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S u m m a r y .  A t h e o r e t i c a l  mode l  d e s c r i b i n g  the gene t ic  aspec t  of the t r a n s i t i o n  f r o m  t r ad i t iona l  to m o d e r n  an imal  
husbandry  is  p r e s e n t e d .  Trad i t iona l  r a c e s  a r e  c h a r a c t e r i z e d  by high t o l e r a n c e  to h a r s h  e n v i r o n m e n t s  but a low 
r a t e  of r e s p o n s e  to i n c r e a s e d  m a n a g e m e n t  inputs .  Modern ,  a r t i f i c i a l l y - s e l e c t e d  b r e e d s  a r e  e f f ic ien t  c o n v e r t o r s  
of m a n a g e m e n t  inputs to h i g h e r  p roduc t ion  but have  a low r e s i s t a n c e  to h a r s h  e n v i r o n m e n t s .  Thus,  under  low- 
input t r ad i t i ona l  husbandry ,  the t r ad i t i ona l  r a c e s  a r e  bes t  adapted,  whi le  under  m o d e r n ,  h igh- input  husbandry ,  
m o d e r n  b r e e d s  a r e  mos t  p r o d u c t i v e ,  and in the i n t e r m e d i a t e  zone ,  hybr ids  be tween  the two r a c e s  a r e  capab le  
of c los ing  the ' p ro f i t  gap '  in the shift  f r o m  t r ad i t i ona l  to m o d e r n  husbandry .  The d o m e s t i c a t e d  E u r o p e a n ,  and 
the Ch inese  B i g - b e l l y  r a c e s  of the c o m m o n  c a r p  w e r e  t e s t e d  under  many e n v i r o n m e n t a l  ' t r e a t m e n t s '  involving 
v a r i a t i o n  in dens i ty ,  p o l y c u l t u r e ,  a e r a t i o n ,  feeding and f e r t i l i z a t i o n .  The B i g - b e l l y  showed,  as expec t ed ,  high 
r e s i s t a n c e  to the poor  ' t r e a t m e n t s '  but low r e s p o n s e  to e n v i r o n m e n t a l  i m p r o v e m e n t .  The European  b r e e d s  p e r -  
f o r m e d  bes t  in the h ighe r  half  of the e n v i r o n m e n t a l  r ange  and t h e i r  r e s p o n s e  r a t e s  w e r e  h ighes t .  The F1 hybr ids  
between the two races excelled in the lower third of the range, exhibiting~ there, a high heterosis but only an 
intermediate rate of response. It was concluded that successful changes from one aquaculture system to another, 
and particularly the change from traditional to modern husbandry~ require a simultaneous search for the most 
efficient genotype • environment combination and, for each level of modernization of traditional fish farming, 
the most effective genotype must be identified and utilized. The transition from traditional to modern animal 
husbandry, including fish farming, is best quantified by the levels of invested inputs, other than labour, that 
induce higher production of the individual animals. The major management inputs of modern fresh water fish 
farming are expensive feeding, veterinary care, control of predators, organic and chemical fertilizers that 
enrich the production of natural fish food, water circulation and aeration. Since all these inputs are rather ex- 
pensive, the fish have to pay for them by increased production, i.e. ~ faster growth rate. Thus, the sina qua non 
of such a transition is the availability of animal stocks capable of converting increased inputs into economically 
attractive increased yields. We are all aware of the very great physiological plasticity of farm animals. In the 
case of the European carp, for example, the same genetic stocks, raised under high stocking density and low 
feeding level may gain an average weight of I0 to 20 g per fish in a whole year, while under low density and 
abundant feeding, they may gain over 2 kg in the same period. Such physiological responsiveness may give the 
wrong impression that all that is needed for the transition to more modern husbandry are improved environmen- 
tal circumstances. The object of this paper is to point out that the proper choice and changeover of genotypes 
is equally important for the succesfull implementation of the usually gradual process of fish farming modern- 
ization. This demonstration will be based on results of experiments with the European and Chinese races of 
the common carp, and their F I hybrids. 

