 1.27 101.05| 99.78 101.47 + 1.44 7856.69 | 7850.47 £31.55
3 1.31 104.61 | 103.3 7885.50

Ta 1 1.32 105.22 | 103.9 7871.21
2 1.26 [01.35 | 100.09 103.10 £ 2.20 79.43.65 | 7971.62 £95.47
3 1.30 106.60 | 105.3 . 8100.00

Ts 1 1.27 109.75 | 108.48 8541.73
2 1.28 109.30 | 108.02 108.72 + 0.69 8439.06 [ 8471.80 +49.48
3 1.30 110.95 | 109.65 8434.62

Ts 1 1.30 108.85 | 107.55 8273.08
2 1.29 109.68 | 108.39 8402.33
3 1.29 110.01 | 10872 | 108222049 8427.91| S36777 6171

T, 1 1.29 107.93 | 106.66 8268.22
2 1.28 10932 | 108.05 107.83 £0.74 8441.41 | 8359.36 +71.00
3 1.30 110.07 | 108.79 8368.46
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Table 6: Analysis of variance of the data on gain in weight in

milligrams of P. scalare larvae fed on different diets.

Source d.f. S.S. M.S.S. | F-ratio
Diets 6 69270 | 115.45 |[42.33**
Error 14 38.18 2.73

Total 20 730.88

Comparison of treatment means

Standard error: 1.350

Treatments T, T, Ts | T4 T, Te Ts
Means 92.18 98.09 10147 103.10 07.83 108.22 108.72

Table 7: Analysis of variance of the data on percentage gain in weight

in milligrams of P. scalare larvae fed on different diets.

Source d.f SS MS F-ratio
Diets 6 4248323.00 | 708053.9 54.79%*
Error 14 180918.70 12922.77

Total 20 4429241.70 |-~

Comparison of treatment means
Standard error: 92.818

Treatments T, T, T3 Ty T4 Te Ts
Means 7147.30 7565.27 7850.47 7971.62 8359.36 8367.77 8471.80

Underscored means are not significantly different

** Significant at 5% level
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Maximum average gain in length was observed in the treatment Ts having
44.79% protein level and the minimum was from the treatment T, with 24.91%
protein level. The growth in standard length of larvae fed on diets of different
protein levels is represented graphically in Fig.3. Analysis of variance (Table 9)
showed that the treatments differed significantly. The data pertaining to the
percentage length gain (Table 8) showed that the maximum percentage length
gain was observed for the diet with 44.79% protein level (Ts) and minimum for
the diet with 24.91% protein level (T;). The graphical representation of the
percentage length gain is given in Fig.4. Analysis of variance (Table10) showed

that there was significant difference between the treatments.

4.2.2 Specific growth rate.

The data on SGR are presented in Table 11. The maximum SGR was
recorded for the diet with 44.79% protein level (Ts) and minimum for the diet
with 24.91% protein level (T;). The SGR of the larvae fed on different diets are
graphically represented in Fig.5. Analysis of variance of the data showed that
there was significant difference between the treatments (Tablel2). In the present
study, a parabolic relationship was observed between protein level and SGR. The
maximum SGR (21.163) was attained at 53.099% protein level. The relationship
was established as SGR = - 0.00096P%0.10192P + 18.45894 where P represents

protein level. This relationship is graphically represented in Fig.6.

4.2.3 Survival

The percentage survival values of Angelfish larvae in various treatments
are given in Tablel13. The highest average survival (70%) was recorded from the
treatments Ts and Te¢ while the lowest average survival was 56.67% in the
treatment T;, Graphical representation of percentage survival values for the seven
diets is given in Fig.7. Analysis of variance of the data showed that there is no

significant difference between the treatments (Table 14).



Table 8: Standard length gain of P. scalare larvae fed on different diets.

Treatment | Replication | Average Average Gain Average Percentage Average
initial final length in gain in length gain percentage
length (mm) length length length gain
(mm) (mm)

T, 1 4.5 11.9 7.4 164.44
2 4.4 11.7 73| 7.33+0.05 165.91 | 166.71+2.25
3 4.3 11.6 7.3 169.77

T, 1 4.4 12.1 7.7 7.67+0.05 175.0
2 4.3 12.0 7.7 179.07 | 175.6+2.62
3 4.4 12.0 7.6 172.73

T3 1 4.3 12.2 7.9 . 183.72
2 4.5 124 79 7.87+0.05 175.56 | 177.54+4.47
3 4.5 12.4 7.9 173.33

T4 1 4.6 12.8 8.2 178.26
2 4.5 12.4 79| 8.1#0.14 175.56 | 178.68+2.274
3 4.5 12.7 8.2 182.22

Ts 1 44 12.9 8.5 193.18
2 4.4 13.3 8.9 8.7+0.16 202.27 | 196.26+4.25
3 4.5 13.2 8.7 193.33

Ts 1 4.5 13.1 8.6 191.11
2 4.4 13.1 8.7| 8.63+0.05 197.73 | 191.93+4.44
3 4.6 13.2 8.6 186.96

T, 1 4.4 13.1 8.7 197.73
2 4.5 13.2 8.7] 8.6+0.14 193.33 | 191.22+6.35
3 4.6 13.0 8.4 182.61




43

Table 9: Analysis of variance of the data on gain in standard length of

P. scalare larvae fed on different diets.

Source d.f. S.S. M.S.S. F-ratio
Diets 6 5.16 0.86 53.08**
Error 14 0.23 0.02
Total 20 5.39

Comparison of treatment means

Standard error : 0.1038

Treatments T, T, T, Ts Ts

Means 7.33

1.67 7.87 8.10 860 863 870

Table 10 : Analysis of variance of the data on percentage gain in length of

P. scalare larvae fed on different diets

Source d.f. S.S. M.S.S. F-ratio
Diets 6 2071.98 345.33 13.73%*
Error 14 352.24 25.16
Total 20 2424.22
Comparison of treatment means
Standard error : 92.818
Treatments T T, T, T Ts Ts
Means 166.71 175.6 177.54 178.68 191.22 191.93 196.26

Underscored means are not significantly different

** Significant at 5% level
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Table 11: Specific growth rate of P. scalare larvae fed on different diets.
Average Average Specific Mean
Treatment Replication initial final weight | growth rate *
weight (ing) (mg) % SD

T, 1 1.32 93.69 20.29
2 1.29 94.31 20.48 | 20.41 £0.009
3 1.26 92.40 20.47

T, 1 1.31 97.82 20.52
2 1.28 98.05 20.67 20.67 +0.12
3 1.30 102.29 20.81

Ts 1 1.30 102.62 20.81
2 1.27 101.05 20.86 | 20.84 +0.02
3 1.31 104.61 20.85

Ts 1 1.32 105.22 20.86
2 1.26 101.35 20.90| 20.92+0.04
3 1.30 110.95 21.19

Ts 1 1.27 109.75 21.23
2 1.29 109.68 21.19 21.19 £ 0.04
3 1.29 110.01 21.18

Ts 1 1.30 108.85 21.10
2 1.29 109.68 21.19 21.16 = 0.04
3 1.29 110.01 21.18

T, 1 1.29 107.93 21.09
2 1.28 109.32 21.19 21.14 £ 0.04
3 1.30 110.07 21.14

51
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Table 12: Analysis of variance of the data on specific growth rate of

P. scalare larvae fed on different diets.

Source d.f. SS M.S.S. F-ratio
Diets 6 1.50 0.25. 38.67%*
Error 14 0.09 0.01
Total 20 1.59
Comparison of treatment means
Standard error : 0.066
Treatments T, T, T T; T Ts Ts
Means 20.41  20.67 20.84 20.92 21.14 21.16 21.19

Underscored means are not significantly different

** Significant at 5% level
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Fig. 6. Relationship between protein level and specific

Specific growth rate
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Table 13. Percentage survival of P.scalare larvae fed on different diets.

Treatment

Replication

Percentage

survival

(%)

Mean.
+

SD

Ty

50
60
60

56.67 +4.71

W N = W N

70
60
70

66.67 £4.71

Ty

p—

60
70
60

63.3 =471

T4

70
60
70

66.67 £4.71

Ts

W N = W N =] W N

70
80
60

70+8.16

Ts

W »p

70
70
70

70+0

T4

—

60
80
60

66.7 £9.43

55



larvae fed on different dieté.

(Data subjected to ArcSine transformation)

Source d.f. S.S. M.S.S. F-ratio
Diets 6 139.49 23.25 1.1540™
Error 14 282.03 20.14

Total 20 421.52

N.S.: Not significant

56

Table 14 : Analysis of variance of the data on percentage survival of P. scalare
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43 Water quality parameters

The range of temperature, pH, dissolved oxygen, hardness and ammonia

nitrogen in the experimental tanks during the present study are given in Table 15.

4.3.1.Temperature

The maximum and minimum temperatures recorded during the study
period were 28.1°C and 26.0°C.

43.2. pH
The pH values during the experimental period varied between 6.0 and 7.0.
4.3.3. Dissolved oxygen

A minimum of 4.4 ppm and a maximum of 5.4 ppm were obtained during

the present study.

