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Abstract  

The reason f o r  t h e  development of aquacul ture  i n  Indonesia was t h e  
same a s  i n  many Third World coun t r i e s :  t h e  need t o  i nc rease  food produc- 
t i o n .  Culture  f i s h e r i e s  now produce both f o r  t h e  l o c a l  and t h e  expor t  
market . 

Various types  of  aquacul ture  have been t r i e d  and a r e  now common prac-  
t i c e .  Most types  a r e  used by farmers i n  conjunct ion wi th  another  occupa- 
t i o n ,  i . e . ,  f i s h  p l u s  crops.  Inputs  a r e  low, and t h e  r e t u r n s  a r e  enough 
t o  r a i s e  t h e  incomes of  t h e s e  farmers s i g n i f i c a n t l y .  The technology involved 
i s  not  complicated, and t h e  resources  o f  t h e  farm a r e  u t i l i z e d  e f f i c i e n t l y ,  
i . e . ,  use o f  l i v e s t o c k  waste.  

Some types o f  aquacul ture ,  such a s  c u l t u r e  i n  sewage fed  c a n a l s ,  a r e  
being c l o s e l y  watched because o f  s a n i t a t i o n  and h e a l t h  aspec ts .  Fish 
d i seases  and i n s u f f i c i e n t  seed supply a r e  problems ( t h e r e  is no d a t a  on 
f i s h  f r y  product ion) .  I n  r u r a l  a r e a s ,  p e s t i c i d e s  a r e  becoming a problem, 
and t h e r e  i s  a need f o r  a p e s t i c i d e  which has low t o x i c i t y  f o r  f i s h  while 
r e t a i n i n g  i t s  e f f e c t i v e n e s s  aga ins t  crop p e s t s .  More s t u d i e s  on t h e s e  
problems a r e  needed t o  a i d  t h e  development of  f i s h  c u l t u r e  i n  Indonesia .  
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The need t o  increase  food production i s  the  main reason why t h e  
development of aquaculture has been given g r e a t  emphasis i n  many p a r t s  of t h e  
world, especia l ly  i n  the  developing countr ies .  Various programmes and p r o j e c t s  
i n  research as  we l l  a s  development have been launched and considerable 
amounts of budgets have been a l loca ted  and spent  f o r  t h e  p ro jec t s .  Exchanges 
o f  information and ideas  on aquaculture technology have a l s o  taken place among 
nat ions  and some of the  technology has been applied with success,  but  o the r s  
s t i l l  have t o  be modified t o  s u i t  t h e  l o c a l  conditions. 

In Indonesia a s  wel l ,  various l eve l s  of technology and p r a c t i c e  i n  
aquaculture have been applied.  I t  ranges from very simple t o  in tens ive  
l eve l s .  It  covers the  indigenous p rac t i ces  and technologies a s  wel l  a s  t h e  
introduced ones. The f i r s t  technologies and p rac t i ces  a r e  e i t h e r  developed 
by the  farmers themselves through " t r i a l  and e r ro r"  and long experience, 
o r  by Research I n s t i t u t e s .  

The various types of aquaculture developed i n  t h e  course of decades 
by the  farmers and which now have become common r u r a l  p rac t i ces  i n  Indonesia 
a r e  backyard family ponds, f i s h  cum r i c e  cu l tu re ,  t h e  "sawah tambak" and cage 
c u l t u r e  i n  sewage fed  canals .  Those types of aquaculture a r e  charac ter ized  
by low input required,  small-scale l e v e l ,  and product d i v e r s i f i c a t i o n ;  i n  
some cases such as  i n  various in teg ra ted  farming systems, they may provide 
the  farmers with a more o r  less continuous supply of f i s h  and income. 
Furthermore, the  ponds used a r e  usually the  small  ones, ranging from a few 
square meters up t o  2 000 m2, i r r i g a t e d  o r  simply ra in fed  type. 

This paper is  highlighting t h e  present state of small-scale f i s h  farm- 
i n g  i n  Indonesia, including the  i d e n t i f i c a t i o n  of  t h e  problems, needs and 
cons t ra in t s  f o r  f u r t h e r  improvements. Main s t r e s s  is given t o  freshwater  
aquaculture . 
2. BASIC FACTS 

Aquaculture i n  Indonesia cons i s t s  of brackishwater c u l t u r e ,  fresh- 
water pond c u l t u r e ,  f i s h  cu l tu re  i n  paddy f i e l d s ,  cage cu l tu re  and f i s h  c u l t u r e  
i n  barr icade d i tches .  Mariculture is  j u s t  s t a r t e d  and s t i l l  i n  t h e  experimen- 
t a l  s tage .  

The in land c u l t u r e  f i s h e r i e s  cover around 185 000 hectares  of 
brackishwater ponds, 35 000 hectares  o f  freshwater ponds, and 47 000 hectares  
of cage cul ture .  

Around 59% of the  e x i s t i n g  brackishwater ponds, 62% of t h e  f r e sh -  
water ponds, 71% of cage cu l tu re  and 46% of f i s h  cum r i c e  c u l t u r e  a r e  ava i l ab le  
i n  Java where around 70% of t h e  Indonesian population l i v e s .  Other brackish- 
water pond cu l tu re  centers  a r e  South Sulawesi Province (46 851 hec ta res )  and 
Aceh Province (20 086 hec ta res ) .  Other centers  of freshwater cu l tu re  a r e  West 
Sumatra Province ( 4  222 hec ta res )  and North Sulawesi Province ( 1  266 hec ta res ) .  