Theory  

The t r a n s i t i o n  f r o m  t r ad i t i ona l  to m o d e r n  l i ve s tock  

f a r m i n g  invo lves  a shift  f rom a husbandry  based  on 

s e a s o n a l l y - a v a i l a b l e  na tu ra l  f eeds tu f f s  ( e . g . ,  p a s t u r e  

o r  w a s t e s ) ,  with m i n i m u m  p r o t e c t i o n  f r o m  the e l e -  

men t s  and p r e d a t o r s ,  and no a t tent ion to d i s e a s e  o r  

p a r a s i t e  c o n t r o l ,  to a husbandry  based  on y e a r - r o u n d  

suppl ies  of  h igh -qua l i t y  feed,  p ro t ec t i on  f r o m  the e l -  

e m e n t s  and p r e d a t r o s ,  i n c r e a s e d  i n t e rven t i on  in na t -  

ura l  compe t i t i on  and soc i a l  s t r u c t u r e  within the pop-  

u la t ions ,  and high l e v e l s  of  san i ta t ion  and d i s e a s e  

c o n t r o l .  In W e s t e r n  E u r o p e  and England,  th is  t r a n -  

s i t ion  began in the l a te  Middle Ages  and has  con t in -  

ued to the p r e s e n t  day.  The g radua l  i m p r o v e m e n t  

in environmental inputs was accompanied by conscious 

selection by animal breeders of genotypes with high 

responsiveness to these inputs. Simultaneously, the 

improved environment of modern husbandry caused 

relaxation of natural selection, and this in turn led to 

a correlated, undesirable reduction in genetic resis- 

tance to harsh environments. Under traditional farm- 

ing, in contrast, the major selective pressures are 

those of natural selection for viability in poor and 

largely uncontrolled environments, while relatively 

little, if any, conscious selection would have been 

carried out for increased efficiency of conversion of 

input to production. As a result of their differing evo- 

lution, traditional (henceforth, low-input) and modern 
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F i g .  1. Theo re t i c a l  r e l a t i o n s h i p s  of p roduc t ion  and 
prof i t  with l eve l  of managemen t  inputs of m o d e r n  
(h igh- input )  and t r ad i t i ona l  ( low- inpu t )  b r e e d s  and 
t h e i r  F 1 hybr id .  A .  P r e d i c t e d  r e g r e s s i o n s  of p r o -  
duct ion and cos t s  on input l e v e l ;  B.  P ro f i t  o v e r  cos t  
of inputs of the t h r e e  genotypes  

(hence fo r th ,  h igh- input )  r a c e s  r e spond  d i f f e ren t ly  to 

changes  in input l e v e l s  and t h i s ,  as we shal l  s e e ,  may  

have impor tan t  c o n s e q u e n c e s  fo r  the c h o i c e o f t h e  mos t  

p roduc t ive  and p ro f i t ab le  geno types  at d i f fe ren t  r e -  

gions of the e n t i r e  s p e c t r u m  of inputs c h a r a c t e r i z i n g  

a c o m p l e t e  t r a n s i t i o n .  

F i g . l A  shows s c h e m a t i c a l l y  the p roduc t ion  ( e . g . ,  

m i lk ,  egg n u m b e r ,  g r o w t h - r a t e )  of a low- inpu t ,  h igh-  

r e s i s t a n c e  s tock  and a h igh- inpu t ,  l o w - r e s i s t a n c e  

s tock ,  and of t h e i r  F 1 hybr id ,  at i n c r e a s i n g  l e v e l s  of 

m anagemen t  inputs .  At the lowes t  end of the input 

r ange  (input l e v e l s  2 and 3 in our  a r b i t r a r y  g r a p h ) ,  

s u r v i v a l  i s  the p r i m e  d e t e r m i n a n t  of p r o d u c t i o n ; h e r e  

the low-input  b r e e d  ou tp roduces  the high-input  b r e e d .  

As condi t ions  i m p r o v e ,  h o w e v e r ,  the gene t i c  d i f f e r -  

ences  in r e s p o n s e  even tua l ly  r e v e r s e  the p roduc t ion  

r ank ings .  At input l eve l  3 . 3 ,  the F 1 t akes  the l ead .  

It ma in t a in s  f i r s t  p l ace  up to l eve l  8 . 2 ,  when t h e h i g h -  

input b r e e d  f ina l ly  has  suf f ic ien t  oppor tuni ty  to ex -  

p r e s s  i ts  s u p e r i o r  capac i ty  to conve r t  input into p r o -  

duct ion .  

