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A BSTRA CT

Nine experiments were conducted on the tropical northern Australian 

freshwater eel-tailed catfish (Neosilurus ater) to investigate (a) the lipid content and 

fatty acid profile o f the lipids in adult and juvenile catfish, (b) seasonal changes in the 

physical and chemical characteristics o f  the liver and ovary, and the lipid content and 

fatty acid composition o f eggs and larvae, and (c) larval rearing o f catfish with 

Artemia nauplii, formulated and/or zooplankton diets.

The baseline total lipids o f  the muscle tissues o f  w ild adult eel-tailed catfish 

were significantly higher than those in juveniles. The m ajor fatty acids in the lipids 

o f adult muscle tissues were 16:0, 18:0 and 18:ln-9, and the main PUFAs were 

20:4n-6 and 22:6n-3. The distribution o f  total lipids and some fatty acids in the body 

o f  adult catfish were not homogenous but dependent on the horizontal location o f the 

body. The total lipids o f whole fry and muscles o f fingerlings were not significantly 

different and the major fatty acids (16:0, 18:0, 18:ln-9) in the fry and muscles o f 

fingerlings were also similar. The levels o f 20:5n-3 and 22:5n-3 were higher in the 

fry and smaller stages o f fingerlings.

The resting period and the period o f rapid gametogenesis were M arch to 

October and November to December, respectively. The total lipid o f the ovary can be 

used as an indicator o f gametogenesis. The levels o f  18:0, 20:5n-3 and 22:6n-3 

increased in the liver and ovary just prior to and during gametogenesis. During larval 

development, saturated and monounsaturated fatty acid (16:0 and 18:ln-9) levels 

decreased while levels o f PUFAs (20:4n-6 and 22:6n-3) increased.

Feeding o f catfish larvae with Artemia nauplii should not be delayed beyond 

3-4 days after hatching to avoid high mortality. During delayed feeding of larvae, 

PUFA especially 22:6n-3 increased but total lipids and monounsaturated fatty acid 

levels decreased. Enrichment o f  Artemia nauplii with cod liver oil or com oil prior to 

feeding them to catfish larvae was a successful strategy since the postlarvae had 

higher survival and growth. Finely ground barramundi pellets were not required 

during the first 15 days o f larval rearing in a green-water system and in the absence 

o f prepared feeds, the larvae accumulated higher amounts o f PUFA especially 

22:6n-3.

xi
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development, saturated and monounsaturated fatty acid (16:0 and 18: ln-9) levels 

decreased while levels of PUFAs (20:4n-6 and 22:6n-3) increased. 

Feeding of catfish larvae with Artemia nauplii should not be delayed beyond 

3-4 days after hatching to avoid high mortality. During delayed feeding of larvae, 

PUFA especially 22:6n-3 increased but total lipids and monounsaturated fatty acid 

levels decreased. Enrichment of Artemia nauplii with cod liver oil or com oil prior to 

feeding them to catfish larvae was a successful strategy since the postlarvae had 

higher survival and growth. Finely ground barramundi pellets were not required 

during the first 15 days of larval rearing in a green-water system and in the absence 

of prepared feeds, the larvae accumulated higher amounts of PUF A especially 

22:6n-3. 
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CHAPTER ONE INTRODUCTION

M an has developed a very close relationship with the aquatic environment 

and two o f  the more important aspects o f this environment are both unique and 

important to m an’s survival such as being a source o f drinking water and a source o f 

food. Historically, great civilisations have developed close to the aquatic 

environment, for example, the Tigris-Euphrates river civilisation in the Near East. 

The Sumerian empire flourished from 5000 BC to 2300 BC in southern Mesopotamia 

and subsequently the Babylonian empire prospered from 1894 BC to 500 BC. 

Similarly in Egypt, the upper and lower Egyptian civilisations were established along 

the river Nile. In south Asia, the great Indian civilisations also flourished along the 

Indus and Ganges rivers while in the Far East, the early Chinese civilisations were 

established along the Si Kiang River in the south and along the Yangtse and Yellow 

rivers to the north.

1.1 The role of fish in human nutrition

Since time immemorial, m an has been harvesting food from the aquatic 

environment. Edible products such as fish, prawns, crabs, oysters, mussels and 

aquatic plants are very nutritious and fish continues to play a very important role in 

human nutrition (Guha 1962, Stansby 1990, Holub 1992, Nettleton 1992). Generally, 

fish is a good source o f  protein because in fish tissues proteins make up 6.0-28% 

(mean 19%) on a wet weight basis (Stansby 1962) and 65-75% o f  the total on a dry 

weight basis (Benitez 1989). Fish is rich in the essential amino acids such as 

arginine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, 

tryptophan and valine (Guha 1962).

Fish muscle also contains essential fatty acids or lipids (Stansby et al. 1990), 

and low death rates from coronary heart disease among the Greenland Eskimos (Bang 

et al. 1980) and the Japanese (Keys 1980) have been ascribed to their high fish ‘o il’ 

consumption. The average per capita consumption o f fish in the Eskimos and the 

Japanese were estimated to be about 400 g per day and 100 g per day, respectively 

(Bang and Dyerberg 1972, Kagawa et al. 1982). On the basis o f a study in Zutphen, 

Netherlands, Kromhout et al. (1985) concluded that mortality from coronary heart

l 

CHAPTER ONE INTRODUCTION 

Man has developed a very close relationship with the aquatic environment 

and two of the more important aspects of this environment are both unique and 

important to man's survival such as being a source of drinking water and a source of 

food. Historically, great civilisations have developed close to the aquatic 

environment, for example, the Tigris-Euphrates river civilisation in the Near East. 

The Sumerian empire flourished from 5000 BC to 2300 BC in southern Mesopotamia 

and subsequently the Babylonian empire prospered from 1894 BC to 500 BC. 

Similarly in Egypt, the upper and lower Egyptian civilisations were established along 

the river Nile. In south Asia, the great Indian civilisations also flourished along the 

Indus and Ganges rivers while in the Far East, the early Chinese civilisations were 

established along the Si Kiang River in the south and along the Y angtse and Yellow 

rivers to the north. 

1.1 The role of fish in human nutrition 

Since time immemorial, man has been harvesting food from the aquatic 

environment. Edible products such as fish, prawns, crabs, oysters, mussels and 

aquatic plants are very nutritious and fish continues to play a very important role in 

human nutrition (Guha 1962, Stansby 1990, Holub 1992, Nettleton 1992). Generally, 

fish is a good source of protein because in fish tissues proteins make up 6.0-28% 

(mean 19%) on a wet weight basis (Stansby 1962) and 65-75% of the total on a dry 

weight basis (Benitez 1989). Fish is rich in the essential amino acids such as 

arginine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, 

tryptophan and valine (Guha 1962). 

Fish muscle also contains essential fatty acids or lipids (Stansby et al. 1990), 

and low death rates from coronary heart disease among the Greenland Eskimos (Bang 

et al. 1980) and the Japanese (Keys 1980) have been ascribed to their high fish 'oil' 

consumption. The average per capita consumption of fish in the Eskimos and the 

Japanese were estimated to be about 400 g per day and 100 g per day, respectively 

(Bang and Dyerberg 1972, Kagawa et al. 1982). On the basis of a study in Zutphen, 

Netherlands, K.rornhout et al. (1985) concluded that mortality from coronary heart 



2

disease was more than 50 percent lower among those who consumed at least 30 g o f 

fish per day than among those who did not eat fish. They further concluded that the 

consumption o f  as little as one or two fish servings per w eek might be o f preventive 

value in relation to coronary heart disease.

In experimental animals, including pigs and monkeys, fish oils were found to 

inhibit the development o f atherosclerosis, i.e. the hardening o f  the arteries (Kinsella 

et al. 1990). Some recent evidence has indicated that fish oils may also delay the 

onset o f atherosclerosis in humans (Sinclair 1993).

In recent years, a certain category o f lipid called Omega 3 or n-3 

polyunsaturated fatty acids (PUFA) has been found to be important in the membranes 

o f the brain and the retina in infant development (Sinclair 1993). In both 

experimental animals and man, eicosapentaenoic acid (EPA, 20:5n-3) and other long- 

chain 20 and 22 carbon PUFA were very effective at reducing the production and 

export o f triacylglycerols (TAG) from the liver (Nestel 1990). Since raised levels o f  

TAG are considered an independent risk factor for coronary heart disease, the 

reduction o f plasm a TAG by these PUFA in fish oils is another beneficial attribute 

(Nestel 1990).

Bang et al. (1980) also concluded that the rarity o f  ischaemic heart disease in 

Greenland Eskimos might partly be explained by the antithrombotic effect o f  the long 

chained PUFA especially 20:5n-3. Besides 20:5n-3, docosahexaenoic acid (DHA, 

22:6n-3) has been found to have an antithrombotic action also (Stansby 1990) and as 

such, there are potential health benefits o f  the n-3 fatty acids in fish (Holub 1992).

Since the n-3 fatty acids in fish have such an important role in hum an 

nutrition, several studies have been conducted to determine their levels in temperate 

Australian fishes (Pearson 1977, 1978, Gibson 1983, Dunstan et al. 1988, Sinclair et 

al., 1992) and tropical Australian fishes (Sinclair et al. 1983, Evans et al. 1986, 

Fogerty et al. 1986). Finfish, crustaceans, molluscs, canned and bottled seafoods 

were purchased from the Sydney Fish Market or local shops and analysed for their 

cholesterol and fatty acid composition (Pearson 1977, 1978). These studies revealed 

that all samples contained high levels o f long-chain PU FA  with the exceptions in 

both pickled and salted herring where the level o f PUFA were 5.7% and 10.4% o f 

total fatty acids, respectively.
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Gibson (1983) studied twenty-four species o f fmfish and four species o f 

invertebrates caught in the rivers and coastal waters o f southern Australia and the 

author concluded that the lipids o f  m ost species contained significant levels o f 

arachidonic acid (20:4n-6) (0.7-15.8% o f  total fatty acids) and 20:5n-3 (0.7-15.9%). 

The major n-6 fatty acid present in m ost species was 20:4n-6 and the level o f total 

n-6 fatty acids ranged from 3.9-22.3% o f the total lipid. In general, the level o f total 

n-3 PUFA was higher than the total n-6 fatty acids with levels o f  n-3 fatty acids 

ranging from 9.6-48.2%. M arine fish as opposed to freshwater fish require n-3 and 

n-6 PUFA because they have either lim ited or no ability to chain elongate and 

desaturate short chain saturated or m onounsaturated fatty acids to PUFA.

In another study on the fish resources o f Eastern Bass Strait, 25 species o f 

bony fish, cartilaginous fish and cephalopods were analysed. All species were rich in 

palmitic acid (16:0) (16-25%) and 22:6n-3 (15-53%) but had variable amounts o f 

20:4n-6 (1-15%) and 20:6n-3 (3-23% o f  total fatty acids). The om nivorous species o f 

bony fish contained more 20:4n-6 than the carnivorous bony fish and the 

cartilaginous species were relatively low in 20:5n-3 whereas the cephalopods 

contained high levels o f  this fatty acid (Dunstan et al. 1988).

Subsequently, the fatty acid profile o f  forty-one species o f commercial marine 

fish and molluscs, and two species o f  freshwater fish o f Victoria were also studied 

(Sinclair et al. 1992). The fatty acid composition o f all species was dominated by the 

n-3 PUFA, particularly 22:6n-3 and since the total lipid content was low, the 

concentration o f  20:5n-3 and 22:6n-3 was also low, the mean values being 0.1 and 

0.3 g per 100 g edible portion, respectively. Samples o f commercially obtained (and 

presumably cultivated) rainbow trout showed a significantly different fatty acid 

composition compared with those samples caught by amateur fishermen in lakes, 

however, the n-3 PUFA content in both samples was similar (Sinclair et al. 1992).

In an effort to elucidate the lipid content and fatty acids o f  fish in tropical 

Australia, ten species of fish were caught from the northern Australian coastal waters 

about 250 km north east o f  Broome (Sinclair et al. 1983). All species had high levels 

o f n-6 fatty acids (9.6-23.1% o f fatty acids) and 20:4n-6 was the m ajor n-6 fatty acid 

(5.9-14.8%). The results o f this study and that o f  earlier reports on Australian fishes
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have thus demonstrated that the marine food chain in the southern hemisphere 

contained significant quantities o f n-6 fatty acids (Sinclair et al. 1983).

Studies o f fish that were collected from the North W est shelf waters o f 

Australia have indicated that the lipid content o f the tissues o f  the various fish 

showed no apparent connection with the types o f diet consumed by each species. 

Generally, the fatty acids o f the polar lipids and free fatty acids were richer in 

polyunsaturates than the triacylglycerols but there was no clear relationships between 

the levels o f individual or total n-6 and n-3 fatty acids and tissue lipid content, or 

Fam ily or diet of the fish (Fogerty et al. 1986). In a more extensive study on the fatty 

acid composition o f fish from the North W est Shelf o f Australia, 27 species o f  fish, 

cephalopods and'crustaceans were analysed. The principal n-3 fatty acids were 

22:6n-3 and 20:5n-3, and o f  the PUFA, the n-3 fatty acids were usually greatly in 

excess o f the n-6 fatty acids. The proportion o f 20:4n-6 in fish from  this area were 

higher than those normally found in fish from temperate waters and the n-3/n-6 ratio 

varied from 1.1 to 7.7. (Evans et al. 1986).

However, contrary to earlier reports on the beneficial effects o f fish 

consumption, Ascherio et al. (1995) studied 44,895 male health professionals in 1986 

and then six years later and found no significant association between dietary intake o f 

n-3 fatty acids or fish intake and the risk o f coronary disease.

Besides the macronutrients, fish are also good sources o f micronutrients such 

as vitamins and minerals. They contain fat-soluble vitamins A, D and E (tocopherol) 

and water-soluble vitamin B-complexes, riboflavin and niacin. They also contain 
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Table 1.1 W orld and Australian fisheries production.

Year W orld fisheries 
production 
(tonnes)

Human
Consumption
(%)

Other
purposes
(%)

Australian fisheries
production
(tonnes)

1989 100,115,400 70.3 29.7 181,750

1990 97,431,800 71.7 28.3 220,400

1991 97,401,800 71.0 29.0 237,250

1992 98,785,200 71.8 28.2 233,900

1993 101,417,500 72.4 27.6 218,339

Source: Australian Bureau o f  Agricultural and Resource Economics (1995) and Food 
and Agriculture Organisation (1995)

Table 1.2 W orld and Australian aquaculture production.

Year W orld aquaculture
production
(tonnes)

Finfish
production
(tonnes)

Australian aquaculture
production
(tonnes)

Finfish 
production 

_ (tonnes)

1988 14,627,469 7,572,035 NA NA

1989 14,863,940 7,787,130 NA NA

1990 15,351,646 8,357,082 NA NA

1991 16,879,773 8,768,349 16,146 6,020

1992 19,289,577 9,417,153 16,835 6,521

1993 22,744,811 11,199,298 21,701 10,281

1994 25,331,742 12,880,931 23,507 12,210

NA - Not available

Source: Australian Bureau o f  Agricultural and Resource Economics (1994, 1995) and 
Food and Agriculture Organisation (1995, 1997)
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The fisheries resources o f Australia have been very well documented in a 

recent publication by Kailola et al. (1993). The Australian fisheries production has 

been fairly stable over the last five years and in 1993 the production was 218,339 

tonnes (Table 1.1, Australian Bureau o f Agricultural and Resource Economics 1995) 

BARE 1995). This consisted o f abalone, oysters, tuna, scallops, rock lobster, prawns 

and other fish. Finfish production accounted for 59.4% o f total fisheries production 

that year (Food and Agriculture Organisation 1995).

The world aquaculture production has been steadily rising from 1988-1994 

(Table 1.2) and in 1994, about 25,331,742 tonnes o f aquaculture products was 

produced o f which 50.8% was in- fish production. In the case o f  Australia, 

aquaculture production has been growing gradually from 1991-1994 and in 1994- 

1995, the total Australian aquaculture production was 23,507 tonnes valued at about 

S418 million. Pearl oyster production was valued at S206 million while finfish 

production accounted for 12,210 tonnes and had a total value o f S I35 million 

(Table 1.2). The major species o f  fish cultured were Atlantic salmon (<Salmo salar), 

trout (Onchorhynchus mykiss) and tuna (Thunnus maccoyii). In the Northern 

Territory, even though there are several barramundi (Lates calcarifer) farms, 

production statistics have not been reported.

1.3 The potential of eel-tailed catfish Neosilurus ater (Perugia) as a candidate 
for aquaculture

Besides barramundi, eel-tailed catfish Neosilurus ater (Perugia) (Fig. 1.1) has 

been identified as a potential candidate for aquaculture in tropical northern Australia 

(Cheah et al. 1993b). This fish is found in northern Australia and central-southern 

New Guinea. In Australia, the western population ranges from the Carson River in 

northern W estern Australia to the Roper River, Northern Territory (including Groote 

Eylandt) while the eastern population is confined to Cape York Peninsula where it is 

found in the Jardine and Starke Rivers (Allen 1989).

This catfish is potentially o f  aquaculture importance as it can attain 47 cm and

2.0 kg (Lake, 1978). It was originally described by Perugia (1894) and more recently 

by W hitley (1960), Grant (1978) and Allen (1989). The head is broad and slightly 

flattened and the body tapers posteriorly. The anterior dorsal fin consists o f  a sharp
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spine and 5-7 soft rays. The second dorsal and anal fins are confluent with the caudal 

fin and the pectoral fins have a sharp spine and 11-13 soft rays. The back 

colouration is blackish or dark brown and the belly is white. However, under tank 

conditions, they can turn light grey after a few days. Adults collected from Manton 

Dam, Northern Territory are golden along the sides o f the body throughout the year.

The culture potential o f a food fish will to a certain extent depend on its 

edible qualities, which can affect consumer preference. Cheah et al. (1993b) reported 

the percentage dress-out o f this fish and the fillet was 42.6% o f the body weight 

(Table 1.3). This value was comparable to that o f barramundi (R. Griffin, pers. 

comm., 1993) and channel catfish (Ictalurus punctatus) which was reported to be 

about 30.9% (Clement and Lovell 1994). The fillet is pinkish-white and does not 

have any bones which makes it suitable for most cooking styles. The aboriginal 

population enjoys eating this fish (D. Calland, pers. comm., 1993) and its 

acceptability among the non-aboriginal Australians can be enhanced with appropriate 

campaigns. In relation to its breeding biology, the adults become gravid at the onset 

o f the wet season (Larson and Martin 1990) and adults can be collected for induced 

breeding and larval rearing under hatchery conditions.

For aquaculture o f  eel-tailed catfish to succeed, several problems will have to 

be addressed. Two o f  the more important ones are the supply o f fish fry and the 

production o f  suitable fish feeds which are both nutritionally adequate and cost 

effective. Historically, fish fry o f many species have been collected from the wild but 

in the last forty years, with a better understanding o f reproductive physiology, 

hatchery produced fry for many cultured species have been successful and reviews on 

channel catfish, African catfish (Clarias gariepinus), European catfish {Silurus 

glanis) as well as carps (Cyprinus carpio, Ctenopharyngodon idellus, Aristichthyes 

nobilis, Hypophthalmichthyes molitrix) have been well documented (Bromage and 

Roberts 1995). In the case o f the eel-tailed catfish N. ater, the first successful attempt 

at induced ovulation o f  a hatchery-rematured fish in the world was achieved in 

August 1993. The female was induced to ovulate with Ovaprim at the hatchery o f the 

Aquaculture/Horticulture complex, Northern Territory University.
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Table 1.3 Total length, standard length, body weight, fillet weight, sex and 
percentage of dress-out in eel-tailed catfish (Neosilurus ater).

Fish
No.

Total
Length
(cm)

Standard
Length
(cm)

Body
W eight
(g)

Fillet
Weight
(g)

Sex Dress-out

(%)

1 33.8 30.0 337.5 132.4 F 39.2

2 34.5 30.7 403.2 178.8 F 44.3

3 42.5 38.0 711.1 315.8 F 44.4

4 32.3 28.4 288.0 118.2 M 41.0

5 32.1 28.4 308.2 137.3 M 44.5

6 32.7 28.8 335.0 142.1 M 42.4

M ean 42.6
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1.4 Nutritional requirements o f fish

The production o f aquaculture feeds requires the basic understanding o f  fish 

nutrition and this very important subject has been extensively reviewed (Phillips 

1969, Cowey and Sargent 1972, 1979, Cowey et al. 1985, Cowey 1988, Halver 1989, 

Lovell 1989, Shepherd and Bromage 1989, Steffens 1989, Hepher 1990, Lovell 1991, 

Allan and Dali 1992, De Silva and Anderson 1995). Fish like other vertebrates 

require both macro and micronutrients. The macronutrients are the proteins, 

carbohydrates and lipids while the micronutrients are the vitamins and minerals.

1.4.1 Proteins

Proteins are the building blocks o f tissues and the level o f protein intake 

necessary for maximal growth has been investigated in several fish species. Credit 

m ust be given to J.E. Halver who first designed and used a successful amino acid test 

diet on chinook salmon (Halver 1957, De Long et al. 1958). The amino acid 

requirements o f fish has been critically reviewed (Cowey 1994). The total protein 

(amino acid balanced) requirements for optimum growth o f channel catfish has been 

reported to range from 25% to 36% and the essential amino acids that are required 

are arginine, histidine, isoleucine, leucine, lysine, methionine+cystine, 

phenylalanine+tyrosine, tryptophan and valine (Lovell 1992).

1.4.2 Carbohydrates

Generally, fish have very low abilities to utilise carbohydrates as an energy 

source with a few exceptions such as carps and eels (De Silva and Anderson 1995), 

and fish have been successfully grown on diets completely devoid o f carbohydrate. 

W hen a ration is poor in carbohydrate, then either lipid or protein will be metabolised 

to provide the necessary calories (Cowey and Sargent 1972). Fish have a significantly 

lower energy requirement than pigs and poultry. Energy in grains, which comes 

primarily from starch, is poorly digested by carnivorous fishes such as salmonids, 

however, warm-water omnivorous species such as channel catfish can digest and 

assimilate starch well. In addition, cooking also increases the digestibility o f starch 

by 10% to 15% in channel catfish (Lovell 1992).
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1.4.3 Lipids

Lipid is the third category o f macronutrient and the lipid requirements o f  fish 

has been extensively reviewed (Sinnhuber 1969, Lee and Sinnhuber 1972, Cowey 

and Sargent 1972, 1977, 1979, Halver 1975, Hashimoto 1975, Castell 1979, 

Watanabe 1982, Henderson and Tocher 1987, Cowey 1988, Sargent et al. 1989, 

Shepherd and Bromage 1989, Stickney and Hardy 1989, De Silva and Anderson 

1995, Lovell 1991). The metabolism o f lipid in fish has also been discussed at great 

length (Green and Selivonchick 1987, Sargent et al. 1989).

Lipids in animals fulfill two broad general functions namely provision o f 

.energy and in maintaining the structural integrity o f  a wide variety o f biological 

membranes between and within cells. The provision o f  chemical energy in the form 

o f adenosine triphosphate (ATP) depends largely on the oxidation o f  fatty acid 

moieties o f lipids through beta-oxidation. While triglycerides are mainly for energy 

provision, polar lipids together with cholesterol and its esters are mainly found in 

biological membranes (Cowey and Sargent 1972). In addition, fatty acids are 

precursors for eicosanoids and have a role in vision (De Silva and “Anderson 1995). 

Besides these functions, lipids also act as carriers o f fat-soluble vitamins A, D and K 

(Watanabe 1982).

Generally, 10%-20% lipid in fish diets gives optimal growth rates without 

producing an excessively fatty carcass (Cowey and Sargent 1979). W hen channel 

catfish fingerlings were fed several lipid supplements in practical-type diets, 

maximum growth and feed efficiency were obtained when diets were supplemented 

with 9% animal tallow, 9% menhaden oil or a combination o f the two (Murray et al. 

1977).

Fatty acids are carboxylic acids with long-chain hydrocarbon side groups and 

some o f the more common biological fatty acids are shown in Table 1.4. The 

nomenclature o f  fatty acids follows a particular convention. This is CX;y(n-z) where x 

denotes the number of carbon atoms, y  denotes the num ber o f  double bonds in the 

chain and z  denotes the carbon at which the first double bond appears numbering 

from the non-carboxyl (COOH) end. n is often replaced by w (omega) in older 

literature and popular jargon; hence w3 and w6 fatty acids. Thus, for example,
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Table 1.4 Trivial and chemical names o f common fatty acids.

Fatty acid 
Abbreviation

Trivial name Chemical name

C12:0 Laurie acid Dodecanoic acid

C 14:0 Myristic acid Tetradecanoic acid

C16:0 Palmitic acid Hexadecanoic acid

C 16: ln-7 Palmitoleic acid Hexadecenoic acid

C 18:0 Stearic acid Octadecanoic acid

'  C l 8 :ln-9 Oleic acid Octadecenoic acid

C18:ln-7 Vaccinic acid Octadecenoic acid

C18:2n-6 Linoleic acid Octadecadienoic acid

C18:3n-3 Linolenic acid Octadecatrienoic acid

C20:4n-6 Arachidonic acid Eicosatetraenoic acid

C20:5n-3 Timnodonic acid Eicosapentaenoic acid

C22:5n-3 Clupadonic acid Docosapentaenoic acid

C22:6n-3 Cervonic acid Docosahexaenoic acid
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linolenic acid is C18:3n-3 fatty acid and linoleic acid is C18:3n-6 fatty acid (De Silva 

and Anderson 1995).

There is also a distinction between saturated and unsaturated fatty acids. In 

saturated fatty acids, all the C atoms in the carbon chain are linked by single bonds 

but in unsaturated fatty acids, one or more double bonds occur in the carbon chain. 

Double bonds have the effect o f lowering the melting point hence lipids containing a 

high proportion o f  unsaturated fatty acids are usually liquid at room temperature 

(Steffens 1989). In the aquatic environment, the primary producers are unicellular 

algae and actively growing algae contain approximately 20% o f  their dry weight as 

lipid. Freshwater microalgae have both the n-3 and n-6 polyunsaturated fatty 

acids although the latter are more common. The major consumers o f phytoplankton 

are crustacean zooplankton which are subsequently eaten by planktivorous fish (De 

Silva and Anderson 1995).

Freshwater and marine triglyceride fats have been defined primarily in terms 

o f fatty acid chain length. The C16 and, especially, C l8 fatty acids are present in 

greater proportions in the fats o f freshwater animals, whilst the C20 and, especially, 

C22 fatty acids are present in smaller proportions in the fats o f similar marine 

animals (Lovem, 1937, Lovem 1942, Hilditch and W illiams, 1964, Cowey and 

Sargent 1972). The difference in the fatty acid compositions o f  freshwater and marine 
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6/n-3 ratio o f freshwater fish was about 0.37 while that for m arine fish was only 0.16 

(Castell 1979). In another report, the n-3/n-6 ratio in four species o f freshwater fish 

ranged from 1.7-3.5 while that in marine fish ranged from 7.5-9.2 (Borlongan and 
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et al. 1989, Hepher 1990, Stansby et al. 1990, De Silva and Anderson 1995). Fatty 

acid metabolism in fish has also been discussed (Henderson and Sargent 1985).

Fish require 18:2n-6 or 18:3n-6 and 18:3n-3 as essential fatty acids 

(Nicolaides and W oodall 1962, Higashi et al. 1964, 1966, Cowey and Sargent 1972, 

Henderson and Tocher 1987, Cowey 1988) for growth and they cannot synthesis 

these particular fatty acids de novo. W hen these essential fatty acids (EFA) are 

supplied in suitable amounts, freshwater fish can perform chain elongation and 

desaturation to give longer-chain polyunsaturated fatty acids (PUFA) such as 

20:4n-6, 20:5n-3, 22:5n-3 and 22:6n-3 (Lovem 1964, Cowey and Sargent 1972, 

Henderson and Tocher 1987, Cowey 1988). However, conversion to longer-chain 

fatty acids such as 20:5n-3, 22:5n-3 and 22:6n-3 is apparently not obligatory in 

freshwater fish in the natural state (Ackman 1967). Marine fish are unable to convert 

18:3n-3 to 20:5n-3 and 22:6n-3 because they lack enzymes such as elongases and 

desaturases and as such, require these fatty acids in their diet (Sargent 1995).

Channel catfish (I. punctatus) does not utilise 18:3n-3 as efficiently as do 

salmonids and the highest average weights o f channel catfish occurred when the diets- 

were supplemented with beef tallow, olive oil and menhaden oil triglycerides 

(Stickney and Andrews 1972).

Fatty acid deficiency-sym ptom s were first observed by Nicolaides and 

W oodall (1962) who reported that salmon fry lacked normal pigmentation in the skin 

when the fry were m aintained on a fat-free diet from hatching. Table 1.5 provides the 

description o f the various symptoms o f  fishes that have been maintained on a fat-free 

diet. Sinnhuber (1969) was one o f the earliest to describe the abnormal symptom 

called “shock syndrome” in trout that were fed a diet deficient in polyenoic acids. 

W hen fish were suddenly stimulated e.g. netting or turning on the light, they would 

swim rapidly which would then be followed by a comatose state. Dietary linolenic 

acid prevented this syndrome from occurring.

Watanabe (1982) reported that a fat-free diet or an essential fatty acid (EFA) - 

deficient diet resulted in elevated level o f “abnormal” eicosatrienoic acid, 20:3n-9. 

The ratio o f 20:3n-9/22:6n-3 has been suggested as an index o f EFA deficiency and if  

the ratio was greater than 0.4, then the diet was deficient in n-3 acids (Cowey and 

Sargent 1972).
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Table 1.5 Symptoms of fatty acid deficiency in fishes. 

Name of fish 

Chinook salmon 

Chinook salmon 

Salmon 

Rainbow trout 

Rainbow trout 

Turbot 

Deficiency 

18:211-6 

18:3n-3 

PUFA 

l 8:3n-3 

PUFA 

PUFA 

Note: PUF A - Polyunsaturated Fatty Acid 

Deficiency symptoms 

Impaired pigmentation 

Impaired pigmentation 
Caudal fin erosion, 
"shock syndrome" 

pale and swollen liver 

fin erosion 
pale and swollen liver 

"shock syndrome" 

fin rot of tail and dorsal 
fin, bleeding of the gills 

Reference 

Nicolaides and Woodall (1962) 

Nicolaides and Woodall (1962) 
Castell et al. ( 1972 ), 

Takeuchi et al. (1979) 

Higashi et al. 1966, Castell el al. (1972) 
Castell et al. (1972) 

Sinnhuber (1969), Castell et al. (1972), 
Watanabe et al. (1974b) 

Bell et al. ( 1985) 

v, 



16

EFA deficiency can also greatly affect the spawning o f some fish such as 

rainbow trout and red sea bream. When adult rainbow trout were fed an EFA 

deficient diet for 3 months before spawning, they produced eggs with low hatching 

rate. Similarly, when red sea bream  were fed an EFA deficient diet for 6 months prior 

to spawning, the total egg production, proportion o f eyed eggs and hatchability were 

low (Watanabe 1982). Generally, n-3 fatty acids are the m ajor essential fatty acids o f 

both freshwater and marine fish (Cowey and Sargent 1972).

On the other hand, feeding excess amounts o f EFA at the level of 4 times the 

requirement to rainbow trout caused poor growth and low feed conversion (Takeuchi 

and Watanabe 1979). This detrimental effect o f overfeeding o f EFA on depressed 

growth rates was also observed by others on rainbow trout (Yu and Sinnhuber 1976), 

coho salmon (Yu and Sinnhuber 1979).

1.5 Thesis aims and structure

Very little is known about the lipid and fatty acid composition of the northern 

Australian eel-tailed catfish, N. ater, and the relationship to growth and reproduction. 

This thesis investigates the lipid and fatty acid composition o f  N. ater and the 

relationship to growth and reproduction. The specific objectives are detailed in 

section 1.5.1.

1.5.1 Thesis aims

The thesis is divided into three sections and the specific objectives o f  the

various sections can be identified as follows:

Chapter II - Lipid content and fatty acid profile o f lipids in adult and

juvenile catfish (N. ater).

• To evaluate the effect o f storage temperature and time on the lipid 

content and the fatty acid profile in the m uscle tissues o f eel-tailed 

catfish N. ater.

• To determine the distribution o f  lipids and the fatty acid profiles o f 

muscle cutlets taken from the nape to the tail.

• To determine the lipid content and fatty acid profiles o f wild fry and 

fingerlings.
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Chapter III -  (A) Seasonal changes in the mass, total lipids and fatty acid 

composition of the liver and ovary, and (B) Lipid content and fatty acid 

composition of eggs and larvae obtained from induced ovulation with  

Ovaprim.

• To monitor the seasonal changes in the lipid content and fatty acid

profiles o f the ovaries and livers over an annual cycle.

•  To determine the optimum dosage o f Ovaprim administration for

induced ovulation o f N. ater and

• To determine the lipid content and fatty acid profiles in the different

stages o f  eggs and larvae.

Chapter IV - Larval rearing o f eel-tailed catfish with Artemia  nauplii, 

form ulated and/or zooplankton diets.

• To investigate the effects o f delayed feeding with Artemia  nauplii as a

larval feed.

• To determine the effects o f  using oil-enriched and non oil-enriched

Artemia  nauplii as a larval feed.

• To evaluate the effects o f  using zooplankton and/or prepared diets for

larval rearing.

Chapter V  - Conclusion

1.5.2 Thesis structure

The thesis is composed o f  five chapters. The first chapter is an 

introduction to the topic, via a general literature review. There will be a 

specific literature review for each chapter. The first part o f Chapter two 

establishes the baseline total lipid content and fatty acid composition o f wild 

eel-tailed catfish and describes the evaluation o f  the effect o f  storage 

temperature and time on the lipid content and the fatty acid profile in the 

m uscle tissues o f eel-tailed catfish (N. ater). The methodology for total lipid 

determination, direct methylation to form fatty acid methyl esters (FAME) 

and the use o f  the gas chromatograph is also given. In the second part o f 

Chapter two the distribution o f lipids and the fatty acid profiles o f m uscle
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cutlets taken from the nape to the tail o f  mature fish is described. The final 

part o f Chapter two discusses the lipid content and fatty acid profiles o f wild 

fry and fingerlings.

Part one o f chapter three describes the seasonal changes in the lipid 

content and fatty acid profiles o f  both the ovaries and livers over an annual 

cycle. This is followed by part two o f chapter three, an investigation of the 

effect o f administering different dosages o f Ovaprim to wild gravid females 

for induced ovulation. The lipid content and fatty acid profiles o f  different 

stages o f eggs and larvae are also presented.

Chapter four deals with several experiments in larval rearing o f N. 

ater. Part one is on the effects o f  delayed feeding with Artemia  nauplii, part 

two describes the effects o f using oil-enriched and non oil-enriched Artemia 

nauplii, and part three is on the use o f zooplankton and/or prepared diets as 

larval feeds.

Chapter five is a general discussion on the significant findings o f the 

various experiments and the conclusion.
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CHAPTER TWO LIPID CONTENT AND FATTY ACID PROFILE OF 

LIPIDS IN ADULT AND JUVENILE CATFISH, 

N. ATER. 

2.1 INTRODUCTION

Fish use the skeletal musculature, liver and visceral regions as fat depots 

(Steffens 1989). Triacylglycerols, which are present in very low-density lipoproteins 

and low-density lipoproteins o f fish plasma, are deposited in the adipocytes 

constituting fish adipose tissue (Sargent et al. 1989). Studies o f the proportion o f 

triglyceride fat in fresh fish muscle found that the amount o f fat was w ithin the range 

o f  0.5-13.3% o f fresh muscle weight with the exception in eels where 21.5% o f fat 

was recorded (Stansby 1962, Lovem 1964, Bonnet et al. 1974, Pearson 1977, 1978, 

Gibson 1983, Sinclair et al. 1983, Evans et al. 1986, Fogerty et al. 1986, Hearn et al. 

1987, Dunstan _et al. 1988, Sinclair et al. 1992). Fish depot lipids have a complex 

m ixture o f their component fatty acids which range in chain length from 14 to 22 

carbon atoms, and which include numerous highly unsaturated compounds (Lovem 

1964, Pearson 1977, 1978, Gibson 1983, Sinclair et al. 1983, Fogerty et al. 1986, 

Heam  et al. 1987, Sinclair et al. 1992).

2.1.1 Total lipid content o f fish

The composition o f  the edible portion o f  the flesh o f fish and shellfish varies 

w ith many factors such as size, sex, stage o f sexual maturity, season and place o f 

catching (Mannan et al. 1961). The total lipid content o f catfishes have been reported 

by various authors such as in channel catfish (Gibson and Worthington 1977, Heam 

et al. 1987), European catfish (Fullner and Pfeifer 1995), Indian freshwater catfishes 

(Alexander 1970, Jaffri 1973) and range from 20-30% of dry weight. The total lipid 

content o f carp and Ayu fry have been reported as a result o f studies to determine 

their essential fatty acid requirements (Watanabe et al. 1975, Kanazawa et al. 1982). 

Similarly the total lipid content o f fmgerling rainbow trout, striped bass and channel 

catfish have also been reported (Watanabe et al. 1974a,b,c, Gallagher et al. 1989, 

Stowell and Gatlin 1992). The lipid content o f several species o f marine and 

freshwater fishes have been reviewed (Lovem 1962, Gruger et al. 1964, Bonnet et al.
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1974, Pearson 1977, 1978, Gibson 1983, Sinclair et al. 1983, Fogerty et al. 1986, 

Hearn et al. 1987, Henderson and Tocher 1987, Sinclair et al. 1992).

2.1.2 Effect of storage

Generally, samples should be analysed for the total lipid content and fatty 

acid profiles as soon as the samples are obtained. However, this is often not possible 

because the investigator may be too far away from the laboratory. For this reason a 

portion o f the samples may be processed and/or frozen and stored at sub-zero 

temperatures until the investigator can analyse the samples.

Freezing may involve damage to cell structures, concentration o f  solutes in 

the residual water, and possible re-orientation o f enzymes and their substrates 

(Lovem 1964). Generally, frozen fish that are properly processed and packed can be 

very stable at low storage temperatures. Dyer (1967) reported that cod muscle 

remained acceptable (presumably for consumption) after being stored at -23°C for 3 

years. During long term frozen storage, deterioration o f lipids have been reported to 

occur, however, lipid hydrolysis occurred slowly with the liberation o f  Tree fatty 

acids.

Changes in the lipids o f skipjack during frozen storage has also been 

investigated. The-total lipid content in ordinary muscle after storage for 80 days at 

storage temperatures of-10°C , -20°C and -30°C decreased by 40%, 34% and 32%, 

respectively. In dark muscle, the total lipid content decreased by 47%, 47%  and 40%, 

when the muscles were stored at -10°C, -20°C and -30°C, respectively. The decrease 

was more evident during the early period o f storage especially so for triglycerides 

(Tsukuda 1976).

In a recent study on the effects o f cold storage at -18°C and -30°C o f  frozen 

bream {Sparus aurata) fillets, fatty acids were found to be stable during the first six 

months o f cold storage, but after six months, the 22:6n-3 decreased by 40% in the 

fillets from both types o f storage (Orban et al. 1996).

Some aspects on freezing and frozen storage o f tropical fish have been 

reviewed by Bose (1969), Ames and Poulter (1985), and Curran et al. (1985) 

including biochemical changes in fish tissues, bacterial counts in frozen fish and 

shelf-life o f frozen fish. Most o f the published work on the frozen storage o f  tropical
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Changes in the lipids of skipjack during frozen storage has also been 

investigated. The-total lipid content in ordinary muscle after storage for 80 days at 

storage temperatures of -10°C, -20°C and -30°C decreased by 40%, 34% and 32%, 

respectively. In dark muscle, the total lipid content decreased by 47%, 47% and 40%, 

when the muscles were stored at -10°C, -20°C and -30°C, respectively. The decrease 

was more evident during the early period of storage especially so for triglycerides 

(Tsukuda 1976). 

In a recent study on the effects of cold storage at -18°C and -30°C of frozen 

bream (Sparus aurata) fillets, fatty acids were found to be stable during the first six 

months of cold storage, but after six months, the 22:6n-3 decreased by 40% in the 

fillets from both types of storage (Orban et al. 1996). 

Some aspects on freezing and frozen storage of tropical fish have been 

reviewed by Bose (1969), Ames and Poulter (1985), and Curran et al. (1985) 

including biochemical changes in fish tissues, bacterial counts in frozen fish and 

shelf-life of frozen fish. Most of the published work on the frozen storage of tropical 
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fish relates to pelagic fish such as sardines, several types o f mackerel and tuna (Ames 

and Poulter 1985) and very little has been reported on tropical freshwater fish.

In a study on the fatty acid composition of lipids in Newfoundland capelin 

during frozen storage, the lipids including triglycerides in most samples o f male 

capelin showed more severe hydrolysis than in females after storage for six months. 

The body lipid o f female fish showed intact phospholipid (1.17%) whereas the body 

lipid o f the males showed a low level (0.31%) (Ackman et al. 1969).

Phospholipid hydrolysis was studied in lemon sole and haddock between -7°C 

and -29°C. In haddock, lecithin and phosphatidyl ethanolamine which contained 

16:0, 18:1 and 20:5 acids were preferentially hydrolysed. The ratio o f unsaturated to 

saturated acids remained at a value o f about 2 for all storage temperatures (Olley et 

al. 1969).

2.1.3 Distribution of lipids in muscles of fish

The variation in lipid content in different parts o f the muscle from an 

individual fish species have been reported by Brandes and Dietrich (1953a,b), 

Thurston (1958), Thurston and M acM aster (1960), Mannan et al. 1961, Alexander 

(1970), Jafri (1973) and more recently by Steffens et al. 1991, and Fullner and Pfeifer 

(1995). _ '

In a study on the Atlantic halibut (Hippoglossus hippoglossus), Mannan et al. 

(1961) concluded that there was great variation in lipid content between the white 

meat o f  the central muscle, the dark meat along the sides o f the fish and the muscle o f 

the belly flap. The lipid content o f  the white meat and dark meat ranged from 3.7- 

5.0% and 16.9-30.0% o f  dry weight (DW), respectively, while the lipid content in the 

belly flap was 19.9% DW.

The lipid contents in the muscles from different parts o f  the freshwater murrel 

(Ophicephalus striatus) and the freshwater catfish (Arius dussumieri) have also been 

studied (Alexander 1970). The body o f both fishes were divided into five vertical 

regions. The lipid content o f  the muscles in the cephalic region just behind the head 

in O. striatus and A. dussumieri were 4.91% and 7.58% DW , respectively, and the 

muscles in this region had the lowest lipid levels when compared to that in the other 

regions o f  the fish. In O. striatus the lipid content o f the muscles in the middle
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sections of the body ranged from 6.13-8.23% DW while that in A. dussumieri ranged 

from 8.31-11.11% DW  indicating that the lipid content o f  the muscles in the middle 

sections o f the body were similar but higher than that in the cephalic region. The lipid 

content in the tail region o f 0. striatus and A. dussumieri were 12.02% and 12.38% 

DW, respectively, indicating that the tail sections in both fishes had the highest lipid 

contents.

In a study on the distribution patterns o f fat and water in the flesh o f the 

Indian common freshwater catfish (W allago' attu) the body was divided into six 

vertical zones. The fat content o f the flesh in zone one which was the most anterior 

section o f the body was 3.01% DW. The level of.fat in this zone was also the lowest 

when compared to that in the other parts o f  the body. Disregarding the Tat content in 

the flesh of zone three, there was a general trend for progressively higher fat content 

in the flesh as the samples progressed towards the tail. The fat content in the tail 

(zone five ) was 3.31% DW and this value was the highest for all the six zones 

analysed (Jafri 1973).

The abdominal muscles and the intestines of silver carp (H. molitrix) and big 

head carp (A. nobilis) have been reported to have high levels o f  lipid (Steffens et al. 

■1991). In silver carp, the lipid content o f the dorsal abdominal muscles and the 

ventral abdominal muscles ranged from 31-42% and 53-60%-DW , respectively. In 

the case o f big head carp, the lipid content o f the dorsal abdominal muscles and the 

ventral abdominal muscles ranged from 32-34% and 28-54%  DW, respectively. The 

fatty acid composition of both species was characterised by high proportions o f n-3 

polyunsaturated fatty acids and the variations in fatty acids between the different 

parts of the body were negligible (Steffens et al. 1991).

In a study on the distribution o f lipids in the m uscles o f  the European catfish 

(S. glanis) the body was divided into three vertical sections. The first section was 

from behind the head to the dorsal fin, the second section was from the dorsal fin to 

half way between the dorsal fin and the adipose fin and the third section was the rest 

o f the fish. The lipid content o f the muscles in the first, second and third sections o f 

the body were 9.70+3.58%, 9.77±2.36% and 30.21±3.28% DW, respectively. The 

data demonstrated that the muscle o f the tail section had much higher lipid levels 

than the muscles o f the other parts o f the body (Fullner and Pfeifer 1995).
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2.1.4 Fatty acid composition of fish lipids

The fatty acid composition o f lipids from wild and cultured channel catfish (I. 

punctatus) are summ arised in Table 2.1 together with data for Australian freshwater 

fish caught in their natural habitats. Since eel-tailed catfish is phylogenetically closer 

to channel catfish, a review o f  channel catfish fatty acid literature would be 

beneficial. The body lipid content and fatty acid composition o f  the lipids can be 

affected by its diet (Sargent et al. 1989). Lipids from wild, adult channel catfish 

contained high proportions o f the saturated fatty acid 16:0 and monounsaturated fatty 

acid 18:ln-9, w ith lower levels o f  PUFA 20:4n-6, 20:5n-3 and 22:6n-3 (Bonnet et al. 

1974, Chanm ugam  et al. 1986, H eam  et al. 1987, Tidwell and Robinette 1990). 

Cultured channel catfish showed a wider range o f percentages o f  each fatty acid 

(Table 2.1) reflecting a direct relationship between fatty acid composition o f  dietary 

lipids and the fatty acid profile from m uscle lipids (Worthington and Lovell 1973, 

Tidwell and Robinette 1990). A  selection o f  wild, Australian freshwater fishes have 

16:0 and 18:ln-9 as dominant fatty acids (Table 2.1) (Gibson 1983, Sinclair et al. 

1992) and several species have high proportions o f the PUFA 22:6n-3 as well.

2.1.5 Objectives o f Chapter 2

There is little or no information available on the lipid content and fatty acid 

profiles o f  lipids in eel-tailed catfish (N.. ater) and as such three experiments were 

conducted with the following sub-titles:

1) To investigate the effect o f  storage temperature and time on the lipid 

content and the fatty acid com position o f the lipids in m uscle tissues.

2) To determine the lipid content and fatty acid composition o f  muscle 

tissues from different parts o f  the body, and

3) To determine the lipid content and fatty acid composition o f the lipids of 

whole fry and muscle tissues o f  fingerlings.
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Table 2.1 Fatty acid composition of lipids extracted from muscles of adult and fingerling channel catfish and some Australian freshwater fishes. 
(Mean values of major fatty acids and polyunsaturated fatty acids only)
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: Cult. - Cultured, A - Adult, F - F ingerling, nd - not detected

Table 2.1 Fatty acid composition of lipids extracted from muscles of adult and fingerling channel catfish and some Australian freshwater fishes. 
(Mean values of major fatty acids and polyunsaturated fatty acids only) 

Species Origin Stage Fatty acid(% of total fatty acids) Reference 

16:0 16:1 18:0 18: ln-9 18:211-6 20:411-6 20:511-3 22:611-3 

Jctalurus punctatus Wild A 20.7 7.4 4.3 22.5 5.5 2.3 0.7 4.7 Donnel el al. (1974) 
(Channel catfish) 

A 20.6 7.5 8.0 23.7 2.9 6.8 7.0 13.6 Chanmugam et al. (1986) 

F 21.7 4.5 5.9 37.6 17.8 nd nd nd Tidwell and Robinette ( 1990) 

Cult. A 18.2 4.8 3.7 51.3 13.2 nd nd nd Tidwell and Robinette ( 1990) 

A 19.6 4.2 6.7 42.5 12.4 1.9 1.5 5.0 Chanmugam et al. ( 1986) 

A 18.9 4.1 5.4 42.4 12.9 2.0 0.8 1.9 Worthington et al. (1972) tv 
.p.. 

A 17.4 4.5 4.2 46.8 13.4 3.0 0.6 1.9 Worthington and Lovell ( 1973) 

A 10.5 4.5 5.4 12.6 2.3 5.7 15.4 23.5 Bonnel et al. (1974) 

Macquaria a111big11a Wild A 16.6 9.5 4.8 18.2 2.1 5.9 5.1 22.9 Sinclair et al. ( 1992) 
(Golden perch) 
Macquaria ambigua Wild A 19.9 12.8 4.9 18.6 3.4 4.8 4.1 13.1 Gibson ( I 983) 
(Callop) 
011corhy11ch11s mykiss Wild A 18.0 4.2 4.0 25.0 15.7 1.5 2.0 16.6 Sinclair et al. (1992) 
(Rainbow trout) 
Perea jluviatilis Wild A 18.2 13.0 3.2 17.2 3.2 5.9 6.8 19.3 Gibson ( 1983) 
(Red fin perch) 
Sa/1110 salar Wild A 15.9 5.0 4.0 19.8 0.6 2.1 6.7 35.9 Sinclair et al. ( 1992) 

Note: Cult. - Cultured, A - Adult, F - Fingerling, nd - not detected 
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2 .2  M ATERIALS AND M ETHODS

2.2.1 Fish samples

Three adult Neosilurus ater were used for the first experiment on the effect o f 

storage temperature and storage time on the lipid content o f the muscle tissues and 

the fatty acid composition o f the lipids. The fish were caught at night by setting gill 

nets in the fringes of w ater lily patches w ith the open water at Manton Dam, Northern 

Territory (Fig. 2.1). The fish caught were carefully removed from the nets, put into 

an aerated 50 L plastic tank in a dinghy and transported back to shore facilities. The 

fish were transferred from the 50 L tank into an aerated 200 L tank that was m ounted 

on a vehicle and transported back to the hatchery o f the Aquaculture complex, 

Northern Territory University. They were held over-night in fresh water in a 500 L 

tank which was aerated w ith an air stone. The next day, the fish were removed from 

the holding tank, anaesthetised with 100 ppm  o f M S222 (Sandoz), removed from the 

anaesthetising tank and measurements m ade o f total length (TL), standard length 

(SL) and body weight (Wt). The frsh were then put on a chopping board and 

dissected from the position behind the dorsal spine towards the tail into 1.5-2 cm 

cutlets. Six cutlets in the m id-section o f the fish body was used for the study that had 

six treatments.

Three more adult fish from M anton Dam were used in the second experiment 

on the lipid content and the fatty acid profile o f  the lipids in the muscle tissues from 

different parts o f the body. The m ethodology o f  catching, transporting, holding, 

sedating and taking o f  length-weight measurements was the same as described above. 

After the fish had been fully sedated, the body was dissected into twelve cutlets from 

the position behind the head to the tail w ith  each cutlet having a thickness o f  1.5-2 

cm.

Eighteen fish fry (3-6 cm) and 54 fingerlings (6-15 cm) for the third 

experiment on the lipid content and fatty acid profile o f  the lipids in juvenile catfish 

were collected with scoop nets and throw nets from Scotts Creek which is about 6 km 

off the Arnhem Highway, Amhemland, Northern Territory (Fig. 2.1). Scotts Creek is 

a temporary water body that only flows during the wet season. While the fry were
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Fig. 2 .1  M ap of Australia and Northern Territory indicating the sam pling sites 
at Scotts Creek and Manton Dam.
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Fig. 2.1 Map of Australia and Northern Territory indicating the sampling sites 
at Scotts Creek and Manton Dam. 
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collected in the shallow areas o f the creek amongst water weeds and stones, the 

fingerlings were collected in the open water areas that were 1-2 m in depth. All fish 

were put into two 200 L tanks containing about 100 L o f  water each, and the tanks 

were aerated with portable air pumps. The fish were transported back to the hatchery 

o f the Aquaculture complex, Northern Territory University, and transferred into two 

aerated 500 L holding tanks containing about 300 L o f  water. They were starved for 

24 hours to void the gut contents, which would interfere with chemical analyses. The 

following day, all the fish were anaesthetised in 100 ppm  o f  M S222 and when the 

fish were fully sedated, the total lengths o f the fry and fingerlings were determined 

and the fish were divided into twelve size classes namely, 3-4 cm, 4-5 cm, 5-6 cm, 

6-7 cm, 7-8 cm, 8-9 cm, 9-10cm, 10-1 lcm , ll-12cm , 12-13 cm, 13-14 cm and 14-15 

cm.

2.2.2 Experimental design

2.2.2.1 Effect o f storage tem perature and storage time.

This experiment had six treatm ents with three replicates per treatment. The 

cutlets from each fish were random ly assigned to the following treatments: In 

treatment I, a portion oT the white muscle was freeze-dried immediately and the 

lyophilised samples were stored at -80°C. In treatment II, the cutlets were placed in 

individual plastic bags, labelled and air frozen at -80°C. In treatments E l to VI, the 

cutlets were placed in individual plastic bags, labelled and air frozen at -20°C and 

stored at that temperature for two, four, six and eight weeks, respectively. At the end 

of the specific time periods, all cutlets were removed from the -20°C freezer and then 

stored in the -80°C freezer for three m o n th s

2.2.2.2 Investigation of lipid content and fatty acid profile of adult muscle 
tissues from different parts of the body.

For the second experiment, six o f the twelve cutlets from each fish were 

selected (Fig. 2.2). In each case, cutlets 1 came from the zone before the dorsal spine, 

cutlet 3 was located after the dorsal spine, cutlets 5 and 7 were located in the m id 

section o f the fish, and cutlets 9 and 11 were from the tail end. Triplicate analyses 

were done on each sample.
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stored in the -80°C freezer for three months. 

2.2.2.2 Investigation of lipid content and fatty acid profile of adult muscle 
tissues from different parts of the body. 

For the second experiment, six of the twelve cutlets from each fish were 

selected (Fig. 2.2). In each case, cutlets 1 came from the zone before the dorsal spine, 

cutlet 3 was located after the dorsal spine, cutlets 5 and 7 were located in the mid 

section of the fish and cutlets 9 and 11 were from the tail end. Triplicate analyses 
' 

were done on each sample. 
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Fig. 2.2 Position of cutlets on adult eel-tailed catfish (N. ater).
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Fig. 2.2 Position of cutlets on adult eel-tailed catfish (N. ater). 
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2.2.2.3 Investigation of lipid content and fatty acid profile of whole fry and 
muscle o f fingerlings.

This experiment was divided into two parts namely, a) total lipid content and 

the fatty acid profile o f the lipids in the whole fish for the 3-4 cm and 5-6 cm JSry, and 

b) total lipid content and the fatty acid profile o f  the lipids in the m uscle tissues o f the 

fingerlings in the 7-8 cm, 9-10 cm, 11-12 cm  and 13-14 cm size classes. There were 

duplicate samples for each size class.

2.2.3 Lyophilisation

In the first experiment, about two grams o f  the white m uscle was removed 

from the fresh cutlet (treatment I) or thawed cutlets (treatments II to VI). The white 

m uscle samples were put into labelled and pre-weighed 10 m L sample bottles, which 

were then put into 1 L capacity freeze-drier bottles and attached to the freeze-drier 

(Flexy-Dry model FDX-1-54D-CD, FTS Systems Inc.). After 24 hours, the samples 

were removed from the freeze-drier and weighed on an analytical balance. This 

procedure was repeated until a constant weight o f the freeze-dried sample was 

achieved. The freeze-dried samples were then stored at -80°C until further analysis.

In the second experiment, about two grams o f  white m uscle from each o f the 

cutlets were also removed and separately freeze-dried according to the method 

described above. After the samples had been freeze-dried, they were stored at -80°C 

until analysis.

In the third experiment, three fish fry or fingerlings (about 2g) were freeze- 

dried together to form a composite sample and there were duplicate samples for each 

size class. In the case o f fingerlings (6-15 cm), the skin was rem oved and the muscle 

was freeze-dried after which the samples were stored at -80°C until analysis.

2.2.4 Lipid Extraction

For all experiments, total lipids were determined gravimetrically on triplicate 

samples for each treatment after extraction o f muscle tissue w ith methanol- 

chloroform (1:2) using the Folch method as modified by Bligh and Dyer (1959) (Fig. 

2.3). The freeze-dried samples were rem oved from the -80°C freezer and 25 to
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30 mg o f  the freeze-dried sample was accurately weighed to four decimal places 

(Sartorius, 4-decimal balance) in a 100 mL conical flask.

Ten mL of methanol (Ajax, Unichrome) and 20 mL of chloroform  (Ajax, 

Unichrome) were added to each flask and samples ultrasonicated for 30 minutes. The 

samples were then filtered (W hatman No. 40 filter papers), the filtrates collected in 

100 mL separatory funnels and 10 m L 0.88% potassium  chloride (BDH, Analar) 

added. Samples were extracted for 20 seconds and the two phases allowed to separate 

for approximately 20 minutes.

The clear upper aqueous layer was then rem oved, 10 mL o f  50% m ethanol 

was added and the samples re-extracted for 20 seconds followed by 20 m inutes rest 

to allow the layers to separate.

The lipid-containing-chloroform bottom layer was then collected in a 100 m L 

beaker and 1 g o f sodium sulfate (Analar, granular, anhydrous) added to remove 

water rem aining in the chloroform. The lipid-containing-chloroform was then 

pipetted into a round bottom flask taking care not to include the sodium sulphate 

crystals.

The chloroform was reduced to about 0.5 mL on a rotary evaporator, 

transferred into a pre-weighed sample bottle and reduced to dryness at 30°C under a 

stream o f dry nitrogen. The dried samples were weighed (to constant weight) and 

stored at -80°C.

Lipid content (%) was calculated as: Lipid m ass (g) X  100/ Sample m ass (g). 

The accuracy and precision o f the lipid extraction procedure was determined by lipid 

recovery using stearic acid and the recovery following lipid extraction with 

methanol-chloroform (1:2) was 86.41±3.71%. The author is aware that the extraction 

efficiency o f  lipids from animal tissues that are contained in membranes o f  fat 

deposits m ay be different.

2.2.5 M ethylation of Fatty Acids

Fatty acid methyl esters (FAME) were prepared by direct transesterification o f 

the lipid extracts with 14% BF3-methanol at 60°C for 2 hours (Fig. 2.4). Two mL o f 

boron trifluoride-methanol complex (BDH) was added to the lipid extracts. The 

capped sample bottles were then partially submersed in a water bath at 60°C for 2
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efficiency of lipids from animal tissues that are contained in membranes of fat· 
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2.2.5 Methylation of Fatty Acids 

Fatty acid methyl esters (FAME) were prepared by direct transesterification of 

the lipid extracts with 14% BF3-methanol at 60°C for 2 hours (Fig. 2.4). Two mL of 

boron trifluoride-methanol complex (BDH) was added to the lipid extracts. The 

capped sample bottles were then partially submersed in a water bath at 60°C for 2 
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hours. The solutions were then transferred to 100 mL separatory funnels, two mL o f 

hexane was added and the FAME was extracted for 20 seconds, followed by 10 

minutes for phase separation. The FAME extracted into the upper hexane layer.

The aqueous layer was re-extracted with a further 2 m L o f  hexane and the 

aqueous layer discarded. Five mL o f  saturated sodium chloride was added to the 

hexane extract in the separatory funnel, the phases were allowed to separate for 10 

minutes, after which the aqueous layer was removed and discarded. The process was 

repeated with 5 mL o f  saturated sodium chloride and the hexane layers pooled.

The FAM E-in-hexane was collected in a 20 mL beaker, dried with sodium 

sulfate (anhydrous, granular), transferred to a clean 10 mL sample bottle using a 

Pasteur pipette, and the volume was reduced to less than 1 m L under a stream o f  

nitrogen at 30°C. The sample was pipetted into a 2 mL septum  vial and the total 

volume made up to the 1 mL mark w ith additional hexane. The vial was capped, 

labelled and stored at -80°C.

2.2.6 Capillary Gas Chromatography

All FAME samples were analysed using a V arian V ista 6000 gas 

chromatograph with FID detector and split-splitless injector, using a fused-silica 

column (SGE BP225, 50%  cyanopropyl 50% phenyl dimethyl-siloxane, 25 m  x 0.22 

mm i.d.).

The sample vials were removed from the -80°C freezer and temporarily stored 

in the refrigerator at 4°C prior to injections. After sample injections, the sample vials 

were returned to the -80°C freezer. Samples (1 uL) were split injected and purged at 

60 seconds. The injector temperature was 250°C, the detector tem perature was 300°C 

and the helium carrier gas flow was 3mL m in '1. The samples were injected at colum n 

temperature 100°C and after 2 minutes, the temperature was program m ed to increase 

to 230°C at the rate o f  10°C per minute and then held at this temperature for 30 

minutes to give a total analysis tim e o f 45 minutes. D ata were collected and 

manipulated using the Varian Star chromatography system. Fatty acids were 

identified by comparison with retention times o f  known external standards o f  m ixed 

fatty acid methyl esters obtained from Sigma Chemical Co. and Aldrich Chemical 

Co. and using cod liver oil as a secondary standard.

,,,, 
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hexane was added and the F Al'v1E was extracted for 20 seconds, followed by 10 

minutes for phase separation. The F M1E extracted into the upper hexane layer. 

The aqueous layer was re-extracted with a further 2 mL of hexane and the 

aqueous layer discarded. Five mL of saturated sodium chloride was added to the 

hexane extract in the separatory funnel, the phases were allowed to separate for 10 

minutes, after which the aqueous layer was removed and discarded. The process was 

repeated with 5 mL of saturated sodium chloride and the hexane layers pooled. 

The F Al'v1E-in-hexane was collected in a 20 mL beaker, dried with sodium 

sulfate (anhydrous, granular), transferred to a clean 10 rnL sample bottle using a 

Pasteur pipette, and the volume was reduced to less than 1 mL under a stream of 

nitrogen at 30°C. The sample was pipetted into a 2 mL septum vial and the total 

volume made up to the 1 mL mark with additional hexane. The vial was capped, 

labelled and stored at -80°C. 
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temperature 100°C and after 2 minutes, the temperature was programmed to increase 

to 230°C at the rate of 10°C per minute and then held at this temperature for 30 

minutes to give a total analysis time of 45 minutes. Data were collected and 

manipulated using the Varian Star chromatography system. Fatty acids were 

identified by comparison with retention times of known external standards of mixed 

fatty acid methyl esters obtained from Sigma Chemical Co. and Aldrich Chemical 

Co. and using cod liver oil as a secondary standard. 
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2.2.7 Statistical analysis

Data were treated statistically by one-w ay analysis o f variance (ANOVA). 

Equality o f  variance and norm ality w ere checked by Cochran’s test. Pair wise 

comparisons were then made after A N O V A  using the Scheffe’s F-test with the 

Statview 512+ package.

2.3 RESULTS

2.3.1 Effect of storage tem perature and storage time.

The total lengths and body w eights o f  the respective fish w ere 39.9 cm 

(554.8g), 41.2 cm (536.8g) and 41.8 cm  (627.7g), with a m ean TL o f  41.0±1.0 cm 

an d B W  o f  573.1±48.lg .

2.3.1.1 Total lipid content o f m uscle tissue o f adult N. ater.

The total lipid contents o f the m uscle cutlets sfored at different temperatures 

and tim es are presented in Table 2.2. The m ean total lipids for the cutlets in 

treatm ents I, E, E l, IV, V and VI were 24.4±8.9% , 22.7±3.4% , 25.9±7.6%, 

21.5±8.4% , 21.4±5.2%  and 20.6±9.7% , respectively, and the values were not 

significantly different (P>0.05). This m eant that the lipid content o f  the muscle 

cutlets was the sam e irrespective o f  storage tem perature and storage tim e for the 

duration o f  the study. The overall m ean  for all sam ples was 22.7±2.0%.

2.3.1.2 Fatty acid com position o f lipids from  m uscle tissue o f wild adult N. ater.

The fatty acid com position o f  the lipids extracted from the m uscle tissues is 

presented in Table 2.3. A total o f  seventeen fatty acids were detected, w ith carbon- 

chain lengths ranging from C14 to C22 (Fig. 2.5). The major fatty acids in the lipid 

extracts o f  the m uscles o f  adult eel-tailed catfish N. ater were 16:0 and 18:ln-9, with 

percentages w ithin the ranges 24.4-27.0%  and 18.3-20.1% o f total fatty acids,
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percentages within the ranges 24.4-27.0% and 18.3-20.1 % of total fatty acids, 



35

T able 2.2 Effect of storage procedure on the lipid content of the m uscles 
o f  adult eel-tailed catfish (TV. ater) from Manton Dam, N.T. (Data given  
are the m eans of triplicate analysis; overall mean ±  sd; n -3 ).

Storage Lipid (% dry weight)
Treatm ent

Sample 1 Sample 2 Sample 3 M ean

I. Freeze Dry 35.1 ±0.6 23.1±3.7 15.1±1.6 24.418.9

H. -80°C 23.0±2.2 19.1±1.2 26.0±2.2 22.713.4

m . -20°C (2 weeks) 35.3±2.6 24.3±1.6 O
0

H
- o oo 25.917.6

IV. -20°C (4 weeks) 31.7±4.0 13.1±0.4 19.6±1.6 21.518.4

V. -20°C (6 weeks) 19.1±1.2 28.1 ±2.0 17.0±0.0 21.415.2

VI. -20°C (8 weeks) 33.5+1.5 12.5+0.8 15.910.5 20.619.7
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Table 2.2 Effect of storage procedure on the lipid content of the muscles 
of adult eel-tailed catfish (N. ater) from Manton Dam, N.T. (Data given 
are the means of triplicate analysis; overall mean ± sd; n=3). 

Storage 
Treatment 

I. Freeze Dry 

II. -80°C 

III. -20°C (2 weeks) 

IV. -20°C (4 weeks) 

V. -20°C (6 weeks) 

VI. -20°C (8 weeks) 

Lipid (% dry weight) 

Sa.'Ilple 1 Sample 2 _ Sample 3 Mean 

35.1±0.6 23.1±3.7 15.1±1.6 24.4±8.9 

23.0±2.2 19.1±1.2 26.0±2.2 22.7±3.4 

35.3±2.6 24.3±1.6 18.3±0.8 25.9±7.6 

31.7±4.0 13.1±0.4 19.6±1.6 21.5±8.4 

19.1±1.2 28.1±2.0 17.0±0.0 21.4±5.2 

33.5±1.5 12.5±0.8 15.9±0.5 20.6±9.7 



Table 2.3 Effect of storage treatment on fatty acid profile of lipids extracted from the 
muscle tissue of adult eel-tailed catfish (N. ater) from Manton Dam, N.T. (% total fatty acids; 
mean ± sd; n=3).
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Table 2.3 Effect of storage treatment on fatty acid profile of lipids extracted from the 
muscle tissue of adult eel-tailed catfish (N. ater) from Manton Dam, N.T. (% total fatty acids; 
mean ± sci; 11=3). 

Fatty Acid Storage treatment 

I II III IV V VI 

Freeze Dry -80°C -20°C 

2 Weeks 4 Weeks 6 Weeks 8 Weeks 

14:0 3. 1±0.6 3.1±0.9 3.1±0.8 3.1±0.6 3.2±0.8 2.8:l,0.5 

15:0 1.5±0.3 1.4±0.3 I 1.5±0.2 1.4±0.3 1.5±0.3 1.3±0.2 l,J 

°' 
16:0 24.4± 1.7 27.0± 1.5 25.9±1.9 26.8±2.5 26.3± 1.8 25.5,1::2.9 

18:0 7.1±1.0 8.5±0.4 8.0±1.0 8. 7± 1.9 8.3± 1.3 8.2± 1.1 

20:0 0.9±0.7 0.5±0.6 0.9±0.6 0.5±0.6 0.9±0.7 0A.1:0.6 

16:ln-7 6.6±1.2 6.3±0.9 6.6±0.9 6.7±1.2 6.5±1.5 6.0±1.7 

18: l n-7 4.1±0.4 4.0±0.4 3.9±0.3 3.9±0.4 4.3±0.8 4.0±0.6 

Continued overleaf 
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Continued overleaf

Table 2.3 (Contd.) 

I II III IV V VI 

18:ln-9 I 9.0±4.7 18.7:J:3.0 19.2±4.3 20.1±3.7 18.8±3.2 l 8.3J:4.4 

16:211-x 1.8±0.4 1.8±0.2 1.8±0.2 1.8±0.3 l .8±0.3 1.7±0.3 

I 

16:211-y 1.2±0.3 1.1±0.4 1.2±0.3 0.8±0.5 1.1±0.5 I. l=i:0.2 

18:211-6 5.3±0.7 4.7±1.1 4.9±0.6 5.1±0.7 5.0±0.5 5.1±1.0 

l 8:3n-3 2.6±0.8 2.7±1.2 2.4±0.6 2.7±1.0 2.5±0.6 2.6±0.6 
l.,j 

--.J 

20:4n-6 3.7±1.1 5.8±0.8 4.7±1.3 5.5±0.7 5.7±1 .9 5.2±2.1 

20:511-3 1.5±0.5 1.9±0.6 1.6±0.5 1.7±0.8 1.6±0.5 1.9±0.5 

22:4 0.8±0.2 0.8±0.4 0.8±0. l 0.7±0.4 1.0±0.4 0.8±0.4 

22:5 0.5±0.2 0.5±0.3 0.5±0.0 0.5±0.3 0.4±0.4 0.6±0.4 

22:6n-3 2.4±0.8 3.7±0.8 3.0±0.9 3.3±0.8 3.4±1.2 3.8:..i:l .0 

Continued overleaf 
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Table 2.3 (Contd.) 

II III IV V VI 

Total sat.
1 37.0 40.5 39.4 40.5 40.2 38.2 

2 
Total mono. 24.8 24.8 24.6 25.3 24.5 24.0 

Total PUFA 3 19.8 23.0 20.9 22.1 22.5 22.8 

n-6/n-3 1.46 1.32 1.44 1.44 1.48 1.31 

1 Total saturated fatty acids. 
l;J 
00 

2 
Total monounsaturated fatty acids. 

3 Total polyunsaturated fatty acids. 
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the muscle of eel-tailed catfish (N. ater). 
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respectively. Fatty acids that occurred at m oderate levels in the lipid extracts o f the 

m uscles were 18:0, 18:2n-6 and 20:4n-6, (7.1-8.7% , 4.7-5.3%  and 3.7-5.8%  o f  total 

fatty acids, respectively).

Fatty acids that occurred at low levels (1 to 5% o f  total fatty acids) w ere 14:0, 

15:0, 16:2n-x, 16:2n-y, 18:1 n-7, 18:3n-3, 20:1, 20:5n-3 and 22:6n-3, and their 

respective percentages were 2.8-3.2%, 1.3-1.5%, 1.7-1.8%, 0.8-1.2%, 3.9-4.3% , 2.4- 

2.7%, 1.3-2.1%, 1.5-1.9% and 2.4-3.8%  o f  total fatty acids. The fatty acids 16:2n-x 

and 16:2n-y were peaks that could not be easily identified. Fatty acids that occurred 

at very low levels (0.1 to 1% o f total fatty acids) were 20:0, 22:5n-3 and 22:5.

The total saturated fatty acids, total m onounsaturated fatty acids and total 

polyunsaturated fatty acids ranged from 37.0-40.5%, 24.0-25.3%  and 19.8-23.0%  o f 

total fatty acids, respectively, and the n-6/n-3 ratios ranged from 1.31 to 1.48.

The levels o f  the respective fatty acids in the different treatm ents did not 

show any significant differences (P>0.05). This m eant that storage o f  eel-tailed 

catfish m uscle tissues at -20°C for up to eight w eeks did not result in any significant 

changes in the fatty acid profile o f  the lipids.

2.3.2 Lipid content and fatty acid composition o f m uscle tissues from  different 
parts o f the body.

The total lengths and body weights o f  the respective fish were 40.0 cm 

(596.3g), 40.5 cm (609.6g) and 41.0 cm (636.lg ), w ith a m ean TL o f  40.5±0.5 cm 

and m ean BW  o f 614.0±20.3g.

2.3.2.1 Distribution of total lipids in muscle tissue of adult iV. ater.

The results on the distribution o f lipids in the white muscles o f  adult N. ater 

are presented in Table 2.4. The lipid content o f  the white muscles in the first h a lf  o f 

the body, nam ely cutlets 1 (before the dorsal spine), 3 (after the dorsal spine) and 5, 

were not significantly different (P>0.05) and their lipid levels were com paratively 

lower than the lipid levels in the second half o f  the body (P<0.05) (Fig. 2.6). In the 

case o f  the muscles in the second h a lf  o f the body, the lipid content in cutlets 7 and 9 

were sim ilar (P>0.05) but significantly lower than that o f  cutlet 11, in the tail section

40 

respectively. Fatty acids that occurred at moderate levels in the lipid extracts of the 

muscles were 18:0, 18:2n-6 and 20:4n-6, (7.1-8.7%, 4.7-5.3% and 3.7-5.8% of total 

fatty acids, respectively). 

Fatty acids that occurred at low levels (1 to 5% of total fatty acids) were 14:0, 

15:0, 16:2n-x, 16:2n-y, 18:ln-7, 18:3n-3, 20:1, 20:5n-3 and 22:6n-3, and their 

respective percentages were 2.8-3.2%, 1.3-1.5%, 1.7-1.8%, 0.8-1.2%, 3.9-4.3%, 2.4-

2.7%, 1.3-2.1%, 1.5-1.9% and 2.4-3.8% of total fatty acids. The fatty acids 16:2n-x 

and 16:2n-y were peaks that could not be easily identified. Fatty acids that occurred 

at very low levels (0.1 to 1 % of total fatty acids) were 20:0, 22:5n-3 and 22:5. 

The total saturated fatty acids, total monounsaturated fatty acids and total 

polyunsaturated fatty acids ranged from 37.0-40.5%, 24.0-25.3% and 19.8-23.0% of 

total fatty acids, respectively, and the n-6/n-3 ratios ranged from 1.31 to 1.48. 

The levels of the respective fatty acids in the different treatments did not 

show any significant differences (P>0.05). This meant that storage of eel-tailed 

catfish muscle tissues at -20°C for up to eight weeks did not result in any significant 

changes in the fatty acid profile of the lipids. 

2.3.2 Lipid content and fatty acid composition of muscle tissues from different 
parts of the body. 

The total lengths and body weights of the respective fish were 40.0 cm 

(596.3g), 40.5 cm (609.6g) and 41.0 cm (636. lg), with a mean TL of 40.5±0.5 cm 

and mean BW of 614.0±20.3g. 

2.3.2.1 Distribution of total lipids in muscle tissue of adult N. ater. 

The results on the distribution of lipids in the white muscles of adult N ater 

are presented in Table 2.4. The lipid content of the white muscles in the first half of 

the body, namely cutlets 1 (before the dorsal spine), 3 (after the dorsal spine) and 5, 

were not significantly different (P>0.05) and their lipid levels were comparatively 

lower than the lipid levels in the second half of the body (P<0.05) (Fig. 2.6). In the 

case of the muscles in the second half of the body, the lipid content in cutlets 7 and 9 

were similar (P>0.05) but significantly lower than that of cutlet 11, in the tail section 
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Table 2.4 Lipid content o f the muscles from different parts o f the 
body o f adult eel-tailed catfish (N. ater) from M anton Dam, N.T. 
(Data given are the m eans o f triplicate analysis; overall mean ±  sd;
n=3).

Cutlet
N um ber

Lipid (%  dry w eight)

Sample 1 Sam ple 2 Sample 3 M ean

1 20.4±4.4 17.6±2.2 14.6±2.6 17.6±3.7a

3 20.2±6.2 23.2±2.2 16.5±3.9 20.0±4.8a

5 16.6±3.3 22.3±2.3 14.2±0.6 17.7±4.1a

7 29.3±0.3 25.0±0.7 51.2±3.5 35.2±12.3b

9 40.3±2.1 22.5±1.4 62.1±3.9 41.6±17.3b

11 63.6±2.7 58.7±1.4 71.6±2.5 64.6±5.9C

Values in  the colum n that are followed by different superscipts are 
s ign ificantly  different (P<0.05)
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Table 2.4 Lipid content of the muscles from different parts of the 
body of adult eel-tailed catfish (N. ater) from Manton Dam, N.T. 
(Data given are the means of triplicate analysis; overall mean ± sd; 
n=3). 

Cutlet 
Number 

1 

3 

5 

7 

9 

11 

-

Lipid (% dry weight) 

Sample 1 Sample 2 

20.4±4.4 17.6±2.2 

20.2±6.2 23.2±2.2 

16.6±3.3 22.3±2.3 

29.3±0.3 25.0±0.7 

40.3±2.l 22.5±1.4 

63.6+?.7 58.7±1.4 

Sample 3 Mean 

14.6±2.6 l 7.6±3.7a 

16.5±3.9 20.0±4.Sa 

14.2±0.6 17.7±4.la 

51.2±3.5 35.2±12.3b 

62.1±3.9 41.6±17.3b 

71.6±2.5 64.6±5.9c 

Values in the column that are followed by different superscipts are 
_significantly different (P<0.05) 
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Figure 2.6 Lipid content o f the muscle tissues from  different p art  
o f the body o f adult eel-tailed catfish (N. a ter).

3 5 7 9

C u tle t  N u m b er

11

~ ·z:; 
:; 
>, 
:... 
-= 
~ = 
'-' ---

42 

Figure 2.6 Lipid content of the muscle tissues from different parts 
of the body of adult eel-tailed catfish (N. ater ). 
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(P<0.05). There was a general trend for progressively higher levels o f lipids in the 

w hite m uscles from the m id  section o f  the fish to the tail.

2.3.2 .2  D istribution o f fatty acids in lipids o f m uscle tissues o f adult iV. ater.

The results on the fatty acid com position o f  the lipids extracted from  the 

w hite m uscles o f  the various cutlets are presented in Table 2.5.

M ajor fa tty  acids

The m ajor fatty acids were 16:0 and 18:ln-9  (Table 2.5), with levels o f  16:0 

w ithin the range 23.4-26.0%  o f  total fatty acids and a trend for lower 16:0 levels in 

the lipids o f  the m uscles in the extreme end o f  the tail section. The levels o f  16:0 in 

cutlets 3 and 5 were significantly higher than  that in cutlet 11 (P<0.05).

The content o f  18 :ln-9  o f  the various cutlets show ed a more distinct variation 

and ranged from  16.4-20.6%  o f  total fatty acids. There was a trend for lower values 

o f  18 :ln-9  in the lipids o f  the m uscles in the anterior part o f  the body and gradually 

increasing towards the tail. The levels o f  18:In -9 for cutlets 1, 3 and 5 were similar 

(P>0.05) but significantly low er than those in  cutlets 9 and 11 (P<0.05).

Fatty acids occurring in m oderate amounts ~

The fatty acids that occurred in m oderate am ounts were 16:1 (5.0-8.0%  o f 

total fatty acids), 18:0 (6.5-9.5% ), 18:2n-6 (5.6-6.5% ) and 20:4n-6 (2.6-11.0% ) 

(Table 2.5). There was a trend for lower 16:1 levels in the m uscles in the anterior part 

o f  the fish and for the levels to increase progressively towards the tail. The levels o f  

16:1 in cutlets 7, 9 and 11 were sim ilar (P>0.05) but significantly higher than that in 

cutlets 1, 3 and 5 (P<0.05).

In the case o f  18:0, there was a trend for higher levels in the lipids o f  the 

m uscles in the anterior part o f  the fish and for the levels to progressively decrease 

tow ards the tail. The levels o f  18:0 in cutlets 1, 3, and 5 were similar (P>0.05) but 

significantly higher that those in cutlets 7 and 9 (P<0.05) which in turn, were 

significantly higher than the level in cutlet 11. There was a trend for slightly lower 

18:2n-6 levels in the m uscles in the anterior part o f  the body with a gradual increase 

in levels towards the tail. The variation o f  18:2n-6 in the different cutlets was small

43 

(P<0.05). There was a general trend for progressively higher levels of lipids in the 

white muscles from the mid section of the fish to the tail. 

2.3.2.2 Distribution of fatty acids in lipids of muscle tissues of adult N. ater. 

The results on the fatty acid composition of the lipids extracted from the 

white muscles of the various cutlets are presented in Table 2.5. 

jvf ajor fatty acids 

The major fatty acids were 16:0 and 18:ln-9 (Table 2.5), with levels of 16:0 

within the range 23.4-26.0% of total fatty acids and a trend for lower 16:0 levels in 

the lipids of the muscles in the extreme end of the ta1l section. The levels of 16:0 in 

cutlets 3 and 5 were significantly higher than that in cutlet 11 (P<0.05). 

The content of 18: 1 n-9 of the various cutlets showed a more distinct variation 

and ranged fron:i 16.4-20.6% of total fatty acids. There was a trend for lower values 

of 18: ln-9 in the lipids of the muscles in the anterior part of the body and gradually 

increasing towards the tail. The levels of 18:ln-9 for cutlets 1, 3 and 5 were similar 

(P>0.05) but significantly lower than those in cutlets 9 and 11 (P<0.05). 

Fatty acids occurring in moderate amounJs -

The fatty acids that occurred in moderate amounts were 16:1 (5.0-8.0% of 

total fatty acids), 18:0 (6.5-9.5%), 18:2n-6 (5.6-6.5%) and 20:4n-6 (2.6-11.0%) 

(Table 2.5). There was a trend for lower 16: 1 levels in the muscles in the anterior part 

of the fish and for the levels to increase progressively towards the tail. The levels of 

16:1 in cutlets 7, 9 and 11 were similar (P>0.05) but significantly higher than that in 

cutlets 1, 3 and 5 (P<0.05). 

In the case of 18 :0, there was a trend for higher levels in the lipids of the 

muscles in the anterior part of the fish and for the levels to progressively decrease 

towards the tail. The levels of 18:0 in cutlets 1, 3, and 5 were similar (P>0.05) but 

significantly higher that those in cutlets 7 and 9 (P<0.05) which in turn, were 

significantly higher than the level in cutlet 11. There was a trend for slightly lower 

18 :2n-6 levels in the muscles in the anterior part of the body with a gradual increase 

in levels towards the tail. The variation of 18 :2n-6 in the different cutlets was small 



Table 2.5 Fatty acid composition of the lipids extracted from the muscles of adult eel-tailed  
catfish (AC ater) from Manton Dam, N.T. (% of total fatty acids; mean ± sd; n = 3).
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18:ln-9 16.4+1.1a 17.7±1.7ab 18.2+0.9ab 19.0±1.7bc 20.2+0.8° 20.6+1.4°

Tahle 2.5 Fatty acid composition of the lipids extracted from the muscles of adult eel-tailed 
catfish (N. ater) from Manton Dam, N.T. (% of total fatty acids; mean± sd; n=3). 

Fatty Acid Cutlet I Cutlet 3 Cutlet 5 Cutlet 7 Cutlet 9 Cutlet 11 

14:0 2.5±0.Ja 2.7±0.1 a~) 3.0±0.6bc 3.3±0.6C 3.2±0.4bc 3. I±o.2bc 

15:0 I .3±0.2a I .3±0.2a I .4±0.4ab 1.6±0.5b I .5±0.Jab I .5±0.4ab 

16:0 25.1 ± l.8ab 26.0±t.2b 25.8± 1.5b 24.7±1.9ab 25.3±0.6ab 23.4±0.9a 

18:0 9.5±Q.8C 9.4±Q.7C 8.7±Q.9C 7.6±1.lb 7.5±1.Jb 6.5±0.9cl 

20:0 1.2±0.1a I .3±0_3ab l.3±0.2ab I .4±0.Jab I .4±0.Jab I .5±0.4b +:. 
.i:. 

14: I 0.4±0.4a 0.7±0.4ab 0.9±0.4ab I. l±0.4b l. l±0.2h l.l±0.2b 

16: I 5.0±o.6a 5.9±0.8ab 6.6±1.Jb 7.8±1. I c 7.9±Q.7C 8.0±1.2c 

18:In-7 4.0±o.2a 4.5±0.2ab 4.7±0.sah 4.8±0.7b 5. l±0.5h 5.3±0.6b 

I 8: I n-9 I 6.4± I. I a I 7.7±1.7ab I 8.2±0_9ab I 9.0±1.7bc 20.2±0.8C 20.6±I.4C 

Continued overleaf 
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Table 2.5 (Contd.) 

Fatty Acid Cutlet 1 Cutlet 3 Cutlet 5 Cutlet 7 Cutlet 9 Cutlet 11 

16:211-x 1.0±0.4a 1.0±0.4a 1.3±0_27ab 1.4±0.3b 1.5±0.2b l.6±0.2h 

16:2n-y 1.8±0.4 1.9±0.5 2.1±0.4 2.1±0.5 2.2±0.5 2.1±0.5 

18:2n-6 5.6±o.4a 5.8±o.5a 5.9±0_7ab 6.0±o.9ab 6.1±0.1ab 6.5±0.7b 

16:3 0.6±0.5a 0.7±0.4ab 1.0±0.3abc 1.1±0.5bc 1.2±0.2bc 1.3±0.3C 

18:311-3 1.8±0.5a 2.0±0.6a 2.0±0.8ab 2.1±0.9ab 2.1±0.9ab 2.4±0.8b +>-v, 

20:4n-6 11.0± l.6C 9.0±2.0C 6.5±J .3b 3.2± 1.oa 3.2±0.sa 2.6±0.5a 

22:4 0.6±0.5 0.7±0.4 0.4±0.6 0.7±0.8 0.4±0.3 0.4±0.3 
' 

20:511-3 2.4±0.6C 2.2±0_5bc 1.9±0.4b 1.2±0.2a 1.2±0.2a 1.3±0.1 a 

22:5 l. l±o.2b 0.6±0_5ab 0.3±0.5a o.2±0.2a o.2±0.2a ,0.2±0.2a 

22:611-3 5.3±0.7C 4. l±0.9b 3.3±1.ob 1.5±0.7a 1.6±0.sa 1.2±0.5a 

Continued overleaf 
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Table 2.5 (Contd.) 

Fatty Acid Cutlet l Cutlet 3 Cutlet 5 Cutlet 7 Cutlet 9 Cutlet 11 

Total sat. 
1 

39.6 40.7 40.2 38.6 38.9 36.0 

Total mono. 
2 

25.8 28.8 30.4 32.7 34.3 35.0 

Total PUFA
3 

31.2 28.0 24.7 1,9.5 19.7 I 9.6 

n-6/n-3 1.86 1.85 1.76 1.95 1.94 1.89 

Values in the row which are followed by different superscripts are significantly different (P<0.05). 

1 
Total saturated fatty acid. 

2 
Total monounsaturated fatty acid. 

3 
Total polyunsaturated fatty acid. 

.p. 

°' 
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(5.6-6.5%  o f  total fatty acids), however, the level in cutlet 11 w as significantly  higher 

than the levels in cutlets 1 and 3 (P<0.05).

The levels o f  20:4n-6 in cutlets 1 and 3 were sim ilar (P>0.05) but 

significantly higher than that in cutlet 5 (P<0.05), which was in turn  significantly 

higher than that in cutlets 7, 9 and 11 (P O .0 5 ) . There was a  trend o f  higher 20:4n-6 

values in the lipids o f the m uscles in the anterior part o f the fish and progressively 

low er values towards the tail, w ith overall range 2.6-11.0%  o f  total fatty  acids.

M inor fa tty  acids

The fatty acids that occurred in low  amounts (range 1-5.5%) in  the lipids o f 

the m uscles were 14:0, 15:0, 16:2n-x, 16:2n-y, 18:ln-7 , 18:3n-3, 20:0, 20:5n-3 and 

22:6n-3 (Table 2.5). Even though the variation in 14:0 content was sm all (2.5-3.3%), 

their levels in cutlets 5, 7, 9 and 11 w ere significantly higher than that in cutlet 1 

(P<0.05). The variation in 15:0, 16:2n-y, 18:3n-3 and 20:0 w ere very  small (1.3- 

1.6%, 1.8-2.2%, 1.8-2.4% and 1.2-1.5%, respectively) and the levels for the m ajority 

o f  the cutlets were not significantly different (P>0.05).

The 16:2n-x and 18:ln -7  contents o f  the lipids in the m uscles ranged from 

1.0-1.6%  and 4.0-5.3%  o f  total fatty acids, respectively. In both  cases, the values in 

cutlets 7, 9 and 11 were significantly higher than the values in cutlets 1 and 3 

(P<0.05).

The levels o f  20:5n-3 and 22:6n-3 were significantly higher in  the anterior 

part o f  the fish. In the case o f  20:5n-3, the content ranged from 1.2-2.4%  o f  total fatty 

acids, w ith percentages in cutlets 1 and 3 significantly higher than those in cutlets 7, 

9 and 11 (P<0.05). The percentage o f  22:6n-3 in the lipids o f  the m uscles ranged 

from  1.2-5.3% o f total fatty acids. The value o f  22:6n-3 in cutlet 1, w as significantly 

higher than that in cutlets 3 and 5 (P<0.05) which in turn were significantly  higher 

than that in cutlets 7, 9 and 11 (P O .05).

The fatty acids that occurred in very low amounts (<1.0% ) in  the lipids o f the 

m uscles were 14:1, 16:3, 22:4 and 22:5. Lower values o f  14:1 and 16:3 were 

recorded in the anterior section o f  the fish w ith progressively higher values towards 

the tail.
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(5.6-6.5% of total fatty acids), however, the level in cutlet 11 was significantly higher 

than the levels in cutlets 1 and 3 (P<0.05). 

The levels of 20:4n-6 in cutlets 1 and 3 were similar (P>0.05) but 

significantly higher than that in cutlet 5 (P<0.05), which was in turn significantly 

higher than that in cutlets 7, 9 and 11 (P<0.05). There was a trend of higher 20:4n-6 

values in the lipids of the muscles in the anterior part of the fish and progressively 

lower values towards the tail, with overall range 2.6-11.0% of total fatty acids. 

J.vfinor fatty acids 

The fatty acids that occurred in low amounts (range 1-5.5%) in the lipids of 

the muscles were 14:0, 15:0, 16:2n-x, 16:2n-y, 18: ln-7, 18:3n-3, 20:0, 20:5n-3 and 

22:6n-3 (Table 2.5). Even though the variation in 14:0 content was small (2.5-3.3%), 

their levels in cutlets 5, 7, 9 and 11 were significantly higher than that in cutlet 1 

(P<0.05). The variation in 15:0, 16:2n-y, 18:3n-3 and 20:0 were very small (l.3-

1.6%, 1.8-2.2%, 1.8-2.4% and 1.2-1.5%, respectively) and the levels for the majority 

of the cutlets were not significantly different (P>0.05). 

The 16:2n-x and 18:ln-7 contents of the lipids in the muscles ranged from 

l .0-1.6% and 4.0-5.3% of total fatty acids, respectively. In both cases, the values in 

cutlets 7, 9 and 11 were significantly higher than the values in cutlets 1 and 3 

(P<0.05). 

The levels of 20:5n-3 and 22:6n-3 were significantly higher in the anterior 

part of the fish. In the case of 20:5n-3, the content ranged from 1.2-2.4% of total fatty 

acids, with percentages in cutlets 1 and 3 significantly higher than those in cutlets 7, 

9 and 11 (P<0.05). The percentage of 22:6n-3 in the lipids of the muscles ranged 

from 1.2-5 .3% of total fatty acids. The value of 22:6n-3 in cutlet 1, was significantly 

higher than that in cutlets 3 and 5 (P<0.05) which in tum were significantly higher 

than that in cutlets 7, 9 and 11 (P<0.05). 

The fatty acids that occurred in very low amounts ( < 1.0%) in the lipids of the 

muscles were 14:1, 16:3, 22:4 and 22:5. Lower values of 14:1 and 16:3 were 

recorded in the anterior section of the fish with progressively higher values towards 

the tail. 
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Total saturated, m onounsaturated and polyunsaturated fa tty  acids

The total saturated fatty acids ranged from 36.0-40.7%  o f  total fatty acids and 

the lowest value was recorded in cutlet 11 at the tail o f  the fish (Fig 2.7). The total 

m onounsaturated fatty acids ranged from 25.8-35.0%  o f total fatty acids and there 

w as a trend for low er m onounsaturated fatty acids levels in the anterior part o f  the 

body  but progressively higher values in the posterior part o f  the body. The total 

polyunsaturated fatty acids ranged from 19.5-31.2% o f total fatty acids and the 

distribution o f  polyunsaturated fatty acids was opposite to that o f  m onounsaturated ' 

fatty acids where the highest values o f  PUFA were in the anterior part o f  the body 

w hile the lowest values w ere in the posterior part o f  the body.

2.3.3 L ipid content and fatty acid composition o f the lipids o f w hole fry and 
m uscles o f fingerlings.

2.3.3.1 Total lipids o f w hole fish fry and muscles o f fingerlings.

The total lipid contents o f  whole fish fry and the m uscles tissues o f  fish 

fingerlings are presented in Tables 2.6 and 2.7, respectively. The m ean total lipids o f 

the 3-4 cm and 5-6 cm  size fry were 13.3±1.6 and 12.2±2.5% o fD W , respectively, 

and the m eans were not significantly different (P>0.05). The m ean total lipids o f  the 

m uscle tissues o f  fish fingerlings in the 7-8 cm, 9-10 cm, and 13-14 cm size classes 

w ere 12.5±1.9%, 10.9±1.5% , 16.9±2.2% and 13.4±2.5% DW , respectively, and the 

values in the 7-8 cm  and 9-10 cm fingerlings were not significantly different 

(P>0.05) but were significantly  lower than those in the 11-12 cm fingerlings 

(P<0.05).

2.3.3.2 Fatty acids o f lipids o f whole fish fry and lipids o f muscles o f fingerlings.

F atty  acids o f  whole f is h  f r y

The fatty acid com position o f  the lipids extracted from the whole fish fry is 

presented  in Table 2.8. A  total o f  sixteen fatty acids were detected and the m ajor 

fatty acids were 16:0 (22.5-24.0%  o f  total fatty acids), 18:0 (18.1-18.3% ) and 18 :ln - 

9 (13.6-14.2% ). There w ere no significant differences (P>0.05) in the levels o f  the 

m ajor fatty acids in the fry. M oderate levels o f  18: ln -7  (4.3-5.0% ), 18:2n-6 (5.3-
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Total saturated, monounsaturated and polyunsaturated fatty acids 

The total saturated fatty acids ranged from 36.0-40.7% of total fatty acids and 

the lowest value was recorded in cutlet 11 at the tail of the fish (Fig 2.7). The total 

monounsaturated fatty acids ranged from 25.8-35.0% of total fatty acids and there 

was a trend for lower monounsaturated fatty acids levels in the anterior part of the 

body but progressively higher values in the posterior part of the body. The total 

polyunsaturated fatty acids ranged from 19.5-31.2% of total fatty acids and the 

distribution of polyunsaturated fatty acids was opposite to that of monounsaturated -

fatty acids where the highest values of PUF A were in the anterior part of the body 

while the lowest values were in the posterior part of the body. 

2.3.3 Lipid content and fatty acid composition of the lipids of whole fry and 
muscles of fingerlings. 

2.3.3.1 Total lipids of whole fish fry and muscles of fingerlings. 

The total lipid contents of whole fish fry and the muscles tissues of fish 
-

fingerlings are presented in Tables 2.6 and 2.7, respectively. The mean total lipids of 

the 3-4 cm and 5-6 cm size fry were 13.3±1.6 and 12.2±2.5% of DW, respectively, 

and the means were not significantly different (P>0.05). The mean total lipids of the 

muscle tissues of fish fingerlings in the 7-8 cm, 9-10 cm, and 13-14 cm size classes 

were 12.5±1.9%, 10.9±1.5%, 16.9±2.2% and 13.4±2.5% DW, respectively, and the 

values in the 7-8 cm and 9-10 cm fingerlings were not significantly different 

(P>0.05) but were significantly lower than those in the 11-12 cm fingerlings 

(P<0.05). 

2.3.3.2 Fatty acids of lipids of whole fish fry and lipids of muscles of fingerlings. 

Fatty acids of whole fish fry 

The fatty acid composition of the lipids extracted from the whole fish fry is 

presented in Table 2.8. A total of sixteen fatty acids were detected and the major 

fatty acids were 16:0 (22.5-24.0% of total fatty acids), 18:0 (18.1-18.3%) and 18:ln-

9 (13.6-14.2%). There were no significant differences (P>0.05) in the levels of the 

major fatty acids in the fry. Moderate levels of 18:ln-7 (4.3-5.0%), 18:2n-6 (5.3-
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Table 2.6 Lipid content o f pooled sam ples (3 
individuals) o f whole eel-tailed catfish (N. ater) fry 
from  Scotts Creek, N .T . (Data given are the m eans of 
triplicate analyses; overall mean ±  sd; n = 2 ).

Size class 
o f  fry

Lipid (% dry weight)

(cm) Sample 1 Sam ple 2 M ean

3-4 14.7±0.5 12. 0± 1.1 13.3±1.6

5-6 13.9±2.5 10.5±0.8 12.2±2.5

Table 2.7 Lipid content o f pooled sam ples (3 
individuals) o f the m uscle tissues o f eel-tailed catfish  
(N. ater) fingerlings from  Scotts Creek, N .T . (Data  
given are the means o f triplicate analyses; overall mean  
±  sd; n= 2 ).

Size class 
o f  fingerlings

Lipid (% dry weight)

(cm) Sample 1 Sam ple 2 M ean

7-8 13.5±2.2 11.511.1 12.5±1.9a

9-10 11.411.8 10.311.1 1 0 .9 i l .5 a

11-12 16.712.9 17.211.8 1 6 .9 i2 .2 b

13-14 15.112.0 11.711.8 1 3 .4 i2 .5 ab

Values in the colum n that are followed by different 
superscripts are significantly different (P<0.05).
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Table 2.6 Lipid content of pooled samples (3 
individuals) of whole eel-tailed catfish (N. ater) fry 
from Scotts Creek, X T. (Data given are the means of 
triplicate analyses; overall mean ± sd; n=2). 

Size class 
of fry 

(cm) 

3-4 

5-6 

Lipid(% dry weight) 

Sample l 

14.7±0.5 

13.9±2.5 

Sample 2 

12.0±1.1 

10.5±0.8 

Mean 

13.3±1.6 

12.2+?.5 

Table 2.7 Lipid content of pooled samples (3 
individuals) of the muscle tissues of eel-tailed catfish 
(N. ater) fingerlings from Scotts Creek, N.T. (Data 
given are the means of triplicate analyses; overall mean 
± sd; n=2). 

Size class Lipid (% dry weight) 
of fingerlings 
( cm) Sample 1 Sample 2 Mean 

7-8 13.5+?.2 11.5±1.1 12.5±1.9a 

9-10 11.4±1.8 10.3±1.1 10.9±1.5a 

11-12 16.7±2.9 17.2±1.8 16.9±2.2b 

13-14 15.1±2.0 11.7±1.8 13.4±2.5ab 

Values in the column that are followed by different 
superscripts are significantly different (P<0.05). 
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Table 2.8 Fatty acid com position o f the lipids extracted from  pooled samples 
(3 individuals) o f whole fry o f eel-tailed catfish (N. ater) from  Scotts, Creek, 
N.T. (% total fatty acids; m ean ±  sd; n-T).