The c u l t u r e  f i s h e r i e s  engage around 609 671 fishermen, covering 
89 439 brackishwater pond farmers, 398 179.freshwater  pond farmers, 3 060 
cage cu l tu re  farmers and 118 893 r i c e  cum f i s h  c u l t u r e  farmers. It involves 
around 52 626 households of brackishwater pond farmers, 234 276 households 
of  freshwater  pond farmers, 1 800 .households of cage c u l t u r e  farmers and 
69 983 households of f i s h  cum r i c e  farmers. 

Dividing t h e  e x i s t i n g  a rea  by t h e  respect ive  household engaged 
ind ica tes  t h a t  t h e  average land holding i s  small:  

Brackishwater pond 

Freshwater pond 

Cage c u l t u r e  

Fish cum r i c e  c u l t u r e  

These c u l t u r e  f i s h e r i e s  i n  1978 produced 176 000 metr ic  tons  o f  f i s h :  

Culture 

102 000 metr ic  tons from brackishwater c u l t u r e ,  5,7 000 tons  from fresh-  
water pond cu l tu re ,  16 500 tons from paddy f i e l d s  and 500 tons  from cage cul-  
tu re .  Aside from producing f i s h  f o r  domestic consumption, t h e  con t r ibu t ion  
from f i s h  c u l t u r e  t o  t h e  export of  f i s h e r i e s  products is a l s o  q u i t e  s u b s t a n t i a l .  
This i s  espec ia l ly  t r u e  f o r  t h e  penaeid shrimp export .  

Average land holding 
(Ha/household) 

3. SYSTEMS AND TECHNOLOGIES APPLIED 

Based on t h e  management appl ied ,  aquaculture i n  Indonesia may be 
c l a s s i f i e d  i n t o  extensive,  semi-intensive and in tens ive  types.  The l a t t e r ,  
such as  running water pond cu l tu re  and f l o a t i n g  n e t  cage c u l t u r e ,  where 
a r t i f i c i a l  feeding is  p r a c t i s e d  and water q u a l i t y  is  properly maintained, i s  
only recent  t o  t h i s  country. In t h e  o t h e r  two types may be included the  
brackishwater pond cu l tu re ,  freshwater  pond cu l tu re ,  f i s h  c u l t u r e  i n  paddy 
f i e l d s ,  cage c u l t u r e  i n  sewage f e d  canals  and barr icade  c u l t u r e  i n  d i t ches .  
These types of aquaculture a r e  n a t u r a l  product iv i ty  based aquaculture with o r  
without f e r t i l i z a t i o n .  

Brackishwater pond c u l t u r e  

Species c u l t u r e  i n  brackishwater pond,are  mi lkf ish  and penaeid 
shrimps. 



In t h e  extensive type of  shrimp cu l tu re ,  shrimp seeds of  various 
species  and s i z e  a r e  taken i n t o  t h e  ponds with incoming water and held  f o r  
varying periods o f  time u n t i l  they grow t o  a l a rge  s i z e .  This was done i n  
every high t i d e  during 4 t o  5 successive periods of  spr ing  t i d e s  t o  ensure 
en t ry  o f  the  maximum number of young shrimp i n t o  the  ponds. 

Harvesting of t h e  shrimp is  done p a r t i a l l y  by using bamboo t r a p s  
l o c a l l y  known a s  "perayang" and begun 3 t o  3.5 months a f t e r  the  f i r s t  day of  
h ight ide .  The production var ied  from 100 t o  300 kg! per  hectare  per  6 months. 
The species harvested is  usually dominated by - P. merguiensis and - P. indicus.  

No f e r t i l i z a t i o n  o r  e rad ica t ion  of predators  is done i n  t h i s  type 
o f  shrimp cul ture .  Preliminary data  obtained from f i e l d  experiments con- 
ducted i n  the  Aceh Province by t h e  Inland Fisher ies  Research I n s t i t u t e  showed 
t h a t  b3 improving the  technology the  production can be increased up t o  
1 200 kg/ha/year. In the  experiment, t h e  shrimp seeds were first co l l ec ted  
i n  a col lec t ing  pond, caught, counted and stocked a t  40 000 f ry /ha  i n t o  a 
prepared rea r ing  pond and reared  f o r  2 - 3 months period. 

In the  semi-intensive type,  milkfish is  reared i n  monoculture 
system o r  polyculture with - P. monodon. The seeds of both species  a r e  co l l ec ted  
from na tu ra l  waters.  

The species  is grown mainly on n a t u r a l  product iv i ty  of the  ponds 
with o r  without f e r t i l i z a t i o n  and with o r  without pes t  and predators  cont ro l .  
Stocking r a t e  applied i n  t h e  monoculture of  milkfish var ied  from 1 500 - 
2 000 f inger l ing  o r  3 000 t o  6 000 fry per  hectare  per  season; i n  t h e  case of 
polyculture 750 mi lkf ish  f inger l ings  and 10 000 - P.  monodon f r y  a r e  stocked 
per  season. 

Production achieved varied from 300 t o  1 000 kg of milkfish per  
hectare  per  year  i n  the  monoculture and around 600 kg of mi lkf ish  plus 100 t o  
300 kg of P. monodon pe r  hectare  per  year .  - 

Freshwater ~ o n d  cu l tu re  

Based on the  water supply system appl ied ,  freshwater pond c u l t u r e  
may be i r r i g a t e d  type ponds and ra in fed  type ponds. The l a t t e r  is commonly 
found i n  low land area.  

