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SUMMARY. 

In an investigation of the possibility of developing an 

artificial substitute for live food during first stage rearing of 

mirror carp (Cyprinus carpio) larvae,diet presentation and related 

husbandry techniques and selected nutritional requirements of carp 

juveniles were studied. 

Carp larvae held at a temperature of 24°C in continuous light 

showed optimal growth and food conversion during the first five 

days after commencement of feeding when given Artemia nauplii in 

amounts ranging from 200 — 250% of body weight per day,reducing to 

100 - 120% of body weight per day during the following five days. 

It was found that carp larvae could be successfully reared 

on a dry,compounded commercial fry diet from a live body weight of 

approximately 15 mg,and that carp post-larvae of 15 - 100 mg body 

weight fed this diet showed optimal growth and food conversion for 

feeding rates of 15.0 - 17.5% of body weight per day. Carp fry of 

100 — 500 mg body weight showed optimal growth and food conversion 

for feeding rates of 10 - 15% of body weight per day. These feed 

quantities were best administered in 12 equal amounts over 24 hours. 

It was also shown that presentation of green coloured diets to carp 

fry held on matching coloured backgrounds improved growth and food 

conversion. 

It was postulated that a dietary crude protein content of 45% 

was optimal for carp fry of 100 — 500 mg live body weight,and that 

inclusion of lipid at levels above 5% of the dry diet did not appear 

to offer any advantages in terms of growth. 

Manufacture of water-stable diets by the use of various bind— 

ing agents and micro-encapsulation techniques did not substantially 

improve the performance of diets offered to carp larvae immediately 

after hatching,and it was concluded that further research will be 

required before it will be possible to eliminate the use of live 

food as a first food for carp larvae. 
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Chapter 1. Introduction. 

1.1. Constraints on Aquaculture. 

While it is only in this century that the term aquaculture 

has become associated with an animal husbandry industry seeking to 

produce aquatic organisms,especially fish,largely for human consum- 

ption,it is now widely appreciated that the foundations of this 

practice were laid in pre-Christian times. Documentary evidence of 

managed fish and shellfish populations attest the existence of some 

forms of aquaculture in Greek and Roman times,and which have been 

continued in various parts of the world until the present day 

(Sarig,1966; Bardach et _al,1972). 

Following the pattern set by terrestrial animal husbandry 

industries,fish culture in the developed countries has tended to 

become increasingly intensive in approach,with increased reliance 

on sophisticated technology to maximise water use and yields,in 

contrast with the more traditional methods of pond fish farming 

which largely rely on increasing the natural productivity of 

enclosed water bodies. The modern,intensive approach to fish 

farming has been predominantly associated with the culture of 

salmonid species because these fish are best adapted to the clim— 

atic conditions which prevail in much of the developed world. Thus 

a considerable proportion of the research relating to the physio— 

logical and nutritional requirements of fish under intensive 

culture conditions has been directed towards the salmonid species, 

despite the fact that the major part of the currently estimated 

6.million tonne annual production of the global fin- and shellfish 

farming industries is comprised of warm water,non-salmonid species 

derived mainly from the less-developed countries. 

A concensus of opinion predicts that production of farmed fish



aie 

will have greatly increased by the end of the century,some estimates 

suggesting a figure of 30 million tonnes per annum. Whether this 

production will come about by more intensive use of water resources 

or by an expansion of traditional pond farming remains to be seen, 

but it is certain that a greatly increased production is expected 

from the developing countries with emphasis on the culture of warm 

water species,as well as from mariculture. 

The intensive culture of salmonid species has been greatly 

facilitated by the ease with which they may be bred and reared in 

captivity. This is not the case for a large number of commercially 

important warm water and marine fish species,and some established 

fish culture industries such as the farming of the Asiatic cyprin- 

ids have in the recent past relied heavily on recruitment of 

juveniles from natural fish populations. While the modern tech-— 

nique of induced breeding has made the mass propagation of such 

refractory species possible,considerable difficulties concerning 

the rearing of the larvae still exist. The massive projected 

increases in farmed fish production by the end of the century 

will therefore require substantial improvements to be made in the 

methods of rearing certain larval and juvenile fish species. 

