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The f ish  cu ltu r is t  r e g u la r ly  ex a m in e s  the w ater  in n u r s e r y  ponds fo r  the p r e s e n c e  o f  
adequate quantities o f  food , and as soon  as a sh orta ge  is o b s e r v e d  the fry  a re  le t  into the 
rea r in g  pond. T hey a r e  usua lly  kept in the n u r s e r y  fo r  a p e r io d  o f  about 30 days in which  tim e 
they r e a c h  a length o f  5 to 7 c m  and a w eight o f  1 .4  to 3 .7  g. The rea r in g  ponds, about 0 .4  
to 0 . 8 ha in s iz e ,  a re  a ls o  s e c t io n s  o f  the s tock ing  ponds with le v e l  bo ttom s  and d ev o id  o f  
p eren n ia l  vegeta t ion .  High sa lin ity  in sh ore  ponds , due to e v a p ora t ion  during long p e r io d s  o f  
low  t id es ,  and d e ca y  o f  o r g a n ic  m atter  in inland ponds , a r e  the two c o m m o n  ca u s e s  o f  m orta l ity  
during n urs in g  and rea r in g ,  which  should  be d e te c te d  and re m e d ie d  in p r o p e r  tim e i f  the su rv iv a l  
rate is to be m ainta ined  at a fa i r ly  high l e v e l .  O rd in a r i ly ,  on ly  a 30% su rv iv a l  is e x p e c te d  by  
the fish  fa r m e r  in Indonesia  but s o m e  C h in ese  fish  cu ltu r is ts  in the cou ntry , who s p e c ia l i s e  in 
the nurs ing  and re a r in g  o f  m ilk f ish  f r y  f o r  supplying pond o w n e r s ,  obtain  a su rv iv a l  o f  60% to 
80% by s p e c ia l  feed ing  m ethods  and p r o p e r  c a r e .  An adequate supply o f  f in g e r l in g s  p e r m it s  the 
ra is in g  o f  three c r o p s  o f  m i lk f ish  a y e a r  in the ponds (tam baks) o f  Java .

P r a c t i c e s  in F o r m o s a  (T a iw an).  M ilk f is h  n u r s e r ie s  in T a iw an  c o n s i s t  o f  sm a l l  rec ta n g u la r  
pon ds , 10D 18 200 squ are  m e t e r s  in a re a ,  and holding about 30 c m  o f  w a te r .  The p r e l im in a r y  
trea tm en t  o f  ponds b e fo r e  the in trodu ct ion  o f  f r y  is  a lm o s t  the sa m e  in n u r s e r ie s  as in stock ing  
p o n d s .  B y  about N o v e m b e r  the pond bottom  is  le v e l le d  and a ll  n e c e s s a r y  r e p a ir s  o r  im p r o v e m e n ts  
to the em ban k m en ts ,  s lu i c e s ,  e t c . ,  e f f e c te d .  The pond bed  is a l low ed  to d ry  in the sun fo r  a 
p e r io d  o f  about two w eeks  until c r a c k s  appear  on the top la y e r .  W ater  is then le f t  into the pond 
to a depth o f  7 .6  c m  to 12 .7  c m  and a l low ed  to ev a p ora te  until the bo ttom  b e c o m e s  d r y .  In 
F e b r u a r y  the pond bed  is m a n u red  with r i c e  b ra n .  B ags  o f  r i c e  bran , each  conta in ing 22 to 27 kg 
a r e  s ta ck ed  at a p p ro x im a te ly  equ id istant sp ots ,  then a depth o f  7 to 13 c m  o f  sea  w ater  is 
adm itted . A fte r  one  o r  two days the b ra n  f r o m  the b ags  is  s p re a d  ou t  as even ly  as p o s s ib le  on 
the b o tto m . S o m e t im e s  straw , g r a s s  and su g a r  cane le a v e s  a re  a ls o  u sed  as m a n u re .  The w ater  
i s  then a l low ed  to d ry  o f f  c o m p le te ly  and the pond re m a in s  in this cond it ion  until M a r c h  when 
m o r e ,  r i c e  bran  is added to the pond b o t to m . S o m e t im e s  night s o i l  ic  used  instead  o f  r i c e  bran  
o r  is  m ix e d  with it b e f o r e  a p p lica t ion .  The s a m e  v o lu m e  o f  w a ter  is let in aga in . A f te r  f ive  to 
seven  days m o r e  sea  w ater  is le t  into the pond, ra is in g  the l e v e l  to about 12 to 18 c m .  C a m e ll ia  
s e e d  cak es  b ro k e n  into s m a l l  p ie c e s  a re  then c a s t  into the w ater  at v a r io u s  sp ots ,  to k il l  any 
ex tran eou s  f i sh e s  that m ay  have gained a c c e s s .  A bout ten days , to a l lo w  the w ater  to b e c o m e  
in n ocu ous , should  e la p se  b e f o r e  the f ry  a re  p lanted . The ponds a r e  now f i l le d  to a depth o f  18 c m  
to 20 c m .  A l l  these  p r e l im in a r y  p re p a ra t io n s  a r e  c o m p le te d  by the end o f  M a r c h  when a p ro fu so  
grow th  o f  a lgae  w i l l  have d e v e lo p e d .  A bout 800 kg o f  r i c e  b ra n  is  r e q u ire d  to fe r t i l i z e  each  
h e c ta re  o f  pond. Soya bean cake , o r  night s o i l  is app lied  at the rate  o f  about 400 kg p e r  h e c ta re .  
The f ry  f r o m  the n u r s e r y  ponds a r e  le t  into the s tock ing  ponds when they r e a c h  the f inger l in g  
s ta g e .  C a r e  is  taken to m aintain  the c o r r e c t  sa lin ity  in the pon ds .

It is  the usual p r a c t i c e  in T aiw an to r a is e  two c r o p s  o f  m i lk f ish  and fo r  this p u rp o se  fry
a r e  p lanted f i r s t  in M a r c h ,  then in A p r i l / M a y  and again  in June. While f o r  the la s t  two plantings,
new  fry ,  cap tu red  during the sa m e  se a so n ,  a re  used , stock ing  in M a r c h  is  done with f ry  r e a r e d  
in s p e c ia l  w in ter ing  pon ds .  In Taiw an, the te m p e ra tu re  m ay  d ro p  as low as 2 to 4 C, and the 
m i lk f ish  a r e  sen s it iv e  to such low  te m p e r a t u r e s .  U n less  p r o te c te d  f r o m  co ld ,  l a r g e - s c a l e  
m o r ta l i ty  m ay  o c c u r .  It is e s s e n t ia l  to p r e s e r v e  the fry  during w in ter  b e ca u s e  the late  fry , 
planted in June, do n ot  rea ch  m a rk eta b le  s iz e  by  O c t o b e r ,  when h a rv est in g  is  d on e .  T h e s e  fry  
a r e  u sed  fo r  the f i r s t  planting in the fo l low in g  M a r c h  b e fo r e  supp lies  o f  new fry  b e c o m e  a v a ila b le .  
The s p e c ia l  w in ter ing  ponds c o n s is t  o f  d itches  0 .9  to 1 .2  m  in depth, p r o te c te d  by w indbreaks  
co n s t r u c te d  o f  b a m b o o  f r a m e s  thatched with straw  o r  r e e d s ,  slanting at an angle  o f  about 30 
tow ards  the pond on the n o r t h -e a s t e r n  s id e .  A s  the w in ter  is  the d ry  s e a s o n  in South Taiw an,
the sa lin ity  o f  the w ater  m a y  often  in c r e a s e  due to eva p ora t ion ,  n e ce ss ita t in g  the addition  o f  f r e s h
w a t e r .  The f ish  a r e  in trod u ced  in O c t o b e r  and kept there  until M a rch ,  feed ing them  with r i c e  
bran  on w a r m e r  d a y s .  On v e r y  c o ld  days the f ish  do not a p p ea r  to fe e d .  By M a rch  the f in g e r -  
l ings  w i l l  m e a s u r e  6 to 12 c m  in length .
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T r a n s p o r t  o f  F is h  F r y

When fry  have to be  tra n sp or ted  to f a r - o f f  p la c e s  the equ ipm ent and m ethods  used  fo r  sh or t  
jo u rn e y s  m ay  not be  s a t i s fa c t o r y .  W hile  the eyed  ova  o f  c o ld  w ater  f i s h e s ,  such  as the trouts , 
can b e  tra n sp o r te d  in ic e  o v e r  long d is ta n ce s ,  w a r m  w ater  f ish es  a r e  g e n e ra l ly  t ra n sp o r te d  in 
the f ry  s tage .

T h e o r e t ic a l  C o n s id e r a t io n s

The b a s ic  p h y s io lo g i c a l  r e q u ire m e n ts  o f  the spawn and f r y  have to be fu lly  c o n s id e r e d .  In 
spite o f  its im p o r ta n c e ,  d e ta i led  studies  o f  this a s p e c t  have not ye t  been  undertaken . P r e l i m in a r y  
w o rk  con ducted  in  India and Indonesia  has y ie ld e d  s o m e  in te res t in g  data and in d ica ted  the l in es  
f o r  future in v e s t ig a t io n s .  T he m ain  r e q u ire m e n t  in tra n sp ort in g  fry  is adequate quantities o f  
ox y g en . The d is s o lv e d  ox y g en  in the w ater  is  u sed  up and ca rb o n  d iox ide  is g iven  out.  R e ce n t  
studies indicate  that the f r y  m a y  die in la r g e  n u m b ers  not on ly  when the ox y g en  content is low , 
but a lso  when the c a r b o n  d iox ide  con tent i n c r e a s e s . E ven  when the ox y g en  le v e l  is  m uch  above  
the m in im u m  re q u ire m e n t ,  the f r y  m ay  die  i f  the ca rb o n  d iox ide  c o n ce n tra t io n  is high.
E xp e r im e n ta l  w o rk  done in Canada on  g o ld f ish  has d e m o n stra te d  a re d u ce d  ab il ity  to e x tra c t  
oxygen  at lo w e r  te m p e ra tu re  in the p r e s e n c e  o f  ca rb o n  d io x id e .  The o x y g en  and ca rb o n  d iox ide  
th resh o ld s  o f  s o m e  o f  the cu lt ivated  f ish es  under ce r ta in  con d it ions  have been  d e te rm in e d  in India 
and In donesia . Studies  con ducted  on  the r e s p ir a t o r y  and d ig e s t iv e  w aste  p rod u cts  o f  trout in the 
United States o f  A m e r i c a  have shown that r e s p ir a t io n  is a f f e c te d  both by low  o x y g en  and high 
am m onia  contents  and that high a m m on ia  contents  r e s u lt  in d is t r e s s  f r o m  la ck  o f  o x y g e n .  The 
c o n c lu s io n  drawn is  that trout can be  held fo r  indefin ite  p e r io d s  at low  w ater  t e m p e ra tu re s  i f  the 
w ater  is saturated  with ox y g e n  and the m e t a b o l i c  p ro d u c ts  r e m o v e d ,  and that these  a m m onia  
prod u cts  a re  m u ch  m o r e  n ox iou s  than c a r b o n  d io x id e .  A  w in ter  c o n ce n tra t io n  o f  0. 1 ppm  o f  
am m onia  hac beer, found to be  h a n u i c o o  to t. out fry ,  0 .2 5  ppm  is tox ic  and i ppm in d ica tes  
se r io u s  pollut ion . T h e r e  is  an in c r e a s e d  rate  o f  e x c r e t io n  at high t e m p e ra tu re s  which  saturates  
the w ater  ra th er  qu ick ly  with a m m on ia  p r o d u c ts .  S im i la r  w ork  on the c o m m o n  cu lt ivated  f ish es  
o f  the I n d o -P a c i f i c  R e g io n  has not y e t  b een  undertaken . E x p e r im e n ts  con ducted  in India ind icate  
that la rv a e  and f r y  o f  the m a jo r  c a r p s  o f  India and P a k istan  cannot l iv e  in oxygen  con cen tra t ion s  
b e low  0. 5 ppm ; in con ce n tra t io n s  o f  0. 5 to 1 ppm  they can  su rv iv e  f o r  o v e r  24 h ou rs .
F r y  4 to 8 c m  in length  stand co n ce n tra t io n s  o f  oxy g en  up to 25 ppm  fo r  24 h ours  o r  m o r e  
without any s ig n i f ica n t  m o r t a l i t y .  The lethal e f f e c t  o f  c a r b o n  d iox ide  v a r ie s  with the oxygen  
con cen tra t ion  o f  the w a te r .  W hile  it m ay  be lethal at c on cen tra t ion s  as lo w  as 2 .5  ppm  lo r  
la rv a e  and 10 to 15 ppm  fo r  f r y  when the o x y g en  con cen tra t ion  is at a low  le v e l  o f  0 .5  to
1 ppm, it b e c o m e s  lethal on ly  at 100 ppm to la rv a e  and 250 ppm  to f r y  at c o n ce n tra t io n s  
o f  ¿. PPm o r  a b o v e  o f  o x y g e n .  The h a em og lob in  a ff in it ies  o f  v a r io u s  g a s e s  a f fe c t  the r e sp ira t io n  
o f  f i s h e s .  But u nfortunate ly  o u r  know ledge  o f  the h a em og lob in  p ic tu re  o f  the cu lt ivated  f i s h e s  in 
the reg ion  is too m e a g e r  to be  u se fu l in s tandard iz ing  f r y  t ra n sp o r t  te ch n iqu es .  The oxygen  
con su m p tion  o f  a f i s h  is p r o p o r t io n a l  to its w eight and in c r e a s e s  c o n s id e r a b ly  with r i s e s  o f  
te m p e ra tu re .  T he r e s u lts  o f  w o rk  done so fa r  on  Indian c a r p s  ind icate  that the oxy g en  con su m p tion  
o f  la rv a e  and f r y  ca n  be c o n s id e r a b ly  re d u ce d  and m ainta ined  at a te m p e ra tu re  o f  about 20 C .
A s  r e g a rd s  pH, it w as  found that the la rv a e  and fry  c o n su m e  the m a x im u m  am ount o f  oxygen  when 
this is  betw een  6 . 0  and 7 . 9 .  O ther  fa c t o r s  f o r  c o n s id e ra t io n  a re  the a ccu m u la t ion  o f  a m m on ia ,  
as m entioned  a b ov e ,  the in c r e a s e  in b io c h e m ic a l  oxygen  dem and due to the d e ca y  o f  dead fry  o r  
la rv a e  and the in c r e a s e  in the b a c te r ia l  load  o f  the w a ter .  E xp er im en ta l  w ork  has not so  far  
indicated  any m ea n s  o f  d is in fe c t in g  the w ater , as the addition  o f  adequate d o s e s  o f , d is in fectan ts  
p ro v e d  lethal to the f ry  and la r v a e .

On the an alogy  o f  re s u lts  o f  in vest iga t ion s  on  s o m e  E uropean  f ish es ,  such  as the c o m m o n  ca rp ,  
tench and pike, it has b een  a s s u m e d  that the intensity  o f  r e s p ir a t io n  o f  a fish  is in p r o p o r t io n  to
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}

to the s e co n d  p o w e r  o f  the cube  r o o t  o f  its weight, as in w a r m  b lo o d e d  a n im a ls .  C onstants have 
been w ork ed  out in Indonesia  in r e s p e c t  o f  d i f fe re n t  s p e c ie s  f r o m  which  can  be e s t im a te d  the 
p e r io d  in which  a g iven  n um ber  o f  f r y  o f  a p a r t icu la r  s iz e  can be t ra n sp o r te d  in a c l o s e d  
con ta in er  holding 5 l i t e r s  o f  oxygen  and 20 l i t e r s  o f  pond w a ter .  The re la t ion sh ip  o f  the intensity  
o f  r e s p ir a t io n  to the weight, on the b a s is  o f  the above  assu m p tion ,  can be e x p r e s s e d  by  the 
iform ula  C = N x W x 2 / 3T, w h ere  C is  a constant, N = the n u m b er  o f  f ish , W = a v e r a g e  weight 
o f  a f ish  in g ra m s  and T = t im e in h o u rs .  I f  the value o f  the constant is  known, the r e s p ir a t o r y  
r e q u ire m e n ts  o f  the p a r t i c u la r  s p e c ie s  can be  e s t im a ted  with r e f e r e n c e  to its  w eight and t im e o f  
t ra n sp o rt .  T he va lues  e s ta b l ish ed  a r e  as fo l low s :

1 1 3 5 5 .5 + 3 2 5 .0 9  

14343. 3+ 771 .43

9 2 9 4 .4 + 4 0 3 .9  ,

P r e l im in a r y  e x p e r im e n ts  have g iven  the fo l low in g  range o f  re s u lts  fo r :

T i lap ia  m o s s a m b ic a  

C yp r in us  ca rp ió  

Puntius ja van icu s

T r ic h o g a s t e r  p e c to r a l is : 10000 - 11630

O s te o ch i lu s  h a sse lt i : 8837 - 14570

H e lo s to m a  tem m in ck i : 5358 - 7703

F u rth e r  e x p e r im e n ts  a r e  n e c e s s a r y  to e s ta b l ish  the ex a c t  v a lu e s .

The death o f  f r y  due to the a ccu m u la t ion  o f  c a r b o n  d iox ide  in the c on ta in ers  has b een  r e f e r r e d  
to .  It is b e l ie v e d  that m o r ta l i ty  can  be ch eck ed  i f  the d ro p  in pH, due to c a r b o n  d iox ide  
a ccu m u la t ion ,  can  be c o u n te ra c te d  by b u f fe rs  such  as b o r i c  a c id  and s e c o n d a r y  sod iu m  phosphate, 
and ex p e r im e n ts  con d u cted  in Indonesia  have shown that even  slight b u ffe r in g  resu lts  in an 
in c r e a s e d  su rv iv a l  o f  f r y .

E xp e r im e n ta l  studies  have p r o v e d  that the m e t a b o l i c  a c t iv i t ie s  o f  la r v a e  and young f ry  a re  
m u ch  g r e a te r  than those  o f  advan ced  fry , f in g e r l in g s  o r  adu lts , the oxygen  con su m p tion  rate  o f  
which is v e r y  high on  a ccou n t  o f  g r e a te r  body  w eight. F u rth e r ,  the d e l ica te  la rv a e  and f ry  a re  
vu ln era b le  to m e ch a n ica l  in ju r ie s .  H o w ev er ,  in f ish  cu ltu re  e n te r p r is e s  the f a r m e r 's  a im  is to 
obtain  the m a x im u m  n um ber  o f  f ish  fo r  rea r in g  in ponds, and so the la test  stages  at which  they 
can  a f fo r d  to t ra n sp o r t  m a y  be the f r y  and f in g e r l in g s ,  e x ce p t  in the c a s e  o f  f i s h e s  that b r e e d  in 
ponds , when the tra n sp orta t ion  o f  the b r o o d  f ish  th e m s e lv e s  m ay  be ju s t i f ie d .

The fo rm u la  e x p r e s s in g  the re la t ion sh ip  o f  r e s p i r a t o r ia l  in tensity  and the w eight o f  f ish  fry  
ind ica tes  that it w i l l  be  e c o n o m ic a l  to t ra n sp o r t  v e r y  s m a l l  fish , as under g iven  con d it ions  a 
l a r g e r  n um ber  can  be tra n sp or ted  at a s m a l le r  c o s t .  F o r  exa m p le ,  a con ta in er  o f  the type used  
in Indonesia  (about 2 5 - l i t e r  ca p a c ity ) ,  which  can s u c c e s s fu l ly  t ra n sp o r t  50 f in g e r l in g s  each  
weighing 64 g, can  with equal s u c c e s s  t ra n s p o r t  800 fry  w eighing 1 g each , o v e r  the s a m e  p e r io d  
o f  t im e .

A s  m en tioned  p r e v io u s ly ,  it is  g e n e ra l ly  c o n s id e r e d  b e n e f i c ia l  to con d it ion  the f r y  b e fo r e  
tra n sp ort ,  to avo id  the use  o f  part  o f  the oxygen  by the fa e c e s  p a s s e d  into the w ater  and in c r e a s e  
in the b a c t e r ia l  lo a d  o f  the w a te r .  T his  m ight a lso  help in red u c in g  the m e ta b o l ic  -rate and the 
e x c r e t io n  o f  a m m on ia  p ro d u c ts .  Som e w o r k e r s  a r e ,  h o w ev er ,  o f  the op in ion  that it is  not 
d e s ir a b le  to  s ta rv e  the f ry  to the point w h ere  they m ay  be weakened , b e ca u s e  s o m e  m ay  die at 
the beginning o f  the jo u rn e y  and so foul the w ater , thus ca u s in g  m o r ta l i ty  am on g  the o t h e r s .
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T r a n s p o r t  in Open C onta in ers

S c ien t i f ic  re s u lts  on  the p h y s io lo g i c a l  r e q u ir e m e n ts  o f  the cu lt iva ted  s p e c ie s  a r e  o f  r e c e n t  
orig in  in the r e g io n  and m u ch  w o rk  has y e t  to be done b e fo r e  a fu lly  s a t i s fa c to r y  s y s t e m  o f  fry  
transportation  can  be e v o lv e d .  H o w e v e r ,  the ava ila b le  in fo rm a t io n  can be u t i l iz e d  p ro f i ta b ly  in 
the im p r o v e m e n t  o f  the ex is t in g  m eth od s  and the equ ipm en t  u s e d .  C on ta in ers  f o r  f r y  t ra n s p o r t  
in the r e g io n  a re  o f  the open  o r  c l o s e d  ty p e s .  The c o m m o n  op en  co n ta in e rs  a r e  the earthen  
haundies u sed  in India and P ak istan , the ung lazed  ea r th en w a re  ja r s  o f  the P h i l ip p in e s  and 
Indonesia, the d if fe ren t  types o f  b a m b o o  b a sk ets  o r  w ood en  tubs u sed  in China and M alaya  and 
the flat c o a l - t a r r e d  bask ets  o f  In d on es ia .  E ven  though earth en  v e s s e l s  a r e  c o m p a r a t iv e ly  
inexpensive  and help in keep ing  the w ater  c o o l  during  t ra n sp o r t ,  th ere  is  the g r e a t  d isadvantage  
that they b re a k  e a s i ly ;  a ls o  when la r g e  n u m b ers  o f  f r y  a re  to be tra n sp o r te d  o v e r  long  d is ta n ce s ,  
earthenware v e s s e l s  a r e  v e r y  in con ven ien t  to handle . W ooden  and b a m b o o  co n ta in e rs  a r e  be tter  
because  o f  the l e s s e r  ch a n ces  o f  b r e a k a g e .

To p re v e n t  b re a k a g e  on  the w ay and to p r o v id e  a r r a n g e m e n ts  f o r  the e a s y  changing o f  w ater ,  
fish t ra n sp o r t  cans  s im i la r  to those  c o m m o r  in G e rm a n y  have b een  d e v e lo p e d  and a r e  in u se  in 
the P h i l ip p in es ,  In donesia , C e y lo n  and India. T h e r e  a r e  two types  o f  such  cans  m a d e  o f  stout 
tinned i r o n  p la te . The la r g e r  m e a s u r e s  about 50 c m  in d ia m e te r  at the lo w e r  ha lf  and is  about 
38 cm  in height. * The mouth is  about 20 c m  in d ia m e te r  and has a p r e s s e d - i n  p e r fo r a t e d  l id  to 
admit a ir  and at the sa m e  tim e p re v e n t  the w ater  sp lash ing  o r  the f ish  f r o m  ju m p in g  out. T he 
can is f ix ed  on  a w ood en  b a s e  to l e s s e n  heating through co n ta c t  with w a r m  s u r fa c e s  during 
transport. A  c l o s e - f i t t in g  c lo th  ja ck e t ,  w hich  is  kept m o i s t ,  helps to m ainta in  a u n i fo r m  c o o l  
tem perature  during  tra n sp o r t ,  even  when the co n ta in e r  is  e x p o s e d  to the sun.

>d

The cans  u sed  in the P h i l ip p in es  have a se p a ra te  d ra in  p ipe  attached  to the s ide  on  the u pper  
half near  the m outh; but in India, d ra in ing  and rep len ish in g  is  done through the p e r fo r a t e d  l id .
Cans a re  about t h r e e -q u a r t e r s  f i l le d  with c l e a r ,  c o o l ,  n a tura l,  d eca n ted  o r  f i l t e r e d  w a te r .  During 
the jou rn ey  the d is tu rb a n ce  ca u se d  by  jo lt in g  keeps  the w a te r  a e r a te d .  W h ere  halts a re  m ade  the 
can is exa m in ed  and a ll  dead f ish  r e m o v e d .  O v e r  long d is t a n c e s  the addition  o f  f r e s h  w a te r  m ay 
be n e c e s s a r y  e v e r y  hundred m i le s  o r  e v e r y  four h o u rs .  C h lo r in a ted  drink ing  w a ter  is  not su itable  
for the p u r p o s e ,  but w a ter  f r o m  ra i lw a y  h ose  p ip e s ,  taps and the like  can  be u se d  a fter  a llow ing  
it to c o o l  and sett le  f o r  about an hour  and a half . The can  is f i r s t  p a r t ia l ly  d ra in ed  b y  tilting 
it with the l id  on and a l low ing  the w ater  to run out; the f r e s h  w a ter  is  im m e d ia te ly  p o u re d  in 
from a m o d e r a te  height through the p e r fo r a t e d  l id .  If the w a ter  to be added  is c o n s id e r a b ly  
w arm er o r  o f  m a r k e d ly  d i f fe re n t  p r o p e r t ie s  it should  be added  in s m a l l  quantities so  that the 
change is  not sudden. In the a b s e n c e  o f  good  w a ter ,  a e ra t io n  is  e f f e c te d  with a ga rd en  sy r in g e  
or by ag itation  with a hand d ip p e r .  The D ep a rtm en t  o f  F i s h e r i e s  in the State o f  O r i s s a  (India) 
fits o rd in a ry  s e m i - r o t a r y  pum ps (1 .2 7  to 2 .5 4  c m  s iz e s )  to the co n ta in e rs  f o r  the a e ra t io n  o f  the 
water. The d e l iv e r y  p ipe  has two row s  each  being  at such  an angle  to the o th er  that in a c t io n  
two b a tte r ie s  o f  w ater  je t s  a re  p ro d u ce d ,  one  on  the n ea r  s ide  and the o th e r  on the fa r  s id e ,
• praying the en t ire  s u r fa c e .  F r y  w ill  t r a v e l  in  such  co n ta in e rs  to d is ta n ce s  o f  o v e r  480 k i l o m e t e r s  
with a m o r ta l i ty  o f  on ly  about 5%.

M

Other types  o f  t r a n s p o r t  c o n ta in e rs  e x is t  but a r e  not in c o m m o n  u s e .

On tra in  jo u r n e y s  it is  b e s t  to put the cans  in the van n e a r e s t  to the engine , so as to avo id  
violent jo l t in g  w hich  m a y  a f f e c t  the f i sh .  F ifty  to a hundred f in g e r l in g s  a r e  g e n e r a l ly  c a r r i e d  in 
the la r g e r  type o f  can  in M a d ra s  State, w h erea s  no m o r e  than ten a r e  c a r r i e d  in the s m a l l e r .  
The Indonesian  tin p late  cans a r e  rou gh ly  s im i l a r  to th ose  u sed  in India.

• Sm aller and sh a l lo w e r  cans a r e  a l s o  a v a i la b le .
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A  can  has b een  d e v e lo p e d  s p e c i f i c a l l y  adapted  to t r o p ic a l  c on d it ion s ,  in that the l id  is 
d es ig n ed  to hold about 1 kg o f  i c e .  The b o tto m  is o v a l  and so b a la n ce d  that two o f  them  can be 
c a r r i e d  by hand o r  on  a b a m b oo  p o le .

The flat, sh a l low , b a s k e t - l ik e  c o n ta in e rs  o f  tightly p la ited  b a m b o o  a r e  v e r y  u se fu l .  T r e a te d  
with c o a l - t a r  they a r e  c o m p le te ly  w a te r -t ig h t ,  a lm o s t  unbreak ab le ,  light, in ex p en s iv e  and ea sy  
to s t o r e .  E quipped  with a lid  o f  c o a r s e  w i c k e r w o r k  they can  be  im m e r s e d  during t ra n s p o r t  in 
a can a l o r  pond with a fu ll loa d  o f  f i s h .  A  60 c m  d ia m e te r  b a sk e t  can hold 180 c a r p  w eighing 
60 g each ; one o f  80 c m  d ia m e te r ,  250 f i sh e s  o f  the s a m e  w eight, and one  o f  100 c m  w il l  c a r r y  
as m any as 500 i f  the w ater  is  changed  f r o m  t im e to t im e .  S p e c ia l  1 5 - l i t e r  b a sk e ts  can 
a c c o m m o d a t e  10, 000 f r y  3 c m  long o r  2, 000 o f  5 c m .  Adult c a r p s  n eed  about 1 l i t e r  o f  w ater  
f o r  e v e r y  250 g o f  f i s h  during  t r a n s p o r t .  O v a l  wooden. 1 5 0 - l i te r  c a sk s  a r e  u s e d  in In don es ia  to 
ship b r o o d  f ish  a ll  o v e r  the a r c h ip e la g o .  T hey  hold up to 36 kg o f  l iv e  f i s h .

The C h inese  f i s h e r m e n  c o n s id e r  that f r y  s m a l le r  than 40 m m  in length  a re  unsuited  fo r  l o n g ­
d is ta n ce  tra n sp o r t .  B a sk e ts  and tubs o f  v a r io u s  s i z e s  a r e  u sed , the l a r g e s t  m e a s u r in g  as m uch  
as  2 m  in height and 1 .9  m  in b o tto m  d ia m e te r  which  c a r r y  about 50, 000 f r y .  T he  w ater  in the 
con ta in er  is kept ag ita ted  throughout the day and night with w ooden  p a d d le s .  I f  the ag ita tion  s tops , 
even  fo r  a few  m in u te s ,  s e r io u s  m o r ta l i ty  can  r e s u l t .  The fou l w ater  is  con t in u ou sly  b a led  out 
in sm a l l  quantities and r e n e w e d .  F o r  e v e r y  th ree  to fou r  co n ta in e rs  four  to s ix  e x p e r ie n c e d  
attendants a r e  n e c e s s a r y  and, i f  the w eather  is  fa v o r a b le  and the attendants w ork  r e g u la r ly ,  the 
su rv iv a l  rate is about 60% on  jo u r n e y s  taking le s s  than s ix  o r  sev en  d a y s .  On lon g  jo u rn e y s  
o v e r -n ig h t  halts a r e  m a d e  w h e r e v e r  p o s s ib l e  at s e le c t e d  s p o ts .  The Iry  a r e  then l ib e r a te d  into 
a net trough f ix e d  in a pond on  b a m b oo  p o le s  and fed  with y o lk  o f  egg and f lo u r  sp re a d  on  a 
sm a l l  re c ta n g u la r  p i e c e  o f  w o o d .  On v e r y  lon g  jo u rn e y s  the f r y  a r e  fed  with c o o k e d  yo lk  o f  eggs  
o r  soya  bean ground  into a fine p a s te .  G r e a t  c a r e  is  taken to see  that the fo o d  is  a l l  c o n s u m e d  
and that nothing is  l e f t  beh ind  to foul the w a te r .

Tw o types  o f  boats  with l iv e  holds  having h o les  to a l lo w  w a ter  to en ter  a re  u sed  f o r  r i v e r  
t ra n s p o r t .  One type, about 8 m e t e r s  long , has fou r  c o m p a r tm e n ts  with s e v e r a l  h o le s  w hich  can 
be  c l o s e d  when d e s i r e d .  The w a l ls  o f  the hold a re  l ined  with fine r a m ie  c lo th  to p r e v e n t  the 
e s c a p e  o f  f r y .  In such  a boat  1, 000, 000 to 1, 500, 000 f r y  can be t ra n s p o r te d  at a t im e .  In the 
se co n d  type, with a c a p a c ity  o f  10, 000, 000 f ry ,  there  m ay  be- s ix  o r  seven  c o m p a r tm e n t s  with 
a r ra n g e m e n ts  f o r  in t e r - c o m m u n ic a t i o n s  through s c r e e n e d  open ings  in the w a l ls .  E ach  hold  has 
th ree  holes  at the b o tto m , e a ch  fitted  with a p ie c e  o f  s h o r t  p e r fo r a te d  b a m b oo  p ip e .  The ou ter  
end o f  the p ipe  p r o j e c t s  into the r iv e r  to p r o d u c e  su ff ic ien t  p r e s s u r e  to d r iv e  w a ter  through the 
p e r fo r a t io n s ,  the f o r c e  o f  f low  being  ad ju sted  by m anipu lating  the l e v e l  o f  the p ip e .  T he m id d le  
c o m p a r tm e n t  o f  the boa t  r e c e i v e s  the w ater  f r o m  the o th er  c o m p a r tm e n ts  and a w a te r  w heel 
pum ps it out; thus a con s ta n t  c i r c u la t io n  is  m ainta ined .

S p ec ia l  types o f  l i v e  f ish  boa ts ,  known as pam andaw an o r  hatiran  in the P h i l ip p in e s ,  a r e  used
to t ra n s p o r t  m i lk f ish  f in g e r l in g s  o v e r  long d is t a n c e s .  M ade  o f  w ood , d u g -o u t  o r  f la t -b o t to m e d ,  
they have two o r  m o r e  w e l l - s c r e e n e d  h o les  to a l lo w  the f r e e  en tran ce  o f  w a t e r .  S im i la r  boats  
a r e  u sed  in In d on es ia .  The h o les  a r e  o ften  p r o v id e d  with s h o r t  b a m b o o  tubes , s c r e e n e d  at the 
inner ends . The o u te r  ends a r e  cut in such  a m a n n er  that the rate o f  f low  o f  w ater  into the 
boat can be c o n tr o l l e d ;  a d ju sted  to fa ce  the d i r e c t io n  in which the boat  is m ov ing ,  m o r e  w ater  
en ters  the boat, w hile  i f  it is turned b a ck w a rd s  the in flow  is r e d u ce d .  D u g -ou ts  m e a s u r e  f r o m  
10 to 20 m e t e r s  in length  and a r e  p r o p e l le d  by ou tb oa rd  m o t o r s .  L a r g e r  f la t -b o t t o m e d  b a r g e -  
l ik e  boats  can t ra n s p o r t  15, 000 to 50, 000 f in g e r l in g s ,  depending on the s i z e .  T ra in s  o f  these  
boats  a r e  o ften  tow ed by  tugs.
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The boats  a r e  thoroughly  c le a n e d ,  the in let  a r r a n g e m e n ts  c h e c k e d  and p a rt ly  f i l le d  with w ater  
be fo re  the f in g e r l in g s  a re  in tro d u ce d .  The h o les  a r e  then open ed  to ad m it  w a ter  and s im u lta n eou s ly  
one o r  two m en  s ta rt  baling  w a ter  out f r o m  a s p e c ia l  e n c lo s u r e  o f  c lo s e - m e B h e d  b a m b o o  s c r e e n ,  
thus m aintain ing a continuous f low  o f  w e l l - a e r a t e d  w a t e r .  T r a n s p o r t  during  in c le m e n t  w eather  and 
through v e r y  sh a llow  o r  turbid  w a ters  is  a v o id e d  as fa r  as p o s s ib l e .

S p ec ia l  f ry  t r a n s p o r t  tru cks  p r o v id e d  with pum ping and c o o l in g  a r ra n g e m e n ts  to m ainta in  a 
c ir cu la t io n  o f  c o o l e d  oxygen ated  w ater  a r e  v e r y  e f f ic ie n t  in w e s te rn  c o u n t r ie s ,  but in the Indo- 
P a c i f i c  R eg ion  there  a p p ea rs  to be  v e r y  l i tt le  p r o s p e c t ,  at p r e s e n t ,  o f  us ing  them  on  a la r g e  
sca le ,  due to the u n s a t is fa c to r y  con d it ion  o f  r oa d s  n ear  f r y - c o l l e c t i o n  and n u r s e r y  c e n t e r s  and 
the e c o n o m ic  status o f  the f ish  cu ltu re  o p e r a t iv e s .

T r a n s p o r t  in C lo s e d  C on ta in ers

Som e o f  the d e fe c ts  o f  t r a n s p o r t  in open  co n ta in e rs  can be  ob v ia ted  by  c a r r y in g  f r y  in 
h e rm et ica l ly  s e a le d  co n ta in e rs  with an e x c e s s  o f  o x y g e n .  C ans o f  the type u s e d  fo r  k e r o s e n e  
and p e tro l ,  and g a lv a n ised  i r o n  d ru m s  have been  u sed  f o r  the p u r p o s e .  T h e s e  co n ta in e rs  m u st  
have a su f f ic ien t ly  w ide open ing  with an a ir t igh t  l id  and f itted  with two m eta l p ip e s ,  p r e fe r a b ly  
reaching the b o ttom , one with a n a r r o w  b o r e  f o r  o x y g e n .  If the p ip es  r e a ch  the b o ttom  the 
poss ib i l i ty  o f  the sh arp  ends in jur ing  f r y  w i l l  be m in im is e d .  H o w e v e r ,  v e r y  o ften the w a ter  
d isp la cem en t  p ipe  r e a c h e s  to on ly  o n e - t h i r d  o f  the c o n t a in e r 's  depth, fa c i l ita t in g  the add it ion  o f  
the r e q u ir e d  am ount o f  o x y g e n .  F o r  v e r y  sm a l l  f ry  o r  la r v a e  the l o w e r  ends o f  the tubes should  
be c o v e r e d  with fine m e s h e d  netting to p re v e n t  the ir  e s c a p e .

To u se ,  the c o n ta in e r  r e c e iv e s  m o r e  than tw o -th ir d s  o f  c lean , f i l t e r e d  pond w a ter ,  the f r y  
are put in through the w ide  mouth, and then the con ta in er  is  f i l le d  with w ater  to ex c lu d e  a ll  a i r .

O lid  Io tightly clOocu ciiiu i>Ay ii .o  cucii lu iiuuuuuu uiiuu^u a x cgm.<x to x cxiixx tuc iidi iuw  pxp<2
from  an oxygen  c y l in d e r .  S ince  the can is full o l  w a ter ,  a v o lu m e  o f  w ater  equal to the vo lu m e  
o f  oxygen  in trod u ced  w i l l  be  d is p la c e d  through the s e c o n d  p ip e .  When su f f ic ie n t  ox y g e n  has 
entered, both  the p ipes  a r e  h e r m e t i c a l ly  s e a le d .

Although the n u m b er  o r  w eight o f  d i f fe r e n t  s p e c ie s  o f  f ry  o r  la r v a e  that can be  c a r r i e d  in a 
c lo sed  v e s s e l  under  a g iven  set  o f  con d it ions  has not y e t  b e e n  d e te rm in e d  a c c u r a te ly ,  s o m e  
available data enab le  such  e s t im a te s  to be m a d e .  At the Inland F is h e r ie s  R e s e a r c h  Station, 
B a rra ck p o re ,  India, 1 8 - l i te r  cans a r e  u sed  to t r a n s p o r t  fry  o f  the m a jo r  ca rp s  o f  India in the 
p resen ce  o f  about 6 l i t e r s  o f  f r e e  o x y g en . Such cans  w i l l  hold  900 to 1, 000 f ry  1 to 2 c m  long 
(about 285 g) and can be sa fe ly  t ra n sp o r te d  by plane fo r  o v e r  20 h o u rs .  The f ry  shou ld  be 
conditioned fo r  about s ix  hours in w ater  that has b een  le f t  to sett le  f o r  s o m e  t im e .  T r a n s p o r t  o f  
fry above  5 c m  in length is u n e c o n o m ic a l .  T he e x p e r ie n c e  gained at the Hong Kong F i s h e r ie s  
R esea rch  Station in d ica tes  that the fo l low in g  data can  be u sed  as a guide fo r  the t ra n s p o r t  o f  
Chinese c a r p s  (g r a s s  ca r p ,  big head, s i l v e r  ca rp  and c o m m o n  c a r p ) :

■ <
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N u m b er  o f  C h in ese  c a r p  f ry  that can be  t ra n sp o r te d  in a con ta in er
•j o f  1 8 .5  l i t e r  ca p a c ity  contain ing 8 . 5 l i t e r s  o f  f r e e oxygen

S ize  o f  f r y  
in m m

1 ■ '

Wt. p e r  1000 
f ry  in g N o .  o f  f r y

A m ou n t  o f  f r e e  
o x y g en  p e r  g 
o f  f r y  in m l

10-20 5 0 -2 0 0 4 0 0 0 -5 0 0 0 4 2 .5
30 450 1500 -2000 1 2 .9
40 800 800 -1200 10.6
50 1500 50 0 -  800 5 .7
60 2500 4 0 0 -  500 3 .4

4 70 3000 3 5 0 -  400 2 .8
80 3500 250 -  300 2 .4
90 4500 200 1*9

i 100 6000 150 1 .4
110 8000 100 0. 85
120 12000 80 0 .7 0

F r o m  the stud ies  on the p h y s io lo g i c a l  r e q u ir e m e n ts  o f  f ish  la r v a e  and f ry ,  con d u cted  in India, 
it is in fe r r e d  that the c l o s e d  co n ta in e r  w i l l  be  su itab le  f o r  f ish  f ry  tr a n s p o r t  on ly  i f  the duration  
o f  the jo u rn e y  d oes  not e x c e e d  20 to 24 h ou rs ,  o th e r w is e  the a ccu m u la t in g  c a r b o n  d io x id e  and 
o th er  m e t a b o l i c  p ro d u c ts  m a y  p r o v e  lethal to the f r y  and ca u se  s e r io u s  m o r t a l i t y .  H o w e v e r ,  the 
Indonesian  e x p e r im e n ts  show  that the addition  o f  su itab le  b u f fe r s  m a y  be e f f e c t iv e  in c o u n t e r ­
a ct ing  th is .

I

— rn r i'.. UJ | ■.æiuijim  I OUT ■
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FRESH W ATER PO N D  FISH C U L T U R E  • * .

Indigenous P onds

F r e s h w a te r  ponds a re  a d is t in c t  feature  in m any v i l la g e s  in the I n d o -P a c i f i c  R e g io n .  A  
large n u m b er  o f  them  a r e  not d ra in ab le ,  but even  so they have a potentia l value fo r  f ish  cu ltu re .  
The need  is  to m ake u se  o f  these  ponds, ra th er  than to c o n s t r u c t  new o n e s .

A  c la s s i f i c a t io n  o f  ponds can on ly  be v e r y  l o o s e  s in ce  they e x is t  in m any fo r m s  and o r ig in a te  
in var iou s  w a y s .

V illage  ponds a re  w a ter  r e s e r v o i r s  u sed  fo r  such  p u r p o s e s  as bathing, w ashing  and w ater ing  
stock . T hey  a r e  o ften  co m m u n a l ly  ow n ed . H om estea d  ponds a r e  found in l o w - ly in g  a r e a s ,  such 
as de lta ic  re g io n s  and co a s ta l  tra c ts  w h ere  they w e re  dug to obtain  earth  fo r  house  co n s tru c t io n  
and re c la m a t io n  o f  lo w - ly in g  land . In re g io n s  with in tens ive  a g r ic u l t u r e ,  ponds o f  v a r iou s  s iz e s  
are dug in f ie ld s  and garden s  fo r  w ater ing  c r o p s  and ca t t le .  I r r ig a t io n  ponds a re  la r g e r  in s ize  
to c o l l e c t  w ater  f r o m  ca tch m en t  a r e a s  fo r  s t o r a g e .  Spill ponds (the bh ee ls  o r  bh ils  o f  India and 
Pakistan) a r e  c o n s tru c te d  in sp il l  a re a s  o f  r i v e r s  f o r m e d  by the changing c o u r s e  o f  r i v e r s .
Moats around fo r t s ,  v i l la g e s  and sm a ll  towns a r e  not c o m m o n ,  but do o c c u r  in China, India and 
Ceylon . Open m ine  pits and q u a r r ie s  a r e  n u m erou s  in s o m e  p la c e s ,  but a r e  s e ld o m  suitable  fo r  
cultural p u r p o s e .

P r o p e r  c a r e  is s e ld o m  b e s to w e d  on the upkeep  o f  p on ds .  T hey  m ay  be o v e r g r o w n  with 
vegetation and fo r m  b reed in g  p la c e s  fo r  m o s q u i t o e s .  D en se  grow ths  o f  hardy aquatic  plants on 
the pond s u r fa c e s  usua lly  p re v e n t  the pen e tra t ion  o f  l igh t  to d e e p e r  w ater  la y e r s ,  and they k il l  
subm erged  vege ta t ion .  P lants  d ie  o f f  and rot, and d e p o s its  o f  d e b r is  a r e  fo r m e d  at the bo ttom . 
Such ponds a r e  otten p eren n ia l  and ra th er  deep , with a d en se  population  o f  p red ate  onH tTf 0 ed 
f ishes . F o r  want o f  p r o p e r  em ban k m en ts , d ra inage  f r o m  su rrou nd ing  a re a s  m ay  f low  into them . 
Sm aller ponds m a y  d ry  up during ce r ta in  p e r io d s  o f  the y e a r .  H o m e ste a d ,  fa r m  and garden  
ponds a re  g e n e ra l ly  l e s s  than one h e c ta re  in s iz e  and a re  be tter  m ainta ined  than the la r g e r  
village ponds .

Irr iga t ion  ponds a r e  c a l le d  bunds in India and waduks in In d on es ia .  T hey  have stron g  
embankments on  one , two o r  three  s id e s .  S om e a r e  p eren n ia l  and oth er  d ry  out s e a s o n a l ly .
Spill ponds a r e  s o m e t im e s  as  la r g e  as 250 ha, two o r  m o r e  m e t e r s  deep  and m any have dense  
growths o f  w ater  w e e d s .

Im provem ent o f  Indigenous P ond s

The three  m ain  types o f  ponds n eeded  fo r  a s e l f - s u p p o r t in g  f i s h - c u l t u r e  e n te r p r is e  a re  
nursery, r e a r in g  and stock ing  p o n d s .  S m all  s e a so n a l  ponds can  be u sed  as n u r s e r ie s  and fo r  
rearing, and la r g e  se a so n a l  and p eren n ia l  ponds fo r  s tock ing , but m o s t  o f  them  have to be 
Improved b e fo r e  they a r e  su itab le  fo r  cu ltu ra l p u r p o s e s .

If rank vegeta t ion  e x is t s ,  it is e s s e n t ia l  to e ra d ica te  the grow th  in such  a way that there  
will be litt le  ch ance  o f  qu ick  re in fes ta t ion .

It is  m o s t  d e s ir a b le  to d ra in  and d e s i l t  the ponds b e f o r e  they a r e  u sed  fo r  f ish  cu ltu re .  
Draining is not d i f f i cu lt  when the ponds a re  s ituated im m e d ia te ly  above  l o w - ly in g  a r e a s .  When 
they a re  not, the ex p en ses  in vo lved  w i l l  be  high, but the r e m o v a l  o f  e x c e s s iv e  o r g a n ic  d e b r is  
from the b o ttom  o f  o ld ,  p eren n ia l  ponds w ill  o ften  be w orth  the la b o r  in v o lv ed .  M e ch a n ica l  
'v a te r - l i f te rs  and m o t o r - d r iv e n  pum ps a r e  now fa ir lv  c o m m o n  in the r e g io n .  The exca va ted  silt
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can be  used  fo r  r ep a ir in g  em bankm ents  o r  as a f e r t i l i z e r  f o r  a g r icu ltu ra l  c r o p s .  Even when it 
is  not p o s s ib le  to d ra in  the pond, due to r e s t r i c t e d  w ater  supply f o r  r e f i l l in g  o r  b e c a u s e  it is 
v e r y  deep , it m ay  be p o s s ib le  to r e m o v e  s o m e  o f  the e x c e s s iv e  o rg a n ic  d ep os its  f r o m  the 
bottom  with m a c h in e s .  This  is done in China with flat b a m b oo  sh o v e ls  fitted with long handles 
to rea ch  the bo ttom  o f  the pond. The mud is  c o l l e c t e d  in boats  o r  thrown on the banks. The 
banks should  be r a is e d  and strengthened  w h e r e v e r  n e c e s s a r y .

W h e re v e r  p o s s ib l e  each  pond should be p r o v id e d  with an in let  and an outle t ,  p r e fe r a b ly  fitted 
with p ipes  o f  c o n c r e t e ,  g a lv a n ised  ir o n  o r  w ood , and p r o te c te d  with f i n e -m e s h e d  s ie v e s  to p reven t  
the entry  o f  ex tra n eou s  an im a ls  and the e s c a p e  o f  f ish .

L a r g e  sp il l  ponds should be d iv ided  into s m a l le r  units by  the e r e c t i o n  o f  su itab le  c r o s s  d ikes 
the better  to c o n tr o l  pond co n d it io n s .

S p ec ia l ly  C o n s tru c te d  P onds

F o r  r ea l ly  e f f i c ie n t  f ish  cu ltu re  ponds s p e c ia l ly  c o n s tru c te d  fo r  the p u rp o se  a re  m o s t  
d e s i r a b le .  P ond  co n s tru c t io n  is e s s e n t ia l ly  in en g in eer in g  m a tte r  and m o s t  f ish  cu ltu r is ts  have 
l itt le  training in this f ie ld .  T h is  o ften  leads to s e le c t io n  o f  unsuitab le  s ite s  and faulty c o n s tru c t io n  
resu lt in g  in c o n s id e r a b le  lo s s  o f  m on ey  and e f fo r t .  C o n s tru c t io n a l  deta i ls  have to be w o rk e d  out 
with due r e f e r e n c e  to the topography  o f  the a re a ,  nature o f  so il ,  w ater  supply, e t c . ,  and it is 
th e r e fo r e  a lw ays ad v isa b le  to seek  the help o f  te ch n ic ians  fa m il ia r  with this kind o f  w ork .  P ond  
co n s tru c t io n  is m o s t ly  done in the I n d o -P a c i f i c  R e g io n  by hum an la b o r ,  and m e ch a n ica l  d e v ic e s  
such  as b u l ld o z e r s ,  c a r r y - a l l  s c o o p s  and r ip p e r s  a r e  not y e t  c o m m o n ,  m a in ly  b e c a u s e  the fa r m e r  
cannot a f fo rd  the heavy expenditure  in vo lved .

r. i
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In gen era l  t e r m s  it can be sa id  that the m o s t  su itab le  s ites  fo r  pond co n s tru c t io n  a re  those  
with fe r t i le  s o i l  and an adequate w ater  supply throughout the y e a r .  L o w - ly in g  d e lta ic  a re a s  and 
co a s ta l  d is t r i c t s  a re  g e n e ra l ly  w e l l  su ited  and so  a re  h il ly  a re a s  with good  ir r ig a t io n  fa c i l i t i e s .
In c o a s ta l  re g io n s  ponds depend m ain ly  on ra in  w ater ; in hil ly  a r e a s  an additional supply o f  
w ater  should be a va ilab le  f r o m  cana ls  o r  r i v e r s .  E a sy  accfees is  an im p o rta n t  fa c to r  in  se le c t in g  
s ites  f o r  ponds . In the a b s e n ce  o f  r oa d s  it  w ill  be  e x p en s iv e  and d i f f icu lt  to b r in g  equ ipm ent and 
s tock ing  m a te r ia l  to the pond fa rm  and to send  the p rod u ce  to the m a r k e ts .  In d e lta ic  d is t r ic t s  
and those  ad jo in ing  r i v e r s ,  cana ls  and lakes , w ater  t ra n s p o r t  should  be f e a s ib le  and in ex p en s iv e .

I f  ra in fa l l  ru n o f f  has to be  u s e d  as the on ly  s o u r c e  o f  w a ter  supply, a ra tio  o f  10 h e c ta re s  
o f  ca tch m en t  a re a  to one h e c ta re  o f  pond is  r e q u ir e d  i f  p a stu re  land is  in vo lved ,  a s ligh tly  h igher  
ra tio  fo r  w ood - la n d , and s m a l le r  f o r  land under cu lt iva t ion .  The m o s t  su itab le  s o i l  fo r  pond 
co n s tru c t io n  is c la y .  L o a m y  so i l ,  m a r l  and peat a r e  a ls o  s a t i s fa c t o r y .  I f  the s o i l  is  s lightly  
p o ro u s  it  can  b e  im p r o v e d  by puddling with c la y .  Sandy s o i l s ,  o r  l im e s to n e  o u tc ro p s  a r e  not 
su itab le  b e ca u s e  th e ir  w aterho ld ing  p r o p e r t ie s  a r e  v e r y  lo w .  U n less  the s ite  has a high w ater  
table it  w il l  be  v e r y  d i f f i cu lt  to k eep  a su f f ic ie n t  depth o f  w ater  in the pond. If  the s o i l  is  ro ck y ,  
ex ca va t ion  w ill  be  ex p e n s iv e  and the ex ca v a ted  s o i l  m ay  not be  su itab le  f o r  the em b a n k m en ts .

Saline d ep os its  w ill  r e n d e r  a pond unsuited  fo r  p u re ly  fr e s h w a te r  f i s h e s .  I f  such  f i s h e s  a r e  to 
be cu ltured , the s o i l  m u st  f i r s t  be im p ro v e d  by f lood in g  with f r e s h  w ater  to wash  out the sa lt .
On the o th e r  hand, b r a c k is h w a te r  f ish  can be  r e a r e d .
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TrfW



FB/T14 107

G enera l L ayout

A fish  fa r m  should  p r e fe r a b ly  be  s e l f - s u f f i c i e n t ,  so that a l l  o p e ra t io n s  f r o m  b r e e d in g  to final 
cropp ing  can be con ven ien t ly  done. B re e d in g  and se g re g a t io n ,  n u r s e r y ,  r e a r in g  and s tock ing  
ponds, and w in ter ing  ponds in c o ld  c l im a t e s ,  a r e  the m ain  d iv is io n s  n e c e s s a r y .  A n esse n t ia l  
req u irem en t  is  that the v a r iou s  ponds can  be supp lied  with w ater  and d ra in ed  independently .
The ponds should  be a r ra n g e d  in s e r i e s ,  with the w ater  in let  at one  end and the d ra in age  at the 
o th er . The s iz e  o f  v a r io u s  types o f  ponds has n e c e s s a r i l y  to be d e te rm in e d  with r e f e r e n c e  to 
the type o f  f ish  cu lt iva ted .  The fo l low in g  p ro p o r t io n s  o f  pond a r e  r e c o m m e n d e d  f o r  the cu lt ivation  
o f  the c o m m o n  c a r p  in a s s o c ia t io n  with T i la p ia .

A r e a  in m  A p p r o x ,  p e r ce n ta g e

2 s e g re g a t io n  ponds 500 0 .4
2 o r  4 c a r p  spawning ponds 400 0 .3
4 n u r s e r y  ponds 5, 000 4 . 0
4 re a r in g  ponds 10, 000 8 .0
10 o r  20 s tock ing  ponds 100, 000 8 0 .0
2 T ilap ia  spawning ponds 5, 000 4 . 0
D ikes 4, 100 3. 3

125, 000 m 2 100 . 0

S im ilar ly ,  f o r  the cu lt iva t ion  o f  g o u r a m i  the fo l low in g  p r o p o r t io n s  have b een  su ggested :

2A r e a  in m P e r c e n t a g e

One head pond (a r e s e r v o i r  w h ere  w ater
f r o m  a supply channel can  sett le  and
p r o d u c e  p lankton). 100 1 .0

T w o o r  m o r e  b re e d in g  pon ds . 1,  000 10. 0

T h r e e  r e a r in g  and stock ing  ponds ,
house  s ite  and d ikes 8, 900 8 9 .0

10, 000 m 2 100 . 0

Stocking ponds can  be o f  any s ; z e ,  but they a re  g e n e ra l ly  not la r g e r  than 5 ha as th ere  m ay  be 
d ifficulty  in h a rvest in g  the c r o p  i f  they a r e  l a r g e r .

The w hole  fish  fa r m  should  be p r o v id e d  with good  fen cin g  to p rev en t  the entry  o f  unwanted 
Intruders. Shade tre e s  p r o t e c t  the f ish  f r o m  the in tense  heat o f  the sun and a lso  add to the 
beauty o f  the p la c e .  M a rg in a l  o r  c e n tra l  d itches  a r e  o ften  dug in sh a llow  ponds as r e tre a ts  fo r  
the fish on hot d a y s .  T h e s e  d itch es  a re  a ls o  u se fu l  fo r  d ra in ing  the pon ds .

Building the P o n d

In the I n d o -P a c i f i c  R eg ion ,  ex p e n se s  o f  pond co n s tru c t io n  can g e n e ra l ly  be kept low  by using 
cheap m anual la b o r ;  ex p en s iv e  p o w e r  m a ch in e ry  is not hs a ru le  ju s t i f ie d  so  w i l l  not be 
d iscu ssed .
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P onds  can  be  o f  a lm o s t  any shape . A  re c ta n g u la r  pond about 50 m  wide is p ro b a b ly  the m o s t  
con ven ien t  shape fo r  netting o p e r a t io n s .  T he depth and the height o f  the em b a n k m e n ts  w ill  depend 
on the c l im a t i c  con d it ions  and the use  to which  the pond is to be put. In m o s t  o f  the co u n tr ie s  
o f  the re g io n  the w in ter  is not so  c o ld  as to f r e e z e  the w ater , so the ponds can be c o m p a r a t iv e ly  
sh a llow . Depths o f  0 .5  to 1 .0  m  fo r  n u r s e r y  ponds , 0. 6 to 2 m  fo r  r e a r in g ,  and 1 to 2. 5 m  
fo r  stock ing  ponds a re  g e n e ra l ly  c o n s id e r e d  adequate . But in a few  a r e a s ,  with c o ld  w in ters ,  
s tock ing  ponds have a depth o f  3 to 8 m .  W h ere  there  is  e x c e s s iv e  ev a p ora t ion  o r  tem p era tu re  
v a r ia t ion s ,  deep  ponds a re  r e c o m m e n d e d .  S ince c o s t s  o f  c o n s tru c t io n  in c r e a s e  in p ro p o r t io n  to 
the depth, excavat ion  should  be r e s t r i c t e d  to the m in im u m . When a f ish  fa r m  is  bu ilt  as a se l f -  
su ff ic ien t  unit, with n u r s e r y  and s tock ing  ponds, it w i l l  be advantageous to have it so  a r ra n g e d  
that w ater  f r o m  a s t r e a m  can  be let into the v a r iou s  se c t io n s  by a s y s te m  o f  channels ,  p ipes  
and s lu i c e s .

The site  should  f i r s t  be c le a r e d  o f  all t r e e s ,  b ru sh  and s im i la r  grow th . The s u r fa c e  o rg a n ic  
d ep os its  should  be kept a s id e  and la te r  put into the pond as f e r t i l i z e r .  The s u r fa c e  should  a lso  
be kept fo r  use  la te r  in fac ing  the em bankm ents , on which  g ra s s  and oth er  vegetation  should be 
p lanted. The shape o f  the em bankm ent m u st  depend on the type o f  s o i l ,  but g e n e ra l ly  a s lo p e  o f  
1 in 3 is  adequate . Sandy o r  o th er  p orou s  s o i l s  should  have a l e s s  steep  s lo p e ,  say o f  1 in 5.
F o r  s m a l l  ponds up to 1 .5  m  deep , a s lo p e  o f  1 in 2 w ill  be s a t i s fa c to r y  i f  the em bankm ent is 
m a d e  o f  heavy m a t e r ia l .  When the banks a re  h igher  than 3 m  and a re  to be u sed  as roadw ays ,  
the width should  be about 2 .5  m . The c r e s t  o f  the em bankm ent should  be about 0. 5 to 1 m
above  the m ean  le v e l  o f  the pond w ater , and in a re a s  with flash  ru n -o f f ,  additional fr e e  b o a rd
iaay  be n e c e s s a r y .  With these  r e q u ire m e n ts  in mind, it w i l l  be p o s s ib le  to d e te rm in e  the width
o f  the em bankm ent b a s e .  I f  this is not done in advance , the p r o v is i o n  o f  the c o r r e c t  s lop e  m ay
be d i f f icu lt .

