WorldFish Center Quarterly

ISSN 1511-8533

Vol.29 No.3 & 4 July - Dec 2006

Post-Tsunami Aceh: Towards rehabilitation
and restoration of coastal livelihoods

www.worldfishcenter.org

editorial
The December 2004 tsunami had its greatest impacts on rural communities around
the Indian Ocean, many of which were already poor, vulnerable and with few livelihood
options. The WorldFish Center contributed to post-tsunami ﬁsheries rehabilitation
within the FAO-led Consortium to Restore Shattered Livelihoods in Tsunami-Devastated
Nations (CONSRN). In 2005, in collaboration with its partners, WorldFish developed
a framework and set of guidelines for the rehabilitation of livelihoods, as detailed in
the CONSRN Policy Brief 2 by Bob Pomeroy et al. This framework follows the UKDFID Sustainable Livelihoods Framework that examines coastal livelihoods in their
broader context, including agricultural and non-agricultural activities. WorldFish has
also examined the issue of potential ‘over capacity’ of boats resulting from aid, especially
in the context of already overexploited ﬁsh stocks. CONSRN Policy Brief 1 and a
media campaign drew attention to this issue on the ﬁrst anniversary of the tsunami.
Essays related to the tsunami have been published in Naga Vol. 28, No. 1 and 2 and the
CONSRN Policy Briefs 1 and 2 have also been translated to Bahasa Indonesia.
The WorldFish Center has since initiated several projects in Aceh and Nias. The article by
Kam and co-workers details the use of remote sensing data to map aquaculture ponds
affected by the tsunami. Large-scale prints of enhanced high-resolution satellite images
of the affected coastal strips of eastern Aceh province were generated and annotated
with interpreted features detailing the extent and impact of the tsunami on coastal pond
aquaculture, providing vital inputs to coastal livelihood reconstruction and rehabilitation
efforts. The article by Kanagaratnam and co-workers details the collaboration between
WorldFish and other CGIAR Centers on studies aimed at tackling the priority issues
identiﬁed at the Integrated Natural Resources Management and Livelihoods discussion
held on December 2005 in the west coast of Aceh. WorldFish has provided information,
technical advice and research support on topics such as coastal pond and mangrove
rehabilitation.
At the request of the Indonesian Ministry of Marine Affairs and Fisheries, ACIAR funded
The WorldFish Center and its local and national partners to undertake a study to
support the Indonesian Strategy for Rehabilitation and Reconstruction of the Fishery Sector
in Aceh and Nias. The paper by Garces, Pido and co-workers reports on the outputs of
this study, which provided key inputs on community needs and perspectives in terms of
sustainable ﬁsheries and livelihood strategies, conducted an assessment of ﬁsheries status
(i.e., boat aid distribution), and strengthened the capacity of local researchers and local
ﬁsheries ofﬁcers. Recommendations for post-tsunami rehabilitation from the MMAF, FAO
and WorldFish organized National Consultative workshop on “Fisheries Rehabilitation in
Tsunami–affected Indonesia: community needs assessment and resources status” held on
June 2006 in Jakarta are also given in this special section.
Rehabilitation and reconstruction of coastal livelihoods and natural resources continues
to be a central theme in The WorldFish Center’s work in Aceh. A brief overview of our
latest project on Fisheries and Aquaculture Rehabilitation in Aceh Province builds on the
various project activities described above is also presented.
In close collaboration with our research partners and FAO we hope that our
activities will help provide a foundation for longer-term planning and the development
of sustainable ﬁsheries and aquaculture, as required by the Indonesian Strategy for
Rehabilitation and Reconstruction of the Fishery Sector in Aceh and Nias.
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Remote Sensing and Field Assessment of
Tsunami Effects on Coastal Pond Aquaculture
in Northern Sumatra
S. P. Kam, S. C. Liew, Z. A. Muchlisin and P. Chen

Abstract
An attempt was made to conduct spatial assessment of the pattern and extent of damage to coastal
aquaculture ponds along the east coast of Aceh province in Sumatra, Indonesia, resulting from the
tsunami event of 26 December 2004. High-resolution satellite imagery, i.e., SPOT-5 multispectral
scenes covering the 700 km stretch of the coast, acquired before and after the tsunami, were digitally
enhanced and visually interpreted to delineate pockets of aquaculture ponds that were discerned to
be damaged and relatively intact. Field checks were conducted at 87 sites in the four eastern coastal
districts. The results indicate that SPOT-5 multispectral imagery was minimally sufﬁcient to detect
areas of damaged and relatively intact aquaculture ponds, but the 10-m spatial resolution poses
limitations to evaluating the extent of pond damage. Nevertheless, the 60 km swath of the imagery
makes it reasonably affordable for large-area assessment to identify pockets of severe damage
for targeting more detailed assessments. The image maps produced from a mosaic of the SPOT-5
scenes can also serve as base maps for spatial planning in the challenging task of reconstruction and
rehabilitation of the disrupted livelihoods of the coastal communities.

Introduction
In the wake of the tsunami that
was triggered by a magnitude 9.0
earthquake off the northwest coast
of Sumatra on 26 December 2004,
there was a concerted global action
to assess the damage in the affected
countries for emergency response.
Being closest to the epicenter of
the earthquake, Aceh Province in
Indonesia was the worst affected.
The severe damage to property and
infrastructure in the province capital
Kota Bandar Aceh, the surrounding
district of Aceh Besar and the
western district of Aceh Jaya was
evident from the collection of highresolution satellite images that were
posted on many internet sites as a
humanitarian response by the remote
sensing and geospatial community
(ASM 2005; NOAA 2005). These
images proved very useful for damage
assessment at a time when access to
the affected areas was difﬁcult.

Besar (Fig. 1). The damage caused to
The impact of the tsunami spread
aquaculture ponds and cages, ﬁshing
beyond the severely damaged areas
boats and landing sites disrupted the
in the northwestern part and also
livelihoods of ﬁsh farmers and ﬁshers.
affected the coastal communities in
other districts to the east.
Aquaculture constitutes an
important contribution to
food production and income
generation for the coastal
population in Aceh. Fish and
shrimp farming are carried
out in brackish water ponds
(tambak), freshwater ponds,
cages and rice ﬁelds. Ofﬁcial
ﬁgures released by the
Provincial Marine and Fisheries
Department indicate that in
2003 an estimated 26 440
households were engaged in
some form of aquaculture,
and that brackish water pond
aquaculture accounted for 63
per cent of production and 80
Figure 1. Brackish water aquaculture pond
per cent of the value. There
area in 2003, by district, for Aceh Province,
were an estimated 36 600 ha
Sumatra, Indonesia.
of brackish water ponds, mainly
located in districts east of Aceh Source: Phillips and Budiman 2005
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These affected communities need
help to recover from their setbacks,
but livelihood rehabilitation efforts
need to be made judiciously and
equitably within a proper planning
context to avoid past mistakes
that had resulted in unsustainable
coastal aquaculture and ﬁsheries
development (Subasinghe and Phillips
2005; Stobutzki and Hall 2005).
Various international groups rallied
to work in coordination with local
agencies to carry out assessments
on the extent of damage to the
livelihood assets of the coastal
communities as well as to the coastal
natural resources that support
their economic activities (FAO
2005; Wetlands International 2005).
One of the key elements that was
missing was good base maps for
spatial assessment and for targeting
initiatives for rehabilitating affected
aquaculture activities. Field workers
helping in the reconstruction effort
also needed village level maps to
carry out participatory planning with
village communities. High resolution
remote sensing imagery could provide
these maps. The satellite imagery
that was freely available through
the internet was mainly focused on
Kota Bandar Aceh, Aceh Besar and
Aceh Jaya districts where the tsunami

damage was most severe. The few
coarse-resolution satellite images
available covering the eastern coastal
area, such as the wide-coverage Terra
MODIS image (Fig. 2), did not permit
identiﬁcation of detailed features for
damage assessment.

ponds prior to and after the tsunami
event. The second strategy was
to supplement the satellite image
interpretation with ﬁeld checks and
interviews with the local people in
the affected areas.

Remote sensing assessment
This paper reports on a collaborative
effort of the Centre for Remote
Imaging, Sensing and Processing
(CRISP) of the National University
of Singapore, the Universiti Syiah
Kuala (UNSYIAH) in Kota Bandar
Aceh and the WorldFish Center, to
conduct remote sensing and ﬁeld
assessment of the effects of the
tsunami on coastal pond aquaculture
in the eastern coastal districts of Aceh
province. The high-resolution satellite
imagery obtained through the project
can also serve as updated base maps
for other general purposes of spatial
planning for reconstruction and
rehabilitating the disrupted livelihoods
and economy in the coastal zone.

