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ABSTRACT 

Resu l t s  of an experiment conducted t o  study t h e  e f f e c t  
of l i g h t  and temperature on t h e  sexual  cyc l e  of CirrhCnp reba 
(Ham.), a c l o s e l y  a l l i e d  spec i e s  t o  t h e  commercially important 
Indian  major ca rps ,  during 1 August 1966 t o  30 June 1967 a r e  
? resented  i n  t h e  paper. The f i s h  were r ea red  i n  cement c i s -  
t e r n s  on a r t i f i c i a l  food,  under d i f f e r e n t  photoperiodic  regimes 
of 8 ,  14  and 18  hours of cons tan t  l i g h t  pe r  day.& varying 
photoperiods ranging from 4 t o  20 hours per  day. The Gonado- 
somatic index was used as a measure of t h e  e f f e c t  of l i g h t  and 
temperature on t h e  reproduct ive  cycle .  F i sh  under t h e  in f luence  
of d i f f e r e n t  photoperiods a t t a i n e d  func t iona l  ma tu r i t y  a t  d i f -  
f e r e n t  months of t h e  year  s t a r t i n g  from February. The d a t a  
i nd ica t ed  t h a t  a r t i f i c i a l  day l eng ths  longer  than  n a t u r a l  day 
a c c e l e r a t e  t he  l a t e r  phase of matura t ion  i n  t h e  spec i e s .  Func- 
t i o n a l l y  mature f i s h  were subjec ted  t o  p i t u i t a r y  e x t r a c t  in-  
j e c t i o n s  and succes s fu l  breeding is  repor ted .  

INTRODUCTION 

I n v e s t i g a t i o n s  on seasonal  v a r i a t i o n  i n  t h e  reproduct ive  a c t i v i t y  of 
f i s h  and t h e  f a c t o r s  r e spons ib l e  f o r  such v a r i a t i o n s  have revealed t h a t  t h e  
seasonal  changes i n  t h e  day-length and water temperature a r e  t h e  major f ac -  
t o r s  c o n t r o l l i n g  t h e  reproductuve cyc le  (Hoar, 1957 and A l m ,  1959).  Reports 
on succes s fu l  a t tempts  t o  b r ing  about  changes i n  t h e  reproduct ive  cyc l e  art i-  
f i c i a l l y  by c o n t r o l l i n g  l i g h t  and/or  temperature i n  d i f f e r e n t  spec i e s  of f i s h  
a r e  a v a i l a b l e  (Hoover, 1937; Hoover and Hubbard, 1937; Hazard and Eddy, 1951; 
A l l i son ,  1951; Corson, 1955; Comb, Burrow and Bige j ,  1959; Harr ington,  1950, 
1956, 1957, 1959a; S h i r a i s h i  and Takeda, 1961; Henderson, 1963; Yoshioka, 1962, 
1963 and S h i r a i s h i  and Fukuda, 1966).  Atz (1957) and Harr ington (1959b) have 
reviewed t h e  l i t e r a t u r e  on t h e  r o l e  of environmental f a c t o r s  on t h e  reproduc- 
t i o n  of f i s h .  These s t u d i e s  have shown t h a t  requirements of l i g h t  and t em-  
pe ra tu re  f o r  t h e  a c t i v a t i o n  of t h e  reproduct ive  cyc l e  vary  from s p e c i e s  t o  
spec i e s  and from p lace  t o  p l ace ,  a s  t h e  day-length and temperature ranges 
d i f f e r ,  depending upon t h e  l a t i t u d e  of t h e  l o c a l i t y  a t  which t h e  f i s h  grow. 
I n  ca se  of Indian  ca rps ,  experimental  evidences on t h e  in f luence  of l i g h t  and 
temperature on t h e i r  sexual  cyc l e  a r e  scanty .  Verghese (1967) repor ted  t h a t  
t h e  spawning season of Cirrhim reba (Ham.) can be  prolonged under enhanced 
a r t i f i c i a l  l i g h t  condi t ion .  
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A s  i s  wel l  known, t he  induced breeding technique wi th  p i t u i t a r y  e x t r a c t  
i n j e c t i o n s ,  which has  come t o  s t a y  i n  Ind ia  a s  a source of pure f i s h  seed f o r  
c u l t u r e  purposes,  has t h e  disadvantage a f  being confined t o  t h e  narrow s t r e t c h  
of t he  n a t u r a l  spawning season (June t o  end of August) (Alikunhi,  e t .  aZ. , 
1964; Bhimachar and T r i p a t h i ,  1967).  The non-ava i l ab i l i t y  of s u f f i c i e n t  number 
of breeders  wi th  t h e  requi red  s t a g e  of r i peness  has  a l s o  been repor ted  a s  an 
impediment t o  t h e  success  of spawn product ion by induced breeding (Alilcunhi, 
e t .  aZ. 1960; Chaudhuri, 1960). It w i l l  thus  be of g r e a t  p r a c t i c a l  va lue  i f  
mature carps  could be a v a i l a b l e  during any convenient per iod of t h e  yea r .  