The em ban km ent foundation should  go down to f i r m ,  im p e r v io u s  s o i l .  I f  the foundation s o i l  
is  p o ro u s ,  a tren ch  30 c m  wide should  be dug alcr.g the c e n te r  line o f  the dam  w a l l  down to the 
im p e r v io u s  la y e r  and f i l le d  with dam p c lay , each  la y e r  being r a m m e d  as tightly- as p o s s ib l e .
T his  p r o c e d u r e  m ay  be advantageous even  with o th er  s o i l s ,  as the ju n ct ion  betw een  the f i l l  and 
the su r fa ce  ground is o ften  a w eak  point and m ay  g ive  r i s e  to se e p a g e .  If  there  is a r o c k  
o u tc ro p  it w il l  be n e c e s s a r y  to build  a c o n c r e t e  w all in the r o c k  and extend it up into the f i l l .
The a d v ice  o f  an e n g in e e r  should  be sought when such c i r c u m s t a n c e s  a r i s e .  The f i l l  f r o m  the 
em bankm ents  is g e n e ra l ly  obta ined  by the sp o i l  f r o m  the pond. It should  be p la ced  in la y e r s  
o v e r  the full length and width as the w all r i s e s ,  and not in s e c t io n s ,  as o th e r w is e  leaks  m ay 
d ev e lo p  due to the var ia t ion s  in the m a te r ia l  and d i f f e r e n c e s  in c o m p a c t n e s s .  A l lo w a n ce  should 
be  m ade  fo r  settling , which  m ay  be, on a v e r a g e ,  one m e t e r  f o r  e v e r y  f ive  m e t e r s  o f  height, 
when c o m p le te d .  The c o r n e r s  o f  the pond should  be p r o te c te d  aga inst  e r o s io n .  The top and 
s lo p e s  should  be fa ced  with s o i l  in which planted g r a s s  w ill  g r o w .  T h is  w ill  bind the s o i l  and 
p re v e n t  e r o s io n .  S m all  n u r s e r y  pond banks in China and Indonesia  are  r e in fo r c e d  with planking 
o r  b a m b oo  gratings  held in p la ce  by w ooden  p iles  d r iv en  deep into the earth  at r e g u la r  in te rv a ls .

W ater C on tro l

A l l  w ater  supp lies  to a pond should  p a ss  through an in let  pipe o r  s lu i c e ,  and p r o v is io n  fo r  
this should  be m ade when the em bankm ent foundation is being built. The in let  is  usua lly  located  
at the h ighest p o r t io n  o f  the pond site , ad jacen t  to the s o u r c e  o f  w ater  supply. F r o m  this point 
the pond bed should gradually  s lope  to the d e e p e s t  p ort ion  w here  the dra in  is lo c a t e d .  It is a 
g en era l  p r a c t i c e  to p ro v id e  f in e - m e s h e d  s c r e e n s  fo r  the in lets ,  to p rev en t  the entry  o f  u nd es irab le  
a n im a ls .  .T h e  m a te r ia ls  f o r  the pipe o r  s lu ice  w ill  depend on the quantity o f  w ater  it has to 
c a r r y .  C o n c r e t e  and s tee l  p ipes  and s lu ice s  a re  usual in w e s te rn  co u n tr ie s ,  but b a m b oo  p ipes , 
ho llow  p a lm  s tem s  and w ooden  s lu ice  s t ru c tu re s  a re  m o r e  c o m m o n  in the I n d o -P a c i f i c  R e g io n .
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A s im p le  w ay o f  m aking  a w ood en  s lu ice  is  to nail tog e th er  fou r  p lanks, 30 c m  to 60 c m  wide 
and long enough to p ass  through the em bankm ent b a se ,  re c ta n g u la r  in se c t io n ,  open  at both  en ds .
A  s lid ing  w ooden  gate at one end w ill  c o n t r o l  the f low . F o r  ponds o v e r  1 ha in extent  a c o n c r e t e  
s lu ice  m ay  be n e c e s s a r y ,  the d im e n s io n s  o f  which w i l l  v a ry  with the s i z e  o f  the em ban k m en t  and 
that o f  the pond. A r r a n g e m e n t s  fo r  c o m p le te  d ra in age  a r e  n e c e s s a r y .  The d ra in  p ipe  o r  s lu ice  
can have a r ra n g e m e n ts  fo r  c o n tr o l l in g  the w ater  l e v e l .  A  10 to 15 c m  pipe is su f f i c ie n t  fo r  
a v era g e  s iz e d  ponds , and should  be built into a c o n c r e t e  o r  a s im i l a r  w a l l  ins ide  the em bankm ent 
to hold  it in p o s it io n .

In h il ly  a re a s  am p le  sp i l lw a ys  a re  o ften  n e c e s s a r y  to p re v e n t  d am age  by f l o o d s .  V e r y  few 
fish  a r e  l ik e ly  to be lo s t  during  f lo o d s  o v e r  a w ide  sp il lw ay  in w hich  w a ter  f low s  in a sh a llow  
s tr e a m . Shallow  sp i l lw a ys  m ay  a ls o  avo id  the n e c e s s i t y  f o r  s c r e e n s  which  have the d isadvantage  
that they a re  l ik e ly  to get c l o g g e d .  A  15 c m  w ide  sp i l lw a y , p r o p e r ly  p r o te c te d  to p rev en t  e r o s io n ,  
is r e c o m m e n d e d  fo r  e v e r y  0 .4  ha o f  ca tch m e n t  a r e a .

When the pond is  u sed  f o r  w a ter in g  s to ck ,  the an im a ls  should  not  be a l lo w e d  d i r e c t  a c c e s s ,  
but the w a te r  shou ld  be pum ped  o r  b a i led .

P rev en t ion  o f  S eepage

It is a c o m m o n  e x p e r ie n c e  in m any lo c a l i t i e s  that ponds , when f i l led ,  do not h o ld  w a ter  
s a t i s fa c to r i ly  until su f f ic ie n t  s i l t  has p r e c ip i ta te d  at the b o tto m . T his  is e s p e c ia l ly  so  on g r a v e l ly  
o r  sandy s o i l .  T he  b o ttom  o f  such  ponds shou ld  be le v e l le d  and w e l l  c o n s o l id a te d  by ro l l in g  o r  
ram m in g  and a la y e r  o f  m ud c la y  then s p r e a d  to a th ickn ess  o f  o v e r  20 c m  on the b e d .  The
inside o f  the em ban km en ts  should  a ls o  be l in ed  with c la y .  W ater  should  b e  adm itted  into the
pond and a l low ed  to r e m a in  fo r  a long t im e .  T he tra m plin g  o f  l i v e s t o c k  o r  la b o r e r s  in the pond
while f i l l in g , w ill  h e lp .  A  la y e r  o f  lo a m  shou ld  be s p re a d  o v e r  the c la y  to e n c o u r a g e  the grow tn
o f  f ish  food .

S om e C h in ese  f ish  cu ltu r is ts  in S in ga p ore  p re v e n t  se e p a g e  in sandy s o i l  by c o v e r in g  the bo ttom  
with ce m e n t  and planking the s id e s .  S ince no natural food  is  p r o d u c e d  in such  ponds , a r t i f i c ia l  
food  has to be supp lied  in adequate  qu antit ies .

P H Y S IC O -C H E M IC A L  P R O P E R T IE S  O F  W A T E R  A N D  SOIL

W ater  is  the b a s i c  e le m e n t  in f ish  cu ltu re  and its s p e c i f i c  p r o p e r t ie s  as a cu ltu ra l  m e d iu m  
are natura lly  o f  g re a t  s ig n i f i c a n c e  in the p rod u ct iv i ty  o f  a pond. P u r e  w a ter  is  unable to su pport  
living o r g a n is m s  but its content o f  n itrogen , p h o sp h o ru s ,  p o ta s s iu m  and c a l c iu m  sa lts ,  d i s s o lv e d  
orga n ic  m a tte r  and g a s e s  like  o xygen , n itro g e n  and c a r b o n  d iox id e  d e te rm in e  to a la r g e  extent 
the p ro d u ct iv i ty .  The p h y s ica l  fe a tu re s ,  such  as the depth o f  w a ter ,  s h o re  c on d it ion s ,  w a ter  
m ovem ent, l ight pen etra t ion  and te m p e ra tu re ,  a ls o  in f lu ence  the b io ta  and the g row th  o f  f ish .  
S im ilar ly ,  the p h y s i c o - c h e m i c a l  p r o p e r t ie s  o f  the pond s o i l  a re  o f  g r e a t e r  s ig n i f i c a n c e  than is 
genera lly  r e a l i s e d .  When the s o i l  con d it ions  a r e  not fa v o ra b le ,  the p ro d u ct io n  w i l l  be l im it e d .  
V ery  few  s c ie n t i f i c  in v est ig a t ion s  on  the p h y s i c o - c h e m i c a l  p r o p e r t ie s  o f  s o i l  and w a te r  o f  f ish  
ponds have been  con d u cted  in the r e g io n  and a c c u r a te  in fo rm a t io n  on  the o p t im u m  properties for 
the cu lture  o f  d i f fe re n t  s p e c ie s  o f  f ish  have y e t  to be ob ta ined .  A  c la s s i f i c a t io n  o f  the types o f  
water, b a s e d  on  th e ir  ca p a c ity  to p ro d u ce  f ish  food , and the l e v e l  o f  natural o r  a r t i f i c ia l  
rep len ishm ents  in te r m s  o f  nutrients  n e e d e d  to m ainta in  them  in a state o f  o p t im u m  p rod u ct iv i ty ,  
will be  o f  im m e n s e  help in stan dard is ing  f ish  cu ltu re  techniques  and expanding the in du stry  on  a 
s c ien ti f ic  b a s i s .  In the a b s e n c e  o f  the n e c e s s a r y  s c ie n t i f i c  kn ow ledge  even  the a d v ice  o f
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h y d ro b io lo g is ts  m u st  be b a se d  on e m p i r i c a l  e x p e r i e n c e .  The f ish  fa r m e r  o ften  r e c o g n i s e s  the 
su itab ility  o f  w ater  by its c o l o r  and taste . In India the c r y s t a l  c l e a r  w a ter  f r o m  hill s t r e a m s ,  
a r te s ia n  w e l ls  and the l ike  is c o n s id e r e d  b a r r e n ,  and the s l igh t ly  b r a c k is h  w ater  f r o m  cana ls  
n e a r  the co a s t ,  s a m p le s  o f  which  at f i r s t  a re  s ligh tly  turbid  and change a l i t t le  la t e r  to a 
b row n ish  c o l o r ,  a re  a ls o  u n p rod u ct iv e .  C ond it ions  a re  s o m e t im e s  im p r o v e d  by apply ing  su itable  
quantities o f  m a n u re  and by the addition  o f  l im e  to keep  the w a ter  s l igh t ly  a lk a l in e . T h e s e  
m e a s u r e s  p r o m o te  the grow th  o f  a b lo o m  o f  ph yto -  and zoop lankton ; when the w a ter  b e c o m e s  
g reen , the pond is su itab le  fo r  the cu ltu re  o f  f ish .

P h y s i c a l  P r o p e r t i e s  o f  P ond  W ater

The depth o f  w ater  in a f ish  pond is  m o s t  im p orta n t  s in ce  the p en etra t ion  o f  l ight  to the 
bo ttom  con tr ib u tes  in a la r g e  m e a s u r e  to the p o n d 's  p ro d u c t iv i ty .  The la y e r s  o f  w a ter  b e lo w  3 
to 4 m e t e r s  in te m p e ra te  r e g io n s  and b e lo w  1 .5  to 2 m e t e r s  in t r o p ic a l  r e g io n s  have li tt le  
s ig n i f i c a n c e  in b io l o g i c a l  p ro d u c t iv i ty .  Shallow  w a ters  get w a r m  rap id ly  and p ro v id e  o p t im u m  
con d it ions  f o r  l i fe  and r e p r o d u c t io n .  The a s s im i la t iv e  functions  o f  s u b m e r g e d  w ater  plants 
m a in ly  take p la ce  at a depth o f  0 .0 1  to 1 m .  H o w e v e r ,  f ish  ponds shou ld  not be too  sha llow , 
as  e x t r e m e ly  high t e m p e r a t u r e s  m a y  a d v e r s e ly  a f fe c t  p ro d u c t iv i ty  and m ay  lead  to a l o s s  o f  
f i s h .  In Indonesian  c a r p  ponds a m in im u m  depth o f  0 .3  m e t e r s  is  c o n s id e r e d  su itab le  f o r  healthy 
pond l i f e .

The s u n ’ s heat in t r o p ic a l  c o u n tr ie s  k eep s  the s u r fa c e  t e m p e ra tu re  con stan tly  high, th ereb y  
c re a t in g  a s t ra t i f i ca t io n  in the pond. T h r e e  d is t in c t  w a te r  la y e r s  a r e  r e c o g n is e d ,  n a m e ly  (1) the 
e p i l im n io n  o r  the w a r m e r  w a ters  o f  the s u r fa c e  zon e ,  ( 2) the t h e r m o c l in e ,  a thin m id d le  la y e r ,  
w h ere  the te m p e ra tu re  d ro p s  abruptly ,  and (3) the h yp o l im n ion  o r  the c o o l e r  w a ter  at the b o ttom . 
T his  th erm a l s t ra t i f i ca t io n  m ay  not be p ro m in e n t  in sh a llow  p o n d s .  It was g e n e ra l ly  b e l i e v e d  
that the s u r fa c e  la y e r  o f  w ater  in t r o p ic a l  c l im a te s  d o e s  not m ix  c o m p le te ly  with Hi*» l a y e r  bclc*.v 
three  m pt«»-»  e x c e p t  in pouuo e x p o s e d  to s tro n g  wind a c t io n .  H o w e v e r ,  o b s e r v a t io n s  con d u cted  in 
Indones ia  have shown that in stead  o f  an annual t u r n -o v e r ,  as found in tem p era te  c l im a t e s ,  a 
d a i ly  t u r n - o v e r  takes p la c e  in t r o p ic a l  p on ds .  D uring the n ights, c i r c u la t io n  takes p la c e ,  b r in g in g  
about a m ix in g  o f  the w a te r .  T h is  t u r n -o v e r  is  o f  e x t r e m e  im p o r ta n c e  in the c i r c u la t io n  o f  
ox y g e n  and n utr ien ts  in  pond w a te r .

Within l im it s ,  a l l  l i fe  p r o c e s s e s  in a w a ter  a r e a  a re  en hanced  b y  an in c r e a s e  in te m p e r a tu r e .  
A  r i s e  in  t e m p e ra tu re  in du ces  the m ig ra t io n  o f  s u r fa c e  b iota  to d e e p e r  w a t e r s .  High t e m p e ra tu re s  
in d ir e c t ly  in f lu ence  the d is s o lv e d  ox y g en  content o f  the w ater ,  the ox y g e n  co n su m p tio n  o f  the b iota  
and the m in e r a l iz a t io n  o f  o r g a n ic  s u b s ta n c e s .  The o x y g en  content o f  the w a ter  d e c r e a s e s  p r o ­
p o r t io n a l ly  with a r i s e  in t e m p e ra tu re  but s u p e r -s a tu r a t io n  he lps  to b r i d g e - o v e r  p e r io d s  o f  
e x t r e m e ly  high t e m p e r a t u r e s .  E ven  though, g e n e ra l ly  speak ing , w a r m  w ater  is  b e t te r  f o r  f ish  
p ro d u ct io n ,  it is  e m p h a s is e d  that d i f fe re n t  s p e c ie s  o f  f ish  have d i f fe re n t  le v e ls  o f  t e m p e ra tu re  
t o l e r a n c e .  U nfortunately , in fo rm a t io n  on  these  a s p e c t s  o f  m o s t  o f  the cu lt iva ted  f i s h e s  o f  the 
r e g io n  is  v e r y  l im it e d .  In p r a c t i c e ,  when the w a ter  te m p e ra tu re  is su s p e c te d  to be r ea ch in g  the 
lethal l im it ,  f ish  cu ltu r is ts  p r o v id e  su itab le  shade o r  s h e l t e r s  in ponds to p r o t e c t  the f i s h .  D eep  
t ren ch es  a r e  o ften  dug on  the p o n d -b e d ,  w h e re  the fish  can  re m a in  during the hot h ours  o f  the 
day, but b e c a u s e  such  tre n ch e s  o ften  b e c o m e  the haunt o f  p r e d a to r y  f i s h e s ,  s o m e  f ish  cu ltu r is ts  
p r e f e r  shade , in the f o r m  o f  thatched  p la t fo r m s ,  o v e r  a p a r t  o f  the pond s u r fa c e .

T he turb id ity  o f  the w a ter  in a f ish  pond m ay  be due to su spended  c lay , s i l t  and fine ly  
d iv ided  o r g a n ic  m a t te r .  It m ay  be on ly  t e m p o r a r y ,  due to ra in s ,  f lo o d s ,  d ra in age  in f low  and 
m e c h a n ic a l  d is t u r b a n c e s ,  o r  p erm a n en t  on a cco u n t  o f  the nature  o f  the s o i l  and constant wind 
and w ave a c t io n .  T u rb id ity  is an im p o rta n t  l im it in g  fa c t o r  in the p ro d u ct iv i ty  o f  a p on d . L ight 
can  p en etra te  d e e p e r  into c l e a r  w a ter  and in f lu ence  the m ig r a t io n  o f  food  o r g a n is m s  and a lso  
induce  the grow th  o f  p lants in d e e p e r  w a t e r s .
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The p h otosyhthetic  a c t iv ity  o f  plants in turbid  w ater  w i l l  be r e d u ce d  and the f i sh  fauna needing 
c le a r  o x y g e n - r i c h  w ater  w i l l  be r e p la c e d  by a p red o m in e n t ly  la b y r in th i fo r m  fauna. The turbidity  
to le ra n ce  o f  v a r io u s  s p e c ie s  o f  cu lt iva ted  f i sh e s  is not y e t  known, but a few o f  them  have been  
found to be e x t r e m e ly  to le ra n t  o f  turbid ity  f lu ctuat ion s .  The ca r p ,  Puntius s c h w a n e fe ld i ,  which 
is a c l e a r  w ater  fish , has been  o b s e r v e d  to be to lerant  o f  a turb id ity  ranging  f r o m  that o f  c l e a r  
hill s t r e a m s  to as lo w .  as 4 c m ,  in te r m s  o f  S e c c h i rs d i s c ,  sharing  this p r o p e r ty  with o th er  
Puntius s p e c i e s .  The cat  f ish , P a n g a s iu s  pan gas iu s , is  ab le  to l ive  in w ater  with a v is ib i l i ty  as 
low  as 2 to 5 c m  in t e r m s  o f  S e c c h i 's  d i s c .  P r o fu s e  grow th  o f  plankton, w hich  m ay  re d u c e  the 
v is ib i l i ty  o f  w ater ,  is a s ign  o f  fe r t i l i ty ,  but turb id ity  due to s i l t  o r  m ud m ay  be h a rm fu l  to 
both f ish  and their  food  o r g a n is m s .  The p ro d u c t io n  o f  f ish  food  w ill  d e c r e a s e  with the reduction  
o f  sunlight, and sand and m ud m ay  s m o t h e r  the food  o r g a n is m s .  It is t h e r e fo r e  e s s e n t ia l  to 
preven t  the w a ter  f r o m  b e c o m in g  too turbid  with s i l t  o r  m ud . i

W ater  m o v e m e n t  o r  a c u r r e n t  o f  w ater  is n e c e s s a r y  f o r  the su rv iv a l  o f  c e r ta in  f i s h e s  and 
e s p e c ia l ly  fo r  the ir  b r e e d in g .  M o s t  o f  the cu lt iva ted  f i sh e s  o f  the re g io n  can  thrive  in stagnant 
w ater , but s p e c ie s  l ike  Rohu, Catla, M r ig a l  and N i le m  r e q u ir e  flow ing  w a ter  to spawn, even  
though they g r o w  and fatten w e l l  in len t ic  e n v ir o n m e n ts .

C h e m ic a l  P r o p e r t i e s  o f  P on d  W ater

D is s o lv e d  O x y g en . O f  the v a r io u s  c h e m ic a l  f a c t o r s  g o v e rn in g  f ish  l i fe  in a pond, the d is s o lv e d  
oxygen  is  o f  p r im a r y  im p o r ta n c e ,  as a ll  f i s h e s ,  as w e l l  as their  food  o r g a n is m s ,  depend on 
d is s o lv e d  ox y g e n  fo r  the ir  r e s p ir a t io n .  The a e r o b i c  b a c t e r ia  a r e  a l s o  m a jo r  c o n s u m e r s  o f  d i s ­
so lved  ox y g e n .  B e s id e s  the a t m o s p h e r i c  ox y g e n  that d i s s o l v e s  in the w ater ,  plants r e l e a s e  o x y g en  
during the p r o c e s s  o f  p h o to sy n th e s is .  The r.apid w ater  c i r c u la t io n  in t r o p i c a l  ponds helps the 
p r o c e s s  o f  a e ra t io n  c o n s id e r a b ly .  A c c u r a t e  e s t im a te s  o f  the a era t ion  constants  o f  d i f fe re n t  
t r o p ica l  w a ters  r e m a in  to be m a d e .  The o x y g e n - c a r r y in g  ca p a c ity  o f  w ater  v a r ie s  in v e r s e ly  with 
u s  te m p e ra tu re ,  ana an in c r e a s e  in tem pers .ture  r e s u lts  in the d e c r e a s e  o i  o x y g e n .  The fo l low in g  
f ig u res  show  the n o r m a ls .

O x y g en  (in m g
T e m p .  ( C) p e r  l i t e r )  p . p . m .

0
5

10
15
20
25
30

14 .5 7  
12 .74  
1 1 .2 5  
10 .0 7  
9 . 10 
8. 27 
7 .5 2

While the d is s o lv e d  oxygen  content d e c r e a s e s  with in c r e a s e s  in te m p e ra tu re ,  the o x y g en  c o n ­
sum ption  o f  fish  in c r e a s e s  with a r i s e  in w ater  te m p e r a t u r e .  It has been  found that in c o l d ­
b lood ed  a n im als  the rate  o f  o x y g en  co n su m p tio n  and con seq u en t ly  the r e l e a s e  o f  c a r b o n  d iox ide  
g e n e ra l ly  dou b les  with a te m p e ra tu re  in c r e a s e  o f  10 C .  T h is  would  lead  to a c o n s id e r a t io n  o f  
the fa c t o r s  that m ight con tr ibu te  to the d im inution  o r  dep le t ion  o f  o x y g en  in f ish  pon ds .  F o r  
instance , the a b s e n ce  o f  aquatic p lants which  con tr ibu te  to the oxygen a tion  o f  pond w a ter  m ay  be 
a ca u se  o f  ox y g e n  d im inution . P u t r e fa c t io n  o f  o r g a n ic  m a tte r  u s e s  up c o n s id e r a b le  quantities o f  
d is s o lv e d  o x y g en  and m ay  a lso  lea d  to oxy g en  d ep le t ion .  T his  o ften happens in t r o p ic a l  cou n tr ie s  
during ra iny  p e r io d s ,  when the sky is o v e r c a s t  fo r  long p e r io d s .  A  sudden r i s e  o f  t e m p era tu re  
during the s u m m e r  m ay  have a s im i la r  e f fe c t ,  as a g o o d  quantity o f  the d is s o lv e d  o x y g en  m ay  be 
dr iven  out o f  the w a te r .
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V e r y  little  in fo rm a t io n  e x is t s  on the o x y g e n -c o n s u m p t io n  ra tes  o f  d i f fe r e n t  age g ro u p s  o f  
cu lt ivated  f ish .  An ox y g e n  content o f  l e s s  than 3. 5 m g p e r  l i t e r  is lethal to c o m m o n  c a r p  in 
E u ro p e .  S im i la r ly ,  o x y g en  contents  be low  5 m g p e r  l i t e r  a re  known to be c r i t i c a l  fo r  sa lm on id  
f ish es  in s u m m e r .  O r d in a r i ly ,  a c o n ce n tra t io n  o f  5 ppm  at a te m p e ra tu re  o f  o v e r  20 C, 
which is equ iva lent  to a sa tu ra tion  o f  60% to 70% in a t e m p e ra tu re  range o f  20°C  to 3 0 °C , is 
c o n s id e r e d  s u f f i c ie n t  to m ainta in  f r e s h w a te r  fish  in a healthy con d it ion .  S u persa tura t ion  o f  oxygen  
v e r y  s e ld o m  has any i l l  e f f e c t  on f ish , even  though in c e r ta in  r a r e  in s ta n ces  it has been  found 
to ca u se  m o r ta l i ty  by the fo r m a t io n  o f  gas e m b o l i ,  which m ay b lo ck  the c a p i l la r ie s  in the g il l 
f i la m e n t s .

B io c h e m ic a l  Oxygen D em and

The b io c h e m ic a l  o x y g en  dem and  ( B . O . D . )  is the ox y g e n  u sed  up by unstable  o r g a n ic  m a tte r  
f o r  its s ta b i l is a t ion  in a w ater  a r e a  and is t h e r e fo r e  dependent on the quantity o f  o r g a n ic  
su b stan ces  in it. It is an im p o rta n t  in d ica t ion  o f  the am ount o f  o r g a n ic  m a tte r  in a pond. The 
s ta b i l is a t ion  o f  o r g a n ic  m a tte r  is  b rought about by a e r o b ic  b a c t e r ia .  S ince  c o m p le te  s ta b i l is a t io n  
re q u ire s  a lon g  p e r io d ,  f o r  the sake o f  ^convenience the d e te rm in a t ion  is g e n e ra l ly  m a d e  a fte r  
f ive  days incubation  o f  the sa m p le  at 20 C .  A  sa m p le  o f  w a ter  with no s ig n i f ica n t  o r g a n ic  
pollution  has a B . O . D .  o f  the o r d e r  o f  2 ppm , 5 days , 20 C . When th ere  a re  la r g e  o r g a n ic  
d e p o s its  at the pond b o ttom , o r  when the w ater  gets  po llu ted  by  the in trod u ct ion  o f  e ff lu ents ,  the 
B . O . D .  m ay  r is e ,  re su lt in g  in the dep le t ion  o f  o x y g en  and con seq u en t  m o r ta l i ty  o f  pond f ish .

H y d r o g e n - I o n -C o n c e n t r a t io n .  The h y d r o g e n - io n - c o n c e n t r a t io n  (pH) is  an o ften  u sed  in d ex  o f  
the w ater  con d it ions  in a pond. W hile  a pH of, 7 in d ica tes  a neutra l r e a c t io n ,  pH a bove  7 show s 
an a lkaline  re a c t io n ,  and a pH b e lo w  7, an a c id  r e a c t io n .  The pH o f  the w ater  is in d ica t ive  o f  
its fe r t i l i ty  o r  potentia l  p ro d u c t iv i ty .  A s l igh t ly  a lkaline  r e a c t io n  is o f  g re a t  help in the c o n v e r s io n  
o f  o r g a n ic  m a tte r  into a s s i m i l a b le  su b s ta n ce s ,  such  as a m m o n ia  and n it ra te s .  A  pH o f  7 to 8, 
i . e . /  a fe e b ly  a lka line  r e a c t io n ,  is a c h a r a c t e r i s t i c  o f  good  w ater , su itab le  f o r  f ish  l i f e .  The 
p r e s e n c e  o f  d is s o lv e d  c a lc iu m  b ica rb o n a te  is m a in ly  r e s p o n s ib l e  fo r  the m ain tenan ce  o f  such  an 
op t im u m  range  o f  pH. A dequate  quantities o f  c a lc iu m  b ica rb on a te  w ill  have a b u f fe r in g  act ion  
and p re v e n t  p ro n o u n ce d  v a r ia t io n s  o f  pH. W ater  a c id ity ,  b e s id e s  d ir e c t ly  a f fe c t in g  fish , m ay  
a f fe c t  the pond l i f e ,  a s  a w hole  by im p ed in g  the c i r c u la t io n  of* nutrients  by red u c in g  the rate  o f  
d e c o m p o s i t io n ,  and inhib it  the n itrog en  f ixation . A  s a t i s fa c t o r y  pond w ater , having adequate 
a c id - c o m b in in g  c a p a c ity ,  w i l l  not have a pH range w id er  than 6 .5  to 8 .5 .

Many f ish es  a re  ab le  to t o le ra te  wide pH v a r ia t io n s .  The b ro o k  trout has a pH range o f  4 .6  
to 9 .5 ,  and sw am p f is h e s  6uch as T r i c h o g a s t e r  p ectora l 'i s ,  T .  t r i ch o p te ru s  and O ph icephalus  
punctatus a re  known to l ive  w e ! ’ in w ater  ranging  in pH f r o m  4 to 9. But there  a re  m any o th e rs  
that a r e  ra th er  se n s it iv e  to lo w  pH v a lu e s .  C o m m o n  ca rp ,  b ig  head, g r a s s  ca rp ,  s i l v e r  ca rp ,  
b la ck  c a r p  and g o u r a m i  have d ied  when heavy ra in  w ater  d e c r e a s e d  the pH f r o m  about 7 . 2  to 
4 . 6 .  T ro u t  fry  e x p o s e d  to a c id  w ater  a r e  a d v e r s e ly  a f fe c te d .

G e n e r a l ly  speak ing , a pH lo w e r  than 5 .0  is unsuitab le  fo r  fish  l i f e .  It has been  o b s e r v e d  
that a low  pH m ay a d v e r s e ly  a f f e c t  the r e p r o d u c t iv e  a c t iv ity  o f  f ish  such as trout.  W aters  o f  
pH 4 . 5  to 6 .5  can be im p r o v e d  by the a p p lica t ion  o f  su f f ic ie n t  quantities o f  l im e  to r a is e  the 
pH to about 8, but b e lo w  4 . 0  li tt le  can be done.

A lka line  R e s e r v e .  T he im p o r ta n c e  o f  a lka l in e  r e s e r v e ,  a ls o  known as the a c id  com b in in g  
ca p a c ity  and titration  a lka lin ity , in judging  the su itab i li ty  o f  pond w ater  fo r  f ish  l i fe  has not  been 
fully r e a l i s e d  by fish  c u l t u r i s t s .  E ven  though s m a l l  am ounts  o f  ca rb o n a te s  o f  m a g n e s iu m , sod iu m  
and p o ta ss iu m  m ay  s ligh t ly  in f lu ence  the a lka l ine  r e s e r v e ,  fo r  a ll  p r a c t i c a l  p u r p o s e s ,  it  can be 
e x p r e s s e d  as the c a l c iu m  content o f  the w a te r .  The p r o c e s s  in vo lved  is s om ew h a t  as fo l lo w s :



F B /T 1 4 113

Suppose, at an a lka l ine  ' r e s e r v e  o f  2 c c  o f  n o r m a l  h y d r o c h lo r i c  a c id  p e r  l i t e r ,  which  c o r r e s p o n d s  
to 56 m g  o f  c a l c iu m  o x id e  p e r  l i t e r ,  the w ater  con ta ins  88 m g  p e r  l i t e r  o f  c a lc iu m  b ica rb o n a te  
and 2. 3 m g  p e r  l i t e r  o f  f r e e  c a r b o n  d iox ide ;  if, due to the photosyn th et ic  a c t iv ity  o f  the aquatic  
plants, it l o s e s  1 m g  o f  f r e e  c a r b o n  d iox ide ,  the pH w i l l  r i s e .  A  p a r t  o f  the c a lc iu m  b ica rb o n a te  
d is s o lv e d  in the w ater  w ill  sp lit  up into c a l c iu m  and f r e e  c a r b o n  d iox ide  until a f r e s h  e q u il ib r iu m  
and a c o r r e s p o n d in g  pH is  brou ght  about. The c a l c iu m  ca rb o n a te  is d e p o s ite d  on  the plants o r  
in the w a ter  and se tt les  at the pond bo ttom ; the a lka l ine  r e s e r v e  d r o p s .  The l im e  a p p lied  to a 
pond a b s o r b s  the c a r b o n  d iox ide  and b r in g s  about the sa m e  set  o f  c o n d it io n s .  In the r e v e r s e  
m anner , when w a ter  con ta ins  f r e e  c a r b o n  d iox ide  h igh er  than 2 .3  m g p e r  l i t e r  and the pH is 
c on seq u en t ly  low , the e x c e s s  o f  c a rb o n  d iox ide  c o n n e c ts  the c a l c iu m  ca rb o n a te  d e p o s ite d  on the 
pond bo ttom  into c a l c iu m  b ica rb o n a te ;  the a lk a l in ity  r e s e r v e  i n c r e a s e s ,  ra is in g  the pH and 
esta b l ish in g  the n e c e s s a r y  e q u i l ib r iu m .  T h is  p r o c e s s  takes p la ce  in a pond a lm o s t  con tinuously  
and a cco u n ts  f o r  the f luctuat ions  in pH. B a s e d  on  the a lk a l in ity  r e s e r v e ,  w a te rs  have been  
c la s s i f i e d  by H ey (1941) and Huet (1947) as  fo l l o w s :

(1) 0 -  0. 15 c c n o r m a l  HC1 p e r  l i t e r -  too a c id  f o r  f ish  cu ltu re

(2) 0. 15 - 2 .0 - do - u sa b le

(3) 3 .5 - 6 .9 -  do  - o p t im u m

H ) • o - do - and ab ov e  - too hard with
a ten den cy  to d e p o s i t  
a lka l ine  sa lts

F r e e  C a rb o n  D io x id e .  W ater  con ta ins  f r e e  c a rb o n  d iox ide  m o s t ly  f r o m  the d e c o m p o s i t io n  o f
o rg a n ic  m a tte r ,  in vary in g  quantities f r o m  the a tm o s p h e r e ,  o r  as  a r e s u l t  o f  the r e s p ir a t io n  o f  
aquatic  a n im als  and p la n ts .  P lants  a s s im i la t e  c a r b o n  d io x id e  fo r  p h o tosy n th es is  and r e le a s e

A c c u m u la t io n  o f  f r e e  c a r b o n  d iox ide  g e n e r a l ly  takes p la ce  at n ight.

A  high c a r b o n  d iox ide  content o f  w ater  is  le tha l to f ish  l i fe  and, b e s id e s  p reven tin g  the 
oxygenation  o f  w a te r ,  it  m ight a ls o  a d v e r s e ly  a f f e c t  the e x t r a c t io n  o f  d i s s o lv e d  o x y g en  f r o m  the 
w ater .  A lthough s o m e  in fo rm a t io n  on  the lethal c a r b o n  d io x id e  - th re sh o ld s  o f  the spawn and f r y  
o f  a few  cu lt iva ted  f ish es  have b een  d e te r m in e d ,  v e r y  l i tt le  w o rk  has been  done with adult f i s h e s .  
B ased  on g e n e ra l  o b s e r v a t io n s  it m a y  be  sa id  that 5 c c  p e r  l i t e r  is the le tha l l im it  f o r  healthy 
fish  l i f e .  A  high c o n ce n tra t io n  o f  c a r b o n  d iox ide  has b een  o b s e r v e d  to in c r e a s e  l o s s e s  o f  f r y  and 
the n u m b er  o f  d e fo r m e d  s p e c im e n s  in trou t .

N itro g e n .  N itrog en  f o r m s  one o f  the b a s i c  e le m e n ts  o f  fe r t i l i ty  in pon ds .  C er ta in  quantities
o f  n itrogen  m ay  be taken into s o i l  o r  w a te r  f r o m  the a tm o s p h e r e  b y  ra in  o r  lightning . T h e re  
are  a ls o  s o i l  b a c te r ia  that can  f ix  a t m o s p h e r i c  n itro g e n  and thus m ake it a v a i la b le  to the phyto -  
b io ta . In addition , c e r ta in  types o f  b lu e - g r e e n  a lg a e ,  l iv in g  on the m uddy b o tto m  o f  ponds , 
p robab ly  a r e  ca p a b le  o f  a e r o b i c  n itro g e n  f ix a t ion .  H o w e v e r ,  ponds d e r iv e  the m a jo r  supply  o f  
n itrogen  f r o m  the p u tre fa c t io n  c y c l e .  A n a e r o b i c ,  a e r o b i c  and fa cu lta tive  b a c te r ia  b r in g  about the 
d e c o m p o s i t io n  o f  v eg e ta b le  and a n im a l m a t te r .  The n itrog en ou s  com p ou n d s  in w aste  m a tte r  a r e  
f i r s t  b ro k e n  down by the a n a e r o b ic  b a c te r ia  into a m m o n ia ,  and the ir  su lphur com p ou n d s  a re  
co n v e r te d  into h y d rog en  su lph ide  and ce r ta in  o th e r  co m p o u n d s .  I f  the supply o f  o x y g en  is  s low , 
this ph ase  w ill  be  p ro lo n g e d ,  re su lt in g  in the fo r m a t io n  o f  g a seou s  s u b s ta n c e s .  H o w e v e r ,  when 
fr e e  o x y g en  b e c o m e s  a v a ila b le ,  the a e r o b i c  b a c te r ia  take up the w ork  o f  ox id a t ion  and the 
a m m onia  is c o n v e r te d  into n it r i te s  and n it r a t e s .  N itra tes  a r e  the end p ro d u cts  o f  this c y c l e  and 
fo rm  the m ain  s o u r c e  o f  n itrogen  fo r  v a r io u s  f o r m s  o f  l i f e .  The n itrates  can be b ro k e n  down by 
the a c t ion  o f  c e r ta in  m i c r o - o r g a n i s m s  into n it r i te s ,  then into o x id e s  o f  n itrogen  and fina lly  into 
free  n itrogen , a p r o c e s s  known as d en it r i f ica t io n .
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This p u tre fa c t ion  c y c l e  is  o f  e x t r e m e  im p o r ta n c e  in the m a intenance  o f  a b a la n ce d  pond l i f e .  
Adequate quantities o f  n itrog en  com p ou n d s ,  e s p e c ia l ly  n itra tes ,  a r e  e s s e n t ia l  f o r  the p ro d u ct iv i ty  
o f  the pond. The quantities  ob ta ined  by the natural p r o c e s s e s  m ay  not a lw ays  be s u f f i c ie n t  fo r  
a high p rod u ct ion  o f  f ish .  The b e s t  p ro d u ct io n  o f  plankton is ob ta ined  when the w ater  con ta ins  
4 ppm  o f  n it ro g e n  with 1 ppm  o f  ph osp h oru s  and 1 ppm  o f  p o ta s s iu m .  T he re la t io n  betw een  
n itrog en  and c a r b o n  co n ce n tra t io n s  is  a ls o  o f  g re a t  s ig n i f i c a n c e .  N itrog en  f ixation  by b a c te r ia  
takes p la c e  on . a pond bed  r i c h  in ca rb o h y d ra te  m a t e r ia ls  which  a r e  e s s e n t ia l  both as a s o u r c e  
o f  e n e rg y  to a n a e r o b ic  f o r m s  and a constituent o f  b a c te r ia l  p r o t o p la s m .

The a m m o n ia c a l  n itro g e n  content o f  w ater  is  an index  o f  the d e g r e e  o f  its po l lu t ion .  Its 
c o n ce n tra t io n  in unpollu ted  w a te r  is  n e v e r  m o r e  than 0 .5  p p m . Healthy grow th  o f  f i s h e s  can  be 
ex p ec ted  in w a ters  con ta in ing  le s s  than 2 ppm  o f  d i s s o lv e d  a m m o n ia .  T he tox ic  e f f e c t  o f  
am m on ia  com p ou n d s  is  at a m a x im u m  in pH ra n ges  o f  7 .4  to 8 .5 .  C o n ce n tra t io n s  o f  a m m o n ia c a l  
n itrog en  up to 4 p p m  at pH 7 .3  to 7 . 5  have no i l l - e f f e c t s  on tilapia, c o m m o n  c a r p ,  b ig  head, 
g r a s s  ca rp ,  s i l v e r  c a r p  and b lack  c a r p .

H yd rogen  su lph ide . H yd rog en  su lphide can be a s e v e r e  l im it in g  fa c to r  in  f ish  p on ds .  It is 
f o r m e d  by a n a e r o b ic  b a c te r ia ,  and s o m e t im e s  a c cu m u la te s  in  ponds having a th ick  la y e r  o f  
o r g a n ic  d ep os its  at the b o t to m . In m u ck  s o i l  the gas m a y  be f o r m e d  by f i r e .  Due to the high 
o r g a n ic  content, d ry  m u ck  m ay  burn and, c o m b u st io n  o ften  being in c o m p le te ,  su lph ides  a re  
f o r m e d  instead  o f  su lp h a tes .  When the a lka l ine  su lph ides  a re  c a r r i e d  into s l igh t ly  a c id  w et  m uck, 
hydrogen  su lphide is  f o r m e d  and is  c a r r i e d  o f f  in so lu t ion .  T h is  m a ’ * u lt im ate ly  be c a r r i e d  into 
ponds and an a c c u m u la t io n  o f  i t  m a y  ca u se  s e v e r e  f ish  m o r t a l i t y .  A  c o n ce n tra t io n  o f  6 pp m  o f  
h ydrogen  sulphide w i l l  k i l l  c o m m o n  c a r p  in a few  h o u rs .  A e ra t io n  o f  the pond by  m e c h a n ic a l  
agitation  helps to a la r g e  extent  to f r e e  the pond o f  h y d rog en  su lph ide .

P h o s p h o r u s .  Unlike n it r o g e n  and c a r b o n  d iox id e ,  p h osp h oru s  is  n o t  d e r iv e d  in a pond f r o m  
the a tm o s p h e r e .  E ven  though p r e s e n t  on ly  in v e r y  s m a l l  quantities  in n atura l w a t e r s ,  p h osp h a te« ,  
togeth er  with s i l i c a ,  a r e  in t im a te ly  a s s o c ia t e d  with the l i fe  c y c l e  o f  phytoplankton . The n itro g e n  
supp lied  by the n i t r o g e n - f ix in g  b a c t e r ia  and p h osp h oru s  r e l e a s e d  f r o m  dead  o r g a n is m s  g ive  r i s e  
to the grow th  o f  p h y to -  and z o o - b i o t a  in the w a te r .  A  co n c e n tr a t io n  o f  1 pp m  o f  p h osp h oru s  is 
the op t im u m  fo r  g o o d  grow th  o f  p lankton.

P o t a s s iu m .  P o t a s s iu m  is  an oth er  im p o r ta n t  c h e m ic a l  constituent that d e te r m in e s  the fe r t i l i ty  
o f  a pond. The nature  o f  the pond b ed  is  an in d ica to r  o f  its  p o ta s s iu m  r e s e r v e .  Sandy s o i l  is 
o ften  p o o r  in p o ta s s iu m  and a c la y e y  s o i l  g e n e r a l ly  r i c h  in it. It is  re a d i ly  a b s o r b e d  by plants 
and is  s p e c ia l ly  e f f e c t iv e  in st im ulating  the grow th  o f  aquatic  f l o r a .  P o t a s s iu m  s to r e d  in the 
plant t i s su e  is r e l e a s e d  b a ck  into the w a ter  d ir e c t ly ,  o r  f r o m  the pond b o ttom  as a r e s u lt  o f  the 
d e c o m p o s i t io n  o f  the p lant b o d ie s  that die and se tt le  th e r e .  A  c o n ce n tra t io n  o f  1 p p m  o f  p o ta s s iu m  
in com b in a t ion  with 1 ppm  o f  p h osp h oru s  and 4 p pm  o f  n itro g e n  is  b e l i e v e d  to be m o s t  fa v o ra b le  
f o r  plankton p r o d u c t io n .  It has b een  o b s e r v e d  that p o ta s s iu m  is ab le  to im p r o v e  the g row th  o f  
young c o m m o n  c a r p  m o r e  qu ick ly  than o f  o ld e r  f i sh .  It is  thought that the e f f e c t  o f  p o ta s s iu m  
m a y  p o s s ib ly  be in d ir e c t  and that it  fa c i l i ta te s  the phosphate  c y c l e  by r e le a s in g  dilute  a c id .

The R o le  o f  P ond  Soil

The r o le  o f  the c h e m ic a l  con st itu t ion  o f  the s o i l  in the p ro d u c t iv e  potentia l o f  a pond is 
g e n e ra l ly  not fu lly  u n d e r s t o o d .  T h e r e  a r e  o ften  s ig n i f ica n t  d i f f e r e n c e s  in the p r o d u c t iv e  ca p a c ity  
o f  ponds situated in s im i l a r  s u rro u n d in g s .  The p ro d u ct iv i ty  o f  an u n fe r t i l i z e d  pond m ay  s o m e t im e s  
be the sa m e  o r  m o r e  than that o f  f e r t i l i z e d  on e s ,  which  can o ften  be t r a c e d  to the c h e m ic a l  and 
p h y s ica l  p r o p e r t ie s  o f  the s o i l .  The s o i l  fe r t i l i ty  is  o f  s p e c ia l  im p o r ta n c e  in the g row th  o f  
benth ic  vegeta t ion .  W hile  w a te r  fe r t i l i ty  w ill  con tr ibu te  la r g e ly  to the p ro d u c t io n  o f  plankton, 
s o i l  fe r t i l i ty  w ill  u nder  fa v o r a b le  p h y s ica l  cpnd it ions  induce  a g ood  grow th  o f  benth ic  f l o r a .
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This is the r e a s o n  f o r  the s p e c ia l  c a r e  taken by the m i lk f ish  cu ltu r is ts  o f  South E ast  A s ia  in 
• electing s ite s  with a llu v ia l  s o i l  f o r  th e ir  b r a c k is h w a t e r  p o n d s .  The quality  o f  the s o i l  underly ing  
the pond bed  and the o r g a n ic  d e p o s its  o v e r  it should  be g iven  full c o n s id e r a t io n  in an a p p ra is a l  
o f  its p ro d u ct iv e  c a p a c ity .  The pond bed r e l e a s e s  nutrient m a te r ia l  into the w ater  and helps  in 
the fixation  o r  c h e m ic a l  c om b in a t ion  o f  such  su b sta n ces  r e le a s e d  in the pond i t s e l f  o r  in trod u ced  
from  o u ts id e .  B enthic  b iota  g ro w  and d e r iv e  nutr im ent and s h e lte r  f r o m  the pond b ed .

P ro d u c t io n  in ponds with a bo ttom  r ic h  in f e r t i l i z in g  e le m e n ts  is m u ch  g r e a t e r  than in those 
with p o o r  s o i l .  When the s o i l  con ta ins  e x c e s s i v e  quantities o f  a lum ina and f e r r i c  com p ou n d s ,  
the water m ay  be r e n d e r e d  a c id  by the s ligh t  c o l l o id a l  so lu t ion  p r o d u c e d .  In t r o p i c a l  c o u n tr ie s ,  
the so i l  m ay  o ften  be  p o o r  in c a l c iu m  and r ic h  in i r o n  o x id e  and a lu m in a . T his  a ccou n ts  f o r  
the so ils  o f  such lo w  pH as 4 . 7  to 5 .5  in c o u n tr ie s  l ike  M a la y a .  C er ta in  co a s ta l  s o i l s  b e c o m e  
m ore  a c id  due to the ox id a t ion  o f  sulphur com p ou n d s  in d eca y in g  plant m a t e r ia l .  P e a ty  a r e a s ,  
p articu lar ly  sw a m p s , m ay  have a pH as lo w  as 3 . 6 .  A c id  pond b ottom s not on ly  do not 
contribute to the fe r t i l i ty  o f  the w ater  but a ls o  d e p r iv e  it o f  c a l c iu m  and o th er  s u b s ta n c e s .  The 
co llo ida l content o f  a s o i l ,  e s p e c ia l ly  o f  the m uddy la y e r  on  the top, is o f  im p o r ta n c e  id its 
capacity  to f ix  o r  c h e m ic a l ly  bind n u tr ien ts .  The p ro d u c t iv e  ca p a c ity  o f  the pond bo ttom  has to 
be p r e s e r v e d  by  a lternate  p e r io d s  o f  m ud fo r m a t io n  and m in e r a l is a t io n .  This  is  the s c ie n t i f i c  
basis o f  the g e n e r a l  p r a c t i c e  o f  r e g u la r ly  dra in ing  f ish  p o n d s .

POND B IO T A  AN D THEIR C O N T R O L

The two m ain  a s p e c t s  o f  b io t i c  c o n t r o l  p r a c t i s e d  to in c r e a s e  f ish  p ro d u c t io n  a r e  the e n c o u r a g e ­
ment o f  the grow th  o f  fo o d  o r g a n is m s  and the co n tr o l  o f  b io ta  that a r e  d i r e c t ly  o r  in d ir e c t ly  
harmful to the f ish  c r o p .  It th e r e fo r e  f o l io  wo L’wx».L Lae s y s te m s  o i  m a n a g em en t  w i l l  depend la r g e ly  
or, the type and s iz e  o f  f ish  cu lt iva ted  and the ir  feed ing  h ab its .  F o r  e x a m p le ,  in a pond w h ere  
p lankton-feeding f ish  a re  r e a r e d ,  the food  chain  is m o d i f ie d  in such  a way that the g re a te s t  
poss ib le  quantity o f  plankton is p r o d u c e d  and co n v e r te d  into f ish  f l e s h .  F o r  the s u c c e s s fu l  
cultivation o f  h e r b iv o r o u s  fish , the grow th  o f  a lgae  and o th er  su itab le  v egeta t ion  is e n co u r a g e d .
In the cu ltu re  o f  o m n iv o r o u s  and c a r n iv o r o u s  f i s h e s  the fo o d  c y c l e  is  u sed  to su p p ort  a r t i f i c ia l  
feeding by  the p ro d u ct io n  o f  natural fo o d .

P hyto-b iota

The p h y to -b io ta  o f  a pond c o n s is t  o f  b a c te r ia ,  p lankton ic  and attached  m i c r o s c o p i c  and 
m a c r o s c o p i c  a lg a e  and s u b m e r g e d ,  f loa ting  o r  e m e r g e n t  m a c r o v e g e ta t io n .  The b a c te r ia l  f lo ra  
is o f  s p e c ia l  im p o r ta n ce ,  as it is e s s e n t ia l  f o r  the m in e r a l is a t io n  o f  o r g a n ic  s u b s ta n c e s .  The 
conditions in ponds in t rop ica l  c l im a te s  a r e  fa v o ra b le  f o r  the grow th  o f  b a c te r ia  i f  the w ater  is 
alkaline, and so  they a re  o ften  found in abundance in such  e n v iro n m e n ts .  T hey  g ro w  floating  
freely in the w a te r  o r  attached  to h igher  o r g a n is m s  on  the pond bed . The mud la y e r  at the pond 
bottom i 8 a l s o  r i c h  in b a c t e r ia .  The p lankton ic  p h y to -b io ta  f o r m  the food  o f  the zoop lan k ton ic  
organ ism s as w e l l  as that o f  f ish  and con tr ib u te ,  when d e ca y e d ,  to the fo rm a t io n  o f  the fine 
co llo idal s l im e  o r  mud on the pond bed . A lg a l  f o r m s  l ike  O ed ogon iu m , S p iro g y ra ,  A phanothece , 
Aphanocapsa, O s c i l l a t o r ia  and L yngbya  m ay  be seen  in la r g e  o r  sm a l l  quantities throughout the 
year as con stan t  f o r m s  in p on ds .  O ther  f o r m s  a re  seen  fo r  s h o r t  p e r io d s  but a r e  not rea l ly  
constant. E ven  though a lgae  a r e  highly adaptable  to e n v iro n m e n ta l  c on d it ion s ,  h y d r o lo g ic a l  and 
c l im a to log ica l  ch anges  do a f f e c t  them  to a g re a t  extent. C o r r e la t e d  with sea son a l  ch a n ges ,  
fluctuation^ in the density  and the co m p o s i t io n  o f  p lankton ic  grow ths  o c c u r .  In vest iga t ion s  c o n ­
ducted in India have shown that o r d in a r i ly  th ere  a re  two p e r io d s  o f  rap id  grow th  in a y e a r ,  a 
I r i s e r  one  in the hot w eather  and a g r e a te r  one during the c o ld  w ea th er .  The co ld  s e a so n  is 
favorable f o r  the grow th  and re p ro d u c t io n  o f  a m a jo r i ty  o f  g reen  f i lam en tou s  f o r m s  such as 
Zygnem a, S p iro g y ra ,  B u lbochaete  and O e d o g o n iu m .
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D e s m id s ,  C h l o r o c o o c a l e s  and c e r ta in  M y x o p h y ce a e ,  like  A nabaena, o c c u r  in abundance  during  
this s e a s o n .  D uring the hot s e a s o n  m o s t  o f  the d e s m i d s  d isa p p e a r  and m e m b e r s  o f  M y x o p h y ce a e  
p re d o m in a te  a long  with n u m erou s  E u g le n e a e .  D uring the p e r io d  o f  heavy ra in s  the grow th  o f  
a lgae  is at a m in im u m , resu lt in g  in a s c a r c i t y  o f  phytoplankton in the p o n d s .  The d is tu rb a n ce  
o f  w ater  due to w ind and ra in  s e e m s  to be in im ic a l  to the d e v e lo p m e n t  o f  f loating  v eg e ta b le  
o r g a n i s m s .

The la c k  o f  su f f i c ie n t  light f o r  photo synthetic  a c t iv i ty  and the sudden ch a n ges  in the c o n ­
cen tra t ion  o f  d i s s o lv e d  m a tte r  a r e  a l s o  l im it in g  fa c t o r s  in phytoplankton  p ro d u c t io n .  But during  
p e r io d s  o f  b r igh t  sunshine, ev en  in the ra iny  sea so n ,  s w a r m s  o f  a lgae  such  as P a n d o r in a  m ay  
o c c u r  in pon ds .

The m a c r o v e g e ta t io n  o f  ponds m a y  c o n s i s t  o f  e m e rg e n t ,  s u b m e r g e d  and floating  p lan ts .  M o s t
o f  the aquatic  w eeds  a r e  la r g e  p lants, e ith er  s u b m e r g e d  o r  f loa t in g .  S om e  o f  the c o m m o n
s u b m e r g e d  vegeta t ion  o f  ponds  a r e  N ite lla , U tr ic u la r ia ,  V a l l i s n e r ia ,  P o ta m o g e to n ,  E lodea ,
M y r io p h y l lu m , R anuncu lus , C h a ra ,  C e ra to p h y l lu m  and H y d r i i l a . L otus  and N e lu m b iu m  a re  
r o o te d  but have f loating  l e a v e s .  E ich h orn ia  m a y  be r o o te d  o r  f loa tin g . L e m n a ,  W olf f ia ,  A z o l la ,  
P is t ia  and Salvin ia  a r e  c o m m o n  floa t in g  plants not a ttached  to the pond b o t to m . P la n ts  l ike  the 
r e e d  m a c e ,  typha, the b u r r  r e e d  and Sphagnum g ro w  on the m a r g in  o f  ponds o r  in sh a llow  w ater .  
T h e r e  are  a l s o  p lants  l ike  J u s s ia e a ,  E nhydra , and Ip om aea  w hich  s p re a d  to the s u r fa c e  o f  ponds 
f r o m  the banks .

♦ '
S u b m erg ed  veg e ta t ion  in  ponds is n o r m a l ly  b e n e f i c ia l  to the g row th  c i  f ish  and helps in the

m aintenan ce  o f  healthy pond l i f e .  P lants  a r e  d i r e c t ly  eaten  by f i s h  o r  they g ive  s h e lte r  to food
o r g a n is m s .  T hey  e x t r a c t  in o r g a n ic  nutrient m a t e r ia ls  f r o m  the s o i l ,  f r o m  the w a te r  o r  the 
a tm o s p h e re  and b r in g  them  into the l i f e  c y c l e  o f  the pon d . A lthough plants c o n s u m e  ox y g en  they 
a lso  r e le a s e  c o n s id e r a b le  quantities  o f  it during the day, when c a r b o n  d iox ide  is  a b s o r b e d  and 
nvygen  is  g iven  eut. E ven  though a c c u r a te  d e te rm in a t io n s  o f  the quantity o f  o x y g en  donated  by  
plants by ph otosyn th etic  a c t iv i ty  have not been  m ade  in the re g io n ,  it is  b e l i e v e d  that the ca p a c ity  
o f  t r o p i c a l  f r e s h w a te r  a lg a e  in this r e s p e c t  is  r e m a r k a b ly  high . A n adequate  grow th  o f  p lants 
helps the f ish  d i r e c t ly  by p ro v id in g  the n e c e s s a r y  shade during  lon g  p e r io d s  o f  sunsh ine . A  
m a rg in a l  g row th  o f  plants m ay  be b e n e f i c ia l  in ch e ck in g  e r o s i o n  in a pond e x p o s e d  to wind and 
w ave  a c t io n .  P lants  have a ls o  a fa v o r a b le  e f f e c t  on  the b i o l o g i c a l  p u r i f i c a t io n  o f  the w a ter  in 
newly f e r t i l i z e d  p on ds ,  and m any f i s h e s  n eed  aquatic  w eed s  on w h ich  to d e p o s it  th e ir  e g g s .  Thus,

‘ c o n t r o l l e d  grow th  o f  vege ta t ion  is  b e n e f i c ia l ,  but e x c e s s i v e  grow ths  m ay  have h a rm fu l  e f f e c t s ,  
o x y g e n  d ep le t ion .  G r e e n  and b lu e - g r e e n  a lgae  m ay  g r o w  in such  p r o fu s io n  that the pond b e c o m e s  
p r a c t i c a l ly  f i l le d  with g r e e n  s c u m  and s l im e  and the pond bed m ay  b e c o m e  c a r p e te d  with thick 
la y e r s  o f  f i la m en tou s  a lg a e ,  such  as  C la d o p h o ra ,  V a u ch e r ia ,  and. S p ir o g y r a .  B e s id e s  in te r fe r in g  
with f ish ing , such  o v e r -a b u n d a n t  grow ths  o f  a lgae  m ay  r e s u l t  in the c r e a t io n  o f  a b n o r m a l  
e c o l o g i c a l  con d it ion s  in the pond. F o r  in stan ce ,  qu ick  u t i l iza t ion  o f  o x y g e n  r e s o u r c e s  m a y  br in g  
down the o x y g en  content to a lethal m in im u m  fo r  fish  l i f e .  In o th e r  c a s e s ,  e x c e s s i v e  g row th s  o f  
su b m e rg e d  plants m a y  b e c o m e  n ox iou s  as it m ay  lea d  to b io g e n ic  d é c a l c i f i c a t io n  and an in c r e a s e  
in pH. T h is  m ay  be in ju r io u s  to f ish  and r e s u l t  in d is e a s e s  such  as  fin  r o t .  T h ick  g row th s  o f  
f loa ting  plants cut o f f  l igh t  and p r e v e n t  the g row th  o f  v a lu ab le  p h yto -  and zoop lan k ton  and a ls o  
h a m p er  a e ra t io n .  In ponds o v e r g r o w n  with rank s u b m e r g e d  vege ta t ion  the f ish  have d i f f i cu lt ie s  
in finding the ir  food .  M a r g in a l  grow th  o f  w eed s  s o m e t im e s  e n c o u r a g e s  m o sq u ito  b re e d in g  and so 
does  floa ting  and e m e r g e n t  v eg e ta t ion .  P r e d a t o r y  f ish  w ill  hide am on g  the w eed s  and so  the 
su rv iv a l  rate o f  cu lt iva ted  f i s h e s  m ight  d e c r e a s e .  D e ca y in g  w a te r  w eed s  a ls o  o ften  a c cu m u la te  
in such  la r g e  quantities  in the ponds that their  m in e r a l is a t io n  b e c o m e s  im p o s s ib l e .  T h e s e  fa cts  
show the need  fo r  c o n tr o l l in g  pond veg e ta t ion  e ith er  by b i o l o g i c a l  o r  by te c h n o lo g ic a l  m ean s
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C on tro l  o f  A lg a e

The three  c o m m o n  m ethod s  o f  c o n t r o l l in g  aquatic  vege ta t ion  a re  m e ch a n ica l ,  b i o l o g i c a l  and 
c h e m ic a l .  M e ch a n ica l  r e m o v a l  o f  a lga l  grow ths  is  not a lw ays  s u c c e s s fu l ,  a lthough a r e a s  can be 
c le a r e d  with nets o r  s c r e e n s .  The C h in ese  f ish  cu ltu r is ts  in M alaya  p re v e n t  o v e r -d e v e lo p m e n t  
o f  a lgae  by se in e -n e tt in g  the ponds o n ce  o r  tw ice  a w e e k .  The a lgae  r e m o v e d  a re  m a sh e d  and 
fed to ducks and p igs  r a is e d  c l o s e  to the pon ds .  T h e r e  a re  few  a n im als  that can be con fiden tly  
r e c o m m e n d e d  fo r  c o n tro l l in g  a lgae  in  f ish  pon ds .  S om e  sna ils  a r e  a lg iv o r o u s  but th e ir  e f f i c ie n c y  
in this r e s p e c t  is  v e r y  l im ite d .  H o w e v e r ,  p la n t - fe e d in g  f ish  can  be  u sed  f o r  the p u r p o s e  and 
e x p e r im e n ts  in In don es ia  have d e m o n s tra te d  and e x p e r ie n c e  has p r o v e d  that Puntius and T ilap ia  
can keep  down grow ths  o f  f i lam en tou s  a lg a e .