Materials and Methods
Two strategies were used to assess
the impact of the tsunami on coastal
aquaculture ponds. The ﬁrst was to
acquire sufﬁciently high resolution
satellite imagery for mapping and
determining the conditions of the

Our initial investigations revealed
that it minimally requires SPOT-5
multispectral images at 10-m resolution to be able to detect and assess
the conditions of aquaculture ponds.
Although more pond details can be
seen with 1-m resolution IKONOS
imagery, as evidenced by available
IKONOS scenes of Kota Bandar Aceh,
it would require too many IKONOS
images (each having a narrow swath
of about 10 km) to cover the entire
700 km coast of the study area.
Therefore, four pre-tsunami and four
post-tsunami SPOT-5 scenes acquired
by CRISP were used in the study. The
geographical coverage of these scenes
is shown in Fig.2, and the dates of
acquisition in Table 1. In addition, a
1-m resolution IKONOS image is also
available and was used as a “training
set” to aid interpretation of SPOT-5
image within the area of overlapping
coverage.

Figure 2.
Location map of the
study area (left) and
the Terra MODIS
image (right) acquired
on 29 December
2004. The yellow
frames in the location
map show the
coverage of SPOT
images used in the
study.
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Table 1. Satellite data used in the study.
Data
type
Pre-tsunami

SPOT-5

Acquisition
date
2004-06-09
2004-07-10
2004-07-16
2004-08-16

Post-tsunami SPOT-5

2004-12-29
2005-02-03
2005-03-23
2005-07-04

IKONOS

2005-01-23

The coastal aquaculture ponds were
delineated from the digitally-enhanced
pre- and post-tsunami images by
visual interpretation and manual,
on-screen digitizing. The post-tsunami
images were used to assess the
conditions of the aquaculture ponds
using visual clues such as damaged
bunds, evident siltation and disruption
to natural features (damaged
coastline and disrupted river courses)
in the vicinity of the ponds. As it
would be tedious to delineate the
individual ponds along the 700 km
coastal stretch, clusters of ponds
were delineated according to their
general state and condition, either
“intact” or “damaged”, as discernible
from the satellite image. In the area of
coverage overlap of the SPOT-5 and
the single IKONOS scene, the more
detailed visual information from the
latter was used to “calibrate” our
interpretation of pond condition in
the former. A third, “uncertain”, class
was assigned when it was difﬁcult
to tell from the image whether the
ponds had been damaged. This work
was done using the image processing
facilities and technical expertise at
CRISP, with WorldFish and UNSYIAH
partners providing the contextual
and local knowledge. The output of
this exercise was a mosaic image
map showing the locations of the
aquaculture ponds overlaid with
polygons delineating the various
damage classes.

Field assessment

Results and Discussion

In addition to the remote sensing
assessment, a ﬁeld survey was
conducted to: (1) ascertain the
ground conditions corresponding
to pond conditions and associated
coastal features discerned from
satellite image interpretation; and
(2) determine other aspects of
aquaculture pond rehabilitation that
are not visually evident from satellite
imagery.

Remote sensing assessment

A survey questionnaire was designed
for ﬁeld enumerators to make their
observations, and to interview key
informants on pond aquaculture
operations in the general vicinity
of selected sites on the extent
to which these operations were
disrupted by the tsunami. Questions
included ﬁsh type cultured, scale of
operation, sources of pond water
and other pond inputs, accessibility,
and livelihood dependence on
aquaculture. The mapped output
from the remote sensing assessment
provided the basis for selecting
ﬁeld visit sites that represent
the geographical spread of pond
aquaculture areas and discerned
damage condition. Another important
factor considered is access to the
sites, both physically and logistically as
certain areas were politically unsafe
to visit.
Owing to unavoidable circumstances,
the ﬁeld checking was delayed and
was conducted in two periods.
The ﬁrst mission in mid-December
2005 covered Aceh Utara and
Lhokseumawe districts, and the
second mission in mid-January 2006
concentrated on the districts of
Pidie and Bireun. The ﬁeld surveys
were conducted at 27 sites in 10
sub-districts of Pidie, 31 sites in 10
sub-districts of Bireun, 25 sites in 6
sub-districts of Aceh Utara, while 4
sites were visited in 2 sub-districts of
Lhokseumawe.
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Fig. 3 shows the level of spatial
detail discernible from two SPOT-5
sub-scenes depicting the pre- and
post-tsunami situation along the
stretch of coast bordering Pidie and
Biruen districts. Aquaculture ponds
with intact dykes can be seen in the
pre-tsunami image of 9 June 2004.
The western part of the coast in this
sub-scene is lined with long sand
bars (annotated with 1, 2 and 3). In
the post-tsunami (2 February 2005)
image of the same area, the pond
dykes appear less distinct, indicating
damage, and the ponds appear to
have fallen into disuse. Damage to
other coastal features is also evident.
For example, in the northwest corner
of the pre-tsunami image, a small
river can be seen ﬂowing parallel to
the coast, inside of the long sand bar,
and discharging into the sea further
eastward in the sub-scene. The posttsunami image shows that the river
discharge point has shifted more to
the west (location 2) because the
eastern bit of sand bar has been
broken. This could have exacerbated
the damage to the aquaculture ponds
that were previously protected by
the sand bar. The aquaculture ponds
that are further inland and protected
by the vegetated sandy ridges (red
strips in the image) appear to be
unaffected. The stretch of beach in
the northwest part of the image
(location 1) also appears relatively
intact. Such information is also useful
for assessing the impact of coastline
changes on ﬁsheries and other
coastal activities that are important
for rebuilding the livelihoods of the
affected communities.
Fig. 4 shows a subset of the pond
damage assessment map produced
for the stretch of coastal area in
the vicinity of Sigli town in Pidie.
Delineated polygons of aquaculture

asian tsunami

Field assessment
General pond aquaculture proﬁle
Most (90 per cent) of the sites visited
reported pond culture of both ﬁsh
(mainly milk ﬁsh, tilapia and grouper)
and shrimp. Almost all the sites visited
(98 per cent) reported that the
ponds are mainly farmer-operated,
and that the operators are primarily
dependent on aquaculture for their
livelihoods. Most of the operators
interviewed noted that they have
secondary jobs such as animal
husbandry, home trading and home
industry. The pond operations are
mainly extensive (68 per cent) and
semi-intensive (26 per cent) in nature.
Respondents mentioned various
factors, including lack of capital,
knowledge and skills as barriers to
improving aquaculture productivity.
Saline water is mainly sourced
directly from the sea (69 per cent) or
runoff from neighboring ponds; and
80 per cent of the sites reported that
their pond water sources have been
affected by the tsunami.
Tsunami impact

Figure 3.A pre-tsunami SPOT-5 image and a post-tsunami SPOT-5 image showing Kuala
Ulim (mouth of Ulim river) in Pidie district of Aceh province.
© CNES 2004, 2005

pond clusters, annotated with “intact”,
“damaged” and “uncertain” classes,
are superimposed on the posttsunami SPOT-5 image.
Also evident are other features
of the coastal zone that would
provide useful spatial information
including the spatial pattern of
human settlements and land use,
coastal forests, infrastructure
networks, providing sufﬁcient detail
to be directly used as a base map

for various reconstruction planning
purposes. Large-format prints were
made of the image map, comprising
the mosaic of post-tsunami SPOT-5
scenes covering the entire 700 km
stretch of coast as backdrop, overlaid
with the delineated polygons of
aquaculture ponds and annotated
with names of main towns and river
mouths. The prints were brought back
to Aceh for carrying out the ﬁeld
assessment and are available for other
uses as well.

As the survey was conducted one
year after the tsunami occurred,
the ﬁeld conditions have changed in
some locations. Field observations of
tsunami impact were supplemented
with recall responses from the local
people. Observations were made and
questions asked about damage to
the aquaculture ponds, water inlets
and outlets, as well as surrounding
coastal features such as river mouths,
sand bars, and forested areas. A
weighted combination of the ratings
of these factors was computed as
an overall impact rating, which was
then categorized into one of three
impact classes – low, moderate and
high. As the ﬁeld visit sites were
geo-located using GPS receivers, the
map interpretation of the aquaculture
pond condition of each ﬁeld visit site
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than undamaged. Again, the 10-m
resolution of SPOT-5 does not
provide the spatial sharpness to
discern if pond dykes in the posttsunami image are really intact
or may have been breached. It
may be concluded that the map
interpretation of “damaged” and
“intact” reliably represents the two
extremes of a continuum of general
pond conditions as impacted by the
tsunami.