The present  s tudy was undertaken t o  f i n d  ou t  t h e  e f f e c t  of l i g h t  and 
temperature on t h e  r e p r o d u c t i v e . ~ y c l e  of Cirrhina reba,  a spec i e s  c l o s e l y  
s i m i l a r  t o  t h e  commercially important Indian  major carps  i n  spawning season 
and breeding h a b i t s .  The i n v e s t i g a t i o n  a l s o  aims a t  t h e  p o s s i b i l i t y  of making 
r i p e  f i s h  a v a i l a b l e  f o r  induced breeding,  through a longer  per iod  of t h e  year 
t han  the  n a t u r a l  spawning season. The fol lowing account d e a l s  wi th  t h e  pre- 
l iminary s e t  of experiments covering one complete reproduct ive  cyc l e  of t h e  
f i s h  conducted during 1 August 1966 t o  30 June 1967. 

MATERIAL AND METHODS 

Cirrhina reba col lected;  during June 1966 from a l o c a l  s tocking  pond 
were reared  i n  a row of cement c i s t e r n s  each 180 x 100 x 70 cm, con ta in tq :  
f r e s h  water pumped from a tube-well. The water was kept  we l l  ae ra t ed  Ey 
bubbling a i r  from a non-lubricated a i r  compressor. A mixture of wheat flour, 
f i s h  meal, wheat bran and baker ' s  yeas t  i n  t h e  r a t i o  40:20:5 wi th  t r a c e s  of 
Terramycin (Oxytetracycl ine hydrochloride)  and c o b a l t  n i t r a t e  (50 ppm and 300 
ppm re spec t ive ly )  w a s  found t o  be  an adequate  feed f o r  t h e  f i s h .  

A r t i f i c i a l  i l l umina t ion  was g iven ,  us ing  a p a i r  of 40 watt  f l u o r e s c e n t  
day-light tubes  mounted a t  1 . 5  m above t h e  water l e v e l  i n  t h e  c e n t r e  of each 
c i s t e r n .  Each c i s t e r n  wi th  t h e  l i g h t s  was covered wi th  l ight-proof  black c l o t h .  
The i n t e n s i t y  of l i g h t  f a l l i n g  on t h e  s u r f a c e  of water i n  each c i s t e r n ,  was 
measured wi th  an o b j e c t i v e  l i g h t  meter ,  Type Metrux 2 and was between 200 and 
250 lux .  Higher water  temperature was maintained by automatic  immersion 
h e a t e r s .  