A lg a e  m o s t ly  d e r iv e  th e ir  food  d i r e c t ly  f r o m  the w a te r  and can, t h e r e fo r e ,  be  c o n t r o l l e d  by  
so lu b le  c h e m ic a l s  in the w a te r .  C o p p e r  sulphate has b een  w id e ly  used  in w e s te r n  co u n tr ie s  but 
its e f f e c t  is  on ly  t e m p o r a r y .  A  w eak  so lu t ion  m ay  k i l l  s o m e  a lgae ,  but s t r o n g e r  d o z e s  a re  
n e c e s s a r y  f o r  o t h e r s .  D o s e s  h igh er  than 1 to 2 ppm  m a y  be  n e c e s s a r y  to c l e a r  a pond co m p le te ly  
but this m ay  be tox ic  to f ish .  C o p p e r  sulphate has litt le  e f f e c t  on  C la d o p h o ra  and re la te d  s p e c ie s ,  
so  to m in im iz e  the ch a n ces  o f  re in fe c t io n ,  it is  a d v isa b le  to d ra in  o f f  as m u ch  o f  the w a ter  as 
p o s s ib le  b e fo r e  the c h e m ic a l  is  ap p lied .  A  g re a t  d e fe c t  o f  the m ethod  is  that the dead  a lgae  w i l l  
d ecay  in the pond  and the resu lt in g  oxygen  d ep le t ion  m ight  b e c o m e  da n g erou s  to the f ish  l i f e .
It is  th e re fo re  a d v isa b le  to g ive  the trea tm en t  about a m onth  b e fo r e  the b lo o m  is  e x p e c te d .  It 
is  d e s ir a b le  to r e m o v e  o r g a n ic  d e b r is  f r o m  the pond b o ttom  and to p r e v e n t  the entry  o f  o th e r  
such ru bb ish .

C on tro l  o f  M a c r o v e g e ta t io n  >

A  c o m m o n  ca u se  o f  rank vegeta t ion  is  the sh a l lo w n e ss  o f  the pond, and a th ick  la y e r  o f  m ud 
can a lso  g ive r i s e  to den se  grow ths  o f  w e e d s ;  so  by  r e m o v in g  the e x c e s s  o f  m ud f r o m  the pond 
bed, the w eed  g row th  can  be c o n s id e r a b ly  d e c r e a s e d .

Ducks fe e d  on s o m e  kinds o f  w ater  w eed s  a n d . a few  o f  th em  on a pond m ay  help  to c o n t r o l  
their  grow th, but they can  eat  the w eed s  on ly  to a l im ite d  depth. H e r b iv o r o u s  f ish  a r e  v e r y  
usefu l and should  be u sed  m o r e  g e n e r a l ly .

A nother  b i o l o g i c a l  m eth od  o f  c o n tro l l in g  the g row th  o f  s u b m e r g e d  vege ta t ion  is  to en co u r a g e  
an a lga l b lo o m  o r  d en se  grow th  o f  a lgae  by the a p p lica t ion  o f  f e r t i l i z e r s .  A lthough e f f ic ie n t ,  this 
m ight dep lete  the o x y g en . A n oth er  m ethod  is  the t e m p o r a r y  in trod u ct ion  o f  a th ick  la y e r  o f  
floating vegetation , such  as w a ter  hyacinths, which  w i l l  c o m p le te ly  shade out and th ereb y  k i l l  
su b m e rg e d  p lants .  The m ethod  needs  v e r y  li tt le  la b o r ,  but there is the p o s s ib i l i t y  o f  d e ca y e d  
su b m e rg e d  v egeta t ion  d is turb ing  the p h y s i c o - c h e m i c a l  b a lan ce  o f  the pond w a te r .

M e c h a n ic a l  r e m o v a l  o f  w eed s  and m anual c lean ing  o f  the pond a r e  the m o s t  c o m m o n  co n t r o l  
m ethods in the I n d o - P a c i f i c  R e g io n .  The m o s t  e f f ic ie n t  m e c h a n ic a l  m ethod  is to d ra g  them  out 
with g ra p n e ls  and s im i la r  d e v i c e s .  M ow ing  the pond bed  re g u la r ly  and c l o s e l y  two o r  th ree  t im es  
a y e a r  is  s a t i s fa c to r y ,  us ing  a d rag  scy th e ,  su f f ic ien t ly  heavy  to l i e  on the b o tto m  w hile  cutting . 
F or la r g e  b od ies  o f  w ater ,  a p o w e r  w e e d -cu t t in g  m a ch in e  o r  a p o w e r  d r e d g e  m ay  be n e c e s e a r y .  
V ar iou s  o th e r  m a ch in e s ,  s o m e  o p e r a te d  f r o m  the bank and o th e rs  in boa ts ,  a re  u sed  for removal 
o f  w e e d s .  F loa ting  v egeta t ion  can  be  m e c h a n ic a l ly  r e m o v e d  e ith er  by wading in the w ater  o r  
f r o m  b o a ts .

A s  fa r  as p o s s ib l e ,  w eed s  should  be r e m o v e d  b e fo r e  they have b o rn e  se e d s  o r  s p o r e s ,  so 
that the ch a n ce s  o f  r e - in fe s ta t i o n  a r e  m in im iz e d .  Cut w eed s  should  not be  le f t  on  the pond b ed
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but should  be c a r r i e d  r ight away f r o m  the bank so  that s p o r e s  o r  se e d s  a r e  not w ashed  b a ck  
into the w a te r .  In s o m e  fish  ponds , in M alaya ,  the w eed s  a r e  c o m p o s te d  with m o l lu s c s ,  w o r m s  
and in s e c ts  r e m o v e d  f r o m  the pond, and the c o m p o s t  is u sed  as  m anure  fo r  the p o n d s .  W eeds  
can  a ls o  be dug into the pond bo ttom  as g r e e n  c o m p o s t  b e f o r e  r e f i l l in g .

C h e m ic a l  C o n tro l

It m u st  be r e m e m b e r e d  that w e e d -k i l l in g  su b sta n ces  a r e  o ften  p o is o n o u s  to fish , to l i v e s to c k  
and to human b e in g s .  F u rth e r ,  the c o m p o s i t io n  o f  the w ater  and the p r o p e r t ie s  o f  the m ud m u st  
be taken into c o n s id e r a t io n  as they can  have an e f f e c t  on the c h e m ic a l .  In w ater  conta in ing  la r g e  
quantities o f  d i s s o l v e d  sa lts ,  c h e m ic a l  w eed  k i l l e r s  a r e  l e s s  e f f e c t iv e  and d o s e s  lethal to f ish  
m a y  have to be  u se d .

B e fo r e  treat ing  a pond  with w eed  k i l l e r s  c a r e  shou ld  be  taken to p r e v e n t  the e s c a p e  o f  w a ter  
to a r e a s  in the v ic in i ty  which  m ight be a d v e r s e ly  a f f e c te d ,

O f  the s e v e r a l  c h e m ic a l s  that can  be  u se d ,  s od iu m  a r s e n ite  a p p e a rs  to be  the b e s t .  In 
co n ce n tra t io n s  o f  1 to 2 ppm  it k i l ls  w eed s  l ike  C era to p h y l l iu m , P o ta m o g e tó n  and E lo d e a .
Sodium  c h lo ra te  is  s a t i s fa c to r y  fo r  k il l in g  r e e d s  and o th er  e m e r g e n t  vege ta t ion  that g r o w  in 
sh a llow  pond a r e a s .  A  so lu t ion , s p r a y e d  o r  s p r in k le d  ev en ly  on  a sunny day, m a y  k i l l  them
c o m p le te ly .  The trea tm en t  should  be r e p e a te d  a f t e r  about two w e e k s ,  i f  th ere  is  a s e c o n d a r y  
g row th . In ponds w h ere  the d is t r ib u t ion  is m ade  f r o m  a boat, the c h e m ic a l ,  such  as  c o p p e r  
sulphate, can  be  put in a sa ck  and tow ed  arou nd  until it is c o m p le t e ly  d is s o lv e d ;  o r  a so lu tion  
o f  the c o r r e c t  strength  can  be ap p lied  with a sp ra y in g  m a ch in e .

R e c e n t  r e s e a r c h e s  have shown that c e r ta in  plant g r o w t h - r e g u la t in g  su b sta n ces  can  k il l  w eeds  
in co n ce n tra t io n s  w h ich  a r e  not le tha l to f ish  l i f e .  T h e s e  a r e  known as h e r b i c i d e s .  —1 vU> ^ *

The c h e m ic a l  known as  2, 4 - D  is  one o f  th ese ,  a m on g  o th e r s ,  and is  a v a i la b le  in s e v e r a l  
f o r m s  under v a r io u s  trade  n a m e s .  An 0. 2% so lu t ion , ap p lied  as a v e r y  fine sp ra y  at the rate  o f  
1 l i t e r  p e r  3 to 4 sq u a re  m e t e r s  w i l l  d e s t r o y  floating  w eed s  in about a m onth  without h arm in g  
f i s h .  O ld  d en se  vegeta t ion ,  r o o te d  in the s o i l  m ay , h o w e v e r ,  need  h igher  c o n c e n tr a t io n s .
H e r b i c id e s  can  be  d iluted  by ra in  o r  dew, so  it is not a d v is a b le  to s p ra y  on ra in y  o r  v e r y  c lou d y  
d a y s .  F r o m  e x p e r im e n ts  con d ucted  in India it was found that 2, 4 - D  can  a ls o  k i l l  s u b m e r g e d  
v egeta t ion  like  H y d r i l la  and N a ja s .  Even  r o o te d  plants l ik e  V a l l i s n e r ia  and N ym ph eae  can  be 
k i l led  in about 20 days by s p ra y in g  the pond s u r fa c e .

H e r b ic id e s  m u st  c o m e  into co n ta c t  with the plant l e a v e s  to be e f f e c t iv e  and so  it  m a y  be 
n e c e s s a r y  to l o w e r  the l e v e l  o f  w a te r  in the pond b e fo r e  sp ra y in g .  A  m a r k e d  r i s e  o f  the 
plankton p ro d u c t io n  has o ften  been  n o t ic e d  a fte r  app ly ing  h e r b i c i d e s .

T he  co n ce n tra t io n s  and ra te s  o f  a p p lica t ion  f o r  p a r t i c u la r  w eed s  and con d it ion s  shou ld  be 
a s c e r ta in e d  b e fo r e  ponds a r e  tr e a te d  with th ese  s u b s ta n c e s .

Z o o - b i o t a

Z o o - b i o t a  in a pond a ls o  c o n s i s t  o f  f loa ting , a ttached , and b o t t o m -d w e l l in g  o r g a n is m s .  
C o p e p o d s ,  c la d o c e r a n s ,  r o t i f e r s  and f la g e l la te s  con stitu te  the m a in  p o r t io n  o f  the m i f r o - f a u n a  
in p o n d s .  The zoop lan kton  exh ib it  a s e a so n a l  p e r io d i c i t y  in their  abundance s im i la r  to that o f  
the phytoplankton . In ponds with th ick  d e p o s it s  o f  o r g a n ic  m a tte r ,  and abundance o f  c la d o c e r a n s ,  
fe w e r  c o p e p o d s  and a paucity  o f  r o t i f e r s  is  o ften  n o t ic e d .  On the o th e r  hand, eu troph ic  ponds 
m a y  conta in  la r g e  n u m b e rs  o f  r o t i f e r s  during  hot p e r i o d s .  The zoop la n k ton ic  o r g a n is m s  a r e  o f  
g re a t  im p o r ta n c e  in the p ro d u c t iv i ty  o f  f ish  pon ds ,  as they f o r m  the m ain  food  o f  young  f ish .
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A m on g  the m a cro - 'fau n a  o f  ponds , w o r m s ,  m o l lu s c s ,  c ru s ta ce a n s  and in se c ts  a re  o f  
im p o r ta n ce .  O l ig o c h a e te s ,  such  as N ais ,  C h a e to g a s te r ,  D e r o  and A u lop h oru s ,  a r e  found am ong  
vegetation  o r  in the bottom  m ud. A m on g  the c r u s ta c e a n s ,  praw ns and sh r im p s  a r e  c o m m o n  and 
c r a b s ,  like P a ra te lp h u sa ,  a re  a ls o  found. Both the adults and la rv a l  f o r m s  o f  in s e c t s  a re  
frequent in pon ds .  M a y f l ie s  (E p h e m e ro p te ra ) ,  cad d is  f l ie s  (T r ic h o p te r a )  and m id ge s  (D iptera) 
a re  v e r y  c o m m o n  f o r m s  and they con st itu te  the food  o f  c e r ta in  f i s h e s .  M o sq u ito  la rv a e  a re  
found in m o s t  stagnant w a ters  and adult f ish  and the young o f  s o m e  cu lt ivated  s p e c ie s  fe e d  on 
them a v id ly .  L a r v a e  o f  v a r io u s  s p e c ie s  o f  C h ir o n o m id s  a r e  c o n s u m e d  in quantities by c o m m o n  
ca r p .

E xtraneou s  f ish  in ponds can be d iv ided  into w eed  f i sh e s  and p r e d a t o r s .  W ater  bu gs , such  
as N otonecta ,  N epa, R anatra , and b e e t le s ,  such as C y b is te r ,  m ay  b e c o m e  h a rm fu l  in n u r s e r y  
ponds . T h e ir  c o n tr o l  is d i f f i cu lt  as it is  not e a s y  to keep  them  out o r  to r e m o v e  them . A  
s a t i s fa c to r y  m ethod  o f  co n tro l l in g  in s e c t s  is to sp re a d  a la y e r  o f  l in s e e d  o r  m u sta rd  o i l  on the 
pond s u r fa c e .  It is p r a c t i s e d  by  a few  fish  cu ltu r is ts  in B enga l and the m ethod  was found to be 
e f fe c t iv e  in e x p e r im e n ts  r e c e n t ly  con d u cted  in India. The in s e c t s  a r e  su f fo ca te d .

S om e o f  the w eed  f ish es  m a y  be  u se fu l fo r  ch eck in g  m o sq u ito  la rv a e ,  but they a ls o  c o m p e te  
with the cu lt ivated  f i sh e s  fo r  food  and the ir  n u m b e r  should , t h e r e fo r e ,  be kept down to the 
m in im u m . T o  c o n tr o l  m o sq u ito  la r v a e  in f ish  ponds , it is b e t t e r  to in trod u ce  s t ro n g ly  la r v iv o r o u s  
s p e c ie s  like G a m b u s ia ,  L e b is t e s  and A p lo c h e i lu 3, ra th er  than s p e c ie s  that on ly  take la r v a e  in 
the a b se n ce  o f  o th e r  food  m a t e r ia l .  M o s t  o f  the c o m m o n  food  f i s h e s  fa ll  u nder  the la t te r  c a te g o r y .  
By stock ing  a few  la r v iv o r o u s  f ish  and by keep in g  the pond s u r fa c e  f r e e  o f  aquatic  w e e d s ,  
m osqu ito  b re e d in g  ca n  be m in im iz e d .

The p r e d a c e o u s  f i sh e s  a re  n otab ly  in im ic a l  to the cu lt iva ted  f i s h e s  in p on ds .  The m u r r e l s  
(O phicephalus  s p p . ), the f r e s h w a te r  shark- (Walla.go), the c l im b in g  p e r c n  (A nabas) and the cat
f ish es  (C la r ia s )  a re  p r o b a b ly  the m o s t  d e s t r u c t iv e  p r e d a c e o u s  s p e c ie s  in the r e g io n .  P e r i o d i c  
d ra in ing  and c lea n in g  enable  the f ish  cu ltu r is t  to r e m o v e  m o s t  o f  the p r e d a c e o u s  f i s h e s ,  but in 
ponds that cannot be d ra in ed  o r  d e s i l te d  the ch a n ce s  o f  th e ir  s u rv iv a l  a r e  g r e a t .  T he m u r r e ls  
a re  e x t r e m e ly  hardy  and, b e c a u s e  o f  their  brea th in g  habits , can  s u rv iv e  in a lm o s t  a l l  types o f  
w a t e r s .  E ven  in t im es  o f  d rought they a re  ab le  to s u r v iv e  by b u r r o w in g  deep  down in the w et 
m ud.

T o  ex c lu d e  p r e d a c e o u s  f i sh e s  f r o m  a pond, it  shou ld  b e  c o m p le te ly  d ra in ed  and d e s i l te d  
b e fo r e  s to ck in g .  G r e a t  c a r e  should  be taken w h ile  f i l l in g  the pond to ex c lu d e  spawn o r  f ry  o f  
p re d a ce o u s  f i s h e s .  In ponds w hich  cannot  be  c o m p le t e ly  d ra in ed  and c lea n ed , re p e a te d  fish ing  is  
the on ly  m ethod  o f  c o n t r o l l in g  p r e d a t o r s .  B e s id e s  f ish in g  with d rag  nets and c a s t  n ets ,  lon g lin es  
can be used , b e c a u s e  they can  be u se d  r e g u la r ly  even  a ft e r  a pond has been  s to ck e d .  S im i la r ly ,  
m u r r e l  n o o s e s  can k eep  that s p e c ie s  under  c o n t r o l .

C er ta in  b ir d s ,  such  as c o r m o r a n t s ,  f ish  e a g le s ,  h e r o n s ,  and k in g f i s h e r s ,  fe e d  m a in ly  on  
f i s h e s .  C o r m o r a n ts  in f l o c k s  o f  20 o r  m o r e  sw im  in a r o w  on a pond and by flapping their  
w ings , d r iv e  the f ish  into a sh a llow  a re a  w h ere  they a r e  ea ten . A  c o r m o r a n t  is sa id  to eat 
double  its w eight o f  f ish  d a i ly .  F ish  e a g le s ,  h eron s  and k in g f is h e rs  a ls o  take a heavy to ll  o f  
f ish  f r o m  ponds, e s p e c ia l ly  when the w a ter  l e v e l  is  lo w .  Thin  l in e s  s t r e t c h e d  a c r o s s  the pond 
a re  the m o s t  e f f ic ie n t  m e a n s  o f  p rev en tin g  th e ir  en try .

O tte rs  a ré  e x t r e m e ly  d e s t r u c t iv e  o f  f ish  and a r e  found both in h il ls  and p la in s .  T hey  bite and 
k il l  a g r e a t  n um ber  o f  f ish , but eat on ly  a few . O tte r  traps can  be u sed  to ca tch  them, but 
p r o p e r  fen c in g  is the b e s t  p r e v e n t iv e .  T ra in e d  o t t e r -h o u n d s  on a pond fa r m  e l im in a te  the n u isa n ce .

Snakes, which  can  ca u se  g r e a t  l o s s e s  o f  young fish , can  be caught in ba ited  f i s h - t r a p s .
\

***& ***>*******'* UMB— W
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P R E P A R A T IO N  O F  PONDS F O R  STOCKING 

P r e l i m in a r y

The f i r s t  step  in the p re p a ra t io n  o f  a pond fo r  s to ck in g  is to c h e ck  the in let  and outle t  
a r ra n g e m e n ts  and the e m b a n k m en ts .  R e p a ir s  o r  im p r o v e m e n t s  a r e  e f f e c te d  i f  n e c e s s a r y .  
U n d es ira b le  aquatic  b iota  and the c o r r e c t i o n  o f  the p h y s i c o - c h e m i c a l  p r o p e r t ie s  o f  w a te r  and 
s o i l  shou ld  a ls o  *be undertaken  i f  n eed ed .  S tocking  ponds should, as fa r  as p o s s ib l e ,  be d ra in ed  
r e g u la r ly  and la r g e  a c cu m u la t io n s  o f  o r g a n ic  d e p o s its  at the b o ttom  r e m o v e d .  W h ere  dra in ing  
is  not p o s s ib l e ,  e x c e s s  o f  o r g a n ic  m a tte r  can  be c o l l e c t e d  with long  s c o o p s  f r o m  the banks o r  
b o a ts .  I f  a pond is  d ra in ed  b e fo r e  s tock ing , p r e d a to r y  f ish  and o th e r  an im a ls  can be  c o n t r o l l e d  
to a la r g e  extent. W here  this is  not p o s s ib le ,  re p e a te d  f ish in g  should  be don e . But f o r  a m o r e  
e f f ic ie n t  c o n t r o l  o f  p r e d a t o r s ,  f ish  p o is o n s  m a y  be used  with advantage b e f o r e  s to ck in g .  The 
ponds should  be s to ck e d  on ly  a f t e r  the w a ter  has b e c o m e  f r e e  o f  a ll  t r a c e s  o f  the p o is o n .

L im in g

A n other  im p o rta n t  m a tte r  in pond p re p a ra t io n  is  l im in g .  L im in g  s e r v e s  a double  p u rp o s e :  
it helps in m ainta in ing the san itation  o f  the pond and a ls o  a cts  as  an agent which  i n c r e a s e s  the 
p ro d u ct iv i ty  o f  the w a te r .  P o n d s  in which  th ere  has been  a f ish  d is e a s e ,  o r  w hich  have a c id  
w ater  o r  a low  a lka l ine  r e s e r v e ,  shou ld  be  l im e d  b e fo r e  r e s to c k in g  them . L im e ,  by its  to x ic  
and c a u s t ic  a ct ion ,  w i l l  k il l  b a c te r ia  as w e l l  as f ish  p a r a s i t e s  and th e ir  in te rm e d ia te  s ta g e s .
T he a lka line  r e s e r v e  w ill  be in c r e a s e d  and m a r k e d  f luctuations  in  the pH w ill  be  e f f e c t iv e ly  
stop p ed . F u r t h e r m o r e ,  u n d e s ira b le  i r o n  com p ou n d s  in the w ater  w i l l  be n e u tra l ize d  and, in a c id  
w a te rs ,  the pH w ill  be b rought to a lka line  l e v e l .  The con d it ion  o f  the s o i l  is g re a t ly  im p r o v e d  
by  l im in g  as it will <>nhanr<> p r o c e s s  o f  m in e r a l is a t io n .  A  re d u c t io n  o f  o r g a n ic  m allei, w ill
a ls o  d im in ish  the ch a n ce s  o f  s u rv iv a l  o f  f ish  p a r a s i t e s .  L im in g  w i l l  r e d u ce  the h a za rd s  o f  oxygen  
dep le t ion  and m ay  p re c ip i ta te  the e x c e s s  o f  d i s s o lv e d  o r g a n ic  m a tte r  and thus l e s s e n  the ch a n ce s  
fo r  d i s e a s e s  like  g i l l  r o t .  L im e  is  g e n e ra l ly  app lied  in the f o r m  o f  g round  l im e s to n e ,  ( c a l c iu m  
ca rb on a te ) ,  s lak ed  l im e  ( c a l c iu m  h y d rox id e )  o r  q u ick l im e  ( c a l c iu m  o x id e ) .  The c a l c i u m  ca rb on a te  
s lo w ly  d i s s o l v e s  in the w a ter  and is  c o n v e r te d  into c a l c iu m  h y d r o c a r b o n a te .  It is  o f  s p e c ia l  
value  in l im in g  light pond b o ttom s  fo r  the p u rp o se  o f  f e r t i l i z a t io n .  Q u ick l im e  has the p r o p e r t y  
o f  b inding a c id s  and in f luencing  the pH ra p id ly ,  but the p r o c e s s  o f  c a lc iu m  en r ich m e n t  and 
in c r e a s e  o f  a lka line  r e s e r v e  p r o c e e d s  m o r e  s lo w ly  than with c a l c iu m  c a r b o n a te .  H o w e v e r ,  
q u ick l im e  has the advantage that the sa m e  re s u l t s  can  be  ob ta ined  in a pond by the a p p lica t ion  
o f  on ly  h a lf  the quantity.

L im e  can  be a p p lied  on  the pond b o ttom , added to the w a ter  ,at the in let, o r  sp re a d  on the 
w ater  s u r fa c e .  S laked  l im e  and q u ick l im e  should  as fa r  as p o s s ib l e  be ap p lied  in ponds a fte r  
d ra in in g .  It is  d e s i r a b le  to lea v e  the pond d r y  fo r  at le a s t  two w eek s  a fte r  a p p lica t ion  to take 
full b e n e f it  f r o m  the trea tm en t .  When l im e  is  app lied  fo r  c o n tr o l l in g  the g row th  o f  p a r a s i t e s  o r  
fo r  the im p r o v e m e n t  o f  the pond bottom , the pond bed  and not the w ater  shou ld  be trea ted .  Only 
when co n t r o l  o f  g i l l  r o t  d i s e a s e  o r  the p re c ip i ta t io n  o f  o r g a n ic  su b sta n ces  is intended, should  the 
w ater  i t s e l f  be  l im e d .  A  d o sa g e  o f  about 200 kg o f  q u ick l im e  p e r  h e c ta re  is  r e c o m m e n d e d  fo r  
the p u rp o s e ,  but the quantity ap p lied  should  be so  reg u la ted  as to m ainta in  the pH b e lo w  10.
F o r  a thorough  d is in fe c t io n  o f  a pond, a d o s e  o f  about 10, 000 kg p e r  ha is  n e c e s s a r y ,  but i f  the 
l im in g  is  r e g u la r ly  done e v e r y  y e a r  fo r  fe r t i l i z in g  p u r p o s e s ,  100 to 200 kg p e r  h e c ta re  a re  
s u f f i c ie n t  f o r  s o i l s  which  a r e  not v e r y  a c id  o r  p o o r  in c a r b o n a t e s .  A  d r e s s in g  o f  1, 000 to 1, 500 
kg p er  h e c ta r e  w i l l  be r e q u ir e d  fo r  ponds with a c id  s o i l  and w a ter .

The quantity o f  l im e  to be ap p lied  shou ld  be d e te rm in e d  with r e g a r d  to the a lka l ine  r e s e r v e  
as w e l l  as to the nature o f  the pond s o i l .  W hile  about 200 kg p e r  h e c ta re  a r e  u su a lly  su f f ic ie n t
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to br ing  the a lka line  r e s e r v e  o f  w a ter  to the d e s ir a b le  le v e l  o f  I c c  o f  h y d r o c h lo r i c  a c id  p er  
l i te r ,  m uch  la r g e r  quantities m ay be n e c e s s a r y  to n eu tra l ize  the a c id s  p r e s e n t  at the b o ttom . 
It is n e c e s s a r y  to bring  the pH o f  the s o i l  to about 6 .5  to p rev en t  a sudden fall o f  the pH o f  
the pond w ater .

The c a lc iu m  r e q u ire m e n ts  o f  the s o i l  can  be rou gh ly  d e te rm in e d  on the b a s is  o f  its  pH. 
SchU eperclaus (1933) quoted the fo l low in g  table f r o m  T r e n e l ,  which  can  be  u sed  f o r  est im ating  
the l im e  r e q u ire m e n ts  o f  a pond s o i l  when its pH is  known.

pH o f  the s o i l

\

L im e  r e q u ire m e n ts

H eavy  c la y  o r  
lo a m

in hundreds o f  kg 

L o a m y  sand

o f  c a l c iu m  o x id e  p e r  ha 

Sand

m o r e  a c id  than 4 40 20 1 2 .5

4 -  4 . 5 30 15 1 2 .5

4 . 5  -  5 25 1 2 .5 10.0

5 -  5. 5 15 10 5

5 . 5 - 6 10 5 2 . 5

6 -  6 . 5 5 5 0

M acan , M o r t i m e r  and W orth ington  (1942) r e c o m m e n d  the fo l low in g  a p p lica t ion s  o f  c a l c iu m  
ca rbon ate  to m uds o f  d i f fe re n t  pH:

pH o f  mud C a lc iu m  ca rb on a te  
r e q u ir e d - i n  hundreds 
o f  kg p e r  ha

L e s s  than 4 60 -  120

4 . 0  - 4 . 5 48  -  96

4 . 5  - 5 .0 36 -  72

5 . 0  -  5 .5 30 - 48

5 .5  - 6 .0 16 -  30

6 . 0  -  6 .5 14 - 16

Another m ethod  is by  shutting o f f  the pond and applying l im e  in sm a l l  quantities until the 
a lkaline r e s e r v e  r e a c h e s  1 to 2 c c  o f  h y d r o c h lo r i c  a c id  p e r  l i t e r .
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F e r t i l i z in g

T h e r e  is  a continuous con su m p tion  o f  nutr ien ts  in a pond to o p e r a te  the m e t a b o l i c  c y c l e  and, 
u n le ss  the nutrients  a r e  r e g u la r ly  re p le n ish e d ,  the b io l o g i c a l  p ro d u ct iv i ty  o f  the pond is  n e c e s s a r y  
fo r  the m a x im u m  p ro d u c t io n  o f  f i sh .  P e r i o d i c  dra in ing  m o b i l i z e s  the nutrients  in the pond s o i l  
by e x p o s u r e  to the a tm o s p h e r e .  But in in ten s ive  f ish  cu ltu re  it  is  o ften  n e c e s s a r y  to app ly  
fe r t i l i z in g  agents  to enhance  the natural p ro d u c t iv i ty .

A s  in a g r ic u l t u r e ,  o r g a n ic  and in o rg a n ic  f e r t i l i z e r s  in c r e a s e  p ro d u c t io n .  C o w -d u n g ,  p ig  and 
p ou ltry  m a n u re ,  s p o i le d  o i l  c a k e s ,  s p o i le d  co tton  s e e d  and soya  bean  m ea l ,  c o m p o s t ,  s ew a ge ,  
and g r e e n  g r a s s  a re  c o m m o n ly  used  as o r g a n ic  m an u re  in f i sh  ponds to get h igher  y i e l d s .
N itra te  o f  sod iu m , a m m o n iu m  sulphate, a m m o n iu m  su p erp hosp h ate ,  m u r ia te  o f  p otash  and standard  
m ix tu r e s  o f  these m a t e r ia ls  a r e  u se d  as  in o rg a n ic  m a n u r e s .  A lthough it is  w e l l  known that 
f e r t i l i z e r s  can in c r e a s e  f ish  p ro d u ct io n ,  v e r y  li tt le  is  known about the a ctua l m ix tu r e s  and 
quantities  b e s t  su ited  f o r  p a r t i c u la r  c o n d it io n s .  E a r l ie r  in v est ig a t ion s  in G e rm a n y  and e x p e r im e n ts  
c o n d u cte d  in  A la b a m a  (USA) by  Swingle  and Sm ith  (1938, 1939, 1941 and 1942) y ie ld e d  c o n s id e r a b le
in fo rm a t io n  on the e f f e c t  o f  f e r t i l i z e r s ,  e s p e c ia l ly  in o r g a n ic ,  under  te m p e r a t e  c l im a t i c  c o n d it io n s .  
T he  f i s h - c a r r y i n g  c a p a c ity  o f  ponds in A la b a m a  w as in c r e a s e d  by  300 to 400% as a r e s u lt  o f  
fe r t i l i z in g .

V e r y  few  c r i t i c a l  in v es t ig a t ion s  on  pond fe r t i l i z in g  have so  fa r  b een  u ndertaken  in the In do - 
P a c i f i c  R eg ion ,  but there  a r e  trad it ion a l p r a c t i c e s  o f  fe r t i l i z in g  f ish  ponds with o r g a n ic  m a n u r e s .  
T he  C h in e s e  and the Indones ians  bu ild  la t r in e s  above  th e ir  f ish  ponds , o r  buy night s o i l  to put 
into th em . L ett ing  sew a ge  into f ish  ponds , as p r a c t i s e d  n e a r  C a lcu tta  and now e x p e r im e n te d  with 
in  o th e r  a r e a s ,  is  a s y s t e m  o f  o r g a n ic  m an u rin g  that has p ro v e d  to be p r o f i ta b le .  O rg a n ic  
m a n u res  have the ob v iou s  d isadvantage  that (i) th e ir  nutr ien t  va lues  a r e  h ighly  v a r ia b le ,  (ii) 
u n le s s  a p p lied  under  s t r i c t  co n tro l  m a y  g ive  r i s e  te v,x6ctiiic po llu t ion  and ox y g e n  dep let ion ,
and ( i i i )  they induce  heavy g row th s  o f  f i la m en tou s  a igae  w hich  m ight h a rb o r  m o s q u ito  la r v a e  and 
p u pae .

P r e f e r e n c e  is u su a lly  g iven  to o r g a n ic  m a n u re s  u nder  t r o p i c a l  con d it ion s  b e c a u s e  im p o r t  
r e s t r i c t i o n s  l im it  the su p p lies  o f  in o rg a n ic  m a n u re s  and when a v a ila b le  they a r e  r e la t iv e ly  
e x p e n s iv e ,  w h e r e a s  m a n u re s ,  l ike  g r a s s ,  dung, e t c . ,  a r e  u su a lly  r e a d i ly  a v a i la b le .  F u rth e r ,  
o r g a n ic  m a n u res  im p r o v e  the p h y s ic a l  s tru c tu re  o f  the s o i l ,  th e ir  nutr ien ts  a r e  held  by  the s o i l  
f o r  lo n g e r  p e r io d s  and so  the ir  a c t iv ity  la s ts  l o n g e r .  Smith and Swingle  (1942) in fe r r e d  that the 
e f f e c t iv e n e s s  o f  m a n u re s  l ik e  c o t t o n - s e e d  m e a l  and s o y a -b e a n  m e a l  can  be in c r e a s e d  by  the 
a dd it ion  o f  an in o rg a n ic  f e r t i l i z e r  l ike  su p erp h osp h a te .

The e f f e c t iv e n e s s  o f  f e r t i l i z e r s  in a pond is g r e a t ly  in f lu en ced  by  the nature o f  the pond 
b o t t o m .  I f  it is  s a t i s fa c to r y ,  in w hich  m in e r a l is a t io n  o f  o r g a n ic  m a tte r  takes p la ce  rap id ly ,  
nutr ien ts  a re  a b s o r b e d ,  held and r e le a s e d  s lo w ly  o v e r  a long  p e r io d .  On such  a bo ttom  the 
e f f e c t  o f  fe r t i l i z in g  would  la s t  o v e r  a y e a r ,  w h e re a s  on a p o o r  on e  the f e r t i l i z e r s  ap p lied  a r e  
l e a c h e d  out in a sh o r t  t im e .  M a ca n  et a l  (1942) c la s s i f i e d  pond b ottom s into the fo l low in g  m ain  
ty p es :

(1) In o rg a n ic  bo ttom s  o f  g ra v e l ,  sand o r  c la y ,  which  a r e  v e r y  p o o r ,  but can  b e  im p r o v e d  by 
the a p p lica t io n  o f  s tab le  m an u re  o r  s ew a ge  s lu d g e .  (2) P e a ty  b o tto m s ,  f o r m e d  by the a ccu m u la t ion  
o f  v e g e ta b le  d e b r is  w hich  has not d e c o m p o s e d ,  and a r e  th e r e fo r e  b a r r e n .  The a p p lica t ion  o f  la r g e  
d o s e s  o f  l im e  m ay  br in g  about d e c o m p o s i t io n ,  resu lt in g  in in c r e a s e d  fe r t i l i t y .  (3) M ud b o t to m s ,  
c o m p o s e d  o f  a m ix tu re  o f  o r g a n ic  m a tte r  o f  d e c o m p o s in g  an im a ls  and plants  and fine in o rg a n ic  
m a t t e r ,  f o r m in g  a so ft  b la ck  m ud . T h is  is  the m o s t  p ro d u c t iv e  type.

1
I

fS* raws*
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In v iew  o f  the im p o r ta n ce  o f  the pond bottom  in fe r t i l i z in g  p r a c t i c e s ,  a p r o p e r  study o f  its 
c o m p o s i t io n  and d e fe c ts  should  be m ade  b e fo r e  adopting a su itab le  fe r t i l i z in g  techn ique .

In applying o r g a n ic  m an u res  p r o p e r  c a r e  has to be taken to ba lance  the o x y g en  budget, and 
the oxygen  con ce n tra t io n  should  not be a l lo w e d  to fa ll  to the lethal le v e l ,  which  f o r  m o s t  f ish es  
is  b e lo w  3 p p m . A s  at p r e s e n t  p r a c t i s e d ,  this is done by  t r ia l  and e r r o r .  I f  the techniques 
a r e  to be s ta n d a rd ised ,  it is  n e c e s s a r y  to study the constants  o f  d i f fe ren t  types o f  w ater  a re a s  
and the b io c h e m ic a l  oxygen  con su m p tion  o f  d i f fe re n t  types o f  o r g a n ic  m a n u r e s .  P h e lp s  (1948) 
m entions  that the a e ra t io n  con stan t  o f  s m a l l  ponds in te m p e ra te  c l im a te s  is  0 .0 5  to 0. 1 per  
day, but this value w ill  be d i f fe re n t  in t r o p ic a l  c o u n tr ie s ,  m ain ly  on  a c co u n t  o f  the p re v a i l in g  
te m p e ra tu re  co n d it io n s .

i
O rd in a r i ly ,  a d o s e  o f  o v e r  1, 000 kg o f  ca tt le  o r  h o r s e  m an u re  p e r  h ec ta re  is r e c o m m e n d e d ;  

when p ou ltry  m an u re  is  u sed ,  about 560 to 1 .21  kg p e r  ha is s u f f ic ien t .  T h e s e  quantities have, 
o f  c o u r s e ,  to be v a r ie d  to suit the con d it ion  o f  the s o i l  and w a te r .  W here  o r g a n ic  m a n u res  
d e r iv e d  f r o m  l iv e s to c k  a r e  not a va ilab le ,  c o m p o s t  can  be u se d  as a substitute . A ny a va ilab le  
plant m a tte r ,  such  as le a v e s ,  g r a s s  cuttings and aquatic  vegetation , can  be c o m p o s te d  in la y e r s  
o f  about 30 cm  high with 7. 5 c m  la y e r s  o f  m an u re  betw een, dusted  l i b e r a l ly  with superphosphate  
o f  l im e .  R ough ly  a p ro p o r t io n  o f  1 : 10 o f  n itro g e n  to c a r b o n  is n e c e s s a r y  fo r  rap id  d e c o m p o s i t io n  
o f  vegetab le  m a t te r .  F o r  this p u rp o se  25 kg o f  n itra te  o f  soda fo r  about 1, 000 kg o f  c o m p o s t  
have to be app lied  and, to m aintain  the n e c e s s a r y  hum idity o f  the c o m p o s t  heap, s o m e  4, 000 
l i t e r s  o f  w ater  w i l l  be n e c e s s a r y .  The c o m p o s t  should  be turned a fte r  f ive  w eeks  and again  at 
eight w eek s ,  and it should  be rea d y  fo r  use  in about three  m onths . A bout 5, 000 kg p e r  ha' m a y  
be needed  to g ive  r i s e  to a su f f ic ien t ly  abundant grow th  o f  f ish  food  in pon ds .

The p r a c t i c e  o f  c o m p o s t in g  g reen  g r a s s  with co w -d u n g  and o i l - c a k e  in n u r s e r y  ponds has been 
ie f fcx ie u  io, and this is a lso  done in s tock ing  pon ds .  It is b e s t  to apply o r g a n ic  m an u re  a fter  
the pond is dra ined , when it can  be raked  into the pond b o tto m . If this is  not p o s s ib l e ,  m an u re  
can be heaped at s e le c t e d  spots  within the pond in su itab le  e n c lo s u r e s  f r o m  w here  it  w il l  s low ly  
d if fuse  into the w a te r .  The ch a n ces  o f  w ater  po llution  a r e  g re a t ly  a vo id ed  by this p r a c t i c e .

The im p orta n t  f e r t i l i z in g  e lem en ts  can be supp lied  to a pond by applying standard  f e r t i l i z e r s  
such  as sod iu m  nitrate , su perphosph ates  and m u r ia te  o f  potash . F e r t i l i z e r  m ix tu re s  a re  used  
when there  is  a d e f i c ie n c y  o f  m o r e  than one e le m e n t .  In org a n ic  f e r t i l i z e r s  a re  g e n e ra l ly  e x p r e s s e d  
as p e r ce n ta g e s  o f  ava ila b le  n itrog en  (N), p h o s p h o r i c  a c id  (P^O^) and potash  (K^O). Thus 6 -  8 -  
4 ( N -P -K )  would  conta in  6% N, 8% P^O an<* 4<̂ ° ^ O .  ^  n u m b er  o f  fo rm u la e  f o r  in org a n ic  
f e r t i l i z e r s  f o r  f ish  pond m anuring  have 'o e e n  e v o lv ed ;  and two o f  them which  have g iven  good  
resu lts  in the USA a re  g iven  be low :

100 kg o f  6 - 8 - 4  ( N -P -K )
10 kg o f  n itrate  o f  soda

100 kg o f  sulphate o f  a m m onia  
150 kg o f  su perphosph ate  (16%)
1 2 .5  kg o f  m u r ia te  o f  potash
3 7 .5  kg o f  f ine ly  ground l im e s to n e .

While the in gred ien ts  o f  the f i r s t  fo rm u la  can  be app lied  se p a ra te ly  o r  as a m ix tu re ,  in  the la tter  
they a r e  in v a r ia b ly  m ix e d  b e fo r e  a p p lica t ion .  A  m ix tu re  o f  o r g a n ic  and in o rg a n ic  m a n u res ,  c o n ­
s is t ing  o f  three, parts  o f  a n im al m anure  and one part  o f  superphosphate , app lied  at the rate  o f  
about 500 kg p e r  ha p e r  annum, is  a ls o  quite e f f e c t iv e .

I.

II.
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* It is  m o s t  d e s ir a b le  to app ly  and rake the in o rg a n ic  f e r t i l i z e r s  into the pond bed  a fte r  the 
pond is d ra in ed .  W h ere  this is not p o s s ib l e ,  in o rg a n ic  m a n u res  can  be app lied  f r o m  boats  o r ,  
in s m a l l  ponds , s trew n  on  the pond s u r fa ce  f r o m  the banks . The f i r s t  ap p lica t ion  can  be m ade  
a f t e r  the ra in ly  sea son , and in a new pond it should  be rep ea ted  two o r  three  t im es  at w eek ly  
in te r v a ls .  L a te r ,  it w i l l  be n e c e s s a r y  to apply  f e r t i l i z e r s  on ly  at in te rv a ls  o f  a month o r  so , 
o r  when the w a ter  b e c o m e s  c l e a r .  The ap p lica t ion  o f  f e r t i l i z e r s  ca u s e s  a b lo o m  to d ev e lop  and, 
i f  the turbid ity  is such as to m ake a S e cch i  d is c  d isa p p e a r  at a depth o f  about 45 c m ,  the pond 
is  c o n s id e r e d  to be p r o p e r ly  fe r t i l i z e d .  A  rough  tes t  is to extend the f o r e a r m  into the w ater  up 
to the e lbow , and i f  the f i s t  is not v is ib le ,  it  can be in fe r r e d  that the pond has b een  s a t i s fa c to r i ly  
fe r t i l i z e d .

STOCKING PONDS

G e n e r a l  P r in c ip l e s  o f  P ond  Stocking

The f o r e m o s t  o b je c t iv e  in c o m m e r c i a l  f ish  cu ltu re  is the p ro d u c t io n  o f  a m a x im u m  quantity 
o f  f ish  through the m o s t  e c o n o m ic  m an a gem en t  m e a s u r e s .  A l l  cu ltura l op e ra t io n s  have to be 
p lanned with this in v iew . E ven  though there  a re  m any b i o l o g i c a l  p r in c ip le s  that g o v e rn  s tock ing  
p r o c e d u r e s ,  e c o n o m ic  fa c t o r s  a re  so im p orta n t  that s to ck in g  m ethods  v a ry  g re a t ly  f r o m  cou ntry  
to cc  intry . F o r  e x a m p le ,  s o m e  o f  the Japanese  f ish  cu ltu r is ts  feed  an a lm o s t  e x c lu s iv e ly  . 
a r t i f i c ia l  d ie t  in quantities that m ake it p o s s ib l e  to s to ck  an in c r e d ib ly  la r g e  n u m b er  o f  f in g e r -  
l in gs  p e r  unit o f  s u r fa c e .  In India a r t i f i c ia l  fo od s  a r e  v e r y  s e ld o m  u se d .  The fo o d s  that cou ld  
be g iven  in India a re  r e la t iv e ly  e x p en s iv e  and no s to ck in g  m ethod s  a re  d e v ise d  to u t i l iz e  to the 
m a x im u m  extent the f ish  fo o d  p r o d u c e d  in the ponds n atu ra llv  o r  by  f e r t i l i z in g .

T o  e v o lv e  sound stock ing  techniques  the b a s ic  in fo r m a t io n  n e c e s s a r y  is  the food  r e q u ir e m e n t  
(quantity o f  f o o d  c o n s u m e d  in unit t im e) o f  d i f fe re n t  age  o r  s iz e  g rou p s  o f  f ish  and the quantity 
o f  f ish  food  that is  o r  cou ld  be p ro d u ce d  in the pond. T h is  s o r t  o f  in fo rm a t io n  is unfortunately  
not a va ilab le  in the r e g io n  at p r e s e n t .  Until it has b een  a s c e r ta in e d ,  s tock ing  s y s te m s  have to 
be b a s e d  on  c o m m o n  se n se  and e m p ir i c a l  e x p e r ie n c e .  B a s e d  on the e x p e c te d  g row th  in c r e m e n t  
o f  the fish , the total p ro d u c t io n  and the e x p e c te d  m o r ta l i ty  f ig u r e s ,  the n u m b er  o f  f ish  to be  
s to ck e d  can be c om p u ted  by  the fo rm u la :

N u m b er  o f  f ish  to 
be s to ck ed

T ota l e x p e c te d  in c r e a s e  in w eight 
E xp e c te d  in c r e a s e  o f  w eight o f  

ind iv idua l f ish

+ M or ta l i ty

F o r  ex a m p le  i f  in a o n e -h e c t a r e  pond, a total p ro d u c t io n  o f  1, 000 kg o f  c a r p  can  be ob ta ined  and 
the pond is to be s to ck e d  with 30 g f in g e r l in g s ,  to be h a rv e s te d  when they have attained a weight 
o f  330 g, the e x p e c te d  m o r t a l i t y  be ing  10%, the n u m b er  o f  f in g e r l in g s  to be  s to ck e d  w i l l  be :
1000

0 .3 + 100 3433

It should  be u n d e rs to o d  that the grow th  rate  o f  a f ish  and the total p ro d u c t io n  ob ta inab le  a r e  
dependent on  the en v iron m en ta l  co n d it io n s .  T hey  va ry ,  th e r e fo r e ,  f r o m  p la c e  to p la c e .  However, 
b y  using the a v a ila b le  in fo rm a t ion ,  s to ck in g  ra tes  can be ca lcu la te d ,  w h ich  m ight have to be 
m o d i f ie d  f o r  o th er  a r e a s  on the b a s is  o f  l o c a l  e x p e r ie n c e .  A c c o r d in g  to p op u la r  b e l i e f  in India, 
a m a tu re  f ish  would need  about 5 cu b ic  m e t e r s  o r  4 . 5 sq u a re  m e t e r s  o f  w ater  in a s tock ing  pond 
fo r  its  health g row th . A lthough c r i t i c a l  e x p e r im e n ts  have not so  fa r  b een  con d ucted  to d e te rm in e  
the c o r r e c t  quantity o f  w ater  n eed ed  fo r  f i s h  o f  v a r io u s  s p e c ie s  to th r ive ,  the e x p e r ie n c e  o f  
f i s h  cu ltu r is ts  in China and Japan has show n that they can  do w e l l  in m uch  le s s  s p a ce ,  p r o v id e d

»
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resp ira to ry  and nutritional r e q u ire m e n ts  a r e  fu lly  m e t .  The fo l low in g  table show s the sp a ce  
allowed p er  f ish  in a s to ck in g  pond in s o m e  o f  the c o u n tr ie s  in the re g io n ,  w h ere  in ten s ive  f ish  
culture is c a r r i e d  out:

C oun try
S u r fa ce  a r e a  o f  pond 

in m ^ p e r  f ish
V o lu m e  o f  w a te r  in 3

m  p e r  f ish

Malaya 9 -  1 5 .5 1 3 .3 0  -  20. 10

Hong Kong 0 .3 0  -  0 .3 8 0 .5 1  -  0 .6 5

South China 0 .9 4  - 2 .0 0 1.90  -  2 .8 0

Yang T z e  R eg ion 1 .3 0  - 1 .6 0 3 .3 0  - 4 .1 0

Japan:

Stagnant c o m m o n  c a r p  ponds 2 3
P onds with f low ing  w a ter 0 .0 3 0 .0 5
Eel ponds 0 . 02 0 .0 5

The Hong K ong  f ish  f a r m e r s  p r o v id e  on ly  0 .3 0  squ are  m e t e r s  o f  w a ter  a r e a  p e r  f in g e r l in g  at 
the tim e o f  s tock ing  but a ft e r  th ree  o r  fou r  m onths they s ta r t  thinning the s to ck s  and r e m o v e  a ll  
fish w eighing o v e r  150 g . A  s p a ce  o f  1 .3  to 3 .3  cu b ic  m e t e r s  o r  0 .9 4  to 2 .8  sq u a re  m e t e r s  
only is a l low ed  in m any s to ck in g  ponds in South C hina . T he  d en s ity  o f  s to ck  in s o m e  o f  the 
Japanese ponds is p r o b a b ly  the h igh est  that has so far  been  atta ined . S ince  the ox y g e n  r e q u i r e ­
ments o f  c o m m o n  c a r p  a r e  not high, Japan ese  f ish  f a r m e r s  s to ck  as m any as 85 f in g e r l in g s  p e r  
square m e t e r  o f  pond a r e a  but p r o v id e  flow ing  w ater  to re p le n is h  the o x y g en  c o n s u m e d .

An im p orta n t  fa c t o r  in p r o d u c t iv i ty  is the a s s o c ia t io n  o f  c o m p a t ib le  s p e c ie s  in p o n d s .  M any 
o f  the cu lt ivated  f i s h e s  a r e  e x t r e m e ly  s e le c t iv e  in feed ing  habits  and so  i f  any one s p e c ie s  a lon e  
is s tocked  it w ould  m ake  use  o f  on ly  a p a r t  o f  the food  r e s o u r c e s .  T his  is  o b v io u s ly  not 
e c o n o m ic a l .  I f  f ish  cu ltu re  is  b a s e d  on an a s s o c ia t io n  o f  s p e c ie s  w hich  tog e th er  u t i l ize  a ll  the 
food p rod u ced ,  a h igher  y ie ld  can  be ob ta ined .  S p e c ie s  to le ra n t  o f  each  o th e r  a r e  g e n e r a l ly  the 
m ost p ro d u c t iv e  a s s o c i a t e s ;  but in the USA c a r n iv o r o u s  s p e c ie s  a re  added to m ainta in  the 
population at an o p t im u m  le v e l .  T h is  is  s e ld o m  done in the I n d o - P a c i f i c  a r e a .

S p ec ies  that have c o m p le m e n t a r y  feed ing  habits o r  fe e d  in d i f fe re n t  zo n e s  in the habitat fo r m  
very  su itable  a s s o c i a t e s .  The d i f f e r e n c e  in the feed ing  habits o f  the young and adults o f  c e r ta in  
sp ec ies  o f  cu lt iva ted  f i s h e s  can a ls o  be  e x p lo i te d .  F o r  this p u rp o se  the ponds a re  s to ck e d  with 
a suitable n u m b er  o f  f ish  o f  d i f fe re n t  age  g r o u p s .  A s  a natural ex ten s ion  o f  this p r a c t i c e ,  
initally a co m b in a t io n  o f  s iz e  g rou p s  is  s to ck e d  in a pond at a high l e v e l  o f  population  dens ity , 
and then p e r io d i c a l ly  thinned as the f ish  g r o w .  B a se d  on these  p r a c t i c e s ,  f ish  a s s o c ia t io n s  have 
been e v o lv e d  in m any c o u n tr ie s  o f  the I n d o - P a c i f i c  R e g io n .

In China, v a r io u s  s p e c i e s  o f  c^ rp  with c o m p le m e n ta r y  feed ing  habits a re  s to ck e d  to g e th e r .
The f ish  cu ltu r is ts  o f  Hong K ong have added  the b r e a m  and the g r e y  m u lle t  to this a s s o c ia t io n .  
The f ish  cu ltu r is ts  o f  M a la y a  fo l lo w  the s a m e  s y s te m ,  but have o ften  added  the ti lap ia  to it .
In Indonesian f r e s h w a te r  f ish  ponds , c a r p s  and tilapia a re  now  cultured to g e th e r .  In India and 
Pakistan, ca tla ,  rohu, m r ig a l  and ca lb a su , s o m e t im e s  with bata, f o r m  a c o m m o n  com b in a t ion .
In the State o f  M a d r a s ,  p e a r l  spot, g o u ra m i and a c c l i m a t i s e d  m ilk  fish  a r e  a ls o  cu lt iva ted  with 
ca rp s .  T h e s e  a r e  a l l  h e r b iv o r o u s  s p e c i e s ,  but in V ie tn am  and Japan ce r ta in  c a r n iv o r o u s  f ish es  
are added to the c o m b in a t io n .  In C a m b od ia ,  fo r  ex a m p le ,  s i lu r o id  and cy p r in id  f i s h e s  a re  
cultivated to g e th e r .

m
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The o m n iv o r o u s  c o m m o n  c a r p  and the c a r n iv o r o u s  e e l  a re  s to ck e d  toge th er  in Japan. T he 
p r o v is i o n  o f  a r t i f i c i a l  fo o d  in su f f i c ie n t  quantities a p p ea rs  to c h e c k  the p r e d a c e o u s  in s t in cts  o f  
the e e l .

A s  a lre a d y  po inted  out, a lthough the p r in c ip le s  under ly in g  s tock ing  o p e ra t io n s  a r e  e s s e n t ia l ly  
the sa m e  in the v a r iou s  c o u n t r ie s ,  the d eta i ls  o f  the tech n iqu es  v a ry  g re a t ly  with the cu ltu rab le  
s p e c ie s  ava i la b le  and the en v iron m en ta l  and o th er  con d it ion s  ex is t in g  in the a r e a .  In v iew  o f  this, 
the s tock ing  o p e ra t io n s  fo l lo w e d  in the v a r io u s  c o u n tr ie s  o f  the r e g io n  a r e  now  d e s c r ib e d  
s e p a ra te ly .

P ond  Stocking in C hina . An outstanding fea ture  o f  the C h in ese  f ish  fa rm in g  technique, which  
has in f lu enced  the s e le c t io n  o f  c o m p a t ib le  s p e c i e s ,  is that a r t i f i c ia l  feed ing  is  a lm o s t  a u n iv e rs a l  
p r a c t i c e .  T h e r e f o r e  a s s o c ia t io n s  have b een  e v o lv e d  not on ly  to u t i l iz e  the fish  food s  that a re  
p ro d u ce d  in the pond but a ls o  to use  the a r t i f i c i a l  fo od s  that can  be p r o v id e d .

The f i sh e s  u su a lly  cu lt iva ted  t o g e th e r  ii. China a r e  (1) the g r a s s  c a r p  which  fe e d s  on  c o a r s e
v eg e ta b le  m a tte r  e i th e r  p r e s e n t  in the pond o r  supplied ; ( 2) the b la ck  c a r p  w hich  feed s  on  snails  
and o th e r  m o l lu s c s  e ith er  p r e s e n t  in the pond o r  a r t i f i c ia l l y  in trod u ced ;  (3) the b ig  head, which  
c o n s u m e s  the m a cro p la n k to n  p ro d u c e d  in the pond; (4) the s i l v e r  ca rp  feed ing  on  a ll  p lankton ic  
o r g a n is m s ;  (5) the m ud c a r p  feed ing  at the b o ttom  on w o r m s  and o r g a n ic  m a tte r ;  and (6 ) the 
c o m m o n  c a r p  which  is o m n iv o r o u s  and a c ts  as a s c a v e n g e r .

The f ish  f a r m e r s  in  Hong K ong have s l igh t ly  e n la r g e d  this a s s o c ia t io n .  On a c co u n t  o f  the 
s c a r c i t y  o f  a va ilab le  c a r p  fry  in the c o lo n y  and the d i f f icu lty  in p r o c u r in g  f ry  f r o m  the m ainland  
o f  China, the f a r m e r s  had to lo o k  fo r  l o c a l ly  a v a i la b le  s p e c ie s  to add to the r e s t r i c t e d  s u p p lie s .  
The g r e y  m ulle t ,  M u g il  cep h a lu s ,  and the b r e a m ,  P a r a b r a m is  p ek in en s is ,  p r o v e d  to be quite 
s a t i s fa c t o r y .  The g r e y  m u lle t  fe e d s  on o r g a n ic  d e b r is  and a lga e ,  inc lud ing  d ia tom s , and a ls o  
takes r i c e  bran  and ground c e r e a l s .  T he  b r e a m  is  d e s c r ib e d  as  "m i ld ly  o m n i v o r o u s " .  T h is
ro m h in a H n n  n f  fln pn 'pa  ViP a nrr\ vori v  *=» y-xr nrnli+pKI o onrl -i 4- V»o a ao in nnnnlo nifir tn n* • “ i  > r --------------- * ' ~ "  t>—-------—- tr^xr-------------~w —
c o n s id e r a b le  extent  in  the slightly* b r a c k is h  c o a s ta l  pondo o l  thè N ew  T e r r i t o r i e s  o i  Kong Kong*

The f ish  cu ltu r is ts  in T a iw an  in c lude  in  the ir  c a r p  ponds the m i lk f ish ,  which  fe e d s  on  a lg a l  
m a tte r ,  e i th e r  d e ca y e d  o r  g row in g  in the benth ic  z o n e s .  T h is  co m b in a t io n  has p r o v e d  to be 
s a t i s fa c t o r y  and g ives  g ood  y i e l d s .

L in  (1954) c o l la te d  the a v a ila b le  in fo r m a t io n  on  the d i f fe re n t  s to ck in g  p r o c e d u r e s  fo l lo w e d  in 
China and his in fo rm a t io n  is  s u m m a r i s e d  b e lo w .  But it is  e m p h a s iz e d  that these  s y s te m s  a r e  
on ly  those  at p r e s e n t  p r a c t i s e d  and found to be  p r o f i ta b le  and a r e  not n e c e s s a r i l y  the m o s t  
e f f i c ie n t .  The C h in ese  s y s te m s  can  be b r o a d ly  c la s s i f i e d  into th ree :  (1) the K ian gsu  and Chekiang,
(2) the W e s t  R iv e r  R e g io n s ,  and (3) the Hong K ong  s y s t e m .

Stocking in K iangsu  and C hekiang e v o lv e d  with due r e f e r e n c e  to the nature  o f  l o c a l  ponds  and 
the a va ila b i l i ty  o f  s tock ing  m a t e r ia l .  P on d s  in this r e g io n  v a r y  in depth f r o m  2 to 7 m e t e r s .
B la ck  ca rp ,  (M y lop h a ry n g od on  p ice u s ) ,  is p r e f e r r e d  to g r a s s  c a r p  b e c a u s e  o f  its g r e a t e r  m a rk et  
va lue  and the fa c t  that pond sn a ils ,  w h ich  fo r m  the ir  fa v o r i te  food , a r e  e a s i ly  a v a i la b le .  The 
c o ld  c l im a te  o f  the a r e a  p r e c lu d e s  the cu ltu re  o f  m ud ca rp ,  and c o m m o n  c a r p  is  c o n s id e r e d  an 
e s s e n t ia l  f ish  b e c a u s e  o f  its s ca v en g in g  h ab its .  In ponds having a v e r a g e  depths o f  2 .5  m  the 
fo l low in g  three  s y s te m s  a r e  g e n e r a l ly  p r a c t i s e d :

^ ^ m ii " ' » n i »  -T -i ........................... n "rr- "r  i i ni  i' i nr............ ........... mm
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Stocking Rate o f  P onds  in Kiang su

S p ec ie s L en gth  o f  f ish N u m b er o f  fry  p er ha
stock ed ,  in m m Sy s te m S ystem S ystem

I II in

B lack  c a rp 250 -  350 1000 2000 2400
B la ck  c a rp 150 -  180 2000 200 «
G ra s s  ca rp 200 - 300 - 2000
S ilv er  ca rp 150 -  200 3000 3000 2400
Big head 150 -  200 600 1600 _
C o m m o n  c a rp 150 - 200 200 200 1200
B r e a m 120 - 150 500 500 -

T ota l 7300 9500 6000

The fo l low in g  three  s y s te m s  o f  s tock ing  a r e  adopted  fo r  cu lt iva t ion  o f  y e a r l in g s  in d e e p e r  
ponds, the depth vary in g  f r o m  3 to 7 m e t e r s .

Stocking Rate o f  D eep  P on d s  in K iangsu

S p e c ie s Wt. o f  y e a r l in g s N u m b er  o f  y e a r l in g s  nei- ha

.
in g S y stem  S y stem  S ystem  

I II III

B ig  head and s i l v e r  c a rp 500 4500 4500 9000
G r a s s  ca rp 500 600 . 3000 (*)
B lack  c a r p 500 - 450 -
C o m m o n  c a rp 200 200 200 200

In Tinghai and Shaoshing in Chekiang, the num ber  o f  a s s o c i a t e s  is  c o n s id e r a b ly  re d u ce d  and 
the p ro p o r t io n  o f  b la c k  c a r p  in c r e a s e d .  The f ish es  a r e  usually  cu lt iva ted  fo r  three  y e a r s .  The 
sy s te m  o f  stock ing  is shown in the fo l low in g  tab le . D uring the f i r s t  y e a r  they a r e  r e a r e d  in ponds 
1 .3  to 1 .5  m  deep; in the s e co n d  y e a r  in nonds about 2 m  deep , and during the third y e a r  ponds 
o f  2^ to 3 m  deep  a re  u sed .