Fatty A cid Size class o f  fry (cm) Fatty Acid Size class o f fry (cm)

3-4 5-6 3-4 5-6

14:0 1.3±0.1a 1.6±0.2b 18:2n-6 5.3±0.5a 6.8±0.3b

15:0 0.8±0.4b 0.1±0.3a 18:3n-3 3.9±0.7a 5.0±0.4b

16:0 22.5±2.1 24.0±2.1 20:4n-6 8.2±0.5 7.2±1.3

18:0 18.1±2.0 18.3±1.3 22:4 0.8±0.6 1.2±0.6

16:ln-7 3.6±0.3 3.3±0.1 20:5n-3 2.0±0.3a 2.3±0.3b

18:ln-7 5.0±0.6b 4.3±0.1a 22:5n-3 0.8±0.6 1.2±0.6

18:ln-9 13.6±1.3 14.2±0.9 22:5 0.5+0.4 0.3±0.4

16:2n-x 0.8±0.4 0.3±0.6 22:6n-3 ■7.7±1.5 7.5±1.8

16:2n-y 2.1±0.5b 1.5±0.1a

Total sa t.1 42.7 44.0

Total m ono .2 22.2 21.8

Total P U F A / 31.3 32.1

n-6/n-3 0.97 0.89

Values in  the row  that are follow ed by  different superscripts are significantly 
different (P<0.05)

' Total saturated fatty acid 
: Total m onounsaturated fatty acid 
' Total polyunsaturated fatty acid.
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Table 2.8 Fatty acid composition of the lipids extracted from pooled samples 
(3 individuals) of whole fry of eel-tailed catfish (N. ater) from Scotts, Creek, 
N.T. (% total fatty acids; mean± sd; n=2). 

Fatty Acid Size class of fry (cm) Fatty Acid Size class of fry ( cm) 

3-4 5-6 3-4 5-6 

14:0 1.3±0.1 a l.6±0.2b 18:2n-6 5.3±0.5a 6.8±0.3b 

15:0 0.8±0.4b 0.1±0.3a 18:3n-3 3.9±0.7a 5.0±0.4b 

16:0 22.5±2.1 24.0±2.1 20:4n-6 8.2±0.5 7.2±1.3 

18:0 18.1+1 .0 18.3±1.3 22:4 0.8±0.6 1.2±0.6 

16:ln-7 3.6±0.3 3.3±0.1 20:5n-3 2.0±0.3a 2.3±0.3b 

18:ln-7 5.0±0.6b 4.3±0.1 a 22:5n-3 0.8±0.6 1.2±0.6 

18: ln-9 13.6±1.3 14.2±0.9 22:5 0.5±0.4 0.3±0.4 

16:2n-x 0.8±0.4 0.3±0.6 22:6n-3 7.7±1.5 7.5±1.8 

16:2n-y 2.l±0.5b 1.5±0.ia 

Total sat. l 42.7 44.0 

J 
Total mono.- 22.2 21.8 

Total PlJF A. 3 31.3 32.1 

n-6/n-3 0.97 0.89 

Values in the row that are followed by different superscripts are significantly 
different (P<0.05) 

1 Total saturated fatty acid 
2 Total monounsaturated fatty acid 
3 Total polyurisaturated fatty acid. 



Fig. 2.7 Mean saturated fatty acids (Sat.), monounsaturated fatty acids (Mono.) and polyunsaturated fatty acids (PUFA) in the
lipids extracted from the muscles of adult eel-tailed catfish (N. a te r ) .
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Fig. 2.7 Mean saturated fatty acids (Sat.), monounsaturated fatty acids (Mono.) and polyunsaturated fatty acids (l'lJFA) in the 
lipids extracted from the muscles of adult eel-tailed catfish (N. 11/er ). 

~ I • Cutlet1 'i 25 . • • Cutlet 3 1 v, 

B • Cutlet 5 

o •... :1 .. • Cutlet? gi 20 • Cutlet 9 

~ • Cutlet 11 
u 
~ 15 0. 

10 

5 

~ u~.r;. l r.i::•~1'.. 

0 ~-- --~-- -------~ ---t-
Sal. Mono. PUFA 



52

6.8%), 20:4n-6  (7.2-8.2% ) and 22:6n-3 (7.5-7.7%) were detected in the fry. W hile the 

levels o f  22:6n-3 were sim ilar for both sizes o f fry (P>0.05), the sm aller fry had 

higher levels o f  18:ln-7 (P<0.05) but lower levels o f 18:2n-6 (P O .0 5 ). Low levels o f  

14:0 (1.3-1.6% ), 16:ln-7 (3.3-3.6% ), 16:2n-y (1.5-2.1% ), 18:3n-3 (3.9-5.0% ) and 

20:5n-3 (2.0-2.3% ) were detected in the fry. There were very low levels o f  15:0 (0.1- 

0.8%), 16:2n-x (0.3-0.8% ), 22:4 (0.8-1.2% ), 22:5n-3 (0.8-1.6% ) and 22:5 (0.3-0.5% ), 

detected in the fry.

W hile the total saturated fatty acids in the 3-4 cm and 5-6 cm fry were 42.7%  

and 44.0%  o f  total fatty acids, respectively, the total m onounsaturated fatty acids in 

the 3-4 cm  and 5-6 cm fry w ere 22.2%  and 21.8%, respectively (Fig. 2.8A). The total 

polyunsaturated fatty acids in the 3-4 cm and 5-6 cm fry were 31.3%  and 32.1%, 

respectively.

Fatty ac id  composition o f  lipids fro m  the muscles o ffn g e r lin g s

The fatty acid com position o f  the lipids extracted from  the m uscle tissues o f  

fish fingerlings is presented in  Table 2.9. The same sixteen fatty acids were detected 

with the m ajor fatty acids 16:0 (17.9-23.7%  o f total fatty acids), 18:0 (11.2-12.7% ), 

18:ln-9  (8.7-16.1% ) and 20:4n-6 (6.4-12.9% ). Amongst the m ajor fatty acids, there 

was a trend  o f  higher proportions o f  16:0 and 18:ln-9 in lipids extracted from the 

m uscles o f  larger fingerlings. For both  fatty acids, the percentages in the 7-8 cm and 

9-10 cm  fingerlings were significantly lower than in the 11-12 cm and 13-14 cm 

fingerlings (P<0.05). Levels o f  20:4n-6 in the fingerlings show ed the opposite w ith 

lowest am ounts in larger (11-14 cm) fingerlings. The am ounts o f  18:0 in all the 

fingerlings were not significantly different (P>0.05) indicating that the proportion o f  

18:0 in the lipids o f  the m uscles was constant irrespective o f  the size o f  the 

fingerlings.

The fatty acids that occurred in moderate proportions (5-10%  o f  total fatty 

acids) w ere 16:ln-7 , 18 :ln-7 , 18:2n-6 and 22:6n-3 (Table 2.9). The levels o f  16:In -7 

and 1 8 :ln -7  were highest in the 11-12 cm fingerlings (P<0.05). Conversely, the 

lowest am ount o f  22:6n-3 was detected in the 11-12 cm fingerlings and there were no 

significant differences in the levels 18:2n-6 in all fingerlings (P>Q.05).
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6.8%), 20:4n-6 (7.2-8.2%) and 22:6n-3 (7.5-7.7%) were detected in the fry. While the 

levels of 22:6n-3 were similar for both sizes of fry (P>0.05), the smaller fry had 

higher levels of 18: ln-7 (P<0.05) but lower levels of l 8:2n-6 (P<0.05). Low levels of 

14:0 (1.3-1.6%), 16:ln-7 (3.3-3.6%), 16:2n-y (1.5-2.1%), 18:3n-3 (3.9-5.0%) and 

20:5n-3 (2.0-2.3%) were detected in the fry. There were very low levels of 15:0 (0.1-

0.8%), 16:2n-x (0.3-0.8%), 22:4 (0.8-1.2%), 22:5n-3 (0.8-1.6%) and 22:5 (0.3-0.5%), 

detected in the fry. 

While the total saturated fatty acids in the 3-4 cm and 5-6 cm fry were 42. 7% 

and 44.0% of total fatty acids, respectively, the total monounsaturated fatty acids in 

the 3-4 cm and 5-6 cm fry were 22.2% and 21.8%, respectively (Fig. 2.8A). The total 

polyunsaturated fatty acids in the 3-4 cm and 5-6 cm fry were 31.3% and 32.1 %, 

respectively. 

Fatty acid composition of lipids from the muscles offingerlings 

The fatty acid composition of the lipids extracted from the muscle tissues of 

fish fingerlings is presented in Table 2.9. The same six1een fatty acids were detected 

with the major fatty acids 16:0 (17.9-23.7% of total fatty acids), 18:0 (11.2-12.7%), 

18:ln-9 (8.7-16.1%) and 20:4n-6 (6.4-12.9%). Amongst the major fatty acids, there 

was a trend of higher proportions of 16:0 and 18:ln-9 in lipids extracted from the 

muscles of larger fingerlings. For both fatty acids, the percentages in the 7-8 cm and 

9-10 cm fingerlings were significantly lower than in the 11-12 cm and 13-14 cm 

fingerlings (P<0.05). Levels of 20:4n-6 in the fingerlings showed the opposite with 

lowest amounts in larger (11-14 cm) fingerlings. The amounts of 18:0 in all the 

fingerlings were not significantly different (P>0.05) indicating that the proportion of 

18:0 in the lipids of the muscles was constant irrespective of the size of the 

finger lings. 

The fatty acids that occurred in moderate proportions ( 5-10% of total fatty 

acids) were 16:ln-7, 18:ln-7, 18:2n-6 and 22:6n-3 (Table 2.9). The levels ofl6:ln-7 

and 18: ln-7 were highest in the 11-12 cm fingerlings (P<0.05). Conversely, the 

lowest amount of 22:6n-3 was detected in the 11-12 cm fingerlings and there were no 

significant differences in the levels 18 :2n-6 in all finger lings (P>Q. 05). 
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Table 2.9 Fatty acid composition o f the lipids extracted from  pooled samples 
(3 individuals) of the muscle tissues o f eel-tailed catfish (N. ater) fingerlings 
from Scotts Creek, N.T. (% total fatty acids; mean ±  sd; n=2).

Fatty Acid Size class o f fingerlings (cm)

7-8 9-10 11-12 13-14

14:0 

15:0 

16:0 

18:0 

16:ln-7 

18:ln-7 

18: ln-9 

16:2n-x 

I6:2n-y 

l8:2n-6 

18:3n-3 

20:4n-6 

22:4 

20:5n-3 

22:5 

22:6n-3

1.4±0.2a

0.9±0.7

18.3 ±2.8 a 

12.4±1.2 

4.5±0.4a 

6.8±0.5b 

9.6±2.2a 

1.510.8

3.310.6

7.511.3 

2 .6 l l .0 b 

12. 110. 6°

1.210.7 

2 .7 l0 .4 b

1.510.8 

6 .8 l0 .4 bc

1.2i0.2a

1.410.2 

17.911.l a

12.111.3 

4 .6 l0 .5 a 

7 .4 l0 .6 b 

8.7±0.7a

1.510.1

3.510.3

6 .610.6 

1.410.2a 

12.911.6°

1.010.8 

2 .7 i0 .3 b

1.910.1 

7 .6 l0 .8 c

2.2l0.2b

1.510.2 

2 3 .0 i l .6 b

11.210.7 

8.210.8b 

7 .7 i0 .5 b 

16.111.l b

1.610.2 -

3.010.3

6.710.5 

2 .0 i0 .2 ab 

6 .410 .8a 

0.410.5 

1 .7 i0 .1 a 

0.610.5 

3 .5 l0 .6 a

2.0l0.2b

1.110.6 

2 3 .7 i2 .3 b 

12.710.9 

4 .4 1 1.3a 

5.6+0.5a 

15.212.6b 

0.710.7

3.110.5

7.611.1 

1 .8 l0 .3 ab 

9.811. l b

1.712.3 

1 .7 i0 .9a

1.011.4 

5 .311 .l b

Continued overleaf
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Table 2.9 Fatty acid composition of the lipids extracted from pooled samples 
(3 individuals) of the muscle tissues of eel-tailed catfish (N. ater) fingerlings 
from Scotts Creek, N.T. (% total fatty acids; mean± sd; n=2). 

Fatty Acid Size class of fingerlings ( cm) 

7-8 9-10 11-12 13-14 

14:0 l.4±0.2a l.2±0.2a 2.2±0.2b 2.o±o.2b 

15:0 0.9±0.7 1.4±0.2 1.5±0.2 1.1±0.6 

16:0 l 8.3±2.8a 17.9±1.1 a 23.0±l.6b 23.7±2.3b 

18:0 12.4±1.2 12.1±1.3 11.2±0.7 12.7±0.9 

16:ln-7 4.5±0.4a 4.6±0.5a 8.2±0.8b 4.4±1.3a 

18:ln-7 6.8±0.5b 7.4±0.6b 7.7±0.5b 5.6±0.5a 

18:ln-9 9.6±2.2a 8.7±0.7a 16.1±1.lb 15.2+?.6b 

16:2n-x 1.5±0.8 1.5±0.1 1.6±0.2 - 0.7±0.7 

16:2n-y 3.3±0.6 3.5±0.3 3.0±0.3 3.1±0.5 

18:2n-6 7.5±1.3 6.6±0.6 6.7±0.5 7.6±1.1 

18:3n-3 2.6±1.0b l.4±0.2a 2.o±o.2ab l.8±0.3ab 

20:4n-6 12.1±0.6C 12.9±1.6C 6.4±0.sa 9.8±1.lb 

22:4 1.2±0.7 1.0±0.8 0.4±0.5 1.7+?.3 

20:5n-3 2.7±0.4b 2.7±0.3b 1.7±0.la l.7±0.9a 

22:5 1.5±0.8 1.9±0.1 0.6±0.5 1.0±1.4 

22:6n-3 6.8±0.4bc 7.6±0.8C 3.5±0.6a - "+l 1 b :, ,.)_ . 

Continued overleaf 
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T ab le  2.9 (C o n td .)

Fatty Acid 7-8 9-10 11-12 13-14

Total sa t.1 33.0 32.6 37.9 39.5

Total m ono.2 20.9 20.7 32.0 25.2

Total PU FA .3 3 9 .2 ' 39.1 25.9 32.7

n-6/n-3 1.74 1.83 1.90 2.09

Values in the row  w hich are followed by  different superscripts are significantly 
different (P O .0 5 ).

'T o ta l saturated fatty acid 
2 Total mono unsaturated  fatty acid 
J Total polyunsaturated fatty acid
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Table 2.9 (Contd.) 

Fatty Acid 7-8 9-10 11-12 13-14 

Total sat. 1 33.0 32.6 37.9 39.5 

7 
Total mono.- 20.9 20.7 32.0 25.2 

Total PlJFA. 3 39.2 39.1 25.9 32.7 

n-6/n-3 1.74 1.83 1.90 2.09 

Values in the row which are followed by different superscripts are significantly 
different (P<0.05). 

1 Total saturated fatty acid 
2 Total mono unsaturated fatty acid 
3 Total polyunsaturated fatty acid 
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Fig. 2.8 M ean saturated fatty acids (Sat.), m onounsaturated fatty acids (M ono.) 
and polyunsaturated fatty acids (PUFA) of the total lipids extracted from  (A) 
whole fry and (B) muscles o f fingerlings o f eel-tailed catfish (N. ater).
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PUFA 
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Fig. 2.8 Mean saturated fatty acids (Sat.), monounsaturated fatty acids (Mono.) 
and polyunsaturated fatty acids (PUFA) of the total lipids extracted from (A) 
whole fry and (B) muscles of fingerlings of eel-tailed catfish (N. ater). 
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The fatty acids that occurred in low amounts (1-5%  o f  total fatty acids) were 

14:0, 15:0, 16:2n-x, 18:3n-3, 20:5n-3, 22:4 and 22:5 (Table 2.9). The levels o f  14:0 

were sim ilar between the 7-8 cm and 9-10 cm fingerlings (P>0.05) and also betw een 

the 11-12 cm  and 13-14 cm  fingerlings (P>0.05), how ever, the values for the smaller 

fingerlings were significantly lower than that o f  the larger fingerlings (P<0.05). There 

were no significant differences in the levels o f  18:3n-3 in  the fry and fingerlings. The 

levels o f  20:5n-3 were sim ilar betw een the 7-8 cm and 9-10 cm  fingerlings and also 

betw een the 11-12 cm and 13-14 cm fingerlings, however, the values in the smaller 

fingerlings were higher than that in the larger fingerlings. In the case o f  15:0, 

16:2n-x, 22:4 and 22:5, the levels o f  the respective fatty acids were not significantly 

different for all the fingerlings (P>0.05).

The total saturated fatty acids ranged from  32.6-39.5%  o f  total fatty acids and 

there w ere lower values for the 7-8 cm and 9-10 cm fingerlings but progressively 

higher values in larger fingerlings (Fig. 2.8B). The total m onounsaturated fatty acids 

ranged from  20.7-32.0%  o f  total fatty acids and the values were sim ilar for the 

fingerlings o f  different sizes. The total polyunsaturated fatty acids ranged from  25.9- 

39.2%  o f  total fatty acids and the 7-8 cm and 9-10 cm fingerlings had higher PUFA 

levels than the other fingerlings.

2.4 DISC USSIO N

2.4.1 Total lipids

The first treatm ent o f  experim ent one (Table 2.2) established the baseline 

total lipid content for adult catfish from M anton D am , NT as 24.5±9.0%  D W . The 

tem perature and storage experim ent found that the lipid content o f  the cutlets ranged 

from  21.4-25.9%  o f DW . These values were w ithin the range o f 20-30%  o f  DW  

reported for channel catfish (G ibson and W orthington 1977). Since the lipid content 

o f  the cutlets for all treatm ents were sim ilar, this m eant that for total lipid 

determ inations, storage o f  the air frozen cutlets at -20°C for eight weeks w as ju st as 

acceptable as im m ediate freeze-drying o f cutlets from  freshly killed fish. In a sim ilar 

study on lipid changes in frozen stored channel catfish, the levels o f total extractable
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The fatty acids that occurred in low amounts (1-5% of total fatty acids) were 

14:0, 15:0, 16:2n-x, 18:3n-3, 20:5n-3, 22:4 and 22:5 (Table 2.9). The levels of 14:0 

were similar between the 7-8 cm and 9-10 cm fingerlings (P>0.05) and also between 

the 11-12 cm and 13-14 cm fingerlings (P>0.05), however, the values for the smaller 

fingerlings were significantly lower than that of the larger fingerlings (P<0.05). There 

were no significant differences in the levels of l 8:3n-3 in the fry and fingerlings. The 

levels of 20:5n-3 were similar between the 7-8 cm and 9-10 cm fingerlings and also 

between the 11-12 cm and 13-14 cm fingerlings, however, the vaiues in the smaller 

finger lings were hig.½.er than that in the larger fingerlings. In the case of 15 :0, 

16:2n-x, 22:4 and 22:5, the levels of the respective fatty acids were not significantly 

different for all the fingerlings (P>0.05). 

The total saturated fatty acids ranged from 32.6-39.5% of total fatty acids and 

there were lower values for the 7-8 cm and 9-10 cm fingerlings but progressively 

higher values in larger fingerlings (Fig. 2.8B). The total monounsaturated fatty acids 

ranged from 20.7-32.0% of total fatty acids and the values were similar for the 

fingerlings of different sizes. The total polyunsaturated fatty acids ranged from 25.9-

39.2% of total fatty acids and the 7-8 cm and 9-10 cm fingerlings had higher PUFA 

levels than the other fingerlings. 

2.4 DISCUSSION 

2.4.1 Total lipids 

The first treatment of experiment one (Table 2.2) established the baseline 

total lipid content for adult catfish from Manton Dam, NT as 24.5±9.0% DW. The 

temperature and storage experiment found that the lipid content of the cutlets ranged 

from 21.4-25.9% of DW. These values were within the range of 20-30% of DW 

reported for channel catfish (Gibson and Worthington 1977). Since the lipid content 

of the cutlets for all treatments were similar, this meant that for total lipid 

determinations, storage of the air frozen cutlets at -20°C for eight weeks was just as 

acceptable as immediate freeze-drying of cutlets from freshly killed fish. In a similar 

study on lipid changes in frozen stored channel catfish, the levels of total extractable 
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lipid w ere not significantly influenced by the m ethod o f  freezing or by tem perature or 

length o f  storage (Gibson and W orthington 1977).

The study found that the lipid content o f  the white m uscles in the anterior ha lf 

o f  the body  o f  adult eel-tailed catfish were sim ilar (range 17.6-20.0%  o f D W ), which 

was consistent w ith a report that the m ean lipid content o f the m uscles in the anterior 

and the central sections o f  the body in  European catfish were sim ilar (9.7% and 9.7% 

o f  D W , respectively) (Fullner and Pfeifer 1995).

H ow ever, the lipid content o f  the muscles (mean 18.4% o f DW ) progressively 

increased from  the m id section o f  the body towards the tail (mean 47.2%  o f  DW ). 

This trend o f  higher lipid levels in the m uscles o f the tail region has been previously 

reported in three types o f  freshwater teleosts in India, nam ely the freshwater catfish 

A. dussum ieri, the murrel 0. striatus  (A lexander 1970) and in the com m on catfish 

W  attu  (Jafri 1973). In A. dussumieri, the lipid content in the tail zone was 12.38% 

w hile that in the anterior zones ranged from 7.58-11.11% o f  DW. Sim ilarly in O. 

striatus, the lipid content in the tail section was 12.02% w hile that in the anterior 

sections ranged from 4.91-8.23%  o f  DW . The lipid distribution in the body o f  W. attu 

w as not as w ell defined, however, the lipid content in the tail section (zone 5) was 

3.31%  o f  D W  while those in the anterior sections were slightly lower (range 3.01- 

3.23%  o f  DW ). M ore recently, Fullner and Pfeifer (1995) have also reported higher 

lipid levels in the tail muscles o f  the European catfish (mean 30.21%  o f  D W ) than in 

the anterior m uscles (mean 9.70%  o f  DW ). Higher lipid accum ulation in the tail 

region m ay be related to a greater dem and o f  energy for m uscular activity o f  the tail 

during sw im m ing which involves sw ift lashing o f this part o f  the body (A lexander 

1970 and Jafri 1973).

G enerally, the lipid levels ,in eel-tailed catfish fry (mean 12.8%) and 

fingerlings (m ean 13.5% o f DW ) w ere noticeably m uch lower than that in the m uscle 

tissues o f  adult catfish (lowest m ean 17.6% for anterior cutlets), suggesting the 

influence o f  different diets available at M anton Dam and Scotts Creek. For 

com parison the total lipids o f w hole carp fry ranged from 29.9-33.3%  (W atanabe et 

al. 1974a), and the total lipids o f  whole Ayu fry ranged from  17.0-22.4% o f  DW  

(K anazaw a et al. 1982).
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lipid were not significantly influenced by the method of freezing or by temperature or 

length of storage (Gibson and Worthington 1977). 

The study found that the lipid content of the white muscles in the anterior half 

of the body of adult eel-tailed catfish were similar (range 17.6-20.0% ofDW), which 

was consistent with a report that the mean lipid content of the muscles in the anterior 

and the central sections of the body in European catfish were similar (9.7% and 9.7% 

of DW, respectively) (Fullner and Pfeifer 1995). 

However, the lipid content of the muscles (mean 18.4% of DW) progressively 

increased from the mid section of the body towards the tail (mean 47.2% of DW). 

This trend of higher lipid levels in the muscles of the tail region has been previously 

reported in three types of freshwater teleosts in India, namely the freshwater catfish 

A. dussumieri, the murrel 0. striatus (Alexander 1970) and in the common catfish 

W attu (J afri 1973). In A. dussumieri, the lipid content in the tail zone was 12.38% 

while that in the anterior zones ranged from 7.58-11.11 % of DW. Similarly in 0. 

striatus, the lipid content in the tail section was 12.02% while that in the anterior 

sections ranged from 4.91-8.23% ofDW. The lipid distribution in the body of W attu 

was not as well defined, however, the lipid content in the tail section (zone 5) was 

3.31 % of DW while those in the anterior sections were slightly lower (range 3.01-

3.23% of DW). More recently, Fullner and Pfeifer (1995) have also reported higher 

lipid levels in the tail muscles of the European catfish (mean 30.21 % ofDW) than in 

the anterior muscles (mean 9.70% of DW). Higher lipid accumulation in the tail 

region may be related to a greater demand of energy for muscular activity of the tail 

during swimming which involves swift lashing of this part of the body (Alexander 

1970 and Jafri 1973). 

Generally, the lipid levels .in eel-tailed catfish fry (mean 12.8%) and 

fingerlings (mean 13.5% of DW) were noticeably much lower than that in the muscle 

tissues of adult catfish (lowest mean 17.6% for anterior cutlets), suggesting the 

influence of different diets available at Manton Dam and Scotts Creek. For 

comparison the total lipids of whole carp fry ranged from 29.9-33.3% (Watanabe et 

al. 1974a), and the total lipids of whole Ayu fry ranged from 17.0-22.4% of DW 

(Kanazawa et al. 1982). 
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The present study found that the total lipid content o f  the muscles o f  

fingerlings were com parable to that o f  other freshwater species. W atanabe et al. 

(1974b) found that the lipid content o f  the muscles o f  rainbow  trout fingerlings 

ranged from  8.3-13.6%  o f DW. W ild  striped bass fingerlings were sam pled by weir 

catch in  M inas Basin, N ova Scotia and the lipid content o f the m uscles in August and 

Septem ber were 12.61% and 14.47% o f  DW , respectively (G allagher et al. 1989). In 

a study on the effects o f  various dietary lipid levels on the body com position o f  

channel catfish fingerlings, the lipid content o f  the m uscles ranged from  9.5-16.2% o f 

D W  (Stowell and Gatlin 1992).

2.4.2 Fatty acids

The experim ent on the effect o f  storage tem perature and storage time found 

that storage o f  eel-tailed catfish m uscle tissue at -20°C for up to eight weeks did not 

result in any significant changes in the levels o f  the various fatty acids. This finding 

was consistent w ith reports for cod stored at -23°C (Dyer 1967) and also for bream 

fillets w here the fatty acids were found to be stable during the first six m onths o f cold 

storage at -18°C and -30°C (Orban et al. 1996).

In the second experiment on the fatty acid content o f the lipids in  the muscles 

from  different zones o f  the body, the levels o f 18:0, 20:4n-6, 20:5n-3, 22:5 and 

22:6n-3 were higher in the anterior section o f  the body (Table 2.5). The levels o f 

14:0, 14:1, 16:1, 16:2n-x, 16:3, 18 :ln -7 , 18:ln-9, 18:2n-6, 18:3n-3 and 20:0 were 

higher in the posterior section o f the body and the levels o f  16:0, 16:2n-y and 22:4 

were sim ilar in all the body zones. Changes in PUFA levels in the body o f  catfish 

suggested that there were structural differences in the tail m usculature.

The present study also established the baseline fatty acid com position for 

lipids extracted from m uscle o f w ild adult eel-tailed catfish (Tables 2.3 and 2.5). The 

total saturated fatty acids (range 36.0-40.7%  o f  total fatty acids) were influenced by 

high percentages o f  16:0 (23.4-27.0% ) and m oderate amounts o f  18:0 (6.5-9.5%). For 

com parison, the studies on the fatty acid com position o f  lipids extracted from muscle 

o f  w ild adult channel catfish have show n that the level o f  16:0 in  w ild fish was 20.6- 

20.8%  o f  total fatty acids (Table 2.1) (Bonnet et al. 1974, Chanm ugam  et al. 1986) 

while that in pond cultured fish ranged from 10.5-19.6% (W orthington et al. 1972,

58 

The present study found that the total lipid content of the muscles of 

fingerlings were comparable to that of other freshwater species. Watanabe et al. 

( 197 4b) found that the lipid content of the muscles of rainbow trout fingerlings 

ranged from 8.3-13.6% of DW. Wild striped bass fingerlings were sampled by weir 

catch in Minas Basin, Nova Scotia and the lipid content of the muscles in August and 

September were 12.61 % and 14.47% of DW, respectively (Gallagher et al. 1989). In 

a study on the effects of various dietary lipid levels on the body composition of 

channel catfish fingerlings, the lipid content of the muscles ranged from 9.5-16.2% of 

DW (Stowell and Gatlin 1992). 

2.4.2 Fatty acids 

The experiment on the effect of storage temperature and storage time found 

that storage of eel-tailed catfish muscle tissue at -20°C for up to eight weeks did not 

result in any significant changes in the levels of the various fatty acids. This finding 

was consistent with reports for cod stored at -23°C (Dyer 1967) and also for bream 

fillets where the fatty acids were found to be stable during the first six months of cold 

storage at -l8°C and -30°C (Orban et al. 1996). 

In the second experiment on the fatty acid content of the lipids in the muscles 

from different zones of the body, the levels of 18:0, 20:4n-6, 20:5n-3, 22:5 and 

22:6n-3 were higher in the anterior section of the body (Table 2.5). The levels of 

14:0, 14:1, 16:1, 16:2n-x, 16:3, 18:ln-7, 18:ln-9, 18:2n-6, 18:3n-3 and 20:0 were 

higher in the posterior section of the body and the levels of 16:0, 16:2n-y and 22:4 

were similar in all the body zones. Changes in PUF A levels in the body of catfish 

suggested that there were structural differences in the tail musculature. 

The present study also established the baseline fatty acid composition for 

lipids extracted from muscle of wild adult eel-tailed catfish (Tables 2.3 and 2.5). The 

total saturated fatty acids (range 36.0-40.7% of total fatty acids) were influenced by 

high percentages of 16:0 (23.4-27.0%) and moderate amounts of 18:0 (6.5-9.5%). For 

comparison, the studies on the fatty acid composition of lipids extracted from muscle 

of wild adult channel catfish have shown that the level of 16:0 in wild fish was 20.6-

20.8% of total fatty acids (Table 2.1) (Bonnet et al. 1974, Chanmugam et al. 1986) 

while that in pond cultured fish ranged from 10.5-19.6% (Worthington et al. 1972, 
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B onnet et al. 1974, Chanm ugam  et al. 1986, Tidwell and Robinette 1990) (Table 

2.1). A lthough there are few publications on the fatty acid com position o f  Australian 

freshw ater fishes, a report by Sinclair et al. (1992) gave the levels o f  16:0 in the 

various fishes as follows: Atlantic salmon (15.9%  o f  total fatty acids), golden perch 

(16.5% ), w ild rainbow  trout (17.2%), cultured rainbow trout (18.0% ) (Table 2.1). 

G ibson (1983) reported  that the 16:0 content in the freshwater species redfm  perch 

and callop w ere 18.2%  and 19.9%, respectively (Table 2.1). The com parison o f  16:0 

levels in w ild  adult eel-tailed catfish (23.4-26.0% ), channel catfish (w ild or pond 

reared) and the other Australian freshwater fishes has dem onstrated that the 16:0 

level in w ild adult freshw ater eel-tailed catfish is the greatest.

The 18:0 content in wild adult channel catfish found levels w ithin the range

4.2-8.0%  (Bonnet et al. 1974, Chanmugam et al. 1986) while that in pond reared 

adults ranged from  3.7-6.7%  (W orthington et al. 1972, Bonnet et al. 1974, 

C hanm ugam  et al. 1986, Tidwell and Robinette 1990). W hile the level o f  18:0 in 

w ild adult channel catfish  was within the range o f  18:0 in w ild adult eel-tailed catfish 

(6.5-9.5% ), som e 18:0 values for pond reared adult channel catfish w ere below the 

range detected in eel-tailed catfish. Sinclair et al. (1992) reported that the levels o f  

18:0 in som e o f  the freshwater Australian fishes were as follows: Atlantic salmon 

(4.3% ), golden perch (4.8%), wild rainbow trout (5.1%), cultured rainbow trout 

(4.0% ). G ibson (1983) reported that the 18:0 content in redfin perch and callop were 

3.2%  and 4.9% , respectively. All the values o f  18:0 in the A ustralian freshwater 

fishes reported by G ibson (1983) and Sinclair et al. (1992) were low er than that in 

adult eel-tailed catfish.

In adult channel catfish, the level o f  18:ln-9 in wild fish was 22.4-23.7%  

w hile that in pond reared catfish ranged from 42.4-51.3%  (W orthington et al. 1972, 

Bonnet et al. 1974, Chanm ugam  et al. 1986, Tidwell and Robinette 1990). Generally, 

the body com position o f  fish is reflected by the diet and in the case o f  pond reared 

catfish, the m uscles had  significantly higher 18:ln-9 levels over that in  w ild catfish 

because 18 :ln -9  w as the m ajor fatty acid in the diet. Gibson (1983) and Sinclair et 

al. (1992) reported that the 18:1 levels in som e Australian freshwater fishes were: 

w ild rainbow  trout (17.1% ), redfin perch (17.2% ), golden perch (18.2% ), callop 

(18.6% ) A tlantic salm on (19.8%) and cultured rainbow trout (25.0%). The 18:l(n-9)
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Bonnet et al. 1974, Chanmugam et al. 1986, Tidwell and Robinette 1990) (Table 

2.1 ). Although there are few publications on the fatty acid composition of Australian 

freshwater fishes, a report by Sinclair et al. (1992) gave the levels of 16:0 in the 

various fishes as follows: Atlantic salmon (15.9% of total fatty acids), golden perch 

(16.5%), wild rainbow trout (17.2%), cultured rainbow trout (18.0%) (Table 2.1). 

Gibson (1983) reported that the 16:0 content in the freshwater species redfin perch 

and callop were 18.2% and 19.9%, respectively (Table 2.1). The comparison of 16:0 

levels in wild adult eel-tailed catfish (23.4-26.0%), channel catfish (wild or pond 

reared) and the other Australian freshwater fishes has demonstrated that the 16:0 

level in wild adult freshwater eel-tailed catfish is the greatest. 

The 18:0 content in wild adult channel catfish found levels within the range 

4.2-8.0% (Bonnet et al. 1974, Chanmugam et al. 1986) while that in pond reared 

adults ranged from 3.7-6.7% (Worthington et al. 1972, Bonnet et al. 1974, 

Chanmugam et al. 1986, Tidwell and Robinette 1990). While the level of 18:0 in 

wild adult channel catfish was within the range of 18:0 in wild adult eel-tailed catfish 

(6.5-9.5%), some 18:0 values for pond reared adult channel catfish were below the 

range detected in eel-tailed catfish. Sinclair et al. (1992) reported that the levels of 

18 :0 in some of the freshwater Australian fishes were as follows: Atlantic salmon 

(4.3%), golden perch (4.8%), wild rainbow trout (5.1%), cultured rainbow trout 

(4.0%). Gibson (1983) reported that the 18:0 content in redfin perch and callop were 

3.2% and 4.9%, respectively. All the values of 18:0 in the Australian freshwater 

fishes reported by Gibson (1983) and Sinclair et al. (1992) were lower than that in 

adult eel-tailed catfish. 

In adult channel catfish, the level of 18:ln-9 in wild fish was 22.4-23.7% 

while that in pond reared catfish ranged from 42.4-51.3% (Worthington et al. 1972, 

Bonnet et al. 197 4, Chanmugam et al. 1986, Tidwell and Robinette 1990). Generally, 

the body composition of fish is reflected by the diet and in the case of pond reared 

catfish, the muscles had significantly higher 18: 1 n-9 levels over that in wild catfish 

because 18:ln-9 was the major fatty acid in the diet. Gibson (1983) and Sinclair et 

al. (1992) reported that the 18:1 levels in some Australian freshwater fishes were: 

wild rainbow trout (17.1%), redfin perch (17.2%), golden perch (18.2%), callop 

(18.6%) Atlantic salmon (19.8%) and cultured rainbow trout (25.0%). The 18:l(n-9) 
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content in w ild adult eel-tailed catfish (16.4-20.6% ) was much lower than that in wild 

and pond reared adult channel catfish, and som e Australian freshw ater fishes. The 

low er 18 :ln -9  content in w ild adult eel-tailed catfish could be attributed to its natural 

diet that m ay be low in 18:ln-9.

A dult channel catfish that were caught from the wild had a 16 :ln -7  content 

sim ilar to those o f adult fish in the present study (7.5±0.9%  o f  total fatty acids, 

C hanm ugam  et al. 1986). However, pond reared fish had lower levels (range 4.1- 

4.8% , Tidw ell and Robinette 1990). The 16:1 levels in some A ustralian freshwater 

fishes were: cultured rainbow trout (4.2%), A tlantic salm on (5.0%), w ild  rainbow 

trout (6.3% ), golden perch (9.5%), callop (12.8% ), redfm  perch (13.0% ) (Gibson 

1983, Sinclair et al. 1992). The level o f 16 :ln -7  in w ild adult channel catfish was 

w ithin the range o f  16:ln-7 in adult eel-tailed catfish (5.0-8.0% ). This m ay be 

attributed to similar levels o f  16:ln-7 in their diets. The contents o f  som e nutrients in 

the body are sometimes determ ined by internal regulatory m echanism s and as such 

m ay not be affected by the diet (M annan et al. 1961, H oulihan et al. 1995). Besides 

the dietary reason for sim ilar levels o f 16 :ln -7  in w ild adult eel-tailed catfish and 

channel catfish, another possible reason w as the presence o f  internal regulatory 

m echanism s. It is worth while to note that because eel-tailed catfish and channel 

catfish are phylogenetically closer, their internal regulatory m echanism s for 

controlling their body com positions would be theoretically similar. W hen comparing 

the levels o f  16:ln-7 in the Australian golden perch, callop and redfm  perch w ith that 

in adult eel-tailed catfish, the 16:ln-7 level in  catfish was lower. Since all the fish are 

om nivores, there is a strong possibility that the internal regulatory m echanism s in 

golden perch, callop and redfin perch may have set higher levels for the accum ulation 

o f  16 :ln -7  as compared to that in eel-tailed catfish (Gibson 1983, S inclair et al. 

1992).

The total PUFA content o f  adult eel-tailed catfish (range 19.5-31.2% ) was 

m ade up o f  20:4n-6 (3.7-11.0% ) together w ith  smaller amounts o f  22:6n-3 and 

20:5n-3 (Tables 2.3 and 2.5). The PUFA content in wild and pond-reared channel 

catfish were 39.8±3.2%  and 26.1±3.8%  o f  to tal fatty acids, respectively (Chanm ugam  

et al. 1986). The lower PU FA  content in pond-reared catfish m ay be attributed to the 

catfish feeds, which are soy-based pellets (Chanm ugam  et al. 1986). In com parison,
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content in wild adult eel-tailed catfish (16.4-20.6%) was much lower than that in wild 

and pond reared adult channel catfish, and some Australian freshwater fishes. The 

lower 18: ln-9 content in wild adult eel-tailed catfish could be attributed to its natural 

diet that may be low in 18: 1 n-9. 

Adult channel catfish that were caught from the wild had a 16: ln-7 content 

similar to those of adult fish in the present study (7.5±0.9% of total fatty acids, 

Chanrnugam et al. 1986). However, pond reared fish had lower levels (range 4.1-

4.8%, Tidwell and Robinette 1990). The 16: 1 levels in some Australian freshwater 

fishes were: cultured rainbow trout (4.2%), Atlantic salmon (5.0%), wild rainbow 

trout (6.3%), golden perch (9.5%), callop (12.8%), redfin perch (13.0%) (Gibson 

1983, Sinclair et al. 1992). The level of 16: ln-7 in wild adult channel catfish was 

within the range of 16: ln-7 in adult eel-tailed catfish (5.0-8.0%). This may be 

attributed to similar levels of 16: ln-7 in their diets. The contents of some nutrients in 

the body are sometimes determined by internal regulatory mechanisms and as such 

may not be affected by the diet (Mannan et al. 1961, Houlihan et al. 1995). Besides 

the dietary reason for similar levels of 16: ln-7 in wild adult eel-tailed catfish and 

channel catfish, another possible reason was the presence of internal regulatory 

mechanisms. It is worth while to note that because eel-tailed catfish and channel 

catfish are phylogenetically closer, their internal regulatory mechanisms for 

controlling their body compositions would be theoretically similar. When comparing 

the levels of 16: ln-7 in the Australian golden perch, callop and redfin perch with that 

in adult eel-tailed catfish, the 16:ln-7 level in catfish was lower. Since all the fish are 

omnivores, there is a strong possibility that the internal regulatory mechanisms in 

golden perch, callop and redfin perch may have set higher levels for the accumulation 

of 16:ln-7 as compared to that in eel-tailed catfish (Gibson 1983, Sinclair et al. 

1992). 

The total PUF A content of adult eel-tailed catfish (range 19.5-31.2%) was 

made up of 20:4n-6 (3.7-11.0%) together with smaller amounts of 22:6n-3 and 

20:5n-3 (Tables 2.3 and 2.5). The PUF A content in wild and pond-reared channel 

catfish were 39.8±3.2% and 26.1±3.8% of total fatty acids, respectively (Chanmugam 

et al. 1986). The lower PUF A content in pond-reared catfish may be attributed to the 

catfish feeds, which are soy-based pellets (Chanmugam et al. 1986). In comparison, 
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the PU FA  level in w ild  adult eel-tailed catfish ranged from  19.5-31.2% o f  total fatty 

acids and these values were interm ediate between wild and pond reared channel 

catfish. This was an indication that the diet o f wild adult eel-tailed catfish, which 

consisted  o f  invertebrates such as aquatic insects and crustaceans (Larson and M artin

1989) was a relatively good source o f  PUPA.

W ild adult channel catfish recorded a 20:5n-3 content o f 7.0±0.9%  while 

those in pond reared fish ranged from 0.79-1.5% (W orthington et al. 1972, 

C hanm ugam  et al. 1986). In  the case o f  some Australian freshwater fishes, Gibson 

(1983) and Sinclair et al. (1992) reported that the 20:5n-3 levels were: cultured 

rainbow  trout (2.0%), golden perch (3.6%), callop (4.1%), w ild rainbow trout (5.1%), 

redfin  perch (6.8%), Atlantic salm on (7.0%). The level o f  20:5n-3 in wild adult eel

tailed  catfish (1.2-2.4% ) was sim ilar to those in pond reared adult channel catfish but 

low er than those in w ild  catfish and m ost o f the Australian freshwater fish.

The m ajority o f  A ustralian m arine fish have 20:5n-3 levels above 5% o f  total 

fatty acids. The lipids o f  m arine fish generally have higher levels o f  20:5n-3 and 

22:6n-3 as these fatty acids are incorporated into the cell membranes to enable the 

fish to cope with saline conditions. Since wild adult eel-tailed catfish have 20:5n-3 

contents w hich range from 1.2-2.4%  o f total fatty acids, a list of marine species 

w hich  have equivalent or low er 20:5n-3 levels has been summarised from published 

data  (G ibson 1983, Sinclair et al. 1983, Evans et al. 1986, Dunstan et al. 1988, 

S inclair et al. 1992). The species are as follows: orange roughy (0.7%), baxramundi 

(2.0% ), piked dogfish (2.1% ), lesser-spangled em peror (2.2%), yellow-tailed 

angelfish (2.3%), tropical halibut (2.5%), black pom fret (2.8%), gemfish (2.9%), 

on ion  trevally (3.0% ). In m arine fork-tailed catfish, the level o f 20:5n-3 was 4.7%  

(S inclair et al. 1983) and this value was double that for adult eel-tailed catfish.

W ild eel-tailed catfish had m oderate levels o f  22:6n-3 (range 1.2-5.3%). The 

22:6n-3 level in w ild  adult channel catfish was 13.6±0.8%  o f  total fatty acids 

(C hanm ugam  et al. 1986) w hile those in pond reared catfish ranged from 1.87-5.0% 

(W orthington et al. 1972, Chanm ugam  et al. 1986). In Australian freshwater fish, the 

22:6n-3 content in golden perch, Atlantic salmon, w ild rainbow trout and cultured 

rainbow  trout were 13.8%, 17.0%, 17.7% and 16.6% o f  total fatty acids, respectively 

(S inclair et al. 1992). The 22:6n-3 content in wild adult eel-tailed catfish ranged from
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the PlJFA level in wild adult eel-tailed catfish ranged from 19.5-31.2% of total fatty 

acids and these values were intermediate between wild and pond reared channel 

catfish. This was an indication that the diet of wild adult eel-tailed catfish, which 

consisted of invertebrates such as aquatic insects and crustaceans (Larson and Martin 

1989) was a relatively good source of PUF A. 

Wild adult channel catfish recorded a 20:5n-3 content of 7.0±0.9% while 

those in pond reared fish ranged from 0.79-1.5% (Worthington et al. 1972, 

Chanmugam et al. 1986). Irr the case of some Australian :freshwater fishes, Gibson 

( 1983) and Sinclair et al. (1992) reported that the 20:5n-3 levels were: cultured 

rainbow trout (2.0%), golden perch (3.6%), callop (4.1 %), wild rainbow trout (5.1 %), 

redfin perch (6.8%), Atlantic salmon (7.0%). The level of 20:5n-3 in wild adult eel

tailed catfish (1.2-2.4%) was similar to those in pond reared adult channel catfish but 

lower than those in wild catfish and most of the Australian freshwater fish. 

The majority of Australian marine fish have 20:5n-3 levels above 5% of total 

fatty acids. The lipids of marine fish generally have higher levels of 20:Sn-3 and 

22:6n-3 as these fatty acids are incorporated into the cell membranes to enable the 

fish to cope with saline conditions. Since wild adult eel-tailed catfish have 20:5n-3 

contents which range from 1.2-2.4% of total fatty acids, a list of marine species 

which have equivalent or lower 20:5n-3 levels has been summarised from published 

data (Gibson 1983, Sinclair et al. 1983, Evans et al. 1986, Dunstan et al. 1988, 

Sinclair et al. 1992). The species are as follows: orange roughy (0.7%), barramundi 

(2.0%), piked dogfish (2.1 %), lesser-spangled emperor (2.2%), yellow-tailed 

angelfish (2.3%), tropical halibut (2.5%), black pomfret (2.8%), gemfish (2.9%), 

onion trevally (3.0%). In marine fork-tailed catfish, the level of 20:5n-3 was 4.7% 

(Sinclair et al. 1983) and this value was double that for adult eel-tailed catfish. 

Wild eel-tailed catfish had moderate levels of 22:6n-3 (range 1.2-5.3%). The 

22:6n-3 level in wild adult channel catfish was 13.6±0.8% of total fatty acids 

(Chanmugam et al. 1986) while those in pond reared catfish ranged from 1.87-5.0% 

(Worthington et al. 1972, Chanmugam et al. 1986). In Australian freshwater fish, the 

22:6n-3 content in golden perch, Atlantic salmon, wild rainbow trout and cultured 

rainbow trout were 13 .8%, 17 .0%, 17. 7% and 16.6% of total fatty acids, respectively 

(Sinclair et al. 1992). The 22:6n-3 content in wild adult eel-tailed catfish ranged from 
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1.2-5.3% and these values were sim ilar to those in pond reared channel catfish but 

very m uch low er than those in w ild adult channel catfish and Australian freshw ater 

fishes. D ata on m ost Australian m arine finfish indicate that the levels o f  22:6n-3 are 

in excess o f  10% o f  total fatty acids (Gibson 1983, Sinclair et al. 1983, Evans et al. 

1986, Sinclair et al. 1992) w ith the following exceptions: orange roughy (2.6% ), sea 

m ullet (3.1% ), gunard perch (3.2%), turbot (3.6%), silver whiting (4.6% ), black- 

banded kingfish  (4.8%), jum per m ullet (4.9%), luderick (5.1%), m ullet (6.4% ), 

greenback flounder (6.9%), yelloweye m ullet (7.7%), barramundi (8.5% ), South 

African hake (9.5% ), King George whiting (9.7%), yellowfin whiting (9.8% ) and 

fork-tailed catfish (10.8%) (Gibson 1983, Sinclair et al. 1983, Evans et al. 1986, 

Sinclair et al. 1992).

A dult w ild eel-tailed catfish had moderate levels o f  20:4n-6 (2.6-11.0% ). In 

wild adult channel catfish, the 20:4n-6 content ranged from 3.3-6.8%  o f  total fatty 

acids (Bonnet et al. 1974, Chanm ugam  et al. 1986) w hile that in pond reared catfish 

ranged from  1.9-5.7%  (W orthington et al. 1972, Bonnet et al. 1974, Chanm ugam  et 

al. 1986). The w ide variation o f  20:4n-6 observed for channel catfish was also 

observed in eel-tailed catfish.

In the case o f  18:2n-6, the levels in w ild adult eel-tailed catfish ranged from  

5.6-6.5% o f  total fatty  acids. In w ild adult channel catfish, the 18:2n-6 content was 

2.9±0.6%  o f  total fatty acids (Chanmugam  et al. 1986) while that in  pond reared 

catfish ranged from  12.3-13.2% (Chanmugam  et al. 1986, Tidwell and Robinette

1990). In A ustralian freshwater fish, the 18:2n-6 content were: golden perch (2.4% ), 

Atlantic salm on (6.4%), wild rainbow  trout (3.2%) and cultured rainbow  trout 

(15.7%) (S inclair et al. 1992). The 18:2n-6 levels in adult eel-tailed catfish w hich 

ranged from  5.6-6.5%  o f  total fatty acids were higher than those in  w ild channel 

catfish, golden perch, wild rainbow trout and Atlantic salm on but lower than those in 

pond reared channel catfish and cultured rainbow trout (Bonnet et al. 1974, 

Chanm ugam  et al. 1986, Tidwell and Robinette 1990). The differences in 18:2n-6 

content o f  the different fishes are often attributed to the differences o f  the diet. In 

Australian m arine fish, 18:2n-6 levels were low ranging from  0.1-2.5%  o f  total fatty 

acids (S inclair et al. 1983, Evans et al., 1986, D unstan et al. 1988, Sinclair et al. 

1992) with the exception o f  luderick which recorded 7.9%  (Sinclair et al. 1992).
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1.2-5.3% and these values were similar to those in pond reared channel catfish but 

very much lower than those in wild adult channel catfish and Australian freshwater 

fishes. Data on most Australian marine finfish indicate that the levels of 22:6n-3 are 

in excess of 10% of total fatty acids (Gibson 1983, Sinclair et al. 1983, Evans et al. 

1986, Sinclair et al. 1992) with the following exceptions: orange roughy (2.6%), sea 

mullet (3.1 %), gunard perch (3.2%), turbot (3.6%), silver whiting ( 4.6%), black

banded kingfish (4.8%), jumper mullet (4.9%), luderick (5.1 %), mullet (6.4%), 

greenback flounder (6.9%), yelloweye mullet (7.7%), barramundi (8.5%), South 

African hake (9.5%), King George whiting (9.7%), yellowfin whiting (9.8%) and 

fork-tailed catfish (10.8%) (Gibson 1983, Sinclair et al. 1983, Evans et al. 1986, 

Sinclair et al. 1992). 

Adult wild eel-tailed catfish had moderate levels of 20:4n-6 (2.6-11.0%). In 

wild adult channel catfish, the 20:4n-6 content ranged from 3.3-6.8% of total fatty 

acids (Bonnet et al. 197 4, Chanmugam et al. 1986) while that in pond reared catfish 

ranged from 1.9-5.7% (Worthington et al. 1972, Bonnet et al. 1974, Chanmugam et 

al. 1986). The wide variation of 20:4n-6 observed for channel catfish was also 

observed in eel-tailed catfish. 

In the case of 18 :2n-6, the levels in wild adult eel-tailed catfish ranged from 

5.6-6.5% of total fatty acids. In wild adult channel catfish, the 18:2n-6 content was 

2.9±0.6% of total fatty acids (Chanmugam et al. 1986) while that in pond reared 

catfish ranged from 12.3-13.2% (Chanmugam et al. 1986, Tidwell and Robinette 

1990). In Australian freshwater fish, the 18:2n-6 content were: golden perch (2.4%), 

Atlantic salmon (6.4%), wild rainbow trout (3.2%) and cultured rainbow trout 

(15. 7%) (Sinclair et al. 1992). The 18 :2n-6 levels in adult eel-tailed catfish which 

ranged from 5.6-6.5% of total fatty acids were higher than those in wild channel 

catfish, golden perch, wild rainbow trout and Atlantic salmon but lower than those in 

pond reared channel catfish and cultured rainbow trout (Bonnet et al. 197 4, 

Chanmugam et al. 1986, Tidwell and Robinette 1990). The differences in 18:2n-6 

content of the different fishes are often attributed to the differences of the diet. In 

Australian marine fish, 18 :2n-6 levels were low ranging from 0.1-2.5% of total fatty 

acids (Sinclair et al. 1983, Evans et al., 1986, Dunstan et al. 1988, Sinclair et al. 

1992) with the exception of luderick which recorded 7 .9% (Sinclair et al. 1992). 
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The levels o f  18:3n-3 occurred in low levels in the lipids o f  w ild adult eel

tailed catfish and ranged f ro m l.8-2.4%  o f  total fatty acids. The 18:3n-3 content in 

w ild and pond reared adult channel catfish ranged from 0.5-2.8%  o f  total fatty acids 

and 0.8-1.7% , respectively (Bonnet et al. 1974, Chanmugam et al. 1986, Tidwell and 

Robinette 1990). In A ustralian freshw ater fishes, the 18:3n-3 levels were: golden 

perch (3.7% ), Atlantic salm on (1.6% ), w ild rainbow trout (7.7%) and cultured 

rainbow trout (1.1% ) (Sinclair et al. 1992). The 18:3n-3 content in w ild adult eel

tailed catfish w hich ranged from  1.8-2.4%  o f  total fatty acids was sim ilar to that in 

channel catfish but m uch low er than those in wild rainbow trout.

The total saturated fatty acids in the lipids o f the fry and fingerlings o f  eel

tailed catfish ranged from 42.7-44.0%  and 32.6-39.5% o f  total fatty acids, 

respectively, w hich dem onstrated that the total saturated fatty acids was higher in 

eel-tailed catfish fry. The higher levels o f  total saturated fatty acids in the fry c o u ld . 

be attributed to the differences in diet.

The saturated fatty acids 16:0 and 18:0 also occurred in m oderate and m ajor 

amounts in juveniles. The percentage com position o f 16:0 in fry and fingerlings 

ranged from  22.5-24.0%  and 17.9-23.7%  o f  total fatty acids, respectively, and 

probably reflect the influence o f  dietary fatty acids. These levels o f  16:0 were 

com parable to those in fingerling channel catfish (21.7±0.4% o f  total fatty ac id s)- 

(Tidwell and Robinette 1990) and low er than in striped bass (28.2±0.5% ) (Gallagher 

et al. 1989. This suggested that the natural diet o f striped bass fingerlings m ay have 

had a relatively high 16:0 content. In a study on the A ustralian silver perch 

fingerlings, the 16:0 levels ranged from  14.9-24.8% when fed a range o f diets 

(Anderson and Arthington 1989).

In the present study, the levels o f  18:0 in eel-tailed catfish fry (18.1-18.3%) 

were m uch higher than in fingerlings (11.2-12.7% ) indicating a difference in dietary 

feed species w ith age. Other w orkers have reported the 18:0 content in fingerlings o f 

channel catfish (Tidw ell and Robinette 1990), striped bass (Gallagher et al. 1989) 

and silver perch (Anderson and A rthington 1989) as 5.9±0.7%, 6.7±0.3%  and 3.4- 

7.8% , respectively. This study has dem onstrated that the level o f  18:0 in eel-tailed 

catfish fingerlings was m uch higher than those in channel catfish, striped bass and 

silver perch fingerlings. The high level o f  18:0 in the muscies o f fingerling eel-tailed
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The levels of 18:3n-3 occurred in low levels in the lipids of wild adult eel

tailed catfish and ranged froml.8-2.4% of total fatty acids. The 18:3n-3 content in 

wild and pond reared adult channel catfish ranged from 0.5-2.8% of total fatty acids 

and 0.8-1.7%, respectively (Bonnet et al. 1974, Chanmugam et al. 1986, Tidwell and 

Robinette 1990). In Australian freshwater fishes, the 18:3n-3 levels were: golden 

perch (3.7%), Atlantic salmon (1.6%), wild rainbow trout (7.7%) and cultured 

rainbow trout (1. 1 %) (Sinclair et al. 1992). The 18:3n-3 content in wild adult eel

tailed catfish which ranged from 1.8-2.4% of total fatty acids was similar to that in 

channel catfish but much lower than those in wild rainbow trout. 

The total saturated fatty acids in the lipids of the fry and fingerlings of eel

tailed catfish ranged from 42.7-44.0% and 32.6-39.5% of total fatty acids, 

respectively, which demonstrated that the total saturated fatty acids was higher in 

eel-tailed catfish fry. The higher levels of total saturated fatty acids in the fry could . 

be attributed to the differences in diet. 

The saturated fatty acids 16:0 and 18:0 also occurred in moderate and major 

amounts in juveniles. The percentage composition of 16:0 in fry and fingerlings 

ranged from 22.5-24.0% and 17.9-23.7% of total fatty acids, respectively, and 

probably reflect the influence of dietary fatty acids. These levels of 16:0 were 

comparable to those in fingerling channel catfish (21.7±0.4% of total fatty aci~s)

(Tidwell and Robinette 1990) and lower than in striped bass (28.2±0.5%) (Gallagher 

et al. 1989. This suggested that the natural diet of striped bass fingerlings may have 

had a relatively high 16:0 content. In a study on the Australian silver perch 

fingerlings, the 16:0 levels ranged from 14.9-24.8% when fed a range of diets 

(Anderson and Arthington 1989). 

In the present study, the levels of 18:0 in eel-tailed catfish fry (18.1-18.3%) 

were much higher than in fingerlings (11.2-12.7%) indicating a difference in dietary 

feed species with age. Other workers have reported the 18:0 content in fingerlings of 

channel catfish (Tidwell and Robinette 1990), striped bass (Gallagher et al. 1989) 

and silver perch (Anderson and Arthington 1989) as 5.9±0.7%, 6.7±0.3% and 3.4-

7.8%, respectively. This study has demonstrated that the level of 18:0 in eel-tailed 

catfish fingerlings was much higher than those in channel catfish, striped bass and 

silver perch fingerlings. The high level of 18:0 in the muscies of fingerling eel-tailed 
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catfish  could be attributed to either a diet that contained higher levels o f 18:0 or 

internal regulatory m echanism s that resulted in the accum ulation o f  18:0 in the 

m uscles. The high levels in fry will be further studied in Chapter 3.

The total m onounsaturated fatty acids in the lipids o f  fry and fingerlings o f  

eel-tailed catfish ranged from 21.8-22.2% and 20.7-32.0%  o f  total fatty acids 

indicating that as the fish grew, it consum ed different dietary fatty acids or 

accum ulated larger am ounts o f  m onounsaturated fatty acids. The m onounsaturated 

fatty acids that occurred in moderate and m ajor quantities were 18:ln-9  and 18:ln-7. 

T he 18:ln-9  content w as higher in the fry (13.6-14.2%) then  in fingerlings (8.7- 

16.1%). The variation o f  18:ln-9  in fingerlings was high because there was a size 

dependent effect, w here the levels in larger fingerlings were nearly double that o f  

sm aller fingerlings. The influence o f fish size and age on fatty acid profiles was 

described by Tidwell and Robinette (1990). The 18:ln-9  contents in fingerlings o f  

striped bass, channel catfish and silver perch were 29.6±0.8% (Gallagher et al. 1989), 

37.6±1.2%  (Tidwell and Robinette 1990) and 21.7-38.2%  (Anderson and Arthington 

1989), respectively. In comparison, the level o f 18:ln-9 in eel-tailed catfish 

fingerlings (8.7-16.1% ) was the lowest o f  all the four species discussed. This could 

be attributed to the natural diet o f  fingerling eel-tailed catfish being low er in 18: ln-9.

The levels o f  18 :ln -7  were slightly lower in the lipids o f  eel-tailed catfish fry 

(4.3-5.0% ) than in fingerlings (5.6-7.7%). These percentages were comparable to 

reports o f  the 18:ln-7  content in striped bass fingerlings (5.4±0.2% ) (Gallagher et al. 

1989). Similarly the 16 :ln -7  content was slightly lower in the lipids o f eel-tailed 

catfish fry (3.3-3.6% ) than in fingerlings (4.4-8.2%). In channel catfish and silver 

perch fingerlings, the respective levels o f  16:ln-7 were 4.5±0.3%  o f  total fatty acids 

(T idw ell and Robinette 1990) and 8.1-12.5%  (Anderson and Arthington 1989), 

respectively.

Polyunsaturated fatty acids (PUFA) such as EPA and DHA are extremely 

im portant in the grow th and survival o f  fish. The levels o f  PU FA  in the fry and 

fingerlings were found to range from 31.3-32.1%  and 25.9-39.2%  o f  total fatty acids, 

respectively. Generally, sm aller fish had higher PUFA content. In com parison, this 

w as higher than the PU FA  content in the fingerlings o f  channel catfish (21.43% o f
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1989), respectively. In comparison, the level of 18:ln-9 in eel-tailed catfish 

fingerlings (8. 7-16. l % ) was the lowest of all the four species discussed. This could 

be attributed to the natural diet of fingerling eel-tailed catfish being lower in 18: 1 n-9. 

The levels of 18: ln-7 were slightly lower in the lipi1s of eel-tailed catfish fry 

( 4. 3-5. 0%) than in fingerlings ( 5. 6-7. 7%). These percentages were comparable to 

reports of the 18:ln-7 content in striped bass fingerlings (5.4±0.2%) (Gallagher et al. 

1989). Similarly the 16:ln-7 content was slightly lower in the lipids of eel-tailed 

catfish fry (3.3-3.6%) than in fingerlings (4.4-8.2%). In channel catfish and silver 

perch fingerlings, the respective levels of 16:ln-7 were 4.5±0.3% of total fatty acids 

(Tidwell and Robinette 1990) and 8.1-12.5% (Anderson and Arthington 1989), 

respectively. 

Polyunsaturated fatty acids (PUF A) such as EPA and DHA are extremely 

important in the growth and survival of fish. The levels of PUF A in the fry and 

finoerlinos were found to ran2:e from 31.3-32. l % and 25.9-39.2% of total fatty acids, ::, ::, ~ 

respectively. Generally, smaller fish had higher PlJF A content. In comparison, this 

was higher than the PUFA content in the fingerlings of channel catfish (21.43% of 
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total fatty acids) (T idw ell and Robinette 1990), striped bass (6.9±0.4% )(Gallagher et 

al. 1989) and silver perch (11.7-23.8% ) (Anderson and Arthington 1989).

The levels o f  20:5n-3 in the lipids o f  fry and fingerlings ranged from  2.0-2.3%  

and 1.7-2.7%  o f  total fatty acids, respectively, and the levels in the three sizes o f  fish 

w ere sim ilar. Even though 20:5n-3 was not reported in fmgerling channel catfish and 

striped bass, the level in fmgerling silver perch ranged from 0.7-4.5% depending on 

the d iet treatm ent (A nderson and Arthington 1989). The 20:5n-3 content in fmgerling 

eel-tailed catfish was low and within the range detected in silver perch fingerlings. In 

this study, high levels o f  16:0 and low levels o f  20:5n-3 were recorded in the fish. 

This w as an indication that 16:0 was accum ulated in significantly larger am ounts in 

the m usculature, and it had a m ore im portant role to play in the structure and function 

o f  the m uscle.

In the case o f  22:6n-3, the levels in eel-tailed catfish fry and fingerlings 

ranged from 7.5-7.7%  and 3.5-7.6% o f  total fatty acids, respectively. The levels o f 

22:6n-3 in fry and fingerlings were higher than those in adult catfish and the variation 

- in 22:6n-3 contents in the fingerlings and adults were high. Even though the level o f  

22:6n-3 in fm gerling channel catfish was not reported, the levels in striped bass and 

silver perch were 6.3±0.4%  (Anderson and Arthington 1989) and 2.8-6.0%  

(G allagher et al. 1989) and these values were sim ilar to those in fmgerling eel-tailed 

catfish.

The levels o f  20:4n-6 in the lipids o f  fry and fingerlings ranged from  7.2-8.2%  

and 6.4-12.9%  o f  total fatty acids, respectively. The 20:4n-6 content in fmgerling 

silver perch ranged from  0.9-1.3% o f  total fatty acids (Anderson and Arthington 

1989).

Am ongst the shorter chain PUFAs, the levels o f 18:2n-6 in the fry and 

fingerlings ranged from  5.3-6.8%  and 6.6-7.6%  o f  total fatty acids, respectively, and 

this show ed that the levels o f  18:2n-6 in all sizes o f  fish were similar. The levels o f 

18:2n-6 in fmgerling channel catfish, striped bass and silver perch w ere 17.7±0.5% 

(Tidw ell and Robinette 1990), 0.6±0.1%  (Gallagher et al. 1989) and 3.4-4.7%  

(A nderson and A rthington 1989) o f  total fatty acids, respectively. The 18:2n-6 

content in eel-tailed catfish fingerlings were higher than those in striped bass and 

silver perch but very m uch lower than those in channel catfish.
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this study, high levels of 16:0 and low levels of 20:Sn-3 were recorded in the fish. 

This was an indication that 16:0 was accumulated in significantly larger amounts in 

the musculature, and it had a more important role to play in the structure and function 
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ranged from 7.5-7.7% and 3.5-7.6% of total fatty acids, respectively. The levels of 

22:6n-3 in fry and fingerlings were higher than those in adult catfish and the variation 

- in 22:6n-3 contents in the fingerlings and adults were high. Even though the level of 

22:6n-3 in fingerling channel catfish was not reported, the levels in striped bass and 

silver perch were 6.3±0.4% (Anderson and Arthington 1989) and 2.8-6.0% 

(Gallagher et al. 1989) and these values were similar to those in fingerling eel-tailed 
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The levels of 20:4n-6 in the lipids of fry and fingerlings ranged from 7 .2-8.2% 

and 6.4-12.9% of total fatty acids, respectively. The 20:4n-6 content in fingerling 

silver perch ranged from 0.9-1.3% of total fatty acids (Anderson and Arthington 

1989). 

Amongst the shorter chain PUF As, the levels of l 8:2n-6 in the fry and 

fingerlings ranged from 5.3-6.8% and 6.6-7.6% of total fatty acids, respectively, and 

this showed that the levels of 18 :2n-6 in all sizes of fish were similar. The levels of 

18:2n-6 in fingerling channel catfish, striped bass and silver perch were 17.7±0.5% 

(Tidwell and Robinette 1990), 0.6±0.1 % (Gallagher et al. 1989) and 3.4-4.7% 

(Anderson and Arthington 1989) of total fatty acids, respectively. The l 8:2n-6 

content in eel-tailed catfish fingerlings were higher than those in striped bass and 

silver perch but very much lower than those in channel catfish. 



66

A nother PUFA that occurred from low to moderate levels in the lipids o f  fry 

and fingerlings was 18:3n-3 and the respective levels were 3.9-5.0% and 1.4-2.6% o f  

total fatty  acids. The level o f  18:3n-3 in fry was much higher than those in  fingerlings 

and adults. The 18:3n-3 content in fmgerling channel catfish and silver perch were 

3 .7±0.3%  (Tidwell and Robinette 1990) and 1.4-4.7% (Anderson and Arthington 

1989) o f  total fatty acids, respectively. The level o f 18:3n-3 in fmgerling eel-tailed 

catfish w ere sim ilar to those in fmgerling channel catfish and silver perch.

The n-6/n-3 ratios in eel-tailed catfish fry, fingerlings and adults ranged from - 

0 .9-1.0, 1.7-2.1 and 1.8-1.9, respectively. The n-6/n-3 ratios o f the fingerlings and 

adults w ere sim ilar and higher than those in the fry. The n-6/n-3 ratios in  eel-tailed 

catfish  fry indicated that the amounts o f  both n-6 and n-3 fatty acids w ere similar, 

how ever, in the muscles o f  fingerlings and adults, there were more n-6 fatty acids 

than  n-3 fatty acids. In fact the amounts o f  n-6 fatty acids was nearly doubled that o f  

n-3 fatty acids. The n-6/n-3 ratios in fmgerling channel catfish and silver perch were 

4.76 (T idw ell and Robinette 1990) and 0.22-0.88 (Anderson and Arthington 1989), 

respectively. This meant that in fmgerling channel catfish muscles, there was an 

abundance o f  n-6 fatty acids over n-3 fatty acids. The reverse is true for silver perch 

fingerlings where there were either low levels to nearly equivalent levels o f  n-6 fatty 

acids to  n-3 fatty acids. The n-6/n-3 ratio in eel-tailed catfish fingerlings was higher 

than those in silver perch but lower than those in channel catfish.

The n-6/n-3 ratio in w ild adult channel catfish was 0.39-0.41 (Bonnet et al. 

1974, Chanm ugam  et al. 1986) while that in pond reared catfish ranged from 0.19-

1.61 (B onnet et al. 1974, Chanm ugam  et al. 1986). The n-6/n-3 ratio in  w ild adult 

eel-tailed  catfish was higher than those in wild adult channel catfish and w ithin the 

range for pond reared catfish.

2.5 C O N C L U S IO N

The baseline total lipids o f  the muscles o f w ild adult eel-tailed catfish was 

27.81%  o f  DW , with levels sim ilar to members o f other genera. The m ajor fatty acids 

in the lipids o f  adult muscle tissues were 16:0, 18:0 and 18: ln-9 and the m ain PUFA 

was 20:4n-6. The n-6/n-3 ratios in adults was 1.89.
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Another Put A that occurred from low to moderate levels in the lipids of fry 

and fingerlings was 18:3n-3 and the respective levels were 3.9-5.0% and 1.4-2.6% of 

total fatty acids. The level of 18 :3n-3 in fry was much higher than those in fingerlings 

and adults. The 18:3n-3 content in fingerling channel catfish and silver perch were 

3.7±0.3% (Tidwell and Robinette 1990) and 1.4-4.7% (Anderson and Arthington 

1989) of total fatty acids, respectively. The level of 18:3n-3 in fingerling eel-tailed 

catfish were similar to those in fingerling channel catfish and silver perch. 

The n-6/n-3 ratios in eel-tailed catfish fry, fingerlings and adults ranged from 

0.9-1.0, 1.7-2.1 and 1.8-1.9, respectively. The n-6/n-3 ratios of the fingerlings and 

adults were similar and higher than those in the fry. The n-6/n-3 ratios in eel-tailed 

catfish fry indicated that the amounts of both n-6 and n-3 fatty acids were similar, 

however, in the muscles of fingerlings and adults, there were more n-6 fatty acids 

than n-3 fatty acids. In fact the amounts of n-6 fatty acids was nearly doubled that of 

n-3 fatty acids. The n-6/n-3 ratios in fingerling channel catfish and silver perch were 

4.76 (Tidwell and Robinette 1990) and 0.22-0.88 (Anderson and Arthington 1989), 

respectively. This meant that in fingerling channel catfish muscles, there was an 

abundance of n-6 fatty acids over n-3 fatty acids. The reverse is true for silver perch 

fingerlings where there were either low levels to nearly equivalent levels of n-6 fatty 

acids to n-3 fatty acids. The n-6/n-3 ratio in eel-tailed catfish fingerlings was higher 

than those in silver perch but lower than those in channel catfish. 

The n-6/n-3 ratio in wild adult channel catfish was 0.39-0.41 (Bonnet et al. 

197 4, Chanmugam et al. 1986) while that in pond reared catfish ranged from 0.19-

1.61 (Bonnet et al. 1974, Chanmugam et al. 1986). The n-6/n-3 ratio in wild adult 

eel-tailed catfish was higher than those in wild adult channel catfish and within the 

range for pond reared catfish. 

2.5 CONCLUSION 

The baseline total lipids of the muscles of wild adult eel-tailed catfish was 

27.81 % ofDW, with levels similar to members of other genera. The major fatty acids 

in the lipids of adult muscle tissues were 16:0, 18:0 and 18:ln-9 and the main PUFA 

was 20:4n-6. The n-6/n-3 ratios in adults was 1.89. 
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In the experim ent on the effect o f  storage tem perature and storage time, the 

lipid content o f  eel-tailed catfish m uscle tissues w ere not affected by tissue 

processing and storage temperature. The fatty acid com position o f  the lipids extracted 

from the various m uscle tissues were sim ilarly unaffected by tissue processing and 

storage tem perature. As such, catfish m uscle tissues could be air frozen and stored at 

-20°C for a period o f  up to 8 weeks w ithout any detectable changes in the lipid 

content and fatty acid composition.

The lipid content o f the white m uscles in the anterior and central parts o f  the 

body were sim ilar (mean 22.6%  o f DW ) and were the lowest. However, the lipid 

content o f  the white muscles in the posterior part o f  the body were higher and the 

level in the tail was the highest (mean 53.1% o f  DW ). A m ong the major fatty acids, 

the levels o f  16:0, 18:0 and 20:4n-6 were higher in the lipids o f  the muscles in the 

anterior section o f  the body while the level o f  18 :ln-9  w as higher in the posterior 

section o f  the body. There was a 10% drop o f  PUFA in the lipids o f  the muscles from 

the anterior to the posterior part o f  the body, which was concomitant with a 9% 

increase o f  20:4n-6 from the posterior to the anterior.

The lipid content o f the whole fry and m uscles o f  fingerlings were sim ilar 

(mean 12.8% o f  DW  and 13.4% o f  DW ) with the exception o f  those in the 11-12 cm 

fingerlings w hich had the highest lipid content (m ean 16.9% o f  DW). The levels o f 

16:0, 18 :ln-9 , 18:2n-6, 20:4n-6 and 22:6n-3 were sim ilar in the whole fry and the 

m uscle o f  fingerlings. W hile the levels o f  18:0, 18:3n-3, 20:5n-3 were higher in the 

fry, the levels o f  16:ln-7 and 18:ln-7 were higher in  the fingerlings. The total 

saturated fatty acids were highest in the fry (43%), follow ed by 11-14 cm fingerlings 

(38%) then 7-10 cm fingerlings (33%). The m onounsaturated fatty acids o f  the 

fingerlings (20-32% ) were higher than in fry (22%). Generally, the PUFA in the fry 

and fingerlings were similar but in some fingerlings the PU FA levels were m uch 

higher. The n-6/n-3 ratios in the fry (0.93) were lower than those in the fingerlings 

(1.89).
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In the experiment on the effect of storage temperature and storage time, the 
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processing and storage temperature. The fatty acid composition of the lipids extracted 
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content of the white muscles in the posterior part of the body were higher and the 
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the levels of 16:0, 18:0 and 20:4n-6 were higher in the lipids of the muscles in the 

anterior section of the body while the level of 18: 1 n-9 was higher in the posterior 

section of the body. There was a 10% drop of PUF A in the lipids of the muscles from 
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and fingerlings were similar but in some fingerlings the PUF A levels were much 
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C H A P T E R  T H R E E  (A) SEASONAL CHANGES IN TH E M ASS, TOTAL

LIPIDS AND FATTY ACID CO M PO SITIO N OF TH E  

LIVER AND OVARY, AND (B) LIPID CONTENT  

AND FATTY ACID COM POSITION OF EGGS AND  

LARVAE OBTAINED FR O M  INDUCED  

OVULATION W ITH OVAPRIM

3.1 IN T R O D U C T IO N

The supply  o f  fry is considered one o f  the m ost im portant constraints to 

further and m ore successful aquaculture development. Even though the seeds for 

some species are still collected from the wild, a better understanding o f gonadal 

developm ent w ith  the associated biochem ical changes in the gonads will enable 

hatchery m anagers to improve their m ethods o f brood stock m anagem ent so as to 

produce h igh quality  seeds.

3.1.1 O varian developm ent and gonadosom atic indices

The reproductive cycle o f fish comprises a resting period, a period o f  

gam etogenesis and a breeding period. During the resting period, the gonadosomatic 

index (GSI) is very  low and as gametogenesis progresses, the GSI value increases 

and peaks during the breeding season. The cyclical changes in the ovaries o f several 

tropical and subtropical catfishes have been studied (Lehri 1968, Davis et al. 1986, 

M ollah 1986, van Oordt et al. 1987).

A n Indian study o f  the GSI versus tim e for females o f  the freshwater catfish 

(C larias batrachus) found that GSI values during the resting period, period o f  

gam etogenesis and breeding period ranged from 0.2-1%, 2-7.5%  and 8-13%, 

respectively (Lehri 1968). In subsequent studies, the GSI during spawning ranged 

from 10.3-11.1%  (Lai and Singh 1987). At the peak o f the spawning season o f  this 

fish in B angladesh, the highest GSI value attained was 15.5% (Barua et al. 1986). 

D escriptions o f  the m aturity stages o f  the ovary and their corresponding GSI values 

in fem ale M alaysian freshwater catfish (Clarias macrocephalus) have also indicated 

that the GSI values for the three respective periods ranged from 1-4%, 5-10% and 11- 

13% (M ollah 1986). In female African catfish (Clarias gariepinus) their GSI values
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(A) SEASONAL CHANGES IN THE MASS, TOTAL 

LIPIDS AND FATTY ACID COMPOSITION OF THE 

LIVER AND OVARY, AND (B) LIPID CONTENT 

AND FATTY ACID COMPOSITION OF EGGS Al~ 

LARVAE OBTAINED FROM INDUCED 

OVULATION \VITH OVA.PRIM 

The supply of fry is considered one of the most important constraints to 

further and more successful aquaculture development. Even though the seeds for 

some species are still collected from the wild, a better understanding of gonadal 

development with the associated biochemical changes in the gonads will enable 

hatchery managers to improve their methods of brood stock management so as to 

produce high quality seeds. 

3.1.1 Ovarian development and gonadosomatic indices 

The reproductive cycle of fish comprises a resting period, a period of 

gametogenesis and a breeding period. During the resting period, the gonadosomatic 

index (GSI) is very low and as gametogenesis progresses, the GSI value increases 

and peaks during the breeding season. The cyclical changes in the ovaries of several 

tropical and subtropical catfishes have been studied (Lehri 1968, Davis et al. 1986, 

Mollah 1986, van Oordt et al. 1987). 

An Indian study of the GSI versus time for females of the freshwater catfish 

(Clarias batrachus) found that GSI values during the resting period, period of 

gametogenesis and breeding period ranged from 0.2-1%, 2-7.5% and 8-13%, 

respectively (Lehri 1968). In subsequent studies, the GSI during spawning ranged 

from 10.3-11.1 % (Lal and Singh 1987). At the peak of the spawning season of this 

fish in Bangladesh, the highest GSI value attained was 15.5% (Barna et al. 1986). 

Descriptions of the maturity stages of the ovary and their corresponding GSI values 

in female Malaysian freshwater catfish ( Clarias macrocephalus) have also indicated 

that the GSI values for the three respective periods ranged from 1-4%, 5-10% and 11-

13% (Mollah 1986). In female African catfish ( Clarias gariepinus) their GSI values 
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during the annual reproductive cycle were: resting period (1-3% ), gametogenesis 

period (4-9%) and breeding period (10-12% ) (van Oordt et al. 1987). In the case of 

the Am erican channel catfish {I. punctatus) the highest GSI attained at the peak o f the 

breeding season in M ay was also 12% (Davis et al. 1986).

In Australia, the reproductive biology o f some catfishes have been reported: 

freshw ater catfish ( Tandanus tandanus) (Lake 1967a, 1967b, Davis 1977a, 1977b, 

M errick and M idgley 1981), fork-tailed catfish (Arius graeffei) (R im m er and Merrick 

1983, Rim m er 1985, 1992) and the eel-tailed catfish (N. ater) (O rr and M ilward 

1984). In T. tandanus, the growth in weight o f  ovaries was m ost rapid during 

O ctober and Novem ber, and the breeding season extended from  January to mid- 

M arch at the Gwydir River, N.S.W. (Davis 1977b). In fem ale A. graeffei, the resting 

period, period o f  gametogenesis and breeding period occurred in the months of 

January to June, July to October, and N ovem ber and Decem ber, respectively, at the 

C larence River, New South Wales. A t the peak o f spawning, the highest GSI 

recorded was about 12% (Rimmer 1985).

3.1.2 Lipid and fatty acid content of the liver

During ovarian developm ent or gametogenesis, fatty acids are m obilised from 

the neutral lipid reserves o f  fish adipose tissue and transferred via serum  to the.liver 

w here they are assem bled into egg-specific lipoprotein called vitellogenin (Sargent 

1995). M ost studies on the m obilisation o f lipids during periods o f  gonadal 

m aturation have been carried out on marine and anadrom ous fish species 

(Shatunovskiy 1971, Henderson et al. 1984). The total lipid in the liver o f  female 

capelin increased from 1.5% to 1.9% w et weight (WW) during gam etogenesis and 

subsequently dropped to 0.8%  just before spawning (Henderson et al. 1984). The 

lipid contents in fish livers have been review ed by several researchers (Hilditch and 

W illiam s 1964, Cowey and Sargent 1972, Henderson and Tocher 1987). The oil 

content in the liver o f  some marine fishes were: groper (8-9% ), Cape John dory 

(16% ), halibut (20%), turbot (20%), New Zealand hake (23% ), red cod (23%), angler 

fish (30-50% ), hake (50%), coalfish (40-60% ), cod (40-65% ), haddock (70%), ling 

(70% ) and pollack (70%) (Hilditch and W illiam s 1964).
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during the annual reproductive cycle were: resting period (1-3%), gametogenesis 

period (4-9%) and breeding period (10-12%) (van Oordt et al. 1987). In the case of 

the American channel catfish (I. punctatus) the highest GSI attained at the peak of the 

breeding season in May was also 12% (Davis et al. 1986). 

In Australia, the reproductive biology of some catfishes have been reported: 

freshwater catfish (Tandanus tandanus) (Lake 1967a, 1967b, Davis 1977a, 1977b, 

Merrick and Midgley 1981 ), fork-tailed catfish (Arius graeffei) (Rimmer and Merrick 

1983, Rimmer 1985, 1992) and the eel-tailed catfish (N ater) (Orr and Milward 

1984). In T tandanus, the growth in weight of ovaries was most rapid during 

October and November, and the breeding season extended from January to mid

March at the Gwydir River, N.S.W. (Davis 1977b). In female A. graeffei, the resting 

period, period of gametogenesis and breeding period occurred in the months of 

January to June, July to October, and November and December, respectively, at the 

Clarence River, New South Wales. At the peak of spawning, the highest GSI 

recorded was about 12% (Rimmer 1985). 

3.1.2 Lipid and fatty acid content of the liver 

During ovarian development or gametogenesis, fatty acids are mobilised from 

the neutral lipid reserves of fish adipose tissue and transferred via serum to the-liver 

where they are assembled into egg-specific lipoprotein called vitellogenin (Sargent 

1995). Most studies on the mobilisation of lipids during periods of gonadal 

maturation have been carried out on marine and anadromous fish species 

(Shatunovskiy 1971, Henderson et al. 1984). The total lipid in the liver of female 

capelin increased from 1.5% to 1.9% wet weight (WW) during gametogenesis and 

subsequently dropped to 0.8% just before spawning (Henderson et al. 1984). The 

lipid contents in fish livers have been reviewed by several researchers (Hilditch and 

Williams 1964, Cowey and Sargent 1972, Henderson and Tocher 1987). The oil 

content in the liver of some marine fishes were: groper (8-9%), Cape John dory 

(16%), halibut (20%), turbot (20%), New Zealand hake (23%), red cod (23%), angler 

fish (30-50%), hake (50%), coalfish (40-60%), cod (40-65%), haddock (70%), ling 

(70%) and pollack (70%) (Hilditch and vVilliams 1964). 
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In freshw ater fishes, the liver fat content for two Indian species namely 

Pahuna (catfish) and Bhakur (carp) were 5.1% and 8.5%, respectively (Hilditch and 

W illiam s 1964). In the fry and fingerlings o f Tilapia nilotica, the liver lipid content 

ranged from 4.2-22.6%  depending on the diet that they were given (Takeuchi et al. 

1983). The liver lipid content in fingerling and adult channel catfish ranged from

11.4-15.2%  and 6.9±3.0% , respectively (Stowell and Gatlin 1992, W ebster et al. 

1994). In a recent study on M acquarie perch, the liver lipid content in w ild and tank 

reared fish were 28.3%  and 22.5%  o f dry weight (DW), respectively, and the level for 

w ild  fish was significantly higher (Sheikh-Eldin et al. 1996). U nder normal 

nutritional and environm ental conditions, lipid-rich livers are not com m on in 

freshw ater fish (H enderson and Tocher 1987).

The m ajor fatty acids in the livers o f several freshwater fish are presented in 

Table 3.1 and in adult channel catfish the major fatty acids were 16:0 (13.1%  o f  total 

fatty acids), 18:0 (7.9% ) and 18:ln-9 (56.0%) (W ebster et al. 1994). In T. nilotica  fry 

and fingerlings, the m ajor fatty acids in the liver were 16:0 (21.6% o f  total fatty 

acids), 16:1 (9.5% ) and 18:1 (39.7%) (Takeuchi et al. 1983). In M acquarie perch, the 

m ajor fatty acids in  the liver were 16:0 (14.3% o f  total fatty acids), 16 :ln-7  (11.8%), 

18:0 (6.9%), 18:1 (19.9% ), 22:6n-3 (17.6%) (Sheikh-Eldin et al. 1996). The major 

fatty acids in the liver o f  Atlantic cod were 16:0 (12.7% o f total fatty acids), 16:ln-7 

(14.1% ), 18 :ln -9  (23.3% ), 20:5n-3 (13.2%) and 22:6n-3 (9.3%) (Addison et al. 

1968). The n-3 polyunsaturated fatty acids (PUFA) and especially 22:6n-3, are 

incorporated into the phospholipid-rich vitellogenin which is then transferred via the 

serum  to the developing eggs. The principal role o f n-3 PUFA is in the form ation o f 

cellu lar m em branes and in the production o f  eicosanoids, substances that are 

im portant in stress reactions and adaptation, osmoregulation, and precursors o f 

reproductive horm ones (De Silva and Anderson 1995, Sargent 1995).

3.1.3 Lipid and fatty acid content of fish eggs

D uring ovarian recrudescence, vitellogenin that has been synthesised in the liver is 

transported to the ovaries and deposited in the developing oocytes. The chemical 

com position o f  fish eggs or roe have interested several researchers and the major 

com ponents o f  fish eggs are lipids and proteins. The amount o f lipid in eggs is
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In freshwater fishes, the liver fat content for two Indian species namely 

Pahuna (catfish) and Bhakur (carp) were 5.1 % and 8.5%, respectively (Hilditch and 

Williams 1964). In the fry and fingerlings of Tilapia nilotica, the liver lipid content 

ranged from 4.2-22.6% depending on the diet that they were given (Takeuchi et al. 

1983). The liver lipid content in fingerling and adult channel catfish ranged from 

11.4-15.2% and 6.9±3.0%, respectively (Stowell and Gatlin 1992, Webster et al. 

1994). In a recent study on Macquarie perch, the liver lipid content in wild and tank 

reared fish were 28.3% and 22.5% of dry weight (DW), respectively, and the level for 

wild fish was significantly higher (Sheikh-Eldin et al. 1996). Under normal 

nutritional and environmental conditions, lipid-rich livers are not common m 

freshwater fish (Henderson and Tocher 1987). 

The major fatty acids in the livers of several :freshwater fish are presented in 

Table 3.1 and in adult channel catfish the major fatty acids were 16:0 (13.1 % of total 

fatty acids), 18:0 (7.9%) and 18:ln-9 (56.0%) (Webster et al. 1994). In T nilotica fry 

and fingerlings, the major fatty acids in the liver were 16:0 (21.6% of total fatty 

acids), 16:1 (9.5%) and 18:1 (39.7%) (Takeuchi et al. 1983). In Macquarie perch, the 

major fatty acids in the liver were 16:0 (14.3% of total fatty acids), 16:ln-7 (11.8%), 

18:0 (6.9%), 18:1 (19.9%), 22:6n-3 (17.6%) (Sheikh-Eldin et al. 1996). The major 

fatty acids in the liver of Atlantic cod were 16:0 (12.7% of total fatty acids), 16:ln-7 

(14.1%), 18:ln-9 (23.3%), 20:Sn-3 (13.2%) and 22:6n-3 (9.3%) (Addison et al. 

1968). The n-3 polyunsaturated fatty acids (PUF A) and especially 22:6n-3, are 

incorporated into the phospholipid-rich vitellogenin which is then transferred via the 

serum to the developing eggs. The principal role of n-3 PUF A is in the formation of 

cellular membranes and in the production of eicosanoids, substances that are 

important in stress reactions and adaptation, osmoregulation, and precursors of 

reproductive hormones (De Silva and Anderson 1995, Sargent 1995). 

3.1.3 Lipid and fatty acid content of fish eggs 

During ovarian recrudescence, vitellogenin that has been synthesised in the liver is 

transported to the ovaries and deposited in the developing oocytes. The chemical 

composition of fish eggs or roe have interested several researchers and the major 

components of fish eggs are lipids and proteins. The amount of lipid in eggs is 
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Table 3.1 Fatty acid composition of lipids extrncted from the liver of some freshwater and marines fishes. (l\1ean values of 
major fatty acids and polyunsaturated fatty acids only) 

Species Fatty acid(% of total fatty acids) Reference 

16:0 16:1 18:0 18: I n-9 18:211-6 20:411-6 20:511-3 22:6n-3 

Ict<1l11rus pw1ct<1t11s I 3.1 2.1 7.9 56.0 2.8 2.9 0.2 3.2 Webster et al. ( 1994) 
(Channel catfish) --._) ,_. 

'f'ilapia 11ilotica 21.6 9.5 7.4 39.7 3.8 1.0 0.1 1.9 Takeuchi et al. ( 1983) 

Macquaria australasica 14.3 11.8. 6.9 19.9 2.7 7.6 3.3 17.6 Sheikh-Eldin et al. ( 1996) 
(Macquarie perch) 

Gadus morhua 12.7 14.1 1.9 23.3 I.I 1.5 13.2 9.3 Addison et al. ( 1968) 
(Atlantic cod) 
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species specific and generally correlates w ith the time interval between spawning and 

larval first feed (Blaxter 1969, K aitaranta and Ackman 1981), the longer the time 

interval, the m ore lipids are deposited in  the eggs. The lipid content o f  eggs has been 

review ed by  several researchers (K aitaranta and Ackman 1981, Tocher and Sargent 

1984, Sargent et al. 1989, Sargent 1995). In a study on the lipid content o f  the ovary 

o f  capelin  during sexual m aturation, the lipid levels initially increased from 3.5% to 

7.3% o f  W W  and subsequently decreased to 5.0% o f  W W  just before spawning 

(H enderson et al. 1984). In the case o f  herring (Clupea harengus) the lipid content 

o f  the ovary  increased m arginally from  6.6% to 6.9% DW  during sexual m aturation 

(H enderson and Alm atar 1989). The opposite trend was observed in rainbow trout 

where the lipid content o f  the roe declined from 24.8% to 22.5%  during maturation, 

however, the sampling size was very small (Vuorela et al. 1979). In another study o f  

13 species o f  marine and freshwater fish, the total lipid content o f ripe eggs ranged 

from 1.5-10%  o f  W W  (K aitaranta and Ackman 1981, Tocher and Sargent 1984).

Freshw ater species w ith  eggs containing up to 4% lipid include roach, perch 

(K aitaranta and Ackm an 1981) and those with lipids in excess o f  7% include eelpout 

(Pekkarinen 1980), w hitefish (Kaitaranta 1980), burbot and rainbow trout (Kaitaranta 

and A ckm an 1981), and channel catfish (Eun et al. 1994). In a comparative study to 

determ ine the lipid content o f  the eggs from wild and dom esticated broodstock o f 

striped bass, the m ean lipid levels were 64.5% and 56.8%  o f  DW , respectively 

(Harrell and W oods 1995). The lipid content in the eggs o f  several Australian fishes 

has also been  studied and the levels in terms o f wet weight were: M urray cod (3.2%), 

silver perch (3.5%), M acquarie perch (4.0%), barramundi (4.5%), Australian bass 

(5.7%) and golden perch (6.6% ) (A nderson et al. 1990).

There is considerable quantitative variation in lipid classes in fish eggs 

(K aitaranta and Ackm an 1981, B rind et al. 1982, Eldridge et al. 1983, Falk-Petersen 

et al. 1986). Triglycerides and w ax esters are considered to be the energy supply, 

while sterols, steryl esters and phospholipids serve a structural role in the plasm a 

m em branes o f  the growing embryo. W ax esters are present in large quantities in the 

eggs o f  som e species, w hile being absent from others (Anderson et al. 1990).

In a review on lipids found in fish roe, Ackm an and Burgher (1964) 

concluded that fatty acid com position o f  fish egg lipids was probably distinctive for
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species specific and generally correlates with the time interval between spawning and 

larval first feed (Blaxter 1969, Kaitaranta and Ackman 1981 ), the longer the time 

interval, the more lipids are deposited in the eggs. The lipid content of eggs has been 

reviewed by several researchers (Kaitaranta and Ackman 1981, Tocher and Sargent 

1984, Sargent et al. 1989, Sargent 1995). In a study on the lipid content of the ovary 

of capelin during sexual maturation, the lipid levels initially increased from 3.5% to 

7.3% of WW and subsequently decreased to 5.0% of WW just before spawning 

(Henderson et al. 1984). In the case of herring (Clupea harengus) the lipid content· 

of the ovary increased marginally from 6.6% to 6.9% DW during sexual maturation 

(Henderson and Almatar 1989). The opposite trend was observed in rainbow trout 

where the lipid content of the roe declined from 24.8% to 22.5% during maturation, 

however, the sampling size was very small (Vuorela et al. 1979). In another study of 

13 species of marine and freshwater fish, the total lipid content of ripe eggs ranged 

from 1.5-10% of WW (Kaitaranta and Ackman 1981, Tocher and Sargent _1984). 

Freshwater species with eggs containing up to 4% lipid include roach, perch 

(Kaitaranta and Ackman 1981) and those with lipids in excess of 7% include eelpout 

(Pekkarinen 1980), whitefish (Kaitaranta 1980), burbot and rainbow trout (Kaitaranta 

and Ackman 1981), and channel catfish (Eun et al. 1994). In a comparative study to 

determine the lipid content of the eggs from wild and domesticated broodstock of 

striped bass, the mean lipid levels were 64.5% and 56.8% of DW, respectively 

(Harrell and Woods 1995). The lipid content in the eggs of several Australian fishes 

has also been studied and the levels in terms of wet weight were: Murray cod (3.2%), 

silver perch (3.5%), Macquarie perch (4.0%), barramundi (4.5%), Australian bass 

(5.7%) and golden perch (6.6%) (Anderson et al. 1990). 

There is considerable quantitative variation in lipid classes in fish eggs 

(Kaitaranta and Ackman 1981, Brind et al. 1982, Eldridge et al. 1983, Falk-Petersen 

et al. 1986). Triglycerides and wax esters are considered to be the energy supply, 

while sterols, steryl esters and phospholipids serve a structural role in the plasma 

membranes of the growing embryo. Wax esters are present in large quantities in the 

eggs of some species, while being absent from others (Anderson et al. 1990). 

In a review on lipids found in fish roe, Ackman and Burgher (1964) 

concluded that fatty acid composition of fish egg lipids was probably distinctive for 



each species and not necessarily related to diet or depot fat o f  the adult. However, 

later work by Shatunovskiy (1970) and Lizenko et al. (1979) reported that parental 

diet does influence roe lipid composition. During gonadal m aturation in  capelin, 

changes in the fatty acid composition were observed and the values for the resting 

and spawning periods were: 16:0 (20.2%, 17.8%), 18:1 n-9/7 (25.5%, 19.0%), 

20:5n-3 (15.8%, 17.1%) and 22:6n-3 (14.7%, 18.2%) (H enderson et al. 1984). PUFA 

in the eggs were m ainly 20:5n-3 and 22:6n-3, however, freshwater fish eggs usually 

have lower percentage o f  n-3 PUFA and a higher n-6 PU FA  especially 18:2n-6 and 

20:4n-6 (K aitaranta and Linko 1984). Ackm an and Burgher (1964) reported that cod 

roe contained increased levels o f 16:0, 20:4n-6, 20:5n-3 and 22:6n-3 compared w ith 

the liver lipids o f  the same fish. The m ajor lipid class in  the roe o f capelin and 

herring like those o f  m any marine fish eggs is principally phospholipids and since the 

phospholipids are rich in n-3 PUFA, there is preferential transfer o f  n-3 PU FA  from 

the body adipose reserves to the eggs (Henderson et al. 1984, Henderson and Alm atar 

1989).

In striped bass, the eggs o f w ild fish were significantly higher in total lipid, 

20:5n-3, 22:6n-3 and n-3 HUFA than those in eggs o f dom esticated fish. The m ean 

ratio o f  n-3/n-6 fatty acids from wild fish was almost an order o f  m agnitude higher 

than that o f  dom esticated fish, indicating that the wild fem ale dietary input to the 

egg’s endogenous levels more closely approxim ated m arine species than freshwater 

species (Harrell and W oods 1995). The fatty acid com position o f the lipids in the roe 

o f  channel catfish has been studied and the levels o f  the m ajor saturated fatty acids, 

m onounsaturated fatty acid and polyunsaturated fatty acids were 16:0 (16.3% ) and 

18:0 (9.1%), 18 :ln -9  (31.0%), and 18:2n-6 (6.7%) and 22:6n-3 (8.0%), respectively 

(Eun et al. 1994).

The fatty acid composition o f  the lipids in the eggs o f  some Australian fishes 

has been studied and Anderson et al. (1990) reported that the fatty acids o f  both the 

n-3 and n-6 series were found in the eggs o f  silver perch, golden perch, M acquarie 

perch, Australian bass, M urray cod and barramundi, but the relative proportions o f  

the two fatty acid series indicated a greater abundance o f  the n-3 than n-6 series in 

barramundi and golden perch than in the other species.
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each species and not necessarily related to diet or depot fat of the adult. However, 

later work by Shatunovskiy (1970) and Lizenko et al. (1979) reported that parental 

diet does influence roe lipid composition. During gonadal maturation in capelin, 

changes in the fatty acid composition were observed and the values for the resting 

and spawning periods were: 16:0 (20.2%, 17.8%), 18:ln-9/7 (25.5%, 19.0%), 

20:Sn-3 (15.8%, 17.1 %) and 22:6n-3 (14.7%, 18.2%) (Henderson et al. 1984). PUFA 

in the eggs were mainly 20:Sn-3 and 22:6n-3, however, freshwater fish eggs usually 

have lower percentage of n-3 PUF A and a higher n-6 PUF A especially 18 :2n-6 and 

20:4n-6 (Kaitaranta and Linko 1984). Ackman and Burgher (1964) reported that cod 

roe contained increased levels of 16:0, 20:4n-6, 20:Sn-3 and 22:6n-3 compared with 

the liver lipids of the same fish. The major lipid class in the roe of capelin and 

herring like those of many marine fish eggs is principally phospholipids and since the 

phospholipids are rich in n-3 PUF A, there is preferential transfer of n-3 PUF A from 

the body adipose reserves to the eggs (Henderson et al. 1984, Henderson and Almatar 

1989). 

In striped bass, the eggs of wild fish were significantly higher in total lipid, 

20:Sn-3, 22:6n-3 and n-3 HlJF A than those in eggs of domesticated fish. The mean 

ratio of n-3/n-6 fatty acids from wild fish was almost an order of magnitude higher 

than that of domesticated fish, indicating that the wild female dietary input to the 

egg's endogenous levels more closely approximated marine species than freshwater 

species (Harrell and Woods 1995). The fatty acid composition of the lipids in the roe 

of channel catfish has been studied and the levels of the major saturated fatty acids, 

monounsaturated fatty acid and polyunsaturated fatty acids were 16:0 (16.3%) and 

18:0 (9.1 %), 18: ln-9 (31.0%), and 18:2n-6 (6.7%) and 22:6n-3 (8.0%), respectively 

(Eun et al. 1994). 