4.3.4. Hardness

During the experimental period the values of hardness ranged from 115 10

126 ppm.
4.3.5.Ammonia nitrogen

The ammonia nitrogen values fluctuated between 0.06 and 0.09 ppm.



Table 15. Water quality parameters during experimental period

Parameter % 1 2 3
Temperature(°C) | Mean 26.1 27.35 27.95
Range 26.0-26.2 27.2-27.5 27.8-28.1
+S.D 0.1 0.15 0.15
pH Mean 6.25 6.75 7.0
Range 6.0-6.5 6.5-7.0 7.0
+5.D 0.25 0.25
Dissolved Mean 52 4.8 4.6
oxygen Range 5.0-54 4.6-5.0 4.4-47
(ppm) +S.D 0.2 0.2 0.15
Hardness Mean 123.0 119.0 117.5
(ppm) Range 120-126 116-122 115-120
+S.D 3 3 2.5
NH3-N Mean 0.0625 0.075 0.0875
(ppm) Range 0.06-0.065 ] 0.07-0.08 0.085-0.09
+S.D 0.0025 0.005 0.0025

59
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S. DISCUSSION

5.1 Protein sources and different protein levels used in rearing Angel fish,

P. scalare.

Very few works have been carried out in the ornamental fish P. scalare.
Degani and Yehuda (1996) formulated two artificial diets for Angel fish with 57%
and 78% crude protein contents using two ingredient combinations. (1) Fish meal,
wheat meal, soyabean meal, yolk meal, milk meal, guar and vitamins; (2) Turkey
heart, poultry liver, vegetarian mixture and vitamins, respectively. Boonyaratpalin
and Lovell (1977) prepared diet for Angel fish with 40% protein using shrimp
meal, fish meal, soyabean meal, rice polish, wheat bran, fish oil and vitamin-
mineral mixture. Degani (1993) conducted studies in Angel fish juveniles using 3
diets having 37%, 41% and 47% protein levels and concluded that the protein
requirement was between 40% and 50%. The ingredients used in these test diets
were fish meal, wheat meal, milk powder and vitamins. Mathew and Sherief
(1999) prepared a diet with 30% protein using clam meal, rice bran, groundnut oil
cake, tapioca flour and vitamin - mineral mixture for rearing Angel fish juveniles.
Neelkanteswar (1997) while working on Angel fish larvae suggested that clam
meat based diet with 29.7% protein was comparable to live feeds in growth and
survival. The ingredients used in his artificial diet were clam meat, wheat flour,

egg yolk, yeast oats and vitamin-mineral mixture.

Chong et al. (2000) used five isoenergetic semipurified diets using caesin,
gelatin and danish fish meal as chief protein sources and concluded that discus
(Symphysodon spp.) juveniles had a protein requirement of 44.9-50.1%.
Lochmann and Phillips (1994) indicated that gold fish (C. auratus) juveniles had
a protein requirement of 29% when semipurified diets containing fishmeal and
caesin were used as major ingredients. Abi-ayad and Kestemont(1994) used

commercial diet with 51% protein level for feeding gold fish larvae. Protein
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requirement for tin foil barb juveniles was suggested to be 41.7% by Elangovan
and Shim (1997). The diet ingredients used for rearing larval live bearers are
wheat bran, oats, ground dried shrimp, fish meal, skimmed milk and protein
content of the feed ranged from 15 to 34%, as suggested by Fernando et al.
(1991).

Proximate composition of the test diets used in the present study revealed
that the treatments Ty, T,, T3, Ts, Ts, T¢ and T, contained 24.91%, 29.83%,
34.72%, 39.86%, 44.79%, 49.85% and 54.63% protein, respectively (Table 4).
The diets were prepared using defatted clam meat powder, wheat flour, egg yolk,
vitamin- mineral mixture and fat (Table 2). This study reveals that Angel fish

larvae require diets with high protein levels (44.79%, 49.85% and 54.63%).
5.2 Water quality parameters

5.2.1 Temperature

Degani (1993) maintained a temperature of 27°C while breeding and
rearing of larvae and juveniles of Angelfish (P. scalare). Neelkanteswar (1997)
observed a mean weekly temperature range of 25.5 to 30°C when rearing Angel
fish larvae. Although goldfish is considered as a thermophilic species, survival
was lower at 28°C than at 20°C and 24°C but the larvae reared at 28°C at
maximum daily food ration was four times larger than those reared at 20°C, as
indicated by Kestemont (1995). Degani (1993) revealed that the growth of larvae
and juveniles of Trichogaster trichopterus maintained at 25°C and 27°C was
similar and faster than growth of those maintained at 23°C. He concluded that
temperature is a very important parameter for the growth of larvae and juveniles
of this species. The mean weekly range of temperature recorded during the
present study was 26°C to 28.1°C. The temperature changes were gradual and
only in a narrow range throughout the experimental period. The prevalence of
high temperatures in the tropical waters rules out the possibility of optimum

temperatures for growth and survival of ornamental fishes.
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5.2.2 pH

Slightly alkaline water was found to be suitable for hatching and rearing of
Angelfish larvae, as observed by Axelrod and Vorderwinkler (1979).
Neelkanteswar (1997) while rearing Angel fish larvae observed that the pH values
ranged from 6 to 7. Degani (1990) observed no significant effect of pH on
growth, survival and dietary utilization of blue gourami (7. trichopterus) larvae.
The mean weekly range of pH values range from 6 to 7 during the present study.
There was no remarkable effect of pH on growth and survival, as reported by
Degani (1990). |

5.2.3 Dissolved oxygen

In the rearing of blue gourami, T. trichopterus, Degani (1990) indicated
that there was no significant effect of dissolved oxygen on utilization of different
diets. Kestermont (1995) reported that by mainfaining dissolved oxygen at about
saturation, the conditions seemed to be ideal for the rearing of goldfish (C.
auratus). Neelkanteswar (1997) found that the dissolved oxygen in the water
ranged from 3.5 to 5.3 ppm when Angel fish larvae were reared. The weekly
range of dissolved oxygen in the experimental tanks varied from 4.6 to 5.2 ppm.
during tﬁe present study. Cleaning the tank bottom along with water change

could overcome the problem of low dissolved oxygen content in the water.

5.2.4 Hardness

Low hardness (Jess than 20ppm) waters result in poor survival of fry
(Mitchell and Collins, 1997). The mean weekly range of hardness recorded by
Neelkanteswar (1997) while rearing Angel fish larvae was from 115 to 150 ppm.

During the present experiment, mean weekly range of hardness varied from 115
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to 126 ppm. In the larval rearing water of Trichogaster trichopterus, a hardness

of 189-195 ppm was reported by Degani (1990).

5.2.5 Ammonia nitrogen

Low ammonia concentrations were recorded by Degani (1993) while
rearing blue gourami T. trichopterus larvae. He reported that high concentration
of nitrate and nitrite led to a lower rate of growth and they are the most sensitive
parameters whose control will ensure good growth rate of the larvae. There is a
possibility of larvae eating unused artificial food from the bottom and they may
encounter a high concentration of nitrite, which leads to low survival and growth
rates. In the present experiment, the ammonia concentrations varied from 0.06 to
0.09 ppm. The low ammonia levels observed during this study could be due to

the removal of waste before each feeding.

5.3 Growth

In the present experiment, P.scalare larvae recorded the highest growth in
terms of gain in length (8.7mm) and gain in weight (108.72 mg) when fed with
artificial diet having 44.79% protein (Ts) followed by diet with 49.85% (Ts) and
54.63% (T;) and these treatments differed significantly from treatments with
lower protein level (P < 0.05). Studies to find out optimum protein levels for
rearing ornamental fishes are scarce. Chong et al. (2000) while working on discus
(Symphysodon spp.) with mean initial weight of 4.4 - 4.6 g used isoenergetic
diets with 5 protein levels (35%, 40%, 45%, 50% and 55%), the growth rate
increased significantly with protein level up to 50% and then decreased.
Neelkanteswar (1997) found that growth obtained by giving artificial feed alone

was 91-93% of that obtained with live foods, while working on P. scalare larvae.
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Use of artificial diet alone in larval rearing was successful in barbel
(Barbus barbus) (Wolnicki and Gorny, 1995b); coregonid larvae (Coregonus
nasus)(Knyazeva et al., 1984); Coregonus schnizi (Dabrowski and Kaushik,
1985); Coregonus laveratus (Rosch and Appelbaum , 1985; Champignueille,
1988); sturgeon (Acipensor baeri) larvae (Dabrowski et al., 1985); Catla catla
(Swain et al., 1999); catfish (Clarius gariepinus) (Uys and Hecht,1985) ;
Microptefus dolomieni (Jones et al., 1993); razor back sucker larvae (Xyrauchen
texanus) (Tyus and Severson,1990) and Stizostedion vitreum larvae (Guthrie and
Rust,2000).