This type of aquaculture is operated bas ica l ly  a t  a t r a d i t i o n a l  
l e v e l ,  a na tu ra l  based production system with low inputs .  In  the  case  of 
i r r i g a t e d  ponds, the  ponds used a r e  embankment ponds, while i n  r a in fed  type 
they are  excavated ponds, o r  n a t u r a l  pools.  The former a r e  provided with water 
i n l e t  and o u t l e t ,  mostly made of a p iece  of bamboo. The l a t t e r  have no such 
provision. 

Actually t h e  main purpose of the  r a in fed  type ponds and t h e  
na tu ra l ly  occuring pools a r e  t o  keep water f o r  household purposes, crop 
p l a n t s  and c a t t l e  r ea r ing .  Thus, f i s h  c u l t u r e  is  only a secondary a c t i v i t y .  
This is a l s o  t r u e  i n  f i s h  cu l tu re  i n  the  paddy f i e l d s  and some type of integra-  
t i o n  farmings. By con t ras t ,  most of the  i r r i g a t e d  ponds a r e  meant f o r  f i s h  



cu l tu re ,  while t h e i r  use f o r  household purposes secondary. There may be 
commercial ponds and family ponds. The f i s h  produced from the  family ponds 
is 'merely f o r  family consumption. 

There a r e  a t  l e a s t  n ine  f i s h  species  t h a t  a re  commonly cu l tu red  
i n  freshwater  ponds, v iz :  C. carp io ,  0. gouramy, T. p e c t o r a l i s ,  H. - - 
temmincki, - 0. h a s s e l t i ,  P. gonionotus, P. orphoides, T. n i l o t i c a  and C. 
batrachus . Within t h e  lzst few years  fTeshwater g i a n t  - r o s e 3 e r g i i  ) 
has a l s o  become a cu l tu re  species  i n  Indonesia. 

Fish seeds a r e  produced by the  farmers themselves o r  by the  l o c a l  
government ha tcher ies .  The breeding technique applied va r i e s  according t o  
t h e  spec ies .  In  c e r t a i n  cases a breeding pond may be used a t  the  same time t o  
breed 2 o r  3 f i s h  species .  

Most of the  species  a r e  cul tured  i n  polyculture system. There a r e  
various combinations, but  the  commonest a r e  a s  follows: 

( a )  common carp ,  n i l e  t i l a p i a  and java carp 

(b )  common carp ,  n i l e  t i l a p i a  and gouramy 

( c )  k i s s i n g  gouramy, - 0. h a s s e l t i ,  common carp and java carp 

(d )  t i l a p i a ,  k i s s i n g  gouramy, java carp ,  - 0. h a s s e l t i  and 
common carp 

( e l  mi lkf ish ,  java carp,  t i l a p i a  and common carp.  

The stocking r a t e  of each component of  t h e  combinations is g r e a t l y  
varied.  The percentage composition of combination ( c )  f o r  example may be a s  
fol lows:  Kissing gouramy (50%);  0. h a s s e l t i  (20%);  common carp (10%) and 
java carp ( 10%) o r  Kissing gouramy ('37"0); - h a s s e l t i  ( 12%) ; common carp 
(12%) and java carp ( 3 7 % ) .  

A t y p i c a l  c h a r a c t e r i s t i c  of freshwater  pond c u l t u r e  is  a l s o  shown 
by the  r ap id  cu l tu re  r o t a t i o n .  Skimming o r  p a r t i a l  harves t ing  i s  t h e  common 
prac t i ce .  By doing s o ,  f i s h  growth can always be secured. 

Inorganic f e r t i l i z a t i o n  is hardly p rac t i sed  i n  freshwater  pond 
cu l tu re .  The growth of  n a t u r a l  food is st imulated by organic matters  placed 
i n  t h e  ponds, i n  forms o f  t r e a t e d  sewage, n i g h t s o i l  ki tchen wastes, remains 
of food i n d u s t r i e s  and droppings of l ives tock.  The n i g h t s o i l ,  ki tchen wastes 
and remains of food i n d u s t r i e s  may a l s o  be d i r e c t l y  fed  t o  t h e  f i s h .  

I t  is q u i t e  i n t e r e s t i n g  t h a t  around 25% of the  e x i s t i n g  freshwater  
f i s h  ponds i n  West Java Province have overhang l a t r i n e s  on them. An average 
of 25 l a t r i n e s  per  hec ta re  of  f i s h  ponds have been recorded i n  4 d i s t r i c t s  i n  
West Java by Dja jadi redja  -- e t  a l .  (1979) .  I t  was est imated t h a t  around 0.0625 
ton  o f  n i g h t s o i l  was pu t  i n t o  one hectare  of f i s h  pond p e r  day. 



Djajadiredja e t  a l .  (1979) a l s o  reported t h a t  f i s h  production i n  
l a t r i n e  f i s h  ponds may be s i x  times g rea te r  than i n  ponds without l a t r i n e s .  
Unfer t i l ized ponds and organic f e r t i l i z e d  freshwater ponds i n  Sukabumi produced an 
average 120 kg/ha/year and 894 kg/ha/year , respect ively  (Sutard j o , 1968 ) . 
Vaas (1948) reported t h a t  a sewage f e r t i l i z e d  pond i n  East Java province 
produced 3 tons of common carp and Java carp per hectare  per  year.  