Conclusions

Figure 4. Part of a post-tsunami SPOT-5 image near Sigli overlaid with polygons of
damage classes. SPOT image © CNES 2005.

could be read off the image map that
was produced.
In Table 2, the map interpretations
of pond conditions for the 87 sites
visited are cross-tabulated against
(1) the overall impact ratings based
on ﬁeld assessment, and (2) the ﬁeld
ratings for pond dyke condition.
Our map interpretation of damaged
ponds is generally accurate. The
extent of damage could not be
easily ascertained using the 10-m
resolution of the SPOT-5 imagery;
about equal numbers of visited

sites mapped as “damaged” were
observed or reported to suffer
partial and total damage, with
medium and high tsunami impact.
There was only one visited site
where our map interpretation of
intact ponds contradicted with ﬁeld
observations of total damage to
pond dykes, while four sites that
were mapped as intact were rated
in the ﬁeld as having experienced
high tsunami impact. Rather, more
of the sites mapped as “intact” were
rated by ﬁeld observations as partly
damaged and moderately impacted

Table 2. Cross-tabulation of map interpretation and field assessment of damage to
aquaculture ponds.
a. Using overall impact rating of ﬁeld assessment

Field rating

Map interpretation
Damaged

Intact

Unsure

Total

High impact

17

4

1

22

Medium impact

16

25

3

44

0

20

1

21

33

49

5

87

Low impact
Total

b. Using ﬁeld rating of pond dyke condition only

Field rating

Map interpretation
Damaged

Intact

Unsure

Total

Totally damaged

18

1

2

21

Partly damaged

15

29

2

46

0

19

1

20

33

49

5

87

Not damaged
Total
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With its 60 km swath and 10-m
spatial resolution, SPOT-5
multispectral imagery is reasonably
affordable and minimally sufﬁcient for
identifying pockets of tsunami damage
to aquaculture ponds along the
long coastal stretch of eastern Aceh
province. However, the 10-m
resolution poses limitations to
evaluating the extent of pond
damage. The overall assessment
may be supplemented with more
detailed assessments at the
identiﬁed damage hot-spots, either
by ﬁeld evaluation or by using even
higher-resolution imagery (such as
IKONOS) where ground access
is difﬁcult. With minimal image
processing – geo-rectiﬁcation, digital
image enhancement and mosaic
– the satellite images can serve
as base maps for assessing the
ground situation and for planning
reconstruction and livelihood
rehabilitation strategies. Effective and
prompt use of such remote sensing
products in response to such natural
disaster hinges upon collaborative
efforts among the technology
specialists, the sector experts and
the local groups, in a situation
where coordination of assessment
and rehabilitation efforts among a
diverse array of actors and response
programs is a challenge (Abdulharis et
al. 2006).
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Mangrove Rehabilitation in the West Coast of
Aceh – Issues and Perspectives
U. Kanagaratnam, A.M. Schwarz, D. Adhuri and M.M. Dey

Abstract
The condition of mangroves pre- and post- tsunami and the socioeconomic role of mangrove forests
in the livelihoods of coastal communities along the west coast of Aceh province, Indonesia are
examined. The ﬁndings indicate that community livelihoods are signiﬁcantly linked to the mangrove
ecosystem. However, most of the mangrove rehabilitation programs are conservation orientated,
aimed primarily at land conservation, and are not necessarily linked with livelihood options for local
people or integrated resource management. This is a cause for concern as rehabilitation will only
succeed when conservation measures are balanced with local community needs to obtain sustainable
beneﬁts from the rehabilitated systems. The rehabilitation efforts do involve the communities to a
certain extent, but a more holistic and integrated approach needs to be adopted to ensure better
management and sustainability of the rehabilitated mangrove forests.

Introduction
Almost 70 per cent of the coastal
population in Nanggroe Aceh
Darussalam (NAD) depend on coastal
and marine resource use for their
livelihoods. Rehabilitating coastal
mangrove forests that support coastal
marine resources and that were
damaged during the 2004 tsunami
would, therefore, be an appropriate
post-tsunami response. This is
especially so given some evidence that
mangrove forests provided a degree
of protection from the impact of the
tsunami (Padma 2004; Danielsen et
al. 2005; UNEP-WCMC 2006). One
example of this protective capacity
was the case of the Island of Simeulue
on the west coast of Aceh located
close (40 km from the northernmost
tip of the island) to the epicenter
of the earthquake that triggered
the tsunami. The death toll on this
particular island, compared to other
areas, was lower than expected and
this has, in part, been attributed to
the intact mangroves surrounding the
island that acted as a buffer to the
force of the waves (Pushparajah 2005;
Sharma 2005). Such observations
in the aftermath of the tsunami

brought a strong response from the
government and NGO’s in the region
to encourage coastal communities
to re-plant or plant and rehabilitate
mangroves forests along exposed
coastlines. The Government of
Indonesia has set a ﬁve year planting
target for a mangrove cover of
164 840 ha (BAPPENAS 2005) in the
tsunami devastated Aceh province,
supported by various international
donor agencies and NGOs.
In general, tropical mangrove forests
are known to support diverse
communities of plants and animals
that provide a number of ecosystem
services, e.g., coastal protection,
nursery and foraging habitats, bioﬁltration, and primary and secondary
production (Clough 1992). Many of
these services are directly linked
to community livelihoods, including
forestry and ﬁsheries. Mangrove
trees are an important source of
wood for local people to use for fuel,
and constructing houses and ﬁshing
equipment. Mangrove forests provide
habitat for several ﬁsh species that
choose to reside in the mangroves
and are also critical habitats for
juveniles of ﬁsh whose adults occupy
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coral reefs, seagrass beds and
the pelagic zone (Kathiresam and
Bingham 2001). For example, the
number of ﬁsh species in the coastal
mangroves of Malaysia is greater than
in inshore waters, mudﬂats and near
inshore waters (Chong et al. 1990).
Also, mangrove habitats and shrimp
populations are often tightly linked
(Sasekumar et al. 1992; Kathiresan
et al. 1994). Ecosystem beneﬁts also
extend offshore. Mangroves trap
sediment and provide a suitable
environment for the processing
of nutrients from river systems,
an important service for the
maintenance of suitable water quality
for seagrass beds and coral reefs
growing offshore (UNEP-WCMC
2006).
While many applaud the plan for
planting or replanting mangroves,
concern has been expressed that
issues related to mangrove planting
(such as workforce training and
supervision; maintenance of seedlings;
and increased public awareness
about coastal land use) are not being
adequately addressed (Smith 2006).
Furthermore, there is need for better
understanding of the relationship
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between these ecosystems and the
communities that rely on them.
Understanding this pattern of
use will enable the authorities to
develop speciﬁc coastal management
policies for the sustainable use of the
mangrove rehabilitated areas.
This paper is based on the ﬁndings
from the study titled Appraisal of
Coastal and Marine Resources of the
West Coast Aceh conducted by the
WorldFish Center, in collaboration
with the World Agroforestry Centre
(ICRAF) and funded by the Ford
Foundation. The west coast was
identiﬁed as the focal area of the
study owing to the severe destruction
of its coastal resources by the
tsunami. The study assessed: (1) the
mangrove condition and mangrove
rehabilitation efforts along Aceh’s
west coast; and (2) identiﬁed the
importance of community livelihoods
that relied on mangrove and
mangrove supported resources. The
recommendations made through the
study aim to strengthen the national
government’s goal of ensuring that
coastal resources are able to meet
the future livelihood needs of coastal
communities in a sustainable manner.

The thirteen study sites on the west
coast were chosen to cover a range
of conditions and included tsunami
affected areas as well as on-going
mangrove rehabilitation sites. The
study sites were broadly clustered
into Setia Bakti sub-district of Aceh
Jaya (1 village), Samatiga sub-district
of Aceh Barat (7 villages), and Pulau

Banyak sub-district of Aceh Singkil
(4 villages) (Fig. 1).