The fatty acid composition of the lipids in the eggs of some Australian fishes 

has been studied and Anderson et al. ( 1990) reported that the fatty acids of both the 

n-3 and n-6 series were found in the eggs of silver perch, golden perch, Macquarie 

perch, Australian bass, Murray cod and barramundi, but the relative proportions of 

the two fatty acid series indicated a greater abundance of the n-3 than n-6 series in 

barramundi and golden perch than in the other species. 
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The lipids o f  the eggs m ust satisfy the essential fatty acid requirem ents o f the 

embryo until it is able to feed, and the fatty acid composition o f  several fishes 

suggests that the n-3 requirem ent is greater in seawater than in freshwater and higher 

in  cold w ater than in w arm  water species (Castell 1979).

3.1.4 N atural and induced spawning in fishes

O n com pletion o f  the incorporation o f  nutrients into the eggs, the fish waits 

for environm ental triggers that cause final oocyte m aturation, ovulation and 

spawning. For the culture o f  eel-tailed catfish to be successful, techniques for mass 

production o f  the fry w ould have to be established and in order to develop hatchery 

techniques, a clear understanding o f  fish reproduction in its natural habitat is 

essential. Generally, in the tropics where there is a definite w et and dry season, 

breeding o f  m ost freshw ater fish occurs at the beginning o f the rainy season which is 

often accom panied by m onsoon flooding (Lake 1967a, Lam 1983, Orr and Milward, 

1984, Larson and M artin  1990).

Orr and M ilw ard (1984) studied the reproduction and developm ent o f  N. ater 

at Ross River, northern Queensland and they reported that spawning was first 

observed in early February when 125 mm o f  rain in a 12-h period initiated the first 

stream  rises o f  the m onsoonal season. Similarly, in the Northern Territory, breeding 

is know n to occur early in the w et season and the fishes were observed to move 

upstream  to spaw n during m onsoonal flooding (Larson and M artin, 1990). The wet 

season in the N orthern  Territory com m ences in October and stretches until about 

M arch the follow ing year.

Horm one adm inistration to induce final oocyte maturation and ovulation has 

m ade it possible to successfully spaw n m any species o f fish (Lam 1982, Donaldson 

and H unter 1983) and a review o f  horm ones and spawning in fish has been recently 

given (Lin and Peter 1996). Traditionally, the methods o f  induced spawning o f 

cultured fishes are based on the injection o f  gonadotropin (GtH-II) from different 

sources such as crude extract o f  carp pituitary gland (CPE), partially purified fish 

gonadotropin (GtH-II), and m am m alian gonadotropin (GtH), especially human 

chorionic gonadotropin (HCG) (Lam 1982, Donaldson and Hunter 1983, Peter et al. 

1988a, Lin and Peter 1996).
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The lipids of the eggs must satisfy the essential fatty acid requirements of the 

embryo until it is able to feed, and the fatty acid composition of several fishes 

suggests that the n-3 requirement is greater in seawater than in freshwater and higher 

in cold water than in warm water species (Castell 1979). 

3.1.4 Natural and induced spawning in fishes 

On completion of the incorporation of nutrients into the eggs, the fish waits 

for environmental triggers that cause final oocyte maturation, ovulation and 

spawning. For the culture of eel-tailed catfish to be successful, techniques for mass 

production of the fry would have to be established and in order to develop hatchery 

techniques, a clear understanding of fish reproduction in its natural habitat is 

essential. Generally, in the tropics where there is a definite wet and dry season, 

breeding of most freshwater fish occurs at the beginning of the rainy season which is 

often accompanied by m0nsoon flooding (Lake 1967a, Lam 1983, Orr and Milward, 

1984, Larson and Martin 1990). 

Orr and Milward (1984) studied the reproduction and development of N ater 

at Ross River, northern Queensland and they reported that spawning was first 

observed in early February when 125 mm of rain in a 12-h period initiated the first 

stream rises of the monsoonal season. Similarly, in the Northern Territory, breeding 

is kno\\-TI to occur early in the wet season and the fishes were observed to move 

upstream to spawn during monsoonal flooding (Larson and Martin, 1990). The wet 

season in the Northern Territory commences in October and stretches until about 

March the following year. 

Hormone administration to induce final oocyte maturation and ovulation has 

made it possible to successfully spawn many species of fish (Lam 1982, Donaldson 

and Hunter 1983) and a review of hormones and spawning in fish has been recently 

given (Lin and Peter 1996). Traditionally, the methods of induced spawning of 

cultured fishes are based on the injection of gonadotropin (GtH-II) from different 

sources such as crude extract of carp pituitary gland (CPE), partially purified fish 

gonadotropin (GtH-II), and mammalian gonadotropin (GtH), especially human 

chorionic gonadotropin (HCG) (Lam 1982, Donaldson and Hunter 1983, Peter et al. 

1988a, Lin and Peter 1996). 
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M ore recently Ovaprim® has been used for induced breeding o f  fishes under 

hatchery  conditions. Ovaprim  is a m ixture o f  20 ug/mL o f  salm on gonadotropin- 

releasing horm one analogue (sGnRHa) [(D-Arg6,Trp7,Leu8,Pro9 NEt)-LH-RH] and 

10 mg/'mL o f  domperidone (Leelapatra 1988, Nandeesha et al. 1990, Goudie et al. 

1992). The administration o f Ovaprim is based on the ’Linpe1 m ethod (Peter et al. 

1988a) which was developed after extensive research on the com bined effects o f 

Luteinizing Horm one-Releasing Hormone analogue or sGnRH in com bination with a 

dopam ine antagonist such as domperidone or pim ozide on the Chinese loach (Lin et 

al. 1985, 1987a, 1988), com m on carp (Lin et al. 1987b, 1988) and Chinese carps 

(Peter et al. 1987, 1988a, 1988b).

Ovaprim  which is m arketed by Syndel Laboratories Ltd. o f  Canada has been 

successfully  tested on Thai carp (Puntius gonionotus) in Thailand (Leelapatra 1988), 

the Indian m ajor carps (Nandeesha et al. 1990, 1991), channel catfish (I. punctatus) 

in the U SA  (Goudie et al. 1992) and walking catfish (C. batrachus) in M alaysia 

(C heah and Yeo 1994). The use o f Ovaprim has also been reported in A ustralia for 

M acquarie perch (Macquaria australasica) (Ingram et al. 1994) and sand 'w hiting 

(Sillago ciliata) (Battaglene 1996). The dosages o f Ovaprim  that successfully 

induced ovulation in the following fishes were: P. gonionotus (1.0 mL/kg BW  o f 

O vaprim ) (Leelapatra 1988), Indian major carps (0.4-1.2 mL/kg BW  o f  Ovaprim) 

(N andeesha et al. 1990, 1991), I. punctatus (0.5 mL/kg BW  o f  Ovaprim) (Goudie et 

al. 1992), C. batrachus (0.75-1.00 mL/kg BW  o f  Ovaprim) (Cheah and Yeo 1994), 

M. australasica  (0.13-0.75 mL/kg BW  o f Ovaprim) (Ingram et al. 1994) and S. 

ciliata  (0.5 mL/kg BW  o f  Ovaprim) (Battaglene 1996).

3.1.5 Em bryogenesis and early development

A fter fertilisation o f  eggs, embryogenesis follows and the lipids in the eggs 

are utilised as energy sources especially in the later stages o f  developm ent prior to 

hatching (Tem er 1979, Boulekbache 1981, Vetter et al. 1983, Tocher et al. 1985). 

T he precise form o f lipid utilised during embryonic and early larval developm ent can 

vary betw een species (Sargent et al. 1989) and a substantial portion o f  phospholipid 

and cholesterol is retained in the form o f the developing larval body (K im  1979, 

..Tocher et al. 1985). Studies on the lipid content o f  eggs during developm ent have
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1988a) which was developed after extensive research on the combined effects of 

Luteinizing Hormone-Releasing Hormone analogue or sGnRH in combination with a 

dopamine antagonist such as domperidone or pimozide on the Chinese loach (Lin et 

al. 1985, 1987a, 1988), common carp (Lin et al. 1987b, 1988) and Chinese carps 

(Peter et al. 1987, 1988a, 1988b ). 

Ovaprim which is marketed by Syndel Laboratories Ltd. of Canada has been 

successfully tested on Thai carp (Puntius gonionotus) in Thailand (Leelapatra 1988), 

the Indian major carps (Nandeesha et al. 1990, 1991), channel catfish (I punctatus) 

in the USA (Goudie et al. 1992) and walking catfish (C. batrachus) in Malaysia 

(Cheah and Yeo 1994). The use of Ovaprim has also been reported in Australia for 

Macquarie perch (Macquaria australasica) (Ingram et al. 1994) and sand -whiting 

(Sillago ciliata) (Battaglene 1996). The dosages of Ovaprim that successfully 

induced ovulation in the following fishes were: P. gonionotus (1.0 rnL;kg BW of 

Ovaprim) (Leelapatra 1988), Indian major carps (0.4-1.2 mL1kg BW of Ovaprim) 

(Nandeesha et al. 1990, 1991), I. punctatus (0.5 mL!kg BW of Ovaprim) (Goudie et 

al. 1992), C. batrachus (0.75-1.00 mL;kg BW of Ovaprim) (Cheah and Yeo 1994), 

M. australasica (0.13-0.75 mL!kg BW of Ovaprim) (Ingram et al. 1994) and S. 

ciliata (0.5 mL!kg BW of Ovaprim) (Battaglene 1996). 

3.1.5 Embryogenesis and early development 

After fertilisation of eggs, embryogenesis follows and the lipids in the eggs 

are utilised as energy sources especially in the later stages of development prior to 

hatching (Terner 1979, Boulekbache 1981, Vetter et al. 1983, Tocher et al. 1985). 

The precise form of lipid utilised during embryonic and early larval development can 

vary beween species (Sargent et al. 1989) and a substantial portion of phospholipid 

and cholesterol is retained in the form of the developing larval body (Kim 1979, 

.• Tocher et al. 1985). Studies on the lipid content of eggs during development have 
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show n that reductions o f  as much as 45%  occurred in brook trout (Atchison 1975) 

and 50%  in rainbow trout (Suyama and Ogino 1958). In the African catfish (C. 

gariepinus), the lipid content o f the eggs during fertilisation and at hatching were 

sim ilar, how ever, the lipid level subsequently dropped by 39% at the onset o f 

exogenous feeding (Polat et al. 1995). A  different pattern was observed in the 

developing eggs and larvae o f cod (Gadus m orhua ) whereby the lipid content 

increased as the eggs and larvae developed. A t the tim e o f  hatching, the lipid content 

o f  the larvae had doubled that in the fertilised egg (Fraser et al. 1988).

The fatty acid com position o f cleavage eggs and larvae have been reported for 

several species o f  fish (A tchison 1975, Falk-Petersen et al. 1989, M ourente and 

Odriozola 1990, Legendre et al. 1995). In eggs o f  m arine fishes, the major fatty acids 

during em bryogenesis in Atlantic halibut eggs were 16:0, 18:ln-9, 20:5n-3 and 

22:6n-3. The levels o f 16:0 declined from 19.3% o f  total fatty acids in the ripe 

unfertilised eggs to 17.4% in the closure o f  blastopore stage. Similarly the levels o f 

18:ln-9 , dropped from 14.0% in the ripe unfertilised eggs to 11.2% in the closure o f 

blastopore stage. As the eggs developed, the levels o f  20:5n-3 increased from 8.7% to

11.0%, how ever, the levels o f  22:6n-3 rem ained constant (range 25.4-25.5%). The 

data indicated that as the ripe fertilised eggs developed to the closure o f blastopore 

stage, there was accum ulation o f  20:5n-3, losses o f  16:0 and 18:ln-9, and no 

significant changes to the levels o f  22:6n-3 (Falk-Petersen et al. 1989).

The m ajor fatty acids in the eggs and larvae o f  gilthead sea bream were 16:0, 

18:ln -9  and 22:6n-3 and the levels o f 16:0 in the eggs and larvae fluctuated from 

18.53-21.67%  o f  total fatty acids. The 18: ln -9  levels in the eggs and 0-day larvae 

were sim ilar and ranged from  11.05-11.67% after w hich the levels gradually declined 

to 10.36% in 5-day larvae. The levels o f 22:6n-3 increased from 26.33% in eggs to 

30.45%  in 3-day larvae and then fluctuated at that level. The data indicated that while 

there was accum ulation o f  22:6n-3 in the early stages o f  larval development, there 

were losses o f  18: ln-9 as the larvae developed. The levels o f  16:0 did not appear to 

be affected by larval developm ent (M ourente and O driozola 1990).

In the case o f freshw ater fishes, the m ajor fatty acids in brook trout eggs and 

fry were 16:0, 18:1, 18:2, and 22:6. The levels o f  16:0 increased from 13.8% o f  total 

fatty acids in the eggs to 15.0% in new ly hatched fry. W hile the levels o f  18:1
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and 50% in rainbow trout (Suyama and Ogino 1958). In the African catfish (C. 

gariepinus), the lipid content of the eggs during fertilisation and at hatching were 

similar, however, the lipid level subsequently dropped by 39% at the onset of 

exogenous feeding (Polat et al. 1995). A different pattern was observed in the 

developing eggs and larvae of cod (Gadus morhua) whereby the lipid content 

increased as the eggs and larvae developed. At the time of hatching, the lipid content 

of the larvae had doubled that in the fertilised egg (Fraser et al. 1988). 

The fatty acid composition of cleavage eggs and larvae have been reported for 

several species of fish (Atchison 1975, Falk-Petersen et al. 1989, Mourente and 

Odriozola 1990, Legendre et al. 1995). In eggs of marine fishes, the major fatty acids 

during embryogenesis in Atlantic halibut eggs were 16:0, 18: ln-9, 20:5n-3 and 

22:6n-3. The levels of 16:0 declined from 19.3% of total fatty acids in the ripe 

unfertilised eggs to 17.4% in the closure of blastopore stage. Similarly the levels of 

18: ln-9, dropped from 14.0% in the ripe unfertilised eggs to 11.2% in the closure of 

blastopore stage. As the eggs developed, the levels of 20:5n-3 increased from 8.7% to 

11.0%, however, the levels of 22:6n-3 remained constant (range 25.4-25.5%). The 

data indicated that as the ripe fertilised eggs developed to the closure of blastopore 

stage, there was accumulation of 20:5n-3, losses of 16:0 and 18:ln-9, and no 

significant changes to the levels of 22:6n-3 (Falk-Petersen et al. 1989). 

The major fatty acids in the eggs and larvae of gilthead sea bream were 16:0, 

18:ln-9 and 22:6n-3 and the levels of 16:0 in the eggs and larvae fluctuated from 

18.53-21.67% of total fatty acids. The 18:ln-9 levels in the eggs and 0-day larvae 

were similar and ranged from 11.05-11.67% after which the levels gradually declined 

to l 0.36% in 5-day larvae. The levels of 22:6n-3 increased from 26.33% in eggs to 

30.45% in 3-day larvae and then fluctuated at that level. The data indicated that while 

there was accumulation of 22:6n-3 in the early stages of larval development, there 

were losses of 18:ln-9 as the larvae developed. The levels of 16:0 did not appear to 

be affected by larval development (Mourente and Odriozola 1990). 

In the case of freshwater fishes, the major fatty acids in brook trout eggs and 

fry were 16:0, 18:1, 18:2, and 22:6. The levels of 16:0 increased from 13.8% of total 

fatty acids in the eggs to 15.0% in newly hatched fry. While the levels of 18:1 
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declined m arginally from 27.4% in the eggs to 26.2% in newly hatched fry, the 

levels o f  18:2 and 22:6 remained fairly stable ranging from 11.2-11.5% and 17.0- 

17.3% , respectively. By the yolk absorption stage, the 16:0 level had further 

increased to 16.0% while the level o f  18:1 had further declined to 24.0%. The content 

o f  18:2 had dropped to 10.4% while the 22:6 content had increased to 19.3%. The 

data indicated that as the fry hatched and developed, there was synthesis o f  16:0 and 

22:6 but breakdow n o f  18:1 and 18:2 (Atchison 1975).

In the African catfish (Heterobranchus longifilis) the m ajor fatty acids in the 

eggs and larvae were 16:0, 18:0, 18:1 and 22:6n-3. The levels o f  16:0 increased from 

35.1%  o f  total fatty acids in eggs to 39.9% in 6-day larvae. The contents o f  18:0 in 

the eggs and 6-day larvae were 15.7% and 19.2%, respectively. W hile the levels o f  

18:1 decreased from 24.5% in eggs to 18.3% in 6-day larvae the 22:6n-3 levels 

increased from  6.6% in eggs to 7.6% in 6-day larvae. The data suggested that the 

larvae w ere capable o f  accumulating 16:0, 18:0 and 22:6n-3, and that 18:1 was 

m etabolised during the six day period (Legendre et al. 1995).

3.1.6 O bjectives o f Chapter 3

The present review has indicated that there is a lack o f  studies on a) seasonal 

changes in  the mass, lipid and fatty acid changes o f the liver and the ovary during 

gam etogenesis, b) induced ovulation o f  eel-tailed catfish and c) lipid and fatty acid 

changes during embryogenesis and early larval development. Three studies were 

conducted w ith the following aims:

1) To investigate the seasonal changes in the mass, lipid content and fatty 

acid composition o f the liver and ovary o f adult female catfish.

2) To investigate the effect o f  administering different dosages o f  Ovaprim  

on induced ovulation.

3) To determine the lipid content and fatty acid com position o f  eggs and 

larvae.
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of 18:2 had dropped to 10.4% while the 22:6 content had increased to 19.3%. Toe 

data indicated that as the fry hatched and developed, there was synthesis of 16:0 and 

22:6 but breakdown of 18:1 and 18:2 (Atchison 1975). 

In the African catfish (Heterobranchus longifzlis) the major fatty acids in the 

eggs and larvae were 16:0, 18:0, 18:1 and 22:6n-3. The levels of 16:0 increased from 

35.1 % of total fatty acids in eggs to 39.9% in 6-day larvae. The contents of 18:0 in 

the eggs and 6-day larvae were 15.7% and 19.2%, respectively. While the levels of 

18:1 decreased from 24.5% in eggs to 18.3% in 6-day larvae the 22:6n-3 levels 

increased from 6.6% in eggs to 7.6% in 6-day larvae. The data suggested that the 

larvae were capable of accumulatip.g 16:0, 18:0 and 22:6n-3, and that 18:1 was 

metabolised during the six day period (Legendre et al. 1995). 

3.1.6 Objectives of Chapter 3 

The present review has indicated that there is a lack of studies on a) seasonal 

changes in the mass, lipid and fatty acid changes of the liver and the ovary during 

gametogenesis, b) induced ovulation of eel-tailed catfish and c) lipid and fatty acid 

changes during embryogenesis and early larval development. Three studies were 

conducted with the following aims: 

1) To investigate the seasonal changes in the mass, lipid content and fatty 

acid composition of the liver and ovary of adult female catfish. 

2) To investigate the effect of administering different dosages of Ovaprim 

on induced ovulation. 

3) To determine the lipid content and fatty acid composition of eggs and 

larvae. 
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3.2 M ATERIALS AND M ETHO DS

3.2.1 Sam pling and biochem ical analysis o f lipids and fatty acids

In the first experim ent on the seasonal changes in the m ass, lipid content and 

fatty acid com position o f  the ovary and liver, m onthly sam ples o f  adult female eel

tailed catfish (n=2 or 3) were collected w ith gill nets at M anton Dam, Northern 

Territory and transported back to the hatchery over a period o f  12 months. The fish 

w ere held overnight following the m ethod described in section 2.2.1. The following 

day, the fish were rem oved from the holding tanks and anaesthetised with 100 ppm 

o f  M S222. W hen the fish were fully sedated, the fish w ere rem oved from the 

anaesthetising tank for total length (TL), standard length (SL) and body weight (BW) 

determ inations. The ventral part o f  the abdomen was dissected w ith a scalpel and the 

ovaries and livers were removed and respectively weighed w ith a top pan balance to 

two decim al places. Samples o f fish were not available for January, February, May 

and June because o f  unsuccessful sampling. The small sam ple sizes were attributed 

to either a small population o f adult fish in the dam, m igration o f  fish from the water 

lily patches during some parts o f  the year or the gill nets were not effective in 

catching the fish.

In the second experiment on the effect o f  adm inistering different dosages o f  

Ovaprim  on induced ovulation o f  gravid female fish, 20 fem ales and 20 males were 

caught w ith gill nets at M anton D am  in Novem ber 1994 and transported back to the 

hatchery. The brood stock were kept overnight following the m ethod described in 

section 2.2.1. The following day, the female fish were rem oved from the holding 

tanks and anaesthetised with 100 ppm  o f M S222. W hen the fish were fully sedated, 

the fish were rem oved from the anaesthetising tank for total length (TL), standard 

length (SL) and body weight (BW ) determinations. The fem ale fish were then 

random ly assigned into five treatm ent groups.

In the third experiment on the lipid content and fatty acid composition o f the 

lipids o f eggs and larvae, two fish were successfully bred in 1993 and the eggs and 

larvae from one female was used for chemical analysis w hile the larvae from the 

other fish were used for larval rearing experiments. In the search for reasons as to 

w hy some eggs becam e non-viable during the incubation period o f  the 1994 breeding
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3.2 l\tl.\TERIALS A1'l"D METHODS 

3.2.1 Sampling and biochemical analysis of lipids and fatty acids 

In the first experiment on the seasonal changes in the mass, lipid content and 

fatty acid composition of the ovary and liver, monthly samples of adult female eel

tailed catfish (n=2 or 3) were collected with gill nets at Manton Dam, Northern 

Territory and transported back to the hatchery over a period of 12 months. The fish 

were held overnight following the method described in section 2.2. l. The following 

day, the fish were removed from the holding tanks and anaesthetised with 100 ppm 

of MS222. When the fish were fully sedated, the fish were removed from the 

anaesthetising tank for total length (TL), standard length (SL) and body weight (BW) 

determinations. The ventral part of the abdomen was dissected with a scalpel and the 

ovaries and livers were removed and respectively weighed with a top pan balance to 

two decimal places. Samples of fish were not available for January, February, May 

and June because of unsuccessful sampling. The small sample sizes were attributed 

to either a small population of adult fish in the dam, migration of fish from the water 

lily patches during some parts of the year or the gill nets were not effective in 

catching the fish. 

In the second experiment on the effect of administering different dosages of 

Ovaprim on induced ovulation of gravid female fish, 20 females and 20 males were 

caught with gill nets at Manton Dam in November 1994 and transported back to the 

hatchery. The brood stock were kept overnight following the method described in 

section 2.2.1. The following day, the female fish were removed from the holding 

tanks and anaesthetised with 100 ppm of MS222. When the fish were fully sedated, 

the fish were removed from the anaesthetising tank for total length (TL), standard 

length (SL) and body weight (BW) determinations. The female fish were then 

randomly assigned into five treatment groups. 

In the third experiment on the lipid content and fatty acid composition of the 

lipids of eggs and larvae, two fish were successfully bred in 1993 and the eggs and 

larvae from one female was used for chemical analysis while the larvae from the 

other fish were used for larval rearing experiments. In the search for reasons as to 

why some eggs became non-viable during the incubation period of the 1994 breeding 
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season, ovulated eggs, 8-h viable and non-viable eggs from three fish were analysed 

for total lipid content and fatty acid composition o f the lipids.

B iochem ical analysis o f the liver and ovarian tissues, eggs and larvae samples 

include lyophilisation, lipid extraction, m ethylation of fatty acids and capillary gas 

chrom atography. A bout 2 g o f the liver and ovarian tissues were respectively 

rem oved from  the excised livers and ovaries. In eggs and larvae, the samples were 

collected and dried w ith paper towels initially. The samples were put into labelled 

and pre-w eighed 10 m L sample bottles and freeze-dried according to the method 

described in section 2.2.3. The freeze-dried samples were then stored at -80°C.

Total lipids o f  the samples were determ ined gravimetrically after extraction o f 

the sam ples w ith m ethano 1-chloroform (1:2) as reported in the section 2.2.4. The 

lipid sam ples w ere stored at -80°C until further analysis. Fatty acid methyl esters 

(FAM E) w ere prepared by direct transesterification o f  the lipid extracts with 14% 

B F 3-m ethanol as reported in the section 2.2.5. The FAME samples were labelled and 

stored at -80°C. All FAM E samples were analysed using a Varian V ista 6000 gas 

chrom atograph as reported in the section 2.2.6.

3.2.2 E xperim ental design

3.2.2.1 Seasonal changes in the mass, total lipids and fatty acid composition of 
the liver and ovary o f adult female catfish

Fish sam ples were collected in the months o f  March, April, July, August, 

Septem ber, October, Novem ber and December 1994 and the ovaries and livers were 

rem oved for w eight, lipid content and fatty acid profile determinations. The fish 

sam ples w ere collected in triplicate with the exception o f the samples in April, July 

and August, w hich w ere collected in duplicate. The hepato-somatic-index (HSI) is 

given by the form ula [(Liver weight/Body weight) X 100] and the gonado-somatic- 

index (GSI) is given by the formula [(Gonad weight/Body weight) X 100].

3.2.2.2 E ffect o f adm inistering different dosages of O vaprim ® on induced  
ovulation

This experim ent had five treatments and there were four replicates per 

treatm ent. Tw enty gravid females were random ly assigned into five treatm ent groups
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season, ovulated eggs, 8-h viable and non-viable eggs from three fish were analysed 

for total lipid content and fatty acid composition of the lipids. 

Biochemical analysis of the liver and ovarian tissues, eggs and larvae samples 

include lyophilisation, lipid extraction, methylation of fatty acids and capillary gas 

chromatography. About 2 g of the liver and ovarian tissues were respectively 

removed from the excised livers and ovaries. In eggs and larvae, the samples were 

collected and dried with paper towels initially. The samples were put into labelled 

and pre-weighed 10 mL sample bottles and freeze-dried according to the method 

described in section 2.2.3. The freeze-dried samples were then stored at -80°C. 

Total lipids of the samples were determined gravimetrically after extraction of 

the samples with methanol-chloroform (1 :2) as reported in the section 2.2.4. The 

lipid samples were stored at -80°C until further analysis. Fatty acid methyl esters 

(FAME) were prepared by direct transesterification of the lipid extracts with 14% 

BF 3-methanol as reported in the section 2.2.5. The F A.tvfE samples were labelled and 

stored at -80°C. All FAME samples were analysed using a Varian Vista 6000 gas 

chromatograph as reported in the section 2.2.6. 

3.2.2 Experimental design 

3.2.2.1 Seasonal changes in the mass, total lipids and fatty acid composition of 
the liver and ovary of adult female catfish 

Fish samples were collected in the months of March, April, July, August, 

Septembe:, October, November and December 1994 and the ovaries and livers were 

removed for weight, lipid content and fatty acid profile determinations. The fish 

samples were collected in triplicate with the exception of the samples in April, July 

and August, which were collected in duplicate. The hepato-somatic-index (HSI) is 

given by the formula [(Liver weight/Body weight) X 100] and the gonado-somatic

index (GSI) is given by the formula [(Gonad weight/Body weight) X 100]. 

3.2.2.2 Effect of administering different dosages of Ovaprim® on induced 
ovulation 

This experiment had five treatments and there were four replicates per 

treatment. Twenty gravid females were randomly assigned into five treatment groups 
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and w ere either treated w ith saline (0.9% sodium chloride, control group), 0.25, 

0.50, 0.75, or 1.00 mL/kg BW  o f  Ovaprim. Ovaprim ® contains a synthetic GnRH 

analog [(D -A rg6,Trp7,Leu8,Pro9NEt)-LH-RH] and domperidone dissolved in distilled 

w ater at 20 ugrnL  and 10 mg/mL, respectively. Ovaprim was graciously donated by 

Syndel Laboratories o f  Canada for this study.

The m ethods used for sampling o f  oocytes, Ovaprim  administration, 

stripping and fertilisation o f  eggs were sim ilar to that reported for induced ovulation 

o f  the M alaysian freshwater walking catfish (C. batrachus) (Cheah et al. 1990, 

C heah and Yeo 1994).

a) Sam pling of oocytes

A fter the sedated females were assigned to the respective treatm ent groups, 

sam ples o f  the oocytes were collected by using an Intramedic polyethylene tubing 

w hich had an internal diam eter o f  1.14 mm and an outer diam eter o f  1.57 mm. The 

diam eters o f  at least 20 oocytes from each fish were determined w ith an eye-piece 

m icrom eter that was m ounted on a stereo-microscope. After oocyte sampling, the 

fem ales w ere released into their respective breeding tanks.

b) Adm inistration of O vaprim  and courtship

A pair o f  m ale and female catfish was put together in a 500 L cylindro- 

conical fibreglass tank containing about 300 L o f  dechlorinated tap water. The water 

w as aerated with two air-stones that were connected to the air supply system. At 

2100 h, the females were administered w ith  Ovaprim  at the respective treatment 

dosages w ith a Tuberculin syringe and the m ales were administered w ith 0.50 mL/kg 

B W  o f  Ovaprim . The fish were then returned to the breeding tanks after hormone 

adm inistration.

Approxim ately 18 h after the adm inistration o f  Ovaprim, the females were 

checked for their ovulatory response. The fish was considered to have ovulated if  it 

released its eggs with ease when a gentle pressure was applied to its abdomen. N on

ovulated fish were checked again every two hours for a further 12 hours.

I
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and were either treated with saline (0.9% sodium chloride, control group), 0.25, 

0.50, 0. 75, or 1.00 mL1kg BW of Ovaprim. Ovaprim® contains a synthetic GnRH 

analog [(D-Arg6,Trp7,Leu8,Pro9NEt)-LH-RH] and domperidone dissolved in distilled 

water at 20 µgrmL and 10 mgrmL, respectively. Ovaprim was graciously donated by 

Syndel Laboratories of Canada for this study. 

The methods used for sampling of oocytes, Ovaprim administration, 

stripping and fertilisation of eggs were similar to that reported for induced ovulation 

of the Malaysian freshwater walking catfish (C. batrachus) (Cheah et al. 1990, 

Cheah and Yeo 1994). 

a) Sampling of oocytes 

After the sedated females were assigned to the respective treatment groups, 

samples of the oocytes were collected by using an Intramedic polyethylene tubing 

which had an internal diameter of 1.14 mm and an outer diameter of 1.57 mm. The 

diameters of at least 20 oocytes from each fish were determined with an eye-piece 

micrometer that was mounted on a stereo-microscope. After oocyte sampling, the 

females were released into their respective breeding tanks. 

b) Administration of Ovaprim and courtship 

A pair of male and female catfish was put together in a 500 L cylindro

conical fibreglass tank containing about 300 L of dechlorinated tap water. The water 

was aerated with two air-stones that were connected to the air supply system. At 

2100 h, the females were administered with Ovaprim at the respective treatment 

dosages with a Tuberculin syringe and the males were administered with 0.50 rnL/kg 

BW of Ovaprim. The fish were then returned to the breeding tanks after hormone 

administration. 

Approximately 18 h after the administration of Ovaprim, the females were 

checked for their ovulatory response. The fish was considered to have ovulated if it 

released its eggs with ease when a gentle pressure was applied to its abdomen. Non

ovulated fish were checked again every two hours for a further 12 hours. 
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c) S tripp ing and fertilisation o f the eggs

W hen an ovulated fish was detected, both the m ale and female were rem oved 

from  the breeding tank w ith a hand net and transferred to a 75 L tank containing 30 

L o f  100 ppm  M S222. W hen the female was fully sedated, it was removed from the 

tank  and the body w as dried w ith a clean towel. The abdomen was pressed from just 

b eh ind  the base o f  the pectoral fins towards the urino-genital opening to express the 

eggs that were collected in a labelled clean and dry pre-weighed 500 mL plastic 

container. After all the eggs had been collected, the female was returned to the 500 

L tank  to recover. The total w eight o f  the eggs and a sample weight o f  the eggs were 

determ ined  to enable the estim ation o f  the working fecundity. The egg sample was 

refrigerated  for egg num ber-w eight enumeration and egg diameter measurem ents 

w ith  a m icrom eter.

The fully sedated m ale was removed from the tranquilliser tank and a towel 

w as used  to dry the body. A  scalpel was then used to slit the ventral part o f  the 

abdom en along the m id-line to expose the internal viscera and the testes were 

rem oved  into a "dry Petri dish using forceps and scissors. The testes were cut up to 

expose the sperm atozoa in the tubules and about 10 m L o f distilled water was added 

to the testis tissue to activate the spermatozoa. The testis-water mixture was stirred 

for a few seconds and then poured over the ovulated eggs. The egg-testis m ixture 

w as then gently stirred for two m inutes to homogeneously mix the eggs and the 

sperm atozoa. A bout 200 m L o f  incubation water was added to the plastic container 

and the eggs were gently stirred again. The water was decanted and a fresh lot o f 

about 200 m L o f  incubation w ater was added and the eggs were stirred again. This 

w as repeated tw ice to w ash away any blood and testis tissue. The eggs were left 

aside for about ten m inutes to enable the completion o f  fertilisation and water 

hardening. A 1 m L sam ple o f  water hardened eggs was taken to determine the 

volum e-num ber relationship and for egg diam eter measurements with the 

m icrom eter.

d) E gg incubation and determ ination of the fertilisation rate

Incubators (7 L) were prepared from black polypots prior to the breeding 

season  (see Fig. 4.2). The dim ensions were as follows: upper internal diam eter - 19.5
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c) Stripping and fertilisation of the eggs 

When an ovulated fish was detected, both the male and female were removed 

from the breeding tank with a hand net and transferred to a 75 L tank containing 30 

L of 100 ppm MS222. \Vhen the female was fully sedated, it was removed from the 

tank and the body was dried with a clean towel. The abdomen was pressed from just 

behind the base of the pectoral fins towards the urine-genital opening to express the 

eggs that were collected in a labelled clean and dry pre-weighed 500 mL plastic 

container. After all the eggs had been collected, the female was returned to the 500 

L tank to recover. The total weight of the eggs and a sample weight of the eggs were 

determined to enable the estimation of the working fecundity. The egg sample was 

refrigerated for egg number-weight enumeration and egg diameter measurements 

with a micrometer. 

The fully sedated male was removed from the tranquilliser tank and a towel 

was used to dry the body. A scalpel was then used to slit the ventral part of the 

abdomen along the mid-line to expose the internal viscera and the testes were 

removed into a -dry Petri dish using forceps and scissors. The testes were cut up to 

expose the spermatozoa in the tubules and about 10 mL of distilled water was added 

to the testis tissue to activate the spermatozoa. The testis-water mixture was stirred 

for a few seconds and then poured over the ovulated eggs. The egg-testis mixture 

was then gently stirred for two minutes to homogeneously mix the eggs and the 

spermatozoa. About 200 mL of incubation water was added to the plastic container 

and the eggs were gently stirred again. The water was decanted and a fresh lot of 

about 200 mL of incubation water was added and the eggs were stirred again. This 

was repeated twice to wash away any blood and testis tissue. The eggs were left 

aside for about ten minutes to enable the completion of fertilisation and water 

hardening. A 1 mL sample of water hardened eggs was taken to determine the 

volume-number relationship and for egg diameter measurements with the 

micrometer. 

d) Egg incubation and determination of the fertilisation rate 

Incubators (7 L) were prepared from black polypots prior to the breeding 

season (see Fig. 4.2). The dimensions were as follows: upper internal diameter - 19.5 
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cm, lower internal diam eter - 15.5 cm, height - 19.5 cm. The incubator had eight 

holes along the periphery o f  the bottom  section o f  the side-walls and each hole 

m easured approxim ately 2 cm in w idth and 1.8 cm in height. The bottom  o f  the 

incubator w as rem oved with a sharp knife leaving an open space that had a diam eter 

o f  approxim ately 13 cm wide. The bottom  space and the holes were then covered 

with a nylon fabric that had a mesh size o f approxim ately 2 m m  X 2 mm. The fabric 

was glued to the incubator with silicone sealant and left to dry overnight.

Egg incubation was conducted by placing 20 m L o f  water-hardened eggs into 

the incubator. The incubator was submersed to a depth o f  approxim ately 15 cm in a 

shallow fibreglass tank containing dechlorinated w ater and with the flow rate o f  

dechlorinated w ater from the header tank to the incubator w ithin the range from 150- 

200 mL per minute.

This flow rate was to ensure that the eggs received adequate amounts o f  

oxygen. The gastrula stage is usually achieved between 7-9 h post-fertilisation at 26- 

30°C and as such, at 8-h post-fertilisation, samples from  the egg incubators were 

obtained and counts o f viable and non viable eggs were taken with the aid o f  a 

dissecting m icroscope to determine the fertilisation rate.

e) Determ ination o f  the hatching rate

The stocking rate o f eggs per incubator could be estim ated by m ultiplying the 

volume o f  w ater hardened eggs that were put into the incubator by the num ber o f  

eggs per m L o f  w ater hardened eggs and this value usually ranged from  20,GOO- 

25,000 per incubator. After 8 h o f  incubation, a sample o f  eggs was rem oved from 

the incubators and counts o f  eggs with developing and non-developing embryos was 

done. The percentage o f fertilisation was given by [(num ber o f  eggs with developing 

em bryos/total num ber o f eggs) X 100]. From the estimates o f  the fertilisation rate, it 

was then possible to estimate the num ber o f  fertilised eggs in the incubator. Total 

counts o f  the num ber hatchlings and data on the num ber o f  fertilised eggs w ould 

then enable the estim ation o f  the hatching rate. Sam ples o f  larvae o f different age 

groups were collected for length m easurem ents with the m icrom eter in the dissecting 

m icroscope.
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cm, lower internal diameter - 15.5 cm, height - 19.5 cm. The incubator had eight 

holes along the periphery of the bottom section of the side-walls and each hole 

measured approximately 2 cm in width and 1.8 cm in height. The bottom of the 

incubator was removed with a sharp knife leaving an open space that had a diameter 

of approximately 13 cm wide. The bottom space and the holes were then covered 

with a nylon fabric that had a mesh size of approximately 2 mm X 2 mm. The fabric 

was glued to the incubator with silicone sealant and left to dry overnight. 

Egg incubation was conducted by placing 20 mL of water-hardened eggs into 

the incubator. The incubator was submersed to a depth of approximately 15 cm in a 

shallow fibreglass tank containing dechlorinated water and with the flow rate of 

dechlorinated water from the header tank to the incubator within the range from 150-

200 mL per minute. 

This flow rate was to ensure that the eggs received adequate amounts of 

oxygen. The gastrula stage is usually achieved between 7-9 h post-fertilisation at 26-

300C and as such, at 8-h post-fertilisation, samples from the egg incubators were 

obtained and counts of viable and non viable eggs were taken with the aid of a 

dissecting microscope to determine the fertilisation rate. 

- e) Determination of the hatching rate 

The stocking rate of eggs per incubator could be estimated by multiplying the 

volume of water hardened eggs that were put into the incubator by the number of 

eggs per mL of water hardened eggs and this value usually ranged from 20,000-

25,000 per incubator. After 8 h of incubation, a sample of eggs was removed from 

the incubators and counts of eggs with developing and non-developing embryos was 

done. The percentage of fertilisation was given by [(number of eggs with developing 

embryos/total number of eggs) X 100]. From the estimates of the fertilisation rate, it 

was then possible to estimate the number of fertilised eggs in the incubator. Total 

counts of the number hatchlings and data on the number of fertilised eggs would 

then enable the estimation of the hatching rate. Samples of larvae of different age 

groups were collected for length measurements with the micrometer in the dissecting 

microscope. 
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3.2.2.3 L ipid content and fatty acid composition of the lipids o f eggs and larvae

In the 1993 breeding season, triplicate analyses o f  ovulated eggs, 0-day 

larvae, 1-day larvae, 3-day larvae and 5-day larvae were conducted for the lipid 

content and fatty acid com position o f  the lipids. About 2 g o f  the respective samples 

were collected, drip-dried w ith tissue paper and frozen at -20°C for a few days and 

then transferred to -80°C prior to analysis. Ten specimens for each group o f larvae 

were individually  m easured for total length (ocular micrometer) and wet weight that 

was determ ined on an analytical balance to four decimal places after the specimens 

had been drip-dried  on tissue paper.

Subsequently  in the 1994 breeding season, triplicate samples o f  ovulated 

eggs, 8-h viable and non-viable eggs were collected and analysed for the lipid 

content and fatty acid com position o f  the lipids. About 2 g o f  samples were collected 

from  three fish that had ovulated and frozen at -20°C for a few days and then 

transferred to -80°C.

3.2.3 Statistical analysis

D ata w ere treated statistically by one-way analysis o f  variance (ANOVA). 

Equality o f  variance and norm ality were checked by Cochran’s test. The fertilisation 

and hatching rates were transform ed using arcsine transform ation prior to running 

the A N O V A  tests. Pair wise com parisons were then made after AN O V A  using the 

Scheffe’s F-test w ith the Statview 5 l2 T package.

3. 3 R ESU LTS  

3.3.1 Seasonal changes in the mass, total lipids and fatty acid composition o f the 
liver and ovary o f adult fem ale catfish.

3.3.1.1 G onado-som atic-index

The seasonal changes in the GSI are presented in Fig. 3.1. The GSI in March, 

April and Ju ly  were 0.50±0.21% , 0.40±.0.09%  and 0.64±0.14%, respectively, with 

the lowest G SI value for the year (0 .3 1±0.01%) in August. Subsequently, the GSI
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3.2.2.3 Lipid content and fatty acid composition of the lipids of eggs and larvae 

In the 1993 breeding season, triplicate analyses of ovulated eggs, 0-day 

larvae, 1-day larvae, 3-day larvae and 5-day larvae were conducted for the lipid 

content and fatty acid composition of the lipids. About 2 g of the respective samples 

were collected, drip-dried with tissue paper and frozen at -20°C for a few days and 

then transferred to -80°C prior to analysis. Ten specimens for each group of larvae 

were individually measured for total length ( ocular micrometer) and wet weight that 

was determined on an analytical balance to· four decimal places after the specimens 

had been drip-dried on tissue paper. 

Subsequently in the 1994 breeding season, triplicate samples of ovulated 

eggs, 8-h viable and non-viable eggs were collected and analysed for the lipid 

content and fatty acid composition of the lipids. About 2 g of samples were collected 

from three fish that had ovulated and frozen at -20°C for a few days and then 

transferred to -80°C. 

3.2.3 Statistical analysis 

Data were treated statistically by one-way analysis of variance (ANOV A). 

Equality of variance and normality were checked by Cochran's test. The fertilisation 

and hatching rates were transformed using arcsine transformation prior to running 

the ANOVA tests. Pair wise comparisons were then made after ANOVA using the 

Scheffe's F-test with the Statview 512+ package. 

3. 3 RESULTS 

3.3.1 Seasonal changes in the mass, total lipids and fatty acid composition of the 
liver and ovary of adult female catfish. 

3.3.1.1 Gonado-somatic-index 

The seasonal changes in the GSI are presented in Fig. 3.1. The GSI in March, 

April and July were 0.50±0.21 %, 0.40±.0.09% ai.1d 0.64±0.14%, respectively, with 

the lowest GSI value for the year (0.31±0.01 %) in August. Subsequently, the GSI 



Fig. 3.1 Seasonal changes in the Gonadosomatic Index (GS1) in female adult eel-tailed catfish (/V. a t e r ).
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progressively increased to 0.68±0.40%  and 0.6410.18%  in September and October, 

respectively. In Novem ber and December, the GSI significantly increased to 

3 .64± 1.76% and 4.86±1.28%, respectively (P<0.05).

3.3.1.2 H epato-som atic-index

The seasonal changes in the hepatosomatic indices (HSI) are presented in Fig. 

3.2. The HSI in M arch was 0.88±0.09% and the value progressively increased to 

1.06±0.01%  in July when the highest HSI value for the year was recorded. From 

August to December the HSI values ranged from 0.76±0.09%  to 0.9510.14% . 

O verall, the HSI for July was significantly higher than that in D ecem ber (P<0.05) but 

all the other values were not significantly different.

3.3.1.3 Total lipid content of the liver

The seasonal changes in the total lipid content o f the livers are presented in 

Table 3.2 and Fig. 3.3. The total lipid content o f  the liver in M arch was 27.212.9%  of 

DW  and the lipid content progressively decreased to 24.711.0%  in April to the 

low est value for the year (20.811.6% ) in July. After July, the lipid content o f  the liver 

progressively increased to 31.011.4%  in October. In November, the liver lipid 

content declined to 26.712.6%  and subsequently rose again to 31.216.2%  in 

Decem ber. The lipid content o f  the livers in September, October and D ecem ber but 

not N ovem ber were significantly higher than those in July (P<0.05).

3.3.1.4 Total lipid content o f the ovary

The seasonal changes in the total lipid content o f the ovary are presented in 

Table 3.3 and Fig. 3.4. The total lipid o f the ovary in M arch was 27.115.5%  o f  DW 

and the lipid content progressively decreased to 24.013.1%  and 23.312.0%  in April 

and July, respectively. After July, the lipid content progressively increased to 

31.213.0%  and 33.011.9%  in November and December, respectively. The maximum  

lipid content in December, and November were significantly higher than the lipid 

content in the ovaries for the months o f April, July and August (P<0.05).
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progressively increased to 0.68±0.40% and 0.64±0.18% in September and October, 

respectively. In :'l"ovember and December, the GSI si2:,rnificantly increased to 

3.64±1.76% and 4.86±1.28%, respectively (P<0.05). 

3.3.1.2 Hepato-somatic-index 

The seasonal changes in the hepatosomatic indices (HSI) are presented in Fig. 

,, 7 .) __ _ The HSI in March was 0.88±0.09% and the value progressively increased to 

1.06±0.01 % in July when the highest HSI value for the year was recorded. From 

August to December the HSI values ranged from 0.76±0.09% to 0.95±0.14%. 

Overall, the HSI for July was significantly higher than that in December (P<0.05) but 

all the other values were no·t significantly different. 

3.3.1.3 Total lipid content of the liver 

The seasonal changes in the total lipid content of the livers are presented in 

Table 3.2 and Fig. 3.3. The total lipid content of the liver in March was 27.2±2.9% of 

DW and the lipid content progressively decreased to 24.7±1.0% in April to the 

lowest value for the year (20.8±1.6%) in July. After July, the lipid content of the liver 

progressively increased to 31.0± 1.4% in October. In November, the liver lipid 

content declined to 26. 7±2.6% and subsequently rose again to 31.2±6.2% in 

December. The lipid content of the livers in September, October and December but 

not November were significantly higher than those in July (P<0.05). 

3.3.1.4 Total lipid content of the ovary 

The seasonal changes in the total lipid content of the ovary are presented in 

Table 3.3 and Fig. 3.4. The total lipid of the ovary in March was 27.1±5.5% of DW 

and the lipid content progressively decreased to 24.0±3.1 % and 23.3±2.0% in April 

and July, respectively. After July, the lipid content progressively increased to 

31.2±3.0% and 33.0±1.9% in November and December, respectively. The maximum 

lipid content in December, and November were significantly higher than the lipid 

content in the ovaries for the months of April, July and August (P<0.05). 



Fig. 3.2 Seasonal changes in the Ilepatosomatic Index (HSI) in female adult eel-tailed catfish (/V. ater) .
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Table 3.2 Seasonal changes in the total lipid content of the livers o f eel
tailed catfish (N. ater) from M anton Dam, N.T. (Data given are means of  
triplicate analyses; overall mean ± sd).

M onth n Lipid (% dry weight)

Sample 1 Sample 2 Sample 3 Mean

M arch 3 26.5±4.2 27.1±2.6 28.1+2.8 27.2±2.9bc

April 2 24.5±1.7 24.9±1.1 24.7±0.0 24.7±1.0ab

July 2 22.2±1.5 19.4±1.7 20.8±0.0 20.8±1.6a

August 2 19.9±1.5 33.5±2.8 26.7±0.0 26.7±6.1abc

Septem ber 3 26.2±1.5 26.6±2.3 29.5±2.1 27.4±2.3bc

October 3 32.0±1.0 30.3±1.2 30.6+1.7 31.0±1.4bc

Novem ber 3 28.0±0.4 26.6±1.2 25.4±4.5 26.7±2.6abc

December 3 27.5±2.7 27.3±3.6 3 9. 0± 1.8 31.2±6.2C

Values in the colum n which are followed by different superscripts are
significantly different (P<0.05).
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Table 3.2 Seasonal changes in the total lipid content of the livers of eel
tailed catfish (N. ater) from Manton Dam, N.T. (Data given are means of 
triplicate analyses; overall mean ± sd). 

Ylonth n Lipid(% dry weight) 

Sample 1 Sample 2 Sample 3 Mean 

\farch 3 26.5±4.2 27.1±2.6 28.1±2.8 27.2±2.9bc 

April 2 24.5±1.7 24.9±1.1 24.7±0.0 24.7±1.0ab 

July 2 22.2±1.5 19.4±1.7 20.8±0.0 20.8±1.6a 

August 2 19.9± 1.5 33.5±2.8 26.7±0.0 26.7±6.labc 

September 3 26.2±1.5 26.6±2.3 29.5±2.1 27.4±2.3bc 

October 3 32.0±1.0 30.3±1.2 30.6±1.7 3 l.0±1.4bc 

November 3 28.0±0.4 26.6±1.2 25.4±4.5 26. 7±2.6abc 

December 3 27.5±2.7 27.3±3.6 39.0±1.8 3 l.2±6.2c 

Values in the column which are followed by different superscripts are 
significantly different (P<0.05). 



Fig. 3.3 Seasonal changes in the total lipid content of the liver in female adult eel-tailed catfish (jV. a ter).  
(n =2 for April, July and August; #i =3 for March, September, October, November and Decem ber)
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Fig. 3.3 Seasonal changes in the total lipid content of the liver in female adult eel-tailed catfish (N. liter). 
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T able 3.3 Seasonal changes in the total lipid content of the ovaries o f eel
ta iled  catfish (N. ater) from Manton Dam, N.T. (Data given are means of 
trip licate analyses; overall mean ± sd).

M onth n Lipid (% dry weight)

Sample 1 Sample 2 Sample 3 M ean

M arch j 27.617.2 26.714.0 27.017.4 2 7 .1 i5 .5 ab

A pril 2 21.112.3 26.912.8 24.010.0 24.013. l a

July 2 22.413.3 24.211.6 23.310.0 23.3+2.0a

A ugust 2 27.212.0 19.813.6 23.510.0 2 3 .5 i3 .8 a

Septem ber 3 22.314.6 32.011.0 31.515.3 2 8 .6 l5 .9 ab

O ctober j 27.011.8 32.212.7 29.714.3 2 9 .6 l3 .5 ab

N ovem ber 3 32.411.7 27.811.9 33.412.0 3 1 .2 i3 .0 b

D ecem ber 3 33.512.0 32.712.8 32.711.5 3 3 .0 i l .9 b

V alues in the colum n which are followed by different superscripts are
significantly  different (P<0.05).
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Table 3.3 Seasonal changes in the total lipid content of the ovaries of eel
tailed catfish (N. ater) from Manton Dam, N.T. (Data given are means of 
triplicate analyses; overall mean ± sd). 

Month n Lipid (% dry weight) 

Sample 1 Sample 2 Sample 3 Mean 

March ... 27.6±7.2 26.7±4.0 27.0±7.4 27.1±5.Sab .) 

April 2 21.1±2.3 26.9±2.8 24.0±0.0 24.0±3.1 a 

July 2 22.4±3.3 24.2±1.6 23.3±0.0 23.3±2.0a 

August 2 27.2±2.0 19.8±3.6 23.5±0.0 23.5±3.8a 

September 3 22.3±4.6 32.0±1.0 31.5±5.3 28.6±5.9ab 

October ... 27.0±1.8 32.2±2.7 29. 7±4.3 29.6±3.Sab .) 

November 3 32.4±1.7 27.8±1.9 33.4±2.0 31.2±3.0b 

December ... 33.5±2.0 32.7±2.8 32.7±1.5 33.0±1.9b .) 

Values in the column which are followed by different superscripts are 
significantly different (P<0.05). 



Fig. 3.4 Seasonal changes in the total lipid content of the ovaries in female adult eel-tailed cattish (N. 
ater). (n =2 for April, July and August; n =3 for March, September, October, November and D ecem ber)
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3.3.1.5 Fatty acid com position o f the liver

T he seasonal changes o f the fatty acid composition o f  the lipids extracted 

from the liver is presented in Table 3.4.

M ajor fa t ty  acids

T he m ajor fatty acids were 16:0, 18:0, 18:ln-9 and 22:6n-3, with the levels o f 

16:0 in the lipids o f  the liver ranging from  22.8-26.5% o f total fatty acids (Table 3.4). 

Even though the lowest and the highest levels o f 16:0 were recorded in M arch and 

August, respectively, the 16:0 levels in all months were not significantly different 

(P>0.05). The levels o f  18:0 in the lipids o f the liver ranged from  10.1-14.9% o f total 

fatty acids, w ith the lowest value in August. T h e l8 :0  levels declined from 15.0% in 

M arch to 10.1% in August after w hich the levels increased to 14.6% in October. 

Subsequently, the 18:0 levels progressively dropped to 12.7% in December. The 

level o f  18:0 in August was significantly lower than the levels in the other months 

(P<0.05) w ith  the exception in Decem ber (P>0.05).

T he 18:ln-9  levels in the lipids o f  the liver ranged from  11.8-19.1% and the 

highest level was in August. From M arch to July, the levels o f  18:ln-9  fluctuated 

betw een 12.0%  to 16.2% reaching a peak in August. The level o f  18:ln-9 then 

declined significantly to 11.8% in Septem ber and then fluctuated betw een 13.0% and 

15.2% from  October to December. The level o f  18:ln-9  in A ugust was significantly 

higher than  the values in M arch, Septem ber and October (P<0.05).

T he content o f 22:6n-3 levels in  the lipids of the liver ranged from 4.9-12.0% 

o f  total fatty  acids and the lowest level was in August. The 22:6n-3 content 

progressively decreased from 12.0% in M arch to 4.9% in A ugust and the levels from 

April to A ugust were significantly low er than the level in M arch (P<0.05). The level 

o f  22:6n-3 increased to 7.5% in Septem ber after which the levels progressively 

declined to 5.9%  in December. However, the changes in 22:6n-3 from April to 

D ecem ber w ere not significantly different (P>0.05).

Fatty acids occurring in moderate amounts

T he fatty acids that occurred in  moderate amounts in the lipids o f  the liver 

(5-10%  o f  total fatty acids) were 16:ln-7, 18:2n-6 and 20:4n-6 (Table 3.4). The
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Table 3.4 Seasonal changes of the fatty acid composition in the lipids extracted from the livers of the eel-tailed catfish (/V. ater) 
from Manton Dam, N.T. (% of total fatty acids; mean ± sd; n=2 or 3)
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Continued overleaf

Table 3.4 Seasonal changes of the fatty acid composition in the lipids extracted from the livers of the eel-tailed catfish (N. ater) 

from Manton Dam, N.T. (% of total fatty acids; mean± sd; n=2 or 3) 

Fatty Acid March April July August September October November December 

12:0 1.1 ±0.2b 0.9±0. lab 1.1±0.2 b 0.7±0.1 a 0.9±0.3ab 0.9±0.2ab l.1±0.3b 0.8±0. 1 au 

14:0 1.5±0.9 1.6±0.2 1.8±0.2 2.0±0.3 1.7±0.2 1.7±0.8 1.5±0.3 2.1±0.3 

15:0 l.1±0.3ab I .0±0.2ab 0.8±0.1 ab 0.9±0.1 ab 1.0±0. lab 1 '. }±0.3ab 0.8±0.3a 1.4±0.1 b 

16:0 22.8±3.4 25.0±1.3 25.9±2.6 26.5±2.3 24.0±1.9 25.0±0.7 26.4±4.5 25.7±2.7 

18:0 15.0±2. 1 b 13.4±1.lb 13.8±0.7b 10.1±0.5a b 14.6±2.4b 14.4±2.lb 12.7±1.8ab 13.3±0.8 \0 
10 

16:ln-7 2.1±1.6a 3.4±0.8ab 3.3±0.7ab 6.3±0.7c 3.5±0.6ab 3.7±1.3ab 3.5±2.0ab 4.3±1.0bc 

18:ln-7 3.5±0.Sab 3.1±0.2a 3.8±0.4bcd 4.8±0.2c 3.9±0.4bcd 4 .4±0.4cdc 3.5±0.4ab 4.5±0.3dc 

18:ln-9 12.0±3.9a 16.2±2.8ab 14.0±3.2ab 19.1±1.0b l l .8±0.8a 13.0±1.2a 15.2±6.0ab 14.3±3.3ab 

20: l 0.7±0.3a 1.5±0.Sabc 1.9±0.sbc 2.4±0.5C l .1±0.3abc 0.9±0.2ab 0.9±0.sab 0.9±0.4a 

Continued overleaf 



Table 3.4 (C ontd.)
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Continued overleaf

Table 3.4 (Contd.) 

Fatty Acid March April July August September October November December 

16:2n-x 1.3±0.3
6 1.1 ±0.5ab 1.1±0.2ab 1.0±0.2ab 1.1±0. lab 1.0±0.2ab 0.8±0.1 a 1.0±0.1 ab 

16:2n-y 2.2±0.3bc 1.7±0.3ab 1.6±0.3a 1.5±0.3a 2.1±0.3abc 2.4±0.2c 2.1±0.2abc 2.5±0.4c 

18:211-6 2.9±0.8a 3.9±0.6ab 4.0±0.2ab 4.7±0.6b 5.3±1.2b 5.2±0.6b 4.5±1.3 
b 5.3±0.5b 

20:2 0.1±0. JU 0.9±0.1 b 0.9±0.2b 0.7±0.0b 1.0±0.lb 0.6±0.lb 0.6±0.21> 0.7±0.lb 

l 8:3n-3 0.7±0.3a 0.8±0.lab 0.7±0.oa 1.l±0.4ab l.9±0.7h 1.2±0.4ab 1.8± 1.2a 1.7±0.6ab 
'° \.,J 

20:3 l .0±0.4ab 1.3±0.1 be l.6±0.3C 0.8±0.Iab 1.1±0.lb 0.9±0. lab 0.6±0.3a 0.9±0. Jab 

20:411-6 9.5±3.Qb 9.2±0. l 9b 9.3±1 .8b 4.4±1.4a 9.6±1.Sb 8.3±1.sab 7.8±4.3ab 7.0±2.1 ab 

22:4 0.9±0.4 0.8±0.0 0.8±0.1 0.4±0. 1 0.9±0.1 0.7±0.1 0.6±0.4 0.5±0.3 

20:5n-3 l.7±0.4b 1.3±0. lab 1.0±0. lab 0.7±0.2a 1.7±0.3b l .8±0.6b · 1.8±1.lb l.6±0.4b 

Continued overleaf 



Fatly Acid March April July August September October November D ecem ber
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Table 3.4 (Contd.) 

Fatly Acid March April July August September 

22:5n-x 1.3±0.Sh 0.7±0.Qab 0.5±0.oa 0.5±0.ia 1.0±0.1 ab 

22:511-y 1.6±0.sab l .7±0.2ab 2.3±0.7b 0.9+o.3a 2. l±0.2b 

22:611-3 12.0±3.9b 7.7±0_5ab 7.1±1.sa 4.9±2.6a 7.5±t .4a 
' 

T I 
1 

ola sat. 41.4 41.9 43.4 40.2 40.9 

Total mono. 
2 18.3 24.2 23.0 32.6 20.3 

Total PUF A. 
3 28.7 23.5 23.3 13.7 25.8 

n-6/n-3 0.9 1.4 1.7 1.4 1.4 

Values in the row which are followed by different superscripts are significantly different (P<0.05) 

1 Total saturated fatty acids 

2 Total monounsaturated fatty acids 

3 Total polyunsaturated fatty acids 

October November December 

0.9±0.lab l .0±0.6ab 0.9±0.2ab 

l .4±0.2ab 1.0±o.6a 0.9±0.3a 

7.0±1.7a 5.8±3.6a 5.9±1.9a 

43.3 44.2 42.7 

22.0 23. l 24.0 
'-0 
+'>-

22.1 20.4 19.4 

1.4 1.3 1.3 



95

levels o f  16: ln-7  ranged from 2.1-6.3% o f  total fatty acids and the highest value was 

m August. The content o f  16:ln-7  increased from 2.1%  in M arch to 6.3% in August. 

From  Septem ber to N ovem ber the levels fluctuated betw een 3.5% and 3.7% , and 

then increased marginally to 4.3%  in December. Even though the level o f 16:ln -7  in 

August w as similar to that in December (P>0.05) the level in August was 

significantly higher than the levels in the other months (P<0.05).

The levels o f  18:2n-6 in the lipids o f  the liver ranged from 2.9-5.3% o f  total 

fatty acids and the highest level was in Septem ber and December. The percentage 

progressively increased from  2.9%  in M arch to 5.3% in September after w hich the 

levels fluctuated between 4.5%  and 5.3% until December. The levels o f 18:2n-6 from 

August to Decem ber were significantly higher than the level in March (P<0.05).

The content o f  20:4n-6 in the lipids o f  the liver ranged from 4.4-9.6% and the 

lowest level was in August. The 20:4n-6 levels ranged from 9.2-9.5% from M arch to 

July and the level dropped significantly to 4.4%  in August. In September, the 20:4n-6 

content significantly increased to 9.6% after which the levels progressively declined 

to 7.0%  in December. W hile the levels o f  20:4n-6 from M arch to September were 

significantly higher than the level in August (P<0.05), the levels from October to 

D ecem ber were similar to that in August (P>0.05).

M inor fa tty  acids

The fatty acids that occurred in low levels in the lipids o f  the liver (1-5%  o f  

total fatty acids) were 12:0, 14:0, 15:0, 16:2n-x, 16:2n-y, 18:ln-7, 18:3n-3, 20:1, 

20:2, 20:3, 20:5n-3, 22:5n-x and 22:5n-y (Table 3.4). The levels of 12:0, 14:0 and 

15:0 ranged from 0.7-1.1%  o f  total fatty acids, 1.5-2.1% and 0.8-1.4%, respectively. 

W hile the lowest level o f  12:0 and the highest level o f  14:0 were recorded in August, 

the lowest value o f  15:0 was recorded in July and November.

The levels o f  16:2n-x and 16:2n-y in the lipids o f  the liver ranged from  0.8- 

1.3% o f  total fatty acids and 1.5-2.5%, respectively. W hile the lowest value o f  

16:2n-x w as in Novem ber, the lowest level o f  16:2n-y was in August.

The 18: ln -7  levels in the lipids o f  the liver ranged from 3.1-4.8% o f  total 

fatty acids and the highest level was in August. The levels o f  18:ln-7 decreased from 

3.5%  in M arch to 3.1% in April and then progressively increased until the peak o f

95 

levels of 16:ln-7 ranged from 2.1-6.3% of total fatty acids and the highest value was 

in August. The content of 16:ln-7 increased from 2.1 % in March to 6.3% in August. 

From September to November the levels fluctuated between 3.5% and 3.7%, and 

then increased marginally to 4.3% in December. Even though the level of 16:ln-7 in 

August was similar to that in December (P>0.05) the level in August was 

significantly higher than the levels in the other months (P<0.05). 

The levels of 18:2n-6 in the lipids of the liver ranged from 2.9-5.3% of total 

fatty acids and the highest level was in September and December. The percentage 

progressively increased from 2.9% in March to 5.3% in September after which the 

levels fluctuated between 4.5% and 5.3% until December. The levels of 18:2n-6 from 

August to December were significantly higher than the level in March (P<0.05). 

The content of 20:4n-6 in the lipids of the liver ranged from 4.4-9.6% and the 

lowest level was in August. The 20:4n-6 levels ranged from 9.2-9.5% from March to 

July and the level dropped significantly to 4.4% in August. In September, the 20:4n-6 

content significantly increased to 9.6% after which the levels progressively declined 

to 7.0% in December. While the levels of 20:4n-6 from March to September were 

significantly higher than the level in August (P<0.05), the levels from October to 

December were similar to that in August (P>0.05). 

Minor fatty acids 

The fatty acids that occurred in low levels in the lipids of the liver (1-5% of 

total fatty acids) were 12:0, 14:0, 15:0, 16:2n-x, 16:2n-y, 18:ln-7, 18:3n-3, 20:1, 

20:2, 20:3, 20:Sn-3, 22:5n-x and 22:5n-y (Table 3.4). The levels of 12:0, 14:0 and 

15 :0 ranged from 0. 7-1.1 % of total fatty acids, 1.5-2.1 % and 0.8-1.4%, respectively. 

While the lowest level of 12:0 and the highest level of 14:0 were recorded in August, 

the lowest value of 15:0 was recorded in July and November. 

The levels of 16:2n-x and 16:2n-y in the lipids of the liver ranged from 0.8-

1.3% of total fatty acids and 1.5-2.5%, respectively. While the lowest value of 

16:2n-x was in November, the lowest level of 16:2n-y was in August. 

The 18:ln-7 levels in the lipids of the liver ranged from 3.1-4.8% of total 

fatty acids and the highest level was in August. The levels of 18:ln-7 decreased from 

3.5% in March to 3.1 % in April and then progressively increased until the peak of 
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4.8%  in August. From September to December, the levels o f  18:ln-7 fluctuated 

betw een 3.5%  and 4.5%. The level o f 18:ln-7 in August, October and D ecem ber 

w ere sim ilar (P>0.05) but were significantly higher than the levels from M arch to 

July, Septem ber and November (P<0.05). The levels o f  18:3n-3 in the lipids o f  the 

liver ranged from 0.7-1.9% o f total fatty acids and the highest level w as in 

Septem ber.

The 20:1, 20:2 and 20:3 levels in the lipids o f the liver ranged from 0.7-2.4%  

o f  total fatty acids, 0.1-1.0% and 0.6-1.6%, respectively. W hile the highest level o f 

20:1 w as in August, the peak o f 20:2 was in September and the highest 20:3 level 

was in July. The content o f 20:5n-3 in the lipids o f the liver ranged from 0.7-1.8%  o f  

totaj fatty acids and the lowest value was in August.

The levels o f  22:5n-x and 22:5n-y in the lipids o f  the liver ranged from  0.5-

1.3% o f  total fatty acids and 0.9-2.3%, respectively. W hile the lowest level o f  22:5n- 

x w as in  Ju ly  and August, the lowest level o f 22:5n-y was in August. The levels o f 

22:4 occurred in very low levels and ranged from 0.4-0.9% o f  total fatty acids and the 

low est level was also in August.

Total saturated, monounsaturated and polyunsaturated fa tty  acids

The total saturated fatty acids in the lipids o f  the liver ranged from  40.2- 

44.2%  o f  total fatty acids and the highest value was recorded in July (Table 3.4). The 

levels progressively  increased from 41.4%  in March to 43.4%  in July and then 

dropped to 40.2%  in August. The levels then progressively increased to 44.2%  in 

N ovem ber and then declined again to 42.7% in December. The total 

m onounsaturated  fatty acids in the lipids o f  the liver ranged from 18.3-32.6% o f  total 

fatty acids and the highest value was in August. The levels increased from 18.3% in 

M arch to 32.6%  in August, dropped to 20.3% in September and subsequently rose 

progressively  to 24.0%  in December. The total PUFA in the lipids o f  the liver ranged 

from  13.7-28.7%  o f  total fatty acids and the lowest value was in August. The levels 

progressively  dropped from 28.7% in M arch to 13.7% in August, rose to 25.8%  in 

Septem ber and then progressively dropped to 19.4% in December.

The n-6/'n-3 ratios ranged from 0.9 to 1.7 and the highest ratio was recorded 

in July. The ratios progressively increased from 0.9 in M arch to 1.7 in July,
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4.8% in August. From September to December, the levels of 18:ln-7 fluctuated 

between 3.5% and 4.5%. The level of 18:ln-7 in August, October and December 

were similar (P>0.05) but were significantly higher than the levels from March to 

July, September and November (P<0.05). The levels of 18:3n-3 in the lipids of the 

liver ranged from 0.7-1.9% of total fatty acids and the highest level was m 

September. 

The 20: 1, 20:2 and 20:3 levels in the lipids of the liver ranged from 0. 7-2.4% 

of total fatty acids, 0.1-1.0% and 0.6-1.6%, respectively. While the highest level of 

20: 1 was in August, the peak of 20:2 was in September and the highest 20:3 level 

was in July. The content of 20:5n-3 in the lipids of the liver ranged from 0.7-1.8% of 

total fatty acids and the lowest value was in August. 

The levels of 22:5n-x and 22:5n-y in the lipids of the liver ranged from 0.5-

1.3% of total fatty acids and 0.9-2.3%, respectively. While the lowest level of 22:5n

x was in July and August, the lowest level of 22:5n-y was in August. _The levels of 

22:4 occurred in very low levels and ranged from 0.4-0.9% of total fatty acids and the 

lowest level was also in August. 

Total saturated, monounsaturated and polyunsaturated fatty acids 

The total saturated fatty acids in the lipids of the liver ranged from 40.2-

44.2% of total fatty acids and the highest value was recorded in July (Table 3.4). The 

levels progressively increased from 41.4% in March to 43.4% in July and then 

dropped to 40.2% in August. The levels then progressively increased to 44.2% in 

November and then declined again to 42.7% in December. The total 

monounsaturated fatty acids in the lipids of the liver ranged from 18.3-32.6% of total 

fatty acids and the highest value was in August. The levels increased from 18.3% in 

March to 32.6% in August, dropped to 20.3% in September and subsequently rose 

progressively to 24.0% in December. The total PUF A in the lipids of the liver ranged 

from 13.7-28.7% of total fatty acids and the lowest value was in August. The levels 

progressively dropped from 28.7% in March to 13.7% in August, rose to 25.8% in 

September and then progressively dropped to 19.4% in December. 

The n-6/n-3 ratios ranged from 0.9 to 1.7 and the highest ratio was recorded 

rn July. The ratios progressively increased from 0.9 in March to 1.7 in July, 
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rem ained constant at 1.4 from August to October and then m arginally declined to 1.3 

in N ovem ber and December.

3.3.1.6 Fatty acid composition o f the ovary

The seasonal changes in the fatty acid composition o f  the lipids extracted 

from  the ovaries are presented in Table 3.5.

M ajor fa tty  acids

The m ajor fatty acids in the lipids o f  the ovaries were 16:0, 18:0, 18: ln-9 and 

20:4n-6 w ith the levels o f  16:0 ranging from 18.3-25.0% o f  total fatty acids and the 

lowest value was in July (Table 3.5). The 16:0 levels declined from  21.4% in March 

to 18.3% in July and subsequently increased to 24.0% in A ugust and then fluctuated 

betw een 23.3%  to 25.0%  until December. The 16:0 levels in April and August to 

D ecem ber were significantly higher than those in July (P<0.05).

The 18:0 levels in the lipids o f  the ovaries ranged from  9.5-14.3% o f total 

fatty acids and the lowest level was in August. The level o f  18:0 fluctuated between

11.1-14.3%  from M arch to July, dropped significantly to 9.5%  in August, 

progressively rose from  11.1% in Septem ber to 12.6% in Novem ber and then 

declined to 12.4% in December. The amounts o f  18:0 in M arch, July, November and 

D ecem ber were significantly higher than the level in August (P<0.05)

The levels o f  18:ln-9 ranged from 12.9-20.9% o f  total fatty acids, with the 

highest level in August. The percentages o f  18:ln-9  fluctuated betw een 13.2% and 

18.7% from M arch to July and then peaked in August. The levels then dropped 

significantly to 13.2% in September, then progressively increased to 15.0% in 

N ovem ber after which the level declined to 12.9% in Decem ber. The 18:ln-9 level in 

July was significantly higher than the levels in M arch, July and from September to 

D ecem ber (P<0.05).

The percentage o f  20:4n-6 levels in the lipids o f  the ovaries ranged from 6.8- 

19.0% o f  total fatty acids and the low est value was in August. The levels o f 20:4n-6 

fluctuated from 12.3-19.0% o f total fatty acids from M arch to July and then dropped 

to 8.3% in August. The level o f  20:4n-6 then rose to 9.4%  in Septem ber and then 

progressively declined to 6.8% in December. The levels o f  20:4n-6 in M arch and July
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remained con~ant at 1.4 from August to October and then marginally declined to 1.3 

in November and December. 

3.3.1.6 Fatty acid composition of the ovary 

The seasonal changes in the fatty acid composition of the lipids extracted 

from the ovaries are presented in Table 3.5. 

Major fatty acids 

The major fatty acids in the lipids of the ovaries were 16:0, 18:0, 18:ln-9 and 

20:4n-6 with the levels of 16:0 ranging from 18.3-25.0% of total fatty acids and the 

lowest value was in July (Table 3.5). The 16:0 levels declined from 21.4% in March 

to 18.3% in July and subsequently increased to 24.0% in August and then fluctuated 

between 23.3% to 25.0% until December. The 16:0 levels in April and August to 

December were significan.tly higher than those in July (P<0.05). 

The 18:0 levels in the lipids of the ovaries ranged from 9.5-14.3% of total 
-

fatty acids and the lowest level was in August. The level of 18:0 fluctuated between 

11.1-14.3% from March to July, dropped significantly to 9.5% in August, 

progressively rose from 11.1 % in September to 12.6% in November and then 

declined to 12.4% in December. The amounts of 18:0 in March, July, November and 

December were significantly higher than the level in August (P<0.05) 

The levels of 18:ln-9 ranged from 12.9-20.9% of total fatty acids, with the 

highest level in August. The percentages of 18:ln-9 fluctuated between 13.2% and 

18.7% from March to July and then peaked in August. The levels then dropped 

significantly to 13.2% in September, then progressively increased to 15.0% in 

November after which the level declined to 12. 9% in December. The 18: 1 n-9 level in 

July was significantly higher than the levels in March, July and from September to 

December (P<0.05). 

The percentage of 20:4n-6 levels in the lipids of the ovaries ranged from 6.8-

19 .0% of total fatty acids and the lowest value was in August. The levels of 20:4n-6 

fluctuated from 12.3-19.0% of total fatty acids from March to July and then dropped 

to 8.3% in August. The level of 20:4n-6 then rose to 9.4% in September and then 

progressively declined to 6.8% in December. The levels of 20:4n-6 in March and July 

-



Table 3.5 Seasonal changes of the fatty acid composition of the lipids extracted from the ovaries of adult eel-tailed catfish (TV. (iter) 
from Manton Dam, N.T. (% total fatty acids; mean ± sd; n=2 or 3)
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Continued overleaf

Table 3.5 Seasonal changes of the fatty acid composition of the lipids extracted from the ovaries of adult eel-tailed catfish (N. (lfer) 

from Manton Dam, N.T. (% total fatty acids; mean± sd; n=2 or 3) 

Fatty Acid March April July August , September October November December 

14:0 1.8±0.4abc 2.9±0.7d 1.4±0.2ab 2.5±0.4Cd 2.2±().4bcd 1.9±()_7abc 1.3±0.3a l.7±0.3abc 

15:0 I .2±0.23 bc I .3±0_4bc 0.8±0.1 3 1.0±0. pbc 1.0±0. pbc I .2±0.2bc 0.9±0.2ab l .4±0.JC 

16:0 2) .4±3_43b 22. l±0.Sb 18.3±2.73 24.0±0.6b 24.8±1.56 23.3±2.0b 25.0±1.7b 25.0±2.Qb 

18:0 12.7±0.2bc 11.1±1. Jab J4.3±1.4C 9.5±0.83 11.1±2.lab l 1.5±1.6ab 12.6±0.4bC 12.4±0.6bC 

16:ln-7 1.4±().43 3.8±0.4b 2.3±0.4b 6.5±0.9C 3.5± 1.6b 3.8±] .0b 2.9±0.9b 3.4±1.lb 

18:ln-7 4.6±0.6C 3.5±0.236 3.5±Q.2a 4.2±Q.2bc 4.5±Q.4C 4.7±0.2c 4.J±().4C 4.7±0.SC 

18:ln-9 13.2±1.63 18.7±3.3bc l4.2±l.6ab 2Q.9±2.9C 13.2±l.6a l4.3±0.9ab l 5.0±4_4ab 12.9±1.Jab 

20: l 0.4±0.43 l.7±0. 1 b 0.9±0.83b 1.7±0.Jb l.3± l.03b l .5±0.4b 1.2±0.Jab 0.9±0.2ab 

16:211-y l.7±0.Jab l.6±0. ta l.7±0.3ab 1.5±0.Ja l .9±0.33 b 2.2±0.1 be 2.0±0.43 b 2.7±0_4C 

Continued overleaf 
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Fatly Acid March April July August September October November D ecem ber
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Continued overleaf

Table 3.5 (Contd.) 

Fatly Acid March April July August September October November December 

18:211-6 2.2±0.43 3.2±0.4ab 3.2±0.336 4.5±0.26c 6.3±2.5C 5.4±0.JC 5.5±0.8C 5.6±1.oc 

20:2 0.4±0_4ab 0.7±0_3abc 0.3±0.236 o.2±0.2a 1.0±0.Sbc 1.1 ±Q.2C 1.2±0_4C 1.2±0.2C 

18:3n-3 0.2±0.3a l. l±0.2bc 0.8±0.2ab 1.7±0.6bc 3.0± 1.9c 1.4±0.Sbc 1.9±1.0bc I .5±0.56c 

20:3 0.6±0.63 0.8±Q_3ab 1.4±0.26 0.7±0_3ab 0.9±0.2ab 1.2±0.Jab 1.2±0. lab 1.4±0. lb 

20:411-6 19.0±2.SC 12.3±2.86 ] 8.7±2.1 C 8.3±1.98 9.4±J_9ab 8.1 ±0.63 7.3±1.oa 6.8±1.08 
'-0 
'-0 

22:4 2.3±1.0C 1.6±0. 1 be 2.2±0.1 C 1.3±0.1 abc l .3±0.Jab 1.1±0.tab 0.9±0.43U 0.8±0.Jab 

20:511-3 0.9±0.28 1.0±0.286 1 .5±0.3bc 1.1±0.Jab l .5±0.2abc 1.7±0.scd 2.2±0.46d 1.8±0.4Cd 

22:511-x 1.7±0.JC 1.1±0.Jabc l .2±0.2abc 0.7±0.1 8 0.9±0.2ab l .0±0.086c 1.5±0.946c l.0±0.4abc 

22:511-y 2.o±o.2c1 1.1±0.1 ab 1.9±0. tcd 0.8±0.1 a 1.4±0.7abc 1.7±0.sbcd l .4±0.3abcd l .3±0.2abc 

22:611-3 9.8±}.3C 4.1±0.386 4.7±0.586 2.8±0.28 4.3±2.586 6.0±1.96 6.2±1.056 6.4±0.66 

Continued overleaf 
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Table 3.5 (Contd.) 

Fatty Acid March April July August September 

--

Total sat.
1 37.1 37.4 34.8 37.0 39.1 

Total mono. 
2 19.6 27.7 20.9 33.3 22.5 

Total PUFA.
3 

36.6 23.1 32.4 17.4 22.6 

n-6/n-3 1.8 2.3 2.9 2. I 1.8 

Values in the row which are followed by different superscripts are significantly different (P<0.05) 

1 Total saturated fatty acids 

2 Total monounsaturated fatty acids 

3 Total polyunsaturated fatty acids 

o'ctober November 

37.9 39.8 

24.3 23.4 

22.2 22.6 

1.5 1.2 

December 

40.5 

21.9 

21.0 

1.3 

...... 
0 
0 

• 

I 
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were sim ilar (P>0.05) but significantly higher than those in April and from August to 

D ecem ber (P<0.05).

Fatty acids that occurred in moderate amounts

There were moderate amounts o f  22:6n-3 in ovarian lipids (5-10%  o f  total 

fatty acids) w ith levels ranging from 2.8-9.8% of total fatty acids (Table 3.5). The 

percentage declined from 9.8% in M arch to 2.8% in A ugust after which the levels 

progressively increased to 6.4% in December. The levels o f 22:6n-3 in M arch and 

from October to December were significantly higher than the level in A ugust 

(P<0.05).

M inor fa tty  acids in the lipids o f  the ovaries

The fatty acids that occurred in low amounts in the lipids o f  the ovaries (1-5%  

o f  total fatty acids) were 14:0, 15:0, 16:ln-7, 16:2n-y, 18:ln-7, 18:2n-6, 18:3n-3, 

20:1, 20:2, 20:3, 20:5n-3 and 22:4 (Table 3.5). The levels o f  14:0 and 15:0 ranged 

from 1.3-2.9% o f  total fatty acids and 0.8-1.4%, respectively, with highest levels in 

April.

In the case o f  16:ln-7, the levels ranged from 1.4-6.5% o f  total fatty acids and 

the highest value was in August. The level in August was significantly higher than 

the levels from  M arch to April and from September to December (P<0.05). The 

percentages o f  16:2n-y ranged from 1.5-2.7% o f total fatty acids and the lowest level 

was recorded in August. The 18:ln-7 levels ranged from  3.5-4.7% o f total fatty acids 

and the lowest level were in April and July. The levels declined from 4.6%  in M arch 

to 3.5% in April and July after which the level rose to 4.2% in A ugust and then 

fluctuated betw een 4.3% to 4.7% from September to December. The percentages o f  

18:ln-7 in M arch and from August to December were significantly higher than the 

level in July (P<0.05). The levels o f  18:2n-6 levels ranged from 2.2-6.3%  o f  total 

fatty acids and the highest value was recorded in September. The levels gradually 

increased from 2.2%  in M arch to a peak o f  6.3% in Septem ber after w hich the levels 

declined to 5.4%  in October and m arginally increased to 5.6% in December. The 

percentages o f  18:3n-3 ranged from 0.2-3.0% and the highest value w as in
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were similar (P>0.05) but significantly higher than those in April and from August to 

December (P<0.05). 

Fatty acids that occurred in moderate amounts 

There were moderate amounts of 22:6n-3 in ovarian lipids (5-10% of total 

fatty acids) with levels ranging from 2.8-9.8% of total fatty acids (Table 3.5). The 

percentage declined from 9.8% in March to 2.8% in August after which the levels 

progressively increased to 6.4% in December. The levels of 22:6n-3 in March and 

from October to December were significantly higher than the level in August 

(P<0.05). 

Minor fatty acids in the lipids of the ovaries 

The fatty acids that occurred in low amounts in the lipids of the ovaries (1-5% 

of total fatty acids) were 14:0, _15:0, 16:ln-7, 16:2n-y, 18:ln-7, 18:2n-6, 18:3n-3, 

20:1, 20:2, 20:3, 20:5n-3 and 22:4 (Table 3.5). The levels of 14:0 and 15:0 ranged 

from 1.3-2.9% of total fatty acids and 0.8-1.4%, respectively, with highest levels in 

April. 

In the case of 16:ln-7, the levels ranged from 1.4-6.5% of total fatty acids and 

the highest value was in August. The level in August was significantly higher than 

the levels from March to April and from September to December (P<0.05). The 

percentages of 16:2n-y ranged from 1.5-2.7% of total fatty acids and the lowest level 

was recorded in August. The 18: 1 n-7 levels ranged from 3 .5-4. 7% of total fatty acids 

and the lowest level were in April and July. The levels declined from 4.6% in March 

to 3.5% in April and July after which the level rose to 4.2% in August and then 

fluctuated between 4.3% to 4.7% from September to December. The percentages of 

18: 1 n-7 in March and from August to December were significantly higher than the 

level in July (P<0.05). The levels of 18:2n-6 levels ranged from 2.2-6.3% of total 

fatty acids and the highest value was recorded in September. The levels gradually 

increased from 2.2% in March to a peak of 6.3% in September after which the levels 

declined to 5.4% in October and marginally increased to 5.6% in December. The 

percentages of 18:3n-3 ranged from 0.2-3.0% and the highest value was in 
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Septem ber. The levels from Septem ber to December were significantly higher than 

those in M arch and July (P<0.05).

The levels o f  20:5n-3 in the lipids o f  the ovaries ranged from 0.9-2.2% of 

total fatty acids. The lowest 20:5n-3 value was recorded in M arch and the values 

progressively increased to 1.5% in July after which the level dropped marginally to 

1.1% in A ugust. Subsequently, the levels progressively increased to 2.2% in 

N ovem ber and then dropped m arginally to 1.8% in December. The levels o f 20:5n-3 

from  O ctober to Decem ber were significantly higher than those in M arch, April and 

A ugust (P<0.05). The 22:4 levels in the lipids o f  the ovaries ranged from  0.8-2.3% o f  

total fatty acids and the highest value was recorded in M arch after which the values 

progressively declined until the m inim um  value was recorded in December.

Total saturated, monounsaturated and polyunsaturated fa tty  acids

The total saturated fatty acids o f  the lipids in the ovaries ranged from 34.8- 

40.5%  o f  to ta l fatty acids (Table 3.5). The levels from M arch to August were similar 

ranging from  34.8-37.4%  and the lowest value was in July. The level then increased 

to 39.1%  in Septem ber, declined to 37.9%  in October and rose again to 39.8% and 

40.5%  in N ovem ber and December, respectively. The total m onounsaturated fatty 

acids ranged from  19.6-33.3% o f  total Tatty acids and the lowest value was recorded 

in M arch. The levels increased to 27.7%  in April, declined to 20.9% in July and rose 

again to reach  a peak o f  33.3% in August. The levels subsequently fluctuated w ithin 

a narrow range o f  21.9-24.3 till December. The total PUFA ranged from 17.4-36.6% 

o f  total fatty acids and the highest value was in March. The levels declined to 23.1% 

in April, recovered to 32.4% in July and then dropped again quite significantly to 

17.4% in August. Subsequently, the levels increased to 22.6% in Septem ber and then 

fluctuated betw een 21.05%  and 22.6%  till December.

The n-6/n-3 ratios ranged from 1.2-2.9 and the highest ratio was recorded in 

July. The ratio increased from 1.8 in M arch to 2.9 in July after which the ratios 

declined to the lowest value in Novem ber.
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September. The levels from September to December were significantly higher than 

those in March and July (P<0.05). 

The levels of 20:Sn-3 in the lipids of the ovaries ranged from 0.9-2.2% of 

total fatty acids. The lowest 20:Sn-3 value was recorded in March and the values 

progressively increased to 1.5% in July after which the level dropped marginally to 

1.1 % in August. Subsequently, the levels progressively increased to 2.2% in 

November and then dropped marginally to 1.8% in December. The levels of 20:Sn-3 

from October to December were significantly higher than those in March, April and 

August (P<0.05). The 22:4 levels in the lipids of the ovaries ranged from 0.8-2.3% of 

total fatty acids and the highest value was recorded in March after which the values 

progressively declined until the minimum value -was recorded in December. 

Total saturated, monounsaturated and polyunsaturated fatty acids 

Th~ total saturated fatty acids of the lipids in the ovaries ranged from 34.8-

40.5% of total fatty acids (Table 3.5). The levels from March to August were similar 

ranging from 34.8-37.4% and the lowest value was in July. The level then increased 

to 39.1 % in September, declined to 37.9% in October and rose again to 39.8% and 

40.5% in November and December, respectively. The total monounsaturated fatty 

acids ranged from 19.6-33.3% of to_tal-fatty acids and the lowest value was recorded 

in March. The levels increased to 27.7% in April, declined to 20.9% in July and rose 

again to reach a peak of 33.3% in August. The levels subsequently fluctuated within 

a narrow range of 21.9-24.3 till December. The total PUF A ranged from 17.4-36.6% 

of total fatty acids and the highest value was in March. The levels declined to 23.1 % 

in April, recovered to 32.4% in July and then dropped again quite significantly to 

17.4% in August. Subsequently, the levels increased to 22.6% in September and then 

fluctuated between 21.05% and 22.6% till December. 

The n-6/n-3 ratios ranged from 1.2-2.9 and the highest ratio was recorded in 

July. The ratio increased from 1.8 in March to 2.9 in July after which the ratios 

declined to the lowest value in November. 
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3.3.2 Effect of adm inistering different dosages of Ovaprim on induced ovulation

3.3.2.1 Sexual dim orphism

Sexual dim orphism  in eel-tailed catfish (N. ater) was observed to be 

restricted to the shape o f  the short urinogenital papilla. The m ale urinogenital papilla 

is conical and raised, whereas that o f the female is stouter and slightly recessed. 

Fem ales with ripe eggs had distended abdomen as opposed to m ales that appeared 

m ore slender. These findings were similar to those reported by Orr and M ilward 

(1984).

3 .3 .2 .2  Preinjection oocyte diameters, ovulatory response and latency period

The oocyte diam eters prior to hormone administration ranged from 1.91-2.01 

m m  (Table 3.6) and the oocyte diameters for all the experim ental fish were not 

significantly different (P>0.05). Table 3.7 shows the ovulatory response o f  the fish 

receiving the different dosages o f  Ovaprim. There was no ovulatory response in fish 

that were treated w ith saline or 0.25 mL/kg BW  of Ovaprim, however, all fish that 

w ere administered w ith either 0.50, 0.75 or 1.00 mL/kg BW  o f  Ovaprim  ovulated. 

The latency period ranged from 20-23 hours at 26-30°C after the administration o f  

O vaprim  and there were no significant differences in the latency periods in the 

fem ales that ovulated.

3.3.2.3 Ovulatory egg diameters and water-hardened egg diam eters

A t the time o f  ovulation, the egg diameters o f  fish that w ere treated with 0.50 

m L, 0.75 mL or 1.00 mL/kg BW  o f Ovaprim were 2 .13±0.12 m m , 2.05±0.12 m m  and 

2.1610.13 mm, respectively, and the egg diameters in fish that were treated w ith 

either 0.50 mL or 1.00 mL/kg BW  o f  Ovaprim were similar (P>0.05) but larger than 

those in fish that were treated with 0.75 mL/kg BW  o f  Ovaprim. The water-hardened 

egg diameters o f fish that were treated with 0.50 mL, 0.75 mL or 1.00 mL/kg BW  o f 

Ovaprim  were 2.2110.14 mm, 2.3310.08 mm and 2.33+0.09 m m , respectively, and 

the water-hardened egg diameters o f fish treated with either 0.75 mL or 1.00 mL/kg 

BW  o f  Ovaprim were similar (P>0.05) but larger than those in fish treated with 0.50 

mL/kg BW  o f Ovaprim  (P<0.05).
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3.3.2 Effect of administering different dosages of Ovaprim on induced ovulation 

3.3.2.1 Sexual dimorphism 

Sexual dimorphism m eel-tailed catfish (N ater) was observed to be 

restricted to the shape of the short urinogenital papilla. The male urinogenital papilla 

is conical and raised, whereas that of the female is stouter and slightly recessed. 

Females with ripe eggs had distended abdomen as opposed to males that appeared 

more slender. These findings were similar to those reported by Orr and Milward 

( 1984). 

3.3.2.2 Preinjection oocyte diameters, ovulatory response and latency period 

The oocyte diameters prior to hormone administration ranged from 1.91-2.01 

mm (Table 3.6) and the oocyte diameters for all the experimental fish were not 

significantly different (P>0.05). Table 3. 7 shows the ovulatory response of the fish 

receiving the different dosages of Ovaprim. There was no ovulatory response in fish 

that were treated with saline or 0.25 mL;kg BW of Ovaprim, however, all fish that 
-

were administered with either 0.50, 0.75 or 1.00 mL1kg BW of Ovaprim ovulated. 

The latency period ranged from 20-23 hours at 26-30°C after the administration of 

Ovaprim and there were no significant differences in the latency periods in the 

females that ovulated. 

3.3.2.3 Ovulatory egg diameters and water-hardened egg diameters 

At the time of ovulation, the egg diameters of fish that were treated with 0.50 

mL, 0.75 mL or 1.00 mL1kg BW ofOvaprim were 2.13±0.12 mm, 2.05±0.12 mm and 

2.16±0.13 mm, respectively, and the egg diameters in fish that were treated with 

either 0.50 mL or 1.00 mL/kg BW of Ovaprim were similar (P>0.05) but larger than 

those in fish that were treated with 0.75 mL;kg BW of Ovaprim. The water-hardened 

egg diameters of fish that were treated with 0.50 mL, 0.75 mL or 1.00 mL/kg BW of 

Ovaprim were 2.21±0.14 mm, 2.33±0.08 mm and 2.33±0.09 mm, respectively, and 

the water-hardened egg diameters of fish treated with either 0.75 mL or 1.00 mukg 

BW of Ovaprim were similar (P>0.05) but larger than those in fish treated with 0.50 

mL1kg BW of Ovaprim (P<0.05). 
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Table 3.6 Summary o f the data on induced ovulation of eel-tailed catfish (TV. ater) 
administered with various dosages of Ovaprim. («=3)

Parameter Dosage o f  Ovaprim (mL/kg Body Weight)

0 0.25 0.50 0.75 1.00

TL (cm) 39.1+0.8 39.1±2.4 39.210.3 38.314.0 40 .214 .6

SL (cm) 34.6± 0 .6 34.712.1 34.910.5 33.713.5 35.6+4.2

BW (g) 584.7±44.5 581.8165.2 585.8151.9 543.91164.0 615 .51219 .6

P.O.D. (mm) 2 .01±0.15 1.9710.11 1.9110.13 1.96+0.14 1.93+0.11

L.P. (hours) 2013 2316 2213

O.E.D.(mm) 2 .1 3 i0 .1 2 b 2.0510.12a 2.1610.13b

W.H.E.D.(mm) 2.2110.14a 2 .3310 .08b 2 .3 3 1 0 .09b

N.O.E. 287114b 289110b 265113a

N.W.E. 110+11 113114 11118

W.F. 2,987+684 2,8771796 3,0011329

F.R.(%) 77.5+16.9 89.915.6 88.416.7

H.R.(%) 75.6+15.3 78.7+7.1 82.0115.3

TL - Total length, SL - Standard length, B.W. - Body weight, P.O.D. - Preinjection oocyte 
diameter, L.P. - Latency period, O.E.D.- Ovulatory egg diameter, W.H.E.D. - Water-hardened egg 
diameter, N.O.E.- Number o f  ovulated eggs/g, N.W.E. - Number o f water-hardened eggs/mL, W.F. 
- Working fecundity (number o f  ovulated eggs/lOOg BW), F.R. - Fertilisation rate, H.R. - Hatching 
rate.

Values in the row which are followed by different superscripts are significantly different (P<0.05).
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Table 3.6 Summary of the data on induced ovulation of eel-tailed catfish (N. ater) 
administered with various dosages of Ovaprim. (n=3) 

Parameter Dosage of Ovaprirn (mL/kg Body Weight) 

0 0.25 0.50 0.75 1.00 

TL (cm) 39.1±0.8 39.1±2.4 39.2±0.3 38.3±4.0 40.2±4.6 

SL (cm) 34.6±0.6 34.7±2.1 34.9±0.5 33.7±3.5 35.6±4.2 

BW (g) 584.7±44.5 58i.8±65.2 585.8±51.9 543.9±164.0 615.5±219.6 

P.O.D. (mm) 2.01±0.15 1.97±0.11 1.91±0.13 1.96±0.14 1.93±0.11 

L.P. (hours) 20±3 23±6 22±3 

O.E.D.(mrn) 2.13±0.12b 2.05±0.12a 2.16±0.13b 

W.H.E.D.(rnm) 2.21±0.14a 2.33±0.08b 2.33±0.09b 

N.O.E. 287±14b 289±10b 265±13a 

N.W.E. 110±11 113±14 111±8 

W.F. 2,987±684 2,877±796 3,001±329 

F.R.(%) 77.5±16.9 89.9±5.6 88.4±6.7 

H.R.(%) 75.6±15.3 78.7±7.1 82.0±15.3 

TL - Total length, SL - Standard length, B.W. - Body weight, P.O.D. - Preinjection oocyte 
diameter, LP. - Latency period, O.E.D.- Ovulatory egg diameter, W.H.E.D. - Water-hardened egg 
diameter, N.O.E.- Number of ovulated eggs/g, N.W.E. - Number of water-hardened eggs/mL, W.F. 
- Working fecundity (number of ovulated eggs/l00g BW), F.R. - Fertilisation rate, H.R. - Hatching 
rate. 

Values in the row which are followed by different superscripts are significantly different (P<0.05). 
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Table 3.7 The ovulatory response of eel-tailed catfish 
(N. ater) administered with Ovaprim.

Ovaprim 
(ml/kg BW)

N um ber o f  fish

Ovulated Non-ovulated Total

0 0 4 4
0.25 0 4 4
0.50 4 0 4
0.75 4 0 4
1.00 4 0 4

Table 3.8 Total length, wet weight and total lipid content of 
ovulated eggs and larvae of eel-tailed catfish (TV. ater). (Lipid 
data given are means of triplicate analyses; mean ± sd).

Sample Total length 
(mm)

W et weight 
(mg)

Lipid
(% dry weight)

Ovulated eggs 2.23±0.28* DNA 25.9±0.9

0-day larvae 5 .11±0.13 1.8±0.4 23.7±1.2

1-day larvae 7.27±0.26 3.1±0.4 29.0±0.6

3-day larvae 9.35±0.32 4.9±0.6 25.O il . 1

5-day larvae 9.32±0.47 4.3±0.4 19.3±1.4

* Diameter

D N A - Data not available
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Table 3.7 The ovulatory response of eel-tailed catfish 
(N. ater) administered with Ovaprim. 

Ovaprim Number of fish 
(ml/kgBW) 

Ovulated Non-ovulated Total 

0 0 4 4 
0.25 0 4 4 
0.50 4 0 4 
0.75 4 0 4 
1.00 4 0 4 

Table 3.8 Total length, wet weight and total lipid content of 
.ovulated eggs and larvae of eel-tailed catfish -(N. ater). (Lipid 
data given are means of triplicate analyses; mean ± sd). 

Sa..rnple 

Ovulated eggs 

0-day larvae 

1-day larvae 

3-day larvae 

5-day larvae 

* Diameter 

Total length 
(mm) 

2.23±0.28* 

5.11±0.13 

7.27±0.26 

9.35±0.32 

9.32±0.47 

DNA - Data not available 

Wet weight 
(mg) 

DNA 

1.8±0.4 

3.1±0.4 

4.9±0.6 

4.3±0.4 

Lipid 
(% dry weight) 

25.9±0.9 

23.7±1.2 

29.0±0.6 

25.0±1.1 

19.3±1.4 
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3.3.2.4 N um ber of ovulated eggs/g, working fecundities and number of water- 
hardened eggs/m L

The num ber o f  ovulated eggs/g o f  eggs in fish that were treated with 0.50, 

0.75 or 1.00 mL/kg BW  o f Ovaprim  were 287±14, 289±10 and 265+13, respectively. 

The egg num ber in fish that were treated with 0.50 or 0.75 mL/kg BW  of Ovaprim 

were sim ilar (P>0.05) but significantly higher than those treated with 1.00 mL/kg 

BW  o f Ovaprim . The working fecundity per 100 g BW  was calculated by using the 

form ula [(Total num ber o f ovulated eggs/BW  o f female in g) X 100 g]. The working 

fecundities for fish in the three successful treatments ranged from 2,877-3,001 eggs 

per lOOg BW  and there were no significant differences am ong the three treatments 

(P>0.05). The num ber o f  water-hardened eggs/mL in fish that were administered 

0.50, 0.75 or 1.00 mL/kg BW  o f  Ovaprim were 110± 11, 113±13, 111±8, 

respectively, and the egg numbers in the three treatm ents were similar (P>0.05). ,

3.3.2.5 Fertilisation and hatching ra tes .

The fertilisation and hatching rates for the three successful treatments ranged 

from 77.5-89.9%  and 75.6-82.0%, respectively, and both the fertilisation and 

hatching rates were not significantly different betw een treatm ents (P>0.05). The 

incubation period ranged from 36-48 h at 26-30°C. The total length, standard length 

and weight o f  the newly hatched larvae in the 1994 breeding season were 5.08±0.05 

mm, 4.87±0.10 m m  and 1.9±0.1 mg, respectively.

3.3.3 Lipid content and fatty acid composition o f the eggs and larvae

The total lengths and wet w eights o f  larvae in the 1993 breeding season are 

presented in Table 3.8. The larvae were 5.11 m m  at hatching and the larvae grew in 

terms o f  total length up to the third day after which there was no length increment. 