In ternat ion farminn svstems 

Another system applied i n  freshwater pond c u l t u r e  is  t h e  in tegra t ion  
farming system. According t o  Djajadired j a  and Jangkaru (1979 ) , t h e r e  a r e  three 
major types of in tegra t ion  farming pract ised  i n  Indonesia, v iz .  f i s h  p lus  crops,  
f i s h  plus l ives tock and f i s h  plus home indust ry  in tegra t ion  farmings. 

Various f i s h  species  a r e  cul tured,  e i t h e r  by monoculture o r  poly- 
c u l t u r e ,  in tegra ted  with t h e  c u l t i v a t i o n  of vegetables o r  t h e  rea r ing  o f  
l ives tock such a s  ducks, chickens, sheep and boats ,  and even horses,  o r  
connected with t h e  d isposal  of home i n d u s t r i a l  wastes. I n  t h e  l a s t  two types ,  
t h e  cu l tu re  of f i s h  has benefi ted by t h e  excel lent  growth o f  n a t u r a l  food 
st imulated by t h e  d isposal  of l ives tock remains and home industry wastes. 
The l a t t e r  may a l s o  be d i r e c t l y  consumed by t h e  f i s h .  

Fish cu l tu re  i n  f ish/crop in tegra t ion farmings may be grouped i n t o  
f i s h  cum r i c e  c u l t u r e ,  f i s h  cum vegetable c u l t u r e  and f i s h  cum non-vegetable 
crop cul ture .  The first cu l tu re  w i l l  be discussed separa te ly  i n  t h e  following 
paragraph. 

Two kinds of vegetables n r o w i n ~  i n  an aquat ic  environment which a r e  
popular i n  West Java a r e  "kangkung1l ( 1pomoea sp .-I and "gen j a r t f  (Limochar is  
f l ava) .  The vegetables grow wel l  i n  shallow waters with muddy bottoms. - 

The pond used i n  t h i s  type of  in tegra t ion  farmings is  provided with 
per iphera l  and c e n t r a l  canals  approximately 50 cm deep. The "kangkungtt is  
planted a t  a d is tance  of 25 x 25 cm when t h e  water is 2 cm deep, while t h e  
f i s h  is stocked as  soon a s  t h e  water has a t t a ined  a depth of 50 cm. Fish 
species  cultured is t h e  common carp ,  and is stocked a t  f inger l ing  s i z e  a t  
t h e  r a t e  of 100 kg/ha. 

Harvest of  t h e  f i s h  is done one month a f t e r  s tocking and a production 
o f  150 kg/ha can be obtained. A p a r t i a l  crop of  young l e a f s  o r  sprouts of 
Itkangkungu is done every 15 t o  20 days and produced 1 750 bunches 6f'"kangkungf' 
weighing 230 grams per bunch. The p lan ta t ion  of "kangkung" is t o t a l l y  renewed 
every t h r e e  months. 

The tlgenjer" is planted a t  a d is tance  of  30 x 15 cm. Fish species 
cul tured is a l s o  common carp,  stocked a t  f inger l ing  s i z e  a t  t h e  r a t e  of  60 
kg/ha. The rea r ing  period l a s t e d  f o r  t h r e e  months with a production of 240 
kg f i s h  and 32 400 bunches of  "genjerIt per  hectare.  Cropping of Ivgenjer" is 
done everyday. 



I n  both culture systems, t h e  ponds a r e  f e r t i l i z e d  with urea a t  t h e  
r a t e  of 130 t o  150 kg and 75 kg i n  f i s h  cum Itkangkung" c u l t u r e  and f i s h  cum 
"genjer" cu l tu re ,  respect ively .  Rice bran is a l s o  given t o  t h e  f i s h  as sup- 
plemental feed i n  both c u l t u r e  systems. 

The non-vegetable crop cul tured i n  t h e  f i s h  cum non-vegetable crop 
c u l t u r e  is t h e  "mend~ng'~ s c i e n t i f i c a l l y  known a s  Fimbrystylis globusa. It 
is a t e r r e s t r i a l  weed used a s  raw mater ia l  f o r  p l a i t i n g  mats, bags, h a t s ,  e t c .  

I n  t h i s  type of c u l t u r e ,  t h e  pond used is a l s o  provided with c e n t r a l  
and per iphera l  canals  30 t o  50 cm deep. The water depth i n  t h e  shallow por t ion 
of  t h e  pond where t h e  "mendong" is planted is only 5 t o  7 cm. 

Common carp a t  t h e  r a t e  of 90 kg plus  30 kg of t i l a p i a  pe r  hec ta re  
a r e  stocked i n  the  pond. The "mendong" i s  planted a t  a d is tance  of  40 x 40 cm. 
The cu l tu re  period of f i s h  l a s t e d  f o r  t h r e e  months. About 180 kg o f  common carp 
and 90 kg of  t i l a p i a  can be produced per  hectare  o f  pond. 

The first harvest  of  "mend~ng'~ is done s i x  months after plant ing.  
The following harves ts  a r e  done every 4 months, which may be continued up 
t o  10 times. Afterwards, t h e  whole p lan ta t ion  has t o  be renewed. From a 
hectare  pond 21 600 kg of "mendong" can be produced per year .  

