
8 
Reproduction and Genetic Selection 

As discussed in Chapter 5, one of the major 
criteria in selecting a species for culture is the 
existence of either suitable techniques for con­
trolled breeding or easy availability of spawn, 
larvae or juveniles from natural breeding 
grollnd~ . Even when culture can be initiated 
using 'wild seed ', it is essential to achieve con­
trolkd reproduction as early as possible. to 
ensure timely availability of young ones in ad­
equate numbers for large-scale rearing. It is 
also a basic need in the domestication of the 
animal and for tllking advantage of (he benefits 
of genetic selection and hybridization that have 
contributed so much to terrestrial agriculture 
and animal husbandry. 

Controlled breeding will Obviously be pos­
sible only if there is adequate knowledge of the 
factors governing reproduction of the animal 
and its breeding behaviour. Lack of such 
knowk_gc has hampered the progress of 
aquaculture of ~everal important species. The 
extensive culture of Chinese carps, Indian 
carps, mul 1et~ : milk fish, sea-bass, sea-bream, 
penaeid shrimps, oysters and mussels has been 
based until recently on 'seed' obtained from 
nalUral breeding. Despite advances made in 
techniques of controlled or semi-controlled 
breeding. the techniques have not been suffi­
ciently perfected or adapted for large-scale pro­
duction of seed: with the result that the 
aquaculturist has still to depend partially or 
entirely on natural seed resources. There are 
also species like the eels for which no propaga­
tion technique has so far been developed , even 
though some progress has been made in matur­
ing and spa wning under laboratory conditions. 

Among the aquaculture species. finfish as a 
group has received greater research attention 

in controlled reproduction. The reproductive 
cycles of almost Clll fish are regulated by envi ­
ronmental stimuli. Appropriate sensory recep­
tors convey the environmental stimuli to the 
brain in the fonn of neural inputs. This neural 
information, on reaching the hypothalamus. 
causes the release of hypothalarnic peptides 
known as releasing hormones, which in turn 
stimulate the pituitary gland to release the 
gonadotropic hormone(s) , which act on the 
gonads. The gonads in turn produce the sex 
steroid hormones which are responsible for 
the formation of gametes, as well as for the 
regulation of secondary sexual characteristics, 
nuptial coloration and breeding behaviour. This 
pattern of reproductive mechanism provides 
the basis for methods of induced reproduction, 
namely the provision of appropriate environ­
mental stimuli and the administration of hor­
mones for maturation and release of gametes. 

8.1 Reproductive cycles 

The large majority of aquaeulture species are 
seasonal breeders, although some breed inteT­
millemly or continuously. Seasonal breeding 
is generally related to climatic seasons. For 
example, most fresh-water fish of temperate 
zones spawn in spring and earlr summer. but 
the salmonids spawn in autumn. Rainy season 
and flood waters are associated with the spawn­
ing of fresh-water fishes of tropical and sub­
tropical regions of Latin America and Africa. 
Obviously the fishes intcgrate their own 
reproductive functions with environmental 
cycles. The breeding season appears to coincide 
with environmental conditions that are most 
conducive to the survival of the offspring. These 
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fa vourabk factors. that act as cues for a suitable 
breeding season, affect the c.:ntral nervous 
system and through it the pituitary and the 
gonads. Photoperiod, temperature and rainfall 
are important factors involved in regulation of 
the reproductive cycles. 

Mechanisms of reproductive timing vary very 
considerably among species. For example, in 
salmonids that spawn in the autumn . gradually 
increasing photoperiods followed by short 
photoperiods or decr~asing photoperiods have 
a major role in regulating the cycle. Tempera­
ture has an important role in the reproductive 
cycle of cyprinid species. Gonfldal recrudes­
cence (akes place in Indian carps during the 
period of the year when both photoperiod 
and temperature are increasing. Changes in 
the volume and velocity of water, flooding of 
shallow areas and dilution or replacement of 
water are also considered to be important 
factors . Warm temperatures and long photo pe­
riods appear to affect also the reproductive 
cycle of Chinese carps. A review of available 
information would appear to show that in the 
majority of cases gonadal recrudescence is reg­
ulated chiefly by seasonal variations in pho­
toperiod and temperature. while spawning may 
be controlled by temperature and/or rainfalL 

TIle age of sexual maturity varies widely 
between species. For example, tilapia species 
become mature within a few months, whereas 
others may take a few years. The same fish may 
mature earlier in a warm climate and much 
later ;0 colder climates; examples of this are 
the common carp and the Chinese carps. The 
common carp, which takes three (0 four years 
to malUre in Europe, takes only a year to attain 
maturity in tropical regions. Chinese carps that 
lake five to seven years to mature in Europe 
become mature in one to three years in tropi­
cal and subtropical conditions. 

Some species have only one spawning 
season, during which they may spawn several 
times. Others may have two or more spawning 
seasons. Some species of finnsh exhibit well 
developed parental care, which may consist of 
incubating fertilized eggs in the buccal cavity of 
the parent, or guarding the el',gs and larvae 
during development. Many of the species that 
exhibit parental care lay eggs io nests made of 
plant or other available material or in hollows 
dug out on the boil om. 

Some of the speCIes like the Chinese and 
Indian carps that are essentially riverine spawn­
ers would not spawn in the confined waters of 
fish ponds or other enclosures. Their gonads 
develop only up to a certain stage and then 
remain dormant until resorption sets in . They 
have however. been observed to spawn in 
special types of ponds (called bundhs in (ndia) 
that have a now of fresh rainwater, inundating 
shallow marginal areas where the conditions 
are favourable for the fish to breed. The 
simulation of conditions in natural spawning 
grounds may serve to induce certain fish to 
breed in confined areas. The provision of nest­
building material for nest-breeding species and 
the provision of artificial substrates for the 
attachment of eggs required for certain species 
are also believed to induce spawning. 

8.2 Control of reproduction 

In aquacullure, the main purpose of controlled 
reproduction is to achieve sexual maturation 
and spawning at the time of the year which is 
normal (0 that species. As mentioned earlier, 
some species will not breed in the confined 
waters of an aquacu}ture facility. Tn other cases, 
maturation and spawning are unpredictable, 
because of the culture conditions or environ­
men tal factors. Controlled reproduction can 
also be of considerable importance in advanc­
ing or retarding the spawning period as 
required. 111;s can help in making available 
young ones at appropriate limes or of appro­
priate sizes. A higher level of reproduction 
control would involve development of the 
capability to mature and spawn a species at any 
time of the year, in order to enable conlinuous 
production and marketing throughout the year. 

The two major types of control that arc 
possible. consist of (i) manipUlation of the 
reproductive cycle and (ii) induction of gonadal 
gamete release (ovulation and spermiation). 
TIle reproductive cycle is manipulated so as to 
have gametes available when needed.1l1is may 
be initiated in the juvenile stage. or advanced 
or retarded in the adult stage. Altered gonadal 
gamete release can Ije achieved by hormonal 
supplementation, manipulation of environmen­
tal factors or the use of special selected strains. 

T n oviparous animals, embryos are depend­
en( on lhe egg yolk for the ir nutritional require-
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men(s. Vitellogenesis, or the proces~ of yolk 
deposition in oocytes, is a seasonaJ or cyclic 
phenomenon. All stages of it. starting with 
the mobilization of lipid from storage sites. 
the synthesis in the liver of a female-specific 
glycoJipophosphoprotein. viteJ!ogenin, and its 
eventual deposition in oocytes are known to be 
gonadotropin-dependent. 

The interaction between the brain, pituitary 
gland. testis and ovary largely mediates the 
influence of environmental factors on the repro­
ductive development of nntish. The thyroid and 
inlerrenal may also have a less important role. 
The substance fonned by the nucleus lateralis 
tuberis in the hypothalamus, which is respon­
sible for such influence. is the gonadotropin­
releasing factor or releasing honnone. In the 
case of mammalian luteini2ing hormone (LH) 
and follicle stimulating hormone (FSH), the 
releasing activities for these two hormones have 
been shown to be present in the same peptide, 
which consists of a chain of lO amino acids 
(Schally and Kastin, 1972). The molecule is 
referred to as LH-RH. The presence of LH-RH 
has been demonstrated in certain species of fish 
(Crim er al., 1978) and it has also been demon­
strated that in large doses mammalian LH-RH 
or its analogues brings about the release of 
gonadotropin. 

Even though attempts have been made with 
saJmonids, the induction of a completely new 
reproductive cycle has nol yet been successful. 
Chronic administration of gonadolropic hor­
mon' , can. however. iniliate a normal repro­
ductive cycle and assure its progress. By pellet 
implantalion of hormones, it has been possible 
to advance normal spawning by one year in 
pink SiJ l:non. The release of gametes can be 
advanced by a single dose of hormone. Simi­
lar)y. it has been demonstrated that hormone 
injections can induce late ovulations. as in 
brown trout, when maturity is blocked by 
adverse environmental conditions. 

As mentioned earlier. the two major envi­
ronmental factors that affect maturation and 
spawning are the photoperiodic regime and 
temperature. Although any definitive conclu­
sions regarding the independent influence of 
photoperiodism have not been possible. there 
is enough evidence of the combined effect of 
these in several species. When. by manipulation 
of these factors, early maturation is achieved, 

egg-laying can more easily be synchronized by 
hormonal injection . This helps in predicting 
ovulation more precisely and in avoiding 
ageing of ova, which may occur at high summer 
temperatures. There is considerable experi­
mental evidence of the independent role of 
temperature in maturation and spawning. It is 
believed that spawning is timed to ensure that 
gametes are released into water whose tem­
perature is within the appropriate stenothermal 
conditions for embryonic development. While 
the precise mechanisms by which tempe(ature 
regulates reproductive development are not 
known, it is presumed that it acts as a trigger­
ing mechanism at the hypothalamic level or 
alternatively exerts a generalized stimulatory 
effect on metabolic rate. The influence of 
rainfall on the spawning of certain species, as 
referred to earlier, is also ascribed to the com­
bined effect of temperature and photoperiod, 
plus the dilution of inhibitory elements in the 
water. 

Another means of reproductive control, ori­
ented to spreading egg production over the year, 
is through the use of selected strains for early or 
late spawning. Strains have been developed that 
spawn for much longer periods than normal for 
the species. There is also the possibility of using 
in a farm several strailh,rcproducing at different 
times of the year, in orJer to ensure the avail­
ability of young throughout the year. 