Condition of Mangroves
Pre- and Post- Tsunami
A global survey by the Food
and Agriculture Organisation
indicated that over 1.3 million ha of

Research Methodology
Primary data on the condition,
function, management and
rehabilitation of mangrove and
mangrove supported resources
were collected through focus group
discussions (FGD), key informant
interviews and a reconnaissance
survey. Secondary data included
a review of the literature and
assembling village proﬁles, maps,
statistical reports and reports of
previous assessments and surveys. The
ﬁeldwork was carried out during July
and August 2006.
1

Figure 1. Location of the mangrove study sites in three districts on the west coast of
Aceh province, Indonesia.

This Study is part of a project on Integrated Natural Resources Management and Livelihood Paradigms in Recovery from the Tsunami in Aceh
that was initiated by three Future Harvest Centers of the CGIAR: the World Agroforestry Centre (ICRAF); the WorldFish Center; and the Center for
International Forestry Research (CIFOR). The project goal was to identify coastal zone development opportunities in tsunami affected parts of
Aceh that meet the expectations of the people affected. Such development opportunities must be able to bring direct beneﬁts to poor people,
whose poverty and lack of power put them at a relative disadvantage when disaster strikes.
NAGA, WorldFish Center Quarterly Vol. 29 No. 3 & 4 Jul-Dec 2006 11

asian tsunami

Table 1. Extent of damage to mangrove forests along the west coast of Aceh.
Area

District

Extent of damage

Calang

Aceh Jaya

100 per cent of mangrove trees destroyed or subsequently died.

Samatiga

Aceh Barat

Approximately 50 per cent of the mangrove trees uprooted. Most trees left standing have broken tops.
Tangled parts of broken trees were lodged in the damaged tambak ponds. Extensive damage to Nyp.a

Pulau Tuangku

Aceh Singkil

Approximately 70 per cent of trees damaged. The front-line Rhizophora was extensively damaged. The
mangroves left standing are now dead.

Pulau Bangkaru

Aceh Singkil

30 to 40 per cent of the trees were destroyed. Some of the broken and tangled parts of the mangrove trees
lodged on the sandy beach threatening the nesting areas of endangered leatherback turtles

Other smaller
islands around
Pulau Banyak

Aceh Singkil

Depending on the site and distance from the sea, up to 100 per cent of the mangrove trees died
subsequent to the earthquake due to extended submergence.

Source: Field observations by the WorldFish team; Notes from community focus group discussion and key informant interviews in Samatiga (21-28
July 2006) and Pulau Banyak (3-5 August 2006), west coast of Aceh.

mangroves in Indonesia were lost to
deforestation and land conversion
activities between 1980 and 2000, a
loss of 31 per cent (Wilkie, Fortuna
and Souksavat 2002). An analysis
made by Wetlands International in
2000 estimated that human activities
potentially threaten more than half of
the mangroves and their ecosystem
in Aceh province, with 25 000 ha of
mangroves as having sustained damage
that is likely to have considerably
reduced their ability to provide
expected ecosystem services. A
further 286 000 ha of mangroves
were described as being at high risk
largely due to over exploitation and
conversion to settlements. Only
30 000 ha of mangroves were
estimated at being low risk or in
good condition (Meldrilzam et al.
2005). These impacts are consistent
with observations that in the coastal
areas of Aceh province, pre-tsunami
economic development largely
revolved around aquaculture that
resulted in the loss of large areas
of mangrove forest (Pushparajah
2005). This has been described as
the destruction of one of the most
effective barriers to ocean forces
(Smith 2006) as well as the loss of
the high value role of mangroves as
nursery grounds for coastal ﬁsheries
(Wilkinson 2006). The structurally
weakened coastline was, therefore,
more vulnerable to the powerful
tsunami waves which swept over

almost 800 km of coastal Aceh in
December 2004 (BRR 2005).
Besides the conversion of mangrove
land into ﬁsh and shrimp ponds
(tambak), the use of mangrove for
both household and commercial
purposes has also caused mangrove
forest degradation in Aceh. Mangroves
are generally used for house
construction and ﬁrewood. In Aceh,
they are also commercially exploited
to produce charcoal and wood, which
is then exported to Malaysia and
Singapore (Sharma 2005).

The southern parts of Aceh were
also subject to the strong earthquake
(8.7 on Richter scale) which struck
in March 2005. Singkil, a district on
the southwest coast of Aceh, and its
sub-district of Pulau Banyak (offshore
island archipelago) suffered massive
infrastructural and environmental
damage. The earthquake caused the
land to drop by around 50 cm in
some areas, resulting in a rise of the
sea level and destruction of a large
numbers of trees due to prolonged
submergence.

The majority of Aceh’s mangrove
forests are on the east coast where
the coastline is more suitable for
mangrove growth (Pushparajah 2005).
However, mangroves do provide
important goods and services for
the people who live on the west
coast as well. The west coast was
exposed to much more devastation
by the tsunami than the east coast.
Depending on the location, from
30 to 100 per cent of mangroves
along the west coast was destroyed
(Table 1). A number of community
leaders did agree that some areas of
mangrove were destroyed prior to
the tsunami as a result of destructive
practices like clearing of mangroves
to accommodate shrimp and ﬁsh
ponds. According to the local
communities, the front-line mangrove
forests were uprooted or broken
when the waves of the tsunami hit.

In other areas community members
described the tsunami wave as having
converted mangrove areas into open
coastline while many mangrove trees
left standing after the wave have
subsequently died due to signiﬁcant
changes in soil and water conditions
(Fig. 2). The soil around many Nypa
(a brackish palm) forests and paddy
ﬁelds located close to the coast
was washed away leaving either
freshwater wetlands or inter-tidal
zones depending on local hydrological
conditions and watershed
conﬁgurations.
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Contribution of
Mangroves to Livelihoods
The economic value of mangrove
forests in the west coast is largely
based on the direct use of mangrove
wood for ﬁshing poles, building
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posts, boat making and ﬁrewood
(Table 2). However, the indirect use
of mangrove supported resources
is also of considerable economic
importance to local communities.
Indirect uses include ﬁsh, bird and

honey collection that contributes to
the livelihood of communities living
around the mangrove ecosystem.
Mangrove contributions to livelihood
can be considered as subsistence
(for household use) or commercial.

Table 2. Uses of mangroves and associated species on the west coast of Aceh.
Scientiﬁc
name
Nypa fruticans

Local name
Nipah

Key description
Grows in soft mud and slow
moving tidal and river waters;
the leaves can extend up to
9 m in height; trunk branches
and each branch ends with a
bunch of fronds; fruits are white
translucent and hard jelly-like

Uses
Tobacco wrappers
Straw brooms
Fruit used in making
dessert
Roof thatch
Woven baskets and covers

Rhizophora
spp.

Bakau

Grows to 25 m tall; stilt roots
that emerge in arches from the
lower trunk; sturdy prop roots
arch above the ground to 2 m

Fish aggregating device

Tall straight trees; 15-20 m tall;
with many branches

Fences

Fuel wood
Charcoal
Building material

Sonneratia sp.

Langade

Processed logs
Frames for the bagan
boats

Sonneratia
alba

Berambang

Avicennia sp.

Api-api

Grows up to 15 m tall; fruits are
large (4 cm), green in color and
edible; lots of brunches and
leaves; leaf size larger than the
leaves of Avicennia species

Wooden crushers

Grows up to 25 m tall; fruits are
small; small leaves; hard trunk;
many branches

Fences

Fruits as delicacy

Building materials
Honey collection
Boat building (prow/bow
of the boat)

(Not identiﬁed)

Meri

The wood is reddish to
brownish in color; the skin of
the branch/trunk is yellow;
fruits are big; shape of the
leaves are similar to the leaves
of Rhizopora species; broad
branches; lots of leaves

Bark used to strengthen
ﬁshing net

Cerops tagal

Tengar

Bark is very hard and sturdy;
small leaves; color of leaves
yellow-green.

Fences

Floor mats

House construction

Pandanus

Pandan

Small to medium-sized trees

Metroxylon
sagu

Rumbia

Grows up to 15 m high; large
Sago starch
pinnate leaves; ascending stems

Source: Community focus group discussions and key informant interviews in Samatiga (21-28
July 2006) and Pulau Banyak (3-5 August 2006. Mangrove trees that were pointed out by locals
were identiﬁed using various reference materials including Ng and Sivasothi (1999); Lovelock
(2003) and Ministry of Forestry, Republic of Indonesia (1994).

