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If`cfAT/"!consists of more than 17,000 islands with
a total coastline of 81,000 km, and a total land area of
approximately 192 million ha (Ritung and Widjaja-
Adhi 1994). The coastal area covered by mangrove
vegetation was 4.25 million ha, however some man-
grove areas have been converted to fishponds or other
uses, bringing about the reduction of mangrove area
to 3.5 million ha.

Aged brackish-water ponds constructed before
1985 were mainly designed for milkfish culture
(Poernomo 1996) but, following the success experi-

enced by some shrimp farmers, many farmers con-
verted extensive milkfish ponds into semi-intensive
and intensive shrimp ponds. Further uncontrolled
development of brackish-water ponds has caused
serious environment degradation and the recent fail-
ure of shrimp culture in many areas.

Efforts to overcome the problems of environmental
degradation have been made by farmers, the Govern-
ment of Indonesia and research institutions, but so far
in many areas the farmers are still facing difficult prob-
lems. Some farmers have quit shrimp culture activities
and others have converted their ponds to milkfish cul-
ture. In this paper, the efforts to solve the problems for
sustainable shrimp culture are discussed.
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Abstract

Indonesia is a vast country of 8.7 million km2 with a coastline of 81,000 km. It consists of more than 17,000
islands, spreading along the equator, between the continents of Asia and Australia. Indonesia has 800,000
ha of potential area for brackish-water ponds of which 360,000 ha have been developed for aquaculture.
More than 30% of ponds are used for shrimp culture.

The current key constraints to sustainable shrimp culture are: environmental degradation due to both
internal and external pollutants, ineffective coastal land-use planning, technically poor design and layout of
brackish-water ponds, and improper culture management. The main threats are magnified due to rapid
industrial development. Efforts are being made to minimise some of these problems.

Future research activities should be established to study the following issues:
1. impacts of large-scale intensive shrimp farms and industrial and agricultural activities on coastal waters,

reservoir water treatment on large-scale shrimp farms and industries, the use of gigantic plastic sheets in
shrimp farms, and absorption capacity of different species of aquatic flora to treat pollutants;

2. development of high quality broodstock and fry through genetic engineering;
3. development of immunostimulants to combat shrimp diseases and development of early warning systems

for shrimp diseases; and
4. an integrated approach to proper coastal land use and coastal zone management, with government and

non-governmental organisations playing an important role in providing better environmental conditions
for sustainable shrimp culture.
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The Present Status of Shrimp Culture

The estimated potential area for brackish-water ponds
is 800,000 ha and existing pond area is more than
360,000 ha. However, detailed data on the suitability
and capability of the potential area for development
of shrimp culture are very limited (Anon. 1994). Out
of the total existing brackish-water ponds, more than
30% are practising shrimp culture. The sizes of ponds
used by more than 100,000 farmers are classified into
<2 ha (46.58%), 2–5 ha (31.37%), 5–10 ha (14.70%)
and > 10 ha (7.35%). In 1993, shrimp exports
amounted to 98,569 t, worth US$876 million.

The Directorate General of Fisheries recommended
five levels of technology for shrimp culture (Table 1).
The relatively low stocking density aims to avoid har-
vest failure for farmers having aged ponds with mini-
mum improvement.

The characteristics of coastal areas vary from loca-
tion to location and from one island to another. Typi-
cally, Java, Sulawesi, Bali-Nusa Tenggara, Timor
and Maluku Islands are dominated by mineral soils,
while outside Java, particularly Sumatera and Kali-
mantan, more than 50% is peat soil or affected by
peat soil.

Constraints on Sustainable Shrimp 
Culture

Shrimp culture management

The management of shrimp culture varies from
location to location, depending on the level of tech-
nology applied. However, in semi-intensive and
intensive shrimp culture the constraints being faced
by many farmers at present are much the same. The
important factors to be considered for successful

shrimp culture are water quality (pollution problems)
and production inputs, such as feed, fry and culture
management.