Urea is applied a t  the r a t e  of 240 kg/ha/season. No supplemental 
feeding is given t o  t h e  first during t h e  cu l tu re .  

Djajadiredja and Jangkaru (1979) reported t h a t  t h e r e  a r e  four  types 
of  in tegra t ion  farming between f i s h  and l ives tock and t h r e e  types between 
f i s h  and home indus t r i e s .  The former cons i s t s  of f i s h  and chickens, f i s h  
and ducks, f i s h  and sheep, f i s h  and horses,  while t h e  l a t t e r  c o n s i s t s  of  
f i s h  and soybean curd indust ry ,  f i s h  and r i c e  m i l l ,  and f i s h  and coconut 
o i l  industry.  

I n  a l l  types ,  the  f i s h  is benefi ted by t h e  presence o r  remains of 
l ives tock  feed,  droppings and wastes of t h e  indus t r i e s .  The benef i t  i s  
e i t h e r  d i r e c t  o r  i n d i r e c t ,  s ince  a l l  t h e  items may be d i r e c t l y  fed t o  t h e  
f i s h  o r  a c t  a s  f e r t i l i z e r s .  . 

Fish produced i n  t h i s  type of  in tegra t ion  farmings may be f i s h  f o r  
consumption o r  f i s h  f ry .  I n  case of  t h e  former, polyculture of  two o r  more 
f i s h  species  is pract ised .  Table 1 shows da ta  compiled from Djajadiredja and 
J a n g k r u  (1979). 

Fish cum r i c e  c u l t u r e  

This type  of  f i s h  c u l t u r e  is  pract ised  i n  i r r i g a t e d  and ra in fed  paddy 
f i e l d s .  The l a t t e r ,  which are popularly known as "sawah tambak" have been 
developed s ince  1950 i n  East Java. They d i f f e r  from t h e  ordinary r i c e  f i e l d s ,  
by t h e i r  physical  appearance, resembling ponds r a t h e r  than paddy f i e l d s .  They 
have broad and deep canals  and r e l a t i v e l y  wide, high and s t rong dykes. Such 
s t rong  dykes a r e  nedded t o  hold great  volume of water and t o  avoid f lood.  



The %awah tambak" i s  a productive t y p e  of f i s h  cu l tu re .  Annual 
production of  1.5 t o  2 tons  r i c e  and 1.1 t o  1.6  tons  of f i s h  per  hectare  
pe r  year  may be achieved. The appl ica t ion  of  inorganic f e r t i l i z e r s ,  t h e  
Urea and Tripple superphosphate, 175 kg and 300 kg/ha/year, r e spec t ive ly  
is commonly p rac t i sed .  I n  most cases ,  polyculture of mi lkf ish  and Java 
carp  and sometimes a l s o  common carp  is  prac t i sed .  

The methods o f  f i s h  c u l t u r e  i n  ordinary r i c e  f i e l d  is  a long h i s t o r y  
of endeavour by farmers. The o ld  pa t t e rn  of  operat ion of r i c e  cum f i s h  c u l t u r e  
w a s  described by Hofstede and Ardiwinata (1950) and Ardiwinata (1957). The 
aims of c u l t i v a t i o n  were t o  harves t  f r y  o f  p a r t i c u l a r  s i z e  (2-3 cm o r  3-5 cm) 
and consumption s i z e  of f i s h .  

The pa t t e rn  o f  f r y  production involved two periods of cul t iva t ion:  

( a )  Five days a f t e r  p lant ing  u n t i l  f i rs t  weeding. 
(b)  Two days a f t e r  f i r s t  weeding up t o  second weeding. 

Three periods of c u l t i v a t i o n  were encountered t o  gain consumption- 
s i zed  f i s h :  

( a )  Some days a f t e r  p lant ing  u n t i l  second weeding. 
(b )  Some days a f t e r  p lant ing  u n t i l  flowering. 
( c )  Some days a f t e r  second weeding up t o  flowering. 

The species  stocked f o r  t h i s  system were mainly common carp  a s  mono- 
cu l tu re ,  o r  common carp  with o the r  species ,  e , g ,  t i l a p i a ,  k i s s i n g  gourami, 
n i l e  and Java carp.  

There i s  a wide range o f  production per  u n i t  a r e a ,  depending on t h e  
s t age  of development, being a s  low a s  23 kg/ha i n  Bengkulu province and a s  
high as  1 200 kg/ha i n  East  Java province. The na t iona l  average production 
i n  1978 was 350 kg/ha. 

Cage c u l t u r e  i n  sewage fed  canals  

Cage c u l t u r e  i n  sewage-fed canals  has been prac t i sed  i n  Indonesia 
s ince  1940 (Vaas, 1955). It was s t a r t e d  i n  c i t y  run-off canals  i n  Bandung, 
t h e  c a p i t a l  o f  West Java. A t  p resent ,  it has been developed i n  o t h e r  c i t i e s  
of  t h e  same province and a t o t a l  o f  2 655 cages were recorded, cont r ibut ing  
an annual production of  403 tons  of f i s h .  

This type  of c u l t u r e ,  operated on a waste recycl ing  b a s i s ,  is qu i t e  
productive. The only inputs  spent  on t h e  indust ry  a r e  expenditures f o r  bamboo 
a s  the  cage mate r i a l s ,  cage const ruct ion  and common carp seeds.  No a r t i f i c i a l  
feeding is given. 