In the study sites, it was noted that
mangroves for subsistence purposes
were dominant pre-tsunami.
Local names describe the commonly
exploited mangrove trees. These
include Nipah (Nypa fruticans), Bakau
(Rhizophora spp.), Langade (Sonneratia
sp.), Berambang (Sonneratia alba)
and Api-Api (Avicennia spp.). The
mangrove palm Nypa fruticans plays
an important role in the livelihoods
of the population along the west
coast of Aceh. Before the tsunami, the
use of young Nypa leaves for rolling
cigarettes (Fig. 3) was an important
secondary livelihood activity for many
households. Some areas reported
earnings of up to US$220 from a onehectare harvest. This was considered
to be a substantial income for the
local people, who usually earned less
than US$3 per day from primary
activities like ﬁshing or farming.
Nearly 50 per cent of the villagers in
Cot Darat of Samatiga sub-district
owned or worked in Nypa farms.
They produced tobacco wrappers,
roof thatches and woven products for
sale. In Alue Raya of Samatiga subdistrict, many of the women reported
involvement in Nypa based activities
which gave them incomes in excess
of their primary farming activities in
certain months.
Rhizophora is well known amongst
the coastal people for its hard and
strong branches. Its branches are used
to form ﬁsh aggregating structures
known as ‘brush piles’ or ‘brush
parks’. This is a popular method used
for ﬁshing for subsistence purposes
along rivers and small estuaries.
The branches of Rhizophora are also
used as ﬁrewood. Firewood use was
estimated at an average of 40 kg per
month per family.
The Sonneratia species is also used as
ﬁrewood, but it is not the preferred
mangrove tree for this purpose.
Although it produces a lot of heat, it
also produces a lot of ash and salt. Its
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Figure 2. Some of the mangrove trees
survived the tsunami wave but are
subsequently dying.

heavy timber is resistant to shipworm
and pests and is, therefore, used for
building boats, piling and posts for
bridges and houses. The Sonneratia
species regenerates branches easily
from the trunk, so it is possible to
harvest branches on a regular basis.
In Pulau Banyak, the sturdy wood of
the Cerops tagal species is widely used
by the local community to construct
houses and wood fencing.
Metroxylon sagu (sago palm), locally
known as Rumbia, is a member of
the Arecacea (palm) family and is
often found growing in association
with the mangrove ecosystem. The
palm generally tolerates salinity and
prolonged ﬂooding as well as acidic
and wet soils (McClatchey et al.
2006). In Samatiga, the local people
described the abundance of sago palm
growing at the freshwater margin
behind mangrove wetlands before the
tsunami. The palms were important
for the production of sago starch and
house thatch. The starch was used
to produce syrup and starch pearls
(similar to tapioca pearls) usually
used in fruit drinks and puddings.
This activity largely involved women
but had a poor commercial market.
The women are hoping for a better
market and increased income from
these home-made products.
The mangrove ecosystem on the west
coast of Aceh provides an important
habitat for a variety of animals
including various ﬁsh, crustaceans,

and mollusks. The local community
understands that the roots of
mangroves provide refuge from
predators for young ﬁsh. When the
ﬁsh mature, they leave the wetlands
and move out to estuaries, reefs
or the open sea. The main types of
ﬁsh caught in the near-shore coastal
ﬁshery of the study sites include
snapper, grouper and anchovy. Most
of the ﬁsh were caught using hook
and line, cast nets, traditional ﬁsh
traps and tangguk (a small ﬁshing net
made of nylon). The division of the
catch for sale and home consumption
varies from household to household
Households with farming land
tend to use most of the catch for
personal consumption while landless
households have a tendency to sell
the higher-value ﬁsh and consume the
lower value ﬁsh.
Given that much of the farm land
close to the coast was lost to the
ﬂood water of the tsunami, many
former farmers have now turned to
ﬁshing activities, including mangrove
based ﬁsheries, for both subsistence
and commercial purposes. Where
mangrove based ﬁsheries remain, they
are experiencing additional ﬁshing
pressure from former offshore ﬁshers
who have yet to receive aid in the
form of boats that will allow them to
resume off-shore ﬁshing.
Fishers also noted that it has become
increasingly difﬁcult to catch ﬁsh in
the mangrove areas since the tsunami
and they attributed this to the fact
that the ﬁsh hide amongst the tangled
roots of dead mangroves. On the
other hand, at all the study sites an
increase in catches of mangrove crabs
was noted. Many local people were of
the opinion that, although there has
been an increase in the number of
the economically important Penaeid
shrimp, there has been a decrease
in catch as they are harder to catch
amidst the dead mangroves. The
increase in the number of shrimps
within the surviving mangrove
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ecosystem is a result of the
destruction of shrimp ponds in the
mangrove areas, while a reduction in
the suitability of the inner mangrove
habitat has forced crabs to move out
to the outer layer of the mangrove
forest where they are more easily
caught.
All these changes highlight the fact
that the tsunami related alterations
to the mangrove habitat have
impacted the inhabitants of these
areas. Mangrove crabs and shrimps
depend on a healthy and productive
mangrove ecosystem. The local
communities expressed the fear that
the increase in the number of ﬁsh,
crabs and prawns would not last
because: (1) eventually the young ﬁsh
and other aquatic species will need
healthy mangroves to survive; and (2)
continued intense ﬁshing amidst the
surviving mangrove ecosystem will
quickly deplete stocks.

Figure 3. Rolling cigarettes using
young Nypa leaves, a major secondary
livelihood activity.

In contrast to the ﬁsh and crustacean
species, mollusks appear to have
declined signiﬁcantly after the
tsunami. The blood cockle (Anadara
granosa), a common species on the
harder sediments of the mid-layer
of the mangrove ecosystem, used to
be harvested in the coastal islands of
Singkil district. Before the tsunami,
in Pulau Balai the cockle harvests
were sold to middlemen in Medan
to be exported to Singapore and
Malaysia. In other study sites, cockles
were collected by local ﬁshermen
and women for subsistence. This
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species was a major food source for
the lower income households. They
speculated that one reason for the
reduction in the number of cockles
may be the increase in the salinity of
the sediment in areas further away
from the sea. However, a study by
Wahyono and Murdjani (1989) had
noted a declining trend in the cockle
stock in the late 1980s. These ﬁndings
point to the need for preservation of
suitable habitats and management of
harvesting.
The local communities reported
that the number of migratory shore
birds has declined noticeably since
the tsunami. The number of pigeons,
which were the most common
type of bird caught for sale or
consumption in the west coast area,
especially in Aceh Jaya and Aceh
Singkil districts, have also declined.
In some areas, it was estimated that
up to 80 to 100 per cent of the bird
population has been lost because
of the fact that few live mangroves
remain. In Calang of Aceh Jaya district,
bird hunting or trapping in the
mangrove forests used to supplement
the incomes of 20 to 30 per cent of
the households in this area.

Mangrove Rehabilitation
The Master Plan for the
Rehabilitation and Reconstruction
of the Regions and Communities
of the Province of Nanggroe Aceh
Darussalam and the Islands of
Nias Province of North Sumatera,
henceforth called the Master Plan,
is a critical national document for
medium-term rehabilitation and
reconstruction efforts. In the Master
Plan following the tsunami, the
Government of Indonesia set a ﬁve
year planting target for a mangrove
cover of 164 840 ha for the whole
of Aceh province. On the west coast
of Aceh, the largest forest based
rehabilitation, involving a number of
NGOs and government institutions,
is in the district of Aceh Barat (Fig. 4).
This has been done partly through

Figure 4. Mangrove rehabilitation
- planting of propagules in Samatiga in
Aceh Barat district.

community and individual initiatives
but has predominantly been in return
for payment under the cash-for-work
schemes operated by relief agencies.
One of the major on-going mangrove
rehabilitation efforts in Aceh is a
re-planting program through the
central government funded National
Movement for Forest and Land
Rehabilitation (or Gerhan - Gerakan
Nasional Rehabilitasi Hutan dan
Lahan) project. Gerhan is a national
program managed by the Directorate
General of Land Rehabilitation
and Social Forestry. The purpose
of this project is to rehabilitate all
types of degraded forest and land
in Indonesia (Ashadi 2006). It was
not designed exclusively for Aceh
or for mangrove rehabilitation. In
Aceh, the Department of Forestry
and Plantation (Dinas Kehutanan
dan Perkebunan) in each district
has the responsibility for planning
and implementation of the Gerhan
supported mangrove rehabilitation
covering some 7150 ha of land. This
covers almost four percent of the
total mangrove forest rehabilitation
plan for Aceh under the Master Plan.
The rehabilitation activities funded
through the Gerhan project are being
implemented in the west coast and
east coasts of Aceh. On the west
coast, the Gerhan project covers six
districts and Aceh Barat and Aceh
Singkil districts have the largest
coverage. On the east coast it is being
implemented in ten districts (Table 3).