(♦) The g r a s s  c a r p  is o ften  substituted  by an equal n u m b er  o f  b la ck  c a r p .
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Stock ing  Rate o f  P on d s in C hekiang

S p e c ie s
F i r s t y e a r S econd  y e a r T h ird y e a r

Initial N o . o f  f i n g e r - Initial 
wt. in g

N o .  p e r  ha Initial 
wt. in g

N o .  p e r
wt. in g l in gs  p e r  ha 

(age  3 to 9 m ths)
(age 15 to 21 
m ths)

ha

B lack  c a r p 35 6000 500 1300 2750 240
S i lv e r  ca rp 40 400 600 1000 600 400
Big head 40 400 600 80 600 300
C o m m o n  c a r p 30 400 350 50 350 200

T ota l 7200 1530 1140

By the end o f  the th ird  y e a r  the b la ck  c a r p  attain a w eight o f  5, 000 g and the 15- to 2 1 -  
m o n t h s -o ld  s i l v e r  c a r p ,  b ig  head and c o m m o n  c a r p  w eigh  1, 500 g, 2, 000 g and 7 50 g r e s p e c t iv e ly .
M o r ta l i ty  during  the f i r s t  two y e a r s  is  about 10% and in the th ird  y e a r  the m o r ta l i ty  is  n e g l ig ib le .

Stock ing  in the W est  R iv e r  R e g io n

In c e r ta in  re g io n s  o f  South China and in the Tonkin  p r o v in c e  o f  V ie tn am , be lon g in g  to the 
W e s t  R iv e r  sy s te m , the s to ck in g  m ethods  a r e  m o d i f ie d  to su it  l o c a l  co n d it io n s .  The c l im a te  h ere  
is  W c iu ie i  Llian in K iangsu  and Uheklang and so  it is  l ik e ly  that the rate  o f  m o r t a l i t y  w i l l  be 
h igh er .  The b la ck  c a r p  is  t h e r e fo r e  g iven  l e s s  im p o r ta n c e ,  but m ud  c a r p  g r o w  v e r y  w e l l  in the 
s u b tro p ica l  c l im a te  o f  the r e g io n  and th ere  is  an abundant supply  o f  g r a s s ,  s i lk w o r m  w a stes  and 
m u lb e r r y  le a v e s  to fe e d  the g r a s s  c a r p .  |

Stock ing  R ate  o f  P on d s  in the W e st  R iv e r  R e g io n

L ength  o f  f ish N u m b e r  o f  f ish sto ck ed p e r  ha
S p ec ie s in c m P o n d s  with a v e r a g e P on d s  with a v e r a g e

depth o f l£  m depth o f  2 m
I II III IV V VI

G r a s s  c a r p 60 - 1 5 .0 1200 1200 600 480 1200 2400
S ilv er  ca rp 10.0 300 240 600 1200 1800 400
B ig  head 10.0 300 240 1200 510 1800 400
Mud c a r p 7 . 5 1800 4800 - 2400 3600 7200
C o m m o n  ca rp 5 .0 1200 360 3600 - 1200 300
B la ck  c a rp 5. 0 - 10. 0 100 24 120 60 - 150
B r e a m 7 . 5 - - - 600 - -

T ota l 4900 6864 6120 5250 9600 10850
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S ystem s  I and II a r e  su itab le  f o r  v e r y  f e r t i le  ponds in which a good  supply  o f  a r t i f i c ia l  fo od s  
can  be  p r o v id e d .  S y s te m s  III and IV a r e  su ited  to fa i r ly  deep  ponds when it is not p o s s ib l e  to 
obtain  su f f i c ie n t  quantities o f  fo d d e r  fo r  g r a s s  c a r p .  In d e e p e r  ponds with a good  w ater  supply, 
s tock ing  s y s te m  V and VI w i l l  be the m o s t  su ita b le .

Shallow  ponds a r e  a ls o  u t i l iz e d  f o r  ra is in g  b ig  fish , though they a r e  not so  p ro d u c t iv e  as the 
d e e p e r  o n e s .  F e w e r  f ish  (about 3, 000 to 3, 600) can  be s to ck e d  p e r  h e c ta re  in such p on ds .  The 
two s to ck in g  s y s te m s  c o m m o n ly  p r a c t i s e d  fo r  ponds with an a v e r a g e  depth o f  60 c m  a r e  ind icated  
be low :

Stock ing  R ate  o f  Shallow  P on d s  in the W e st  R iv e r  R eg ion

S p e c ie s In it ia l wt. o f  each N u m b er o f  y e a r l in g s  p e r  ha
fish  in g I II

G r a s s  ca rp 50 240 4 80
S i lv e r  c a rp 20 -  40 1200 972
B ig  head 100 -  150 120 240
C o m m o n  c a r p 0 .4  - C 5 1680 972

3240 2664

A s  the w ater  t e m p e ra tu re  in  sh a llow  ponds m a y  b e c o m e  too high f o r  mud c a r p  and b la ck  c a rp  
in s u m m e r ,  they a r e  not kept in these  ponds during the hot p e r io d ,  and even  the o th e r  c a r p s  a r e  
s to ck e d  on ly  in  F e b r u a r y / M a r c h  and r e m o v e d  in the s u m m e r .  F is h  o f  m a rk e ta b le  s iz e  (above  
500 g in weight) a r e  so ld  and the s m a l l e r  on es  a r e  t r a n s fe r r e d  to d e e p e r  ponds fo r  fu rth er  grow th .

Hong K ong S ystem  o f  S to ck in g . The d is t in c t iv e  fea tu re  o f  pond s tock ing  in Hong Kong is  the 
u se  o f  g r e y  m u lle t  w h ich  a r e  abundant in that r e g io n .  In the c o a s ta l  ponds with s l igh t ly  b r a c k is h  
w ater  it is  p o s s ib l e  to cu ltu re  v a r io u s  s p e c i e s  o f  c a r p .  S tock ing  s y s te m s  that have b een  found to 
be p ro f i ta b le  f o r  pon ds ,  1 to 2. 5 m  in depth, a r e  g iven  b e lo w .

Stock ing  R ate  o f  P on d s  in Hong Kong

( L ength  o f  f r y N u m b e r o f  f in g e r l in g s p e r  ha
in c m I II III

G r e y  m u lle t 2 .5  -  4 . 5 12, 000 27, 360 15, 000
G r a s s  c a r p o•0M1o•m

1, 524 300 700
S i lv e r  c a rp 7 . 5 2, 208 2, 568 600
B ig  head 7 .5 1, 536 524 600
M ud c a r p 5 .0 9 ,6 0 0 3, 120 9, 000
C o m m o n  c a r p 5 . 0 - _ 4, 800
B r e a m 5 .0 - * -

n-n mujeMi. efrrrv;
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T h e s e  s y s te m s  a r e  m o d i f ie d  to a la r g e  extent on the b a s is  o f  p e r s o n a l  e x p e r ie n c e  and 
a va ila b i l i ty  o f  s tock ing  m a t e r ia l .  When the m u lle ts  have attained a s i z e  o f  about 12 c m  the s to ck  
is  thinned by  re g u la r  f ish in g .

Stocking S ystem  in M alaya  and T ha ilan d . The s to ck in g  s y s te m s  in M alaya  and T hailand  a re  
to a la r g e  extent b a se d  on the C h in e se  s y s t e m s ,  but s e v e r a l  m o d i f ica t io n s  have b een  e f f e c te d  to 
su it l o c a l  co n d it io n s .  In both th ese  co u n tr ie s  f r y  o th e r  than o f  c o m m o n  c a r p  have to be ob ta ined  
f r o m  China and the im p o r t  is  r e s t r i c t e d  due to high p r i c e s  and t ra n s p o r t  d i f f i c u l t i e s .  F u r th e r ,  
the retu rn s  f r o m  the cu ltu re  o f  m ud c a r p  a r e  found to be  not c o m m e n s u r a te  with the e x p e n s e s  
and e f f o r t  in v o lv ed  in b r in g in g  the f r y  f r o m  C hina . On the o th e r  hand, plants su itab le  as food  
f o r  g r a s s  c a r p  a r e  f r e e l y  a v a ila b le  in the a r e a ;  so  the f ish  cu ltu r is ts  in  M alaya  s to c k  th e ir  
ponds with p r o p o r t io n a te ly  l a r g e r  n u m b ers  o f  g r a s s  c a r p  in a s s o c ia t io n  with s i l v e r  c a r p ,  b ig  head 
and c o m m o n  c a r p .  T he  ponds a r e  o ften  re la t iv e ly  u n d e r s to c k e d  but, by  in ten s ive  feed in g  and 
fattening, the f a r m e r s  obta in  a s a t i s fa c t o r y  y ie ld .  U til is in g  the la r g e  quantities o f  fo o d  a v a ila b le ,  
the f i sh e s  g r o w  ra p id ly  and r e a c h  m a rk e ta b le  s iz e  in a s h o r t  tim e so  it is p o s s ib l e  to r a is e  two 
c r o p s  o f  f ish  a y e a r .  T h is  e n s u r e s  s a t i s fa c t o r y  re tu rn s  to the f a r m e r .  F o u r  ty p ica l  s y s te m s  o f  
s tock ing  ponds , 1 .2  to 1 .5  m  d eep ,  a r e  shown b e low , but, depending on  the a v a ila b i l i ty  o f  
s tock ing  m a t e r ia l  and the food  r e s o u r c e s  o f  the pond, m o d i f ic a t io n s  a r e  e f f e c te d .

S tock ing  R ate  o f  P on d s  in M alaya

S p ec ie s Initial w e igh t N o .  o f f ish  s to ck e d  p e r  ha
o f  ea ch  f ish  in g I II III IV

G r a s s  ca rp 350 -  600 300 320 375 500
B ig  head H 100 120 75 175
S i lv e r  c a rp It 100 125 75 200
C o m m o n  c a r p 30 - 60 145 : 150 120 250

T ota l 645 715 645 1125

Gopinath (1950) r e p o r te d  that the co m b in a t io n  o f  s p e c i e s  that gave  the b e s t  r e s u l t s  is  g r a s s  
c a r p ,  b ig  head, s i l v e r  c a r p  and c o m m o n  c a r p  in the p r o p o r t io n  o f  2 :1 :1 :3 .

An im p r o v e d  s y s t e m  o f  s to ck in g  has b een  d e v e lo p e d  in S in g a p o re .  In this the p e r io d  o f  f ry  
r e a r in g  (e x ce p t  that o f  c o m m o n  ca rp )  is  ex ten ded  to about e ight  m onths in stead  o f  the usua l three  
m on th s ,  and f r o m  the n u r s e r i e s  the f ish  a r e  t r a n s fe r r e d  to fattening ponds w h ere  they a r e  a l low ed  
to g r o w  fo r  about s ix  m o n th s .  The s to ck in g  ra tes  c o m m o n ly  fo l lo w e d  a r e  shown in the table 
b e lo w .
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Stock ing  R ate  o f  P on d s  in S in gapore

S p e c ie s
Wt. in  g o f  f ry N o . s to ck e d Wt. in g o f N o .  s to ck e d

put into the p e r  ha fish  s to ck e d  in p e r  ha
nu r s e ry fattening pond

G r a s s  c a r p 30 1250 1500 450
B ig  head 40 250 2000 150
S i lv e r  ca rp 40 250 1800 175
C o m m o n  c a r p 30 - - 225

T ota l 1750 1000

Stocking P on d s  in Japan. The Japanese  s y s t e m  o f  pond s tock ing  is  p r o b a b ly  the m o s t  in tens ive
in the w o r ld  and the p ro d u c t io n  obta ined  f r o m  s o m e  o f  the ponds is p h en om en a l .  The d is t in c t iv e  
fea ture  o f  the Japan ese  s y s t e m  is the d en se  populations  o f  f ish  r e a r e d  by  in ten s ive  a r t i f i c ia l  
fe e d in g .  The h a za rd s  o f  o x y g en  d e f i c ie n c y  a r e  o v e r c o m e  by  m ainta in ing  a con sta n t  f low  o f  w ater  
and, as  the f ish  in c r e a s e  in s iz e ,  the p opulations  a r e  thinned out b y  r e g u la r  f i sh in g .  C o m m o n  
c a r p  and ee l  a r e  e ith er  cu lt iva ted  in a s s o c ia t io n  o r  s e p a r a te ly  in f r e s h w a te r  p on ds .

C o m m o n  c a r p  a r e  s to ck ed  e ith er  in stagnant ponds o r  ponds having a con stan t  f l o w  o f  w a t e r .  
In stagnant ponds with a depth o f  about 1 .5  m , one  c a r p  o f  20 to 50 g w eight is  s to c k e d  fo r  
PVAry ®qnare m e t e r  c£ w ater ,  and in such  pondp a. y ie ld  o f  2, 500 to 4, 500 kg p e r  na is  usu a lly  
ob ta ined .  With adequate  w ater  supply  and feed ing  it is  p o s s ib l e  to in c r e a s e  the y ie ld  to 5, 500 kg 
p e r  ha p e r  annum .

The f low ing  w a ter  ponds a re  c o n s t r u c te d  as d iv e r s i o n s  f r o m  s t r e a m s .  T hey  a r e  s e ld o m  m o r e  
than 100 m ^ in extent  and 1 .5  m  in depth, a s iz e  m o s t  su itab le  fo r  the m a in tenan ce  o f  a p r o p e r  
c u r r e n t  o f  w ater  and fo r  e f f i c ie n t  feed in g .  In such  ponds c a r p  w eigh ing  56 to 150 g a r e  s to ck e d  
at the rate  o f  280, 000 to 850, 000 p er  ha. A llow in g  fo r  a m o r t a l i t y  o f  10 to 20%, these  ponds 
w i l l  y ie ld  up to 700, 000 p er  ha p e r  annum.

E e l  ponds c a r r y  20 to 44 e lv e r s ,  10 to 20 g in weight, p e r  sq u a re  m e t e r  o f  w a te r .  T w enty  
e lv e r s ,  about 15 g in weight, p e r  m ^ is  a su itab le  s tock ing  rate  f o r  stagnant w ater  p on ds .  When 
a r t i f i c ia l l y  fed , e e ls  o ften  le a v e  a good  p o r t io n  o f  the food  uneaten. T o  u t i l ize  this food  and to 
a c t  as s c a v e n g e r s ,  c o m m o n  c a r p  f in g e r l in g s ,  about 7 c m  long, a re  in trod u ced  at the rate  o f  one 
p e r  sq u a re  m e t e r .  When p r o p e r ly  fed , about 30% o f  the e lv e r s  w ill  attain a w eight o f  about 120 g 
in one  y e a r  and a r e  then h a r v e s te d .  The rem a in in g  e e ls  m a y  not have attained that s iz e  and a 
f r e s h  lo t  (the s a m e  n um ber  as those  h a rv e s te d )  o f  e l v e r s ,  about 10 g in w eight, a r e  then stocked  
and a l low ed  to g ro w  fo r  a y e a r .  The w hole  c r o p  is h a rv e s te d  at the end o f  the se c o n d  y e a r .
A  y ie ld  o f  16, 000 kg p e r  ha can  thus be ob ta ined  with a su rv iv a l  rate o f  60 to 90%.

Stocking  o f  P on d s  in India and P a k is ta n . T he m o s t  im p orta n t  pond f i s h e s  o f  India and P ak istan ,
catla , rohu, m r ig a l  and ca lb a su  a r e  o ften  cu ltu red  in a s s o c ia t io n .  Catla  feed  at thp s u r fa c e  z on es ,  
m r ig a l  at the bo ttom  and rohu is g e n e r a l ly  a c o lu m n  fe e d e r .  C a lbasu  is  added to this a s s o c ia t io n  
in  c e r t a i n . a r e a s ,  as it fe ed s  on m o l l u s c s .  E ven  though pond cu ltu re  has b een  in e x is t e n c e  in 
these  c o u n tr ie s  f r o m  v e r y  e a r ly  t im es  it has n ev er  b een  s e r io u s ly  in vest iga ted , and it is not yet  
known what a r e  the m o s t  su itab le  s tock ing  r a te s .  The d i f f icu lty  e x p e r ie n c e d  in d ist ingu ish ing  the

J&.
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f r y  o f  d i f fe re n t  s p e c ie s  . o f  c a r p s  is  a l s o  a g re a t  handicap  to p r o p e r  s to ck in g .  It is  g e n e ra l ly  
b e l i e v e d  that in a s tock ing  pond ea ch  c a r p  f in g e r l in g  should  b e  p r o v id e d  with about 0. 1 m-  ̂ o f  
w ater  in the f i r s t  y e a r ,  0 .2 3  in the s e c o n d  y e a r  and 0 .4 5  in the third y e a r .  T h is  is
a c h ie v e d  by thinning the popu la t ions  at the end o f  ea ch  y e a r .  R e a r in g  fish  a fte r  the th ird  y e a r  
is  not  p ro f i ta b le  as  la r g e  fish  a r e  not  r e l i s h e d  and do not  fe tch  a g ood  p r i c e .  A l lo w a n c e s  should 
be m ade in the s to ck in g  s y s te m  fo r  an annual m o r t a l i t y  w hich  m ay  be m o r e  than 30%, a ls o  fo r  
l o s s e s  b y  red u ct ion  in the v o lu m e  o f  w a ter  in the ponds as a r e s u lt  o f  e v a p o ra t io n  during su m m e r ,  
w hich  can be co m p u te d  as about 10%. A  p r o p o r t io n  o f  30% catla , 60% rohu and 10% m r ig a l  is 
r e c o m m e n d e d .  A b ou t  1, 875 ca t la , 3, 750 rohu and 625 m r i g a l ,  a l l  8 to 13 c m  in s i z e  can  be 
s to ck e d  in a o n e - h e c t a r e  pond. If  ca lb a su  is  in c luded , the p e r c e n ta g e  o f  rohu m a y  be  d e c r e a s e d  
to 50% and the d i f f e r e n c e  m ade  up with c a lb a s u .  The m o r t a l i t y  ra te s  under  p r e s e n t  c o n d it io n s  in 
the ponds a r e  ra th e r  high and the a ctu a l p r o d u c t io n  is  o ften  m u ch  lo w e r  than shou ld  be obta ined  
in v iew  o f  the high grow th  ra tes  o f  these  s p e c i e s .  A s  r e g a r d s  the o th er  f i s h e s  cu ltu re d  in India, 
a s to ck  d en s ity  s im i l a r  to that adopted  fo r  ca t la , rohu  and m r i g a l  is r e c o m m e n d e d ,  ev en  though 
the o p t im u m  ra tes  have not so  fa r  b een  d e te r m in e d .  P e r s o n a l  e x p e r ie n c e  has to a la r g e  extent 
in f lu en ced  the l o c a l  p r a c t i c e s  in this r e s p e c t .

S tock ing  o f  P o n d s  in In d o n e s ia .  One o f  the d is t in c t iv e  fe a tu re s  o f  f ish  cu lt iv a t ion  in Indonesia  
is  that f i s h e s  a r e  r e a r e d  in ponds on ly  f o r  3hort p e r io d s  and so  s e v e r a l  c r o p s  a r e  ob ta in ed  fr o m  
a pond e v e r y  y e a r .  T he p r e f e r e n c e  o f  l o c a l  c o n s u m e r s  fo r  s m a l l  f ish  en a b les  the f ish  fa r m e r s  
to p r o f i t  f r o m  th is .  S e ld o m  a r e  f ish  a l l o w e d  to g ro w  to m o r e  than 200 g in w e igh t .  The 
c o n s u m e r s  in  r u r a l  a r e a s  o ften  buy f in g e r l in g s  o f  g o u r a m i  o r  t i lap ia  and k eep  them  in sm a l l  
ponds o r  tanks n e a r  h o m e s te a d s ,  w h ere  they a r e  fattened  on  k itchen  w a s te .

A s s o c ia t i o n  o f  s p e c i e s  f o r  the fu ll  u t i l iz a t io n  o f  fo o d  r e s o u r c e s  is  not so h igh ly  d e v e lo p e d  in 
In don es ia  as  in  China, but the fo l lo w in g  co m b in a t io n  has b e e n  t r ie d  and found to be su itab le :

C o m m o n  c a r p 30%
T ilap ia 35%
N i le m 20%
G o u r a m i 15%

T he m eth od s  p r e v io u s ly  d e s c r i b e d  o f  s to ck in g  c o m m o n  c a r p  in n i le m  ponds fo r  r a is in g  
m a r k e ta b le  f ish  have b e e n  found to be  v e r y  s a t i s fa c t o r y  in In d o n e s ia .

FISH FE E D IN G  A N D  G R O W T H  

F o o d s  and F eed in g

One o f  the m ain  fa c t o r s  g o v e rn in g  the g row th  ra te  o f  pond f ish ,  and th ereb y  the p ro d u c t iv i ty  
o f  a pond, is  the a v a i la b i l i ty  o f  su itab le  f o o d s .  The fo o d  e le m e n ts  that a r e  p r o d u c e d  in the 
c o u r s e  o f  the annual b i o l o g i c a l  c y c l e ,  and the natura l o r  a r t i f i c i a l  fo od s  that a r e  su p p lied ,  a r e  
the two m ain  types o f  food  a v a i la b le  to the f i s h .

M en tion  m u st  be  m a d e  o f  the o r g a n ic  d e b r i s ,  c o m p o s e d  o f  d e ca y e d  o r  d eca y in g  v e g e ta b le  o r  
a n im a l m a t t e r . .  M any b o t t o m - fe e d in g  f i sh e s  depend  la r g e ly  on  this and the ben th ic  f l o r a  and 
fauna that g r o w  on  th em . O r g a n ic  d e b r is ,  b e s id e s  d i r e c t ly  fo r m in g  nutr it ive  food  m a t e r ia l ,  g ives  
r i s e  to a good  p lankton ic  g row th  as a r e s u l t  o f  m in e r a l i s a t i o n .  H o w e v e r ,  the am ou n t o f  o r g a n ic  
d e b r is  a ccu m u la t in g  in a pond should  be  k ep t  u nder  c o n tr o l  and reg u la ted  in a c c o r d a n c e  with the 
r e q u ir e m e n ts  o f  the f ish  cu lt iva ted .

\
\
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The fish  fo o d  p ro d u c e d  in a body  o f  w a ter  is  in f lu en ced  by  a v a r ie ty  o f  f a c t o r s  and so the 
natural f ish  p ro d u c t io n  p e r  annum v a r ie s  f r o m  l e s s  than 10 kg p e r  h e c ta re  to 2, 000 kg and m o r e .  
I f  a r t i f i c ia l  feed ing  is  done re g u la r ly  it is  p o s s ib l e  to s to c k  ponds with la r g e r  populations  o f  fish 
than they can  n o r m a l ly  susta in . T h r e e  types  o f  f i s h e s  a r e  r e c o g n is e d  in pond cu ltu re :  they a re  
(1) those  that thr ive  on  a r t i f i c i a l  fo o d s ;  (2) those  that thr ive  b e s t  on a d ie t  c o m p o s e d  o f  both 
a r t i f i c ia l  and natura l fo o d s ;  (3) th ose  that take on ly  natural food  and do not r e l i s h  a r t i f i c i a l  fo o d s .  
G r a s s  c a r p ,  b la ck  c a r p  and ee l  a r e  e x a m p le s  o f  the f i r s t  group ; c o m m o n  ca rp ,  m ud c a r p ,  catla , 
rohu and m r ig a l  b e lon g  to the se co n d  g rou p ; and b ig  head and s i l v e r  c a r p  to the th ird  g rou p .
In s e le c t in g  fo o d  fo r  f ish ,  the d ie te t ic  va lu es  as w e l l  as the e c o n o m ic  p r a c t i c a b i l i t y  o f  us ing  them 
have to b e  taken into c o n s id e r a t i o n .

T he ra tio  o f  food  c o n s u m e d  to the f ish  f le sh  p r o d u c e d  is  known as the fo r a g e  r a t io .  The
te r m  fo o d  quotient, e x p r e s s in g  the unit w e igh t o f  f ish  f o o d  r e q u ir e d  to p ro d u ce  unit w eight o f
f ish  f le sh ,  in d ica tes  the r e la t iv e  va lue  o f  f ish  f o o d s .  The food  quotient is d e te r m in e d  by div iding 
the w eight o f  the food  c o n s u m e d  by  the f i s h ’ s total w e igh t in c r e m e n t .  The fo o d  quotient o f  a 
s p e c ie s  o f  f ish  is  not con stan t  and m a y  v a r y  c o n s id e r a b ly ,  depending on  such  fa c t o r s  as tern - 
p e r a tu r e ,  o x y g e n  content o f  the w a ter ,  s iz e  o f  the f ish ,  feed ing  habits , and g e n e ra l  con d it ion .
It has been  found that the c o n su m p tio n  o f  food  i n c r e a s e s  d i r e c t ly  with the in c r e a s e  in t e m p e ra tu re  
o f  the w a te r  in  w h ich  the fish  l i v e s .  It has a ls o  b een  o b s e r v e d  that the food  quotient fa l ls  with 
an in c r e a s e  in the o x y g en  content o f  the w a t e r .  B e c a u s e  the am ount o f  f o o d  r e q u ir e d  fo r  the 
m a in ten a n ce  o f  n o r m a l  l i fe  is  r e la t iv e ly  m o r e  in a la r g e r  than in a s m a l l e r  f ish ,  it is  p o s s ib l e  
that the f o o d  quotient o f  the d i f fe r e n t  s i z e  g rou p s  o f  f ish  v a r ie s ,  although this d o e s  not a p p ea r  
to have b een  c o n c lu s iv e ly  p r o v e d .  C l im a t ic  fa c t o r s  and the health  co n d it ion  o f  f ish  g re a t ly  a f fe c t  
th e ir  feed in g  a c t iv i ty .  H o w e v e r ,  the fo o d  quotients  o ften  c ited  a r e  u se fu l  f o r  judg ing  the food  
re q u ir e m e n ts  f o r  n o r m a l  w eight in c r e m e n t .  W hile  the f o o d  quotients  o f  s o m e  o f  the a r t i f i c ia l  
fo o d s  have b een  d e te rm in e d ,  the e x a c t  d ie te t ic  r e q u ir e m e n ts  o f  the pond f i sh e s  o f  the r e g io n  a re
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th a t -w il l  be u lt im a te ly  p ro d u ce d ,  and the net p ro f i t ,  has to be  c o n s id e r e d .  It is th e r e fo r e  
n e c e s s a r y  that a r t i f i c ia l  fo o d s  shou ld  be  r e la t iv e ly  cheap  in p r i c e .  F o r  e x a m p le ,  the f ish  fa r m e r s  
o f  Japan feed  c a r p ,  e e l ,  trout, e t c . ,  with s m a l l  f ish  o r  f ish  m e a l ,  and in spite  o f  the fa c t  that 
the f o r a g e  ratio  is high, the in du stry  is  p r o f i ta b le  b e c a u s e  o f  the high p r i c e  o f  cu lt iv a ted  fish  
and the e a sy  a v a ila b i l i ty  and low  p r i c e  o f  the fo o d s tu f fs .  But this p r a c t i c e  is hard ly  fe a s ib le  in 
o th e r  a r e a s  o f  the r e g io n  w h ere  the food  m a t e r ia l  m a y  c o s t  as m uch  as , i f  not m o r e  than, the 
f ish  f le sh  they w ould  con tr ib u te  to p r o d u c e .

T he  fo o d  r e q u ir e m e n ts  o f  a f ish  a re  o ften  ju d ged  by what is known as the su sten an ce  r a t i o , 
which  is the ra tio  o f  the c ru d e  p ro te in  and the n i t r o g e n - f r e e  c o m p o n e n ts ,  such  as fat and c a r b o  
h y d ra te s ,  r e q u ir e d  fo r  the c a t a b o l i c  a c t iv ity  o f  the f i s h .  T he su sten a n ce  ra t io  o f  f i sh e s  v a r ie s  
g re a t ly  with a g e .  F o r  e x a m p le ,  f o r  c o m m o n  c a r p  in the f i r s t  y e a r  o f  its l i fe  the ratio  is 1 :0 .4  
to 0 .5 ,  in the s e c o n d  y e a r  1 :0 .7  to 0 .8 ,  and in the th ird  y e a r  1 :1 .0 0  to 1 .2 5 .  Y o u n g e r  c a r p  
n eed  a l a r g e r  p e r c e n ta g e  o f  p ro te in s  and the o ld e r  on e s  a l a r g e r  p e r ce n ta g e  o f  n i t r o g e n - f r e e  
c a r b o h y d r a te s ,  (F u jida , 1933). A c c o r d i n g  to S ch a p e rc la u s  (1933), cu lt iva ted  f ish  can be b ro a d ly  
d iv id ed  into three  c a t e g o r i e s :  (1) th ose  with a lo w  su sten a n ce  ratio  o f  the o r d e r  o f  1:2 to 1:4;
(2) th ose  with a m e d iu m  ra t io  o f  about 1:5 to 1:6; and (3) those  with high ra t io s  o f  1:8 to 1:12. 
T rou t ,  as a c o ld  w a ter  f ish , c o m e s  under the c a t e g o r y  o f  f ish  with a low  su sten a n ce  ra tio ,  
c o m m o n  c a r p  c o m e s  under  the m ed iu m  ra t io ,  and the g r a s s  c a r p  has a high ra t io .

A  s a t i s fa c t o r y  m ea n s  o f  judging the e f f i c i e n c y  o f  fo o d s  is  by c o m p a r in g  the food  quotien ts .  
T he  s e le c t io n  o f  a r t i f i c i a l  fo o d s  shou ld  be  b a s e d  on this in fo rm a t io n .

----------------------— -



The food  quotients  o f  s o m e  o f  the a r t i f i c ia l  food s  a re  l i s t e d  b e lo w  (Shih, 1937; Chen, 1935):

F o o d  Quotients

F r e s h  s i lk w o r m  pupae 5 ,5
D r ie d  s i lk w o r m  pupae 1 .6 6
P r e s s e d  d ry  s i lk w o r m  pupae 1 .4 0
Soyabean  cake 2 .2 2
B a r le y  2 .6 0
R ic e  bran  5 . 0 5
W heat bran  4 .2 2
P eanut cake  2. 13
S p iro d e la  p o ly rh iz a  2 7 .7 7
P a n ic u m  c r u s g a l l i i  1 3 .3 3
C yn odon  d a c ty lon  1 1 .9 0

F r o m  the ab ov e  it w i l l  be seen  that p r e s s e d  d ry  s i lk w o r m  pupae is a h ighly e f f i c i e n t  food ,  
but the e c o n o m ic  a s p e c t s  o f  its u se  have to be  taken into c o n s id e r a t i o n .  T he m eth od  s u g g e s te d  
by  F u jida  (1933), which  c o n s is t s  o f  e x p r e s s in g  the nutr it ive  value o f  a food  in te r m s  o f  c a r b o ­
hydrates  by m u lt ip ly ing  the p ro te in  and fat va lu es  by  two and thus a r r iv in g  at the total c a r b o ­
hydrate va lu es ,  is u se fu l  to s o m e  extent in d e te rm in in g  th is .  The tota l ca r b o h y d r a te  va lu es  o f  
fo o d s  can  be e a s i ly  c o m p a r e d  and equated  a g a in st  th e ir  m a r k e t  va lu es  to a s c e r t a in  the e c o n o m ic s  
o f  us ing  them .

The food s  that can be d i r e c t ly  p r o v id e d  by the fish  f a r m e r  c o n s i s t  o f  the natural food s  he 
c o l l e c t s  iron'i othvx w o l c ia  anu the a r t i f i c ia l l y  p r e p a r e d  fo o d s tu f fs ,  j? isn  snow  a p r e l e r e n c e  l o r  
natural food s  ana pond fish  g e n e r a l ly  th r ive  b e s t  when natu ra l food s  a r e  in c lu d ed  in th e ir  d ie t .
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A quatic  plants a r e  o ften  u sed  when they a re  re a d i ly  a va ilab le  in the v ic in i ty  and g r a s s  is  
c o m m o n ly  fed . The c o m p o s i t io n  o f  c o m m o n  v a r ie t ie s  o f  land g r a s s e s  and aquatic  w eed s  fed  to 
pond fish  is  g iven  b e lo w  (Chen, 1935, B ir tw is t le ,  1931 and Wu 1940):

■ C o m p o s i t io n  o f  F r e s h  V e ge ta b le  F is h  F o o d s

W ater N
%

C ru d e  p ro te in  
(n x  6 .  25) %

C rud e  fat 
%

C a r b o h y ­
drate  %

F ib e r
%

A sh
%

Sustenance  
ra t io  *

Land g r a s s e s  

C ynodon
dacty ion
fre s h 7 7 .6 - 4 .8 9 0 .7 8 1 0 .4 0 4 .  17 2. 00 1 :2 . 5
d r ie d - - 2 1 .9 9 3 .5 1 4 6 .7 6 1 8 .7 5 8 .9 9

P a n icu m
c r u s g a l l i i
f r e s h 8 4 .2 8 - 3 .6 5 0 .7 6 6 .4 3 3 .4 3 1 .5 5 1 :2 .2
d r ie d - - 2 3 .2 2 4 . 83 4 0 .2 6 2 1 .8 2 9 .8 7

A quatic  w eeds

D uck  w eed  
(S p irode la  p o ly rh i

9 4 .3 7
za)

- 1 .6 2 0 .0 2 2 .8 5 0. 35 0 .7 9 1 :1 . 8

W olf f ia  a r r h iz a 9 3 .4 6 0 .3 9 2 .4 4 - 1 .7 8 0 .7 3 1 .5 9 1 :0 .7

Plankton

M ic r o c y s t i s 9 3 .3 6 0. 53 3 .3 1 0 .2 7 1 .81 0. 23 1 .0 2 1 :0 . 8
P ond  d e b r is 9 2 .0 7 0 .6 3 - 0. 12 - - 23. 16 -

* The susten an ce  ra t io  is  d e r iv e d  by  the fo rm u la :  c ru d e  fat x  2. 2 ca rb o h y d ra te  
(K e lln er ,  1929; S ch a p e rc la u s  , 1933) c ru d e  p ro te in

O ther  aquatic  plants l ike , C y p e ru s ,  C e ra to p h y l lu m  and E lod ea ,  a re  a ls o  su itab le  fo r  g r a s s  
c a rp  ponds .

G r a s s  ca rp ,  Puntjus ja v a n icu s ,  T ilap ia  m o s s a m b ic a  and a few  o th e r  pond f i sh e s  w i l l  eat 
s o m e  o f  the h igher  p lan ts .  A bout 10 to 15 kg o f  g r a s s  w ill  p r o d u ce  one kg o f  g r a s s  c a r p  f le s h .  
On this b a s is ,  the total quantity o f  g r a s s  r e q u ir e d  to a ch ie v e  a c e r ta in  p ro d u ct io n  in a given 
p e r io d  o f  t im e can be e s t im a ted ,  and this quantity should  be g iven  in su itab le  am ounts  during the 
p e r io d  o f  r e a r in g .  G e n e ra l ly  speak ing , the g r a s s  c a r p  shou ld  r e c e iv e  f r e s h  g r a s s  at the rate  o f  
10% to 15% o f  its total e s t im a te d  w eight when g r a s s  is the on ly  food  p r o v id e d ,  u su a lly  in the 
m o rn in g  and even ing  when the w ater  is c o o l .  The g r a s s  is fed  as so o n  as it is  cut, b e f o r e  it 
w i lt s .  T e n d e r  g r a s s  g row n  on f e r t i le  land is the b e s t .  It is  not a d v isa b le  to throw  the g r a s s ,  
o r  fo r  that m atter  any fo o d  m a te r ia l ,  in d is c r im in a t e ly  into a pond. The usual p r a c t i c e  is to 
c o n s t r u c t  a s p e c ia l  feed ing  e n c lo s u r e  into which the fo o d  is put. In a pond o f  about 0 . 5 h e c ta r e s  
one e n c lo s u r e ,  about 4 should  be su ff ic ien t ;  m o r e  in l a r g e r  p o n d s .
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In the a b s e n c e  o f  su f f i c ie n t  quantities o f  natural fo o d s  it w i l l  be  n e c e s s a r y  to p ro v id e  the 
f ish  with a r t i f i c ia l  fo o d s ,  so as to a ch iev e  the m a x im u m  rate o f  g row th . A r t i f i c ia l  fo o d s  a re  o f  
vegetab le  o r  an im al o r ig in  and the c h o i c e  depends on the feed ing  habits and the p o s s ib i l i t y  o f  
training the f ish  to take the p a r t icu la r  fo o d .  F ish  such as the c o m m o n  c a r p ,  g r a s s  c a r p  and 
g ou ra m i can be fed  on a v a r ie ty  o f  a r t i f i c ia l  fo o d s ,  w h e re a s  f ish  l ike  b la ck  c a r p  r e q u ir e  a 
s p e c ia l  d ie t .  The c o m p o s i t io n  o f  s o m e  o f  the a r t i f i c ia l  fo o d s  a va ilab le  in the r e g io n  is  shown 
in  the fo l low in g  tab le .

C o m p o s i t io n  o f  A r t i f i c ia l  F is h  F ood s

W ater N
%

C rude  p ro te in  
%

C ru d e  fat 
%

C a r b o h y ­
d ra te  %

F ib e r
%

A sh
%

Sustenance
ratio

Peanut cake 12 .77 31. 82 9 .0 1 2 7 .9 9  ' 16 .8 9 1 :1 .5
Soyabean cake 15 .8 6 3 7 .0 3 9 .4 3 28. 03 4 .8 1 4 .  84 1:1. 3
Soyabean m ilk 9 1 .8 0 4 .4 0 1 .8 0 1. 50 - 0 .4 9 1:2. 0
B ean  m e a l 1 3 .6 2 7 . 0 4 3 .7 5 7. 56 26 .91 4 . 15 4 .0 1 1:1. 0
B a r le y 1 3 .0 3 - 10 .2 9 2. 17 6 6 .3 4 5 .8 1 2 .3 6 1:7. 0
F lou r 14 .8 5 2 .4 0 15. 00 0 .6 4 6 9 .0 5 - 0 .4 6 1 :4 .7
Wheat 13 .5 9 - 13 .07 1 .9 6 63 .61 3 .9 1 3 .8 5 1:5. 2
White wheat f lour 12. 80 - 10. 80 1 .1 0 7 4 .6 0 0. 20 0. 50 1 :7 . 1
W heat bran 1 0 .5 0 - 13 .9 0 4 .  20 5 5 .6 0 10. 50 5 .3 0 1 :4 .6
R ic e  bran 9. 15 - - 13 .24  - 4 .  30 - 4 2 .6 5  - 6 .5 0  - 13. 28 -  1 :3 .6  -

1 1 .2 0 15 .8 0 16 .0 5 4 7 .4 0 6 .6 3 14 .8 0 1 :5 .9

R ic e  b ran  o r  a m ix tu re  o f  r i c e  b ran  and fine p a r t i c le s  o f  b r o k e n  r i c e  a r e  v e r y  p opu lar  fish  
fo o d s ,  r e l i s h e d  by g r e y  m u lle t .  The d i f fe re n t  kinds o f  o i l  ca k es  (the re s id u e  le f t  a f te r  the o i l  
has b een  p r e s s e d  out f r o m  peanuts, m u sta rd  s e e d s ,  soyabean , l in s e e d ,  c o co n u t  and the like) a re  
good  f o o d s .  T h e s e  ca k es  should  e i th e r  be  p o w d e re d  o r  soa k ed  in w a ter  b e fo r e  being fed  to f ish .  
S tarchy  food s ,  such as tu bers ,  should  be c o o k e d ,  not fed  in the raw  s tate . R ic e  bran  can e ither  
be  s c a t te r e d  o v e r  the en t ire  pond s u r fa c e  o r  s p re a d  in a feed ing  fr a m e  o f  the type d e s c r ib e d  
a b o v e .  In m ulle t  ponds it is  b e t te r  to put the bran  in bags  o r  bask ets  s u b m e r g e d  in the w ater  
at d i f fe ren t  sp o ts .  O i l  ca k es  and s im i la r  foodstu f fs  can  be  fed  in a s im i la r  m a n n er .  T h is  enab les  
the f a r m e r  to a s s e s s  c o r r e c t l y  the quantity o f  food  the f ish  a r e  a ctu a lly  con su m in g  and to r e m o v e  
a l l  the food  le f t  o v e r ,  w hich  m ight d e ca y  and pollute  the pond w a te r .

A r t i f i c ia l  food s  o f  an im a l o r ig in  a r e  p a r t i c u la r ly  su itab le  f o r  o m n iv o r o u s  and ca r n iv o r o u s  f ish . 
The c o m m o n ly  used  in gred ien ts  a r e  f r e s h  and d r ie d  s i lk w o r m  pupae, f ish  m ea l ,  sn a ils  and other  
sh e l l  f ish , w eed  f ish , sh r im p  w a s tes ,  s la u gh terh ou se  r e fu s e ,  c o w  dung, pig and p ou ltry  m an u re , 
s i lk w o r m  w a s tes  and night s o i l .  The c o m p o s i t io n  and su sten an ce  ra t io s  o f  s o m e  o f  these  food s  
a r e  g iven  as fo l lo w s :
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C o m p o s i t io n  o f  F ish  F ood s  o f  A n im a l  O r ig in

W ater
%

C ru de  p ro te in  
%

C ru d e  fat 
. %

C a r b o h y ­
drate  %

F ib e r
%

A sh
%

Sustenance
ratio

F r e s h  s i lk w o r m  pupae 6 4 .6 3 19. 12 1 2 .7 5 2. 33 1. 16 1 :1 .6
D r ie d  s i lk w o r m  pupae 
Defatted  s i lk w o rm

10. 03 5 5 .9 1 24. 50 5. 58 - 2 .9 8 1 :1 .1

pupae 8 .9 0 7 5 .3 6 1 .7 5 8 .4 0 - 5 .5 9 1 :0 .2
F le s h  o f  o th er  snails 7 5 .7 6 19 .1 0 0. 55 - - 4 .5 9 1:0. 07
R iv e r  snail  (w hole) 36. 80 5 .7 0 0 .7 0 2 .0 0 - 1 .7 0 -
R iv e r  snail  f le sh 7 8 .4 0 12. 20 1 .4 0 4 .  30 - 3 .7 0 -
M u s s e ls 7 9 .6 0 1 8 .4 0 0. 80 - - 1. 20 1 :0 .0 9
Sm all c la m s 84. 04 1 3 .2 0 0 .7 7 - - 1 .9 6 1:0. 1
S m all s h r im p s 1 7 .2 0 5 5 .4 5 5. 52 4 .  37 - 17 .65 1 :0 .3

F r e s h  o r  d r ie d  s i lk w o r m  pupae, r i c h  in p ro te in s  and fat, a r e  an im p orta n t  f ish  food  in China 
and Japan, w h ere  they a r e  a v a ila b le  in c o n s id e r a b le  quantit ies .  In Japan, c o m m o n  c a r p  and ee l  
a r e  fed  on s i lk w o r m  pupae, and ir  China they a r e  g iven  to the g r a s s  c a r p  and c o m m o n  c a r p .
A  daily  d iet  o f  th ree  pupae is  c o n s id e r e d  su f f i c ie n t  fo r  a g r a s s  ca rp  w eigh ing  about 600 g.
S ince  the pupae conta in  a high p e r c e n ta g e  o f  fat, it  is  n e c e s s a r y  to r e d u ce  the da ily  ration  o r  
even  stop  feed ing  a ltog e th er  during hot p e r i o d s .  The pupae should  be  as f r e s h  as p o s s ib l e ,  
b e c a u s e  tainted pupae can ca u s e  s e r io u s  d is e a s e s  and a ls o  im p a r t  a bad taste  to the f ish  f l e s h .  
T he pupae a re  g en era lly  thrown into the pond. T o  ba lance  the d iet , g r a s s  o r  o th er  veg e ta b le  
m a tte r  should  be in c lud ed .

T o  s to r e  the pupae fo r  la te r  u se , they can  be c o o k e d  and d r ie d .  The keep ing  quality  can  be 
c o n s id e r a b ly  im p r o v e d  by e x tra c t in g  the fa t .  D r ie d  pupae can  be thrown to the f ish  but they a re  
u su a lly  m ix e d  with wheat f lou r  and p o w d e re d  soya b ea n  c a k e .

F ish  o f  in f e r i o r  quality  can be u sed  as food  fo r  c o m m o n  c a r p ,  g r a s s  c a r p  and ca t f ish ,  
chopped  into s m a l l  p ie c e s  and m ix e d  with s i lk w o r m  pupae and v e g e ta b le  f o o d s .  S ard in es  and 
ce r ta in  s p e c ie s  o f  m a c k e r e l s ,  w hich  a r e  a v a ila b le  in la r g e  quantities in c e r ta in  p e r io d s  o f  the 
y e a r ,  a r e  u sed  in Japan as food  fo r  e e ls ,  e ith er  f r e s h  o r  d r ie d .  F ish  m e a l  being re la t iv e ly  
ex p e n s iv e  in the r e g io n ,  few  fish  cu ltu r is ts  use  it, e x c e p t  in Japan, w h ere  it is  s o m e t im e s  
co o k e d  with such m a t e r ia ls  as wheat f lou r  and r i c e  m e a l .  In s o m e  o f  the fish ing  c e n te r s  w h ere  
la r g e  quantities o f  s h r im p s  a r e  d r ie d  and sh e l led ,  s h r im p  w a stes  in the f o r m  o f  sh e lls  and 
s m a l l  b ro k e n  p ie c e s  o f  sh r im p  m ea t  a r e  a v a ila b le ;  these , when m ix e d  with wheat f lo u r ,  c o r n  
m e a l  o r  o th er  v egetab le  m a tte r ,  m ake  a v e r y  good  food  f o r  pond c a r p s .

(
F r e s h w a te r  sn a ils  and m u s s e l s  a r e  r e l i s h e d  by  b la ck  c a r p ,  c o m m o n  c a r p  and g r a s s  c a r p .  

While b la ck  c a r p  can be fed  on w hole  l iv e  sn a ils  and m u s s e l s ,  the m e a t  a lon e  should  be  used  fo r  
the o th er  c a r p s .  S ince  sna ils  and m u s s e l s  m ight have p a r a s i t e s ,  it is e s s e n t ia l  that on ly  c o o k e d  
m e a t  be g iven .  A ll  food  not eaten should  be r e m o v e d  without d e la y .

S laughterhouse  r e fu s e  o f  d i f fe re n t  types is  g iyen , e ith er  fr e s h ,  d r ie d  o r  p o w d e re d ,  to trout, 
e e ls  and c a r p s .  It is a d v isa b le  to m ix  it with c e r e a l s  and v eg e ta b les  fo r  c a r p .
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F a r m y a r d  m an u re ,  when app lied  to a pond, is  to - s o m e  extent eaten d i r e c t ly  by  the f ish  and 
the r e s t  Helps to in c r e a s e  the fe r t i l i ty  o f  the pond, th ereb y  g iv ing r is e  to a b lo o m  o f  p lanktonic 
o r  benthic  g row th . S ince  night s o i l  m ight s p re a d  in fe c t iou s  d is e a s e s  it should  not be  u sed  in 
ponds s to ck ed  with m a rk e ta b le  f i s h .

C l im a t ic ,  se a so n a l  and e n v iron m en ta l  ad ju stm ents  in feed ing

The c l im a t i c  con d it ions  p re v a il in g  in an a re a  have to be c o n s id e r e d  in a rra n g in g  feed ing  
p r o c e d u r e s .  A s  a lr e a d y  m en tioned , w ater  te m p e ra tu re  has a g re a t  in flu ence  on the feed ing  
ac t iv ity  o f  f i sh .  In s u b tro p ica l  c l im a te s ,  when the te m p e ra tu re  d rop s  b e low  15 C in w in ter ,  the 
feed ing  ac t iv ity  is  lo w e r e d  o r  e n t ire ly  stopped , and, until the te m p era tu re  r i s e s  again  in the 
spr ing , the fish  do not r e s u m e  feed in g .  The feed ing  should  th e r e fo r e  be sch ed u led  a c c o r d in g ly .  
S im ila r ly ,  it has b een  o b s e r v e d  in s o m e  c a s e s  that when the w ater  te m p e ra tu re  r i s e s  a bove  
25 C, the feed ing  ac t iv ity  d e c r e a s e s .

B e s id e s  m a rk e d  a lte ra t ion s  in feed ing  ac t iv ity  th ere  is a le s s  c on sp icu ou s  se a so n a l  fluctuation  
in the nutritional and p h y s io lo g i c a l  rhythm o f  f ish .  The g row th  rate  a ls o  v a r ie s  a c c o r d in g  to 
this and so naturally  do the food  r e q u ir e m e n ts .

In the Kwangtung delta  o f  China, a thickly populated  a r e a ,  g r a s s  is  s c a r c e  but s i lk w o r m  
pupae can be had in good  quantit ies .  The ponds being  w ell  fe r t i l i z e d ,  s i l v e r  ca rp ,  b ig  head, 
m ud c a rp  and b la ck  c a r p  get su ff ic ien t  fo o d  f r o m  the pond i t s e l f  and Dniy the g r a s s  c a r p  need 
in tensive  feed ing . A  scn ed u le  fo l low ed  in the a re a  fo r  feed ing  g r a s s  c a r p  and to s o m e  extent 
c o m m o n  c a r p  and m ud c a r p  is  g iven  b e lo w .

F eed ing  Schedule  f o r  G r a s s  C arp  in Kwangtung. China

Months

A p p r o x .
m ean
tem p.
° c

P e r c e n t a g e  
o f  f ish  
g row th  and 
food  c o n ­
sum ption  

%

E st im a te  wt. 
o f  f ish  in pond

Quantity o f  fo o d  r e q u ir e d  
p er  month in kg

Wt. i n c r e ­
m ent p e r  
month in kg

T ota l Wt. 
in kg

G r a s s S i lk ­
w o r m
w aste

F r e s h
s i l k ­
w o r m
pupae

R ic e
bran

F e b r u a r y 15 70 . 00
M a rch 16 6 127 .8 0 197 .80 1534 1022 639 639
A p r i l 20 7 149. 10 3 4 6 .9 0 1739 1193 745 74 5
M ay 24 9 1 9 1 .7 0 5 3 8 .6 0 2301 1534 959 959
June 28 12 2 5 5 .6 0 7 9 4 .2 0 3067 2054 1278 1278
July 30 15 3 1 9 .5 0 1113 .70 3 834 2556 1598 1598
Quantity h a rv ested  at the end o f  July 8 0 0 .0 0
New stock ing m a t e r ia l  added 2 0 0 .0 0
Stock 5 1 3 .7 0
A ugust 31 20 426 . 00 939. 70 5112 3408 2130 2130
S ep tem ber 28 15 3 1 9 .5 0 1259 .20 3834 2556 1597 1597
O c t o b e r 27 7 149. 10 1408. 30 1789 1193 745 745
N o v e m b e r 23 5 106. 50 1514 .80 1278 852 533 533
D e c e m b e r 16 4 85. 20 1600 .00 1022 682 4 26 4 26
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In the a b s e n c e  o f  fo od s  shown in the table , o th ers  can be substituted , but g r a s s  should  a lw ays 
be inc luded  in the d ie t .  A s s u m in g  that the food  con su m p tion  is d i r e c t ly  p ro p o r t io n a l  to the rate 
o f  grow th , the food  r e q u ire m e n t  f o r  each  month is  ca lcu la te d  by  m ult ip ly ing  the m onthly  weight 
in c r e m e n t  by the food  quotient o f  the p a r t icu la r  food .  A  feed ing  sch edu le  can  thus be draw n up 
fo r  any lo ca l i ty  and fo r  any s p e c ie s  o f  f ish , i f  the te m p e ra tu re  and the grow th  rate  o f  f ish  
during each  month a r e  known. A s  an e x a m p le ,  a g e n e r a l  s ch ed u le  fo r  b la ck  c a r p  is g iven b e low . 
It should be s t r e s s e d  that it w i l l  be  n e c e s s a r y  to a l t e r  the feed ing  p r o c e d u r e  i f  the f ish  do not 
c o n su m e  the w h o le  o f  the da ily  ration , o r  i f  there  is any a b n o rm a li ty  in their  b e h a v io r .

F eed in g  S chedule  f o r  B la ck  C a rp

Month
W t. i n c r e - T ota l Wt. o f  fo od  to be  g iven  in kg
m en t  kg wt. kg M u s s e ls B a r le y B ean  cake  T ota l

A p r i l - 450 8 m a l l  
quantities

s m a l l
quantities

-

M ay 155 605 800 - 140 940
June 344 949 1000 634 1634
July 937 1886 5000 1000 . 6000
A ugust 937 2823 5000 1000 6000
S ep tem b er 376 3199 1880 - 376 2256
O c t o b e r 376 3575 1880 - 376 2256

Sm all  quantities o f  a r t i f i c ia l  fo o d s ca n  be  g iven  to b la c k  c a r p by  the m id d le o f  A nr it .  hut.
in tensive  'feeding is done f r o m  M ay  to O c t o b e r ,  when the w ater  te m p e ra tu re  is arou nd  2 0 °C .
In May" and June, when it  is  r e la t iv e ly co ld ,  they can be fe d  with m u s s e l s  and sn a ils  a lone ,
which a re  fo o d s  o f  low  su sten an ce  ra t io .  In la te r  m onths the f ish  
s is t in g  o f  ha lf  vege ta b le  and half an im a l f o o d s .

need  to be  g iv en  a d iet  c o n -

The c l im a t i c  con d it ions  in Japan n e c e s s i t a te  a d i f fe re n t  s y s te m  o f  feed in g .  E ven  though light 
a r t i f i c ia l  feed ing  can  be done and s o m e  re su lts  in the w ay o f  n o t ic e a b le  in c r e a s e s  in the weight 
o f  f ish  can  be attained during c o ld  m on ths , the m o s t  su itab le  te m p e ra tu re  fo r  feed ing  c a r p  in 
Japan is around  24° to 2 5 °C .  At t e m p e ra tu re s  b e lo w  7 °C ,  the f ish  b e c o m e  q u ie s ce n t  and rem a in  
at the b o ttom  o f  the pond in a state o f  h ibern at ion . U nder these  con d it ions  feed ing  s tarts  by 
about the m id d le  o f  A p r i l  and in ten s ive  feed ing  is done f r o m  July to e a r ly  S e p te m b e r ,  a fte r  which 
it  is s low ly  d e c r e a s e d  and c o m p le t e ly  s topped  by the m id d le  o f  N o v e m b e r .  The fo l low in g  is  a 
sch edu le  f o r  feed ing  the c o m m o n  c a r p  in such  a c l im a te ,  as adopted  by L in  (MS) f r o m  Shih 
(1937).
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F eed in g  Schedule  fo r  C o m m o n  C a rp  in Japan

i

\i
!i
f

M onthly
Month feed ing  rate  in E s s e n t ia l  food s D aily  feed ing T im e  req u ired

% o f  total annual fr e q u e n cy to fin ish  food
quantity - at each  feeding

January N il
F e b r u a r y N il
M a r c h N il
A p r i l 1 wheat, snail ,  pupae, s o y a -  

sa u ce  w aste , e a r th w o rm , 
r i c e  b ra n

O n ce  a day Within 1 hour

M ay 4 m ix e d  food s O n ce  i n c r e a s ­
ing to 3 t im es

30 m inutes

June 15 pupae as staple  fo o d s ;  
and a ls o  m ix e d  food s

3 to 6 t im es 15 to 30 m in s .

July 20 s i lk w o r m  pupae 3 to 7 t im es ditto
A ugu st 30 ditto 5 to 9 t im es ditto
S ep tem b er 20 ditto 5 to 7 t im e 8 ditto
O c t o b e r 9 pupae, wheat, bean 

m e a l ,  veg e ta b le  and 
f ish  m e a l

2 to 5 t im es

N o v e m b e r 1 ditto O n ce  daily , 
to o n ce  e v e r y  
2 days

30 m inutes

D e c e m b e r N il

_10p^o

T his  sch edu le  is  m o d i f ie d  a c c o r d in g  to the da ily  w ea th er  c o n d it io n s .  On s to r m y  days with 
heavy  sh o w e rs  and s tron g  wind when the te m p e ra tu re  fa l ls  v e r y  low , e i th e r  the feed ing  should  
be s topped  o r  on ly  a l i t t le  food  g iven . On a sunny w a rm  day the ration  can  be som ew h at  in cre a se d .

The feed in g  should  be m u ch  m o r e  in ten s ive  in ponds with running w ater  and la r g e  s to ck s  o f  
f i s h .  F r o m  M a y  to June they a r e  fed  o n ce  e v e r y  hour o r  two, o r  s ix  t im es  during the day.
F r o m  July to S e p te m b e r  the feed ing  is  in c r e a s e d  to 12 t im es  a day. In O c t o b e r  and N o v e m b e r  
they a r e  fed  on ly  s ix  t im es  a day at in te rv a ls  o f  two h o u r s .  During s u m m e r ,  which  is the p er iod  
o f  rap id  grow th , feed ing  should be  done m o r e  o ften  in the m o rn in g  o r  evening, even  up to as late 
as  9 to 10 p . m .

T he feed ing  sch ed u le  f o r  e e ls  in Japan is s im i la r  to that o f  c a r p .  F eed in g  is done f r o m  about 
M a r c h  to N o v e m b e r  and a quantity o f  fo od  weigh ing  f r o m  5 p e r  cen t  to 10 p e r  cen t  o f  the weight 
o f  the f ish  m a y  have to be g iven .  H o w e v e r ,  m uch  depends on  the b e h a v io r  o f  the -fish and the 
e x p e r ie n c e  o f  the fa r m e r .

xr?F***



FB/T14 141

F is h  G row th  in Ponda

T he grow th  o f  f ish  is  in f lu en ced  by a v a r ie t y  o f  f a c t o r s .  T he g en et ic  c h a r a c t e r i s t i c s  o f  the 
s t o c k  th e m s e lv e s  a r e  o f  im p o r ta n c e ,  and this haB b een  w e l l  r e c o g n is e d  in the cu lt iva t ion  o f  the 
c o m m o n  c a r p .  C h in ese  and Indonesian  f ish  c u ltu r is ts  t h e r e fo r e  s e l e c t  the q u ic k e s t  g row in g ,  fat 
and healthy s p e c im e n s  fo r  b r e e d in g  p u r p o s e s  s in ce  e x p e r ie n c e  has shown that the o f f s p r in g  o f  
such  s to ck  g r o w  m o r e  ra p id ly  and y ie ld  b e t t e r .

T he ra te  o f  grow th  is d i r e c t ly  a f fe c te d  by  t e m p e r a t u r e  and o th er  p h y s ic a l  co n d it io n s  o f  the 
w a t e r .  The lo w e r in g  o f  feed in g  in ten sity  o r  the n o n -a v a i la b i l i ty  o f  c e r ta in  types  o f  f o o d  a f f e c t  
grow th  c o n s id e r a b ly .  W hile  a f ish  w i l l  be  ab le  to s u r v iv e  in a stunted f o r m  when  fed  on  an 
a u s te r i ty  diet , that is  ju s t  su f f i c ie n t  f o r  the m a in tenan ce  o f  its  l i fe ,  a r i c h e r  d ie t  is  n e c e s s a r y  
f o r  its  ra p id  g row th . The d en s ity  o f  the f ish  p opulation  in a pond is  t h e r e fo r e  a v e r y  im p orta n t  
fa c t o r  w h ich  in f lu e n ce s  the g row th  ra te , b e c a u s e  it  d e te r m in e s  the d e g r e e  o f  c o m p e t i t io n  in 
feed in g  and co n se q u e n t ly  the am ount o f  fo od  a v a ila b le  p e r  f i s h .  The grow th  o f  f ish  is  m u ch  
q u ic k e r  in u n d e r s t o c k e d  than in o v e r s t o c k e d  p o n d s .  In v iew  o f  the fa c t  that s e v e r a l  en v iron m en ta l  
and o th e r  fa c t o r s  a f f e c t  the g row th  ra te ,  i t  is  ra th er  d i f f i cu lt  to ju dge  with a c c u r a c y  the n o r m a l  
o r  even  the m a x im u m  grow th  that can  b e  e x p e c te d  f o r  a s p e c i e s .  Data re g a rd in g  the w eights  
a tta ined  b y  s o m e  o f  the im p o rta n t  cu lt iv a ted  f i sh e s  a r e  g iven  in the table  b e lo w .  W hile  this should  
help  to f o r m  s o m e  idea  o f  the c o m p a r a t iv e  grow th  ra tes  o f  the s p e c i e s ,  it is  e m p h a s iz e d  that 
th ese  f ig u r e s  a r e  b a s e d  o n ly  on  o b s e r v a t i o n s ;  they a r e  not the r e s u l t s  o f  c o n t r o l l e d  e x p e r im e n ts .