The larvae initially weighed 1.8±0.4 m g at hatching and by the third day weighed 4.9 

m g, however, by the fifth day, the larval weight had declined to 4.3 mg.

3.3.3.1 Total lipids of the eggs and larvae

The lipid content o f ovulated eggs, 0-day, 1-day, 3-day and 5-day larvae that 

were obtained by treating the gravid females with 0.5 m L/kg BW  o f  Ovaprim were
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3.3.2.4 Number of ovulated eggs/g, working fecundities and number of water
hardened eggs/mL 

The number of ovulated eggs/g of eggs in fish that were treated with 0.50, 

0.75 or 1.00 rnL1kg BW of Ovaprim were 287±14, 289±10 and 265±13, respectively. 

The egg number in fish that were treated with 0.50 or 0.75 mL1kg BW of Ovaprim 

were similar (P>0.05) but significantly higher than those treated with 1.00 mLikg 

BW of Ovaprim. The working fecundity per 100 g BW was calculated by using the 

formula [(Total number of ovulated eggs/BW of female in g) X 100 g]. The working 

fecundities for fish in the three successful treatments ranged from 2,877-3,001 eggs 

per 1 OOg BW and there were no significant differences among the three treatments 

(P>0.05). The number of water-hardened eggs/rnL in fish that were administered 

0.50, 0.75 or 1.00 rnL1kg BW of Ovaprim were 110±11, 113±13, 111±8, 

respectively, and the egg numbers in the three treatments were similar (P>0.05). , 

3.3.2.5 Fertilisation and hatching rates_ 

The fertilisation and hatching rates for the three successful treatments ranged 

from 77.5-89.9% and 75.6-82.0%, respectively, and both the fertilisation and 

hatching rates were not significantly different between treatments (P>0.05). The 

incubation period ranged from 36-48 h at 26-30°C. The total length, standard length 

and weight of the newly hatched larvae in the 1994 breeding season were 5.08±0.05 

mm, 4.87±0.10 mm and 1.9±0.1 mg, respectively. 

3.3.3 Lipid content and fatty acid composition of the eggs and larvae 

The total lengths and wet weights of larvae in the 1993 breeding season are 

presented in Table 3.8. The larvae were 5.11 mm at hatching and the larvae grew in 

terms of total length up to the third day after which there was no length increment. 

The larvae initially weighed 1.8±0.4 mg at hatching and by the third day weighed 4.9 

mg, however, by the fifth day, the larval weight had declined to 4.3 mg. 

3.3.3.1 Total lipids of the eggs and larvae 

The lipid content of ovulated eggs, 0-day, 1-day, 3-day and 5-day larvae that 

were obtained by treating the gravid females with 0.5 mL/kg BW of Ovaprim were 
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Table 3.9 Total lipid content of ovulated eggs, viable and non-viable eggs 
of eel-tailed catfish (N. ater). (Data given are the m eans o f triplicate 
analysis; overall mean ±  sd; n=3).

Egg Category Lipid (% dry weight)

Sample 1 Sample 2 Sample 3 M ean

Ovulated eggs 31.8±3.6 28.0±1.3 24.710.7 28.213.6

Viable eggs 31.3±2.7 30.913.7 23.510.2 28.514.4

Non-viable eggs 32.4±3.6 30.312.9 28.010.9 30.213.0
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Table 3.9 Total lipid content of ovulated eggs, viable and non-viable eggs 
of eel-tailed catfish (N. ater). (Data given are the means of triplicate 
analysis; overall mean ± sd; n=3). 

Egg Category 

Ovulated eggs 

Viable eggs 

Non-viable eggs 

Lipid (% dry weight) 

Sample 1 

31.8±3.6 

31.3±2.7 

32.4±3.6 

Sample 2 

28.0±1.3 

30.9±3.7 

30.3±2.9 

Sample 3 

24.7±0.7 

23.5±0.2 

28.0±0.9 

Mean 

28.2±3.6 

28.5±4.4 

30.2±3.0 
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T able 3.10 Fatty acid composition of the lipids extracted from eggs and 
larvae o f eel-tailed catfish (N. ater). (% of total fatty acids; Data given are 
m eans o f triplicate analyses; n = l).

Fatty Acid Eggs Larvae (Age in days)

0-day 1-day 3-day 5-day

14:0 2.1±0.2C 2.1±0.2C 1.9±0.1c 1 .4 i0 .0b 0 .8 i0 .0 a

15:0 l . l± 0 .0 b l.l± 0 .1 b l.l± 0 .1 b l .H 0 .0 b 1.010.03

16:0 26.5±0.5b 26.4±0.2b 26.9+1.0b 25.9+0.3b 22.710.53

18:0 12.0±0.3a 11.8±0.9a 11.4±0.1a 12.510.23 15.1iO.Ob

16:ln-7 2.8±0.1c 2.8±0.4C 2.5±0.3C 1.7 i0 .0b 0.810.03

18:ln-7 5.010.1° 4.9±0.1bc 5.010.1c 4.610.0bc 3.310. l a

18 :ln -9 14.0±0.2C 14.0±0.1c 13.7±0.2bc 13.4i0 .1b 12.710.l a

16:2n-y 2.2±0.-0bc 2,2±0.0bc 2.3±0.0C 2.1+0.0b 1.710.03

18:2n-6 3.3±0.0b 3 .3 i0 .0b 3.3±O.Ob 2.8+0.0b 1.810.13

18:3n-3 0.4±0.0bc 0.5±0.0C 0.410.0bc 0 .3 i0 .0b o .o io .o 3

20:3 1.8±0.0b 1.8±0.1b 1 .7 i0 .0ab 1.7+0.1ab 1.610.03

20:4n-6 8.6±0.3a 8.8±0.6ab 8.110. l a 9 .8 l0 .3 b 12.410.3C

20:5n-3 1.1±0.0C 1.110.1° 0 .9 l0 .0 b 0.810.0b 0.610.03

22:5 1.2±0.0a 1.3±0.1a 1 .2 i0 .0a 1.410. l a 1 .8 i0 .0b

22:5n-x 2.3±0.0a 2.4±0.2a 2.210. l a 2 .810 .l b 3.910.1°

22:6n-3 8.1±0.2a 8.3±0.5a 7 .510 .l a 9 .7 l0 .4b 15.810.4°

Continued overleaf
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Table 3.10 Fatty acid composition of the lipids extracted from eggs and 
larvae of eel-tailed catfish (N. ater). (% of total fatty acids; Data given are 
means of triplicate analyses; n=l). 

Fatty Acid Eggs Larvae (Age in days) 

0-day 1-day 3-day 5-day 

14:0 2.1±0.2c 2.1±0.t 1.9±0.1 C 1.4±0.0b 0.8±0.0a 

15:0 1.1±0.0b 1.1±0.1 b 1.1±0.1 b 1.1±0.0b 1.0±0.0a 

16:0 26.5±0.5b 26.4±0.2b 26.9±1.0b 25.9±0.3b 22.7±0.5a 

18:0 12.0±0.3a l l.8±0.9a 11.4±0.1 a 12.5±0.2a 15.1±0.0b 

16:ln-7 2.8±0.1 C 2.8±0.4c 2.5±0.3c 1.7±0.0b 0.8±0.0a 

18:ln-7 5.0±0.1 c 4.9±0.1 be 5.0±0. l c 4.6±0.0bc 3.3±0.1 a 

18:ln-9 14.0±0.2c 14.0±0.1 C 13.7±0.2bc 13.4±0.1 b 12.7±0.1 a 

16:2n-y 2.2±0.-0bc 2.2±0.0bc 2.3±0.0c 2.1±0.0b 1.7±0.0a 

3.3±0.0b 3.3±0.01;> 
-

3.3±0.0b 2.8±0.0b 1.8±0.1 a 18:2n-6 

18:3n-3 0.4±0.0bc 0.5±0.0c 0.4±0.0bc 0.3±0.0b 0.0±0.0a 

20:3 1.8±0.0b 1.8±0.1 b 1.7±0.0ab 1.7±0.1 ab 1.6±0.0a 

20:4n-6 8.6±0.3a 8.8±0.6ab 8.1±0.1 a 9.8±0.3b 12.4±0.3c 

20:5n-3 1.1±0.0c 1.1±0.lc 0.9±0.0b 0.8±0.0b 0.6±0.0a 

22:5 1.2±0.0a 1.3±0.1 a 1.2±0.0a 1.4±0.1 a 1.8±0.0b 

22:5n-x 2.3±0.0a 2.4±0.2a 2.2±0.1 a 2.8±0.1 b 3.9±0.1 C 

22:6n-3 8.1±0.2a 8.3±0.5a 7.5±0.1 a 9.7±0.4b 15.8±0.4c 

Continued overleaf 
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T a b le  3.10 (C ontd .)

Fatty Acid Eggs Larvae (Age in days)

0-day 1-day 3-day 5-day

Total sa t.1 41.7 41.4 41.3 40.9 39.6
Total m ono.- 21.8 21.7 21.2 19.7 16.8

Total PUFA." 23.5 24.2 22.0 26.5 36.1
n-6/n-3 1.5 1.5 1.5 1.4 1.1

1 2 3T otal saturated fatty acids, Total m onounsaturated fatty acids, Total 
polyunsaturated fatty acids.

Values in the rows followed by different superscripts are significantly different 
(P<0.05)
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Table 3.10 (Contd.) 

Fatty Acid Eggs Larvae (Age in days) 

0-day 1-day 3-day 5-day 

Total sat. 
1 

41.7 41.4 41.3 40.9 39.6 
? 

Total mono.- 21.8 21.7 21.2 19.7 16.8 

Total PUF A. 
3 23.5 24.2 22.0 26.5 36.1 

n-6/n-3 1.5 1.5 1.5 1.4 1.1 

1 
Total saturated fatty acids, 

2 
Total monounsaturated fatty acids, 

3 
Total 

polyunsaturated fatty acids. 

Values in the rows followed by different superscripts are significantly different 
(P<0.05) 
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36.1%  o f  total fatty acids and the highest value was in the 5-day larvae. The n-6/n-3 

ratios ranged from 1.1-1.5 and the lowest ratio was recorded in the 5-day larvae.

In the other study on the fatty acids o f ovulated eggs, 8-h viable and non- 

viable eggs, a total o f  18 fatty acids were detected in the lipids o f the eggs (Table 

3.11). The m ajor fatty acids in the lipids o f the eggs were 16:0, 18:0 and 18:ln-9. 

The levels o f  16:0 in ovulated eggs, viable and non-viable eggs were not significantly 

different (P>0.05) and ranged from  31.1-31.9% of total fatty acids. The 18:0 levels in 

the three categories o f  eggs ranged from 12.8-13.2% and the levels were also similar 

(P>0.05). The content o f  18 :ln-9  in the eggs ranged from 14.3-14.8% and the values 

were not significantly different (P>0.05).

The fatty acids that occurred in  moderate amounts in the lipids o f the eggs (5- 

10% o f  total fatty acids) were 20:4n-6 and 22:6n-3 (Table 3.11). The levels o f 20:4n- 

6 in ovulated eggs, viable and non-viable eggs ranged from 5.4-5.6% o f  total fatty 

acids and the values were sim ilar (P>0.05). The 22:6n-3 levels in three categories o f 

eggs ranged from  6.9-7.4%  o f  total fatty acids and they were also not significantly 

d ifferent (P>0.05).

The fatty acids that occurred in low amounts in the lipids o f the eggs (1-5% 

o f  total fatty acids) were 14:0, 15:0, 16:ln-7, 16:2n-y, 18:ln-7, 18:2n-6, 18:3n-3, 

20:3, 20:5n-3, 22:5 and 22:5n-6 (Table 3.11). The levels o f  14:0 in ovulated.eggs, 

viable and non-viable eggs were the same and recorded 1.4% o f  total fatty acids. 

Sim ilarly, the 15:0 levels in the three categories o f eggs w ere also the same and 

recorded 1.1% o f  total fatty acids. The content o f 16:ln-7 in the eggs ranged from

3.0-3.3%  o f  total fatty acids and the respective values were not significantly different 

(P>0.05). The 16:2n-y content in the eggs were similar (P>0.05) and ranged from

2.1-2.2%  o f  total fatty acids.

The level o f 18 :ln-7  in ovulated eggs, viable and non-viable eggs fluctuated 

w ithin a narrow  range o f  4.8-4.9%  o f  total fatty acids and they were not significantly 

different (P>0.05). The 18:2n-6 levels in the three categories o f  eggs also fluctuated 

w ithin a narrow range o f  4.2-4.4%  o f  total fatty acids and they were also similar 

(P>0.05). The content o f  18:3n-3 in the eggs ranged from 1.3-1.4% o f  total fatty 

acids and the values were not significant different (P>0.05).
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36.1 % of total fatty acids and the highest value was in the 5-day larvae. The n-6/n-3 

ratios ranged from 1.1-1.5 and the lowest ratio was recorded in the 5-day larvae. 

In the other study on the fatty acids of ovulated eggs, 8-h viable and non

viable eggs, a total of 18 fatty acids were detected in the lipids of the eggs (Table 

3.11). The major fatty acids in the lipids of the eggs were 16:0, 18:0 and 18:ln-9. 

The levels of 16:0 in ovulated eggs, viable and non-viable eggs were not significantly 

different (P>0.05) and ranged from 31.1-31.9% of total fatty acids. The 18:0 levels in 

the three categories of eggs ranged from 12.8-13.2% and the levers were also similar 

(P>0.05). The content of 18: ln-9 in the eggs ranged from 14.3-14.8% and the values 

were not significantly different (P>0.05). 

The fatty acids that occurred in moderate amounts in the lipids of the eggs (5-

10% of total fatty acids) were 20:4n-6 and 22:6n-3 (Table 3.11). The levels of20:4n-

6 in ovulated eggs, viable and non-viable eggs ranged from 5.4-5.6% of total fatty 

acids and the values were similar (P>0.05). The 22:61'!-3 levels in three categories of 

eggs ranged from 6.9-7.4% of total fatty acids and they were also not significantly 

different (P>0.05). 

The fatty acids that occurred in low amounts in the lipids of the eggs (1-5% 

·of total fatty acids) were 14:0, 15:0, 16:ln-7, 16:2n-y, 18:lri.-7, 18:2n-6, 18:3n-3, 

20:3, 20:5n-3, 22:5 and 22:5n-6 (Table 3.11). The levels of 14:0 in ovulated.eggs, 

viable and non-viable eggs were the same and recorded 1.4% of total fatty acids. 

Similarly, the 15:0 levels in the three categories of eggs were also the same and 

recorded 1. 1 % of total fatty acids. The content of 16: ln-7 in the eggs ranged from 

3.0-3.3% of total fatty acids and the respective values were not significantly different 

(P>0.05). The 16:2n-y content in the eggs were similar (P>0.05) and ranged from 

2.1-2.2% of total fatty acids. 

The level of 18:ln-7 in ovulated eggs, viable and non-viable eggs fluctuated 

within a narrow range of 4.8-4.9% of total fatty acids and they were not significantly 

different (P>0.05). The 18:2n-6 levels in the three categories of eggs also fluctuated 

within a narrow range of 4.2-4.4% of total fatty acids and they were also similar 

(P>0.05). The content of 18:3n-3 in the eggs ranged from 1.3-1.4% of total fatty 

acids and the values were not significant different (P>0.05). 
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T able 3.11 Fatty acid profile of the lipids extracted from  ovulated eggs, viable 
eggs and non-viable eggs of eel-tailed catfish (N. ater). (% total fatty acids, Data 
given are means o f triplicate analysis; mean ± sd; n=3)

Fatty Acid Ovulated Eggs Viable Eggs Non-viable Eggs

12:0 0.8±0.1 0.910.2 0.910.1

14:0 1.3±0.2 1.410.2 1.410.2

15:0 1.1 ±0.3 1.110.30 1.110.3

16:0 31.5+2.0 31.112.9 31.911.7

18:0 12.8+0.2 13.210.5 13.010.5

16:ln-7 3.0±1.4 3.311.2 3.111.5

18:ln-7 4.9±0.4 4.810.3 4.910.5

18:ln-9 14.3±3.6 14.812.5 14.4+3.3

16:2n-y 2.2±0.6 2.110.5 2.210.6

18:2n-6 4.4+0.9 4.411.1 4.211.0

18:3n-3 1.4±0.7 1.310.7 1.410.7

20:3 1.110.3 1.110.3 1.210.3

20:4n-6 5.610.8 5.610.5 5.410.7

22:4 0.910.1 0.910.2 0.910.1

20:5n-3 1.610.7 1.710.6 1.710.7

22:5n-x 1.310.4 1.510.3 1.510.5

22:5n-y 1.110.2 1.110.1 1.110.1

22:6n-3 7.010.7 6.910.8 7.411.1

Continued overleaf
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Table 3.11 Fatty acid profile of the lipids extracted from ovulated eggs, viable 
eggs and non-viable eggs of eel-tailed catfish (N. ater). (% total fatty acids, Data 
given are means of triplicate analysis; mean ± sd; n=3) 

Fatty Acid Ovulated Eggs Viable Eggs Non-viable Eggs 

12:0 0.8±0.1 0.9±0.2 0.9±0.1 

14:0 1.3±0.2 1.4±0.2 1.4±0.2 

15:0 1.1±0.3 1.1±0.30 1.1±0.3 

16:0 31.5+? .0 31.1±2.9 31.9±1.7 

-

18:0 12.8±0.2 13.2±0.5 13.0±0.5 

16:ln-7 3.0±1.4 3.3±1.2 3.1±1.5 

18:ln-7 4.9±0.4 4.8±0.3 4.9±0.5 

18:ln-9 14.3±3.6 14.8+?.5 14.4±3.3 

16:2n-y 2.2±0.6 2.1±0.5 2.2±0.6 

18:2n-6 4.4±0.9 4.4±1.1 4.2±1.0 

18:3n-3 1.4±0.7 1.3±0.7 1.4±0.7 

20:3 1.1±0.3 1.1±0.3 1.2±0.3 

20:4n-6 5.6±0.8 5.6±0.5 5.4±0.7 

22:4 0.9±0.1 0.9±0.2 0.9±0.1 

20:5n-3 1.6±0.7 1.7±0.6 1.7±0.7 

22:Sn-x 1.3±0.4 1.5±0.3 1.5±0.5 

22:Sn-y 1.1±0.2 1.1±0.1 1.1±0.l 

22:6n-3 7.0±0.7 6.9±0.8 7.4±1.1 

Continued overleaf 
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T able 3.11 (C ontd.)

Total sa t.1 47.6 47.7 48.3

Total mono." 22.2 22.9 22.4

Total PU FA .3 20.0 20.1 20.6

n-6/n-3 1.0 1.0 1.0

1 Total saturated fatty acid

Total m onounsaturated fatty acid

3 Total polyunsaturated fatty acid

Table 3.11 (Contd.) 

Total sat. 
l 

47.6 

,, 
Total mono.- 22.2 

Total Pl.TF A.
3 20.0 

n-6/n-3 1.0 

1 Total saturated fatty acid 

2 Total mono unsaturated fatty acid 

3 Total polyunsaturated fatty acid 
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47.7 48.3 

22.9 22.4 

20.1 20.6 

1.0 1.0 
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The levels o f 20:3 in ovulated eggs, viable and non-viable eggs ranged from

1.1 -1.2%  o f  total fatty acids and the levels were similar (P>0.05). 20:5n-3 levels 

w ere not significantly different in the three categories o f eggs (P>0.05). The content 

o f  22:5n-x in the different categories o f eggs ranged from 1.3-1.5% o f  total fatty 

acids and the values were sim ilar (P>0.05). The 22:5n-y content in the three 

categories o f  eggs were the same and recorded 1.1% o f total fatty acids. The fatty 

acids that occurred in very low amounts in the lipids o f the eggs (<1%  o f total fatty 

acids) w ere 12:0 and 22:4.

The total saturated fatty acids in the lipids o f  ovulated eggs, viable and non- 

viable eggs ranged from 47.6-48.3%  o f total fatty acids and the value for non-viable 

eggs w as m arginally higher than those o f ovulated and viable eggs (Table 3.11). The 

total m onounsaturated fatty acids in the lipids o f the three categories o f  eggs ranged 

from  22.2-22.9%  o f total fatty acids and the levels were similar. The total PUFA in 

the lipids o f  the different categories o f eggs ranged from 20.0-20.6%  o f  total fatty 

acids the values were similar. The n-6/n-3 ratios in the ovulated eggs, viable and 

non-viable eggs had the same value o f  1.0.

3.4 DISCUSSIO N

3.4.1 Seasonal changes in the mass, total lipids and fatty acid com position of the 
liver and ovary of adult female catfish

3.4.1.1 Gonadosom atic and Hepatosomatic indices, and lipid content o f the liver 
and ovary

The annual reproductive cycle in fishes are characterised by the resting 

period, a period o f gametogenesis and the spawning period (Lehri 1968, M ollah 

1986, van Oordt et al. 1987). This pattern o f gonadal development was also observed 

in w ild adult female eel-tailed catfish in this study. The GSI o f female catfish was 

below  1% from M arch to October and this period was thus considered to be the 

resting stage o f the annual reproductive cycle. The GSI o f the resting period ranged 

from  0.2-1%  in C. batrachus (Lehri 1968) and 1-4% in both C. macrocephalus 

(M ollah 1986) and C. gariepinus (van Oordt et al. 1987).
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The levels of 20:3 in ovulated eggs, viable and non-viable eggs ranged from 

1.1-1.2% of total fatty acids and the levels were similar (P>0.05). 20:Sn-3 levels 

were not significantly different in the three categories of eggs (P>0.05). The content 

of 22:5n-x in the different categories of eggs ranged from 1.3-1.5% of total fatty 

acids and the values were similar (P>0.05). The 22:5n-y content in the three 

categories of eggs were the same and recorded 1.1 % of total fatty acids. The fatty 

acids that occurred in very low amounts in the lipids of the eggs ( <l % of total fatty 

acids) were 12:0 and 22:4. 

The total saturated fatty acids in the lipids of ovulated eggs, viable and non

viable eggs ranged from 47.6-48.3% of total fatty acids and the value for non-viable 

eggs was marginally higher than those of ovulated and viable eggs (Table 3.11). The 

total monounsaturated fatty acids in the lipids of the three categories of eggs ranged 

from 22.2-22.9% of total fatty acids and the levels were similar. The total PUF A in 

the lipids of the different categories of eggs ranged from 20.0-20.6% ~f total fatty 

acids the values were similar. The n-6/n-3 ratios in the ovulated eggs, viable and 

non-viable eggs had the same value of 1.0. 

3.4 DISCUSSION 

3.4.1 Seasonal changes in the mass, total lipids and fatty acid composition of the 
liver and ovary of adult female catfish 

3.4.1.1 Gonadosomatic and Hepatosomatic indices, and lipid content of the liver 
and ovary 

The annual reproductive cycle in fishes are characterised by the resting 

period, a period of gametogenesis and the spawning period (Lehri 1968, Mollah 

1986, van Oordt et al. 1987). This pattern of gonadal development was also observed 

in wild adult female eel-tailed catfish in this study. The GSI of female catfish was 

below 1 % from March to October and this period was thus considered to be the 

resting stage of the annual reproductive cycle. The GSI of the resting period ranged 

from 0.2-1 % in C. batrachus (Lehri 1968) and 1-4% in both C. macrocephalus 

(Mollah 1986) and C. gariepinus (van Oordt et al. 1987). 



W hile the HSI o f  eel-tailed catfish in August was close to the lowest value for 

the year, the liver lipid level in August was higher than that recorded in July (P>0.05) 

w hich had the lowest level for the year. The liver lipid content during the resting 

stage in fem ale capelin was 1.5% wet weight and this value was lower than those 

during gam etogenesis (Henderson et al. 1984).

The lipid contents o f  the ovary from M arch to October were not significantly 

different (P>0.05) and the level in August was sim ilar to that in July (P>0.05) which 

had the low est lipid level for the year. During the resting stage, the lipid levels in the 

ovaries o f  eel-tailed catfish and capelin were 3.4%  o f  WW  and 3.5% o f WW, 

respectively  (Henderson et al. 1984). The findings suggested that the accumulation o f 

vitellogenin, an im portant egg lipoprotein, was probably lower during the resting 

period especially from M arch to July. Since the peak o f  “winter” o f northern tropical 

A ustralia occurred in July and August, and lower GSI and lower lipid content in the 

ovary w ere recorded during those months, the data suggested that the m ajor resting 

phase in the annual reproductive cycle o f  eel-tailed catfish occurred in July.

In N ovem ber and December, the GSI in eel-tailed catfish rapidly increased 

and ranged from  3.6-4.9%  indicating that the ovary was increasing in mass as a result 

o f  gam etogenesis. The GSI o f fish also increased during gonadogenesis and their 

GSI ranged from  2-7.5%  in C. batrachus (Lehri 1968), about 5-10% in C. 

m acrocephalus  (M ollah 1986) and about 4-9%  in C. gariepinus (van Oordt et al.

1987).

E ven though the H SI in eel-tailed catfish was the highest in July, and the 

value w as higher than the HSI in December, the values for the different months were 

not significantly different. This finding m ay have been attributed to the small sample 

size o f  fish caught. In some fish, the liver m ass and HSI increase during 

gam etogenesis, however, this was not observed in this study. In the case o f  capelin, 

the liver m ass increased 3-5 fold during the early stages o f  oogenesis (Henderson et 

al. 1984). From  August to December, sim ilar trends o f  progressively increasing lipid 

levels in the liver and ovary o f eel-tailed catfish were recorded and these trends were 

also observed in capelin (Henderson et al. 1984). These observations suggested that 

as m ore vitellogenin was produced in the liver, the vitellogenin was transported to 

the ovary during gametogenesis.
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While the HSI of eel-tailed catfish in August was close to the lowest value for 

the year, the liver lipid level in August was higher than that recorded in July (P>0.05) 

which had the lowest level for the year. The liver lipid content during the resting 

stage in female capelin was 1.5% wet weight and this value was lower than those 

during gametogenesis (Henderson et al. 1984). 

The lipid contents of the ovary from March to October were not significantly 

different (P>0.05) and the level in August was similar to that in July (P>0.05) which 

had the lowest lipid level for the year. During the resting stage, the lipid levels in the 

ovaries of eel-tailed catfish and capelin were 3.4% of WW and 3.5% of WW, 

respectively (Henderson et al. 1984). The findings suggested that the accumulation of 

vitellogenin, an important egg lipoprotein, was probably lower during the resting 

period especially from March to July. Since the peak of "winter" of northern tropical 

Australia occurred in July and August, and lower GSI and lower lipid content in the 

ovary were recorded during those months, the data suggested that the major resting 

phase in the annual reproductive cycle of eel-tailed catfish occurred in July. 

In November and December, the GSI in eel-tailed catfish rapidly increased 

and ranged from 3.6-4.9% indicating that the ovary was increasing in mass as a result 

of gametogenesis. The GSI of fish also increased during gonadogenesis and their 

GSI ranged from 2-7.5% in C. batrachus (Lehri 1968), about 5-10% in C. 

macrocephalus (Mollah 1986) and about 4-9% in C. gariepinus (van Oordt et al. 

1987). 

Even though the HSI in eel-tailed catfish was the highest in July, and the 

value was higher than the HSI in December, the values for the different months were 

not significantly different. This finding may have been attributed to the small sample 

size of fish caught. In some fish, the liver mass and HSI increase during 

gametogenesis, however, this was not observed in this study. In the case of capelin, 

the liver mass increased 3-5 fold during the early stages of oogenesis (Henderson et 

al. 1984). From August to December, similar trends of progressively increasing lipid 

levels in the liver and ovary of eel-tailed catfish were recorded and these trends were 

also observed in capelin (Henderson et al. 1984). These observations suggested that 

as more vitellogenin was produced in the liver, the vitellogenin was transported to 

the ovary during gametogenesis. 
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The increasing GSI in eel-tailed catfish was accompanied by increasing lipid 

conten t o f  the ovary indicating that lipids were selectively accumulated in the ovary 

during gam etogenesis. The increase in lipid content in the ovary during 

recrudescence was also reported in capelin (Henderson et al. 1984). The lipid content 

in the roes, eggs or mature oocytes in several fishes were: channel catfish (22.6%  o f 

D W ), M acquarie perch (21.3-22.7% o f DW ), striped bass (56.8-64.5% o f  DW ) (Eun 

et al. 1994, Harrell and Woods 1995, Sheikh-Eldin et al. 1996).

3.4.1.2 Fatty acid composition o f  the lipids extracted from the liver and ovary

T he liver is a major organ for vitellogenesis and lipoproteins that are 

synthesised there are subsequently transported to the ovaries during gametogenesis. 

The total saturated fatty acids in the liver o f  eel-tailed catfish increased from  40.2% 

o f  total fatty acids in August to 44.2% in November indicating the importance o f 

saturated fatty acids during gametogenesis (Table 3.4). However, the level o f  the 

m ajor saturated fatty acid 16:0 fluctuated within a narrow range (24.0-26.5% o f  total 

fatty  acids). This was an indication that the accumulation o f  "16:0 in the liver was not 

affected by  gametogenesis. A sim ilar observation was made in cod where the level o f 

16:0 in the liver ranged from 12.2-13.3% during maturation (Jangaard et al. 1967).

E ven though there were no significant seasonal changes o f 16:0 in the liver o f 

eel-tailed  catfish, the levels o f 16:0 in the ovary increased from 18.3% o f  total fatty 

acids to 25%  during gametogenesis indicating that 16:0 was selectively accum ulated 

during th is period. A  similar trend was observed in herring C. harengus where the 

level o f  16:0 increased from 19.6% o f  total fatty acids in stage ID ovary to 21.8%  in 

stage V ovary  (Henderson and Alm atar 1989). The opposite trend was shown during 

m aturation  in capelin and cod, where the levels o f 16:0 in the gonad or roe decreased 

from  20.2%  to 17.8%, and 22.2%  to 19.3%, respectively (Jangaard et al. 1967, 

H enderson  et al. 1984).

T he levels o f  18:0 in the liver o f eel-tailed catfish increased from 10.1% of 

total fatty acids to 14.6% from August to November indicating that this fatty acid 

w as also accum ulated in the liver during gametogenesis (Table 3.4). A  similar 

observation  was made in the level o f  18:0 in the liver o f  cod, which m arginally 

increased from  2.1% to 3.1% (Jangaard et al. 1967). The levels o f 18:0 in the ovary
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The increasing GSI in eel-tailed catfish was accompanied by increasing lipid 

content of the ovary indicating that lipids were selectively accumulated in the ovary 

during gametogenesis. The increase in lipid content in the ovary during 

recrudescence was also reported in capelin (Henderson et al. 1984). The lipid content 

in the roes, eggs or mature oocytes in several fishes were: channel catfish (22.6% of 

DW), Macquarie perch (21.3-22.7% of DW), striped bass (56.8-64.5% of DW) (Eun 

et al. 1994, Harrell and Woods 1995, Sheikh-Eldin et al. 1996). 

3.4.1.2 Fatty acid composition of the lipids extracted from the liver and ovary 

The liver is a major organ for vitellogenesis and lipoproteins that are 

synthesised there are subsequently transported to the ovaries during garnetogenesis. 

The total saturated fatty acids in the liver of eel-tailed catfish increased from 40.2% 

of total fatty acids in August to 44.2% in November indicating the importance of 

saturated fatty acids du.ring garnetogenesis (Table 3.4). However, the level of the 

major saturated fatty acid 16:0 fluctuated within a narrow range (24.0-26.5% of total 

fatty acids). This was an indication that the accumulation orl6:0 in the liver was not 

affected by garnetogenesis. A similar observation was made in cod where the level of 

16:0 in the liver ranged from 12.2-13.3% during maturation (Jangaard et al. 1967). 

Even though there were no significant seasonal changes of 16:0 in the liver of 

eel-tailed catfish, the levels of 16:0 in the ovary increased from 18.3% of total fatty 

acids to 25% during gametogenesis indicating that 16:0 was selectively accumulated 

during this period. A similar trend was observed in herring C. harengus where the 

level of 16:0 increased from 19.6% of total fatty acids in stage ill ovary to 21.8% in 

stage V ovary (Henderson and Almatar 1989). The opposite trend was shown during 

maturation in capelin and cod, where the levels of 16:0 in the gonad or roe decreased 

from 20.2% to 17.8%, and 22.2% to 19.3%, respectively (Jangaard et al. 1967, 

Henderson et al. 1984). 

The levels of 18:0 in the liver of eel-tailed catfish increased from 10.1 % of 

total fatty acids to 14.6% from August to November indicating that this fatty acid 

was also accumulated in the liver during gametogenesis (Table 3.4). A similar 

observation was made in the level of 18:0 in the liver of cod, which marginally 

increased from 2.1 % to 3.1 % (Jangaard et al. 1967). The levels of 18:0 in the ovary 
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o f  eel-tailed catfish increased from  9.5% o f  total fatty acids to 12.6% during 

gam etogenesis indicating that 18:0 was also selectively accumulated. The opposite 

trend was observed in cod roe where the levels o f  18:0 dropped from 3.6% to 2.0% 
during m aturation (Jangaard et al. 1967). The levels o f  18:0 in herring were low and 

the levels increased from 1.7% o f total fatty acids in stage in ovary to 2.0% in stage 

V ovary (H enderson and Almatar 1989). The 18:0 levels in the ovary o f  capelin were 

very low and the levels during the resting and spawning periods were 1.0% and 

1.1%, respectively (Henderson et al. 1984).
The m onounsaturated fatty acids in the liver and ovary o f  eel-tailed catfish 

w ere the highest in August and decreased quite significantly in September and 

thereafter rem ained at the same levels indicating that m onounsaturated fatty acids 

w ere utilised quite rapidly at the preparatory stage o f  gametogenesis (Tables 3.4 and 

3.5). Even though the level o f  18:ln-9  in the liver o f  eel-tailed catfish was the highest 

in August, the levels dropped significantly in September (P<0.05) and then gradually 

increased until a peak in November. The decline in 18:ln-9 levels in the liver at the 

preparatory stage o f  gametogenesis is attributed to m etabolic activity. The-opposite 

trend was observed in cod where the levels o f  18:ln-9 in the liver increased from 

20.5%  to 23.5%  indicating that 18:ln-9 was accum ulated in the liver during 

m aturation (Jangaard e t al. 1967).

The 18:ln-9  levels in the ovary o f eel-tailed catfish followed the same trend 

as that in the liver especially during gametogenesis. The 18:ln-9  level was 20.9% o f 

total fatty acids at the peak o f the resting period and ranged from  12.9-15.0% during 

gametogenesis indicating that 18:ln-9  was utilised. A  sim ilar trend was also 

observed in the capelin where 18:ln-9  levels dropped from 25.5%  to 19.0% during 

m aturation (H enderson et al. 1984). In herring, the levels o f  18:ln-9 also dropped 

from  9.8%  o f  total fatty acids in stage HI ovary to 6.6%  in stage V ovary (Henderson 

and Alm atar 1989). There was a trend o f  increasing 18:ln-9  levels in cod roe during 

m aturation, however, the variation between samples was quite considerable. This 

trend indicated that 18: ln-9 was conserved during m aturation (Jangaard et al. 1967).

The total PU PA  in the liver o f  eel-tailed catfish was the lowest in August and 

increased to the highest level in Septem ber after which the levels gradually declined 

(Table 3.4). This was an indication that accum ulation o f PU FA  in the liver was very
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of eel-tailed catfish increased from 9.5% of total fatty acids to 12.6% during 

gametogenesis indicating that 18:0 was also selectively accumulated. The opposite 

trend was observed in cod roe where the levels of 18:0 dropped from 3.6% to 2.0% 

during maturation (Jangaard et al. 1967). The levels of 18:0 in herring were low and 

the levels increased from 1. 7% of total fatty acids in stage ill ovary to 2.0% in stage 

V ovary (Henderson and Almatar 1989). The 18:0 levels in the ovary of capelin were 

very low and the levels during the resting and spawning periods were 1.0% and 

1.1 %, respectively (Henderson et al. 1984). 

The monounsaturated fatty acids in. the liver and ovary of eel-tailed catfish 

were the highest in August and decreased quite significantly in September and 

thereafter remained at the same levels indicating that monounsaturated fatty acids 

were utilised quite rapidly at the preparatory stage of gametogenesis (Tables 3.4 and 

3 .5). Even though the level of 18: ln-9 in the liver of eel-tailed catfish was the highest 

in August, the levels dropped significantly in September (P<0.05) and then gradually 

increased until a peak in November. The decline in 18: ln-9 levels in the liver at the 

preparatory stage of gametogenesis is attributed to metabolic activity. The-opposite 

trend was observed in cod where the levels of 18:ln-9 in the liver increased from 

20.5% to 23.5% indicating that 18:ln-9 was accumulated in the liver during 

maturation (Jangaard et al. 1967). 

The 18:ln-9 levels in the ovary of eel-tailed catfish followed the same trend 

as that in the liver especially during gametogenesis. The 18:ln-9 level was 20.9% of 

total fatty acids at the peak of the resting period and ranged from 12.9-15.0% during 

gametogenesis indicating that 18:ln-9 was utilised. A similar trend was also 

observed in the capelin where 18:ln-9 levels dropped from 25.5% to 19.0% during 

maturation (Henderson et al. 1984). In herring, the levels of 18:ln-9 also dropped 

from 9.8% of total fatty acids in stage ill ovary to 6.6% in stage V ovary (Henderson 

and Almatar 1989). There was a trend of increasing 18:ln-9 levels in cod roe during 

maturation, however, the variation between samples was quite considerable. This 

trend indicated that 18: 1 n-9 was conserved during maturation ( J angaard et al. 1967). 

The total PUF A in the liver of eel-tailed catfish was the lowest in August and 

increased to the highest level in September after which the levels gradually declined 

(Table 3.4). This was an indication that accumulation of PUF A in the liver was very 
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active in Septem ber and this activity continued during the preparatory phase o f  

gam etogenesis. The total PUPA in the ovary was also the lowest in August and 

increased quite substantially in September after which the levels rem ained constant. 

This was an indication that the accumulation o f PUFA in the ovary was quite 

significant during gametogenesis (Table 3.5). Sargent (1995) reported that n-3 

PU FA s are incorporated into the phospholipid-rich vitellogenin that is then 

transported v ia the serum  to the developing eggs. The principal role o f  n-3 PUFA is 

in the form ation o f  cellular membranes and in the production o f  eicosanoids, 

substances that are im portant in stress reactions and adaptation.

The PU FA  w hich occurred in the liver and ovary in medium amounts (>5% 

o f  to ta l fatty acids) w ere 20:4n-6 and 22:6n-3. The level o f  20:4n-6 in the liver in 

A ugust w as 4.4%  and the level rapidly increased to 9.6% in September and 

subsequently  declined marginally (P>0.05) during gametogenesis. 20:4n-6 levels in 

the ovary show ed sim ilar trends and as such it was unlikely that 20:4n-6 was 

incorporated into vitellogenin and transported to the ovary. In contrast to the findings 

o f  this study, low levels o f  20:4n-6 (1.1% to 1.5%) were observed in the liver o f  cod 

during the m aturation period (Jangaard et al. 1967) indicating that this fatty acid may 

on ly  have a m inor ro le during gonadogenesis in the liver o f cod. A  slightly different 

pattern w as observed in  cod roe where the 20:4n-6 levels dropped progressively from 

6.7%  to 3.2%  during maturation (Jangaard et al. 1967) indicating that 20:4n-6 was 

not selectively accum ulated. In herring, very low levels o f 20:4n-6 were detected in 

the ovary ranging from  0.6-0.9% of total fatty acids (Henderson and Almatar 1989). 

In the capelin, 20:4n-6 was not detected in the ovary at all indicating that probably 

this fatty acid w as not found in its diet and/or the fish did not have the ability to 

synthesise this fatty acid (Henderson et a l  1984).

The level o f  22:6n-3 in the liver o f eel-tailed catfish was the lowest in August 

and recorded 4.9%  o f  total fatty acids. As in the case o f  20:4n-6, the levels o f  22:6n- 

3 increased in Septem ber and then gradually declined during gametogenesis (Table

3.4). The data confirm ed previous reports (Jangaard et al. 1967, Greene and 

Selivonchick 1987, Cow ey 1988, Sargent 1995) that 22:6n-3 was accumulated in the 

liver during the preparatory phase o f gametogenesis, especially in freshwater fishes, 

and was incorporated into vitellogenin and subsequently transported from  the liver to
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active m September and this activity continued during the preparatory phase of 

gametogenesis. The total PUF A in the ovary was also the lowest in August and 

increased quite substantially in September after which the levels remained constant. 

This was an indication that the accumulation of PUF A in the ovary was quite 

significant during gametogenesis (Table 3.5). Sargent (1995) reported that n-3 

PUF As are incorporated into the phospholipid-rich vitellogenin that is then 

transported via the serum to the developing eggs. The principal role of n-3 PUF A is 

in the formation of cellular membranes and in the production of eicosanoids, 

substances that are important in stress reactions and adaptation. 

The PUF A which occurred in the liver and ovary in medium amounts (>5% 

of totaf fatty acids) were 20:4n-6 and 22:6n-3. The level of 20:4n-6 in the liver in 

August was 4.4% and the level rapidly increased to 9.6% in September and 

subsequently declined marginally (P>0.05) during gametogenesis. 20:4n-6 levels in 

the ovary showed similar trends and as such it was unlikely that 20:4n-6 was 

incorporated into vitellogenin and transported to the ovary. In contrast to the findings 

of this study, low levels of 20:4n-6 (1. 1 % to 1.5%) were observed in the liver of cod 

during the maturation period (J angaard et al. 1967) indicating that this fatty acid may 

only have a minor role during gonadogenesis in the liver of cod. A slightly different 

pattern was observed in cod roe where the 20:4n-6 levels dropped progressively from 

6.7% to 3.2% during maturation (Jangaard et al. 1967) indicating that 20:4n-6 was 

not selectively accumulated. In herring, very low levels of 20:4n-6 were detected in 

the ovary ranging from 0.6-0.9% of total fatty acids (Henderson and Almatar 1989). 

In the capelin, 20:4n-6 was not detected in the ovary at all indicating that probably 

this fatty acid was not found in its diet and/or the fish did not have the ability to 

synthesise this fatty acid (Henderson et al. 1984). 

The level of 22:6n-3 in the liver of eel-tailed catfish was the lowest in August 

and recorded 4.9% of total fatty acids. As in the case of 20:4n-6, the levels of 22:6n-

3 increased in September and then gradually declined during gametogenesis (Table 

3.4). The data confirmed previous reports (Jangaard et al. 1967, Greene and 

Selivonchick 1987, Cowey 1988, Sargent 1995) that 22:6n-3 was accumulated in the 

liver during the preparatory phase of gametogenesis, especially in freshwater fishes, 

and was incorporated into vitellogenin and subsequently transported from the liver to 
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the ovary. In cod, the level o f  22:6n-3 in the liver progressively increased from 

12.1% to 14.3% during maturation indicating that 22:6n-3 was accumulated 

(Jangaard et al. 1967).

The level o f  22:6n-3 in the ovary o f  eel-tailed catfish progressively increased 

from  2.8%  o f total fatty acids to 6.4% during gametogenesis. The increase in the 

levels o f  22:6n-3 in the ovary or roe were also observed in the cod (20.0%  to 24.0%) 

and capelin (14.7% to 18.2%) during maturation (Jangaard et al. 1967, Henderson et 

al. 1984). Similarly in herring, the level o f  22:6n-3 increased from 22.4%  of total 

fatty acids in stage QI ovary to 24.5% in stage V ovary (Henderson and Almatar 

1989). The accum ulation o f  22:6n-3 in eggs is necessary because 22:6n-3 is a very 

im portant fatty acid for the formation o f  cellular membranes (Sargent 1995). As 

such, high concentrations o f  22:6n-3 in the eggs w ill enable successful 

em bryogenesis and hatching until exogenous supplies o f  22:6n-3 becom e available 

for further growth and development. The levels o f 22:6n-3 in cod, capelin and 

herring were m uch higher than that in eel-tailed catfish and this could be attributed to 

the need for incorporation o f  higher amounts o f  22:6n-3 in the cellular membranes 

to survive in sea water (Ackman 1967, Sargent et al. 1989).

The n-6/n-3 ratios in eel-tailed catfish liver ranged from 1.3 to 1.4 during 

gam etogenesis indicating that there was a predominance o f m-6 fatty acids over n-3 

fatty acids. However, the n-6/n-3 ratios in the ovary decreased from 2.1 to 1.2 during 

gam etogenesis indicating that while there was a high predom inance o f  n-6 fatty acids 

during the resting period, as gametogenesis progressed, more n-3 fatty acids were 

accum ulated in the ovary thereby causing the n-6/n-3 ratio to progressively decrease. 

Since n-3 fatty acids such as 20:5n3 and 22:6n-3 are im portant components in 

m em brane structure o f  cells, the accumulation o f  n-3 fatty acids in the ovary is to be 

expected as the fatty acids would be required for the form ation o f  new cells during 

em bryonic and larval development.

3.4.2 Effect o f adm inistering different dosages of O vaprim  on induced ovulation

3.4.2.1 O ocyte diameters

The oocyte diameters o f  eel-tailed catfish prior to horm one administration 

ranged from 1.88-2.02 mm. In comparison, the oocyte diameters o f  several species o f
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the ovary. In cod, the level of 22:6n-3 in the liver progressively increased from 

12.1 % to 14.3% during maturation indicating that 22:6n-3 was accumulated 

(J angaard et al. 1967). 

The level of 22:6n-3 in the ovary of eel-tailed catfish progressively increased 

from 2.8% of total fatty acids to 6.4% during gametogenesis. The increase in the 

levels of 22:6n-3 in the ovary or roe were also observed in the cod (20.0% to 24.0%) 

and capelin (14.7% to 18.2%) during maturation (Jangaard et al. 1967, Henderson et 

al. 1984). Similarly in herring, the level of 22:6n-3 increased from 22.4% of total 

fatty acids in stage III ovary to 24.5% in stage V ovary (Henderson and Almatar 

1989). The accumulation of 22:6n-3 in eggs is necessary because 22:6n-3 is a very 

important fatty acid for the formation of cellular membranes (Sargent 1995). As 

such, high concentrations of 22:6n-3 in the eggs will enable successful 

embryogenesis and hatching until exogenous supplies of 22:6n-3 become available 

for further growth and developipent. The levels of 22:6n-3 in cod, capelin and 

herring were much higher than that in eel-tailed catfish and this could be attributed to 

the need for incorporation of higher amounts of 22:6n-3 in the cellular membranes 

to survive in sea water (Ackman 1967, Sargent et al. 1989). 

The n-6/n-3 ratios in eel-tailed catfish liver ranged from 1.3 to 1.4 during 

gametogenesis indicating that there was a predominance o_f rr-6 fatty acids over n-3 

fatty acids. However, the n-6/n-3 ratios in the ovary decreased from 2.1 to 1.2 during 

gametogenesis indicating that while there was a high predominance of n-6 fatty acids 

during the resting period, as gametogenesis progressed, more n-3 fatty acids were 

accumulated in the ovary thereby causing the n-6/n-3 ratio to progressively decrease. 

Since n-3 fatty acids such as 20:5n3 and 22:6n-3 are important components in 

membrane structure of cells, the accumulation of n-3 fatty acids in the ovary is to be 

expected as the fatty acids would be required for the formation of new cells during 

embryonic and larval development. 

3.4.2 Effect of administering different dosages of Ovaprim on induced ovulation 

3.4.2.1 Oocyte diameters 

The oocyte diameters of eel-tailed catfish prior to hormone administration 

ranged from 1.88-2.02 mm. In comparison, the oocyte diameters of several species of 
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catfish were: C. gariepinus  (0.7-1.06 mm), C. batrachus (1.09-1.15 mm), C. 

m acrocephalus (1.49-1.59 m m ), T. tandanus (2.28-3.05 mm) and A. graeffei (11.0- 

13.7 m m ) (Davis 1977b, Rim m er 1985, Cheah and Yeo 1994, Inyang and 

H ettiarachchi 1994, Tan-Ferm in et al. 1997). The oocyte diameters o f eel-tailed 

catfish w ere larger than those o f  C. gariepinus, C. batrachus and C. macrocephalus 

but sm aller than those o f  T. tandanus and A. graeffei. Passive parental care in fishes 

is dem onstrated by  the females where yolk is deposited in the eggs to ensure the 

survival o f  the larvae up to the first feeding stage. Usually larger eggs have more 

yolk reserves and tend to be m ore developed at first feeding when compared to 

larvae that hatched from  sm aller eggs. Moreover larvae which have a relatively larger 

yolk w ould have m ore resources to develop its external and internal organs for the 

detection, capture, ingestion, digestion and assimilation o f  its prey. Since the oocyte 

diam eters o f  eel-tailed catfish are intermediate between those o f  C. batrachus and T. 

tandanus, it was surm ised that the time of first feeding o f eel-tailed catfish would be 

betw een those o f  C. batrachus and T. tandanus.

3.4.2.2 O vulatory response

The ovulatory response in this study was positive when the fish were 

adm inistered w ith 0.50, 0.75 or 1.00 mL/kg BW o f Ovaprim. It appears that eel-tailed 

catfish  requires low er dosages for induced ovulation as compared to the other 

catfishes. Cheah and Yeo (1994) reported that ovulation in  C. batrachus was only 

achieved w hen Ovaprim  was administered at the level o f  at least 0.75 mL/kg BW. 

C hannel catfish (I. punctatus), African catfish (C. gariepinus) and the Chinese 

catfish (C. fu scus)  ovulated w hen they were treated w ith 1.0 mL/kg BW  o f  Ovaprim 

(R ichard Bradshaw, pers. com., Goudie et al. 1992). In contrast, studies in India have 

show n that m ost o f  the Indian carps such as mrigal, catla and rohu ovulated when 

they w ere treated w ith 0.50 mL/kg BW of Ovaprim. In some cases, the fishes 

ovulated w hen they were treated with Ovaprim at levels lower than this amount 

(N andeesha et al. 1990). In sand whiting (Sillago ciliata), administration o f females 

w ith  0.5 mL/kg BW  o f  Ovaprim  induced ovulation but not spawning in 75% o f  the 

fem ales (Battaglene 1996).
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catfish were: C. gariepinus (0.7-1.06 mm), C. batrachus (1.09-1.15 mm), C. 

macrocephalus (1.49-1.59 mm), T tandanus (2.28-3.05 mm) and A. graeffei (11.0-

13.7 mm) (Davis 1977b, Rimmer 1985, Cheah and Yeo 1994, Inyang and 

Hettiarachchi 1994, Tan-Fermin et al. 1997). The oocyte diameters of eel-tailed 

catfish were larger than those of C. gariepinus, C. batrachus and C. macrocephalus 

but smaller than those of T tandanus and A. graeffei. Passive parental care in fishes 

is demonstrated by the females where yolk is deposited in the eggs to ensure the 

survival of the larvae up to the first feeding stage. Usually larger eggs have more 

yolk reserves and tend to be more developed at first feeding when compared to 

larvae that hatched from smaller eggs. Moreover larvae which have a relatively larger 

yolk would have more resources to develop its -external and internal organs for the 

detection, capture, ingestion, digestion and assimilation of its prey. Since the oocyte 

diameters of eel-tailed catfish are intennediate between those of C. batrachus and T 

tandanus, i_t was surmised that the time of first feeding of eel-tailed catfish would be 

between those of C. batrachus and T tandanus. 

3.4.2.2 Ovulatory response 

The ovulatory response m this study was positive when the fish were 

administered with 0.50, 0.75 or l.00.ml:1kg BW ofOvaprim. It appears that eel-tailed 

catfish requires lower dosages for induced ovulation as compared to the other 

catfishes. Cheah and Yeo (1994) reported that ovulation in C. batrachus was only 

achieved when Ovaprim was administered at the level of at least 0.75 mLkg BW. 

Channel catfish (/. punctatus), African catfish (C. gariepinus) and the Chinese 

catfish (C. fuscus) ovulated when they were treated with 1.0 mL1kg BW of Ovaprim 

(Richard Bradshaw, pers. com., Goudie et al. 1992). In contrast, studies in India have 

shown that most of the Indian carps such as mrigal, catla and rohu ovulated when 

they were treated with 0.50 mLikg BW of Ovaprim. In some cases, the fishes 

ovulated when they were treated with Ovaprim at levels lower than this amount 

(Nandeesha et al. 1990). In sand whiting (Sillago ciliata), administration of females 

with 0.5 mLikg BW of Ovaprim induced ovulation but not spawning in 75% of the 

females (Battaglene 1996). 
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3.4.2.3 L atency period

The latency period o f eel-tailed catfish ranged from 20-23 hours at 26-30°C 

after the adm inistration o f Ovaprim. The latency period was sim ilar to that o f 

Ovaprim  treated C. fuscus  (20-24 h, Richard Bradshaw pers. com.) but longer than 

that o f  O vaprim  treated C. batrachus (12-15 h, Cheah and Yeo 1994), acetone-dried 

carp pituitary treated C. gariepinus (11-16 h, Hogendoom 1979) and LH RHa treated 

C. macrocephalus  (16-20 h, Tan-Fermin et al. 1997). In contrast, the latency period 

in Ovaprim  administered channel catfish was 92±39 h when w ater tem peratures 

ranged from  21-29°C (Goudie et al. 1992). The latency period or response tim e is 

often related to w ater temperature and the period decreases with an increase in 

tem perature (Clem ens and Sneed 1962). For best results in induced breeding o f  C. 

lazera w hich is presently known as C. gariepinus, stripping o f eggs should be 

conducted 21, 11 or 7 h after hormone administration at 20, 25 and 30°C, 

respectively (Hogendoom  and Vismans 1980).

3.4.2.4 O vulatory egg diameters and water-hardened egg diameters

The egg diameters at ovulation ranged from 2.05-2.16 m m  in eel-tailed 

catfish w hile that in C. batrachus ranged from 1.24-1.29 mm (Cheah and Yeo

1994). This was indicative that more nutrients had accumulated in the eggs o f  eel

tailed catfish as compared to that in C. batrachus eggs. In com paring the 

preinjection oocyte diameters and the ovulatory egg diameters, it can be seen that 

oocytes generally enlarge during final oocyte m aturation as a result o f  hydration. 

Following fertilisation, the eggs o f m ost fishes absorb more water and the chorion 

(egg m em brane) separates from the cortex, which results in the appearance o f  the 

perivitelline space (Blaxter 1969). The water-hardened egg diameters o f  eel-tailed 

catfish in this study ranged from 2.21-2.33 mm while those in a seasonal tributary o f 

Ross River, northern Queensland was 2.6 mm (Orr and M ilward 1984). The 

differences in egg sizes at the two localities suggested that the eel-tailed catfish 

population at M anton Dam, NT was different from that at the Ross River, northern 

Queensland.
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3.4.2.3 Latency period 

The latency period of eel-tailed catfish ranged from 20-23 hours at 26-30°C 

after the administration of Ovaprim. The latency period was similar to that of 

Ovaprim treated C. fuscus (20-24 h, Richard Bradshaw pers. com.) but longer than 

that of Ovaprim treated C. batrachus (12-15 h, Cheah and Yeo 1994), acetone-dried 

carp pituitary treated C. gariepinus (11-16 h, Hogendoorn 1979) and LHRHa treated 

C. macrocephalus (16-20 h, Tan-Fermin et al. 1997). In contrast, the latency period 

in Ovaprim administered channel catfish was 92±39 h when water temperatures 

ranged from 21-29°C (Goudie et al. 1992). The latency period or response time is 

often related to water temperature and the period decreases with an increase in 

temperature (Clemens and Sneed 1962). For best results in induced breeding of C. 

lazera which is presently known as C. gariepinus, stripping of eggs should be 

conducted 21, 11 or 7 h after hormone administration at 20, 25 and 30°C, 

respectively (Hogendoom and Vismans 1980). 

3.4.2.4 Ovulatory egg diameters and water-hardened egg diameters 

The egg diameters at ovulation ranged from 2.05-2.16 mm m eel-tailed 

catfish while that in C. batrachus ranged from 1.24-1.29 mm (Cheah and Yeo 

1994). This was indicative that more nutrients had accumulated in the eggs of eel

tailed catfish as compared to that in C. batrachus eggs. In comparing the 

preinjection oocyte diameters and the ovulatory egg diameters, it can be seen that 

oocytes generally enlarge during final oocyte maturation as a result of hydration. 

Following fertilisation, the eggs of most fishes absorb more water and the chorion 

( egg membrane) separates from the cortex, which results in the appearance of the 

perivitelline space (Blaxter 1969). The water-hardened egg diameters of eel-tailed 

catfish in this study ranged from 2.21-2.33 mm while those in a seasonal tributary of 

Ross River, northern Queensland was 2.6 mm (Orr and Milward 1984). The 

differences in egg sizes at the two localities suggested that the eel-tailed catfish 

population at Manton Darn, NT was different from that at the Ross River, northern 

Queensland. 
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3.4.2.5 W orking fecundities

The w orking fecundities o f  w ild eel-tailed catfish in this study and the 

estim ated fecundities o f  the same species in a seasonal tributary o f  Ross River, 

northern Q ueensland ranged from 2,877-3,001 eggs per lOOg BW  and 2,200-2,758 

eggs per lOOg BW , respectively. The fish in this study had produced a greater 

quantity o f  sm aller eggs than their counterparts in Queensland. The working 

fecundities o f  eel-tailed catfish were m uch higher than those for Ovaprim treated C. 

batrachus , which  ranged from 1,687-2,190 eggs per lOOg BW  even though the eggs 

o f  the latter w ere sm aller (Cheah and Yeo 1994). Ovaprim treated albino and 

pigm ented channel catfish were reported by Goudie et al. (1992) to have working 

fecundities o f  199±32 eggs per lOOg BW  and 435+140 eggs per lOOg BW, 

respectively, indicating that the w orking fecundity o f eel-tailed catfish was much 

higher. From  the aquaculture point o f  view, the higher fecundity o f  eel-tailed catfish 

is an advantage should its culture becom e commercialised. For comparison, the 

fecundities o f  other catfish species were: T. tandanus (296-1,440 eggs per lOOg BW), 

C. gariepinus  (2,084-3,260 eggs per lOOg BW), C. macrocephalus (2,000-9,000 eggs 

per lOOg BW ), (Lake 1967, Davis 1977a, Salami et al. 1994, 1996, Tan-Fermin et al. 

1997). It is left to be seen if  the working fecundities o f hatchery maintained 

broodstock eel-tailed catfish could achieve higher values than those obtained in- this 

study in the future.

3.4.2.6 Fertilisation and hatching rates

The fertilisation rates for the three successful treatments ranged from 77.5- 

89.9%  and these values were very m uch higher than those reported for Ovaprim 

treated C. batrachus  (Range: 22.4-47.3% , Cheah and Yeo 1994). Several species o f 

fishes have also been successfully bred using Ovaprim in Thailand and the 

fertilisation rates for bighead carp (A. nobilis) was 50% while that in m ngal (C. 

mrigala), rohu  (L. rohita) and Thai carp (P. gonionotus) were 90% (Leelapatra

1988). Follow ing the success in Thailand, the use o f  Ovaprim was widely tested in 

India on the Indian m ajor carps such as catla (C. catla), rohu and m ngal and the 

fertilisation rates ranged from 70-99%  (Nandeesha et al. 1990). Recently in 

Australia, sand whiting was induced to ovulate with Ovaprim and the fertilisation
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estimated fecundities of the same species in a seasonal tributary of Ross River, 

northern Queensland ranged from 2,877-3,001 eggs per 100g BW and 2,200-2,758 
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pigmented channel catfish were reported by Goudie et al. (1992) to have working 

fecundities of 199±32 eggs per 100g BW and 435±140 eggs per 100g BW, 
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C. gariepinus (2,084-3,260 eggs per 100g BW), C. macrocephalus (2,000-9,000 eggs 

per 100g BW), (Lake 1967, Davis 1977a, Salami et al. 1994, 1996, Tan-Fermin et al. 

1997). It is left to be seen if the working fecundities of hatchery maintained 

broodstock eel-tailed catfish could achieve higher values than those obtaine4 in- this 

study in the future. 

3.4.2.6 Fertilisation and hatching rates 

The fertilisation rates for the three successful treatments ranged from 77.5-

89.9% and these values were very much higher than those reported for Ovaprim 

treated C. batrachus (Range: 22.4-47.3%, Cheah and Yeo 1994). Several species of 

fishes have also been successfully bred using Ovaprim in Thailand and the 

fertilisation rates for bighead carp (A. nobilis) was 50% while that in mrigal ( C. 

mrigala), rohu (L. rohita) and Thai carp (P. gonionotus) were 90% (Leelapatra 

1988). Following the success in Thailand, the use of Ovaprim was widely tested in 

India on the Indian major carps such as catla (C. catla), rohu and mrigal and the 

fertilisation rates ranged from 70-99% (Nandeesha et al. 1990). Recently in 

Australia, sand whiting was induced to ovulate with Ovaprim and the fertilisation 
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rates ranged from 33-98%  (Battaglene 1996). The fertilisation rates achieved in this 

study were comparable to those reported for other Ovaprim treated fishes and as 

such, its use has trem endous potential in Australia and elsewhere.

The hatching rates for the fish in the three successful treatm ents ranged from

75.6-82.0%  and these rates were also much higher than those reported for Ovaprim 

treated C. batrachus (range: 17.1 to 26.9%, Cheah and Yeo 1994). In comparison, 

the hatching rates o f  Ovaprim treated sand whiting in Australia mainly ranged from 

83-96%  while that in Ovaprim treated rohu was 94% in India (Harker 1992, 

Battaglene 1996). Since there were no significant differences in the fertilisation and 

hatching rates betw een treatments in this study, one w ould surmise that the 

adm inistration o f  0.50 mL/kg BW  o f Ovaprim would be adequate. The use o f 

Ovaprim  for induced breeding o f fishes including eel-tailed catfish is anticipated to 

becom e more w idespread considering the ease o f administration and the good results 

achieved in terms o f  fertilisation and hatching rates.

3.4.3 Lipid content and fatty composition o f the eggs and larvae

3.4.3.1 Total lipids o f eggs and larvae

Lipids are m ajor sources o f metabolic energy during embryonic and larval 

developm ent after hatching (Temer 1979, Boulekbache 1981, Vetter et al. 1983, 

Tocher et al. 1985, M ourente and Odriozola 1990, Verreth et al. 1994a,b). In this 

study, the lipid content o f  ovulated eggs and viable eggs at 8-h post-fertilisation were 

28.2%  o f  DW  and 28.5%  o f  DW, respectively, and the values were not significantly 

different (P>0.05) indicating that very little lipid had been utilised during the initial 

period o f  incubation (Table 3.9). This observation was consistent with that in C. 

gariepinus eggs where the lipid content ranged from 21.8-22.5%  o f  DW  prior to 

hatching (Verreth et al. 1994b). Subsequent studies on C. gariepinus  also confirmed 

that the lipid levels at fertilisation and at hatching were sim ilar (Polat et al. 1995). 

The lipid levels o f  newly hatched to 3-day-old eel-tailed catfish larvae fluctuated at 

ovulatory levels but subsequently, the lipid level dropped quite significantly in 5- 

day-old larvae. The decline in lipid levels from the 3-day-old larval stage to the 5- 

day-old larval stage amounted to 22.7% and this was indicative that after the 3-day- 

old larval stage, lipids were actively utilised to meet the energy requirements o f  the
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rates ranged from 33-98% (Battaglene 1996). The fertilisation rates achieved in this 

study were comparable to those reported for other Ovaprim treated fishes and as 

such, its use has tremendous potential in Australia and elsewhere. 

The hatching rates for the fish in the three successful treatments ranged from 

75.6-82.0% and these rates were also much higher than those reported for Ovaprim 

treated C. batrachus (range: 17.1 to 26.9%, Cheah and Yeo 1994). In comparison, 

the hatching rates of Ovaprim treated sand whiting in Australia mainly ranged from 

83-96% while that in Ovaprim treated rohu was 94% in India (Harker 1992, 

Battaglene 1996). Since there were no significant differences in the fertilisation and 

hatching rates between treatments in this study, one would surmise that the 

administration of 0.50 mL1kg BW of Ovaprim would be adequate. The use of 

Ovaprim for induced breeding of fishes including eel-tailed catfish is anticipated to 

become more widespread considering the ease of administration and the good results 

achieved in terms of fertilisation and hatching rates. 

3.4.3 Lipid content and fatty composition of the eggs and larvae 

3.4.3.1 Total lipids of eggs and larvae 

Lipids are major sources of metabolic energy during embryonic and larval 

development after hatching (Temer 1979, Boulekbache 1981, Vetter et al. 1983, 

Tocher et al. 1985, Mourente and Odriozola 1990, Verreth et al. 1994a,b). In this 

study, the lipid content of ovulated eggs and viable eggs at 8-h post-fertilisation were 

28.2% of DW and 28.5% ofDW, respectively, and the values were not significantly 

different (P>0.05) indicating that very little lipid had been utilised during the initial 

period of incubation (Table 3.9). This observation was consistent with that in C. 

gariepinus eggs where the lipid content ranged from 21.8-22.5% of DW prior to 

hatching (Verreth et al. 1994b ). Subsequent studies on C. gariepinus also confirmed 

that the lipid levels at fertilisation and at hatching were similar (Polat et al. 1995). 

The lipid levels of newly hatched to 3-day-old eel-tailed catfish larvae fluctuated at 

ovulatory levels but subsequently, the lipid level dropped quite significantly in 5-

day-old larvae. The decline in lipid levels from the 3-day-old larval stage to the 5-

day-old larval stage amounted to 22.7% and this was indicative that after the 3-day

old larval stage, lipids were actively utilised to meet the energy requirements of the 
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larvae. The same trend was also observed in C. gariepinus larvae where the total 

lipid content dropped from 21% o f  DW  at hatching to 12.5% o f  DW  at yolk 

absorption (Verreth et al. 1994b) representing a drop o f 40.5% in lipid content. In 

gilthead sea bream (Sparus aurata) the lipid content o f newly hatched larvae (Range

23.07-23.95%  o f DW ) dropped to 17.75-18.77% o f  DW in 5-day-old larvae 

(M ourente and Odriozola 1990) indicating that lipids were utilised to meet the 

energy requirem ents o f  the developing larvae.

It is worthwhile noting that even though the 3 and 5-day-old larvae had the 

sam e total length, the latter had a lower body mass indicating that the nutrients in the 

larvae were unable to sustain growth beyond the third day at 26-30°C. After this 

period, the larvae had to direct its nutrients towards maintenance so as to survive.

3.4.3.2 Fatty acids o f  eggs and larvae

The total saturated fatty acids in ovulated eggs, viable eggs (gastrula stage) 

and non-viable eggs in the 1994 breeding season were similar 47.6%, 47.7% and 

48.3%  o f  total fatty acids, respectively, indicating that the total saturated fatty acid 

content had no effect on egg viability in eel-tailed catfish (Table 3.11). In Atlantic 

halibut (H. hippoglossus) the total saturated fatty acid content o f ripe unfertilised 

eggs and eggs that had reached the closure o f  blastopore stage were similar and 

ranged from 25.5-25.8%  o f  total fatty acids (Falk-Petersen et al. 1989). In the present 

study, the total saturated fatty acids in the ovulated eggs, 0-day-old and 1-day-old 

larvae were similar, however, the levels in the 3-day and 5-day-old larvae marginally 

declined indicating that a small proportion o f  the saturated fatty acids had been 

utilised as the larvae developed. In the African catfish H. longifilis the levels o f  total 

saturated fatty acids in the ova, 2-day larvae and 6-day larvae were 53.2%, 50.5% and 

61.8% , respectively, indicating that while some saturated fatty acid had been utilised 

by the 2-day larval stage, increase o f  saturated fatty acid had occurred after this stage 

(Legendre et al. 1995). In gilthead sea bream  S. aurata, there was no trend of 

declining total saturated fatty acid levels as the larvae developed instead the levels 

fluctuated between 30.8-33.3%  o f total fatty acids as the larvae grew to the 5-day-old 

larvae (M ourente and Odriozola 1990).
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larvae. The same trend was also observed in C. gariepinus larvae where the total 

lipid content dropped from 21 % of DW at hatching to 12.5% of DW at yolk 

absorption (Verreth et al. 1994b) representing a drop of 40.5% in lipid content. In 

gilthead sea bream (Sparus aurata) the lipid content of newly hatched larvae (Range 

23.07-23.95% of DW) dropped to 17.75-18.77% of DW in 5-day-old larvae 

(Mourente and Odriozola 1990) indicating that lipids were utilised to meet the 

energy requirements of the developing larvae. 

It is worthwhile noting that even though the 3 and 5-day-old larvae had the 

same total length, the latter had a lower body mass indicating that the nutrients in the 

larvae were unable to sustain growth beyond the third day at 26-30°C. After this 

period, the larvae had to direct its nutrients towards maintenance so as to survive. 

3.4.3.2 Fatty acids of eggs and larvae 

The total saturated fatty acids in ovulated eggs, viable eggs (gastrula stage) 

and non-viable eggs in the 1994 breeding season were similar 47.6%, 47.7% and 

48.3% of total fatty acids, respectively, -indicating that the total saturated fatty acid 

content had no effect on egg viability in eel-tailed catfish (Table 3.11). In Atlantic 

halibut (H. hippoglossus) the total saturated fatty acid content of ripe unfertilised 

eggs and eggs that had reached the closure of blastopore stage were similar and 

ranged from 25.5-25.8% of total fatty acids (Falk-Petersen et al. 1989). In the present 

study, the total saturated fatty acids in the ovulated eggs, 0-day-old and 1-day-old 

larvae were similar, however, the levels in the 3-day and 5-day-old larvae marginally 

declined indicating that a small proportion of the saturated fatty acids had been 

utilised as the larvae developed. In the African catfish H. longifilis the levels of total 

saturated fatty acids in the ova, 2-day larvae and 6-day larvae were 53.2%, 50.5% and 

61.8%, respectively, indicating that while some saturated fatty acid had been utilised 

by the 2-day larval stage, increase of saturated fatty acid had occurred after this stage 

(Legendre et al. 1995). In gilthead sea bream S. aurata, there was no trend of 

declining total saturated fatty acid levels as the larvae developed instead the levels 

fluctuated between 30.8-33.3% of total fatty acids as the larvae grew to the 5-day-old 

larvae (Mourente and Odriozola 1990). 
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The levels o f 16:0 in ovulated eggs, viable and non-viable eggs were similar 

(P>0.05), however, the levels in the 3-day and 5-day-old larvae progressively 

declined  to 25.9%  o f total fatty acids and 22.7%, respectively. W hile the levels of 

16:0 in developing eggs o f  Atlantic halibut also declined from 19.3% to 17.4% 

during incubation, the levels o f  16:0 in gilthead sea bream  larvae fluctuated near the 

egg levels (Falk-Petersen et al. 1989, M ourente and Odriozola 1990). In H. longifilis, 

the 16:0 levels in the eggs, 2-day and 6-day larvae were 35.1%, 33.4%  and 39.9%, 

respectively, indicating that accumulation o f 16:0 had occurred prior to the 6-day 

larval stage (Legendre et al. 1995). The decline o f 16:0 in eel-tailed catfish was 

accom panied by increasing levels o f 18:0 in the 3-day and 5-day-old larvae indicating 

that the larvae probably had the capacity to chain elongate 16:0 to 18:0. The fatty 

acid synthetase system gives rise to saturated fatty acids which are substrates for 

chain  elongation and desaturation (Cowey 1988) and 18:0 can be formed in this way 

from  16:0 (M ead 1958, Carroll 1965, Bell et al. 1986). In studies on T. zilli, m ost o f 

the radioactivity  recovered from the body lipids following injection o f  [14C]acetate 

w as present in 16:0 and 18:0 indicating that the fish was able to accum ulate 16:0 

from  [14C]acetate and subsequently chain elongate to form 18:0 (K anazaw a et al. 

.1980, Steffens 1989). Another possible reason for the decline o f 16:0 in eel-tailed 

catfish  larvae was that there was preferential hydrolysis o f  16:0 over 18:0 during 

larval developm ent.

In this study, the total monounsaturated fatty acids in ovulated eggs, 8-h 

v iable and non-viable eggs ranged from 22.2-22.9% o f  total fatty acids. Even though 

the levels o f  total monounsaturated fatty acids in ovulated eggs, 0-day and 1-day-old 

larvae w ere similar, the levels declined a little in 3-day-old larvae and more 

significantly  in 5-day-old larvae suggesting that some o f  the m onounsaturated fatty 

acids w ere utilised especially after the 1-day-old larval stage to meet the needs o f the 

developing larvae. This observation was also recorded in H. longifilis where the total 

m onounsaturated fatty acids declined from 28.9% in the eggs to 21.8%  in 6-day 

larvae (Legendre et al. 1995). In Atlantic halibut eggs, the total m onounsaturated 

fatty acid levels declined marginally during incubation indicating that a small 

proportion o f  the monounsaturated fatty acids may have been utilised to m eet the 

energy requirem ents o f the developing embryo (Falk-Petersen et al. 1989). In the
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The levels of 16:0 in ovulated eggs, viable and non-viable eggs were similar 

(P>0.05), however, the levels in the 3-day and 5-day-old larvae progressively 

declined to 25.9% of total fatty acids and 22.7%, respectively. While the levels of 

16:0 in developing eggs of Atlantic halibut also declined from 19.3% to 17.4% 

during incubation, the levels of 16:0 in gilthead sea bream larvae fluctuated near the 

egg levels (Falk-Petersen et al. 1989, Mourente and Odriozola 1990). In H. longifilis, 

the 16:0 levels in the eggs, 2-day and 6-day larvae were 35.1 %, 33.4% and 39.9%, 

respectively, indicating that accumulation of 16:0 had occurred prior to the 6-day 

larval stage (Legendre et al. I 995). The decline of I 6:0 in eel-tailed catfish was 

accompanied by increasing levels of 18:0 in the 3-day and 5-day-old larvae indicating 

that the larvae probably had the capacity to chain elongate 16:0 to 18:0. The fatty 

acid synthetase system gives rise to saturated fatty acids which are substrates for 

chain elongation and desaturation (Cowey 1988) and 18:0 can be formed in this way 

from 16:0 (Mead 1958, Carroll 1965, Bell et al. 1986). In studies on T zilli, most of 

the radioactivity recovered from the body lipids following injection of [14C]acetate 

was present in 16:0 and 18:0 indicating that the fish was able to accumulate 16:0 

from [14C]acetate and subsequently chain elongate to form 18:0 (Kanazawa et al. 

.1980, Steffens 1989). Another possible reason for the decline of 16:0 in eel-tailed 

catfish larvae was that there was preferential hydrolysis of 16:0 over 18:0 during 

larval development. 

In this study, the total monounsaturated fatty acids in ovulated eggs, 8-h 

viable and non-viable eggs ranged from 22.2-22.9% of total fatty acids. Even though 

the levels of total monounsaturated fatty acids in ovulated eggs, 0-day and 1-day-old 

larvae were similar, the levels declined a little in 3-day-old larvae and more 

significantly in 5-day-old larvae suggesting that some of the monounsaturated fatty 

acids were utilised especially after the 1-day-old larval stage to meet the needs of the 

developing larvae. This observation was also recorded in H. longifilis where the total 

monounsaturated fatty acids declined from 28.9% in the eggs to 21.8% in 6-day 

larvae (Legendre et al. 1995). In Atlantic halibut eggs, the total monounsaturated 

fatty acid levels declined marginally during incubation indicating that a small 

proportion of the monounsaturated fatty acids may have been utilised to meet the 

energy requirements of the developing embryo (Falk-Petersen et al. 1989). In the 

-
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gilthead sea bream, the levels o f total m onounsaturated fatty acids remained 

relatively constant from the tim e o f spawning till the first day after hatching but 

subsequently, the levels gradually declined due to metabolism (Mourente and 

O driozola 1990).

The levels o f 18:ln-9 in the ovulated eggs, 8-h viable and non viable eggs o f 

N. ater w ere sim ilar and ranged from 14.3-14.8%. Even though the 18:ln-9 content 

was the sam e in ovulated eggs and 0-day-old larvae, the levels progressively declined 

after that stage indicating that a small proportion o f 18:ln-9 had been utilised. A 

sim ilar observation was recorded in H. longifilis where the 18:1 levels also declined 

from 24.5%  in eggs to 18.3% in 6-day larvae (Legendre et al. 1995). In the eggs o f 

A tlantic halibut, the levels o f  18:ln-9  declined from 14.0% o f  total fatty acids in ripe 

unfertilised eggs to 11.2% in the closing o f the blastopore stage indicating that 18: ln - 

9 had been utilised to meet the needs o f  the developing embryo (Falk-Petersen et al. 

1989). A  sim ilar pattern was also observed in gilthead sea bream where the levels o f 

18: In -9 in the eggs and 0-day larvae were similar after which the levels progressively 

dropped until the 4-day larval stage (Mourente and Odriozola 1990).

The total PUFA in the ovulated eggs, 8-h viable and non-viable eggs ranged 

from 20.0-20.6%  o f  total fatty acids and the values were not significantly different 

(P>0.05) indicating that PU FA  content had no effect on viability o f the eggs. The 

level o f  total PUFA in ovulated eggs and newly hatched larvae were similar, 

however, the level in 1-day larvae declined after w hich the levels progressively 

increased indicating that the larvae had the capacity to accumulate PUFA as it grew. 

Sim ilarly the total PUFA levels in H. longifilis eggs, 2-day larvae and 6-day larvae 

were 16.6%, 14.1% and 16.1%, respectively, indicating that some PUFA was initially 

utilised at the 2-day larval stage after which there was accumulation o f PUFA 

(Legendre et al. 1995). In Atlantic halibut eggs, the total PUFA increased from 

39.6%  to 44.5%  during incubation indicating that PU FA  accumulation had occurred 

even prior to hatching (Falk-Petersen et al. 1989). The levels o f total PUFA in eggs, 

0-day and 1-day larvae o f gilthead seabream were sim ilar after which the levels rose 

m arginally and then fluctuated at that level for the 2-day to 5-day larvae (Mourente 

and O driozola 1990).
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gilthead sea bream, the levels of total monounsaturated fatty acids remained 

relatively constant from the time of spawning till the first day after hatching but 

subsequently, the levels gradually declined due to metabolism (Mourente and 

Odriozola 1990). 

The levels of 18: ln-9 in the ovulated eggs, 8-h viable and non viable eggs of 

N. ater were similar and ranged from 14.3-14.8%. Even though the 18:ln-9 content 

was the same in ovulated eggs and 0-day-old larvae, the levels progressively declined 

after that stage indicating that a small proportion of 18: ln-9 had been utilised. A 

similar observation was recorded in H. longifilis where the 18:1 levels also declined 

from 24.5% in eggs to 18.3% in 6-day larvae (Legendre et al. 1995). In the eggs of 

Atlantic halibut, the levels of 18: ln-9 declined from 14.0% of total fatty acids in ripe 

unfertilised eggs to 11.2% in the closing of the blastopore stage indicating that 18: ln-

9 had been utilised to meet the needs of the developing embryo (Falk-Petersen et al. 

1989). A similar pattern was also observed in gilthead sea bream where the levels of 

18: ln-9 in the eggs and 0-day larvae were similar after which the levels progressively 

dropped until the 4-day larval stage (Mourente and Odriozola 1990). 

The total PUF A in the ovulated eggs, 8-h viable and non-viable eggs ranged 

from 20.0-20.6% of total fatty acids and the values were not significantly different 

(P>0.05) indicating that PUF A content had no effect on viability of the eggs. The 

level of total PUF A in ovulated eggs and newly hatched larvae were similar, 

however, the level in 1-day larvae declined after which the levels progressively 

increased indicating that the larvae had the capacity to accumulate PUFA as it grew. 

Similarly the total PUF A levels in H. longifilis eggs, 2-day larvae and 6-day larvae 

were 16.6%, 14.1 % and 16.1 %, respectively, indicating that some PUFA was initially 

utilised at the 2-day larval stage after which there was accumulation of PUF A 

(Legendre et al. 1995). In Atlantic halibut eggs, the total PUF A increased from 

39.6% to 44.5% during incubation indicating that PUFA accumulation had occurred 

even prior to hatching (Falk-Petersen et al. 1989). The levels of total PUF A in eggs, 

0-day and 1-day larvae of gilthead seabream were similar after which the levels rose 

marginally and then fluctuated at that level for the 2-day to 5-day larvae (Mourente 

and Odriozola 1990). 
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The m ajor PU FA in this study was 22:6n-3 and the levels in ovulated eggs, 

viable and non-viable eggs ranged from  6.9-7.4%  o f  total fatty acids indicating that 

22:6n-3 content did not affect egg viability. The 22:6n-3 content in  ovulated eggs, 0- 

day and 1-day larvae ranged from 7.5-8.3%  and the levels w ere sim ilar, however, the 

levels progressively increased until the peak in 5-day larvae w here 15.8% o f  22:6n-3 

was recorded. This level was nearly tw ice the level in ovulated eggs indicating that 

the larvae were able to synthesis 22:6n-3. Freshwater fishes generally have the ability 

to desaturate and chain elongate 18:ln -9 , 18:2n-6 and 18:3n-3 to longer chain 

polyunsaturated fatty acids (Ackman 1967, Cowey and Sargent 1972, 1977, 1979, 

K insella et al. 1977, Castell 1979, B ell et al. 1986, Green and Selivonchick 1987, 

H enderson and Tocher 1987, Cowey 1988, Sargent et al. 1993, Sargent 1995). In 

contrast to the findings o f  this study, in an experiment on H. longifilis, the levels o f  

22:6n-3 in the eggs (6.6%) declined in  2-day larvae (4.8%) after w hich the levels 

increased in 6-day larvae (7.6%). This indicated that perhaps 22:6n-3 was utilised 

from hatching to the 2-day larval stage after which there was accum ulation o f  

22:6n-3 resulting  in  the recovery o f  22:6n-3 levels in 6-day larvae (Legendre et al.

1995).

In A tlantic halibut eggs, 22:6n-3 levels dropped significantly during the early 

stages o f  incubation, however, by the closure o f  blastopore stage o f  the embryo, the 

22:6n-3 content had  recovered to the level in  the ripe unfertilised eggs (Falk-Petersen 

et al. 1989) indicating that initially 22:6n-3 was utilised but subsequently it w as 

accum ulated. In the gilthead sea bream , the levels o f  22:6n-3 w ere the same in the 

eggs and 0-day larvae, however, the levels m arginally increased from  the 1-day to the 

3-day larval stages and subsequently fluctuated at that level. It appears that 

accum ulation o f  22:6n-3 in small am ounts had occurred from the 1-day to the 3-day 

larval stages (M ourente and Odriozola 1990).

The levels o f  20:4n-6 in ovulated eggs, 8-h viable and non-viable eggs ranged 

from 5.4-5.6%  o f  total fatty acids and the levels were similar. This was also the case 

for 20:4n-6 levels in  ovulated eggs, 0-day and 1-day larvae that ranged from  8.1- 

8.6%. T he levels o f  20:4n-6 in 3-day larvae rose to 9.8%  and subsequently rose 

further to 12.4%. in 5-day larvae. This was an indication that as the larvae developed, 

it was able to desaturate and chain elongate 18:2n-6 to 20:4n-6. As stated above,
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The major PUFA in this study was 22:6n-3 and the levels in ovulated eggs, 

viable and non-viable eggs ranged from 6.9-7.4% of total fatty acids indicating that 

22:6n-3 content did not affect egg viability. The 22:6n-3 content in ovulated eggs, O

day and 1-day larvae ranged from 7.5-8.3% and the levels were similar, however, the 

levels progressively increased until the peak in 5-day larvae where 15.8% of 22:6n-3 

was recorded. This level was nearly twice the level in ovulated eggs indicating that 

the larvae were able to synthesis 22:6n-3. Freshwater fishes generally have the ability 

to desaturate ai.'1.d chain elongate 18: 1 n-9, 18 :2n-6 and 18 :3n-3 to longer chain 

polyunsaturated fatty acids (Ackman 1967, Cowey and Sargent 1972, 1977, 1979, 

Kinsella et al. 1977, Castell 1979, Bell et al. 1986, Green and Selivonchick 1987, 

Henderson and Tocher 1987, Cowey 1988, Sargent et al. 1993, Sargent 1995). In 

contrast to the findings of this study, in an experiment on H. longifilis, the levels of 

22:6n-3 in the eggs (6.6%) declined in 2-day larvae (4.8%) after which the levels 

increased in 6-day larvae (7.6%). This indicated that perhaps 22:6n-3 was utilised 

from hatching to the 2-day larval stage after which there was accumulation of 

22:6n-3 resulting in the recovery of 22:6n-3 levels in 6-day larvae (Legendre et al. 

1995). 

In Atlantic halibut eggs, 22:6n-3 levels dropped significantly during the early 

stages of incubation, however, by the ~los-u.re of blastopore stage of the embryo, the 

22:6n-3 content had recovered to the level in the ripe unfertilised eggs (Falk-Petersen 

et al. 1989) indicating that initially 22:6n-3 was utilised but subsequently it was 

accumulated. In the gilthead sea bream, the levels of 22:6n-3 were the same in the 

eggs and 0-day larvae, however, the levels marginally increased from the 1-day to the 

3-day larval stages and subsequently fluctuated at that level. It appears that 

accumulation of 22:6n-3 in small amounts had occurred from the 1-day to the 3-day 

larval stages (Mourente and Odriozola 1990). 

The levels of 20:4n-6 in ovulated eggs, 8-h viable and non-viable eggs ranged 

from 5.4-5.6% of total fatty acids and the levels were similar. This was also the case 

for 20:4n-6 levels in ovulated eggs, 0-day and 1-day larvae that ranged from 8.1-

8.6%. The levels of 20:4n-6 in 3-day larvae rose to 9.8% and subsequently rose 

further to 12.4%. in 5-day larvae. This was an indication that as the larvae developed, 

it was able to desaturate and chain elongate 18:2n-6 to 20:4n-6. As stated above, 
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freshw ater fish have the ability to desaturate and chain elongate 18:2n-6 to longer 

chain polyunsaturated fatty acids o f the n-6 fam ily (A ckm an 1967, Cowey and 

Sargent 1972, 1977, 1979, Kinsella et al. 1977, Castell 1979, Bell et al. 1986, Green 

and Selivonchick 1987, Henderson and Tocher 1987, C ow ey 1988). In contrast to 

this, the levels o f  20:4n-6 in H. longifilis were low and progressively  declined from 

1.7% in the eggs to 1.4% in 6-day larvae (Legendre et al. 1995). In A tlantic halibut, 

the level o f  20:4n-6 increased soon after fertilisation from  2.0%  to 4.9%  and then 

fluctuated at that level until the closure o f  the blastopore stage (Falk-Petersen et al.

1989). The levels o f  20:4n-6 in gilthead sea bream  w ere low  and ranged from 0.99- 

1.19% in the eggs, 0-day and 1-day larvae. From  the 2-day to the 4-day larval stage 

the 20:4n-6 levels rose m arginally to 1.45-1.66%  and by  the 5-day larval stage, the 

20:4n-6 had peaked at 2.02%  indicating that as the larvae developed, small amounts 

o f  20:4n-6 were accum ulated (M ourente and O driozola 1990).

In the 1994 breeding season, the n-6/n-3 ratios in the ovulated eggs, 8-h 

viable and non-viable eggs was 1.0 indicating that the am ounts o f  n-6 and n-3 fatty 

acids were the same. However, in the 1993 breeding season, the n-6/n-3 ratio in 

ovulated eggs, 0-day and 1-day larvae w ere 1.5 indicating that there w ere m ore n-6 

fatty acids than n-3 fatty acids in the sam ples. One possible reason for the difference 

in the values for -1993 and 1994 could  be attributed to the diets o f  the wild 

broodstock. The ratios declined to 1.4 in 3-day larvae and 1.1 in  5-day larvae 

indicating that as the larvae developed there was either a gradual decrease o f  n-6 fatty 

acids or an increase o f  n-3 fatty acids or both. A  sim ilar trend w as also observed in H. 

longifilis where the n-6/n-3 ratios o f  eggs, 2-day and 6-day larvae w ere 1.1, 1.4 and 

0.8, respectively (Legendre et al. 1995). The n-6/n-3 ratios in  A tlantic halibut eggs 

ranged from  0.11 to 0.24 indicating that n-6 fatty acids w as a m inor com ponent in the 

eggs w hich was m ainly dom inated by n-3 fatty acids (Falk-Petersen et al. 1989). The 

sam e observation was recorded in gilthead sea bream  w here the n-6/n-3 ratios in eggs 

and larvae ranged from  0.05-0.09 indicating that n-6 fatty acids occurred in small 

quantities in m arine fish (Mourente and O driozola 1990). F reshw ater fish tend to 

have higher levels o f  n-6 fatty acids as opposed to that in m arine fish w hich tend to 

have higher levels o f n-3 fatty acids (G ruger et al. 1964, A ckm an 1967, Cowey and 

Sargent 1972,1977, 1979). The n-6/n-3 ratios in freshw ater fish and m arine fish were
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freshwater fish have the ability to desaturate and chain elongate 18 :2n-6 to longer 

chain polyunsaturated fatty acids of the n-6 family (Ackman 1967, Cowey and 

Sargent 1972, 1977, 1979, Kinsella et al. 1977, Castell 1979, Bell et al. 1986, Green 

and Selivonchick 1987, Henderson and Tocher 1987, Cowey 1988). In contrast to 

this, the levels of 20:4n-6 in H. longifilis were low and progressively declined from 

1.7% in the eggs to 1.4% in 6-day larvae (Legendre et al. 1995). In Atlantic halibut, 

the level of 20:4n-6 increased soon after fertilisation from 2.0% to 4.9% and then 

fluctuated at that level until the closure of the blastopore stage (Falk-Petersen et al. 

1989). The levels of 20:4n-6 in gilthead sea bream were low and ranged from 0.99-

1.19% in the eggs, 0-day and 1-day larvae. From the 2-day to the 4-day larval stage 

the 20:4n-6 levels rose marginally to 1 .45-1.66% and by the 5-day larval stage, the 

20:4n-6 had peaked at 2.02% indicating that as the larvae developed, small amounts 

of20:4n-6 were accumulated (Mourente and Odriozola 1990). 

In the 1994 breeding season, the n-6/n-3 ratios in the ovulated eggs, 8-h 

viable and non-viable eggs was 1.0 indicating that the amounts of n-6 and n-3 fatty 

acids were the same. However, in the 1993 breeding season, the n-6/n-3 ratio in 

ovulated eggs, 0-day and 1-day larvae were 1.5 indicating that there were more n-6 

fatty acids than n-3 fatty acids in the samples. One possible reason for the difference 

in the values for -1993 and 1994 could be attributed to the diets of the wild 

broodstock. The ratios declined to 1.4 in 3-day larvae and 1.1 in 5-day larvae 

indicating that as the larvae developed there was either a gradual decrease of n-6 fatty 

acids or an increase of n-3 fatty acids or both. A similar trend was also observed in H. 

longifilis where the n-6/n-3 ratios of eggs, 2-day and 6-day larvae were 1. 1, 1.4 and 

0.8, respectively (Legendre et al. 1995). The n-6/n-3 ratios in Atlantic halibut eggs 

ranged from 0.11 to 0.24 indicating that n-6 fatty acids was a minor component in the 

eggs which was mainly dominated by n-3 fatty acids (Falk-Petersen et al. 1989). The 

same observation was recorded in gilthead sea bream where the n-6/n-3 ratios in eggs 

and larvae ranged from 0.05-0.09 indicating that n-6 fatty acids occurred in small 

quantities in marine fish (Mourente and Odriozola 1990). Freshwater fish tend to 

have higher levels of n-6 fatty acids as opposed to that in marine fish which tend to 

have higher levels of n-3 fatty acids (Gruger et al. 1964, Ackman 1967, Cowey and 

Sargent 1972, 1977, 1979). The n-6/n-3 ratios in freshwater fish and marine fish were 
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0.37 and 0.16, respectively, indicating that freshwater fish had a higher n-6 fatty acid 

content (Castell 1979). In another publication, Borlongan and Benitez (1992) 

reported that the n-6/n-3 ratios in freshwater and marine fish were 0.28-0.59 and 

0.10-0.13, respectively, confirm ing the view that freshwater fish tend to have higher 

n-6 fatty acids.

3.5 C O N C LU SIO N

3.5.1 Seasonal changes in the mass, total lipids and fatty acid com position of the 
liver and ovary o f adult fem ale eel-tailed catfish

The results o f  this study indicated that the resting period was from M arch to 

O ctober where the GSI were below 1%. This was followed by the period o f 

gam etogenesis in N ovem ber and December where the GSI rose to 3.6%  and 4.8%, 

respectively, follow ed by  spawning. The seasonal changes in the HSI w ere not as 

clear, however, the H SI was 0.80% in August corresponding to the lowest level for 

the year. The findings had sim ilar trends to those reported for other catfish.

W hile the total lipid content o f the ovaries during the resting stage and 

gam etogenesis ranged from  23.3-29.6% of DW  and 31.0-33.0%, respectively, the 

total lipid levels in the liver during the respective stages ranged from 20.8-31.0%  o f 

D W  and 26.7-31.2% . The total lipid content o f the ovary can be used as an indicator 

o f  gam etogenesis.

The m ajor fatty acids in the liver were 16:0, 18:0, 18:ln-9, 20:4n-6 and 

22:6n-3. The levels o f  16:0 remained relatively constant throughout the year (range

22.8-26.5%  o f  total fatty acids). The trends for 18:0, 20:4n-6 and 22:6n-3 were 

sim ilar where the levels o f  the respective fatty acids progressively declined from 

M arch to August after w hich the levels o f the respective fatty acids increased. The 

opposite trend was observed in 18:ln-9  where the levels progressively increased from 

M arch to a peak in August after which the level declined. The n-6/n-3 ratios 

progressively increased from  M arch (0.9) reaching a peak in July (1.7) after which 

the ratios declined and rem ained constant (1.3-1.4). The n-6/n-3 ratios are not good 

indicators o f  gam etogenesis.
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0.37 and 0.16, respectively, indicating that freshwater fish had a higher n-6 fatty acid 

content (Castell 1979). In another publication, Borlongan and Benitez (1992) 

reported that the n-6/n-3 ratios in freshwater and marine fish were 0.28-0.59 and 

0 .10-0 .13, respectively, confirming the view that freshwater fish tend to have higher 

n-6 fatty acids. 

3.5 CONCLUSION 

3.5.1 Seasonal changes in the mass, total lipids and fatty acid composition of the 
liver and ovary of adult female eel-tailed catfish 

The results of this study indicated that the resting period was from March to 

October where the GSI were below I%. This was followed by the period of 

gametogenesis in November and December where the GSI rose to 3.6% and 4.8%, 

respectively, followed by spawning. The seasonal changes in the HSI were not as 

clear, however, the HSI was 0.80% in August corresponding to the lowest level for 

the year. The findings had similar trends to those reported for other catfish. 

While the total lipid content of the ovaries during the resting stage and 

gametogenesis ranged from 23.3-29.6% of DW and 31.0-33.0%, respectively, the 

total lipid levels in the liver during the respective stages ranged from 20.8-31.0% of 

DW and 26. 7-31.2%. The total lipid content of the ovary can be used as an indicator 

of gametogenesis. 

The major fatty acids in the liver were 16:0, 18:0, 18:ln-9, 20:4n-6 and 

22:6n-3. The levels of 16:0 remained relatively constant throughout the year (range 

22.8-26.5% of total fatty acids). The trends for 18:0, 20:4n-6 and 22:6n-3 were 

similar where the levels of the respective fatty acids progressively declined from 

March to August after which the levels of the respective fatty acids increased. The 

opposite trend was observed in 18:ln-9 where the levels progressively increased from 

March to a peak in August after which the level declined. The n-6/n-3 ratios 

progressively increased from March (0.9) reaching a peak in July (1.7) after which 

the ratios declined and remained constant (1.3-1.4). The n-6/n-3 ratios are not good 

indicators of gametogenesis. 
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The m ajor fatty acids in the ovary were also 16:0, 18:0, 18:ln-9 , 20:4n-6 and 

22:6n-3. The levels o f  16:0 were not affected by the seasonal changes o f  the gonad. 

The percentages were o f  the same order in livers and ovaries. The trends for 18:0 and 

22:6n-3 w ere sim ilar where the respective levels progressively declined from  M arch 

to A ugust after which the respective levels progressively increased. In the case o f 

20:4n-6, the levels also declined from M arch to August after which the levels 

increased m arginally and then progressively declined. In contrast, the levels o f  18:ln- 

9 progressively increased from M arch reaching a peak in August after w hich the 

levels declined and subsequently fluctuated at that level. The n-6/n-3 ratios increased 

from 1.8 in M arch to 2.9 in July after which the levels progressively declined to 1.2-

1.3 in N ovem ber and December when gametogenesis was progressing. This ratio is 

an indicator o f  gametogenesis.

3.5.2 E ffect o f adm inistrating different dosages Ovaprim  on induced ovulation

The preinjection oocyte diameters in all treatm ents were not significantly 

different (P>0.05) and they ranged from 1.91-2.01 mm. Fem ales that were 

adm inistered w ith at least 0.5 mL/kg o f  Ovaprim  successfully ovulated. The latency 

periods ranged from 20-23 h after Ovaprim adm inistration and the periods for the 

successful treatm ents were similar (P>0.05). W hile the ovulatory egg diameters 

ranged from  2.05-2.16 mm, the water hardened egg diam eters ranged from  2.21-2.33 

mm. The w orking fecundity ranged from 2,877-3,001 eggs per 100 g B W  and the 

values w ere similar. The fertilisation and hatching rates ranged from  77.5-89.9%  and

75.6-82.0% , respectively, and the treatments resulted in sim ilar outcom es. The 

findings agree with those reported for other fishes.

3.5.3 L ipid and fatty acid content o f the eggs and larvae o f eel-tailed catfish

The total lipid content in ovulated, 8-h viable and non-viable eggs were 

sim ilar (range 28.2-30.2%  o f  DW ) and the total lipid content in larvae progressively 

dropped after the 1-day larval stage. The m ajor fatty acids in the eggs and larvae were 

16:0, 18:0, 18:ln-9, 20:4n-6 and 22:6n-3. The trends for 16:0 and 18 :ln -9  were 

sim ilar w here the levels declined after the 2-day or 3-day larval stage. The trends for 

18:0, 20:4n-6 and 22:6n-3 were similar where the levels o f  the respective fatty acids
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The major fatty acids in the ovary were also 16:0, 18:0, 18:ln-9, 20:4n-6 and 

22:6n-3. The levels of 16:0 were not affected by the seasonal changes of the gonad. 

The percentages were of the same order in livers and ovaries. The trends for 18:0 and 

22:6n-3 were similar where the respective levels progressively declined from March 

to August after which the respective levels progressively increased. In the case of 

20:4n-6, the levels also declined from March to August after which the levels 

increased marginally and then progressively declined. In contrast, the levels of 18: ln-

9 progressively increased from March reaching a peak in August after which the 

levels declined and subsequently fluctuated at that level. The n-6/n-3 ratios increased 

from 1.8 in March to 2.9 in July after which the levels progressively declined to 1.2-

1.3 in November and December when gametogenesis was progressing. This ratio is 

an indicator of gametogenesis. 

3.5.2 Effect of administrating different dosages Ovaprim on induced ovulation 

The preinjection oocyte diameters in all treatments were not significantly 

different (P>0.05) and they ranged from 1.91-2.01 mm. Females that were 

administered with at least 0.5 rnL!kg of Ovaprim successfully ovulated. The latency 

periods ranged from 20-23 h after Ovaprim administration and the periods for the 

successful treatments were similar (P>0.05). While the ovulatory egg diameters 

ranged from 2.05-2.16 mm, the water hardened egg diameters ranged from 2.21-2.33 

mm. The working fecundity ranged from 2,877-3,001 eggs per 100 g BW and the 

values were similar. The fertilisation and hatching rates ranged from 77.5-89.9% and 

75.6-82.0%, respectively, and the treatments resulted in similar outcomes. The 

findings agree with those reported for other fishes. 