8.3 Induced reproduction 

As explained in the previous section. lhe hypo­
thalamus regulates the reproductive functions 
of the pituitary gland. The correct combination 
of environmental factors required for matura­
tion. ovulation and spawning. brings about an 
accelerated release of gonadotropin from the 
pituitary into the bloodstream. Ng and Idler 
(1978 a, b) and Idler and Ng (1979) have iso­
lated two gonadotropic honnones: one with a 
low carbohydrate content that induces vitello­
genesis and the other, rich in carbohydrates, 
inducing maturation and ovulation. The surge 
of gonadotropins that occurs brings about 
maturational changes culminating in the act of 
spawning. Environmental conditions required 
for the initiation of oocyte maturation, ovula­
tion and spawning are much more complex 
than those for gametogenesis. 
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Verv often under culture conditions.. lhe 
required environmental conditions may not 
be ava ilabk, or may not persist Cor a su(ficienl 
length of time for spontaneous maturation 
to occur. This has led to lhe development of 
induced reproduction or bypophysation tech­
niques (Houssay, 1931; Von Ihering, 1935, 1937). 

. By the injection of pituitary homogenates 

(fig. 8.1), the natural gonadotropin surge is 
simulated, by-passing to some extent the 
environmental variables of te mpe rawre. rain­
fall, photoperiod, etc. Besides th e advanlage of 
regulating (he time of spawning, this enables 
the <ldoption of other methods of artificial 
propagation, including hand-stripping (fig. 8 .2), 
fertilization, incubation. hatching and larval 

Fig.8.1 Injection of pituitary homogenales to induce spawning. 

Fig. 8.2 Hand-strtpping of (l mature female fish . 
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rearing. While hypophysalion has been demon­
strated \0 be effective in 11 large variety of fish 
species. its major contribution in respect of 
aquacu llure technologies. since its first field 
appl ication in Brazil in 1935. has been in the 
inducement of spawning in fishes that do not 
ordinari ly breed under conditions of confme­
men t or do so on ly under specific environmen­
tal conditions. It has now become a common 
practice in many coun tries and is ut ili zed wide ly 
in the reproduction of finfish, despite the fact 
that the relevant mechanisms are not fully 
understood and little standardization of the 
techniques has bee n achieved. 

Vitelloge nesis in dccapod crustacea. particu­
larly Penac id shrimps and lobstc rs. has becn 
shown to be med iated by hormones. Male 
shri mps mature fully under capti\!e conditions 
and spe nn<l tophores can be seen through the 
carapace. Female shrimps often do not mature 
full y. even though mat uri ng eggs can be found 
in the ova ries. The matu ration process see ms to 
be inhibited by a gonad-i nhibiting hormone 
(G IH) secreted by the medutta terminalis gan­
glionic x-orga n (MTGX) and stored in the sinus 
gland. The y-organ. which secretes the moult 
hormone crustecdysone. also has an influe nce 
on maturation. The ablation (surgical removal) 
of eye stalks. which have the glands containing 
the inhibi tory hormone. haS been shown to 
accelerate vitellogenesis in many crustaceans. 
Besides environmen tal factors like tempera­
ture, photoperiod. salinity and pH. the state of 
nutrition o f brood anima ls seems to be an 
important faclor in the maturation and spawn­
ing of shrimps. 

8.3.1 Hypophysution 

A more detailed descripti on of th e techniques 
of induced spawning, including environme ntal 
control e mployed for the breeding of important 
aquaculture species. can be found in Part I L 
Only some of the common fea tures of induced 
spawning, with special reference to finfish, will 
be discussed here. 

The mammalian gonadotropic hormones. LH 
and human chorionic gonadotropin (HCG). arc 
effective in inducing maturation and ovulation 
in fishes. Although a number of species have 
been induced to breed by the adm inistration of 
HCG or a combinat ion of HCG and mam-

malian pituitary extract, there arc certai n 
refractory breeders. like the Indian and Ch inese 
carps, where fi sh pi tuitary homogenates or 
extracts are needed to induce spawning. 'Ilterc 
are reports of successfu l breeding of even th ese 
species, by using HCG under certain circum­
stances. The Chinese carps. which have been 
bred two or three times by administration o f 
fish pituitary ex tract. will respond positively to 
injections of HCG. Bhowmick ([979) has 
reported on the use of crude !-ICG for induced 
spawning of one species of Indian ca rp. LafJeo 
rohila. It has. however. been reported that 
repeated injections of HCG cou ld induce a 
'drug resistance effect' rela ted to the produc· 
tion of antibodies agai nst foreign proteins. 
Ncvenheless. it would appear that homogena tcs 
and extracts of whole pi tuitary glands and 
paniall y purified fish gonadotropins are more 
potent in inducing maturation and ovulation in 
fi shes than mammalian gonadotropins. and can 
be used extensively in com mercial fish cultu re. 

Whi le the administration of the appropria te 
hormone is basic to the success of induced 
breeding, the condition of the brood fish and 
the environmental conditions are also equa ll y 
important. The large number of failures in 
induced breeding can o ften be traced to poor 
condition of the brood fi sh. including their 
health and nutrition and stage of gonadal 
development. as well as to environmental 
conditions in spawning tanks or enclosures. 
Ch inese farmers believe that it is more difficult 
to breed wild Chinese carps, as well as carp that 
have allained maturity for the first time. llley 
pre fer to rear spen t fish in special holding 
ponds, fed on a special protein d iet. for future 
breeding. 

The identification of sex is another important 
requiremen t for successful induced breeding. 
Many species do not have distinctive and per­
manent sex characteristics. When there are no 
secondary sex characteristics. detailed morpho­
metric characteristics will have to be used to 
se parate sexes. particularly in the prepube rty 
stages. After sex ual diffe rentiation. it may be 
possible to distinguish the sexes through exami­
nation of the gonads. This will involve the use 
of endoscopy or biopsy. which is di[ficul! to use 
on a la rge sca le, Siphoning of eggs and their 
exami nation under a microscope, to determine 
the stage of maturity of females. have been 
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described by Chen el al. (1969) but the adop­
lion of this method in huge-scale breeding 
work is not ah~ays very practical. Other pos­
sible methods. such as the use of se rum markers 
or detection of circu lating vitellogeni n. are also 
difficult to use in the field. Aquacult urists have 
therefore to depend largely on practical ex­
perience and field observations to distinguish 
the sexes and determine the stage of maturity 
of breeders. Brood female fi sh ready for spawn­
ing are identified by the well -rounded and soft 
abdomen and swollen ge nital opening. The 
male releases a few drops of th ick milt when its 
abdomen is slightly pressed . 

As indica ted earlier. seve rnl species of fish 
respond to injections of HCG and other mam­
malian hormones. and these hormo nes are 
commercially avai lable 10 aquaculturists. Many 
species. which lire more difficu lt to spawn under 
confinement. need injections of fi sh pitu itary 
for maturation and spawn ing. There are differ­
enccs of opinion regarding the species­
specificity of the pituitary. but lI CJuaculturists 
generally prefer to use the glands of the same 
or closely related sl>ccies. It is recom mended 
that pitu itaries from ph ylogenetical1y close 
donors should be used, when there is a choice. 
Howeve r. common carp is considered a univer­
sa l donor and its pit uitary is being used very 
widely for both experimental and commercial 
breeding purposes for several specie~ Salmon 
pituitary is also used for breed ing a number of 
species. -lllOugh comme rcially inailable 011 a 
limited sca le. a lalgc majority of aquaculturists 
have to depend on loca l armngeme nts fo r the 
collection and prese rvation of the glands. 
Gland~ of the recipient species o r of other 
proven donor species are used. FTllctionation 
and purification of teleost gonadotropi ns are 
still in experime nta l st:lgcs. Though potent 
gonadot ropic preparat ions huve bee n made 
from fish pitui taries by means o f chemica l! 
ethanol fructionation. th ey have not bee n used 
widely in spawning refractory fi sh. 

Glands extracted from ca tches of the 
selected mature donor species arc prese rved 
in alcohol or acetone or frozen for storage. 
Freshly collected glands arc fi rst desiccated in 
absolute eth yl alcoho l (changing the preserva­
ti\C several times) and the n sto red in fresh 
alcohol at room temperature or under refrig­
eration. The glands remain acth e for <l period 

of about two years. Instead of alcohol. the 
glands can be desicc<l ted in ace tone. changing it 
several timcs as for alcohol. The desiccated 
glands arc dried in vacuum and stored in that 
condition or scaled in via ls and Slored in frozen 
condition. Acetone-dricd glands retain their 
<lct ivi ty for 6-10 years.lhe glands can also be pre­
sened by quick freezing. but the most cOlUmon 
method of preservation is acetone drying. 

Though a number of methods of preparing 
pitui tary homogenates and ex tracts have been 
tried. the most commonly accepted method is 
extraction with distilled water o r saline sollu~ 
tion. lhe glands arc macerated in a small 
vol ume of wa ter or sa line solution and brought 
up to the desired volulllc. Di stilled water. 
common salt Sol ulion (0.3- 1 per cent) and 
physiological sa line ca n be used. as they 
all seem 10 give eq ui va lent rcsults. The 
homoge nate can be used as such fo r injection. 
or filt ered or ce ntrifuged to obtain filtrate or 
supe rnate which ca n be injected . Ex traction 
wilh trich loracetic acid (TCA) at low conce n­
trations of 1.25-2.5 I>c r ce nt fo r short time­
periods of three 10 six hours. is reported to 
provide more comple te extraction and better 
results. Bu t this practice has not rece ivcd wide 
acceptancc. probably because of the speci fi c 
req uire mc nts o f concentralion and extraction 
time. 11 is reported that hIgher concentra tions 
and/o r longer extraction, can result in de~ 

naturation of glycoprotcins. 
As pituitary extracts arc subject to rapid 

enzymic deterioration. thcy have to be pre­
pared fresh eve ry time fish arc to be bred. -Ill is 
is obvious ly inconvenient. Methods of prese rv­
ing cxtracts have bee n tried with some success. 
One melhod involves the ex traction of pituitary 
glands in a sma ll volume of distilled water. and 
refrigerati ng it for 24-48 hours, after which 
glycerine is added to make a 2: 1 ratio with 
wate r. The suspcnsion is again refrige rated for 
24-48 hours. ce ntrifuged and the supernHte 
stored unde r refrige ration in air tight vi als. 
Another method consists of grinding acetone­
dri ed pi tui taries. sicving them through 40-60 
mesh/mm~ sieves and storing in sealed via ls 
al 5°C. Both these techniqucs are aimed at 
achieving homogeneous preparat ions of unifonn 
po tency. 