I
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G row th  R ate o f  F is h e s  in P on d s in the I n d o -P a c i f i c  R e g io n
S p e c ie s W eight in c r e m e n t in g during

China
1st y e a r 2nd y e a r 3rd  y e a r 4th y e a r

G r a s s  c a r p 2 2 5 -6 8 0 1200 -2300 2700 4800
B la c k  c a r p 600 2750 4 5 0 0 -5 0 0 0 9000
B ig  head 150 900 1800 4200
S i lv e r  ca rp 150 900 1800 3600
M ud c a r p 75 3300 600 -
C o m m o n  c a r p 300 900 1500 2100
B r e a m 75 450 900 -
G r e y  m u lle t 300 1200 2000

M a la y a  and Thailand
G r a s s  c a rp 1500 3000
B ig  head 2000 4500
S i lv e r  c a rp 1800 4500
C o m m o n  c a r p 400 800

P h i l ip p in e s  and In don es ia
T ilap ia 4 5 0 -8 5 0
G o u ra m i 1 2 0 -4 5 0 4 5 0 -6 8 0 2400 3800
B elin ka 675
L a m p a i 2000
N i le m 350

India and P a k is ta n
C atla 4 0 0 0 -5 0 0 0 6750
Ro'nu A A/»JSJKJ 3600 5400

• M r ig a l 6 5 0 -1 8 0 0 2600 4000
C a lb a su 450 {
White c a r p 330
C a u v e r y  c a r p 300
N a g e n d ra m  fish 700
Sandkhol c a r p 9 0 0 -1 4 0 0
C o p p e r  m a h s e e r 112
C a rn a t ic  c a r p 113
T e n ch 113
C o c k  up 1500 -3000 5000

In d o -  China
C a t  f ish
(P a n g a s iu s  la rn au d i ) • m 1000

C at f ish
(P a n ga s iu s  su tch i ) - 4000

Japan
C o m m o n  c a r p
(stagnant ponds) 375 927 1980 2300

C o m m o n  c a r p -
(ponds with  running w ater ) 3 5 0 -2 4 0 0

E e l 10 -1 2 0 110-120
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PO N D  M A N A G E M E N T  

P on d  Sanitation

It is  w e l l  known to aquatic  b io l o g is t s  that ponds o r  o th e r  b o d ie s  o f  w a ter  a r e  ab le  to m ainta in  
th e m s e lv e s  in  a sa n ita ry  state u nder  natural c o n d it io n s .  The b io l o g i c a l  p r o c e s s e s  that o p e ra te  
under n o r m a l  c on d it ion s  ra p id ly  m in e r a l i z e  a ll  dead  o r g a n ic  m a tte r ,  r e s t o r in g  the nutr ien t  c y c l e  
which  susta ins  the pond  f l o r a  and fauna. T he  o x y g en  u t i l iz e d  b y  the fauna and f l o r a  is r e p le n ish e d  
f r o m  the a tm o s p h e r e  and the ox y g e n  r e le a s e d  by the c a r b o n  d io x id e  a s s im i la t io n  o f  p lan ts .  The 
f r e e  c a r b o n  d iox ide  p r o d u c e d  e s c a p e s  into the a t m o s p h e r e .  But when the pond is used  fo r  
in tens ive  f ish  cu ltu re ,  w h ich  in v o lv e s  m an u rin g , heavy s to ck in g ,  e t c . ,  the n o r m a l  b io l o g i c a l  
p r o c e s s e s  a re  in t e r f e r e d  with and a b n o r m a l  h y d r o lo g ic a l  c on d it ion s  m a y  d e v e lo p .  It t h e r e fo r e  
b e c o m e s  e sse n t ia l  f o r  the fish  cu ltu r is t  to k eep  a v ig i lan t  w atch  on  the pond san itation  so  that 
the f ish  he cu lt iva tes  w i l l  not be  a f fe c te d  by the a r t i f i c i a l  en v iro n m e n t  c r e a t e d .

One o f  the m ain  fa c t o r s  to be  w atched  is  the g a seou s  con ten t  o f  the w a te r ,  e s p e c ia l ly  o f  
ox y g e n  and c a r b o n  d io x id e .  When a pond is h eav ily  s to ck e d  with f ish  th ere  is  a rap id  co n su m p tio n  
o f  ox y g en  and, u n le s s  th ere  a r e  s p e c ia l  m ea n s  o f  r e p le n ish m e n t ,  con d it ion s  m ay  b e c o m e  u n ­
fa v o ra b le  f o r  f ish  l i f e .  T h is  is  the r e a s o n  w hy J a p an ese  f ish  f a r m e r s  m ainta in  a con stan t  f low  
o f  w ater  in h eav ily  s to c k e d  p on ds .  L ett ing  in fr e s h ,  ox y g en a ted  w ater  at su itab le  in te rv a ls  is 
e s se n t ia l  in such  ponds to p r e v e n t  m o r t a l i t y  due to a sp h yx ia t ion .  B y  c a s c a d in g  the w a ter  into the 
pond, its ox y g e n  con ten t  can  be  in c r e a s e d .  R e g u la r  netting o f  the poad  is  o ften  r e c o m m e n d e d  as 
a m ean s  o f  aera t ing  pond w ater ,  but this has to be done ca u t iou s ly  b e c a u s e  the o r g a n ic  m a tte r  
at the pond b o tto m  is  o th e r w is e  l ik e ly  to be  s t i r r e d  up; in s tead  o f  im p ro v in g  the o x y g e n  content, 
the d is tu rb ed  o r g a n ic  m a tte r  w ou ld  u se  up la r g e  quantities  o f  o x y g e n .  U nder c e r ta in  m e t e o r o l o g i c a l  
con d it ions  the p u tre fa c t io n  c y c l e  m ight a s s u m e  a b n o r m a l  p r o p o r t io n s  and a f fe c t  the pond san itation . 
T h is  happens w h ere  th ere  is an a c cu m u la t io n  o f  d eca y in g  o r g a n ic  m a t te r .  In c lou d y ,  su ltry  and 
hum id w eather ,  a b s e n c e  o f  ra in  and wind, the p u tre fa c t io n  o f  o r g a n ic  m a tte r  is  a c c e l e r a t e d  and 
due to the a b s e n c e  o f  sunlight the photo syn th etic  a c t iv ity  o f  p lants is  a r r e s t e d .  The p u tre fa c t ion  
p r o c e s s e s  m ak e  a h ea vy  d em an d  on  the ox y g e n  and the ox y g e n  budget b e c o m e s  u nba lan ced .  When 
th ere  is  a th ick  b l o o m  o f  a lga l  grow th  in a pond, s im i la r  con d it ion s  m ay  r e s u l t .  In such  
c i r c u m s t a n c e s  tr e a tm e n t  with an a lg i c id e ,  such  as c o p p e r  sulphate, w i l l  r e d u ce  the a lg a l  grow th  
and b r in g  b ack  the pond l i f e  to a n o r m a l  c o n d it io n .  When the o x y g en  con ten t  o f  the pond b e c o m o s  
low , the f ish  o ften  c o m e  to the s u r fa c e  gasp in g  f o r  b re a th .  T he hunger f o r  ox y g e n  a ls o  d r iv e s  
o th e r  a n im a ls  to the s u r fa c e  and b o t t o m -d w e l l e r s  l ike  m o l lu s c s  to the s id e s  o f  the pond.
In ju d ic ious  m an u rin g  o f  ponds w ou ld  a ls o  g ive  r i s e  to the s a m e  co n d it ion .  M o r ta l i ty  due to 
asp h yx ia t ion  o ften  takes  p la c e  u nder  such  co h d it io n s .  The f ish  c u ltu r is t  has to p r e v e n t  the d e v e lo p ­
m e n t  o f  the a b o v e -m e n t io n e d  co n d it io n s ,  w h ich  do not o c c u r  in r e g u la r ly  d e s i l t e d  and d ra in ed  
p o n d s .

S ince  v e r y  den se  g row th s  o f  aquatic  f l o r a  g iv e  r i s e  to a b n o r m a l  h y d r o lo g i c a l  con d it ion s  it  is 
n e c e s s a r y  to c h e c k  them  ad eq u a te ly .  But o n c e  in sa n ita ry  con d it ion s  have d e v e lo p e d ,  su itab le  
e r a d ic a t o r y  m e a s u r e s  should  be  undertaken  im m e d ia te ly ,  o th e r w is e  the w hole  fish  population  w ill  
d ie  in a s h o r t  t im e .  A  c h e m ic a l  exa m in a t ion  o f  the pond w a ter  is  o f  g r e a t  help in d iagn os in g  the 
im m e d ia te  ca u se  o f  a b n o r m a l  f ish  b e h a v io r .  O xygen  d e f i c ie n c y  is u su a lly  the ca u se  o f  m o r ta l i ty  
and the b e s t  m ethod  o f  r e c t i fy in g  this is  to add w e l l - a e r a t e d  f r e s h  w a ter  f r o m  any n ea rb y  s o u r c e .  
B e s id e s  in c r e a s in g  the ox y g e n  con ten t  o f  the w ater  this w ill  have the im m e d ia te  effect o f  d iluting 
the n ox iou s  su b s ta n ce s  p r o d u c e d  in the pond by  p u tre fa c t io n .  If the w ater  in the pond ca n  be 
ag ita ted  without s t i r r in g  up the o r g a n ic  d e p o s it s  the w a ter  can  be  c o n s id e r a b ly  ox y g e n a te d .  A  
p o r ta b le  pump shou ld  be  kept rea d y  at e v e r y  pond fa r m  to sp ra y  the w a ter  and th ereb y  agitate  it, 
in c a s e  o f  e m e r g e n c y .
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I f  the w a ter  b e c o m e s  a c id  due to p u tre fa c t io n  i t  can  be  trea ted  with l i m e  in co n ce n tra t io n s  o f  
no t  m o r e  than 10 p p m . Should the w a ter  b e c o m e  v e r y  fou l, p o ta s s iu m  p erm an gan ate  can be u sed  
in d o s e s  not e x ce e d in g  1 .5  p p m . B e s id e s  ad justing  the pH o f  the w ater  this c h e m ic a l  w i l l  k il l  
f ish  p a r a s i t e s  and a ls o  c o n tr o l  e x c e s s i v e  b a c t e r ia l  g row th . O r d in a r y  w ashing  soda , c ru d e  
p o ta s s iu m  ca rb o n a te  and w o o d  ash  a r e  a l s o  u se fu l  in r e d u c in g  a c id ity ;  but the op t im u m  c o n ­
c e n tr a t io n s  o f  these  m a t e r ia ls  have not y e t  been  a s c e r t a in e d .  F is h  f a r m e r s  in B enga l o ften  cut 
up banana plants  and f lo a t  them in the w ater ,  o r  e x t r a c t  the ju i c e s  b e fo re h a n d  and m ix  them  in 
the pon d . A lthough  banana s te m  ju i c e  is  a c id  in reaction  (pH 5 .2  to 5 .7 )  it  con ta in s  a c o n s id e r a b le  
a lka line  r e s e r v e  and its  b u ffe r in g  a c t ion  m ig h t  c o n t r o l  f ish  m o r t a l i t y .

When the g e n e ra t io n  o f  n ox iou s  g a s e s  in pond b o t to m s  b e c o m e s  e x c e s s i v e ,  they ca n  be  s m e lt  
and w i l l  ign ite  and p r o d u c e  high f la m e s  on  the w hole  pond s u r fa c e .  Indian f ish  f a r m e r s  p re v e n t  
a c cu m u la t io n  o f  such  g a s e s  by raking the pond b o tto m .

High w a ter  turb id ity  due to su sp en d ed  s i l t  can  ca u s e  s e r io u s  f ish  m o r t a l i t y .  T he  s i l t  ch okes  
the g il ls  and a ls o  d e p le te s  the d is s o l v e d  o x y g e n  in the w a t e r .  P r o t e c t in g  the ponds a g a in st  dust 
is  help fu l in  p rev en t in g  th is .  V e r y  s m a l l  d o s e s  o f  a lu m  m igh t  help  to se tt le  the su sp en d ed  m a t te r .

a
E x p o s u r e  to v e r y  l o w  te m p e r a t u r e s  m igh t  ca u se  m o r t a l i t y  but this is  c o m p a r a t iv e ly  r a r e  in 

the I n d o - P a c i f i c  R e g io n ,  e x c e p t  in the s u b tr o p ic a l  a r e a s  o f  Japan, T a iw an  and C e n tra l  China.
In Japan the f a r m e r s  t r a n s fe r  f ish ,  e s p e c ia l ly  c o m m o n  c a r p ,  to w in ter in g  ponds , when the 
te m p e r a tu r e  o f  the w a ter  d r o p s  to z e r o .  A  w in ter in g  pond o f  1 m ^ in a r e a  and 3 m  d eep  w i l l  
susta in  20 to 25 kg  o f  c a r p  d uring  the w in ter  m o n th s .

B e s id e s  d i r e c t ly  k il l in g  f ish ,  d e t e r i o r a t io n  o f  w a te r  con d it ion s  in a pond m a y  r e n d e r  the fish  
h ighly  s u s c e p t ib le  to p a r a s i t i c  a ttacks  and o th e r  d i s e a s e s .  T he v ig i lan t  f a r m e r  can  e a s i l y  d e te c t  
a b n o r m a l i t ie s  in  the w a ter  and qu ick ly  take r e m e d i a l  a c t io n .

;j j
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FISH DISEASES A N D  THEIR C O N T R O L

F ish  a r e  p ron e  to hundreds o f  p a r a s i t i c  and n o n p a ra s i t ic  d i s e a s e s ,  e s p e c ia l ly  when grow n  
under a r t i f i c ia l  c o n d it io n s .  A d v e r s e  h y d r o lo g i c a l  con d it ion s  o ften  p r e c e d e  p a r a s i t i c  a ttacks , as 
the r e s is ta n c e  o f  the fish  is th ereb y  lo w e r e d .  M e c h a n ic a l  in ju r ie s  susta ined  by a f ish  when 
handled c a r e l e s s l y  during f ish ing  o r  t r a n s p o r t  m ay  a ls o  fa c i l i ta te  p a r a s i t i c  in fe c t io n .

The p r e v a le n c e  o f  f ish  d is e a s e s  is  v e r y  m u ch  dependent on  the in tensity  o f  s to ck in g .  D i s e a s e s  
a re  m o r e  c o m m o n  in China than in India, P ak istan , and o th er  c o u n tr ie s  w h ere  the d en s ity  o f  
s tock ing  is  r e la t iv e ly  low . So, when a f a r m e r  d e c id e s  to r a is e  the s tock ing  rate , he has not 
on ly  to p ro v id e  e x tra  food , but a ls o  to take s p e c ia l  c a r e  to p rev en t  and c u r e  ou tb rea k s  o f  
d i s e a s e s .  D is e a s e s  a r e  m o r e  c o m m o n  in f r e s h w a te r  e n v iro n m e n ts ,  and it  has been  found that 
s u s c e p t ib le  f r e s h w a te r  f ish  a r e  s ig n i f ica n t ly  f r e e  f r o m  d is e a s e  when grow n  in  s l igh t ly  b r a c k is h  
w a te r .

W e l l -k e p t  and p r o p e r ly  m an aged  ponds u su a lly  r e m a in  f r e e  o f  d i s e a s e .  C a r e l e s s n e s s  in 
s tock ing  and feed ing  m ay  r e s u l t  in s e r io u s  p a r a s i t i s m  and m o r t a l i t y .  P r e v e n t io n  is better  than 
c u r e .  C a re  shou ld  be taken to p rev en t  p a r a s i t e s  gaining a c c e s s  f r o m  a n e a r b y  in fe c te d  s o u r c e .  
E ven  though s e v e r a l  cu ra t iv e  m ethod s  a r e  a v a ila b le ,  trea tm en t  is  d i f f i cu lt  and o ften  im p r a c t ic a b le  
in ponds conta in ing a la rg e  n u m b er  o f  f i s h .  P re v e n t in g  the s p re a d  o f  the d is e a s e  by qu ick  
r e m o v a l  and d e s tru c t io n  o f  in fe c te d  f ish  is  p r o b a b ly  the m o s t  e f f e c t iv e  m ethod  o f  c o n t r o l .  
D i s e a s e - r e s i s t i n g  fish  should , as fa r  as p o s s ib l e ,  be  s e le c t e d  fo r  s to ck in g .

S om e o f  the c o m m o n  d is e a s e s  o f  f i s h e s  a r e  d e s c r i b e d  b e lo w .

D y s e n te r y .  One o f  the m o s t  c o m m o n  n o n - p a r a s i t i c  d i s e a s e s  is  d y s e n te r y .  F eed in g  with 
tainted o r  in d ig e s t ib le  food  conta in ing  too  m u ch  fat o r  p ro te in  m a y  lea d  to this d i s e a s e .  In tensive  
redden ing  o f  the r e c tu m  and p r o fu s e  quantities o f  y e l l o w is h  m u cu s  in the gut a r e  n o t ic e a b le  
s y m p to m s .  The on ly  r e m e d y  is  to stop  feed ing , e s p e c ia l ly  with an im a l food , f o r  a su itab le  
p e r io d .  D ra in ing  the pond and letting  in f r e s h  w a ter  w i l l  help the f ish  to r e c o v e r  q u ic k e r .

G ill  R o t .  A m o n g  the fungal p a r a s i t i c  d i s e a s e s ,  g i l l  r o t  is  fa i r ly  c o m m o n  am ong  cu lt iva ted  
f i sh e s  in the I n d o -P a c i f i c  R e g io n .  It g e n e ra l ly  o c c u r s  in ponds w h e re  there  is an abundance o f  
decay in g  o r g a n ic  m a t te r  and is  c a u s e d  by  the fungus, B r a n c h i o m y c e s . It is  o ften  c o m m o n  in 
s u m m e r ,  e s p e c ia l ly  a fter  a p e r io d  o f  hot d a y s .  S om e o f  the g i l l  f i la m en ts ,  p a r t i c u la r ly  the 
upper  on e s ,  b e c o m e  b la c k is h  r e d  in c o l o r  and the r e s t  w hitish  as  a r e s u lt  o f  the p en etra t ion  o f  
fungus which  o b s t r u c t s  the b lo o d  v e s s e l s .  The d is e a s e  b e c o m e s  e p id e m ic  and ca u s e s  rap id  
m o r t a l i t y  e s p e c ia l ly  in the e a r ly  stages  o f  the ou tb rea k . W ithin about eight days the attack  
s u b s id e s .  S om e  f ish es  m a y  su rv iv e  and the ir  a f f e c te d  g i l l  f i la m en ts  m a y  s lough  o f f  and then heal 
g ra d u a lly .  When there  is  an a ttack  o f  g i l l  r o t  in a pond the fo l low in g  m e a s u r e s  a re  r e c o m m e n d e d :  
(i) in trod u ce  c o o l  w a ter ,  (ii) p re v e n t  undue turb id ity  o f  the w ater  and o r g a n ic  po llut ion ,
(i ii)  d is con t inu e  feed ing , and (iv) add l im e  to the w a te r .  In s e r io u s  e p id e m ic s ,  i f  p o s s ib l e ,  the
f ish  shou ld  be netted  ou t  and the pond w ater  c o m p le te ly  ch anged  b e f o r e  putting the f ish  b a ck .

S a p ro legn ia  In fect ion .  The fungus S a p ro leg n ia  attacks  f i sh e s  that have susta ined  m e c h a n ic a l  
o r  o th er  in ju r i e s .  F o r  e x a m p le ,  they attack  the g i l l  f i lam en ts  a f fe c te d  by  g i l l  r o t .  T e n d e r  p arts
o f  the b od y  a r e  m o r e  s u s c e p t ib le  and so  the g i l ls  a re  m o r e  c o m m o n ly  a f fe c te d  than the skin,
fins , m outh  and e y e s .  When it se t t le s  on  the body , the fungus sends m y c e l ia l  b ra n ch e s  through 
the e p id e r m is  into the inner  la y e r s  o f  the skin  cau s in g  g e n e ra l  d is tu rb a n ce  o f  the s y s te m  and 
u lt im ate  death. S a p r o le gnia o ften  a ttacks eg g s  and hatch lings  and this m ay  ca u se  s e r io u s  
m o r ta l i ty  in  hatching p on ds .  O v e r -a b u n d a n ce  o f  a lg a l  grow th , m e c h a n ic a l  in ju r ie s ,  o v e r - c r o w d in g  
and fou ling  o f  w ater  a r e  c o n s id e r e d  to be  the fa c t o r s  that e n co u r a g e  the a ttacks o f  this fungus.
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W hile  it is p o s s ib l e  to treat  indiv idual fish  by gently  rubbing  the a f fe c te d  p o r t io n s  with cotton 
w oo l  soa k ed  in a 1:100 so lu t ion  o f  iod ine  o r  p o ta s s iu m  p erm an gan ate ,  the m o s t  p r a c t i c a b le  way 
o f  treating  a la r g e  n u m b er  o f  f ish  is  by giv ing  them  a bath in a 3 p er  cent  so lu tion  o f  c o m m o n  
salt , o r  in a 1:2000 so lu tion  o f  c o p p e r  sulphate, o r  in a 1:1000 so lu t ion  o f  p o ta s s iu m  p erm an gan ate ,  
fo r  5 to 10 m inutes o r  until they show  d i s t r e s s .  A l l  the a f fe c te d  f ish  f r o m  a pond can  be r e ­
m o v e d  in s m a l l  lo ts  in a hand net and dipped  into the so lu t ion .  W here  fa c i l i t i e s  ex is t ,  it is 
a d v isa b le  to t r a n s fe r  the f ish  into a sep a ra te  s m a l l  ‘ h osp ita l  p o n d 1 w h ere  they can  be p r o p e r ly  
treated  with c h e m ic a l s .  A s with o th er  p a r a s i t i c  f ish  d is e a s e s ,  it  is a lw ays  d e s i r a b le  to d ra in  
the pond and trea t  the b o tto m  with l i m e  o r  o th er  s te r i l i z in g  c h e m ic a l s .

F in  R o t .  F in  rot ,  o r  tail r o t  as it is  s o m e t im e s  c a l le d ,  is  ca u s e d  by a r o d -s h a p e d  b a c te r iu m  
which  g ro w s  on the f in s .  The fins l o s e  their  rays  and b e c o m e  re d u c e d  to a s tum p . The f i r s t  
s ign  o f  this d i s e a s e  is the a p p e a ra n ce  o f  a white l in e  a long  the o u te r  m a rg in  o f  the fin which  
s low ly  s p re a d s  tow ard s  its  b a s e  until the whole  fin is  d e s t r o y e d .  T h is  d i s e a s e  is o ften  fatal to 
y ou n g er  f ish .

The b e s t  t rea tm en t  f o r  fin rot is  a bath fo r  one o r  two m inutes in a 1:2000 so lu tion  o f  c o p p e r  
su lphate, w hich  should  be  done by  a sk i l le d  p e r s o n  who ad justs  the p e r io d  o f  trea tm en t  a c c o r d in g  
to the b e h a v io r  o f  the f i sh .  The trea tm en t  shou ld  be s top p ed  as  soon  as the f ish  sh ow s s igns  o f  
d i s t r e s s .

Ichthyophthirius  In fect ion .  A  c o m m o n  p r o to z o a n  p a r a s i t e  that a ttacks  pond f i s h e s .  The in fected  
-*ish d e v e lo p  s m a l l  white p im p le - l ik e  g row ths  on the g i l l s ,  bod y  and f in s .  The p a r a s i t e s  a r e  
about 1 m m  in d ia m e te r  and o v o id  o r  s p h e r ic a l  in sh ap e .  When they r e a c h  m atur ity  they d ro p  o f f  
the f ish  and ea ch  d iv ides  into about a thousand and a r e  se e n  as s w a r m s  in the pond. T hey  then 
attach  th e m s e lv e s  to new  h osts ,  e s p e c ia l ly  young f i s h .  D is in fe c t io n  o f  the pond with sa lt  o r  quick  
l im e  is the m o s t  e f f e c t iv e  rriptfin^ o£ co n tro l l in g  the e p id e m ic .  T he  f ish  can a is o  dc t rea ted  with 
a 3 to 5 p e r  cen t  so lu t ion  o f  c o m m o n  sa lt  fo r  30 m inu tes , o r  a 5 p e r  cen t  so lu t ion  o f  a lu m in u m  
sulphate fo r  about 1 m inute, o r  a 1:2500 so lu t ion  o f  fo r m a l in  f o r  15 m in u te s .  I f  the f ish  a re  
kept in a l iv e  ca g e  and a c u r r e n t  o f  w ater  is p a s s e d  through it, the p a r a s i t e s  w ill  fa l l  o f f  and 
be c a r r i e d  aw ay by  the f low  o f  w a te r .  The f ish  w i l l  then r e c o v e r  within two o r  th ree  w e e k s .
T his  t rea tm en t  is  not p r a c t i c a b le  in a l l  pon ds .

C y c lo c h a e ta .  T h is  attacks  the b od y ,  g i l ls  and f in s .  It has a fla ttened  v en tra l  s id e ,  by m ea n s  . 
o f  which  it a ttaches  i t s e l f  to the s u r fa c e  o f  the f i sh .  In the e a r ly  s tages  o f  the d is e a s e ,  a bath in 
a 1 p e r  cen t  so lu tion  o f  sa lt  f o r  5 to 10 m inutes  w ill  be  su f f ic ie n t  to k i l l  the p a r a s i t e s .  In 
s e r io u s  a tta ck s ,  trea tm en t  with a 3 p e r  cen t so lu t ion  o f  sa lt  o r  a 1 :500 so lu t ion  o f  g la c ia l  a c e t i c  
a c id  m a y  b e  n e c e s s a r y .  T he b e s t  trea tm en t  is  a bath fo r  10 m inutes in a 1 :2500 so lu t ion  o f  
fo r m a l in .

C o s t ia  N e c a t r ix .  T h is  p a r a s it e  is  m i c r o s c o p i c  but can  b e  d e te c ted  by the a p p e a ra n ce  o f  a 
light b lu ish  o r  g r e y is h  f i lm  o v e r  the b od y  and the f in s .  The f ish  stop  feed ing  and b e c o m e  v e r y  '
w eak  and d ie  in a s h o r t  t im e .  A  bath fo r  about 10 m inutes in a 1:2500 f o r m a l in  so lu t ion  w ill  
k i l l  m o s t  o f  the p a r a s i t e s .  A  1:500 so lu tion  o f  g la c ia l  a c e t i c  a c id  w i l l  a ls o  be e f f e c t iv e .

C a rp  L i c e .  The attack  o f  the c a r p  lo u se  (A rgu lus  f o l ia c e u s ) ,  a p a r a s i t i c  c o p e p o d ,  is  a v e r y  
c o m m o n  ca u se  o f  f ish  m o r ta l i ty  in p on ds .  T he lo u se  is  o v a l  in shape with a fla ttened  body  and 
s m a l l  b i l o b e d  a b d o m e n .  It a ttached  i t s e l f  by m ea n s  o f  a p a ir  o f  d i s c - l i k e  s u c k e r s ,  on  the v en tra l  
s id e  o f  its body, to the skin at the b a s e  o f  the s c a l e s .  The s c a le s  subsequ ent ly  fa ll  o ff ,  exp os in g  
the b o d y .  The m a le s  attain a length o f  about 6 m m  w hile  the fe m a le s  r e a ch  a s iz e  o f  about 8 m m .
A t the t im e o f  b re e d in g  the lo u s e  le a v e s  its  host  and la y s  eggs  on  s tones  and tw ig s .  The nauplii 
that hatch out r e s e m b l e  the adults and im m e d ia te ly  sw im  out in s e a r c h  o f  hosts  on  which  they 
attach  t h e m s e lv e s .  I f  a su itab le  h os t  is not found within three  w eeks  they d ie .

1
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In about s ix  w eek s  it attains m atur ity  and is  ab le  to r e p r o d u c e .  It su ck s  the b lood  o f  the fish, 
the in fected  fish  b e c o m e s  r e s t l e s s  and the e x p o s e d  skin is  s u b je c t  to fungal and b a c t e r ia l  attack. 
Young f i sh e s  s u ccu m b  to the attack m o r e  e a s i ly  than the adu lts .  The l i c e  le a v e  the host  as 
s o o n  as it d ie s .

The m o s t  p r a c t i c a b le  w ay o f  treating  a pond in fe c te d  with the l i c e  is to r e m o v e  the fish  as 
qu ick ly  as p o s s ib le ,  d ra in  the pond and e x p o s e  the b o ttom  to the sun fo r  at l e a s t  24 h ou rs .
T his  k il ls  eggs  as  w e l l  as adu lts .  W here  dra in in g  and dry in g  a re  not p o s s ib l e ,  l im e  app lied  at 
the rate  o f  0. 1 to 0 . 2  g p e r  l i t e r  is  often e f f e c t iv e .  A s  the p a r a s i t e s  d ie  within th ree  w eek s  in 
the a b se n ce  o f  a h ost ,  it  is  not a d v isa b le  to r e s t o c k  the pond until that p e r io d  has e la p se d .

S ch a p erc la u s  (1953) r e c o m m e n d s  a l y s o l  bath as a trea tm en t .  The f ish , caught in a bask et  
o r  dip net, should  b e  im m e r s e d  in an 0 .2  p e r  cen t  so lu tion  o f  l y s o l  fo r  a p e r io d  o f  5 to 15 
s e co n d s ,  depending on  the s iz e  o f  the f i sh .  A f t e r  the trea tm en t  the net a long  with the f ish  should  
be r in se d  in c lean  f r e s h  w a ter .

W o r m s .  A m o n g  the w o r m  p a ra s it e s  o f  pond f i sh e s ,  the tr e m a to d e s  o f  the g en era  D a cty lo g y ru s  
and G y rod a cty lu s  a r e  the m o s t  im p ortan t .

The adult D a cty lo g y ru s  m e a s u r e s  0 ,2  to 0 .5  m m  and a ttaches  i t s e l f  to the g i l ls  b y  m ean s  o f  
row s  o f  sp ines (14 in the ou ter  and 8 s m a l le r  on es  in the inner row ) at the tail end o f  the body . 
It is a lso  g e n e ra l ly  p a r a s i t i c  on  the g i l l s .  The in fe c te d  f ish  ra p id ly  l o s e  w eight and due to the 
continued d is tu rb a n ce  o f  the r e s p ir a t o r y  m e c h a n is m  w ill  u lt im a te ly  d ie .

In m any c a s e s  c o m b in e d  in fe c t ion s  o f  D a c ty lo g y ru s  and G y rod a cty lu s  and C il ia te  p ro to z o a n s  
have been  found.

' In fect ion  takes p la c e  m o s t ly  as a r e su lt  o f  p o o r  nutrition  and u n fa v ora b le  en v iron m en ta l  
c o n d it io n s .  The im p r o v e m e n t  o f  these  con d it ion s  is  an e f f e c t iv e  trea tm en t .  I f  n o t ic e d  in the 
e a r ly  stages  o f  an e p id e m ic ,  the in fe c ted  f ish  should  be r e m o v e d  f r o m  the pond and d e s t r o y e d .  
Slight in fect ion s  can , h o w e v e r ,  b e  trea ted  by the a p p lica t ion  o f  a 1:100, 000 so lu tion  o f  po tas ium  
perm an gan ate  o r  a 1:2500 so lu tion  o f  f o r m a l in  fo r  about ha lf  an h our .

G y rod a cty lu s  is  v e r y  s im i la r  to D a cty lo g y ru s  but is m o r p h o lo g i c a l ly  d is t in gu ish ab le  by the 
a b s e n c e  o f  ey e s  and the p r e s e n c e  o f  on ly  a s in g le  r o w  o f  16 sp in es  on  the a ttachm ent o rg a n  as 
aga in st  the two ro w s  found in D a c t y lo g y r u s .  T he  p a ra s it e  is v iv ip a r o u s .  It has a de fin ite  
p r e fe r e n c e  f o r  the skin o f  the h o s t s .  The p re v e n t iv e  and cu ra t iv e  m e a s u r e s  a r e  the sa m e  as 
f o r  D a c ty lo g y ru s .

C A P T U R E  AN D M A R K E T IN G

The capture  and m a rk et in g  o f  the f ish  c r o p  r a is e d  in a pond a r e  as im p orta n t  as the cu ltu ra l 
tech n iqu es .  C apture  o p e ra t io n s  m a y  s ta r t  a few  m onths a fte r  s tock ing ,  to thin out the s to ck .  
B e fo r e  using  any f ish ing  nets it  is  n e c e s s a r y  to r e m o v e  a l l  w eed s  o r  o th er  o b s tr u c t io n s  that may­
be ly ing  in the pond.

F ish in g  G ea r

D rag nets and c a s t  nets m ade  o f  co tton  a r e  the m o s t  c o m m o n  f ish ing  g e a r  u se d .  A  d rag  net 
is a re c ta n g u la r  p ie c e  o f  netting with a foo t  rope  and a head r o p e .  The head rop e  m ay  be 
p ro v id e d  with f loa ts  and the foo t  ro p e  with w eight 60 as to keep  the net fu lly  s t r e t c h e d  when d ra g g ed .
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T he length  an d  breadth  o f  the net a r e  d e te rm in e d  by  the extent and depth o f  the a r e a  in which  it 
has to be  o p e ra te d .  The net is d ra g g ed  f r o m  one  end o f  the pond to the o th er  and the ca tch  is 
then hauled up.

C a s t  nets a r e  c o n ic a l  in  shape with le a d  w eights at the p e r ip h e r y  and m a y  be  s tr in g e d  o r  
s t r i n g l e s s .  In the s tr in g ed  type, the hauling ro p e  m a y  have a rad iat ing  s y s t e m  o f  s tr in gs  
attached  to the p e r ip h e r y .  When the fu lly  s p re a d  net  is  thrown o v e r  the f ish  the r im  o f  the net 
s in k s , thus trapping the f ish  b e lo w .  When the net is hauled the r im  is  d raw n  togeth er  fo rm in g  
a bag  o r  pouch  in w h ich  the f ish  a r e  caught. In the s t r in g le s s  type the r im  f o r m s  the en try  to 
a sh a llow  bag .

Both c a s t  nets and d ra g  nets should  be r e g u la r ly  tr e a te d  with su itab le  p r e s e r v in g  m a t e r ia ls  
and d r ie d  in  the sh ade . T he b e s t  w ay  o f  s to r in g  them  is  b y  hanging on  b e a m s  o r  p o le s .

When a pond is  f ish ed  to thin out the population , a d ra g  net o f  a su itab le  m e sh  is  p r e f e r r e d  
as it is  ea sy  to s o r t  the ca tch  in it  than in a c a s t  net. F o r  l a r g e - s c a l e  f ish ing  the d rag  net is 
u sed , but b e c a u s e  s e v e r a l  m en  a r e  needed  to handle it, the c a s t  net is  m o r e  e c o n o m ic a l  fo r  
ca tch ing  sm a l l  quantities o f  f i s h .  S m all  boats  m a y  be r e q u ir e d  to o p e r a te  the nets in v e r y  la rg e  
p o n d s .

P a r t ia l  f ish ing  can  often  be e a s i ly  done by letting  a good  supp ly  o f  f r e s h  w ater  f low  into a 
pond f r o m  a n ea rb y  s o u r c e .  When a c u r r e n t  o f  f r e s h  w a ter  f low s  into a pond th ere  is  a tendency  
fo r  the f ish  to sw im  tow ards  it and c o l l e c t  n ea r  the in le t .  G r e y  m u lle t  and m any o th e r  f ish es  
have the habit o f  sw im m in g  aga in st  cu rre n ts  when m any o f  them  can  be e a s i ly  caught with c a s t  
n e ts .  In so m e  ponds a " f is h  r a c e "  is  bu ilt  f o r  this p u r p o s e .

The m o s t  e f f ic ie n t  m ea n s  o f  capturing  a ll  the fish  f r o m  a pond is  to dra in  it rr*rv»r»i«tcly.
While dra in ing , the outle t  is  c o v e r e d  w im  a su itab le  net o r  s ie v e  tn p rev en t  any f ioh  from 
e sca p in g  with the o u t - f lo w in g  w a t e r .  T h e re  is  g e n e r a l ly  a d eep  p o r t io n  n e a r  the ou t le t  w h ere  a ll 
the f ish  w i l l  c o l l e c t  when the pond is d ra in e d .  I f  this p o r t io n  is  m ade  into a r e g u la r  ca tch in g  
tank and an open  b ox  with a s m a l l - m e s h e d  g r i l l  is fitted  into it, a l l  the f ish  can  be e a s i ly  
c o l l e c t e d .

M ark et ing

T he  dem and  fo r  pond f ish  is  to a la r g e  extent due to the fa c t  that they can  r e a d i ly  be  had iij 
a l iv e  state . The p r i c e  that can  be obta ined  fo r  l iv e  f ish  is  h igh er  than fo r  dead  f r e s h  f ish .  The 
cu lt iva ted  f ish  being g e n e r a l ly  hardy and s o m e t im e s  even  ca p a b le  o f  l iv in g  out o f  w a ter  f o r  
a p p r e c ia b le  p e r io d s ,  it  is not v e r y  d i f f icu lt  to t r a n s p o r t  o r  m ainta in  them  in a l iv ing  s ta te . F ish  
that have a c c e s s o r y  r e s p i r a t o r y  o rg a n s ,  such  as the c l im b in g  p e r ch ,  the m u r r e l s ,  the ca t f ish  
and g o u r a m i can  be  tra n sp o r te d  o r  kept  a l ive  f o r  quite long  p e r io d s  in any type o f  c o n ta in e r  with 
a l i t t le  w ater  to k eep  bod y  and g i l ls  m o is t .  T h e s e  l iv e  f ish  o ften  t ra v e l  long  d is ta n ce s  in the holds 
o f  b o a ts .  S o m e t im e s  a se p a ra te  e n c lo s u r e  is m ade in the pond with s tron g  netting o r  b a m b o o  
g ra t in gs  f ix ed  in p o s it io n  by p o le s  stuck  into the pond b o t t o m .  The ca tch e s  f r o m  the pond a re  
im m e d ia te ly  t r a n s fe r r e d  to this e n c lo s u r e  and r e m o v e d  and so ld  when th ere  is  a d em an d . O r  
se p a ra te  s m a l l  s u b s id ia r y  ponds can  be dug n e a r  the m a in  ponds fo r  the sa m e  p u r p o s e .

C a ges  m ade  o f  b a m b o o  o r  w ood  a r e  u se fu l f o r  keep ing  fish  a l iv e  in a pond and a ls o  fo r  
t ra n sp ort in g  them  through w a te r .  A  l iv e  ca g e  f o r  the tr a n s p o r t  o f  f ish  should  be s t r e a m lin e d  to 
fa c i l i ta te  e a s y  towing by a b oa t .  T h is  m ethod  is  p o s s ib l e  on ly  when the m a r k e t  can  be  re a ch e d  
a long  an in land w a ter  r o u te .  F o r  tr a n s p o r t  by  r o a d ,  w o o d e n  o r  m eta l  tanks conta in ing  w a ter  a re  
o ften  u se d .  C anvas  tanks in m o t o r  v e h ic le s  a r e  v e r y  su itab le  f o r  c a r r y in g  fish  to m a rk e t .

\
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O v e r  v e r y  long  d is ta n ce s  it m a y  be  n e c e s s a r y  to a e ra te  the w a te r  with a pum p o r  f r o m  an 
ox y g e n  c y l in d e r .

The f ish  can  be kept a l iv e  at the m a r k e t  in c e m e n t  c is t e rn B .  I f  running w ater  can  be supplied  
they w ill  l iv e  f o r  s e v e r a l  d a y s .  T hey  shou ld , h o w e v e r ,  be  p r o p e r ly  fed  to m ainta in  th e ir  weight 
and con d it ion .  S tor ing  f ish  in c le a n  w ater  in this way w i l l  r e m o v e  any m uddy f la v o r  they m ay  

I have a c q u ir e d  in the pond. A  c o n c r e t e  tank, 3 m  b y  2 m  by  1 m  w il l  k eep  100 to 300 kg o f  
f i sh  a l iv e  f o r  s e v e r a l  days i f  running w a te r  is  p ro v id e d .

F o r  sm a l l  quantities o f  f i sh ,  s te e l  o r  w ooden  tubs can  be  u sed  and a supp ly  o f  f low ing  w ater  
can  be  a r r a n g e d  by  p la c in g  a la r g e  bucket  o r  d ru m  with a hole  at the b o ttom , at a h igh er  le v e l  
in such  a w ay that th ere  w i l l  be  a steady  f low  o f  w ater  f r o m  it into the tub. E x c e s s  w a ter  f r o m  
the tub can  be run out through an open ing  in the b o t to m . W h ere  it is not p o s s ib l e  to k eep  fish  
a l iv e  on  the fa r m  o r  in  the m a rk e t ,  the ca tch e s  should  be  so ld  as so o n  as p o s s ib l e .  I f  the 
m a rk e t  is  f a r  aw ay, i c e  w i l l  have to be u s e d .  I f  th ere  is a d em and , the f ish  can  be cu r e d  in 
sa lt  and s u n -d r ie d .

!i
1
3
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FISH C U L T U R E  IN L A K E S, R E SE R V O IR S  AND C A N A L S

B e s id e s  ponds , there  a r e  o th er  natural and a r t i f i c ia l  w a te rs  such  as la k e s ,  r e s e r v o i r s  and 
ir r ig a t io n  can a ls  which  a re  su itab le  fo r  fish  cu ltu re ,  but cu ltu re  m ethods  in such  w a ters  a re  
b a s ic a l ly  d i f fe re n t  f r o m  those  in ponds w h ere  a fa ir ly  c o m p le te  c o n tr o l  o f  con d it ion s  is p o s s ib l e .  
In ex ten s iv e  w a ters  f ish  a r e  r e a r e d  m o r e  as p a r t  o f  a g e n e ra l  f i s h e r y  im p r o v e m e n t  p r o g r a m  than 
as pure  f ish  cu ltu re .

A  c o n s id e r a b le  am ount o f  w o rk  has been  c a r r i e d  out in the I n d o - P a c i f i c  R e g io n  on  the i m ­
p r o v e m e n t  o f  h ill s t r e a m s  in c e r ta in  a re a s  fo r  the cu lture  o f  g a m e  f i sh e s  l ike  trout, fo l low in g  
the lines  o f  w e s te r n  c o u n t r ie s .  But s in ce  these  p r a c t i c e s  con tr ib u te  r e la t iv e ly  l i t t le  to the 
p rod u ct ion  o f  f ish  f o r  food  it is not p r o p o s e d  to d e s c r ib e  them  h e r e .  On the o th er  hand, the 
ra tiona l m a n a g em en t  o f  la k e s ,  r e s e r v o i r s  and ir r ig a t io n  s y s te m s  is o f  g r e a t  s ig n i f ic a n c e  in food  
p rod u ct ion .

The im p r o v e m e n t  o f  lakes  and r e s e r v o i r s  is a r e c e n t  d e v e lo p m e n t  in f ish  m a n a g em en t  and is  
s t i l l  in its in fancy , although s e v e r a l  e x p e r im e n ts  undertaken  have p r o v e d  s u c c e s s fu l ,  e s p e c ia l ly  
in the United States o f  A m e r i c a .  An in tegra ted  s y s te m  o f  lake and r e s e r v o i r  im p r o v e m e n t  as 
a p p l ica b le  to con d it ion s  p re v a i l in g  in the I n d o - P a c i f i c  R e g io n  has yet  to be e v o lv e d .  Stocking o f  
such w a ters  with e c o n o m ic  s p e c ie s  o f  f ish  and fish ing  e x p e r im e n ts  in deep  r e s e r v o i r s  have, 
h o w e v e r ,  b een  undertaken , although m uch  w o rk  s t i l l  r e m a in s  to be done .

H y d r o b io lo g ic a l  F e a tu r e s  o f  L a k e s  and R e s e r v o i r s

S e v e ra l  d e f in it ion s  have b een  o f f e r e d  f o r  the te r m  lake, but none o f  th e m  is  c o n s id e r e d  id e a l .  
T he d e s c r ip t io n  o f  a lake as a body o f  standing w ater  o c cu p y in g  a bas in  and la ck ing  continuity  
with the zzz. has found fa v or  a m on g  l i i im u log i& ls .  R e s e r v o i r s  ’nave m any o f  the n y d rob io iog x ca i  
fe a tu re s  o f  ia k e s ,  but d i f fe r  in ce r ta in  a s p e c t s  in that they have been  fo r m e d  by su b m erg in g  
r i v e r  bas in s  and b o r d e r l in e  land o r  by  the c o n s tr u c t io n  o f  d am s to c o l l e c t  w ater  f r o m  an 
e x ten s iv e  ca tch m e n t  a r e a .  Studies on the l im n o lo g y  o f  lak es  and r e s e r v o i r s  have been  m a d e  and 
the book  on l im n o lo g y  by W elch  (1935) con ta ins  a fund o f  in fo rm a t io n  on the s u b je c t .  M uch  about 
the l im n o lo g y  o f  lak es  and r e s e r v o i r s  in the I n d o -P a c i f i c  R e g io n  was p u b lish ed  in a s e r i e s  o f  
su pp lem ents  to the " A r c h iv  fifr H y d r o b io l o g ie " (1930 to 1950). T h e s e  pu b lica t ion s  con ta in  the 
s c ie n t i f i c  r e su lts  o f  the G e rm a n  L im n o l o g i c a l  E xped it ion  to the Sunda Is lands  in 1939.

L a k e s  and r e s e r v o i r s  d i f fe r  in s iz e ,  depth and e le v a t io n .  S eason a l f luctuat ions  o ften  o c c u r  
in these  w a ters  as e v id e n ce d  by the fo r m a t io n  o f  in c r e a s in g  a r e a s  o f  e x p o s e d  b ea ch  during the 
d ry  m onths and the s u b m erg in g  o f  m a rg in a l  lo w  land during ra in y  s e a s o n s .  A  w in d -s w e p t  sh ore  
is  a c h a r a c t e r i s t i c  fea ture  o f  m any lak es  and r e s e r v o i r s .  E x c e p t  at ra re  t im es  o f  c o m p le te  
c a lm , the w aters  o f  la k es  and r e s e r v o i r s  a r e  in con stan t  m ot ion  o f  vary in g  in tensity , m ainly  
due to w ind. A s  a r e su lt  o f  this the o r ig in a l  sh o re  line m a y  be m o d i f ie d  by sh o re  cutting and 
s h o re  building p r o c e s s e s .

The m o s t  p ro d u c t iv e  a r e a  o f  a lake  o r  r e s e r v o i r  is  the m a rg in a l  sha llow  z o n e .  An undue 
d e c r e a s e  in the w ater  le v e l ,  w hich  would  r e s u lt  in ex p os in g  c o n s id e r a b le  p o r t io n s  o f  this zone , 
m a y  th e re fo re  r e s t r i c t  the p ro d u c t iv e  a r e a .  L ake  o r  r e s e r v o i r  b o t to m s ,  w hich  in sh a llow  w a te rs  
a r e  o f  s ig n i f ic a n c e  in p rod u ct iv i ty ,  d i f fe r  w ide ly  with age , h is to ry ,  e t c .  T he  m ain  s o u r c e s  o f  
bottom  m a te r ia ls  a r e :  (1) b od ies  o f  plankton o r g a n is m s  w hich  die  and sink; (2) plant and an im al 
rem a in s  f r o m  the l i t to r a l  zon e ; (3) w in d -b low n  m a t e r ia ls ,  both o r g a n ic  and in o rg a n ic ;  (4) s ilt ,  
c la y  and s im i la r  m a t e r ia ls  in trod u ced  by tr ib u ta r ie s  o r  w ashed  in d i r e c t ly  by r u n - o f f  w a ter  f r o m  
a d jacen t  s lo p e s ;  (5) m a r l ,  la r g e ly  c a lc iu m  c a rb o n a te ,  p r o d u c e d  by plants and an im a ls  o r
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p r e c ip i ta te d  f r o m  the w ater  by c h e m ic a l  p r o c e s s e s ;  (6) r e m a in s  o f  f loating  s u r fa c e  vegetation ; 
(7) e r o d e d  m a t e r ia ls  f r o m  the sh o re  z o n e s .  On the quantity and c o m p o s i t io n  o f  these  d e p o s its ,  
e s p e c ia l ly  in the sha llow  r e g io n s ,  depends the fe r t i l i t y  o f  the w a t e r s .

The in fluence  on o r g a n ic  l i fe  in pon ds , p r e v io u s ly  d e s c r ib e d ,  a ls o  ap p lies  to lake  f i s h .
B eing  m o r e  e x p o s e d  to wind a c t io n  and c u r r e n ts  the turb id ity  m a y  be  m o r e  in tense  in lak es  than 
in  p o n d s .

A n oth er  im p orta n t  fa c t o r  that in f lu en ces  the su itab i l i ty  o f  a lake  o r  r e s e r v o i r  fo r  f i s h  l i fe  is 
t e m p e r a t u r e .  In la r g e  lakes  and r e s e r v o i r s  the th e rm a l  s t ra t i f i ca t io n  is naturally  m o r e  p r o ­
n ounced  than in ponds , but o b s e r v a t io n s  so  fa r  con d u cted  s e e m  to show  that a true th e r m o c l in e  
s e ld o m  d e v e lo p s  in these  la k e s .  T h is  en a b les  continuous m ix in g  o f  w a te rs  and a m o r e  rap id  
c ir c u la t io n  o f  nutrient e le m e n t s .  Such w a ters  a r e  highly e x p o se d  to wind a ct ion  and this is  a 
fa c t o r  that helps continuous m ix in g .  T he  h igher  b io l o g i c a l  p rod u ct iv i ty  o b s e r v e d  in t r o p ic a l  lakes  
and r e s e r v o i r s  s e e m s  to be  la r g e ly  a r e s u l t  o f  this m ix in g .  T he h o r izo n ta l  cu rre n ts  ca u se d  by 
the wind and the return ing  c u r r e n ts  f o r m e d  by the e x c e s s  w ater  p i led  up on  an e x p o s e d  s h o re  by 
an o n - s h o r e  wind, re turn ing  underneath  a long  the b o ttom , in f lu en ce  this m ix in g .  The m agnitude 
o f  m ix in g  m ay , h o w e v e r ,  be  dependent on the depth o f  the lake  and m a y  be e ither  p a r t ia l  o r  
c o m p le t e .

The c h e m ic a l  con d it ions  in a lake  o r  r e s e r v o i r  a l s o  fo l lo w  to a la r g e  extent the th erm a l 
pa ttern .  The g a seou s  contents  m a y  o e c o m e  h om og en eou s  due to the m ix in g .  But in deep  w a ters  
there  is  o ften  stagnation  b e ca u s e  o f  in c o m p le te  la c k  o f  c i r c u la t io n .  O b s e rv a t io n s  in s o m e  o f  the 
r e s e r v o i r s  and la k e s  in India and Indonesia  have show n the c o m p le te  a b s e n c e  o f  ox y g e n  in the 
deep  w aters  during  ce r ta in  s e a s o n s  and the fo r m a t io n  o f  la r g e  quantities o f  g a s e s  like  hydrogen

a n H  r n p t h a n p  a f  th*» b o t t o m  b ?  O T ^ E P - l c

Biota

L a k e s  and R e s e r v o i r s

T he biota  o f  la k es  and r e s e r v o i r s  a r e  those  adapted to l i f e  in len t ic  e n v ir o n m e n ts .  In 
r e s e r v o i r s ,  fo r m e d  by the c o n s t r u c t io n  o f  dam s a c r o s s  r i v e r s ,  the b io ta  w i l l  be  p red om in a n t ly  
r iv e r in e ,  e x c e p t  that f o r m s  unable to l iv e  in len t ic  habitats w i l l  d is a p p e a r .  The plankton ic  f lo ra  
and fauna is  to a la r g e  extent s im i la r  to that o f  ponds , p r e v io u s ly  d e s c r ib e d .  But the c i r c u la t io n  
o f  w ater  as m en tion ed  a bove  w i l l  in f lu ence  th e ir  d is t r ib u t ion  c o n s id e r a b ly .  The g r e a te r  depth o f  
la k es  and r e s e r v o i r s  m a y  a ls o  ca u se  a zonation  o f  p lankton .

The m a c r o v e g e ta t io n  is  o f  s p e c ia l  s ig n i f i c a n c e  in the su itab i l i ty  o f  lak es  and r e s e r v o i r s  fo r  
f ish  l i f e .  In la r g e  b o d ie s  o f  w a ter ,  l ik e  la k es  and r e s e r v o i r s ,  adequate g row ths  o f  w eed s  are  
n e c e s s a r y  to a f fo rd  p r o te c t io n  to f ish  l i fe ,  as c o n t r o l  o f  p r e d a to r s  m ay  not be p o s s ib l e  in such 
e n v iro n m e n ts .  V ege ta t ion  p r o v id e s  re fu ge  to young and adult f ish , and w eed  bed s  f o r m  the m ain  
type o f  e f f e c t iv e  natural c o v e r  in la k e s .  E ven  the benth ic  vege ta t ion  such  as " m o s s "  is use fu l 
as s h e lte r  f o r  the la r v a e  o f  c e r ta in  f i s h e s .  One o f  the m a in  i te m s  o f  lake  im p r o v e m e n t  in the 
United States is  the p r o v is i o n  o f  w eed  beds  o r  b ru sh  s h e lte r s  fo r  the f ish .

A c c o r d i n g  to Hubbs and E s c h m e y e r  (1935), m a jo r  fa c t o r s  that a f f e c t  w eed  g row ths  are  
(1) lat itude, (2) altitude, (3) topograph y  o f  the b o ttom , (4) f luctuations  in w ater  lev e l ,
(5) e x p o s u re  to w aves  (6) turb id ity , (7) fe r t i l i ty  o f  w ater ,  (8) p r e s e n c e  o f  h a rm fu l  c h e m ic a l s  
in the w a t e r ,  (9) su itab i l i ty  o f  bo ttom  m a te r ia l ,  and (10) abundance o f  a lg a e .  The m e t e o r o lo g i c a l  
con d it ions  o f  a lo c a l i ty ,  such  as the extent o f  daylight , g r e a t ly  a f f e c t  the grow th  o f  p lants  and 
the type o f  v egeta t ion  that can  g r o w  in it .

I
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A 8 r e g a r d s '  the reg ion ,  it is  fa i r ly  w e l l  known that in r e la t iv e ly  pure  and c o o l  w a te rs  o f  
h igher  a lt itudes  p lant g row ths  a re  m o r e  s p a r s e  than in the w a r m e r  fe r t i le  w a te rs  o f  the p la ins .  
In s o m e  lakes and in m o s t  r e s e r v o i r s  the w ater  le v e l  f luctuates  m a rk e d ly  e s p e c ia l ly  when the 
w ater  is u sed  fo r  i r r ig a t io n  p u r p o s e s .  T h is  o ften  re s u lts  in the e x p o s u re  o f  fe r t i le  sha llow  
m a rg in a l  a r e a s  and m ay  a f fe c t  w eed  grow th  c o n s id e r a b ly .  E x p o s u re  to w aves  a d v e r s e ly  a f fe c ts  
the g row th  o f  m a rg in a l  w e e d s .  A s  a lre a d y  m en tioned , turb id ity  ca u sed  by agitation  o f  a so ft  
bo ttom , the e r o s io n  o f  s h o r e s ,  d ra in age  o r  plankton grow th  is a g re a t  l im it in g  fa c t o r  in the 
g row th  o f  vege ta t ion .  It has b een  found that by the in trod u ct ion  o f  vegeta t ion  into a lake the 
turbid ity  o f  the w a ter  can be g re a t ly  r e d u ce d .  The c o l l o id a l  c la y  p a r t i c le s  suspended  in the 
w ater  a r e  n egat ive ly  c h a rg e d  with e l e c t r i c i t y .  D ecay in g  plant m a te r ia l  o r  o th er  o rg a n ic  m atter ,  
such  as s ludge o r  m an u re ,  p ro v id e  the p o s it iv e  ions w hich  br in g  about a n eu tra l iza t ion  o f  the 
n egat ive  ch a rge  on the c o l l o id a l  s o i l  p a r t i c l e s ,  a llow ing  rap id  p r e c ip i ta t io n .  P lant grow th  on 
sh oa ls  m ay  be g re a t ly  d im in ish e d  by  shade, and the shading out o f  s u b m e rg e d  v egeta t ion  by  
b r o a d - l e a v e d  s u r fa c e  v egeta t ion  has a lr e a d y  b een  r e f e r r e d  to .

The nutrient con tents  o f  the w a te r  is  anoth er  v e r y  im p o rta n t  fa c t o r  a f fe c t in g  the g row th  o f  
p lan ts .  In new r e s e r v o i r s  and la k e s  the quantity o f  nutr ien t  su b sta n ces  in the w ater  w ill  often 
be l im ite d  and so ft  w a te rs  a r e  o ften  d e f i c ie n t  in the nutrients  n eeded  fo r  s a t i s fa c to r y  plant grow th . 
A d m ix tu re  with p o llu tants , a c id i ty  o r  e x te n s iv e  l im e  e n cru s ta t io n s  a ls o  l im it  their  g row th . The 
nature o f  the b o ttom  m a y  in f lu en ce  the grow th  o f  p lants in lak es  and r e s e r v o i r s  by  supplying the 
n e c e s s a r y  nutr it ive  m a t e r ia l  fo r  th e ir  g row th  and by the p r o v is i o n  o f  su itab le  substrata  f o r  the 
se e d s  to g e r m in a te .  T he a c id i ty  o r  a lka l in ity  o f  the b o ttom  a ls o  has c o n s id e r a b le  in f lu ence ,  as 
w e l l  a s  the sh ift ing  o f  sand o r  gra  - el on  the b o ttom  due to w ave  a c t io n .  T o o  hard b o tto m s  a r e  
u n s a t is fa c to r y  as they do not a l lo w  plants to r o o t .  The fa c t  that p lankton ic ,  a ttached  and 
f i la m en tou s  a lgae  a r e  known to c o m p e te  with h igher  p lants  in w ater  a r e a s  in d ica tes  that the 
p r e s e n c e  o f  a lg a l  b lo o m s  in lak es  and r e s e r v o i r s  m ay  inhibit the d e v e lo p m e n t  o f  su itab le  w eed  
b e d s .  In lakes  with such  p r o fu s e  g row ths  o f  a lga e  it  is  n e c e s s a r y  tr> c o n t r o l  th e ir  g row th  to 
e s ta b l ish  a nealthy m a c r o v e g e ta t io n .

A s  in  ponds , u n c o n tr o l le d  g row ths  o f  m a c r o v e g e ta t io n  a r e  in im ic a l  to n o r m a l  l i fe  in lakes  
and r e s e r v o i r s .  W hile it  is  not too  e a s y  to e r a d ic a te  w eed s  f r o m  pon ds ,  it is  e x t r e m e ly  d i f f icu lt  
in la r g e  lakes  and r e s e r v o i r s .  T he a p p lica t ion  o f  c h e m ic a l  w eed  k i l l e r s  is  e x p e n s iv e  and their  
e f f e c t iv e n e s s  in deep  b o d ie s  o f  w a te r  ra th er  doubtfu l. T he m o s t  p r a c t i c a l  m ethod  w ould  ap p ear  
to be  m e c h a n ic a l  r e m o v a l  o f  e x c e s s  w e e d s ,  su p p lem en ted  by  w e e d  k i l l e r s  w h e r e v e r  f e a s ib le .

The a n im al l i fe  in a lake  o r  r e s e r v o i r  is  dependent to a la r g e  extent on  its depth. It is w e l l  
known that o r g a n ic  l i fe  is  m o r e  p lentifu l in sh a llow  w a ters  and th e r e fo r e  the f ish  p ro d u c t iv i ty  o f  
such  w a ters  w ill  be  h ig h e r .  One point o f  s p e c ia l  s ig n i f i c a n c e  in the cu ltu re  o f  f ish  in la k e s  and 
r e s e r v o i r s  is  that, unlike in ponds , it is  not p o s s ib l e  to r e s t r i c t  the f ish  fauna to cu lt iva ted  f i s h e s  
a lo n e .  The f ish  s to ck ed  in these  w a ters  have to l iv e  in a s s o c ia t io n  with the autochthonous 
p r e d a c e o u s  and n o n - p r e d a c e o u s  f i s h e s .  In m o s t  r e s e r v o i r s  these  f i sh e s  a ccou n t  fo r  a g ood  part  
o f  the f i s h e r y .  H o w e v e r ,  it is  p o s s ib l e  to c o n tr o l  the population  o f  p r e d a to r s  to s o m e  extent by 
r e g u la r  s e le c t iv e  f ish in g .  F o r  the p r o p e r  m a n a g e m e n t  o f  a lake o r  r e s e r v o i r  i t  is  t h e r e fo r e  
e s s e n t ia l  to have an adequate  k now ledge  o f  the habits o f  the autochthonous f ish  fauna. S ince  their  
m ig r a t o r y  p atterns  m ay  d i f f e r  w id e ly  with top o g ra p h ica l  and h y d r o lo g ic a l  con d it ion s  and the nature 
o f  f ish  fauna, s p e c i f i c  in v est ig a t ion s  shou ld  b e  con d u cted  f o r  ea ch  lake o r  r e s e r v o i r  s e p a r a te ly .  
T h e s e  stud ies  shou ld  g ive  a c le a r  k n ow led ge  o f  the b reed in g  and feed ing  grounds o f  the fish  
populations' and it w ill  then be p o s s ib l e  to undertake im p r o v e m e n t  p r o g r a m s ,  i f  found n e c e s s a r y .