The quality of shrimp feed is determined by its
nutrient composition, method of processing and stor-
age. There are at least five different imported and
locally-made artificial feeds available to farmers.
There is no monitoring of shrimp feed quality at
present, thus the farmers select by trial-and-error.
However, Hamid (1992) tested two different artificial
feeds and found that feed conversion ratio (FCR)
fluctuated, ranging from 1.7 to 2.6 in one case, and
1.7 to 3.3 in others. Excessive feeding caused a dras-
tic drop in water quality, particularly dissolved oxy-
gen content. A. Hanafi (unpublished data) observed
that under laboratory conditions, excessive feeding
caused dissolved oxygen to drop to <1.0 ppm within
two days, and all shrimp tested were dead. The
uneaten feed and shrimp excreta settled on the pond
bottom, causing an increase in the organic content,
which in turn resulted in an anaerobic zone. These
observations indicated that feed and feeding tech-
niques have an important role in shrimp culture.

The success of shrimp culture also depends on fry
quality. Certification to guarantee high quality fry
from hatcheries seems to be impossible at the present
time.

There are many different chemicals involved in
culture management but they are not understood by
farmers. The chemicals which are used include probi-
otics, fertilisers and pesticides (tobacco dust, saponin
and thiodan) (Hanafi 1989). The probiotic chemicals
are expensive and their effectiveness is questionable.
Thiodan has a toxic effect and residues may be dan-
gerous for shrimp. Under laboratory conditions it was
observed that low concentrations significantly
affected the growth of shrimp (Hanafi and Pantjara

Table 1. Shrimp culture stocking densities and the expected yields recommended by the Directorate General of Fisheries. 

Technology Size of pond (ha) Stocking density 
(fry/ha/crop)

Expected yield (kg/ha/crop)

Traditional 1–4 7,500–12,000 150–240

Semi-intensive 1–2 30,000–60,000 600–1,200

Intensive 0.2–0.1 100,000–150,000 2,000–3,000

Shrimp–milkfish 1–4 1,500–9,000a

1,500–2,000b
 110–180a

250–300b
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1995), hence residues affected shrimp quality and in
turn the consumers. For the proper use of fertiliser,
both the dosage and nutrient requirements should be
studied to minimise negative effects and cost of pro-
duction. The total use of fertilisers for brackish-water
ponds is 8,217,000 kg of organic fertilisers and
11,090,000 kg of inorganic fertilisers, such as urea
and triple superphosphate (Anon. 1994).

Environmental problems

Poernomo (1989) identified reasons for failures of
shrimp culture as: improper site selection, poor
design and layout of ponds, inadequate pond prepara-
tion and extremely high stocking densities. Since
then, vast areas have opened up for intensive culture,
e.g. in Lampung, shrimp pond area was only 1,500 ha
in 1986 and increased to 13,500 ha in 1995 (Anon.
1996a). Improper planning resulted in a poor irriga-
tion system, and many shrimp farmers faced prob-
lems in obtaining the right quantity and quality of
seawater and fresh water. This situation induced the
outbreak of shrimp diseases in many areas, hence the
failure of shrimp culture could not be avoided. From
this bad experience many farmers changed their pond
management from shrimp culture to milkfish culture,
or from intensive culture into semi-intensive culture,
and some farmers completely stopped their activities
for a period of time, e.g. in Central Java, out of 45
private shrimp farms, 40% were no longer opera-
tional (Anon. 1996b). Shrimp disease outbreaks
started in 1990, with 264 ha of shrimp ponds affected,
and peaked in 1995 with a total area of 4,749 ha
affected.

Other factors that may reduce the quality of the
environment for shrimp culture include changes in
the biophysical features of the river catchment areas.
Some examples are forestry activities in the upper
catchment of coastal rivers, pesticide use for agricul-
tural activities, and land disturbance by industry and
mining.