5.4 Specific growth rate

The treatment Ts with 44.79% protein level showed maximum SGR.
Diets with higher protein level Ts, T and T; (44.79%, 49.85% and 54.63%)
showed significant difference in SGR compared to treatments with lower protein
levels. Studies done on discus (Symphysodon spp.) juveniles showed a linear
relationship between protein level and growth up to 45% protein, beyond which
SGR did not differ significantly (Chong et al, 2000). In the present study, a
parabolic relationship was noticed between protein level and SGR. The maximum

SGR (21.163) was attained at 53.099% protein level.

5.5 Survival

The highest survival rates (70%) were obtained for treatments Ts and Ts
with 44.79% and 49.85% protein, respectively. These results can be considered
excellent because generally survival rates are very low (0 to 40%) when artificial
feeds are used for larval rearing (Jones et al., 1993). Only known exceptions are
73% survival for Barbus barbus larvae fed dry diet alone (Wolnicki and Gorny,
1995b); 68 — 87% survival for Catla catla fed artificial dry diet (Swain et al.,
1999); 90% survival for Cyprinus carpio (Charlon and Bergot, 1984;
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Charlon et al., 1986 and Slaminska and Przybyl, 1986) and 85-90% survival using
micro encapsulated diets in Coregonus laveratus (Champigneuille, 1988).
Studies done by Neelkanteswar (1997) on Angelfish larvae recorded 65 — 75%

survival when artificial diets were used.
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6. SUMMARY

The present study was conducted to evaluate the effect of different protein
levels on the growth and survival of Angel fish, Pterophyllum scalare

(Lichtenstein). The methodology, important results and conclusion of the study

are as follows:

1) One day old free-swimming hatchlings of P. scalare were used as
experimental animals.

2) The different test diets prepared using defatted clam meat powder as the
chief protein source were having 24.91%, 29.83%, 34.72%, 39.86%, 44.79%,
49.85% and 54.63% protein level and they were dcsignate'g as Ty, T2, T3, Ty, Ts,

Ts and T+, rcspectiv.cly.

3) The duration of the experiment was 21 days. The different parameters
evaluated in order to find out the efficiency of the diets were growth (average gain

in weight and length, percentage gain in weight and length), specific growth rate

and survival.

4) The diets with higher protein levels (44.79%, 49.85% and 54.63%)

significantly differed from the diets with lower protein levels.

5) Specific growth rate was highest for the treatment with 44.79% protein
and was at par with treatments having 49.85% and 54.63% protein level and these
were significantly higher than rest of the treatments. From the relationship
established between protein level and SGR, the optimum level of protein attaining
maximum SGR (21.163) was found to be 53.099%.

6) The results showed that artificial diet with 44.79% protein level can be

efficiently and economically used as a weaning diet for rearing Angel fish larvae.



REFERENCES



67

7. REFERENCES

Abi-ayad, A. and Kestemont, P. 1994. Comparison of the nutritional status of gold fish
(Carassius auratus) larvae fed with live, mixed or dry diet. Aguaculture, 128:
163-176.

Adron, J.W., Blair, A. and Cowey, C.B. 1974. Rearing of plaice Pleuronectes platessa
larvae to metamorphosis using an artificial diet. Fish. Bull, 72: 352-357.

Agrawal, N.K. and Mahajan, C.L.1980.Nutritional deficiency disease in an Indian major
carp, Cirrhinus mrigala (Hamilton), due to avitaminosis C during early growth.
J. Fish. Dis. 3: 231-248.

Ako, H., Kraul, S. and Tamaru, C. 1991. Pattern of fattyacid loss in several warm water
fish species during early development. In: Lavens,P.,Sorgeloss,P.,Jaspers, E. and
Oilevier,F. (Editors), Larvi'91— Fish and Crustacean Larviculture Symposium.
European Aquaculture Society, Spec. Publ. No. 15, Ghent, Belgium, p. 23-25.

*Amend, D.F. and Fender, D.C. 1976. Uptake of bovine serum albumin by rainbow trout
from hyper osmotic solutions: A model for vaccinating fish. Science, 192: 793-
794.

AQAC, 1984. Official methods of analysis of the Association of official analytical
chemists. Washington D.C. 14™ edition, p. 1141.

*Appelbaum, S.1980. Versuche Zur Geschmacksperzeption einiger Susswasserfishche im

larvalen und adulten stadium, Arch. Fishereiwiss, 31(2): 105-114.

*Appelbaum, S. 1985.Rearing of the Dover sole, Solea solea through its larval stages
using artificial diets. Aquaculture, 49: 209- 221.

Arunachalam, S. and Reddy, S.R. 1981. Interactions of feeding rates on growth, food
conversion and body composition of the freshwater catfish, Mystus virtatus
(Bloch). Hydrobiologia, 78: 25-32.



68

Aston, R.J. 1984. The culture of Branchiura sowerbyi (Tubificidae, Oligochaeta) using
cellulose substrate. Aquacuiture, 40: 89-94.

Axelord, H.R. and Vorderwinkler, B. 1979. Encyclopedia of tropical fishes. T.F.H.
Publications, Inc., Ltd. USA. p. 631.

Bagarinao,T. 1986. Yolk absorption, onset of feeding and survival potential of larvae of

three tropical marine fish species reared in the hatchery. Mar. Biol., 91: 449-459,

Balon, E.K. 1977. Early ontogeny of Labeotrophus (Ahl, 1927), with a discussion on
advanced protective styles in fish reproduction and development. Environ. Biol.
Fishes, 2. 147-176.

Baolong,B., Zhenyu,Z. and Xiaoling,G.1999. The effects of exogenous thyroxine and
cortisone on the growth, development and metamorphosis of Paralichthys

olivaceus during early developmeni stage. J. Shangai Fish. Univ., 8: 242-246.

Beck, A.D. and Bengston, D.A. 1982. International study on Arfemia XXI. Nutrition in
aquatic toxicology - diet quality of geographical strains of Artemia. In: Pearson,
J.G., Foster, R.B., and Bishop, W.E. (Editors), Aquatic toxicology and hazard
assessment. Sth conference, ASTM STP 766. American society of testing and
materials, Philadelphia, USA, p. 161-169.

Bell, M.V., Henderson, J.R. and Sargent, J.R. 1984. Changes in the fattyacid
composition of phospholipids from turbot (Scophthalmus maximus) in relation to

dietary PUFA deficiencies. Comp. Biochem. Physiol., 81B: 193-198.

Bengston,D.A., Simlick,T.L., Binette,E.-W. and Specker, J.L. 2000. Survival of larval

summer flounder Paralichthys dentatus on formulated diets and failure of thyroid

~——— -

hormone treatment to improve performance. 1 Agquacidt. Nutr., 6(3): 193-198.
T i' - * -

il




69

Biedenbach, J.M., Smith, L.L., Thomson, T.K. and Lawrence, AL. 1989. Use of the
nematode Pangrellus redivivus as an Artemia supplement in the larval penaeid
diet. Jour. World Aquacult. Soc., 20; 10-11.

Bisbal,G.A. and Bengston,D.A.1991. Effect of dietary w-3 HUFA on survival and growth
of summer flounder, Paralichthys dentatus larvae. In: Lavens,P., Sorgeloss,P.,
Jaspers,E., Ollevier,F.(Editors), Larvi9l-Fish and crustacean larviculture
symposium,European Aquaculture Society. Spec.Publ.No.15., Gent, Belgium,
p.56-57.

Blom,J.H., Dabrowski,K. and Ebeling,J. 2000. Vitamin C requirements of the angel fish
Pterophyllum scalare . Jour.World Aquacult. Soc.31: 115-118.

Boonyaratpalin,M. and Lovell,R.T. 1977. Diet preparation for aquarium fishes.
Aquaculture, 12:53-62.

Bouguenec,V. and Giani,N. 1989. Biological studies upon Enchytraeus variatus in
breeding cultures. Hydrobiologia, 180: 151-165.

Bromley,P.J. 1981. Dry versus wet feeds. Fish farming international, 8(2): 33-35.

Brown,C.L. and Bern,H.A.1989.Hormones in early development, with special reference
1o teleost fishes In: Scanes,C.S. and Scheribman,M.P. (Editors). Hormones in
development, maturation and senescence of neuroendocrine systems., Academic
press, New York, USA.p. 289-306.

Brown,M.R., Skabo,S. and Wilkinson,B.1998. The ennchment and retention of aSCOI'blC
acid in rotifers fed nucroalgal dlets Aquacult. Nutr., 4(3) 151-156.

Busch,A. 1996. Transition from endogenous to exogenous nutrition: Larval size
parameters determining the start of external feeding and size of prey ingested by
Ruegen spring herring, Clupea harengus. Mar.Biol., 130: 39-46.

Ok



70

Cetta, C.M. and Capuzzo, .M. 1982. Physiology and biochemcial aspects of embryonic
and larval development of the winter flounder Psuedopleuronecies americanus.
Mar. Bio., 71: 327-337.

Champigneuille, A. 1988. A first experiment in mass rearing coregonid larvae in tanks
with a dry food. Aquculture, 74: 249-261.