A group of f i s h  i n  one of t h e  c i s t e r n s  without  any a r t i f i c i a l  c o n t r o l  
of l i g h t  and temperature was kept  a s  c o n t r o l ,  Representa t ive  samples cons i s t -  
i ng  of a minimum of one male and one female were c o l l e c t e d  from each group a t  
r e g u l a r  i n t e r v a l s .  Weight and l eng th  were recorded up t o  t h e  n e a r e s t  hundredth 
of a gram and t o  t h e  n e a r e s t  mi l l ime te r  r e s p e c t i v e l y .  The gonads were d i s -  
s ec t ed  o u t  and f i x e d  i n  Bouin's pirco-form01 and weighed t o  t h e  n e a r e s t  m i l l i -  
gram i n  a s e n s i t i v e  chemical balance,  a f t e r  d ra in ing  t h e  f i x a t i v e  wi th in  t h e  
f o l d s  of f i l t e r  paper.  The s t a g e s  of gonadal ma tu r i t y  were determined from t h e  
g ros s  morphology and t h e  gonados~mat i c  index (Gonad weight x 100 d iv ided  by 
gu t t ed  weight of t h e  f i s h )  a s  given by Pickford and Atz (1957), Clemens and 
Reed (1967) and Bogenschutz and Clemens (1967). During t h e  advanced s t a g e s  of 
ma tu r i t y  a l l  t h e  f i s h  were examined i n d i v i d u a l l y  f o r  f u n c t i o n a l  ma tu r i t y  by 
hand s t r i p p l i n g .  Some of t h e  mature f i s h  were induced t o  breed i n  t h e  c i s t e r n s  
by admin i s t r a t i on  of p i t u i t a r y  gJhnd e x t r a c t  fo l lowing  t h e  method adopted by 
Chaudhuri (1963). 



RESULTS 

The gonadosomatic index (GSI) f o r  males and females w a s  found t o  g ive  
necessary information regarding t h e  progress  of gonadal development i n  t h e  
experimental f i s h .  The na tu re  of l i g h t  per iods  and ternperar-;re ranges em- 
ployed f o r  t h e  experiment a r e  presented i n  Tables I and 11, The number of 
f i s h  i n i t i a l l y  used i n  each experiment and t h e i r  range In  t o t a l  l eng th  ( i n  
mm) a r e  given i n  Table 111. P r i o r  t o  t h e  in t roduc t ion  of f i s h  t o  t h e  experi-  
mental tanks on 1 Acgust 1966, samples were co l l ec t ed  a t  random and examined 
f o r  gonadal condi t ion ,  They were found t o  be immature v i r g i n  forms. The 
monthly samples taken from t h e  experimental groups till December 1966, d id  
not  show wel l  def ined  v a r i a t i o n s  i n  t h e  gross  morphology of reproduct ive  
t i s s u e s .  Marked d i f f e r e n c e s  i n  s i z e  and shape of t h e  gonads and consequent 
v a r i a t i o n s  i n  t h e  GSI were recorded from t h e  month of December. Figures  1 
and 2 show t h e  monthly changes of GSI of t h e  seven d i f f e r e n t  experimental 
groups of f i s h  from December 1966 t o  June 1967. The GSI  z-,f immature females 
dur ing  December va r i ed  from 0.8 t o  1 , 5  and t h a t  of f u n c t ~ o n a l l y  mature ones 
from 24.3 t o  36.9. I n  t h e  c a s e  of males t h e  corresponding va lues  were 0.01 
t o  0.05 and 0 ,91  t o  1.1, The males i n  genera l  matured wel l  i n  advance of 
t h e  females i n  a l l  bu t  one experimental group, Numbers of f u n c t i o n a l l y  
mature males and females and t h e  recording d a t e s  a r e  i l l u s t r a t e d  i n  Fig. 3. 
The females were recorded only when they  could be recognized e x t e r n a l l y  with 
bulged, s o f t  abdomen, The GSI of samples k i l l e d  a t  t h i s  s t a g e  were found t o  
be above 20.0 and t h e  ovary f i l l e d  t h e  e n t i r e  abdominal c a v i t y ,  Males were 
recorded a s  mature when m i l t  could be expressed by a s l i g h t  pressure  on t h e  
abdomen. 

