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Influence of larval density on the predatory rate of Gambusia affinis 

EXPERIENTIA 33[10 

Density oflarvae offered/625 cm ~ 
5 10 25 50 75 100 125 150 

Male 5.0 4- 0.00 10.0 -t- 0.00 12.6 -4- 4.08 13.8 :t= 2.45 14.5 -4- 2.29 14.8 i 3.02 
Female non-gestating 5.0 :t= 0.00 10.0 ~_ 0.00 20.7 ~= 3.25 22.7 -4- 3.62 23.5 ~= 3.90 23.6 -4- 3.60 
Female gestating 5.0 4- 0.00 10.0 ~ 0.00 21.5 4- 3.94 22.8 • 2.54 24.2 =L 1.55 24.5 =~ 2.30 

14.3 -t= 1.04 14.0 2t: 0.76 
23.0 -4- 1.24 23.3 =t= 0.95 
25.1 ~ 0.78 24.9 ~ 1.32 

to  p r eda t e  for 10 h /day .  All t he  expe r imen t s  were con- 
duc ted  a t  a t e m p e r a t u r e  of 25 • 2 ~ The expe r imen t s  in 
each series were r epea t ed  on 3 successive days  and  hence  
the  pe r fo rmance  of 5 indiv iduals  yielded a t o t a l  of 15 ob-  
se rva t ions  in each  series. 
Results and discussion. The t ab le  represen ts  t he  inf luence 
of dens i ty  of 4 th  ins t a r  Culex fa t igans  mosqui to  larvae  
on the  p r e d a t o r y  ra tes  of male,  non-ges ta t ing  and  ges ta t -  
ing female Gambus ia  affinis. F r o m  this  i t  is ev iden t  t h a t  
t he  fish consumed  all the  larvae  when  the  p rey  dens i ty  
was 5 or 10. W i t h  fu r the r  increase in dens i ty  of larvae  to  
25/625 cm 2, ne i the r  male  nor  female fish p r eda t ed  all t he  
larvae.  This  t r end  r ema ined  una l te red  a t  fu r ther  dens i ty  
levels. However ,  t he re  was a s ignif icant  difference be- 
tween  the  p r e d a t o r y  ra tes  of males to  females.  Male G. 
affinis consumed  a lower n u m b e r  of larvae as comp a red  
to  the  female,  and  th is  p a t t e r n  of feeding remained  un-  
a l tered  a t  dens i t ies  f rom 25 to  150 larvae/625 cm 2. The 
lower in take  of males  m a y  be a t t r i b u t e d  to  the  smal ler  
b o d y  weight  of t he  male  G. affinis (Katre6).  I t  is also clear 
f rom the  table  t h a t  increase in dens i ty  level beyond  25 
larvae/625 cm 2 did n o t  m a r k e d l y  a l ter  t he  p r e d a t o r y  ra tes  
of e i ther  male  or female  fish. Ware  8 has  also r epo r t ed  a 
similar  p r e d a t o r y  behav iour  in the  r a inbow t r o u t  (Salmo 

ga i rdner i )  in re la t ion  to  t he  dens i ty  of Cragonyx and  
Hyalel la .  
F igure  1 i l lus t ra tes  t he  average  p r e d a t o r y  ra te  of male, 
non-ges ta t ing  and  ges t a t ing  Gambus ia  affinis a t  the  
d i f fe rent  fprey dens i ty  levels. Larva l  densi t ies  of 5, 10, 
etc.,  m a rked ly  increase the  p r e d a t o r y  ra te  of G. affinis 
ti l l  a cr i t ical  dens i ty  (which in the  p re sen t  s t u d y  is 23 
larvae) is reached.  B e y o n d  th is  dens i ty  level, the  curve  
t e n d s  to  f l a t t en  ou t  and  reaches  an a s y m p t o t e  ind ica t ing  

t h a t  there  is no mark ed  change  in the  p r e d a t o r y  ra tes  of 
fish w i t h  fu r the r  increases in p rey  dens i ty .  This t y p e  of 
p r e d a t o r y  behav iour  of G. affinis can be represen ted  b y  an 
empir ica l  equa t ion  : 

Nmax 
N = 

where : 
N 
Nmax 
K 

= Number of larvae predated at any density D, 
Maximum number of larvae predated, 
Experimental constant (0.75), 

and De ~ 'Critical density' beyond which the predatory pattern 
of the fish becomes independent of larval density. 

U n d e r  l abora to ry  condi t ions ,  when  fed on 4th ins ta r  
Culex fa t igans  larvae,  the  dragonf ly  n y m p h  Meso- 
g o mp h u s  l ineatus  was also r epor ted  to d isplay  a similar  
re la t ionship  wi th  t he  p rey  densi t ies  ~. The da ta  ob ta ined  
for M. l ineatus  b y  M a t h a v a n  ~ is p lo t t ed  in figure 2. I t  m a y  
be seen t h a t  the  p resen t  empir ica l  equa t ion  obta ined  for 
G. affinis f i ts  t he  da t a  of M a t h a v a n  ~ on M. l ineatus ve ry  
well, ind ica t ing  t h a t  t he  p r e d a t o r y  behav iour  of M. linea- 
tus  in re la t ion to the  p rey  dens i ty  remains  similar to  t h a t  
of G. affinis. 
Wi th  the  help  of the  p roposed  model,  a t  known  values of 
Nmax and  Dc, i t  is possible to  p red ic t  the  s tocking ra tes  of 
the  biological agents  for successful  cont ro l  of mosqui to  
larvae in na tu ra l  sys tems.  