3.5.3 Lipid and fatty acid content of the eggs and larvae of eel-tailed catfish 

The total lipid content in ovulated, 8-h viable and non-viable eggs were 

similar (range 28.2-30.2% of DW) and the total lipid content in larvae progressively 

dropped after the 1-day larval stage. The major fatty acids in the eggs and larvae were 

16:0, 18:0, 18:ln-9, 20:4n-6 and 22:6n-3. The trends for 16:0 and 18:ln-9 were 

similar where the levels declined after the 2-day or 3-day larval stage. The trends for 

18:0, 20:4n-6 and 22:6n-3 were similar where the levels of the respective fatty acids 

-
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increased after the 1-day or 3-day larval stage. While the levels o f  total saturated and 

m onounsaturated  fatty acids declined from the 3-day larvae, the levels o f  total PUFA 

increased from  the 3-day larvae. The n-6/n-3 ratios declined from 1.5 in ovulated 

eggs to  1.1 in 5-day larvae. The findings are new in relation to other w ork because 

there is very little published inform ation on eggs and larvae o f catfish especially 

those in  Australia.
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increased after the 1-day or 3-day larval stage. While the levels of total saturated and 

monounsaturated fatty acids declined from the 3-day larvae, the levels of total PUF A 

increased from the 3-day larvae. The n-6/n-3 ratios declined from 1.5 in ovulated 

eggs to 1.1 in 5-day larvae. The findings are new in relation to other work because 

there is very little published information on eggs and larvae of catfish especially 

those in Australia. 
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C H A P T E R  F O U R  LA RV A L R E A R IN G  O F  E E L -T A IL E D  C A T F IS H  W IT H  

A R T E M IA  N A U PLII, F O R M U L A T E D  A N D /O R  

Z O O PL A N K T O N  D IETS

4.1 IN T R O D U C T IO N

Aquaculture is considered a new-growth industry in  A ustralia and one o f  the 

m ain reasons for the rapid growth is the development o f  reliable techniques for mass 

production o f  quality fry and fmgerlings. Larval ontogeny in fish is characterised by 

im portant anatom ical and physiological phases with consequent changes in nutrient 

requirem ents. The production o f live feeds and formulated diets has played a m ajor 

role in successful larval rearing o f  many species o f fish (Lavens et al. 1995).

The larvae ju s t after hatching, which are also know n as yolk-sac larvae o f  eel

tailed catfish, are not well developed. Generally, the nutrients in the yolk sac o f  

larvae are progressively reabsorbed for the development o f  the various organ systems 

such as the eyes and the nervous system, m outh structures and the digestive system 

etc. After the yolk reserves are exhausted, larval survival is ultim ately dependent on 

the availability o f  suitable foods in sufficient quantities and quality. M ost fish larvae 

studied under laboratory conditions are capable o f m ixed feeding (exogenous plus 

endogenous) before incurring a metabolic deficit during the term inal phase o f  yolk 

absorption (H em ing and Buddington 1988).

Larval rearing o f  finfish and prawns can be conducted using the single facility 

system or the m ultiple facility system (Cheah et al. 1993a) and in the traditional 

single facility system, the larval rearing ponds or tanks are fertilised with nutrients to 

initiate the developm ent o f  the food web in the nursing facility. Addition o f  nutrients 

to the water leads to the development o f  a great diversity o f  phytoplankton and 

zooplankton, the latter o f  which is the m ajor larval and post-larval fish food group. 

W hen the w ater in the larval rearing facility is full o f  such organisms, fish larvae are 

released into the facility and the larvae are essentially served a buffet o f  live feeds. 

As the larvae grow, the food items selected gradually increase in size and it is not 

uncom m on for the diet to shift from rotifers to juven ile  stages o f  copepods, 

cladocerans and ostracods, and then on to the adult stages o f  these food items.

CHAPTER FOUR LARVAL REARING OF EEL-TAILED CATFISH WITH 

ARTE~IA NAUPLII, FOR.M:ULATED AND/OR 

ZOOPLANKTON DIETS 

4.1 INTRODUCTION 

Aquaculture is considered a new-growth industry in Australia and one of the 

main reasons for the rapid growth is the development of reliable techniques for mass 

production of quality fry and fingerlings. Larval ontogeny in fish is characterised by 

important anatomical and physiological phases with consequent changes in nutrient 

requirements. The production of live feeds and formulated diets has played a major 

role in successful larval rearing of many species of fish (Lavens et al. 1995). 

The larvae just after hatching, which are also known as yolk-sac larvae of eel

tailed catfish, are not well developed. Generally, the nutrients in the yolk sac of 

larvae are progressively reabsorbed for the development of the various organ systems 

such as the eyes and the nervous system, mouth structures and the digestive sy.stem 

etc. After the yolk reserves are exhausted, larval survival is ultimately dependent on 

the availability of suitable foods in sufficient quantities and quality. Most fish larvae 

studied under laboratory conditions are capable of mixed feeding ( exogenous plus 

endogenous) before incurring a metabolic deficit during the terminal phase of yolk 

absorption (Heming and Buddington 1988). 

Larval rearing of finfish and prawns can be conducted using the single facility 

system or the multiple facility system (Cheah et al. 1993a) and in the traditional 

single facility system, the larval rearing ponds or tanks are fertilised with nutrients to 

initiate the development of the food web in the nursing facility. Addition of nutrients 

to the water leads to the development of a great diversity of phytoplankton and 

zooplankton, the latter of which is the major larval and post-larval fish food group. 

When the water in the larval rearing facility is full of such organisms, fish larvae are 

released into the facility and the larvae are essentially served a buffet of live feeds. 

As the larvae grow, the food items selected gradually increase in size and it is not 

uncommon for the diet to shift from rotifers to juvenile stages of copepods, 

cladocerans and ostracods, and then on to the adult stages of these food items. 

-
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In the m ultiple facility system, special facilities are used for the culture o f 

m icroalgae w hich  are then used for rotifer, copepod and cladoceran culture in 

separate facilities. In addition, facilities are also required for hatching Artemia 

nauplii that are im portant hatchery feeds. During larval rearing, the appropriate food 

is then delivered to the growing fish larvae at the required periods. Depending on the 

size o f  the m outh  gape, it is not uncom m on for the diet to shift from  rotifers to newly 

hatched A n em ia  nauplii, then on to copepods or cladocerans, and finally to 

form ulated diets as the larvae grow. As the culture o f microalgae, rotifers, copepods 

and cladocerans involves additional tank space and effort, attempts to replace such 

live feeds w ith special larval feeds such as micro-encapsulated diets, micro-bound 

diets or m icro-coated diets have m et w ith some degree o f success and currently 

continues to attract research efforts (Jones et al. 1993, W atanabe and K iron 1994).

4.1.1 Effects o f delayed first feeding and starvation of larvae

Since the tim ing o f  first feeding and the quality o f the food given is so 

im portant for larval growth and survival, the effects o f delayed first feeding and 

starvation have been studied w ith catfishes (Hecht 1981, Arum ugam  and Kuppan 

1990, H aylor and M ollah 1995) and other fishes such as grunion (M ay 1971), striped 

bass (Rogers and W estin 1981, Eldridge et al. 1981, 1982), chinook salm on (Heming 

et al. 1982), Pacific herring (M cGurk 1984), Arctic charr (W allace and Aasjord

1984), spot (Pow ell and Chester 1985), Am erican shad (W iggins et al. 1985), 

snakehead (A rul 1991), herring (Navarro and Sargent 1992) and cod (van der M eeren 

et al. 1993).

In a study on the use o f natural and prepared diets for larval rearing o f the 

African catfish (C. gariepinus), the unfed larvae increased in length up to day 5 and 

50%  o f  these larvae survived for 16 days, however, all larvae were dead after 21 days 

(Hecht 1981). In another study on the effects o f  delayed initial feeding on the growth 

and survival o f  the freshwater catfish (C. macrocephalus) the starved larvae survived 

for about seven days and larvae that had been starved for three days could feed 

successfully on A n em ia  nauplii (Arum ugam  and Kuppan 1990). Haylor and M ollah 

(1995) studied the effect of tem perature on the transition from  endogenous to 

exogenous feeding in C. gariepinus over a temperature range o f  15-35°C and

1-,-, 
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In the multiple facility system, special facilities are used for the culture of 

microalgae which are then used for rotifer, copepod and cladoceran culture in 

separate facilities. In addition, facilities are also required for hatching Artemia 

nauplii that are important hatchery feeds. During larval rearing, the appropriate food 

is then delivered to the growing fish larvae at the required periods. Depending on the 

size of the mouth gape, it is not uncommon for the diet to shift from rotifers to newly 

hatched Artemia nauplii, then on to copepods or cladocerans, and finally to 

formulated diets as the larvae grow. As the culture of microalgae, rotifers, copepods 

and cladocerans involves additional tank space and effort, attempts to replace such 

live feeds with special larval feeds such as micro-encapsulated diets, micro-bound 

diets or micro-coated diets have met with some degree of success and currently 

continues to attract research efforts (Jones et al. 1993, Watanabe and Kiron 1994). 

4.1.1 Effects of delayed first feeding and starvation of larvae 

Since the timing of first feeding and the quality of the food given is so 

important for larval growth and survival, the effects of delayed first feeding and 

starvation have been studied with catfishes (Hecht 1981, Arumugam and Kuppan 

1990, Haylor and Mollah 1995) and other fishes such as grunion (May 1971 ), striped 

bass (Rogers and Westin 1981, Eldridge et al. 1981, 1982), chinook salmon (Heming 

et al. 1982), Pacific herring (McGurk 1984), Arctic charr (Wallace and Aasjord 

1984), spot (Powell and Chester 1985), American shad (Wiggins et al. 1985), 

snakehead (Arul 1991), herring (Navarro and Sargent 1992) and cod (van der Meeren 

et al. l 993). 

In a study on the use of natural and prepared diets for larval rearing of the 

African catfish (C. gariepinus), the unfed larvae increased in length up to day 5 and 

50% of these larvae survived for 16 days, however, all larvae were dead after 21 days 

(Hecht 1981 ). In another study on the effects of delayed initial feeding on the growth 

and survival of the :freshwater catfish (C. macrocephalus) the starved larvae survived 

for about seven days and larvae that had been starved for three days could feed 

successfully on Artemia nauplii (Arumugam and Kuppan 1990). Haylor and Mollah 

( 1995) studied the effect of temperature on the transition from endogenous to 

exogenous feeding in C. gariepinus over a temperature range of 15-35°C and 
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reported  that the time from  hatching to first feeding at 26°C, 28°C and 30°C were 

1.16 days (27.8 h), 0.99 days (23.8 h) and 0.86 days (20.6 h), respectively.

D uring the period o f delayed initial feeding or starving, fish larvae m ake use 

o f  the nutrients within their body, principally lipids and to a lesser extent a m i n o  

acids, for energy production to sustain activities such as respiration and swimming. 

T here is a lack o f reports on the lipid content and fatty acid com position o f  the lipids 

in  yolk-sac larvae and larvae o f  catfishes during this period except for those o f 

V erreth  et al. (1994b) and Polat et al. (1995) on C. gariepinus. H ow ever, reports on 

o ther fishes were: S. aurata (Koven et al. 1989, M ourente and O driozola 1990), 

herring (Navarro and Sargent 1992) and cod (van der M eeren et al. 1993).

In a study on the changes in the lipid content o f  yolk-sac larvae and starving 

larvae o f  C. gariepinus, the total lipid content o f  yolk-sac larvae dropped from  about 

20.1%  o f  DW  at hatching to 14.6% o f DW  at completion o f  yolk absorption. 

H ow ever, the total lipid content in starving larvae fluctuated w ith in  the range o f

11.8%  to 15.6% o f  DW . There was selective utilisation o f non-lipid com pounds that 

resulted  in  the increase o f  total lipid levels towards the end o f the study (Verreth et 

al. 1994b). In a subsequent experiment on the same species, the lipid content o f 

starving larvae declined from 43.0 pg/ind at the end o f  yolk absorption to 16.9 pg/ind 

at the term ination o f  the experiment (Polat et al. 1995). Sim ilar trends o f  declining 

to tal lipid levels in starved larvae o f gilthead sea bream  during starvation have also 

been  observed and the levels declined from about 27%  DW  at hatching to about 17% 

after 6 days (Koven et al. 1989, M ourente and Odriozola 1990).

In the case o f  eel-tailed catfish larvae, the total lipid content o f  ovulated, 

0-day, 1-day and 3-day larvae ranged from 23.7 to 29.0% o f  D W  and declined to 

19.3%  o f  DW  in 5-day larvae in this study (Table 3.8).

Fatty acid requirem ents o f  striped bass larvae were evaluated during 

starvation experiments by observing the growth o f  4-day-old larvae under various 

starvation/feeding regim es for 14 days. All starved control larvae w ere dead by day 

11 and the larvae showed evidence o f  differential utilisation o f  saturated fatty acids 

bu t conservation o f 22:5 and 22:6 (Martin et al. 1984). W hen the fatty acid 

requirem ents o f gilthead sea bream  larvae during starvation were studied, the pattern 

o f  fatty acid loss in the total lipid was expressed as n-6>n-9>n-3 in  that n-6 fatty
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reported that the time from hatching to first feeding at 26°C, 28°C and 30°C were 

1.16 days (27.8 h), 0.99 days (23.8 h) and 0.86 days (20.6 h), respectively. 

During the period of delayed initial feeding or starving, fish larvae make use 

of the nutrients within their body, principally lipids and to a lesser extent amino 

acids, for energy production to sustain activities such as respiration and swimming. 

There is a lack of reports on the lipid content and fatty acid composition of the lipids 

in yolk-sac larvae and larvae _of catfishes during this period except for those of 

Verreth et al. (1994b) and Polat et al. (1995) on C. gariepinus. However, reports on 

other fishes were: S. aurata (Koven et al. 1989, Mourente and Odriozola 1990), 

herring (Navarro and Sargent 1992) and cod (van der Meeren et al. 1993). 

In a study on the changes in the lipid content of yolk-sac larvae and starving 

larvae of C. gariepinus, the total lipid content of yolk-sac larvae dropped from about 

20.1 % of DW at hatching to 14.6% of DW at completion of yolk absorption. 

However, the total lipid content in starving larvae fluctuated within the range of 

11.8% to 15.6% ofDW. There was selective utilisation of non-lipid compounds that 

resulted in the increase of total lipid levels towards the end of the study (Verreth et 

al. 1994b ). In a subsequent experiment on the same species, the lipid content of 

starving larvae declined from 43.0 µg/ind at the end of yolk absorption to 16.9 µg/ind 

at the termination of the experiment (Polat et al. 1995). Similar trends of declining 

total lipid levels in starved larvae of gilthead sea bream during starvation have also 

been observed and the levels declined from about 27% DW at hatching to about 17% 

after 6 days (Koven et al. 1989, Mourente and Odriozola 1990). 

In the case of eel-tailed catfish larvae, the total lipid content of ovulated, 

0-day, 1-day and 3-day larvae ranged from 23.7 to 29.0% of DW and declined to 

19.3% ofDW in 5-day larvae in this study (Table 3.8). 

Fatty acid requirements of striped bass larvae were evaluated during 

starvation experiments by observing the growth of 4-day-old larvae under various 

starvation/feeding regimes for 14 days. All starved control larvae were dead by day 

11 and the larvae showed evidence of differential utilisation of saturated fatty acids 

but conservation of 22:5 and 22:6 (Martin et al. 1984). When the fatty acid 

requirements of gilthead sea bream larvae during starvation were studied, the pattern 

of fatty acid loss in the total lipid was expressed as n-6>n-9>n-3 in that n-6 fatty 

-
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acids w ere the first to be utilised while the n-3 fatty acids were the last to be utilised. 

The study also found that the loss o f  20:5n-3 was higher than that o f  22:6n-3, 

indicating that 22:6n-3 w as m ore strongly conserved over that o f 20:5n-3 during 

starvation. The results also suggested that the larval biochem ical strategy was to 

conserve the im portant n-3 fatty acids during starvation (Koven et al. 1989). In a 

subsequent study on the sam e fish, while the 20:5n-3 level in the total lipids o f  newly 

hatched larvae had declined from 7.0% o f  total fatty acids to 5.9% in 5-day-old 

larvae, the 22:6n-3 levels had increased from 26.3%  in newly hatched larvae to 

30.2%  o f  5-day-old larvae confirm ing the earlier findings that there was conservation 

o f  22:6n-3 during starvation. In the case o f  16:0, the levels in 5-day-old larvae (20% 

o f  total fatty acids) w ere lower than those o f  3 and 4-day old larvae (20.9-21.7% ) 

(M ourente and O driozola 1990).

The fatty acid com position o f  the total lipids in three groups o f herring larvae 

was analysed by N avarro and Sargent (1992) at the end o f a larval rearing trial. 

Group 1 larvae were pin-head shaped, tended to swim  with a spinning m otion and 

floated vertically; group 2 larvae tended to stay m oribund on the bottom o f  the tank; 

w hile group 3 larvae show ed normal active swim m ing behaviour. The fatty acid 

com position o f  the lipids in group 3 larvae had higher percentages o f n-3 PUFA, 

specifically 18:3n-3, 20:5n-3 and 22:6n-3. The larvae in this group also had a higher 

level o f  18:3n-3 (5.13%  o f  total fatty acids) as opposed to those in groups 1 and 2 

larvae (0.73-1.19% ) w hich  had displayed clear signs o f starvation. The source o f 

18:3n-3 w as believed to have originated from  Artem ia  nauplii that the norm al larvae 

had been feeding on. The level o f  20:5n-3 in norm al healthy larvae was 5.50%  o f  

total fatty acids, as opposed to the levels in groups 1 and 2 larvae, which ranged from 

1.94-2.75% . Similarly, the level o f  22:6n-3 in norm al healthy larvae was 6.00%, 

com pared to 2.81-2.82%  in groups 1 and 2 larvae (Navarro and Sargent 1992).

In a study on the fatty acid com position o f  the total lipids in starved cod 

larvae, the m ajor fatty acids were 16:0, 18 :ln-9 , 20:5n-3 and 22:6n-3. The levels o f 

16:0 and 18:ln-9  in 3-day-old to 15-day-old larvae were constant and fluctuated 

from 18.0%  o f  total fatty acids to 19.9%, and 8.5% to 9.8%, respectively. However, 

the levels o f  20:5n-3 declined from 18.2% in 3-day-old larvae to 11.8% in 15-day-
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acids were the first to be utilised while the n-3 fatty acids were the last to be utilised. 

The study also found that the loss of 20:5n-3 was higher than that of 22:6n-3, 

indicating that 22:6n-3 was more strongly conserved over that of 20:5n-3 during 

starvation. The results also suggested that the larval biochemical strategy was to 

conserve the important n-3 fatty acids during starvation (Koven et al. 1989). In a 

subsequent study on the same fish, while the 20:5n-3 level in the total lipids of newly 

hatched larvae had declined from 7.0% of total fatty acids to 5.9% in 5-day-old 

larvae, the 22:6n-3 levels had increased from 26.3% in newly hatched larvae to 

30.2% of 5-day-old larvae confirming the earlier findings that there was conservation 

of 22:6n-3 during starvation. In the case of 16:0, the levels in 5-day-old larvae (20% 

of total fatty acids) were lower than those of 3 and 4-day old larvae (20.9-21.7%) 

(Mourente and Odriozola 1990). 

The fatty acid composition of the total lipids in three groups of herring larvae 

was analysed by Navarro and Sargent (1992) at the end of a larval rearing trial. 

Group 1 larvae were pin-head shaped, tended to swim with a spinning motion and 

floated vertically; group 2 larvae tended to stay moribund on the bottom of the tank; 

while group 3 larvae showed normal active swimming behaviour. The fatty acid 

composition of the lipids in group 3 larvae had higher percentages of n-3 PUF A, 

specifically 18:3n-3, 20:5n-3 and 22:6n-3. The larvae in this group also had a higher 

level of 18:3n-3 (5.13% of total fatty acids) as opposed to those in groups 1 and 2 

larvae (0.73-1.19%) which had displayed clear signs of starvation. The source of 

l 8:3n-3 was believed to have originated from Artemia nauplii that the normal larvae 

had been feeding on. The level of 20:5n-3 in normal healthy larvae was 5.50% of 

total fatty acids, as opposed to the levels in groups 1 and 2 larvae, which ranged from 

1.94-2.75%. Similarly, the level of 22:6n-3 in normal healthy larvae was 6.00%, 

compared to 2.81-2.82% in groups 1 and 2 larvae (Navarro and Sargent 1992). 

In a study on the fatty acid composition of the total lipids in starved cod 

larvae, the major fatty acids were 16:0, 18:ln-9, 20:5n-3 and 22:6n-3. The levels of 

16:0 and 18:ln-9 in 3-day-old to 15-day-old larvae were constant and fluctuated 

from 18.0% of total fatty acids to 19.9%, and 8.5% to 9.8%, respectively. However, 

the levels of 20:5n-3 declined from 18.2% in 3-day-old larvae to 11.8% in 15-day-
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old larvae, and the levels o f 22:6n-3 increased from 29.0%  to 34.7%  for the 

respective larval stages, (van der M eeren et al. 1993).

4.1.2 L arval rearing with Artem ia  nauplii

E ver since the recommendation o f  Seale (1933) to use Artemia  as a live food 

for larval fishes, its use has gained widespread acceptance in both the food-fish and 

aquarium  fish hatcheries all over the world. Artemia franciscana, previously referred 

to as A. sa lina  (Sorgeloos and Beardm ore 1995), has been reported to be w idely used 

as a larval feed in aquaculture hatcheries (Sorgeloos 1980, Leger et al. 1986, 

B engtson et al. 1991, Sorgeloos and Leger 1992, W atanabe and Kiron 1994, Lavens 

et al. 1995). M any species o f larval catfishes have been successfully reared with 

A rtem ia  nauplii such as C. batrachus (Knud-Hansen et al. 1990), C. macrocephalus 

(Ferm in and B olivar 1991) and the African catfish species: C. gariepinus (Adeyemo 

et al. 1994), H. bidorsalis (Adeyemo et al. 1994) and H. longifilis (Kerdchuen and 

Legendre 1994).

Y olk  absorption in C. batrachus was reported to have been com plete by 

about 4 days after hatching. In an experiment to compare the effects o f  using 

different larval feeds, including Artem ia  nauplii, Artemia  nauplii plus pond water, 

rotifers, cladocerans and ground fish meal. At the end o f  the 7-day study period, the 

larvae that w ere fed solely Artemia  nauplii had a survival rate o f  86.2%, w hich was 

low er than  those fed Artemia nauplii plus pond water but higher than those fed the 

o ther diets (Knud-Hansen et al. 1990). In the case o f  C. macrocephalus, the larvae 

com plete yolk absorption after 3 days from hatching. In a stmdy to evaluate the use o f 

A rtem ia  nauplii and other diets as a first feed, the larvae fed solely Artem ia  nauplii 

w ere sm aller than larvae fed Artem ia  nauplii plus a dry diet after a 7-day rearing 

period. H ow ever, the former was larger than larvae fed either the dry diet alone or 

M oina. This study demonstrated the advantage o f m ixing Artem ia  nauplii and the dry 

diet as the first feed (Fermin and Bolivar 1991).

T he larvae o f  C. gariepinus, Heterobranchus bidorsalis and “Heteroclarias” 

generally  com plete yolk absorption in 3-4 days depending on the water temperature. 

In an experim ent to compare the effect o f  using Artemia  nauplii as a first feed on the 

grow th and survival o f the three types o f  larvae, the w eight gains after a 7-day
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old larvae, and the levels of 22:6n-3 increased from 29.0% to 34.7% for the 

respective larval stages. (van der Meeren et al. 1993). 

4.1.2 Larval rearing with Artemia nauplii 

Ever since the recommendation of Seale (1933) to use Artemia as a live food 

for larval fishes, its use has gained widespread acceptance in both the food-fish and 

aquarium fish hatcheries all over the world. Artemia franciscana, previously referred 

to as A. salina (Sorgeloos and Beardmore 1995), has been reported to be widely used 

as a larval feed in aquaculture hatcheries (Sorgeloos 1980, Leger et al. 1986, 

Bengtson et al. 1991, Sorgeloos and Leger 1992, Watanabe and Kiron 1994, Lavens 

et al. 1995). Many species of larval catfishes have been successfully reared with 

Artemia nauplii such as C. batrachus (Knud-Hansen et al. 1990), C. macrocephalus 

(Fermin and Bolivar 1991) and the African catfish species: C. gariepinus (Adeyemo 

et al. 1994 ), H. bidorsafis (Adeyemo et al. 1994) and H. longifilis (Kerdchuen and 

Legendre 1994). 

Yolk absorption in C. batrachus was reported to have been complete by 

about 4 days after hatching. In an experiment to compare the effects of using 

different larval feeds, including Artemia nauplii, Artemia nauplii plus pond water, 

rotifers, cladocerans and ground fish meal. At the end of the 7-day study period, the 

larvae that were fed solely Artemia nauplii had a survival rate of 86.2%, which was 

lower than those fed Artemia nauplii plus pond water but higher than those fed the 

other diets (Knud-Hansen et al. 1990). In the case of C. macrocephalus, the larvae 

complete yolk absorption after 3 days from hatching. In a st_udy to evaluate the use of 

Artemia nauplii and other diets as a first feed, the larvae fed solely Artemia nauplii 

were smaller than larvae fed Artemia nauplii plus a dry diet after a 7-day rearing 

period. However, the former was larger than larvae fed either the dry diet alone or 

Moina. This study demonstrated the advantage of mixing Artemia nauplii and the dry 

diet as the first feed (Fermin and Bolivar 1991). 

The larvae of C. gariepinus, Heterobranchus bidorsalis and "Heteroclarias" 

generally complete yolk absorption in 3-4 days depending on the water temperature. 

In an experiment to compare the effect of using Artemia nauplii as a first feed on the 

growth and survival of the three types of larvae, the weight gains after a 7-day 
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rearing period w ere 64.5%, 88.5%  and 67.5%, respectively. W hile the respective 

specific growth rates (SGR) were 2.9%/day, 3.9% /day and 3.2% /day, the respective 

survival rates w ere 90%, 88% and 86%. The data dem onstrated that H. bidorsalis 

larvae had grown faster than C. gariepinus and “H eteroclarias” during the seven-day 

experim ental period. However, the survival rate o f  H. bidorsalis larvae was 

interm ediate betw een that o f C. gariepinus and “H eteroclarias” larvae (Adeyemo et 

al. 1994).

The larvae o f  H. longifilis complete yolk absorption about 2 days after 

hatching, studies have also been conducted to com pare the effect o f  natural and 

artificial diets on the growth and survival o f  first feeding larvae. In the first trial, the 

rearing buckets w ere carefully cleaned and the w ater to tally  changed 2-4 times per 

day and at the end o f  the 12-day study, the mean body w eights o f  larvae that were fed 

live or frozen Artem ia  nauplii were 84 m g and 51 mg, respectively. In the second 

trial, larval rearing was done in tanks which had an aged tap water recirculating 

system and at the end o f  the 12-day study, the m ean body w eights o f  the larvae that 

were also fed live or frozen Artem ia  nauplii were 236 m g and 143 mg, respectively. 

The results have thus demonstrated that live Artemia  nauplii w ere superior to frozen 

Artem ia  nauplii as a larval diet for H. longifilis (Kerdchuen and Legendre 1994).

The biochem ical com position o f  Artem ia  nauplii is an important 

consideration in larval rearing o f  finfishes especially for m arine species. While the 

proteins in A rtem ia  provide the amino acids that are essential for protein synthesis in 

the larvae, the lipids are an im portant source o f  energy and fatty acids for cell 

mem brane form ation. Eicosapentaenoic acid (20:5n-3) and docosahexaenoic acid 

(22:6n-3) are im portant fatty acids in the developm ent o f  the brain and retina 

(Sargent et al. 1989, W atanabe 1993). The nutritional quality o f  Artemia from 

several geographical regions have been analysed especially for the lipid content and 

fatty acid com position o f the lipids (W atanabe 1978a,b, F ujita  et al. 1980, Schauer et 

al. 1980, W atanabe et al. 1983, Landau and Riehm  1985, Leger et al. 1986, W ebster 

and Lovell 1990a, 1991, Navarro et al. 1993).

In a study on the fatty acid composition o f  the total lipids o f  Artemia  nauplii 

from the U nited States o f Am erica (San Francisco Bay), Canada (Lakes o f 

Saskatchewan), South America and China, the m ajor fatty acids were 16:0, 18:ln-9

137 

rearing period were 64.5%, 88.5% and 67.5%, respectively. While the respective 

specific growth rates (SGR) were 2.9%/day, 3.9%/day and 3.2%/day, the respective 

survival rates were 90%, 88% and 86%. The data demonstrated that H bidorsalis 

larvae had grown faster than C. gariepinus and "Heteroclarias" during the seven-day 

experimental period. However, the survival rate of H. bidorsalis larvae was 

intermediate between that of C. gariepinus and "Heteroclarias" larvae (Adeyemo et 

al. 1994). 

The larvae of H. longifilis complete yolk absorption about 2 days after 

hatching, studies have also been conducted to compare the effect of natural and 

artificial diets on the growth and survival of first feeding larvae. In the first trial, the 

rearing buckets were carefully cleaned and the water totally changed 2-4 times per 

day and at the end of the 12-day study, the mean body weights of larvae that were fed 

live or frozen Artemia nauplii were 84 mg and 51 mg, respectively. In the second 

trial, larval rearing was done in tanks which had an aged tap water recirculating 

system and at the end of the 12-day study, the mean body weights of the larvae that 

were also fed live or frozen Artemia nauplii were 236 mg and 143 mg, respectively. 

The results have thus demonstrated that live Artemia nauplii were superior to frozen 

Artemia nauplii as a larval diet for H. longifilis (Kerdchuen and Legendre 1994). 

The biochemical composition of Artemia nauplii is an important 

consideration in larval rearing of finfishes especially for marine species. While the 

proteins in Artemia provide the amino acids that are essential for protein synthesis in 

the larvae, the lipids are an important source of energy and fatty acids for cell 

membrane formation. Eicosapentaenoic acid (20:5n-3) and docosahexaenoic acid 

(22:6n-3) are important fatty acids in the development of the brain and retina 

(Sargent et al. 1989, Watanabe 1993). The nutritional quality of Artemia from 

several geographical regions have been analysed especially for the lipid content and 

fatty acid composition of the lipids (Watanabe 1978a,b, Fujita et al. 1980, Schauer et 

al. 1980, Watanabe et al. 1983, Landau and Riehm 1985, Leger et al. 1986, Webster 

and Lovell 1990a, 1991, Navarro et al. 1993). 

In a study on the fatty acid composition of the total lipids of Artemia nauplii 

from the United States of .America (San Francisco Bay), Canada (Lakes of 

Saskatchewan), South America and China, the major fatty acids were 16:0, 18:ln-9 



138

and 18:3n-3. The levels o f  the various fatty acids in the nauplii were highly variable 

from  place to p lace and also from year to year in the same locality. Generally, the 

nauplii could  be separated into two groups on the basis o f  their 18:3n-3 or 20:5n-3 

content. The first group had high levels o f  18:3n-3, which is an essential fatty acid 

for freshw ater fish and the other group had high levels o f  20:5n-3, which is an 

essential fatty acid for marine fish (Fujita et al. 1980, W ebster and Lovell 1991). The 

classification o f  freshw ater or marine type o f  A nem ia  was initiated by W atanabe et 

al. (1978a,b). W hen the fatty acid composition o f  the total lipids o f  Artem ia  nauplii 

from  China, Colom bia, Great Salt Lake (USA) and San Francisco (USA) were 

com pared, the nauplii from China had the highest level o f  the essential fatty acid 

20:5n-3 (10.4%  o f  total fatty acids). Those from Colombia, Great Salt Lake and San 

Francisco Bay w ere lower and ranged from 1.2% to 2.9%. As such, the nauplii from 

China w ere considered nutritionally superior for feeding larvae for an extended time 

period w hen o ther sources o f nutrients were not available (W ebster and Lovell 

1990a).

W hen the fatty acid spectrum o f cysts and newly hatched nauplii o f  Artemia  

from  A ustralia, B razil, Italy and the U nited States o f America (California and Utah) 

were com pared, the fatty acids o f the cysts and newly hatched nauplii were found to 

be nearly identical indicating that the cyst shell contained little fatty acid-type lipids. 

The cysts and nauplii could also be classified into two groups based on their n-3 

PU FA  com position  and while one group contained predom inantly 18:3n-3 and 

18:4n-3, the other group contained m ainly 20:5n-3. Since 20:5n-3 was o f  great 

im portance in the nutrition o f marine species, the cysts and nauplii from Australia, 

Italy, B razil and San Francisco Bay which contained higher levels o f  this fatty acid 

w ere the preferred  strains for larval rearing o f  marine species (Schauer et al. 1980). 

In a subsequent study, the fatty acid profiles o f  the total lipids o f  decapsulated 

Artem ia  cysts from  Australia, Colombia, U tah (USA) and San Francisco (USA) were 

found to be sim ilar, however, the San Francisco and Australian cysts were higher in 

22:6 but low er in  18:0 than in the other two groups (Landau and Riehm  1985).

The essential fatty acids in fish are 18:2n-6, 18:3n-3 and 20:5n-3 because fish 

are incapable o f  de novo synthesis o f these fatty acids and require them  preformed in 

the diet. A ll stocks o f  Artemia contain 18:3n-3, some but not all contain 20:5n-3, and
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and 18:3n-3. The levels of the various fatty acids in the nauplii were highly variable 

from place to place and also from year to year in the same locality. Generally, the 

nauplii could be separated into two groups on the basis of their 18:3n-3 or 20:5n-3 

content. The first group had high levels of 18:3n-3, which is an essential fatty acid 

for freshwater fish and the other group had high levels of 20:5n-3, which is an 

essential fatty acid for marine fish (Fujita et al. 1980, Webster and Lovell 1991). The 

classification of freshwater or marine type of Anemia was initiated by Watanabe et 

al. (l 978a,b ). When the fatty acid composition of the total lipids of Artemia nauplii 

from China, Colombia, Great Salt Lake (USA) and San Francisco (USA) were 

compared, the nauplii from China had the highest level of the essential fatty acid 

20:5n-3 (10.4% of total fatty acids). Those from Colombia, Great Salt Lake and San 

Francisco Bay were lower and ranged from 1.2% to 2.9%. As such, the nauplii from 

China were considered nutritionally superior for feeding larvae for an extended time 

period when other sources of nutrients were not available (Webster and Lovell 

1990a). 

When the fatty acid spectrum of cysts and newly hatched nauplii of Artemia 

from Australia, Brazil, Italy and the United States of America (California and Utah) 

were compared, the fatty acids of the cysts and newly hatched nauplii were found to 

be nearly identical indicating that the cyst shell contained little fatty acid-type lipids. 

The cysts and nauplii could also be classified into two groups based on their n-3 

PUF A composition and while one group contained predominantly 18 :3n-3 and 

18:4n-3, the other group contained mainly 20:5n-3. Since 20:5n-3 was of great 

importance in the nutrition of marine species, the cysts and nauplii from Australia, 

Italy, Brazil and San Francisco Bay which contained higher levels of this fatty acid 

were the preferred strains for larval rearing of marine species (Schauer et al. 1980). 

In a subsequent study, the fatty acid profiles of the total lipids of decapsulated 

Artemia cysts from Australia, Colombia, Utah (USA) and San Francisco (USA) were 

found to be similar, however, the San Francisco and Australian cysts were higher in 

22:6 but lower in 18:0 than in the other two groups (Landau and Riehm 1985). 

The essential fatty acids in fish are 18:2n-6, 18:3n-3 and 20:5n-3 because fish 

are incapable of de novo synthesis of these fatty acids and require them preformed in 

the diet. All stocks of Artemia contain 18:3n-3, some but not all contain 20:5n-3, and 
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none contain 22:6n-3 in m ore than trace amounts. Generally, freshw ater animals can 

convert 18:3n-3 to 20:5n-3 and thence to 22:6n-3. On the other hand, m arine animals 

cannot convert 18:3n-3 to 20:5n-3 but can convert 20:5n-3 to 22:6n-3 (Navarro et al. 

1993). In a recent review  o f  essential fatty acid requirem ents o f  cultured marine fish 

larvae, Izquierdo (1996) pointed out the importance o f  n-3 H U FA  and arachidonic 

acid as essential fatty acids. In order to im prove the fatty acid profile o f  Artemia 

nauplii for marine fish larval rearing, the nauplii have been successfully enriched 

w ith  m icroalgae (Fujita et al. 1980, W atanabe et al. 1980, W hyte et al. 1994); co- 

yeast (Fujita et al. 1980, W atanabe et al. 1980); marine fish oils (W atanabe et al. 

1982, Gatesoupe 1991, Ako et al. 1994, Navarro et al. 1995, Southgate and Lou

1995, M cEvoy et al. 1996); lipid emulsions o f  triglycerides, m ethyl esters o f n-3

H U FA , ethyl esters o f  n-3 HUFA, methyl oleate etc. (Izquierdo et al. 1992, Takeuchi 

et al. 1992a,b); special enrichment media such as Selco or Super Selco (Dhert et al. 

1990, K oven et al. 1992, Kraul et al. 1992, Stottrup and A ttram adal 1992, Dickey- 

C ollas 1993, Koven et al. 1993, Naess et al. 1995, Navarro et al. 1995, Duray et al.

1996, M cEvoy et al. 1996); microcapsules (Jones et al. 1974, Jones and Gabbott

1976, Jones et al. 1976, W alford and Lam 1987, Rim m er et al. 1994); and specific

•fatty acids such as 20:5n-3 and 22:6n-3 in particular ratios (W atanabe 1993).

In contrast to m arine fish,, freshwater species possess the desaturases and 

elongases necessary to synthesise HUFA from  18:3 precursors, consequently, the 

larvae o f  freshwater fish tend to have lower requirements for n-3 H U FA  than marine 

fish larvae. There have been attempts to enrich Artemia  nauplii for larval rearing of 

freshw ater fishes, however, very little w ork has been done on the catfishes, except 

for the study on C. gariepinus (Verreth et al. 1994a). In that study, the larvae were 

fed Artem ia  nauplii that had either been enriched with low n-3 H U FA  (coconut oil) 

or high n-3 HUFA (Selco). Even though dietary HUFA levels affected the fatty acid 

com position o f the fish, the feed type did not affect growth or survival. The study 

also revealed that C. gariepinus  larvae had the capacity to synthesise n-3 HUFA.

Other freshwater species that have received m uch attention in term s o f  larval 

rearing w ith enriched or unenriched Artem ia  nauplii were: striped bass (M artin et al. 

1984, W ebster and Lovell 1990b, Lemm and Lemarie 1991, Tuncer and Harrell 

1992, Ozkizilcik and Chu 1994); and hybrid or palmetto bass (Tuncer and Harrell
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none contain 22:6n-3 in more than trace amounts. Generally, freshwater animals can 

convert 18:3n-3 to 20:5n-3 and thence to 22:6n-3. On the other hand, marine animals 

cannot convert 18:3n-3 to 20:5n-3 but can convert 20:5n-3 to 22:6n-3 (Navarro et al. 

1993). In a recent review of essential fatty acid requirements of cultured marine fish 

larvae, Izquierdo (1996) pointed out the importance of n-3 HUFA and arachidonic 

acid as essential fatty acids. In order to improve the fatty acid profile of Artemia 

nauplii for marine fish larval rearing, the nauplii have been successfully enriched 

with microalgae (Fujita et al. 1980, Watanabe et al. 1980, Whyte et al. 1994); CD

yeast (Fujita et al. 1980, Watanabe et al. 1980); marine fish oils (Watanabe et al. 

1982, Gatesoupe 1991, Ako et al. 1994, Navarro et al. 1995, Southgate and Lou 

1995, McEvoy et al. 1996); lipid emulsions of triglycerides, methyl esters of n-3 

HUF A, ethyl esters of n-3 HUF A, methyl oleate etc. (Izquierdo et al. 1992, Takeuchi 

et al. l 992a,b ); special enrichment media such as Selco or Super Selco (Dhert et al. 

1990, Koyen et al. 1992, Kraul et al. 1992, Stottrup and Attramadal 1992, Dickey

Collas 1993, Koven et al. 1993, Naess et al. 1995, Navarro et al. 1995, Duray et al. 

1996, McEvoy et al. 1996); microcapsules (Jones et al. 1974, Jones and Gabbott 

1976, Jones et al. 1976, Walford and Lam 1987, Rimmer et al. 1994); and specific 

fatty acids such as 20:5n-3 and 22:6n-3 in particular ratios (Watanabe 1993). 

In contrast to marine fish,. freshwater species possess the desaturases and 

elongases necessary to synthesise HUF A from 18 :3 precursors, consequently, the 

larvae of freshwater fish tend to have lower requirements for n-3 HUF A than marine 

fish larvae. There have been attempts to enrich Artemia nauplii for larval rearing of 

:freshwater fishes, however, very little work has been done on the catfishes, except 

for the study on C. gariepinus (Verreth et al. 1994a). In that study, the larvae were 

fed Artemia nauplii that had either been enriched with low n-3 HUF A ( coconut oil) 

or high n-3 HUFA (Selco). Even though dietary HUFA levels affected the fatty acid 

composition of the fish, the feed type did not affect growth or survival. The study 

also revealed that C. gariepinus larvae had the capacity to synthesise n-3 HUF A. 

Other freshwater species that have received much attention in terms of larval 

rearing with enriched or unenriched Artemia nauplii were: striped bass (Martin et al. 

1984, Webster and Lovell 1990b, Lemm and Lemarie 1991, Tuncer and Harrell 

1992, Ozkizilcik and Chu 1994 ); and hybrid or palmetto bass (Tuncer and Harrell 
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1992, C lawson and Lovell 1992, Tuncer et al. 1993). In the study on striped bass, 

the saturated and m onoenoic fatty acids o f the larvae fed Artemia  nauplii came to 

resem ble that in their diets, however, the profiles o f  18:3, 22:5 and 22:6 were 

interm ediate betw een the egg profile o f the fish and those o f Artem ia  nauplii 

indicating that som e 18:3 was converted to 20:5 and subsequently to 22:6 (M artin et 

al. 1984). In a follow-up study, growth and survival were significantly higher for 

striped bass larvae w hich had been fed Artemia nauplii containing higher levels o f 

20:5n-3. The poor grow th and survival o f larvae fed Artem ia  nauplii high in 18:3n-3 

but low 20:5n-3 suggested that striped bass were not capable o f  elongating and 

desaturating 18:3n-3 to longer chain n-3 HUFA (W ebster and Lovell 1990b). W hen 

the larvae were fed Artem ia  nauplii that had been enriched with self-emulsifying 

H U FA  concentrates (A rtem ia Reference Center, State University o f  Ghent, 

Belgium ), growth and survival was superior to those fed unenriched nauplii 

confirm ing the earlier observation that larval striped bass had a requirem ent for long- 

chain  H U FA  as they were not able to elongate and desaturate shorter chain fatty 

acids in sufficient am ounts to m eet its requirements at that stage of'developm ent 

(Lem m  and Lem arie 1991). In another study, when striped bass larvae were fed
• (g)

Artem ia  nauplii that had been enriched with Hi-Concentrate Fish Oil by Rite Aid , 

the grow th and survival was superior over those fed unenriched Artemia  nauplii or 

nauplii that had been  enriched w ith com  oil which is deficient in HUFA emphasising 

the im portance o f  H U FA  in the diet (Tuncer and Harrell 1992). In a subsequent 

study, the growth o f  striped bass larvae were enhanced w hen they were fed Great Salt 

Lake Artem ia  nauplii w hich contained higher levels o f  20:5n-3 due to enrichment 

w ith  m arine Chlorella, yeast and menhaden oil em ulsion containing HUFA, or 

m icrocapsules containing m enhaden oil (Ozkizilcik and Chu 1994).

In the case o f  hybrid striped bass or palmetto bass, when the larvae were fed 

unenriched Great Salt Lake Artem ia  nauplii, com  oil or Hi-Concentrate Fish Oil 

(R ite Aid®)-enriched Artem ia  nauplii, there were no size differences among 

treatm ents at 28-d posthatch, however, at metamorphosis from  larvae to juveniles (26 

to 28-day posthatch), fish fed unenriched Artemia and com  oil-enriched Artemia  

d isplayed essential fatty acid (EFA) deficiency syndrome and mass m ortality o f  fry 

occurred indicating the im portance o f highly unsaturated fatty acid (HUFA) in the
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1992, Clawson and Lovell 1992, Tuncer et al. 1993). In the study on striped bass, 

the saturated and monoenoic fatty acids of the larvae fed Artemia nauplii came to 

resemble that in their diets, however, the profiles of 18:3, 22:5 and 22:6 were 

intermediate between the egg profile of the fish and those of Artemia nauplii 

indicating that some 18:3 was converted to 20:5 and subsequently to 22:6 (Martin et 

al. 1984). In a follow-up study, growth and survival were significantly higher for 

striped bass larvae which had been fed Artemia nauplii containing higher levels of 

20:Sn-3. The poor growth and survival of larvae fed Artemia nauplii high in 18:3n-3 

but low 20:Sn-3 suggested that striped bass were not capable of elongating and 

desaturating 18:3n-3 to longer chain n-3 HUFA (Webster and Lovell 1990b). When 

the larvae were fed Artemia nauplii that had been enriched with self-emulsifying 

HUF A concentrates (Artemia Reference Center, State University of Ghent, 

Belgium), growth and survival was superior to those fed unenriched nauplii 

confirming the earlier observation that larval striped bass had a requirement for long

chain HUF A as they were not able to elongate and desaturate shorter chain fatty 

acids in sufficient amounts to meet its requirements at that stage of·development 

(Lemm and Lemarie 1991). In another study, when striped bass larvae were fed 

Artemia nauplii that had been enriched with Hi-Concentrate Fish Oil by Rite Aid®, 

the growth and s·urvival was superior over those fed unenriched Artemia nauplii or 

nauplii that had been enriched with corn oil which is deficient in HUF A emphasising 

the importance of HUFA in the diet (Tuncer and Harrell 1992). In a subsequent 

study, the growth of striped bass larvae were enhanced when they were fed Great Salt 

Lake Artemia nauplii which contained higher levels of 20:5n-3 due to enrichment 

with marine Chlorella, yeast and menhaden oil emulsion containing HUF A, or 

microcapsules containing menhaden oil (Ozkizilcik and Chu 1994). 

In the case of hybrid striped bass or palmetto bass, when the larvae were fed 

unenriched Great Salt Lake Artemia nauplii, corn oil or Hi-Concentrate Fish Oil 

(Rite Aid®)-enriched Artemia nauplii, there were no size differences among 

treatments at 28-d posthatch, however, at metamorphosis from larvae to juveniles (26 

to 28-day posthatch), fish fed unenriched Artemia and corn oil-enriched Artemia 

displayed essential fatty acid (EF A) deficiency syndrome and mass mortality of fry 

occurred indicating the importance of highly unsaturated fatty acid (HUFA) in the 
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diet (Tuncer and Harrell 1992). Subsequently, when the larvae were fed m enhaden 

oil-enriched Artem ia  nauplii (Great Salt Lake), the growth and survival o f  larvae 

were significantly higher than those fed unenriched Artem ia  indicating that hybrid 

striped bass also had limited ability to elongate and desaturate fatty acids (Claw son 

and Lovell 1992). In a follow-up study, Artemia  nauplii w ith different n-3 HU FA 

levels w ere obtained by enriching GSL Artemia  nauplii in lipid em ulsions (HUFA 

concentrate from menhaden) o f different concentrations for varying incubation 

periods prior to feeding Artemia  to the larvae. M ass m ortality occurred at 

m etam orphosis (26-28 days posthatch) in fish that had been fed the unenriched or 

low n-3 H U FA  Artemia. Growth prom otion was evident w ith increased dietary n-3 

H U FA intake as fish fed the highest n-3 HUFA diet were twice the size o f  those fed 

the unenriched Artem ia  (Tuncer et al. 1993). The findings confirmed the im portance 

o f  n-3 H U FA  for growth and survival o f  hybrid bass (palmetto bass) and that the 

bass had lim ited ability to chain elongate and desaturate short chain H U FA  to long 

chain HUFA.

4.1.3 Larval rearing with form ulated and/or zooplankton diets

Rotifers and m icrocrustaceans such as cladocerans, copepods and ostracods 

are im portant fish food organisms especially in the first two w eeks from  the 

com m encem ent o f  exogenous feeding (M ookeiji and Rao 1994). M any species o f  

freshwater fish larvae have been successfully grown in the single facility system 

where the larvae are released into specially prepared ponds or tanks containing an 

abundance o f  such food organisms. Alternatively, if  the larvae are not collected from 

the breeding facilities for transfer to the nursery facilities, the breeding facilities also 

doubles as the prim ary nursing facility. Freshwater catfish species that have been 

successfully reared in nursery ponds or tanks were: C. batrachus (Areerat 1987, 

Knud-H ansen et al. 1990), C. macrocephalus (Carreon et al. 1976), C. gariepinus  

(De K im pe and M icha 1974, Hogendoom  1979, V iveen et al. 1985) and I. punctatus  

(Dupree 1995).

The larvae o f  C. batrachus were collected w ith small scoop nets 8-9 days 

after spaw ning and stocked into nursery ponds at the rate o f  350-400 larvae/m 2 and 

after rearing for two weeks principally on ground trash fish, 2-3 cm fry could be
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diet (Tuncer and Harrell 1992). Subsequently, when the larvae were fed menhaden 

oil-enriched Artemia nauplii (Great Salt Lake), the growth and survival of larvae 

were significantly higher than those fed unenriched Artemia indicating that hybrid 

striped bass also had limited ability to elongate and desaturate fatty acids (Clawson 

and Lovell 1992). In a follow-up study, Artemia nauplii with different n-3 HUF A 

levels were obtained by enriching GSL Artemia nauplii in lipid emulsions (HUF A 

concentrate from menhaden) of different concentrations for varying incubation 

periods prior to feeding Artemia to the larvae. Mass mortality occurred at 

metamorphosis (26-28 days posthatch) in fish that had been fed the unenriched or 

low n-3 HUFA Artemia. Growth promotion was evident with increased dietary n-3 

HUF A intake as fish fed the highest n-3 HUF A diet were twice the size of those fed 

the unenriched Artemia (Tuncer et al. 1993). The findings confirmed the importance 

of n-3 HUF A for growth and survival of hybrid bass (palmetto bass) and that the 

bass had limited ability to chain elongate and de~aturate short chain HUF A to long 

chainHUFA. 

4.1.3 Larval rearing with formulated and/or zooplankton diets 

Rotifers and microcrustaceans such as cladocerans, copepods and ostracods 

are important fish food organisms especially in the first two weeks from the 

commencement of exogenous feeding (Mookerji and Rao 1994). Many species of 

freshwater fish larvae have been successfully grown in the single facility system 

where the larvae are released into specially prepared ponds or tanks containing an 

abundance of such food organisms. Alternatively, if the larvae are not collected from 

the breeding facilities for transfer to the nursery facilities, the breeding facilities also 

doubles as the primary nursing facility. Freshwater catfish species that have been 

successfully reared in nursery ponds or tanks were: C. batrachus (Areerat 1987, 

Knud-Hansen et al. 1990), C. macrocephalus (Carreon et al. 1976), C. gariepinus 

(De K.impe and Micha 1974, Hogendoorn 1979, Viveen et al. 1985) and I punctatus 

(Dupree 1995). 

The larvae of C. batrachus were collected with small scoop nets 8-9 days 

after spawning and stocked into nursery ponds at the rate of 350-400 larvae/m
2 

and 

after rearing for two weeks principally on ground trash fish, 2-3 cm fry could be 

--
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harvested (A reerat 1987). In a study o f  C. gariepinus, larvae after complete yolk 

absorption w ere stocked into nursery ponds at the rate o f 10-90 larvae/m 2 and at the 

end o f the rearing period (5-14 weeks), the fingerling production ranged from 0.9-5.3 

fingerlings/m 2 (H ogendoom  1979).

In the m ultiple facility system where food organisms are delivered to the 

rearing tanks, several freshwater catfish larvae have been reared with cladocerans 

such as M oina  and Daphnia  w ith  varying degrees o f success and the species were: C. 

batrachus (K nud-H ansen et al. 1990), C. lazera (Hogendoom 1980, M siska 1981), 

C. m acrocephalus  (M ollah 1985, Hashim  and Ali 1990, Ferm in and Bolivar 1991) 

and C. gariepinus  (Hecht 1981, Uys and Hecht 1985, Polling et al. 1988, Adeyemo 

et al. 1994).

In the study on C. batrachus, initial attempts to raise larvae on a cladoceran 

m ix o f  M oina  and Daphnia  resulted in 100% mortality w ithin the first 7 days after 

hatching, indicating that the cladoceran mix was not suitable for that larval stage. 

However, w hen the larvae were fed a m ix o f  Artemia nauplii and cladocerans from 

9-16 days after hatching, the survival rate was better than in  the larvae fed Artemia  

nauplii alone. The results indicated that cladocerans that were sieved through a 1-mm 

m esh sieve prior to feeding were m ore suitable as a live feed at a later stage when the 

larvae had a larger gape (Knud-Hansen et al. 1990).

In the case o f  C. m acrocephalus, the larvae have been successfully reared 

from first feeding (11.2-13.1 m g/ind.) to 20 days (46.1-51.2 mg/ind.) on the 

cladoceran M oina. Similarly, w hen the larvae were fed Moina, the weight gain 

ranged from  33-40 mg/ind. and the survival rates ranged from  95-96%  (Hashim and 

Ali 1990). Subsequently, in a two w eek larval rearing experim ent to compare the 

effect o f  using M oina, Artem ia  nauplii plus dry diet, and dry diet alone, M oina  fed C. 

macrocephalus  were significantly larger (13.00 mm in TL) than larvae fed the other 

diets. H ow ever, M oina  fed larvae were not as large in terms o f  biomass as larvae fed 

Artem ia  nauplii plus dry diet (Ferm in and Bolivar 1991). This finding confirmed the 

opinions o f  m any that a com bination o f  live food plus dry feed was ideal in larval 

rearing o f  m any species o f  fish.

The use o f  dry, frozen and form ulated diets has been studied for many years 

and in the study on the African catfish, C. lazera, the larvae after completing yolk
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harvested (Areerat 1987). In a study of C. gariepinus, larvae after complete yolk 

absorption were stocked into nursery ponds at the rate of 10-90 larvae/m2 and at the 

end of the rearing period (5-14 weeks), the fingerling production ranged from 0.9-5.3 

fingerlings/m2 (Hogendoorn 1979). 

In the multiple facility system where food organisms are delivered to the 

rearing tanks, several freshwater catfish larvae have been reared with cladocerans 

such as Moina and Daphnia with varying degrees of success and the species were: C. 

batrachus (K.nud-Hansen et al. 1990), C. lazera (Hogendoorn 1980, Msiska 1981), 

C. macrocephalus (Mollah 1985, Hashim and Ali 1990, Fermin and Bolivar 1991) 

and C. gariepinus (Hecht 1981, Uys and Hecht 1985, Polling et al. 1988, Adeyemo 

et al. 1994). 

In the study on C. batrachus, initial attempts to raise larvae on a cladoceran 

mix of Moina and Daphnia resulted in 100% mortality within the first 7 days after 

hatching, indicating that th~ cladoceran mix was not suitable for that larval stage. 

However, when the larvae were fed a mix of Artemia nauplii and cladocerans from 

9-16 days after hatching, the survival rate was better than in the larvae fed Artemia 

nauplii alone. The results indicated that cladocerans that were sieved through a 1-mm 

mesh sieve prior to feeding were mote suitable as a live feed at a later stage when the 

larvae had a larger gape (Knud-Hansen et al. 1990). 

In the case of C. macrocephalus, the larvae have been successfully reared 

from first feeding (11.2-13.1 mg/ind.) to 20 days (46.1-51.2 mg/ind.) on the 

cladoceran Moina. Similarly, when the larvae were fed Moina, the weight gain 

ranged from 33-40 mg/ind. and the survival rates ranged from 95-96% (Hashim and 

Ali 1990). Subsequently, in a two week larval rearing experiment to compare the 

effect of using Moina, Artemia nauplii plus dry diet, and dry diet alone, Moina fed C. 

macrocephalus were significantly larger (13.00 mm in TL) than larvae fed the other 

diets. However, Moina fed larvae were not as large in terms of biomass as larvae fed 

Artemia nauplii plus dry diet (Fermin and Bolivar 1991). This finding confirmed the 

opinions of many that a combination of live food plus dry feed was ideal in larval 

rearing of many species of fish. 

The use of dry, frozen and formulated diets has been studied for many years 

and in the study on the African catfish, C. lazera, the larvae after completing yoik 
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absorption were reared w ith plankton, boiled egg yolk, milk pow der and trout starter. 

A fter 2 to 4 weeks o f  rearing, the survival rates o f fmgerlings ranged from 0.6-55.8% 

(H ogendoom  1979). In a subsequent study, to evaluate the suitability o f  several live, 

frozen and form ulated larval feeds, the larvae that were fed trout starter plus live 

Artem ia  nauplii for four weeks had the best growth rate attaining m ean weights 

ranging from 330-501 mg. In the second part o f the same study, w hen the fry were 

fed either trout starter plus live Anem ia  or trout starter plus live zooplankton, the 

sizes o f  the fry were sim ilar at the end o f  4 weeks indicating that live zooplankton 

was ju st as nutritious as live Artemia nauplii (Hogendoom 1980).

Hecht (1981) investigated the suitability o f dry feed as a first feed for C. 

gariepinus  larvae by using Torula yeast, V ital yeast, Tetram in (an aquarium fish 

feed), trout starter, soya bean flour, hard boiled egg yolk and green w ater (containing 

phytoplankton and zooplankton which had predominantly the cladoceran Daphnia  

pulex). By the tenth day o f rearing, fry fed Torula yeast were significantly larger than 

fry fed green w ater which contained the zooplankton Daphnia  and the other diets. 

How ever, the fry that were fed zooplankton, Tetramin, soya bean flour, trout starter 

or egg yolk were sim ilar in size. The survival rates for fry in all diets except one were 

above 95%.

In the pursuit o f  developing a suitable dry feed for C. gariepinus, Uys and 

H echt (1985) developed another formulation and tested the feed in conjunction w ith 

natural live feeds. The m ajor components o f  the dry feed were dried Torula yeast 

(69.8% ), brown fishm eal (23.3%), vitamins (0.9%), m ethionine supplem ent (6.0%) 

w hile the bactericide and fungicide, Furanace, and the antioxidant, Endox, were 

added at the rates o f  4 ppm  and 250 ppm, respectively. In addition, fish oil (cod) - 

soybean oil m ixture (1:1) was incorporated at the rate o f 6%  o f  total DW  o f  feed. 

The results o f the rearing trial clearly demonstrated that the larvae that were fed this 

form ulation grew significantly better than those fed plankton alone, irrespective o f 

the feeding frequency, however, optimal growth was obtained w hen the larvae were 

fed every 4 h during a 24-h period. At the end o f the study, larvae fed a m ixture o f  

plankton and dry feed were significantly larger in length and weight than those fed 

dry feed every 4 h and the survival rates in all treatments w ere high (>95%). This 

study also revealed that the dry feed alone was able to satisfy the nutrient
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absorption were reared with plankton, boiled egg yolk, milk powder and trout starter. 

After 2 to 4 weeks of rearing, the survival rates of fingerlings ranged from 0.6-55.8% 

(Hogendoom 1979). In a subsequent study, to evaluate the suitability of several live, 

frozen and formulated larval feeds, the larvae that were fed trout starter plus live 

Artemia nauplii for four weeks had the best growth rate attaining mean weights 

ranging from 330-501 mg. In the second part of the same study, when the fry were 

fed either trout starter plus live Artemia or trout starter plus live zooplankton, the 

sizes of the fry were similar at the end of 4 weeks indicating that live zooplankton 

was just as nutritious as live Artemia nauplii (Hogendoorn 1980). 

Hecht ( 1981) investigated the suitability of dry feed as a first feed for C. 

gariepinus larvae by using Torula yeast, Vital yeast, Tetramin (an aquarium fish 

feed), trout starter, soya bean flour, hard boiled egg yolk and green water ( containing 

phytoplankton and zooplankton which had predominantly the cladoceran Daphnia 

pulex). By the tenth day of rearing, fry fed Torula yeast were significantly larger than 

fry fed green water which contained the zooplankton Daphnia and the other diets. 

However, the fry that were fed zooplankton, Tetramin, soya bean flour, trout starter 

or egg yolk were similar in size. The survival rates for fry in all diets except one were 

above 95%. 

In the pursuit of developing a suitable dry feed for C. gariepinus, Uys and 

Hecht ( 1985) developed another formulation and tested the feed in conjunction with 

natural live feeds. The major components of the dry feed were dried Torula yeast 

(69.8%), brown fishmeal (23.3%), vitamins (0.9%), methionine supplement (6.0%) 

while the bactericide and fungicide, Furanace, and the antioxidant, Endox, were 

added at the rates of 4 ppm and 250 ppm, respectively. In addition, fish oil ( cod) -

soybean oil mixture ( 1: 1) was incorporated at the rate of 6% of total DW of feed. 

The results of the rearing trial clearly demonstrated that the larvae that were fed this 

formulation grew significantly better than those fed plankton alone, irrespective of 

the feeding frequency, however, optimal growth was obtained when the larvae were 

fed every 4 h during a 24-h period. At the end of the study, larvae fed a mixture of 

plankton and dry feed were significantly larger in length and weight than those fed 

dry feed every 4 h and the survival rates in all treatments were high (>95%). This 

study also revealed that the dry feed alone was able to satisfy the nutrient 
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requirem ents o f the larvae during the first 11 days o f food intake (Uys and Hecht

1985).

A m ajor criterion in the appraisal o f  the nutritional quality o f a larval feed is 

the fatty acid com position o f  the lipids in the feed. The important fatty acids in cod- 

liver oil and m enhaden oil are 20:5n-3 and 22:6n-3, while those in soybean and com 

oils are 18:2n-6 and 18:3n-3. For good growth and survival, freshwater fish have 

been reported to require dietary PUFAs such as 18:2n-6 and 18:3n-3 while marine 

fish require dietary PU FAs such as 20:5n-3 and 22:6n-3. Verreth et al. (1994a) 

investigated the use o f  low n-3 HUFA (coconut oil) and high n-3 H U FA  (Selco) 

enriched Artem ia  nauplii for larval rearing o f  larval African catfish, C. gariepinus 

and reported that the growth and survival were not affected by the feed. However, 

w hen M acquarie perch larvae were fed Selco-enriched Artemia nauplii, the growth 

and survival rates w ere enhanced dem onstrating the benefits o f incorporating Selco 

in the feed (Sheikh-Eldin et al. 1997). In the case o f striped bass, the larvae that were 

fed m edium  concentration HUFA-enriched Artem ia  grew better than those fed either 

low concentration H U FA  or high concentration HUFA-enriched Artem ia  (Lemm and 

Lem arie 1991). In another larval rearing study, hybrid striped bass/white bass larvae 

fed m enhaden oil-enriched Artemia nauplii grew faster than larvae fed unenriched 

A rtem ia  nauplii dem onstrating the im portance o f  incorporating m enhaden oil in the 

diet as this oil contained considerable am ounts o f  PUFA (Clawson and Lovell 1992). 

Subsequently, w hen unenriched, com  oil-enriched or n-3 HUFA enriched Artemia 

nauplii were fed to larval striped bass and palm etto bass (striped bass X  white bass), 

striped bass fed n-3 HU FA enriched Artem ia  grew the best while the growth o f 

palm etto bass fed the three diets were not significantly different during the 

experim ental period (Tuncer and Harrell 1992).

The fatty acid composition o f  post-larval fish is often related to their diet and 

the com position o f  several species o f  fish larvae that have fed on zooplankton or 

zooplankton plus com m ercial feed have been reported by several workers (Ackman 

and Eaton 1966, A ckm an 1967, Cowey and Sargent 1972, Henderson and Tocher 

1987, van der M eeren et al. 1993, Naess et al. 1995). The total saturated fatty acids 

in A tlantic halibut and cod larvae were 27.2%  o f  fatty acids (Naess et al. 1995) and 

28.1%  (van der M eeren et al. 1993), respectively, and the total saturated fatty acids
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requirements of the larvae during the first 11 days of food intake (Uys and Hecht 

1985). 

A major criterion in the appraisal of the nutritional quality of a larval feed is 

the fatty acid composition of the lipids in the feed. The important fatty acids in cod

liver oil and menhaden oil are 20:Sn-3 and 22:6n-3, while those in soybean and corn 

oils are 18:2n-6 and 18:3n-3. For good growth and survival, freshwater fish have 

been reported to require dietary PUFAs such as 18:2n-6 and 18:3n-3 while marine 

fish require dietary PUFAs such as 20:5n-3 and 22:6n-3. Verreth et al. (1994a) 

investigated the use of low n-3 HUFA (coconut oil) and high n-3 HUFA (Selco) 

enriched Artemia nauplii for larval rearing of larval African catfish, C. gariepinus 

and reported that the growth and survival were not affected by the feed. However, 

when Macquarie perch larvae were fed Selca-enriched Artemia nauplii, the growth 

and survival rates were enhanced demonstrating the benefits of incorporating Selco 

in the feed (Sheikh-Eldin et al. 1997). In the case of striped bass, the_larvae that were 

fed medium concentration HUF A-enriched Artemia grew better than those fed either 

low concentration HUF A or high concentration HUF A-enriched Artemia (Lemm and 

Lemarie 1991 ). In another larval rearing study, hybrid striped bass/white bass larvae 

fed menhaden oil-enriched Artemia nauplii grew faster than larvae fed unenriched 

Artemia nauplii demonstrating the importance of incorporating menhaden oil in the 

diet as this oil contained considerable amounts of PUF A (Clawson and Lovell 1992). 

Subsequently, when unenriched, corn oil-enriched or n-3 HUF A enriched Artemia 

nauplii were fed to larval striped bass and palmetto bass (striped bass X white bass), 

striped bass fed n-3 HUF A enriched Artemia grew the best while the growth of 

palmetto bass fed the three diets were not significantly different during the 

experimental period (Tuncer and Harrell 1992). 

The fatty acid composition of post-larval fish is often related to their diet and 

the composition of several species of fish larvae that have fed on zooplankton or 

zooplankton plus commercial feed have been reported by several workers (Ackman 

and Eaton 1966, Ackman 1967, Cowey and Sargent 1972, Henderson and Tocher 

1987, van der Meeren et al. 1993, Naess et al. 1995). The total saturated fatty acids 

in Atlantic halibut and cod larvae were 27.2% of fatty acids (Naess et al. 1995) and 

28.1 % (van der Meeren et al. 1993), respectively, and the total saturated fatty acids 
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appears to be higher in freshwater oils than in average marine oils (Ackman and 

E aton 1966). The major saturated fatty acid occurring in Atlantic halibut and cod 

larvae w ere 16:0 and 18:0, and the 16:0 levels in Atlantic halibut and cod larvae 

w ere 18.5%  o f  total fatty acids (Naess et al. 1995) and 19.3% (van der M eeren et al. 

1993), respectively. Generally, Ci6 fatty acids in fresh water species tend to be higher 

than those o f  marine species (Ackman 1967) and w ithin the saturates, 16:0 

predom inates (Henderson and Tocher 1987). The content o f 18:0 in Atlantic halibut 

and cod larvae were 6.9% o f  total fatty acids (Naess et al. 1995) and 5.4%  (van der 

M eeren et al. 1993), respectively. Generally, C>8 fatty acids in freshw ater species 

tend to be higher than those o f  marine species but possibly less definitive as a means 

o f  distinguishing freshwater triglyceride oils from those o f marine origin (Ackman 

1967, C ow ey and Sargent 1972).

The total m onounsaturated fatty acids in Atlantic halibut and cod larvae were 

12.9% o f  total fatty acids (Naess et al. 1995) and 12.3% (van der M eeren et al. 

1993), respectively and the m ajor monounsaturated fatty acid was 18:ln-9. The 

percentage o f  18:ln-9 in Atlantic halibut and cod larvae were 7.0% o f  total fatty 

acids (N aess et al. 1995) and 3.9% (van der M eeren et al. 1993), respectively. The 

total PU FA  in Atlantic halibut and cod larvae were 56.0%  o f  total fatty acids (Naess 

et al. 1995) and 59.5% (van der M eeren et al. 1993), respectively, and the m ajor 

PU FA  w ere 20:5n-3 and 22:6n-3. The percentages o f  20:5n-3 in Atlantic halibut and 

cod larvae w ere 12.1% o f  total fatty acids (Naess et al. 1995) and 17.1% (van der 

M eeren et al. 1993), respectively, while the levels o f  22:6n-3 in Atlantic halibut and 

cod w ere 36.4%  o f  total fatty acids (Naess et al. 1995) and 35.7% (van der M eeren et 

al. 1993), respectively. In comparison, the n-6/n-3 ratios o f Atlantic halibut and cod 

larvae w ere 0.06 (Naess et al. 1995) and 0.04 (van der M eeren et al. 1993), 

respectively, indicating that the n-6/n-3 ratios o f freshwater fish w ere higher than 

those o f  m arine fish (Ackman 1987, Henderson and Tocher 1987, Cowey and 

Sargent 1972, Sargent et al. 1989).

4.1.4 O bjectives o f Chapter 4

The present review has indicated that there are no studies on a) effects o f 

delayed feeding with Artemia  nauplii as a larval feed for eel-tailed catfish, b) effects
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appears to be higher in freshwater oils than in average marine oils (Ackman and 

Eaton 1966). The major saturated fatty acid occurring in Atlantic halibut and cod 

larvae were 16:0 and 18:0, and the 16:0 levels in Atlantic halibut and cod larvae 

were 18.5% of total fatty acids (Naess et al. 1995) and 19.3% (van der Meeren et al. 

1993), respectively. Generally, C16 fatty acids in fresh water species tend to be higher 

than those of marine species (Ackman 1967) and within the saturates, 16:0 

predominates (Henderson and Tocher 1987). The content of 18:0 in Atlantic halibut 

and cod larvae were 6.9% of total fatty acids (Naess et al. 1995) and 5.4% (van der 

Meeren et al. 1993), respectively. Generally, C18 fatty acids in freshwater species 

tend to be higher than those of marine species but possibly less definitive as a means 

of distinguishing freshwater triglyceride oils from those of marine origin (Ackman 

1967, Cowey and Sargent 1972). 

The total monounsaturated fatty acids in Atlantic halibut and cod larvae were 

12.9% of total fatty acids (Naess et al. 1995) and 12.3% (van der Meeren et al. 

1993), respectively and the major monounsaturated fatty acid was 18:ln-9. The 

percentage of 18:ln-9 in Atlantic halibut and cod larvae were 7.0% of total fatty 

acids (Naess et al. 1995) and 3.9% (van der Meeren et al. 1993), respectively. The 

total PUF A in Atlantic halibut and cod larvae were 56.0% of total fatty acids (Naess 

et al. 1995) and 59.5% (van der Meeren et al. 1993), respectively, and the major 

PUF A were 20:5n-3 and 22:6n-3. The percentages of 20:5n-3 in Atlantic halibut and 

cod larvae were 12.1% of total fatty acids (Naess et al. 1995) and 17.1% (van der 

Meeren et al. 1993), respectively, while the levels of 22:6n-3 in Atlantic halibut and 

cod were 36.4% of total fatty acids (Naess et al. 1995) and 35.7% (van der Meeren et 

al. 1993), respectively. In comparison, the n-6/n-3 ratios of Atlantic halibut and cod 

larvae were 0.06 (Naess et al. 1995) and 0.04 (van der Meeren et al. 1993), 

respectively, indicating that the n-6/n-3 ratios of freshwater fish were higher than 

those of marine fish (Ackman 1987, Henderson and Tocher 1987, Cowey and 

Sargent 1972, Sargent et al. 1989). 

4.1.4 Objectives of Chapter 4 

The present review has indicated that there are no studies on a) effects of 

delayed feeding with Artemia nauplii as a larval feed for eel-tailed catfish, b) effects 
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o f  using oil-enriched and non oil-enriched Artemia  nauplii as a larval feed, and 

c) effects o f  using zooplankton or zooplankton plus prepared diets for larval rearing 

and as such, three studies were conducted with the following aims:

1) To investigate the effects o f  delayed feeding w ith Artemia  nauplii as a 

larval feed on growth, survival and total lipid content and fatty acid 

com position o f eel-tailed catfish.

2) To investigate the effects o f using oil-enriched and non oil-enriched 

Artem ia  nauplii as larval feeds on growth, survival and total lipid content 

and fatty acid com position o f  eel-tailed catfish.

3) To investigate the effects o f  using zooplankton or zooplankton plus 

prepared feed as larval feeds on growth, survival and total lipid content 

and fatty acid com position o f  eel-tailed catfish.

4.2 M A T ER IA LS AND M ETHODS

4.2.1 Experim ental design

4.2.1.1 D esign o f the larval rearing facilities

a) Design o f the clear-water recirculating system.

The clear-water recirculating system was used for the first and second 

experim ents where Artemia  nauplii were used as larval feeds. An all-glass aquarium 

tank m easuring 74 cm X 59 cm X 44.5 cm was set up on a table top at the 

Aquaculture hatchery, Northern Territory University. A  clear-water undergravel 

filtration system  was established in the glass tank w hich held twelve larval rearing 

units (LRUs) w hich were m odified black polypots norm ally used in horticulture (Fig. 

4.1).

Recirculation o f  water was achieved by the use o f  an airlift system that was 

connected to the undergravel filter. Filtered water w as airlifted through four 1-cm 

diam eter plastic tubes to the plastic header bucket. The ends o f the tubes were 

screened o ff  w ith 100-micron m esh plankton net m aterial to prevent the introduction
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of using oil-enriched and non oil-enriched Artemia nauplii as a larval feed, and 

c) effects of using zooplankton or zooplankton plus prepared diets for larval rearing 

and as such, three studies were conducted with the following aims: 

1) To investigate the effects of delayed feeding with Artemia nauplii as a 

larval feed on growth, survival and total lipid content and fatty acid 

composition of eel-tailed catfish. 

2) To investigate the effects of using oil-enriched and non oil-enriched 

Artemia nauplii as larval feeds on growth, survival and total lipid content 

and fatty acid composition of eel-tailed catfish. 

3) To investigate the effects of using zooplankton or zooplankton plus 

prepared feed as larval feeds on growth, survival and total lipid content 

and fatty acid composition of eel-tailed catfish. 

4.2 MATERIALS AND METHODS 

4.2.1 Experimental design 

4.2.1.1 Design of the larval rearing facilities 

a) Design of the clear-water recirculating system. 

The clear-water recirculating system was used for the first and second 

experiments where Artemia nauplii were used as larval feeds. An all-glass aquarium 

tank measuring 74 cm X 59 cm X 44.5 cm was set up on a table top at the 

Aquaculture hatchery, Northern Territory University. A clear-water undergravel 

filtration system was established in the glass tank which held twelve larval rearing 

units (LRUs) which were modified black polypots normally used in horticulture (Fig. 

4.1). 

Recirculation of water was achieved by the use of an airlift system that was 

connected to the undergravel filter. Filtered water was airlifted through four 1-cm 

diameter plastic tubes to the plastic header bucket. The ends of the tubes were 

screened off with 100-micron mesh plankton net material to prevent the introduction 
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o f  Artem ia  nauplii into the LRUs. The water in the header bucket then flowed 

through 12 small plastic aquarium air-tube valves that were located on the side

w alls at the base o f  the bucket. The w ater was then delivered through small plastic 5- 

m m  diam eter tubes to each o f the 12 LRUs at the rate o f  0.5-1 L per minute. 

Each o f the LRU m easures 14.1 cm and 11.0 cm in the upper internal and lower 

internal diam eters, respectively, and the height was 14.1 cm (Fig. 4.2). The LRU has 

six 1 cm X  1.5 cm holes along the periphery o f the bottom  section o f  the side-walls; 

the bottom  o f  the LRU was removed w ith a sharp knife leaving an open space that 

had a diam eter o f  approxim ately 9 cm wide. This open space and the holes were 

covered w ith nylon fabric which had a m esh size o f approxim ately 300 pm  and the 

fabric was glued in place with silicon sealant and left to dry overnight.

b) Design o f the green-w ater recirculating system

The green-w ater recirculating system  was used in the third experiment where 

natural zooplankton and a finely ground prepared feed were evaluated for their 

suitability. The system  consisted o f  six 150 L all-glass larval rearing tanks (LRT) 

each m easuring 80 cm  X 55 cm X 47 cm, one 1 m J sedim entation tank (ST) and two 

interconnected 20 m J w ater treatment tanks (WTT), (Fig 4.3). The LRT were put on 

w ooden shelves indoors while the other tanks were located outdoors. A  submersible 

pum p in the second W TT pumped green-water to the eight LRT and the flow rate to 

each tank was adjusted w ith a valve to deliver 10-20 L o f  water/m in. The excess 

w ater in the LRT then over-flowed through a perforated vertical PVC pipe which 

was covered with a 2 m m  mesh nylon sock to prevent the escape o f  fish larvae (Fig.

4.4). The nylon sock w as kept in place w ith a rubber band and the sock was cleaned 

as the need arose to prevent clogging. The excess water from all tanks was collected 

in two 50 mm diam eter PVC pipes and the waste-water was directed to the ST. The 

w ater in the top 2 cm o f  the ST then flowed via a 50 m m  diam eter PVC pipe to the 

first W TT which was connected to the second W TT via a below  ground level 100 

m m  diam eter PVC pipe which had openings at the base o f  both W TT.

4.2.1.2 Stocking of fish larvae

In the first study, 2,400 3-day-old larvae m easuring 8.0±0.2 mm in total 

length and 3.0±0.4 m g were removed from  the egg incubation tanks w ith a fine mesh
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of Artemia nauplii into the LRUs. The water in the header bucket then flowed 

through 12 small plastic aquarium air-tube valves that were located on the side

walls at the base of the bucket. The water was then delivered through small plastic 5-

mm diameter tubes to each of the 12 LRUs at the rate of 0.5-1 L per minute. 

Each of the LRU measures 14.1 cm and 11.0 cm in the upper internal and lower 

internal diameters, respectively, and the height was 14.1 cm (Fig. 4.2). The LRU has 

six 1 cm X 1.5 cm holes along the periphery of the bottom section of the side-walls; 

the bottom of the LRU was removed with a sharp knife leaving an open space that 

had a diameter of approximately 9 cm wide. This open space and the holes were 

covered with nylon fabric which had a mesh size of approximately 300 µm and the 

fabric was glued in place with silicon sealant and left to dry overnight. 

b) Design of the green-water recirculating system 

The green-water recirculating system was used in the third experiment where 

natural zooplankton and a finely ground prepared feed were evaluated for their 

suitability. The system consisted of six 150 L -all-glass larval rearing tanks (LRT) 

each measuring 80 cm X 55 cm X 47 cm, one 1 m3 sedimentation tank (ST) and two 

interconnected 20 m3 water treatment tanks (WTT), (Fig 4.3). The LRT were put on 

wooden shelves indoors while the other tanks were located outdoors. A submersible 

pump in the second WTT pumped green-water to the eight LRT and the flow rate to 

each tank was adjusted with a valve to deliver 10-20 L of water/min. The excess 

water in the LRT then over-flowed through a perforated vertical PVC pipe which 

was covered with a 2 mm mesh nylon sock to prevent the escape of fish larvae (Fig. 

4.4). The nylon sock was kept in place with a rubber band and the sock was cleaned 

as the need arose to prevent clogging. The excess water from all tanks was collected 

in two 50 mm diameter PVC pipes and the waste-water was directed to the ST. The 

water in the top 2 cm of the ST then flowed via a 50 mm diameter PVC pipe to the 

first WIT which was connected to the second WIT via a below ground level 1 OO 

mm diameter PVC pipe which had openings at the base of both WTT. 

4.2.1.2 Stocking of fish larvae 

In the first study, 2,400 3-day-old larvae measuring 8.0±0.2 mm in total 

length and 3.0±0.4 mg were removed from the egg incubation tanks with a fine mesh 
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hand-net and random ly stocked into the LRUs at a stocking rate o f  200 larvae per 

LRU. In the second study, two thousand four hundred 4-day-old larvae measuring 

8.2±0.6 m m  in total length and 3.7±0.4 m g were also rem oved from  the egg 

incubation tanks and randomly stocked into the LRUs at the same stocking rate o f 

200 larvae per LRU. In the third study, one thousand two hundred 3-day-old larvae 

m easuring 8.0±0.2 m m  in total length and 3.0±0.4 mg were random ly stocked into 

six LRTs at a stocking density o f  200 larvae per tank.

4.2.1.3 F eed ing  o f  fish  larvae

In the first study on the effects o f  delayed feeding w ith Artem ia  nauplii as a 

larval feed, the com pletely randomised design was used and there were four 

treatm ents w ith three replicates per treatment. Fish larvae in treatm ents I, II, IH and 

IV were fed A rtem ia  nauplii commencing at 3, 4, 5 and 6 days posthatch, 

respectively. A rtem ia  cysts (Ocean Star International Pro 80, Utah, USA) were 

hatched in 10 L pails containing brackish water at about 18 ppt o f  salinity following 

established m ethods (Bengtson et al. 1991). Newly hatched nauplii o f  about one to 

tw o-day-old w ere collected from the pails, washed and fed to the fish larvae ad  

libitum  four tim es a day at 0900 h, 1200 h, 1600 h and 2000 h daily for a 15-day 

experim ental period.

In the second study on the effects o f  using oil-enriched and non oil-enriched 

Artem ia  nauplii, the completely randomised design was also used and there were 

four treatm ents w ith  three replicates per treatment. Fish larvae in treatm ents I, II, III 

and IV w ere fed Artem ia  nauplii that had either been non oil-enriched (control) or 

oil-enriched w ith com  oil, soybean oil and cod liver oil, respectively. Artem ia  cysts 

(Ocean S tar International Pro 80, Utah, USA) were hatched following the same 

procedure as that m entioned above. At least two-day-old nauplii were collected, 

w ashed w ith  d istilled water and then divided into four lots for enrichment for a 

period o f  n ine hours. The direct enrichment m ethod was used following the method 

developed for enriching rotifers and Artemia  nauplii (Appendix I) (W atanabe et al. 

1982, 1983, B engtson et al. 1991, Takeuchi et al. 1992a, b). The respective groups o f 

nauplii w ere collected after enrichment, washed with distilled water and then fed to
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hand-net and randomly stocked into the LRUs at a stocking rate of 200 larvae per 

LRU. In the second study, two thousand four hundred 4-day-old larvae measuring 

8.2±0.6 mm in total length and 3.7±0.4 mg were also removed from the egg 

incubation tanks and randomly stocked into the LRUs at the same stocking rate of 

200 larvae per LRU. In the third study, one thousand two hundred 3-day-old larvae 

measuring 8.0±0.2 mm in total length and 3.0±0.4 mg were randomly stocked into 

six LRTs at a stocking density of200 larvae per tank. 

4.2.1.3 Feeding of fish larvae 

In the first study on the effects of delayed feeding with Artemia nauplii as a 

larval feed, the completely randomised design was used and there were four 

treatments with three replicates per treatment. Fish larvae in treatments I, II, ill and 

IV were fed Artemia nauplii commencing at 3, 4, 5 and 6 days posthatch, 

respectively. Artemia cysts (Ocean Star International Pro 80, Utah, USA) were 

hatched in 10 L pails containing brackish water at about 18 ppt of salinity following 

established methods (Bengtson et al. 1991). Newly hatched nauplii of about one to 

two-day-old were collected from the pails, washed and fed to the fish larvae ad 

libitum four times a day at 0900 h, 1200 h, 1600 h and 2000 h daily for a 15-day 

experimental period. 

In the second study on the effects of using oil-enriched and non oil-enriched 

Artemia nauplii, the completely randomised design was also used and there were 

four treatments with three replicates per treatment. Fish larvae in treatments I, II, ill 

and IV were fed Artemia nauplii that had either been non oil-enriched ( control) or 

oil-enriched with corn oil, soybean oil and cod liver oil, respectively. Artemia cysts 

(Ocean Star International Pro 80, Utah, USA) were hatched following the same 

procedure as that mentioned above. At least two-day-old nauplii were collected, 

washed with distilled water and then divided into four lots for enrichment for a 

period of nine hours. The direct enrichment method was used following the method 

developed for enriching rotifers and Artemia nauplii (Appendix I) (Watanabe et al. 

1982, 1983, Bengtson et al. 1991, Takeuchi et al. 1992a, b). The respective groups of 

nauplii were collected after enrichment, washed with distilled water and then fed to 
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the fish larvae ad libitum  at 1800 h daily for a 15-day experim ental period since 

catfish feed m ost actively during the dark phase.

In the third study on the effect o f  zooplankton or zooplankton plus prepared 

feed for larval rearing, the completely random ised design w as used and there were 

two treatm ents with three replicates per treatment. Fish larvae in treatm ents I and II 

w ere fed either naturally occurring zooplankton only or zooplankton and finely 

ground barram undi pellets. Naturally occurring zooplankton such as rotifers, 

cladocerans, copepods and ostracods that were present in the green-water were 

delivered with the in-com ing water flow to all the LRTs. The larvae in  treatment 13 

w ere given the prepared feed four times a day at 0900 h, 1200 h, 1600 h and 2000 h 

for the duration o f  the 15-day experimental period. The am ount o f feed given for the 

periods 0-5 days, 6-10 days and 11-15 days were 0.2g, 0.4g and 0.8g per ration, 

respectively.

4.2.1.4 Fish sam pling and length-weight measurements

In all the studies, fifteen fish were random ly rem oved from the rearing units 

or tanks at 1, 3, 5, 10 and 15 days from the commencement o f  the studies and the 

sam ples were preserved in 10% formalin for length-weight m easurem ents. Lengths 

w ere m easured w ith either the ocular m icrom eter or M easy 2000 V ernier scale and 

weights were m easured w ith the Sartorius B120S analytical balance to four decimal 

places. The standard length o f a fish is defined as the distance from the tip o f the 

m outh to the caudal peduncle. All fish were dried with tissue paper prior to weight 

m easurem ents. The specific growth rate (%/day) was com puted using the formula 

{[Ln (TLt) - Ln (TLj)]/t) X 100 for total lengths (TL) and {[Ln (W W t) - Ln 

(W W j)]/t) X 100 for w et weights (WW) (Hopkins 1992). The wet w eight data were 

converted from grams to milligrams prior to the calculations.

4.2.1.5 W ater quality m onitoring

The water quality in the LRU (study I and 13) and LRT (study HI) were 

m onitored once every five days during the experimental periods. W ater temperature, 

d issolved oxygen and pH were determined with the H oriba m odel U 7 w ater quality
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the fish larvae ad libitum at 1800 h daily for a 15-day experimental period since 

catfish feed most actively during the dark phase. 

In the third study on the effect of zooplankton or zooplankton plus prepared 

feed for larval rearing, the completely randomised design was used and there were 

two treatments with three replicates per treatment. Fish larvae in treatments I and II 

were fed either naturally occurring zooplankton only or zooplankton and finely 

ground barramundi pellets. Naturally occurring zooplankton such as rotifers, 

cladocerans, copepods and ostracods that were present in the green-water were 

delivered with the in-corning water flow to all the LRTs. The larvae in treatment II 

were given the prepared feed four times a day at 0900 h, 1200 h, 1600 hand 2000 h 

for the duration of the 15-day experimental period. The amount of feed given for the 

periods 0-5 days, 6-10 days and 11-15 days were 0.2g, 0.4g and 0.8g per ration, 

respectively. 

4.2.1.4 Fish sampling and length-weight measurements 

In all the studies, fifteen fish were randomly removed from the rearing units 

or tanks at 1, 3, 5, 10 and 15 days from the commencement of the studies and the 

samples were preserved in 10% formalin for length-weight measurements. Lengths 

were measured with either the ocular micrometer or Measy 2000 Vernier scale and 

weights were measured with the Sartorius B120S analytical balance to four decimal 

places. The standard length of a fish is defined as the distance from the tip of the 

mouth to the caudal peduncle. All fish were dried with tissue paper prior to weight 

measurements. The specific growth rate (%/day) was computed using the formula 

{[Ln (Tlt) - Ln (TLi)]/t} X 100 for total lengths (TL) and {[Ln (WWt) - Ln 

(WWi)]/t} X 100 for wet weights (WW) (Hopkins 1992). The wet weight data were 

converted from grams to milligrams prior to the calculations. 

4.2.1.5 Water quality monitoring 

The water quality in the LRU (study I and II) and LRT (study III) were 

monitored once every five days during the experimental periods. Water temperature, 

dissolved oxygen and pH were determined with the Horiba model U7 water quality 
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system  and the total ammonia-nitrogen was determined with the Palintest water 

quality  test kit.

4.2.2 Sam pling and biochem ical analysis of lipids and fatty acids

In the first experim ent on the effects o f delayed feeding with Artem ia  nauplii 

as a larval feed for eel-tailed catfish, about 0.5g o f  larvae that were three, four, five 

and six days posthatch were respectively collected from the egg incubators in 

triplicate w ith a fine m esh net, pooled into their respective treatment groups (about 

1.5g), dried w ith paper towels and frozen at -20°C. At the end o f  the 15-day larval 

rearing period, about 2 g o f  post-larvae from the various treatments were collected, 

pooled, dried w ith paper towels and frozen at -20°C. All samples were then 

transferred to -80°C until analyses.

In the second experim ent on the effects o f using oil-enriched and non oil- 

enriched Artem ia  nauplii as a larval feed, about 2g o f  Artemia  nauplii from the 

respective oil-enrichm ent treatments and non oil-enrichment treatm ent were 

collected w ith a fine m esh net in triplicate, dried with paper towels and frozen at 

-20°C. A t the end o f  the 15-day larval rearing period about 2g o f larvae from the 

various treatm ents were collected in triplicate, dried w ith paper towels and frozen at 

-20°C. All sam ples were then transferred to -80°C until further analyses.

In the third experim ent on the effects o f  using zooplankton or zooplankton 

plus prepared feed for larval rearing, about 2 g o f  post-larvae were collected from 

each o f  the treatm ent tanks at the end o f the 15-day larval rearing period and pooled, 

d ried  with paper towels, and frozen at -20°C. All samples were then transferred to 

-80°C until further analyses.

B iochem ical analysis o f  Artemia  nauplii, fish larvae and post-larvae included 

lyophilisation, lipid extraction, methylation o f fatty acids and capillary gas 

chrom atography. The samples were put into labelled and pre-weighed 10 m L sample 

bottles and freeze-dried according to the method described in section 2.2.3. The 

freeze-dried samples were then stored at -80°C.

Total lipids o f  the samples were determined gravimetrically after extraction 

o f  the sam ples w ith m ethanol-chloroform  (1:2) as reported in the section 2.2.4. The 

lipid sam ples were stored at -80°C until further analysis. Fatty acid methyl esters
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system and the total ammonia-nitrogen was determined with the Palintest water 

quality test kit. 

4.2.2 Sampling and biochemical analysis of lipids and fatty acids 

In the first experiment on the effects of delayed feeding with Artemia nauplii 

as a larval feed for eel-tailed catfish, about 0.5g of larvae that were three, four, five 

and six days posthatch were respectively collected from the egg incubators in 

triplicate with a fine mesh net, pooled into their respective treatment groups (about 

1.5g), dried with paper towels and frozen at -20°C. At the end of the 15-day larval 

rearing period, about 2g of post-larvae from the various treatments were collected, 

pooled, dried with paper towels and frozen at -20°C. All samples were then 

transferred to -80°C until analyses. 

In the second experiment on the effects of using oil-enriched and non oil

enriched Artemia nauplii as a larval feed, about 2g of Artemia nauplii from the 

respective oil-enrichment treatments and non oil-enrichment treatment were 

collected with a fine mesh net in triplicate, dried with paper towels and frozen at 

-20°C. At the end of the 15-day larval rearing period about 2g of larvae from the 

various treatments were collected in triplicate, dried with paper towels and frozen at 

-20°C. All samples were then transferred to -80°C until further analyses. 

In the third experiment on the effects of using zooplankton or zooplankton 

plus prepared feed for larval rearing, about 2g of post-larvae were collected from 

each of the treatment tanks at the end of the 15-day larval rearing period and pooled, 

dried with paper towels, and frozen at -20°C. All samples were then transferred to 

-80°C until further analyses. 

Biochemical analysis of Artemia nauplii, fish larvae and post-larvae included 

lyophilisation, lipid extraction, methylation of fatty acids and capillary gas 

chromatography. The samples were put into labelled and pre-weighed 10 mL sample 

bottles and freeze-dried according to the method described in section 2.2.3. The 

freeze-dried samples were then stored at -80°C. 

Total lipids of the samples were determined gravimetrically after extraction 

of the samples with methanol-chloroform (1:2) as reported in the section 2.2.4. The 

lipid samples were stored at -80°C until further analysis. Fatty acid methyl esters 
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(FAM E) w ere prepared by direct transesterification o f  the lipid extracts w ith 14% 

BF3-m ethanol as reported in the section 2.2.5. The FAM E samples were labelled and 

stored at -80°C. All FAME samples were analysed using a Varian V ista 6000 gas 

chrom atograph as reported in the section 2 .2 .6 .

4.2.3 D ata processing

D ata were treated statistically by one-way analysis o f variance (ANOVA). 

Equality o f  variance and norm ality were checked by Cochran’s test prior to running 

the A N O V A  tests and the survival rates were transform ed using arcsine 

transform ation prior to running the ANOVA tests. Pair-wise comparisons were then 

m ade after A N O V A  using the Scheffe’s F-test w ith the Statview 512+ package. 

Simple regression analysis was used to investigate correlations betw een survival, 

growth and chem ical composition.

4.3 R ESU L TS

4.3.1 Effects o f delayed feeding with Artemia nauplii as a larval feed

4.3.1.1 W ater quality

The w ater quality data in the LRUs are sum m arised and presented in Table 

4.1. A t the com m encem ent o f the experiment, the w ater tem perature in all LRUs was 

25.4°C and as the experiment proceeded, the w ater tem peratures progressively 

increased to 29.2-29.6°C at the end o f the study. The w ater tem perature progressively 

increased as the study progressed because o f seasonal changes o f the w eather and the 

tem peratures for the different treatments at the respective sam pling dates were 

similar for the duration o f  the study. The pH o f  the water in the LRUs for the 

different treatm ents ranged from 8 .0-8.4 at the start o f  the study, however, the values 

in all treatm ents m arginally increased in days 5 and 10, then declined m arginally on 

day 15. The overall pH o f  the water in the LRUs ranged from 7.9-S.6. A t the 

com m encem ent o f  the study, the dissolved oxygen values in the LRUs were 5.9-6.6 

mg/L. W hile the levels in all treatments at days 0, 10 and 15 were sim ilar, the levels
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(FAME) were prepared by direct transesterification of the lipid extracts with 14% 

BF3-methanol as reported in the section 2.2.5. The FAlvfE samples were labelled and 

stored at -80°C. All FAME samples were analysed using a Varian Vista 6000 gas 

chromatograph as reported in the section 2.2.6. 

4.2.3 Data processing 

Data were treated statistically by one-way analysis of variance (ANOV A). 

Equality of variance and normality were checked by Cochran's test prior to running 

the Al"l'OV A tests and the survival rates were transformed using arcsine 

transformation prior to running the ANOV A tests. Pair-wise comparisons were then 

made after ANOVA using the Scheffe's F-test with the Statview 512+ package. 

Simple regression analysis was used to investigate correlations behveen survival, 

growth and chemical composition. 

4.3 RESULTS 

4.3.1 Effects of delayed feeding with Artemia nauplii as a larval feed 

4.3.1.1 Water quality 

The water quality data in the LRUs are summarised and presented in Table 

4.1. At the commencement of the experiment, the water temperature in all LR Us was 

25.4°C and as the experiment proceeded, the water temperatures progressively 

increased to 29.2-29.6°C at the end of the study. The water temperature progressively 

increased as the study progressed because of seasonal changes of the weather and the 

temperatures for the different treatments at the respective sampling dates were 

similar for the duration of the study. The pH of the water in the LRUs for the 

different treatments ranged from 8.0-8.4 at the start of the study, however, the values 

in all treatments marginally increased in days 5 and 10, then declined marginally on 

day 15. The overall pH of the water in the LRUs ranged from 7.9-8.6. At the 

commencement of the study, the dissolved oxygen values in the LRUs were 5.9-6.6 

mg/L. \Vhile the levels in all treatments at days 0, l O and 15 were similar, the levels 
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Table 4.1 Sum m ary of water quality data in the larval rearing units 
used for rearing eel-tailed catfish (N. ater) larvae in the experiment on 
effects o f  delayed feeding with Artem ia  nauplii. (mean ±  sd; n=3)

a) Tem perature (°C)

Rearing period Treatm ent groups (Number o f days after hatching)

(Days) I (3) H (4) m  (5) IV (6 )

0 25.4 ± 0 .1 25.4 ± 0 .1 25.4 ± 0 .1 25.4 ±0.1

5 26.1 ± 0 .1 26.1 ± 0 .1 26.1 ± 0 .1 26.1 ± 0 .1

1 0 28.3 ± 0 .1 28.4 ±0.1 28.5 ± 0 .1 28.6 ± 0 .1

15 29.2 ± 0 .1 29.4 ±0 .1 29.6 ± 0 .1 29.6 ±0.1

b) pH

Rearing period Treatment groups (Number o f days after hatching)

(Days) 1(3) n (4 ) m (5 ) IV (6 )

0 8 .0 -8 .3 8 .1-8 .2 8 .2 -8 .3 8 .3-8.4

5 7.9-8.3 8 .3-8.4 8 .4-8.5 8 .4-8.5

1 0 8 .5-8 .6 8.4-8.5 8 .4-8 .6 8.4-8 .6

15 8 .2 -8 .3 8 .3-8.3 8 .2 -8 .3 8.2-8.4

Continued overleaf
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Table 4.1 Summary of water quality data in the larval rearing units 
used for rearing eel-tailed catfish (N. ater) larvae in the experiment on 
effects of delayed feeding with Artemia nauplii. (mean ± sd; n=3) 

a) Temperature (°C) 

Rearing period 

(Days) 

0 

5 

10 

15 

b)pH 

Rearing period 

(Days) 

0 

5 

10 

15 

Continued overleaf 

Treatment groups (Number of days after hatching) 

I (3) 

25.4±0.1 

26.1 ± 0.1 

28.3 ± 0.1 

29.2 ± 0.1 

II (4) 

25.4±0.l 

26.1 ± 0.1 

28.4 ± 0.1 

29.4±0.1 

III ( 5) 

25.4 ± 0.1 

26.1 ± 0.1 

28.5 ± 0.1 

29.6±0.1 

IV (6) 

25.4 ± 0.1 

26.l ± 0.1 

28.6 ± 0.1 

29.6 ± 0.1 

Treatment groups (Number of days after hatching) 

I (3) II (4) III ( 5) IV (6) 

8.0-8.3 8.1-8.2 8.2-8.3 8.3-8.4 

7.9-8.3 8.3-8.4 8.4-8.5 8.4-8.5 

8.5-8.6 8.4-8.5 8.4-8.6 8.4-8.6 

8.2-8.3 8.3-8.3 8.2-8.3 8.2-8.4 
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Table 4.1 (Contd.) 

c) Dissolved oxygen (mg/L)

Rearing period 

(Days)

Treatment groups (Number o f days after hatching)

1(3) 11(4) IH(5) IV (6 )

0 5.9 ± 0 .4 6.2 ± 0 .3 6 .6  ± 0 .4 6 .6  ± 0 .2

5 7.4 ± 0 .2 7.9 ± 0 .1 8 .0  ± 0 .1 8 .0  ± 0 .1

1 0 6.3 ±0 .1 6.4 ± 0 .1 6.3 ± 0 .1 6 .2  ± 0 .1

15 5.4 ± 0 .3 5.5 ± 0 .2 5.2 ± 0 .2 5.4 ± 0 .4

d) Total am m onia-nitrogen (mg/L)

Rearing period 

(Days)

Treatment groups (Num ber o f days after hatching)

1(3) n (4 ) m (5 ) IV (6 )

0 <DL <DL <DL <DL

5 0 .1  ± 0 0 .1  ± 0 0 .1  ± 0 0 .1  ± 0

1 0 0 .1  ± 0 0 .1  ± 0 0 .1  ± 0 0 .1  ± 0

15 0 .2  ± 0 .1 0 .1  ± 0 0 .1  ± 0 .1 0 .1  ± 0 .1

<DL Below detection limit
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Table 4.1 (Contd.) 

c) Dissolved oxygen (mg/L) 

Rearing period Treatment groups (Number of days after hatching) 

(Days) 

0 

5 

10 

15 

I (3) 

5.9 ± 0.4 

7.4 ± 0.2 

6.3±0.1 

5.4 ± 0.3 

d) Total ammonia-nitrogen (mg/L) 

II (4) 

6.2 ± 0.3 

7.9 ± 0.1 

6.4 ± 0.1 

5.5 ± 0.2 

ill(5) 

6.6 ± 0.4 

8.0 ± 0.1 

6.3 ± 0.1 

5.2 ± 0.2 

IV (6) 

6.6 ± 0.2 

8.0 ± 0.1 

6.2 ± 0.1 

5.4 ± 0.4 

Rearing period Treatment groups (Number of days after hatching) 

(Days) I (3) II (4) ill(5) IV (6) 

0 <DL <DL <DL <DL 

5 0.1 ± 0 0.1 ± 0 0.1 ± 0 0.1 ±0 

10 0.1 ± 0 0.1 ± 0 0.1 ± 0 0.1 ± 0 

15 0.2 ± 0.1 0.1 ± 0 0.1 ± 0.1 0.1 ± 0.1 

<DL Below detection limit 
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in day 5 were slightly  higher for all treatm ent groups. The dissolved oxygen levels in 

all treatm ents w ere not significantly different (P>0.05; range from 5.2-8.0 mg/L) for 

the duration o f  the study. At the commencement o f  the experiment, the total 

am m onia-nitrogen in all LRUs was <detection limit. The total am m onia-nitrogen in 

all treatm ents for the duration o f the study was 0.1 mg/L with the exception o f the 

level for treatm ent I at day 15 which recorded 0.2 mg/L.