The b roken  l ine  of F i g .  IA r e p r e s e n t s  a s s u m e d  

cos t  of the inputs ,  so that only points  above it c o r r e s -  

pond to pos i t i ve  p r o f i t s .  This i s  f u r t h e r  e m p h a s i z e d  

in F i g .  I B ,  which shows p ro f i t s  o v e r  inputs fo r  the 

whole input r a n g e ,  d iv ided  int~ t h r e e  r e g i o n s :  Region 

A (input l e v e l s  2 to 3 .3)  w h e r e  the low-input  b r e e d  

is  mos t  p ro f i t ab le  but even  the h ighes t  prof i t  is  r a t h e r  

low; Region B (input l e v e l s  3.3 to 8 .2 )  w h e r e  the F 
l 

is  mos t  p ro f i t ab l e  and l a r g e r  p ro f i t s  can be  m a d e ;  

Region C (input l e v e l s  above 8 .2 )  where  the h i g h - i n -  

put b r e e d  is  most  p ro f i t ab l e  and the h ighes t  p ro f i t s  

a r e  expec t ed .  The point of h ighes t  p rof i t  is  r e a c h e d  

by the h igh- input  b r e e d  at a round input l eve l  10. At 

h ighe r  l e v e l s ,  even  the h igh- input  b r e e d  can not y ie ld  

at a su f f i c i en t ly  high r a t e  to pay fo r  the m a r g i n a l  cos t s  

of the e x t r a  inputs .  F o r  e x a m p l e ,  c o n s i d e r  the s p e c i -  

f ic input of " a r e a  of pond p e r  s ing le  f ish"  ( c o m m o n l y  

m e a s u r e d  i n v e r s e l y  as dens i ty  of s t o c k i n g ) .  At den-  

s i t i e s  lower  than o p t i m a l ,  c o r r e s p o n d i n g  to h igher  in-  

put l e v e l s ,  the individual  f ish  would g row at a f a s t e r  

r a t e ,  yet y i e l d s / h e c t a r e  and p ro f i t s  would be l o w e r .  

Note that in the absence  of the F 1 hybr id  r eg ion  B 

would r e p r e s e n t  a ' p ro f i t  gap '  that  would act as  a 

block to a smooth  and gradual  t r a n s i t i o n  f r o m  t r a d i -  

t ional  to m o d e r n  husbandry .  In p r i n c i p l e ,  the gap can 

be c r o s s e d  by a quantum jump in e n v i r o n m e n t a l  input 

a ccompan ied  by a s imu l t aneous  shift  f r o m  t r ad i t iona l  

to m o d e r n  s t o c k s .  In p r a c t i c e ,  th is  may  be diff icul t  

to nego t ia te  smoo th ly .  E x p e r i e n c e  with da i ry  ca t t l e  

and poul t ry  in I s r a e l  has  shown that F 1 c r o s s b r e d s  

be tween  loca l  ( low- input )  and m o d e r n ,  i m p o r t e d  

b r e e d s  p e r f o r m  b e t t e r  than e i t h e r  pa ren t  in r eg ions  

of the e n v i r o n m e n t a l  s p e c t r u m  w h e r e  the t r ad i t iona l  

b r e e d s  can no l onge r  r e spond  adequa te ly  to i n c r e a s -  

ed e n v i r o n m e n t a l  input ,  but the m o d e r n  b r e e d s  can 

not yet t o l e r a t e  the r e s i d u a l  e n v i r o n m e n t a l  h a r s h n e s s .  

The a l t e r n a t i v e  approach ,  of s e l ec t i ng  for  i n c r e a s e d  

r e s p o n s i v e n e s s ,  is  e s s e n t i a l l y  an a t tempt  to m i m i c  

the  p r o g r e s s  of Eu ropean  b r e e d e r s  o v e r  c e n t u r i e s ,  

and would appea r  to be t i m e - c o n s u m i n g  a n d w a s t e f u l .  