Experiment No. 1 

This  formed t h e  c o n t r o l  which rece ived  n a t u r a l  day l i g h t  throughout t h e  
experimental per iod ,  The temperature of t he  water va r i ed  from 19.0 t o  30. O'C- 
F igs .  4a and 4b show t h e  n a t u r a l  day l eng th  curve ca l cu la t ed  from s u n r i s e  and 
sunse t  t ime f o r  t h e  l a t i t u d e  a t  Barrackpore, which i s  between 22 and 23ON, 
t h e  experimental l i g h t  regimes and the  average monthly water temperature f o r  
t h e  experimental per iod.  The gonad development i n  t h e  con t ro l  s e t  has  been 
taken a s  normal f o r  comparison. The f i s h  a t t a i n e d  ma tu r i t y  during t h e  normal 
breeding season of t h e  spec i e s  i n  t h i s  reg ion ,  when mature specimens were 
a v a i l a b l e  i n  t h e  l o c a l  f i s h  ponds. A l l  t h e  males a v a i l a b l e  i n  t h e  group 
matured during 10 th  t o  30th of May, while  females completed t h e  process  of 
matura t ion  between 20th May and 1 0 t h  June. 

Experiment No. 2 - Retarded photoperiod 

The f i s h  rece ived  8 hours of l i g h t  per  day from 1 August 1966 t o  
30 June 1967. The temperature of water va r i ed  from 19.0 t o  30.2'C. I n  t h i s  
experimental  group mature f i s h  appeared l a t e r  than  i n  t h e  c o n t r o l .  The f i r s t  
oozing male was noted on 20 May 1967 and mature females were recorded from 
10  June 1967. However, more than  50% of t he  females were recognized a s  mature 
only by t h e  end of June. 

Experiment No. 3 - Long photoperiod 

Fourteen hours  of l i g h t  per  day was given t o  t h i s  group throughout t h e  
per iod .  The f i r s t  oozing male w a s  recorded on 20 March 1967 and oozing males 



continued t o  appear t i l l  t h e  end of May. The corresponding period f o r  f e -  
males was 20 Apr i l  1967. t o  20 May 1967. This  was s l i g h t l y  i n  advance of 
t h e  e a r l i e r  two groups. 

Experiment No. 4 - Long photoperiod 

The du ra t ion  of l i g h t  was 18  hours per  day. The maje; mstured between 
28 February 1967 and 20 Apr i l  1967 and iemal-es between 1 0  March 1967 and 
10 May 1967. This  can be taken a s  an in s t ance  of e a r l y  matur i ty  a s  compared 
t o  t h e  con t ro l .  A l l  t h e  f i s h  a t t a i n e d  func t iona l  ma tu r i t y  before  t h e  m i d d l e  
of May, i . e .  before  t h e  appearance of oozing males i n  t h e  c o ; ~ t r o l  s e t  antl 
when no mature specimens of t h e  spec i e s  were a v a i l a b l e  i n  I L - 2 1  p ~ r u : > ~ .  

Experiment No. 5 - - Varying photoperiod 

Fish  i n  t h i s  experimental group were e;rpost>rI t o  vary I rlt: pho ropc~  ~ o d i  1 