Despite its wide use. the dosage freque ncy 
and l:lte ncy pe riod of pitu iwry .. dministration 
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remains morc o r less at 11 trial-and-error stage. 
and sometimes leads to poor results. Th is is 
mainly on account of the va riat ions in the 
gonadotropic content of the pit ui tary material 
used and the stage of sexual maturi ty of the 
brood fi sh. besides the environmental condi­
tions and the stress 10 which the breede rs are 
subjected . TIle mode of injection (intraperi­
tonc,,] or intramuscular) also appear to affect 
results. Deve lopmen t of an acceptable method 
of assessing gOlllldol ropic content should 
great ly assist in determining pract ical dosages. 
Though several biologica l units have been 
proposed . none seems to have gained wide 
acceptance. 

8.3.2 Gametes and fertilization 

Inject ion of pi tuitary homoge nate o r extract is 
usually given into the dorsa l muscles above the 
lateral line and below the anterior part of the 
dorsal fin, o r the dorsa l part of the caudal 
peduncle. Injections into the body cavit y are 
considered less efficient. -n le requ ired quantity 
of Ihe gland is generally administe red in two to 
four doses (one or morc preparatory injections 
followed by one or more final doses). As indi­
cated earlier. suit able environmental condi­
tions, besides pituitary inj ection, will be needed 
for ovulation to take place. Te mpe rature, high 
dissolved oxygen levels and lack of st ress 
are some o f the important req uiremen ts. lbe 
process of ovulation takes some time, depend­
ing on the species and envi(onmenta l cond i­
tions. Matu ration of the ovum st'lns when its 
nucleus st arts 10 migra te from the cen lre 
toward the micropyle and undergoes hydration 
by absorbi ng fl uids. Ovulation sta rts with the 
disappea rance of the nuclear membrane and 
ends with the first meiotic division. Atlhe same 
ti me. the foll icle which aHaches the eggs to the 
wall of the ovary splits and releases the eggs 
into the cavity of the ovary. from where it can 
free ly now through the geni tal opening. 

Many of the fish that are treated wi th 
gonadotropic hormones sta rt to spawn in the 
presence of active males after normal ovula­
tion.llle eggs are fe rti lized by the male breed­
ers and the fertilized eggs can be collected 
easily for ha tching. Where such induced spawn­
ing does not occur. it becomes necessary to strip 
the sex products from the females and males 

and artificially fertilize them. Ripe ova remain­
ing unspawned for long periods after ovulation 
become over-ripe and do not develop normlllly. 
It is also not uncommon fo r the phenomenon 
of 'pluggi ng' to occur in gravid fema les sub­
jectcd to overdoses of hormone. In such cases. 
natural spawning cannot be accomplished. 
since a mass of ovarian eggs forms a plug at thc 
urinogenital o pening. preventing thc free now 
of eggs. Stri ppi ng will be necessa ry to obtain 
eggs from such fi sh. Stri pping and artificial fer­
tilizat ion llre necessary also for fish with sticky 
eggs like the common carp. Such eggs will ha ve 
to be treated to dissolve the sticky layer, so that 
they cll n be incubated in suitable incubators. 
A quick washi ng with a weak tannin solution 
after the eggs have swollen will be effective in 
re moving the sticki ness of the eggs. Com mon 
sa lt and carbamide (urea) solution can also be 
used for removing the sticky layer. 

The ovulated egg which has unde rgone the 
first meiotic d ivision will have the second 
meiotic di vision when the sperm penetrates it. 
ending in the ex trusion of the second polar 
body. Further embryonic deve lopment leading 
to the formation o f the first somatic cell com­
pletes the process of ferti lization. The time 
avai la ble for the ripe egg to become fertilized 
is rather limited in most fresh-water fish. as the 
eggs swe ll rapidly in wate r and this results in 
the closure of the micropyle. "(be time available 
for common and Ch inese carps is about 45- 60 
seconds. In sa line solution the eggs seem to 
remain ferti lizable for longe r periods. up to 
several minutes. 

The sperm. which is immotilc in the testis. 
becomes motile on con tact with the med ium 
in which fe rti lization takes place. The duration 
of the activi ty of spermatozoa varies wit h the 
species, but is generally not longer than a 
couple of minutes. In the males of most species. 
dense semen with high ly motil e spermatozoa 
can be obtained without hormon e inject ion. 
Administration of pituita ry extracts brings 
about thinning of the seminal plasma and 
would faci litale spermiation. Rela tively large 
numbers of spermatozoa arc needed 10 fertil ize 
an egg. For example. the requirement of a lroll t 

egg is reported to be 10000-300000 spe rmato­
zoa and of a carp egg 13000-30000. This is due 
to the fact Iha t the spermatozoon ca n penetrate 
al on ly one place. i.e. Ihe micropyle. and Ihe d is-
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tllnce tlmt can be covercd by a troU! spermato­
zoon during its tife span (2 mm ) is often less 
than the circumference of the ovum which is 
Ilbou t I 5-20 mm. the probabi lity of its reaching 
the micropyle is therefore low. if the motility is 
less. The number of spermatozoa compensmes 
for the low motility. It is necessary to take 
specia l ca re in regulating the quantity of water 
added 10 the sexua l products during fertiliza ­
tion. If too much water is added. many of the 
spemls will not be able to reach the micropyle. 
On the other hand. if sufficient water is not 
added. the micropyle of an egg may get blocked 
by other eggs. due to crowding. preventing the 
sperm from entering it. 

8.4 Preservation or gametes 

In many species. the maturation of gonads in 
the two sexes is not synchronous. Males often 
show testicular recrudescence eart ier during 
the season. Because of this. ripe males occur 
during the beginn ing of the season. when the 
females are not ),et mature and ready for 
spawning. "1l1e reverse situation occu rs during 
the end of the breeding season. Under such 
ci rcu mstances. it will be most advantageous 
to have a suitable means of prcserving the 
gamctes for arti fi cial fertilization. when needed. 
Methods of ga mete preservation would also 
hel p in the initiation of gene tic selection pro­
grammes. by providing easy access to a reserve 
of genctic material of known and desired 
quali ties. 

Cryopreservll tion with liquid nitrogen. used 
widely in the preservation of c;!l lIe and live" 
sloe" sperm. has been tried for the preservat ion 
of a number of species of fish. Blaxter (1955) 
reported successfu l ferti lization of fresh eggs 
wi th cryopresc rved (-79-C) spe rm of C/lIIJea 
hOTel/glls. Sections of ripe testis we re stored in 
80 per ce nt sea wa ter contai ning 12.5 per cen t 
glycerol as a protector. and the mixtu re frozen 
quickly or slowly at IOO min to -30°C. then 
quickly to -79 C (usi ng dry ice). Besides the 
sperm of rainbow Irout. spe rmatozoa of the 
common curl'. Chinese and Indian carps and 
grey mullet arc among the cultivated species 
which have been subjected to cryopreservation. 
which consists of cooling and sto ring at subzero 
temperatures of liquid nitrogen (-196°C). using 
dimethyl su lphoxide. glycerine. ethyl glycol or 

other cryoprotectanls and diluents (Harvcy and 
Hoar. 1979). Attempts at cryopreservation of 
ova have not been as successful as for sperm. 
Zell (1978) reported the fi rst successful cryo­
prese rvation of unfertilizcd ova and zygotes of 
sa lmonid fis h. Ova frozen in liquid nilrogen at 
-20 C fo r five minutes proved 10 be fertile. and 
zygotes frozen at -50~C survived the exposure. 
All subseq uent attempts have fa iled. While it is 
difficult to predict possible adva nces in cryo­
preservation of fish gametes. it would appear 
that the results so far indicate only the feasibil­
ity of short-term preservation of semen or the 
prolongation of embryonHtion. 

8.S Use or sex steroids ror scx rc\'crsal 
In ce rtai n situatio ns :md species. it will be 
advanlageous to restrict fertili ty. A well-k nown 
exa mple is the cichlid ti lapia. which aHains 
maturi ty at an ea rly age and breeds repeatedly 
at short intervals. ove rpopulating ponds and 
ot her rearing facilities. This results in stunted 
populations. as energy is expended for repro­
duction rather than growth. Among the tech­
niques that ca n be employed for restricting 
fertility is the application of hormones to 
produce monosex populalions. Androgenic and 
oestrogenic ste roids arc used for masculiniza­
lion of ge notypic females and fem iniza tion o f 
ge notypic males (Ja labert et a/ .. 1974: Gue rre ro. 
1975. 1979; She lton et a/ .. 1978). Genotypic 
female fry of the species o f SaTOIherodOIl 
(= 'filapia). whe n fed on methyltestosterone 
and eth inyltestosterone have become mllles. 
Similarly. mon osex female li lapia ha ve been 
produced by trea tment with oestrone. 
elhinyloestradiol lInd stilbocsterol. While the 
feasibili ty of sex reversal by steroid admi nis" 
tration has been demonstrated . the percentage 
of fi sh th at underwen t Sex change in any treated 
group va ried grea tly. Since the prese nce of even 
a small percentage o f the opposite sex in a 
population is sufficient to initiat e uncontrolled 
breedi ng. the val ue of the results achieved so 
far becomes less significa nt. Similar experi­
ments to produce monosex !ish ha ve been con­
ducted with sahnonids and o ther species. 
Sex inversion of the prologynous species of 
Epillephe///s (E. WIII 'i'llI) has been accelerated 
to produce male brood stock from three-year­
o ld females. by ora l administration of methyl-
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testosterone. Production of all -female eggs is 
now 11 common practice in a number o f rainbow 
Irout hatcheries (see Section 17.1.2). The in it ial 
functional males requ ired for fertilizing ova 
from nannul female brood stock are obtained 
by sex reversa l, by treati ng with 17 methyl­
testosterone through immersion or incorpora­
tion in starter feed in the fry slage. 