That intensive mass production of juveniles is necessary is evid- 

enced by the rapidly expanding number of specialised warm water 

fish hatcheries producing such species as Cyprinus carpio,Esox spp. 

and Coregonus spp.,previously supplied in adequate quantity by 

reproduction under natural conditions (Woynarovich,1973). Contro— 

lled reproduction is not only necessary to meet the demand for fish 

seed,it also makes possible the genetic selection of breeding 

stock and production of improved strains. (Purdom,1972). 

An important potential constraint on the continuing expansion 

of aquaculture is thus the provision of large numbers of juvenile
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fish for stocking purposes,particularly of certain warm water and 

marine species of proven or potential value. 

1.2. Artificial Propagation. 

It is now some fifty years since the pioneering work on control 

of reproduction in fishes was begun. Despite the large number of 

investigations into the physiology of the pituitary gland and its 

role in the reproduction of fish,it is only in the past twenty 

years that this knowledge has been incorporated into practical fish 

culture procedures on a regular basis,and its impact has been pro- 

found. 

The first researchers to investigate the effects of pituitary 

hormone extracts on fish used mammalian and synthetic hormones and 

were not able to obtain very encouraging results (Young and Bellerby, 

1935; Owen, 1936; Johnson and Riddle,1939). The first to use piscine 

pituitary extracts in such work were the Brazilians Houssay (1931), 

Cardoso (1934) and Von Ihering and Azevedo (1934),who showed that 

it was possible to bring about maturation and spawning in fresh- 

water fish of the families Characidae and Doradidae,and subsequent 

experimental data such as that of Hasler et al (1939),Ball and 

Bacon (1954) and Palmer et al (1954) showed the relatively higher 
  

efficiency of fish pituitary extracts over those of mammalian 

origin when injected into fishes. The early literature on the 

physiology of the pituitary gland and induced spawning of fishes 

was reviewed by Atz and Pickford (1959). 

One of the earliest attempts to spawn carp was made by Khan 

(1938) in India. Using the Indian major carp Cirrhina mrigala,he 

administered extracts of mammalian pituitary at a concentration of 

362 - 6.4 mg/Kg once weekly,and the commercial synthetic hormones 

Prolan and Antuitrin S at a concentration of 20 - 40 Rat Units 

daily and on alternate days. Although all treated fish ovulated
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no viable eggs were obtained. Successful spawning of the Indian 

major carps was not achieved until some years later,when Chaudhuri 

and Alikunhi (1957) reported the breeding and rearing of large 

numbers of fry of the species Catla catla,Labeo rohita,Cirrhina 
  

mrigala,Hypothalmichthys molitrix,Ctenopharyngodon idella,Cirrhina 

molitorella,Mylopharyngodon piceus and Cyprinus carpio. With the 

exception of Cyprinus carpio,none of these species had ever been 

domesticated on any significant commercial scale before. The succ— 

essful introduction of hypophysation on a regular basis into Indian 

piscicultural procedures has enabled the valuable Indian major 

carps to extend their range,and permitted considerable progress to 

be made in the selective breeding of these species. There can be 

no doubt that the practice of induced breeding has made a useful 

contribution to Indian fish culture. 

The method of induced breeding is important because it permits 

hatching and rearing of larvae and fry under controlled,weather— 

independent conditions,improvement of stocks by genetic manipulation 

and prevention of the spread of diseases and parasites from parents 

to progeny. The technique of hypophysation is now well-established 

throughout EFurope,the Middle Fast and the Americas (Shehadeh,1973). 

However,despite its widespread adoption,relatively little is known 

about the precise mode of action of piscine gonadotrophins and 

most commercial hatcheries rely on the use of crude homogenates of 

whole fish pituitaries to bring about forced ovulation of a variety 

of fish species. Since the success of hypophysation depends upon 

both the potency of the fresh or preserved pituitary material and 

the vitellogenic stage of maturity of the female spawner,neither 

of which are invariably closely controlled,successful ovulation is 

frequently only obtained in approximately 50% of attempts (Sheh- 

adeh,1973). There is thus ample scope for improvement of the tech-



nique. 

Collection of fish pituitaries for the production of a crude 

gonadotropin extract is an extremely time-consuming process. More- 

over,the commonly used acetone-dried pituitary powder contains a 

large number of other hormones in variable proportions and their 

intervention may not always be beneficial to the physiology of 

fish and especially to the quality of the genital products. Efforts 

have therefore been made to isolate the gonadotropic hormone or 

hormones from the pituitary of fish. 