Charlon, N. and Bergot, P. 1984. Rearing system for feeding fish larvae on dry diets.
Trial with carp (Cyprinus carpio L.). Aquaculture, 41: 1-9.

*Charlon, N., Durante, H., Escaffre, A.M. and Bergot,P, 1986.Alimentation artificielle
des larves de carpe (Cyprinus carpio L.).Aquaculture, 54: 83-88.

Chong, A.S., Hasim,R. and Ali,A.B. 2000.Dietary protein requirements for discus

(Symphysodon spp.). Aquacult. Nutr., 6: 275-278. B
*Coutteau,P., Lavens,P. and Sorgeloss,P.1990.The use of yeast as single cell protein in

aquacultural diets, Medical faculty landbouww Rijksuniversity, Gent,Belgium,
54(4b): 1583-1592.

Cowey,C.B. and Sargent,J.R.1979. Nutrition. In: Hoar,W.S., Randall,D.J. and Brett,J.R
.(Editors), Fish Physiology, Vol. VIII, Academic press, New York, p. 1-69.

Cowey,C.B., Bell,J.G., Knox,D., Fraser,A.and Youngson,A. 1985. Lipid and antioxidant
systems in developing eggs of salmon (Salmo salar). Lipids, 20: 567-572.

Csavas,I., Majoros,F. and Varadi,L.1979.Technology of pellet feed manufacturing for

~ warm water fishes in the experimental fish feed mill of the fish culture research

institute., Szarvas, Hungary. In: Halver,J.E. and Tiews,K. (Editors), Finfish
nutrition and fish feed technology, Vol II., Heenemann, Berlin,p. 75-86.

Dabrowski, K. 1979.Cultivation of fish fry and its live food .In:Styczynska-Jureroidz, T.,
Backiel,E and Persoone,G.(Editors), Europ.Maricult.Soc. Spec.Publ.4: 107-126.



71

Dabrowski, K. 1984. The feeding of fish larvae: Present " state of the art" and
perspectives. Reprod. Nutr. Dev., 24 807-833.

Dabrowski, K. 1990. Ascorbic acid status in the early life of white fish, Coregonus
laveratus L., Aquaculture, 84: 61-70.

Dabrowski,K.1991a.Dietary requirements for freshwater larvae.In: search of a common
thread. In: Lavens,P., Sorgeloss,P., Jaspers, E. and Ollevier,F.(Editors), Larvi'9.-

Fish and crustacean larviculture symposium. European aquculture society,
Spec.Publ.No.15. Gent, Belgium, p. 9-10.

Dabrowski,K.1991b. Some aspects of ascorbate metabolism in developing embryo of the
brine shrimp. Can. Jour. Fish. Aquat. Sci., 48: 1-3.

Dabrowski ,K. 1992. Ascorbate concentration in fish ontogeny. Jour. Fz’.-sk. Biol., 40: 273-
279.

Dabrowski,K. and Culver,P.1991. The physiology of larval fish: Digestive tract and
formu}ation of starter diets. Aquaculture magazine, 17(2): 49-58.

Dabrowski,K., Hinterleitner,S., Strumbauer,C., EI-Fiky,N. and Wieser,W. 1988. Do carp
larvae require vitamin C? Aquaculture, 72: 295-306.

Dabrowski,K.,Kaushik,S.J. and Fauconneau,B. 1985a.Rearing of sturgeon (Acipenser
baeri) larvae.l. Feeding trial. Aquaculture,47: 185-192. °

Dabrowski,K., Luczynski,M. and Rusiecki,M. 1985b. Free aminoacids in the late

~ embryogenesis and pre hatching stage in two coregonid fishes. Biochem.
Syst.Ecol., 13: 349-356.

*Dales,S. and Hoar,W.S. 1954. Effects of thyroxine and thiourea on the early

development of chum salmon, Oncorhynchus keta. Can .Jour.Zool., 32: 244-251.



72

Degani,G. 1990. Effect of different diets and water quality on the growth of the larvae of
-Trichogaster trichopterus (B&S 1801). Aqua. Engg., 9: 367-375.

Degani,G. 1993. Growth and body composition of juvenile Prerophyllum scalare
(Lichtenstein) at different densities and diets. Aquacult. Fish Manage., 24: 725-
730.

Degani,G. and Yehuda,Y. 1996. Effects of diets on reproduction of angel fish,
Pterophyllum scalare(Cichlidae). Indian Jour.Fisheries. 43(2): 121-126.

De Verga,V. and Bohm,J. 1992. The effect of freeze dried zooplankton as a dry feed
additive for danube salmon (Hucho hucho L.) fy. Aquaculture, 108: 155-168.

Devresse,B., Candreva,P., Leger,Ph., Sorgeloss,P.1991. A new artificial diet for the early
weaning of sea bass (Dicentrarchus labrax) larvae. In: Lavens,P., Sorgeloss,P.,
Jaspers,E. and Ollevier,F. (Editors), Larvi'9l-fish and crustacean larviculture
symposium, European aquaculture society, Spec,Publ.No.15., Gent,Belgium.,
p.178-182.

Dhert,P., Lim, L.C., Lavens, P., Chao, T.M., Chou, R. and Sorgeloss,P. 1991.Effects of
dietary EFAs on egg quality and larviculture success of the greasy grouper
Epinephelus  tauvina F. Preliminary results. In: Lavens,P., Sorgeloss,P .,

Jaspers,E. and Ollevier, F. (Editors), Larvi’91- Fish and Crustacean Larvicuture

Symposium. European Aquaculture Society, Spec. Publ. No. 15, Ghent, Belgium,
p-58-62.

Dhert,P. and Sorgeloss,P.1995.Live feeds in aquaculture. Infofish international, 2/95: 31-
39. ’

Ehrlich, K.F. 1974. Chemical changes during growth and starvation of herring larvae. In:
Blaxter, JHS (Editor), The early Life History of Fish. Springer-Verlag, New
York, pp. 301-323.

O\L



73

Ehrlich,K.F., Cantin,M.C. and Rust,M.B. 1989. Growth and survival of larvae and
postlarvae of small mouth bass fed a commercially prepared dry feed and/or
Artemia nauplii. Jour. World Aquacult.Soc.,20: 1-6.

Elongovan,A.and Shim,K.F.1997. Growth response of juvenile Barbodus altus fed

isocaloric diets with variable protein levels. Aquaculture, 158: 321-329.

Fermin,A.C. and Recometa,R.D. 1988. Larval rearing of bighead carp, Aristichtys
nobilis Richardson, using different types of feed and their combinations.
Aquacult. Fish Manage,.19(3): 183-290.

Fernando,A.A., Phang,V.P.E. and Chan,S.Y. 1991. Diets and feeding regimes of poecilid
fishes in Singapore. Asian fish. Sci. 4(1): 99-107.

Ferraris, R.P., Tan, J.D. and De la cruz, M.C. 1987. Development of the digestive tract
of milkfish, Chanos chanos (Forskal): histology and histochemistry.
Aquaculture, 61: 241-257.

Fowler,L.G. and Burrows, R.E. 1971. The Abernathy salmon diet. Prog. Fish-culturist.,
33: 67-75.

Fukusho,K.1989. Biology and mass production of the rotifer Brachionus Plicatilis. Inter.
Jour, Aqua. Fish, Technol,, 1: 232-240.

Fyhn,H.J. 1990. Energy production in marine fish larvae with emphasis on free
aminoacids as a potential fuel. In: Mellinger,J.(Editor). Nutrition in wild and

domestic animals, Karger, Basel., p.176-192.

Fyhn, H.J.rand Serigstad, B., 1987. Free amino acids as energy substrate in developing
eggs and larvae of the cod Gadus morhua. Mar. Biol., 96: 335-341.

*German,B., Bruckner,G. and Kinsella,J. 1983. Evidence against a PGF, prostaglandin
structure in trout tissue. Prostaglandins, 26: 207-210.



74

Glamuzina,B., Jug-Dujakovic,J. and Katavic,I. 1989. Preliminary studies in reproduction
and larval rearing of common dentex, Dentex dentex (Linnaeus, 1758).
Aquaculture, 77: 75-84.

Guthrie, K.M. and Rust, M.B.2000. Acceptability of various microparticulate diets to first

feeding wallaye Stizostedion vitreum larvae. Aquaculture nutrition: 6: 153-158.

Hamor, T. and Garside, E.T. 1975.Regulation of oxygen consumption by incident
ifllumination in embryonated ova of Alantic salmon Salmo salar L.
Comp.Biochem. Physiol., 52A.: 277-280.

Hamor, T. and Garside, E.T. 1977. Size relations and yolk utilization in embryonated
ova and Atlantic salmon Salmo salar in various combinations of temperature and
dissolved oxygen. Can. J. Zool., 55: 1892-1898.

Harel,M. and Place, A.R.1999.The nutritional quality of live feeds for larval fish. Bull .
Aquacult, Assoc., Canada, p.6-11.

Hasting, W.H.1976. Fish nutrition and fish feed manufacture. FAO Tech. Conf. on
Aquaculture, Japan. FIR: Ag/conf/76/R., 23:13.