8.6 Genetic selection and 
hybridization 

The use of gene ticlI lIy selected strains and 
hybrids has contributed very substantia lly 10 
modern agriculture and animal husband ry. 
But aquacullurc is yet to gain much from effi ­
cient breeding and se lection programmes (scc 
also Section 8.8) . Among the m,my reasons 
for this arc the delays in the development of 
su itabl e techniques for co ntrolled reprod uction 
o f many farmed species and the p:lUcity of gen­
e tic expe rtise among aquaculturist5. Genetic 
impro\'emen ts usually requi re long-term exper­
imen ta tion with a large number of individuals 
and generations. and so considerable time may 
elapse before usefu l resul ts become available. 
Moreover research on farming technologies has 
not reached that level in most cases. when the 
onl y way to improve production is by genetic 
improvement of the stocks. Except in a few 
cases. the prese nt technologies arc too ineffi­
cient to benefi t from the use of se lected stocks. 

In traditional aquaculture. certa in st rains 
have evolved as a result of environmental or 
farming conditions without much conscious 
effort by the aquaculturisl. as in the "1se of the 
common carp. or as a resu lt of rule-or-thumb 
se lection. These more o r less accidental stm ins 
ca n se ldom be used wit h con fi de nce for com­
mercial fnrm ing. 

-111 c r£ is no doubt that erfective se lective 
breed ing programmes are expensive and 
require more facili ties than arc presently avail· 
able in most aquacullure farms or even institu­
tions Ihat ca n function as central stations 
for breeding and distribution of aquacullure 
species. Though the economic benefits of selec­
tion programmes have been worked OUI for 
domestic animals. compamble eva luations arc 
few in aquaculture. 

As pointed out ea rlie r. the number of domes­
ticated species used in aquaculture for food is 

limi ted (unlike culture of ornamenta l species). 
but the number is stead ily growing. Opportuni­
ties to increase the production properties and 
adaptn tion to a new environment of species 
through se lect ion can therefore be expected to 
ex pand in the future. Kirpichnikov ( 1966) gives 
so me of the main aims o f fis h se lecti on as 
follows: 

(I) 10 increase the growth rate by better uti­
liZation o f food (physiologic:11 decrease 
of food expenditure per unit of growth 
increment): 

(2) to increase th e growth ratc by fuller uti­
li.m tion of natural food in ponds and higher 
consumption of feed mixt ures: 

(3) to increase resistance to oxygen deficiency. 
to high or low temperature. to higher 
sali nity or to other deviations fro m the 
norma l environmental condit ions: 

(4) to improve resistance to infectious diseases 
and to infestation of p:lrasites (to develop 
new breeds resistant to particular d iseases): 

(5) to improve the nutritive properties of fish 
(to increase the caloric content. to decrease 
the proportional weight of non·edibJe 
parts. to decrease the bone con tent. to 
increase or decrease the flll content. elc.). 

Other aims may include specding up of 
sexua l ma tura tion. the abi lity to reproduce at 
re];lI ivcly low tcmperalUres and the slowing 
down of malura lion to prevent ea rly switching 
over of metabolism to develop sex products. 
affect ing growth and resulting in prolific 
reproduction. 

The relati ve advantages of a fis h in genetic 
breeding schemes are brought o ut by SkjeT\'old 
(1976). using salmonids as an exa mple. Among 
th e most important o f th ese arc: 

• Vcry hi gh fe rti li ty. lead ing to high ·Ii tter 
of considera ble importa nce in selection 
work. 

• Ex ternal fertiliza tion. which makes it possi­
ble to have severa l combinations of mati ngs 
and the product ion of many 'li u ers' of la rge 
numbers of half-siblings. 

• T11e high fertility of females. which enables: 
(a) some types of family se lection. even 

when the heritabi li ty of the se lected trait 
is low. as large fam ily groups will in 
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practice resull in ra ther accurate estima­
lion of the breeding va lue; 

(b) progeny testi ng among females.. which 
can be carried out by using mixed sample 
of semen. o r se men from sires of known 
breeding value: 

(c) the improved possibi lity of estimating 
non-additive ge ne tic components. be­
ca use of the com bination o f high female 
ferti li ty and exte rnal fertil ization: 

(d) artificia l manipu lation o f chromosome 
contcnt. which is facilitated by exte rnal 
fertiliza tio n: and 

(c) easier hybrid production due to high 
female fe rti li ty and the remarkable 
ability for crossing as observed in nature. 

The nHlin disadvanta ges of fish for gene ti c 
breeding arc the nllher lo ng generation int er­
va l of many species. particularly in cold cli­
mates, and the hiera rchies that may develop in 
fish popu lations and that may contribute to size 
variations. 

Genetic ga ins through selection. as in the 
case of sa lmonids. are dependent on selection 
differentials and ge netic variance of the rele­
vant traits. wh ich lire inve rsely related to the 

length of the ge neration interval. Gjed rem 
(1983) prese nts a"e rage esti matcs o f heritabil ­
ity and a coefficien t of va riat ion (CV = (a/ x) x 
100) (see Section 8.6. 1) of several species. as 
shown in Table 8. 1. 

The high phenotypic varia nce o f the body 
weigh t of adulls. together with the medium 
heritabilit y as seen in Table 8. 1. show that there 
is a large ge ne tic va ria nce fo r this tra it for these 
species. Though mortalit y shows low heritabil­
ity. resistance to specific diseases shows 
medi um to high heritabili ty. Simi larly. the meat 
quality traits show some genetic variation. 
tho ugh it is low in the dressi ng pe rcentage. Age 
at sex ual maturation shows medium heritabil­
ity in rai nbow trout but a high one in the 
Atlantic salmo n. lll C conclusion is that the 
possibili ty of ge netic glli ns from se lection 
progra mmes in aq uatic animals is high and 
compares f<lvournb ly wi th terrestrial anima ls 
and plan ts. 

8.6.1 Methods or gendic selection 

As poi nted out at the beginni ng of the last 
section. the development of some of the ea rli er 
strains of common carp and trout has not 

Table 8.1 A\'cragc values of coefficients of variation (CV) and hcritabi li ties (h;) based on the sire 
component for economically impor1 ant trai ts (superscripts gh'c number of estimates involved). (From 
Gjedrem. 1983.) 

Economically Rainbow Atlantic Common Channel TIlapia Oyster Prawns 
important trai t trou t salmon carp catfish 

CV h' Cv h' CV h' CV h' CV h' CV h' Cv h' 

Body weIght. 33' 0. 12" 78' 0.08' 0. 15' 46' 0.42' 26' 0.04' 0.36l 0.123 
juvcniles 
Body wcight. 22' 0.172 27' 0.36l 22' 0.361 27' 0,49' 
adults 
Body length . 14' 0.241 23 ' 0.141 0.121 8' 0.061 0.471 

juveniles 
Body length. adul ts 9' 0.17/ 8' OA I' 8' 0.6\ l 
Mortalityl 0. 14' 0.\\' 28' 
resistance 

Carc-an /railS 
Meatiness 20' 0.14' 19' O.W 
Meal colour 23' 0.06' 16' 0.Qi 1 

Fat (%) 10' 0.47' 0.141 8' 0.233 

Dressing (%) 6' 0.01 1 4' 0.031 2' 0.00' 
Age at maturation 0. 181 0,41 2 
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always been as a result of planned selection, 
Carp farming in different regions has led to the 
establishment of strains which appear to have 
adapted 10 the general climatic conditions 
under which they are grown, and which grow 
taster than the wild strains. In rainbow trout , 
the usual practice has been to pick the best­
looking fish from a stock to be the parents 
of the next generation. These common-sense 
approaches cannot be depended upon in a 
cultivation programme to achieve genetic 
improvement. 

Most economically important characteristics 
of cultivated organisms are measurable and 
their variation within a population usually 
takes the form of a 'normal' distribution 
(Purdom, 1972). Such a distribution of meas­
urements occurs hecause the magnitude of a 
characteristic is determined by a large, often 
variable, number of factors, some of which are 
environmental and some genetic. The separa­
tion of environment and heredity has been one 
of the main aims of studie~ on populalion 
genetics. The reliable models of the inheritance 
of the measurable characteristics can he llsed 
for predicting and controlling the gains (rom 
genetic selection within cultivated species, 

The variation of a character between indi­
viduals can be expressed as 'variance', I he mean 
square deviation of individual val ues (rom I he 
mean . This is called the phenotypic variance 
(VI') of a sample or popUlation and is the sum 
of two components, the environmental variance 
(VI) nnd the genotypic variance (VG)' Hence 
V~ = V E + Vc. The proportion of pheno!ypic 
variance that is genetic (V,.lV 1') is approxi­
mately eq, .' al to the value of 'heritability' which 
rneasurl;;:~ the proportion of additive genetic 
inheritance in the phenotypic variance. Tt is a 
measure of the degree to which multiple genes 
control resemblance between offspring and 
their parents in the face of a particular set of 
modifying environmental factors. Heritability 
can be used to predict selection gains in the 
formula R = h2S, where R is the response, meas­
ured as the change in the mean from one 
generation to the next. and S is the 'selection 
pressure', or Ihe difference between the mean 
of the selected parents and the mean of the 
population from which they were chosen. 

As ind;~'ated. the ratio of VG to V p is only 
an approximate measure of hl. More reliable 

values can be obtained through parent/o((­
spring correl<'ltions or by the use of (he above 
formula in a selection. 1110ugh laboriOll~ and 
time-consuming, it is essential 10 have an indi­
cation of the magnitude of h2 before starting an 
extensive selection programme. 

111e primary reason for desiring estimates of 
heritability is to enable prediction of results 
expected from a given level of selection. TIle 
effectiveness of selection depends upon: 

(l) heritability of the attribute (h2
); 

(2) degree of variation in the attribute (ap); and 
(3) intensity of selection applied in (I). 

According to Falconer (1981). the antici­
pated response 10 selection (R) can be stated 
algebraically as 

R = icrph2 

where 
R = mean of offspring from selected parents 

minus mean of all adults before selection 
mean of group selected minus 
minus mean of all adults before selection 

ap 
0'1' = phenotypic standard deviation of the 

attribute 
h2 = heritability estimate for a particular 

attribute 

8.6.2 Mass selection 

Mass selection, or individual selection, is based 
on characterislics of the individuals under 
selection as opposed to selection based on the 
performance of their relatives. It is one of the 
simplest and most common methods employed 
in breeding programmes, where the character­
istic to be improved is easy to measure. It can 
be used efficiently in selection for growth relte 
and to some extent for age at maturity. 