6 S. Katre, Cey. J. Sci. biol. Sei., in press (1977). 
7 S. Mathavan, Hydrobiologia 31, 55 (1976). 
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Summary. Rear ing  of t he  tadpoles  of the  frog, Rana breviceps, in solut ions conta in ing  2.5, 5, 7.5, 10 and  15 I U / m l  
v i t amin  A pa lmi t a t e  resul ted  in reduc t ion  or comple te  d i sappearance  of the  kera t in ized epidermal  mater ia l  over  t he  
jaws  and  of the  h o r n y  labial  t ee th .  The tadpoles  of the  toad ,  Bu[o andersonii, however,  were  no t  affected in th is  w a y  
a t  all by  exposure  to  even  20 and  30 I U / m l  v i t amin  A ill t he  rear ing  medium.  

The role of v i t amin  A in d i f fe ren t ia t ion  and  ma in t enance  
of epi thel ia  as mucoid  or kera t in iz ing  t y p e  is well known.  
Defic iency of th is  v i t a m i n  resul ts  ill mucoid epi thel ia  
becoming  kerat inized,  whereas  i ts  excess inhibi ts  kera t i -  
n iza t ion  and  induces  mucous  metap las ia  and  hyperplas ia  
in ep idermis  and  o the r  epi thel ia  1-4. However ,  inves t i -  
ga t ions  of th is  na tu r e  have  been  concerned  mainly  w i t h  

avlan and mammalian tissues, and the possible role of 
this vitamin in epithelial differentiation in lower verte- 
brates has remained neglected. In the amphibian larvae 
at least, vitamin A excess is reported to promote hyper- 
plasia of the mucosal cells of the intestine. Feeding of large 
amounts of this vitamin to Xenopus laevis tadpoles was 
found to increase the number of goblet cells in the intes- 
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t i n a l  ep i the l ium,  w h i c h  secre ted  large a m o u n t s  of m u c u s  
in to  t h e  l u m e n  of t h e  a l i m e n t a r y  canal~,% G r e a t l y  
inc reased  m u c u s  sec re t ion  f rom the  a l i m e n t a r y  t r a c t  was  
also no t i ced  in Bufo  anderson i i  t adpo les  r ea red  in  
v i t a m i n  A so lu t ionsL  The  ep ide rmis  of frog a n d  t o a d  
l a rvae  is genera l ly  mucoid ,  b u t  in  t he  m o u t h  region i t  
p roduces  ke r a t i n i zed  s t r u c t u r e s  r ep re sen t ed  b y  rows of 
h o r n y  t e e t h  of t he  l ab ia l  f r inge  a n d  t he  b l a c k  h a r d  r idges  
ove r  t h e  l a r v a l  jaws.  Th i s  o ra l  a r m a t u r e  is a p u r e l y  l a r v a l  
f ea tu re  a n d  d i sappear s  a t  m e t a m o r p h o s i s .  D u r i n g  t h e  
l a rva l  life, however ,  as t he  t e e t h  a n d  r idges  wear  a w a y  due  
to  use, t h e y  are c o n t i n o u s l y  rep laced  b y  k e r a t i n i z a t i o n  of 
e p i d e r m a l  cells. The  p r e s e n t  c o m m u n i c a t i o n  r ep o r t s  
o b s e r v a t i o n s  on  t h e  effect  of v i t a m i n  A excess on  t he se  
s t r u c t u r e s  of t he  ora l  region in t h e  t adpo le s  of a frog 
a n d  a t o a d  species. I n  t h e  i nves t i ga t i ons  dec r ibed  below,  
t h e  e x p e r i m e n t a l  g roups  of t adpo le s  were rea red  in 
so lu t ions  of v i t a m i n  A p a l m i t a t e  (Arov i t  - Roche,  Ind ia )  
a n d  con t ro l s  in  wate r .  The  a n i m a l s  were t r a n s f e r r e d  to  
f resh  m e d i a  eve ry  a l t e r n a t e  d a y  a n d  m a x i m a l l y  fed boi led  
sp inach .  
Materials and methods. I n  t h e  f i rs t  series of expe r imen t s ,  
we l l -deve loped  t adpo le s  of t h e  frog, R a n a  b rev iceps  
(Schneider) ,  a n d  of t h e  toad ,  Bufo  anderson i i  (Boulenger) ,  
were m a i n t a i n e d  in 15 I U / m l  so lu t ions  of v i t a m i n  A a t  
25~ for 12 days .  W i t h i n  3 days  i t  was  no t i ced  t h a t  t h e  
n u m b e r  of h o r n y  t e e t h  on  t h e  l ab ia  in  t h e  t r e a t e d  R a n a  