The available evidence seems to favour the existence of only 

one gonadotropic hormone in teleosts,rather than the two present 

in higher vertebrates. Purification of both carp and salmon gonado— 

tropin from pituitary extracts has yielded just one fraction of 

high gonadotropic activity,differing from both mammalian lutein- 

ising hormone (LH) and follicle stimulating Homene (FSH). Evidence 

for the existence of two piscine gonadotropins derives from the 

observation of two gonadotropic cellular types in the pituitaries 

of some teleosts,such as the eel,goldfish and carp (Fontaine,1976). 

However,immunofluorescence studies of purified carp gonadotropin 

(c-GTH) have revealed only a single population of gonadotropes in 

carp pituitaries (Billard et _al,1971). 

The pituitary itself is under the control of the hypothalamus, 

In the more primitive cyclostomes,the pituitary seems capable of 

autonomous function,or is at least controlled by a blood borne 

factor in the systemic circulation. In teleosts,however,the pituit— 

ary is under direct nervous control as in higher vertebrates,from 

the nucleus lateralis tuberis. There does not appear to be any 

zoological specificity in the action of the gonadotropin releasing 

factor (GTH-RH). The peptide containing nine amino acids isolated 

from mammalia is capable of releasing gonadotropin in carp and



brown trout,and similarly carp GTH-RH is capable of releasing GTH 

from sheep pituitaries in vitro (Fontaine,1976). 

This lack of specificity is not shown by the piscine gonado— 

tropins themselves. To date,two hormones of high activity have been 

isolated from Oncorhynchus tschawytscha (Donaldson et_al,1972) and 

Cyprinus carpio (Sinha,1971; Burzawa-Gerard,1971); both are capable 

of restoring all the diverse stages of maturation in hypophysect— 

omised teleosts. However,these two gonadotropins differ in their 

ability to stimulate adenyl cyclase activity in goldfish ovary 

homogenates,the salmon GTH being some 36 times less effective than 

c-GTH in this assay (Fontaine et al,1972). Furthermore,purified 

sturgeon GTH has shown a difference in activity in amphibian 

assays from c-GTH,together with a different amino acid profile 

and sub-unit structure (Burzawa-Gerard et _al,1976). It has long 

been known that homoplastic pituitaries are the most effective 

for spawning fish of a particular species,and piscine GTH may thus 

possess some species specificity. 

Physical characterisation of the carp and salmon gonadotropins 

has shown that both possess a fairly similar molecular weight. 

Carp GTH has been identified as consisting of two sub-units poss— 

essing molecular weights of approximately 27,000 and 15,000,the 

larger molecule retaining some potency after separation,while the 

smaller molecule loses all effect (Donaldson,1973). Salmon GTH has 

been found to possess a molecular weight of approximately 29,000 

with a sub-unit weight of 13,000 (Chaudhuri,1976). Both carp and 

salmon GTH are acidic in nature,resembling FSH more than LH in 

this respect,and c-GTH furthermore resembles FSH in terms of its 

amino acid residues (Sinha,1971). However,when mammalian hormones 

are observed to have a positive affect on spermiation and ovulat— 

ion,LH activity predominates. Anti-ovine LH also complexes with
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carp and salmon gonadotropes in the pituitary,whereas anti—ovine 

FSH does not,but neither LH nor FSH reacts with rabbit anti-serum 

to partially purified c-GTH (Fontaine,1976). 

It is presumed that the fish gonadotropins exert their effect 

at certain stages in the reproductive cycle through sexual steroids 

produced by the endocrine tissues of the gonad. The evidence for 

the role of sexual steroids is,however,rather contradictory. Andro- 

gens such as methyl testosterone and testosterone have been found 

capable of inducing spermiation in some species,but in others,for 

example Heteropneustes fossilis,testosterone actually suppresses 

spermatogenesis (Sundararaj et_al,1971). In the female,similar 

problems have been encountered:estradiol has been shown to have 

both a stimulatory and inhibitory effect on vitellogenesis (Schreck 

and Scanlon,1977). Of all the steroids tested,the steroid 17« — 

hydroxy 204 dihydroprogesterone seems to be the most effective 

agent for induction of ovulation,and has been isolated from the 

plasma of spawning Atlantic salmon (Schreck and Scanlon, 1977). 