Social conflicts and benefits

Many coastal zones are becoming areas of intense
economic, social and biological activity, including
over-exploitation of fisheries and other marine
resources. Urban uses, recreation, industrial develop-
ment and pollution are the major threat to the coastal
zone and to shrimp culture. Local issues such as con-
flict between development and preservation of man-
groves or conversion of paddy fields, serve to
emphasise the complexity of the problems faced in

planning, administrative and legislative aspects of
coastal zone management. Shrimp culture has also
caused conflicts with people in surrounding areas
through seawater intrusion, consequent failure of cer-
tain agricultural crops and reduced quality of fresh
water for daily needs.

Economic constraints

Placement of permanent fishing traps near shrimp
culture areas has significantly affected the success of
shrimp culture. For example, in Bone Regency,
organic material from outlets of shrimp farms,
crowded residential areas and agricultural activities
all flush into the sea and are trapped by the relatively
small mesh size of fish traps. Thus, rapid sedimenta-
tion occurs and the water becomes very turbid, caus-
ing reduced water quality for shrimp culture.
However, the removal of fishing traps would create
conflict with their operators.

Mining of mineral sands for metals like chromium,
nickel and other heavy metals is an activity which has
had a major impact on many coastal waters. Mining
could alter the coastal landscape and lead to degrada-
tion of coastal ecosystems, and residues of heavy
metals in fishery products (including  shrimp) may be
a danger for human consumption.

Legal aspects

Effective enforcement of laws for fishing in coastal
waters and laws for coastal land use will help in the
effective management of coastal areas and provide a
better environment for brackish-water shrimp culture.
The approach to sustainable shrimp culture should be
integrated, rather than in a piecemeal fashion. Plans
for use of the coastal environment should be carefully
integrated with all institutions concerned with for-
estry, agriculture, plantations, mining and industry.
The Indonesian Government should take action on
coastal land use and develop policies for regulating
coastal management. It should take strong action to
strengthen the size and capability of Bapedal
(Agency for Evaluation of Environmental Impacts).

Research Activities Related to 
Constraints

Ongoing research activities

Research is under way to characterise existing
brackish-water ponds in the Pangkajene district,
southern Sulawesi, to evaluate the suitability of using
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different levels of technology for environmentally
sound shrimp culture. The factors being studied
include climatic conditions, physical, chemical and
biological characteristics, and management aspects
(Mustafa and Hanafi 1996).

A preliminary study on genetic variation of shrimp
broodstock from different locations in waters of west-
ern and eastern Indonesia (i.e. Aceh, Madura, Bali,
Sumbawa and Sulawesi) has been carried out in Gon-
dol Research Station, Bali. The results showed that
broodstock collected from Aceh is the best. In addi-
tion, a study on enzyme polymorphism in the giant
tiger shrimp from Indonesia and Taiwan has been
done and the results showed no differences in allele
frequency between these two samples (Sugama
1993).

A study on breeding of broodstock reared in brack-
ish-water ponds concluded that the minimum size
was 60 g after 8–12 months rearing and it spawned
with a hatching rate of 10% and survival rate of 0%.
The hatching and survival rate increased for brood-
stock of two years rearing, i.e. 98% hatched and 80%
survived after 1–2 months. The size of broodstock
was >150 g (K. Sugama 1996, pers. comm.). Per-
formance of tiger prawn larvae produced from wild
and pond spawners was also studied by Khalik et al.
(1993).

A study on the effect of external waste, mainly
industrial waste, has been conducted in West Java in
the Ciujung and Cisedane Rivers, in Central Java in
the Tapah, Bango and Suwatu Rivers, and Porong,
Surabaya, Candi, Rejoso and Curah Rivers in East
Java by Poernomo (1996). The various industrial
wastes caused environmental degradation, and the
shrimp were stressed, stunted and their eating desire
dropped drastically. This was followed by a disease
outbreak. Rachmansyah and Ahmad (1996) have
been studying residues of heavy metals and pesticides
on different biological samples taken from coastal
waters in Sulawesi.