The replanting projects were
an appropriate option in the
immediate aftermath of the tsunami
and provided a positive and
tangible reconstruction effort that
communities could be involved in and
that aid organisations could facilitate.
The large number of the trees
planted may appear to constitute
a successful replanting program.
However, with the replanting
programs winding down on the west
coast of Aceh, it is now necessary to
assess their long-term potential.
Potential areas for concern
regarding the success of mangrove
replanting projects in Aceh have been
highlighted earlier (Check 2005) and
were emphasized at the speciﬁc study
sites targeted in this study. The ﬁrst
of these was the apparent lack of a
wider community participation in
some cases. A majority of the people
surveyed in Setia Bakti of Aceh Jaya
district and Samatiga of Aceh Barat
district reported that the number
of people directly involved in the
Table 3. Mangrove rehabilitation through
Gerhan Project (2005) in Aceh.
Location

Area (ha)

West coast

2550

Aceh Barat

1000

Simeulue

200

Aceh Singkil

850

Aceh Barat Daya

300

Aceh Jaya

100

Aceh Selatan

100

East coast

4600

Aceh Besar

300

Aceh Utara

600

Bireun

500

Banda Aceh

500

Pidie

600

Aceh Tamiang

700

Aceh Timur

800

Kota Langsa

100

Sabang

200

Lohkseumawe
TOTAL

300
7150

Source: Department of Forestry, Jakarta
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replanting initiatives was limited to
the village leaders and farmer groups
formed at the early stage of the
program. The planters mostly joined
on the basis of cash-for-work (Rp. 350
per plant, which is less than US$0.04).
As part of the forestry department’s
responsibility, training was provided
to a few people from the groups of
planters who then led the planting
process. Equipment for planting was
also provided, including boats. Land
owners who considered that there
was still a possibility of using their
land for aquaculture declined to be
involved in the program.
In all the study sites in Samatiga,
it was noted that the majority of
the villagers were not aware of the
on-going mangrove rehabilitation
program and its details, e.g., who is
implementing the rehabilitation and
what will be the future arrangement
for users. This is because most
community members were not
involved in the planning stage – which
included site selection for mangrove
rehabilitation and the type of species
that could be planted.
Such issues were not identiﬁed to
the same degree in Pulau Banyak of
Aceh Singkil, where offshore ﬁshery
rehabilitation was a priority for the
predominantly ﬁshing communities
in these islands. In addition, the
majority of the local people are
conﬁdent that the mangroves will
recover through natural re-growth.
It was observed that almost 30 per
cent of the destroyed mangroves,
speciﬁcally around Pulau Tuangku have
re-grown naturally. The remaining
old mangrove trees have successfully
spurred growth and provided natural
protection for the new mangroves.
The lack of speciﬁc and clear
plans for the sustainable use of
the mangrove rehabilitated areas
along the west coast of Aceh is
potentially a signiﬁcant barrier to
the future success of the replanting

projects. Even issues related to
the post-rehabilitation monitoring,
e.g., who has responsibility for the
planted seedlings and how should
they be best taken care of, remain
unresolved. According to the staff
of the local forestry department, the
program is based on conservation
priorities and land rehabilitation
without adequate attention to the
future livelihood issues of the local
communities. Unless there is a direct
economic beneﬁt or other form of
incentive for the local community, it
is unlikely that they will look after
the planted seedlings. Additionally,
there remains a potential conﬂict of
interest between mangrove planting
for land conservation and land use
for aquaculture. However, mangrovefriendly aquaculture systems have
been developed and used throughout
Southeast Asia and elsewhere
(Primavera 1998; Sukardjo 1999).
The majority of the communities
studied indicated future plans
for exploiting the mangroves for
ﬁrewood, building materials and
charcoal. In a similar case study
by Tabuchi (2003) in Karawang,
northwest Java, Indonesia, the
government forestry organization
raised a mangrove plantation on
abandoned farmland. The plantation
technologies were so effective that
the average tree grew to a height
of 8-10 m over a 10 year period.
There were, however, no plans for
sustainable use and conservation of
the rehabilitated areas.Vegetation that
had been recovered was once again
lost due to unsustainable extractions
by local people. This experience
highlights that rehabilitation will
succeed only when land conservation
measures are balanced with
local community needs to obtain
a sustainable beneﬁt from the
rehabilitated systems.
Another problem that was observed
in Samatiga was poorly deﬁned
property rights. At the study sites
on the west coast of Aceh, wild
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mangroves and mangrove supported
resources are common property
(milik alam – a local term which
means belonging to the nature).
However, in the Gerhan project, the
mangrove seedlings are sometimes
planted in former paddy lands that
are under private ownership. One of
the key elements of property rights
is that territorial boundaries (Pollnac
1984) largely disappeared as the
paddy-ﬁelds were washed away by the
tsunami and in some cases became
inter-tidal habitat. Although people
still claim ownership over the land,
it is difﬁcult to know exactly which
plot of land belongs to whom. If the
economic value of mangroves and
their supported resources increase,
some people may want to harvest
them for their own beneﬁt. This may
stimulate property claims to what
is currently considered ‘common
property’ (Hviding 1989) eventually
leading to conﬂicts over resource
ownership.

Summary
The livelihoods of a number of
coastal communities in the west
coast of Aceh are strongly linked
to the mangrove ecosystem. Prior
to the tsunami, the livelihood of
many households in Samatiga of
Aceh Barat district and Setia Bakti
of Aceh Jaya district depended on
direct exploitation of mangrove trees
that were used as building material
and fuel wood as well as to produce
commercial products like roof
thatches and cigarette covers. Many
of the households were also involved
in harvesting mangrove supported
resources, e.g., ﬁsh and shrimp for
subsistence and/or commercial
purpose. The tsunami destroyed
between 30 to 100 per cent of the
mangrove forest along the west coast
and directly or indirectly caused the
loss of income for nearly 50 per cent
of the surveyed coastal households.
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Despite extensive mangrove replanting programs, the lack of a
community based approach means
that there are no speciﬁc and clear
plans for sustainable use of the
mangrove rehabilitated areas in
the future. Even issues related to
the post-rehabilitation monitoring,
e.g., who and how the planted
seedlings will be taken care of, remain
unresolved.
Most mangrove rehabilitation
programs are orientated towards land
conservation and are not necessarily
linked with livelihood options or
integrated resource management.
In many cases, mangroves are being
planted on inundated agricultural
land where pre-tsunami boundaries
have now disappeared. Unless the
boundaries of the privately owned
lands are re-mapped, property
rights are likely to become an issue
in the future, particularly when the
economic value of mangrove trees
and related resources are high.
Looking toward the future there is a
lack of a clearly deﬁned management
plan for sustainable use of the
replanted mangroves. Rehabilitation
will succeed only when conservation
measures are balanced with the
needs of the local communities to
obtain sustainable beneﬁts from the
rehabilitated systems.