4.3.1.2 Growth and survival of larvae

The grow th and survival data are summarised and presented in Table 4.2 and 

Fig. 4.5.

One day after rearing, the total length o f  the larvae in treatm ent I (8.3 mm) 

w as significantly higher than those in treatm ents II, III and IV (8.0 m m) (P<0.05). 

The wet weight o f  the larvae in treatm ent I (0.004g) was also significantly higher 

than  those in the o ther treatments (0.003g) (P<0.05) demonstrating that the larvae in 

treatm ent I that had  been fed Artemia  nauplii 3 days after hatching had significantly 

grow n larger than those that were starved for 4, 5 or 6  days (P<0.05) (Table 4.2a).

By the th ird  day o f  the experiment, the total lengths o f  the larvae in 

treatm ents I, II, III and IV were 9.3, 9.0, 8 .6  and 8 .6  mm, respectively, with 

respective wet w eights 0.004, 0.004, 0.003 and 0.002g. The total length o f  the larvae 

in treatm ent I w as significantly higher than those in treatment II (P<0.05), and the 

lengths o f  larvae in  both treatments were significantly larger than those in treatments 

HI and IV (P<0.05). However, in terms o f  w et weight, the values for larvae in 

treatm ents I and II were significantly higher than those in treatm ents HI and IV 

(P<0.05) indicating that the larvae that had been fed earlier were larger. By this time, 

w hile the unfed larvae in treatm ent IV had grown from 8.0 mm to 8 .6  m m, its wet 

w eight had declined from 0.003 to 0.002g (Table 4.2a).

After five days o f  rearing, the total lengths o f the larvae in treatm ents I, II, HI 

and IV were 9.5, 9.6, 9.0 and 8.7 mm, respectively, whereas the respective weights 

w ere 0.005, 0.005, 0.004 and 0.003g. The total lengths o f  larvae in treatm ents I and II 

w ere sim ilar (P>0.05) and significantly larger than those in treatm ents E l and IV 

(P<0.05). The trends in wet weights were sim ilar to those o f  total lengths where the
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in day 5 were slightly higher for all treatment groups. The dissolved oxygen levels in 

all treatments were not significantly different (P>0.05; range from 5.2-8.0 mg/L) for 

the duration of the study. At the commencement of the experiment, the total 

ammonia-nitrogen in all LRUs was <detection limit. The total ammonia-nitrogen in 

all treatments for the duration of the study was 0.1 mg/L with the exception of the 

level for treatment I at day 15 which recorded 0.2 mg/L. 

4.3.1.2 Growth and survival of larvae 

The growth and survival data are summarised and presented in Table 4.2 and 

Fig. 4.5. 

One day after rearing, the total length of the larvae in treatment I (8.3 mm) 

was significantly higher than those in treatments II, ill and IV (8.0 mm) (P<0.05). 

The wet weight of the larvae in treatment I (0.004g) was also significantly higher 

than those in the other treatments (0.003g) (P<0.05) demonstrating that the larvae in 

treatment I that had been fed Artemia nauplii 3 days after hatching had significantly 

grown larger than those that were starved for 4, 5 or 6 days (P<0.05) (Table 4.2a). 

By the third day of the experiment, the total lengths of the larvae m 

treatments I, II, III and IV were 9.3, 9.0, 8.6 and 8.6 mm, respectively, with 

respective wet weights 0.004, 0.004, 0.003 and 0.002g. The total length of the larvae 

in treatment I was significantly higher than those in treatment II (P<0.05), and the 

lengths of larvae in both treatments were significantly larger than those in treatments 

III and IV (P<0.05). However, in terms of wet weight, the values for larvae in 

treatments I and II were significantly higher than those in treatments III and IV 

(P<0.05) indicating that the larvae that had been fed earlier were larger. By this time, 

while the unfed larvae in treatment IV had grown from 8.0 mm to 8.6 mm, its wet 

weight had declined from 0.003 to 0.002g (Table 4.2a). 

After five days of rearing, the total lengths of the larvae in treatments I, II, ill 

and IV were 9.5, 9.6, 9.0 and 8.7 mm, respectively, whereas the respective weights 

were 0.005, 0.005, 0.004 and 0.003g. The total lengths oflarvae in treatments I and II 

were similar (P>0.05) and significantly larger than those in treatments III and IV 

(P<0.05). The trends in wet weights were similar to those of total lengths where the 



Table 4.2 Summary of (a) growth and (b) survival data of cel-tailed catfish (iV. ater) larvae in the experiment on effects of delayed  
feeding with Artemia nauplii. (mean ± sd; //=3)
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Table 4.2 Summary of (a) growth and (h) survival data of eel-tailed catfish (N. ater) larvae in the experiment on effects of delayed 
feeding with Artemia nauplii. (mean ± sd; 11=3) 

a) Growth 

Rearing period Treatment groups (Number of days after hatching) 
(Days) 

I (3) II (4) III (5) IV (6) 

TL1 ww2 TL WW TL WW TL WW 
(mm) (g) (mm) (g) (mm) (g) _(111111) (g) 

0 8.0 ±0.2 0.003 ± 0.001 8.0±0.2 0.003 ± 0.001 8.0 ± 0.2 0.003 ± 0.001 8.0 ± 0.2 0.003 ± 0.00 I 

8.3 ± 0.3 
b 0.004 ± 0.001 b 8.0 ± 0.2a 0.003 ± o.oooa 8.0 ± 0.2a 0.003 ± o.oooa 8.0 ± 0.2a 0.003 ± o.oooa 

9.3 ± 0.4c 0.004 ± O.OOIC b 0.004 ± 0.00} C 3 9.0 ± 0.3 8.6 ± 0.2a 0.003 ± 0.00 I b 8.6 ± 0.3 
a 

0.002 ± o.oooa 

5 9.5 ± 0.5 
b 0.005 ± 0.001 b 9.6 ± 0.0.5 

b 
0.005 ± 0.001 b 9.0 ± 0.4a 0.004 ± 0.00 I a 8.7 ± 0.4" 0.003 ± 0.00 I 

a 

10 11.3 ± 1.1 0.009 ± 0.003 11.3 ± 1.1 0.009 ± 0.003 10.7 ± 1.2 0.008 ± 0.004 10.9 ± 0.9 0.009 ± 0.004 

15.0±l.7a 0.028 ± 0.01 la 15.5 ± 2.9ab 0.029±0.lOa 15.8 ± 2.5ab 0.030 ± 0.1 Oab b 
0.034 ± 0.012b 15 16.3 ± 1.8 

SGR (%/day) 14.9 15. l 15.4 16.3 

1 Total Length, 2 Wet Weight, 
3 

Specific growth rate; Values in the row which are followed by different superscripts are significantly different (P<0.05). 

Continued overleaf 

....... 
v, 
\0 



160

T ab le  4.2 (C ontd .) 

b) S u rv iva l a t  ha rvest (day  15)

TG  (NDH ) 1 Survival (%)

Replicate 1 Replicate 2 Replicate 3 M ean

1(3) 73.6 72.9 69.3 71.9 ± 2.3C

n ( 4 ) 67.1 67.9 67.1 67.4 ± 0.4C

111(5) 49.3 57.1 50.0 52.1 ± 4 .3 b

IV (6 ) 40.7 36.4 32.9 36.7 ± 0.1a

1 Treatm ent groups (Number o f  days after hatching)

Values in the column w hich are followed by different superscripts are 
significantly different (P<0.05)
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Table 4.2 (Contd.) 

b) Survival at harvest (day 15) 

TG (NDH)
1 

Survival (%) 

Replicate 1 Replicate 2 Replicate 3 Mean 

I (3) 73.6 72.9 69.3 71.9 ± 2.3c 

II ( 4) 67.1 67.9 67.1 67.4 ± 0.4c 

III (5) 49.3 57.1 50.0 52.1 ± 4.3 
b 

IV (6) 40.7 36.4 32.9 36.7±0.1 
a 

1 
Treatment groups (Number of days after hatching) 

Values in the column which are followed by different superscripts are 
significantly different (P<0.05) 
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a

- 3-days posthatch 

-4-days posthatch

5-days posthatch

6-days posthatch

T im e  (Days)

T im e  (Days)

— ♦—  3-days posthatch 

—a —  4-days posthatch 

5-days posthatch 

——  6-days posthatch

Fig. 4.5 E ffects o f  delayed initial feeding of eel-tailed catfish (N. ater) larvae with  
A rtem ia  nauplii on growth.
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Fig. 4.5 Effects of delayed initial feeding of eel-tailed catfish (N. ater) larvae with 
Artemia nauplii on growth. 
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wet weights o f  treatm ents I and II w ere sim ilar (P>0.05) but significantly higher than 

those in treatm ents lH and IV (P<0.05). This indicated that the advantage in groups 

that were fed one or two days after the commencement o f  the study was maintained 

(Table 4.2a). Even though the total lengths o f  the larvae in all the treatments were 

sim ilar by the tenth day o f the experim ent (10.7-11.3 mm), the total length o f 

postlarvae in treatm ents I and II w ere higher than those o f  treatm ents III and IV 

(Table 4.2a). Similarly, the wet w eights o f  the larvae in all the treatments were 

sim ilar (0.008-0.009g) indicating that the larvae in treatm ent IV which had 

experienced initial delayed feeding for four days had caught up in terms o f  weight 

gain (Table 4.2a).

The total lengths o f  the larvae in treatments I, n , III and IV at the end o f  the 

15-day study were 15.0, 15.5, 15.8 and 16.3 mm, respectively, w ith the value for 

treatm ent IV larvae significantly higher than those in treatm ents I and II (P<0.05) but 

sim ilar to those o f  treatm ent El (P>0.05). The wet weights o f  larvae in treatments I, 

II, E l and IV were 0.028, 0.029, 0.030 and 0.034g, respectively. The wet weight o f 

larvae in treatm ent IV was significantly higher than those o f  treatm ent I (P<0.05), but 

sim ilar to those o f  treatm ents II and IE  (P>0.05) (Table 4.2a).

The specific growth rates (SGR) o f  larvae were 14.9, 15.1, 15.4 and 16.3 

% /day dem onstrating that the SGR was the highest in larvae w ith four days o f 

delayed initial feeding with nauplii (6 -day-old larvae) (Table 4.2a).

The survival percentages at the end o f  the study for treatm ents I, II, III and IV 

w ere 71.9, 67.4, 52.1 and 36.7%, respectively (Table 4.2b). The percentage survival 

in treatm ents I and II was similar but significantly higher than that in treatments IE 

and IV (P<0.05) indicating that larvae that were fed three or four days after hatching 

survived better than those in the other groups.

4.3.1.3 Lipid content and fatty acid composition o f the lipids extracted from the 
larvae prior to feeding

a) Total lipid content o f larvae after 3-6 days of starvation

The total lipid content of the larvae in the different treatm ent groups prior to 

feeding w ith Artem ia  nauplii and at the end o f  the 15-day larval rearing experiment is 

presented in Table 4.3 and Fig 4.6. The total lipid content o f  the larvae in treatments
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wet weights of treatments I and II were similar (P>0.05) but significantly higher than 

those in treatments ill and IV (P<0.05). This indicated that the advantage in groups 

that were fed one or tvvo days after the commencement of the study was maintained 

(Table 4.2a). Even though the total lengths of the larvae in all the treatments were 

similar by the tenth day of the experiment (10.7-11.3 mm), the total length of 

postlarvae in treatments I and II were higher than those of treatments ill and IV 

(Table 4.2a). Similarly, the wet weights of the larvae in all the treatments were 

similar (0.008-0.009g) indicating that the larvae in treatment IV which had 

experienced initial delayed feeding for four days had caught up in terms of weight 

gain (Table 4.2a). 

The total lengths of the larvae in treatments I, II, ill and IV at the end of the 

15-day study were 15.0, 15.5, 15.8 and 16.3 mm, respectively, with the value for 

treatment IV larvae significantly higher than those in treatments I and II (P<0.05) but 

similar to those of treatment ill (P>0.05). The wet weights of larvae_ in treatments I, 

II, ill and IV were 0.028, 0.029, 0.030 and 0.034g, respectively. The wet weight of 

larvae in treatment IV was significantly higher than those of treatment I (P<0.05), but 

similar to those of treatments II and ill (P>0.05) (Table 4.2a). 

The specific growth rates (SGR) of larvae were 14.9, 15.1, 15.4 and 16.3 

%/day demonstrating that the SGR was the highest in larvae with four days of 

delayed initial feeding with nauplii (6-day-old larvae) (Table 4.2a). 

The survival percentages at the end of the study for treatments I, II, ill and IV 

were 71.9, 67.4, 52.1 and 36.7%, respectively (Table 4.2b). The percentage survival 

in treatments I and II was similar but significantly higher than that in treatments ill 

and IV (P<0.05) indicating that larvae that were fed three or four days after hatching 

survived better than those in the other groups. 

4.3.1.3 Lipid content and fatty acid composition of the lipids extracted from the 
larvae prior to feeding 

a) Total lipid content of larvae after 3-6 days of starvation 

The total lipid content of the larvae in the different treatment groups prior to 

feeding with Artemia nauplii and at the end of the 15-day larval rearing experiment is 

presented in Table 4.3 and Fig 4.6. The total lipid content of the larvae in treatments 



Table 4.3 Total lipid content of the pooled samples of eel-tailed catfish (N. ater) larvae (a) prior to feeding and (b) at 
the end of the experim ent (day 15) on the effects of delayed feeding with Artemia nauplii. (All data given are m eans 
of triplicate analysis of pooled samples; mean ± sd)
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Values in the column which are followed by different superscripts are significantly different (P<0.05)

Table 4.3 Total lipid content of the pooled samples of eel-tailed catfish (N. ater) larvae (a) prior to feeding and (b) at 
the end of the experiment (day 15) on the effects of delayed feeding with Artemia nauplii. (All data given are means 
of triplicate analysis of pooled samples; mean ± sd) ' 

TG (NDH) 1 Total Lipid (% of dry weight) 

Prior to Feeding End of the experiment 

2 Rep. 1 Rep. 2 Rep. 3 Mean Rep. 1 Rep. 2 Rep. 3 Mean 

I (3) 26.5 26.6 27.5 26.9 ± 0.5 b 
22.7 20.8 19.6 21.1 ± 1.5 6 

II (4) 23.5 23.4 25.1 24.0 ± 0.9 b 
21.4 19.2 17.9 19.5 ± 1.7 b 

III (5) 23.4 24.5 21.1 23.0 ± l.7ab 17.8 15.8 14.1 15.9 ± I.Sa 

IV (6) 20.8 20.0 18.9 19.9 ± 0.93 
21.2 21.5 21.8 21.5 ± 0.3 b 

1 Treatment groups (Number of days after hatching), 
2 

Replicate 

Values in the column which are followed by different superscripts are significantly different (P<0.05) 
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I, II, HI and IV were 26.9% , 24.0%, 23.0% and 19.9% o f  DW, respectively, 

dem onstrating that lipids were utilised as the yolk-sac larva developed as a result o f 

the delay  in feeding w ith Artem ia  nauplii.

b) Fatty acid com position o f the larvae after 3-6 days o f  starvation

The fatty acid com position o f the lipids in the larvae prior to feeding with 

A rtem ia  nauplii is presented in Table 4.4. A total of fifteen fatty acids were detected.

M ajor fa tty  acids after 3-6 days o f  starvation

The m ajor fatty acids (>10%  o f  total fatty acids) that occurred in the lipids 

w ere 16:0, 18:0, 18:ln-9 , 20:4n-6 and 22:6n-3 (Table 4.4). The levels o f  16:0 in the 

larvae o f  treatm ents I, II and HI (feeding delayed for 3, 4 and 5 days) were similar 

(26.8-27.5%  o f  total fatty acids) and significantly higher than those o f  larvae in 

treatm ent IV (17.4% )(P<0.05). The opposite trend was observed for the fatty acid 

18:0, w here the levels progressively increased in treatment I larvae (12.7% o f  total 

fatty acids) to treatm ent IV larvae (16.6%). The content o f  18:ln-9  in the larvae for 

all treatm ents were sim ilar (13.8-14.3%  o f total fatty acids). The level o f 20:4n-6 was 

low er in  treatm ent I larvae (9 .0 % o f  total fatty acids) in comparison to those in 

treatm ent IV larvae (10.9%), while the levels o f 22:6n-3 progressively increased 

from  9.6%  o f  total fatty acids in treatm ent I larvae to 15.2% in treatment IV larvae.

F atty acids that occurred in m inor amounts after 3-6 days o f  starvation

The fatty acids that occurred in minor amounts (1-5% o f  total fatty acids) 

were 16 :ln -7 , 16:2n-y, 18:ln-7 , 18:2n-6, 20:3, 20:5n-3, 22:5 and 22:5n-x (Table 

4.4). The fatty acids that showed slightly lower values in  treatm ents I to HI prior to 

feeding w ith Artem ia  were: 16:ln-7  (1.8% of total fatty acids to 0.4%), 16:2n-y 

(2.1%  to 1.6%), 18:ln-7 (4.5%  to 3.3%), 18:2n-6 (3.1% to 2.0% ) and 20:3 (1.4% to 

1.2%). How ever, two fatty acids in the larvae showed slightly higher values and 

these w ere 22:5 (1.5% o f  total fatty acids to 1.7%) and 22:5n-x (1.9% o f  total fatty 

acids to 2.5% ).

Fatty  acids that occurred in very minor amounts (<1.0%  o f  total fatty acids) 

were 14:0 and 15:0 (Table 4.4).
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I, II, ID and IV were 26.9%, 24.0%, 23.0% and 19.9% of DW, respectively, 

demonstrating that lipids were utilised as the yolk-sac larva developed as a result of 

the delay in feeding with Artemia nauplii. 

b) Fatty acid composition of the larvae after 3-6 days of starvation 

The fatty acid composition of the lipids in the larvae prior to feeding with 

Artemia nauplii is presented in Table 4.4. A total of fifteen fatty acids were detected. 

Major fatty acids after 3-6 days of starvation 

The major fatty acids (> 10% of total fatty acids) that occurred in the lipids 

were 16:0, 18:0, 18:ln-9, 20:4n-6 and 22:6n-3 (Table 4.4). The levels of 16:0 in the 

larvae of treatments I, II and III (feeding delayed for 3, 4 and 5 days) were similar 

(26.8-27.5% of total fatty acids) and significantly higher than those of larvae in 

treatment IV (l 7.4%)(P<0.05). The opposite trend was observed for the fatty acid 

18:0, where the levels progressively increased in treatment I larvae (12.7% of total 

fatty acids) to treatment IV larvae (16.6%). The content of 18:ln-9 in the larvae for 

all treatments were similar (13.8-14.3% of total fatty acids). The level of 20:4n-6 was 

lower in treatment I larvae (9.0% of total fatty acids) in comparison to those in 

treatment IV larvae (10.9%), while the levels of 22:6n-3 progressively increased 

from 9.6% of total fatty acids in treatment I larvae to 15.2% in treatment IV larvae. 

Fatty acids that occurred in minor amounts after 3-6 days of starvation 

The fatty acids that occurred in minor amounts (1-5% of total fatty acids) 

were 16:ln-7, 16:2n-y, 18:ln-7, 18:2n-6, 20:3, 20:5n-3, 22:5 and 22:5n-x (Table 

4.4). The fatty acids that showed slightly lower values in treatments I to ill prior to 

feeding with Artemia were: 16:ln-7 (1.8% of total fatty acids to 0.4%), 16:2n-y 

(2.1% to 1.6%), 18:ln-7 (4.5% to 3.3%), 18:2n-6 (3.1% to 2.0%) and 20:3 (1.4% to 

1.2%). However, two fatty acids in the larvae showed slightly higher values and 

these were 22:5 (1.5% of total fatty acids to 1.7%) and 22:5n-x (1.9% of total fatty 

acids to 2.5%). 

Fatty acids that occurred in very minor amounts (<1.0% of total fatty acids) 

were 14:0 and 15:0 (Table 4.4). 
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Table 4.4 Fatty acid composition o f the lipids extracted from  the pooled sam ples 
o f eel-tailed catfish (N. ater) larvae starved for 3 to 6  days prior to feeding in the 
experim ent on the effects o f delayed feeding with A rtem ia  nauplii. (% total fatty  
acids; Data given are the means of triplicate analysis; mean ± sd)

Fatty Acid Treatment group (No. o f days after hatching)

1(3) n ( 4 ) m ( 5 ) IV (6 )

14:0 0.9±0.0b 0 .8 ± 0 . 1ab 0 .8 ± 0 . 1ab 0.2±0.4a

15:0 0 .8 ±0 .0 0 .8 ± 0 .0 0 .8 ± 0 .1 0.5±0.4

16:0 27.5±0.6b 26.8±0.2b 27.0±0.8b 24.3±0.9a

18:0 12.7±0.2a 13.4±0.3ab 14.5±0.6b 16.6±0.4C

16:ln-7 1 .8 ±0 .0 b 1.5±0.1ab l . l ± 0 . 1ab 0.4±0.7a

18:ln-7 4.5±0.0b 4.2±0.1b 3.6±0.0a 3.3±0.2a

18:ln-9 14.3±0.1 13.9±0.2 13.8±0.5 13.9±0.1

16:2n-y 2 . 1± 0 .0 b 2 .0 ± 0 .1b 1 .8 ± 0 .1 ab 1 .6 ± 0 .0 a

18:2n-6 3.1±0.1b 2 .8 ± 0 .1b 2.3±0.3a 2 .0 ± 0 .1a

20:3 1.4±0.0 1.3±0.0 1.3±0.1 1 .2 ± 0 .1

20:4n-6 9.0±0.1a 9.4±0.1a 10.6±0.7b 10.9±0.1b

20:5n-3 1.4±0.0C 1.3±0.0bc 1 .2 ± 0 . 1b 1 .0 ± 0 .0 a

22:5 1.5±0.0a 1 .6 ± 0 . 1ab 1.7±0.1b 1.7±0.0b

22:5n-x 1.9±0.0a 2 . 1± 0 .1ab 2.4+0.2b 2.5±0.1b

22:6n-3 9.6±0.2a 11.0±0.3a 13.7±1.0b 15.2±0.2b

Unidentified 7.5 7.1 3.4 4.7

Total sat. 1 41.9 41.8 43.1 41.6

Total m ono.” 2 0 .6 19.6 18.5 17.6

Total PU FA .3 30.0 31.5 35.0 36.1

n-6/n-3 1 .1 1 .0 0.9 0 .8

Values in the row which are followed by different superscripts are significantly different (P<0.05)
' Total saturated fatty acids, 2 Total mcnounsaturated fatty acids,2 Total polyunsaturated fatty acids
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Table 4.4 Fatty acid composition of the lipids extracted from the pooled samples 
of eel-tailed catfish (N. ater) larvae starved for 3 to 6 days prior to feeding in the 
experiment on the effects of delayed feeding with Artemia nauplii. (% total fatty 
acids; Data given are the means of triplicate analysis; mean ± sd) 

Fatty Acid Treatment group (No. of days after hatching) 

I (3) II (4) III ( 5) IV (6) 

14:0 0.9±0.0b 0.8±0.iab 0.8±0.iab 0.2±0.4a 

15:0 0.8±0.0 0.8±0.0 0.8±0.1 0.5±0.4 

16:0 27.5±0.6b 26.8±0.2b 27.0±0.8b 24.3±0.9a 

18:0 12.7±0.2a 13.4±0_3ab 14.5±0.6b 16.6±0_4C 

16:ln-7 1.8±0.0b 1.5±0.1 ab l.l±O. iab 0.4±0.7a 

18:ln-7 4.5±0.0b 4.2±0.lb 3.6±0.oa 3.3±0.2a 

18:ln-9 14.3±0.1 13.9±0.2 13.8±0.5 13.9±0.1 

16:2n-y 2.1±0.0b 2.0±0.lb 1.8±0.lab 1.6±0.oa 

18:2n-6 3.1±0.lb 2.8±0.lb 2.3±0.3a 2.0±0.ia 

20:3 1.4±0.0 1.3±0.0 1.3±0.1 1.2±0.1 

20:4n-6 9.0±0.ia 9.4±0.ia 10.6±0.7b 10.9±0.lb 

20:5n-3 1.4±0.0C 1.3±0.0bc 1.2±0.lb 1.0±0.oa 

22:5 1.5±0.oa 1.6±0.lab 1.7±0.lb 1.7±0.0b 

22:5n-x 1.9±0.oa 2.1±0.1 ab 2.4±0.2b 2.5±0.lb 

22:6n-3 9.6±0.2a 11.0±0.3a 13.7±1.0b 15.2±0.2b 

Unidentified 7.5 7.1 3.4 4.7 

Total sat. 1 41.9 41.8 43.1 41.6 
? 

Total mono.- 20.6 19.6 18.5 17.6 

Total PUF A.3 30.0 31.5 35.0 36.1 

n-6/n-3 1.1 1.0 0.9 0.8 

Values in the row which are followed by different superscripts are significantly different (P<0.05) 
1 Total saturated fatty acids, 2 Total mcnounsaturated fatty acids, 3 Total polyunsaturated fatty acids 



167

Total saturated, monounsaturated and PUFA after 3-6 days o f  starvation

The total saturated fatty acids in the larvae for treatments I, II and IV were 

sim ilar (range 41.6-41.9% ) but m arginally lower than those in treatm ent HI (43.1%) 

(Table 4.4). The levels o f total m onounsaturated fatty acids in the larvae 

progressively declined from 20.6% o f  total fatty acids in treatment I larvae to 17.6% 

in treatm ent IV larvae. However, the total PUFA progressively increased from 30.0% 

o f  total fatty acids in treatment I larvae to 36.1% in treatment IV larvae (Fig. 4.7). 

The n-6/n-3 ratios progressively declined from 1.1 in treatment I larvae to 0.8 in 

treatm ent IV larvae.

4.3.1.4 Total lipid content and fatty acid composition o f the total lipids 
extracted from  the surviving larvae at the end of the study (day 15)

a) Total lipids o f  15-day larvae

A t the end o f  the 15-day experiment, the total lipid content o f surviving 

larvae in treatm ents I, 13, III and IV were 21.1%, 19.5%, 15.9% and 21.5% (Table 

4.3, Fig. 4.6), respectively. Even though the total lipid content o f  the larvae in 

treatm ents I, II and IV were similar, the level in treatment HI was significantly lower 

(P<0.05). The total lipid content o f  dead larvae were not determined.

a) Fatty acid com position of 15-day larvae

The fatty  acid composition o f  the lipids in the surviving larvae at the end o f 

the experim ent is presented in Table 4.5 and a total o f sixteen fatty acids were 

detected. D ead larvae were not investigated.

M ajor fa tty  acids o f  15-day larvae

The m ajor fatty acids (>10% o f  total fatty acids) that were detected in the 

larvae were 16:0, 18:0, 18:ln-9  and 18:3n-3 (Table 4.5). There was no significant 

difference in the levels o f  16:0 in the larvae o f all treatments were sim ilar (17.4- 

19.2% o f  total fatty acids), with the lowest level recorded in treatm ent IV larvae 

where initial feeding with Artemia  nauplii was delayed by 4 days. Similarly, the 

content o f  18:0 in the larvae o f  all treatm ents were similar (11.4-12.3%  o f  total fatty
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Total saturated, monounsaturated and PUFA after 3-6 days of starvation 

The total saturated fatty acids in the larvae for treatments I, II and IV were 

similar (range 41.6-41.9%) but marginally lower than those in treatment ill (43.1%) 

(Table 4.4). The levels of total monounsaturated fatty acids in the larvae 

progressively declined from 20.6% of total fatty acids in treatment I larvae to 17.6% 

in treatment IV larvae. However, the total PUF A progressively increased from 30.0% 

of total fatty acids in treatment I larvae to 36.1 % in treatment IV larvae (Fig. 4. 7). 

The n-6/n-3 ratios progressively declined from 1. 1 in treatment I larvae to 0.8 in 

treatment IV larvae. 

4.3.1.4 Total lipid content and fatty acid composition of the total lipids 
extracted from the surviving larvae at the end of the study ( day 15) 

a) Total lipids of 15-day larvae 

At the end of the 15-day experiment, the total lipid content of surviving 

larvae in treatments I, II, ill and IV were 21.1%, 19.5%, 15.9% and 21.5% (Table 

4.3, Fig. 4.6), respectively. Even though the total lipid content of the larvae in 

treatments I, II and IV were similar, the level in treatment ill was significantly lower 

(P<0.05). The total lipid content of dead larvae were not determined. 

a) Fatty acid composition of 15-day larvae 

The fatty acid composition of the lipids in the surviving larvae at the end of 

the experiment is presented in Table 4.5 and a total of sixteen fatty acids were 

detected. Dead larvae were not investigated. 

Major fatty acids of 15-day larvae 

The major fatty acids (> 10% of total fatty acids) that were detected in the 

larvae were 16:0, 18:0, 18:ln-9 and 18:3n-3 (Table 4.5). There was no significant 

difference in the levels of 16:0 in the larvae of all treatments were similar (17.4-

19.2% of total fatty acids), with the lowest level recorded in treatment IV larvae 

where initial feeding with Artemia nauplii was delayed by 4 days. Similarly, the 

content of 18:0 in the larvae of all treatments were similar (11.4-12.3% of total fatty 
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T able 4.5 Fatty acid composition of the lipids extracted from the pooled samples 
of eel-tailed catfish (N. ater) larvae on harvest day 15, at the end of the 
experim ent on the effects o f delayed feeding with Artem ia  nauplii. (% total fatty 
acids; Data given are the means o f triplicate analysis; mean ± sd)

Fatty Acid Treatment groups (No. o f  days after hatching)

1(3) n (4 ) m (5 ) IV (6 )

14:0 0 .6 1 0 . 0 0.610.0 0 .6 1 0 .1 0.610.0

15:0 0 .2 1 0 . 2 0.310.0 0.410.1 0.410.0

16:0 19.211.1 18.811.0 18.912.3 17.410.3

18:0 12.110.7 12.310.9 11.910.7 11.410.1

16:ln-7 l . l + 0 .0 a l . H 0 .1a 1 .2 +0 . 1ab 1.4+0.1b

18:ln-7 6.810.1 6.610.4 7.110.1 7.410.1

18 :ln -9 15.010.3 15.111.1 15.411.1 16.210.1

16:2n-y 1 .2 1 0 .1 1 .2 1 0 .1 1.410.1 1.310.0

18:2n-6 4.510.2 4.610.2 4.810.1 5.110.1

18:3n-3 9.510. l ab 9 .0 l0 .7 a 9.5+0.7ab 11 .0 i0 .5b

18:4n-3 2.310.1 2 .0 1 0 .1 2 .2 1 0 .1 2.110.3

20:3 1 .0 1 0 . 0 1 .0 1 0 .1 1 .0 1 0 .1 1 .0 1 0 . 0

20:4n-6 2 .0 i 0 .0 b 2 .0 1 0 . l b 1.7+0.2ab 1 .4 l0 .1a

20:5n-3 2 . 1 1 0 .0 2 . 1 1 0 .2 2 .0 1 0 . 2 2 .0 1 0 . 1

22:5 2.310.0 2 . 1 1 0 .1 2.210.3 2.410.1

22:6n-3 8.410.2 8.810.8 8 .2 1 1 .1 8 .2 1 0 . 2

U nidentified 9.6 10.3 9.5 8.7

Continued overleaf
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Table 4.5 Fatty acid composition of the lipids extracted from the pooled samples 
of eel-tailed catfish (N. ater) larvae on harvest day 15, at the end of the 
experiment on the effects of delayed feeding with Artemia nauplii. (% total fatty 
acids; Data given are the means of triplicate analysis; mean ± sd) 

Fatty Acid Treatment groups (No. of days after hatching) 

I (3) II (4) ill ( 5) IV (6) 

14:0 0.6±0.0 0.6±0.0 0.6±0.1 0.6±0.0 

15:0 0.2±0.2 0.3±0.0 0.4±0.1 0.4±0.0 

16:0 19.2±1.1 18.8±1.0 18.9±2.3 17.4±0.3 

18:0 12.1±0.7 12.3±0.9 11.9±0.7 11.4±0.1 

16:ln-7 1.1±0.oa 1.1±0.ia 1.2±0.1 ab 1.4±0. lb 

18:ln-7 6.8±0.1 6.6±0.4 7.1±0.1 7.4±0.1 

18: ln-9 15.0±0.3 15.1±1.1 15.4±1.1 16.2±0.1 

16:2n-y 1.2±0.1 1.2±0.1 1.4±0.1 1.3±0.0 

18:2n-6 4.5±0.2 4.6±0.2 4.8±0.1 5.1±0.1 

18:3n-3 9.5±0.lab 9.0±o.7a 9.5±0_7ab 11.0±0.Sb 

18:4n-3 2.3±0.1 2.0±0.1 2.2±0.1 2.1±0.3 

20:3 1.0±0.0 1.0±0.1 1.0±0.1 1.0±0.0 

20:4n-6 2.0±0.0b 2.0±0.lb l.7±0.2ab 1.4±0.P 

20:Sn-3 2.1±0.0 2.1±0.2 2.0±0.2 2.0±0.1 

22:5 2.3±0.0 2.1±0.1 2.2±0.3 2.4±0.1 

22:6n-3 8.4±0.2 8.8±0.8 8.2±1.1 8.2±0.2 

Unidentified 9.6 10.3 9.5 8.7 

Continued overleaf 
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T a b le  4.5 (C ontd .)

Fatty  A cid Treatment groups (No. o f days after hatching)

1(3) n (4 ) m (5 ) IV (6 )

Total sa t . 1 32.1 32.0 31.8 29.8

Total m ono .2 22.9 2 2 .8 23.7 25.0

Total P U F A .3 35.4 34.9 35.0 36.5

n-6/n-3 0.3 0.3 0.3 0.3

V alues in  the row which are followed by different superscripts are significantly 
d ifferent (P<0.05)

1 T otal saturated fatty acids

T otal m ono unsaturated fatty acids

3 T otal polyunsaturated fatty acids

170 

Table 4.5 (Contd.) 

Fatty Acid Treatment groups (No. of days after hatching) 

I (3) II (4) ill(S) IV (6) 

Total sat. 1 
32.1 32.0 31.8 29.8 

? 
23.7 25.0 Total mono.- 22.9 22.8 

Total PUF A.3 
35.4 34.9 35.0 36.5 

n-6/n-3 0.3 0.3 0.3 0.3 

Values in the row which are followed by different superscripts are significantly 

different (P<0.05) 

1 
Total saturated fatty acids 

? 
- Total mono unsaturated fatty acids 

3 
Total polyunsaturated fatty acids 
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acids), w ith the lowest content recorded in treatment IV larvae. The 18: ln-9 levels 

in the larvae o f  all treatments were also similar (15.0-16.2%  o f total fatty acids), 

with the highest the percentage (16.2%) for treatment IV larvae. In the case o f 18:3n- 

3, the level in treatm ent IV larvae was also the highest (11.0%  o f total fatty acids) 

com pared to those in the other treatm ents (9.0-9.5%).

Fatty acids that occurred in moderate amounts in 15-day larvae

The fatty acids 18:ln-7  and 22:6n-3 occurred in m oderate amounts (5-10% o f 

total fatty acids) (Table 4.5). The levels o f 18:ln -7  in the larvae o f all treatments 

were sim ilar (6 .6-7.4% o f  total fatty acids), however, there was a trend o f  higher 

18: ln -7  levels in the larvae'of treatm ents HI and IV over those o f  treatments I and II. 

The content o f  22:6n-3 in the larvae o f  all treatments were sim ilar (8 .2-8.8 % o f  total 

fatty acids), w ith the highest level in treatment II larvae.

Fatty acids that occurred in m inor amounts in 15-day larvae

Only m inor amounts (1-5%  o f  total fatty acids) o f  the fatty acids 16:ln-7, 

16:2n-y, 18:4n-3, 20:3, 20:4n-6, 20:5n-3, 22:5 and 22:5n-x, were found in the larvae 

Table 4.5). The highest level o f  16:ln-7 was recorded in the treatment IV larvae 

(1.4% o f  total fatty acids). The were no significant differences in the percentages o f 

16:2n-y, 18:4n-3, 20:3, 20:5n-3 and 22:5n-x in the larvae o f  all treatments (1.2-

1.4%, 2.0-2.3% , 1.0%, 2.0-2.1%  and 2.1-2.4% o f  total fatty acids, respectively. The 

levels o f  20:4n-6 in the larvae o f  treatments I and II were significantly higher than 

those in treatm ent IV (P<0.05).

The fatty acids that occurred in very m inor amounts (<1% o f total fatty acids) 

were 14:0 and 15:0 (Table 4.5).

Total saturated, monounsaturated and PUFA in 15-day larvae

The total saturated fatty acids in the larvae o f treatm ents I, II and HI were 

w ithin the range 31.8-32.1% o f  total fatty acids with values marginally higher than 

those in treatm ent IV (29.8%) (Table 4.5). In the case o f  total m onounsaturated fatty 

acids, the levels progressively increased from 22.9%  o f  total fatty acids in treatment I 

larvae to 25.0%  in treatment IV larvae. The total PU FA in the larvae o f treatment IV
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acids), with the lowest content recorded in treatment IV larvae. The 18:ln-9 levels 

in the larvae of all treatments were also similar (15.0-16.2% of total fatty acids), 

with the highest the percentage (16.2%) for treatment IV larvae. In the case of 18:3n-

3, the level in treatment IV larvae was also the highest (11.0% of total fatty acids) 

compared to those in the other treatments (9.0-9.5%). 

Fatty acids that occurred in moderate amounts in 15-day larvae 

The fatty acids 18:ln-7 and 22:6n-3 occurred in moderate amounts (5-10% of 

total fatty acids) (Table 4.5). The levels of 18:ln-7 in the larvae of all treatments 

were similar (6.6-7.4% of total fatty acids), however, there was a trend of higher 

18:ln-7 levels in the larvae·oftreatments ID and IV over those of treatments I and II. 

The content of 22:6n-3 in the larvae of all treatments were similar (8.2-8.8% of total 

fatty acids), with the highest level in treatment II larvae. 

Fatty acids that occurred in minor amounts in 15-day larvae 

Only minor amounts (1-5% of total fatty acids) of the fatty acids 16:ln-7, 

16:2n-y, 18:4n-3, 20:3, 20:4n-6, 20:5n-3, 22:5 and 22:5n-x, were found in the larvae 

Table 4.5). The highest level of 16:ln-7 was recorded in the treatment IV larvae 

(1 .4% of total fatty acids). The were no significant differences in the percentages of 

16:2n-y, 18:4n-3, 20:3, 20:5n-3 and 22:5n-x in the larvae of all treatments (1.2-

1 .4%, 2.0-2.3%, 1.0%, 2.0-2.1 % and 2.1-2.4% of total fatty acids, respectively. The 

levels of 20:4n-6 in the larvae of treatments I and II were significantly higher than 

those in treatment IV (P<0.05). 

The fatty acids that occurred in very minor amounts (<1 % of total fatty acids) 

were 14:0 and 15:0 (Table 4.5). 

Total saturated, monounsaturated and PUFA in 15-day larvae 

The total saturated fatty acids in the larvae of treatments I, IT and III were 

within the range 31.8-32.1 % of total fatty acids with values marginally higher than 

those in treatment IV (29.8%) (Table 4.5). In the case of total monounsaturated fatty 

acids, the levels progressively increased from 22.9% of total fatty acids in treatment I 

larvae to 25.0% in treatment IV larvae. The total PUFA in the larvae of treatment IV 
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was the highest (36.5%  o f  total fatty acids) with the level m arginally higher than 

those in treatm ents I, n , and DI (34.9-35.4%) (Fig. 4.7). W ith regards to n-6/n-3 

ratios, the ratios in the larvae for all treatments were the same (0 .3 ).

Relation between survival, growth and chemical composition

Sim ple regression analysis found a negative relationship between survival 

(%), and percentage o f  the fatty acid 18:3n-3 in eel-tailed catfish larvae (R2 = 0.738). 

There w as no correlation with total lipid or other fatty acids. There was also a 

positive correlation between the wet weight SGR (%/day) and 18:3n-3 in larvae (R2 = 

0.591).

4.3.2 Effects o f using non oil-enriched and oil-enriched Artem ia  nauplii as larval 
feeds

4.3.2 .1 W ater quality

The w ater quality data in the LRUs are summarised and presented in Table 

4.6. The w ater tem peratures in the LRUs at the start o f  the experiment were sim ilar 

(25.8-26.0°C). Even though the temperature was similar between treatm ent groups at 

the respective sam pling days-5, 10 and 15, the water tem peratures gradually 

increased as the study progressed to 28.6-29.1°C on day 15. The increase in w ater 

tem perature w as attributed to the seasonal changes o f the weather. The pH o f  the 

w ater in the LRUs were similar (8 .5-8.9) at the commencement o f  the study and 

throughout the study. The dissolved oxygen levels in the LRUs for all treatments at 

the start o f  the experiment were sim ilar (5.0-5.1 mg/L), and dropped slightly 

throughout the duration o f the study. At the end o f the study, the values in all 

treatm ents were sim ilar (4.3-4 .8  mg/L). In the case o f total ammonia-nitrogen, the 

water w as free o f  ammonia-nitrogen at the commencement o f the study. The levels 

o f  total am m onia-nitrogen remained low throughout the study (0.1-0.2 mg/L) 

indicating that the biological filter was functioning efficiently to keep ammonia- 

nitrogen levels low.

4.3.2.2 G row th and survival of larvae

The growth and survival data are presented in Table 4.7 and Fig. 4.8. A fter 

one day o f  rearing, the total lengths and wet weights o f the larvae in all treatments
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was the highest (36.5% of total fatty acids) with the level marginally higher than 

those in treatments I, II, and III (34.9-35.4%) (Fig. 4.7). With regards to n-6/n-3 

ratios, the ratios in the larvae for all treatments were the same (0.3). 

Relation berween survival, growth and chemical composition 

Simple regression analysis found a negative relationship between survival 

(%), and percentage of the fatty acid 18:3n-3 in eel-tailed catfish larvae (R2 = 0.738). 

There was no correlation with total lipid or other fatty acids. There was also a 

positive correlation between the wet weight SGR (%/day) and 18:3n-3 in larvae (R2 = 

0.591). 

4.3.2 Effects of using non oil-enriched and oil-enriched Artemia nauplii as larval 
feeds 

4.3.2.1 Water quality 

The water quality data in the LRUs are summarised and presented in Table 

4.6. The water temperatures in the LRUs at the start of the experiment were similar 

(25.8-26.0°C). Even though the temperature was similar between treatment groups at 

the respective sampling days-5, 10 and 15, the water temperatures gradually 

increased as the study progressed to 28.6-29. l °C on day 15. The increase in water 

temperature was attributed to the seasonal changes of the weather. The pH of the 

water in the LRUs were similar (8.5-8.9) at the commencement of the study and 

throughout the study. The dissolved oxygen levels in the LRUs for all treatments at 

the start of the experiment were similar (5.0-5.1 mg/L), and dropped slightly 

throughout the duration of the study. At the end of the study, the values in all 

treatments were similar (4.3-4.8 mg/L). In the case of total ammonia-nitrogen, the 

water was free of ammonia-nitrogen at the commencement of the study. The levels 

of total ammonia-nitrogen remained low throughout the study (0.1-0.2 mg/L) 

indicating that the biological filter was functioning efficiently to keep ammonia

nitrogen levels low. 

4.3.2.2 Growth and survival of larvae 

The growth and survival data are presented in Table 4.7 and Fig. 4.8. After 

one day of rearing, the total lengths and wet weights of the larvae in all treatments 

.., 
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T able 4.6 Sum m ary of water quality data in the larval rearing units 
used for rearing eel-tailed catfish (N. ater) larvae in the experim ent on 
effects o f using non oil-enriched and oil-enriched Artem ia  nauplii. (mean 
±  sd; n=3)

a) Tem perature (°C)

R earing period Treatment group (Type o f Artemia enrichment)

(Days) I (Control) n (C L O !) m  (s b o 2) IV (CO 3)

0 25.8 ± 0 .3 26.1 ± 0 .1 26.0 ± 0 .1 26.0  ± 0 .1

5 26.2  ±  0.2 26.3 ± 0 .1 26.4 ± 0 .1 26.7  ±  0.3

10 26.7 ± 0 .2 26.9 ± 0 .1 26.9 ± 0 .1 27.0  ± 0 .0

15 28.6 ± 0 .2 29.0 ± 0 .1 29.0 ± 0 .1 29.1 ± 0 .0

1 Cod liver oil, 2 Soybean oil, 3 Com  oil

b) p H

Rearing period Treatment group (Type o f  Artem ia  enrichment)

(Days) I (Control) n  (c l o 1) m  (SBO2) IV (CO 3)

0 8.5-8.7 8.6-8.9 8.6-8.7 8.6-8.9

5 8.5-9.0 8.5-8.9 8.6-8.8 8 .7-8 .9

10 8.5-8.8 8.4-8.8 8.6-8.8 8 .6-8.8

15 8.0-8.6 8.4-8.5 8.4-8.7

'O
 

ooicooo

Continued overleaf
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Table 4.6 Summary of water quality data in the larval rearing units 
used for rearing eel-tailed catfish (N. ater) larvae in the experiment on 
effects of using non oil-enriched and oil-enriched Artemia nauplii. (mean 
± sd; n=3) 

a) Temperature (°C) 

Rearing period 

(Days) 

0 

5 

10 

15 

Treatment group (Type of Artemia enrichment) 

I (Control) II (CLa1) 

25.8 ± 0.3 26.1 ± 0.1 

26.2 ± 0.2 26.3 ± 0.1 

26.7 ± 0.2 26.9 ± 0.1 

28.6 ± 0.2 29.0 ± 0.1 

26.0 ± 0.1 

26.4 ± 0.1 

26.9 ± 0.1 

29.0 ± 0.1 

26.0 ± 0.1 

26.7 ± 0.3 

27.0 ± 0.0 

29.1±0.0 

1 
Cod liver oil, 

2 
Soybean oil, 3 Com oil 

b) pH 

Rearing period Treatment group (Type of Artemia enrichment) 

(Days) I (Control) II (CLa1) 

0 8.5-8.7 8.6-8.9 8.6-8.7 8.6-8.9 

5 8.5-9.0 8.5-8.9 8.6-8.8 8.7-8.9 

10 8.5-8.8 8.4-8.8 8.6-8.8 8.6-8.8 

15 8.0-8.6 8.4-8.5 8.4-8.7 8.3-8.6 

Continued overleaf 



T able 4.6 (Contd.) 

c) D issolved oxygen (mg/L)

174

R earing period 

(Days)

Treatm ent group (Type o f Artemia  enrichment)

I (Control) H (CLO1) m  (SBO2) IV (CO3)

0 5.0 ± 0 .1 5.1 ±0.1 5.1 ± 0 .3 5.1 ± 0 .1

5 4.7 ± 0 .5 4.6 ±0 .5 4.5 ± 0.2 5.0 ± 0 .3

1 0 4.9 ± 0 .1 4.5 ± 0 .2 4.8 ± 0 .1 4.5 ± 0 .3

15 4.6 ± 0 .3 4.3 ± 0.3 4.8 ± 0 .4 4.6 ± 0 .4

d) Total am m onia-nitrogen (mg/L)

R earing period 

(Days)

Treatm ent group (Type o f Artem ia  enrichment)

I (Control) n  (c l o 1) m  (s b o 2) IV (CO3)

0 <DL <DL <DL <DL

5 0 .1  ± 0 0 .1  ± 0 0 .1  ± 0 0 .1  ± 0

1 0 0 .1  ± 0 0 .1  ± 0 0 .1  ± 0 0 .1  ± 0

15 0 .1  ± 0 .1 0 .2  ± 0 .1 0 .1  ± 0 .1 0 .1  ± 0 .2

<D L Below detection limit
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Table 4.6 (Contd.) 

c) Dissolved oxygen (mg/L) 

Rearing period Treatment group (Type of Artemia enrichment) 

(Days) 

0 

5 

10 

15 

I (Control) II (CLO
1
) 

5.0±0.1 5.1±0.l 

4.7 ± 0.5 4.6 ± 0.5 

4.9 ± 0.1 4.5 ± 0.2 

4.6 ± 0.3 4.3 ± 0.3 

d) Total ammonia-nitrogen (mg/L) 

5.1±0.3 5.1±0.l 

4.5 ± 0.2 5.0 ± 0.3 

4.8 ± 0.1 4.5 ± 0.3 

4.8 ± 0.4 4.6 ± 0.4 

Rearing period Treatment group (Type of Artemia enrichment) 

(Days) 

0 

5 

10 

15 

I (Control) II (CLO
1
) 

<DL <DL 

0.1±0 0.1±0 

0.1 ± 0 0.1 ± 0 

0.1 ± 0.1 0.2 ± 0.1 

<DL Below detection limit 

<DL <DL 

0.1±0 0.1±0 

0.1 ± 0 0.1 ± 0 

0.1 ± 0.1 0.1 ± 0.2 



Table 4.7 Summary of (a) growth and (b) survival data of eel-tailed catfish (A', ater) larvae in the experiment on effects of using non 
oil-enriched and oil-enriched Artemia nauplii. (mean ± sd; u=3)
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Table 4.7 Summary of (a) growth and (b) survival data of eel-tailed catfish (N. ater) larvae in the experiment on effects of using non 
oil-enriched and oil-enriched Artemill nauplii. (mean ± sd; 11=3) 

a) Growth 

Rearing period Treatment group (Type of Artemia enrichment) 
(Days) 

I (Control) II (CLO 1
) III (SBO

2
) IV (CO

3
) 

-
TL4 WW5 

TL WW TL WW TL WW 
(mm) (g) (mm) (g) (mm) (g) (mm) (g) 

0 8.2 ± 0.6 0.003 ± 0.001 8.2 ± 0.6 0.003 ± 0.001 8.2 ± 0.6 0.003 ± 0.001 8.2 ± 0.6 0.003 ± 0.001 

8.4 ± 0.2 0.003 ± 0.001 8.3 ± 0.2 0.003 ± 0.00 I 8.4 ± 0.2 0.003 ± 0.000 8.3 ± 0.2 0.003 ± 0.000 

3 9.3 ±0.2 0.003 ± 0.001 9.2 ± 0.3 0.004 ± 0.001 9.3 ± 0.2 0.004 ± 0.00 I 9.1 ±0.2 0.004 ± 0.000 

5 9.5 ±0.2 0.004 ± 0.001 9.5 ± 0.3 0.004 ± 0.00 I 9.5 ± 0.2 0.004 ± 0.00 I 9.4 ± 0.3 0.004 ± 0.00 I 

10 10.5 ± 0.5a 0.006 ± 0.001 a 10.4 ± 0.5a 0.006 ± 0.001 a 10.4±0.7a 0.006 ± 0.002a 11.1 ± 1.2 
b 0.008 ± 0.003b 

15 12.2 ± 0.7a 0.011 ±0.002 12.2 ± 0.6a 0.011 ± 0.003 12.0 ± 1.0 
a 

0.011 ± 0.003 13.9± 1.3 
b 

0.012 ± 0.008 

SGR (%/day) 8.7 8.7 8.7 9.3 

1 Cod liver oil, 2 Soybean oil, 
3 

Corn oil; 
4 

Total Length, 
5 

Wet Weight; 
6 

Specific growth rate; Values in the row which are followed by different 
superscripts are significantly different (P<0.05). 
Continued overleaf 

,__. 
----.J 
v, 



Table 4.7 (Contd.) 

b) Survival at harvest (day 15)

176

TG (TA E ) 1 Survival (%)

Replicate 1 Replicate 2 Replicate 3 M ean

I (Control) 67.1 64.3 65.7 65.7 ± 1.4a

H (CLO2) 74.3 82.9 76.4 77.8 ± 4.5b

m  (SB O 3) 61.4 64.3 62.8 ± 2 .0 a

IV (CO4) 76.4 77.9 77.1 77.1 ± 0 .7 b

1 Treatm ent groups (Type o f  Artem ia  Enrichment)

i  3 4
” Cod liver oil, Soybean oil, Com oil

Values in the column which are followed by different superscripts are significantly
different (P<0.05)
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Table 4.7 (Contd.) 

b) Survival at harvest (day 15) 

TG (TAE) 1 
Survival (%) 

Replicate 1 Replicate 2 Replicate 3 Mean 

I (Control) 

IV (CO') 

67.1 

74.3 

76.4 

64.3 

82.9 

61.4 

77.9 

1 
Treatment groups (Type of Artemia Enrichment) 

2 
Cod liver oil, 

3 
Soybean oil, 

4 
Corn oil 

65.7 65.7 ± 1.4a 

76.4 77.8 ± 4.5 b 

64.3 62.8 ± 2.0a 

77.1 77.1±0.7b 

Values in the column which are followed by different superscripts are significantly 
different (P<0.05) 
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Fig. 4.8 Effects o f feeding non oil-enriched and oil-enriched Artem ia  nauplii on 
growth of eel-tailed catfish (N. ater) larvae.
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Fig. 4.8 Effects of feeding non oil-enriched and oil-enriched Artemia nauplii on 
growth of eel-tailed catfish (N. ater) larvae. 
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w ere statistically sim ilar (8 .3-8.4 mm and 0.003g). By the third day o f  rearing, the 

total lengths and w et weights o f the larvae had increased to 9.1-9.3 m m  in TL and 

0 .003-0.004g in W W , respectively, however, the size o f  larvae in all treatments were 

also similar. The larvae in all treatments continued to grow and after the fifth day o f 

rearing, the sizes o f  larvae in all treatm ents were still similar (9.4-9.5 m m  in TL and

0.004g in W W).

However, by  the tenth day o f  rearing, the total length o f the postlarvae in 

Treatm ent IV (11.1 m m) was significantly higher than those in treatm ents I, II, and 

IH (10.4-10.5 m m )(P<0.05). Similarly the w et weight o f postlarvae in treatment IV 

(0.008g) was also significantly higher than those in treatments I, H and in  (0.006g) 

(P<0.05). This w as an indication that enrichment o f Artemia nauplii w ith com  oil 

was superior to the other treatments. By the end o f the fifteen day experiment the 

total length o f the postlarvae in treatm ent IV (13.9 mm) was also significantly higher 

(P<0.05) than those in treatments I, 13 and E l (12.0-12.2 mm). However, the wet 

weights o f  the larvae in all treatments (0 .0 1 1 -0 .0 1 2 g) were not significantly different 

(P>0.05).

The SG R o f  larvae in treatments I, 13, IE and IV were 8.7, 8.7, 8.7 and 

9:3%/day. At the end o f  the study, the survival percentage o f the larvae in treatments

1, E, IE and IV w ere 65.7, 77.8, 62.8 and 77.1%, respectively, and the values in 

treatm ents E  and IV were significantly higher than those in treatm ents I and IE 

(P<0.05).

4.3.2.3 Lipid content and fatty acid composition of the lipids extracted from non 
oil-enriched and oil-enriched Artem ia  nauplii

a ) Total lipid content o f non-enriched and enriched Artemia  nauplii

The total lipid content o f Artem ia  nauplii in treatments I (control), E (cod 

liver oil, CLO), IE (soybean oil, SBO) and IV (com  oil, CO) were 24.8% , 20.5%, 

27.2%  and 35.1%  o f  DW , respectively (Table 4.8). The total lipid content in com oil- 

enriched Artem ia  w as significantly the highest (P<0.05), while the total lipid content 

in soybean oil-enriched Artem ia  and those in the control were similar (P>0.05). The 

total lipid content in  cod liver oil-enriched Artemia was significantly lower than all 

the other treatm ents (P<0.05).
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were statistically similar (8.3-8.4 mm and 0.003g). By the third day of rearing, the 

total lengths and wet weights of the larvae had increased to 9 .1-9 .3 mm in TL and 

0.003-0.004g in WW, respectively, however, the size of larvae in all treatments were 

also similar. The larvae in all treatments continued to grow and after the fifth day of 

rearing, the sizes of larvae in all treatments were still similar (9.4-9.5 mm in TL and 

0.004g in WW). 

However, by the tenth day of rearing, the total length of the postlarvae in 

Treatment IV ( 11.1 mm) was significantly higher than those in treatments I, II, and 

ill (10.4-10.5 rnm)(P<0.05). Similarly the wet weight of postlarvae in treatment IV 

(0.008g) was also significantly higher than those in treatments I, II and III (0.006g) 

(P<0.05). This was an indication that enrichment of Artemia nauplii with corn oil 

was superior to the other treatments. By the end of the fifteen day experiment the 

total length of the postlarvae in treatment IV ( 13 .9 mm) was also significantly higher 

(P<0.05) than those in treatments I, II and III (12.0-12.2 mm). However, the wet 

weights of the larvae in all treatments (0.01 l-0.012g) were not significantly different 

(P>0.05). 

The SGR of larvae in treatments I, II, III and IV were 8.7, 8.7, 8.7 and 

9:3%/day. At the end of the study, the survival percentage of the larvae in treatments 

I, II, ill and IV were 65.7, 77.8, 62.8 and 77.1 %, respectively, and the values in 

treatments II and IV were significantly higher than those in treatments I and III 

(P<0.05). 

4.3.2.3 Lipid content and fatty acid composition of the lipids extracted from non 
oil-enriched and oil-enriched Artemia nauplii 

a) Total lipid content of non-enriched and enriched Artemia nauplii 

The total lipid content of Artemia nauplii in treatments I ( control), II ( cod 

liver oil, CLO), III (soybean oil, SBO) and IV (com oil, CO) were 24.8%, 20.5%, 

27.2% and 35.1 % ofDW, respectively (Table 4.8). The total lipid content in corn oil

enriched Artemia was significantly the highest (P<0.05), while the total lipid content 

in soybean oil-enriched Artemia and those in the control were similar (P>0.05). The 

total lipid content in cod liver oil-enriched Artemia was significantly lower than all 

the other treatments (P<0.05). 
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T able 4.8 Total lipid content of non oil-enriched and oil-enriched A rtem ia  
nauplii. (Data given are the means of triplicate analysis; overall mean ± 
sd; «=3).

T G  (TA E ) 1 Total Lipid (% of dry weight)

Replicate .1 Replicate 2 Replicate 3 M ean

I (Control) 26.1 25.4 23.0 24.8 ± 2.9ab

E  (C LO 2) 2 0 .8 2 1 .2 19.3 20.5 ±  1.2a

m  (SB O 3) 34.1 24.4 2 1 .2 27.2 ± 5.4b

r v  ( c o 4)  ̂o r 34.8 36.9 35.1 ± 2 .2 C

1 Treatm ent group (Type o f  Artemia enrichment)

1 3 4
" Cod liver oil, Soybean oil, Com oil

V alues in the column which are followed by different superscripts are 
significantly different (P<0.05)
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Table 4.8 Total lipid content of non oil-enriched and oil-enriched Artemia 
nauplii. (Data given are the means of triplicate analysis; overall mean ± 
sd; n=3). 

TG (TAE)
1 

Total Lipid(% of dry weight) 

Replicate 1 Replicate 2 

I (Control) 26.1 25.4 

? 
II (CLO-) 20.8 21.2 

III (SB0
3
) 34.l 24.4 

IV (C0
4

) 33.5 34.8 

1 Treatment group (Type of Artemia enrichment) 

2 
Cod liver oil, 

3 
Soybean oil, 

4 
Com oil 

Replicate 3 Mean 

23.0 24.8 ± 2.9ab 

19.3 20.5 ± 1.2a 

21.2 27.2 ± 5.4 b 

36.9 35.1 ± 2.2c 

Values in the column which are followed by different superscripts are 
significantly different (P<0.05) 
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b) Fatty acid composition (non-enriched and enriched Artem ia  nauplii)

A total o f fourteen fatty acids were detected in the lipids extracted from the 

non oil-enriched and oil-enriched Artemia  nauplii (Table 4.9).

M ajor fa tty  acids o f  non-enriched and enriched Artem ia nauplii

The m ajor fatty acids (>10% o f total fatty acids) that occurred in Artemia  

nauplii w ere 16:0, 18:ln-9 , 18:2n-6 and 18:3n-3 (Table 4.9). The levels o f  16:0 in 

Artem ia  o f  treatm ents I, II, IE  and IV were 12.9%, 12.2%, 11.2% and 11.7% o f  total 

fatty acids, respectively, and all the values were significantly different (P<0.05). The 

contents o f  18:ln-9  in Artem ia  o f  treatments I, II, IH and IV were 20.0%, 19.6%, 

18.5% and 18.6% o f  total fatty acids, respectively, w ith significantly higher levels in 

the control group and cod liver oil-enriched Artemia  (P<0.05). In the case o f  18:2n-6, 

the soybean and com  oil-enriched Artemia  (12.3-12.4%  o f  total fatty acids) were 

significantly higher than cod liver oil-enriched Artem ia  and the control group (5.7- 

6.3%) (P<0.05). The 18:3n-3 content in Artemia  o f  treatm ents I, n , HI and IV were 

24.9% , 24.1% , 23.6% and 24.3%  o f  total fatty acids, respectively, with significantly 

higher levels in the control group and com oil-enriched Artem ia  (P<0.05).

Fatty acids occurring in moderate amounts in non-enriched and enriched Artem ia 
nauplii

The fatty acids that occurred in moderate amounts (5-10% o f total fatty acids) 

in Artem ia  nauplii were 18:0, 18:ln-7 and 18:4n-3 (Table 4.9). The level o f  18:0 in 

the control group (5 .2 % o f  total fatty acids) was significantly higher than those in oil- 

enriched Artem ia  (4.5-4.7% ) (P<0.05). The percentage o f  18:ln-7  in Artemia  o f  the 

control group and the cod liver oil-enriched Artemia  (6 .8 % o f  total fatty acids), was 

significantly higher than soybean or com oil-enriched Artem ia  (6 .1-6.3%). In the 

case o f  18:4n-3, the levels o f  cod liver oil or soybean oil-enriched Artemia  (5.7%  o f 

total fatty acids) were m arginally higher than those in the com  oil-enriched Artem ia  

and control groups (5.1-5.4%).
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b) Fatty acid composition (non-enriched and enriched Artemia nauplii) 

A total of fourteen fatty acids were detected in the lipids extracted from the 

non oil-enriched and oil-enriched Artemia nauplii (Table 4.9). 

Major fatty acids of non-enriched and enriched Artemia nauplii 

The major fatty acids (>10% of total fatty acids) that occurred in Artemia 

nauplii were 16:0, 18:ln-9, 18:2n-6 and 18:3n-3 (Table 4.9). The levels of 16:0 in 

Artemia of treatments I, II, ill and IV were 12.9%, 12.2%, 11.2% and 11.7% of total 

fatty acids, respectively, and all the values were significantly different (P<0.05). The 

contents of 18:ln-9 in Artemia of treatments I, II, ID and IV were 20.0%, 19.6%, 

18.5% and 18.6% of total fatty acids, respectively, with significantly higher levels in 

the control group and cod liver oil-enriched Artemia (P<0.05). In the case of 18:2n-6, 

the soybean and com oil-enriched Artemia (12.3-12.4% of total fatty acids) were 

significantly higher than cod liver oil-enriched Artemia and the control group (5.7-

6.3%) (P<0.05). The 18:3n-3 content in Artemia of treatments I, II, III and IV were 

24.9%, 24.1 %, 23.6% and 24.3% of total fatty acids, respectively, with significantly 

higher levels in the control group and com oil-enriched Artemia (P<0.05). 

Fatty acids occurring in moderate amounts in non-enriched and enriched Artemia 
nauplii 

The fatty acids that occurred in moderate amounts (5-10% of total fatty acids) 

in Artemia nauplii were 18:0, 18:ln-7 and 18:4n-3 (Table 4.9). The level of 18:0 in 

the control group (5.2% of total fatty acids) was significantly higher than those in oil

enriched Artemia ( 4.5-4. 7%) (P<0.05). The percentage of 18: ln-7 in Artemia of the 

control group and the cod liver oil-enriched Artemia (6.8% of total fatty acids), was 

significantly higher than soybean or com oil-enriched Artemia (6.1-6.3%). In the 

case of l 8:4n-3, the levels of cod liver oil or soybean oil-enriched Artemia (5.7% of 

total fatty acids) were marginally higher than those in the com oil-enriched Artemia 

and control groups (5.1-5.4%). 
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T able 4.9 Fatty acid composition of the lipids extracted from non oil-enriched  
and oil-enriched Artem ia  nauplii. (% total fatty acids; Data given are the 
m eans o f triplicate analysis; overall mean ± sd; n=3)

Fatty A cid Treatment group (Type o f enrichment)

I (Control) E (CLO1) m  (s b o 2) IV (CO3)

1 2 : 0 1 .0 ± 0 .1ab 1 .0 ± 0 . 1ab 0.9±0.1a l . l ± 0 .1b

14:0 1 .2 ±0 .0 a 1.5±0.1b 1 .0 ± 0 .0 a l . l ± 0 .1a

16:0 12.9±0.2d 12.2±0.3C 1 1 .2 ±0 .2 a 11.7±0.4b

18:0 5.2±0.2b 4.6±0.1a 4.5+0.l a 4.7±0.2a

14:1 l.liO .O 1 . 1± 0 .0 i .o to .o 1 .0 ± 0 .1

16: ln -7 3.8±0.1b 4.3±0.2C 3.2±0.2a 3.2±0.1a

18 :ln -7 6.8±0.3b 6.8±0.3b 6 .1± 0 .2 a 6.3±0.2a

18 :ln -9 20.0±0.5b 19.6±0.3b 18.5±0.4a 18.6±0.8a

16:2n-x 1 .1 + 0 1 .1±0 .1 1 .0 ± 0 .1 1 .0 + 0 .0

16:2n-y 1 .0 ±0 .0 1 .0 ± 0 .1 0.9+0.1 0.9±0.1

18:2n-6 5.7±0.1a 6.3±0.3a 1 2 .4 ± l.lb 12.3±1.2b

18:3n-3 24.9±0.4b 24.1±0.6a 23.6±0.7a 24.3±0.7ab

18:4n-3 5.4±0.4ab 5.7±0.3b 5.7±0.3b 5.1±0.1a

20:5n-3 2 .0 ±0 . 1a 3.1±0.1b 2 .0 ±0 .1a 1 .8 ±0 .1a

22:6n-3 <0 .1 < 0 .1 < 0 .1 < 0 .1

U nidentified 7.9 7.6 8 .0 6.9

Continued overleaf
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Table 4.9 Fatty acid composition of the lipids extracted from non oil-enriched 
and oil-enriched Artemia nauplii. (% total fatty acids; Data given are the 
means of triplicate analysis; overall mean ± sd; n=3) 

Fatty Acid Treatment group (Type of enrichment) 

I (Control) II (CLa1) 

12:0 1.0±0. lab 1.0±0. lab o.9±0.ra 1.1±0.lb 

14:0 1.2±0.0a 1.5±0. lb 1.0±0.oa 1.1±0.1 a 

16:0 12.9±0.2ct 12.2±0JC 1 l.2±0.2a l 1.7±0.4b 

18:0 5.2±0.zb 4.6±0.la 4.s±o.ra 4.7±0.2a 

14: 1 1.1±0.0 1.1±0.0 1.0±0.0 1.0±0.1 

16:ln-7 3.8±0.lb 4.3±0.2C 3.2±0.2a 3.2±0.l a 

18:ln-7 6.8±0.Jb 6.8±0.Jb 6.1±0.za 6.3±0.za 

18:ln-9 20.0±0.Sb 19.6±0Jb 18.5±0.4a 18.6±0.8a 

16:2n-x 1.1±.0 1.1±0.l 1.0±0.1 1.0±0.0 

16:2n-y 1.0±0.0 1.0±0.1 0.9±0.1 0.9±0.1 

18:2n-6 5.7±0.ra 6.3±0.3a 12.4±1.lb 12.3±1.2b 

18:3n-3 24.9±0.4b 24.l±0.6a 23.6±0.7a 24.3±0_7ab 

18:4n-3 5.4±0_4ab 5.7±0Jb 5.7±0.Jb 5.1±0.1 a 

20:5n-3 2.o±o.1a 3.1±0.lb 2.0±0.ra 1.8±0.la 

22:6n-3 <0.1 <0.1 <0.1 <0.1 

Unidentified 7.9 7.6 8.0 6.9 

Continued overleaf 
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T a b le  4.9 (C ontd .)

Fatty Acid Treatment group (Type o f enrichment)

I (Control) n  (c l o 1) m  (SBO2) IV (CO3)

Total sat.4 20.3 19.3 .17.6 18.6
Total m ono .5 31.7 31.8 28.8 29.1

Total PU FA .6 40.1 41.3 45.6 45.4
n-6/n-3 0.2 0.2 0.4 0.4

1 Cod liver oil, 2 Soybean oil, 3 C om  oil; 4 Total saturated fatty acids, 5 Total 

m onounsaturated fatty acids , 6 Total polyunsaturated fatty acids

Values in the row which are followed by different superscripts are significantly different 
(P<0.05)
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Table 4.9 (Contd.) 

Fatty Acid Treatment group (Type of enrichment) 

I (Control) II (CLO
1
) III (SBO

2
) IV (CO

3
) 

Total sat. 
4 

20.3 19.3 17.6 18.6 

Total mono. 
5 

31.7 31.8 28.8 29.1 

Total PUF A.
6 

40.l 41.3 45.6 45.4 
n-6/n-3 0.2 0.2 0.4 0.4 

1 
Cod liver- oil, 

2 
Soybean oil, 3 Com oil; 4 Total saturated fatty acids, 

5 
Total 

monounsaturated fatty acids, 6 Total polyunsaturated fatty acids 

Values in the row which are followed by different superscripts are significantly different 
(P<0.05) 
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M inor fa tty  acids occurring in non-enriched and enriched Artemia nauplii

The m inor fatty acids that occurred in Artemia nauplii (1-5%  o f total fatty 

acids) were 12:0, 14:0, 14:1, 16: ln-7, 16:2n-x, 16:2n-y and 20:5n-3 (Table 4.9). The 

20:5n-3 content in cod liver oil-enriched Artemia  (3.1% o f  total fatty acids) was 

significantly the highest (P<0.05), however, the levels in the other treatments were 

sim ilar (1.8-2.0% ). N o 22:6n-3 was detected in any o f these oil-enriched Artemia.

Total saturated, monounsaturated and PUFA o f  non-enriched and enriched  Artemia 
nauplii

The total saturated fatty acids in Artemia  nauplii o f  the control group and 

those enriched w ith cod liver oil, soybean oil and com  oil were 20.3%, 19.3%, 17.6% 

and 18.6% o f  total fatty acids, respectively (Table 4.9). This demonstrated that oil- 

enriched Artem ia  especially those enriched with soybean oil and com  oil contained 

significantly lower levels o f  total saturated fatty acid. In the case o f  m onounsaturated 

fatty acids, the content in Artemia  o f the control group and those enriched with cod 

liver oil, soybean oil and com  oil were 31.7%, 31.8%, 28.8% and 29.1%  o f  total fatty 

acids, respectively. This showed that oil-enrichment o f Artemia  m arginally decreased 

the total m onounsaturated fatty acid content. The total polyunsaturated fatty acid 

levels in the nauplii o f  the control group and those enriched w ith cod liver oil, 

soybean oil and com  oil were 40.1%, 41.3%, 45.6% and 45.4% o f  total fatty acids, 

respectively. The oil-enriched Artemia had higher levels o f total PUFA, especially 

those enriched w ith soybean and com oil.

The n-6/n-3 ratios in Artemia o f the control group and those enriched with 

cod liver oil were 0.2 whereas those in soybean oil and com  oil-enriched Artemia 

were 0.4, reflecting the higher percentages o f 18:2n-6 in Artem ia  enriched with 

soybean oil and com  oil.

4.3.2.4 L ipid content and fatty acid composition o f the lipids extracted from the 
larvae at the end o f  the experiment

a) Total lipid content o f 15-day larvae

The total lipid content o f the catfish larvae at the end o f  the 15-day study is 

presented in Table 4.10 with levels in the larvae fed the different Artemia  diets
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Minor fatty acids occurring in non-enriched and enriched Artemia nauplii 

The minor fatty acids that occurred in Artemia nauplii (1-5% of total fatty 

acids) were 12:0, 14:0, 14: 1, 16: ln-7, 16:2n-x, 16:2n-y and 20:5n-3 (Table 4.9). Toe 

20:5n-3 content in cod liver oil-enriched Artemia (3.1 % of total fatty acids) was 

significantly the highest (P<0.05), however, the levels in the other treatments were 

similar (1.8-2.0%). No 22:6n-3 was detected in any of these oil-enriched Artemia. 

Total saturated, monounsaturated and PUFA of non-enriched and enriched Artemia 
nauplii 

The total saturated fatty acids in Artemia nauplii of the control group and 

those enriched with cod liver oil, soybean oil and com oil were 20.3%, 19.3%, 17.6% 

and 18.6% of total fatty acids, respectively (Table 4.9). This demonstrated that oil

enriched Artemia especially those enriched with soybean oil and com oil contained 

significantly lower levels of total saturated fatty acid. In the case of monounsaturated 

fatty acids, the content in Artemia of the control group and those enriched with cod 

liver oil, soybean oil and com oil were 31. 7%, 31.8%, 28.8% and 29 .1 % of total fatty 

acids, respectively. This showed that oil-enrichment of Artemia marginally decreased 

the total monounsaturated fatty acid content. The total polyunsaturated fatty acid 

levels in the nauplii of the control group and those enriched with cod liver oil, 

soybean oil and com oil were 40.l %, 41.3%, 45.6% and 45.4% of total fatty acids, 

respectively. The oil-enriched Artemia had higher levels of total PUF A, especially 

those enriched with soybean and com oil. 

The n-6/n-3 ratios in Artemia of the control group and those enriched with 

cod liver oil were 0.2 whereas those in soybean oil and com oil-enriched Artemia 

were 0.4, reflecting the higher percentages of 18:2n-6 in Artemia enriched with 

soybean oil and com oil. 

4.3.2.4 Lipid content and fatty acid composition of the lipids extracted from the 
larvae at the end of the experiment 

a) Total lipid content of 15-day larvae 

The total lipid content of the catfish larvae at the end of the 15-day study is 

presented in Table 4.1 0 with levels in the larvae fed the different Artemia diets 
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Table 4.10 Total lipid content of eel-tailed catfish (N. ater) larvae fed non 
oil-enriched and oil-enriched Artem ia  nauplii. (Data given are the means 
o f triplicate analysis; overall mean ± sd; w=3).

TG  (TAE ) 1 Total Lipid (% o f  dry weight)

Replicate 1 Replicate 2 Replicate 3 M ean

I (Control) 30.0 28.7 27.0 28.6 ± 2.7C

n  (CLO2) 26.6 21.3 2 0 . 6 22.8 ±  3.1ab

m  (SBO3) 19.8 20.7 2 0 . 2 19.7 ±  1.7a

IV (CO4) 23.9 24.9 2 2 . 0 2 4 .4 ±  l . l b

1 Treatm ent group (Type o f  Artemia  enrichment)

?  3 4
“ Cod liver oil, Soybean oil, Com oil

Values in the colum n which are followed by different superscripts are 
significantly different (P<0.05)
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Table 4.10 Total lipid content of eel-tailed catfish (N. ater) larvae fed non 
oil-enriched and oil-enriched Artemia nauplii. (Data given are the means 
of triplicate analysis; overall mean ± sd; n=3). 

TG (TAE)
1 

Total Lipid (% of dry weight) 

Replicate 1 Replicate 2 Replicate 3 Mean 

I (Control) 30.0 28.7 

') 

II (CLO-) 26.6 21.3 

ID (SBO
3

) 19.8 20.7 

IV (CO
4
) 23.9 24.9 

1 
Treatment group (Type of Artemia enrichment) 

2 
Cod liver oil, 

3 
Soybean oil, 

4 
Corn oil 

27.0 28.6 ± 2.t 

20.6 22.8±3.lab 

20.2 19.7 ± 1.7a 

22.0 24.4 ± 1.1 
b 

Values in the column which are followed by different superscripts are 
significantly different (P<0.05) 
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treatm ents I (control), II (cod liver oil-enriched Artemia), in  (soybean oil-enriched 

A rtem ia ) and IV (com  oil-enriched Artemia), 28.6%, 22.8%, 19.7% and 24.4%  of 

DW , respectively. W hile the total lipid content in the larvae o f  the control group was 

the highest (P<0.05), the content in treatment IE larvae was the lowest (P<0.05).

b) Fatty acid com position o f 15-day larvae

The fatty acid com position o f  the lipids extracted from the larvae at the end 

o f  the 15-day experim ent is presented in Table 4.11 and a total o f  fourteen fatty acids 

w ere detected ranging from 1 2 : 0  to 2 2 :6 n-3 .

M ajor fa tty  acids o f  15-day larvae

The m ajor fatty acids (>10%  o f total fatty acids) in the larvae were 16:0, 18:0 

and 18 :ln -9  (Table 4.11). The levels o f  16:0, 18:0 and 18:ln-9  in the larvae ranged 

from  20.6-21.3% , 13.8-14.6% and 18.0-18.8% of total fatty acids, respectively, with 

no significant difference betw een treatments (P>0.05).

F atty acids that occurred in moderate quantities in 15-day larvae

The fatty acids 18:ln -7 , 18:2n-6, 18:3n-3 and 22:6n-3 occurred in moderate 

quantities (5-10%  o f  total fatty acids) in the larvae (Table 4.11). The levels o f  18:ln- 

7 in  the larvae fed cod liver oil-enriched Artemia and the control group were 

significantly  higher than those fed com  oil-enriched Artemia  (P<0.05), while the 

levels in larvae fed soy-bean and com oil-enriched Artemia  were similar (5.5- 

5.7% )(P>0.05). In the case o f  18:2n-6, the levels in larvae fed soybean oil and com  

oil-enriched Artem ia  (8 .0-8.4% o f  total fatty acids) were significantly higher than 

those in the control (4.4%) and in those fed cod liver oil-enriched Artemia  (3.4%) 

(P<0.05). The 18:3n-3 levels in the larvae for all treatments were similar (5.4-5.9% 

o f  total fatty acids). The case o f  22:6n-3, the content in larvae fed cod liver oil- 

enriched Artem ia  (9.3%  o f  total fatty acids) was significantly the highest (P<0.05) 

follow ed by those in the control (7.9%), com oil-enriched Artemia  (7.3%) and 

soybean oil-enriched Artem ia  (6.5%).
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treatments I (control), II (cod liver oil-enriched Artemia), III (soybean oil-enriched 

Artemia) and IV (com oil-enriched Artemia), 28.6%, 22.8%, 19.7% and 24.4% of 

DW, respectively. While the total lipid content in the larvae of the control group was 

the highest (P<0.05), the content in treatment III larvae was the lowest (P<0.05). 

b) Fatty acid composition of 15-day larvae 

The fatty acid composition of the lipids extracted from the larvae at the end 

of the 15-day experiment is presented in Table 4.11 and a total of fourteen fatty acids 

were detected ranging from 12:0 to 22:6n-3. 

Major fatty acids of 15-day./an;ae 

The major fatty acids (>10% of total fatty acids) in the larvae were 16:0, 18:0 

and 18:ln-9 (Table 4.11). The levels of 16:0, 18:0 and 18:ln-9 in the larvae ranged 

from 20.6-21.3%, 13.?-14.6% and 18.0-18.8% of total fatty acids, respectively, with 

no significant difference between treatments (P>0.05). 

Fatty acids that occurred in moderate quantities in 15-day la-rvae 

The fatty acids 18:ln-7, 18:2n-6, 18:3n-3 and 22:6n-3 occurred in moderate 

quantities (5-10% of total fatty acids) in the larvae (Table 4.11). The levels of 18:ln-

7 in the larvae fed cod liver oil-enriched Artemia and the control group were 

significantly higher than those fed com oil-enriched Artemia (P<0.05), while the 

levels in larvae fed soy-bean and corn oil-enriched Artemia were similar ( 5 .5-

5. 7% )(P>0. 05). In the case of 18:2n-6, the levels in larvae fed soybean oil and com 

oil-enriched Artemia (8.0-8.4% of total fatty acids) were significantly higher than 

those in the control (4.4%) and in those fed cod liver oil-enriched Artemia (3.4%) 

(P<0.05). The 18:3n-3 levels in the larvae for all treatments were similar (5.4-5.9% 

of total fatty acids). The case of 22:6n-3, the content in larvae fed cod liver oil

enriched Artemia (9.3% of total fatty acids) was significantly the highest (P<0.05) 

followed by those in the control (7.9%), corn oil-enriched Artemia (7.3%) and 

soybean oil-enriched Artemia (6.5%). 



Table 4.11 Fatty acid composition of the lipids extracted from eel-tailed catfish 
(N. ater) larvae fed non oil-enriched and oil-enriched Artem ia  nauplii. (% total 
fatty acids; Data given are the means of triplicate analyses; overall mean ±  sd; 
n=3)

Fatty Acid Treatment group (Type o f enrichment)

I (Control) E ^ L O 1) m  (SBO2) IV (CO3)

1 2 :0 1.6±0.3b 1.5l0 .4b 1 .8 i 0 .2 b 0.310 .l a

14:0 1 .0 ± 0 .2 b 1 . 1 1 0 .1b 0 .9 l0 .0 a 0 .7 l0 .0 a

16:0 2 1 .0 1 0 . 8 20.610.7 21.311.4 21.310.5

18:0 14.511.0 13.810.6 14.610.6 14.510.5

16:ln-7 1.3l0 .1b 2 . 1 1 0 .2 C 1 .2 l 0 .1ab 1 .0 l 0 .0 a

18:ln-7 6 .0 i0 .3bc 6 . 1 1 0 .2 C 5.7±0.2ab 5 .510 .l a

18:ln-9 1 8 .8 1 1 . 2 18.010.4 18.310.7 18.710.4

16:2n-y 1 .2 1 0 .1 1 .2 1 0 .1 1 .1 1 0 .1 1 .1 1 0 . 0

18:2n-6 4 .4 i0 .2 b 3.410.33 8 .4 i l .0 c 8 .0 1 0 . l c

18:3n-3 5.910.5 5.410.3 5.810.3 5.410.2

20:4n-6 4.210.2C 3 .4 l0 .2 ab 3 .1 l0 .4 a 3 .710 .l b

20:5n-3 3 .1 i0 .2b 3 .9 l0 .2c 2 .2 i0 .5 a 2 .1 i 0 . 1a

22:5n-y 1 .2 ±0 .2 a 2 .3 l0 .2 b 1 .6 l 0 .2 ab 1 .3 l0 .5a

22:6n-3 7 .9 l0 .4b 9.310.4C 6.511.7a 7 .3 i0 .4 ab

Unidentified 7.9 7.9 7.5 9.1

Continued overleaf
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Table 4.11 Fatty acid composition of the lipids extracted from eel-tailed catfish 
(N. ater) larvae fed non oil-enriched and oil-enriched Artemia nauplii. (% total 
fatty acids; Data given are the means of triplicate analyses; overall mean ± sd; 
n=3) 

Fatty Acid Treatment group (Type of enrichment) 

I (Control) II (CLa1) 

12:0 l.6±0.3b l.5±0.4b l.8±0.2b 0.3±0.ia 

14:0 1.0±0.2b 1.1±0.lb 0.9±0.oa 0.7±0.0a 

16:0 21.0±0.8 20.6±0.7 21.3±1.4 21.3±0.5 

18:0 14.5±1.0 13.8±0.6 14.6±0.6 14.5±0.5 

16:ln-7 1.3±0.lb 2.1±0.2C 1.2±0.1 ab 1.0±0.oa 

18: ln-7 6.0±0_3bc 6.1±0.2c 5.7±0.2ab 5.5±0.1 a 

18:ln-9 18.8±1.2 18.0±0.4 18.3±0.7 18.7±0.4 

16:2n-y 1.2±0.1 1.2±0.1 1.1±0.1 1.1±0.0 

18:2n-6 4.4±0.2b 3.4±0Ja 8.4±1.0C 8.0±0.1 C 

18:3n-3 5.9±0.5 5.4±0.3 5.8±0.3 5.4±0.2 

20:4n-6 4.2±0.2C 3.4±0.2ab 3.1±0.4a 3.7±0.lb 

20:5n-3 3. l±0.2b 3.9±0.2C 2.2±0.5a 2.1±0.ia 

22:5n-y l.2±0.2a 2.3±0.2b l.6±0.2ab l.3±0.5a 

22:6n-3 7.9±0.4b 9.3±0.4C 6.5±1.7a 7.3±0.4ab 

Unidentified 7.9 7.9 7.5 9.1 

Continued overleaf 
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T ab le  4.11 (C on td .)

Fatty Acid Treatment group (Type o f enrichment)

I (Control) II (C LO 1) m  (SBO2) rv  ( c o 3)

Total s a t4 38.1 37.0 38.6 36.8
Total m ono .5 26.1 26.2 25.2 25.2
Total PU FA .6 27.9 28.9 28.7 28.9
n-6/n-3 0.5 0.4

O
O

o

0.8

1 Cod liver oil, 2 Soybean oil, 3 C om  oil; 4 Total saturated fatty acids, 5 Total 

m onounsaturated fatty acids, 6 Total polyunsaturated fatty acids

Values in the row  w hich are followed by different superscripts are significantly different 
(P<0.05)
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Table 4.11 (Contd.) 

Fatty Acid Treatment group (Type of enrichment) 

I (Control) II (CLO
1
) ill (SBO

2
) IV (CO

3
) 

Total sat. 
4 

38.1 37.0 38.6 36.8 
Total mono. 

5 
26.1 26.2 25.2 25.2 

Total Pl.IF A. 
6 

27.9 28.9 28.7 28.9 
n-6/n-3 0.5 0.4 0.8 0.8 

1 Cod liver oil, 
2 

Soybean oil, 3 Com oil; 4 Total saturated fatty acids, 
5 

Total 

monounsaturated fatty acids, 6 Total polyunsaturated fatty acids 

Values in the row which are followed by different superscripts are significantly different 
(P<0.05) 
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M inor fa tty  acids o f  15-day larvae

The minor fatty acids (1-5% o f total fatty acids) that occurred in the larvae 

w ere 12:0, 14:0, 16:ln-7 , 16:2n-y, 20:4n-6, 20:5n-3 and 22:5n-y (Table 4.11). The 

levels o f  12:0 in the larvae o f the control group and those fed Artem ia  nauplii 

enriched with cod liver oil or soybean oil (1.5-1.8 % of total fatty acids), were 

significantly higher than those fed com oil-enriched Artemia (0.3%)(P<0.05). Even 

though the 16:ln-7 level in larvae fed cod liver oil-enriched Artem ia  was the highest 

(2 . 1 % o f  total fatty acids), the levels in larvae fed either soybean oil or com  oil- 

enriched Artemia  (1.0-1.2% ) were lower than those in the control group (1.3%). 

W ith  regards to 20:4n-6, the levels in larvae fed cod liver oil or com  oil-enriched 

Artem ia  (3.4-3.7% o f  total fatty acids) were significantly low er than those in the 

control group (4.2%)(P<0.05) with those fed soybean oil-enriched Artemia, the 

lowest (3.1%). In the case o f 20:5n-3, the level in the larvae fed cod liver oil- 

enriched Artemia was significantly the highest (3.9% o f total fatty acids)(P<0.05), 

followed by those in the control group (3 . 1%) and those fed soybean oil or com  oil- 

enriched Artemia  (2.1-2.2% ). The 22:5n-y level in larvae fed cod liver oil-enriched 

Artem ia  was significantly higher (2.3% of total fatty acids), then the larvae in the 

other treatment groups (1.2-1.6%)(P<0.05).

Total saturated, monounsaturated and PUFA o f  15-day larvae

The total saturated fatty acid content in the larvae o f the control group and in 

those fed soybean oil-enriched Artemia  (38.1-38.6% o f total fatty acids) were higher 

than in those fed cod liver oil and com  oil-enriched Artemia  (36.8-37.0% ) (Table 

4.11). The levels o f  total monounsaturated fatty acids in the larvae o f  the control 

group and in those fed cod liver oil-enriched Artemia  (26.1-26.2%  o f  total fatty 

acids) were marginally higher than in those fed either soybean oil or com  oil- 

enriched Artemia (25.2%). W ith regards to total PUFA, the content in larvae fed oil- 

enriched Artemia (28.7-28.9%  o f total fatty acids) were m arginally higher than those 

in  the control group (27.9%).

The n-6/n-3 ratios in the larvae fed either soybean oil or com  oil-enriched 

Artem ia  (0.8) were slightly higher than those fed cod liver oil-enriched Artem ia  or in 

the control group (0.4-0.5). This was an indication that the larvae fed soybean oil or
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Minor fatty acids of 15-day larvae 

The minor fatty acids (1-5% of total fatty acids) that occurred in the larvae 

were 12:0, 14:0, 16: ln-7, 16:2n-y, 20:4n-6, 20:5n-3 and 22:5n-y (Table 4.11). The 

levels of 12:0 in the larvae of the control group and those fed Artemia nauplii 

enriched with cod liver oil or soybean oil ( 1.5-1.8% of total fatty acids), were 

significantly higher than those fed com oil-enriched Artemia (0.3%)(P<0.05). Even 

though the 16: ln-7 level in larvae fed cod liver oil-enriched Artemia was the highest 

(2.1 % of total fatty acids), the levels in larvae fed either soybean oil or com oil

enriched Artemia (1.0-1.2%) were lower than those in the control group (1.3%). 

With regards to 20:4n-6, the levels in larvae fed cod liver oil or com oil-enriched 

Artemia (3.4-3.7% of total fatty acids) were significantly lower than those in the 

control group (4.2%)(P<0.05) with those fed soybean oil-enriched Artemia, the 

lowest (3.1 %). In the case of 20:5n-3, the level in the larvae fed cod liver oil

enriched Artemia was significantly the highest (3.9% of total fatty acids)(P<0.05), 

followed by those in the control group (3.1 %) and those fed soybean oil or com oil

enriched Artemia (2.1-2.2%). The 22:5n-y level in larvae fed cod liver oil-enriched 

Artemia was significantly higher (2.3% of total fatty acids), then the larvae in the 

other treatment groups (l.2-l.6%)(P<0.05). 

Total saturated, monounsaturated and PUF A of 15-day larvae 

The total saturated fatty acid content in the larvae of the control group and in 

those fed soybean oil-enriched Artemia (38.1-38.6% of total fatty acids) were higher 

than in those fed cod liver oil and com oil-enriched Artemia (36.8-37.0%) (Table 

4.11). The levels of total monounsaturated fatty acids in the larvae of the control 

group and in those fed cod liver oil-enriched Artemia (26.1-26.2% of total fatty 

acids) were marginally higher than in those fed either soybean oil or com oil

enriched Artemia (25.2%). With regards to total PUF A, the content in larvae fed oil

enriched Artemia (28.7-28.9% of total fatty acids) were marginally higher than those 

in the control group (27.9%). 

The n-6/n-3 ratios in the larvae fed either soybean oil or com oil-enriched 

Artemia (0.8) were slightly higher than those fed cod liver oil-enriched Artemia or in 

the control group (0.4-0.5). This was an indication that the larvae fed soybean oil or 



com  oil-enriched A rtem ia  contained more n - 6  fatty acids or less n -3  fatty acids than 

those o f  the control group or those fed cod liver oil-enriched Artemia.

Relationship between larval catfish and  Artem ia lipid content and fa tty  acid 
com position

Regression analysis found a positive correlation between 20:5n-3 (% total 

fatty acids) in the catfish  larvae and 20:5n-3 in the Artem ia  nauplii (R2= 0 .711). There 

was no correlation for total lipid or other fatty acids.

Relationship between larval survival and growth and  Artemia lipid content and fa tty  
acid composition

There was a w eak correlation between survival and Artemia  20:5n-3 

(R =0.432) and there w as no correlation between survival and Artemia 18:3n-3, total 

lipid or other fatty acids. There was little correlation between specific growth rate 

and the chemical com position o f  Artemia.

4.3.3 Effects o f using zooplankton or zooplankton plus prepared feed for larval 
rearing.

4.3.3.1 W ater quality

The w ater quality data o f  the larval rearing tanks is summarised in Table 4.12. The 

water tem peratures in the LRTs o f  both treatments were similar ranging from 27.6°C 

to 31.2°C throughout the study. The water temperature progressively increased as the 

study progressed because o f  seasonal changes o f  the weather. The DO in the LRTs of 

both treatm ents ranged from  4.3 mg/1 to 7.9 mg/L. The DO levels reached a peak at 

day 5 after which, the levels progressively declined until the end o f  the study. 

How ever, no significant m ortality associated w ith lowered DO values were observed. 

In the case o f  pH, the values in the LRTs o f  both treatments ranged from 7.7 to 8.4. 

The levels o f  total am m onia-nitrogen in the LRTs o f  both treatments were low (<DL- 

0.1 mg/1) up to the tenth day o f  rearing. However, the total ammonia-nitrogen in 

treatm ent II LRTs at end the o f the study (1.1 mg/L) was higher than in those of 

treatm ent I LRTs (0.2 mg/L).
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com oil-enriched Artemia contained more n-6 fatty acids or less n-3 fatty acids than 

those of the control group or those fed cod liver oil-enriched Artemia. 

Relationship between larval catfish and Artemia lipid content and fatty acid 
composition 

Regression analysis found a positive correlation between 20:5n-3 (% total 

fatty acids) in the catfish larvae and 20:Sn-3 in the Artemia nauplii (R2=0.71 l). There 

was no correlation for total lipid or other fatty acids. 

Relationship between larval survival and growth and Artemia lipid content and fatty 
acid composition 

There was a weak correlation between survival and Artemia 20:Sn-3 

(R2=0.432) and there was no correlation between survival and Artemia 18:3n-3, total 

lipid or other fatty acids. There was little correlation between specific growth rate 

and the chemical composition of Artemia. 

4.3.3 Effects of using zooplankton or zooplankton plus prepared feed for larval 
rearing. 

4.3.3.1 Water quality 

The water quality data of the larval rearing tanks is summarised in Table 4.12. The 

water temperatures in the LR Ts of both treatments were similar ranging from 27.6°C 

to 3 l .2°C throughout the study. The water temperature progressively increased as the 

study progressed because of seasonal changes of the weather. The DO in the LR Ts of 

both treatments ranged from 4.3 mg/1 to 7.9 mg/L. The DO levels reached a peak at 

day 5 after which, the levels progressively declined until the end of the study. 

However, no significant mortality associated with lowered DO values were observed. 

In the case of pH, the values in the LRTs of both treatments ranged from 7.7 to 8.4. 

The levels of total ammonia-nitrogen in the LR Ts of both treatments were low (<DL-

0.1 mg/1) up to the tenth day of rearing. However, the total ammonia-nitrogen in 

treatment II LRTs at end the of the study (1.1 mg/L) was higher than in those of 

treatment I LRTs (0.2 mg/L). 
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T able 4.12 Sum m ary of water quality data in the larval rearing tanks used 
for rearing eel-tailed catfish (TV. ater) larvae in the experiment on the effects of 
using zooplankton or zooplankton plus commercial diet, (mean ± sd; n=3 )

Param eter Treatment Time In Days

0 5 10 15

Temperature I 1 27.6±0.1 27.8+0.3 29.9±0.2 31.2±0.1

(°C)
n 2 27.7±0.0 28.0=0.1 30.0±0.1 31.2±0.1

PH 1 8.2-8.4 8.1-8.2 7.8-8.2 8.0-8.4

n 8.1-8.3 8.1-8.3 7.7-7.8 7.8

D.O .3 1 6.8±0.1 7.9±0.2 5.8±0.3 4.3±1.2
(mg/L)

n 6.7±0.1 7.9=0.3 5.4±0.2 4.5±0.9

Total NH3 -N4 1 <DL 0 .1+0 .0 <DL 0.2±0.1

(mg/L)
n <DL 0 .1± 0 .0 <DL 1.1±0.5

1 Zooplankton, 2 Zooplankton plus commercial diet; 3 Dissolved oxygen, Total
am m onia-nitrogen; <DL Below detection level.
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Table 4.12 Summary of water quality data in the larval rearing tanks used 
for rearing eel-tailed catfish (N. ater) larvae in the experiment on the effects of 
using zooplankton or zooplankton plus commercial diet. (mean ± sd; n=3) 

Parameter Treatment 

Temperature 1
1 

(°C) 

pH 

3 
D.O. 
(mg/L) 

II2 

I 

II 

I 

II 

4 
Total NH3-N I 

(mg/L) 
II 

Time In Days 

0 

27.6±0.1 

27.7±0.0 

8.2-8.4 

8.1-8.3 

6.8±0.1 

6.7±0.1 

<DL 

<DL 

5 

27.8±0.3 

28.0±0.1 

8.1-8.2 

8.1-8.3 

7.9±0.2 

7.9±0.3 

0.1±0.0 

0.1±0.0 

10 

29.9±0.2 

30.0±0.1 

7.8-8.2 

7.7-7.8 

5.8±0.3 

5.4±0.2 

<DL 

<DL 

15 

31.2±0.1 

31.2±0.1 

8.0-8.4 

7.8 

4.3±1.2 

4.5±0.9 

0.2±0.1 

1.1±0.5 

1 Zooplankton, 2 Zooplankton plus commercial diet; 3 Dissolved oxygen, 
4 

Total 
ammonia-nitrogen; <DL Below detection level. 