The corticosteroids seem to have more affect on ovulation 

than the gonadal steroids. These can by synthesised by both the 

ovary and the interrenal. Cortisol and cortisone have been shown 

to synergise 17« hydroxy 205 dihydroprogesterone,but gonadotropin 

induced corticosteroid biosynthesis has not been demonstrated in 

the salmon,although it occurs in the catfish Heteropneustes 

fossilis (Jalabert,1975). LH stimulates the interrenal,but this 

may be a pharmacological action rather than a normal physiolog- 

ical mechanism (Fontaine,1976). 

Recently,Jalabert et al (1977) have used 17x hydroxy 206 

dihydroprogesterone as an aid in the induced spawning of carp. 

They noticed that a priming dose of pituitary extract was still 

necessary to bring about maturation of the oocytes from stage 3
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to stage 4,the migration of the nucleus towards the micropyle (see 

section 1.2.1); 17« hydroxy 208 dihydroprogesterone apparently had 

no effect until this stage had been reached in carp and a number 

of other species. Once this maturity stage was achieved however, 

administration of the steroid could bring about ovulation at a 

lower temperature than is normally necessary for the successful 

induction of ovulation in carp using pituitary extract alone. Jala— 

bert et_al (1977) postulated that the failure of the pituitary 

extract or c-GTH to bring about ovulation at low temperature was 

due to the high temperature requirement for biosynthesis of the 

natural steroid mediator which brings about ovulation. They sugg— 

ested that 17« hydroxy 206 dihydroprogesterone mimicked the action 

of this steroid,if it was not the steroid itself,and that once the 

steroid was synthesised it did not need a high temperature to act. 

How the pituitary extract worked to prime the oocytes was not clear, 

but it must involve some other substance unlike 17a hydroxy 204 di- 

hydroprogesterone. 

While there is thus still some controversy surrounding the 

exact mode of action of piscine gonadotropins,considerable progress 

has been made and it would appear only a matter of time before 

more effective,synthetic alternatives replace the use of crude pit— 

uitary extracts for the induction of ovulation in fish. However,in 

order to guarantee a high quality of genital product,it will also 

be necessary to regulate the timing of hormone administration to 

coincide with the most receptive stage of vitellogenesis. 

1.2.1. Optimisation of Hypophysation. 

Many researchers have observed that selection of "ripe" female 

fish for spawning induction is crucial to the success of the oper— 

ation,but few have attempted to define the required degree of "ripe- 

ness" in objective terms. Selection on the basis of such characters
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as the colouration of the vent and the softness of the abdomen (Chen 

et _al,1969) are unreliable and subjective and result in poor succ— 

ess rates for hypophysation in the field. A practical and reliable 

method for assessing the state of maturity of female mullet (Mugil 

cephalus) has been developed (Kuo et_al,1974) which could be applied 

to many other commercially important species requiring hypophysation 

as a routine procedure. 

Oogenesis in the mullet has been divided into five general 

stages according to the histological appearence of the oocytes. 

The first two stages relate to immature oocytes which are charact- 

erised by the presence of a nucleus occupying the greater proport— 

ion of the oocyte and the gradual accumulation of yolk vesicles. 

The third stage of development is associated with the accumulation 

of yolk,the appearence of the zona radiata and the disappearence 

of the nuclear membrane. At the end of this stage,the oocytes are 

mature and will respond to injected pituitary extracts or purified 

piscine GTH. The oocytes of the fourth,ripe stage have only been 

observed in hypophysised females immediately before ovulation,and 

are characterised by the migration of the nucleus toward the 

animal pole and the fusion of yolk globules and oil droplets. Many 

short villi also appear on the surface of the egg. The fifth stage 

describes oocytes undergoing atresia. 

It was found by Kuo et al (1974) that the diameter of oocytes 

was linearly related to their stage of maturity,and that the sexual 

maturity of the fish could be expressed in terms of mean oocyte 

diameter. This could be calculated from the egg diameter frequency 

of samples collected in vivo from unanaesthetised females through 

a polyethylene cannula inserted into the oviduct of the fish 

(Shehadeh et _al,1973). Furthermore,it was found that the dose of 

partially purified salmon gonadotropin required to induce spawning
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was linearly related to the initial mean egg diameter,ranging from 

12 - 21 pe/e body weight for oocytes ranging in diameter from 600 - 

730 pm. The dose was applied in two injections,one third of the 

total dose being injected 48 hours before the remainder; this sequ- 

ence was found to be necessary to avoid partial spawning. Oocytes 

with diameters below 600 pm would not respond to this treatment, 

but maturation of oocytes with mean diameters of 500 - 600 pm 

could be brought about by a sequence of injections increasing from 

0.12 to 3.4 ps/e body weight daily over a period of six to eight 

days. 