F a r m e r s  can l e a r n  new t echn iques  and capi ta l  c a n b e  

appl ied much m o r e  r ap id ly  than mos t  an imal  s tocks  

can be i m p r o v e d  g e n e t i c a l l y .  

Note that  the dominance  r e l a t i o n s h i p s  and h e t e r o -  

s i s  exhib i ted  by the F 1 a r e  v a r i a b l e s  d e t e r m i n e d  by 
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Fig.2. The regressions of weight gain on the quality 
of the environment as measured by the mean weight 
gains of all genotypes tested under a given environ- 
ment. (For further details see text and Table 1. ) A. 
Big-belly (Chinese, traditional breed), Na~ice (Eu- 
ropean, modern inbred) and their FI hybrid; B. Big- 
belly, Dor-70 (European, modern breed) and their 
F I hybrid 

F i g . 3 .  The r e g r e s s i o n s  of p ropo r t i ona l  (x) dev ia t ions  
of weight  ga ins  f r o m  e n v i r o n m e n t a l  means  on the en-  
v i r o n m e n t a l  m e a n s .  (F~ is  m e a n  of Nag ice  • B i g - b e l -  
ly and D o r - 7 0  • B i g - b e l l y .  ) A. O b s e r v e d  r e s u l t s  ( taken 
f r o m  Table  1) ; B.  Expec t ed  r e g r e s s i o n s  of the o b s e r -  
ved r e s u l t s  

the input l eve l  ( B u c i o - A l a n i s  et a l . ,  1969; Knight 

1973) : that i s ,  only in r eg ion  B does  the F 1 exceed  

i ts  two p a r e n t s ;  in o the r  r e g i o n s ,  it is  m o r e  o r  l e s s  

i n t e r m e d i a t e .  The h e t e r o s i s  exhib i ted  in r eg ion  B 

need not be expla ined  in t e r m s  of o v e r - d o m i n a n c e  o r  

p roduc t s  of individual  l oc i .  R a t h e r ,  it is  a n e c e s s a r y  

r e s u l t ,  g iven  c e r t a i n  r e a s o n a b l e  a s s u m p t i o n s  as to 

the  funct ional  r e l a t i o n s h i p s  be tween  p roduc t iv i t y  and 

i ts  componen t s  - r e s p o n s e  to input and v iab i l i ty  (Moav 

1966).  

Experimental Results 

Big-belly is the common name of the major race of 

the common carp ( Cypx~nu8 car, p~:o L. ) of China. It 

has been grown and bred in Chinese fish farms for 

over 2000 years. During this period, it has, as a rule, 

been exposed to very harsh environments, and has 

not apparently been subjected to artificial selection 

for growth-rate (Drews 1961; Bardach et al., 1972; 

Wohlfarth et al., 1975). It is therefore a typicaltra- 

ditional breed. 

The evolutionary history of the domesticated European 

race of the common carp took a different path. It had 

been kept under relatively high input levels (low stock- 

ing densities, regular feeding with grains, and pre- 

dator and disease control). Also, it underwent conti- 

nuous, strong selection for rapid growth-rate at the 

hands of the breeders (Mann 1961). It is thus a typi- 

cal modern breed. 

Our data on the responsiveness of European, Big- 

belly carp and their F 1 hybrids to increasing levels 
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Table I. Weight gains of two European carp breeds (Na~ice and Dor), the Chinese Big-belly (BB) carp and 
European • Chinese crossbreds under varying environmental 'treatments' 

Year 
Major features of treatment 

No. Pond Ponds No. Stocking Poly- Feeding b 
area (m ~) no. groups density culture' 

tested carp/ha 

Mean corrected weight gains, in g, of 
tested groups 

BB BB• BB• Nas Dor Mean ~ 

1971 1 400 4 12 10700 grain 264 378 383 279 394 357 
2 400 4 12 6500 grain 297 454 457 352 517 450 
3 400 4 12 6500 grain 367 505 535 479 593 545 
4 400 4 12 3200 grain 468 725 740 795 874 815 
5 20000 1 13 2500 grain 283 395 386 - 403 382 