The study on shrimp diseases has focused on iden-
tification, characterisation and prevention through
improvements in the culture environment (A. Ruky-
ani, 1995, unpublished report). Dominant shrimp dis-
eases were caused by bacteria (Vibrio, Aeromonas
and Enterobacteriaceae), viruses (yellow head dis-
ease and MBV—Penaeus monodon-type baculovi-
rus) and ectoparasites (Zoothamnium, Epistylis sp.).

Research target

Brackish-water farms of Indonesia are dominated
by small-scale farmers, almost 50% have less than 2

ha, and 30% have 2–5 ha. Thus, Government policy
focuses on the elevation of income of small-scale
farmers by introducing lower risk technology. One of
the Indonesian Government projects, INTAM (Inten-
sifikasi Tambak or Pond Intensification), recom-
mends low stocking densities (Table 1). There are
only a few private businesses operating large-scale
shrimp farms, like those in Lampung Province, with
an area of more than 10,000 ha (Poernomo 1996).
One of these large shrimp farms is using gigantic
plastic liners to cover the sediment in the ponds.

In general, Indonesian research aims to deal with
the needs of aged brackish-water ponds as well as
those of newly established ponds (i.e. outside Java
and in eastern Indonesia). The Research Institute for
Coastal Fisheries is also doing basic research.

Research dissemination

The Assessment Institute for Agricultural Technol-
ogy (AIAT) is an apex body responsible for promot-
ing and assessing technologies for the National
Research Institute for Agriculture, which includes
fisheries. There are 16 AIAT offices under the
Agency for Agricultural Research and Development
(AARD) representing the different provinces. AIAT
conducts first line demonstrations for the transfer of
improved technology at the farm level at selected
sites. All the provinces facilitate direct linkage of
research from scientists to extension workers and
farmers.

The Institute of Brackish-water Aquaculture in
Jepara, Central Java, is involved in education and pri-
mary extension of technology in brackish-water
aquaculture, particularly shrimp culture.

Research constraints

Due to high variability in characteristics of coastal
environments, the technology produced should be
location specific. This condition implies that the
resources of the coastal zone must be carefully evalu-
ated for their suitability for the development of
shrimp culture. At present, detailed data on coastal
areas are limited. Many farmers applied technologies
which were successful for other farmers, but found it
could not be directly transferred to their location due
to their specific problems. This is one of the reasons
the Government, through AARD, established AIAT
to conduct research and assess results conducted
under specific conditions to establish the most appro-
priate technology for farmers at different sites.
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Priorities for Future Research

A. Research priorities for dealing with environmental
issues.

– The impact of large-scale intensive shrimp
farms on coastal environments. The objectives
are to characterise the causes and changes in
water quality which result from high loadings
of organic matter and other chemicals.

– The impact of mining, industry and agricultural
activities on coastal environments. The objec-
tives are to determine the toxicity of different
pollutants, the effect on survival rates and
growth rates, the levels of residues in shrimp
and their distribution in the environment.

– The impact of ‘wetland treatment’ on dis-
charges from large-scale shrimp farms and
industries.

– The impact on the environment of the gigantic
plastic liners which are used in shrimp farms in
Lampung. The objectives are to determine
impacts of plastic on bottom soil quality and
loading of organic matter on aquatic plants and
water quality.

– Absorption capacity of different species of
aquatic plants to various pollutants. This study
will be able to find the most effective aquatic
plants for environment improvement.

B. Development of high quality broodstock through
genetic engineering to produce improved seed (i.e.
resistant to disease, healthy, fast growing and
adaptable to environmental change).

C. Development of immunostimulants to combat
shrimp diseases. Effective immunostimulants will
increase survival rates and growth rates. Low cost
shrimp feed will reduce production costs.