Heming,T.A.and Buddington,R.K. 1988. Yolk absorption in embryonic and larval fishes.
In:Hoar,W.S. and Randall, D.J.(Editors), Fish Physiology, Vol XI PariA.,
Academic press, New York,p.407-446.

Henderson,R.J. and Sargent,J.R. 1985. Fattyacid metabolism in fish. In: Cowey,C.B.,

Mackie, A M. and Bell,J.G.(Editors), Nutrition and feeding in fish, Academic
Press, London,p.349-364.

Hepher,B. 1988. Nutrition of pond fishes. Cambridge University press, Cambridge, p.388.

Hioki,S., Suzuki,K. and Tanaka,Y. 1990. Development of eggs and larvae in the angel
fish, Centropyge ferrugatus. Japan J. Ichthyol. 37(1): 34-38.



75

Hirata,Y.,Kurokura,H. and Kashahara,S. 1989. Effects of thyroxine and thiourea on the

development of larvel red seabream, Pagrus major.,Nippon suisan Gakkashi, 55:
1189-1195.

Hjelmeland,K., Pedersen,B.H. and Nilssen,E.M. 1988. Trypsin content in intestines of
herring larvae, Clupea harengus, ingesting inert polystyrene spheres or live
crustacea prey. Mar. Biol., 98: 331-335.

Hofer,R., 1982. Protein digestion and proteolytic activity in digestive tract of an
omnivorous cyprinid. Comp. Biochem. Physiol., 72A: 55-63.

Hofer,R. 1985. Effects of artificial diets on the digestive processes of fish larvae. In:
Cowey,C.B., Mackie,A.M. and Bell,J.G.(Editors), Nutrition and feeding in fish.,
Academic press, New York, p. 213-216.

Howell,B.R. 1979. Experiments on the rearing of larval turbot, Scophthalmus maxinus
L., Aquaculture, 18: 215-225.

*Idler,D.R. and Truscott,B. 1972. Corticosteroids in fish. In:Idler,D.R., (Editor), Steroids

in non mammalian vertebrates. Academic press.London,U.K.,p. 127-252.

*Ito,T. 1960. On the culture of myxohaline rotifer, Brachionus plicatilis O.F.Muiler, in
sea water. Exp. Fac. Fish., Perfect. Univ. Mie, 3: 708-740.

Izquierdo,M.S.1996. Essential fattyacid requirement of cultured marine fish larvae.
f'{q_l-laculi. A[u_tr., 2:183-191,

© Izquierdo,M.S, Watanabe.T., Takeuchi,T, Arakawa,T and Kitajima,C.1989.Optimum
EFA levels in Artemia to meet the EFA requirements of red seabream Pagrus
major.In: Takeda,M. and Watanabe, T.(Editors),Current status of fish nutrition in
Aquaculture. Proceedings, Third International Symposium on Feeding and
Nutrition in Fish, Toba, Japan, p.221-232.



76

James,T. and Sherief,P.M.1999. Prduction of n-3 HUFA enriched Moina micrura Kur7

——

for aquaculture. The Fouwrth Indian Fisheries Forum Proceedings,24-28,
Y Novcmber, 1996, Kochl l? ‘*5-157

*J ones A., Prickett,R.A. and Douglas M.T., 1931. Recent developments in techniques [or
rearing marine flat fish larvae, particularly turbot (Scophthalmus maximus) on a

pilot commercial scale. Rapp.P.-V. Reun. Cons. Int. Explor.Mer. 178: 522-526.

Jones,D.A., Kamarudin,M.S. and Le Vay,L. 1993. The potential for replacement of live
feeds in larval culture. Jour. World Aquacult. Soc. 24(2): 199-208.

Juario,J.V.. Duray,M.N. and Fuchs,].1991.Weaning of seabass Lates calcarifer
larvae to artificial diet. In: Lavens,P., Sorgeloss,P ., Jaspers,E. and
Ollevier, F. (Editors), Larvi’9l1— Fish and Crustacean Larvicuture
Symposium. European Aquaculture Society, Spec. Publ. No. 15, Ghent,
Belgium, p.183.

Jungwirth,M., Kossmann,H. and Schmutz,S. 1989. Rearing of Danube salmon(Hucho
hucho) fry at different temperatures, with particular emphasis on freeze dried
zooplankton as dry feed additive. Aquaculture, 77 :363-371.

*Kahan,D., Bar -ELT., Brandstein, Y., RigbiM. and Oland,B. 1980. Free living
nematodes as a dietary supplement in the rearing of fish fry. Gen. Fish. Counc.
Mediterr. Studies Review.,57: 677-78.

Kanazawa,A. 1985a.Nutritional requirements of larval fish. Sea farming Technol.
Res.,14; 87-96.

Kanazawa,A. 1985b. Essential fattyacid and lipid requirement of fish. Inc: Cowey,C.B.,

Mackie,A.M. and Bell,J.G.(Editors). Nutrition and feeding in fish. Academic
press,London,p.281-298.

Kanazawa,A. 1988. Formulated micro diets. InnWatanabe, T(Editor), Fish nutrition and

mariculture. Japan international cooperation agency, Tokyo.p.132-146.



77

Kanazawa,A. 1993. Nutritional mechanisms involved in the occurrence of abnormal

pigmentation in hatchery reared flatfish. Jour. World Aquacult. Soc., 24: 162-166.

Kanzawa,A., Koshio,S. and Teshima,S. 1989. Growth and survival of larval red sea
bream, Pagrus major and Japanese flounder, Paralichthys olivaceus fed

microbound diets. Jour.World Aquacult. Soc., 20: 31-37.

Kanazawa,A., Teshima,S., Imatanaka,N., Imada,O. and Inoue,a. 1982. Tissue uptake of

radioactive eicosapentaenoic acid in the red seabream. Bull. Jap. Soc. Sci. Fish.,
48: 1441-1444.

Kanazawa,A., Teshima,S., Inamori,S. and Matsubara,H.1983a. Effects of dietary
phospholipids on growth of the larval red sea bream and knife jaw. Mem. Fac,
Fish. Kagoshima Univ., 32:109-114.

Kanazawa, A., Teshima., S. Kobayashi, T. and and Iwashita,T.,, 1983b. Necessity of

dietary phospholipids for growth of the larval Ayu. Mem. Fac. Fish., Kagoshima
Univ., 32: 115-120.

Kanazawa, A., Teshima,S. and Sakomoto,M.1985. Effects of dietary bonito-egg
phospholipid on growth and survival of the larval ayu, Plecoglossus altivelis.
Jour.of Applied Ichthyology., 1:165-170.

Kentouri, M. 1981. Preliminary data on the ability of postlarvae of 11 marine species of

fish and crustacea to adapt to a lifeless food (frozen zooplankton). Aquactdture,
23: 73-82.

Kestemont, P.1995. Influence of feed supply, temperature and body size on the growth of

goldfish Carassius auratus larvae. Aquaculture, 136; 341-349.

Kestemont, P. and Stalmans, J.M. 1992. Initial feeding of European minnow larvae,

Phoxinus phoxinus L. 1. Influence of diet and feeding level. Aquaculture, 104;
327-340.



78

Kitajima,C., Fujita,s., Oowa,F., Yone,Y. and Watanabe,T. 1979. Improvement of dietary
value of red sea bream larvae using rotifers, Brachionus plicatilis cultured with

baker's yeast Saccharomyces cerevisiae.,Buil. Jap. Soc. Sci. Fish., 45: 469-471.

_ Knights,B.1983. Food particle size preferences and feeding behaviour in warm water
aquaculture of European eel, Anguilla anguilla(L.)..Aquaculture, 30: 173-190.

Knyazeva,L.M., Ostroumova, LN, and Bogdanova,L..S. 1984, Impact of various artificial
nutrients on the growth and development of the larvae of the brood white fish,
Coregonus nasus (Pallas) (Salmonidae). Jour.Ichthyology., 24: 114-121,

Kohno,H., Hara.S., Duray,M. and Gallejo,A., 1988. Transition from endogenous
to exogenous nutrition sources in larval rabbit fish Siganus guttarus.
Nippon suisan gakkashi, 57: 1083-1091..

Kolkovski,S., Koven, W. and Tandler, A.1997.The mode of action of Artemia in
enhancing utilization of microdiet by gilt head seabream Sparus aurata larvae.
Aquaculture, 155:197-209.

Koven, W.M., Tandler, A., Kissil, G. Wm. and Sklan, D. 1992. The importance of n-3
HUFA for growth in larval Sparus auratus and their effect on survival, lipid
composition and size distribution. Aquaculture, 104: 91-104.

Laurence, G.C., 1973. Influence of temperature on energy utilization of embryonic and
prolarval tautog. Tautoga onitis. J. Fish. Res. Board. Can., 30: 435-442,

Lam,T.J. 1994, Hormones and egg/larval quality in fish. Jour. World Aquacult. Soc.
25(1): 2-12.