The synchronous development of the oocytes of the mullet 

facilitates the measurement of the stage of sexual maturity of the 

female. However,in Cyprinus carpio,the species used in the course 

of the research reported here,ovarian development proceeds differ— 

ently. Six stages of oocyte development are recognised in the carp 

(Gupta,1975; Bieniarz and Epler,1976),which may be summarised as 

follows: 

(1) Stage I; immature oocytes characterised by a large nucleus at 

the centre of the cell and surrounded by a single layer of 

follicle cells; 50 - 150 pm in diameter. 

(2) Stage II; oocytes characterised by yolk accumulation at the 

periphery of the ooplasm and a peripherally migrating nucleus 

less than half-way to the edge of the cell; 150 - 300 pm in 

diameter. 

(3) Stage III; advanced maturing oocytes characterised by yolk 

globule accumulation in the inner ooplasm eventually fusing to 

form a continuous mass,disintegration of the nuclear membrane 

and migration of the nucleus more than half-way to the periph- 

ery,and development of oolemma and follicular and granulosa 

layers; 300 - 700 pm in diameter.
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(4) Stage IV; mature oocytes characterised by a nucleus adjacent 

to the micropyle and complete disintegration of the nuclear 

membrane; 700 - 850 pm in diameter. 

(5) Stage V; ripe oocytes characterised by disappearence of nuclear 

contents and development of short villi on the surface,and 

only observed after hypophysation immediately before ovulation; 

800 - 900 pm in diameter. 

(6) Stage VI; atretic oocytes characterised by fragmentation of 

granulosa layer and breakdown of the oolemma. 

In vivo ovarian biopsy techniques were developed for carp by 

Bieniarz and Epler (1976),and application of these to a study of 

ovarian development in sexually mature carp throughout the yearly 

cycle (Bieniarz et_al,1977,1979) has revealed that all stages of 

oocyte development,with the exception of Stage V,may be observed 

at any time. Mature oocytes in Stage IV of development predominate 

throughout the yearly cycle except immediately after spawning,when 

oocytes in Stages I and II of development proliferate in order to 

replace oocytes lost during ovulation. Changes occurring in the 

ovaries during the yearly cycle consist of a gradual development 

of a resorption process in the oocytes after a completed vitello— 

genesis,the store of oocytes being progressively supplemented by 

those in earlier stages of development (Bieniarz et _al,1979), 

irrespective of whether spawning occurs. This Prooeae is also 

independent of temperature. Gupta (1975) found that mature oocytes 

were present in considerable numbers even after what was considered 

a reasonably complete spawning,and Bieniarz et al (1979) showed 

that these residual oocytes would respond to hypophysation, by 

demonstrating nucleus migration,within two weeks after a previous 

induction of ovulation,although further ovulation did not necess— 

arily result.
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There is thus no endogenous sexual rhythm in carp and induced 

spawning can be accomplished several times and throughout the year 

(Meske et _al,1968). While multiple spawnings of carp are facilitat- 

ed by maintenance of year-round high temperatures (Kossmann,1973), 

the temperature—-independent development of the ovary implies that 

this is not strictly necessary; Huisman (1973) recorded that carp 

from outdoor ponds at very low temperatures could be successfully 

spawned immediately after acclimation to hatchery temperatures. 

Because of the confusing picture which may be obtained from 

ovarian biopsy samples,it is difficult to apply mean egg diameter 

criteria to carp as a means of assessing the receptiveness of the 

recipient female to hypophysation,as is possible for the mullet. 

Since carp females would appear receptive to hypophysation at all 

times except immediately after spawning,it is difficult to expl-— 

ain why some fish do not respond at all to pituitary injections. 

Much more information about the process of resorption of oocytes, 

and how this affects the response of other apparently mature 

oocytes to hypophysation,is required before it will be possible 

to optimise the induced spawning procedure for Cyprinus carpio. 