regime, which s t a r t e d  with 20 hours of l l g h t  p e r  day l r o m  1 Adgust 1966 antl 
t he  l i g h t  per iod  w a s  decreased a t  a r a t e  of one l m u r  pel ~ ~ c e h  t i l l  i r  r e a ~ h e d  
8 hours per  day by 3 1  October 1966. This  8 hours per  day schedule was con- 
t inued up t o  3 1  January 1967. Again frcm 1 February 1 9 6 7  t h e  l i g h t  per lod 
was increased  a t  a r a t e  of ha l f  a n  hour per  week. Thjs accel era t  e d  l i g h t  
regime was continued till the  end of experiment. The length  of clay gradual lv  
f a l l s  below 12  hours per  day by October and con tmues  to decrease  up t o  I l ~ e  
middle of December (Fig. 4a) .  iii tcr remaining cons tan t  f o r  two weeks i t  
ag;in rises, reaching t h e  1 2  h u u ~ ; ,  pchr day LeveF by middle of Plarch. The 
photoperiod employed i n  t h e  experiment v&., t h e  gradual  decrease  from August 
t o  t h e  middle of October,  remaining cons tan t  (8 hours per day) throughout t h r  
win ter  months and then  inc reas ing  from Yebruary co inc ides  with t h e  gener:,? 
p a t t e r n  of t h e  f a l l  and r i s e  of t h e  n a t u r a l  day-length. 'lhe gonadal develop- 
ment was a f f e c t e d  i n  q u i t e  a d i f f e r e n t  way. Though a few oozing males s t a r t e d  
appearing from t h e  end of March, t h e  majori t-) of t h e  f i s h  t i i d  not mature t i l l  
t h e  end of June. Female ma tu r i t y  was f i r s t  rccorded by rile end of May and 
t h e  l a s t  mature females were de tec ted  by t h e  end of June. This p a r t i c u l a r  
s e t  w a s  kept  i n  t h e  then  p r e v a i l i n g  l i g h t  cond i t i ons  f o r  a per iod  of two more 
weeks, during which time 2 more f r e s h  males were recorded as oozing. 

Experiment No. 6 - Varying photoperiod 

The vary ing  l i g h t  per iod  employed i n  t h i s  experiment was d i f f e r e n t  from 
t h a t  of experiment No. 5. To begin wi th  t h e  photoperiod s t a r t e d  w i t h  a 
reduced quota of l i g h t  of 4 hours per day. The du ra t ion  of l i g h t  was brought 
up a t  a r a t e  of one hour per  week t i l l  i t  reached 14 hours per  day by 31 Octo- 
be r  1966. The 14 hours l e v e l  was maintained till 3 1  January 1967. L a t e r ,  as 
i n  t h e  previous experiment,  t h e  l i g h t  per iod  was increased  g radua l ly  and 
brought up t o  20 hours  per  day by t h e  end of Apr i l .  Except f o r  t h e  e a r l y  
per iod ,  f i s h  under t h i s  experiment rece ived  more hours of l i g h t  than  n a t u r a l  
day l i g h t .  The e f f e c t  was q u i t e  conspicuous. The f i r s t  mature females were 
recorded a s  e a r l y  a s  l a s t  week of February. Contrary t o  t h e  normal experience,  
oozing males appeared i n  t h i s  group l a t e r  than t h e  f i r s t  few mature females.  
F ish  from t h i s  group were employed f o r  induced breeding experiments wi th  
p i t u i t a r y  e x t r a c t  i n j e c t i o n s  on 16 May 1967, we l l  i n  advance of t h e  normal 
spawning season.  The f i s h  bred i n  t h e  c i s t e r n  water and t h e  l a r v a e  produced 
were r ea red  t o  ma tu r i t y  i n  t h e  succeeding season. 



Experiment No. 7 - Varying photoperiod wi th  h igh  water temperature 

The l i g h t  per iod employed f o r  t h i s  experiment was the  same a s  t h a t  of 
experiment No. 6 ,  I n  a d d i t i o n ,  a r t i f i c i a l  con t ro l  of water temperature from 
1 September 1966 t o  30 Apr i l  1967 was a l s o  maintained. A s  i n  t h e  case  of 
experiment No. 6 t h e  mature females were recorded by t h e  end of February, 
but oozing males had a l ready  been recorded two weeks e a r l i e r ,  Males from 
t h i s  group were t h e  f i r s t  t o  mature i n  t h e  e n t i r e  l o t .  A l l  t h e  a v a i l a b l e  
males were oozing by t h e  l a s t  week of February. The hlgher  water temperature 
employed during September t o  Apr i l  d id  not  g ive  any convincing modi f ica t ion  
regard ing  t h e  f i r s t  a t ta inment  of female matur i ty .  However, a l l  t h e  females 
matured i n  t h e  month of March, whereas, i n  t h e  previous experiment a few 
females took more time t o  become f u l l y  mature.  I n  t h e  males h igher  tem- 
p e r a t u r e  seems t o  have an  a c c e l e r a t i n g  e f f e c t  on matura t ion ,  s i n c e  oozing 
males appeared i n  t h i s  group nea r ly  1 5  days e a r l i e r  than  i n  t h e  experiment 
No. 6.  