As stated above, response in mass seleclion 
(R) is determined by the general equation 

R = icrh2 = Sh' 
where 
$ = seleclive differential (the difference in a 

certain trait between the individuals 
selected and the population as a whole), 

hi = heritability of the differences (the share 
of additive genetic variation in the 
general variation of the character), and 

I = intensity of selection. 
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The high fecundity of cultivalCd fis h causes high 
selective potential and intensity of selection 
compared to domestic animals and poultry. In 
pe rforming mass selection in fish breeding. the 
selection seve rit y codlicie nt or the rejection 
rigidity fac tor (V) b calculated by the eq uat ion: 

V=l00ll% 
N 

.... here 
11 = the number of individuals selected and 
N = the total number of fish grown. 

In fig. 8.3 the inten); ity o f rejection is plotted 
against its seve rit y on a se mi -logarithmic scale. 
lllC cu rve obtain ed shows tha t th ere is a sharp 
increase in th e inte nsity of selection with 
decrea~e in the severi ty cocflicient within the 
range lOO-ID per cent. A furth er decrease in V 
(down to I per cent ) r(1) ults in a considerably 
lower increase in i; wit h further decrease in V 
(0.1-0.01) there is hardly any increase in i. For 
fish wi th high fecund ity. selectio n gives best 
results when the severity of se lection is 1-0.1 
per cen t. 

Response to se lection i); directl y proportional 
to Ihe heritability of the character (h!). In many 
cases. a rather accurate esti mate of the \'alue of 
heritability of the characte r can be o btained 
from the equation: 

4 

~ 

0 
.2 3 

" • .. • .. 2 

• • 0 • £ 

Severity of selection IV%) 

1-111.. K.3 Relation bet .... ecn intensi ty of selection and 
liS sc\'cnty in callle (A). poultry (B) ilnd fi sh (C). 
(Adopted frOnl Kirpichnikov. 1971.) 

h ~ = R 
S 

To obta in the estima te. selection has to be con­
ducted in seve ral successive generations. 

For increasing response in mass selection. the 
va lues of i. (} ;lIld h- have to be increased. The 
va lue o f i can be raised in fecund fish by increas­
ing the numbe r of individuals and. through this. 
increasing the severity of se lection. Variability 
should relate only to genetic and not environ­
mental va riat ion. as the latter is condilioned by 
the non-addit ive genetic \'ariation. To increase 
h~ values. non-related individuals have to be 
crossed, Outbreeding increases the degree o f 
heterozygosity. i.e. increase in ge netic va riation. 
but inbreeding res ults in highe r homozygosi ty. 
A sufficient numb~ r o f lish should be avai lable 
every year for crossi ng. to e nable select ion of 
fi sh from different crossi ngs for breed ing pur­
poses. Another me thod of increasing genetic 
varialion is by speed ing up the process of 
muta tion through irradiat ion and chem ica l 
mutagens. 

Non-heredi tary viuiation ca n be depressed 
by following special rea ring methods such as 
growing spawners under favourable conditions 
for maturation. simult aneous crossings. incuba­
tion of all eggs under identical ph ysico­
chem ical condit ions. growing larvae and young 
ones under cond itions that do not promote 
food competi tion. avoiding the mixing of stocks 
grown in different ponds o r enclosures. and by 
select ion at the age when the ani mal is more 
susceptible to improvement by selection. 

It is necessary to point o ut here that a long 
period o f onc-way selection fo r certain charac­
teristics ma y bring about changes in o ther 
morphoge netically o r gene tica lly correlated 
characters. 'n lC re arc man y obse rved examples 
of correlated respo nses in selection of non­
se lected chantctcrs. such as physiological and 
biochem ical factors (Slcffens. 1964). growth 
ra te (Moav and Woh lfarth. 1967). fecundit y. etc. 

8.6.3 Genotypic selection 

Indi vidua l or mass selection can on ly be used 
on traits tha t ca n be recorded on Jive animals 
and is not ve ry efficient fo r tra its with low 
heritabili ty. In such cases. other types of se lec­
tion have to be re);ortcd 10, TIle two Iypes of 
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genotype selection that have applications in 
aquaculture arc family selection and progeny 
testing. 

Family selection and sib-selection 

Family selection is of special interest in selec­
tion for characteristics of low heritability, such 
as survival. meat quality and age at maturation . 
Use of full and half sib families in a selection 
programme has the advantage that the genera­
tion interval will not be increased. compared to 
individual selection. However, a disadvantage is 
that usually each family has to be reared in 
separate tanks, as it is generally difficult to mark 
newly hatched larvae or fry. This will introduce 
environmental and tank effects on characteris­
tics. such as body weight. between families. 
Because of this. Falconer (1981) recommends a 
combination of individual and family selection. 

In family selection, several families are 
grown under identical conditions to determine 
the ones to be main rained for breeding. To 
obtain separate progeny (family) , either one 
male/female pair or a small group of spawners 
can be used. The response equation is essen­
tially the same as in mass selection: 

The intensity of selection appears to be lower 
than in mass selection, as it is not possible to 
grow such a large number of families. Similarly, 
a rer1'lc'uon can be observed in the standard 
deviation. as this denotes the variation in the 
family and not individual varialion. However, 
the heritability is much higher. 

If the individuals have to be sacrificed for 
examination, the brothers and sisters of the 
individuals from the best families can be main­
tained for breeding. This is known as sib­
selection. Kirpichnikov (1971) , in his description 
of the methods of family selection ) underlines 
the importance of carrying oUl crossings. egg 
incubation. larval rearing and grow-out of fam­
ilies separately. under as identical timings and 
conditions as possible. TIle main disadvantage 
of family selection is the practical difficulty in 
simultaneously growing many families under 
identical conditions. Marking of individuals will 
reduce some of the problems, as communal 
growing will then become possible. Fin clipping 

and cold or hot branding have been used in 
many large-scale selection programmes. Mol­
luscs can be marked more easily on tbeir shells, 
whereas in crustaceans moulting habits make 
marking difficult. 

8.6.4 Progeny testing 

Progeny testing enables the assessment of Ih0 

breeding qualities of separate spawners or pairs 
of spawners and the selection of the best 
for further selection work. However, progcny 
testing will increase the generation interval 
very markedly. For example. in carp breeding it 
requires one or two years, which would mean a 
slowing down of selection work by 20 to 30 per 
cent. 

Three methods of progeny tesling are appli­
cable in aquaculture. The first method is testing 
of pairs. without tesling males and females 
separately (fig. 8.4a). The second is to lest 
spawners belonging to one sex. as for example 
females only as shown in fig. 8.4b, and the third 
is the testing of both females and males (com ­
plete diallele crossing) (fig. 8Ac). 

The equation to measure selection response 
is the same as in family selection. Intensity of 
selection is limited Lw the number of families. 
Variability of family ri'lCal15 (or) is also the same 
in both cases. Heritability of family means (h~) 
in progeny testing is high , as in family testing. 
This may occur only jf the breeding conditions 
of all progenies are practically identic()\ or if 
breeding proceeds with a lhree- or fou r-fold 
rei teration. 

By comparing the response values in the two 
equations (R = SIl' and Rr ::: Srh;). it should be 
possible to determine which method is more 
efficient in a given programme. If Sh1 is greater 
than Srh2, mass selection is more effective than 
selection for relatives. The selection for rela ­
tives is only advantageous when the increase 
in heritahility is not accompanied by a pro­
portionally greater drop in the selection 
differential. 

8.6.5 Combined selection 

Even though mass selection has been found to 
be more efficient than selection for relalives in 
fish, Ihe advantages of lhe laller in selection for 
certain characteristics like fal content has been 
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.lg.8.4 Progeny testing in fish breeding a '" 
Comparison of pairs without testing sexes 
separatcl). b '" Test ing spa" ners belongi ng to 
one sex onl). c '" Testing of both sexes (diallclc 
crossing). (From Kirpichnikov. 1971.) 

demonst rated. For characters like weight. it 
appcaN possible to fo llow 11 combined selection 
programme. which may consist of: 

(1) pe rforming mnss se lection among finger­
lings or two-yenr-old !ish with a grea t 
seve rit y coe ffi cient. 

(2) progeny testing of mnles through to matu­
rity. si nce rnllles often matu re ea rlier than 
females. 

(3) family selection with a simultaneous breed­
ing of five to ten (nmilies and 

(~) repeated performance of mass selection in 
the best fami lies. 

Such a scheme allows su mming up of the effi­
ciency of mass se lection and selection for rela­
tives III a relatively short time. 

8.6.6 Cross-breeding 

Cros~-breedi ng is another well-known means of 
genetic improvement which has application in 
aquaculture. Heterosis or hybrid vigour enables 
an offspring to surpass its parents for onc or 
more traits. O n the other hand. in breeding 
depression caused by mating of closely related 
parents has a delelCrious effect on the progeny. 

'nle inbreeding measure is the coefficient of 
inbreeding. incorporati ng the degree of the 
IUlimai"s homozygosity. It shows what part of 
the ge nes in a group of individuals are in the 
homozygous state. Close inbreeding. especi­
ally sib mating (brothers and siste rs ,1Ild 
pare nts with offspring). ca uses homozygosity 
to increase rapidly. to as much as 0.9--0.95 
(expressed as fractions of onc) or even more. In 
most animals. inbreeding resu lts in inbreeding 
depression. characte rized by 11 drop in via bili ty. 
growth ra te and ofte n fertility. Such depres­
sion has been observed by many worke rs in 
common carp. brook trout and o ther fish 
species. Ou tbreed ing. on the other hand, is 
accompanied by heterosis in growth rate and 
viabili ty. especia lly when fish from d ifferent 
high inbred groups ure crossed. The main types 
of crossi ngs undertaken are: 

(I) Commercial crossing. directed towards 
breeding of the first -genera tion hybrids for 
commercial purposes. O nly the fi rst gener­
ation, that has the heterosis of productive 
qualities or incorpoTiltes the advantageous 
characteristics of both th e parental forms. 
is used. llley arc tIlHintained for further 
reproduction. 