Recommendations
The key recommendations of
this study are that a Mangrove
Management Plan be formulated
to include a systematic and
comprehensive assessment of the
extent of tsunami damage and
identiﬁcation of other areas in
need of, and suitable for, mangrove
restoration. It would consider the
biological, social and economic factors
likely to inﬂuence the future use of
mangroves and develop a protocol
for assessing the most appropriate

species to be replanted. Species
selection or habitat enhancement
must be based on post-tsunami
habitat suitability, economic beneﬁts,
and long-term environmental and
economic sustainability.
To date there has been little effort
made to compile and manage
systematically the post tsunami
data relating to coastal and marine
resources. The development of a
management plan would beneﬁt from
the development of a database facility
to store baseline data that exists to
date and data that will be collected
as part of the management plan.
The preparation of highly accurate
baseline maps on mangroves in the
west coast of Aceh would be critical
baseline tools for mapping land
ownership and in making resource
management decisions.
To help in eliciting community
support for the development of a
management plan the study proposes
a network of capacity building
centers along the coast. Such centers
would provide an opportunity for
professionals to have sustained
engagement with local communities
and would aim to ensure that
education, social mobilization and
adherence to regulations become
a strong foundation for sustainable
coastal livelihoods. This would include
exploring options for providing
alternative livelihoods to reduce the
pressure on rehabilitated resources.
The Master Plan is a critical national
document for medium term
rehabilitation and reconstruction
efforts. One of the key criteria
emphasized through the Master
Plan is that the rehabilitation and
reconstruction of the natural
resources and environment must be
community-oriented and focused on
participatory, holistic and integrated
approaches. It is now time for these
medium term goals to be realized.
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Fisheries Rehabilitation in Post-Tsunami
Aceh: Status and Needs from Participatory
Appraisals
L. Garces, A. Tewﬁk, M. Pido, N. Fatan, D. Adhuri, N. Andrew, M. Dey

Abstract
The widespread and long-term nature of the tsunami damage in Aceh province, Indonesia has
threatened the continued use of coastal and ﬁsheries resources. This article describes the application
of the Rapid Appraisal of Fisheries Management System (RAFMS) methodology and presents
key ﬁndings from the participatory appraisals in 15 study sites. The focus is on changes in the
number and types of ﬁshing boats and ﬁshing effort, consumption and marketing ﬂow patterns
and community perspectives on livelihood options. The level of aid (for new boats), mainly from
international organizations, has been unevenly distributed with the number of boats in 13 of 15
villages still being well below the pre-tsunami levels. A focus on supplying small vessels may put
increased ﬁshing pressure on the near-shore zone. Consumption data and marketing ﬂows suggest
that most ﬁshing villages are supplying outside markets and adding considerably to the wider food
security of the province. Despite the tsunami, marine ﬁsheries-related livelihoods are still preferred,
although there are indications for the potential expansion of livelihoods into the culture of new
species. Alternative resource-based livelihoods need to be tested and reﬁned to ﬁt the needs of the
current conditions in Aceh to provide viable options for eliminating hunger and reducing poverty.

Introduction
The December 26, 2004 tsunami and
associated earthquake in March 2005
had a devastating effect on coastal
ﬁshing communities in Nanggroe
Aceh Darussalam (NAD), Indonesia
(also referred to subsequently as
Aceh Province). In Aceh province,
over 30 per cent of the population
already lived in poverty and the
tsunami is expected to increase this
number by another 600 000 people.
The tsunami, along with destroying
housing and community facilities,
killed an estimated 15-20 per cent of
the ﬁshers (10 000) and damaged or
destroyed over 10 000 ﬁshing boats,
countless ﬁshing gear and associated
support infrastructure (MMAF 2006;
CONSRN 2005; Stobutzki and Hall
2006). The current focus of shortterm rehabilitation activities in these
coastal communities is on replacing
these critical ﬁsheries associated
assets as well as providing the

community with options for other
aquatic resource related livelihoods
that provide real, tenable alternatives
to eliminate hunger and reduce
poverty (BRR 2005).
The Indonesian Strategy and Program
for Rehabilitation and Reconstruction
of the Fishery Sector in Aceh and
Nias: Post Earthquake and Tsunami
Wave Disaster (hereafter referred
to in this collection of articles as
the Indonesian Strategy for Fisheries
Rehabilitation and Reconstruction)
developed by the Ministry of Marine
Affairs and Fisheries (MMAF),
explicitly recognises the need for
long-term sustainable livelihoods
and ﬁsheries management (MMAF
2005). The WorldFish Center, with
funding support from the Australian
Center for International Agricultural
Research (ACIAR), initiated a project
focused on ﬁsheries rehabilitation
from June 2005 to December 2006.
The speciﬁc aims were to support

the Indonesian Strategy for Fisheries
Rehabilitation and Reconstruction to: (1)
assess the ﬁsheries sector and natural
resources; (2) provide key inputs
regarding community needs and
sustainable livelihood strategies; and
(3) strengthen the capacity of local
researchers and ﬁsheries ofﬁcers in
resource and livelihoods assessments,
management and community
engagement.
This paper presents the key results
using the Rapid Appraisal of Fisheries
Management System (RAFMS)
methodology to assess the situation
in tsunami-affected coastal ﬁshing
communities in Aceh, Indonesia. The
participatory nature of the work was
aimed at integrating local perspectives
and contributing to an increased
capacity of local organisations in
follow-up rehabilitation activities,
following the national decentralization
process. This paper focuses on
three key appraisal results, including
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changes in the ﬁshing ﬂeet and
associated potential ﬁshing effort,
ﬁsh consumption and marketing ﬂow
patterns, and community perspectives
on livelihood options.

Rapid Appraisal
Framework, Approach
and Process
The devastating tsunami event
created a real and pressing
need for the application of an
assessment methodology that
could be undertaken rapidly on
social, economic and resource
issues at a relatively low cost.
Hence, the RAFMS was selected
to collect information and provide
key management guidance. RAFMS
focuses on the ﬁsheries sector but
takes into account the broader
socioeconomic and institutional
context in which the sector operates
(Pido et al. 1996, 1997). In order to
do this, the RAFMS largely uses a
methodological framework known as

institutional analysis and development
(IAD) (Kiser and Ostrom 1982;
Ostrom and Ostrom 1997; Ostrom
1986, 1990, 1992; Oakerson 1992)
subsequently modiﬁed for use in
ﬁsheries management (ICLARM/IFM
1996; Pido et al. 1996) (Fig. 1). The
focus on a participatory approach via
community-based assessments was
critical because the rehabilitation
strategies need to be community
driven in order to be effective.

Study Areas
A total of 15 study sites (villages)
were visited during the participatory
appraisals (Fig. 2). The sites
were selected on the following
considerations: (1) damage inﬂicted
by the tsunami; (2) importance of
capture ﬁsheries; (3) the aid process
(e.g., boat gear distribution by
government agencies, donors and
NGOs); (4) presence of Panglima laot
and active support of community
and local leaders; and (5) security

and accessibility. The study sites were
distributed across seven districts in
Aceh province and broadly clustered
into three geographical locations
(i.e., west coast, east coast and Aceh
Besar) (Table 1). The appraisals were
carried out between December 2005
and March 2006 (Rizal et al. 2006 - 15
Project Appraisal Reports).

Team Formation and Composition
Prior to conducting the rapid
appraisals, and as part of the project,
a 10-day training workshop1 was
conducted to: (1) introduce the
RAFMS as a tool to strengthen the
capacity of local research partners
in the assessment of ﬁsheries and
livelihoods, and of local ﬁsheries
ofﬁcers (Dinas Perikanan) in ﬁsheries
management and community
engagement; and (2) design and
ﬁeld test the rapid appraisal guide
(i.e., interview format) to be used
by the research team for the ﬁeld
data gathering. A tripartite team

I. Community Needs
and Perspectives
(Livelihood options)

Exogenous
attributes
(Tsunami)

Fisher/
Community
Level

II. Status of Fisheries
and Natural Resources

III. Other concerns
(Conﬂicts, Markets,
Property Rights, Gender)
Outside
Fisher/
Community
Level

Patterns of
interactions
among
resources users

OUTCOMES

External institutional
and organization
arrangements

Figure 1. RAFMS modified research framework in the context of assessing tsunami-affected areas in the Aceh Province, Indonesia.
Source: Modiﬁed from Oakerson 1992 and Pido et al. 1996).
1

Training Workshop on Participatory Appraisal for Community Needs Assessment and Resource Status, 30 November to 8 December 2006, Syiah
Kuala University, Banda Aceh, Indonesia.

20 NAGA, WorldFish Center Quarterly Vol. 29 No. 3 & 4 Jul-Dec 2006

asian tsunami

Figure 2. Location of the 15 study areas/sites in seven districts in Aceh province, Indonesia.
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was organized to undertake the
appraisals (Fig. 3). As suggested in
the RAFMS methodology, the multidisciplinary team consisted of at least
one each of experts in the ﬁelds of
socioeconomics, institution building
and biophysics (Pido et al. 1996,
1997).

Data Collection and Processing
The RAFMS methodology
consisted of four sequential but
overlapping steps: (1) literature

review; (2) reconnaissance survey;
(3) ﬁeld data gathering; and (4)
community validation (Fig.4).
Detailed descriptions of the steps
are presented in Pido et al. (1996)
and Garces et al. (in prep). A semistructured and previously tested
interview format was used to obtain
the desired data sets and information.
The interview format consisted of
three parts linked with the RAFMS
framework (Fig. 1). The primary
data were collected during the ﬁeld
data gathering phase through key

Rapid appraisal
practitioners

Fishing
Communities

Local
Researchers

Figure 3. Tripartite partnership arrangements during the conduct of the appraisals
using RAFMS in 15 villages in Aceh province, Indonesia.