Lam,T.J., Juario,J.V. and Banno,J. 1985, Effect of thyroxine on growth and development
in post yolksac larvae of milk fish, Chanos chanos. Aquacluture, 46: 179-184.

Lam,T.J. and Sharma,R. 1985. Effects of salinity and thyroxine on larval survival, growth
and development in the carp, Cyprinus carpio. Aquaculture, 44: 201-212,



79

Lauff,M. and Hofer,R., 1984. Development of proteolytic enzymes in fish and the

importance of dietary enzymes. Aquaculture, 37: 335-346.

Lavens,P., Dhert,P., Merchie,G., Stael,M. and Soregeloss,P. 1994, A standard procedure
for the mass production of an artificial diet for rotifers with a high nutritional

v

quality for marine fish larvae! The Third Asian Fisheries -Forum Proc,eedlt;'g_s,"ﬁ

Singapore. Asian Fisheries Society, Philippines, p.200-210.

Lavens,P. Sorgeloss,P., Dhert,P, and Devresse,B., 1995. Larval foods., In: Bromage,

N.R., and Roberts, R.J. (Editors), Broodstock management and egg and larval
quality., p.450.

Lazo,].P., Dinis, M.T., Holt,G.J. and Arnold, C.R.2000. Co feeding microparticulate diets
with algae towards eliminating the need of zooplankton at first feeding in larval
red drum (Sciaenops ocellatus). Aquaculture, 183:339-351.

Le Bail,P.Y., Vandeputte,M., Cauty,C., Ricordel, M.J., Mourot,B., and Maisse,G. 1991.

Study on the somatotropic axis onotgeny in brown trout, Salmo triuta, Can. Jour.
Zool., 61: 1954 — 1958. (Abstracts)

Leger,P.,Bengston,D.A., Simpson,K.L. and Sorgeloss,P. 1986. The use of nutritional

value of Artemia as a food source. Oceanogr. Mar. Biol. Ann. Rev., 24: 521-623.

Leger,P., Bengston,D.A,, Sorgeloss,P., Simpson,K.L., and Beck,A.D. 1987: The
nutritional value of Artemia: A review. In: Sorgeloss,P., Bengston,D.A., Decleir,
W. and Jaspers,E.,(Editors): Artemia research and its applications. Vol 3.,
Ecology, Culturing, use in aquaculture. Universa Press. p. 357-372.

*Le Milinaire, C.1984. Contribution a l'etude du besoin en acides gras essentiels pour la

larve du turbot (Scophthalmus maximus) pendant la phase d' alimentation avec

le Rotife're B. Plicatilis. The'se, 3e’'me cycle, Bretagne Occidentale, p. 130.



80

Liang, I, and Verdugo, C.G.1991. Nutritional value of spray dried Tetraselmis suecica

for juvenile bivalves. Aquaculture, 92: 207-218.

*Lin, M., and Arnold, C. 1982. Transfer of glucose from seawater to the blood of red
fish., Proc.66th Annual Meeting of Fed Amer.Soc.Exp.Biol., 41: 489. (Abstracts)

Lochmann,R.T: and Phillips, H.1994. Dietary protein requirement of juvenile golden
shiners(Notemigonus crysoleucas) and gold fish (Carassius auratus ) in aquaria .
Aquaculture, 128:277-285.

Luquet, P. and Watanabe, T. 1986. Interaction "nutrition - reproduction” in fish. Fish
Physiol. Biochem., 2: 121-129.

*Mai, J., Goswami, S.K., Bruckner, G., and Kinsella, J.E. 1981. A new prostaglandin, C
22-PGF, synthesized from DHA by trout gill. Prostaglandins, 21: 691-698.

Maneewongsa, S. and Tattaman, T. 1983. Food and feeding of sea bass larvae and
juveniles. In: Report of training course on sea bass spawning and larval rearing,
Songkla, Thailand. South China sea Fisheries Programme, Manila Philippines.
p.24.

' Mathew,P M., Sherief,P.M.1999.Effects of dietary protein source on érowth and survival

of Angel fish and Zebra fish. The Fourth Indian Fisheries Forum Proceedings,
24-28, November, 1996, Kochi, p. 255-257.

Mathew PM., Sunny K.G. and MohanM.V. 1999. Breeding biology of Angel fish,
Pterophyllum scalare (Lichtenstein). 7The Fourth Indian Fisheries Forum
Procesdings, 24-28 November, 1996, Kochi, p. 249-251.

McPherson, R., Greeley, M.S., and Wallace, R.A. 1989. The influence of yolk protein
proteolysis on hydration in the oocytes of Fundulus heteroclitus. Dev. Growih
Different., 31:475-483.

Medgyesy,N. and Weiser,W. 1982. Rearing white fish (Coregonus laveratus) with frozen

zooplankton by means of a new feeding apparatus. Aquaculture, 28: 327-337.

v

v



81

Meeran, T.v.d.1982 Algae as first food for cod larvae, Gadus morhua L.: filter feeding
or ingestion by accident ? Jour. Fish. Biol., 39: 225-237.

Merchie,G., Lavens,P., RadullJ., Nelis,H., De Leenheer,A. and Sorgeloss,P. 1995.
Evaluation of vitamin C enriched Artemia nauplii for larvae of the freshwater
prawn.. Aquacult.. Int.., 3: 355-363. '

Merchie,G., Lavens,P. and Sorgeloss,P. 1996. Effects of dietary vitamin C on fish and
crustacean larvae. Aquaculture , 148: 125-134.

*Mead,C.G. and Finamore, F.J. 1969. The occurence of ascorbic acid sulphate in the
brine shrimp, Artemia salina. Biochemistry, 8: 2652-2655.

Mitchell,A.J. and Collins, C.B. 1997. Some problems associated with the use of well
water in hatching eggs and holding fish.: Aquaculture magazine, 23(2): 91-94.

Meyers,S.P.1979. Formulation of water stable diets for larval fishes. In: Halver,J.E. and

Tiews,K.(Editors), Finfish nutrition and fish feed technology, Vol.Il. Heenemann,
Berlin.p. 13-20.

Moroz,I.Y. and Luzhin,B.P. 1976. Dynamics of metabolism in the embryonic and early

post-embryonic development of the fish, Oryzias latipus. Dev.Growth Different .,
32: 619-627.

Mourente,G. and Tocher,D. 1992, Effects of weaning inot a pelleted diet on DHA levels

in brain of developing turbot (Scophthalmus maximus L.) Aquaculture, 105: 363-
371.

Naas,K.E., Naess,T. and Harboe,T. 1992. Enhanced first feeding of halibut larvae
(Hippoglossus hippoglossus L.) in green water. Aquaculture, 105: 143-156.

Nacario,J.F. 1983. The effect of thyroxine on the larvae and fry of Sarotherodon niloticus
L. Aquaculture, 34: 73-83.

\\=



82

*Nakagawa,H. 1970. Studies on rainbow trout egg Salmo gairdneri irideus. 11
Carbohydrate in the egg protein. Jour. Fac. Fish. Anim. Husb. , Hiroshima
University., 9: 57-63.

Nakagawa,H., Mustafa,M.G. and Umino, T.2000. Effect of dietary catechin and spirulina
on vitamin C metabolism in red seabream. Fish. Sci., 66:321-326.

*Nakagawa,H. and Tsuchiya,Y. 1972. Studies on rainbow trout egg Salmo gairdneri
irideus 1II. Determination of lipid composition of oil globule and lipo protein.
Jour. Fac. Fish. Anim. Husb., Hiroshima University., 10: 11-19.

Nandy,A.C. 1979 Culture of fish food organisms for inland culture. Cent. Inland Fish.
Res. Inst., Barrackpore, West Bengal.,p. 12.

Nayak,P.K., Mahapatra,C.T., Mishra, T.K. and Singh,B.N. 2000. Thyroid hormone levels
during reproduction, development of embryo and juvenile in Indian major carp
Catla catla (ham.). Indian J. Anim. Sci., 70:1187-1190.

Neelkanteswar, A.1997. Effect of different diets on growth and survival of angel fish
Pterophyllum scalare (Lichtenstein) fry. M.F.Sc. thesis submitted to Kerala

Agricutural University.,f"r'zri{sw, p.60-70.

Nelson, J.A. 1982. Physiological observations on developing rainbow trout, Salmo
gairdneri (Richardson), exposed to. low pH and varied calcium ion
concentrations. J. Fish. Biol., 20: 359—372_

—_— — -

Noakes,D.L.G. and Godin,J.G.J. 1988, Ontogeny of behavior and concurrent
development changes in sensory systems in teleost fishes. In: HoarW.S.,

Randall, D.J. (Editors) Fish Physiology, Vol.II. The physiology of developing fish.
Academic press, New York, p.345-395.



83

Norman,K.E., Blakely,J.B. and Chew, K.K. 1979. The occurrence and utilization of the
cladoceran Moina macrorcopa Straus, in a kraft pulp mill treatment lagoon.
Proc. World Macricult. Soc., 10: 116-121.

Nose,T. 1979. Diet compositions and feeding techniques in fish culture with complete

diets. In: Halver, J.E. and Tiews,K.(Editors), Finfish nwtrition and fishfeed
technology. Vol I, Heenemann, Berlin.p. 283-297.