DISCUSSION 

Resu l t s  presented i n  t h e  above account i n d i c a t e  p o s i t i v e l y  t h a t  
Cirrhina reba e x h i b i t s  photoperiodism i n  i ts reproduct ive  cycle .  The 
reason  f o r  t h e  at ta inment  of e a r l y  ma tu r i t y  i n  experiments Nos. 3 ,  4 ,  6 
and 7 and de lay  i n  t h e  maturat ion process  observed i n  groups 2 and 5 a r e  
a t t r i b u t a b l e  t o  t h e  d a i l y  du ra t ion  of l i g h t  rece ived  by each group. As w i l l  
be  seen from t h e  summary of r e s u l t s  presented i n  Table I V ,  t he re  does not  
e x i s t  any c l o s e  r e l a t i o n  between t h e  t o t a l  hours of l i g h t  rece ived  and t h e  
t ime of onse t  of matur i ty ,  It i s  probable t h a t  t h e  du ra t ion  of l i g h t  a t  
d i f f e r e n t  phases of ma tu r i t y  i n f luences  t h e  gonad d i f f e r e n t l y .  Even a 
reduced rate of l i g h t  could no t  s top  t h e  matura t ion  process ;  (Experiment 
No. 2 ) ,  i t  only  delayed t h e  process  a few days a s  compared t o  t h e  c o n t r o l ,  
I n  experiment No. 5 t h e  de lay  i s  apparent  only i n  t h e  case  of t h e  female 
cyc l e .  Males i n  t h a t  group oozed m i l t  somewhat i n  advance of con t ro l .  
The r e s u l t s  of experiments Nos, 6 and 7 ,  where t h e  f i s h  matured before  t h e  
normal season,  i n  s p i t e  of r ece iv ing  reduced l i g h t  i n i t i a l l y ,  i s  q u i t e  s ig-  
n i f i c a n t .  Even a t  t h e  t i m e  when t h e  f i s h  became mature t h e  t o t a l  hours of 
l i g h t  rece ived  by them during t h e  course  of t h e  experiment were much l e s s .  
Th i s  l e a d s  one t o  presume t h a t  e i t h e r  t h e  e a r l y  phase of gonad develo{ment, 
i n  t h i s  f i s h ,  r e q u i r e s  only reduced l i g h t  o r  i s  more o r  l e s s  independent of 
t h e  in f luence  of l i g h t .  I f  long photoperiods had any r e t a r d i n g  e f f e c t  i n  
t h e  e a r l y  phase, f i s h  under the  14 and 18 hours of l i g h t  per  day would have 
matured l a t e .  I n  t h e  p re sen t  s t a g e  of our  knowledge i t  can be i n f e r r e d  wi th  
some degree of c e r t a i n t y  t h a t  a r t i f i c i a l  day l eng ths  longer  than n a t u r a l  days 
a c c e l e r a t e  matura t ion  i n  t h e  carp Cirrhina reba. 