(2) Synthetic or dist ant crossing. in which 
distant pare nt s. incl uding those of inter­
generic o rigin. arc crossed to deve lop a new 
breed. in the course of long selection. It 
may aHempt to co mbine the qualities of 
pare nts of several breeds. species o r even 
ge nera. Such crossings to produce new 
breeds shou ld ensure the preservation and 
perfection of the proo uctive quali ties of 
Ihe breed. the preservation of gene tic 
va riability .md the preven tion of inbred 
depression . 

Distant outbrecding is indispensable in the 
selection of aquuculture species. -l1le aims of 
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such crossings are as follows (Kirpichnikov, 
J 97 L): 

(I) an overall increase in genetic variability, 
resulting in an increase in selection 

(2) 

(3) 

(4) 

response; 
achievement of Cl combination of charac~ 
teristics of two or three breeds or two 
(rarely three) species: 
improvement of the productive quality of 
the local breed by making use of the few 
valuable traits of another breed; 
increase in the viabilitv of the breed bv intro~ 
ducing genes responsible for resiSl<lnce to 
environmental factors and diseases. 

Kirpichnikov (l97 I) describes different cross­
breeding patterns to achieve these Clims. 

ReproduClive crossing is suggested when 
valuable properties from both parents are 10 be 
combined in the hybrids. It can be done with 
complete fertility of the hybrid and require() 
only meticulous selection in the subsequent 
genewtions. 

!J1/roduClory crossing will be advantageous 
when onc or only 3 few characteriSli<.:S from a 
breed have to be incorporated in the hybrid. 
Each generation of the hybrid has to be crossed 
with the local breed and so there is the risk of 
losing the useful characteristics of the improved 
breed in back crossing, particularly in the case 
of polygenic mheritance of properties selected. 
111is type of crossing is of considerable USL' ill 
selection for increased resistance to certain dis­
ease s. which is often dependent on (he presence 
of one or a few genes. 111ese genes can be pre­
served h\' means of proper selection in each 
generat1,1 In. 

Absorplivc crossing differs from introductory 
crossing only in that its purpose is a nearly com~ 
plete substitution of the local breed of geno~ 
type by the genotype of the improved breed. 
Only some features of the 10cCl\ breed. such as 
viability. Me preserved. 

A liernnle crossing is the most complicated 
system which is most useful when a combina­
tion of many characteristics from two breeds 
with polygenic inheritance is required. It allows 
the preservation of high genetic variability 
throu)!h a number of generations. Selection effi­
ciency is kept at a high level owing to this vari­
ability and does not reach a plateau. The main 

problem of obtaining new hybrid breeds by 
means of crossing (interspccific or intergcneric) 
is their complete or partial sterility, which takes 
a lot of time-consuming work 10 overcome. 

A number of breeding syste ms have been 
proposed to utilize completely I he <ldvantages 
associated with heterogeneous crossings. Par,d­
lel breeding of two or morc groups within a 
breed is possible when working with slowly 
maturing species, without intermingling, allow­
ing a moderate inbreeding among each and 
carrying out selection in each generation. In 
breeding in groups for family selection, a large 
number of crossings from different groups are 
carried out for each generation. 111e parents 
producing the best offspring are llsed for sub­
sequent commercial crossings. 1l1is system 
suffers from the drmvback tllClt the genetic vari~ 
ability gradually decreases during family selec­
tion. Moav and Wohlfarth (1967) recommend 
that <I reserve group of a sufficient number of 
individuals should be kept for each group when 
sekcling two groups marked by certain genes. 
III case of a drop in genetic variability. addi­
tional gene pools c<ln be inlroducL:J into the 
exhausted group. 

Another possible system is alternate in­
breeding and oUlbreeding. After two or three 
generations of close inbreeding. the evalualion 
of hybrids from diffe rent inbred line~ is per­
formed . 1l1e best combinations Clrc lIsed for 
commercial rearing and among the offspring 
new inbred lines are established . Linear selec­
tion involvjng inbreeding for superior ancestors 
and top cross, where crossing is done belween 
the best inbred individuals (say males) and 
individuals from the outbred population (say 
females) to preserve the genetic variability, are 
other methods that have appJiciltions in 
aquaculture. 

One of the most complicated techniques 
of breeding is reciprocal recurrent selection 
(RRS), where the combining capacity o( the 
parents from each of the two groups is evalu­
ated by means of a cross with parents from the 
other group. The individuals thus selected are 
reproduced without recrossing and their off­
spring again tested for combining potential. 

The basic feature of all the systems described 
is the utilization of heterosis in crossing 
individuals from different groups, lines and 
breeds. Along with this. moderate to very close 
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inbreeding is employed. 111C most appropriatc 
system would naturally depcnd on the specics 
and the trai ts that are of importance in com­
mercial cuhure. Gjedrem ([985), however. pro­
posed a cross-breeding scheme for fish farm ing 
as summarized below: 

(I) Test all possible crosses between different 
strains o r species for the economic traits in 
question and select crosses that are likely 
to give useful results. I! may be beller to 
use strai ns wi th very differe nt origins and 
which. in combina tion . have favourable 
trai ts. 

(2) Deve lop inbred lines and tcst the crosses 
under natura l condi tions to find the most 
valuable cross for fa rming. 

(3) Start an R RS programme to ensure con­
tinuous genetic improvement. uti lizin g 
both ge nc ral and specifi c combining 
lIbil ities simultaneously. 

K.6.7 Chrollmsollmlll1l1nipulalion 

As mcnt ioned carlier. the sex of fish that are 
not different iatcd in to males or fem:. les at 
hatching can be controlled by the use of sex 
steroids ilt the time the gonads are differentiat­
ing. While direct masculanis.1tion is frequently 
easicr. feminisat ion has also been possible in 
some specics. Methods employed for commer­
cial production of all·female rainbow trout by 
using sex-rcversed funct iona l males and ge netic 
females is summarised in Section 17.1.2. An 
alternate method of prod ucing monosex stock 
is to induce sterility. and this ca n be done by the 
adm illlstratlon of high doses of sex steroids or 
by chromosomal manipulation . 

Chromosomal manipulation fo r inducing 
polyploidy. gynogenesis and androgenesis has 
been studied wit h a view 10 controlling sex. 
as well as for rapid in breed ing. Manipulation 
becomes feasible during the nuclear cycles of 
cell division. and since fertilisation in fi sh is 
ex ternal. lIrtifieill l means can be employed to 
either gamete before fertilisation. or to the fe r­
tilised egg at any pe riod duri ng the formation 
of the zygote. 

The chromosome number can be increased 
by subjecting the egg to a pressure or tem­
perature shock shortly after fe rtiliza tion. The 
norn,..1 expulsion of one set of maternal chro-

mosomes is prevcnted. and so after fusion of 
the chromosomes from th e sperm. the develop­
ing embryo contai ns three sets of ch romosomes 
instead of the normal two sets. The ex tra set of 
chromosomes in the triploid individuals inter­
feres with gonad developme nt. Such induced 
triploidy is also usefu l for producing individu­
:. Is with increased heterozygosity. 

Gynogenesis. the parthenogenetic develop­
men t of eggs after activation with ge netically 
ine rt spcrmato7..oll. is a very effective meilns of 
achieving relatively rapid inbreeding. It can 
be used 10 gencnlle all-female stocks and for 
gene-transfer. 

By exposi ng milt to a ve ry high dose of 
at omic radiation (for example by using the 
radioactive isotope cobalt·60), Ihe chromo­
somcs of the sperm ce lls arc destroyed.l11e mi lt 
is kept on ice HI ooe during radiation and ca n 
be stored thus for seve ra l days wi thout loss of 
vitality. When the irradiated milt is mixed with 
eggs, the sperm ce lls penetnHe the eggs but play 
no further pllrt in the developmen t of Ihe egg. 
11lC cmbryo dcvelops from the egg material 
on ly. wit hout any male ch romosomes. Since 
the egg is haploid (wit h on ly a single se t of 
chromosomes). the de,",e loping embryos are 
also haploid. "l11ough most of them die at o r 
soon after hatching. there will usually be 
some gynogenetic d iploid~ (wit h a double set 
of chromosomes). as a resu lt of sponta neous 
diploidization of the female chromosome 
complex. To increase the frequency of 
diploidization of the female chromosome 
complex. temperature shock can be used. Treat­
men t of eggs with low and high tempera tures at 
the ti me of meiotic divisions results in distur­
bances in the process. such as di sint egration of 
Ihe spindle. due 10 wh ich nOlle of Ihe chromo­
some se ts CH n form the polar body. o r the retu rn 
of the polar body into th e plasma of the ov um. 
TIle o Ul put of ge netic diploids va ries grea tl y. 
being high under favourable cond it ions accord­
ing to the st re ngth lllld duration of the lemper~ 
ature shock and th e stage at which it is 
administe red (sce also Section 8.8). 

8.7 Transgcnics in aquaculture 
The best genotypes for aquaculturc in the 
future may be dcveloped using traditional 
se lective breed ing and the new biotechnologies 
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(Dullbam Cl al., 2001: Hew & Fletcher, 2001). 
Initial experiments show good potential for this 
combined approach, using mass selection and 
cross-breeding. genetic engineering and selec­
tioo. genetic enginccring and cross· breeding, 
;md ~ex reversal and polyploidy: all work more 
effectively in combination than alone. Genetic 
enhanCelllt:nt is an increasingly important com­
ponent of aquaculture management and. if used 
properly. has the potential to enhance aquacul­
ture production. The constraints of property 
rights, food security and consumer perceptions 
have, however, to be solved. 

Transgenic fishes could be as beneficial as 
transgenic plants and land animals and could be 
more effective than those traditionally bred in 
producing improved fish strains (Hew and 
Fletcher, 1997). The transgenic lL'chnology can 
be helpful not only in producing faster growing 
fish, but also in regulating maturationJrepro­
duction, enhancing resistance to diseases 
(Leong er al., 1999) and to environmental 
extremes (Fletcher el (l/., 1988), improving 
nutritional and other qualities of meat, and 
modification of metabolic pathways to enhance 
food conversion efficiency (Doupe and 
Lymbery,2003). 

1 he first form of gene transfer has been suc­
cessfully accomplished in China. Due to lack of 
fish gene sequences, initial transgcnic resecuch 
employed mammalian growth hormone (GH), 
which enhanced growth in some species, but not 
all species were examined. Salmonids showed 
no e ffect (Guyomard cr al., 1989) jn spite of 
their bei ng very responsive to growth stimula­
(ion by exogenously administered GH protein, 
though gene constructs using fish GH sequence 
had shown some lower growth enhancement 
in common carp, catfish and tilapia (Martinez 
er a/.. 1'1%). This is probably the first evidence 
that !!.rowth enhancement in fish can be 
achieved by transgenics. 