Fish c u l t u r e  i n  barr icade  d i tches  

In  some p a r t s  o f  t h e  country, during dry season t h e  water f l o w . r a t e  
of  canals  and small r i v e r s  i n  t h e  v i l l a g e s  is usual ly  very small .  The problem 
t o  ge t  enough water f o r  household purposes is  common during such seasons. People 



l i v i n g  along t h e  canals  and r i v e r s  coordinated hy t h e  head o f  t h e  v i l l a g e  
block t h e  flow of  t h e  waters i n  t h e  canals  and r i v e r s  by const ruct ing  b a r r i -  
cades made o f  s tones  and pebbles. By doing s o ,  t h e  water l e v e l  o f  t h e  canals  
and r i v e r s  is increased up t o  around 50 cm deep, 

Aside from i t s  use f o r  household purposes, t h e  barr icaded cana l s  
and r i v e r s  a r e  a l s o  used f o r  f i s h  cu l tu re .  I n t o  such a barricaded canals  
and r i v e r s ,  a number of  f i s h  a r e  stoeked and reared  f o r  two t o  t h r e e  months. 
The f i s h  stocked a r e  Java carp  and t i l a p i a .  The stocking r a t e  var ied  between 
1 t o  4 t i l a p i a  f i n g e r l i n g  and 2 t o  3 Java carp f inger l ings  per  m2. 

The f i s h  a r e  fed  with ki tchen waste and sometimes with r i c e  bran. 
Records show t h a t  production up t o  75 kg of  t i l a p i a  and 150 kg Java ca rp  
may be produced per  season per  a barricaded r i v e r  o f  1 200 m2. 

4. SOCIO-ECONOMICS 

Marketing of freshwater  f i s h  

Unlike t h e  marine and brackishwater f i s h ,  t h e  f i s h  produced from 
freshwater  c u l t u r e  a r e  so ld  a l i v e .  Well set-up markets a r e  a v a i l a b l e  i n  
many important freshwater  f i s h  cu l tu re  cen t res .  The most well-known one is  
t h e  f i s h  market i n  Cisaat-Sukabumi i n  West Java. 

Fry a s  we l l  a s  f i s h  f o r  consumption a r e  so ld  every day i n  t h e  market. 
To f a c i l i t a t e  t h e  l i v i n g  f i s h ,  water flow through cemented tanks  and f i b e r g l a s s  
conta iners ,  and ground water is  made ava i l ab le .  F a c i l i t i e s  t o  t r a n s p o r t  f i s h  
such a s  polyethylene bags and oxygen a r e  a l s o  ava i l ab le .  This market has a 
capaci ty  t o  accommodate about 200 baskets  of l i v i n g  f i s h  pe r  day. Data ind ica te  
t h a t  around 18 841 000 f i n g e r l i n g s ,  85 653 bowls o f  f r y ,  where one bowl may 
conta in  1 000 t o  3 000 f r y  o f  1 t o  3 cm long and 494 tons  of  consumption f i s h  
were marketed i n  t h e  Cisaat  market i n  1978 (Dja jadi redja  e t  a l . ,  1979). -- 

Socio-economic s t a t u s  

It is believed t h a t  among t h e  Indonesian s o c i e t y ,  t h e  f i s h  farmers 
and t h e  fishermen a r e  t h e  poorest  ones. Their s o c i a l  s t a t u s ,  t h e r e f o r e ,  is 
t h e  lowest.  Djajadiredja e t  a 1  (1979) have made a case study on i n t e g r a t i o n  -- 
f i s h  and o the r  product in teg ra t ion  farming i n  West Java and repor ted  t h a t  t h e  
respondents involved i n  t h e  study have elementary education background. Sixty-  
seven percent  o f  t h e  farmers s tudied  have farming experience o f  more than 10 
years .  Furthermore, it was a l s o  reported t h a t  t h e  da i ly  household expendi- 
t u r e  of  t h e  farmers v a r i e s  from $1.2 t o  $4.0 per  day, while da ta  on t h e  income 
is presented i n  Table 2, The income per c a p i t a  o f  a "sawah tambak" farmer i n  
East  Java is  repor ted  a t  Rp. 167 611 per  farmer per  year  (Anon., 1976). 

I n  a11 types o f  in teg ra t ion  farming, t h e  c o s t  of f i s h  seed / f inger l ing  
con t r ibu tes  10 t o  34 percent  o f  t h e  t o t a l  input .  Another bigger input  is  t h e  
labour c o s t  which ranges from 17 t o  73.3 percent  of t h e  t o t a l  input .  



5. THE NEED AND CONSTRAINTS FOR FURTHER DEVELOPMENT 

Several  points  can be noted from t h e  small-scale f i s h  c u l t u r e  i n  
Indonesia. F i r s t  of a l l ,  it contr ibutes  t o  t h e  p ro te in  food supply. Accord- 
ing  t o  Djajadiredja,  Suyanto and Martono (1976), data  co l l ec ted  from various 
p a r t s  of t h e  country i n d i c a t e s  t h a t  f i s h  production of backyard ponds on per  
hectare  bas i s  may be a s  high a s  8 000 kg t o  12 000 kg per  year.  A rough 
es t imate  shows t h a t  around 94 t o  98 percent of  annual f i s h  production i n  
Indonesia is contr ibuted by t h e  small-scale f i s h e r i e s .  