D. Identification and characterisation of coastal land
in newly established brackish-water shrimp ponds,
particularly those outside Java and in eastern
Indonesia. The objectives are to classify the suita-
bility and capability of the area according to the
level of technology needed for sustainable shrimp
culture. In this study, the physical, chemical, bio-
logical, economic and social aspects must be con-
sidered. Characterisation and evaluation of aged
brackish-water ponds also need to be studied in
order to restore and improve shrimp culture.

References

Anon. 1994. Fisheries statistics of Indonesia 1993. Jakarta,
Agriculture Department, Directorate General of Fisher-
ies, 118p.

— 1996a. The status of shrimp culture, diseases and their
impact on production in the province of Lampung. Maka-
lah disajikan pada Pertemuan Teknis. Pengembangan Sis-
tem Pengendalian Penyakit Udang di BBAP, Jepara, 1–3
October. Lampung, Bandarlampung, 19p (in Indonesian).

— 1996b. The status of shrimp culture, diseases and their
impact on production in the province of Central Java.
Makalah disajikan pada Pertemuan Teknis. Pengemban-
gan Sistem Pengendalian penyakit Udang di BBAP,
Jepara, 1–3 October. Jawa Tengah, Semarang, 22p (in
Indonesian).

Hamid, N. 1992. Environmentally oriented intensive shrimp
culture in the Brackishwater Aquaculture Development
Centre, Jepara, Indonesia. Proceedings of the Symposium
on Coastal Zone Management. Biotrop special Publica-
tion No. 47. Bogor, SEAMEOBIOTROP, 104p.

Hanafi, A. 1989. Application of land use system approach in
the evaluation of coastal resource capability for fish pond
production in South Sulawesi, Indonesia. PhD disserta-
tion, University of the Philippines at Los Baños, 187p.

Hanafi, A. and Pantjara, B. 1995. Toxicity and effect of thi-
odan on the growth and survival rate of the shrimp
Penaeus monodon. Maros, Indonesia, Research Institute
for Coastal Fisheries.

Khalik, A., Takano, M., Haryanti and Ismi, S. 1993. Per-
formance of tiger prawn larvae (Penaeus monodon) pro-
duced from wild and pond spawners. Journal Penelitian
Budidaya Pantai, 9, 69–74.

Mustafa, A. and Hanafi., A. 1996. Study on environmentally
oriented land use planning for brackishwater pond.
Dipresentasikan pada Rapat Kerja Teknis Ujung Pan-
dang, 17–18 April 1996. Maros, Balai Penelitian Peri-
kanan Pantai, 8p (in Indonesian).

Poernomo, A. 1989. The technical constraints of shrimp cul-
ture in Indonesia and how to overcome them. Proceed-
ings of the Shrimp Culture Industry Workshop, Jepara,
Indonesia, 59–60.

— 1996. The role of land use planning interior design of
coastal area, and its management for sustainable brack-
ishwater aquaculture. Makalah disampaikan pada Per-
temuan teknis pengembangan sistem pengendalian
penyakit udang, Jepara, 1–2 October 1996. Jakarta, Pusat
Penelitian dan Pengembangan Perikanan, 8p (in Indone-
sian).

Rachmansyah and Ahmad, T. 1996. Residues of endosulfan
and heavy metals in the western part of South Sulawesi
coastal waters. Disampaikan dalam Seminar Nasional
Wilayah Pantai: Aspek Manajemen dan dinamika Bio-
Fisika, Jepara, 20–23 October 1996. Maros, Balai Peneli-
tian Perikanan Pantai (in Indonesian).

Ritung, S. and Widjaja-Adhi, I.P.G. 1994. Development of
coastal tidal areas for brackishwater shrimp culture in



:8

Indonesia: potential and constraint. Indonesian Agricul-
ture Research and Development (IARD) Journal, 16,
7–13.

Sugama, K. 1993. An investigation of enzyme polymor-
phism in the giant tiger shrimp, Penaeus monodon. Jour-
nal Penelitian Budidaya Pantai, 9, 147–154.