1972 I 400 8 14 12300 8000 pellets 232 - - 228 334 270 
2 400 8 14 4100 2600 pellets 486 - - 615 779 690 

BB • a 
1973 I 400 4 15 8800 10000 pellets 269 - 371 351 340 

2" 400 4 15 8800 I0000 pellets 338 - 553 489 470 
3 400 4 15 8800 2000 pellets 403 - 518 540 528 
4 e 400 4 15 8800 2000 pellets 452 - 608 693 610 
5 15000 1 15 3500 4000 pellets 512 - 686 - 737 695 

1974 1 400 4 10 11400 8250 g r a i n  152 170 222 183 242 208 
2 1000 2 10 12000 p e l l e t s  169 230 271 149 193 207 
3 400 2 10 3050 3050 cow m a n u r e  389 477 574 345 490 467 
4 400 4 10 11400 8250 p e l l e t s  316 418 506 406 575 504 
5 400 4 10 3300 3050 g r a i n  409 528 617 507 724 608 
6 400 4 10 3300 3050 p e l l e t s  675 918 1025 9771208  1058 

r ~ 0 . 9 7 4  0 . 9 9 2  0 . 9 9 5  0 . 9 9 5  0 . 9 9 3  
b f 0 . 5 7 7  0 . 7 9 2  0 . 8 8 1  1 .00  1 .145  
a t 6 3 . 5  7 2 . 3  6 5 . 0  - 7 2 . 1  - 2 4 . 1  

a Number of fish other than common carp, per hectare. 
b The pellets were made of crushed grain and fish meal. 
c Mean over all the tested groups, including those not mentioned in the present paper. 
d In 4973 the only inter-race hybrid tested was Big-belly cross to a local (European) group called White, hence 

it was substituted for the BB • Dor hybrid. 
�9 Treatments 2 and 4 of 1973 were aerated. 

r, b and a designate, respectively, the coefficients of correlation and regression and the x-axis intercept of 
the regression of weight gains of individual groups on the ponds means (treatment means) of all the tested 
groups. (Treatments I and 3 of 1974 were excluded from the computation). 

of environmental inputs originated from extensive lar- 

ge-scale experiments carried out at Dor, from 1971- 

1974. In the course of the experiment, the mean weight 

gain (corrected for differences in initial weights ; Wohl- 

farth and Moav, 1972: Moav and Wohlfarth, 1973) 

were obtained for about a dozen European inbreds and 

crossbreds, a single group of Big-belly carp, and sev- 

eral F I hybrids between the European and Chinese 

races. The range of initial weights was 15-40 g, and 

the test lasted for about 120 days. All these stocks 

were subjected to various environmental "treatments" 

covering a wide range of environmental inputs. To re- 

present the European race we have chosen only two 

breeds - Nahice produced by selective breeding in the 

Yugoslavian fish farm of that name, and Dor-70, de- 

veloped by a selection programme at Dor. Table I 

summarizes the results obtained with these two Euro- 

pean breeds, their respective hybrids with the Big- 

belly, and Big-belly itself. The mean weight gains of 

all the groups of carp tested within each treatment 

(right-hand column of Table I) is taken as a measure 

of the quality of the environmental input. Fig. 2A and 

2B show, respectively, the regressions of mean weight 

gains on pond means for B'~-belly, Na~ice and their 

F 1 hybrid, and for Big-belly, Dor-70 and their F 1 hy- 

brid. It is clear that the two European breeds have 

steeper slopes (higher regression coefficients) than 

the Big-belly carp, and the slopes of the F I hybrids 

are intermediate to those of their parents. 

A different graphical presentation of the results of 

Table I is given in Fig.3. Here the results were trans- 

formed to proportional deviations from pond means. 

That is, the treatment omit mean was subtracted from 

each observation and the difference was divided again by 

the treatment omit mean. Although the Dor-70 • Big- 

belly F 1 had a consistent advantage over the Nagice X 
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Table  2. A c o m p a r i s o n  of o b s e r v e d  with p r e d i c t e d  ( e x -  
pec t ed )  mean  c o r r e c t e d w e i g h t  gains  in ponds whe re  l i -  
quid cow m a n u r e  subs t i tu ted  g r a in  feeding ( p r e d i c t e d  
va lues  de r i ved  f r o m  the r e g r e s s i o n  l ines  of F i g . 2 )  