Oka,A., Suzuki,N. and Watanabe,T. 1980. Effect of fattyacids in rotifers on growth and

fattyacid composition of larval Ayu, Plecoglossus altivelis. Bull.Jap. Soc. Sci.
Fish., 46: 1413-1418.

*Qlsen, Y. 1989. Cultivated microalgae as a source of n-3 fattyacids. In: Fish, Fats and
Your health, Proceedings of the International conference on Fish lipids and their

influence on human health, Svanoy foundation, Norway., p. 51-62.
Pearson, P. 1976. The chemical analysis of food. Churchill, London.p.575.

Prokes,M., Barus, V., Penaz,M. and Kouril,J.1999. Larval development and growth of the \/

European wels (Silurus glanis) under experimental conditions fed natural and
pelleted diets, Aquacult. Nutr, 44:29-37,

Qin, J., Fast,A . W., De Anda, D., Weidenbach,R.P.1997. Growth and survival of larval
Snakehead (Channa striatus) fed different diets. Aquaculture, 148: 105-113.

Rainuzzo,J.R., Reitan,K.L, Jorgensen,L. and Olsen,Y. 1994. Lipid comoposition in turbot
larvae fed live feed cultured on emulsions of different lipid classes.
Comp.Biochem. Physiol., 107: 699-710.

Rainuzzo,J.R., Reitan,K.I.,. and Olsen,Y. 1997. The significance of lipids at early stages
of marine fish. Aquaculture, 155:105-118.



84

Reddy, S.R., Katre, S. and Rajagopal, K.V. 1977. Preliminary studies on the conversion

of tubifex as food by elvers of Anguilla nebulosa (Gray&Hardwicke) Jour. Fish
Biol., 11: 279-281.

Reddy, P.K. and Lam,T. J. 1987, Effect of éalinity and thyroxine on larval survival and
growth in the dwarf gouami, Colisa labia.J. Aqua.Trop., 2. 79-87.

Reddy,P.K. and Lam,T.J. 1992, Effect of thyroid hormones on morphogenesis and

growth of larvae and fry of telescopic-eye black gold fish,Carassius auratus.
Aquaculture,107: 383-394.

Reitan,K.I., Bolla,S. and Olsen,Y. 1991. Ingestion and assimilation of microalgae in
yolksac larvae of halibut, Hippoglossus hippoglossus(L). In: Lavens,P.,
Sorgeloss,P., Jaspers,E., Ollevier,F. (Editors)Larvi'9l- Fish and crustacean
larviculture symposium, European aquaculture society., Spec.publ.No.15. Gent,
Belgium.,p. 332-334.

Rodriguez,C., Perez,J.A., Lorenzo,A., Izquierdo,M.S. and Cejas,J. 1994. o-3 HUFA
requirement of larval gilt head sea bream S. aurata when using high levels of

eicosapentaenoic acid. Comp. Biochem.Physiol., 107A: 693-698.

Ronnestad,I. 1992 Utilisation of free aminoacids in marine fish eggs and larvae.
Mar.Biol., 114: 517-525.

*Ronnestad,l., Finn,R.N., Groot,E.P. and Fyhn,H.J. 1992a, Utilisation of free aminoacds
related to energy metabolism of developing eggs and larvae of lemon sole,

Microstomus kitt reared in the laboratory. Mar.Ecol. Prog.Ser., 88 195-205.

Ronnestad,l., Fyhn,R.N. and Gravningen,K. 1992b. The importance of free aminoacids
to the energy metabolism of eggs and larvae of turbot (Scophthalmus maximus).
Mar.Biol.,114: 517-525.



85

Ronnestad,I., Finn,R.N., Groot,E.P. and Fyhn,H.J. 1993. Compartmental distribution of
free aminoacids and protein in developing yolk sac larvae of Atlantic halibut
(Hippoglossus hippoglossus ). Mar.Biol., 116: 349-354.

Ronnestad,l., Thorsen,A. and Finn,R.N. 1999, Fish larval nutrition: a review of recent

advances in the roles of aminoacids. Aquaculture, 177 201-216.

Rosch,R. and Appelbaum, S. 1985. Experiments on the suitability of dry food for larvae
of Coregonus laveratus L. Aquaculture, 48: 291-302.

Rosenthal,H. and Alderdice,D.F. 1976. Sublethal effects of environmental stressors,

natural and pollutional on marine fish eggs and larvae. Jour. Fish. Res .Board
Can., 33 :2047-2065.

Rouse,D.B., Webster,C.D. and RadwinLA. 1992. Enhancement of the fattyacid
composition of the nematode Panagrellus redivivus using three different media.
Jour. Worltliﬁquacult.Soc., 23: 89-95.

Samain,J.F, Moal,J., Daniel,Y.J., Lecoz,J.R. and Jezequel,M. 1980. The dietary enzymes
amylase and trypsin during the development of Artemia: effect of food
conditions. In:Personne,G., Sorgeloss,P., Roels,O., and Jaspers,E. The Brine

shrimp Artemia, Vol.2. Physiology, Biochemistry, Molecular biology. Universa
press, Wetteren, Belgium,p.239-255.

Sampathkumar.R., Munro,A.D., Lee,J.and Lam,T.J. 1993. Exogenous cortisol promotes
survival of Asian sea bass (Lates calarifer) hatchlings exposed to hypersalinity
but not hyposalinity stock. Aquaculture, 116: 59-74.

Santere, M.T. 1976. Effects of temperature and salinity on the eggs and early larvae of
Caranx mate (Cuv. & Valenc.) (Pisces: Carangidae) Hawaii., J. Exp. Mar. Biol.
Ecol. 21:51-68.

Sargent,J.R., BellM.V. and Tocher,D.R. 1993, Docosahexaenoic acid and the

development of brain and retina in marine fish. In: Drevon,C. A., Baksaas.l. and



86

Krokan,H.E. (Editors) Omega-3 fattyacids: Metabolism and biological effects.
Basel. Switzerland.p.139-149.

Sato,M., Yoshinaka,R., Kuroshima,R., Morimoto,H. and Ikeda,S. 1987. Changes in the
water soluble vitamin contents and transaminase activity of rainbow trout egg

during development. Nippon suisan gakkaishi., 53: 795-799.

Scott,A.P. and Middleton, C. 1979. Unicellular algae as a food for turbot (Scophthalnus
maximus) larvae- the importance of dietary long chain polyunsaturated fattyacids.
Agquaculture, 18: 227-240.

*Seale,A. 1933, The brine shrimp Artemia as satisfactory live food for fishes. Trans
Amer. Fish. Soc. 63:129-130.

Shim,K.F. 1988. Mass production of Moina in Singapore using pig manure. World
Aquacult. 19(3): 59-60.

Shirota,A.1970. Studies on the mouth size of fish larvae. Bull.Jap. Soc. Sci.Fish., 36:
353-362.

Snedecor,G.W. and Cochran,G. 1968. Statistical methods, Oxford and IBH publishing
Co., New Delhi, p.593.

Sorgeloss,P., Coutteau,P., Dhert,P., Merchie,G., and Lavens,P. 1996. Use of brine
shrimp, Artemia spp., in larval crustacean nutrition: A review. Reviews in

Fisheries Science (In Press), p. 1-14.

Sorgeloss,P. and Leger,P. 1992. Improved larviculture outputs of marine fish, shrimp and
prawn. J. World Aquacult.Sci., 23(4): 251-264.

*Stafford,E‘A.’ and Tacon, A.C.J. 1984. Nutritive value of the earth worm, Dendrodrilus

subrubicundus grown on domestic sewage in trout diets. Agric. Wastes., 6: 249-
266.



87

Strickland,].D.H. and Parsons,T.R. 1972. A practical handbook of seawater analysis. 2nd
edition. Bull. Fish. Res. Board. Can. No. 167.p.310,

Suzuki,T., and Suyana,M.1983. Free aminoacids and phosphopeptides in the extracts of
fish eggs. Bull. jap. Soc. Sci. Fish., 49 :1747-1753.

Slaminska,M. and Przybyl,A. 1986. Feeding of carp (Cyprinus carpio L.) larvae with
artificial dry food, living zooplankton and mixed food. Aquaculture, 54: 77-82.

Swain,S.K., Mohanty,S.N. and Tripathi,S.D.1999. Growth and survival in relation t
varjous stocking densities of catla (Catla catlg Ham.) spawn fed on a dry
artificial diet. Indian J. Fish., 46(1): 87-90.

Tabachek,J.L. 1988. The effect of feed particle size on growth and feed efficiency of
Arctic char (Salvelinus alpinus). Aquaculture, 71: 319-330.

Tacon,A.G.J., Stafford,E.A. and Edwards,C.A. 1983. A preliminary investigation of the
nutritive -value of three terrestrial lumbricoid worms of rainbow trout.
Aquaculture, 35: 187-199,

Tagawa,M.M. and Hirano,T. 1990. Changes in tissue and blood concentrations of thyroid

hormones in developing chum salmon: Gen. Comp. Endocrinol., 76: 437-443.