Early matura t ion  and spawning of f i s h  a s  a r e s u l t  of enhanced photo- 
pe r iod ic  regimes have been repor ted  i n  t h e  c a s e  of Notropis bifrenatus (Har- 
r ing ton ,  1950, 1957) , Enneacanthus obesus (Harrington, 1956) , FunduZus con- 
fzuentus (Harr ington,  1959a) and Oryzias Zatipes (Yoshioka, 1963) among 
o t h e r s .  Bullough (1939) has  observed t h a t  long photoperiods i n  combination 
wi th  higher  water  temperature w i l l  h a s t en  t h e  development of ova i n  Phoxinus 
Zaeuis. Contrary t o  t h e s e  observa t ions ,  t h e  winter  spawning f i s h  of t h e  
nor thern  l a t i t u d e s  l i k e ,  SaZveZinus JContinuZis (Hoover and Hubbard, 1937; 



Hazard and Eddy, 1951; Corson, 1955 and S h i r a i s h i  and Fukuda, 1966) ,  
Onchorhynchus nerka (Combs e t  aZ.,  1959; S h i r a i s h i  and Fukuda, 1966) ,  
SaZmo gairdneri, Onchorhynchus rhodurus ( S h i r a i s h i  and Fukuda, 1966) and 
PlesogZossus aZtiveZis ( S h i r a i s h i  and Takeda, 1961) are r e p o r t e d  t o  have - 

a t t a i n e d  e a r l y  m a t u r i t y  under exper imenta l  c o n d i t i o n s  of s h o r t  l i g h t  p e r i o d s  
and delayed m a t u r a t i o n  under long  l i g h t  p e r i o d s .  

The above examples show t h a t  l i g h t  h a s  no uniform i n f l u e n c e  on t h e  
s e x u a l  development of f i s h .  Hoover and Hubbard ( i937) ,  a t t empted  t o  c l a s s i -  
f y  f i s h  and m a m m a l s  i n t o  t h r e e  groups  based on t h e  b reed ing  season.  They 
are: (a) Those animals  t h a t  b reed  a s  t h e  days  become s h o r t e r ;  Sheep, Deer ,  
Brook t r o u t  and Land-locked Salmon, (b) Those which breed a s  t h e  days  become 
l o n g e r ;  Raccoons, some c a t f i s h  and Black b a s s  and ( c )  Those which breed wi th-  
o u ~  demonstra ted r e l a t i o n  t o  t h e  l e n g t h  of day;  Ca t s ,  Dogs and some a q u a r i a  
f i s h ,  According t o  Yoshioka (1962) ,  from t h e  s t and-po in t  of  the manner of 
r c s p o n s e  t o  l i g h t ,  two t y p e s  of f i s h  e x i s t ,  long  day t y p e  aFd s h o r t  day t y p e .  
I n d i a n  c a r p s  i n c l u d i n g  Cirrhina reba breed n a t u r a l l y  when t h e  days  become 
l o n g e r  d u r i n g  t h e  monsoon months. The exper imenta l  ev idence  c o l l e c t i o n  on 
C. reba show t h a t  l o n g  l i g h t  p e r i o d s  i n f l u e n c e  t h e  r e p r o d u c t i v e  c y c l e  t o  
induce  e a r l y  m a t u r i t y  and hence,  i t  e v i d e n t l y  f a l l s  under t h e  "long day" 
t y p e  
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August 19 6 6 
Sept . 11 

October " 
November " 
December " 
Jan. 1967 
Feb . 11 

March I I 

April  " 
May 

I 1  

June 11 

Ju ly  11 

--. 

Months 

Table I 

Details  of l i g h t  conditions employed f o r  experiments 1 - 7 

Control 
Ex.No.1 
Nat .day length' 

:x. No.2 
Tetarded photo- 

Sx.No, 3 
Long photo- 
?eriad .:&4hrJdaj 

d.a. - Average duration of l i g h t  per  day 
m . t .  - Total hours of l i g h t  received during t h e  month 
c . t .  - Cumulative t o t a l  hours of l i g h t  received from the  i n i t i a t i o n  of the  experiment. 

L Natural day length is calculated from the  t a b l e  for sun r i s e  and sun s e t  a t  Calcutta. 



Month 

August 19 6 6 

September " 

October " 

November " 

December It  

January 1967 

February It 

March 11 

Apri l  11 

May 
11 

June I ?  