Genetic group 
Mean c o r r e c t e d  weight  ga ins  in g 

O b s e r v e d  Expec t ed  ~ dev ia t ion  

E u r o p e a n  
Na~ice  345 365 - 5.5 
D o r - 7 0  490 530 - 7 .5  7~ 

Chinese  
B i g - b e l l y  389 300 +29.7 

Hybr ids  
Na~icexBB 477 460 + 3.7 7~ 
DorxBB 574 460 +24.8 7~ 

B i g - b e l l y  F 1 ' the  d i f f e r e n c e s  be tween  them w e r e  usu -  

a l ly  s m a l l .  F o r  th is  r e a s o n ,  and to r e d u c e  the ' e r r o r '  

v a r i a n c e ,  the two w e r e  combined .  In 1973, ne i t he r  of 

t h e s e  two hybr ids  was t e s t e d .  In o r d e r  not to l o se  the 

r e s u l t s  of th is  y e a r ,  the two m i s s i n g  hybr ids  w e r e  r e -  

p l aced  in F i g . 3  by a th i rd  i n t e r - r a c e  hybr id ,  White  x 

B i g - b e l l y  (White  is a loca l ly  deve loped  European  c a r p ,  

m a r k e d  by the t h r e e  r e c e s s i v e  body c o l o r a t i o n  g e n e s ,  

Gold,  Blue and G r e y  (Wohlfar th  and Moav 1970) ) .  

F i g .  3 e m p h a s i z e s  the spec i f i c  gene t ic  r e s p o n s i v e -  

nes s  to e n v i r o n m e n t a l  v a r i a t i o n ,  independent  of s c a l e  

e f fec t s  (Moav et a l .  1975).  F i g . 3  he lps  us ,  among 

o the r  th ings ,  to d e m o n s t r a t e  the wide d i f f e r e n c e  be -  

tween the two European  g r o u p s ,  D o t - 7 0  and Na~ice .  

The poor  p e r f o r m a n c e  of the  l a t t e r  is  a t t r i bu t ab l e ,  

p r i m a r i l y ,  to inbreed ing  d e p r e s s i o n .  The p ropor t i ona l  

d i f f e r e n c e  be tween  the two i n c r e a s e s  as the e n v i r o n -  

ment  b e c o m e s  l e s s  f a v o u r a b l e ,  sugges t ing  that Na~ice  

is  m o r e  s e n s i t i v e  to e n v i r o n m e n t a l  d e t e r i o r a t i o n .  This 

would a c c o r d  with our  i n t e r p r e t a t i o n  of Na~ice  as an 

inb red .  The d i f f e r e n c e  be tween  t he se  two groups  is  a l -  

so m a n i f e s t e d  by the d i f fe ren t  input -po in t s  at which the 

F 1 hybr ids  begin to exceed  t h e i r  Eu ropean  p a r e n t s .  

This point is  a round 550 g fo r  Na~ice ,  but only 250 g 

with D o r - 7 0  ( F i g . 2 ) .  

E v e r  under  the p o o r e s t  e n v i r o n m e n t s  of th is  s e r i e s  

of e x p e r i m e n t s ,  a r eg ion  w h e r e  B i g - b e l l y  had the h igh-  

es t  g r o w t h - r a t e  was not r e a c h e d .  H o w e v e r ,  we do have  

one se t  of r e s u l t s  which s e e m s  to i l l u s t r a t e  qui te  wel l  

the  spec i f i c  c apab i l i t i e s  of the B i g - b e l l y .  In 1974 two 

e x p e r i m e n t a l  ponds r e c e i v e d  a dai ly  r a t ion  of l iquid 

cow m a n u r e  in p l ace  of al l  addi t ional  feeding ( t r e a t -  

ment  3 ) .  Although the a v e r a g e  growth  r a t e  was qui te  
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high (467 g ) ,  t h e r e  w e r e  c o n s i d e r a b l e  d i f f e r e n c e s  f r o m  

the o the r  ' t r e a t m e n t s '  in the r e s p o n s e  of the gene t i c  

s t o c k s .  Table 2 c o m p a r e s  the expec ted  p roduc t ion  of 

the v a r i o u s  gene t ic  g roups ,  as e s t i m a t e d  f r o m  the r e -  

g r e s s i o n  l ines  of F i g . 2 ,  and t h e i r  ac tual  p roduc t ion .  