191

4.3.3.2 G rowth and survival o f larvae

The growth and survival data o f  eel-tailed catfish fed zooplankton alone 

(Treatm ent I) or zooplankton plus prepared comm ercial barramundi pellet feed 

(Treatm ent IT) are presented in Table 4.13. The growth rates o f larvae in both 

treatm ents w ere similar up to the fifth day o f rearing. The range in total lengths and 

wet weights o f  the larvae after one, three and five days o f rearing were 8 .5 -8 .6  mm 

and 0.003g, 9.4-9 .6  m m  and 0.005g, and 10.7-11.0 mm and 0.009g, respectively. The 

standard lengths o f  larvae in both treatments after three and five days o f rearing were 

8 .1-8.3 m m  and 9.2-9.3 mm, respectively. After ten days o f  rearing, the total lengths 

o f  larvae in both treatments were similar (15.1-16.0 mm), but the wet weight o f 

larvae receiving zooplankton plus commercial fish feed (0.032g) was significantly 

higher than in those receiving zooplankton alone (0.023g) (P<0.05). The results 

dem onstrated that supplem entary feeding with prepared feed was advantageous at 

that stage o f  development. However, at the end o f the fifteen day rearing period, 

there was no significant difference in the total lengths and w et weights o f postlarvae 

in both treatm ents (18.4-19.5 m m  and 0.053-0.61g). W ith the exception o f wet 

weight data after ten days o f  rearing, it could be surm ised that the zooplankton 

(cladocerans, copepods and ostracods) in the green-water was adequate to meet the 

nutritional requirem ents o f the postlarvae.

The SG R o f postlarvae were 19.2 and 20.1%/day. The data demonstrated that 

supplem entary feeding with prepared food in the larval rearing tanks receiving green- 

water containing zooplankton gave only marginal benefits in terms o f growth up to 

the fifteenth day o f  rearing. The survival o f postlarvae receiving zooplankton alone 

and those receiving zooplankton plus prepared feed w ere 55.9% and 49.2%, 

respectively, and the values were not significantly different (P>0.05). The results 

dem onstrated that supplem entary feeding in larval rearing tanks that received green- 

water containing zooplankton only provided marginal advantage up to fifteen days o f  

rearing.
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4.3.3.2 Growth and survival of larvae 

The growth and survival data of eel-tailed catfish fed zooplankton alone 

(Treatment I) or zooplankton plus prepared commercial barramundi pellet feed 

(Treatment II) are presented in Table 4.13. The growth rates of larvae in both 

treatments were similar up to the fifth day of rearing. The range in total lengths and 

wet weights of the larvae after one, three and five days of rearing were 8.5-8.6 mm 

and 0.003g, 9.4-9.6 mm and 0.005g, and 10.7-11.0 mm and 0.009g, respectively. The 

standard lengths of larvae in both treatments after three and five days of rearing were 

8.1-8.3 mm and 9.2-9.3 mm, respectively. After ten days of rearing, the total lengths 

of larvae in both treatments were similar (15.1-16.0 mm), but the wet weight of 

larvae receiving zooplankton plus commercial fish feed (0.032g) was significantly 

higher than in those receiving zooplankton alone (0.023g) (P<0.05). The results 

demonstrated that supplementary feeding with prepared feed was advantageous at 

that stage of development. However, at the end of the fifteen day rearing period, 

there was no significant difference in the total lengths and wet weights of postlarvae 

in both treatments (18.4-19.5 mm and 0.053-0.6lg). With the exception of wet 

weight data after ten days of rearing, it could be surmised that the zooplankton 

(cladocerans, copepods and ostracods) in the green-water was adequate to meet the 

nutritional requirements of the postlarvae. 

The SGR of postlarvae were 19.2 and 20.1 %/day. The data demonstrated that 

supplementary feeding with prepared food in the larval rearing tanks receiving green

water containing zooplankton gave only marginal benefits in terms of growth up to 

the fifteenth day of rearing. The survival of postlarvae receiving zooplankton alone 

and those receiving zooplankton plus prepared feed were 55.9% and 49.2%, 

respectively, and the values were not significantly different (P>0.05). The results 

demonstrated that supplementary feeding in larval rearing tanks that received green

water containing zooplankton only provided marginal advantage up to fifteen days of 

reanng. 



Table 4.13 Total length, standard length and wet weight of eel-tailed catfish (A', ater) larvae and 
postlarvae that received zooplankton or zooplankton plus commercial diet, (mean ± sd; #i=3)
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which are followed by different superscripts are significantly different (P<0.05)

Table 4.13 Total length, standard length and wet weight of eel-tailed catfish (N. "ter) larvae and 
postlarvae that received zooplankton or zooplankton plus commercial diet. (mean ± sd; 11=3) 

Time Total Length Standard Length Wet Weight 
(Day) (mm) (mm) (g) 

-
I' II~ I II I II 

0 8.0±0.2 8.0±0.2 NA NA 0.003±0.000 0.003±0.000 

8.6±0.2 8.5±0.3 NA NA 0.003±0.000 0.003±0.000 

3 9.4±0.5 9.6±0.6 8.1±0.4 8.3±0.5 0.005±0.001 0.005±0.001 

5 11.0±0.6 10.7±1.0 9.3±0.5 9.2±0.7 0.009±0.002 0.009±0.003 

a b 
10 15.1±1.5 16.0±2.0 12.9±1.4 13.7±1.8 0.023±0.010 0.032±0.015 

15 I 8.4±2.9 19.5±2.9 15.8±2.6 16.5±2.5 0.053±0.027 0.061±0.031 

SGR"'(¾/day) 19.2 20.1 

1 Zooplankton, 
2 

Zooplankton plus commercial diet; 3 Not available; 
4 

Specific growth rate; Values in the row 
which are followed by different superscripts are significantly different (P<0.05) 

Continued overleaf 

....... 
\0 
N 



Table 4.13 (C ontd.)
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Table 4.13 (Contd.) 

b) Survival of larvae 

Treatment Survival(%) 

Replicate 1 

I (Zooplankton) 

II (Zooplankton plus commercial diet) 57.3 

Replicate 2 Replicate 3 Mean 

55.2 56.6 55.9 ± 0.9 

34.3 55.9 49.2 ± 12.9 ,_. 
\0 
l.,) 
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4.3.3.3 Total lipid content and fatty acid composition of lipids extracted from  
postlarvae that received zooplankton or zooplankton plus prepared feed

a) Total lipid content o f 15-day larvae

The total lipids o f  the pooled samples o f  postlarvae which received 

zooplankton alone or zooplankton plus prepared feed (finely ground commercial 

barram undi pellets; Lauke Feeds) at the end o f the fifteen day study are presented in 

Table 4.14. The total lipids o f  treatments II postlarvae (16.6%) were significantly 

higher than treatm ent II postlarvae (14.2% DW) (P<0.05).

b) Fatty acid com position o f 15-day larvae

A total o f  fourteen fatty acids were detected in the lipids extracted from the 

postlarvae ranging from  14:0 to 22:6n-3 (Table 4.15).

M ajor fa tty  acids o f  15-day larvae

The m ajor fatty acids (>10% of total fatty acids) that occurred in the 

postlarvae were 16:0, 18:0, 18:ln-9 and 22:6n-3 (Table 4.15). There was no 

significant difference in the levels o f  16:0, 18:0 and 18: ln-9  in both treatm ents (23.0- 

23.5% , 13.3-17.3%, and 12.2-13.5% of total fatty acids, respectively). In the case o f 

22:6n-3, the levels in postlarvae which received zooplankton alone (14.7%  o f total 

fatty acids) was significantly higher than in those receiving zooplankton plus 

prepared feed (8.8% )(P<0.05).

Fatty acids that occurred in moderate quantities in 15-day larvae

The fatty acids that occurred in moderate quantities (5-10% o f total fatty 

acids) in the postlarvae w ere 18:2n-6 and 20:4n-6 (Table 4.15). The levels o f  18:2n-6 

in postlarvae w hich received zooplankton plus prepared feed (7.8% o f  total fatty 

acids) w as significantly higher than those which received only zooplankton (4.2%) 

(P<0.05). In the case o f  20:4n-6, the level in the postlarvae that received 

zooplankton alone (6 .2 %  o f  total fatty acids) was nearly double that w hich received 

zooplankton plus com m ercially prepared feed (3.2%)(P<0.05).
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4.3.3.3 Total lipid content and fatty acid composition of lipids extracted from 
postlarvae that received zooplankton or zooplankton plus prepared feed 

a) Total lipid content of 15-dav larvae 

The total lipids of the pooled samples of postlarvae which received 

zooplankton alone or zooplankton plus prepared feed (finely ground commercial 

barramundi pellets; Lauke Feeds) at the end of the fifteen day study are presented in 

Table 4.14. The total lipids of treatments II postlarvae (16.6%) were significantly 

higher than treatment II postlarvae (14.2% DW) (P<0.05). 

b) Fatty acid composition of 15-day larvae 

A total of fourteen fatty acids were detected in the lipids extracted from the 

postlarvae ranging from 14:0 to 22:6n-3 (Table 4.15). 

Major fatty acids of 15-day larvae 

The major fatty acids (>10% of total fatty acids) that occurred in the 

postlarvae were 16:0, 18:0, 18:ln-9 and 22:6n-3 (Table 4.15). There was no 

significant difference in the levels of16:0, 18:0 and 18:ln-9 in both treatments (23.0-

23.5%, 13.3-17.3%, and 12.2-13.5% of total fatty acids, respectively). In the case of 

22:6n-3, the levels in postlarvae which received zooplankton alone (14.7% of total 

fatty acids) was significantly higher than in those receiving zooplankton plus 

prepared feed (8.8%)(P<0.05). 

Fatty acids that occurred in moderate quantities in 15-day larvae 

The fatty acids that occurred in moderate quantities (5-10% of total fatty 

acids) in the postlarvae were l 8:2n-6 and 20:4n-6 (Table 4.15). The levels of l 8:2n-6 

in postlarvae which received zooplankton plus prepared feed (7.8% of total fatty 

acids) was significantly higher than those which received only zooplankton (4.2%) 

(P<0.05). In the case of 20:4n-6, the level in the postlarvae that received 

zooplankton alone (6.2% of total fatty acids) was nearly double that which received 

zooplankton plus commercially prepared feed (3.2%)(P<0.05). 

---
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Table 4.14 Total lipid content o f pooled samples of eel-tailed catfish  
(N. ater) postlarvae which received zooplankton alone or zooplankton plus 
com m ercial diet. (Data given are the means o f triplicate analysis; mean ± 
sd).

Treatm ent Total Lipid (% o f  dry weight)

Replicate 1 Replicate 2 Replicate 3 M ean

I (Zooplankton) 14.2 15.0 13.5 14.2 ±  0.7a

31 (Zooplankton plus 
com m ercial diet)

16.6 16.9 16.3 16.6 ±  0.3b

Values in  the column which are followed by different superscripts are 
significantly different (P<0.05)
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Table 4.14 Total lipid content of pooled samples of eel-tailed catfish 
(N. ater) postlarvae which received zooplankton alone or zooplankton plus 
commercial diet. (Data given are the means of triplicate analysis; mean ± 
sd). 

Treatment Total Lipid(% of dry weight) 

Replicate 1 Replicate 2 Replicate 3 Mean 

I (Zooplankton) 14.2 15.0 13.5 14.2 ± 0.7a 

II (Zooplankton plus 16.6 16.9 16.3 16.6 ± 0.3b 
commercial diet) 

Values in the column which are followed by different superscripts are 

significantly different (P<0.05) 
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Table 4.15 Fatty acid com position o f the lipids extracted from the pooled 
samples o f  eel-tailed catfish (N. ater) postlarvae which received 
zooplankton or zooplankton plus commercial diet. (% total fatty acids; 
Data given are the means o f triplicate analysis; mean ± sd)

Fatty Acid Treatment

I (Zooplankton) II (Zooplankton plus commercial diet)

14:0 1.3±0.2a 2.7±0.0b

16:0 23.5±2.1 23.010.4

18:0 17.3±1.5 13.310.1

14:1 1 .0 ± 0 .2 1.410.1

16:ln-7 1 .0 ± 0 .1a 3.2+0.l b

18:ln-7 3.2±0.1 3.810.1

18:ln-9 1 2 .2 ± 1 .0 13.510.2

16:2n-y 2 .8 ± 0 .2 b 1 .8 +0 .1a

18:2n-6 4.2±0.1a 7.8+0.l b

18:3n-3 2 .0 1 0 . l b 1.3iO.Oa

20:3 1.4±0.1 1.310.0

20:4n-6 6.2±0.5b 3.2+0. l a

20:5n-3 1.5±0.1a 2 .2 1 0 . l b

22:5n-y 1 .0 ± 1 .0 0.710.0

22:6n-3 14.7±0.4b 8 .8 + 0 .6 a

U nidentified 6.7 1 2 .0

Continued overleaf
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Table 4.15 Fatty acid composition of the lipids extracted from the pooled 
samples of eel-tailed catfish (N. ater) postlarvae which received 
zooplankton or zooplankton plus commercial diet. (% total fatty acids; 
Data given are the means of triplicate analysis; mean ± sd) 

Fatty Acid Treatment 

I (Zooplankton) II (Zooplankton plus commercial diet) 

14:0 l.3±0.2a 2.7±0.0b 

16:0 23.5+?.l 23.0±0.4 

18:0 17.3±1.5 13.3±0.1 

14:1 1.0±0.2 1.4±0.1 

16:ln-7 1.0±0.ia 3.2±0.lb 

18:ln-7 3.2±0.l 3.8±0.1 

18:ln-9 12.2±1.0 13.5±0.2 

16:2n-y 2.8±0.2b 1.8±0.ia 

18:2n-6 4.2±0.la 7.8±0.lb 

18:3n-3 2.0±0.lb 1.3±0.oa 

20:3 1.4±0.1 1.3±0.0 

20:4n-6 6.2±0.5b 3.2±0.ia 

20:5n-3 1.5±0.ia 2.2±0.lb 

22:5n-y 1.0±1.0 0.7±0.0 

22:6n-3 14.7±0.4b 8.8±0.6a 

Unidentified 6.7 12.0 

Continued overleaf 

-
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Fatty Acid Treatment

I (Zooplankton) II (Zooplankton plus commercial diet)

Total sat . 1 42.1 39.0

Total m ono.” 17.4 21.9

Total PU FA .3 33.8 27.1
n-6/n-3 0 .6 0.9

Values in the row  which are followed by different superscripts are 
significantly different (P<0.05)

1 Total saturated fatty acids

Total m onounsaturated fatty acids

3 Total polyunsaturated fatty acids

Table 4.15 (Contd.) 

Fatty Acid 

Total sat.
1 

? 
Total mono.-

Total PUF A.3 

n-6/n-3 

Treatment 

I (Zooplankton) 

42.l 

17.4 

33.8 
0.6 

197 

II (Zooplankton plus commercial diet) 

39.0 

21.9 

27.1 
0.9 

Values in the row which are followed by different superscripts are 

significantly different (P<0.05) 

1 
Total saturated fatty acids 

2 
Total monounsaturated fatty acids 

3 
Total polyunsaturated fatty acids 
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M inor fa tty  acids o f  15-day larvae

The m inor fatty acids (1-5% o f  total fatty acids) that occurred in postlarvae 

were 14:0, 14:1, 16:ln-7, 16:2n-y, 18:ln-7 , 18:3n-3, 20:3, 20:5n-3 and 22:5n-y 

(Table 4.15). The percentages o f  14:0, 16:ln-7  and 20:5n-3 in postlarvae which 

received zooplankton plus prepared feed (2.7%, 3.2% and 2.2% o f total fatty acids) 

were higher than those receiving zooplankton alone (1.3%, 1.0% and 1.5%). The 

levels o f  16:2n-y and 18:3n-3 in postlarvae which received zooplankton plus 

prepared feed (1.8%  and 1.3% o f  total fatty acids) was lower than those receiving 

zooplankton alone (2.8%  and 2.0%). The levels o f 14:1, 18:ln-7, 20:3 and 22:5n-y 

levels postlarvae o f  both treatments were sim ilar (0.7-1.0% of total fatty acids).

Total saturated, monounsaturated and PUFA o f  15-day larvae

The total saturated fatty acids in the postlarvae which received zooplankton 

alone (42.1%  o f  total fatty acids) was higher than those which received zooplankton 

plus prepared feed (39.0%) (Table 4.15). The total monounsaturated fatty acid 

content in the postlarvae which received zooplankton alone (17.4% o f  total fatty 

acids) was low er than in those which received zooplankton plus prepared feed 

(21.9%). The total PU FA  in the postlarvae which received zooplankton alone (33.8% 

o f  total fatty acids) was considerably higher than those which received zooplankton 

plus prepared feed (27.1%).

The n-6/n-3 ratios in the postlarvae o f  treatments I and II were 0.6 and 0.9, 

respectively, reflecting the higher percentage o f  22:6n-3 in postlarvae that received 

zooplankton alone and the higher percentage o f  18:2n-6 in postlarvae o f  treatment II.

4.4 D ISC USSIO N

4.4.1 W ater quality o f larval rearing units and tanks

The w ater quality parameters that were determined in the LRUs and LRTs 

were water tem perature, dissolved oxygen (DO), pH and total ammonia-nitrogen. 

The LRUs and LRTs were held at ambient conditions in all the experiments and the
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Minor fatty acids of 15-day larvae 

The minor fatty acids (1-5% of total fatty acids) that occurred in postlarvae 

were 14:0, 14:1, 16:ln-7, 16:2n-y, 18:ln-7, 18:3n-3, 20:3, 20:5n-3 and 22:5n-y 

(Table 4.15). The percentages of 14:0, 16:ln-7 and 20:5n-3 in postlarvae which 

received zooplankton plus prepared feed (2.7%, 3.2% and 2.2% of total fatty acids) 

were higher than those receiving zooplankton alone (1.3%, 1.0% and 1.5%). The 

levels of 16:2n-y and 18:3n-3 in postlarvae which received zooplankton plus 

prepared feed (1.8% and 1.3% of total fatty acids) was lower than those receiving 

zooplankton alone (2.8% and 2.0%). The levels of 14:1, 18:ln-7, 20:3 and 22:5n-y 

levels postlarvae of both treatments were similar (0.7-1.0% of total fatty acids). 

Total saturated, monounsaturated and PUFA of I 5-day larvae 

The total saturated fatty acids in the postlarvae which received zooplankton 

alone ( 42.1 % of total fatty acids) was higher than those which received zooplankton 

plus prepared feed (39.0%) (Table 4.15). The total monounsaturated fatty acid 

content in the postlarvae which received zooplankton alone (17.4% of total fatty 

acids) was lower than in those which received zooplankton plus prepared feed 

(21.9%). The total PUF A in the postlarvae which received zooplankton alone (33.8% 

of total fatty acids) was considerably higher than those which received zooplankton 

plus prepared feed (27.1 %). 

The n-6/n-3 ratios in the postlarvae of treatments I and II were 0.6 and 0.9, 

respectively, reflecting the higher percentage of 22:6n-3 in postlarvae that received 

zooplankton alone and the higher percentage of 18:2n-6 in postlarvae of treatment II. 

4.4 DISCUSSION 

4.4.1 Water quality of larval rearing units and tanks 

The water quality parameters that were determined in the LRUs and LRTs 

were water temperature, dissolved oxygen (DO), pH and total ammonia-nitrogen. 

The LRUs and LRTs were held at ambient conditions in all the experiments and the 
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w ater tem perature progressively increased as the experiments proceeded. This was to 

be expected since the fluctuations o f water temperatures are dependent on the 

seasonal changes o f the weather and the experiments were conducted during the early 

h a lf  o f  the wet season where the air temperatures were progressively increasing. The 

LRTs were supplied with water from an outdoor tank that was located below a black 

shade cloth. Generally, the water temperatures o f the LRUs and LRTs were within 

the optim um  range o f 25-32°C for tropical species (Alabaster and Lloyd 1980). The 

pH  o f  the water in the LRUs and LRTs were within the recommended limits o f  6.5- 

9.0 for successful rearing o f  m ost aquatic organisms (Swingle 1969, Alabaster and 

Lloyd 1980). W hile the range in DO values in experiment one were above the 

recom m ended lower limit o f  5.0 mg/L (Swingle 1969), the values in experiment two 

from  five days o f rearing till the end o f the study were marginally below  this limit. 

S im ilarly in experiment three, the DO levels at day 15 were m arginally below 5.0 

mg/L. W hen DO levels fell below 5.0 mg/L, the flow rates o f  the w ater to the LRUs 

and LRTs were increased to ensure that sufficient oxygen was supplied to the larvae. 

Generally, low total am m onia nitrogen (TAN) values were recorded for all three 

experim ents indicating that either ammonia production by the larvae were low or that 

the biological filters set up for experiments one and two were effective in converting 

am m onia to nitrite and sequentially to nitrate which is non toxic. Apart from the 

levels o f  TAN in the day 15 samples for treatment II o f  experiment three, the levels 

o f  TA N  in the LRUs and LRTs o f  the various treatments at the respective sampling 

dates o f  all experiments were below the upper recommended lim it o f  1 mg/L 

(A labaster and Lloyd 1980)

4.4.2 Effects of delayed feeding with Artemia nauplii as a larval feed

4.4 .2 .1  G rowth and survival o f larvae

The total length and wet weight o f  larvae fed Artemia nauplii from day 3 

posthatch (treatment I) (8.3 m m  and 0.004g) were significantly higher than those o f 

the o ther treatm ents (P<0.05) (Table 4.2). This finding demonstrated that 3-day-old 

eel-tailed catfish larvae had adequately developed sensory organs and m outh 

structures that had enabled them to detect and capture Artemia  nauplii. The larvae 

w ere able to assimilate the nutrients and deposit them in the form o f  new  tissues that
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water temperature progressively increased as the experiments proceeded. This was to 

be expected since the fluctuations of water temperatures are dependent on the 

seasonal changes of the weather and the experiments were conducted during the early 

half of the wet season where the air temperatures were progressively increasing. The 

LRTs were supplied with water from an outdoor tank that was located below a black 

shade cloth. Generally, the water temperatures of the LRUs and LRTs were within 

the optimum range of 25-32°C for tropical species (Alabaster and Lloyd 1980). The 

pH of the water in the LR Us and LR Ts were within the recommended limits of 6.5-

9.0 for successful rearing of most aquatic organisms (Swingle 1969, Alabaster and 

Lloyd 1980). While the range in DO values in experiment one were above the 

recommended lower limit of 5.0 mg/L (Swingle 1969), the values in experiment two 

from five days of rearing till the end of the study were marginally below this limit. 

Similarly in experiment three, the DO levels at day 15 were marginally below 5.0 

mg/L. When DO levels foll below 5.0 mg/L, the flow rates of the water to the LRUs 

and LRTs were increased to ensure that sufficient oxygen was supplied to the larvae. 

Generally, low total ammonia nitrogen (TAN) values were recorded for all three 

experiments indicating that either ammonia production by the larvae were low or that 

the biological filters set up for experiments one and two were effective in converting 

ammonia to nitrite and sequentially to nitrate which is non toxic. Apart from the 

levels of TAN in the day 15 samples for treatment II of experiment three, the levels 

of TAN in the LRUs and LRTs of the various treatments at the respective sampling 

dates of all experiments were below the upper recommended limit of 1 mg/L 

(Alabaster and Lloyd 1980) 

4.4.2 Effects of delayed feeding with Artemia nauplii as a larval feed 

4.4.2.1 Growth and survival of larvae 

The total length and wet weight of larvae fed Artemia nauplii from day 3 

posthatch (treatment I) (8.3 mm and 0.004g) were significantly higher than those of 

the other treatments (P<0.05) (Table 4.2). This finding demonstrated that 3-day-old 

eel-tailed catfish larvae had adequately developed sensory organs and mouth 

structures that had enabled them to detect and capture Artemia nauplii. The larvae 

were able to assimilate the nutrients and deposit them in the form of new tissues that 
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translated to increase o f  biomass. This finding is consistent with those o f  other 

tropical and subtropical catfish which require exogenous feeds some time between 

the third and the fourth day after hatching such as in Clarias batrachus, C. 

m acrocephalus  and C. gariepinus  (Knud-Hansen et al. 1990, Fermin and Bolivar 

1991, Adeyem o et al. 1994).

By the third day o f  rearing, the advantage to larvae that had been fed on days 

3 and 4 (treatm ents I and II) were demonstrated (respective total lengths and wet 

w eights o f  larvae in treatm ents I, n , ID and IV were 9.3 mm, 9.0 mm, 8 .6  mm, 8 .6  

mm, and 0.004g, 0.004g, 0.003g and 0.002g). Even though the larvae in treatm ent IV 

(6 -day-old) were not fed, the total length was the sam e as those in treatment HI that 

had been fed for one day. However, the weight o f treatm ent IV larvae had declined 

from 0.003g at the com m encem ent o f  the study to 0.002g that meant that the larvae 

had utilised its food reserves to grow in terms o f total length but at the expense o f 

w eight loss. This observation was consistent w ith those reported for C. 

macrocephalus where the weight o f starved larvae decreased while the length 

increased w ith increase in  starvation time (Arumugam and Kuppan 1990). 

Interestingly, m ortality o f  starved eel-tailed catfish larvae was observed from seven 

days after hatching at tem peratures ranging from 25.4-29.6°C in a separate group o f 

larvae that were m aintained in another holding tank. In a study on C. gariepinus, 

unfed larvae increased in length up to day 5  and some o f  the larvae survived for 16 

days, however, all larvae w ere dead after 21 days (Hecht 1981). In a similar study on 

another catfish species, C. macrocephalus, starved larvae survived for about seven 

days under tropical conditions and larvae that had been starved for three days could 

feed successfully on Artem ia  nauplii (Arumugam and Kuppan 1990).

The advantage o f  early-fed larvae in treatm ents I and II were again 

dem onstrated after five days o f  rearing. The larvae in treatment IV (3-day delayed 

initial feeding) had grown m arginally in terms o f  total length (8.7 mm) while the wet 

weight had recovered to levels similar to those at the commencement o f  the study 

(0.003 g) (Table 4.2). For comparison, H. longifilis larvae fed Artemia nauplii grew 

best during the first six days o f  feeding indicating that Artem ia  presents a nutritional 

advantage only for larvae at their youngest stages o f  development (Legendre et al. 

1995).
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translated to increase of biomass. This finding is consistent with those of other 

tropical and subtropical catfish which require exogenous feeds some time between 

the third and the fourth day after hatching such as in Clarias batrachus, C 

macrocephalus and C. gariepinus (Knud-Hansen et al. 1990, Fermin and Bolivar 

1991, Adeyemo et al. 1994). 

By the third day of rearing, the advantage to larvae that had been fed on days 

3 and 4 (treatments I and II) were demonstrated (respective total lengths and wet 

weights of larvae in treatments I, II, ill and IV were 9.3 mm, 9.0 mm, 8.6 mm, 8.6 

mm, and 0.004g, 0.004g, 0.003g and 0.002g). Even though the larvae in treatment IV 

( 6-day-old) were not fed, the total length was the same as those in treatment III that 

had been fed for one day. However, the weight of treatment IV larvae had declined 

from 0.003g at the commencement of the study to 0.002g that meant that the larvae 

had utilised its food reserves to grow in terms of total length but at the expense of 

weight loss. This observation was consistent with those reported for C. 

macrocephalus where the weight of starved larvae decreased while the length 

increased with increase in starvation time (Arumugam and Kuppan 1990). 

Interestingly, mortality of starved eel-tailed catfish larvae was observed from seven 

days after hatching at temperatures ranging from 25.4-29.6°C in a separate group of 

larvae that were maintained in another holding tank. In a study on C. gariepinus, 

unfed larvae increased in length up to day 5 and some of the larvae survived for 16 

days, however, all larvae were dead after 21 days (Hecht 1981). In a similar study on 

another catfish species, C. macrocephalus, starved larvae survived for about seven 

days under tropical conditions and larvae that had been starved for three days could 

feed successfully on Artemia nauplii (Arumugam and Kuppan 1990). 

The advantage of early-fed larvae in treatments I and II were agam 

demonstrated after five days of rearing. The larvae in treatment IV (3-day delayed 

initial feeding) had grown marginally in terms of total length (8. 7 mm) while the wet 

weight had recovered to levels similar to those at the commencement of the study 

(0.003 g) (Table 4.2). For comparison, H. long;,filis larvae fed Artemia nauplii grew 

best during the first six days of feeding indicating that Artemia presents a nutritional 

advantage only for larvae at their youngest stages of development (Legendre et al. 

1995). 
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B y the end o f  the fifteen day experiment, the total length o f larvae in 

treatm ent IV (16.3 mm) was significantly higher than those in treatment I (15.0 m m ) 

but sim ilar to those o f  treatments II (15.5 mm) and E l (15.8 mm). A  sim ilar trend 

w as also observed in terms o f  biomass where the values o f  the larvae in treatm ents 

EH and IV (0.030g and 0.034g) were significantly higher than those in treatm ents I 

and H (0.028g and 0.029g).

The SG R  o f  the larvae for treatments I, n , III and IV were 14.9, 15.1, 15.4 

and 16.3% /day. These values were higher than those o f C. batrachus (7.5%/day) 

reported by Chuapoehuk (1987), but m uch lower than those reported for the African 

catfishes: C. gariepinus (27.7%/day) and H. longifilis (33.2-40%/day) (Polling et a l  

1988, K erdchuen and Legendre 1994, Legendre et al. 1995). The differences in  the 

SG R  could be attributed to diet quality and quantity, and environmental conditions 

such as w ater temperature, dissolved oxygen etc.

The findings o f  this study are consistent with those o f  other catfish species 

where A rtem ia  nauplii has been successfully used as a larval feed such as in C. 

batrachus  (Knud-H ansen et al. 1990); African catfishes, C. gariepinus, (Hogendoom  

1980, M siska 1981, Polling et al. 1988), H. longifilis (Kerdchuen and Legendre 

1994, Legendre et al. 1995, Oteme and Gilles 1995); C. macrocephalus (Arumugam  

and K uppan 1990, Arumugam 1991, Ferm in and Bolivar 1991).

4.4.2.2 T otal lipid content and fatty acid composition o f the lipids of the larvae  
before feeding with Artem ia  nauplii

The total lipid content o f  3, 4, 5, and 6 -day-old larvae were 26.9%, 24.0% , 

23.0%  and 19.9% o f  DW, respectively, demonstrating that the lipid content 

progressively decreased with increasing days o f starvation (Table 4.3, Fig. 4.6). This 

trend was also observed in C. gariepinus larvae where the total lipid content 

declined from  20.92%  o f DW at hatching to 15.58% after seven days (Verreth et al. 

1994b). D eclining total lipid content in gilthead seabream larvae has also been 

reported w ith  a decline from 27%  o f  DW  at hatching to about 17% after six days 

(K oven et al. 1989, Mourente and Odriozola 1990). The declining values in  total 

lipid content in starved eel-tailed catfish larvae in the present study m ay have been 

the result o f  the utilisation o f lipid reserves for energy production.
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By the end of the fifteen day experiment, the total length of larvae in 

treatment IV (16.3 mm) was significantly higher than those in treatment I (15.0 mm) 

but similar to those of treatments II (15.5 mm) and III (15.8 mm). A similar trend 

was also observed in terms of biomass where the values of the larvae in treatments 

III and IV (0.030g and 0.034g) were significantly higher than those in treatments I 

and II (0.028g and 0.029g). 

The SGR of the larvae for treatments I, II, III and IV were 14.9, 15.1, 15.4 

and 16.3%/day. These values were higher than those of C. batrachus (7.5%/day) 

reported by Chuapoehuk (1987), but much lower than those reported for the African 

catfishes: C. gariepinus (27.7%/day) and H. longi,filis (33.2-40%/day) (Polling et al. 

1988, Kerdchuen and Legendre 1994, Legendre et al. 1995). The differences in the 

SGR could be attributed to diet quality and quantity, and environmental conditions 

such as water temperature, dissolved oxygen etc. 

The findings of this study are consistent with those of other catfish species 

where Artemia nauplii has been successfully used as a larval feed such as in C. 

batrachus (Knud-Hansen et al. 1990); African catfishes, C. gariepinus, (Hogendoom 

1980, Msiska 1981, Polling et al. 1988), H. longifilis (Kerdchuen and Legendre 

1994, Legendre et al.1995, Oteme and Gilles 1995); C. macrocephalus (Arumugam 

and Kuppan 1990, Arumugam 1991, Fermin and Bolivar 1991). 

4.4.2.2 Total lipid content and fatty acid composition of the lipids of the larvae 
before feeding with Artemia nauplii 

The total lipid content of 3, 4, 5, and 6-day-old larvae were 26.9%, 24.0%, 

23.0% and 19.9% of DW, respectively, demonstrating that the lipid content 

progressively decreased with increasing days of starvation (Table 4.3, Fig. 4.6). This 

trend was also observed in C. gariepinus larvae where the total lipid content 

declined from 20.92% of DW at hatching to 15.58% after seven days (Verreth et al. 

1994b ). Declining total lipid content in gilthead seabream larvae has also been 

reported with a decline from 27% of DW at hatching to about 17% after six days 

(Koven et al. 1989, Mourente and Odriozola 1990). The declining values in total 

lipid content in starved eel-tailed catfish larvae in the present study may have been 

the result of the utilisation of lipid reserves for energy production. 

--
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There was virtually no change in the total saturated fatty acid content o f 

unfed eel-tailed catfish larvae from 41.9% o f  total fatty acids in 3-day posthatch 

larvae to 41.6%  in 6  day posthatch larvae (Table 4.4). In contrast to this, the total 

saturated fatty acid content in unfed African catfish, H. longifilis larvae, increased 

from  50.5% o f  total fatty acids in 2 -day-old larvae to 61.8%  in 6 -day-old larvae, 

indicating that there was accum ulation o f  saturated fatty acids during starvation 

(Legendre et al. 1995). In contrast to this, larvae o f unfed m arine species showed a 

decline o f  total saturated fatty acids at completion o f  yolk sac absorption (Fraser et 

al. 1988). M ourente and Odriozola (1990) suggested that total saturated fatty acids 

w ere utilised during starvation.

The m ajor saturated fatty acids in eel-tailed catfish larvae were 16:0 and 18:0. 

The content o f  16:0 in unfed treatment IV larvae (6 -day-old) was lower than those o f 

treatm ents I, II and m  (26.8-27.5%>) (Table 4.4). In unfed African catfish, the content 

o f  16:0 was higher than those in unfed eel-tailed catfish and the content increased 

from  33.4% o f  total fatty acids in 2-day-old larvae to 39.9% in 6 -day-old larvae 

(Legendre et al. 1995). The data suggested that while 16:0 was utilised in eel-tailed 

catfish, it was conserved and/or accum ulated in African catfish.

The 18:0 levels in eel-tailed catfish larvae progressively increased with 

delayed initial feeding and the levels in treatment I larvae (12.7%o o f  total fatty acids) 

w ere lower than those in treatm ent IV larvae (16.6%). Since the levels o f 16:0 

decreased with delay in feeding, the results indicated that 16:0 was probably chain 

elongated to 18:0. This trend has also been reported for African catfish (Legendre et 

al. 1995) and other species o f fish (M ead 1958, Carroll 1965, Bell et al. 1986, 

Cowey 1988).

The total m onounsaturated fatty acids in eel-tailed catfish larvae 

progressively declined with delay in initial feeding from 2 0 .6 % o f  total fatty acids 

after 3 days delay to 17.6% after 6  days (Table 4.4). This decline was not nearly as 

great as the report for unfed African catfish larvae (Legendre et al. 1995) which 

found a decline in total m onounsaturated fatty acid levels from 34.2% o f total fatty 

acids in 2-day-old larvae to 21.8% in 6 -day-old larvae. The data indicate little, if  any, 

m etabolism  o f  m onounsaturated fatty acids in eel-tailed catfish larvae.
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There was virtually no change in the total saturated fatty acid content of 

unfed eel-tailed catfish larvae from 41.9% of total fatty acids in 3-day posthatch 

larvae to 41.6% in 6 day posthatch larvae (Table 4.4). In contrast to this, the total 

saturated fatty acid content in unfed African catfish, H. longifilis larvae, increased 

from 50.5% of total fatty acids in 2-day-old larvae to 61.8% in 6-day-old larvae, 

indicating that there was accumulation of saturated fatty acids during starvation 

(Legendre et al. 1995). In contrast to this, larvae of unfed marine species showed a 

decline of total saturated fatty acids at completion of yolk sac absorption (Fraser et 

al. 1988). Mourente and Odriozola (1990) suggested that total saturated fatty acids 

were utilised during starvation. 

The major saturated fatty acids in eel-tailed catfish larvae were 16:0 and 18:0. 

The content of 16:0 in unfed treatment N larvae (6-day-old) was lower than those of 

treatments I, II and ill (26.8-27.5%) (Table 4.4). In unfed African catfish, the content 

of 16:0 was higher than those in unfed eel-tailed catfish and the content increased 

from 33.4% of total fatty acids in 2-day-old larvae to 39.9% in 6-day-old larvae 

(Legendre et al. 1995). The data suggested that while 16:0 was utilised in eel-tailed 

catfish, it was conserved and/or accumulated in African catfish. 

The 18 :0 levels in eel-tailed catfish larvae progressively increased with 

delayed initial feeding and the levels in treatment I larvae (12.7% of total fatty acids) 

were lower than those in treatment N larvae (16.6%). Since the levels of 16:0 

decreased with delay in feeding, the results indicated that 16:0 was probably chain 

elongated to 18:0. This trend has also been reported for African catfish (Legendre et 

al. 1995) and other species of fish (Mead 1958, Carroll 1965, Bell et al. 1986, 

Cowey 1988). 

The total monounsaturated fatty acids in eel-tailed catfish larvae 

progressively declined with delay in initial feeding from 20.6% of total fatty acids 

after 3 days delay to 17.6% after 6 days (Table 4.4). This decline was not nearly as 

great as the report for unfed Afucan catfish larvae (Legendre et al. 1995) which 

found a decline in total monounsaturated fatty acid levels from 34.2% of total fatty 

acids in 2-day-old larvae to 21.8% in 6-day-old larvae. The data indicate little, if any, 

metabolism of monounsaturated fatty acids in eel-tailed catfish larvae. 
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The m ajor m onounsaturated fatty acids in unfed eel-tailed catfish larvae were 

18:1 n-7 and 18 :ln -9  and the levels o f the respective fatty acids progressively 

declined from  3-day-old larvae to 6 -day-old larvae. The highest decline in levels was 

in 16:ln-7  indicating that o f  all the monounsaturated fatty acid, this was the most 

affected fatty acid for m etabolism  in eel-tailed catfish. The levels o f  16:1 in unfed 

A frican catfish larvae were very much higher than those in eel-tailed catfish and the 

levels also declined from  9.0% of total fatty acids in 2-day-old larvae to 2.4% of 6 - 

day-old larvae (Legendre et al. 1995). The decline in levels o f  16: ln -7  in eel-tailed 

catfish and 16:1 in African catfish indicated that these fatty acids were utilised 

during starvation.

W ith regards to 18:ln-7 levels in unfed eel-tailed catfish larvae, the levels 

declined from  4.5%  o f  total fatty acids in 3-day-old larvae to 3.3% in 6 -day-old 

larvae (Table 4.4). Even though the levels were similar to those in cod larvae (3-4% 

o f  total fatty acids) but higher than those in gilthead seabream larvae (2.6-2.7%), 

there was evidence to show that 18:ln-7 was utilised in eel-tailed catfish. However, 

there was little evidence to suggest that it was utilised in cod and in gilthead 

seabream  larvae (Fraser et a l  1988, M ourente and Odriozola 1990).

W hile the content o f  18:ln-9 in unfed eel-tailed catfish larvae ranged from 

13.9-14.3% o f  total fatty acids, the levels o f 18:1 in African catfish larvae 

significantly declined from  23.9% o f total fatty acids in 2 -day-old larvae to 18.3% in 

6 -day-old larvae (Legendre et al. 1995). In the case o f  unfed cod larvae, the levels o f 

18:ln-9  fluctuated close to 16% o f total fatty acids (Fraser et al. 1988) while those in 

unfed gilthead seabream  larvae were within the range o f  10.3% to 10.4% (Mourente 

and Odriozola 1990). The data from this study and reports in the literature indicated 

that while 18:1 was significantly utilised in unfed H. longifilis larvae, there was little 

evidence to suggest that 18:ln-9 were utilised in unfed eel-tailed catfish, cod and 

gilthead seabream  larvae.

The total polyunsaturated fatty acid content in unfed eel-tailed catfish larvae 

progressively increased from 30.0% o f total fatty acids in 3 -day-old larvae to 36.1% 

in 6 -day-old larvae (Fig.4.7). For comparison in unfed African catfish larvae, the 

total polyunsaturated fatty acid level was very much lower than those in eel-tailed 

catfish, however, the total PUFA also increased from 14.1% o f  total fatty acids in
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The major monounsaturated fatty acids in unfed eel-tailed catfish larvae were 

18:ln-7 and 18:ln-9 and the levels of the respective fatty acids progressively 

declined from 3-day-old larvae to 6-day-old larvae. The highest decline in levels was 

in 16: 1 n-7 indicating that of all the mono unsaturated fatty acid, this was the most 

affected fatty acid for metabolism in eel-tailed catfish. The levels of 16: 1 in unfed 

African catfish larvae were very much higher than those in eel-tailed catfish and the 

levels also declined from 9.0% of total fatty acids in 2-day-old larvae to 2.4% of 6-

day-old larvae (Legendre et al. 1995). The decline in levels of 16:ln-7 in eel-tailed 

catfish and 16: 1 in African catfish indicated that these fatty acids were utilised 

during starvation. 

With regards to 18: ln-7 levels in unfed eel-tailed catfish larvae, the levels 

declined from 4.5% of total fatty acids in 3-day-old larvae to 3.3% in 6-day-old 

larvae (Table 4.4). Even though the levels were similar to those in cod larvae (3-4% 

of total fatty acids) but higher than those in gilthead seabream larvae (2.6-2.7%), 

there was evidence to show that 18:ln-7 was utilised in eel-tailed catfish. However, 

there was little evidence to suggest that it was utilised in cod and in gilthead 

seabream larvae (Fraser et al. 1988, Mourente and Odriozola 1990). 

While the content of 18:ln-9 in unfed eel-tailed catfish larvae ranged from 

13.9-14.3% of total fatty acids, the levels of 18:1 in African catfish larvae 

significantly declined from 23.9% of total fatty acids in 2-day-old larvae to 18.3% in 

6-day-old larvae (Legendre et al. 1995). In the case of unfed cod larvae, the levels of 

18:ln-9 fluctuated close to 16% of total fatty acids (Fraser et al. 1988) while those in 

unfed gilthead seabream larvae were within the range of 10.3% to 10.4% (Mourente 

and Odriozola 1990). The data from this study and reports in the literature indicated 

that while 18: 1 was significantly utilised in unfed H. longifilis larvae, there was little 

evidence to suggest that 18:ln-9 were utilised in unfed eel-tailed catfish, cod and 

gilthead seabream larvae. 

The total polyunsaturated fatty acid content in unfed eel-tailed catfish larvae 

progressively increased from 30.0% of total fatty acids in 3-day-old larvae to 36.1 % 

in 6-day-old larvae (Fig.4.7). For comparison in unfed African catfish larvae, the 

total polyunsaturated fatty acid level was very much lower than those in eel-tailed 

catfish, however, the total PUF A also increased from 14.1 % of total fatty acids in 
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2-day-old larvae to 16.1% in 6 -day-old larvae (Legendre et al. 1995). In both 

catfishes, the data indicated that there was conservation and/or accum ulation of 

PU FA  during starvation. Chain elongation and desaturation o f  fatty acids in 

freshw ater fish have been reported (Ackman 1967, Cowey and Sargent 1972, 1977, 

1979, K insella et al. 1977, Castell 1979, Bell et al. 1986, Green and Selivonchick

1987, Henderson and Tocher 1987, Cowey 1988, Sargent et al. 1993, Sargent 1995).

The m ajor PUFA that were identified in unfed eel-tailed catfish larvae were 

20:4n-6 and 22:6n-3, and this was also true for unfed A frican catfish larvae 

(Legendre et al. 1995). W hile the levels o f  20:4n-6 in eel-tailed catfish increased 

from  9.0%  o f total fatty acids in 3-day-old larvae to 10.9% in 6 -day-old larvae, the 

reverse was recorded in H. longifilis where the levels m arginally declined from 1.6% 

in 2-day-old larvae to 1.4% in 6 -day-old larvae (Legendre et al. 1995). This finding 

dem onstrated that while there was some conservation and/or accum ulation o f 

20:4n-6 from 18:2n-6 in eel-tailed catfish, this trend was not observed in African 

catfish. In the case o f  22:6n-3, the levels significantly increased from  9.6% o f  total 

fatty acids to 15.2% in unfed eel-tailed catfish while that in unfed African catfish 

larvae also significantly increased from 4.8%  in 2-day-old larvae to 7.6%  in 6 -day- 

old larvae (Legendre et al. 1995). In both species o f catfishes, there was conservation 

and/or accum ulation o f  22:6n-3. Accumulation o f  20:4n-6 and 22:6n-3 through chain 

elongation and desaturation has also been reported for other freshw ater fish (Ackman 

1967, Cow ey and Sargent 1972, 1977, 1979, Kinsella et al. 1977, Castell 1979, Bell 

et al. 1986, Green and Selivonchick 1987, Henderson and Tocher 1987, Cowey

1988, Sargent et al. 1993, Sargent 1995).

The n-6/n-3 ratios for unfed eel-tailed catfish larvae declined from 1.1 in 

treatm ent I larvae to 0.8 in treatment IV larvae. Similarly, in unfed A frican catfish 

larvae, the n-6/n-3 ratios also declined from 1.4 in 2 -day-old larvae to 0.8 in 6 -day- 

old larvae (Legendre et al. 1995). This was a clear indication that n-3 fatty acids 

were conserved and/or accumulated in unfed freshwater catfish larvae.
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2-day-old larvae to 16.1 % in 6-day-old larvae (Legendre et al. 1995). In both 

catfishes, the data indicated that there was conservation and/or accumulation of 

PUF A during starvation. Chain elongation and desaturation of fatty acids in 

freshwater fish have been reported (Ackman 1967, Cowey and Sargent 1972, 1977, 

1979, Kinsella et al. 1977, Castell 1979, Bell et al. 1986, Green and Selivonchick 

1987, Henderson and Tocher 1987, Cowey 1988, Sargent et al. 1993, Sargent 1995). 

The major PUF A that were identified in unfed eel-tailed catfish larvae were 

20:4n-6 and 22:6n-3, and this was also true for unfed African catfish larvae 

(Legendre et al. 1995). While the levels of 20:4n-6 in eel-tailed catfish increased 

from 9.0% of total fatty acids in 3-day-old larvae to 10.9% in 6-day-old larvae, the 

reverse was recorded in H longifilis where the levels marginally declined from 1.6% 

in 2-day-old larvae to 1 .4% in 6-day-old larvae (Legendre et al. 1995). This finding 

demonstrated that while there was some conservation and/or accumulation of 

20:4n-6 from 18:2n-6 in eel-tailed catfish, this trend was not observed in African 

catfish. In the case of 22:6n-3, the levels significantly increased from 9.6% of total 

fatty acids to 15.2% in unfed eel-tailed catfish while that in unfed African catfish 

larvae also significantly increased from 4.8% in 2-day-old larvae to 7.6% in 6-day

old larvae (Legendre et al. 1995). In both species of catfishes, there was conservation 

and/or accumulation of 22:6n-3. Accumulation of20:4n-6 and 22:6n-3 through chain 

elongation and desaturation has also been reported for other freshwater fish (Aclanan 

1967, Cowey and Sargent 1972, 1977, 1979, Kinsella et al. 1977, Castell 1979, Bell 

et al. 1986, Green and Selivonchick 1987, Henderson and Tocher 1987, Cowey 

1988, Sargent et al. 1993, Sargent 1995). 

The n-6/n-3 ratios for unfed eel-tailed catfish larvae declined from 1.1 m 

treatment I larvae to 0.8 in treatment IV larvae. Similarly, in unfed African catfish 

larvae, the n-6/n-3 ratios also declined from 1.4 in 2-day-old larvae to 0.8 in 6-day

old larvae (Legendre et al. 1995). This was a clear indication that n-3 fatty acids 

were conserved and/or accumulated in unfed freshwater catfish larvae. 
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4 .4 .2 3  Total lipid content and fatty acid composition of the lipids of the larvae 
after 15 days rearing with Artem ia  nauplii

At the end o f  the fifteen day rearing period, the total lipid content o f  eel

tailed  catfish larvae in treatm ents I, II and IV (19.52-21.54% of DW) (Table 4.3) 

w ere sim ilar (P>0.05) but significantly higher than those in treatment IE (15.93% o f 

D W ). The levels were m uch lower than those prior to feeding with Artemia  nauplii 

that ranged from 19.9-26.9%  o f  DW. Pre-feeding larvae tend to have higher total 

lipids so that the larvae can draw on the lipid reserves for energy production and 

tissue formation. The data presented is a first record o f  the total lipid content in 

norm al healthy eel-tailed catfish larvae that had been fed with A nem ia  nauplii.

The total saturated fatty acid content in eel-tailed catfish larvae o f  all 

treatm ents were sim ilar and ranged from 29.8-32.1% o f  total fatty acids (Table 4.5), 

and the levels were m uch low er than those in the African catfish (H. longifilis) larvae 

w hich  recorded 40.9%  after 15 days o f larval rearing w ith Artemia nauplii (Legendre 

et al. 1995). In the case o f  M acquarie perch (Macquaria australasica) larvae, the 

total saturated fatty acid content was much lower than those in eel-tailed catfish and 

recorded 21.8%  o f  total fatty acids after being fed for 14 days on Artemia  nauplii 

(Sheikh-E ldin et al. 1997). The m ajor saturated fatty acid in eel-tailed catfish larvae 

w ere 16:0 (17.4-19.2%  o f  total fatty acids) and 18:0 (11.4-12.3%), and the levels o f 

the respective fatty acids in the larvae for all treatments were similar. In the case o f  

A frican catfish and M acquarie perch larvae, the major fatty acids were also 16:0 and 

18:0 and the respective levels in African catfish were 29.3% o f total fatty acids and 

7.2% , w hile those in M acquarie perch were 16.7% and 4.4% (Legendre et al. 1995, 

Sheikh-E ldin et al. 1997). W hile the 16:0 content in eel-tailed catfish was higher 

than  those in M acquarie perch, the level was nearly h a lf  that in African catfish. In the 

case o f  18:0, the content in eel-tailed catfish was higher than those in African catfish 

that was in turn higher than those in Macquarie perch. The results suggested that 

18:0 was the preferred fatty acid for conservation and/or accumulation in eel-tailed 

catfish  w hereas those in African catfish and Macquarie perch was 16:0.

The total m onounsaturated fatty acids in eel-tailed catfish larvae ranged from 

22.8%  o f  total fatty acids to 25.0%  and the level o f treatm ent IV larvae appeared to 

be higher than those o f  treatm ents I, II and III (Table 4.5) indicating that perhaps
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4.4.2.3 Total lipid content and fatty acid composition of the lipids of the larvae 
after 15 days rearing with Artemia nauplii 

At the end of the fifteen day rearing period, the total lipid content of eel

tailed catfish larvae in treatments I, II and IV (19.52-21.54% of DW) (Table 4.3) 

were similar (P>0.05) but significantly higher than those in treatment ill (15.93% of 

DW). The levels were much lower than those prior to feeding with Artemia nauplii 

that ranged from 19.9-26.9% of DW. Pre-feeding larvae tend to have higher total 

lipids so that the larvae can draw on the lipid reserves for energy production and 

tissue formation. The data presented is a first record of the total lipid content in 

normal healthy eel-tailed catfish larvae that had been fed with Artemia nauplii. 

The total saturated fatty acid content in eel-tailed catfish larvae of all 

treatments were similar and ranged from 29.8-32.1 % of total fatty acids (Table 4.5), 

and the levels were much lower than those in the African catfish (H longifilis) larvae 

which recorded 40. 9% after 15 days of larval rearing with Artemia nauplii (Legendre 

et al. 1995). In the case of Macquarie perch (Macquaria australasica) larvae, the 

total saturated fatty acid content was much lower than those in eel-tailed catfish and 

recorded 21.8% of total fatty acids after being fed for 14 days on Artemia nauplii 

(Sheikh-Eldin et al. 1997). The major saturated fatty acid in eel-tailed catfish larvae 

were 16:0 (17.4-19.2% of total fatty acids) and 18:0 (11.4-12.3%), and the levels of 

the respective fatty acids in the larvae for all treatments were similar. In the case of 

African catfish and Macquarie perch larvae, the major fatty acids were also 16:0 and 

18:0 and the respective levels in African catfish were 29.3% of total fatty acids and 

7.2%, while those in Macquarie perch were 16.7% and 4.4% (Legendre et al. 1995, 

Sheikh-Eldin et al. 1997). While the 16:0 content in eel-tailed catfish was higher 

than those in Macquarie perch, the level was nearly half that in African catfish. In the 

case of 18:0, the content in eel-tailed catfish was higher than those in African catfish 

that was in turn higher than those in Macquarie perch. The results suggested that 

18:0 was the preferred fatty acid for conservation and/or accumulation in eel-tailed 

catfish whereas those in African catfish and Macquarie perch was 16:0. 

The total monounsaturated fatty acids in eel-tailed catfish larvae ranged from 

22.8% of total fatty acids to 25.0% and the level of treatment IV larvae appeared to 

be higher than those of treatments I, II and ill (Table 4.5) indicating that perhaps 

-
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larger larvae had higher content o f  monounsaturated fatty acid. In African catfish and 

M acquarie perch fed a similar diet, the total monounsaturated fatty acids were 43.2%  

and 38.4% o f  total fatty acids, respectively (Legendre et al. 1995, Sheikh-Eldin et a l  

1997) and the value in eel-tailed catfish was much lower than those o f  African 

catfish and M acquarie perch indicating that m onounsaturated fatty acid were 

probably not as strongly conserved and/or accumulated in eel-tailed catfish. The 

m ajor m onounsaturated fatty acid in eel-tailed catfish were 18:ln-7 (6.6-7.4%  o f  

total fatty acids) and 18:ln-9 (15.0-16.2%) and the respective levels for all 

treatments w ere similar. In the case o f African catfish and M acquarie perch, the 

m ajor m onounsaturated fatty acid were 16:1 and 18:1, and the respective levels in 

African catfish were 7.2% o f  total fatty acids and 33.0% while those in M acquarie 

perch were 3.6%  and 33.9% (Legendre et al. 1995, Sheikh-Eldin et al. 1997). The 

levels o f  16:1 in African catfish and Macquarie perch were very much higher than 

those in eel-tailed catfish ( 1 .1 -1.4%) indicating that eel-tailed catfish m ay have a 

greater capacity to chain elongate and desaturate 16:1 to other fatty acids. The 

content o f  18:1 in African catfish and Macquarie perch were also m uch higher than 

the sum o f  18:ln-7 and 18:ln-9  in eel-tailed catfish demonstrating that eel-tailed 

catfish m ay also have a greater capacity to chain elongate and desaturate 18:1 to 

other fatty acids.

The total PUFA in eel-tailed catfish larvae in all treatments were sim ilar 

(34.9-36.5%  o f  total fatty acids) (Table 4.5) and the values were similar to those o f 

M acquarie perch larvae that had been fed a similar diet (36.7%) (Sheikh-Eldin et al. 

1997), and m uch higher than those in African catfish which recorded 13.1% 

(Legendre et al. 1995). The data indicated that there was greater conservation and/or 

accum ulation o f  PUFA in eel-tailed catfish and M acquarie perch. The m ajor PU FA 

in eel-tailed catfish were 18:3n-3 (9.0-11.0%) and 22:6n-3 (8.2-8.8 % o f  total fatty 

acids), respectively. As there was no 18:3n-3 detected in catfish larvae prior to 

feeding, it w as demonstrated that all the 18:3n-3 was obtained from all diets during 

the 15 day experim ent (Table 4.9). The content o f  22:6n-3 in African catfish was 

0.3% o f  total fatty acids (Legendre et al. 1995) while those in M acquarie perch was 

3.9% (Sheikh-Eldin et al. 1997). The results o f the present study dem onstrated that
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larger larvae had higher content of monounsaturated fatty acid. In African catfish and 

Macquarie perch fed a similar diet, the total monounsaturated fatty acids were 43.2% 

and 38.4% of total fatty acids, respectively (Legendre et al. 1995, Sheikh-Eldin et al. 

1997) and the value in eel-tailed catfish was much lower than those of African 

catfish and Macquarie perch indicating that monounsaturated fatty acid were 

probably not as strongly conserved and/or accumulated in eel-tailed catfish. The 

major monounsaturated fatty acid in eel-tailed catfish were 18:ln-7 (6.6-7.4% of 

total fatty acids) and 18:ln-9 (15.0-16.2%) and the respective levels for all 

treatments were similar. In the case of African catfish and Macquarie perch, the 

major monounsaturated fatty acid were 16:1 and 18:1, and the respective levels in 

African catfish were 7.2% of total fatty acids and 33.0% while those in Macquarie 

perch were 3.6% and 33.9% (Legendre et al. 1995, Sheikh-Eldin et al. 1997). The 

levels of 16: 1 in African catfish and Macquarie perch were very much higher than 

those in eel-tailed catfish (1.1-1.4%) indicating that eel-tailed catfish may have a 

greater capacity to chain elongate and desaturate 16: 1 to other fatty acids. The 

content of 18: 1 in African catfish and Macquarie perch were also much higher than 

the sum of 18:ln-7 and 18:ln-9 in eel-tailed catfish demonstrating that eel-tailed 

catfish may also have a greater capacity to chain elongate and desaturate 18: 1 to 

other fatty acids. 

The total PUF A in eel-tailed catfish larvae in all treatments were similar 

(34.9-36.5% of total fatty acids) (Table 4.5) and the values were similar to those of 

Macquarie perch larvae that had been fed a similar diet (36.7%) (Sheikh-Eldin et al. 

1997), and much higher than those in African catfish which recorded 13. I% 

(Legendre et al. 1995). The data indicated that there was greater conservation and/or 

accumulation of PUF A in eel-tailed catfish and Macquarie perch. The major PUF A 

in eel-tailed catfish were 18:3n-3 (9.0-11.0%) and 22:6n-3 (8.2-8.8% of total fatty 

acids), respectively. As there was no 18 :3n-3 detected in catfish larvae prior to 

feeding, it was demonstrated that all the 18:3n-3 was obtained from all diets during 

the 15 day experiment (Table 4.9). The content of 22:6n-3 in African catfish was 

0.3% of total fatty acids (Legendre et al. 1995) while those in Macquarie perch was 

3.9% (Sheikh-Eldin et al. 1997). The results of the present study demonstrated that 
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there was greater accumulation o f  22:6n-3 in eel-tailed catfish than in Macquarie 

perch or A frican catfish.

The n-6/n-3 ratios in eel-tailed catfish larvae for all treatments were the same 

(0.3) whereas the ratios in African catfish and Macquarie perch larvae which were 

fed the same diet, were 0.6 (Legendre et a l  1995) and 0.4 (Sheikh-Eldin et al. 1997), 

respectively, indicating that higher amounts o f n-3 fatty acids were accumulated in 

the larvae o f  eel-tailed catfish.

The study has demonstrated that for successful larval rearing o f eel-tailed 

catfish, the larvae should be fed with newly hatched Artemia nauplii commencing 3 

days posthatch (treatment I) to ensure high survival and growth. During delayed 

feeding o f  catfish larvae, the total lipid content o f the larvae declined indicating that 

lipids were utilised for metabolic activities. While monounsaturated fatty acids were 

utilised during delayed feeding, PUFA were accumulated especially 22:6n-3. At the 

end o f  the 15-day study, the total lipids o f  postlarvae in treatm ents I, II and IV 

(19.52-21.54%  o f  DW ) were higher than those in treatment in  (15.93%) indicating 

that treatm ent HI postlarvae m ay have had some difficulty accumulating lipids. The 

fatty acid profiles o f  the 15-day postlarvae in the different treatments were similar 

with the exceptions o f  16:ln-7, 18:3n-3, 20:4n-6 and 20:5n-3 indicating that delayed 

feeding w ith Artem ia  nauplii did not significantly affect the fatty acid composition o f 

the postlarvae.

4.4.3 Effects o f  using non oil-enriched and oil-enriched A rtem ia  nauplii as larva! 
feeds

4.4.3.1 G row th and survival o f larvae

The growth o f  larvae in all treatments were similar up to the fifth day o f 

rearing (Table 4.7) and after ten days o f  rearing, the larvae fed com  oil-enriched 

Artem ia  nauplii (Great Salt Lake, Utah, USA) were significantly the largest attaining

11.1 m m  TL  and 0.008g W W  (P<0.05). At the end o f the fifteen day rearing study, 

the larvae fed com  oil-enriched Artemia  nauplii were also significantly the largest 

recording 13.9 mm TL (P<0.05). TL was a better measure o f  growth as the wet 

weights o f  larvae in all treatments were similar (0.011-0.012g). The survival 

percentages o f  the larvae in treatment I (non oil-enriched Artemia  nauplii), treatment
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there was greater accumulation of 22:6n-3 in eel-tailed catfish than in Macquarie 

perch or African catfish. 

The n-6/n-3 ratios in eel-tailed catfish larvae for all treatments were the same 

(0.3) whereas the ratios in African catfish and Macquarie perch larvae which were 

fed the same diet, were 0.6 (Legendre et al. 1995) and 0.4 (Sheikh-Eldin et al. 1997), 

respectively, indicating that higher amounts of n-3 fatty acids were accumulated in 

the larvae of eel-tailed catfish. 

The study has demonstrated that for successful larval rearing of eel-tailed 

catfish, the larvae should be fed with newly hatched Artemia nauplii commencing 3 

days posthatch (treatment I) to ensure high survival and growth. During delayed 

feeding of catfish larvae, the total lipid content of the larvae declined indicating that 

lipids were utilised for metabolic activities. While monounsaturated fatty acids were 

utilised during delayed feeding, PUP A were accumulated especially 22:6n-3. At the 

end of the 15-day study, the total lipids of postlarvae in treatments I, II and IV 

(19.52-21.54% of DW) were higher than those in treatment ill (15.93%) indicating 

that treatment ill postlarvae may have had some difficulty accumulating lipids. The 

fatty acid profiles of the 15-day postlarvae in the different treatments were similar 

with the exceptions of 16: ln-7, 18:3n-3, 20:4n-6 and 20:5n-3 indicating that delayed 

feeding with Artemia nauplii did not significantly affect the fatty acid composition of 

the postlarvae. 

4.4.3 Effects of using non oil-enriched and oil-enriched Artemia nauplii as larval 
feeds 

4.4.3.1 Growth and survival of larvae 

The growth of larvae in all treatments were similar up to the fifth day of 

rearing (Table 4.7) and after ten days of rearing, the larvae fed corn oil-enriched 

Artemia nauplii (Great Salt Lake, Utah, USA) were significantly the largest attaining 

11.1 mm TL and 0.008g WW (P<0.05). At the end of the fifteen day rearing study, 

the larvae fed corn oil-enriched Artemia nauplii were also significantly the largest 

recording 13.9 mm TL (P<0.05). TL was a better measure of growth as the wet 

weights of larvae in all treatments were similar (0.01 l-0.012g). The survival 

percentages of the larvae in treatment I (non oil-enriched Artemia nauplii), treatment 
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II (cod liver oil-enriched Artemia), treatment IH (soybean oil-enriched Artemia) and 

treatm ent IV (com  oil-enriched Artemia) at the end o f the study were 65.7, 77.8, 62.8 

and 77.1%, respectively, and the values for postlarvae in treatm ents II and IV were 

significantly higher than those in treatments I and HI (P<0.05).

The use o f  non oil-enriched and oil-enriched Artemia  nauplii have been 

reported for some freshwater fishes such as the African catfishes: C. gariepinus 

(Verreth et al. 1994a), H. longifilis (Legendre et al. 1995), striped bass (M artin et al. 

1984, W ebster and Lovell 1990b, Lemm and Lemarie 1991, Tuncer and Harrell 

1992, Ozkizilcik and Chu 1994), hybrid striped bass/white bass or palmetto bass 

(Clawson and Lovell 1992, Tuncer et al. 1993), Macquarie perch (Sheikh-Eldin et al. 

1997) and paddlefish (W ebster et al. 1991).

In the study on the use o f low n-3 HUFA (coconut oil) and high n-3 HUFA 

(Selco) enriched Artem ia  nauplii (Great Salt Lake, Utah, USA) for larval rearing o f  

the African catfish, C. gariepinus, the growth and survival o f  larvae were not 

affected by the feed, however, the feed type did affect the body composition. The 

data indicated that C. gariepinus were able to accumulate HLJFA (Verreth et al. 

1994a). The findings o f  this study on eel-tailed catfish was consistent with the 

findings on C. gariepinus  in that eel-tailed catfish larvae that w ere fed cod liver oil- 

enriched Artemia  (high HUFA) did not show better growth perform ance over those 

fed the other diets indicating that eel-tailed catfish larvae were able to use effectively 

the naturally occurring fatty acids in Artemia nauplii as well as those in soybean and 

com  oils for growth.

When M acquarie perch larvae were fed Selco-enriched Artemia  nauplii 

(Colombia), the growth and survival rates were enhanced (P<0.05). D ifferences in 

larval performance betw een treatments became apparent w ithin five days o f  the 

commencement o f  exogenous feeding (Sheikh-Eldin et al. 1997), however, in eel

tailed catfish, the larvae that were fed com-oil enriched Artem ia  nauplii showed 

better growth only after ten days o f rearing which was equivalent to 13 days from the 

comm encem ent o f  exogenous feeding.

In a larval rearing study o f  striped bass, Artemia nauplii (Great Salt Lake, 

Utah, USA) were enriched with low concentration HUFA, m edium  concentration 

HUFA and high concentration HUFA with self-emulsifying HUFA concentrates
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II (cod liver oil-enriched Artemia), treatment ill (soybean oil-enriched Artemia) and 

treatment N (corn oil-enriched Artemia) at the end of the study were 65.7, 77.8, 62.8 

and 77. l %, respectively, and the values for postlarvae in treatments II and N were 

significantly higher than those in treatments I and ill (P<0.05). 

The use of non oil-enriched and oil-enriched Artemia nauplii have been 

reported for some freshwater fishes such as the African catfishes: C. gariepinus 

(Verreth et al. 1994a), H longifilis (Legendre et al. 1995), striped bass (Martin et al. 

1984, Webster and Lovell 19.90b, Lemm and Lemarie 1991, Tuncer and Harrell 

1992, Ozkizilcik and Chu 1994), hybrid striped bass/white bass or palmetto bass 

(Clawson and Lovell 1992, Tuncer et al. 1993), Macquarie perch (Sheikh-Eldin et al. 

1997) and paddlefish (Webster et al. 1991 ). 

In the study on the use of low n-3 HUF A ( coconut oil) and high n-3 HUF A 

(Selca) enriched Artemia nauplii (Great Salt Lake, Utah, USA) for larval rearing of 

the African catfish, C. gariepinus, the growth and survival of larvae were not 

affected by the feed, however, the feed type did affect the body composition. The 

data indicated that C. gariepinus were able to accumulate HUF A (Verreth et al. 

1994a). The findings of this study on eel-tailed catfish was consistent with the 

findings on C. gariepinus in that eel-tailed catfish larvae that were fed cod liver oil

enriched Artemia (high HUF A) did not show better growth perfonnance over those 

fed the other diets indicating that eel-tailed catfish larvae were able to use effectively 

the naturally occurring fatty acids in Artemia nauplii as well as those in soybean and 

corn oils for growth. 

When Macquarie perch larvae were fed Selco-enriched Artemia nauplii 

(Colombia), the growth and survival rates were enhanced (P<0.05). Differences in 

larval perfonnance between treatments became apparent within five days of the 

commencement of exogenous feeding (Sheikh-Eldin et al. 199_7), however, in eel

tailed catfish, the larvae that were fed com-oil enriched Artemia nauplii showed 

better growth only after ten days of rearing which was equivalent to 13 days from the 

commencement of exogenous feeding. 

In a larval rearing study of striped bass, Artemia nauplii (Great Salt Lake, 

Utah, USA) were enriched with low concentration HUF A, medium concentration 

HlTF A and high concentration HUF A with self-emulsifying HUF A concentrates 
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(Artemia  Reference Centre, State University o f Ghent, Belgium) prior to feeding the 

larvae. A fter rearing for 14 days, the growth in larvae fed unenriched Artem ia  was 

the lowest (9.3 mm TL) while those fed m edium  concentration HUFA-enriched 

Artem ia  was significantly the highest recording 10.3 mm TL (P<0.05)(Lemm and 

Lem arie 1991). In the case o f  eel-tailed catfish, after rearing for 15 days, the larvae 

fed non-oil enriched Artem ia  (Control) was 12.2 m m  TL which was sim ilar in size to 

those fed cod liver oil-enriched Artemia  but was significantly smaller than those fed 

com  oil-enriched Artem ia  recording 13.9 mm TL indicating that the fatty acid 

com position o f  non oil-enriched and cod liver oil-enriched Artemia  were able to 

m eet the fatty acid requirem ents o f eel-tailed catfish. However, the fatty acid 

com position o f  com  oil-enriched Artemia showed diet superiority for eel-tailed 

catfish. The survival percentage in striped bass larvae fed unenriched Artem ia  was 

5% w hereas those fed m edium  concentration HUFA enriched Artemia  was the 

highest recording 64%  (Lemm and Lemarie 1991). In the case o f eel-tailed catfish 

(this study), the survival percentage o f  larvae fed cod liver oil-enriched Artem ia  was 

the highest recording 77.8% , and this value was significantly higher than those in 

larvae fed unenriched or soybean oil-enriched Artem ia  (P<0.05).

Further studies have shown the advantages o f  enriching Artemia nauplii with 

H U FA  containing com pounds such as fish oils prior to feeding them to freshwater 

fish larvae. W hen hybrid striped bass/white bass larvae were fed unenriched and 

m enhaden oil-enriched Artem ia  nauplii (Great Salt Lake, Utah, USA), the larvae that 

were fed m enhaden oil-enriched Artemia grew faster and had better survival rates 

over those fed unenriched Artemia  (Clawson and Lovell 1992). In another study, 

when striped bass and palm etto bass (striped bass X  white bass) were fed unenriched 

nauplii (Great Salt Lake, Utah, USA), com  oil-enriched Artemia or n-3 HUFA- 

enriched Artemia, striped bass larvae that were fed n-3 HUFA-enriched Artemia 

grew larger, however, the growth o f palmetto bass fed the three diets were not 

significantly different (Tuncer and Harrell 1992). This was an indication that 

palm etto bass just like eel-tailed catfish were able to use com  oil-enriched Artemia 

effectively for growth, however, striped bass and palmetto bass fed unenriched and 

com  oil-enriched A rtem ia  displayed essential fatty acid deficiency syndrome and
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(Artemia Reference Centre, State University of Ghent, Belgium) prior to feeding the 

larvae. After rearing for 14 days, the growth in larvae fed unenriched Artemia was 

the lowest (9.3 mm TL) while those fed medium concentration HUF A-enriched 

Artemia was significantly the highest recording 10.3 mm TL (P<0.05)(Lemm and 

Lemarie 1991 ). In the case of eel-tailed catfish, after rearing for 15 days, the larvae 

fed non-oil enriched Artemia (Control) was 12.2 mm TL which was similar in size to 

those fed cod liver oil-enriched Artemia but was significantly smaller than those fed 

com oil-enriched Artemia recording 13.9 mm TL indicating that the fatty acid 

composition of non oil-enriched and cod liver oil-enriched Artemia were able to 

meet the fatty acid requirements of eel-tailed catfish. However, the fatty acid 

composition of com oil-enriched Artemia showed diet superiority for eel-tailed 

catfish. The survival percentage in striped bass larvae fed unenriched Artemia was 

5% whereas those fed medium concentration HUF A enriched Artemia was the 

highest recording 64% (Lemm and Lemarie 1991). In the case of eel-tailed catfish 

(this study), the survival percentage of larvae fed cod liver oil-enriched Artemia was 

the highest recording 77.8%, and this value was significantly higher than those in 

larvae fed unenriched or soybean oil-enriched Artemia (P<0.05). 

Further studies have shown the advantages of enriching Artemia nauplii with 

HlTF A containing compounds such as fish oils prior to feeding them to freshwater 

fish larvae. When hybrid striped bass/white bass larvae were fed unenriched and 

menhaden oil-enriched Artemia nauplii (Great Salt Lake, Utah, USA), the larvae that 

were fed menhaden oil-enriched Artemia grew faster and had better survival rates 

over those fed unenriched Artemia (Clawson and Lovell 1992). In another study, 

when striped bass and palmetto bass (striped bass X white bass) were fed unenriched 

nauplii (Great Salt Lake, Utah, USA), com oil-enriched Artemia or n-3 HUF A

enriched Artemia, striped bass larvae that were fed n-3 HUF A-enriched Artemia 

grew larger, however, the growth of palmetto bass fed the three diets were not 

significantly different (Tuncer and Harrell 1992). This was an indication that 

palmetto bass just like eel-tailed catfish were able to use com oil-enriched Artemia 

effectively for gro\Vth, however, striped bass and palmetto bass fed unenriched and 

com oil-enriched Artemia displayed essential fatty acid deficiency syndrome and 
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m ass m ortality occurred after 16 days o f rearing (26-28 days after hatching) (Tuncer 

and Harrell 1992).

The beneficial effects o f n-3 HUFA enriched Artemia  as food for larval 

palm etto bass (Tuncer et al. 1993) and striped bass (Ozkizilcik and Chu 1994) have 

been clearly demonstrated. Similarly, the beneficial effects o f  enriching Artem ia  with 

cod liver oil (n-3 HUFA) and com  oil (n-3 and n-6 HUFA) have been demonstrated 

in this study on eel-tailed catfish. Therefore the use o f  cod liver oil or com  oil- 

enriched Artem ia  nauplii is acceptable.

4.4.3.2 Total lipid content and fatty composition o f the lipids extracted from  
enriched A rtem ia  nauplii before feeding to larvae

The level o f total lipid in com  oil-enriched Artem ia  (35.1% DW ) (Table 4.8) 

was significantly higher than those in non oil (24.5%) and soybean oil-enriched 

Artem ia {212% ) (PO .05), and the level in soybean oil-enriched Artem ia  was 

significantly higher than those in cod liver oil-enriched Artem ia  (20.5%) (P<0.05).

The total lipid content in unenriched Artemia (24.5%) could be attributed to 

the raw  egg yolk that was used as an emulsifier in the direct enrichment method 

(W atanabe et al. 1980, 1983, Izquierdo et al. 1989, Takeuchi et al. 1992a,b). As the 

enrichm ent medium for treatment I (control) only contained raw egg yolk but no oil, 

Artem ia  nauplii may have consumed the egg yolk particles that contain lipids and in 

so doing caused the total lipid content to rise beyond the levels o f 16.2-16.4% DW 

previously reported for Artemia  nauplii (Great Salt Lake, Utah) (W ebster and Lovell 

1990a, b, Tuncer and Harrell 1992). This observation was also reported by  Takeuchi 

et al. (1992a, b) where the total lipids o f unenriched Artem ia  nauplii (Utah, USA) 

ranged from  21.8-34.3% DW  when raw egg yolk was also used as an emulsifier. 

The low er levels o f total lipids in cod liver oil-enriched Artem ia  nauplii w as not ideal 

as a test diet, but the treatment was included in the study.
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total lipids (35.1% DW) than in com oil-casein-Na emulsion enriched Artemia

210 

mass mortality occurred after 16 days of rearing (26-28 days after hatching) (Tuncer 

and Harrell 1992). 

The beneficial effects of n-3 HUF A enriched Artemia as food for larval 

palmetto bass (Tuncer et al. 1993) and striped bass (Ozkizilcik and Chu 1994) have 

been clearly demonstrated. Similarly, the beneficial effects of enriching Artemia with 

cod liver oil (n-3 HUFA) and com oil (n-3 and n-6 HUFA) have been demonstrated 

in this study on eel-tailed catfish. Therefore the use of cod liver oil or com oil

enriched Artemia nauplii is acceptable. 

4.4.3.2 Total lipid content and fatty composition of the lipids extracted from 
enriched Artemia nauplii before feeding to larvae 

The level of total lipid in com oil-enriched Artemia (35.l % DW) (Table 4.8) 

was significantly higher than those in non oil (24.5%) and soybean oil-enriched 

Artemia (27.2%) (P<0.05), and the level in soybean oil-enriched Artemia was 

significantly higher than those in cod liver oil-enriched Artemia (20.5%) (P<0.05). 

The total lipid content in unenriched Artemia (24.5%) could be attributed to 

the raw egg yolk that was used as an emulsifier in the direct enrichment method 

(Watanabe et al. 1980, 1983, Izquierdo et al. 1989, Takeuchi et al. 1992a,b). As the 

enrichment medium for treatment I ( control) only contained raw egg yolk but no oil, 

Artemia nauplii may have consumed the egg yolk particles that contain lipids and in 

so doing caused the total lipid content to rise beyond the levels of 16.2-16.4% DW 

previously reported for Artemia nauplii (Great Salt Lake, Utah) (Webster and Lovell 

1990a, b, Tuncer and Harrell 1992). This observation was also reported by Takeuchi 

et al. (1992a, b) where the total lipids of unenriched Artemia nauplii (Utah, USA) 

ranged from 21.8-34.3% DW when raw egg yolk was also used as an emulsifier. 

The lower levels of total lipids in cod liver oil-enriched Artemia nauplii was not ideal 

as a test diet, but the treatment was included in the study. 

Artemia nauplii were effectively enriched with soybean oil when raw egg 

yolk was used as an emulsifier with total lipids (27.2% DW) comparable to those 

enriched with soybean cooking oil-egg yolk (3: 1) emulsion (29 .4% DW)(Koven et 

al. 1993 ). Artemia nauplii enriched with com oil-egg yolk emulsion had much higher 

total lipids (35. l % DW) than in com oil-casein-Na emulsion enriched Artemia 
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nauplii (15.1% DW )(Great Salt Lake, Utah, USA), reported by Tuncer and Harrell 

(1992).

The total saturated fatty acids o f  Artemia  nauplii in treatment I (control), D 

(cod liver oil, CLO), m  (soybean oil, SBO) and IV (com  oil, CO) were 20.3% o f 

total fatty acids, 19.3%, 17.6% and 18.6%, respectively (Table 4.9) showing that 

there was a decline o f total saturated fatty acid levels in all oil-enriched Artemia  

nauplii. The level o f  total saturated fatty acids in the control group was at the low 

end o f  the range (18.2-34.1%  o f total fatty acids) for unenriched Artemia nauplii 

(Great Salt Lake, Utah, USA) as reported in several other studies (Table 4.16). The 

wide variation in total saturated fatty acid content reported in the literature between 

batches o f  Artem ia  nauplii could be attributed to the diet o f  adult females prior to 

and/or during cyst formation. The total saturated fatty acid in the Artemia  SBO 

nauplii was 2% lower than those in the CLO group. Tuncer and Harrell (1992) 

reported a decline in total saturated fatty acid content in the CO group over those o f 

the control group from 24.3%  o f  total fatty acids to 17.4% (Table 4.16). The lower 

saturated fatty acid content in oil-enriched Artemia  nauplii was influenced by lower 

percentages o f  16:0 and 18:0, which is in agreement w ith earlier reports for com-oil 

enriched Artem ia  nauplii (Tuncer and Harrell 1992) (Table 4.16)

The total m onounsaturated fatty acids o f  Artemia  nauplii in the control, CLO, 

SBO and CO groups were 31.7%, 31.8%, 28.8% and 29.1%  o f total fatty acids, 

respectively (Table 4.9) indicating that enrichment with soybean and com oils caused 

a decline in total m onounsaturated fatty acids. W hile the level o f  total 

m onounsaturated fatty acid in the control was intermediate between literature values 

o f 27.1-39.1%  o f total fatty acids for unenriched Artem ia  nauplii (Table 4.16). The 

levels o f  total m onounsaturated fatty acids declined from 27.1% for unenriched 

Artemia  nauplii to 20.2% in com  oil-enriched Artemia  nauplii (Tuncer and Harrell 

1992). The decline in m onounsaturated fatty acids reflected lower levels o f 18: ln-7 

in Artemia  nauplii enriched w ith com  oil or soybean oil, and lower levels o f 18: ln-9 

in nauplii enriched with cod, com  or soybean oils. Sim ilar observations have been 

reported previously for Artem ia fed menhaden oil (Clawson and Lovell 1992) or 

com oil (Tuncer and Harrell 1992).
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(cod liver oil, CLO), ill (soybean oil, SBO) and IV (com oil, CO) were 20.3% of 

total fatty acids, 19.3%, 17.6% and 18.6%, respectively (Table 4.9) showing that 

there was a decline of total saturated fatty acid levels in all oil-enriched Artemia 

nauplii. The level of total saturated fatty acids in the control group was at the low 

end of the range (18.2-34.1 % of total fatty acids) for unenriched Artemia nauplii 

(Great Salt Lake, Utah, USA) as reported in several other studies (Table 4.16). The 

wide variation in total saturated fatty acid content reported in the literature between 

batches of Artemia nauplii could be attributed to the diet of adult females prior to 

and/or during cyst formation. The total saturated fatty acid in the Artemia SBO 

nauplii was 2% lower than those in the CLO group. Tuncer and Harrell (1992) 

reported a decline in total saturated fatty acid content in the CO group over those of 

the control group from 24.3% of total fatty acids to 17.4% (Table 4.16). The lower 

saturated fatty acid content in oil-enriched Artemia nauplii was influenced by lower 

percentages of 16:0 and 18:0, which is in agreement with earlier reports for com-oil 

enriched Artemia nauplii (Tuncer and Harrell 1992) (Table 4.16) 

The total monounsaturated fatty acids of Artemia nauplii in the control, CLO, 

SBO and CO groups were 31.7%, 31.8%, 28.8% and 29.1% of total fatty acids, 

respectively (Table 4.9) indicating that enrichment with soybean and corn oils caused 

a decline in total monounsaturated fatty acids. While the level of total 

monounsaturated fatty acid in the control was intermediate between literature values 

of 27 .1-39 .1 % of total fatty acids for unenriched Artemia nauplii (Table 4.16). The 

levels of total monounsaturated fatty acids declined from 27 .1 % for unenriched 

Artemia nauplii to 20.2% in corn oil-enriched Artemia nauplii (Tuncer and Harrell 

1992). The decline in monounsaturated fatty acids reflected lower levels of 18:ln-7 

in Artemia nauplii enriched with corn oil or soybean oil, and lower levels of 18:ln-9 

in nauplii enriched with cod, com or soybean oils. Similar observations have been 

reported previously for Artemia fed menhaden oil (Clawson and Lovell 1992) or 

corn oil (Tuncer and Harrell 1992). 



Table 4.16 Summary of the fatty acid composition of the lipids extracted from unenriched and enriched Artemia nauplii (G reat 
Salt Lake, Utah, USA). (Data given as % of total fatty acids)
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Table 4.16 Summary of the fatty acid composition of the lipids extracted from unenriched and enriched Artemia nauplii (Great 
Salt Lake, Utah, USA). (Data given as % of total fatty acids) 

Enrichment Total 16:0 18:0 Total 18:ln-7 18:ln-9 Total 18:211-6 18:3n-3 18:4n-3 20:511- 3 22:6n-3 n-6/n-3 Reference 

Category SFA
1 

MUFA
2 

PUFA
3 

t J nenriched 22.2 11.1 7.5 33.3 8.8 19.8 40.6 8.2 28.2 1.2 0.35 Webster and Lovell 1990a 

Unenriched 18.2 12.2 5.0 40.5 33.8* 40.7 6.4 27.1 2.3 3.8 0.19 Lemm and Lemarie 1991 

Unenriched 24.2 20.1 38.5 34.2 2.9 1.2 <0.1 Clawson and Lovell 1992 

Unenriched 27.4 17.2 9.4 30.5 9.0 16.0 42.0 7.6 22.5 4.9 1.5 0.25 Tuncer and Harrell 1992 

Unenriched 34. l 19.2 11.2 39.l 11.9 19.6 22.8 3.6 11.4 1.4 1.7 0.45 Ozkizilcik and Chu 1994 
N ,._. 
tv 

Unenriched 20.6 13.6 7.0 22.2 18.7 47.0 5.0 33. l 6.6 2.3 0.12 Southgate and Lou 1995 

Menhaden oil 21.2 15.6 35.3 18.2 I.I 11.3 4.1 Clawson and Lovell 1992 

Menhaden oil 20.4 10.4 8.6 44.5 17.3 21.1 35.5 4.2 18.9 3.2 5.4 0.26 Ozkizilcik and Chu 1994 

Corn oil 26.2 15.4 10.7 30.4 9.6 16.1 41.7 10.3 19.1 4.8 2.0 0.39 Tuncer and I·Iarrell 1992 

Cod liver oil 16.8 l l.0 5.8 24.1 19.4 42.5 4.5 25.4 5.4 4.7 2.5 0.19 Southgate and Lou 1995 

1 Total saturated fatty acids, 2 Total monounsaturated fatty acids, 3 Total polyunsaturated fatty acids; * Most probably the sum of 
18:ln-7 and 18:ln-9 
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The total PUFA o f Artemia nauplii in the control, CLO, SBO and CO groups were 

40.1% , 41.3%, 45.6%  and 45.4% o f total fatty acids, respectively (Table 4.9) 

indicating a trend o f increasing total PUFAs with oil-enrichment. The total PUFAs in 

the control group was w ithin the high part o f  the range for previous reports for 

unenriched A nem ia  nauplii (22.8-40.7%) (Table 4.16). The increase in PUFA levels 

in the CO group after enrichment in this study was in contrast to the report o f  Tuncer 

and Harrell (1992) where the levels decreased from 37.3% in unenriched Artemia  

nauplii to 27.7% in com  oil-enriched nauplii.

The increase in PUFA was influenced mainly by higher percentages o f  18:2n- 

6 in the CLO, SBO and CO enriched groups (Table 4.9). W hile the 18:2n-6 level in 

the CLO group was only slightly higher than those in the controls, the levels in the 

SBO and CO groups were significantly higher. This observation was not in 

agreem ent with the report by Tuncer and Harrell (1992) for unenriched and com  oil 

enriched Artemia  nauplii (Table 4.16). The decline o f  18:3n-3 content in the CLO 

group over those in the controls o f less than 1% (Table 4.9) was m uch sm aller than 

the drop o f  16% reported in menhaden oil-enriched Artem ia  nauplii (Table 

4.16)(C lawson and Lovell 1992). The 18:4n-3 content o f Artemia nauplii in the CLO 

and SBO groups m arginally increased while those o f the CO group declined on 

enrichm ent with the respective oils (Table 4.9). The drop in the level o f  18:4n-3 in 

the CO group (Table 4.9) has also previously been recorded where the levels 

declined in menhaden oil or com  oil-enriched Artemia  nauplii (Table 4.16).

Enrichm ent with cod liver oil increased 20:5n-3 levels in Artem ia  nauplii but 

enrichm ent w ith soybean or com  oils had either no effect or caused a slight decline in 

levels, respectively (Table 4.9). The 20:5n-3 level in the control group was 

interm ediate between previous reports (1.2-3.8% o f  total fatty acids) for unenriched 

Artem ia  nauplii (Table 4.16). The 20:5n-3 content in the CLO group was higher than 

those o f  the controls and this observation has also been previously recorded where 

the levels significantly increased from 1.2% o f total fatty acids in unenriched 

Artem ia  nauplii to 11.3% in menhaden oil-enriched Artemia nauplii (Table 4.16). 

The m arginal decline in 20:5n-3 levels in com  oil-enriched Artem ia  nauplii is in 

agreem ent with an earlier report (Tuncer and Harrell 1992) where the levels in 

unenriched Artemia  nauplii (1.4% o f total fatty acids) and com  oil-enriched Artemia
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The total PUF A of Artemia nauplii in the control, CLO, SBO and CO groups were 

40.1 %, 41.3%, 45.6% and 45.4% of total fatty acids, respectively (Table 4.9) 

indicating a trend of increasing total PlJF As with oil-enrichment. The total PUF As in 

the control group was within the high part of the range for previous reports for 

unenrichedArtemia nauplii (22.8-40.7%) (Table 4.16). The increase in PUFA levels 

in the CO group after enrichment in this study was in contrast to the report of Tuncer 

and Harrell (1992) where the levels decreased from 37.3% in unenriched Artemia 

nauplii to 27.7% in corn oil-enriched nauplii. 

The increase in Pl.JFA was influenced mainly by higher percentages of 18:2n-

6 in the CLO, SBO and CO enriched groups (Table 4.9). While the 18:2n-6 level in 

the CLO group was only slightly higher than those in the controls, the levels in the 

SBO and CO groups were significantly higher. This observation was not in 

agreement with the report by Tuncer and Harrell (1992) for unenriched and corn oil 

enriched Artemia nauplii (Table 4.16). The decline of 18:3n-3 content in the CLO 

group over those in the controls of less than 1 % (Table 4.9) was much smaller than 

the drop of 16% reported in menhaden oil-enriched Artemia nauplii (Table 

4.16)(Clawson and Lovell 1992). The 18:4n-3 content of Artemia nauplii in the CLO 

and SBO groups marginally increased while those of the CO group declined on 

enrichment with the respective oils (Table 4.9). The drop in the level of 18:4n-3 in 

the CO group (Table 4.9) has also previously been recorded where the levels 

declined in menhaden oil or corn oil-enriched Artemia nauplii (Table 4.16). 

Enrichment with cod liver oil increased 20:Sn-3 levels in Artemia nauplii but 

enrichment with soybean or corn oils had either no effect or caused a slight decline in 

levels, respectively (Table 4.9). The 20:Sn-3 level in the control group was 

intermediate between previous reports (1.2-3.8% of total fatty acids) for unenriched 

Artemia nauplii (Table 4.16). The 20:Sn-3 content in the CLO group was higher than 

those of the controls and this observation has also been previously recorded where 

the levels significantly increased from 1.2% of total fatty acids in unenriched 

Artemia nauplii to 11.3% in menhaden oil-enriched Artemia nauplii (Table 4.16). 

The marginal decline in 20:5n-3 levels in corn oil-enriched Artemia nauplii is in 

agreement with an earlier report (Tuncer and Harrell 1992) where the levels in 

unenriched Artemia nauplii (1 .4% of total fatty acids) and corn oil-enriched Artemia 
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nauplii (1.3%) rem ained virtually the same (Table 4.16). Little or no 22:6n-3 was 

found in enriched Artem ia  nauplii.

The n-6/n-3 ratios o f  the CLO group was similar to those o f the controls (0.2) 

while those in the SBO and CO groups were also similar (0.4) indicating that while 

the ratio did not change during enrichment with cod liver oil, there was increase in 

n-6 fatty acids in the SBO and CO groups which is to be expected as soybean and 

com  oils are rich in  n-6 fatty acids. For comparison, previous reports found the n- 

6/n-3 ratios o f unenriched Artem ia  nauplii ranged from 0.19-0.46, while the ratios 

increased from 0.25 in unenriched Artemia nauplii to 0.38 in com  oil-enriched 

Artem ia  nauplii (Table 4.16).

4.4.3.3 Total lipid content and fatty acid composition of eel-tailed catfish larvae 
after feeding with non oil-enriched or oil-enriched Artem ia  nauplii

a) Total lipid content o f larvae after feeding on enriched Artemia  nauplii

The total lipid content o f eel-tailed catfish larvae fed the different categories 

o f  non oil and oil-enriched Artem ia  nauplii namely control, CLO, SBO and CO were 

28.6% , 22.8%, 19.7%, 24.4%  DW, respectively. This indicated that while the total 

lipids o f  the larvae in the control and CLO groups reflected the lipid content o f  their 

respective diets, this was not demonstrated in the larvae o f  the SBO and CO groups. 

Since eel-tailed catfish larvae fed com oil-enriched Artemia  nauplii were 

significantly larger than larvae fed the other diets after 15 days o f  rearing, this 

indicated that a total lipid level o f  24.4% in the larvae was sufficient to ensure good 

growth. W hile the total lipids in the CO group were lower than those o f  the controls 

in eel-tailed catfish, the reverse was recorded in striped bass where total lipids 

increased from 24.9%  D W  in larvae fed unenriched Artemia  nauplii to 29.5%  in 

larvae fed com  oil-enriched Artem ia  nauplii (Tuncer and Harrell 1992). This was an 

indication that com  oil was not accumulated in eel-tailed catfish larvae as efficiently 

as that in striped bass larvae. This study also revealed that since the total lipid level 

in  larvae fed soybean oil w as only 19.7% DW, soybean oil was perhaps utilised in 

eel-tailed catfish larvae.
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increased from 0.25 in unenriched Artemia nauplii to 0.38 in com oil-enriched 
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4.4.3.3 Total lipid content and fatty acid composition of eel-tailed catfish larvae 
after feeding with non oil-enriched or oil-enriched Artemia nauplii 

a) Total lipid content of larvae after feeding on enriched Artemia nauplii 

The total lipid content of eel-tailed catfish larvae fed the different categories 

of non oil and oil-enriched Artemia nauplii namely control, CLO, SBO and CO were 

28.6%, 22.8%, 19.7%, 24.4% DW, respectively. This indicated that while the total 

lipids of the larvae in the control and CLO groups reflected the lipid content of their 

respective diets, this was not demonstrated in the larvae of the SBO and CO groups. 

Since eel-tailed catfish larvae fed corn oil-enriched Artemia nauplii were 

significantly larger than larvae fed the other diets after 15 days of rearing, this 

indicated that a total lipid level of 24.4% in the larvae was sufficient to ensure good 

growth. While the total lipids in the CO group were lower than those of the controls 

in eel-tailed catfish, the reverse was recorded in striped bass where total lipids 

increased from 24.9% DW in larvae fed unenriched Artemia nauplii to 29.5% in 

larvae fed com oil-enriched Artemia nauplii (Tuncer and Harrell 1992). This was an 

indication that com oil was not accumulated in eel-tailed catfish larvae as efficiently 

as that in striped bass larvae. This study also revealed that since the total lipid level 

in larvae fed soybean oil was only 19.7% DW, soybean oil was perhaps utilised in 

eel-tailed catfish larvae. 
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b) Fatty acid composition of the lipids of larvae after feeding on enriched  
A rtem ia  nauplii

Irrespective o f the total saturated fatty acid levels in Artemia  nauplii, there 

were no significant differences in the levels in the larvae (Fig. 4.9A). In contrast to 

this, A frican catfish (C. gariepinus) larvae that were fed low HUFA (total saturated 

fatty acids=33.2 mg/g DW) enriched Artemia nauplii tended to have lower total 

saturated fatty acid levels (18.6-27.8 mg/g DW) while those fed high HU FA diets 

(total saturated fatty acids=31.5 mg/g DW) had higher total saturated fatty acid levels 

(23.1-29.0 mg/g DW) (Verreth et al. 1994a). In the case o f M acquarie perch, the 

findings were different from those o f this study because lower total saturated fatty 

acid levels in larvae (21.8% o f total fatty acids) resulted from feeding with lower 

total saturated fatty acid containing unenriched Artem ia  nauplii (16.6%) while higher 

total saturated fatty acid levels in larvae (26.1%) resulted from feeding with higher 

total saturated fatty acid containing Selco-enriched Artemia  nauplii (19.8%) (Sheikh- 

Eldin et al. 1997).

The m ajor saturated fatty acids occurring in the larvae were 16:0 and 18:0. 

Irrespective o f  16:0 levels in the diet (Table 4.9), there were no significant 

differences in the levels in the larvae. This agrees with reports for African catfish 

(Verreth et al. 1994a). In that study, when the larvae were fed the low HUFA 

enriched Artem ia  nauplii c o n t a i n i n g  23.6 mg/g DW  o f  16:0, the level o f  16:0 in the 

larvae were 11.5-18.1 mg/g DW, but when the larvae were fed the high HUFA 

enriched Artem ia  nauplii containing 21.9 mg/g DW  o f  16:0, the level o f  16:0 in the 

larvae were 14.8-19.2 mg/g DW, respectively (Verreth et al. 1994a), indicating that 

the 16:0 level in the larvae was not reflected by that in the diet. In contrast to this, 

lower 16:0 levels in M acquarie perch larvae (16.7% o f  total fatty acids) resulted from 

feeding w ith lower 16:0 containing unenriched Artem ia  nauplii (11.9%), while 

higher 16:0 levels in larvae (18.2%) resulted from feeding with Selco-enriched 

Artemia  nauplii containing m arginally higher 16:0 (12.3%) (Sheikh-Eldin et al. 

1997). W ith regards to 18:0 content in eel-tailed catfish larvae, the content was 

similar (Table 4.11) irrespective o f  the content in the diets (Table 4.9). In African 

catfish, the 18:0 levels in the larvae fed the high saturated fatty acid (low HUFA) and 

low saturated fatty acid (high HUFA) enriched Artem ia  nauplii both containing 9.6
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b) Fatty acid composition of the lipids of larvae after feeding on enriched 
Artemia nauplii 

Irrespective of the total saturated fatty acid levels in Artemia nauplii, there 

were no significant differences in the levels in the larvae (Fig. 4.9A). In contrast to 

this, African catfish ( C. gariepinus) larvae that were fed low HUF A ( total saturated 

fatty acids=33.2 mg/g DW) enriched Artemia nauplii tended to have lower total 

saturated fatty acid levels (18.6-27.8 mg/g DW) while those fed high HUFA diets 

(total saturated fatty acids=3 l .5 mg/g DW) had higher total saturated fatty acid levels 

(23.1-29.0 mg/g DW) (Verreth et al. 1994a). In the case of Macquarie perch, the 

findings were different from those of this study because lower total saturated fatty 

acid levels in larvae (21.8% of total fatty acids) resulted from feeding with lower 

total saturated fatty acid containing unenriched Artemia nauplii (16.6%) while higher 

total saturated fatty acid levels in larvae (26.1 %) resulted from feeding with higher 

total saturated fatty acid containing Selca-enriched Artemia nauplii (19.8%) (Sheikh

Eldin et al. 1997). 

The major saturated fatty acids occurring in the larvae were 16:0 and 18:0. 

Irrespective of 16:0 levels in the diet (Table 4.9), there were no significant 

differences in the levels in the larvae. This agrees with reports for African catfish 

(Verreth et al. 1994a). fu that study, when the larvae were fed the low HUF A 

enriched Artemia nauplii containing 23.6 mg/g DW of 16:0, the level of 16:0 in the 

larvae were 11.5-18.l mg/g DW, but when the larvae were fed the high HUFA 

enriched Artemia nauplii containing 21.9 mg/g DW of 16:0, the level of 16:0 in the 

larvae were 14.8-19.2 mg/g DW, respectively (Verreth et al. 1994a), indicating that 

the 16:0 level in the larvae was not reflected by that in the diet. In contrast to this, 

lower 16:0 levels in Macquarie perch larvae (16.7% of total fatty acids) resulted from 

feeding with lower 16:0 containing unenriched Artemia nauplii (11.9%), while 

higher 16:0 levels in larvae (18.2%) resulted from feeding with Selca-enriched 

Artemia nauplii containing marginally higher 16:0 (12.3%) (Sheikh-Eldin et al. 