t adpo le s  was less t h a n  in con t ro l s  ; in  some cases a n  en t i r e  
row of t e e t h  was  miss ing.  B y  t h e  en d  of t 2 days ,  all  t h e  
t e e t h  an d  also t h e  b l a c k  k e r a t i n i zed  ep ide rma l  r idges  ove r  
t h e  l a rva l  j aws  h a d  d i s ap p ea red  in e v e r y  one of t h e  24 
t r e a t e d  frog t adpo le s  (figure). T h e  Bufo  tadpoles ,  however ,  
were n o t  a f fec ted  a t  all  a n d  t h e r e  was no  a p p a r e n t  
di f ference b e t w e e n  t h e  ora l  a r m a t u r e  of t h e  con t ro l  a n d  
t r e a t e d  l a rvae  of t h i s  species. 
I n  a n o t h e r  series of ex p e r i men t s ,  g roups  of v e r y  y o u n g  
to  older  t adpo les  of t h e  BuIo  species were exposed  to  st i l l  
h ighe r  c o n c e n t r a t i o n s  (20 a n d  30 I U / m l )  of t h e  v i t a m i n  
c o n t i n u o u s l y  for a f o r t n i g h t  a t  30-32 ~ These  concen t r a -  
t ions  caused  m u c h  m o r t a l i t y  especia l ly  a m o n g  t h e  y o u n ge r  
t adpo le s  b u t  h a d  abso lu t e ly  no  effect  on  t h e  ke ra t i n i zed  
e p i d e r m a l  s t r u c t u r e s  of t h e  m o u t h  region in t h e  t o a d  l a rvae  
of a n y  age. 
I n  t h e  t h i r d  series of expe r imen t s ,  1-day-old t adpoles  of 
R a n a  b rev iceps  were  rea red  in so lu t ions  c o n t a i n i n g  1, 2.5, 
5, 7.5, 10 or 15 I U / m l  of v i t a m i n  A a t  r oom t e m p e r a t u r e  
(30-32~ for 24 days .  The  effect  on  oral  a r m a t u r e  was  
found  to  be  r e l a t ed  to  the  a m o u n t  of t h e  v i t a m i n  in t h e  
r ea r ing  med i u m.  T h e  t adpo le s  exposed  to  1 I U / m l  were  
n o t  a f fec ted  a t  all, a n d  those  k e p t  in  2.5, 5 a n d  7.5 I U / m l  
c o n c e n t r a t i o n s  showed  v a r y i n g  degrees  of r e d u c t i o n  in t h e  
n u m b e r  of l ab ia l  t ee th ,  t h e  h i g h e s t  a m o u n t  caus ing  t h e  
m o s t  r educ t ion .  I n  t h e  t adpo le s  exposed  to  10 a n d  15 
I U / m l  v i t a m i n  A, all  t e e t h  in  b o t h  u p p e r  a n d  lower l ips 
a n d  also t h e  h o r n y  m a t e r i a l  c a p p i n g  t h e  jaws  d i s ap p ea red  
a l toge ther .  
Discussion. T h e  a b o v e  o b s e r v a t i o n s  i nd i ca t e  a s h a r p  
dif ference a m o n g  t h e  a n u r a n s  w i t h  respec t  to  respons ive-  
ness  of t he i r  ep ide rmis  to  k e r a t i n - i n h i b i t i n g  inf luence  of 
h y p e r v i t a m i n o s i s  A. The  k e r a t i n i z i n g  ep idermis  of t h e  ora l  
region of R a n a  b rev iceps  t adpo le s  a p p e a r e d  to  be  h igh ly  
sens i t ive  to  t h i s  inf luence,  whe reas  t h a t  of Bufo  anderson i i  
l a rvae  d id  n o t  r e s p o n d  to e v e n  a m u c h  h ighe r  degree of 
h y p e r v i t a m i n o s i s  A. I t  seemed t h a t  in  t h e  frog l a r v a e  
excess of t h i s  v i t a m i n  in .hibi ted r e p l a c e m e n t  of h o r n y  
t e e t h  b y  s t o p p i n g  f u r t h e r  k e r a t i n i z a t i o n  of t h e  u n d e r l y i n g  
epidermis .  I n  t h e  a d u l t  s tage,  t h e  skin  of t o a d s  is t o u g h  
a n d  w a r t y  whi le  t h a t  of frogs r e m a i n s  s m o o t h  a n d  v e r y  
mucoid .  I t  would  be  i n t e r e s t i n g  to i n v e s t i g a t e  w h e t h e r  
t h e  a d u l t  sk ins  of t h e  2 species also v a r y  in response  to  
v i t a m i n  A. F o r  m a m m a l s  i t  is k n o w n  t h a t  t h e  response  
of foe ta l  sk in  to  excess  v i t a m i n  A in  o rgan  cu l t u r e  va r i e s  
accord ing  to  species, age a n d  t h e  region of t h e  b o d y  f rom 
where  t h e  skin  is t a k e n  8-10. 

Ventral views of the mouth region of the tadpoles of Rana breviceps. 
Reared in water, b Reared in 15 IU/ml vitamin A palmitate 

solution for 12 days. 
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