Available information would suggest that it is possible to obtain 

some eggs from carp females held under constant environmental 

conditions after every spawning attempt,but that the quantity and 

quality of these will be dependent on the vitellogenic stage pre- 

vailing at the time of the attempt,which will be different for 

each female. Synchronous ripening under natural conditions is pre- 

sumably influenced by external factors,which are well-documented 

(Sarig,1966),but exactly how these act at a biochemical level is 

unknown. 

1. - Egg Incubation. 

Losses of eggs and larvae after natural spawning are often
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very great,even when semi-controlled spawning is effected in spec- 

ially constructed ponds or enclosures. The potential benefits of 

incubation under aseptic and manageable conditions are therefore 

considerable,reducing losses to poor fertilisation,disease and pred- 

ation. 

While many fish eggs can be incubated successfully en masse 

in simple flowing water containers,until techniques were developed 

some twenty years ago the artificial incubation of carp eggs,among 

those of a few other species,presented serious problems. In nature, 

carp eggs possess a sticky surface mucin which attaches them to 

plants and other floating or submerged substrates. When incubated 

in containers,the eggs stick together to form clumps,which may de- 

prive eggs at the centre of the clump of oxygen. These dead eggs 

are then frequently attacked by fungi which may spread to adjacent 

eggs and kill them. Until a method was devised to inactivate the 

sticky layer,artificial incubation tended to be accompanied by 

higher mortalities than were encountered in ponds. 

Woynarovich (1955) introduced a commercially applicable tech- 

nique for overcoming this problem,which originally consisted of 

mixing eggs and milt in small amounts of water,whereupon fertil— 

isation took place,followed by separation and spreading onto sack 

cloth. Eggs treated in this manner could withstand transport for 

up to twelve hours if kept in damp moss. The sheets of sack cloth 

with attached eggs were then suspended in a special spray room, 

where a fine water mist produced by high-pressure spray heads 

kept them moist;just prior to hatching,the eggs were transferred 

+o hatching ponds and culture continued in the normal fashion. 

However,this was a tedious and expensive technique and has since 

been superceded by better methods. 

Woynarovich (1960,1962) devised another technique whereby
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permanent de-gumming and fertilisation of carp eggs could be eff- 

ected simultaneously. Investigation of the affect of various salt 

solutions on the mobility of carp spermatozoa,with reference to 

their mobility in fresh water revealed that a solution containing 

0.3% urea and 0.6% sodium chloride both prolonged the activity of 

the spermatozoa and reversibly inhibited the stickiness of the eggs. 

After treatment with this solution for approximately one hour,fur— 

ther immersion in a 0.85% urea solution permanently removed the 

glycoprotein adhesive layer from the eggs. 

Konradt and Sakharow (1966) also developed an alternative tech- 

nique which proved faster than the above,but which is not widely 

used. They found that the glycoprotein layer could be removed by 

treatment of the eggs with a crude hyaluronidase solution prepared 

by acetone extraction of pig testiclesj;a freshly prepared solution 

of the extract was effective within 25 - 35 minutes. They also 

found that dilute tannic acid solutions were effective for removal 

of the glycoprotein layer surrounding beluga sturgeon eggs,and a 

combination of the Woynarovich (1962) technique and a tannic acid 

treatment after Konradt and Sakharow (1966) is now most often used 

during the preparation of carp eggs for incubation. 

1.3. Larval Rearing. 

The gradual supplanting of pond rearing techniques for fish 

larvae and juveniles by intensive production in hatcheries has 

meant that food must be taken to the fish rather than vice versa. 

This practice presents some serious problems for many species of 

fish larvae,particularly for those which derive from ‘smaller eggs 

than are produced by the Salmonidae. Under natural conditions,all 

fish larvae are carnivorous during the early part of their life 

cycle and feed upon various kinds of zooplankton,the provision of 

which in the large quantities required for a commercial hatchery
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can be problematical. Thus mass—rearing of fish larvae has required 

the development of mass-rearing techniques for living fish food 

sources for those species of fish larvae which cannot currently be 

cultured on alternative feeds. Only a relatively few species of 

invertebrates have proved themselves amenable to mass culture as a 

source of food for fish larvae,although fortunately these have been 

acceptable to a large number of fish species. The most notable among 

these living food organisms are the rotifer Brachionus plicatilis 

and the branchiopod Artemia salina. 