C r o c o d i l e s  and turtles  o ften  take a heavy  to l l  o f  the f ish  in such  w a t e r s .  In s o m e  o f  the 
r e s e r v o i r s  o f  India it has b een  found p o s s ib l e  to d e s t r o y  c r o c o d i l e s  in a p p r e c ia b le  n u m b e rs  by 
p o is o n e d  ba it .

\ ■ •
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Sw am ps and I r r ig a t io n  C anals

Sw am ps, the la s t  stage  in the evo lution  o f  land f r o m  la k e s ,  a r e  ex ten s ive  sh a llow  w ater  
a re a s  o ften  o v e r g r o w n  with rank vege ta t ion .  The h y d r o lo g ic a l  con d it ions  in sha llow  sw am p s  a re  
v e r y  s im i l a r  to those o f  sh a llow  pon ds .  The v egeta t ion  m a y  be o f  the m a n g ro v e  type and there  
m a y  be  v e r y  th ick  d e p o s it s  o f  o r g a n ic  m atter  at the b o t t o m .  O th ers  have the sa m e  l im n o lo g i c a l  
fea tures  as r i c e  f i e ld s .  V e r y  sha llow  sw am ps can be c o n v e r te d  into fish  ponds which can  be 
m anaged  in the m a n n er  d e s c r ib e d  in p re v io u s  ch a p te r s .  Swam ps with la r g e  a r e a s  o f  deep  w ater  
cannot be  so  c o n v e r te d  but can be m anaged  in the sa m e  way as la k e s .  Saline sw am ps a re  suited 
fo r  c o n v e r s io n  into b ra ck is h w a te r  ponds w h ere  eu ryha line  f i sh e s  can be p ro f i ta b ly  cu lt iva ted .
A  m o d e rn  m ethod  o f  r e c la im in g  a sw am p is to d ra in  it into a s e le c t e d  deep  p or t ion  within it, 
known as the sump, which  can be d eep en ed  a.nd p r o v id e d  with an em bankm ent i f  n e c e s s a r y .  F ish  
can be cu ltu red  in the sum p and the d ra in ed  a re a  w i l l  b e c o m e  ava ila b le  f o r  a g r ic u ltu r a l  p u r p o s e s .

Swam ps in the I n d o - P a c i f i c  R e g io n  u su a lly  have a f ish  fauna co n s is t in g  o f  hardy  a ir -b r e a th in g  
s p e c ie s ,  and p r e d a c e o u s  f i sh e s  m a y  be founc in large ' n u m b e r s .  But it  w i l l  be e a s i e r  to capture  
them in sw am ps than in la k es ,  on  a cco u n t  o f  the s h a l lo w n e s s  o f  the w a te r .  A s  a r e s u l t  o f  thick 
grow ths  o f  s u r fa ce  and s u b m e rg e d  m a c r o v e g e ta t io n ,  and the con seq u en t  o b s tru c t io n  o f  sunlight, 
there  is  g e n e ra l ly  l e s s  grow th  o f  p lankton ic  o r g a n is m s  in s w a m p s .  C o n tro l  o f  m a c r o v e g e t i o n  is 
th e r e fo r e  a v e r y  im p orta n t  a s p e c t  o f  th e ir  r e c la m a t io n  fo r  f ish  c u ltu re .  The su bstra tu m  being 
g e n e ra l ly  r i c h  in o r g a n ic  nutr ients ,  good  g row ths  o f  plankton should  d ev e lop  when the e x c e s s  
m a c r o v e g e ta t io n  is  r e m o v e d .

I r r ig a t io n  cana ls  c a r r y  w a te r  f r o m  r e s e r v o i r s  o r  r i v e r s  to i r r ig a te  a g r icu ltu ra l  land . While 
the b i o l o g i c a l  p r o p e r t ie s  o f  the w ater  w i l l  t h e r e fo r e  depend  to a la r g e  extent upon the p r o p e r t ie s  
o f  the fe e d e r  su p p lies ,  the h y d r o lo g ic a l  fea tu res  w i l l  be s im i l a r  to th ose  o f  6 m a ll  r i v e r s .  S ince  the 
supp lies  o f  w ater  fed into the i r r ig a t io n  ca n a ls  a r e  d e te r m in e d  by tne re q u ir e m e n lo  u l  a g r icu ltu ra l  
c r o p s  there  is  a l ik e l ih o o d  o f  m a r k e d  v a r ia t io n s  in the w a ter  l e v e l .

The f low ing  w ater  in i r r ig a t io n  and navigation  can a ls  con ta ins  c o n s id e r a b le  quantities o f  
ox y g en  and can  th e r e fo r e  sustain  la r g e  populations  o f  f ish  i f  adequate fo d d e r  can  be supplied , as 
in the f low ing  w ater  ponds o f  Japan. It has b een  found p o s s ib l e  in su itab le  lo c a l i t i e s  to partit ion  
o f f  s e c t io n s  o f  can a ls  with stron g  b a m b o o  o r  m e ta l  fen cin g  through which  the w ater  can f low  
f r e e ly  but w hich  p re v e n t  the e s c a p e  o f  the f i sh .  W h ere  this is not p o s s ib l e ,  an en t ire  canal 
s y s te m  can  be m anaged  as  a s in g le  unit in  w h ich  f ish  which  do not m ig ra te  to lon g  d is ta n ces  
can  be  cu ltu re d .  The ch a n ce s  o f  not be ing  ab le  to ca p tu re  the f i s h  s to ck e d  in the a r e a  would 
thus be m in im iz e d .

A  s y s te m  which  is  gaining p op u la r ity  in  s o m e  o f  the c o u n tr ie s  o f  the r e g io n  is  the r e a r in g  
o f  f ish  ( ch ie f ly  ca t f ish )  in b a m b oo  pens in r i v e r s  o r  c a n a ls .  The cu ltu re  o f  the c o m m o n  c a r p  in 
such pens has been  a p p lied  with r e m a r k a b le  s u c c e s s  in Indonesia  and T hailand . The s ize  o f  the 
pens v a r ie s  f r o m  that o f  a la r g e  b a sk et  to as m u ch  as 6 m e t e r s  s q u a r e  o r  m o r e .  T hey  can, o f  
c o u r s e ,  be  c o n s tr u c te d  in any shape but a s t r e a m lin e d  f o r m  is  p r e fe r a b le  in a canal with flow ing 
w a te r .  In the c a s e  o f  c o m m o n  c a r p ,  which  feed  at the b o ttom , the v a r ie ty  o f  benth ic  fauna, 
e s p e c ia l ly  ch ir o n o m id s  brought by the s lo w  c u r r e n t  o f  w ater  and which a ccu m u la te  b e lo w  the pens 
p la c e d  on  the can a l o r  r i v e r  bo ttom , s e r v e  as food  to the f ish  and a c c e le r a t e  grow th . B y  this 
m ethod  it w il l  be p o s s ib l e  to u t i l iz e  the p ro d u c t iv e  c a p a c ity  o f  cana ls  and o th er  natural w ater  
a r e a s  without the r is k  o f  lo s in g  the f ish  s to ck  d uring  f l o o d s .
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Stocking and M an agem en t

Stocking L a k es ,  R e s e r v o i r s  and Sw am ps

A s  a lre a d y  po inted  out, the fish  fauna o f  a lake o r  r e s e r v o i r  under  cu lt ivation  would  not 
c o n s is t  en t ire ly  o f  in trod u ced  s p e c ie s  o n ly .  In fact , in m o s t  such w a ters  a s iz e a b le  p ort ion  o f  
the fauna c o n s is t s  o f  ind igenous f ish .  A m on g  these  there  is l ik e ly  to be a la r g e  n u m b er  o f  
p r e d a t o r s .  In s m a l l  lakes  and sw am ps it m a y b e  p o s s ib l e  to use  f ish  p o is o n s ,  such as rotenone , 
to k il l  a l l  f ish  b e fo r e  stock ing  o p e ra t io n s  a re  undertaken, in which c a s e  there  w ill  not be any 
a p p re c ia b le  n u m b er  o f  c om p et in g  o r  p r e d a to r y  s p e c ie s  le f t .  W ell c o n tr o l le d  cu ltu re  o p era t ion s  
s im i la r  to those  e m p lo y e d  in la r g e  ponds would  then be p o s s ib l e  in such w a t e r s .  But in la rg e  
lakes  it m ay  not be p r a c t i c a b le  to u se  fish  p o iso n s  e f f e c t iv e ly ,  and in ten s ive  s e le c t iv e  fishing 
m ay  be the on ly  p o s s ib l e  m eans  o f  c o n tr o l l in g  the p r e d a to r s  o r  w eed  f ish .

It is  o ften  p o s s ib l e  in r e s e r v o i r s  to ch eck  the p r e d a to r s  e f f e c t iv e ly  i f  p r o p e r  m e a s u r e s  a re  
adopted w ell  b e f o r e  the r e s e r v o i r s  a re  f i l le d .  E xcep t  in those  built on the lo w e r  r e a c h e s  o f  
r i v e r s ,  the head w a ters  o f  m o s t  r e s e r v o i r s  c o n s is t  o f  s m a l l  s t r e a m s  which  shrink  into a chain 
o f  sha llow  p o o ls  during the hot d ry  s e a s o n .  It w il l  be v e r y  ea sy  to ca tch  a ll  the f ish  f r o m  these 
p o o ls  and con nect in g  w ater  a re a s  with nets o r  k il l  them  a ll  with p o ison s  o r  d yn a m ite .  I f  this is 
done b e fo r e  the r e s e r v o i r  is  f i l le d  the r i s k  o f  p r e d a to r y  o r  w eed  fish  entering  w ill  be g rea t ly  
d im in ish ed , p r o v id e d  p r o p e r  p re ca u t io n s  a re  taken aga in st  th e ir  m ig ra t io n  into it f r o m  b e lo w  the 
dam  o r  c o n n ec ted  w ater  a r e a s .

F o r  stock ing  la k es ,  r e s e r v o i r s ,  sw am p s  and i r r ig a t io n  can a ls ,  any o f  the cu lt ivated  fr e sh w a te r  
fiBhes l i s te d  can  be e m p lo ye d ,  depending on  th e ir  a va ilab il i ty ,  lo c a l  dem and and p ro f i ta b i l i ty .  In 
w ater  conta in ing la rg e  quantities o f  su b m e rg e d  plants it w ill ,  h ow ever ,  be ad v isa b le  to s tock
ma rrnvpgota  tino -  fo o t in g  f i s h “ ? like Puntiuc ja  van i c u e , P  unten c a r p  o r  gouru u j l  a m i  w u x u n c.  p i u v c a

to be o f  g re a t  use  in c o n tro l l in g  vegeta t ion .

O r d in a r i ly  it w il l  be n e c e s s a r y  to r e a r  the f ish  to a s iz e  o f  about 15 c m  b e fo r e  s tock ing  them 
in such w a t e r s .  F o r  this p u rp o s e  there  w i l l  be a need  fo r  n u r s e r y  and re a r in g  ponds in the 
v ic in i ty .  In the c a s e  o f  r e s e r v o i r s ,  the c o n s tr u c t io n  o f  such  ponds should  not be d if f icu lt ,  as 
s e v e r a l  b o r r o w  pits and s im i la r  ex ca v a t ion s  would  have been  dug to build the dam  and a u x il ia ry  
s t r u c tu r e s .  W ater  m ay be rea d i ly  ava i la b le  f r o m  the r e s e r v o i r  i t s e l f .  F o r  lakes  and sw am p s , 
su itab le  natural ponds m a y  have to be found o r  new ponds have to b e  m ade fo r  the p u r p o s e .  
F in g e r l in g s  r a is e d  in s m a l l  r i c e  f ie ld s  can be  u sed  fo r  s tock ing  i r r ig a t io n  c a n a ls .

B e s id e s  the young f ish  thus obta ined , there  a re  o th er  m ea n s  o f  in c r e a s in g  the s to ck  in a 
r e s e r v o i r .  When the s lu ice  gates o f  a dam  a r e  open ed  la r g e  n u m b ers  o f  f ish  gather b e lo w  the 
dam  and sw im  aga inst  the c u r r e n t .  I f  a su itab le  f i s h - p a s s  is p ro v id e d  they w ill  en ter  the 
r e s e r v o i r  but p re ca u t io n s  should  be taken a ga in st  the en tran ce  o f  p r e d a to r s  o r  u n d es ira b le  
s p e c i e s .  Even  when a f i s h -p a s s  d oes  not ex is t ,  it m a y  be p o s s ib l e  to lea d  a n u m b er  o f  f ish  into 
the r e s e r v o i r  in the e a r ly  stages  o f  the dam  co n s tru c t io n  by p rov id in g  in exp en s ive  d e v ic e s  which  
break  the f o r c e  o f  the cu rre n t  when the s lu ice  gates a re  op en ed .

In ou r  p r e s e n t  state o f  k n ow ledge  it is ra th er  d i f f icu lt  to set  out any s p e c i f i c  s tock ing  rates 
f o r  la k e s ,  sw am ps, r e s e r v o i r s  and i r r ig a t io n  ca n a ls .  The density- o f  ind igenous f ish  population  
and the fodder  r e s o u r c e s  o f  the w a ter  have to be c o n s id e r e d  in w ork ing  out a suitable  s tock ing  
ra te .  The w ell  known m ethods  o f  population  e s t im a t ion  and s u rv e y s  o f  biota should be used  fo r  
the p u r p o s e .
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In m o s t  c a s e s  it  is not n e c e s s a r y  to continue s to ck in g  a f t e r  a few  y e a r s  as the s p e c ie s  
es ta b l ish  t h e m s e lv e s  and m u lt ip ly .  Even  f i sh e s  like  ca t la ,  rohu and m r ig a l  which do not b re e d  
in o r d in a r y  c o n n n e a  w a ters  w i l l  spawn in su itab le  b reed in g  grounds on the m a rg in a l  z on es  o f  
r e s e r v o i r s .  Im p ro v e m e n ts ,  such  as p rov id in g  adequate sh a llow  m a rg in a l  a re a s  n ea r  s t r e a m s  
f low ing  into the r e s e r v o i r s  would  a p p ea r  to fa c i l i ta te  th e ir  b re e d in g .

O ther  helpful m e a s u r e s  a r e  sh e lte r s  and fe r t i l i z in g  with su itab le  m a n u r e s .  A s  a lre a d y  pointed 
out, v e r y  l i tt le  w o rk  has been done in this r e g io n  to ju s t i fy  any f i r m  re c o m m e n d a t io n s  in this 
r e s p e c t .  The re su lts  o f  e x p e r im e n ts  con d u cted  in M ich iga n  lakes  on these  l in es  w e re  d e s c r ib e d  
b y  Hubbs and E s c h m e y e r  (1935) and cou ld  f o r m  the b a s is  f o r  e x p e r im e n ta l  w o rk  in the r e g io n .  
G row in g  w eed  bed s  and Betting up brush s h e lte r s  cou ld  be tr ied  in a r e a s  w h ere  su f f ic ie n t  sh e lte r  
d oes  not e x is t .  F e r t i l i z in g  ex ten s iv e  r e s e r v o i r s ,  lak es  and s im i la r  w a ters  would  r e q u ir e  la rg e  
quantities o f  m a n u re  and it is doubtful w hether any o f  the c o u n tr ie s  in the r e g io n  have any 
f e r t i l i z e r s  to sp a re  f o r  f ish  cu ltu re ,  e s p e c ia l ly  when th e ir  e f f i c i e n c y  and p ro f i ta b i l i ty  have not 
b een  es ta b l ish e d  c o n c lu s iv e ly .  H o w e v e r ,  it is  w orthw h ile  conduct ing  e x p e r im e n ts  to exa m in e  its 
fe a s ib i l i t y .

In m u lt ip u rp ose  r e s e r v o i r s  th ere  is the r i s k  o f  fish  be ing  draw n into tu rb in es ,  p o w e r  intakes, 
i r r i g a t io n  can a ls  and o th er  e r e c t i o n s .  F is h  s c r e e n s  o f  d i f fe re n t  types a r e  u sed  in w es te rn  
c o u n tr ie s  and a ls o  in s o m e  Japanese  d a m s .  The d e fe c t  o f  s ta t ion ary  m e c h a n ic a l  s c r e e n s  is that 
they m ay  get  c lo g g e d  with s o l id  m a tte r  u n le ss  s teps  a r e  taken to keep  them  c le a n .  The r e m o v a b le  
rotat ing  s c r e e n  p r o te c te d  by trash  ra ck s  is  c o n s id e r e d  to be the b e s t  o f  its kind.

Stocking in P en s

R ea r in g  pons  o f  b a m b o o  should  have no sh arp  ed ges  to in ju re  the f i s h .  G e n e ra l ly  on ly  
f in g e r l in g s  o r  m o r e  g ro w n -u p  fi^h a r e  u sed ; fo r  e x a m p le ,  in C a m b od ia ,  young rd i ig a o iu b  o f
about 80 to 150 g a re  s to ck e d .  A  floating  pen 7 to 10 m  long  and 2 .5  to 4 . 5  m  wide and 1 .5  to
2 m  deep , w ill  r e a r  sev en  to e ight thousand P a n g a s iu s .  H ardy  s p e c ie s  l ik e  ca t f is h e s ,  m u r r e ls ,  
c l im b in g  p e r ch  and c o m m o n  c a r p  a r e  su itab le  f o r  this type o f  cu ltu re .  The pens m a y  f loa t  o r  
be  fully s u b m e rg e d ,  r e s t in g  on the b o t to m . B e s id e s  su pp lies  o f  natural food  that f lo w  into the 
pens , the f ish  can a ls o  be fed  with su itab le  a r t i f i c ia l  fo o d  which  is g iven  tw ice  a day through a
trap  d o o r  in the pen . F eed in g  shou ld  be  so  regu la ted  that all the food  is eaten b e fo r e  being
w a sh ed  aw ay. F loating  pens should  be  p ro te c te d  aga inst  the sun and it is  the u su a l p r a c t i c e  to 
c o v e r  a p a r t  o f  the pen with aquatic  p lants .

F ish in g  and M ark et ing

One o f  the d i f f i cu lt ie s  o f  f ish  cu ltu re  in d eep  la k es  and r e s e r v o i r s  is  the paucity  o f  suitable  
c o m m e r c i a l  f ish ing  m eth od s ,  p a r t i c u la r ly  i f  the bottom  has not b een  c le a r e d  o f  o b s t r u c t io n s .
D rag  nets cannot be o p e ra te d  in such  w a t e r s .  C a s t  nets can  be  used  f r o m  the banks o r  f r o m  
s m a l l  boats ,  but they a r e  not su itab le  f o r  the d e e p e r  a r e a s ,  and in sha llow  lakes  with le v e l  
b o t to m s ,  se ine  nets m a y  be e f f e c t iv e .  One type, the R angoon  net, is m ade  o f  f ine yarn , 
r e c ta n g u la r  in shape, the length and breadth  vary in g  to a c e r ta in  extent with the l o c a l i t y .  In v e ry  
la r g e  a r e a s  s e v e r a l  p ie c e s  o f  netting can  be jo in e d  togeth er  to f o r m  a long net. The head rope  
has a n u m b er  o f  f lo a ts ,  the thin foo t  rop e  has n one .  N ets m ade  f r o m  nylon  a r e  m o r e  e f f ic ie n t  
than co tton .

In u s e ,  the net is  v e r t i c a l .  One end can  be tied to a w ood en  p os t  f ixed  on  the bank and the 
fa r th e r  end kept in p os it io n  by a f loat, and the net is then hauled f r o m  the bank. I f  o p e ra te d  
aw ay f r o m  the s h o r e ,  the net is  kept u pright  with two la r g e  f lo a ts ,  one each  end, paid out and 
hauled f r o m  s m a l l  b o a ts .  V e r y  cheap  but e f f ic ie n t  h o m e m a d e  c o r a c l e s  a re  u se d .
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The net is  g e n e ra l ly  s e t  in the even ing  and the ca tch e s  r e m o v e d  the next m o rn in g .  The s iz e  o f  
the f ish  caught, o f  c o u r s e ,  depends on  the m e s h .  L a r g e - m e s h e d  nets (6 .4  c m  f r o m  knot to knot) 
to p re v e n t  the taking o f  u n d e r s iz e d  fish , a r e  c o m m o n  in India. The R angoon  net is  fo r  s u r fa ce  
f ish  o n ly .  A  s im i la r  type o f  net known as  Udu va la i  in M a d ra s  can be u sed  fo r  b o t tom  f ish .
T his  is w eighted  at the b o ttom , but it can be u sed  on ly  f o r  f ish ing  the s h a l lo w e r  m a rg in a l  a r e a s .  
L o n g l in e s  a r e  v e r y  u se fu l  fo r  the d e e p e r  w a t e r s .  A n oth er  m ethod  o f  f ish in g , with e le c t r i c i t y ,  
m ight s o lv e  the p r o b le m  o f  f ish in g  in  deep  w a t e r s .

L a r g e  sh e e ts  o f  w a ter  m a y  b e c o m e  v e r y  rough  during c e r ta in  se a s o n s  and the tr a n s p o r t  o f  
ca tch e s  to the landing p la ce  in f r e s h  con d it ion  m a y  b e c o m e  d if f icu lt .  S m all  p o w e r  v e s s e l s  to tow 
the fish ing boa ts  w i l l  help in such  c i r c u m s t a n c e s .

The m ethods  o f  p r e s e r v a t i o n  and t ra n sp o r t  to be  e m p lo y e d  depend la r g e ly  on the s iz e  o f  
c a t c h e s .  When the s o u r c e  is  n ea r  a town the ca tch e s  can  be t ra n sp o r te d  and so ld  f r e s h  o r  
p r e s e r v e d  in i c e .  F is h  can  be kept a l iv e  f o r  s h o r t  p e r io d s  in c a g e s  o r  w e l ls  o f  the type p r e ­
v io u s ly  d e s c r ib e d .  When ca tch e s  a r e  la r g e  it  m a y  be n e c e s s a r y  to se t  up s m a l l  r e f r i g e r a t o r  and 
c o ld  s to ra g e  plants  in the v ic in ity  and an o rg a n iz a t io n  f o r  m a rk e t in g .  In t im es  o f  glut a p ort ion  
o f  the ca tch  can  be p r e s e r v e d  by sa lt ing  o r  b r in e - c u r in g ,  fo l lo w e d  by d ry in g .  If  th ere  is  a g ood  
dem and fo r  f ish  so  trea ted ,  it  m a y  o ften  be m o r e  e c o n o m ic a l  to p r e s e r v e  the ca tch e s  in this 
m a n n e r .  The trash  f ish  caught, i f  ava i la b le  in su f f i c ie n t  quantities , can be  c o n v e r te d  into f ish  
m e a l  o r  m a n u re .  In s o m e  c o u n t r ie s  c o n v e r s io n  o f  f r e s h w a te r  f ish  into f ish  p a stes  o r  s a u ce s  is 
a h ighly p ro f i ta b le  in d u stry .

The e c o n o m ic s  o f  f ish  cu ltu re  in  la k e s ,  r e s e r v o i r s  and the l ike  should  be  exam ined , bea r in g  
in  m ind  the fa c t  that f i s h  cu ltu re  is  on ly  one o f  the v a r io u s  m ean s  o f  p ro d u c t iv e  u t i l iza t ion  which 
can  b e  c a r r i e d  out without d e tr im e n t  to o th er  p r o j e c t s .  The ou tlay  n e c e s s a r y  f o r  f ish  cu ltu re  o r  
f i sh  m a n a g em en t  is  r e la t iv e ly  s m a l l ,  and w i l l  be m o r e  so  a fte r  the f i r s t  y<??.rs, ££
s to ck e d  in w aters  have e s ta b l ish e d  th e m s e lv e s  and begun to b r e e d .  F is h e r y  d e v e lo p m e n t  in
them  p r o v id e s  a l iv in g  to hundreds o f  f i s h e r m e n  and l o c a l  inhabitants, b e s id e s  m ak in g  a v a ila b le  
cheap  and nutr it ious  f o o d  to the p e o p le  l iv ing  in the in land a g r ic u l t u r a l  a r e a s  o r  in in d u str ia l  
tow nships co n n e c te d  with m u lt i -p u r p o s e  p o w e r  p r o j e c t s .  H o w e v e r ,  as has a lr e a d y  been  po in ted  
out, these  a c t iv i t i e s  cannot  e a s i ly  be in tegra ted  with a ru ra l  e c o n o m y  as o r d in a r y  pond cu ltu re ,  
and have to be  o r g a n iz e d  as  state o r  c o o p e r a t iv e  e n d e a v o r s .

S u ffic ien t  data a r e  not a v a ila b le  to la y  down any standards  o f  e x p e c te d  p ro d u c t iv i ty  in lakes  
and r e s e r v o i r s .  It is now  fa i r ly  w e l l  known that the p e r  h e c ta re  p ro d u ct io n  o f  a w ater  a re a  such  
as a pond o r  lake  d e c r e a s e s  sh a rp ly  as its a r e a  in c r e a s e s  beyon d  a few  h e c t a r e s ,  and that it iB
the sh a llow  a r e a s  that con tr ibu te  in a la r g e  m e a s u r e  to its  p ro d u c t iv i ty .  T r o p i c a l  w a te rs  a re
known to g ive  h ig h er  y ie ld s ,  and at le a s t  double  the p ro d u c t io n  obta ined  in E u ro p e  o r  N orth  
A m e r i c a  can  be e x p e c te d  in the w a te rs  o f  the r e g io n .  E x p e r i e n c e  in India has a c tu a lly  shown 
that a high p ro d u c t io n  can  be attained u nder  fa v o ra b le  co n d it io n s ,  as has been  d e m o n s tra te d  in
the M ettur  R e s e r v o i r .  The T e m p e  L a k e s  in Indonesia  w e r e  s to ck e d  with plankton and p la n t­
feed ing  f ish  in 1937, and they a r e  now  p rod u c in g  250 to 2, 500 kg o f  f ish  p e r  h e c ta r e  p e r  annum. 
The a r e a  w h ich  d id  not p ro d u c e  any f ish  f o r  e x p o r t  b e fo r e  1937 has now a m a rk eta b le  surp lus  
o f  s e v e r a l  thousands q f  tons o f  d r ie d  f i s h  p e r  y e a r .

1
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FISH C U L T U R E  IN P A D D Y  F IE L D S

M o s t  o f  the c o u n tr ie s  in the I n d o - P a c i f i c  R e g io n  have an a g r a r ia n  e c o n o m y  and the m a jo r i t y  
o f  the population  is  en gaged  in a g r ic u l t u r e .  R i c e  being the stap le  fo o d  o f  the p e o p le ,  paddy 
f ie ld s  o c c u p y  a g re a t  sh a re  o f  the a ra b le  land . A s  is w e l l  known, it is n e c e s s a r y  to k eep  a 
c e r ta in  depth o f  w a ter  in the f ie ld s  f o r  the cu lt iva t ion  o f  m o s t  s tra in s  o f  paddy, and s in ce  m any 
o f  them  a r e  l e f t  fa l low  fo r  va ry in g  p e r io d s  o f  t im e a fter  the c r o p  is  h a rv es ted ,  such  f ie ld s  o f f e r  
con d it ions  w e l l  su ited  f o r  the cu lt ivation  o f  f i s h .  When w e l l  f e r t i l i z e d  and inundated fo r  paddy 
grow in g , r ic h  b iota  d e v e lo p  in  the w ater  and these  can be u t i l iz ed  f o r  the p ro d u c t io n  o f  f i s h .
In co u n tr ie s  l ik e  India, V ie tn am , M alaya  and Indonesia  the f a r m e r s  have a lw ays  got c r o p s  o f  
f ish  o r  praw ns f r o m  f lo o d e d  paddy f ie ld s  w hich  n atu ra l ly  get s to ck e d  with f r y  when be in g  f i l le d  
with ir r ig a t io n  w a te r .  The next  stage  in evo lu t ion  was the a r t i f i c ia l  s tock ing  o f  the f ie ld s  and 
g iv ing p r o p e r  c a r e  and p r o te c t io n  to the f ish  to obta in  in c r e a s e d  y i e l d s .  F i s h e r i e s  a g e n c ie s  in 
m any o f  the c o u n tr ie s  have taken an a c t iv e  in te r e s t  in extending and. im p ro v in g  the te ch n iqu es ,  
and m u ch  r e s e a r c h  has b een  con d u cted  on this s u b je c t  in  c o u n t r ie s  l ik e  Japan and In d on es ia .

A dvantages

The cu ltu re  o f  f ish  in paddy f ie ld s  can  be  o f  g r e a t  s ig n i f i c a n c e  in the e c o n o m y  o f  r u ra l  a r e a s  
in this r e g io n .  It can  p r o v id e  a supply  o f  ch eap  and w h o le s o m e  p ro te in  food , b e s id e s  a f fo rd in g  
an add it ional in c o m e ,  and the cu ltu re  o f  f ish  ill f i e ld s  f lo o d e d  a ft e r  the paddy h a r v e s t  m igh t  s e r v e  
as an o f f - s e a s o n  o c c u p a t io n  f o r  the f a r m e r s .  E x p e r i e n c e  so  fa r  ga inea  in d ica tes  that in  m o s t  
c a s e s  cu lture  o f  f ish  a long  with paddy is  b e n e f i c ia l  to the la t te r .  T he  f ish  fe e d  on  m any o f  the 
n ox iou s  in s e c ts  o r  th e ir  la r v a l  s tages  and thus in d ir e c t ly  con tr ib u te  to a b e t te r  p r o d u c t io n .  In 
China it has been  p o s s ib l e  to c o n t r o l  to a la r g e  extent the s p r e a d  o f  a s e r io u s  in s e c t  p es t ,  
n a m e ly  the s te m  b o r e r .  The n u m b er  o f  rats  in naddv f ie ld s  can a l«n  h«» ch eck ed ;  the g r e a t e r  
depth o f  w ater  m ainta ined  in the f ie ld s  u sed  fo r  f ish  cu ltu re  p re v e n ts  rats  f r o m  digg ing  h o les  in 
the bunds and f lo o d s  the h o le s  that have a lr e a d y  been m a d e .

A n oth er  b e n e f ic ia l  fa c t o r  is the in c r e a s e d  paddy t i l le r in g  ca u sed  by the m o v e m e n ts  o f  the 
f ish ,  which  re s u lts  in h igh er  y ie ld s  o f  paddy . The e x c r e t a  o f  f ish  and the r e m a in s  o f  food , i f  
they a re  a r t i f i c ia l ly  fed , a ls o  s e r v e  as add it ional f e r t i l i z e r s  in- the f i e ld s .  When a s tro n g ly  
h e rb iv o ro u s  f ish  l ike  t i lap ia  is  cu ltu red , the grow th  o f  w eed s  is  r e d u ced ,  as it  fe e d s  on  them  
and th e r e fo r e  the la b o r  in v o lv ed  in w eed ing  is  r e d u c e d .  F u rth er ,  the f a r m e r  n atu ra lly  b es to w s  
g r e a te r  c a r e  on the f ie ld  when he g r o w s  a doub le  c r o p  and this c o n s id e r a b ly  in c r e a s e s  the 
ch a n ce s  o f  a g o o d  y ie ld  o f  paddy.

E ven  though fish  cu ltu re  in paddy f ie ld s  has g re a t  p o s s ib i l i t i e s  in the r e g ion ,  it has to be 
r e c o g n iz e d  that not a ll  types  o f  f ie ld s  a r e  su itab le  fo r  the p u rp o s e ;  adequate i r r ig a t io n  and 
dra in age  fa c i l i t ie s  a r e  e s s e n t ia l  f o r  s u c c e s s .  In a r e a s  w h e re  th ere  is  heavy s e e p a g e  o f  w ater ,  
o r  w h ere  drought o c c u r s  frequ en tly ,  f ish  cu ltu re  is e x t r e m e ly  d i f f i cu lt .  S im i la r ly ,  fa c i l i t i e s  f o r  
the c o n s t r u c t io n  o f  su itab le  d a m s  and ch ann e ls  a r e  e s s e n t ia l ,  as  a l l  f ish  m a y  be l o s t  in f l o o d s .

A l l  s tra in s  o f  paddy a r e  not su itab le  fo r  ra is in g  such  a double  c r o p .  It m a y  be n e c e s s a r y  to 
m ainta in  a g r e a te r  depth o f  w a te r  in the f ie ld s  f o r  f ish  cu ltu re  and on ly  s tra in s  that can  to le ra te  
d eep  w a ter  and the lo w  te m p e r a tu r e  p re v a i l in g  in such w a ters  w ill  th r iv e .  I f  the w a ter  te m p e ra tu re  
d rop s  b e low  the op t im u m  le v e l ,  g row th  and p ro d u ct io n  o f  paddy m a y  be a f f e c te d .  P a d dy  v a r ie t ie s  
with s tron g  r o o ts  a re  n e c e s s a r y  f o r  c o m b in e d  cu lt iva t ion  with c o m m o n  c a r p ,  as o th e r w is e  the 
f i s h  m a y  u p ro o t  the plants and thus da m a ge  the m a in  c r o p .



158 FB/T14

T y p es  o f  F ish  C ulture

F ish  cu ltu re  in paddy f ie ld s  can be d iv ided  into three  types ,  n am ely :

(a) as a s e c o n d a r y  c r o p  a fte r  paddy:
(b) a long  with the paddy during the p e r io d  o f  cu lt ivation :
(c )  a con tinuous cu lt iva t ion , t r a n s fe r r in g  the f ish  to 

s p e c ia l ly  p r e p a r e d  d itch es  o r  chann e ls  during the 
paddy h a rv e s t  o r  at o th e r  t im e s  when the f ie lds  
a r e  d ra in ed .

W h ere  there  a r e  su f f i c ie n t  ir r ig a t io n  fa c i l i t i e s  and a continuous supply o f  w a ter  can be 
m ainta ined  in the f ie ld , f ish  can  be  r a is e d  as the on ly  s e c o n d a r y  c r o p ,  as in c e r ta in  a r e a s  o f  
W e s t  Java . The fish  m a y  be s p e c ie s  in trod u ced  f r o m  e ls e w h e r e  o r  w ild  fish  b rou gh t  in with the 
w ater  that is  let  into the f i e ld s .  The in te r v a l  be tw een  h a rv est in g  and the next planting m a y  be  
partly  u sed  fo r  d ry in g  the f ie ld s  and p a rt ly  fo r  s h o r t - t e r m  fish  c u ltu re .  Continuous inundation is 
not d e s ir a b le  fo r  s o m e  s o i l s  s in ce  they m a y  then b e c o m e  l e s s  su itab le  f o r  cu lt ivating  a g r icu ltu ra l  
c r o p s .  In su ch  c a s e s  an add it ional s e c o n d a r y  c r o p  l ike  groundnut can  be  r a is e d  a f t e r  d ra in ing  
the f i e ld s .

In r e a r in g  f ish  with g row in g  paddy, the du ra t ion  o f  cu ltu re  v a r ie s  w id e ly .  It is  o ften  n e c e s s a r y  
to d ra in  paddy f ie ld s  f o r  w eed ing  o n ce  o r  tw ice  during  a s e a s o n .  L a te r ,  the f ie ld s  have again  to 
be d r ie d  f o r  c e r ta in  p e r io d s ,  to p r o m o t e  p r o p e r  f l o w e r in g  and r ipen in g  o f  the c r o p .  F ish  cu lture  
In these  f ie ld s  m u st  th e r e fo r e  be con fin ed  to the in te rv a ls  be tw een  s u c c e s s i v e  inundations and 
d ra in in g s .  In a r e a s  w h ere  th ere  is a dem an d  fo r  s m a l l  fish , q u ic k -g r o w in g  s p e c ie s  can be ra ised  
to a m a rk e ta b le  s i z e  during  these  in te rv a ls ,  w h ich  m a y  range  f r o m  about 24 to 50 d a y s .  When 
fa c i l i t ie s  a r e  ava ila b le  f o r  tpm n n T sr i ly  s to r in g  the f ish  when the f ie ld  is d ra in ed ,  it is  p o s s ib l e  
to g ro w  them  fo r  the w hole  paddy cu lt ivation  p e r i o d  w h ich  m ay  be f r o m  th ree  to s ix  m onths , o r ,  
as p r a c t i s e d  by  the J a p an ese  f ish  f a r m e r s ,  f r o m  two to th ree  y e a r s  by  t r a n s fe r r in g  the f ish  to 
su itab le  pon ds .

The C h in ese  f ish  cu ltu r is ts  in T a iw an  have a ls o  e v o lv e d  a s y s t e m  o f  continuous fish  cu ltu re  
in paddy f i e ld s .  T he  f ie ld s  have channels  into w h ich  the f ish  a r e  ga th ered  when the f ie ld s  a r e  d ry .

W ater and Soil C ond it ion s

T he  depth o f  w a te r  and the fe r t i l i ty  o f  the s o i l  and w a te r  a re  the m o s t  im p o rta n t  fa c t o r s  that 
d e te rm in e  the p ro d u c t io n  o f  f ish  in paddy f i e ld s .  W et r i c e  f ie ld s  in g e n e ra l  a re  su itab le ,  but the 
m o s t  s u c c e s s fu l  f ish  cu ltu re  is a c h ie v e d  in a r e a s  w h e re  c o n t r o l l e d  ir r ig a t io n  is  p r a c t i s e d ,  that 
i s ,  w h ere  the f ie ld s  a r e  d ra in ed  and inundated at w i l l .  When the f ie ld s  depend on the ra ins fo r  
w ater ,  u n fa v ora b le  con d it ions  m a y  o c c u r  in p e r io d s  o f  drought, but when there  is a good  w ater  
supply , the depth o f  w a ter  can  be reg u la ted  to su it  the height o f  the paddy plants  and to m aintain  
op t im u m  te m p e ra tu re  f o r  the p lan ts .  W h ere  the paddy s tra in s  a re  su f f i c ie n t ly  re s is ta n t ,  a depth 
o f  about 30 c m  o f  w ater  can  be m ain ta in ed .

I f  f ish  a r e  cu ltu red  a f t e r  h a rvest in g  the paddy, l a r g e r  quantities  o f  w a te r  can  be  le t  in .

The sh a llow  w a te r  that has to be m ainta ined  in p lanted  f ie ld s  ca l ls  f o r  p re ca u t io n s  to p re v e n t  
f ish  m o r t a l i t y .  T he w ater  t e m p e ra tu re  m a y  r i s e  unduly and u n le ss  th ere  a r e  d e e p e r  p o o ls  o r  
channels  in the f ie ld s ,  w h e re  the fish  can  take re fu g e ,  the heat m a y  k i l l  them . High te m p e ra tu re s  
m ay r e s u lt  in a lo w  ox y g e n  content o r ,  when the f ie ld  is  f lo o d e d  without r e m o v in g  the paddy 
stubble ,  it d e c a y s  in the w a ter  and m a y  u se  up a la r g e  p o r t io n  o f  the d is s o lv e d  ox y g e n .

\
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H o w e v e r ,  b e c a u s e  o f  the sh a llow  w a ter  and the la r g e  s u r fa c e  e x p o s e d ,  r e - a e r a t i o n  takes p la ce  
fa i r ly  qu ick ly .  In a r e a s  such  as M alaya ,  w h e re  r e - a e r a t i o n  is  not rapid , on ly  f i s h e s  with 
a c c e s s o r y  r e s p i r a t o r y  o r g a n s  a r e  ab le  to th r iv e .

M o s t  paddy f ie ld s  a r e  f l o o d e d  with f r e s h  w a ter ,  s o m e  s tra in s  o f  paddy a r e  r e s is ta n t  to 
b ra ck ish  w a ter  and in the f ie ld s  w h ere  they a r e  grow n , eu ryha lin e  f i sh e s  l ik e  m u lle ts  and tilapia 
and b r a c k is h w a te r  praw ns can be r a i s e d  s u c c e s s fu l l y .

W h atever  cu ltu ra l  m e a s u r e s  a re  taken, the y ie ld  o f  paddy f r o m  a f ie ld  is  ia r g e ly  dependent 
on the fe r t i l i ty  o f  the so i l ,  and it u su a lly  fo l lo w s  that f ie ld s  that g ive  good  y ie ld s  o f  paddy a lso  
p ro d u ce  g o o d  c r o p s  o f  f i s h .  F a r m e r s ,  g e n e ra l ly ,  f e r t i l i z e  the f ie ld s  b e fo r e  sow ing  o r  planting 
paddy, and when the f ie ld  is  inundated, s o m e  o f  the nutr ien ts  d i s s o lv e  in the w a ter  and g ive  r i s e  
to the g row th  o f  p lankton .

The n itro g e n  content o f  the s o i l  in a paddy f ie ld  u sed  f o r  c a rp  cu ltu re ,  and f e r t i l i z e d  in the 
usual way, is  l e s s  at the beg inn ing  o f  c a r p  r e a r in g  than it  is at the end o f  the p e r io d .  It a p p ea rs  
that in  the e a r ly  s ta g es  o f  cu lt iva t ion  th ere  is  a rap id  c o n su m p tio n  o f  n itro g e n  by the p h y to ­
plankton and as the paddy c r o p  g r o w s ,  the n itro g e n  con ten t  o f  the s o i l  in c r e a s e s  due to the 
d e p o s it io n  o f  f ish  e x c r e t a .  When the f ish  a r e  a r t i f i c ia l l y  fed  the s o i l  has a s t i l l  h igh er  n itrogen  
con tent. It has b een  found e x p e r im e n ta l ly  that this v a r ia t io n  in n itro g e n  content d o e s  not a d v e r s e ly  
a f f e c t  paddy g row th .

B e s id e s  the nutrient con ten t , the textu re  o f  the s o i l  is  a l s o  o f  im p o r ta n c e  in ra is in g  f i s h .
In v e r y  p o ro u s  s o i l s  it is v e r y  d i f f i cu lt  to m ainta in  the r e q u ir e d  depth o f  w a te r ,  and the c o n ­
s tru c t ion  o f  im p e r v io u s  banks is a l s o  d i f f i c u l t  in such  s o i l s .

B io ta

T he p lankton ic  b iota  in  a paddy f ie ld  a re  a lm o s t  s im i l a r  to those  o f  sh a llow  p on ds .  It has 
b e e n  o b s e r v e d  in Japan that the ra tio  o f  zoop lan k ton  to phytoplankton  in paddy f ie ld s  u t i l iz e d  fo r  
c a r p  cu ltu re  is  l e s s  in the m id d le  and la t e r  p e r io d s  o f  the r e a r in g  than in o r d in a r y  f i e ld s .  This  
is  b e l i e v e d  to be ca u se d  by the s t i r r in g  o f  the w a ter  by  the c a r p  when s e a rch in g  fo r  food .

F i la m e n to u s  a lgae  and w eed s  a ls o  g r o w  in paddy f i e ld s ,  and s o m e  o f  this vege ta t ion  is  used  
by  the f ish  as f o o d  and is kept under  c o n tr o l  by them .

P addy  f ie ld s  o ften  h a r b o r  v a r io u s  in s e c t s ,  s o m e  o f  w h ich  a r e  in ju r io u s  to the paddy .
M o s q u ito e s  m ay  find the co n d it io n s  su itab le  for b re e d in g  and in s o m e  lo c a l i t i e s  m o sq u ito  la rv a e  
o c c u r  in la r g e  n u m b e r s .  F ish ,  when cu ltu red  with paddy, fe e d  on  m o sq u ito  la r v a e  and a ls o  on 
the adult in s e c t s .

The autochthonous f ish  fauna in f ie ld s  a r e  m o s t ly  w e e d  f i sh e s  o r  those  with a c c e s s o r y  
r e s p ir a t o r y  o r g a n s ,  such  as m u r r e ls  and ca t f i s h e s ,  but be in g  p r e d a c e o u s ,  it is not d e s ir a b le  to 
have them  p r e s e n t  i f  in ten s ive  f ish  cu ltu re  is  p r a c t i s e d .  When the f ie ld s  a r e  d ra in ed , f ish  l ike  
the m u r r e l s  bu ry  th e m s e lv e s  in the m ud and su rv iv e  until they a r e  again  inundated. Rats usua lly  
find su itab le  con d it ion s  to l iv e  in the bunds o f  paddy f ie ld s  but, as  a lr e a d y  po in ted  out, f ish  
cu ltu re  can  c o n s id e r a b ly  r e d u c e  this m e n a c e .

F is h -e a t in g  b ir d s  e s p e c ia l ly  night h eron s  m a y  take a heavy to ll  o f  the fish s t o c k s .  T hey , as 
w e l l  as  o t t e r s ,  w e a s e ls ,  and o th e r  p r e d a t o r s ,  can  be kept in c h e c k  with s n a r e s ,  traps , p o ison  
and o th er  m e a s u r e s .

\ — - i

\
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P r e p a r a t io n  o f '  P ad dy  F ie ld s

A  paddy f ie ld  to be su itab le  f o r  fish  cu ltu re  should  have an adequate depth o f  w ater ,  and to 
reta in  this s tron g  bunds a re  e s s e n t ia l .  I f  the bund is p e r v io u s ,  th ere  w ill  r a r e ly  be su f f ic ie n t  
w a ter  in the f ie ld s  f o r  the f ish  to th r iv e .  So, the c o n s t r u c t io n  o f  p r o p e r  bunds is o f  g re a t  
im p o r ta n c e .

It is  c o m p a r a t iv e ly  e a s y  to m ak e  new bunds w atert igh t .  O ld  bunds should  be  p loughed  and 
le v e l le d ,  then the g rou nd  w h ere  the new bunds a r e  to be bu ilt  should  be s l igh tly  dug up to a
width o f  about 50 c m .  The sh a llow  trench , so  f ra m e d ,  shou ld  be f i l le d  with fr e s h ,  m o i s t  earth ,
not too hard o r  too  so ft  and wet, and f r e e  o f  g r a s s ,  s tra w  o r  w e e d s ,  w e l l  c o n s o l id a t e d .  M o r e  
and m o r e  earth  is  then heaped  o v e r  this foundation  and r a m m e d  until the bund is about 35 c m  
above  the le v e l  o f  the f i e ld .  Such a bund when it d r ie s  w i l l  have an a p p ro x im a te  height o f  about 
25 c m .  A  height o f  about 60 c m  is  r e c o m m e n d e d  fo r  f ie ld s  in w hich  tilapia a r e  cu ltu re d .

I f  an o ld  bund has m e r e l y  to b e  im p r o v e d ,  the lo w e r  p o r t io n  o f  it on the f i e ld  s id e  shou ld  be 
r e m o v e d  at an angle  and r e p la c e d  with f r e s h  w e l l - r a m m e d  ea rth .  T he g rou n d  b e lo w  the bund 
should  be  trea ted  in  the s a m e  w ay .

W h ere  the n e c e s s a r y  p r e p a r a t io n s  cannot  be m ade  b e fo r e  the paddy p lanting, a n a r r o w  channel
can  be dug on  the in n e r  s id e  o f  the ex is t in g  bund. The earth  so  obta ined  shou ld  be p i le d  up to
f o r m  another  bund. A  s y s t e m  o f  su ch  channels  is  v e r y  b e n e f i c ia l  f o r  f ish  and e s s e n t ia l  f o r  a 
p r o g r a m  o f  continuous cu ltu re .  The d im e n s io n s  o f  the channels  w i l l  depend on  the s iz e  o f  the 
f ish  to be r e a r e d  and w hether  they a r e  intended on ly  as t e m p o r a r y  re fu g e s  o r  a re  to be u s e d  for  
a p ro lo n g e d  p e r io d .  >

It m a y  be advantageous  to e r e c t  a lo w  bund a lon g  th*> in n er  s id e  o f  the ch ann e l (o p p o s ite  to 
the m ain  bunds) l i  the f ie ld  is  to be u sed  fo r  continuous f ish  c u ltu r e .  When the f i e ld  con ta ins  
te n d e r  se e d l in g s  it  is not a d v is a b le  to a l low  the f ish  to g r a z e  in them  b e c a u s e  the se e d l in g s  m ay  
get da m a ged . Such low  bunds p re v e n t  the en try  o f  f ish  into the m a in  p a r t  o f  the f ie ld .  L a te r ,  
when the plants have b e c o m e  s tron g  enough, the bunds can  be  cut to le t  the f ish  s p r e a d  a ll  o v e r  
the f ie ld .  When there  a r e  c r o s s  channels  in the f ie ld s  these  lo w  bunds shou ld  be c o n s t r u c te d  on 
both  s id e s  o f  the ch a n n e ls .  It w il l  a ls o  be advantageous  to dig a s m a l l  pond c o n n e c te d  to the 
ch a n n e ls .  The channels  and pond w i l l  g ive  sh e lte r  to the f ish  f r o m  the su n 's  heat and f r o m  
e n e m ie s  l ike  f i s h -e a t in g  b i r d s .  When dra in ing  the f ie ld , the fish  can  be ga th ered  in the channels  
and pon ds , which  m a k e s  it e a s i e r  to c o l l e c t  them  f r o m  the f i e ld s .

The extent and n u m b e r  o f  chann e ls  a re  dependent on  the s iz e  o f  the f i e ld .  C hannels  can  be 
dug a l l  round in the m id d le  on ly , o r  c r o s s w i s e .  In a n a r r o w  re c ta n g u la r  f ie ld , two o r  m o r e
channels  m a y  b e  dug a c r o s s  it with a s in g le  one  down the m id d le .  F o r  a pond l e s s  than 0 .5
h e c ta re  a channel a rou nd  h a lf  o f  the f ie ld  o r  a long  two s id e s  o f  a sq u a re  f ie ld  is  s u f f i c ie n t .  The 
usual width o f  channel is  about 50 c m  and the depth about 30 c m .  P onds  1 m  by 1 m  in s iz e  can
be  dug at the points  w h ere  the channels  m e e t .  A  depth o f  60 to 90 c m  and a width o f  1 .2  to
1 .8  m  is  r e c o m m e n d e d  fo r  r e a r in g  ti lap ia  to an a v e r a g e  w eight o f  about 70 g.

The b e s t  t im e  to e x ca v a te  the channel is  ju s t  a f te r  h a rv e s t in g  the paddy, but i f  n e c e s s a r y  an 
a l l - r o u n d  channel can  be  dug at w eed ing  t im e .  Suitable  w a ter  in let  and ou tle t  a r ra n g e m e n ts  a r e  
n eed ed  with adequate c o n t r o l  d e v i c e s  and s c r e e n s .  A  sp i l lw ay  should  a ls o  be in s ta l le d  at a 
su itab le  height, to d e a l  with f lo o d w a te r  during  heavy  r a in s .

I f  f ish  a re  to be r e a r e d  a fte r  the r i c e  c r o p  has b een  h a rv es ted ,  the f ie ld  sh ou ld  be  inundated 
without r e m o v in g  the s tu b b le .  T he depth o f  w a ter  w i l l  depend  om the o f  f r y  o r  fish  in trodu ced .

i
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The deca y in g  vegeta t ion  w i l l  e n co u r a g e  a g o o d  grow th  of. plankton, and so m e  o f  the stubble  m ay  
a ls o  be  con su m e d  d i r e c t ly  as fo o d  by the f ish .  In s u b - t r o p i c a l  r e g io n s  an im p orta n t  fa c t o r  in 
regu lating  the depth o f  w a ter  is the d e g r e e  o f  f lood ing  that the p a r t i c u la r  stra in  o f  paddy can 
stand. F o r  tilapia a depth o f  7 . 5 c m  is  s u f f ic ien t .  Ja va n ese  fa r m e r s  m ainta in  a depth ranging 
f r o m  4 c m  to 20 c m , depending on the s iz e  o f  the fish  r e a r e d ;  in India, a depth o f  10 to 60 cm  
i 8 c o m m o n .  It is the g e n e ra l  p r a c t i c e  to le t  in fre sh  su pp lies  o f  w ater  at in te rv a ls  o f  about 10 
days to m e e t  the in c r e a s in g  r e q u ir e m e n ts  f o r  sp a ce ,  ox y g en  and nutrients by the g row in g  f ish .  
H o w e v e r ,  it  is  g e n e ra l ly  b e l i e v e d  that con stan t  f luctuat ions  in w ater  l e v e l  a re  not con d u c iv e  to a 
good  grow th  o f  f ish .

B e fo r e  fa r m e r s  plant paddy they o r d in a r i l y  f e r t i l i z e  the f ie ld s  with c h e m ic a l  o r  o r g a n ic  
m a n u r e s .  A lm o s t  a l l  the m a n u res  u sed  fo r  paddy a re  b e n e f i c ia l  f o r  f ish  cu ltu re ,  e x ce p t  a few- 
c h e m ic a l  f e r t i l i z e r s ,  such  as c a l c iu m  cy a n a m id e ,  w hich  a r e  p o is o n o u s .  O rg a n ic  m a n u res  a re  
p r e fe r a b le  fo r  c o m m o n  c a r p  b e c a u s e  they e n co u r a g e  the grow th  o f  p h y llop od s ,  such  as Daphnia 
o r  M oina , which  a r e  im p orta n t  item s  o f  food .  F ish  a ls o  feed  d i r e c t ly  on  o r g a n ic  m a n u re .

The quantity o f  m an u re  app lied  in a paddy f ie ld  should  be in c r e a s e d  by 50 to 100 p e r  cent 
when it is u ti l ized  fo r  fish  c u ltu re .  Japanese  fa r m e r s  s p re a d  o r g a n ic  c o m p o s ts  o v e r  the f ie ld s  
that a r e  to be u sed  fo r  c o m m o n  c a r p  at the rate  o f  1, 200 kg p e r  1, 000 m^ in the e a r ly  half  o f  
A p r i l ,  i f  it is to y ie ld  one c r o p  on ly  in a y e a r ,  but fo r  two c r o p s ,  the f ie ld  is again  m an u red  
a fter  h a rv est in g .  T h e r e  is  no need to m an u re  the channels  b e ca u se  part  o f  the m an u re  app lied  
to the f ie ld  finds its way into them . E xp e r im e n ta l  w o r k  con d u cted  in J.\pan has shown that the 
p rod u ct ion  o f  natural food  fo r  the c o m m o n  ca rp  in paddy f ie ld s  can be in c r e a s e d  by the 
ap p lica t ion  o f  c l o v e r  o r  o th e r  g re e n  fo d d e r  e x t r a c t s .

Stocking

A lthough m o s t  o f  the cu lt iva ted  f i sh e s  can b e  cu ltu red  in paddy f ie ld s ,  the s p e c ie s  m o s t  
su ited  a re  those that can

(1) th r ive  in v e r y  sh a llow  w a te rs ;
(2) w ithstand fa i r ly  high turb id ity  o f  w a te rs ;
(3) to le ra te  r e la t iv e ly  high t e m p e ra tu re s  and low  ox y g e n  content;
(4) g ro w  to a m a rk e ta b le  s i z e  in a few  m on th s .

V e r y  ac t iv e  s p e c ie s  and s p e c ie s  that can tra v e l  o v e r  land a r e  not w e l l  su ited  fo r  cu lt ivation  
in paddy f ie ld s ,  f r o m  w h e re  they m ay  be able  to e s c a p e  e a s i l y .  C o m m o n  c a r p  s a t i s f ie s  a ll  the 
r e q u ire m e n ts  and is th e r e fo r e  m o s t  w ide ly  u sed  fo r  the p u r p o s e .  In Indonesia , an a s s o c ia t io n  o f  
c o m m o n  ca rp ,  ti lap ia  and taw es (Puntius ja v a n icu s )  is now grow n  in paddy f ie ld s  with s u c c e s s .  
T ilap ia  has p r o v e d  a s u c c e s s  in T aiw an  and it is be ing  tr ied  with en co u r a g in g  re s u lts  in Thailand. 
In M alaya ,  w h ere  the paddy f ie ld s  p ro v id e  a good  c r o p  o f  f ish , s e le c t iv e  s tock ing  has not been  
a ttem pted . The f r y  o f  sepat  s ia m  (T r i c h o g a s t e r )  and o th er  f ish es  gain a c c e s s  to the f ie ld s  with 
the w a ter  and they g r o w  with the paddy. B e fo r e  h a rv est in g  the w ater  is gradually  d ra in ed  fr o m  
the f ie ld .  While m any f ish  a r e  c o l l e c t e d  in d ra in a ge  ponds situated in the l o w e r  parts  o f  the 
f ie ld , s o m e  a lw ays  find th e ir  way into d ra in s  and ir r ig a t io n  channels  w h ere  they b r e e d  and 
p ro d u ce  fry  fo r  s tock ing  the f ie ld s  during the next s e a s o n .  T his  m ethod  is a ls o  u sed  to s tock  
paddy f ie lds  with young praw ns in T r a v a n c o r e - C o c h in .  T he m a instay  in M alaya  is  the sepat  s ia m , 
but o th e r  s p e c ie s  such as m u r r e l s  and ca t f ish  (C la r ia s )  a ls o  g ro w  in the f i e ld s .

The s tock ing  rate  la r g e ly  depends on  the p rod u ct iv i ty  o f  the w ater ,  the d u ration  o f  cu lture  and 
the s iz e  o f  the f ish  in tro d u ce d .  The Japanese  fa r m e r s  r a is e  e i th e r  o n e - y e a r - o l d  o r  t w o - y e a r - o l d  
ca rp s  in paddy f i e ld s .  F o r  y e a r l in g s ,  the f ie ld s  a re  s to ck ed  in sp r in g  with fry  5 to 7 .5  c m  in s i z e .
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By the fa l l ,  in a period, o f  about 4 to 5 m onths , they g r o w  to 15 to 18 c m  in length  and 85 to 
115 g in w eight. The g e n e ra l  p r a c t i c e  is to s to ck  at the rate  o f  200 p e r  ha o r  12, 500 p e r  ha 
when additional food  is p r o v id e d .  When y e a r l in g s  a r e  u sed  as s tock ing  m a t e r ia l  f o r  ra is in g  a 
c r o p  o f  t w o - y e a r - o l d s ,  1, 200 to 1, 600 fish  p e r  ha a r e  s to ck e d  when no a r t i f i c ia l  fo od s  a re  
p ro v id e d ,  and 4, 000 p e r  ha when su p p lem en ta ry  food  is g iven .  Y ea r l in g  f ish  a r e  o ften  kept o v e r  
In d e e p e r  ponds during the w in ter  to s e r v e  as s tock ing  m a te r ia l  f o r  the next p a d d y -g ro w in g  
s e a s o n .  S o m e t im e s  the f a r m e r s  s to ck  their  f ie ld s  with a m ix tu re  o f  f r y  o r  f in g er l in g s  with 
y e a r l in g  c a r p .  In the T onkin  a r e a  o f  In d o -C h ina  a s to ck in g  rate  o f  1, 200 c o m m o n  c a r p  f ry  p e r  
h e c ta re  g iv e s  s a t i s fa c t o r y  r e s u l t s .

The m a in  fea ture  o f - paddy f ie ld  f ish  cu ltu re  in Java is  r a is in g  s e v e r a l  c r o p s  o f  s m a l l  f ish  
f o r  which  there  is  a re a d y  m a r k e t  l o c a l l y .  S im izu  (1944) d e s c r ib e d  the c a r p  s tock ing  sch ed u les  
fo l lo w e d  there , w hich  a r e  s u m m a r iz e d  in the fo l low in g  table:

C o m m o n  C a rp  Stock ing  in P addy  F ie ld s  in Java

Size  o f  fry N o. p e r  h ec ta re  T im e  o f  s to ck in g D uration  o f  
cu ltu re

E x p ected
m o rta l ity

%

( la )  3 to 5 c m 30, 000 to 40, 000 B etw een  5th and 
7th w eek  a fte r  sow ing  
paddy ( i . e *  betw een

21 days 60

. ( lb ) C ontinued  cu ltu re A 2 -J c n j . j v/ uay 0
i  Ì

t
o f  ( l a )  when fry w eed ing , i .  e., a fter (when r i c e
a r e  about 8 to the 7th w eek  a fte r plants

- 11 c m  in length sow ing f lo w e r )

(2) 3 to 5 c m

ooo*o»H to 20, 000 A  few  days a fte r A bout 4 0 -5 0

(3)

sow ing 40 days

3 to 5 c m 4, 000 to 6, 000 A  few  days  a ft e r  
sow ing

40 days 70

H) 5 c m 1, 000 to 2, 000 A bout 5 days a fter  
sow ing

40 days 40

\ ‘ 
I ^

(5) 8 to 11 c m 1, 000 to 2, 000 A fte r ,  the se c o n d  
w eed ing  (about the

50 to 90 days 30 -4 0

t * 7th w eek  a fte r  sow ing)

In s o m e  paddy f ie ld s  on ly  ti lapia  a re  s to c k e d .  The stock ing  ra te  is  so  ad justed  as to g row  
them  to a w eight o f  50 to 100 g . When an a s s o c ia t io n  o f  c o m m o n  c a r p ,  ti lap ia  and tawes are  
cu ltured , 750 to 1, 500 f in g er l in g s  p e r  h e c ta re  a r e  s to ck e d .