- a

Tagawa,M., Tanaka,M., Matsumoto,S. and Hirano,T. 1990. Thyroid hormones in eggs of
various freshwater marine and diadromous teleosts and their changes during egg
development. Fish Physiol. Biochem, 8. 515-520.

*Takahashi,K., Hatta,N., Sugawara,Y. and Sato,R. 1978. Organogenesis and functional
revelation of alimentary tract and kidney of chum salmon. Tokoku J. Agric.Res..‘
29: 98-109.



83

*Takeuchi T., Toyota, M. and Watanabe, T. 1991. Dietary value of larval red seabream
of Artemia nauplii enriched with EPA and DHA. Annual Meeting of Japanese
Soceity of Scientific Fisheries, Tokyo. p.327. In: Abstracts.

' *Tanzka, M. 1973. Studies of the structure and function in the di gestive system of teleost

larvae. D. Agric. Thesis, Kyoto University , Japan.

Tanaka,Y., Mukai,Y., Takii,K. and Kumai,H. 1991. Chemoreception and vertical

movements in plankionic yolk-sac red sea bream Pagrus major.Jour.Applied
Ichthyology, 7: 129-135.

Tandler,A., Watanabe,T., Satoh,S. and Fukosho,K. 1989. The effect of food deprivation
on the fattyacid and lipid profile of red seabream larvae (Pagrus major).

| British Journal of Nutrition., 62: 349-361.

[

Terner,C. 1979. Metabolism and energy conversion during early development In :
Hoar,W.S., Randall,D.J. and Brett,J.R. (Editors). Fish Physiology, Vol,VIII.
Academic press, New york, p.261-278.

Thorsen,A. and Fyhn,H.J. 1991. Osmotic effectors during preovulatory swelling in
marine fish. In : Scott,A.P., Sumpten , J.P., Kime,D.E. and Rolfe,M.S. (Editors),

Reproductive physiology of fishes, Fish symposium' 91. University of Sheffield,
p. 312-314.

*Tocher,D.R. and Sargent,J.R. 1984. Analysis of lipids and fattyacids in ripe roes of
some north west European marine fish. Lipids, 19: 492-499.

Triantaphyllidis,G., Cotteau,O. and Sorgeloss,P. 1995. The stability of highly unsaturated
fattyacids in various Artemia poulations following enrichment and subsequent
starvation In : Lavens,P., Jaspers,E., Roelants,I.(Editors)Larvi'95-Fish and shell

fish larviculture symposium, European aquaculture society, Spec.publ.No.24,
Gent, Belgium.p. 149-153.



89

Tulli,F. and Tibaldi,E. 1997.Changes in aminoacids and essential fattyacids during early
larval rearing of dentexi Aquacult. Int, 5: 229-236.

Tyus,H.M. and Severson,S.H. 1990. Growth and survival of larval razorback sucker fed
five formulated diets. Prog.Fish Cult., S2(3): 197-200.

Uhlig,G. 1984. Progress in mass cultivation of harpacticoid copepods for mariculture
purposes. European Mariculture Society, Spec.Publ.no. 8: 261-273.

Uys,W. and Hecht,t. 1985. Evaluation and preparation of an optimal dry feed for the

primary nursing of Clarius gariepinus larvae. Aquaculture, 47: 173-183.

Vanhaecke,P. and Sorgeloss,P. 1990. International study on Arfemia.IV. The biometrics

of Artemia strains from different geographical origin. In: .Persoone,G.,
Sorgeloss,P., Roels,O. and Jaspers,E.. (Editors) The brine shrimp Arteniia, Vol. 3.
Ecology, Culturing, use in agqaculture, Universa press,p. 393-405.

Verreth, J., Torreele, E., Spazier, E., Sluszean, A.V., Rombout, W.M., Booms, R. and
Segner.H. 1992. The development of a functional digestive system in the

African Can fish, Clarias gariepinus (Burchell). J. World Aqua cult. Soc., 23:
286-298.

Vetter,R.D.., Houdson,R. E. and Arnold,C. 1983. Energy metabolism in a rapidly

developing marine fish egg of the red drum, Sciaenops ocellata. Can.Jour.
Fish.Aquat.Sci., 40: 625-634.

Volkart,B.1994. Feeding fry: How big is too big., Tropical fish hobbyist., X1LI11(10):78-
81.

Walford,J.and Lam,T.J. 1987. Effect of feeding with microcapsules on the content of

essential fattyacids in the live foods for the larvae of marine fishes. Aquaculiure,
61:219-229.



90

Walford, J., Lim, T.M. and Lam, T.J. 1991, Replacing livefoods with microencapsulated
diets in the rearing seabass Lates calcarifer larvae: Do the larvae ingest and

digest protein-membrane micro capsules ? Aquaculture, 92: 225-235.

Wankowski, J.W.J. and Thorpe,J.E. 1979. The role of food particle size in the growth of
juvenile Atlantic salmon (Salmo salar L.).,Jour.Fish Biology.,14:351-370.

Watanabe,T. 1982. Lipid nutrition in fish. Comp. Physiol. Biochem.,73B:1-16.
*Watanabe, T.1990. Role of vitamine E in Aquaculture. Yukugaku, 39:299-306.

Watanabe, T. 1993. The importance of docosahexaenoic acid in marine Jarval
fish. J. World Aquacult. Soc., 24: 152-161.

Watanabe,T.,Arakawa,T., Takeuchi,T., Satoh,S. and Kitajima,C. 1989. Comparison
between eicosapentaneoic acid and docosahexaenoic acids in term of essential

fattyacid efficiency in juvenile striped jack, Pseudocarnx dentex. Nippon suisan
gakkaishi, 55: 1989-1995.

Watanabe, T. and Kiron,V. 1994, Prospects in larval fish dietetics. Aquaculture, 124:223-
251.

Watanabe, T., Kitajima,C., and Fujita,S. 1983a Nutritional value of live food organisms

used in Japan for mass propagation of fish: A review. Aguaculiure, 34: 115-143.

Watanabe, T.,, Tamiya,T., Oka,A., Hirata, M., Kitajima,C., and Fujita,S. 1983b
Improvements of dietary value of live foods for fish larvae by feeding them on
HUFA and fat soluble vitamins. Bull.Jap.Soc.Sci, Fish.,49:471-479.

Wiggins,T.A., Bender,T.R.,, Mudrack, V.A. and Coll, J.A. 1985. The development,
feeding, growth and survival of cultured American shad larvae through the

transition from endogenous to exogenous nutrition. Prog. Fish-Cult., 47; 87-93



91

*Wolniki, J. and Gorny, W. 1995a .Controlled rearing of ide (Leuciscus ide L.) larvae
using live food and dry feed. Aquaculture, 129: 251-259 .(Abstracts)

*Wolniki, J. and Gorny, W. 1995b. Survival and growth of larval and juvenile barbel

(Barbus barbus L.) reared under controlled conditions. Aquaculture, 129: 251-
259. (Abstracts)

*Wolniki, J. and Korwin-Kossakowski, M. 1993. Survival and growth of larval and
juvenile tench, Tinca tinca L. feed different diets under controlled conditions.
Aqua. and Fish. mgt., 24: 707-713.

Yamano, K., Miwa, S., Obinata, T. and Inui, Y. 1991. Thyroid hormone regulates. \/

developmental changes in muscle during flounder metamorphosis.| Gen. Comp.

Endocrinol.,81: 464-472. o o

* Not referred in original.




EVALUATION OF PROTEIN REQUIREMENT OF ANGEL FISH
PTEROPHYLLUM SCALARE (Lichtenstein) LARVAE USING
DEFATTED CLAM MEAT AS THE CHIEF PROTEIN SOURCE

BY

K.DEEPA VISWANATH, B.F.Sc.

ABSTRACT OF THE THESIS

Submitted in partial fulfillment of the requirement for the degree

MASTER OF FISHERIES SCIENCE

FACULTY OF FISHERIES
KERALA AGRICULTURAL UNIVERSITY

DEPARTMENT OF AQUACULTURE

COLLEGE OF FISHERIES
PANANGAD, KOCHI

2001



ABSTRACT

The effect of artificial diets with varying protein levels on the growth and
survival of Angel fish, Pterophyllum scalare (Lichtenstein) larvae using defatted
clam meat powder as the chief protein source was studied. One-day-old
~ free-swimming hatchlings were used in the investigations done for a period of 21
days. The different diets used were with 24.91%, 29.83%, 34.72%, 39.86%,
44.79%, 49.85% and 54.63% protein levels with 3 replicates for each treatment.

The results showed that the growth of larvae in terms of gain in length,
gain in weight and specific growth rate was maximum for the diet with 44.79%
protein level. From the relationship established between protein level and SGR,
the optimum level of protein attaining maximum SGR (21.163) was found to be
53.099%. No significant difference was found in the survival rate of larvae fed
with different diets. Thus artificial diet with 44.79% protein level can be used

efficiently for rearing Angel fish larvae.