Hew and Fletcher (2001) list 13 instances 
involving eight fish species (common carp. 
crucian carp,catftsh, loach. tilapia. pike. Atlantic 
salmon and Pacific salmon), where growth 
increases have been obtained using GB genes, 
as evident from published reports between 
1986 and 1996. Growth enhancement was in the 
lowest range for common carp (l.l-fold) and 
catfish (1.2-fold) and highest for two salmonids 

tested (Atlantic salmon IQ-fold: sockeye 11-
fold). 

Recently GH gene constructs have been used 
in obtaining precocious smoltification of 
Atlantic Salmon (Du, 1992) and of Coho 
salmon (Devlin eT al .. 1995a,b). When a gene is 
transferred with the objective of improving Cl 

specific trait, it may affect another trait, causing 
positive or negative 'pleiotropic' effects. So it is 
important to evaluate all major traits of tralls­
genic fish. Transfer of growth hormone genes 
have been observed to affect body shape and 
composition. feed conversion efficiency. uisease 
resistance. reproduction and tolerance of low 
oxygen concentration. carcass yield. swimming 
ability and predator avoidance. 

Most studies in aquaculture genetics to date 
are concerned with the improvement of growth 
rate of selected fishes (see above). It is also pos­
sible to genetically improve the food conver­
$Jon efficiency (FeE, which is another 
expression of FeR) (see Chapter 7), but there 
are gaps in knowledge in these interacting 
aspccts of genetics and nutrition in aquaculture, 
which have to be bridged, taking cues from ter­
restrial livestock farming. 

More recent approaches to inbreeding, cross­
breeding, hybridisation, genetic selection, cor­
related responses. polyploidy, sex manipUlation, 
gynogenesis, androgenes is and cloning, as \\-:11 
as applications to molecular techniques in 
aquacullure genetics are explained in Section 
R.8. 

8.8 Molecular techniques 

111e production challenges facing aquacullure 
include disease resistance, tolerance of han­
dling, enhanced food conversion and spawning 
manipulation. These areas concern wild animals 
adopted for productive 'domestication'. which 
has begun causing changes in gene frequencies 
and performance of fish unuer domestication. 
Directed breeding programmes did not develop 
until comparatively recently. Fish genetic pro­
grammes became more common with greater 

. knowledge of breeding inheritances. Molecular­
based knowledge, developed in the 19805, has 
continued to gain prevalence. It is now well 
established in the selective breeding. biotech­
nology and molecular genetics of fiofish. and 
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rapidly deve loping for aquatic in vertebrate 
domestication. 

When wild fish are moved to aquaculture set­
tings. an organism beller suited to aquaculture 
environ ment begins to evolve as a result of 
domestication . Domestication effects can be 
obse rved in some fis h within a few ge ne ral ions 
after removal from the natural environment 
(Durham. 1996a). In channel catfish ( /ewfllms 
PIIIICflI fIIS) an increased growth rate of 3-6 per 
cent per generation has been observed. The 
oldest domestic strain usually performs bcHer 
in the aquacult ure environment than wild 
strains. though there are exceptions. Channel 
catfish stra ins differ in growth, disease resist­
ance, body conformation, dressing percentage, 
vulnerability 10 angli ng and se ining, age of 
maturit y, time of spawni ng. fecundity and 
egg size (Durlhmn and Smithc rtnan . 1984: 
Smithermun and Dunham. 1985), Strains of 
rainbow tro ut (Ollcorlt)'f/clws Il/)'kiss) show 
similar variability (Kincaid .1981 ). 

8.8.1 Inbreeding Imd n111intclllln t'C of 
genetic quality 

Losses due to inbreeding should be prevented. 
in order to max imise increased production 
resulting from ge netic enhance ment. This 
applies part iculllrly to species with high fecun­
dity where few brood stock arc necessary to 
meet demands for fry and brood stock replace­
ment. The effects o f inbreeding are well docu­
mented and ca n result in a decrease of 30 per 
cent or morc in terms of growth. survival and 
reproduction (Kincnid 1976a, 1976b. 1983a: 
Dunham, 1996b). 

8.8.2 Intrasl)ccilic crOSSbreeding 

Crossing of diffe rent strains may increase 
growth rate but heterosis may not be obtai ned 
in every C:lSC. Increases of 55 per cen t and 22 
per cent growth rate of channel cat fish and 
rain bow trout cross-breeds respectively were 
achieved usi ng this technique (Dun ham and· 
Smithe rman. 1983: Dunham, I 996b). Chum 
salmon cross-breeds. however. have shown no 
increase in growth rates compared with parent 
strains (Dun ham. 19900). Common carp eross-

breeds uswlny show low levels of heterosis 
(Moa v et al .. 1964: Wohlfarth . 1993: Hulata . 
1995): however. those that exhibited positivc 
heterosis are the basis for ca rp aquacult urc in 
Israel. Vietn am. China and Hungary. During the 
last 35 years. crossbreeding has been tested in 
more than 140 crosses. Three were chosen. based 
on 20 pe r ce nt improve ment in growth rate and 
other features- Now approximately 80 per cent 
of common carp production comes from 
these cross-breeds. Production o f gynogenetic 
female lines and gynoge netic sex-reversed 
inbred ma le li nes from common carp with the 
best contin uing ability fo rm an important part of 
the Hungarian crossbreeding programme. The 
growt h rate of FI cross-breeds was only 10 per 
cent higher than cont rols (Bakos and Gorda . 
1995). 

Kirpichnikov ( 1981) success fu lly produced a 
new stra in of cold-resistant carp for co ld zones 
in northern Russia using loca l cnrps and 
Siberian wild carps from the river Amur. In 
Isrnel, over 20 years o f crossing common carp 
strains revealed that crosses using the strain 
·DO R-70· (Wohlfarth et al .. 1980) and the Croa ­
lioll line 'Nawica' prod uced fast growth. and 
this is one o f the most popular crosses for 
Israeli carp production (Wohlfarth . 1993). 

In Indonesia , st rain development using arti­
ficial gynogenesis nnd sex-reversal resulted in 
10 common carp inbred lines. which were used 
(or cross- breed ing (Sumantadi nuta, 1995). In 
Vietnam. eight local va rieties o f common carp 
along wit h ' Hungary', ·Ukraine'. ' Indonesia' 
and 'Czech ' strains arc maintain ed, with signifi­
cant hete rosis observed in FI gene rations of 
cross-breeds. Hungarinn :lIld Indonesian strains 
hllve subsequently bee n used for carp selection 
and cross-breeding program mes throughout 
Vietnam (Thien nnd Trong. 1995). 

Under vnrious rice fie ld condi tions. growth 
ra les of different strains of Nile ti laria and thei r 
crosses were superio r to pure strains (Circa 
et al .. 1994). Breeding programmes are also 
under development for Java or silver barb. 
ano the r cconomiclllly important fi sh species in 
Southeast Asia. lnc growt h rate of females 
from six crosses was 23 per cent higher than 
average growth rate of the parent strains. 

Cross-breeds of different stra ins of Europcnn 
catfis h, Silllnts glallis. have ou tstanding adapt -
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ability under warm water holding condilions 
(Kraszn~i and Marian. \985). Stutlies on 
domestic channel catfish also showed greater 
heterotic growth rates in doml.'~lic ~ wild 
crosses (Dunham and Smitherman. 1983). The 
same was found in rainbow trout crosses ((iall. 
1969; Gal! and Gross. 1978; Kincaid. 1981: Ayles 
and Baker. 1983). Strain mating incompatiblli­
ties can. ho\\,'ever. occur and can impede fry 
output. 

8.8.3 Intcrspecific hybridization 

In lerspecific hybridization has been us.;d to 
increase growth rate. manipulate sex ratios. 
produce sterile animals. improve Il<:~h quality. 
increase disease resistance. improve tolerance 
of environmental extreme~ anti improv..: a 
variety of other traits that make aquatic animal 
production more profitable. Although intersp..:­
cific hybridilation rarely resulls in an Fl suit­
able for aquacullurc applicalion. there are a 
few significant exceplions. Channel catfish 
(lClalunLs PllllctfllUS) females x hlue catfish (I. 
!urc({[ll.l) males is the only cross that exhibits 
superior growth rate. growth uniformity. 
disease rl.'sistance. toklance of low oxygen 
levels. dressing percentage and h<lrvestabilit y 
(Smitherman and Dunham 1985). However 
mating problems between the two species have 
prevented commercial utilization. 

The 'Sunshine' bass is cross between white 
bas:) (MOI'one chrvsops) and striped bass (M. 
saxmillis). which grows faster and has beller 
overall culture ch<lracteristics than either 
parent ~pecies (Smith, 1988). In addition. 
crosse~ of the silver carp (Hypnpllllwlmichlhys 
molilrix) and bighead carp (Ari.His nobi/is) 
(Hvpophlhaimichlliys nobilis); black crappie 
(Pomoxis nigromoculalUs) and Pat/flu/oris 
(Hooe et 01 .. 1994); and African catfish hybrids, 
Clari(lS gariepinus, and Heferobranchus longi­
f7lis and H. bisorsa/is (S,\lami eT al.. 1993; 
Nwadukwe. 1995). all show faster growth than 
the parent species. Numerous crosses of 
common carp wilh rohu (Labeo rohila). mrigaJ 
(Cirrhinus mrigala), catla (Carla catla) (Khan 
Cl (11 .. 1990); tambaq ui (Colossonw macrOpOmlll17) 
and PiarQclllS brachypof/!tI ilnd P mesopOlllmi­
cus (Sen horini et tll .. 1988) and green sunfish 
(Lepomis cyanelllls) with bluegill (L. 
macrochirus) (Tidwell el al., 1992). have 

enhanced perrormance of aquaculturL' produc­
t ion systems. 

Hybrids between Sparlls (JUtata ~l1ld Pngl'lls 
major (bo(h belonging to Sparidae) developed 
vestigial gonads when two or three years old 
and were ste rile (Knibb el o/.. 1998). Similar 
vestigial gonilds we re observed in offspring of 
the reciproca I crosses. 