In Taiw an, w h ere  the te m p e ra tu re  m ay  b e c o m e  low  in w in ter ,  the f a r m e r s  s to ck  th e ir  f ie lds  
when the w a ter  has r is e n  to about 15 C and is  not l ik e ly  to d rop  again . S tock ing  is n e v e r  done 
until 10 d^ys a f t e r  the se e d lin g s  a re  planted and then on ly  f ry  a r e  u se d .  I f  f in g e r l in g s  a re  to be 
in trod u ced ,  the fa r m e r s  wait about three  w eeks  a fte r  transp lantat ion . T his  is done to p'lrevenf 
the f ish  f r o m  dam aging  the paddy p lants .  The r e c o m m e n d e d  density  o f  s tock ing  is 7, 000 to 8, 000 
fry  o r  12 to 180 kg o f  f in g er l in g s  o f  tilapia p e r  h e c ta r e .

— — M
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The v a r io u s  p re ca u t io n s  and p r o c e d u r e s  d e s c r ib e d  fo r  pond s to ck in g  should  be fo l lo w e d  to 
en su re  the s to ck  gets w e l l  a c c l im a t i z e d  to the con d it ions  ‘ in the paddy f ie ld .

M an agem en t

W here  the water is sh a llow , ’ g re a t  c a r e  should  be  taken to p r o t e c t  the f ish  f r o m  p re d a to ry  
b i r d s .  T h is  is  why b e t te r  y ie ld s  a re  o ften  obta ined  in f ie ld s  n ear  the fa r m e r s *  h o m e s te a d s .  
E x c e s s iv e  g row ths  o f  f i la m en tou s  a lgae  can entangle fry ,  so  they should  be r e m o v e d .

In fe r t i le  f ie ld s ,  e s p e c ia l ly  when w e l l -m a n u r e d ,  f ish  food  o r g a n is m s  g ro w  in su f f ic ie n t  
quantities f o r  at le a s t  a m onth . Subsequently , to m ainta in  an abundance o f  food , f e r t i l i z e r s  
should  be  app lied  as top d r e s s in g s .  A bout 2, 000 kg o f  c o m p o s t  o r  3, 500 kg o f  night s o i l  p e r  ha 
is  u sed  in T a iw an. I f  c h e m ic a l  f e r t i l i z e r s  a re  u sed ,  the f ie ld  shou ld  be dra ined , the fish  being 
gathered  in the ch ann e ls ,  b e f o r e  applying them . A f te r  two o r  three days the f ie ld  is f lo od ed  
again . E x p e r im e n ts  con d ucted  in Japan show that the grow th  o f  the fa v o r i te  food  o f  c o m m o n  ca rp ,  
n a m e ly  Daphnia o r  M oin a , is  g rea t ly  enhanced  by the addition  o f  g re e n  g r a s s  to the m a n u re .  
O rg a n ic  m a n u res  a r e  m o r e  e f f e c t iv e  than c h e m ic a l  f e r t i l i z e r s  f o r  th ese  o r g a n is m s .  T he  in s e c ts  
l iv ing  am ong  the plants , m any o f  them  h arm fu l to the paddy, a r e  rea d i ly  eaten  by the f ish .

A l l  the a r t i f i c ia l  fo o d s  m en tioned  p r e v io u s ly  f o r  pond cu ltu re  w i l l  in c r e a s e  f ish  y ie ld s  in 
paddy f i e ld s .  S om e J ap an ese  f a r m e r s  r a is e  s m a l l  c r u s ta c e a n s  in s p e c ia l ly  p r e p a r e d  ponds fo r  the
p u rp o se ,  and e a r th w o r m s ,  g row n  on  d e c a y e d  le a v e s ,  a r e  a lso  su itab le  fo r  c a r p .

R egu la r  in sp e c t io n  o f  the bunds and the w ater  supply a r ra n g e m e n ts  is e s s e n t ia l  and, when 
n e c e s s a r y ,  r e p a ir s  shou ld  b e  qu ick ly  undertaken . I f  the f ie ld  channels  get  f i l le d  up with mud they 
should  be  c lea n ed .

When dra in ing  a f ie ld  fo r  h a rv est in g  o r  w eed ing , the w ater  should  be le t  out s lo w ly  so  that 
the f ish  can find their  w ay into the channels  o r  a ca tch ing  p o o l  and not get s tran ded . The Japan ese  
fa r m e r s  p lough a few  sh a llow  fu r r o w s  in the f ie ld ,  lead ing  f r o m  the in le t  to the outlet , with a 
d e e p e r ,  f i r m  bo ttom  p o o l  about h a lf  w ay b etw een  the o u t le ts .  The f ish  a re  d i r e c t e d  into the p oo l
as  the w a te r  l e v e l  in the p o o l  goes  down and when the w h o le  f ie ld  has b een  d ra in ed  the f ish  can
be s c o o p e d  ou t  o f  the p o o l  with s m a l l  n e ts .

E c o n o m ic s

The m ain  fa c t  to be  r e m e m b e r e d  is that f ish  cu ltu re  is on ly  a s u b s id ia r y  a c t iv ity  and the 
cu ltu ra l o p e ra t io n s  shou ld  be m o d i f i e d  to su it the r e q u ir e m e n ts  o f  paddy p r o d u c t io n .  The in c o m e  
f r o m  f ish  cu ltu re  is  an add it iona l on e ,  and it p r o v id e s  a cheap , a c ce p ta b le  and nutr it ious  prote in  
food , in f r e s h  con d it ion .  R ic e  y ie ld s  a r e  o ften  in c r e a s e d  in the p r e s e n c e  o f  f ish , s o m e t im e s  as 
m uch  as 15 p e r  cen t .  A  s light  red u ct ion  in paddy y ie ld s  has been  r e c o r d e d  in Taiw an, due 
m a in ly  to having the f ish  channels  in the f i e ld  taking up 5 to 7 p e r  cen t  o f  the a re a ,  but even  
then, the m o n e y  va lue  o f  the f ish  p r o d u c e d  m o r e  than c o m p e n s a te s  f o r  the l o s s  o f  r i c e .

The actual y ie ld  o f  f ish  depends la r g e ly  on  the s p e c ie s  s tock ed ,  the duration  o f  cu ltu re ,  the 
fe r t i l i ty  o f  the s o i l  and w ater ,  and the food  p ro v id e d .  The J a van ese  paddy f ie ld s  o f  cu ltu red  c a r p  
p ro d u ce  30 to 50 kg p e r  ha in 40 to 60 days, o r  a w ild  c r o p  o f  about 3 kg o f  f ish  p e r  ha in a 
p e r io d  o f  s ix  m onths b e tw een  two paddy c r o p s .  In In d o -C h ina  the y ie ld  is  about 10 kg to 20 kg 
p e r  ha o v e r  a p e r io d  o f  two m on th s .  T he  Japan ese  fa r m e r s  get an a v e ra g e  p ro d u ct io n  o f  145 kg 
p e r  ha p e r  annum by  r e a r in g  o n e - y e a r - o l d  c a r p  without a r t i f i c ia l  fe e d in g .  With a r t i f i c ia l  feed ing  
the y ie ld  can  be in c r e a s e d  to 2, 250 kg per  ha o r  m o r e .  In M alayan  paddy f ie ld s  the p ro d u ct io n  
ra n ges  f r o m  20 kg to 135 kg p e r  ha p e r  c r o p .

n«WAH'•mum-
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C U L T U R E  O F  FISH IN B RA CK ISH  W A T E R S

G e n e ra l  C o n s id e ra t io n s

The co n s tru c t io n  o f  b r a c k is h w a t e r  ponds is g e n e ra l ly  a ch ie v e d  as a step  in the r e c la m a t io n  
o f  l o w - ly in g  c o a s ta l  o r  e s tu a r in e  sw am ps in the I n d o - P a c i f i c  R e g io n .  Such a r e a s ,  e n c lo s e d  by 
em bankm ents  and i r r ig a t e d  with tidal w ater ,  g rad u a lly  get r a is e d  by the d e p o s it io n  o f  s i l t .  The 
sa line  content o f  the s o i l  is w a sh ed  out by ra in  and r iv e r  w ater ,  which  iB a l lo w e d  to flush  the 
em banked  a r e a s  and in due c o u r s e  the land b e c o m e s  su itab le  f o r  paddy cu lt iva t ion .  Thus, the 
u ltim ate a im  is a g r ic u l t u r a l  u t i l iza t ion  and f ish  r a is in g  is intended to be  done on ly  during an 
in te r im  p e r io d  o f  v a ry in g  du ra t ion .  H o w e v e r ,  in r e c e n t  y e a r s  there  is an in c r e a s in g  re a l i z a t io n  
that s o m e t im e s  it  is te ch n ica l ly  f e a s ib le  and p ro f i ta b le  to m anage  such  a r e a s  p u re ly  as fish  
cu ltu re  e s ta b l is h m e n ts .  So ponds a r e  o ften  c o n s t r u c te d  now f o r  continued  f ish  cu ltu re  on ly .

The m ain  fa c t o r  that g o v e rn s  the s e le c t io n  o f  s i te s  f o r  the c o n s t r u c t io n  o f  b r a c k is h w a t e r  
ponds is a g o o d  supply  o f  tidal w a te r .

I r r ig a t io n  depends upon the c h a r a c t e r i s t i c s  o f  the tidal r e g im e ,  the d is ta n ce  o f  the s ite  f r o m  
the sea  and the a c c e s s i b i l i t y  o f  tidal w a te r .  P on d s  situated  n ear  the sea  o r  a d ja cen t  to the 
mouth o f  the e s tu a r ie s  r e c e i v e  sa lt  w a ter  at e v e r y  high t ide . F a r th e r  up the e s tu a ry  at d is ta n ce s  
depending upon the tidal r e g im e  o f  the r i v e r ,  th ere  w i l l  be a con stan t  supply  o f  b r a c k is h  w a ter .  
B ra ck ish  w ater  m a y  be a v a ila b le  on ly  during  the s p r in g  t ides f o r  pc-ids s ituated  fu r th er  in land. 
The a v a ila b i l i ty  o f  adequate  quantities o f  sa lt  o r  b r a c k is h  w a te r  w i l l  a ls o  be g o v e rn e d  by the 
l e v e l  o f  the pond bed .  When the pond bed is at a c o n s id e r a b ly  h igher  l e v e l  than the r iv e r  bed , 
tidal w ater  m a y  not r e a c h  the fa r m  at e v e r y  high tide, and this m a y  le a d  to a r e s t r i c t e d  supply  
o f  w a te r .

S e le c t ion  o f  P ond  Site

A s  w as p r e v io u s ly  stated, pond dra in ing  At r e g u la r  in te r v a ls  is an e s ta b l is h e d  p r a c t i c e  in 
b r a c k is h w a te r  f ish  cu ltu re  in s o m e  o f  the c o u n t r ie s  o f  this r e g io n .  An adequate  tida l range  in 
the fe e d e r  r i v e r  is  t h e r e fo r e  an im p o rta n t  c r i t e r i o n  f o r  the s e le c t io n  o f  s i t e s  f o r  b r a c k is h w a t e r  
p on ds .  S ch u ster  (1951) c o n s id e r s  a tidal ran ge  o f  1 .5  m  e s s e n t ia l  f o r  a b r a c k is h w a t e r  f ish  
fa r m .  Though a l e s s e r  tidal range m ay  not be s a t i s fa c t o r y  f o r  p r o p e r  dra in ing  o f  the pon ds ,  it 
w i l l  be  p o s s ib l e  to m ainta in  b r a c k is h w a t e r  ponds in a r e a s  o f  l e s s e r  tidal ra n g e s ,  i f  m ethod s  
such  as w ater  pum ping  and m an u rin g  a r e  adopted .

R e q u ire m e n ts  with r e g a r d  to the type o f  s o i l  and the situation  o f  the s ite  in r e la t io n  to 
t ra n sp o rt ,  n e a r n e s s  to m a rk e ts ,  f r e e d o m  fro u i  f lo o d s ,  e t c . ,  that a r e  o f  im p o r ta n c e  in the 
s e le c t io n  o f  s ites  f o r  the c o n s t r u c t io n  o f  f r e s h w a te r  f ish  ponds a ls o  hold g o o d  h e r e .  It w i l l  be 
advantageous  to s e l e c t  s i t e s  w h e re  there  is  no need  fo r  ex ca v a t io n  s in ce  this w i l l  k eep  down the 
c o s t  o f  c o n s t r u c t io n .  In such a r e a s  a channel has to be dug a l l  round the s ite  to obtain  the 
n e c e s s a r y  earth  fo r  bu ild ing  the em b a n k m e n ts .  C la y e y  s o i l  is the m o s t  su itab le  f o r  pond b o ttom s  
and f o r  the em b a n k m en ts .  The type o f  l o c a l  vegetation  is o f  im p o r ta n ce ,  e s p e c ia l ly  f r o m  the 
point o f  v iew  o f  la b o r  and e x p e n s e s  f o r  c le a r in g  the s i t e .  F o r  in s ta n ce ,  sw a m p s  o v e r g r o w n  with 
Nipa pa lm s  a r e  m o r e  e a s i ly  c l e a r e d  than m a n g r o v e  sw a m p s  as it is  d i f f i cu lt  to c l e a r  the 
m a n g ro v e  s tu m p s .

L a y o u t  o f  the P on d s

A fte r  the s ite  f o r  the f ish  fa r m  has been  s e le c t e d ,  the layout o f  the fa r m  has to be d e te rm in e d  
with due r e f e r e n c e  to the top ogra p h y . B r a c k is h w a te r  fa r m s  a r e  g e n e ra l ly  run as s e l f - s u f f i c i e n t  
units with n u r s e r y  o r  r e a r in g  and s to ck in g  pon ds .  S e v e ra l  layouts  have been  d e v is e d  in v a r io u s
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c e n te r s  and co u n t r ie s .  The s im p le s t  type o f  pond is  a sh eet  o f  w a te r  0 .4  to 2 .4  ha in extent 
and 0 .3  to 1 .3  m  in depth, fed  through a w ooden  o r  b a m b o o  s lu i c e  which  c o n t r o ls  the in g r e s s  
and e g r e s s  o f  w a te r .  When the ponds a r e  m ade  by ex ca v a t ion ,  la r g e  quantities o f  earth  a re  
p iled  up in the c e n te r  o f  the ponds , so  they m a y  be i r r e g u la r  in shape.

In Java, the im p r o v e d  p o ro n g  type o f  b r a c k is h w a t e r  pond is  c o n s id e r e d  the m o s t  s a t i s fa c t o r y .  
On an a v e ra g e ,  it is  7 . 5  ha in extent and c o n s is t s  o f  3 to 10 i r r e g u la r l y  shaped  s e c t io n s  c o n ­
n ected  by s e c o n d a r y  s lu ice  gates , the w hole  being c o n t r o l l e d  by  a m a in  gate which  is  lo c a t e d  in 
a deep  p o r t io n  having a channel in the m id d le .  T h is  p or t ion  is  the lo w e s t  part  o f  the fa r m  and 
when it  is  d ra in ed  the f ish  gather  in this channel through bran ch in g  le a d e r  channels  dug in the 
pond bed . T hey  a ls o  s e r v e  as re fu g es  fo r  the f i sh .  E ach  poron g  type o f  fa r m  has a f r y  pond 
about 90 to 900 m^ and a r e a r in g  pond 900 to 4, 500 in a r e a .  The em ban k m en ts  a r e  2 .4  to 
4 m  high and 4 to 11 m  b ro a d  at the b a s e .  Such ponds bu ilt  on high land m a y  have on ly  a depth 
o f  30 to 45 c m  o f  w a te r .  D uring the e a s t  m o n s o o n  the ce n tr a l  p arts  o f  the ponds b e c o m e  d ry  
and on ly  the channels  and o th er  d e e p e r  p o r t io n s  con ta in  w a te r .  In v e r y  long ponds a deep  channel 
is s o m e t im e s  dug a lon g  one o f  the long s id e s .  The s lu i c e  gates  a r e  so  a r r a n g e d  that p a rt ia l  
d ra in ing  is  p o s s ib l e .

B r a c k is h w a te r  ponds in T a iw an  a r e  known as wun, and one o f  th e ir  features is  that they have 
a se p a ra te  w ater  supply  channel feed ing  w ater  into the s e v e r a l  ponds through s lu i c e  g a te s .  A  
wun m ay  c o n s is t  o f  anything betw een  3 and 30 s e c t io n s  and g e n e ra l ly  have n u r s e r y ,  rea r in g ,  
s tock in g  and w in ter in g  p on ds .  The supply  channels  a r e  e ith er  s ituated a long  one s id e  o f  the wun 
o r  betw een  two ro w s  o f  p on ds .  The width o f  these  ra n ges  f r o m  one to s e v e r a l  m e t e r s .  W ater  
is taken into the supply  channels  f r o m  the sea  through a s lu i c e  gate and s im i l a r  gates regu la te  
the f low  into the p on ds .  Wuns s ituated  on high ground  have pum ps on the em ban k m en t  to supply 
w ater  to the punutt. The re a r in g  ponds a r e  iGO to 200 sq u a re  m e t e r s  in a r e a  anu le s s  than 30 
c m  in depth. T he r e a r in g  ponds have 90 to 120 c m  o f  w a te r  and a r e  r e c ta n g u la r  in shape with 
a width o f  3 to 6 m . The w in ter in g  ponds a re  d e e p e r  and w in dbreak s  p r o t e c t  them  f r o m  f r e e z in g .

B r a c k is h w a te r  f ish  fa r m s  in the P h i l ip p in es  a r e  run  e ith er  as s e l f - s u f f i c i e n t  units co n s is t in g  
o f  n u r s e r y  and s to ck in g  ponds o r  as n u r s e r y  fa r m s  o n ly .  A  m o d e l  fry  fa r m  c o n s is t s  o f  n u r s e r y  
ponds , known lo c a l ly  as  pabiayan, ca tch in g  ponds , known as kulungan, and a few  tran s it ion  o r  
stunting ponds ca l le d  im p itan . T h e r e  is a ls o  an e la b o ra te  channel s y s te m  to supply  w ater , known 
as sangka. W ater  is  fed  to the fa r m  f r o m  a tidal canal o r  r iv e r  through s lu ice  g a te s .  The 
a re a  a d ja cen t  to the r i v e r  o r  ca n a l  con ta ins  the d e e p e r  tra n s it ion  o r  stunting ponds and the r e s t  
o f  the land the n u r s e r y  p on ds .  W ater  supply  channels  a r e  a r ra n g e d  b etw een  two ro w s  o f  
n u r s e r i e s .  E v e r y  two n u r s e r y  ponds have a c o m m o n  ca tch in g  pond, which v a r ie s  f r o m  20 to 
50 m  in a r e a .  T he n u r s e r y  ponds have a n u m b er  o f  s m a l l  w ood en  gates  and p ip es  to a l low  
in g r e s s  and e g r e s s  o f  w a ter  without a l low ing  fry  to e s c a p e .  W ater  is  u su a lly  taken into ca tch ing  
ponds f r o m  the supply  channel through p ip e s .  W ater  is le t  into n u r s e r ie s  f r o m  ca tch in g  ponds 
through ad justab le  ga tes , but p ip es  a re  u su a lly  in s ta l led  n ea r  them  to p re v e n t  the e s ca p e  o f  f r y .  
The tra n s it ion  ponds a r e  s o m e t im e s  u sed  as s tock ing  ponds a fte r  the f r y  r e a r in g  is o v e r .  In 
c e r ta in  types o f  fry  fa r m s ,  head ponds , w hich  s e r v e  as w ater  r e s e r v o i r s ,  r e p la c e  the w ater  
supply  ch a n n e ls .  T h e s e  ponds can  a ls o  be u sed  fo r  g row in g  adult f ish .

In a P h ilipp in e  s e l f - s u f f i c i e n t  1 0 -h e c ta r e  m i lk f ish  fa r m  1 p e r  cen t o f  the pond a r e a  is 
u su a lly  se t  apart  f o r  n u r s e r i e s ,  9 p e r  cen t  fo r  tran s it ion  ponds , and 90 p e r  cen t  fo r  s tock ing  
pon ds .  The layout o f  ponds with s l igh tly  b r a c k is h  w ater ,  in which  g r e y  m u lle t  is  cu ltu red  in 
a s s o c ia t io n  with c a r p s  in Hong Kong, is  e s s e n t ia l ly  the sa m e  as that o f  f r e s h w a te r  pon ds .
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C o n s t r u c t i o n  M e t h o d s

A f t e r  the a r e a  has  b e e n  p r o p e r l y  s u r v e y e d ,  c l e a r e d  an d  m a r k e d  ou t ,  the f i r s t  s t e p  is  to 
b u i ld  a s t r o n g  e m b a n k m e n t  a l l  r o u n d .  T h e  m o d e  o f  c o n s t r u c t i o n  o f  the e m b a n k m e n t  is  e s s e n t i a l l y  
the s a m e  a s  d e s c r i b e d  f o r  f r e s h w a t e r  p o n d s ,  but the h e ig h t  o f  the e m b a n k m e n t  is  d e t e r m i n e d  by  
the t id a l  h e igh t  o c c u r r i n g  in  the a r e a ,  g e n e r a l l y  a b o u t  30 c m  a b o v e  the m a x i m u m  f l o o d  l e v e l .
T h e  s u r v e y  w i l l  s h o w  w h e t h e r  o r  n o t  the p o n d  s i t e  has to b e  e x c a v a t e d .  I f  it  is  no t  n e c e s s a r y ,  
e a r th  f o r  the e m b a n k m e n t  i s  o b t a in e d  b y  d ig g in g  a m a r g i n a l  ch a n n e l  a l l  r o u n d  in s i d e  the p on d  
s i t e  to the r e q u i r e d  d e p th .  A f t e r  the s u b s i d i a r y  e m b a n k m e n t s  a r e  m a d e ,  fu r t h e r  e x c a v a t i o n ,  i f  
n e c e s s a r y ,  is  d o n e .  T h e  s l o p e  o f  the p o n d  b o t t o m  is  s o  a d ju s t e d  that it d r a in s  r e a d i l y  t o w a r d s  
the o u t le t  and, in  l a r g e  p o n d s ,  c h a n n e ls  a r e  dug to f a c i l i t a t e  the d r a in in g .  T h e  s l u i c e  g a te s  a r e  
c o n s t r u c t e d  in  the d e e p e s t  p o r t i o n  o f  the f a r m .  In W e s t  and  C e n t r a l  J a v a ,  s i m p l e  w o o d e n  o r  
b a m b o o  g a te s ,  p r o v i d e d  w ith  s id e  w a l ls  and  s h u tte r  b o a r d s  f i t ted  in a f r a m e  a r e  u s e d .  M o r e  
m a s s i v e  c o n s t r u c t i o n s  5 to 10 m  lo n g ,  1 .3  to 1 . 8  m  w id e  and  2 . 7  to 3 . 7  d e e p  a r e  u s e d  in 
E a s t  J a v a  w h e r e  the t ida l c o n d i t i o n s  r e q u i r e  g r e a t  s t r e n g t h .  T h e  s lu i c e  gate  i s  m a d e  o f  h ea v y  
t i m b e r  an d  the s id e  w a l ls  a r e  r e i n f o r c e d  w ith  w o o d e n  p la n k s .  T h e r e  a r e  f iv e  c o m p a r t m e n t s  in 
the s lu i c e  and o f  th e s e  f o u r  h a ve  w o o d e n  f l o o r s ,  w h e r e a s  the fi fth  is  k ep t  f i l l e d  w ith  s o i l  to the 
h e ig h t  o f  the a v e r a g e  w a t e r  l e v e l  o f  the p o n d .  S tro n g  and w e l l - f i t t i n g  b a m b o o  g r a t in g s ,  f ix e d  on  
both  s id e s  o f  the g a te ,  p r e v e n t  the e s c a p e  o f  f i s h .

In Indian  b r a c k i s h w a t e r  p o n d s ,  k n ow n  a s  b h e r i s ,  o r d i n a r y  w o o d e n  s lu i c e  b o x e s  w ith  w o o d e n  
s h u tte r s ,  that ca n  e a s i l y  b e  m a n ip u la te d  b y  hand, a r e  u s e d .  In the P h i l ip p in e s  m o r e  e la b o r a t e  
ty p es  a r e  b u i l t  f o r  m i lk f i s h  p o n d s .  T he  m a in  s lu i c e  is  m a d e  o f  c o n c r e t e  o r  b r i c k s ,  r e i n f o r c e d  
with  c o n c r e t e .  T o  r e n d e r  the f l o o r  o f  the s lu i c e  s t r o n g  and f i r m ,  b a m b o o  o r  w o o d  p i l e s  a r e  
d r iv e n  in to  it .  T h e  f l o o r  is  p a v e d  with  s t o n e s  and c o n c r e t e  and  is  o f t e n  r e i n f o r c e d  with  s t e e l  
b a r s  p la c e d  o v e r  the p i l e s .  T h r e e  g a te s  w o r k in g  in g r o o v e s  a r e  p r o v id e d  f o r  e a c h  s l u i c e .  T he  
c e n t r a l  gate  iz  m a d e  o f  s t r o n g  w o o d  am i on  both  » i d e s  o f  it  a r e  s p l i t  b a m b o o  g a te s  in  w o o d e n  
f r a m e s .  The s u b s id i a r y  g a te s  f o r  in t e r - c o n n e c t i o n  b e tw e e n  pon ds  a r e  o f  the s a m e  d e s ig n ,  but 
a r e  m a d e  o f  w o o d e n  p la n k s ,  n a i le d  t o g e t h e r .  W o o d e n  p lank  d r a in s  o r  c y l i n d r i c a l  p ip e s  a r e  a ls o  
u s e d  to c o n n e c t  p o n d s .  T h e  p ip e s  a r e  la id  a c r o s s  the e m b a n k m e n ts  with the ends p r o j e c t i n g  
0. 5 m  on  both s i d e s .  T h e s e  v a r io u s  types  o f  d r a in s  a r e  f i t ted  with  su ita b le  sh u tte rs  o r  p lu g s  to 
c o n t r o l  the w a te r  f l o w .  C e m e n t  p ip e s  a r e  a l s o  u s e d .  W hen the p ip e s  a r e  in c o m m i s s i o n  b a s k e t ­
l ik e  s t r u c t u r e s ,  know n as g a la o ,  a r e  f i t ted  to the p ip e .

It is  a c o m m o n  p r a c t i c e  in India to c o n s t r u c t  a V -  o r  W -s h a p e d  b a m b o o  g ra t in g  beh ind  the 
s lu i c e  ga tes  to p r e v e n t  the e n try  o f  u n d e s i r a b le  f ish  o r  o t h e r  a n im a ls .  In B e n g a l  r e c ta n g u la r  
b a m b o o  tra p s  with  a funnel at on e  end, know n as  a to l s ,  a r e  f ix e d  in gap s  le f t  in  the a p e x  o f  the 
V o r  in the a p i c e s  o f  the W . B a m b o o  s p in d le s  a r e  a r r a n g e d  on  both s id e s  o f  the op e n in g s  in 
such  a w ay  that f i sh  o r  p ra w n s  can  e a s i l y  e n te r  the trap but w i l l  n o t  be  ab le  to e s c a p e  f r o m  it.
The a to l  is  f ix e d  fa c in g  the p on d . W hen w a te r  is taken into the pond s o m e  f i s h  s w im  a g a in s t  the 
c u r r e n t  and get  cau ght  in the tra p .  T h is  is  a c o m m o n  m eth od  o f  c o l l e c t in g  a fe w  f ish  each  day 
f o r  the f a r m e r  fs c o n s u m p t io n .

E s s e n t ia l  C on d it ion s

Soil

The quality  o f  the s o i l  in  a b r a c k is h w a t e r  f ish  pond is o f  even  g r e a t e r  s ig n i f i c a n c e  in 
p ro d u ct iv i ty  than in a f r e s h w a t e r  pond. The quality  o f  the u nd er ly in g  s o i l  o f  an e s tu a r in e  pond 
is  to s o m e  extent d ependen t  on  the nature  o f  the land d ra in e d  by the r i v e r .
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A c c o r d i n g  to S ch u ster  (1952) the m o s t  p ro d u c t iv e  tam bak s o i l  in Java is g e n e ra l ly  obta ined  
in the sp il l  a r e a s  o f  r i v e r s ,  the head w a te rs  o f  which a r e  in the v o lc a n ic  r e g io n s  w h ere  the 
s o i l  c o n s is t s  ch ie f ly  o f  a sh es  and in c o m p le te ly  w ea th ered  g r i t  o f  v o lc a n ic  r o c k .  The c la y e y
lo a m  so i l  o f  d e lta ic  areaB in B enga l is a ls o  v e r y  f e r t i l e .

F o r  the c o n s tru c t io n  o f  ponds in c o a s ta l  and es tu a r in e  flats the m a in  fa c t o r  to be c o n s id e r e d  
is  the w a te r -h o ld in g  ca p a c ity  o f  the s o i l .  O n ce  the pond is m a d e ,  s i l t  is d e p o s ite d  qu ick ly  as a 
r e s u l t  o f  the stagnant con d it ions  c r e a t e d .  The o r g a n ic  m a tte r  brou ght  in by the in co m in g  tides
d is in te g ra te s  and adds to the fe r t i l i ty  o f  the s o i l .  The humus con ten t  o f  b r a c k is h w a te r  ponds is
g e n e ra l ly  high. In vest iga t ion s  con d u cted  in In don es ia  have r e v e a le d  an a v e r a g e  hum us content o f  
4 .  1 p e r  cen t  in the d ry  m a tte r  o f  tam bak s o i l ,  and in inland ponds in W est  B enga l a humus 
content o f  3 p e r  cent has been  r e c o r d e d .  P r e l i m in a r y  in v est ig a t ion s  in the P h i l ip p in es  have shown 
that a lg a l  p ro d u c t io n  is  b e s t  in ponds with s o i l  having a high "so lu t io n  l o s s "  (d e te rm in e d  by 
treat ing  a sa m p le  o f  s o i l  with hydrogen  p e r o x id e  and w ashing) , and high contents  o f  c la y ,  n itrogen  
and o r g a n ic  m a t te r .  T he h y d roph i l ic  p r o p e r ty  o f  the m ud has a ls o  been  found to be  o f  im p o r ta n ce  
f r o m  the point o f  v iew  o f  a lga l  p ro d u ct io n ,  but this p r o p e r t y  is  dependent on the c la y  and humus 
content and the t i l lage  o f  the s o i l .  P on d s  r e c e iv in g  a s a t i s fa c t o r y  supply  o f  tidal b r a c k is h  w ater  
a r e  g e n e r a l ly  r ic h  in the v a r io u s  e s s e n t ia l  e le m e n ts  fo r  a lga l  g row th . The n itro g e n  con ten t  o f  
the s o i l  is  g rea t ly  enhanced  by the n itro g e n  su pp lied  by p lants ;  C lo s t r id iu m  pasteu r ian u m , 
A z o b a c t e r ,  N o s to c  and A nabaena a r e  c o m m o n  s p e c ie s  which  a r e  su p p osed  to f ix  a t m o s p h e r i c  
n itro g e n  in b r a c k is h w a te r  p on ds .

T he quality  o f  the s o i l  in b r a c k is n w a t e r  ponds in f lu en ces  in a p ron ou n ced  m a n n er  the type o f  
b iota  that d e v e lo p  in them  and, to s o m e  extent, the b io ta  in f lu ence  the p r o p e r ty  o f  the s o i l .
F o r  e x a m p le ,  by p r o lo n g e d  inundation the pond m ud  a b s o r b s  la r g e  quantities o f  w ater  and attains 
a j e l l y - l i k e  c o n s is t e n c y .  A  so ft  h y d ro p h i l ic  and b io l o g i c a l l y  a c t iv e  m ud, con ta in ing  la r g e  quantities 
c f  o r g a n ic  m a t te r ,  d e v e lo p s  ? p re d o m in a n t ly  m y x op h v oea n  f l o r a  in 1 to 50 c m  depths o f  s lightly  
lo t ic  w a te r .  On the c o n tr a r y ,  m o r e  o r  l e s s  so l id  s o i l ,  i r r ig a t e d  by w ater  containing adequate 
quantities  o f  n itra tes  and p h osp hates ,  C h lo r o p h y c e a e  g ro w  m o r e  luxuriantly  in 30 to 100 c m  
depths o f  stagnant w a t e r .  The p r o p e r t ie s  o f  the s o i l  a r e  e f f e c t iv e ly  m ainta ined  by p r o p e r  r e ­
p len ish m en t  o f  nutrients  a b s o r b e d  f r o m  the m ud by vegeta t ion ,  by the dead and d eca y in g  a lgae  
and b a c te r ia  and through a s s im i la t io n ,  f ixation  and a b s o r p t io n .  In the a b s e n c e  o f  b lu e -g r e e n  
a lg a e ,  c e r ta in  s o i l s  l o s e  the ir  c o h e s iv e  p r o p e r ty  and b e c o m e  a e m i - s o l i d ,  and in o th e rs  the fine 
p a r t i c le s  o f  s o i l  b ind into s a n d - l ik e  g ran u les  w h ich  a r e  with d i f f icu lty  c o n v e r te d  into m ud  again . 
On such  b o tto m s  the d e v e lo p m e n t  o f  m i c r o f l o r a  is  g r e a t ly  r e s t r i c t e d  and m ic r o fa u n a  takes its 
p la c e .

The turb id ity  o f  b r a c k is h  w ater  sh ow s a w ide  range  o f  v a r ia b i l i t y .  T u rb id ity  o f  e s tu a r in e  
w a ter  due to su sp end ed  s i l t  is  ’•educed in a s h o r t  t im e  in the ponds as a r e s u l t  o f  ad m ixtu re  
with  f r e s h  w ater  and con seq u en t  f l o c c u la t io n .

T he w a ter  te m p e r a tu r e  o f  w e l l - i r r i g a t e d  ponds d o e s  not fluctuate  g r e a t ly .  A  v a r ia t io n  betw een  
24°C  and 3 8 . 5 °C  has b een  o b s e r v e d  in In d on es ia .  In sh a llow  ponds in India a range o f  1 4 .4 °C  
to 35. 0 °C  has b e e n  r e c o r d e d .  S ince  in sha llow  ponds the w a ter  m a y  b e c o m e  v e r y  w a r m  during 
the s u m m e r  m onths and c o ld  during the w in ter ,  it is n e c e s s a r y  to p ro v id e  d eep  a r e a s  w h ere  the 
f ish  can  take re fu ge  at such  t im e s .  In T aiw an, the f i s h  a r e  r e m o v e d  to deep  w in ter in g  ponds 
p r o t e c t e d  by  w in db rea k s  w hich  p r e v e n t  the t e m p e ra tu re  fa l l in g  to le tha l l i m i t s .

O b s e r v a t io n s  c a r r i e d  out so fa r  in d i f fe re n t  c o u n tr ie s  show that the w ater  in b r a c k is h w a te r  
ponds is a lw ays  a lka line  and that there  is  v e r y  l i tt le  v a r ia t io n  in the pH. The a lkaline  r e s e r v e  
is  high enough to p re v e n t  w ide  f luctuat ions  in pK . P r e l i m in a r y  e x p e r im e n ts  ind icate  that the pH 
o f  the w ater  is  o f  g r e a t  s ig n i f i c a n c e  in the grow th  o f  m y x o p h y ce a n  a lga e ,  but fu rth er  w o r k  is 
r e q u ir e d  to e s ta b l ish  the op t im u m  r e q u ir e m e n ts  in this r e s p e c t .

[W W BSBjg SyflWy.» î iubp;
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The oxy g en  content o f  w ater  in  b r a c k is h w a t e r  ponds is dependent on  t e m p e ra tu re  and sa lin ity .  
O b s e rv a t io n s  show  that o x y g en  d ep le t ion  is o f  v e r y  r a r e  o c c u r r e n c e  in these  pon ds .  A ny 
d e f i c ie n c y  in o x y g en  on  v e r y  hot days is  m ade  up by the ox y g en  p ro d u ce d  by the ca rb o n  a s s i m i l a ­
tion o f  a lg a e .  In fact , o v e r - s a t u r a t io n  o f  the w ater  with ox y g e n  thus p r o d u c e d  has s o m e t im e s  
been  n o t ic e d  in t r o p i c a l  p on ds .

W ater

The two m ain  s o u r c e s  o f  w a ter  supplv  a r e  tidal w a ter  f r o m  the e s tu a r ie s  and ra in  w a te r .
A s  a lr e a d y  m entioned , the a v a ila b i l i ty  o f  tidal w a te r  is  dependent on  the lo c a t io n  o f  the ponds 
with r e f e r e n c e  to the tidal r e g im e  o f  the e s tu a r y .  T h is ,  t h e r e fo r e ,  d e te r m in e s  to s o m e  extent 
the depth o f  w a ter  in  a pond. But even  w h ere  th ere  is a p lentifu l supply, the depth o f  w ater  in 
a pond has n e c e s s a r i l y  to be c o n t r o l l e d .  In sh a llow  ponds m y x o p h y ce a n  a lgae  g r o w  in p ro fu s io n ,  
w h erea s  in d eep  ponds C h lo ro p h y ce a e  p re d o m in a te .  In v iew  o f  this, fish  cu ltu r is ts  a d ju st  the 
w ater  supply in such  a w ay as to m aintain  the op t im u m  le v e l  in the pon ds .

T he  sa lin ity  t o le r a n c e  o f  f ish  v a r ie s  g r e a t ly .  But it  has been  e x p e r im e n ta l ly  found that 
cu lt ivated  b r a c k is h w a t e r  fish  can  be a c c l i m a t i z e d  to f r e s h  w ater  by  a gradual d im inution  o f  the 
sa l in ity .  M u lle ts  and m i lk f i s h  have been  found r e s is ta n t  even  to d i r e c t  t r a n s fe r  f r o m  sa l in e  to 
f r e s h  w a te r .  A  sa l in ity  h igher  than 30 to 35 ppm  is  lethal to the f r y  o f  M u gil  tade.

W ater  sa lin ity  is  a v e r y  im p orta n t  fa c t o r  that a f fe c ts  f ish  p r o d u c t ’ on in pon ds .  T h e r e  a r e  
s e a so n a l  and d iu rn a l v a r ia t io n s  in the sa lin ity  o f  e v e r y  pond. In ponds r e c e iv in g  da ily  su p p lies  
o f  tidal w ater ,  the sa lin ity  f luctuates  a lm o s t  d a i ly .  D uring  the ra in y  m onths feed ing  with tidal 
w ater  m ight i n c r e a s e  the sa lin ity ,  w h e re a s  during  o th er  s e a s o n s  the sa lin ity  is g e n e r a l ly  
d e c r e a s e d  b y  it . Due to e v a p o ra t io n  and se e p a g e  a c e r ta in  am ount o f  l o s s  o f  w a te r  o c c u r s  in 
e v e r y  pond and this in c r e a s e «  +he sa lt  con tent. T he  p r o c e s s  o f  e v a p o ra t io n  w i l l  be  m o r e  rap id  
during the dry  m onths  and the sa lt  co n ce n tra t io n  w i l l  t h e r e fo r e  be g r e a te r  during  this p e r io d .  
P o r t io n s  o f  the b ed  o ften  get  d r ie d  up and s m a l l  p o o ls  and puddles  a r e  f o r m e d  in sh a llow  pon ds .  
D ep o s i ts  o f  c r y s t a l l in e  sa lt  a re  v i s ib le  on  the pond bed  at this t im e  and the sa lin ity  o f  the w ater  
in the p o o ls  is  v e r y  high . But in the ra in y  s e a s o n  la r g e  quantities  o f  f r e s h  w ater  a r e  b rou ght  
into the ponds by  ra in  which  d ilu tes  the pond w ater  and l o w e r s  its  sa l in ity .  G round w a te r  su pp lies  
a ls o  m ay  l o w e r  the sa l in ity .  The s e a s o n a l  and d iurna l ch anges  in sa lin ity  m en t ion ed  ab ov e  
n aturally  e x e r c i s e  a s e le c t iv e  a c t io n  on the f ish  fauna and on ly  eu ryha l in e  s p e c ie s  a re  ab le  to 
th r iv e .

V e r y  litt le  in fo rm a t io n  e x is t s  on  the o th er  c h e m ic a l  constituents  o f  w ater  in b r a c k is h w a t e r  
p o n d s .  S ch u s te r  (1952) e s t im a te d  that a tam bak in Java with a s u r fa c e  o f  1 ha r e c e i v e s  the 
fo l low in g  quantities  o f  nutr ien ts  in e v e r y  f i l l in g  to a depth o f  40 c m  with w ater  o f  30 p p m  salin ity :

P h os p h a te  (PO^) 9 ~ 14 g

N i t r a te -n i t r i t e  (N O^-N O^) 8 -1 4 0  g

A m m o n ia  (NH^) 20 -2 0 0  g

P o t a s s iu m  (K) 1320 kg

T h iB  d o e s  n o t  i n c l u d e  th e  n u t r i e n t s  th a t  w o u l d  b e  i n t r o d u c e d  b y  th e  s i l t  in  a n  a b s o r b e d  f o r m  
n o r  th e  n i t r o g e n  b r o u g h t  in  w i t h  th e  r a i n  w a t e r .
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B iota  and T h e ir  C o n tro l

F lo r a

A s  po in ted  out in the p r e v io u s  ch a p te rs ,  the nature o f  f l o r a  in a b r a c k is h w a t e r  pond is  o f  
e x t r e m e  im p o r ta n ce  in fish  p ro d u c t io n .  A  m ain  fea ture  o f  the f lo ra  is the r e la t iv e  s c a r c i t y  o f  
p h a n e ro g a m ic  p lants .  T h is  is m o r e  so  in ponds conta in ing  w ater  o f  a fa ir ly  high sa lin ity .

A lg a e  p re d o m in a te  and s e v e r a l  g en era  and s p e c ie s  o f  M y x o p h y ce a e ,  D ia to m e a e  and 
C h lo r o p h y c e a e  g ro w  luxuriantly  on the pond bed  and m a y  a ls o  be found in the pond w ater ,  and 
s e v e r a l  types o f  b a c te r ia  g r o w  on the bottom  m ud.

In v iew  o f  the v e r y  sh a llow  nature o f  ponds g e n e r a l ly  u sed  f o r  b r a c k is h w a te r  fish  cu ltu re ,  it 
is  o ften  d i f f i cu lt  to m ake  a c l e a r  d is t in c t ion  betw een  p lankton ic  and benth ic  o r g a n is m s .  Many 
benthic plants get d e tach ed  f r o m  the b o ttom  and f loat  in the w a ter ,  and s e v e r a l  p lankton ic  a lgae 
sett le  to the b o t to m . The h o rm o g o n ia ,  shed  by the a lga e ,  o c c u r  r e g u la r ly .  H ow ev er ,  it is  the 
benth ic  v egeta t ion  that is o f  g r e a t e r  s ig n i f i c a n c e  in such  ponds , as m o s t  o f  the cu lt ivated  
b r a c k is h w a t e r  f i sh e s  s u b s is t  on it . The o r g a n is m s  g e n e ra l ly  found in b r a ck is h w a te r  ponds have 
b een  d e s c r ib e d  by  V aas  and Sachlan  (1953) .  A la r g e  m a jo r i t y  o f  them  g ro w  on the pond bed  and 
often  c o v e r  the en t ire  s u r fa c e .  S e v e ra l  a n im a lcu le s  and c o n s id e r a b le  quantities o f  d e ca y e d  
o r g a n ic  m a tte r  m a y  be found am on g  th em . T he  m i lk f ish  cu ltu r is ta  o f  the P h i l ip p in es  r e c o g n iz e  
two types  o f  these  p lant c o m p l e x e s ,  n a m e ly ,  la b - la b ,  in w h ich  m y x o p h y ce a n  a lgae  p red om in a te ,  
and lum ut, in w hich  C h lo r o p h y c e a e  p r e d o m in a te .

D eta i led  stud ies  o f  the e n v iro n m e n ta l  p r e f e r e n c e s  and s e a s o n a l  f luctuations  o f  a lgae  in 
b r a c k is h w a t e r  ponds have y e t  to be undertaken in the I n d o -P a c i f i c  R e g io n .  P r e l i m in a r y  w ork  in
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r e v e a le d  that the g row th  o f  ha iophytic  a lgae  is  p r o fu s e  and at a m a x im u m  during the w in ter  
m on th s .  L a r g e  sh ee ts  o f  a lga l  grow ths  a r e .  o ften  b u oyed  up to the s u r fa c e .  T h is  happens 
e s p e c ia l ly  when there  a r e  good  grow ths  o f  P h o r m id iu m  in the c o m p le x .  T he m u cuous  sheaths o f  
the f i la m en ts  o f  this o ften  c o v e r  up the en t ire  grow ths  o f  a lg a e ,  including d ia to m s .  O xygen  
r e le a s e d  by the c a r b o n  a s s im i la t io n  o f  the a lgae  a c c u m u la te s  in s ide  the sheaths and u lt im a te ly  l i fts  
up the w hole  l a y e r .  The p e r io d  o f  t im e taken fo r  the d e v e lo p m e n t  o f  a new  la y e r  o f  M y x o p h y ce a e  
on  good  6o il is  on ly  about th ree  days , w h e re a s  C h lo r o p h y c e a e ,  such  as C h a e to m o rp h a  and 
E n te rm o rp h a ,  n eed  f r o m  fou r  to e ight w eek s  to g r o w  to such  p r o fu s io n .  Studies m ade  in the 
P h i l ip p in es  shew  that the m a x im u m  grow th  o f  lum ut is  attained b etw een  the s e c o n d  and th ird  
m onths  o f  their  cu lt iva t ion .

D uring  the ra in y  s e a so n ,  when there  is  an a d m ix tu re  o f  la r g e  quantities o f  f r e s h  w ater , 
s o m e  p red om in a n t ly  f r e s h w a te r  s p e c i e s  o f  a lga e  a ls o  m ay  g ro w  in the pon ds .  But c o n s id e r e d  as 
a w h o le ,  a lgal g row th  is  at a m in im u m  during this p e r io d .  S om e  o f  the s p e c ie s  o f  a lgae  a re  
found to be v e r y  r e s is ta n t  to high co n ce n tra t io n s  o f  sa lt .  In the c a s e  o f  P h o r m id iu m  ten u e  it 
has b een  d e m o n s tra te d  that it  can  withstand sa l in it ie s  up to 100 p a r ts  p e r  thousand (P i l la i ,  1954).

A m o n g  the h igh er  p lants o c c u r r in g  in b r a c k is h w a t e r  ponds a r e  s p e c i e s  o f  R uppia  and N a ja s .  
Ruppia g ro w s  b e s t  in p u re  b r a c k is h  w a te rs  but can  withstand a sa lin ity  o f  up to 50 to 60 parts  
p e r  thousand. N a jas  is  l e s s  r e s is ta n t  to high sa l in it ie s  and the m a x im u m  it can t o le ra te  is 
about 30 parts  p e r  thousand. The d e ca y e d  le a v e s  o f  these  plants a re  eaten  by m i lk f ish  and 
m u lle t .  T he f ish  cu ltu r is ts  o f  Java dra in  o f f  a l l  the f r e s h  w ater  that has a c cu m u la te d  in the 
ponds during the ra iny  sea so n ,  and f i l l  the ponds with sea  w a ter  o f  high sa lin ity .  T his  k i l ls  the 
N a jas  and Ruppia  w hich  a r e  r e a d i ly  eaten  by the f i sh .

\
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The f lo ra  o f  the em bankm ents  is  m a in ly  o f  the m a n g ro v e  type and c o n s is t s  e n t ir e ly  o f  
halophytic  s p e c i e s .  In Java, m a n g ro v e  t re e s  such  as- A v icen n ia  spp . and R h iz o p h o ra  spp . a re  
planted on the em bankm ents  o f  tam baks . The le a v e s  o f  these  t r e e s  a re  used  as g re e n  m anure  
fo r  the ponds , the s te m  and b ra n ch e s  as f i r e  w ood , and f r o m  the bark  a m a rk e ta b le  tanning 
m a te r ia l  is p r e p a r e d .  The r o o ts  o f  the m a n g ro v e s  help to bind the s o i l  and p rev en t  e r o s io n .  
G e n e ra l ly  the m a n g ro v e s  a re  not a l low ed  to g r o w  fo r  m o r e  than f ive  y e a r s  a fter  which  p e r io d  
they a re  cut down. By the th ird  y e a r ,  new se e d lin g s  a re  p lanted on the em b a n k m en ts .

S e v e ra l  o th er  m a n g r o v e s  such as Sonneratia , B r u g u ie ra ,  X y lo c a r p u s ,  L u m n itz e ra ,  A e g i c e r a s  
and C e r ia s  a ls o  g r o w  on the em ban km en ts , b e s id e s  d i f fe re n t  g e n e ra  and s p e c ie s  o f  g r a s s e s .  
Suaeda, e s p e c ia l ly  Suaeda m a r i t im a  ( fam ily  C h a e n o p o d ia c e a e ) is a c h a r a c t e r i s t i c  p lant o f  these 
a re a s  and is  u sed  as  a vege ta b le  by m an y .

O v e rg ro w th  o f  vegeta t ion  in such  a m an n er  as to a f f e c t  the g row th  o f  f ish  is  a r a r e  o c c u r r e n c e  
in w e l l - i r r i g a t e d  b r a c k is h w a te r  pon ds .  But w eed s  o ften  o c c u r  in ponds situated inland s in ce  they 
r e c e iv e  la r g e  quantities o f  f r e s h  w a te r .  The w eed s  have to be r e g u la r ly  r e m o v e d  to keep  the 
ponds in a healthy con d it ion .  The need  fo r  s e le c t iv e  g row in g  o f  M y x o p h y c e a e  o r  C h lo r o p h y c e a e  
a c c o r d in g  to the s iz e  o f  f ish  in the ponds has a lre a d y  been  r e f e r r e d  to but, b e s id e s  this, there  
is  g e n e ra l ly  no need  fo r  any w eed  co n t r o l  in pon ds .  The a r e a s  o c c u p ie d  by e x te n s iv e  b r a c k i s h ­
w ater  ponds a r e  d ev o id  o f  su f f ic ie n t  shade and there  is s c o p e  fo r  planting tam arin d  t re e s  
(T am arindu s  in d icu s ) ,  the nipa p a lm s  (Nipa f ru c t ica n s )  and co co n u t  p a lm  (C o c o s  n u c i fe r a ) .  
T a m a r in d s  and nipa pa lm s  g r o w  v e r y  w e l l  in b r a c k is h  s o i l s  and the tam arin d  fru its  and nipa 
le a v e s  a r e  sa le a b le  p r o d u c ts .  C ocon u t  pa lm s  thrive  w e l l  in sandy o i  la t e r i t i c  s o i l s .

Fauna

V aas and Sachlan  (1953) have l i s te d  the faunal e lem en ts  c o m m o n ly  m e t  with in b r a c k is h w a t e r  
pond a . C r u o w c c d i i s ,  such  as c ia d o c e r a n s ,  o s t r a c o d s ,  and c o p e p o d s ,  a r e  abundant and m y s id s  
and d eca p od  la r v a e  a r e  v e r y  c o m m o n .  E ven  though th ere  is  an abundance o f  plankton it would  
appear  that there  is l e s s  u t i l iza t ion  o f  zoop lankton  in these  ponds , as plankton feed ing  a n im a ls  
a re  r e la t iv e ly  few .

A m o n g  the m a cro fa u n a , the f i sh e s  a r e  the m o s t  im p orta n t .  B e s id e s  cu lt iva ted  f ish  s e v e r a l  
o th er  b r a c k is h w a te r  s p e c ie s  o f  f ish  and e c o n o m ic a l ly  im p orta n t  praw ns and s h r im p s  en ter  such 
ponds and p ro v id e  a s u b s id ia r y  in c o m e  to the f a r m e r s .  J u v en i le s  and f ry  o f  these  gain a c c e s s  
with the tidal w a te r .  S p e c ie s  o f  P en a eu s ,  M etapenaeus and L e a n d e r  a r e  the m o s t  c o m m o n  
am ong  th e se .  The la r v a l  f o r m s  bu ry  th e m se lv e s  in the muddy bottom  and g ro w  rap id ly ,  feed ing  
on the i l io t r o p h ic  l a y e r .  S e v e ra l  s p e c ie s  o f  G o b io id  f i sh e s  can  be  seen  on the m uddy banks but 
they a re  o f  little  e c o n o m ic  value  and a re  r e g a r d e d  as w eed  f ish .  It has b een  su g g ested  that 
these  and o th e r  e c o n o m ic a l ly  u n im p ortan t  s p e c ie s  shou ld  be u t i l iz ed  as f o r a g e  f ish  f o r  cu lturing  
p r e d a to r y  s p e c ie s  such  as the c o c k - u p .

The c o c k -u p  (L a tes )  and thread  fins (P o ly n em u s  and E leu th eron em a ) and the o x - e y e d  h err in g  
(M eg a lops )  a r e  the c o m m o n  p r e d a to r y  f i sh e s  in b r a c k is h w a t e r  pon ds .  The c o c k - u p  and the 
o x - e y e d  h err in g ,  e s p e c ia l ly  the f o r m e r ,  feed  v o r a c io u s ly  on cu lt iva ted  f ish  l ike  m u lle t  and m i lk -  
f ish  and should  t h e r e fo r e  be kept out o f  the ponds as  far  as p o s s ib l e .  The thread  fins feed  
m o s t ly  on praw ns and s h r im p s  and a re  not so  d e s tr u c t iv e  as the c o c k - u p .  I f  the w ater  fed  into 
the ponds is  p r o p e r ly  s c r e e n e d  it w ill  be p o s s ib l e  to r e s t r i c t  their  en try .  D i f fe re n t  types o f  
c r a b s  a re  found in b ra ck is h w a te r  p on ds .  S p e c ie s  o f  S cy l la  a r e  o f  e c o n o m ic  im p o r ta n ce  and fetch  
a good  p r i c e .  O ther  c r a b s  such as V aruna and S a e s a r m a  a r e  not o f  such va lu e .  T h e s e  c r a b s  dig 
h o le s  in the em b a n k m en ts ,  w eakening  and eventually  ca u s in g  them  to c o l la p s e ,  so  too  m any o f  
them  a re  not d e s i r a b l e .  A quat ic  snakes a re  quite c o m m o n  and d if fe re n t  types o f  b ird s  l iv e  near 
the pon ds . O tters  and f i s h -e a t in g  b ird s  p re y  on the f ish .  M o s q u ito e s ,  e s p e c ia l ly  m a la r ia  t r a n s ­
m itting  s p e c ie s ,  a r e  a s e r io u s  m e n a c e  in such  a r e a s .
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Studies on the b io t ic '  in te ra c t io n  in Hawaiian and India b r a c k is h w a t e r  ponds have r e v e a le d  
that the dom inant fauna a r e  i l iop h a g ou s .  The benth ic  f lo ra  and detr itu s  f o r m  the m a jo r  i tem  o f  
their  food .  S e v e r a l  u n e c o n o m ic  s p e c ie s  c o m p e te  with the cu lt iva ted  f i s h e s  fo r  food .  It is  th e r e ­
fo r e  e s se n t ia l  to c o n tro l  the a c c e s s  o f  w eed  f ish es  e f f e c t iv e ly  to r e n d e r  the con d it ion s  fa v ora b le  
fo r  cu lt iva ted  s p e c i e s .  S e le c t iv e  s to ck in g  and p r o p e r  s c r e e n in g  o f  w a te r  su p p lies ,  as a lr e a d y  
m en tioned , a re  n e c e s s a r y  fo r  p reven tin g  the entry  o f  both p r e d a c e o u s  and w eed  f ish .

P r e p a r a t io n  fo r  S tocking

T he g e n e ra l  p r in c ip le s  to be fo l lo w e d  in the p re p a ra t io n  o f  b r a c k is h w a te r  ponds fo r  stock ing 
a re  e s s e n t ia l ly  the sa m e  as fo r  fr e s h w a te r  p o n d s .  The f i r s t  step  is  to e n su re  that the e m b a n k ­
m ents  a r e  in g o o d  con d it ion .  L e a k s  can be s topped  by d igg ing  a deep  trench  a long  the b a se  and 
f i l l in g  it with d ry  hard  s o i l .  A ny undue d e c r e a s e  in the height o f  em ban k m en ts  m u st  be m ade 
good .  M o s t  ponds a r e  ex te n s iv e  and situated in a r e a s  w hich  a r e  not e a s i l y  a c c e s s i b l e ,  so 
in tens ive  m anuring  is o ften  e ith er  not p o s s ib l e  o r  e c o n o m ic a l l y  f e a s i b l e .  H o w ev er ,  by r e g u la r  
dra in ing  and d ry in g  the pond b ottom , as p r a c t i s e d  in Java and the P h i l ip p in e s ,  the fe r t i l i ty  can  
be  g rea t ly  en hanced . By this m ethod  it is p o s s ib l e  to k i l l  the p r e d a to r s  in the ponds b e fo r e  
s to ck in g  them  with f i sh .  E x p e r im e n ts  in d ica te  that d ry in g  r a i s e s  the pH o f  the pond bottom , 
c o n tr o ls  h igh er  aquatic  plants with heavy r o o t s ,  r e d u c e s  the c o n ce n tra t io n  o f  b a c t e r ia l  p a ra s it e s  
and enhances  n itrogen  f ixation  by  b lu e -g r e e n  a lga e  and b a c t e r i a .  In Java, g r e e n -m a n u r in g  is 
p r a c t i s e d  to a l im it e d  extent, e s p e c ia l ly  in the inland tam bak s ,  w h ere  m a c r o - v e g e t a t io n ,  such  as 
g r a s s ,  is  m o r e  e a s i l y  a v a i la b le .  T he  le a v e s  o f  m a n g r o v e s  and o th e r  plants g row in g  n ea r  the 
tam baks a r e  d is t r ib u ted  in s m a l l  heaps o v e r  the pond bo ttom  at the rate  o f  about 1, 500 kg p er  
ha e v e r y  three  m on th s .  T he s o i l  has to be m a n u red  to s t im u la te  the grow th  o f  M y x o p h y c e a e .
In u n fe rt i le  ponds two to th ree  a p p lica t ion s  o f  g r e e n  m an u re  m ay  be r e q u ir e d  to b r in g  the fe r t i l i ty  
to a s a t i s fa c to r y  l e v e l .  The fish  cu ltu r is ts  in th#* "Philippines eftcr. transp lant algo.1 Kiu w u i»  ana 
e n c o u r a g e  them  to th r ive  and m u lt ip ly  with s m a l l  quantities  o f  a r t i f i c ia l  n u tr ien ts .  G re e n  m anure , 
w h ich  d is in te g ra te s  ra th er  s lo w ly ,  will e n r ic h  the pond so i l ,  and c o p r a  s l im e ,  app lied  at the 
rate  o f  4 50 to 900 kg p e r  ha, has been  found to be e f f e c t iv e  in enhancing  the grow th  o f  b lu e -  
g r e e n  a lg a e .

M o r e  in ten s ive  pond p r e p a r a t io n  p r a c t i c e s  a r e  fo l lo w e d  in T a iw a n . The m eth od  o f  p re p a r in g  
s to ck in g  ponds is the sa m e  as that f o r  n u r s e r y  p o n d s .  A f t e r  rep ea ted  dra in ing , d ry in g  and 
p r o p e r  fe r t i l i z in g ,  s to ck in g  is done when th e re  is  17 to 20 c m  o f  w a te r  in the pon ds .  By this 
t im e  a good  grow th  o f  a lg a e  w i l l  have d e v e lo p e d  on the pond b o t t o m .  T he ponds a r e  dra in ed , 
d r ie d  and f e r t i l i z e d  again  in A ugu st  a ft e r  m o v in g  the f ish  e l s e w h e r e .

The m u lle t  cu ltu r is ts  in Hong K ong  a ls o  d ra in  the ir  ponds and m a n u re  them  with r i c e  bran, 
peanut cak e ,  p ig  m a n u re  and night s o i l .  W a ter  is then run in and the ponds le f t  f o r  about two 
w eek s  b e fo r e  s to ck in g  with f in g e r l in g s .