Its contr ibut ion  t o  foreign currency earnings ,  a s  mentioned i n  t h e  
in t roduct ion  of  t h i s  paper, is  a l s o  s u b s t a n t i a l .  This is espec ia l ly  t r u e  
of  t h e  shrimp c u l t u r e  i n  t h e  brackishwater ponds. 

From t h e  n a t u r a l  food u t i l i z a t i o n  point  of view, t h e  system applied 
is qu i t e  economical. This i s  shown by t h e  polyculture p rac t i sed .  High pro- 
duction may be achieved by applying t h i s  system. 

Another c h a r a c t e r i s t i c  of t h e  small-scale f i s h  c u l t u r e  p rac t i ces  
i n  Indonesia is  t h e  high e f f i c i ency  i n  resource u t i l i z a t i o n .  The presence 
of  l a t r i n e  ponds is t h e  prominent proof. A s h o r t  n u t r i e n t  cycle  may be 
obtained by t h i s  p rac t i ce .  This a l s o  ind ica tes  t h e  awareness of t h e  farmers 
t o  t h e  importance o f  f e r t i l i z a t i o n  t o  increase  t h e i r  pond product iv i ty  a s  
wel l  a s  t h e i r  socio-economic s t a t u s .  

There is no doubt t h a t  f i s h  cage c u l t u r e  i n  sewage fed  canals  is a 
productive indust ry .  A l e v e l  o f  production from 12.5 t o  17.5 kg/m2 per 2 
t o  3 months has been reported by Djajadiredja,  Suyanto and Martono (1973). 

E f f i c i e n t  u t i l i z a t i o n  of resources is a l s o  shown by t h e  i n t e g r a t i o n  
farming systems. Out of a minimum area  wi th in  a l imi ted  time u n i t ,  a d iver-  
s i f i e d  product can be obtained.  It was a l s o  noted by Djajadiredja and Jangkaru 
(1979) t h a t  such systems provide b e t t e r  and more continuous income, employment 
and s e l f - s u f f i c i e n t  food supply t o  t h e  farmers and community. This statement 
is  a l s o  t r u e  f o r  t h e  f i s h  c u l t u r e  i n  paddy f i e l d s .  

The small-scale f i s h  c u l t u r e ,  the re fo re ,  s u i t s  t h e  socio-economic 
s t a t u s  of t h e  farmers, s ince  l e s s  input  i s  required;  product d i v e r s i f i c a t i o n  
provides b e t t e r  and continuous earning and food supply, and t h e  technology 
applied is  r a t h e r  simple. A l l  t h e  advantages j u s t i f y  t h e  importance of 
developing t h e  small-scale f i s h  c u l t u r e .  Several  cons t ra in t s  should first 
be overcome. 

The genera l  cons t ra in t  i n  t h e  development of  aquaculture i n  Indonesia 
is  t h e  i n s u f f i c i e n t  seed supply. This is r e f l e c t e d  by t h e  r e l a t i v e l y  high 
percentage of  expenditure f o r  seed a s  compared t o  t h e  t o t a l  input  required 
a s  described i n  t h e  previous chapter ,  No recent  da ta  is  ava i l ab le  regarding 
t h e  f i s h  f r y  production. According t o  Hardjamulia (1976), freshwater f i s h  f r y  
production i n  1972 was only around 86.81 percent o f  f r y  needed t o  s tock ponds 
and paddy f i e l d s  i n  Indonesia. 



Another cons t ra in t  is f i s h  d iseases .  It w a s  reported t h a t  a d i sease  
outbreak caused by anchor worm i n  1971 had caused a l o s s  o f  7 400 mi l l ion  
rupiahs (Anon. 1978). San i t a t ion  and hea l th  aspects  a s  wel l  a s  t h e  aesthe-  
t i c a l  aspect  a r e  points  t o  be considered f o r  f u r t h e r  development o f  l a t r i n e  
f i s h  ponds. Djajadiredja e t  a l .  (1979) suggested t h a t  t h e  f u r t h e r  prospect  -- 
of t h e  use of n i g h t s o i l  a s  f i s h  feed i n  Indonesia should be considered more 
favourably by means o f  promoting its ef f ic iency and e l iminat ing  i t s  negative 
aspec t s  on general  a e s t h e t i c s  and human hea l th ,  through appropr ia te  research  
and development programmes. A s  i n  t h e  case  of l a t r i n e  ponds, s i m i l a r  objec t ions  
a r e  encountered about f i s h  c u l t u r e  i n  sewage fed canals .  I n  add i t ion ,  it i s  
believed t h a t  t h e  presence o f  t h e  cages i n  cana l s  causes bank eros ion and flood- 
ing ,  s ince  it blocks t h e  water flow. Research regarding t h e s e  a spec t s  a r e  
necessary. 

The o r i g i n a l  type  of cage was t h e  f l o a t i n g  type.  The r e c e n t  type  
is t h e  submerged one. I t  i s  usual ly  i n s t a l l e d  i n  narrow canals  and it covers 
t h e  whole width o f  t h e  canals .  By t h i s  arrangement, it is believed t h a t  t h e  
blocking e f f e c t  of  t h e  cage t o  t h e  water flow w i l l  be minimal. Within t h e  
l a s t  t e n  years ,  t h e  a r e a  o f  f i s h  cum r i c e  c u l t u r e  i n  t h e  country has been 
g r e a t l y  reduced. I n  1967, it was recorded t h a t  i n  Indonesia t h e r e  was 
120 802 of f i s h  cum r i c e  c u l t u r e ,  while i n  1978 was only 47 000 hec ta res .  