The success of complete,compounded artificial diets for the 

rearing of post—juvenile fish in commercial fish culture has sugg- 

ested that similar formulations may be employed during the larval 

phase,particularly since the costs of living feed production are 

high (Girin,1979). While it has proved possible to rear salmonid 

larvae in this way,preparation of artificial diets for other 

species of fish larvae,especially those of marine origin,has pre- 

sented considerable technical difficulty often ascribable to their 

small size and feeding behaviour (van Limborgh,1979). 

A number of commercially important warm water and marine fish 

species produce eggs of 1 mm or less in diameter (eg. Cyprinus 

carpio,Scophthalmus maximus and Dicentrarchus labrax) which prod- 

uce correspondingly small larvae in comparison with those of many 

salmonid species. Carp .are unable to ingest living feeds having 

a diameter of greater than 200 to 300 pm, and the 

production of similarly sized or smaller artificial feed particles 

is practically difficult. Firstly such small particles present a 

very large surface area to the water,which may cause their disint— 

egration or substantial loss of water soluble ingredients. Secondly, 

these feed particles must individually represent the overall form- 

ulation of the diet,else the fish may ingest an unbalanced ration,



which necessitates the use of finely comminuted or dissolved in- 

gredients. Thirdly,larvae must be able to recognise such particles 

as food and eat them,which means they must combine both physical 

and possibly chemical attractiveness. 

With the recognition of these problems have come several 

ingenious suggestions for their solution (Meyers and Butler,1971; 

Meyers,1979; Metailler et_al,1979),such as the micro-encapsulation 

of dietary ingredients within an impermeable but digestible or 

rupturable capsular material,or their stabilisation by natural or 

synthetic binding agents. While the difficulties associated with 

manufacture of larval diets may therefore be superable,very little 

success has so far been achieved with the rearing of larvae that 

have accepted such artificial diets and it has become clear that 

a better understanding of larval nutrition must be gained before 

this will be possible. 

1.3.1. the Rearing of Carp Larvae. 

Carp eggs usually range from 0.9 — 1.1 mm in diameter before 

post-fertilisation water absorption and the newly hatched larvae 

measure some 6 — 7 mm in length and weigh approximately 1 mg. The 

yolk sac is small and its absorption is complete after 48 hours 

at a temperature of 21 - 24° (Neudecker,1976),when the larvae 

commence exogenous feeding. The gape at this stage is approximat— 

ely 550 pm (Shirota,1970) and the larvae are capable of immediate 

ingestion of Artemia nauplii,which have proved to be a suitable 

food for the first few weeks of rearing (Woynarovich and Kausch, 

1967; Kossmann,1973; Huisman,1973). 

It has been found that carp larvae will ingest inert diet 

particles of a suitable size quite readily and as soon as they 

commence active feed intake (Appelbaum, 1976) , therefore acceptance 

of artificial diets by this species does not constitute a problem
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as it does for some other species. Carp larvae also feed through- 

out the water column and from the base of a rearing container, thus 

this favourable feeding behaviour has prompted several researchers 

to investigate the possibilities of rearing carp larvae on various 

artificial diets. 

Early experiments concentrated on the use of readily available 

substances for feeding carp larvae immediately after hatching, 

such as chicken egg,beef liver,cottage cheese and several commercial 

trout and salmon fry diets and aquarium fish feeds (Meske,1973; 

Kainz,1974). None of these were successful without additional live 

food in the form of zooplankton or Artemia,most causing consider— 

able mortalities which were partly a result of severe water poll-— 

ution. 

Subsequent experiments by other researchers provided more 

encouraging results (Anwand et al,1976; Lukowicz and Rutkowski,1976), 

but mortalities were still high and growth poor in comparison with 

fish fed live food. These more suitable diets were formulated from 

a large number of ingredients and lyophilised protein sources and 

were subjected to chemical analyses in order to assess their nutr— 

itional value. The relatively poor performance of the diets could 

not be easily explained in terms of their analysed nutritional 

value. 