Stocking

A s  a lr e a d y  m en tioned ,  m i lk f i s h  is  the m o s t  w id e ly  cu lt iva ted  b r a c k is h w a t e r  f ish .  M ulle ts  and 
praw ns g e n e r a l ly  f o r m  su b s id ia r y  c r o p s  o f  s o m e  im p o r ta n c e  and, even  though not in tentionally  
s to ck ed ,  they gain  en tra n ce  into fa r m s  with the tidal w a te r .  In Java, tawes (Puntius ja v a n icu s )  
is s to ck e d  with m i lk f is h  in ponds having a sa lin ity  o f  8 p arts  p er  thousand o r  l e s s .  T a w es  has 
b een  o b se rv e d '  to w ithstand sa l in it ie s  up to 22 ppt, but at such  co n ce n tra t io n s  its grow th  m ay 
not be s a t i s fa c t o r y .  T he p r e s e n c e  o f  taw es is  b e n e f i c ia l  fo r  the grow th  o f  the m i lk f ish  b eca u se  
they f e e d 'o n  c o a r s e  vegeta tion , includ ing  tough f i lam en tou s  a lg a e ,  g r a s s  and s u b m e r g e d  plants, 
and p a ss  out a g ood  part  o f  the food  co n s u m e d  in a s e m i - d i g e s t e d  sta te .  This  is v e r y  a c ce p ta b le  
fo o d  fo r  m i lk f ish  which  a r e  unable  to eat these  plants in the raw s tate . B e s id e s  th is , the d r o p ­
pings o f  tawes s e r v e  as a f e r t i l i z e r  and help the g row th  o f  m y x o p h y ce a n  a lg a e .
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T aw es  a re  .in tro d u ce d  into a m i lk f ish  pond s o m e  t im e  a f t e r  the m ilk f ish  f in g e r l in g s .  The 
s tock ing  is g e n e ra l ly  done a fte r  the ra ins  have started  and the sa lin ity  has con seq u en t ly  d e c r e a s e d  
No defin ite  stock ing  ra tes  a p p ea r  to have been  w o rk e d  out. T he n u m b e r  o f  fish  is la r g e ly  
g o v e rn e d  by the n u m b er  o f  m i lk f ish  in the pond and the dem and  fo r  the s p e c ie s  in the a r e a .  
O rd in a r i ly ,  the s tock ing  rate  is ad ju sted  to have 25 to 50 p e r  cent taw es . In ponds conta in ing 
la r g e  quantities o f  C h lo ro p h y ce a e ,  there  a r e  p o s s ib i l i t i e s  o f  cu ltur ing  tilapia  a long with m i lk f is h .  
In tensive  cu ltu re  o f  tilapia  has y ie ld e d  v e r y  e n cou rag in g  re s u lts  in M a la y a .

In Taiwan, b e s id e s  m u lle ts ,  the p ra w n s ,  P en a eu s  car in atu s  and P e n a e o p s is  m o n o c e r o a ,  a r e  
c o l l e c t e d  f r o m  the sea  with m i lk f is h  fry ,  o r  se p a ra te ly ,  and s to ck e d  in ponds with m i lk f is h .
T o  c o l l e c t  P e n a e u s  fry ,  bunches  o f  sea  w eed s  a r e  p lanted in sha llow  bays o r  in le ts  at d is ta n ce s  
o f  about 3. 5 m .  T he  young praw ns that gather  am ong  the w eed s  a re  caught with a tr iangu lar  
dipnet» F ry  o f  P e n a e o p s i s  a r e  caught in the sa m e  type o f  d ragn ets  u sed  fo r  m i lk f i s h  f r y .
P en a eu s  praw ns a r e  g e n e ra l ly  g row n  in ponds f o r  about s ix  m onths until they r e a c h  a w eight o f  
40 to 50 g, and P e n a e o p s i s  f o r  a p e r io d  o f  two to three  m onths , until they attain a w eight o f  
7 g ea ch .  In ponds o f  low  sa lin ity ,  c o m m o n  ca r p ,  g r a s s  c a r p ,  s i l v e r  ca rp ,  b ig  head and m ud 
c a r p  a re  a ls o  s to ck e d  with m i lk f is h .  A s  the c a r p s 1 feed ing  habits a re  d i f fe re n t  f r o m  m ilk f ish ,  
there  is not l ik e ly  to be  c o m p e t i t io n  fo r  food , and s in ce  they u t i l ize  food  m a t e r ia l  not c o n su m e d  
by  m ilk f ish ,  and g r o w  rap id ly , the total y ie ld  o f  such  fa r m s  is  c o n s id e r a b ly  im p r o v e d .  G re y  
m u lle t  (M ugil cep h a lu s )  is  cu ltu red  with the C h in ese  c a r p s  in Hong K on g .

In the f ish  fa r m s  o f  H aw aii and India, w h ere  s to ck in g  is g e n e r a l ly  done by adm itt ing  tidal 
w ater ,  s e v e r a l  s p e c ie s  o f  f i s h e s  and praw ns get  en try .  The d om inar*  s p e c ie s  in Hawaiian fish  
ponds a re  the m ilk f ish ,  g r e y  m ulle t ,  tarpon  (M eg a lops  c y p r in o id e s )  and ten pou n d er  (E lop s  ind icus )  
M u lle ts ,  m i lk f ish ,  p e a r l - s p o t  and praw ns a re  the m ain  s p e c i e s  in South India, w h erea s  in E ast  
and W est  B enga l m u lle ts ,  c o c k -u p  and praw n s  p r e d o m in a te .

Strw-Uinrr y  be ¿ « n o  on ly  op.cc a y e a r  o r  up to three  t im e s  depending  on  the l e r t i l i t y  o f  the 
pond, and the dem an d  f o r  s m a l l  f ish .  W h ere  s m a l l  f ish  a re  not w anted, a l o n g e r  cu ltu re  p e r io d  
w ill  have to be a l lo w e d .

The m o s t  in ten s ive  s tock ing  p r o c e d u r e  is  fo l lo w e d  in T a iw an  w h ere  it is done th r ic e  a y e a r ,  
the f i r s t  in M a rch ,  the se co n d  in A p r i l  o r  M ay  and the th ird  in June. F in g e r l in g s  o r  y e a r l in g s ,  
kept o v e r  in w in ter in g  ponds f r o m  the p r e v io u s  y e a r ,  a r e  s to ck e d  in M a r c h .  In A p r i l  and June, 
f r e s h  fry  o r  f in g e r l in g s  a r e  s to ck e d .  F r y  s to ck e d  in June a r e  t r a n s fe r r e d  to w in ter in g  ponds and 
kept o v e r  f o r  s tock ing  the next y e a r  in M a r c h .  T he  total n u m b er  o f  f ish  planted is at the rate  
o f  8, 000 to 9, 000 p e r  h e c ta r e .  The fo l low in g  table show s the s tock ing  and f ish in g  sch ed u le :

N o . o f  f ish  p lanted 
p e r  h e c ta re

N o .  o f  f ish  r e m o v e d  
p e r  h e c ta re

M a r c h 3000 - -
A p r i l 5000 - -
M ay - - - -
June 3 0 0 0 -4 0 0 0 3000
July - - - -
A ugust — - -
S e p te m b e r - - 5000
O c t o b e r - - - -

In the P h i l ip p in e s  the m a x im u m  n um ber  o f  f in g e r l in g s  s to ck e d  p e r  h ec ta re  is 1, 000 to 2, 500 
and in Indonesia  about 1, 500, w h ere  planting is done tw ice  to three  t im es  a y e a r .  T he stock ing  
rate  is ,  o f  c o u r s e ,  m o d i f ie d  a c c o r d in g  to the fe r t i l i ty  o f  the pond, the ava ila b i l i ty  o f  s tock ing



m a te r ia l  and the p e r s o n a l  e x p e r ie n c e  o f  the f a r m e r .  F o r  e x a m p le ,  in the P o r o n g  type o f  ponds 
in Java the fo l low in g  s to ck in g  and fish ing  p r o c e d u r e  is  adopted  (S ch u ster ,  1952) and s to ck in g  and 
f ish  a r e  o ften  continued  f o r  long  p e r i o d s .

O c t o b e r

N o v e m b e r

D e c e m b e r

January

F e b r u a r y

M a rch

A p r i l

M ay

June

July

A ugu st

S e p te m b e r

A bout 2, 5Q0 fry  p e r  h e c ta re  p lanted in the 
n u r s e r y  p o n d s .  The e a s t  m o n s o o n  c r o p  re m a in s  
in the deep  s e c t io n s  o f  the fa r m .

F r y  ad m itted  into the s tock in g  ponds , counting 
e a st  m o n s o o n  c r o p  and cap tu re  o f  m a rk e ta b le  
f ish  and p ra w n s .

C atch in g  p a r t  o f  the east  m o n s o o n  c r o p .
W e st  m o n s o o n  c r o p  ad m itted  to the deep  s e c t i o n s .  
C a ptu re  o f  p ra w n s .

C apture  and sa le  o f  e a s t  m o n s o o n  c r o p  con tin u ed .

R e p a i r  w o r k  and deepen ing  o f  ch a n n e ls .

C a ptu re  and sa le  o f  e a s t  m o n s o o n  c r o p  and r e p a ir  
w o r k  con t in u ed . W e st  m o n s o o n  c r o p  cou nted .

C a ptu re  and sa le  o f  w e s t  m o n s o o n  c r o p ,  ca tch in g  
p ra w n s .  P r e p a r a t io n  o f  n u r s e r i e s .

C apture  and sa le  o f  w e s t  m o n s o o n  c r o p  continued . 
P lan t in g  1, 000 to 2, 000 f ry  p e r  h e c ta r e  a fte r  
d eep en in g  o f  c e n t r a l  ch a n n e ls .  C atch in g  p ra w n s .

A dm itt in g  e a s t  m o n s o o n  c r o p  to s tock in g  p om is . 
C atch in g  p ra w n s .

Mixing e a s t  m o n s o o n  and w e s t  m o n s o o n  c r o p s .  
C atch in g  p ra w n s .

C a ptu re  and sa le  o f  the re m a in in g  w e s t  m o n s o o n  
c r o p ,  lea v in g  a few  f ish  to g ro w  to l a r g e r  s i z e .  
C a tch in g  p ra w n s .

P r e p a r a t io n  o f  n u r s e r i e s  and s to ck in g  p o n d s .

But in the in land tam baks  o f  Java  stocK ing is  done on ly  o n c e  a y e a r .  T he  f ry  p lanted  in the 
n u r s e r y  ponds in O c t o b e r  a r e  put into the s to ck in g  ponds in N o v e m b e r .  B e s id e s  cutting g r a s s  
and o th e r  pond m a c r o - v e g e t a t i o n  to u se  as g r e e n  m a n u re ,  nothing is  done until June when 
cro p p in g  is s ta r te d .  B y  A ugu st  the ponds a r e  c o m p le t e ly  f ish ed  and in S e p te m b e r  they a r e  
p r e p a r e d  fo r  fu r th er  s to ck in g .

In the g r e y  m u lle t  ponds o f  Hong Kong, f in g e r l in g  s to ck in g  is done f r o m  F e b r u a r y  to A p r i l  
and l a r g e r  f ish  in the sp r in g  and autumn. A p p r o x im a te ly  1 0 ,0 0 0  to 15, 000 f in g e r l in g s  (about 
7 . 5  c m  in length) o f  g r e y  m u lle t  and 1, 000 to 2, 000 f in g e r l in g s  o f  C h in e se  c a r p s  a r e  s to ck e d  
p e r  h e c ta r e  o f  pond a r e a .  When the m u lle ts  g ro w  to an a v e r a g e  o f  about 140 g in w eight 
(about f ive  m onths a fter  s tock ing )  it is  n e c e s s a r y  to thin th em  to about 3, 500 p e r  h e c ta r e .  The 
f ish  r e m o v e d  f r o m  the ponds can  be u sed  e i th e r  f o r  s to ck in g  o th e r  ponds o r  fo r  s a le .

i
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P ond  M a n agem en t

The g en era l  p r in c ip le s  o f  m a n a gem en t  o f  b r a c k is h w a t e r  fish  ponds a re  the sa m e  as f o r  f r e s h  
w a ter ,  e x c e p t  p erh aps  the handling o f  w ater  su p p l ie s .  R egu la ted  inundation and dra in ing  at 
defin ite  in te rv a ls  a re  e ssen t ia l . '  T o  hold the r e q u ir e d  depth o f  w ater  the em ban km en ts , channels  
and s lu ice  gates m u st  be  in good  con d it ion .  W here  the t ides a l lo w  there  is  no d i f f icu lty  in 
renew ing  and co n tro l l in g  a f low  o f  w ater  in  the ponds , but on inland fa r m s  this m ay  not be 
p o s s ib l e .  In such  c a s e s  the sa lin ity  o f  the pond w ater  w ill  p ro b a b ly  in c r e a s e  s tea d i ly  due to 
ev a p ora t ion  and s eep a g e ,  e s p e c ia l ly  during the hot m on th s .  T h e r e f o r e  a v ig i lan t  w atch  should  
b e  kept on the sa lin ity  and when it r i s e s  to a d an gerous  l e v e l  the ponds should  be flushed  with 
f r e s h  w a te r .

C ra b s  and o th er  b u rro w in g  a n im als  that da m a ge  the em ban km en ts  m u st  be  c o n tr o l l e d  by 
fish ing , trapping and so  fo r th .  T he  v a r io u s  p r e d a to r y  and w eed  f ish es  m u st  a ls o  be  kept under  
c o n t r o l .  If the ponds a re  d ra in ed  re g u la r ly  and u n d e s ira b le  fish  kept out by c l o s e - m e s h e d  
s c r e e n s  th e ir  n u m b ers  can be kept u nder  c o n t r o l .

Snails , m a in ly  o f  the genus C er ith id ea ,  o c c u r  in Ja va n ese  fish  ponds in such  abundance as 
to b e c o m e  a p e s t .  T o  a c e r ta in  extent they co m p e te  with m i lk f ish  and m u lle ts  fo r  food  and they 
a ls o  use  up the c a lc iu m  content o f  the w a ter  fo r  sh e ll  fo r m a t io n .  Snails can  be k i l led  by 
m o l a s s e s  which a ls o  a cts  as a f e r t i l i z e r  and in c r e a s e s  the grow th  o f  b lu e -g r e e n  a lgae , but this 
m eth od  is not v e r y  e c o n o m ic a l  b e c a u s e  r e - in fe s t a t i o n  takes p la ce  v e r y  q u ick ly .  S ch u ster  (1952) 
r e m a r k s  that when there  is a thick la y e r  o f  b lu e -g r e e n  a lgae  in a pond the sna ils  d isa p p e a r .
P ond  bottom s c o v e r e d  with j e l l y - l i k e  m ud is  a ls o  not con d u c iv e  to their  grow th, w h e re a s  they 
thr ive  in l iqu id  m ud . T his  ev iden tly  show s that i f  ponds a r e  p r o p e r ly  m a n u red  and s to ck e d  with 
the op t im u m  n u m b er  o f  f i sh  to m ainta in  a g o o d  la y e r  o f  a lga e ,  the ch a n ces  o f  in festa t ion  by 
sna ils  is g re a t ly  r e d u ce d .

■The po ly ch a e te  w o r m  E un ice , w hich  is  abundant in b ra ck is h w a te r  ponds , is a ls o  h a rm fu l  to 
cu lt ivated  s p e c ie s  l ik e  m i lk f is h .  T hey  a ls o  m ake  the pond s o i l  p o r o u s  and thus a d v e r s e ly  a f fe c t  
its w a te r -h o ld in g  ca p a c ity .  No e f f e c t iv e  c o n tr o l  m e a s u r e s  have been  e v o lv e d  as y e t .

A lthough the young and adults o f  s o m e  o f  the ex tra n eou s  f i s h e s ,  such as  A p lo ch e i lu s ,  O r y z ia s  
and T herapon , feed  on m osq u ito  la r v a e  they do not keep  this p e s t  and the resu lt in g  m a la r ia  in 
ch eck ,  in s o m e  a r e a s .  Studies con ducted  in Java have shown that A n op h e les  sundaicus b re e d s  
in  ponds having a sa lin ity  betw een  2 and 20 parts  p er  thousand and then on ly  w here  the su r fa ce  
is  c o v e r e d  with f loating  m a s s e s  o f  a lgae  o r  o th e r  vege ta t ion .  M a x im u m  breed in g  takes p la ce  in 
a lg a e - f i l l e d  ponds with a sa lin ity  o f  10 parts  p e r  thousand, although s o m e  s p e c ie s ,  such as 
A .  subp ictus , b r e e d  in w aters  as sa lty  as 80 parts  p e r  thousand. In ponds c le a r e d  o f  C h lo r o -  
p h yceae ,  such  as C ha etom orp h a  and E n te ro m o rp h a ,  li tt le  m osq u ito  b reed in g  takes p la ce  and i f  
la rv a e  do d ev e lo p  they a r e  eaten by the a lw a y s -p r e s e n t  ex tran eou s  f ish .  A s  it has been  
e s ta b l ish e d  that m i lk f ish  can be  g ro w n  on M y x o p h y ce a e  a lone  and that the grow th  o i  C h lo ro p h y ce a e  
can  be  c o n tr o l l e d  by p e r io d i c a l  dra in ing, it is  p o s s ib l e  to c h e ck  the breed in g  o f  m o s q u it o e s  by 
keep ing  the ponds c l e a r  o f  g re e n  a lgae  without a d v e r s e ly  a f fec t in g  the p rod u ct ion  o f  f i sh .
M osq u ito  b re e d in g  g e n e r a l ly  takes p la ce  in sh a llow  parts  o f  ponds , so  i f  the ponds a r e  u n i fo rm ly  
d eep en ed  m osq u ito  b reed in g  can  be c o n s id e r a b ly  m in im iz e d .  E x p e r im e n ta l  w o rk  in Java s e e m s  to 
show  that C h lo r o p h y c e a e  can  be e f f e c t iv e ly  ch eck ed  by g row in g  f i s h  such as tilapia  that f e e d .o n  
these  a lg a e .

The r e m a r k s  m ade about co n tro l l in g  f i s h -e a t in g  b ird s  and m a m m a ls  when d is c u s s in g  the 
m a n a gem en t  o f  f r e s h w a te r  ponds , a ldo  apply h e re .
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The p r e s e n c e  o f  la r g e  quantities o f  o r g a n ic  m atter  on the pond bottom  m ay r e s u lt  in the 
fo rm a t io n  o f  p o ison ou s  g a ses  like h ydrogen  su lphide and m ethane , which a re  in ju r iou s  to fish  
l i f e .  I f  d e te c ted  in t im e, this cond it ion  can  be c o n tr o l l e d  by dra in ing , d ry in g  and aera t ing  the 
bo ttom  s o i l .

B r a c k is h w a te r  ponds a re  re la t iv e ly  fr e e  f r o m  fish  p a r a s i t e s .  E ven  though s o m e  in ternal 
p a ra s it e s  o c c u r  in fish , hardly  any o f  them a re  p a th og en ic .  S ch u s ter  (1952) d e s c r ib e s  the on ly  
d is e a s e  which  has b een  r e c o r d e d  in the m ilk f ish ,  n a m e ly  " c o l d " .  When the w ater  te m p e ra tu re  
suddenly fa l ls  the f ish  b e c o m e  le th a rg ic  and d e v e lo p  a m ilk y  d is c o l o r a t io n  o f  the. skin, which 
a fte r  two o r  three  days, p e e ls  o f f .  During the p e r io d  o f  a ttack  the f ish  do not fe e d  and t h e r e ­
fo r e  l o s e  w eight. A lthough m o r ta l i ty  d oes  not s e e m  to be a p p r e c ia b le ,  it is p ro b a b le  that the 
f ish  b e c o m e  ea sy  p re y  to p r e d a to r s  at this t im e .  In c o ld  c l im a t e s  c o n s id e r a b le  m o r ta l i ty  m ight 
take p la ce  i f  the m i lk f ish  a re  not t r a n s fe r r e d  to w in ter ing  pon ds .

The g re y  m u lle t  in Hong Kong is a f fe c te d  by t e m p e ra tu re s  h igher  than 37 C . Shades w ill
p r o t e c t  them  f r o m  the hot sun, but should  deaths o c c u r ,  fu rth er  m o r ta l i ty  can be a r r e s t e d  by 
running c o ld e r  w ater  into the pond.

F o o d s  and F eed ing

W hile  in ten s ive  a r t i f i c ia l  feed ing  is a c o m m o n  p r a c t i c e  in f r e s h w a te r  ponds , it is not c o m m o n  
in b r a c k is h w a t e r  fish  ponds , m ain ly  b e ca u s e  o f  their  s iz e  and the fact that the la r g e  quantities 
o f  foods  n e c e s s a r y  a re  not e a s i ly  a v a i .a b le  at e c o n o m ic a l  p r i c e s .  A lg a e  f o r m  the m o s t  im portan t  
food  in m i lk f ish  and m u lle t  ponds and the fa r m e r  a lw ays  t r ie s  to m aintain  a good  grow th  o f  them. 
B lu e - g r e e n  a lgae  a re  eaten by the m ilk f ish  until they a re  about 20 c m  in length and th erea fte r
they a re  a ls o  ab le  to feed  on so ft  g reen  a lg a e .  Young m u lle t  fry  feed  on planktonic  o r g a n is m s
but f in g er l in g s  sustain  th e m s e lv e s  on a lg a e .  The c o m p o s i t io n  o f  the b lu e -g r e e n  a lgae .
O s c i l l a t o r ia  spp. and P h o r m id iu m  s p p . ,  is g iven  b e low ; they a m o r e nutritious than g rAi“n 
a lg a e .

D ie te t ic  c o m p o s i t io n  o f  b lu e -g r e e n  a lgae  in g p er  1, 000 g o f  wet a lgae :

C o m p o s i t io n  P r o p o r t i o n

W ater  8 2 9 .0
R aw  p ro te in  16. 5
F at 3 .9
N i t r o g e n - f r e e  m a tte r  13 .7
R aw  f ib e r  14 .6
A sh  122 .3  o f  which 3 2 .9 %  is S iO ?

1, 000 . 0
When the p ro d u ct io n  o f  a lgae  in a pond is not su f f i c ie n t  to feed  the fish, P h ilipp in e  fa r m e r s  

c o l l e c t  a lgae  f r o m  oth er  w ater  a r e a s  and put them in the p on ds .  B e s id e s  a lgae , h ydrophytic  
p lants , such  as R uppia , N ajas  and H alophila , w hich  a r e  l o c a l ly  known by the c o l l e c t i v e  nam e 
d igm an , w ater  hyacinth (E ich h orn ia  c r a s s i p e s )  and paddy s tra w  a r e  c o l l e c t e d  and fed  in a 
d e ca y e d  o r  d r ied  f o r m .

A n oth er  m ethod  o f  obtaining adequate  su p p lies  o f  a lgae  is by cu ltivating  them  in sep a ra te  
p o n d s .  S p e c i a l . " c o l l e c t o r  s ", such  as twigs o f  m a n g r o v e s  and b a m b o o  p o le s ,  a r e  f ixed  in the 
ponds and a lgae  s p o r e s  attach th e m s e lv e s  to and g row  on these  " c o l l e c t o r s " .  The a lgae  a re
taken to the s tock ing  ponds as and when n eed ed . R e c e n t  e x p e r im e n ts  con d u cted  in the P h i l ip p in es
have shown that the sea w eed  G r a c i la r ia  is a v e r y  su itab le  food  fo r  f in g er l in g s  and adult m i lk f ish .
T he  food  va lues  o f  this w eed  and o f  o th er  plants a r e  shown in the fo l low in g  table :
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F o o d  constituents  o f  ce r ta in  a lgae and w eed s

Nam e M o is t u r e A sh F at P r o te in C a rb o h y d ra te s
% % % % %

F *  £)** F  D F  D F  D

G r a c i la r ia
c o n fe r v o id e s 6 .9 2 15. 31 16 .4 8 0 .4 - 1 1 .9 8 12. 89 6 5 .3 9 7 0 .6 3

E n te ro m o rp h a
in test ina lis 8 1 .3 5 6. 02 32. 27 0 .4 8 2. 57 3. 66 19.61 8 .4 9 45 . 55

C h a e to m o rp h a  spp . 85. 50 2. 82 19 .50 0. 27 0 .7 1 3 .7 2 27 .6 6 7 .8 7 52. 13

C la d op h ora  spp. 57. 20 9 .9 0 23. 16 0. 84 1 .96 5. 16 12. 07 2 6 .9 0 62. 81

E ich h orn ia
c r a s s i p e s 89. 81 1 .34 13. 15 2. 19 2 1 .4 9 6 .6 6 6 5 .3 6

*F  - F r e s h  **D  - D ry

The w eeds  a re  s ca t t e r e d  in such a way as to f o r m  a c a r p e t  o f  a u n i fo rm  th ick n ess  o f  about 
15 c m  on  the pond b o ttom . In m any ponds in the P h i l ip p in e  Is lands  m i lk f ish  a re  now grow n  to 
m a rk e ta b le  s iz e  fed  a lm o s t  e n t ir e ly  on G r a c i la r i a .  The r e q u ir e d  quantity o f  w eed  is in trod u ced  
b e fo r e  s tock ing  the ponds o r  it is fed  in s m a l l  lots  throughout the p e r io d  o f  grow th . The quantity 
r e q u ire d  to feed  a g iven  n um ber  o f  fish  has y e t  to be e s ta b l ish e d  but it usually  ra n ges  betw een  
200 and 500 kg p e r  ha. One d isadvantage  o f  depending en t ir e ly  on  this w eed  fo r  m i lk f ish  is that 
it  d oes  not p ro v id e  any shade f r o m  the sun as the w eeds  re m a in  at the b o t to m . To  re m e d y  bbt>, 
the f ish  cu ltu r is ts  in c r e a s e  the w ater  le v e l  in the ponds as m uch  as p o s s ib l e  during the s u m m e r  
m onths ; this d o e s  not in any way a f f e c t  the grow th  o f  G r a c i la r i a .  Sa lin ities  lo w e r  than 5 ppt 
have an a d v e r s e  e f f e c t  on the w eed  and so  their  use  is l im ite d  to ponds in which  the sa lin ity  
n e v e r  fa lls  b e lo w  that l e v e l .  With the use  o f  G r a c i la r ia  as food  fo r  m i lk f is h  i t -h a s  now b e c o m e  
p o s s ib l e  to in c r e a s e  the n u m b er  o f  c r o p s  f r o m  a pond and to s to ck  as m any as 3, 000 f ish  per  
h e c ta r e .

R ic e  bran  is a su itab le  a r t i f i c ia l  food  fo r  m i lk f ish  and m u l le t s .  S m all  quantities o f  r i c e  bran 
a r e  g e n e ra l ly  fed  to m u lle ts  in India and the P h i l ip p in e s ,  but in tens ive  a r t i f i c ia l  feed ing  is  done 
m a in ly  in Taiw an  and to s o m e  extent in Hong K ong . A s  a lre a d y  stated, the fa r m e r s  in Taiw an 
use  r i c e  b ra n  as a m an u re  fo r  the ponds , and in the e a r ly  stages  o f  grow th  there  is  a c o n s i d e r ­
able  quantity o f  r i c e  bran  fo r  the fry  o r  f in g e r l in g s  to feed  on d i r e c t ly .  In tensive  a r t i f i c ia l  
feed ing  starts  in M ay  and on ly  r i c e  bran is g iven  to the f in g er l in g s  until June, as it  is b e l ie v e d  
that they a re  not ab le  to feed  on c o a r s e r  fo o d  at this s ta ge .  B y  the tim e the ra iny  s e a s o n  sets  
in the sa lin ity  o f  the w ater  in the ponds d e c r e a s e s  and the natural food  su pp lies  g rea t ly  d im in ish .  
B e c a u s e  o f  the lo w e r  sa lin ity , a su ff ic ien t ly  thick  grow th  o f  a lgae  d oes  not a p p e a r .  R ic e  bran  
and soya  bean cake , b rok en  into s m a l l  p i e c e s ,  a r e  fed  during this p e r io d .  In July, A ugust  and 
S e p te m b e r  peanut m e a l  is a ls o  added  to the ra tions  as it is b e l ie v e d  that this s t im u la tes  the 
appetite  o f  the fish  and hastens its g row th . The quantity o f  a r t i f i c ia l  food s  n e c e s s a r y  f o r  one 
h ec ta re  o f  pond a re a  is  about 2, 000 kg o f  r i c e  bran, 500 kg o f  soyabean  cake  and 36 kg o f  
peanut m e a l .  T he fo l low in g  table show s the feed ing  ra tes  and the kinds o f  a r t i f i c ia l  food s  g iven  
to g re y  m u lle t  and c a r p  in b r a c k is h w a te r  ponds in Hong K ong. No a l low a n ce  has been  m ade  in it 
fo r  m orta l ity ,  and when the n um ber  o f  f ish  in the pond d e c r e a s e s  due to deaths, a p ro p o r t io n a te  
red u ct ion  in  the quantity o f  food  su pp lied  is  n e c e s s a r y .  B e s id e s  these  fo o d s ,  r i c e  bran, peanut 
cake , pig m anure  and night s o i l  a re  put into the ponds at in terva ls  o f  two to three  days ; these 
a r e  part ly  con su m e d  d ir e c t ly  as food  and a c t  partly  as f e r t i l i z e r s .



F eed in g  Schedule  fo r  M ilk f ish  Ponda in Hong Kong

N um be 
a f t e r  s

r o f  days 
tock ing

F o o d  p e r  ha A v e r a g e  
ration  in

daily  
i kg

1 - 10 - -

11 - 30 R ic e  bran 1 .0 - 1 .5
31 - 60 R ic e  bran 1 .5 3 .0
61 - 90 ( R ic e  bran 3 - 5

( Peanut cake 1 - 3

91 - 150 R i c e  b ra n  ) 5 - 8
P eanut cake  ) 3 - 8

151 - 210 R i c e  bran 8 - 12
P eanu t  ca k e 8 - 14

211 - 300 R i c e  bran  ) 12 - 16
P eanut cake  } 19 24

In Taiwan, Java, and the P h i l ip p in e s ,  w h ere  two to three  c r o p s  o f  m ilk f ish  a r e  r a is e d  ev ery  
y e a r ,  the f ish  a re  s e ld o m  a llow ed  to g row  to a la r g e  s i z e .  In T a iw an, when they a r e  caught fo r  
8a le ,  the f ish  weigh  150 to 300 g and the rate  o f  m o r t a l i t y  ra n ges  f r o m  8 p e r  cen t to 20 per  
cen t .  During w in ter  the w ater  te m p era tu re  m ay  fall to 10 C and the grow th  o f  the f ish  is grea t ly  
d e c r e a s e d .  In the P h i l ip p in e s ,  when the f ish  a r e  caught at the end o f  6 to 9 m onths , they have 
r e a c h e d  an a v e r a g e  weight o f  *100 g and the e s t im a te d  m o r ta l i ty  is  50 p e r  ce n t  to 70 p e r  cen t .
In Indonesian  ponds, w h e re  the g row in g  p e r io d  ran ges  f r o m  6 to 10 m onths , they a r e  caught 
when they attain an a v e r a g e  weight o f  350 g. T he m o r ta l i ty  m ight be 50 to 80 p e r  cen t .

C apture  and M arket ing

M eth ods  o f  C atch ing

P a r t ia l  h a rvest in g  is done in m any ponds fo r  a m a jo r  p a r t  o f  the y e a r .  It is not a lw ays  
p o s s ib l e  to drain  the ponds to ca tch  the fish , but the w ater  le v e l  can  be c o n s id e r a b ly  re d u ce d  by 
shutting o f f  the supply  f o r  a few  days b e fo r e  fish ing is d on e .  D ra g  nets  o f  v a r io u s  lengths arid 
depths, depending on  the pond d im e n s io n s ,  can  be u se d .  In Java, a n u m b er  o f  f i s h e r m e n  wade 
through the pond in a row , using c a s t  n ets .

The tendency  o f  adult m i lk f ish  and g r e y  m u lle t  to sw im  a g a in st  the c u r r e n t  is taken advantage 
o f  to ca p tu re  them . W ater is taken in through the s lu ice  gates  at high tide, the fish  sw im  aga inst  
the c u r r e n t  and gather n ea r  the s lu i c e s ,  m aking fran t ic  e f f o r t s  to e s c a p e ,  w h ere  it is ea sy  to 
cap tu re  la rg e  n u m b ers  with n e ts .  If the d eep  a re a  a d ja ce n t  to the s lu ice  gate is  m ade  into a 
" ca tch in g  p on d " ,  as is done in the P h i l ip p in es  and in Indonesia , a ll  the f ish  sw im m in g  aga inst  
the c u r r e n t  can be trapped  by c lo s in g  its en tran ce  f r o m  the s tock ing  pon ds .  A  deep  channel o r  
" f ish  r a c e "  w ill  a ls o  s e r v e  the p u rp o se  equa lly  w e l l .  When the f ish  a re  thus e n c lo s e d  it is ea sy  
to ca tch  them  with n ets .  T h is  type o f  cap tu re  has been  d e v e lo p e d  to a c o n s id e r a b le  extent in the 
P h i l ip p in es  w h ere  " ca tch in g  p o n d s "  with s e v e r a l  c o m p a r tm e n ts  a re  s o m e t im e s  used  fo r  the 
p u r p o s e .  T h e  fish  en ter ing  the " ca tch in g  p o n d s "  a re  held  o v e r  at le a s t  24 hours  b e fo r e  r e m o v a l  
so  that th e ir  guts w ill  be c le a r e d  o f  all food  c o n s u m e d .  T h is  is done to im p r o v e  their  keeping 
q u a l i t ie s .
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U se is  o ften  m ade  o f  bam b oo  gratings  fo r  ca tch ing  m i lk f ish  f r o m  ponds in Java. The a rea  
is d ra g g ed  with a re c ta n g u la r  grating, the f i s h e r m e n  using hands and fee t  to push it and the 
f ish  a r e  th ereby  e n c lo s e d  n ear  the pond outle t  f r o m  w h ere  they a re  r e m o v e d  with dip n ets .

D i f fe ren t  types o f  nets and traps a re  u sed  fo r  ca tch ing  praw ns and s h r im p s .  T h e s e  g e n e ra lly  
sw im  in the d ir e c t io n  o f  the c u rre n t .  S h r im p s  a re  o ften  c o l l e c t e d  by op era t in g  a lon g -h a n d led  
net aga inst  the cu r r e n t .  O r ,  when dra in ing  the pond, they a re  caught in a s m a l l  p u rse  net fixed  
to the s lu ice  gate .

P ra w n s  have a tendency  to m o v e  along the s id e s  o f  em bankm ents  and this habit is taken 
advantage o f  to cap ture  them by fix ing  bam b oo  s c r e e n s  in the pond bed at r ight  ang les  to the 
em ban k m en ts .  The ca tch e s  can be in c r e a s e d  with lu re  lam ps  hung o v e r  the t ra p s .  P ra w n s  a re  
a lso  caught by running the pond w a ter  through a p ipe with a trap fixed at the ou t le t  end.

The a to ls  in fro n t  o f  s lu ice  gates in the b h e r is  o f  B enga l ca tch  fish  and praw n s .  B a ited  l in es  
a re  w ide ly  u sed  fo r  ca tch ing  c r a b s ,  and hooked  too ls  to ca tch  b u rrow in g  e .e l- l ike  f ish es  and c r a b s  
f r o m  ho les  in the em b a n k m en ts .

M ark et ing

A s m o s t  b r a c k is h w a t e r  ponds a re  s ituated away f r o m  towns w h e re  the m a jo r  p a r t  o f  the 
p ro d u ce  is  m a rk e ted ,  there  is  need  fo r  i c e  as a p r e s e r v a t iv e  fo r  f ish  and praw ns, but c r a b s  can 
g e n e ra l ly  b e  tra n sp or ted  a l iv e .  B oats  and tru cks  a r e  u sed  to c a r r y  the ca tch  to the m a r k e ts .

When ice  is not a va ilab le  the fish  fa r m e r s  in Java b o i l  m i lk f ish  in strong  b r in e  with a few 
ro o ts  o f  C u rcu m a  d o m e s t i c a .  The sp ice  im p a r ts  a b r igh t  y e l l o w  c o l o r  to the p r o d u c t  which  is 
g rea t ly  fa v o r e d  by c o n s u m e r s ,  and fe tches  a b e t te r  p r i c e  than f r e s h  f ish .

f !
•A s p e c ia l  m ethod  o f  cu r in g  is  p r a c t i s e d  in c e r ta in  parts  o f  Java . E arthen  pots about 25 cm  

wide and 30 c m  high a re  f i l led  above  the b r im  with fish  a r ra n g e d  in la y e r s .  B r in e  is  then 
p ou red  to 5 c m  b e lo w  the top and the pots  a re  heated until the b r in e  has b o i le d  down to half  its 
o r ig in a l  quantity, and then d ra in ed  o f f  and s o m e  dry  sa lt  added . A fte r  heating again fo r  a few 
m inutes  the pots a re  c o v e r e d  with le a v e s  and tied . T his  p r o c e s s  needs  g rea t  sk il l  and c a r e .
The c u r e d  f ish  keeps  fo r  about three  m onths . The b o i le d  b r in e  conta ins  fish  ju ic e  and when the 
liqu id  is ev a p ora ted  o v e r  a f i r e  a paste , known as p et is ,  is  le f t  which co m m a n d s  a good  m a rk et  
am ong  In d on es ian s .

P ra w n s  a r e  c u r e d  in the sa m e  w ay.

Sm oking m ilk f ish  has now b e c o m e  fa i r ly  c o m m o n  and it has been  found that by  adding a sm a l l  
quantity o f  p o ta s s iu m  nitrate  and by c a re fu l ly  regu lating  the heat, the whitish c r u s t  that o ften  
d ev e lop s  on the fish  during sm ok ing  can be a v o id ed .  O th er  p r o c e s s e s  o f  cur ing  and dry ing  can 
b e  adopted, depending on c o n s u m e r  p r e fe r e n c e s  and dem and .

M arketing

The m ark et in g  a r ra n g e m e n ts  w ill ,  o f  c o u r s e ,  depend on the m agnitude o f  the su p p lie s .  In the 
tam bak a re a  o f  Java, which is situated fa r  aw ay f r o m  trade and cu ltura l c e n te r s ,  p ed la rs  b a r te r  
r i c e  and oth er  p r o v is io n s  in return  fo r  fish, p raw ns , s h r im p s ,  e t c .  When there a re  a la rg e  
n u m b er  o f  ponds in an a re a ,  it w ill  be p o s s ib l e  to o r g a n iz e  c o o p e r a t iv e  m arketing , and thus 
reduce  o v e rh e a d  e x p e n se s ,  such as tra n sp ort ,  and to en su re  that c a t c h e s  a re  so ld  in a m o r e  
la t is fa c to ry  con d it ion .
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E c o n o m ic s

In a s s e s s i n g  the e c o n o m ic s  o f  b r a c k is h w a t e r  f ish  cu ltu re  the fa c t  that it g e n e r a l ly  is  on ly  a 
stage  in the r e c la m a t io n  o f  w aste  lands f o r  a g r ic u l t u r e  has to be taken into c o n s id e r a t io n .
W hile  no in c o m e  m a y  be a v a ila b le  to the fa r m e r  during  the p e r io d  o f  r e c la m a t io n ,  he is ab le  to 
d e r iv e  a substantia l in c o m e  by  u til iz ing  the a r e a  fo r  f ish  cu ltu re  and to p r o d u c e  food  f o r  h im s e l f  
and his fa m ily .

The co n s t r u c t io n  o f  e m b a n k m en ts ,  s lu i c e  ga tes , ex ca v a t io n  o f  the pond s ite  and the like , 
in vo lve  an in itia l outlay  o f  c o n s id e r a b le  su m s  o f  m on ey ,  depend ing  on the c o s t  o f  la b o r  in the 
a re a ,  but a m a j o r  p a r t  o f  this expen d itu re  has to be in c u r r e d  fo r  r e c la m a t io n ,  even  i f  the land 
is  not u sed  fo r  f ish  cu ltu re .  When m i lk f is h  a re  cu ltu red  the fry  have g e n e ra l ly  to be bought 
f r o m  d e a le r s  and this is  a r e c u r r in g  e x p en d itu re .  F r y  o f  g r e y  m u lle ts ,  praw n s  and o th e r  s p e c ie s  
a re  u su a lly  a v a i la b le  in the v ic in i ty  o f  the fa r m s  in a r e a s  w here  they a r e  cu ltu red ,  and can  
u su a lly  be e a s i ly  c o l l e c t e d .  A r t i f i c ia l  feed ing  and pond m anuring  is  s e ld o m  done on a la r g e  s c a le .  
But when m an u re  is  app lied  it u su a lly  c o n s is t s  o f  the g r a s s  and m a n g ro v e  le a v e s  c o l l e c t e d  f r o m  
the em ban km ents  o r  m a rg in a l  a r e a s .  In v iew  o f  this the total in v estm en t  as such  in b r a c k i s h ­
w ater  fish  cu ltu re  is  v e r y  s m a l l .  It should , h o w e v e r ,  be s t r e s s e d  that by  in vest in g  a litt le  m o r e  
than is now done and in ten s i fy in g  the o p e r a t io n s  the in c o m e  ca n  be c o n s id e r a b ly  in c r e a s e d ,  as 
has been  shown in T a iw an .

One g re a t  advantage o f  b r a c k is h w a t e r  f ish  fa rm in g  is  that the fa r m e r  d o e s  not have to wait 
until the end o f  the y e a r  o r  f o r  o. cou p le  o f  y e a r s  to get s o m e  in c o m e .  On the co n t r a r y ,  r ight 
f r o m  the stage  o f  c o n s tru c t in g  the pond he w i l l  be ab le  to get an in c o m e  by se l l in g  m a n g ro v e  
s te m s  fo r  fuel, b ark  fo r  tanning fish ing  nets and le a th e r ,  b ir d s  eggs  that m a y  be c o l l e c t e d  f r o m  
the a re a ,  l i z a r d  and snake sk ins  and so  on, depend ing  on the e n te r p r is e  o f  the f a r m e r .  T he 
le a v e s  o f  the nipa p a lm  cut f r o m  the p<~>n»5 s ite  w i l l  a ls o  a. good  p r i c e .  O n ce  the fa r m  has
b een  c o n s tr u c te d  and f ish  cu ltu re  o p e r a t io n s  begun, f ish in g  l o r  ex tra n eou s  f i s h e s  and praw ns is 
soon  s ta r te d .  The em b a n k m en ts  o f  b r a c k is h w a t e r  ponds a r e  o ften  su ited  fo r  cu lt ivatin g  e c o n o m i c ­
a l ly  im p o rta n t  p lants .  B e s id e s  p reven tin g  s o i l  e r o s i o n  and p rov id in g  le a v e s  f o r  g r e e n  m anuring , 
s o m e  o f  these  can  be  eaten  and o th e r s  s o ld .  In the Sunderban a r e a  o f  W est  B en ga l  the f ish  
fa r m e r s  cu lt iva te  paddy in a d ja cen t  f ie ld s  that have b een  r e c la i m e d  fo r  the p u r p o s e .  Salt m aking 
b y  sun d ry in g  is a l s o  undertaken  when the co n d it io n s  a r e  su ita b le .  Thus it is ev id en t  that a 
fa r m e r  with the n e c e s s a r y  ca p ita l  can have a. n u m b er  o f  p r o f i ta b le  s ide  l in es  on  his land .
F u rth er ,  such  fa r m s  g ive  e m p lo y m e n t  to m o r e  p e o p le .  In d u str ie s  such  as m e ta l  b ox ,  net and 
im p le m e n t  fa c t o r ie s ,  f ish  c u r e r s  and c a n n e r?  b en e fit  f r o m  the a c t iv i t i e s  o f  f ish  f a r m e r s .
T r a n s p o r t  s e r v i c e s  a ls o  d e r iv e  p r o f i t s  f r o m  the trade in f i sh .  A  ce r ta in  am ount o f  c o o p e r a t io n  
am on g  the f ish  f a r m e r s  in the m a tte r  o f  help in t im e s  o f  e m e r g e n c y  and f in a n c ia l  s tra in  ex is ts  
at p resen t ,  but th ere  is  a m p le  s c o p e  fo r  the o r g a n iz a t io n  o f  the en t ire  industry  on sound c o ­
o p e r a t iv e  l in e s .

In v iew  o f  the p e c u l ia r  con d it ion s  that e x is t  it is o ften  d i f f i cu lt  to a s s e s s  with any d e g r e e  o f  
a c c u r a c y  the p ro d u c t io n  f r o m  b r a c k is h w a t e r  p on ds .  On an a v e r a g e  about 10 p e r  cen t  o f  each  
fa r m  c o n s is t s  o f  v e r y  sh a llow  a r e a s  that do not con tr ib u te  in any la r g e  m e a s u r e  to its  productiv ity , 
and on ly  about 73 p e r  cen t  o f  the a re a  is  o f  d i r e c t  s ig n i f i c a n c e  in this r e s p e c t .  A s  a lr e a d y  
m en tion ed  in a p r e v io u s  ch a p ter ,  the p ro d u c t io n  o f  f ish  in a pond w ill  depend to a la r g e  extent on 
the type o f  s o i l .  S ch u ster  (1952) has g iven  the fo l low in g  as the a v e r a g e  p ro d u c t io n  o f  m i lk f ish  in 
b r a c k is h w a t e r  ponds in Java .

\

\
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P r o d u c t io n  o f  P onde  in Java

Soil  type o f  ponds

Juvenile  v o lc a n ic  s o i l  
C o l lo id a l  c la y  
Juven ile  la t e r i t i c  s o i l  
C a lc a r e o u s  c la y  
Senile  la t e r i t i c  s o i l  
R o c k y  o r  sandy s o i l

P r o d u c t io n  in kg p e r  ha

250 - 450 
200 -  350 
150 - 300 
100 - 150 

80 -  120 
50 - 80

The y ie ld  o f  praw ns and sh r im p s  v a r ie s  f r o m  25 to 80 kg and o f  o th er  ex tra n eou s  f i s h e s ,
16 to 35 kg p e r  ha.

In the P h i l ip p in es  a p ro d u c t io n  o f  350 to 7 50 kg o f  m i lk f ish  is  ob ta ined  when on ly  one c r o p  
is  ra is e d .  In T aiw an w h ere  the m o s t  in ten s ive  cu ltu re  o f  m i lk f ish  is c a r r i e d  out the p rod u ct ion  
is  1, 000 to 2, 000 kg p e r  ha. In s l igh t ly  b ra ck is h w a te r  ponds in Hong Kong, an a v e r a g e  o f  
1, 500 kg o f  m u lle ts  and 1, 000 kg o f  ca rp s  a r e  p r o d u c e d  p e r  h e c ta re  o f  pond a r e a .

The p r o f i t  that a f a r m e r  can  get  out o f  b r a c k is h w a t e r  f ish  cu ltu re  is dependent on  so  m any 
fa c t o r s  that it is im p o s s ib le  to g e n e r a l iz e  on  it . B a s e d  on  the s ta t is t i c s  c o l l e c t e d  on  the op e ra t io n  
o f  such  ponds in Java, the fo l low in g  f ig u r e s  o f  r e c e ip t s  and expen ditu re  have b e e n  c o m p i le d :

R e c e ip t s  and E xpend iture  o f  P on d s  in Java in P e r c e n t

R e c e ip t s  E xpenditure
(P e r c e n ta g e  o f  total) (P e r c e n ta g e  o f  total)

M ilk f is h  so ld 70 P u r c h a s e  o f  f ry 5 - 20
P ra w n s  so ld 20 M ain ten an ce  o f  ponds 8 - 25
E xtra n eou s  f ish  so ld 5 M is c e l la n e o u s 1 - 5
B y - p r o d u c t s  so ld 5 ^ a n d  rent 3 - 7

C a r e t a k e r 's  sh are 25 - 35
O w n e r 's  p r o f i t 58 - 8

* ..... '
In Java , v e r y  o ften  the pond o w n e r  d oes  not h im s e l f  cu ltu re  f ish  but
a " c a r e t a k e r "  d oes  the w o rk  on a sh a re  b a s i s .

O w n e rs  o f  b r a c k is h w a t e r  fa r m s  s o m e t im e s  l e a s e  them  out f o r  sh or t  p e r i o d s .  T h is  a d v e r s e ly  
a f fe c ts  the p ro d u ct iv i ty  o f  the ponds as the l e s s e e s  a r e  g e n e r a l ly  in te re s te d  on ly  in getting the 
m a x im u m  retu rn  in the p e r io d  and do not pay su f f i c ie n t  attention  to the m a in tenan ce  o f  the fa rm  
and its in s ta l la t io n s .  In T aiw an, w h ere  the ponds a re  sm a l l ,  a f ish  fa r m e r  and his fa m ily  a re  
u su a lly  ab le  to o p e ra te  one to two h e c ta re s  o f  m i lk f i s h  p on ds .  He m a y  own the ponds , take them 
on  le a s e  f r o m  the la n d lo rd  o r  w o rk  on the fa r m s  as an e m p lo y e e .  Under con d it ion s  ex is t in g  in 
Taiw an  the f in an c ia l  gain f r o m  such  ponds is quite c o n s id e r a b le ,  in spite o f  the la r g e  am ounts 
that have to b e  spent on f ish  p o is o n s ,  f e r t i l i z e r s ,  a r t i f i c i a l  fo o d s ,  e t c .  The fo l low in g  f ig u res  o f  
r e c e ip t s  and expen ditu re  re la t ing  to e v e ry  h e c ta re  o f  pond a re a  in the Kangshan F ish  C ulture  
C o o p e r a t iv e  (1952) is o f  in te r e s t  in this con tex t .

\
\
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R e c e ip t s  and E xpen d iture  o f  P onda in Taiw an

R e c e ip t s  in
♦

T aiw an  d o l la r s E xpen d iture  in Taiw an  d o l la r s

Sale o f  f ish f r o m  the f i r s t  c r o p (540 kg) 3 ,4 2 9 Stock ing  m a t e r ia l  (1, 200 kg) 2 ,4 0 0
•t ti it '* the s e c o n d  c r o p (780 kg) 4 ,6 8 0 R ic e  b ran  (3, 000 kg) 1, 800

E xtra n eou s f ish es  and praw n s (150 kg) 315 P eanut m e a l  (720 kg) 612

T e a  se e d  m e a l  (180 kg) 257

D e p r e c ia t io n  o f  nets and g e a r 118

R e p a i r  and im p r o v e m e n t  w o rk 240

T ota l : 8, 424 T ota l : 5 ,4 2 7

A bout  23 T aiw an  d o l la r s  equal 1 u . s . d o l l a r .



IN D E X

T h i s  i n d e x  i s  l i m i t e d  t o  r e f e r e n c e s  t o  s p e c i f i c  f i s h e s ;  T h e  T a b l e  o f  C o n t e n t s  i s  c o n s i d e r e d  

a d e q u a t e  f o r  t o p i c s  o f  b r o a d  c o v e r a g e .

S c i e n t i f i c  N a m e C o m m o n  N a m e P a g e s

A m b a s s i s  s p . 91

A n a b a s  t e s t u d i n e u s  
A n g u i l l a  j a p ó n i c a  . .  
A p l o c h e i l u s  s p .  . . .  
A r i s t i c h t h y s  n o b i l i s
B a r b u s  c a r n a t i c u s  
B a r b u s  c h o l a  . . . .
B a r b u s  ( L i s s o c h i l u s ).

h e x a g o n o l e p i s  . . . 
B a r b u s  s a r a n a  ............

C l i m b i n g  P e r c h ................................. 34, 51, 119» 155
E e l  ................................. 36, 48, 53, 64, 93, 131, 139, 142

! ............................... 119
B i gH e l d ' : . ......................................  9, 50, 56, 88, 127 -131 , 138, 141
C a r n a t i c  c a r p .................................  32, 49, 62, 142
...............................................................  61

C o p p e r  M a h s e e r ...........................  31, 49, 142
.......................... 61

B a r i l i u s  s p ........................
C a r a s s i u s  a u r a t u s  . , 
C a r a s s i u s  c a r a s s i u s

91

C a t l a  c a t l a  . .  . 
C h a n o s  c h a n o s

G o l d f i s h ...........................................  14, 42, 49, 56, 84
C r u c i a n  c a r p ,  E n g l i s h  c a r p .

G o l d e n  c a r p  .............................  14, 49, 84
.. ............................................................  4, 8, 50, 58, 61, 62, 75, 111, 131, 142

C i r r h i n a  c i r r h o s a  . .  
C i r r h i n a ~  m o l i t o r e l l a  
C i r r h i n a  m r i g a l a  . . . 
C i r r h i n a  r e b a ..............

M u d  c a r p

C l a r i a s  b a t r a c h u s ...............
C t e n o p h a r y n g o d o n  i d e l l u s  
C y p r i n u s  c a r p i o ............... ..  . C o m m o n  c a r p ,  E u r o p e a n  carp^ 

G e r m a n  c a r p ........................ ...

E l e u t h e r o n e m a  s p . T h r e a d f i n

E l o p i c h t h y s  s p .  . .  . 
E l o p s  h a w a i n s i s  . . . 
E l o p s  m a c h n a t a  . . .
E l o p s  s a u r u s  ...............
E t r o p l u s  s u r a t e n s i s

T e n -

G a m b u s i a  s p .........................................
H e l o s t o m a  t e m m i n c k i ...............
H eteropn eu ste8  f o s s i l i s  . . . .
H y p o m e s u s  o l i d u s  ........................
H ypophthalm ichthys  h arm andi 
H ypophthalm ichthys  m o l i t r i x
L a b e o  b a t a  ............................................
L a b e o  c a l b a s u
L a b e o  c o l l à r i s  .................................
L a b e o  f i m b r i a t u s  ...........................
L a b e o  g o n i u s  ............................. •

P o n d  s m e l t  

S i l v e r  c a r p

17 1- 17 2. 176 -180
1 ■> 49, ¿ 7w “ i 142
28, 49, 56, 88, 127- 131, 136, 141
30, 49, 58, 62, 111, 131, 142
12, 49, 62
34, .5 1 , 119, 16 1
27, 50, 56, 88, 127- 1.31, 138, 141

2, 14, 26 , 4  8, 66, 7 0 -7 4 ,  88, 100, 107
127- 132, 139, 141 -14  2, 155, 162

170
57
42
4 2, 48, 172
42
22, 52, 66, 81, 172
119
47, 51, 77 - 79, 100
35, 51
45, 4 8, 86
29, 32, 50, 63
9, 50, 56, 88, 127- 131, 138, 141

31, 49, 61
30, 49, 58, 61, 75, 131, 142
29, 32, 33, 49, 63
11, 49, 62
6 1



L a b e o  k o n t i u s  ..............................«
L a b e o  r o h i t a ...........................
L a b e o b a r b u s  t a m b r o i d e s  . . .
L a t e s  c a l c a r i f e r ...........................
L e b i s t e s  s p ...........................
L u c i o b r a m a  s p .................................
M e g a l o b r a m a  b r a m u l a ............
M e g a l o p s  c y p r i n o i d e 8  . . . . . .
M u g i l  s p ..................................................
M u g i l  c e p h a l u s  ..............................
M u g i l  c o r s u l a  ................................
M u g i l  d u s s u m i e r i ........................
M u g i l  p a r s i a ....................................
M u g i l  t a d e  .........................................
M y l o p h a r y n g o d o n  a e t h i o p s  . , 
M y l o p h a r y n g o d o n  p i c e u s  . . .
O n c o r h y n c h u s  n e r k a  .................
O n c o r h y n c h u s  r h o d u r u s  . . .  . 
O p h i o c e p h a l u s  m a r u l i u s  . . .  
O p h i o c e p h a l u s  p u n c t a t u s  . . . 
O p h i o c e p h a l u s  s t r i a t u s  . . . .
O r y z i a s  s p ............................................
O s p h r o n e m u s  g o r a m y ............
O s t e o c h i l u s  h a s s e l t i ............... ..
O B t e o c h i l u s  t h o m a s s i  . . . . . .
O x y e l e o t r i s  m a r m o r a t u s  . . .
X 'd n ^ à o iu o  ó p # • • • * • « • « • • • •
P a n g a s i u s  l a r n a u d i ...................
P a n g a s i u s  m i c r o n e m u s  . . . .
P a n g a s i u s  p a n g a s i u s  ...............
P a n g a s i u s  s a n i t w o n g s e i  . . . .
P a n g a s i u s  s u t c h i ........................ ..
P a r a b r a m i s  p e k i n s i s  ...............
P e r c a  f l u v i a t i l i s  ...........................
P l e c o g l o s s u s  a l t i v e l i s  . . . . .
P o l y n e m u s  s p .................................
P u n t i u s  s p .  ......................................
P u n t i u s  b e l i n k a  ..............................
P u n t i u s  j a v a n i c u s  .......................

P u n t i u s  o r p h o i d e s  .....................
P u n t i u s  o s t e o c h i l u s ............... ..
P u n t i u s  s c h w a n e f e l d i ...............
S a l m o  g a i r d n e r i ...........................
S a l m o  t r u t t a ....................................
S a l v e l i n u s  m a l m a  ........................
S i n i p e r c a  c h u a t s i  
S q u a l i o b a r b u s  c u r  r i c u l u s  „ . .  
T h y n n i c h t h y s  s a n d k h o l  . . . . .  
T i l a p i a  m o B s a m b i c a
T i n c a  t i n c a  .....................
T r i c h o g a s t e r  p e c t o r a l i s  . .  ;  
T r i c h o g a s t e r  t r i c h o p t e r u s  . 
W a l l a g o  a t t u ................................... ..

C a u v e r y  c a r p
R o h u ....................
T a m b r a ............
C o c k - u p  ............

13, 49, 62, 142
20, 21, 49, 58, 61, 75, 111, 131, 142 
15, 49
37, 52, 142, 170
119
57
33, 50

T a r p o n .......................... 37, 48, 170, 172
G r e y  M u l l e t  ...................................... .. 64, 93, H I , 159, 172, 176
G r e y  M u l l e t ....................................... 16, 52, 126, 172
G r e y  M u l l e t ......................................... 24, 52
G r e y  M u l l e t ................. ....................... 17, 52
G r e y  M u l l e t ................................ 17, 70
G r e y  M u l l e t ............... .......................... 25, 52

29, 32, 50, 63
B l a c k  c a r p ............... ... 29, 50, 56, 88, 126, 127, 138,
S o c k e y e  s a l m o n .................. ... 44, 4 8, 85
S a l m o n ...................................... 45, 48, 85
S n a k e h e a d ,  M u r r e l  . . . . . . . . 39. 51, 91, 119, 155, 161
S n a k e h e a d ,  M u r r e l ..................... 40, 51, 91. 112, 119, 155, 16
S n a k e h e a d ,  M u r r e l ..................... 34, 39, 51, 91, 119, 155, 161

91
G o u r a m i  • • • • • • • • • • • • # • • «• • 4, 21, 51, 75, 107, 132, 141
N i l e m  ........................
N a g e n d r a m  f i s h  
S a n d  G o b y  ,

C a t f i s h  . . . . . .
C a t f i s h ............ ...
C a t f i s h ...............
C a t f i s h  . . . . . .
C a t f i s h  ...............
B r e a m ..................
E n g l i s h  P e r c h
A y u ........................
T h r e a d f i n  . . . .

B e l i n k a  
T a w e s  .

M a t a  m e r a  ( R e d e y e )

L a m p a i  .....................................................
R a i n b o w  T r o u t .................................
B r o w n  T r o u t ......................................
M o u n t a i n  T r o u t .................................
M a n d a r i n  f i  s h .  % . . . . . . .  . , . . . . . .
•  •  ■ 0* •  •  «  •  •  •  •  •  •  •  , •  f  .•  •  f  j»  f  f  .9 A  »  •  -

S a n d k h o l  c a r p  
T  i l a p i a  + 0 0  + *

T e n c h .
Sep)at :s iam . , , , , . .  . , • . •
S p o t t e d  g o u r ? L r n i , . S e p a t  d j a w a  
F r e s h w a t e r  s h q r k  . . . . . . . . . .

23,. 50, 53, *o0001O'r»

13, 50, 142
46, 52

>
40, 41, 51, 63, 142
41, 51
63, 111
41, 51
41, 63
42, '50, 56, 126 -131 , 14
46, 52
5, 25, 48, 86
170
91, 111
15, 49, 142
24, 49, 53, 63 , 76, 81 -8 3 ,  1

161, 171
14, 49, 53, 83
66
16, 49, 111, 141
43, 48, 84
44, 48, 84
45, 48
56, .57
33, 50 . ■ • . r , 0 tn -
13, 50, 142
4, 19, 20 , 5 2 , 77, 100, 107,
36, 50, 142
5, 10, 34, 5 1, 81, 100,
11, 34, 5 1 , . 112, 161
46, 51, 119