Table I1 

Average water temperature i n  t h e  c i s t e r n s  during 
experimental period 

Average maximum water temperature i n  OC 

Control 
Ex. No. 1 

Experiments Nos. 
2 ,  3 ,  4 ,  5 and 6 

Experiment 
No. 7 



Table I11 

Number and s i z e  of Cirrhina reba used f o r  t h e  experiment 

I P a r t i c u l a r s  of f i s h  a t  t h e  beginning 
Experiment 

Number 
perimental  perioc 
Average Total-  

f i s h  

Y-+T 
l ength  i n  mm. 

83,7C, 

on 1. 8. 1966 
Range o f  T.L. 

i n  mm. 



bxperlmen- 
Number 

1 

2 

3 

4 

5 

6 

7 

Nature of l i g h t  
pe r iod  

Control  n a t u r a l  
day length  

A r t i f i c i a l  light 
8 h r .  p e r  day 

A r t i f i c i a l  l i g h t  
14 h r .  p e r  day 

A r t i f i c i a l  l i g h t  
18  h r .  p e r  day 

A r t i f i c i a l  l i g h t -  
varying 20/8/18h1 
/day 

A r t i f i c i a l  l i g h t -  
varying 4/14/20 
hr/day 

A s  above 

'emperature rang 
degrees C 

Table I V  

Summary of t h e  experiments 

Date on which funct ion-  To ta l  hours o f  S ize  range of 
ally mature f i s h  f i r s t  

recorde 
oozing male female 

20.5.67 

10.6.67 

20.4.67 

10.3.67 

30.6.67 

28.2.67 

28.2.67 

first m 
Male 

-- 

- 

a t u r i t y  
Femalc 

346 8 

2504 

366 8 

3978 

347Q 

2629 

2629 

T. L. - 
Male 

- 
132 
1 

16 2 
105 
1 

134 

104 
1 

9 6 
1 

12 6 

100 
1 

130 

100 
1 

132 

86 
1 

119 

n mm. 
Female 

Yaturi ty 
r e t a rded  
o r  advanced 
compared t o  
con t ro l  

Normal 

!I. r e t a rded  
by 10  days 
F. r e t a rded  
3y 21  days 
Y .  41  days 
in advance ' 
F. 30 days 
in advance 
Y. 7 1 d a y s  ' 
in advance 
F. 7 1  days 
in advance 
Y. 10 days 
in advance 
F. r e t a rded  
3y 10  days 
Y .  51 days 
in advance 
F. 8 1  days 
in advance 
4 .  84 days 
in advance 
F. 81 days 
in advance 





~ A R Y I N G  PHOTOPCRlOo 

6 
HIGHER TEMP. 

VARIINC PHOTOPERIOD 

(EX PT .6)  

VARYING PHOTOPERIOD 

( EXP'T. 5 )  

CONTROL 
(CXP'T .I) 
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~ i g .  9 .  Time  of Onset of F u n c t i o n a l  M a t u r i t y  i n  F i s h  from Experin,cnts  1 - 7  and Number 

of Mature F i s h  De tec ted  a t  D i f f e r e n t  I n t e r v a l s .  Hor izon ta l  h r :  Pe r iods  of 
Time During Which F i s h  Reached Func t iona l  MaturlLv. V e r t i c a l  &&: Number of 

Mature F i s h  De tec ted  a t  D i f f e r e n t  I n t e r v a l s .  The ~um-"faturf P i s h  a t  t h e  
Fnd of Exoeriment  i n  Each Group i s  I n d i c a t e d  on Top of t h e  Last  V e r t i c a l  Bar 

F i g .  i a .  Experimental  L igh t  Regimes Used i n  Experiments  1-7. The Curve Represen t s  t h e  
Normal Day-length Cycle a t  Barrackpore.  

4 b .  Monthly Average Watcr Temperature i n  Experiments 1-7. 
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