8.8.4 Genetic selection 

Very lillle was done in the ~enetic selection 01' 
fish prior to 1970. but it has grown significantly 
si nce then (Dunham. 1996a). Response to selec­
tion for growth rate in aquatic species is very 
good (7 to 10 times in farmed aquatic ~pecies) 
(see Section 8.7). Fecundity is also higher. 

Selection of body weight ilnd disease resist­
ance in salmonids has been particularly 
successful (Embody and Hyford. 1925). With 
respect to body weight. a 30 per cent 
increase in rainbow trout WilS achieved 
within six generations of sekction (Kincaid. 
1983b). 

Responses C(lll differ depending on the direc­
tion of selection. Body weight of common carp 
in Israel was not improved o\~:r five gen­
erations, but could be decreased (Moav and 
Wohlfarth.1976), 

Several authors ha\:' reponed lhal milSS 
selection improved body weight in tilapias 
(Oreochromis mossmnbicHs. 0. (I/lrCIIS and red 
tilapia). However. selection was less successful. 
Body weight of common carp appears unre­
sponsive to selection: but body conformat ion 
can be dramatically changed (Ankorian, 1996). 

8.8.5 Correlated responses 

Although selection for body weight has gener­
ally been associated with positively correlated 
responses (e.g. increased survival and disease 
resistance). t here are examples of long-term 
selection resulting in decreased bacterial resist­
ance. possibly due to genetic correlation 
changes or inbreeding. 

8.8.6 Polyploidy 

Triploid Rsh are generally sterile. Females 
producL' less sex hormones and although 
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triploid males may develop secondary sexual 
characteristics and exhibit spawn ing behaviour. 
they are generally unable 10 reproduce. 

Channel ca tfish triploids become la rger tha n 
diploids at about ninc months of age (90g) 
when grown in tanks (Wolters el al .. 1982). In 
tank experiments. the tri ploids converted feed 
more efficiently than diploidll.. had 6 per cent 
greater carellSS yie ld al threc years of agc 
(Ch risman et (I/.. 1983) and were darkcr than 
diploids. 

Polyploidy in the Asian catfish. C/arias 
mflcfoceplw!tls. was induced by cold shock and 
result ed in 80 per ce nt triploidy (Na-Nokorn 
and Lcgrand , 1992). 1lle effects on survi",1 
were not signi fi cantly diffe rent from diploid 
controls durin g first two months. but in the third 
to lifth month. triploid fish showed lower sur· 
vival rates and body weight compared to the 
diploid group. 

Polyploidy is not comme rcially feasible for 
all species. Bramick et a/.. ( 1995) suggest tha t 
the use of triploid tilapia would red uce 
unwanted reproduction and stunting and 
\\ould significantly increase yie lds fro m pond 
culture. 

8.8.7 Sex nmnipulufion and breeding 

Various stnltcgies uti lizing sex reversal and 
breeding proge ny testing. gynogenesis and 
androgenesis can lead to the development of 
predominan tly o r completely male or femalc 
populations o r a 'sul>C fmalc' genotype ( YY). 
The primary a im is to take adva ntage of sexu­
ally dimorph ic characteristics ( incl uding fl esh 
quality). 

Sex fcversal and breed ing have a llowed pro­
duction of YY channe l ca tfi sh males that can be 
matcd to nOfmal XX females to produce all· 
male XY progeny. 

8.8.8 G)'llUgellc~is. androgenesis ~nd cloning 

Gynoge nesis and androgenesis arc techniq ues 
to produce rapid inbreed ing and cloned popu­
lations. Androgenesis Of all-male inheritance is 
more diflicult to accomplish than gynogcncsis. 
since diploidy can only be induced in androge ns 
at first cell division. a difficult time to manipu­
late the cmbryo. Also, since androgens arc 

tota ll y homozygous. a large pe rcent age wilh 
de lelerious gcnotypes probably die. 

Fully inbrcd clonal lines have bee n produced 
in Zebrafish, ayu .common carp. Nile tilapia and 
rainbow trout (Komen el al .. 1991 : Sarder el a/.. 
1999). 

8.8.9 Inters~cilic nuclear transfer 

lnterspecific nuclear transfer has bee n accom­
plished for cyprinids in Ch ina, re~ulti ng in 
embryos with thc cytoplasm and mit ochondrial 
DNA o f thc host ~pccics and the nuclea r DNA 
of the dono r species. As .. result these fi sh may 
later se rvc as key for the application o f trans­
gen ic tech nology. 

Compllfcd to the thousand ycars o f aquacul­
turc and its gene tic improvement programmes, 
aquaculture genom ics and gene mapping a re 
tru ly in th eir in fancy. Molecular gene tics is less 
than 30 ycars old. alt hough D NA was o nl y dis­
covered abou t 50 years ago. Howeve r. the latc 
1990s have secn ,Ut explosion in genomics and 
gene mappi ng of aquatic o rganism DNA 
sequenccs. 

The first successfu l fo rm of gene transfe r -
ge ne tic enginee ring - was accomplishcd in 
China in 1985 and has subsequen tly been 
achieved in othcr countries. Most of this work 
focused on hormonc enhancement of gW\\ th 
(si7c and ra tc). wi th res ults ranging from zero 
per cent up to an incredible 3()) per cen t 
enhancement under some conditions. Due to 
the lack of fis h ge ne scq ucnces. in itial trans­
genic resea rch in the mid-1980s employed 
mammalian growth hormone (G H) ge nc 
constructs. which en hanced growth in some 
but not all specics examined (Zhu el (/1 .• 1986: 
En ik olopov er af .. 1989: Z hu . 1992: G ross ela/.. 
191)2; Wu ('/ (I /" 1994) . Sa lmon ids showed no 
effect (G uymard et Ill .. I 989a.b: Penman et at.. 
1991). dcspite the fact that carp. ca tfish. 
zebrafish and tilapia are very responsive to 
growth enhan cement (Martinez e/ at .. 19(6). 
providing the firsl convincing evidencc that th is 
can be achi eved in 11sh by tfllllsgencsis. 

When a ge ne is inse rted with thc objective of 
improving a specific trait. it may affect another 
trail. Such 'pleiotropic' effect can be positive or 
nega tive: thus it is importa nt to evaluatc a ll 
importanl traits in the transgc nic fi sh, not just 
the trail under active a ltera tion. Transfer of 
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growth hormone genes has been documented 
to affect body shape, feed conversion eCficiency, 
disease resistance, reproduction, tolerance of 
low oxygen concentrations, carcass yield. swim­
ming ability and even predator avoidance. 

Rainbow trout growth hormone (rt GH) 
transgene reduces survival of common carp and 
the number of F2 progeny inheriting the trans­
gene is less than expected. Differential mortal­
ity or loss of the recombinant gene during 
meiosis is a likely explanation, since transgene­
sis was evaluated after the fish reached finger­
ling size. Remaining transgenic individuals. 
however, showed higher survival than controls 
when subjected to a series of stressors such 
as low dissolved oxygen (Chatakondi, el al .. 
1995). 

8.8.1.0 LiJlkage mappiJlg 

Aquaculture genomics has seen dramatic 
progress over the last 10 years (Kocher et al,. 
1998: Liu and Dunham, 1998; Waldbieser el 01 .. 
1998). This includes progress in construction of 
framework genetic linkage maps for catfish (Li 
el al .. 2000) tilapia (Lee and Kocher, L 996; 
Kocher el 01 .. 1998: Agresti et 01 .. 2000: 
McConnel el al.. 2000) and oysters. Crossoslreo 
and Osfrea spp. Genomic mapping of these 
phyletic groups was done recently (LSDA) as 
a regional project. 

Much work is ongoing Oil production of 
fra mework linkage maps with greater numbers 
of markers, particularly type I markers of 
known genes. 

In the last few years, brge numbers of molecu­
lar marke rs have been developed and evalu­
ated for applicalion in the culture of calfish as 
well as other commercially important species. 
Of the several types of olarkers evaluated, 
microsatellites and AFLP (amplified fragment 
length polymorph isms) were most reliable. effi­
cient and reproducible for genetic linkage 
mapping in catfish (Liu el al., L 999a,b.c,d). 

8.8.11 Marker-assisted selection 

In aquaculture species. much effort is devoted 
to quantitative trait loci (QTL) mapping. QTL 
markers for growth. feed conversion efficiency. 
tolerance of bacterial disease. spawning time. 

embryonic developmental rates and cold toler­
allce have been identified in channel catfish. 
rainbow trout and tilapias (La P(Jtra el a/.. 1993. 
1996). 

Molecular genetics through gene mapping 
have been used for studying genetic variCltion 
among different groups. DNA analysis is pre­
ferred over conventional protein ana lysis for 
determining genetic affinities and differences. 
though protein analysis is faster and less costly. 
While earlier linkages were studied using 
isozyme markers (Liu Cl 01 .. 1999a.b). recent 
catfish mapping has used microsatellite and 
AFLP markers. 

8.8.12 Combining genetic enhancement 
programmes 

TIle best genotypes of aquaculture applications 
in the future will be developed by using a corn· 
bination of traditional selective breeding and 
the new biolechnologies. Initial experiments 
indicate good potenlial for this combined 
approach, with examples using lYlass selection 
aod cross-breeding, genetic engineering and 
cross-breeding and sex reversal and polyploidy, 
showing that all work more effectively in com­
bination than alone. Several studies in aquacul· 
ture transgenics have dealt with improvement 
of growth rate of selected species. It has been 
indicated that it is possible to genetically 
improve the food conversion efficiencies 
(FCE); more precisely, it is an enhanced ability 
to convert measured parameters. such as (dry) 
weight/energy in food, into growth in the indi­
vidual organism (Bretl, 1995). This has also 
been referred to as 'effectiveness with which 
food is converted to saleable fish product' 
(Doupe and Lympbery, 2003). According 10 

these authors, if il is assumed that there is con­
siderable genetic variation in FeE as found in 
terrestrial livestock. especially in pigs and 
poultry (Luiting et al.. 1994), improvements in 
FCE through genetic methods is possible 
subject to certain refinements in experimental 
methods. These would enable lhe determina­
tion of feed intake by Individual fish and the 
optimal time over which the FCE is to be 
tested. and also the availability of infonnation 
on genetic correlation between FCE and food 
intake conditions. 
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