By con t ras t  t o  t h e  reduction o f  a rea ,  production p e r  u n i t  a rea  i s  
increas ing.  This is indica ted  by comparing t h e  average production i n  1967, 
1972 and 1978 which were 0.170 tons/ha,  0.246 tons/ha,  0.289 tons/ha and 
0.350 tons/ha,  respect ive ly .  

Constraints  encountered i n  t h e  development o f  t h e  f i s h  c u l t u r e  i n  
paddy f i e l d s ,  among o the r s ,  is  t h e  use o f  pes t i c ides .  From t h e  government, 
t h i s  problem is being a l l e v i a t e d  by i ssuing pes t id ide  regu la t ions .  Only 
p e s t i c i d e s  o f  low and moderate t o x i c i t y  a r e  allowed t o  be used i n  rice 
f i e l d s .  Highly t o x i c  pes t i c ides  may be allowed with c e r t a i n  r e s t r i c t i o n s .  
On t h e  o the r  hand, t h e  farmers themselves developed techniques t o  overcome 
t h e  problem. They adopted a s h o r t  period f i s h  r ea r ing  scheme. Another 
method is t o  confine t h e  f i s h  i n  a s p e c i a l  compartment and re leased them 
t o  t h e  paddy f i e l d s  a f t e r  t h e  k i l l i n g  e f f e c t  o f  t h e  p e s t i c i d e  has receded. 
The i d e a l  s o l u t i o n  would be t o  have pes t i c ides  which a r e  of low t o x i c i t y  
t o  f i s h ,  but  e f f e c t i v e  f o r  crop pes t  e rad ica t ion .  . 

Other important cons t ra in t s  a r e  t h e  low bargaining pos i t ion  i n  t h e  
marketing o f  f i s h ,  and low f i n a n c i a l  c a p a b i l i t i e s .  To overcome t h e s e  problems, 
improvement i n  marketing f a c i l i t i e s  and c r e d i t  schemes have been conducted by 
t h e  government. Up t o  1977, c r e d i t  of Rp. 2 655 mi l l ion  rupiahs has been 
absorbed by small-scale f i s h e r i e s  i n  Indonesia (Anon., 1978). 

Improvement i n  t h e  technology is a matter o f  quest ion.  To increase  
t h e  production, increase  of  input  is  requi red .  Whether t h e  increase  of  inpu t  
w i l l  provide comparable output is s t i l l  t o  be proved. Thus, t;horough s t u d i e s  
regarding t h i s  matter  a r e  urgently needed f o r  f u r t h e r  development o f  small- 
s c a l e  f i s h  c u l t u r e  i n  t h e  country. 
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Table 1. Production d a t a  o f  t ~ y p i c a l  i n t e g r a t i o n  farmings i n  
West Java province 

Farming type  

F i sh  cum chicken 

F i sh  cum duck 

F i sh  cum sheep 

Fish  cum horse  

Fish/soybean 
i n d u s t r y  

F i s h / r i c e  m i l l  

Fish/coconut 
o i l  i n d u s t r y  

Pond 
a r e a  

(m2 

1 000 

1 000 

2 100 

900 

5 000 

15 000 

8 000 

Common c a r p )  
T i l a p i a  ) 
Chicken egg) 

Common c a r p  
Ni le  t i l a p i a  
Duck egg 
Incubated egg 
Young duck 
Unf i t  duck 

Common c a r p  

Sheep 

Common c a r p  
T i l a p i a  
Kiss ing gourami 

Kiss ing gourami 
Java  ca rp  
T i l a p i a  
N i l e  t i l a p i a  

Common c a r p  
T i l a p i a  
Kiss ing gourami 

Common carp  
T i l a p i a  
Coconut o i l  

Fish  s tock-  
i n g  r a t e  
( k d y e a r  

Product ion 

F i sh  
( k d y e a r  

300 bawls 
of f i s h  f r y  

1 000 cups 
o f  f i s h  f r y  

Others 

1.200 kg 

33.600 pcs 
13.400 pcs 
1 .ooo pcs 

40 pcs 

4 PCE 

t'C ) 

i'ci'c) 

fik*) 

7.200 kg 

*) Income from r e n t i n g  dogcar ts  valued a t  $10 584/year. 
i':i':) Income from s e l l i n g  soybean curds  valued a t  $4 000/year. ,, . 9 , ""') ,. ,. Income from s e l l i n g  r i c e  bran valued a t  $84/year. 



Table 2. Data on t h e  n e t  r e t u r n  earned by t h e  f i s h  and 
o t h e r  product i n t e g r a t i o n  farmers 

Farming type  

. 
Fish  cum "kangkungI1 

Fish  cum "gen j er" 

Fi sh  cum ltmendongll 

F ish  cum chicken farm 

~ i s h  cum duck farm 

Fish cum sheep farm 

F i sh  cum r i c e  c u l t u r e  

Average 

(m2  > 

841 

4 100 

1 050 

1 203 

2 625 

84 

3 370 

F ish  
CRp) 

Net r e t u r n  
Other 

cornmodit i e s  
(Rp 

Overal l  
zommodit i e s  

(Rp) 
Percent  

( % I  

8 0 

177 

8 3 

69 

9 0 

40 

8 1  

Source: D ja j ad i r ed ja  e t  a l ,  (1979) -- 
US$1 = Rp. 625.00 