Under  th is  t r e a t m e n t  all  the  Eu ropean  s t r a i n s  p rodu -  

ced  l e s s  than expec ted ,  whi le  the i n t e r - r a c e  F 1 hybr ids  

p roduced  m o r e  than expec ted  and the B i g - b e l l y  much 

m o r e  than expec t ed .  These  r e s u l t s  fit our  evo lu t iona ry  

mode l  v e r y  nea t ly .  The B i g - b e l l y  evo lved  in the f ish  

ponds of China where  it was fed a lmos t  e x c l u s i v e l y  with 

an imal  w a s t e s ,  whi le  the d o m e s t i c a t e d  European  c a r p  

was fed r e g u l a r l y  with g r a i n s .  It a lso  shows the  c o m -  

p l e x i t i e s  encoun te r ed  in e x p e r i m e n t s  of the p r e s e n t  

type when inputs of a d i f fe ren t  na tu re  a r e  mixed  t o -  

g e t h e r .  

Discussion and Conclusions 

Present-day fish husbandry is under considerable pres- 

sure to change. Pressures act in two directions: on 

traditional fish farms to increase yields by improved 

husbandry techniques ; and simultaneously, because 

of the great rise in cost of high-quality feed, modern 

fish husbandry is under pressure to 'shift down' and 

substitute cheaper but lower-quality waste products for 

high-quality feed, while maintaining high-yield levels. 

Our results show that, in both cases, proper choice of 

genotypes is crucial to the success of shifts in envi- 

ronmental inputs. Any attempts to gradually increase 

management inputs in the vast area where the Big-bel- 

ly is cultivated by traditional methods would be severe- 

ly handicapped, unless accompanied by substitution 

with a more responsive stock. Similarly, attempts to 

utilize wastes in place of high-quality feed require 

stocks able to thrive on such wastes. In both instances, 

we have found that hybrid derivatives between the Chi- 

nese Big-belly and the domesticated European carp 

are able to play an important role. 

In a broader context, our results illustrate and 

emphasize that, once a wide range of environments is 

taken into consideration, powerful genotype • environ- 

ment interactions are to be expected. This holds true 

particularly for finfish aquaculture, where yields per 

unit of water-surface area range from a few hundred 

kg /ha  in omi t  ponds without feeding or  manur ing  to 

omi t  2000 t o n s / h a  when f ish a r e  r a i s e d  in cages  in omi t  

flowing wa te r  and fed with p r o t e i n r i c h  feed ( B a r -  

dach et a l . ,  1972).  H e r e ,  the convent iona l  a s s e r -  
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t ion that " env i ronmen ta l  i m p r o v e m e n t  is  the m a j o r  

and p r i m a r y  r e q u i r e m e n t  for i n c r e a s i n g  product ion  

and prof i t ab i l i ty ,  and gene t ics  can provide  only the 

final ' f i n e - t u n i n g '  of the s y s t e m "  is  c l e a r l y  u n j u s -  

t i f ied .  F u r t h e r m o r e ,  the viewpoint  that gene t ics  and 

husband ry  a re  two independent  approaches  to i n c r e a s e d  

product ion  is  wrong.  The two a r e  s t rong ly  i n t e r r e l a t e d  

aspec t s  of a s ing le  sys t em and the s t rong  genotype x 

e n v i r o n m e n t  i n t e r ac t ions  make  them i n s e p a r a b l e .  In 

s u m m a r y ,  the p r e sen t  r e s u l t s  c l e a r l y  d e m o n s t r a t e  

tha t ,  because  of the ve ry  wide range  of managemen t  

p r a c t i c e s  in aquacu l tu re ,  a s i m u l t a n e o u s  s e a r c h  for 

the most  success fu l  genotype x env i ronmen t  c o m b i n a -  

t ions  becomes  ob l iga to ry ,  and for  each level  of mod-  

e r n i z a t i o n  of t r ad i t iona l  f a rming  (or  t r ad i t i ona l i za t i on  

of m o d e r n  f a r m i n g ) ,  the most  effect ive speci f ic  geno-  

type mus t  be ident i f ied and u t i l i zed .  
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