1997). With regards to 18:0 content in eel-tailed catfish larvae, the content was 

similar (Table 4.11) irrespective of the content in the diets (Table 4.9). In African 

catfish, the 18:0 levels in the larvae fed the high saturated fatty acid (low HUF A) and 

low saturated fatty acid (high HUF A) enriched Artemia nauplii both containing 9 .6 
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Fig. 4.9 (A) Total saturated fatty acid content, (B) total monounsaturated fatty acid 
content, and (C) total polyunsaturated fatty acid content in eel-tailed catfish (N. 

ater) postlarvae versus that in the Artemia nauplii.
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m g/g DW  o f 18:0 were 7.1-9.7 mg/g DW and 8.3-9.8 m g/g DW , respectively 

(Verreth et al. 1994a), indicating that the 18:0 levels in the diets were reflected in the 

larvae. In M acquarie perch larvae, the findings were similar to those o f African 

catfish where the use o f unenriched Artemia nauplii containing lower 18:0 levels 

resulted in larvae w ith lower 18:0 levels while the use o f Selco-enriched Artemia 

nauplii containing higher 18:0 levels resulted in larvae w ith higher 18:0 levels 

(Sheikh-Eldin et al. 1997).

The total m onounsaturated fatty acids in eel-tailed catfish larvae in the 

control, CLO, SBO, and CO groups (26.1%, 26.2%, 25.2% and 25.2%  o f  total fatty 

acids, respectively) were dependent on the levels in their diets (R2=0.992) 

(Fig. 4.9B). In the case o f African catfish, there was a similar trend o f  higher total 

m onounsaturated fatty acid levels in the larvae i f  they were fed higher total 

m onounsaturated fatty acid diets. W hen the larvae were fed enriched Artemia  nauplii 

w ith 60.0 mg/g DW  as total monounsaturated fatty acid, the total monounsaturated 

fatty acid in the larvae were lower (21.6-38.9 mg/g DW) then when larvae were fed 

the high m onounsaturated fatty acid-enriched Artemia nauplii (63.7 mg/g D W  as 

total monounsaturated fatty acid), and the total monounsaturated fatty acid in larvae 

were 31.8-45.5 m g/g DW  (Verreth et a l  1994a). Similar findings were recorded in 

M acquarie perch where the larvae fed the unenriched Artem ia  nauplii (total 

m onounsaturated fatty acid, 42.5%) and enriched Artem ia  nauplii (total

m onounsaturated fatty acid, 37.2%) resulted in larvae which had total

m onounsaturated fatty acid levels o f  38.4% and 24.5%, respectively (Sheikh-Eldin et 

al. 1997).

The levels o f  18:ln-7 in the larvae o f  the control, CLO, SBO, and CO groups 

(6.0%, 6.1%, 5.7% and 5.5% of total fatty acids, respectively (Table 4.11), were 

dependent on the diets (Table 4.9). However, the 18:ln-9 levels in the larvae were 

not affected by the 18:ln -9  levels in the diet. In Macquarie perch, lower levels o f 

18:1 in the larvae (19.6%  o f  total fatty acids) resulted from feeding Selco-enriched 

Artem ia  nauplii w hich had lower 18:1 levels (30.1%) whereas higher levels o f  18:1 

in larvae (33.9%) resulted from feeding unenriched Artemia  nauplii which had higher 

levels o f 18:1 (36.7%) (Sheikh-Eldin et al. 1997). However, in African catfish, when 

the larvae were fed the low or high HUEA enriched Artem ia  nauplii containing
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mglg DW of 18:0 were 7.1-9.7 mglg DW and 8.3-9.8 mglg DW, respectively 

(Verreth et al. 1994a), indicating that the 18:0 levels in the diets were reflected in the 

larvae. In Macquarie perch larvae, the findings were similar to those of African 

catfish where the use of unenriched Artemia nauplii containing lower 18:0 levels 

resulted in larvae with lower 18:0 levels while the use of Selca-enriched Artemia 

nauplii containing higher 18:0 levels resulted in larvae with higher 18:0 levels 

(Sheikh-Eldin et al. 1997). 

The total monounsaturated fatty acids in eel-tailed catfish larvae in the 

control, CLO, SBO, and CO groups (26.1 %, 26.2%, 25.2% and 25.2% of total fatty 

acids, respectively) were dependent on the levels in their diets (R2=0.992) 

(Fig. 4.9B). In the case of African catfish, there was a similar trend of higher total 

monounsaturated fatty acid levels in the larvae if they were fed higher total 

monounsaturated fatty acid diets. When the larvae were fed enriched Artemia nauplii 

with 60.0 mglg DW as total monounsaturated fatty acid, the total monounsaturated 

fatty acid in the larvae were lower (21.6-38.9 mglg DW) then when larvae were fed 

the high monounsaturated fatty acid-enriched Artemia nauplii (63.7 mg/g DW as 

total monounsaturated fatty acid), and the total monounsaturated fatty acid in larvae 

were 31.8-45.5 mglg DW (Verreth et al. 1994a). Similar findings were recorded in 

Macquarie perch where the larvae fed the unenriched Artemia nauplii (total 

monounsaturated fatty acid, 42.5%) and enriched Artemia nauplii (total 

monounsaturated fatty acid, 37.2%) resulted in larvae which had total 

monounsaturated fatty acid levels of 38.4% and 24.5%, respectively (Sheikh-Eldin et 

al. 1997). 

The levels of 18:ln-7 in the larvae of the control, CLO, SBO, and CO groups 

(6.0%, 6.1%, 5.7% and 5.5% of total fatty acids, respectively (Table 4.11), were 

dependent on the diets (Table 4.9). However, the 18:ln-9 levels in the larvae were 

not affected by the 18:ln-9 levels in the diet. In Macquarie perch, lower levels of 

18: 1 in the larvae (19.6% of total fatty acids) resulted from feeding Selca-enriched 

Artemia nauplii which had lower 18:1 levels (30.1%) whereas higher levels of 18:1 

in larvae (33.9%) resulted from feeding unenriched Artemia nauplii which had higher 

levels of 18:1 (36.7%) (Sheikh-Eldin et al. 1997). However, in African catfish, when 

the larvae were fed the low or high HUF A enriched Artemia nauplii containing 
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sim ilar 18:1 levels (53.3 and 54.1 mg/g DW ), the levels o f 18:1 in the respective 

categories o f  larvae were 19.0-34.3 mg/g DW  and 27.3-38.9 mg/g DW. The results 

indicated a trend o f  higher 18:1 levels in the larvae fed the high HUFA diet (Verreth 

et al. 1994a). The findings on 18: In -7 in eel tailed catfish were in agreement with the 

findings on M acquarie perch and to a lesser extent on African catfish that the 18:1 in 

the diet was reflected in the larvae.

The total PU FA  in eel-tailed catfish larvae in the control, CLO, SBO, and CO 

groups were 27.9% , 28.9%, 28.7%, and 28.9%  o f total fatty acids, respectively. 

There was an indication that the total PUFA in the diet was reflected in the larvae 

(R2=0.387) except for CLO (Fig. 4.9C). W hile the total PUFA in the diet was not 

clearly reflected in the total PUFA o f  eel-tailed catfish, the total PUFA in the diet 

was clearly reflected in the total PUFA o f  African catfish and M acquarie perch. In 

African catfish, the use o f Artemia nauplii containing lower total PUFA (67.0 mg/g 

DW ) resulted in low er total PUFA in the larvae (24.7-39.4 mg/g DW) whereas use of 

Artem ia  nauplii containing higher total PUFA (80.6 mg/g DW) resulted in higher 

total PU FA  in the larvae (31.8-45.5 mg/g DW ) (Verreth et al. 1994a). Similar trends 

were observed in M acquarie perch where lower total PUFA in the larvae (36.7% of 

total fatty acids) resulted from feeding unenriched Artemia nauplii containing lower 

total PU FA levels (38.1% ) whereas higher total PUFA in larvae (46.8%) resulted 

from  feeding Selco-enriched Artemia nauplii containing higher total PUFA (41.1%) 

(Sheikh-Eldin et al. 1997).

The m ajor PU FA  in eel-tailed catfish larvae were 18:2n-6, 18:3n-3, 22:6n-3. 

The levels o f  18:2n-6 in the control and CLO were 4.4% and 3.4% o f  total fatty 

acids, respectively, reflecting the low levels in the Artemia feed species (Table 4.11) 

However, feeding soybean and com  oil-enriched Artemia nauplii which had higher 

levels o f  18:2n-6, to catfish larvae resulted in larvae with higher 18:2n-6 levels 8.4% 

and 8.0%, respectively (Table 4.11). In the case o f  African catfish, the content of 

18:2 in the low H U FA  and high HUFA enriched Artemia  nauplii were similar (12.9 

m g/g D W  and 12.3 m g/g DW, respectively), and the content o f 18:2 in the larvae fed 

the respective diets were also similar (4.5-7.6 mg/g DW and 5.4-7.7 m g/g DW) 

(Verreth et al. 1994a). The findings o f  this study on eel-tailed catfish was in 

agreem ent with those o f  Macquarie perch where the 18:2n-6 content in the diet was
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similar 18:1 levels (53.3 and 54.1 mg/g DW), the levels of 18:1 in the respective 

categories of larvae were 19.0-34.3 mg/g DW and 27.3-38.9 mg/g DW. The results 

indicated a trend of higher 18: 1 levels in the larvae fed the high HUF A diet (Verreth 

et al. 1994a). The findings on 18:ln-7 in eel tailed catfish were in agreement with the 

findings on Macquarie perch and to a lesser extent on African catfish that the 18:1 in 

the diet was reflected in the larvae. 

The total PUF A in eel-tailed catfish larvae in the control, CLO, SBO, and CO 

groups were 27.9%, 28.9%, 28.7%, and 28.9% of total fatty acids, respectively. 

There was an indication that the total PUF A in the diet was reflected in the larvae 

(R2=0.387) except for CLO (Fig. 4.9C). While the total PDF A in the diet was not 

clearly reflected in the total PUF A of eel-tailed catfish, the total PUF A in the diet 

was clearly reflected in the total PUF A of African catfish and Macquarie perch. In 

African catfish, the use of Artemia nauplii containing lower total PUFA (67.0 mg/g 

DW) resulted in lower total PUFA in the larvae (24.7-39.4 mg/g DW) whereas use of 

Artemia nauplii containing higher total PUF A (80.6 mg/g DW) resulted in higher 

total PUFA in the larvae (31.8-45.5 mg/g DW) (Verreth et al. 1994a). Similar trends 

were observed in Macquarie perch where lower total PUFA in the larvae (36.7% of 

total fatty acids) resulted from feeding unenriched Artemia nauplii containing lower 

total PUFA levels (38.1%) whereas higher total PUFA in larvae (46.8%) resulted 

from feeding Selca-enriched Artemia nauplii containing higher total PUF A ( 41.1 % ) 

(Sheikh-Eldin et al. 1997). 

The major PUFA in eel-tailed catfish larvae were 18:2n-6, 18:3n-3, 22:6n-3. 

The levels of 18:2n-6 in the control and CLO were 4.4% and 3.4% of total fatty 

acids, respectively, reflecting the low levels in the Artemia feed species (Table 4.11) 

However, feeding soybean and corn oil-enriched Artemia nauplii which had higher 

levels of 18:2n-6, to catfish larvae resulted in larvae with higher 18:2n-6 levels 8.4% 

and 8.0%, respectively (Table 4.11). In the case of African catfish, the content of 

18:2 in the low HUFA and high HUFA enriched Artemia nauplii were similar (12.9 

mglg DW and 12.3 mg/g DW, respectively), and the content of 18:2 in the larvae fed 

the respective diets were also similar (4.5-7.6 mg/g DW and 5.4-7.7 mg/g DW) 

(Verreth et al. 1994a). The findings of this study on eel-tailed catfish was in 

agreement with those of Macquarie perch where the 18 :2n-6 content in the diet was 
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reflected in the 18:2n-6 content o f  the larvae. When M acquarie perch larvae were fed 

Selco-enriched Artemia nauplii which had lower 18:2n-6 levels (5.0% o f  total fatty 

acids), this resulted in larvae with lower 18:2n-6 levels (5.6%) whereas larvae fed 

unenriched A nem ia  nauplii containing higher 18:2n-6 (7.5%) resulted in  larvae with 

higher 18:2n-6 levels (7.0%)(Sheikh-Eldin et al. 1997). The 18:3n-3 levels in the 

control, CLO, SBO, and CO groups o f eel-tailed catfish were 5.9%, 5.4%, 5.8% and 

5.4%  o f  total fatty acids, respectively (Table 4.11) and the levels were not 

significantly different (P>0.05) reflecting the similar levels o f  18:3n-3 in the diet 

(Table 4.9). In the case o f  M acquarie perch, the use o f Selco-enriched Artemia  

nauplii which had lower levels o f  18:3n-3 (17.9% o f  total fatty acids) resulted in 

larvae w ith lower levels o f 18:3n-3 (10.8%) and conversely, the use o f  unenriched 

Artem ia  nauplii which had higher levels o f 18:3n-3 (24.1%) resulted in larvae with 

higher 18:3n-3 levels (15.8%)(Sheikh-Eldin et al. 1997).

Even though 20:4n-6 and 20:5n-3 were not major PUFA in eel-tailed catfish 

larvae, they deserve some mention because they are important PUFA. W hile no 

20:4n-6 were detected in the diet (Table 4.9), the levels o f 20:4n-6 in  the control, 

CLO, SBO, and CO groups were 4.2%, 3.4%, 3.1% and 3.7% o f total fatty acids, 

respectively (Table 4.11) indicating that eel-tailed catfish larvae had the capacity to 

accum ulate this fatty acid m ost probably by chain elongation and desaturation o f 

18:2n-6. This ability to chain elongate and desaturate 18:2n-6 to 20:4n-6 in other 

freshw ater fishes has also been documented (Ackman 1967, Cowey and Sargent 

1972, 1977, 1979, Kinsella et al. 1977, Castell 1979, Bell et al. 1986, Green and 

Selivonchick 1987, Henderson and Tocher 1987, Cowey 1988, Sargent et al. 1993, 

Sargent 1995).

In the case o f 20:5n-3 in eel-tailed catfish, the levels in the control, CLO, 

SBO, and CO groups were 3.1%, 3.9%, 2.2% and 2.1% o f total fatty acids, 

respectively (Table 4.11) indicating that the levels in the diet (Table 4.9) were 

reflected in the larvae especially for the CLO larvae. Since the levels o f  20:5n-3 in 

the larvae were generally higher than those in the diet it would indicate that 20:5n-3 

was conserved and/or accumulated. As the level o f 18:3n-3 in the diet was three to 

four tim es the level in the larvae, this would suggest that 18:3n-3 in the diet was 

m ore than likely chain elongated and desaturated to 20:5n-3. Both the findings above
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reflected in the 18 :2n-6 content of the larvae. When Macquarie perch larvae were fed 

Selco-enriched Artemia nauplii which had lower 18:2n-6 levels (5.0% of total fatty 

acids), this resulted in larvae with lower 18:2n-6 levels (5.6%) whereas larvae fed 

unenriched Artemia nauplii containing higher 18:2n-6 (7.5%) resulted in larvae with 

higher 18:2n-6 levels (7.0¾)(Sheikh-Eldin et al. 1997). The 18:3n-3 levels in the 

control, CLO, SBO, and CO groups of eel-tailed catfish were 5.9%, 5.4%, 5.8% and 

5.4% of total fatty acids, respectively (Table 4.11) and the levels were not 

significantly different (P>0.05) reflecting the similar levels of 18:3n-3 in the diet 

(Table 4.9). In the case of Macquarie perch, the use of Selco-enriched Artemia 

nauplii which had lower levels of 18:3n-3 (17.9% of total fatty acids) resulted in 

larvae with lower levels of 18:3n-3 (10.8%) and conversely, the use of unenriched 

Artemia nauplii which had higher levels of 18:3n-3 (24.1 %) resulted in larvae with 

higher 18:3n-3 levels (15.8%)(Sheikh-Eldin et al. 1997). 

Even though 20:4n-6 and 20:5n-3 were not major PUFA in eel-tailed catfish 

larvae, they deserve some mention because they are important PUF A. While no 

20:4n-6 were detected in the diet (Table 4.9), the levels of 20:4n-6 in the control, 

CLO, SBO, and CO groups were 4.2%, 3.4%, 3.1 % and 3.7% of total fatty acids, 

respectively (Table 4.11) indicating that eel-tailed catfish larvae had the capacity to 

accumulate this fatty acid most probably by chain elongation and desaturation of 

18:2n-6. This ability to chain elongate and desaturate 18:2n-6 to 20:4n-6 in other 

freshwater fishes has also been documented (Ackman 1967, Cowey and Sargent 

1972, 1977, 1979, Kinsella et al. 1977, Castell 1979, Bell et al. 1986, Green and 

Selivonchick 1987, Henderson and Tocher 1987, Cowey 1988, Sargent et al. 1993, 

Sargent 1995). 

In the case of 20:5n-3 in eel-tailed catfish, the levels in the control, CLO, 

SBO, and CO groups were 3.1 %, 3.9%, 2.2% and 2.1 % of total fatty acids, 

respectively (Table 4.11) indicating that the levels in the diet (Table 4.9) were 

reflected in the larvae especially for the CLO larvae. Since the levels of 20:Sn-3 in 

the larvae were generally higher than those in the diet it would indicate that 20:Sn-3 

was conserved and/or accumulated. As the level of 18:3n-3 in the diet was three to 

four times the level in the larvae, this would suggest that 18:3n-3 in the diet was 

more than likely chain elongated and desaturated to 20:Sn-3. Both the findings above 
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have also been documented for other freshwater fishes (Ackman 1967, Cowey and 

Sargent 1972, 1977, 1979, Kinsella et al. 1977, Castell 1979, Bell et al. 1986, Green 

and Selivonchick 1987, Henderson and Tocher 1987, Cowey 1988, Sargent et al. 

1993, Sargent 1995), and in M acquarie perch where the levels o f 20:5n-3 in the 

larvae were higher than those in the diet indicating that the larvae had the capacity to 

conserve and/or accumulate 20:5n-3. Further, lower 20:5n-3 levels in the diet 

resulted w ith lower levels in the larvae and conversely higher 20:5n-3 levels in the 

diet resulted in higher levels in the larvae (Sheikh-Eldin et al. 1997) indicating that 

the 20:5n-3 content in the diet reflected that in the larvae. In the case o f 20:5 in 

African catfish, the levels in the larvae were lower than those in the diet as opposed 

to the findings on eel-tailed catfish and M acquarie perch, however, lower 20:5 in the 

diets (5.0 m g/g DW) resulted in lower 20:5 in the larvae (1.8-3.3 mg/g DW) while 

higher 20:5 in  the diets (10.7 mg/g DW) resulted in higher 20:5 in the larvae (3.0-4.7 

mg/g D W )(V erreth et al. 1994a) suggesting that 20:5 levels in the diet were reflected 

in the larvae, and no accumulation o f  20:5 occurred.

The 22:6n-3 content in the control, CLO, SBO, and CO groups o f eel-tailed 

catfish were 7.9%, 9.3%, 6.5%  and 7.3% o f  total fatty acids, respectively (Table 

4.11). Since no 22:6n-3 were detected in all diets, this demonstrated that eel-tailed 

catfish had the capacity to accumulate 22:6n-3 by chain elongation and chain 

desaturation o f  m ost probably 20:5n-3. Chain elongation and chain desaturation o f 

20:5n-3 to 22:6n-3 has also been reported for other freshwater fishes (Ackman 1967, 

Cowey and Sargent 1972, 1977, 1979, Kinsella et al. 1977, Castell 1979, Bell et al. 

1986, Green and Selivonchick 1987, Henderson and Tocher 1987, Cowey 1988, 

Sargent et al. 1993, Sargent 1995). Similar trends were also recorded in African 

catfish and M acquarie perch where the levels o f  22:6n-3 in the larvae were 1.1-3.2 

mg/g DW  (Verreth et al. 1994a) and 3.9% (Sheikh-Eldin et al. 1997), respectively, 

even though 22:6n-3 were not detected in the Artem ia  nauplii diets, indicating that 

African catfish and M acquarie perch were able to accum ulate 22:6n-3 as in as eel

tailed catfish.

H igher levels o f  22:6n-3 in the high HUFA Selco-enriched Artemia nauplii 

(3.4 mg/g DW ) resulted in higher 22:6n-3 levels in A frican catfish larvae (1.9-4.3 

mg/g DW ) (Verreth et al. 1994a). This observation was also recorded in M acquarie
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have also been documented for other freshwater fishes (Ackman 1967, Cowey and 

Sargent 1972, 1977, 1979, Kinsella et al. 1977, Castell 1979, Bell et al. 1986, Green 

and Selivonchick 1987, Henderson and Tocher 1987, Cowey 1988, Sargent et al. 

1993, Sargent 1995), and in Macquarie perch where the levels of 20:5n-3 in the 

larvae were higher than those in the diet indicating that the larvae had the capacity to 

conserve and/or accumulate 20:5n-3. Further, lower 20:5n-3 levels in the diet 

resulted with lower levels in the larvae and conversely higher 20:5n-3 levels in the 

diet resulted in higher levels in the larvae (Sheikh-Eldin et al. 1997) indicating that 

the 20:Sn-3 content in the diet reflected that in the larvae. In the case of 20:5 in 

African catfish, the levels in the larvae were lower than those in the diet as opposed 

to the findings on eel-tailed catfish and Macquarie perch, however, lower 20:5 in the 

diets (5.0 mg/g DW) resulted in lower 20:5 in the larvae (1.8-3.3 mg/g DW) while 

higher 20:5 in the diets (10.7 mg/g DW) resulted in higher 20:5 in the larvae (3.0-4.7 

mg/g DW)(Verreth et al. 1994a) suggesting that 20:5 levels in the diet were reflected 

in the larvae, and no accumulation of 20:5 occurred. 

The 22:6n-3 content in the control, CLO, SBO, and CO groups of eel-tailed 

catfish were 7.9%, 9.3%, 6.5% and 7.3% of total fatty acids, respectively (Table 

4.11). Since no 22:6n-3 were detected in all diets, this demonstrated that eel-tailed 

catfish had the capacity to accumulate 22:6n-3 by chain elongation and chain 

desaturation of most probably 20:5n-3. Chain elongation and chain desaturation of 

20:5n-3 to 22:6n-3 has also been reported for other freshwater fishes (Ackman 1967, 

Cowey and Sargent 1972, 1977, 1979, Kinsella et al. 1977, Castell 1979, Bell et al. 

1986, Green and Selivonchick 1987, Henderson and Tocher 1987, Cowey 1988, 

Sargent et al. 1993, Sargent 1995). Similar trends were also recorded in African 

catfish and Macquarie perch where the levels of 22:6n-3 in the larvae were 1.1-3.2 

mg/g DW (Verreth et al. 1994a) and 3.9% (Sheikh-Eldin et al. 1997), respectively, 

even though 22:6n-3 were not detected in the Artemia nauplii diets, indicating that 

African catfish and Macquarie perch were able to accumulate 22:6n-3 as in as eel

tailed catfish. 

Higher levels of 22:6n-3 in the high HUF A Selco-enriched Artemia nauplii 

(3.4 mg/g DW) resulted in higher 22:6n-3 levels in African catfish larvae (1.9-4.3 

mg/g DW) (Verreth et al. 1994a). This observation was also recorded in Macquarie 
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perch where higher levels of 22:6n-3 in the diet (4.2% of fatty acids) resulted in 

higher levels o f  22:6n-3 in the larvae (9.9%) (Sheikh-Eldin et al. 1997) indicating 

that the levels o f  22:6n-3 in the diet was reflected in the larvae.

W ith regards to survival, eel-tailed catfish larvae fed cod liver oil-enriched 

Artem ia  nauplii had significantly higher 20:5n-3 and 22:6n-3 levels and achieved the 

highest survival percentage (77.8%) (Table 4.7b). Higher survival o f larvae have 

been attributed to higher levels o f 20:5n-3 and 22:6n-3 in the larvae because they are 

im portant com ponents o f  cell membranes. In Macquarie perch, similar findings with 

those in eel-tailed catfish were observed where larvae with a higher survival (91.7%) 

had higher levels o f 20:5n-3 (14.3% o f fatty acids) and 22:6n-3 (9.9%) whereas 

larvae w ith a lower survival (78.3%) had lower levels o f 20:5n-3 (5.4% o f  fatty 

acids) and 22:6n-3 (3.9%) (Sheikh-Eldin et al. 1997). In the case o f striped bass, 

growth and survival were significantly higher in larvae fed enriched Artemia  nauplii 

containing higher levels o f 20:5n-3 and there was evidence to suggest that striped 

bass w ere not capable o f  elongating and desaturating 18:3n-3 to 20:5n-3 (W ebster 

and Lovell 1990b). In a subsequent study on striped bass, larvae that were fed 

enriched Artem ia  nauplii containing higher levels o f 20:5n-3 resulted in enhanced 

growth and survival confirming that striped bass larvae had the need for preformed 

20:5n-3 in their diets (Okizilcik and Chu 1994). In the case o f  palmetto bass, better 

growth and survival rates o f larvae were also reported when the larvae were fed 

m enhaden oil-enriched Artemia nauplii indicating that palm etto bass had limited 

ability to elongate and desaturate fatty acids and required HUFA preformed in  the 

diet (C law son and Lovell 1992, Tuncer et al. 1993). The importance o f  20:5n-3 and 

22:6n-3 in the growth and survival in other freshwater fishes have also been 

docum ented (Cowey and Sargent 1972, 1977, 1979, Kinsella et al. 1977, Castell 

1979, Bell et al. 1986, Green and Selivonchick 1987, Henderson and Tocher 1987, 

Cowey 1988, Sargent et al. 1993, Sargent 1995).

The survival o f  larvae in the CO treatment (77.1%) was close to those in the 

CLO treatm ent, even though the levels o f  20:5n-3 and 22:6n-3 in eel-tailed catfish 

larvae fed com  oil-enriched Artemia  nauplii were significantly lower than those fed 

cod liver oil-enriched Artemia nauplii. In the case o f larvae fed the control diet, the 

survival (65.7% ) (Table 4.7b) though lower than in those fed the CLO or CO diets,

I
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perch where higher levels of 22:6n-3 in the diet (4.2% of fatty acids) resulted in 

higher levels of 22:6n-3 in the larvae (9.9%) (Sheikh-Eldin et al. 1997) indicating 

that the levels of 22:6n-3 in the diet was reflected in the larvae. 

With regards to survival, eel-tailed catfish larvae fed cod liver oil-enriched 

Artemia nauplii had significantly higher 20:Sn-3 and 22:6n-3 levels and achieved the 

highest survival percentage (77.8%) (Table 4.7b). Higher survival of larvae have 

been attributed to higher levels of 20:Sn-3 and 22:6n-3 in the larvae because they are 

important components of cell membranes. In Macquarie perch, similar findings with 

those in eel-tailed catfish were observed where larvae with a higher survival (91.7%) 

had higher levels of 20:Sn-3 (14.3% of fatty acids) and 22:6n-3 (9.9%) whereas 

larvae with a lower survival (78.3%) had lower levels of 20:Sn-3 (5.4% of fatty 

acids) and 22:6n-3 (3.9%) (Sheikh-Eldin et al. 1997). In the case of striped bass, 

growth and survival were significantly higher in larvae fed enriched Artemia nauplii 

containing higher levels of 20:Sn-3 and there was evidence to suggest that striped 

bass were not capable of elongating and desaturating 18:3n-3 to 20:Sn-3 (Webster 

and Lovell 1990b ). In a subsequent study on striped bass, larvae that were fed 

enriched Artemia nauplii containing higher levels of 20:Sn-3 resulted in enhanced 

growth and survival confirming that striped bass larvae had the need for preformed 

20:Sn-3 in their diets (Okizilcik and Chu 1994). In the case of palmetto bass, better 

growth and survival rates of larvae were also reported when the larvae were fed 

menhaden oil-enriched Artemia nauplii indicating that palmetto bass had limited 

ability to elongate and desaturate fatty acids and required HUF A preformed in the 

diet (Clawson and Lovell 1992, Tuncer et al. 1993). The importance of 20:Sn-3 and 

22:6n-3 in the growth and survival in other freshwater fishes have also been 

documented (Cowey and Sargent 1972, 1977, 1979, Kinsella et al. 1977, Castell 

1979, Bell et al. 1986, Green and Selivonchick 1987, Henderson and Tocher 1987, 

Cowey 1988, Sargent et al. 1993, Sargent 1995). 

The survival of larvae in the CO treatment (77 .1 % ) was close to those in the 

CLO treatment, even though the levels of 20:5n-3 and 22:6n-3 in eel-tailed catfish 

larvae fed corn oil-enriched Artemia nauplii were significantly lower than those fed 

cod liver oil-enriched Artemia nauplii. In the case of larvae fed the control diet, the 

survival ( 65. 7%) (Table 4. 7b) though lower than in those fed the CLO or CO diets, 

---------



was not significantly lower (P>0.05). The content o f 20:5n-3 in the control larvae 

was intermediate between those o f  the CLO and CO treatments while the 22:6n-3 

content was lower than those in the CLO treatment but similar to those in the CO 

treatment. The significantly lower survival o f larvae in the SBO treatment (62.80%) 

(Table 4.7b) in comparison to those in the other treatments could be attributed to 

significantly lower 22:6n-3 levels in the larvae o f the SBO treatments (6.5% of total 

fatty acids) in comparison to those in the CO (7.3%), control (7.9%) and CLO (9.3%) 

treatments.

The n-6/n-3 ratios in the larvae o f  the CLO treatment (0.4%) was lower than 

those o f  the control treatment (0.5) which was in turn lower than those in the SBO 

and CO treatments (0.8) (Table 4.11). This was attributed to a higher percentage o f 

n-3 fatty acids in cod liver oil. In M acquarie perch, the n-6/n-3 ratios in the larvae 

fed unenriched Artem ia  nauplii and Selco-enriched Artemia nauplii were 0.4 and 0.2 

(Sheikh-Eldin et al. 1997) reflecting the higher content o f  n-3 fatty acids over that of 

n-6 fatty acids in Selco. The n-6/n-3 ratios for eel-tailed catfish larvae in the SBO 

and CO treatments also indicated that the larvae had higher n-6 but lower n-3 fatty 

acids because soybean and com oils were good sources o f  n-6 fatty acids.

4.4.4 Effects o f using zooplankton or zooplankton plus prepared feed for larval 
rearing

4.4.4.1 Growth and survival of larvae

The growth rate o f eel-tailed catfish fed either zooplankton alone (Treatment 

I) or zooplankton plus prepared feed (Treatment II) were similar during the first five 

days o f  rearing. After 10 days o f  rearing, the wet weight (W W ) o f  larvae receiving 

zooplankton (green-water containing rotifers, cladocerans, copepods and ostracods) 

plus prepared feed (0.32g) was significantly higher in biomass (P<0.05) than those 

receiving zooplankton only (0.23g), however, the total lengths (TL) and standard 

lengths o f  larvae in both treatments were similar (Table 4.13). This indicated that the 

ration o f  finely ground feed had enabled the larvae in treatment II to grow larger in 

term s o f  biomass. Several tropical and subtropical freshwater catfish larvae have 

been reported to grow and survive well on mixtures o f  live feeds (zooplankton) and 

finely ground prepared feeds during the first two weeks o f  feeding (Table 4.17).
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was not significantly lower (P>0.05). The content of 20:5n-3 in the control larvae 

was intermediate between those of the CLO and CO treatments while the 22:6n-3 

content was lower than those in the CLO treatment but similar to those in the CO 

treatment. The significantly lower survival of larvae in the SBO treatment (62.80%) 

(Table 4. 7b) in comparison to those in the other treatments could be attributed to 

significantly lower 22 :6n-3 levels in the larvae of the SBO treatments ( 6.5% of total 

fatty acids) in comparison to those in the CO (7.3%), control (7.9%) and CLO (9.3%) 

treatments. 

The n-6/n-3 ratios in the larvae of the CLO treatment (0.4%) was lower than 

those of the control treatment (0.5) which was in tum lower than those in the SBO 

and CO treatments (0.8) (Table 4.11). This was attributed to a higher percentage of 

n-3 fatty acids in cod liver oil. In Macquarie perch, the n-6/n-3 ratios in the larvae 

fed unenriched Artemia nauplii and Selca-enriched Artemia nauplii were 0.4 and 0.2 

(Sheikh-Eldin et al. 1997) reflecting the higher content of n-3 fatty acids over that of 

n-6 fatty acids in Selco. The n-6/n-3 ratios for eel-tailed catfish larvae in the SBO 

and CO treatments also indicated that the larvae had higher n-6 but lower n-3 fatty 

acids because soybean and corn oils were good sources of n-6 fatty acids. 

4.4.4 Effects of using zoo plankton or zoo plankton plus prepared feed for larval 
rearing 

4.4.4.1 Growth and survival of larvae 

The growth rate of eel-tailed catfish fed either zooplankton alone (Treatment 

I) or zooplankton plus prepared feed (Treatment II) were similar during the first five 

days of rearing. After 10 days of rearing, the wet weight (WW) of larvae receiving 

zooplankton (green-water containing rotifers, cladocerans, copepods and ostracods) 

plus prepared feed (0.32g) was significantly higher in biomass (P<0.05) than those 

receiving zooplankton only (0.23g), however, the total lengths (TL) and standard 

lengths oflarvae in both treatments were similar (Table 4.13). This indicated that the 

ration of finely ground feed had enabled the larvae in treatment II to grow larger in 

terms of biomass. Several tropical and subtropical freshwater catfish larvae have 

been reported to grow and survive well on mixtures of live feeds (zooplankton) and 

finely ground prepared feeds during the first two weeks of feeding (Table 4.17). 



Table 4.17 Summary of growth data, rearing period, specific growth rates and survival for several species of freshwater catfish fed  
live or live plus prepared diets.
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Table 4.17 Summary of growth data, rea.-ing period, specific growth rates and survival for several species of freshwater catfish fed 
live or live plus prepared diets. 

Species Feed Intitial Size Final Size Rearing SOR' Survival Reference 
Period 

TL
2 

Wt
3 

TL Wt TL Wt 
(mm) (g) (nun) (g) (Days) (%/day) (%/day) (%) 

C. gariepi11us Plankton 7.3 10.7 10 3.9 97.2 Hecht (1981) 

C. gariepi1111s Plankton 7.8 0.003 12.5 0.011 10 4.7 13.0 >95.0 Uys and Hecht (1985) 

C. gariepinus Zooplankton 0.003 0.105 11 31.9 >96.0 Polling et al. (1988) 

C. gariepi1111s Zooplankton 7 3.9 89.0 Adeyemo et al. ( 1994) 
N 
tv 

fl. bidorsalis Zooplankton 7 4.4 92.0 Adeyemo et al. (1994) 
l,) 

C. 111acrocepha/11s Moina 0.01 I 0.051 20 7.6 97.0 Hashim and Ali (1990) 

C. macrocepha/us Moina 8.2 0.003 13.0 0.013 14 3.2 10.3 82.4 Fermin and Ilolivar (1991) 

C. gariepi1111s Moina 7 5.1 92.0 Adeyemo et al. (1994) 

fl. /011gifilis Moina 7.0 0.002 0.033 12 23.0 82.0 Kcrdchuen and Legendre ( 1994) 

1 Specific growth rate, 
2 

Total length, 
3 

Wet Weight. 

Continued overleaf 



Table 4 .1 7 (C o n td .)

224

P£<U03>ooo

n
:

0s->>03

O'>»as
"O

' 
. 
0s-

00ft *u 
■

n
 

o
 

w 'C
W
 
(L>

C* ft.

uN*c3VOft.

o
o

o
cn

O
o

O
a

d
c

o
C
n

NO
r**

c
A

cn
NO

00

OSa

ft.
oo

<U00<D
Tj-C

n
CNftOs>N
-a<

>£ 
£

S
noo

:§

ooCNoftX"2<3CO>N
D00NOOOcn

—
 

r- 
—

o00CNoo*25ooo

tI)U

NOCN

NOodCNrnc">
OOoo

T3O
+
 
£

 
s

 
-a

 
o
 
p
 

2
 S

r- 
r'

a
 
?

£
 
a

00C
N

•̂
r

ooCNoo•x
 
t:

ft 
03

O ft
o
 
o
 

N
 

d

00CNO(N

00C
N

TrNOCNoo2
 
D
 

^5 
Z

.
ft 

03

a
 is

a
 ~

o 3
o o 

N
 

-ft

CNC
n

cCQ*coft.

C
N

NOodCOooC
N

00

d 
+

-ao,<u

•S 
P

 
5 2
^

 
ft.

> P
^

 
5.

0

8-ftftftftu

Table 4.17 (Contd.) 

Species Feed Intitial Size Final Size Rearing SGR
1 

Survival Reference 
Period 

TL Wt TL Wt TL Wt 
(mm) (g) (mm) (g) (Days) (%/day) (%/day) (%) 

H /o11gifilis Moi11a 7.0 0.002 0.057 12 28.0 71.0 Kerdchuen and Legendre ( 1994) 

H bidorsalis Moi11a 7 6.1 90.0 Adeyemo et al. (1994) 

C. gariepi1111s Plankton+ 7.8 0.003 13.9 0.016 10 5.8 16.8 >95.0 Uys and Hecht ( 1985) 
prepared feed 

10 
N 
+:>-

C. lazera Zooplankton + 0.002 0.844 28 21.6 50.0 Hogendoorn ( 1980) 
trout starter 

C. lazera Zooplankton + 0.002 0.764 28 20.7 69.0 Msiska (1981) 
trout starter 

C. 111acroceplw/11s Artemia + 8.2 0.003 11.0 0.016 14 2.1 12.4 86.0 Fermin and Bolivar ( 199 I) 
prepared feed 
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A t the end o f the 15 day experiment, there was no significant difference in TL 

or W W  betw een larvae that received zooplankton alone and those that received 

zooplankton plus prepared feed indicating that the mixed zooplankton in the green- 

w ater w as adequate in sustaining growth in the larvae and that the ration of 

supplem entary feed provided no added advantage under the existing experimental 

conditions. Gross examination o f  the water in the tanks a few days before the 

term ination o f the experiment showed an abundance o f ostracods and as such, the 

catfish larvae may have preyed on them resulting in good growth comparable to that 

o f larvae receiving zooplankton plus prepared feed. Channel catfish (Ictalurus 

puncta tus) fry have been reported to forage heavily on ostracods when they were 

plentiful (Bonneau et al. 1972). In comparison, the weight o f  C. gariepinus larvae 

fed zooplankton alone ranged from  0.01 lg  to0.105g after 10-11 days o f  rearing 

(Polling et al. 1988, Table 4.17) indicating that the abundance, individual size and 

quality o f  the different categories o f  zooplankton affected larval growth rates. In the 

case o f  C. macrocephalus larvae that were fed M oina, the larvae were 0.0I3g and 

0 .05 lg  after rearing for 14 days and 20 days, respectively (Hashim and Ali 1990, 

Ferm in and Bolivar 1991, Table 4.17). The results o f this study indicated that eel

tailed catfish larvae fed zooplankton alone (0.053g) were four times larger than C. 

m acrocephalus  larvae (0.013g) after 14 days o f rearing indicating that a diet o f 

m ixed zooplankton was acceptable for good growth o f  eel-tailed catfish. W hen 

com paring the effects o f  using live food plus prepared feed on eel-tailed catfish and

C. m acrocephalus, the w et w eight o f eel-tailed catfish larvae that received 

zooplankton plus prepared feed (0.061g) were nearly four times the size o f C. 

macrocephalus  larvae (0.016g) (Ferm in and Bolivar 1991, Table 4.17) indicating 

that the growth rate was better in eel-tailed catfish. This may be due to the digestive 

system o f  eel-tailed catfish fry being adequately developed to digest mixed 

zooplankton and the prepared feed, and assimilate the nutrients thereby resulting in 

rapid grow th o f  fry.

The SGR o f eel-tailed catfish larvae fed zooplankton alone and zooplankton 

plus prepared feed were 19.2 and 20.1%/day, respectively (Table 4.13). In 

com parison, the SGR o f  C. gariepinus, C. macrocephalus and H. longifilis larvae fed 

zooplankton or M oina alone in  were 13.0-31.9, 7.6-10.3 and 23.0-28.0%/day,
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At the end of the 15 day experiment, there was no significant difference in TL 

or WW between larvae that received zooplankton alone and those that received 

zooplankton plus prepared feed indicating that the mixed zooplankton in the green

water was adequate in sustaining growth in the larvae and that the ration of 

supplementary feed provided no added advantage under the existing experimental 

conditions. Gross examination of the water in the tanks a few days before the 

termination of the experiment showed an abundance of ostracods and as such, the 

catfish larvae may have preyed on them resulting in good growth comparable to that 

of larvae receiving zooplankton plus prepared feed. Channel catfish (lctalurus 

punctatus) fry have been reported to forage heavily on ostracods when they were 

plentiful (Bonneau et al. 1972). In comparison, the weight of C. gariepinus larvae 

fed zooplankton alone ranged from 0.0llg to 0.105g after 10-11 days ofrearing 

(Polling et al. 1988, Table 4.17) indicating that the abundance, individual size and 

quality of the different categories of zooplankton affected larval growth rates. In the 

case of C. macrocephalus larvae that were fed Moina, the larvae were 0.013g and 

0.051g after rearing for 14 days and 20 days, respectively (Hashim and Ali 1990, 

Fermin and Bolivar 1991, Table 4.17). The results of this study indicated that eel

tailed catfish larvae fed zooplankton alone (0.053g) were four times larger than C. 

macrocephalus larvae (0.013g) after 14 days of rearing indicating that a diet of 

mixed zooplankton was acceptable for good growth of eel-tailed catfish. When 

comparing the effects of using live food plus prepared feed on eel-tailed catfish and 

C. macrocephalus, the wet weight of eel-tailed catfish larvae that received 

zooplankton plus prepared feed (0.061g) were nearly four times the size of C. 

macrocephalus larvae (0.016g) (Fermin and Bolivar 1991, Table 4.17) indicating 

that the growth rate was better in eel-tailed catfish. This may be due to the digestive 

system of eel-tailed catfish fry being adequately developed to digest mixed 

zooplankton and the prepared feed, and assimilate the nutrients thereby resulting in 

rapid growth of fry. 

The SGR of eel-tailed catfish larvae fed zooplankton alone and zooplankton 

plus prepared feed were 19.2 and 20.1%/day, respectively (Table 4.13). In 

comparison, the SGR of C. gariepinus, C. macrocephalus and H. longifzlis larvae fed 

zooplankton or Moina alone in were 13.0-31.9, 7.6-10.3 and 23.0-28.0%/day, 



226

respectively (Table 4.17), indicating that the SGR in eel-tailed catfish larvae were 

superior to those o f  C. macrocephalus and C. gariepinus but lower than those in H. 

longifilis. In the case o f using live plus prepared feeds, the SGR in C. gariepinus, C. 

lazera and C. macrocephalus were 16.8, 20.7-21.6 and 12.4%/day, respectively 

(Table 4.17), indicating that the SGR in eel-tailed catfish larvae fed zooplankton plus 

prepared feed was significantly higher than those in C. gariepinus and C. 

macrocephalus but similar to those in C. lazera.

There was no significant difference between the survival percentage o f eel

tailed catfish larvae in the two treatments (40.8% and 49.2%, respectively) (Table 

4.13b). In the case o f other catfishes, the survival percentage o f  C. gariepinus and H. 

bidorsalis larvae fed zooplankton or Moina were superior to those o f  eel-tailed 

catfish (89.0-97.2%  and 90.0-92.0%, respectively) (Table 4.17). Gross examination 

o f  plankton samples in the tanks used for rearing o f eel-tailed catfish larvae at the 

early stages o f  rearing indicated a lack o f small prey items such as rotifers and larval 

stages o f  cladocera and copepods, however, there was an abundance o f larger prey 

items such as adults o f cladocera, copepods and ostracods in the green-water. As 

such, the com paratively lower survival o f eel tailed catfish encountered in this study 

could be attributed to the lack o f smaller prey such as rotifers, larval stages o f 

cladocera and copepods during the early stages o f feeding. Mass m ortalities o f  

catfish larvae (C. batrachus) have been reported when there was a lack o f  small size 

prey but abundance o f  larger prey such as cladocera (Moina) within the first 7 days 

o f  rearing (Knud-Hansen et a l  1990). The dominance o f  rotifers in the diet o f  the 

early stages o f  larvae have been reported for other catfish such as Heteropneustes 

fossilis  (M ookeiji and Rao 1994) and C. gariepinus (Uys and Hecht 1985, Polling et 

al. 1988).

4.4.3.2 Total lipids and fatty acid composition of the lipids extracted from  the 
postlarvae receiving zooplankton or zooplankton plus prepared feed

a) Total lipid content o f larvae after 15-day rearing period

The total lipids o f  postlarvae in treatment II (16.6%) were significantly higher 

than those in treatm ent I (14.2%) (P<0.05) (Table 4.14). This would indicate that the 

postlarvae in treatm ent II were able to utilise the prepared feed and store the lipids in
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respectively (Table 4.17), indicating that the SGR in eel-tailed catfish larvae were 

superior to those of C. macrocephalus and C. gariepinus but lower than those in H. 

longifzlis. In the case of using live plus prepared feeds, the SGR in C. gariepinus, c. 

lazera and C. macrocephalus were 16.8, 20.7-21.6 and 12.4%/day, respectively 

(Table 4.17), indicating that the SGR in eel-tailed catfish larvae fed zooplankton plus 

prepared feed was significantly higher than those in C. gariepinus and C. 

macrocephalus but similar to those in C. lazera. 

There was no significant difference between the survival percentage of eel

tailed catfish larvae in the two treatments (40.8% and 49.2%, respectively) (Table 

4.13b ). In the case of other catfishes, the survival percentage of C. gariepinus and H. 

bidorsalis larvae fed zooplankton or Moina were superior to those of eel-tailed 

catfish (89.0-97.2% and 90.0-92.0%, respectively) (Table 4.17). Gross examination 

of plankton samples in the tanks used for rearing of eel-tailed catfish larvae at the 

early stages of rearing indicated a lack of small prey items such as rotifers and larval 

stages of cladocera and copepods, however, there was an abundance of larger prey 

items such as adults of cladocera, copepods and ostracods in the green-water. As 

such, the comparatively lower survival of eel tailed catfish encountered in this study 

could be attributed to the lack of smaller prey such as rotifers, larval stages of 

cladocera and copepods during the early stages of feeding. Mass mortalities of 

catfish larvae ( C. batrachus) have been reported when there was a lack of small size 

prey but abundance of larger prey such as cladocera (Moina) within the first 7 days 

of rearing (Knud-Hansen et al. 1990). The dominance of rotifers in the diet of the 

early stages of larvae have been reported for other catfish such as Heteropneustes 

fossilis (Mookerji and Rao 1994) and C. gariepinus (Uys and Hecht 1985, Polling et 

al. 1988). 

4.4.3.2 Total lipids and fatty acid composition of the lipids extracted from the 
postlarvae receiving zooplankton or zooplankton plus prepared feed 

a) Total lipid content of larvae after 15-day rearing period 

The total lipids of postlarvae in treatment II (16.6%) were significantly higher 

than those in treatment I (14.2%) (P<0.05) (Table 4.14). This would indicate that the 

postlarvae in treatment II were able to utilise the prepared feed and store the lipids in 



227

their bodies thereby resulting in significantly higher total lipids. In comparison, 

when channel catfish larvae (0.072-0.097g) were fed salmon or catfish starter diets, 

the total lipids were 9.4% and 5.6% DW , respectively (Robinson et al. 1989). In 

larval pike, the total lipid content in larvae was 10.1% DW after feeding on pond 

biota for 17 days (Desvilettes et al. 1994). This study has shown that eel-tailed 

catfish larvae had  a greater capacity o f lipid accumulation.

b) Fatty acid com position of the lipids of postlarvae fed zooplankton

The total saturated fatty acids in the postlarvae receiving zooplankton alone 

(42.1%, treatm ent I) were higher than those o f postlarvae fed zooplankton plus 

prepared feed (39.0% , treatment II) (Table 4.15). There are few reports if  any on the 

fatty acid com position o f  the larvae o f  freshwater fishes feeding on natural plankton 

and so the results for eel-tailed catfish will be compared with those o f  catfish fed 

Artem ia  nauplii. The total saturated fatty acids in African catfish larvae fed low 

HUFA and h igh  HUFA enriched Artemia  nauplii (24.1-27.8% o f  fatty acids) were 

m uch lower than those in eel-tailed catfish (Verreth et al. 1994a). This suggested that 

eel-tailed catfish had a greater capacity to conserve total saturated fatty acids. The 

m ajor saturated fatty acids occurring in eel-tailed catfish were 16:0 and 18:0 (Table

4.15), and the 16:0 levels in postlarvae for both treatments were similar (23.0-23.5% 

o f  total fatty acids) but higher than those in African catfish larvae (15.7-17.7% of 

total fatty acids) (Verreth et al. 1994a). The content o f 18:0 in eel-tailed catfish for 

both treatm ents were sim ilar (13.3-17.3%  o f  fatty acids) (Table 4.15) and the values 

were much higher than those in African catfish larvae (8.2-10.6%) (Verreth et al. 

1994a). The results o f  this study suggested that eel-tailed catfish had a greater 

capacity to conserve 16:0 and 18:0 over African catfish.

The to tal m onounsaturated fatty acids in . eel-tailed catfish postlarvae 

receiving zooplankton alone (17.4% o f  total fatty acids) was lower than those 

receiving zooplankton plus prepared feed (21.9%) (Table 4.15) suggesting that the 

catfish was able to conserve total monounsaturated fatty acids in the prepared feed. 

For com parison, the total m onounsaturated fatty acids in eel-tailed catfish were much 

lower than those reported for African catfish (32.3-38.1%) (Verreth et al. 1994a). 

This suggested that African catfish had a greater capacity to conserve
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their bodies thereby resulting in significantly higher total lipids. In comparison, 

when channel catfish larvae (0.072-0.097g) were fed salmon or catfish starter diets 
' 

the total lipids were 9.4% and 5.6% DW, respectively (Robinson et al. 1989). In 

larval pike, the total lipid content in larvae was 10.1 % DW after feeding on pond 

biota for 17 days (Desvilettes et al. 1994). This study has shown that eel-tailed 

catfish larvae had a greater capacity of lipid accumulation. 

b) Fatty acid composition of the lipids of postlarvae fed zoo plankton 

The total saturated fatty acids in the postlarvae receiving zooplankton alone 

( 42.1 %, treatment D were higher than those of postlarvae fed zooplankton plus 

prepared feed (39.0%, treatment II) (Table 4.15). There are few reports if any on the 

fatty acid composition of the larvae of freshwater fishes feeding on natural plankton 

and so the results for eel-tailed catfish will be compared with those of catfish fed 

Artemia nauplii. The total saturated fatty acids in African catfish larvae fed low 

HUFA and high HUFA enriched Artemia nauplii (24.1-27.8% of fatty acids) were 

much lower than those in eel-tailed catfish (Verreth et al. 1994a). This suggested that 

eel-tailed catfish had a greater capacity to conserve total saturated fatty acids. The 

major saturated fatty acids occurring in eel-tailed catfish were 16:0 and 18:0 (Table 

4.15), and the 16:0 levels in postlarvae for both treatments were similar (23.0-23.5% 

of total fatty acids) but higher than those in African catfish larvae (15.7-17.7% of 

total fatty acids) (Verreth et al. 1994a). The content of 18:0 in eel-tailed catfish for 

both treatments were similar (13.3-17.3% of fatty acids) (Table 4.15) and the values 

were much higher than those in African catfish larvae (8.2-10.6%) (Verreth et al. 

1994a). The results of this study suggested that eel-tailed catfish had a greater 

capacity to conserve 16:0 and 18:0 over African catfish. 

The total monounsaturated fatty acids in . eel-tailed catfish postlarvae 

receiving zooplankton alone (17.4% of total fatty acids) was lower than those 

receiving zooplankton plus prepared feed (21.9%) (Table 4.15) suggesting that the 

catfish was able to conserve total monounsaturated fatty acids in the prepared feed. 

For comparison, the total monounsaturated fatty acids in eel-tailed catfish were much 

lower than those reported for African catfish (32.3-38.1 %) (Verreth et al. 1994a). 

This suggested that African catfish had a greater capacity to conserve 



228

m onounsaturated fatty acids than eel-tailed catfish. The m ajor m onounsaturated fatty 

acid in eel-tailed catfish was 18: ln-9 and the levels in the larvae o f  both treatments 

w ere sim ilar (12.2-13.5%  o f  fatty acids) (Table 4.15) but w ere m uch lower than 

those in African catfish (28.4-33.1%) (Verreth et al. 1994a).

The total PUFA in eel-tailed catfish postlarvae receiving zooplankton alone 

(33.8%  o f fatty acids, treatm ents I) was higher than those receiving zooplankton plus 

prepared feed (27.1%, treatment II) (Table 4.15). This suggested that the postlarvae 

fed zooplankton alone was able to accumulate more PUFA from  the diet. The total 

PU FA in eel-tailed catfish was comparable to those in African catfish (27.5-36.9% ) 

(Verreth et al. 1994a). The m ajor PUFA in eel-tailed catfish postlarvae were 18:2n-6, 

20:4n-6 and 22:6n-3. The content o f  18:2n-6 in treatment II postlarvae (7.8% o f  fatty 

acids) (Table 4.15) nearly doubled that in treatment I postlarvae (4.2%) suggesting 

that the postlarvae in treatm ent II was able to conserve more 18:2n-6 from its diet o f  

zooplankton and prepared feed or that chain elongation and desaturation o f  18:2n-6 

to HUFA had occurred in treatment I postlarvae. For comparison, the levels o f  18:2 

in  African catfish (6.2-6.7% ) (Verreth et al. 1994a) was w ithin the range detected in 

eel-tailed catfish.

The content o f  20:4n-6 in eel-tailed catfish postlarvae receiving zooplankton 

alone (6.2% o f fatty acids) (Table 4.15) nearly doubled those receiving zooplankton 

plus prepared feed (3.2%). This suggested that 18:2n-6 had chain elongated and 

desaturated to 20:4n-6 at a faster rate in treatment I larvae thereby resulting in lower 

18:2n-6 but higher 20:4n-6 levels as opposed to the respective fatty acids in 

treatm ent II larvae. For comparison, the levels o f  20:4 in African catfish (0.5-1.1%) 

(Verreth et al. 1994a) were much lower than those in eel-tailed catfish. This 

suggested that eel-tailed catfish had a greater capacity to conserve 20:4n-6 than 

African catfish.

Another im portant fatty acid that deserves m ention even though it was not a 

m ajor PUFA in eel-tailed catfish postlarvae is 20:5n-3 which occurred at levels o f  

1.5-2.2% o f fatty acids. The low levels o f  this fatty acid in the postlarvae o f  this 

study and in those prior to feeding in experiment one (Table 4.4) indicate that 

perhaps most o f the 20:5n-3 had been chain elongated and desaturated to 22:6n-3 and 

as such, the postlarvae required more 20:5n-3 preformed in the diet for better
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monounsaturated fatty acids than eel-tailed catfish. The major monounsaturated fatty 

acid in eel-tailed catfish was 18: ln-9 and the levels in the larvae of both treatments 

were similar (12.2-13.5% of fatty acids) (Table 4.15) but were much lower than 

those in African catfish (28.4-33.1 %) (Verreth et al. 1994a). 

The total PUF A in eel-tailed catfish postlarvae receiving zooplankton alone 

(33.8% of fatty acids, treatments I) was higher than those receiving zooplankton plus 

prepared feed (27. l %, treatment II) (Table 4.15). This suggested that the postlarvae 

fed zooplank:ton alone was able to accumulate more PUF A from the diet. The total 

PUF A in eel-tailed catfish was comparable to those in African catfish (27.5-36.9%) 

(Verreth et al. 1994a). The major PUFA in eel-tailed catfish postlarvae were 18:2n-6, 

20:4n-6 and 22:6n-3. The content of 18:2n-6 in treatment II postlarvae (7.8% of fatty 

acids) (Table 4.15) nearly doubled that in treatment I postlarvae (4.2%) suggesting 

that the postlarvae in treatment II was able to conserve more 18 :2n-6 from its diet of 

zooplankton and prepared feed or that chain elongation and desaturation of 18:2n-6 

to HUF A had occurred in treatment I postlarvae. For comparison, the levels of 18 :2 

in African catfish (6.2-6.7%) (Verreth et al. 1994a) was within the range detected in 

eel-tailed catfish. 

The content of 20:4n-6 in eel-tailed catfish postlarvae receiving zooplankton 

alone (6.2% of fatty acids) (Table 4.15) nearly doubled those receiving zooplankton 

plus prepared feed (3.2%). This suggested that 18:2n-6 had chain elongated and 

desaturated to 20:4n-6 at a faster rate in treatment I larvae thereby resulting in lower 

18:2n-6 but higher 20:4n-6 levels as opposed to the respective fatty acids in 

treatment II larvae. For comparison, the levels of 20:4 in African catfish (0.5-1.1 %) 

(Verreth et al. 1994a) were much lower than those in eel-tailed catfish. This 

suggested that eel-tailed catfish had a greater capacity to conserve 20:4n-6 than 

African catfish. 

Another important fatty acid that deserves mention even though it was not a 

major PUF A in eel-tailed catfish postlarvae is 20:5n-3 which occurred at levels of 

1.5-2.2% of fatty acids. The low levels of this fatty acid in the postlarvae of this 

study and in those prior to feeding in experiment one (Table 4.4) indicate that 

perhaps most of the 20:5n-3 had been chain elongated and desaturated to 22:6n-3 and 

as such, the postlarvae required more 20:5n-3 preformed in the diet for better 
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survival. For comparison, the level o f 20:5 in A frican catfish was 1.9-4.9% (Verreth 

et al. 1994a). The importance o f dietary 20:5n-3 in improving survival rates o f 

many species o f fish have been reported (Cowey and Sargent 1972, Henderson and 

Tocher 1987, Sargent et al. 1989).

In the case o f  22:6n-3, the levels in postlarvae receiving zooplankton alone 

(14.7%  o f fatty acids, treatm ent I) (Table 4.15) was significantly higher than those 

receiving zooplankton plus prepared feed (8.8%, treatm ent II) (P<0.05) indicating 

that conservation and/or accumulation o f  22:6n-3 was better in treatm ent I 

postlarvae. For comparison, the levels o f  22:6 in African catfish (1.1-4.8%) (Verreth 

et al. 1994a) were low er than those for eel-tailed catfish. This suggested that eel

tailed catfish had a greater capacity to accumulate and/or conserve 22:6 than African 

catfish. W hen com paring the 22:6n-3 levels in the postlarvae o f the two treatm ents in 

this study, the benefits o f  higher levels o f  22:6n-3 in treatment I postlarvae were not 

reflected in better growth (Table 4.13a) nor survival (Table 4.13b). It was surmised 

that survival was related to the availability o f  suitable prey items during the first few 

days o f  rearing.

The n-6/n-3 ratios o f eel-tailed catfish postlarvae in treatment I (0.6) (Table

4.15) was lower than those in treatment II (0.9) indicating that there were fewer n-6 

but m ore n-3 fatty acids in postlarvae that received zooplankton alone as a diet.

4.5 O verall relationship between survival, growth and catfish larval lipid 
content and fatty acid composition

Regression analysis o f  the results o f  all three experiments found little or no 

correlation between larval survival (%) and any o f  the larval total lipid content, 

saturated fatty acids, m onounsaturated fatty acids or polyunsaturated fatty acids, 

n-6/n-3, 18:3n-3, 20:5n-3 or 22:6n-3 (R2<0.40 in all cases). None o f these could be 

used as an indicator o f  survival. There was a m oderate negative correlation between 

specific growth rate (%/day) in terms o f  total length and total lipid content o f  the 

larvae (R2=0.507). There was also a m oderate negative correlation betw een specific 

growth rate (%/day) in terms o f  weight and total lipid content o f  the larvae 

(R2=0.538). This was a reflection o f the use o f lipid reserves for growth.
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survival. For comparison, the level of 20:5 in African catfish was 1.9-4.9% (Verreth 

et al. 1994a). The importance of dietary 20:5n-3 in improving survival rates of 

many species of fish have been reported (Cowey and Sargent 1972, Henderson and 

Tocher 1987, Sargent et al. 1989). 

In the case of 22:6n-3, the levels in postlarvae receiving zooplankton alone 

(14.7% of fatty acids, treatment I) (Table 4.15) was significantly higher than those 

receiving zooplankton plus prepared feed (8.8%, treatment II) (P<0.05) indicating 

that conservation and/or accumulation of 22:6n-3 was better in treatment I 

postlarvae. For comparison, the levels of 22:6 in African catfish (1.1-4.8%) (Verreth 

et al. 1994a) were lower than those for eel-tailed catfish. This suggested that eel

tailed catfish had a greater capacity to accumulate and/or conserve 22:6 than African 

catfish. When comparing the 22:6n-3 levels in the postlarvae of the two treatments in 

this study, the benefits of higher levels of 22:6n-3 in treatment I postlarvae were not 

reflected in better growth (Table 4.13a) nor survival (Table 4.13b ). It was surmised 

that survival was related to the availability of suitable prey items during the first few 

days ofrearing. 

The n-6/n-3 ratios of eel-tailed catfish postlarvae in treatment I (0.6) (Table 

4.15) was lower than those in treatment II (0.9) indicating that there were fewer n-6 

but more n-3 fatty acids in postlarvae that received zooplankton alone as a diet. 

4.5 Overall_ relationship between survival, growth and catfish larval lipid 
content and fatty acid composition 

Regression analysis of the results of all three experiments found little or no 

correlation between larval survival (%) and any of the larval total lipid content, 

saturated fatty acids, monounsaturated fatty acids or polyunsaturated fatty acids, 

n-6/n-3, 18:3n-3, 20:5n-3 or 22:6n-3 (R2<0.40 in all cases). None of these could be 

used as an indicator of survival. There was a moderate negative correlation between 

specific growth rate (%/day) in terms of total length and total lipid content of the 

larvae (R2=0.507). There was also a moderate negative correlation between specific 

growth rate (%/day) in terms of weight and total lipid content of the larvae 

(R2=0.538). This was a reflection of the use of lipid reserves for growth. 



4.6 CONCLUSION

4.6.1 E ffects o f delayed feeding with Artemia  nauplii as a larval feed

The highest survival o f  eel-tailed catfish postlarvae occurred w hen feeding 

w ith A rtem ia  nauplii commenced 3 days after hatching, but the highest specific 

growth rate was recorded in larvae when feeding commenced after 6 days. Since 

there is a need to compromise betw een optimum growth and high survival, feeding 

should not be delayed beyond 3-4 days to avoid high mortality.

The larvae starved for 3 to 6 days all showed a decline in total lipids, w ith the 

greatest decline in those starved for 6 days. At the end o f  the 15-day study, surviving 

larvae that had been initially starved for 3, 4 and 6 days and then fed w ith Artem ia  

nauplii had sim ilar total lipid content (P>0.05), but the values were significantly 

higher than  those which were initially starved for 5 days and then fed w ith Artem ia  

(P<0.05). In larvae starved for 3 to 6 days, total monounsaturated fatty acids 

decreased w ith  a concomitant increase in total PUFA. This demonstrated that fatty 

acid m etabolism , including accum ulation o f 22:6n-3 was not stopped by  6 days o f 

starvation.

A fter 9 to 12 days o f  feeding with Artemia  nauplii, all surviving larvae 

recovered to the same extent, and showed no significant differences in 

m onounsaturated fatty acids, PUFA and n-6/n-3 ratios.

4.5.2 E ffects o f using non oil-enriched and oil-enriched Artem ia  nauplii as a 
larval feed

The survival o f eel-tailed catfish larvae fed cod liver oil or com  oil-enriched 

Artem ia  nauplii were significantly higher than those fed the control or soybean oil- 

enriched Artem ia  nauplii (P<0.05). At the end o f the study, larvae fed com  oil- 

enriched Artem ia  nauplii had the highest total length (P<0.05), but the w et w eights o f 

larvae in all treatments were not significantly different.

Enrichm ent o f Artemia  nauplii with com  oil and soybean oil resulted in 

nauplii w ith  elevated levels o f  total lipids while enrichment with cod liver oil 

resulted in nauplii with lowered levels o f total lipids. The levels o f  the m ajor fatty 

acids (16:0, 18:ln-9 and 18:3n-3) declined when Artem ia  nauplii were enriched with
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4.6 CONCLUSION 

4.6.1 Effects of delayed feeding with Artemia nauplii as a larval feed 

The highest survival of eel-tailed catfish postlarvae occurred when feeding 

with Artemia nauplii commenced 3 days after hatching, but the highest specific 

growth rate was recorded in larvae when feeding commenced after 6 days. Since 

there is a need to compromise between optimum growth and high survival, feeding 

should not be delayed beyond 3-4 days to avoid high mortality. 

The larvae starved for 3 to 6 days all showed a decline in total lipids, with the 

greatest decline in those starved for 6 days. At the end of the 15-day study, surviving 

larvae that had been initially starved for 3, 4 and 6 days and then fed with Artemia 

nauplii had similar total lipid content (P>0.05), but the values were significantly 

higher than those which were initially starved for 5 days and then fed with Artemia 

(P<0.05). In larvae starved for 3 to 6 days, total monounsaturated fatty acids 

decreased with a concomitant increase in total PUF A. This demonstrated that fatty 

acid metabolism, including accumulation of 22:6n-3 was not stopped by 6 days of 

starvation. 

After 9 to 12 days of feeding with Artemia nauplii, all surviving larvae 

recovered to the same extent, and showed no significant differences in 

monounsaturated fatty acids, PUF A and n-6/n-3 ratios. 

4.5.2 Effects of using non oil-enriched and oil-enriched Artemia nauplii as a 
larval feed 

The survival of eel-tailed catfish larvae fed cod liver oil or com oil-enriched 

Artemia nauplii were significantly higher than those fed the control or soybean oil

enriched Artemia nauplii (P<0.05). At the end of the study, larvae fed com oil

enriched Artemia nauplii had the highest total length (P<0.05), but the wet weights of 

larvae in all treatments were not significantly different. 

Enrichment of Artemia nauplii with com oil and soybean oil resulted in 

nauplii with elevated levels of total lipids while enrichment with cod liver oil 

resulted in nauplii with lowered levels of total lipids. The levels of the major fatty 

acids (16:0, 18: ln-9 and 18:3n-3) declined when Artemia nauplii were enriched with 



the different oils. Enrichment o f  Artem ia  nauplii with the oils also resulted in nauplii 

w ith lowered levels o f  total saturated fatty acids, lowered levels o f total 

m onounsaturated fatty acids (soybean and com oil groups only), and elevated levels 

o f  total PUPA. The n-6/n-3 ratios in the control and cod liver oil-enriched Artemia  

were sim ilar (0.2) and lower than those in the soybean and com  oil-enriched Artemia  

(0.4) indicating that there were m ore n-6 fatty acids in the lipids o f the soybean and 

com  oil-enriched Artemia.

Feeding o f  catfish larvae w ith oil-enriched Artem ia  nauplii resulted in 

postlarvae with lowered levels o f  total lipids. The m ajor fatty acids in the postlarvae 

(16:0, 18:0 and 18:1 n-9) in the different treatment groups were respectively similar. 

Feeding o f  larvae with cod liver oil-enriched Artem ia  nauplii resulted in postlarvae 

with the highest PUFA (20:5n-3 and 22:6n-3) content and the postlarvae also 

recorded the highest survival. Larvae fed soybean oil-enriched Artemia  nauplii had 

the lowest level o f  22:6n-3 and the postlarvae also recorded the lowest survival. 

Feeding o f  larvae with non oil (control) or oil-enriched Artem ia  nauplii (CLO, SBO 

and CO groups) resulted in postlarvae with lower levels o f  total saturated fatty acids 

(CLO and CO treatments), lower total monounsaturated fatty acids (SBO and CO 

treatments), and elevated levels o f  total PUFA in groups fed oil-enriched Artemia. 

The n-6/n-3 ratios o f  the control and CLO treatment were sim ilar (0.4-0.5) and lower 

than those in the SBO and CO treatm ents (0.8) indicating that there were higher 

amounts o f  n-6 fatty acids or low er amounts o f n-3 fatty acids in the larvae o f  the 

SBO and CO treatments.

Overall, cod liver oil-enriched Artemia nauplii was the best diet for catfish 

larvae in terms o f  survival. Com  oil-enriched Artemia produced the highest specific 

growth rate and high survival.

4.5.3 Effects o f using zooplankton or zooplankton plus prepared feeds as larval 
feeds

The benefits o f  using finely ground comm ercial barramundi pellets in 

addition to zooplankton (treatment II) for larval rearing o f  eel-tailed catfish in this 

study was not demonstrated since the survival o f  postlarvae and the growth 

param eters o f  larvae in both treatm ents were similar.
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the different oils. Enrichment of Artemia nauplii with the oils also resulted in nauplii 

with lowered levels of total saturated fatty acids, lowered levels of total 

mono unsaturated fatty acids ( soybean and corn oil groups only), and elevated levels 

of total PUF A. The n-6/n-3 ratios in the control and cod liver oil-enriched Artemia 

were similar (0.2) and lower than those in the soybean and com oil-enriched Artemia 

(0.4) indicating that there were more n-6 fatty acids in the lipids of the soybean and 

corn oil-enriched Artemia. 

Feeding of catfish larvae with oil-enriched Artemia nauplii resulted in 

postlarvae with lowered levels of total lipids. The major fatty acids in the postlarvae 

(16:0, 18:0 and 18:ln-9) in the different treatment groups were respectively similar. 

Feeding of larvae with cod liver oil-enriched Artemia nauplii resulted in postlarvae 

with the highest PUF A (20:5n-3 and 22:6n-3) content and the postlarvae also 

recorded the highest survival. Larvae fed soybean oil-enriched Artemia nauplii had 

the lowest level of 22:6n-3 and the postlarvae also recorded the lowest survival. 

Feeding of larvae with non oil (control) or oil-enriched Artemia nauplii (CLO, SBO 

and CO groups) resulted in postlarvae with lower levels of total saturated fatty acids 

(CLO and CO treatments), lower total monounsaturated fatty acids (SBO and CO 

treatments), and elevated levels of total PUF A in groups fed oil-enriched Artemia. 

The n-6/n-3 ratios of the control and CLO treatment were similar (0.4-0.5) and lower 

than those in the SBO and CO treatments (0.8) indicating that there were higher 

amounts of n-6 fatty acids or lower amounts of n-3 fatty acids in the larvae of the 

SBO and CO treatments. 

Overall, cod liver oil-enriched Artemia nauplii was the best diet for catfish 

larvae in terms of survival. Com oil-enriched Artemia produced the highest specific 

growth rate and high survival. 

4.5.3 Effects of using zoo plankton or zoo plankton plus prepared feeds as larval 
feeds 

The benefits of using finely ground commercial barramundi pellets in 

addition to zooplankton (treatment II) for larval rearing of eel-tailed catfish in this 

study was not demonstrated since the survival of postlarvae and the growth 

parameters of larvae in both treatments were similar. 



Postlarvae receiving zooplankton plus prepared feed had significantly higher 

total lipids than those receiving zooplankton alone (P<0.05). W hile the levels o f the 

m ajor fatty acids (16:0, 18:0 and 18:ln-9) o f both treatments were similar, the 

22:6n-3 content in postlarvae that received zooplankton alone was significantly 

higher than those that received zooplankton plus prepared feed (P<0.05). Postlarvae 

fed zooplankton plus prepared feed had lower total saturated fatty acids, elevated 

total m onounsaturated fatty acids and lower total PUFA when compared to those 

receiving zooplankton a lo n e .' The n-6/n-3 ratios in the postlarvae that received 

zooplankton plus prepared feed was higher (0.9) than those that received 

zooplankton alone (0.6) indicating that there were higher amounts o f  n-6 fatty acids 

and/or low er am ounts o f  n-3 fatty acids in the former postlarvae.

Postlarvae receiving zooplankton plus prepared feed had significantly higher 

total lipids than those receiving zooplankton alone (P<0.05). While the levels of the 

major fatty acids (16:0, 18:0 and 18:ln-9) of both treatments were similar, the 

22:6n-3 content in postlarvae that received zooplankton alone was significantly 

higher than those that received zooplankton plus prepared feed (P<0.05). Postlarvae 

fed zooplankton plus prepared feed had lower total saturated fatty acids, elevated 

total monounsaturated fatty acids and lower total PUF A when compared to those 

receiving zooplankton alone. · The n-6/n-3 ratios in the postlarvae that received 

zooplankton plus prepared feed was higher (0.9) than those that received 

zooplankton alone (0.6) indicating that there were higher amounts of n-6 fatty acids 

and/or lower amounts of n-3 fatty acids in the former postlarvae. 



In Chapter 2, the total lipid content and fatty acid com position o f  the lipids of 

w ild  juveniles and adults o f the tropical eel-tailed catfish (.Neosilurus ater) were 

investigated. The baseline total lipids o f  the muscle tissues o f  w ild adult eel-tailed 

catfish (20.6-25.9%  o f  DW ) was significantly higher (P<0.05) than those in juveniles 

(10.9-16.9%  o f  DW ) and this finding has also been observed in other species o f  fish 

such as channel catfish (Tidwell and Robinette 1990). Surplus carbohydrates and 

proteins are metabolised to lipids and stored in the fat depots below  the skin, around 

the visceral organs and among the muscle tissue. The m ajor fatty acids in the lipids 

o f  adult m uscle tissues were (16:0, 18:0 and 18:1 n-9) and the m ain PUFAs were 

20:4n-6 and 22:6n-3. W hile the major fatty acids o f other freshwater fishes such as 

channel catfish, golden perch, rainbow trout and red fm perch were sim ilar to those in 

eel-tailed catfish, the m ajor PUFA in channel catfish, golden perch, rainbow trout 

and red fin perch was 22:6n-3.

The distribution o f  total lipids and some fatty acids in the body o f  adult eel

tailed catfish was not homogenous. The lipid content o f the white m uscle tissue in 

the posterior part o f  the body (mean 53.1% o f  DW ) was significantly higher (P<0.05) 

than those in the anterior and central parts o f  the body (mean 22.6%  o f  DW ). The 

higher amounts o f  lipids in  the posterior part o f  the body perhaps provided greater 

elasticity to the tail during muscular contraction and relaxation in relation to 

sw im m ing activity. Another possible reason for the higher lipid levels in  the posterior 

end o f  the body was to ensure the availability o f energy reserves (lipids) for the 

production o f energy during swimming. The higher lipid content o f  the tail have 

been reported previously in O. striatus (A lexander 1970), A. dussum ieri (Alexander 

1970), W. attu (Jafri 1973) and S. glanis (Fullner and Pfeifer 1995). There was a 10% 

drop o f  PUFA in the lipids o f  the white m uscles from the anterior to the posterior 

part o f  the body and the data showed that PUFAs especially 20:4n-6, 22:6n-3 and 

20:5n-3, in order o f  importance, were significantly higher in the anterior and central 

parts o f  the body. Further research work needs to be undertaken to determ ine i f  there 

is a physiological and biochem ical basis for this difference. The trend o f  declining 

PU FA  levels in the lipids o f  the muscles from the anterior to the posterior part o f the 

body in adult eel-tailed catfish has not been reported in other species o f  fish.

CHAPTER FIVE CONCLUSION
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CHAPTER FIVE CONCLUSION 

In Chapter 2, the total lipid content and fatty acid composition of the lipids of 

wild juveniles and adults of the tropical eel-tailed catfish (Neosiluros ater) were 

investigated. The baseline total lipids of the muscle tissues of wild adult eel-tailed 

catfish (20.6-25.9% ofDW) was significantly higher (P<0.05) than those in juveniles 

(10.9-16.9% ofDW) and this finding has also been observed in other species of fish 

such as channel catfish (Tidwell and Robinette 1990). Surplus carbohydrates and 

proteins are metabolised to lipids and stored in the fat depots below the skin, around 

the visceral organs and among the muscle tissue. The major fatty acids in the lipids 

of adult muscle tissues were (16:0, 18:0 and 18:ln-9) and the main PUFAs were 

20:4n-6 and 22:6n-3. While the major fatty acids of other freshwater fishes such as 

channel catfish, golden perch, rainbow trout and red fin perch were similar to those in 

eel-tailed catfish, the major PUF A in channel catfish, golden perch, rainbow trout 

and red fin perch was 22:6n-3. 

The distribution of total lipids and some fatty acids in the body of adult eel

tailed catfish was not homogenous. The lipid content of the white muscle tissue in 

the posterior part of the body (mean 53.1 % ofDW) was significantly higher (P<0.05) 

than those in the anterior and central parts of the body (mean 22.6% of DW). The 

higher amounts of lipids in the posterior part of the body perhaps provided greater 

elasticity to the tail during muscular contraction and relaxation in relation to 

swimming activity. Another possible reason for the higher lipid levels in the posterior 

end of the body was to ensure the availability of energy reserves (lipids) for the 

production of energy during swimming. The higher lipid content of the tail have 

been reported previously in 0. striatus (Alexander 1970) , A. dussumieri (Alexander 

1970), W attu (Jafri 1973) and S. glanis (Fullner and Pfeifer 1995). There was a 10% 

drop of PUF A in the lipids of the white muscles from the anterior to the posterior 

part of the body and the data showed that PUF As especially 20:4n-6, 22:6n-3 and 

20:5n-3, in order of importance, were significantly higher in the anterior and central 

parts of the body. Further research work needs to be undertaken to determine if there 

is a physiological and biochemical basis for this difference. The trend of declining 

PUF A levels in the lipids of the muscles from the anterior to the posterior part of the 

body in adult eel-tailed catfish has not been reported in other species of fish, 
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consequently this is considered a significant new finding. Thus the lipid content and 

the PU PA levels in the w hite muscles o f adult eel-tailed catfish are dependent on the 

horizontal location o f  the body.

The total lipids o f  fry and fingerlings were sim ilar since the lipid content o f 

w hole 6 7  (mean 12.8% o f  DW ) and muscles o f fingerlings (13.4% o f  DW ) were not 

significantly different (P>0.05). The major fatty acids (16:0, 18:0, 18:ln-9) in the fry 

and m uscles o f fingerlings were similar, however, the level o f  18:0 was significantly 

low er in the fingerlings (P<0.05). In some species o f  fish, as the fry develop to 

fingerlings, they are progressively more able to desaturate and chain elongate 18:0 

(M ead 1958, Carroll 1965, Bell et al. 1986, Cowey 1988) thus lower levels o f  this 

fatty acid in fingerlings w as not unexpected. The levels o f EPA (20:5n-3) and DHA 

(22:5n-3) were higher in  the fiy and smaller stages o f  fingerlings in com parison to 

those in larger fingerlings, reflecting the importance o f  these fatty acids for the 

sm aller stages o f  catfish. The importance o f EPA and DHA for growth and survival 

o f  larvae and fiy have been widely reported because they are important components 

for cell m em branes especially in the development o f  the brain, eyes and other parts o f 

the fish (W atanabe 1993, De Silva and Anderson 1995, Navarro et al. 1995, Sargent 

1995, Southgate and Lou 1995, Izquierdo 1996, M cEvoy et al. 1996).

As there were large numbers o f samples to be analysed for fatty acid 

com position throughout this study it was necessary to determine the effect o f  storage 

conditions on lipid and fatty acid composition. It was found that catfish m uscle 

tissues could be air frozen and stored at -20°C for a period o f up to 8  weeks without 

any significant change in  total lipid and fatty acid composition.

Chapter 3 presented studies o f the seasonal changes in the mass, total lipids 

and fatty acid com position o f  the liver and ovary, and the lipid and fatty acid 

com position o f eggs and larvae obtained from induced ovulation with Ovaprim . The 

resting period in the developm ent o f the ovaries o f eel-tailed catfish was from  M arch 

to October (GSI below  1 %) while the period o f rapid gametogenesis was from 

N ovem ber to D ecem ber (GSI 3.6% to 4.8%). The seasonal changes in the H SI were 

not as clear, however, the HSI was 0.80% in August corresponding to the lowest 

level for the year. The results suggested that induced ovulation o f  fem ales in 

N ovem ber and D ecem ber should have a higher probability o f success. The total lipid 

o f  the ovary can be used as an indicator o f gametogenesis since the total lipid o f  the
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consequently this is considered a significant new finding. Thus the lipid content and 

the PlTF A levels in the white muscles of adult eel-tailed catfish are dependent on the 

horizontal location of the body. 

The total lipids of fry and fingerlings were similar since the lipid content of 

whole fry (mean 12.8% ofDW) and muscles of fingerlings (13.4% ofDW) were not 

significantly different (P>0.05). The major fatty acids (16:0, 18:0, 18:ln-9) in the fry 

and muscles of fingerlings were similar, however, the level of 18:0 was significantly 

lower in the fingerlings (P<0.05). In some species of fish, as the fry develop to 

fingerlings, they are progressively more able to desaturate and chain elongate 18:0 

(Mead 1958, Carroll 1965, Bell et al. 1986, Cowey 1988) thus lower levels of this 

fatty acid in fingerlings was not unexpected. The levels of EPA (20:5n-3) and DHA 

(22:5n-3) were higher in the fry and smaller stages of fingerlings in comparison to 

those in larger fingerlings, reflecting the importance of these fatty acids for the 

smaller stages of catfish. The importance of EPA and DHA for growth and survival 

of larvae and fry have been widely reported because they are important components 

for cell membranes especially in the development of the brain, eyes and other parts of 

the fish (Watanabe 1993, De Silva and Anderson 1995, Navarro et al. 1995, Sargent 

1995, Southgate and Lou 1995, Izquierdo 1996, McEvoy et al. 1996). 

As there were large numbers of samples to be analysed for fatty acid 

composition throughout this study it was necessary to determine the effect of storage 

conditions on lipid and fatty acid composition. It was found that catfish muscle 

tissues could be air frozen and stored at -20°C for a period of up to 8 weeks without 

any significant change in total lipid and fatty acid composition. 

Chapter 3 presented studies of the seasonal changes in the mass, total lipids 

and fatty acid composition of the liver and ovary, and the lipid and fatty acid 

composition of eggs and larvae obtained from induced ovulation with Ovaprim. The 

resting period in the development of the ovaries of eel-tailed catfish was from March 

to October (GSI below 1 %) while the period of rapid gametogenesis was from 

November to December (GSI 3.6% to 4.8%). The seasonal changes in the HSI were 

not as clear, however, the HSI was 0.80% in August corresponding to the lowest 

level for the year. The results suggested that induced ovulation of females in 

November and December should have a higher probability of success. The total lipid 

of the ovary can be used as an indicator of gametogenesis since the total lipid of the 
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ovaries during gametogenesis (31.0-33.0% o f DW) was significantly higher (P<0.05) 

than those during the resting period (23.3-29.6%). The liver accum ulated 18:ln-9 

during the resting period but just prior to and during gametogenesis, the levels o f 

18:0, 20:4n-6, 20:5n-3 and 22:6n-3 increased but levels o f  18:ln-9 decreased. In the 

case o f  the ovary, there was also an increase in levels o f 18: ln-9 during the resting 

period, but during the period just prior to and during gametogenesis, 18:0, 20:5n-3 

and 22:6n-3 levels increased while 18:ln-9  levels declined. The increase in levels o f 

18:0, 20:5n-3 and 22:6n-3 in the developing ovary was not unexpected because these 

fatty acids especially 20:5n-3 and 22:6n-3 in the eggs would be essential for the 

formation o f  new cells in the developing larvae (W atanabe 1993, Navarro et al. 1995, 

Sargent 1995, Southgate and Lou 1995, Izquierdo 1996, M cEvoy et al. 1996). 

Ovarian accum ulation o f  18:0, 20:5n-3 and 22:6n-3 have also been reported in 

capelin, cod and herring (Jangaard et al. 1967, Henderson et al. 1984, H enderson and 

Almatar 1989). W hilst 18: ln -9  was utilised in the ovaries o f  eel-tailed catfish, it was 

accum ulated in capelin, cod and herring. In the present study the n-6/n-3 ratios 

reflected the stage o f  maturity o f  the ovary o f eel-tailed catfish. During the resting 

period, the ratios were higher (1.8-2.9), while during gametogenesis, the ratios were 

lower (1.2-1.3) indicating that n-3 fatty acids were accum ulated in the ovary.

Oocytes in the range o f  1.91-2.01 mm in diam eter were considered m ature 

since fem ales w ith oocyte diameters in this range successfully ovulated. The dosage 

o f  0.5 m L o f  Ovaprim/kg o f  BW  was considered the threshold dosage because lower 

dosages failed to induce ovulation in mature fish. There were no benefits o f 

increasing the dosage o f Ovaprim beyond the level o f  0.5 m L o f Ovaprim /kg o f  BW  

as there w ere no improvements to the working fecundity, fertilisation and hatching 

rates. Gravid female eel-tailed catfish can be administered w ith 0.5-1.0 m L/kg BW  o f 

Ovaprim for induced breeding.

The total lipid content o f newly ovulated, 8-h viable and non-viable eggs, 

could not be used to indicate egg quality because the respective values were not 

significantly different (P>0.05) (range 28.2-30.2% o f  DW). D uring larval 

development, saturated and monounsaturated fatty acids (16:0 and 18:ln-9) levels 

decreased and levels o f PUFAs, principally 20:4n-6 and 22:6n-3, increased. Some 

species o f  fish are able to chain elongate and desaturate 16:0 to longer chain fatty 

acids (M ead 1958, Carroll 1965, Bell et a l  1986, Cowey 1988) and as such
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ovaries during gametogenesis (31.0-33.0% of DW) was significantly higher (P<0.05) 

than those during the resting period (23.3-29.6%). The liver accumulated 18:ln-9 

during the resting period but just prior to and during gametogenesis, the levels of 

18:0, 20:4n-6, 20:5n-3 and 22:6n-3 increased but levels of 18:ln-9 decreased. In the 

case of the ovary, there was also an increase in levels of 18:ln-9 during the resting 

period, but during the period just prior to and during gametogenesis, 18:0, 20:5n-3 

and 22:6n-3 levels increased while 18:ln-9 levels declined. The increase in levels of 

18:0, 20:5n-3 and 22:6n-3 in the developing ovary was not unexpected because these 

fatty acids especially 20:5n-3 and 22:6n-3 in the eggs would be essential for the 

formation of new cells in the developing larvae (Watanabe 1993, Navarro et al. 1995, 

Sargent 1995, Southgate and Lou 1995, Izquierdo 1996, McEvoy et al. 1996). 

Ovarian accumulation of 18:0, 20:Sn-3 and 22:6n-3 have also been reported in 

capelin, cod and herring (J angaard et al. 1967, Henderson et al. 1984, Henderson and 

Almatar 1989). Whilst 18:ln-9 was utilised in the ovaries of eel-tailed catfish, it was 

accumulated in capelin, cod and herring. In the present study the n-6/n-3 ratios 

reflected the stage of maturity of the ovary of eel-tailed catfish. During the resting 

period, the ratios were higher (1.8-2.9), while during gametogenesis, the ratios were 

lower ( 1.2-1.3) indicating that n-3 fatty acids were accumulated in the ovary. 

Oocytes in the range of 1.91-2.01 mm in diameter were considered mature 

since females with oocyte diameters in this range successfully ovulated. The dosage 

of 0.5 mL of Ovaprim/kg of BW was considered the threshold dosage because lower 

dosages failed to induce ovulation in mature fish. There were no benefits of 

increasing the dosage of Ovaprim beyond the level of 0.5 mL of Ovaprim/kg of BW 

as there were no improvements to the working fecundity, fertilisation and hatching 

rates. Gravid female eel-tailed catfish can be administered with 0.5-1.0 mL/kg BW of 

Ovaprim for induced breeding. 

The total lipid content of newly ovulated, 8-h viable and non-viable eggs, 

could not be used to indicate egg quality because the respective values were not 

significantly different (P>0.05) (range 28.2-30.2% of DW). During larval 

development, saturated and monounsaturated fatty acids (16:0 and 18:ln-9) levels 

decreased and levels of PUF As, principally 20:4n-6 and 22:6n-3, increased. Some 

species of fish are able to chain elongate and desaturate 16:0 to longer chain fatty 

acids (Mead 1958, Carroll 1965, Bell et al. 1986, Cowey 1988) and as such 
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progressively lower levels o f  16:0 is not unexpected. This finding was not in 

agreement with those o f  developing African catfish larvae where 16:0 was 

accum ulated (Legendre et al. 1995). In the case o f declining levels o f  18:ln-9 in eggs 

and larvae o f  eel-tailed catfish, the larvae may have utilised this fatty acid for energy 

production. Declining levels o f  18:ln -9  in developing eggs and larvae o f African 

catfish, A tlantic halibut and gilthead seabream have also been reported (Falk- 

Petersen et al. 1989, M ourente and Odriozola 1990, Legendre et al. 1995).

Larval rearing o f eel-tailed catfish with Artemia nauplii, prepared feeds and/or 

zooplankton diets was investigated in Chapter 4. Feeding o f  catfish larvae with 

Artem ia  nauplii should not be delayed beyond 3-4 days after hatching to avoid high 

m ortality since the highest survival o f  postlarvae was achieved when feeding 

com m enced 3 days after hatching. Since the postlarvae in treatm ent IV (delay o f  6 

days) w ere significantly larger than postlarvae in the other treatm ent groups at the 

end o f the study (P<0.05), this m eant that the growth potential o f  the larvae were not 

significantly affected by delay in feeding o f Artemia nauplii up to six days after 

hatching. However, to achieve high survival feeding should commence w ithin 3-4 

days after hatching. During delayed feeding o f larvae, PUFA, especially 22:6n-3, 

increased but total lipids and m onounsaturated fatty acid levels decreased. This 

finding confirm s earlier observations that 22:6n-3 was essential in developing larvae 

because it is an important com ponent o f  cell membranes and as such 22:6n-3 was 

necessary for the synthesis o f  new cells in growing tissues. D elay in feeding o f  larvae 

with nauplii did not affect the ability o f  the larvae to accum ulate n-6 and n-3 fatty 

acids consequently  the n-6/n-3 ratios o f  postlarvae were not affected.

Enrichm ent o f  Artem ia  nauplii w ith cod liver oil (CLO) prior to feeding them 

to catfish larvae was a successful strategy since the postlarvae had the highest 

survival. A lternatively, enrichm ent o f  Artemia  nauplii w ith com  oil (CO) was 

acceptable because the postlarvae achieved the highest total length (P<0.05). The 

total lipid content o f  Artem ia  nauplii can be modified by enrichm ent with different 

oils and in  this study, enrichm ent w ith com  oil and soybean oil (SBO) resulted in 

elevated levels o f  total lipids in the enriched nauplii. Enrichm ent o f  Artemia  nauplii 

with oils can also m odify the fatty acid composition o f the lipids and in this study, 

enrichm ent w ith cod liver oil, com  oil and soybean oils resulted in an increase in 

18:2n-6 and the decline o f  16:0, 18 :ln-9  and 18:3n-3 content. Generally, enrichment
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progressively lower levels of 16:0 is not unexpected. This finding was not in 

agreement with those of developing African catfish larvae where 16:0 was 

accumulated (Legendre et al. 1995). In the case of declining levels of 18: ln-9 in eggs 

and larvae of eel-tailed catfish, the larvae may have utilised this fatty acid for energy 

production. Declining levels of 18:ln-9 in developing eggs and larvae of African 

catfish, Atlantic halibut and gilthead seabream have also been reported (Falk

Petersen et al. 1989, Mourente and Odriozola 1990, Legendre et al. 1995). 

Larval rearing of eel-tailed catfish with Artemia nauplii, prepared feeds and/or 

zooplankton diets was investigated in Chapter 4. Feeding of catfish larvae with 

Artemia nauplii should not be delayed beyond 3-4 days after hatching to avoid high 

mortality since the highest survival of postlarvae was achieved when feeding 

commenced 3 days after hatching. Since the postlarvae in treatment N ( delay of 6 

days) were significantly larger than postlarvae in the other treatment groups at the 

end of the study (P<0.05), this meant that the growth potential of the larvae were not 

significantly affected by delay in feeding of Artemia nauplii up to six days after 

hatching. However, to achieve high survival feeding should commence within 3-4 

days after hatching. During delayed feeding of larvae, PUF A, especially 22:6n-3, 

increased but total lipids and monounsaturated fatty acid levels decreased. This 

finding confirms earlier observations that 22:6n-3 was essential in developing larvae 

because it is an important component of cell membranes and as such 22:6n-3 was 

necessary for the synthesis of new cells in growing tissues. Delay in feeding oflarvae 

with nauplii did not affect the ability of the larvae to accumulate n-6 and n-3 fatty 

acids consequently the n-6/n-3 ratios of postlarvae were not affected. 

Enrichment of Artemia nauplii with cod liver oil (CLO) prior to feeding them 

to catfish larvae was a successful strategy since the postlarvae had the highest 

survival. Alternatively, enrichment of Artemia nauplii with corn oil (CO) was 

acceptable because the postlarvae achieved the highest total length (P<0.05). The 

total lipid content of Artemia nauplii can be modified by enrichment with different 

oils and in this study, enrichment with com oil and soybean oil (SBO) resulted in 

elevated levels of total lipids in the enriched nauplii. Enrichment of Artemia nauplii 

with oils can also modify the fatty acid composition of the lipids and in this study, 

enrichment with cod liver oil, corn oil and soybean oils resulted in an increase in 

18:2n-6 and the decline of 16:0, 18:ln-9 and 18:3n-3 content. Generally, enrichment 
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o f  nauplii with the oils mentioned above resulted in nauplii w ith lowered levels o f  

total saturated fatty acids but elevated levels o f total PUFA. Enrichm ent o f  nauplii 

w ith cod liver oil resulted in higher n-3 fatty acid content indicated by lower n-6/n-3 

ratios (0.2) while enrichment with soybean and com oils resulted in lower n-3 fatty 

acid content indicated by higher n-6/n-3 ratios (0.4). The differences in the fatty acid 

composition o f  the non oil-enriched and oil-enriched Artem ia  nauplii are due to the 

differences in the fatty acid composition o f  cod liver oil, com  oil and soybean oil. 

Thus the fatty acid composition o f  Artem ia  nauplii can be m odified by the 

enrichment medium.

The biochem ical composition o f the non-oil and oil-enriched Artem ia  nauplii 

had some effects on the biochemical composition and survival o f  catfish postlarvae. 

Feeding larvae w ith cod liver oil-enriched Artemia  nauplii was considered successful 

because the postlarvae recorded the highest survival which m ay have been attributed 

to high levels o f  PU FA  (20:5n-3 and 22:6n-3) in the postlarvae. Feeding o f  larvae 

w ith soybean oil-enriched Artemia nauplii was not a good option as the postlarvae 

had the lowest survival which may have been attributed to low  22:6n-3 levels in  the 

postlarvae. There were higher amounts o f  n-3 fatty acids in the CLO postlarvae as 

evidenced by a low er n-6/n-3 ratio (0.4) as opposed to those in the SBO and CO 

postlarvae which had higher n-6/n-3 ratios o f  (0.8). Overall, cod liver oil-enriched 

Artem ia  nauplii was the best diet for catfish larvae in terms o f  survival while com  

oil-enriched Artem ia  resulted in the highest specific growth rate and high survival.

Finely ground barramundi pellets were not required as a feed supplem ent 

during the first 15 days o f  larval rearing in a green-water system and this finding 

implied that natural food in green-water (zooplankton) had played a m ajor role in the 

diet. The availability o f  prepared feeds had enabled the larvae to accum ulate higher 

amounts o f lipids as evidenced by higher levels o f total lipids in postlarvae that had 

been maintained on a diet o f zooplankton plus prepared feed. However, in  the 

absence o f prepared feeds, the larvae accumulated higher amounts o f  PU FA  

especially 22:6n-3. H igher amounts o f  n-3 fatty acids were detected in postlarvae that 

were fed zooplankton alone as evidenced by lower n-6/n-3 ratios in the postlarvae 

(0.6) as opposed to those fed zooplankton plus prepared feed (0.9).

Therefore, based on all these results, the best diet and feeding regim e w ould 

be feeding o f eel-tailed catfish larvae with cod liver oil enriched Artem ia  nauplii
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of nauplii with the oils mentioned above resulted in nauplii with lowered levels of 

total saturated fatty acids but elevated levels of total PUF A. Enrichment of nauplii 

with cod liver oil resulted in higher n-3 fatty acid content indicated by lower n-6/n-3 

ratios (0.2) while enrichment with soybean and corn oils resulted in lower n-3 fatty 

acid content indicated by higher n-6/n-3 ratios (0.4). The differences in the fatty acid 

composition of the non oil-enriched and oil-enriched Artemia nauplii are due to the 

differences in the fatty acid composition of cod liver oil, corn oil and soybean oil. 

Thus the fatty acid composition of Artemia nauplii can be modified by the 

enrichment medium. 

The biochemical composition of the non-oil and oil-enriched Artemia nauplii 

had some effects on the biochemical composition and survival of catfish postlarvae. 

Feeding larvae with cod liver oil-enriched Artemia nauplii was considered successful 

because the postlarvae recorded the highest survival which may have been attributed 

to high levels of PUF A (20:5n-3 and 22:6n-3) in the postlarvae. Feeding of larvae 

with soybean oil-enriched Artemia nauplii was not a good option as the postlarvae 

had the lowest survival which may have been attributed to low 22:6n-3 levels in the 

postlarvae. There were higher amounts of n-3 fatty acids in the CLO postlarvae as 

evidenced by a lower n-6/n-3 ratio (0.4) as opposed to those in the SBO and CO 

postlarvae which had higher n-6/n-3 ratios of (0.8). Overall, cod liver oil-enriched 

Artemia nauplii was the best diet for catfish larvae in terms of survival while corn 

oil-enriched Artemia resulted in the highest specific growth rate and high survival. 

Finely ground barramundi pellets were not required as a feed supplement 

during the first 15 days of larval rearing in a green-water system and this finding 

implied that natural food in green-water (zooplankton) had played a major role in the 

diet. The availability of prepared feeds had enabled the larvae to accumulate higher 

amounts of lipids as evidenced by higher levels of total lipids in postlarvae that had 

been maintained on a diet of zooplankton plus prepared feed. However, in the 

absence of prepared feeds, the larvae accumulated higher amounts of PUF A 

especially 22:6n-3. Higher amounts of n-3 fatty acids were detected in postlarvae that 

were fed zooplankton alone as evidenced by lower n-6/n-3 ratios in the postlarvae 

(0.6) as opposed to those fed zooplankton plus prepared feed (0.9). 

Therefore, based on all these results, the best diet and feeding regime would 

be feeding of eel-tailed catfish larvae with cod liver oil enriched Artemia nauplii 



com m encing 3-4 days after hatching. A lternatively larval rearing can be carried out 

successfully in a green-water system w hich has a bloom  o f zooplankton.

Future studies should include aspects related to feeding catfish larvae with 

Artem ia  nauplii that have been enriched w ith PU FA  containing comm ercial products 

such as Selco or Superselco, w eaning o f  postlarvae from Artem ia  nauplii or 

zooplankton to form ulated diets, and use o f  semi-purified or purified diets to 

determ ine the fatty acid requirem ents o f  eel-tailed catfish juveniles.
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commencing 3-4 days after hatching. Alternatively larval rearing can be carried out 

successfully in a green-water system which has a bloom of zooplankton. 

Future studies should include aspects related to feeding catfish larvae with 

Artemia nauplii that have been enriched with PUF A containing commercial products 

such as Selco or Superselco, weaning of postlarvae from Artemia nauplii or 

zooplankton to formulated diets, and use of semi-purified or purified diets to 

determine the fatty acid requirements of eel-tailed catfish juveniles. 
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