More recent experiments (Dabrowski et _al,1978,1979; Dabrowska 

et_al,1979) sought to improve the performance of compounded larval 

diets for carp by addition of enzyme extracts and control of pH, 

which had been shown by other researchers to affect assimilation 

of nutrients in young fish (Nose et_al,1974; Wilson et al,1977; 

Dabrowski and Glogowski,1977a,c) but these measures did not have 

any appreciable affect on the growth or survival of the experimen- 

tal larvae,which were markedly inferior to larvae fed on live food.
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The most encouraging results to date have been obtained by 

Appelbaum (1977) who found that carp larvae could be successfully 

reared on a diet consisting largely of the petro-protein yeast, 

Candida lipolytica,with vitamin and mineral supplements. Although 

growth was still poor in comparison with Artemia-fed carp larvae, 

it was better than has been reported by any other researcher and 

the survival of the larvae fed on the yeast diet was apparently 

excellent (> 70%). Thus it is clear that the rearing of carp larvae 

on artificial diets is not an impossibility. 

1.4. Research Objectives. 

Because of their favourable feeding behaviour,carp larvae 

present fewer problems as an experimental animal than many other 

species of fish larvae which are difficult to rear on artificial 

diets,while the adult carp are amenable to culture and controlled 

reproduction under laboratory conditions. It would also seem 

plausible to suggest that the nutritional and practical difficult-— 

ies associated with the rearing of carp larvae on artificial 

larval diets may be representative of other freshwater and perhaps 

even marine species. Thus carp larvae would appear to be a suit— 

able experimental animal for which to study these difficulties, 

with reasonable expectations for extrapolation of results to 

other larval fish species. With these considerations in mind, 

together with the commercial importance of carp as a species in 

their own right,it was decided to use carp as the experimental 

animal in the following studies of the practicalities of rearing 

their larvae entirely on artificial diets. 

At the commencement of the research,considerable emphasis 

was being placed by other researchers on the importance of the 

physical presentation of larval diets,thus close attention was 

initially paid to this subject. The research was begun by an
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investigation of the effects of diet preparation and presentation 

on the acceptance and utilisation of such diets by carp larvae 

(Chapter 8). However,the disappointing results of this work indic— 

ated that the physical presentation of the diet was not in itself 

the most important factor governing the success of an artificial 

diet,and that many undefined variables precluded a rational app- 

roach to the problem of developing a successful artificial diet 

for carp larvae. 

It was not known with any accuracy what the growth potential 

of carp larvae fed on the best available diet (Artemia) was,and to 

what extent larvae fed on artificial diets were falling short of 

this potential. Therefore it was decided to define the correct 

feeding rates for the live food employed before proceeding further 

(Chapter 3). In addition,it was realised that presentation of 

arbitrary diet formulations largely based on the nutritional 

requirements of adult fish to larvae was an unsound approach. 

Since it was impossible to nutritionally optimise the diet form- 

ulation without first developing a successful larval diet which 

could be used to define the nutritional requirements during the 

larval stage - a circular argument - it was decided to adopt a 

more logical approach to the problem. 

Since it had been demonstrated that fish larvae could be 

reared on diets initially unsuited to post-hatching larvae after 

a relatively short period of growth (Barahona-Fernandes and Girin, 

1976; Bromley,1977),it was reasoned that investigation of the 

earliest weight at which carp larvae could be transferred to an 

arbitrary diet formulation with acceptable growth and survival 

would provide a more logical starting point for an investigation 

of the nutritional requirements of the larvae (Chapter 4). It was 

considered that nutritional optimisation of the diet for these older
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fish would permit manufacture of a diet which would allow rearing 

to be commenced at a lower body weight with essentially the same 

growth and survival as obtained before. 

Before commencing on this programme of research,it was decided 

to define certain other factors which could conceivably have ex— 

erted a negative influence on the performance of artificial diets, 

which may be classified as husbandry techniques,namely the optimal 

quantities of artificial diet compatable with maximum growth and 

minimum wastage (Chapter 5) and the feeding frequency and diet 

colour promoting optimal particle acceptance and utilisation (Cha- 

pter 6). Only then was an investigation of the nutritional 

requirements of artificial diet-adapted carp juveniles begun 

(Chapter 7). It was hoped that definition of the optimum ratio of 

erude protein to lipid in diets for these juveniles would permit 

the formulation of a diet producing better growth and allowing 

earlier adaptation than the arbitrary diet initially used to define 

the adaptation weight (a commercial trout fry diet). It was then 

intended to begin the process of nutritional optimisation again,in 

order to progressively reduce the weight at which larvae could be 

successfully adapted to an artificial diet,eventually resulting in 

a diet which could be used from the beginning of food intake.



 