Step 1
Secondary data
analysis

Step 2
Reconnaissance
survey
Community Needs
(Livelihood Options)

Step 3
Field data
gathering

Figure 4. Description of the fisheries management system through the RAFMS process
applied in the appraisals of 15 study sites in Aceh province, Indonesia.
Source: Modiﬁed from Pido et al. 1996, 1997).
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Due to the limited availability of
secondary information and the
time for data collection, community
validation was conducted in all the
villages surveyed to ensure that the
information collected by the appraisal
team was realistic, acceptable and
could provide a sound basis for
future actions. In all 15 study sites,
the village chief and/or authorized
representative (mainly the Panglima
laot) identiﬁed the 173 participants
(Table 1) and called a community
assembly to discuss the ﬁnding of the
appraisals.

Key Appraisal Results

Status of Fisheries
and
Natural Resources
Step 4
Community
validation

informant (KIs) interviews. The key
informants included a cross-section
of coastal stakeholders: the local (subdistrict) Dinas Perikanan (ﬁsheries
ofﬁcers) representatives; village
chief, elders, Panglima laot (ﬁshers
organization informal leaders);
senior and new ﬁshers, ﬁsh traders
and distributors, Toke banku (local
capitalists/creditors); women engaged
in ﬁsheries, and local youth. A total
of 205 key informants participated
in the primary appraisals (Table 1). In
all 15 villages, the local leader (village
chief and/or the Panglima laot) helped
identify the KIs. Panglima laot is the
local ﬁsher’s organization that has
a long history in Aceh ﬁsheries and
is strongly embedded in the coastal
communities (Nurhakim et al. 2006;
Box 1).

The appraisal process generated
substantial information over a
broad range of areas. However, we
have highlighted three key results
that pertain to: (1) the ﬁshing ﬂeet
(number of boats and associated
ﬁshing effort), (2) ﬁsh consumption
and marketing ﬂow patterns, and (3)
community perspectives on livelihood
options. The knowledge garnered
from these three areas contributes
most directly to community
needs and perspectives in terms
of sustainable ﬁsheries livelihoods

Pidie

Biruen

11. Pasar Lama
12. Blang Lancang
13. Paya
14. Geulhumpang Lhee
15. Pasi Lhok

Jeunib

Puedada

Batee

Kembang
Tanjung
Rural

Rural

Rural

Rural

Urban

Rural

10. Batu Itam

Tapak tuan

Aceh Selatan

Rural
Urban

Labuhan Haji
Tengah

Kuala

Nagan Raya

Rigaih
Lhok Kruet/Pulo Raya

Urban

Rural

Rural

Rural

Rural

Urban

Classiﬁcation*

Rural

9.

Sampoinit

Calang

Padang Seurahet

Suak Geudubang

Meunasah Keudee

Leungah

Moniken

Study area (village)*

Pulo

7.
8.

Setia Bakti

5.

4.

Samatiga
6.

3.

Mesjid raya

Krueng Sabee

2.

Selimum

Johan pahlawan

1.

Lhoknga

Sub-district

88

72

152

131

310

360

202

85

102

113

180

169

37

47

17

Distance from
Banda Aceh
Affect of tsunami**

Heavily damaged

Moderately damaged

Not damaged

Moderately damaged

Moderately damaged

Not damaged

Heavily damaged

Heavily damaged

Heavily damaged

Heavily damaged

Heavily damaged

Heavily damaged

Heavily damaged

Moderately damaged

Heavily damaged

* The number corresponding to the study area (village) are also the same for Table 4 and 5. ** Central Bureau of Statistics (BRR).
Source: 15 appraisal reports of Rizal et al. (2006).

East Aceh

Aceh Barat

West Aceh

Aceh Jaya

Aceh Besar

District

Aceh Besar

Geographic
location

Table 1. Study sites for rapid/participatory appraisals in Aceh province.

1-Jan-06

1-Jan-06

22-Mar-06

2-Jan-06

2-Jan-05

24-Mar-06

21-Dec-05

20-Dec-05

20-Dec-05

20-Dec-05

20-Mar-06

21-Dec-05

6-Dec-06

3-Jan-06

3-Dec-05

Survey date

21

17

14

11

18

25

11

10

11

11

17

13

7

9

10

KIs for
survey

13

14

12

10

13

17

10

7

10

10

10

11

12

9

15

KIduring
Validation
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Box 1.

Panglima laot, “Father of the
Community”, has existed in
the coastal areas of Aceh since
the 4th century. Panglima
laot is customary law that
regulates ﬁsheries and marine
activities and is presided
over by an elected leader
from the ﬁshing community.
The Panglima laot operates
in 16 districts/regencies
and 73 villages in coastal
areas in Aceh. The tasks of
the Panglima laot are to
control all customary sea law
decisions, coordinate ﬁshing
ventures, resolve disputes
and conﬂicts, administer all
traditional sea ceremonies,
attempt to improve the
standard of living in the
area, and, at the provincial
level, act as a link between
the ﬁshing community and
outsiders (other communities
and government). After
the tsunami, the Panglima
laot undertook a number
of activities, providing
coordination, leadership
and social support. They
coordinated debris cleanup, gave living allowances
to families, organized a
province-wide prayer meeting,
consulted and coordinated
government and donor
activities, and provided training
for ﬁshers in cooperation with
a national NGO.

Source: ASEAN-SEAFDEC Regional Technical
Consultation on Rights-based Fisheries and
Co-management Systems for Small Scale
Fisheries, Jakarta, Indonesia, 18-20 July 2005,
Southeast Asian Fisheries Development
Center, Bangkok in Pomeroy et al. 2006.
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Boat
type

Bagan

+

-

-

+

-

55

165

-

+

Boat Aid
(%)

0

5

3

Boat
(%)

Aid

Boat
(%)

23

100

83

-

-

-

+

Aid

(5)
Padang
Seurahet

- 1300

-

-

(3)
(4)
Meunasah
Suak
Keudee Geudubang

(7)
Rigaih

(8)
Lhok
Kruet/
Pulo Raya

(9)
Pulo

Study Site/Village
(10)
Batu Itam

(11)
Pasar
Lama

(12)
Blang
Lancang

70

35

-

-

0

11

100

-

-

-

2

5

3

17

32

-

-

-

-

+

36

0

0

+

-

-

100

100

100

100

-

-

-

-

22

45

79

0

-

-

-

-

70

50

80

200

59

-

-

-

+

+

0

55

29

25

12

-

+

-

-

-

Aid

(13)
Paya

Boat Aid Boat Aid Boat Aid Boat Aid Boat Aid Boat Aid Boat Aid Boat
(%)
(%)
(%)
(%)
(%)
(%)
(%)
(%)

(6)
Calang

- No aid; + Aid; * Not present before tsunami.
Refer to Table 1 for the actual/corresponding name of study area (village) as indicated by the number.
Source: 15 appraisal reports from Rizal et al. (2006).

Bagan
(liftnet)

Motorized Banteng/
inboard,
Payang
5-10GT

Boat
Pukat

Boat
Pancing

0

Pukat
Motorized Langgar
inboard,
Robin
< 5GT
Thepthep

100

0

Labi-labi

+

+

*

125

88

0

Aid

Boat
(%)

Boat
(%)

Aid

(2)
Leungah

(1)
Moniken

Fiber
Boat

Bak

Motorized Motor
outboard, Tempel
< 5GT

Non
Rowboat
motorized

Major
group

Table 2. Pattern of boat aid (% of pre-tsunami levels) by study site and by boat type.

30

0

Boat
(%)

Aid

-

-

(14)
Geulhumpang
Lhee

0

130

17

0

0

-

+

-

-

-

Boat Aid
(%)

(15)
Pasi Lhok
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Budi Prisantoso

strategies and an assessment of the
status of the ﬁsheries (in terms of
ﬂeets/boats).

Fishing ﬂeet
More than 1200 boats of varying sizes
were either lost or damaged in the
15 surveyed villages. The replacement
of boats and gear has been gradual,
largely through aid from international
and non-governmental organizations
(NGOs), with a small number from
national and local governments.
However, the distribution of this aid
has varied greatly, with a few villages
receiving the bulk of the aid while
some villages have received none at
all (Table 2). Thirteen villages still have
a shortfall in boat numbers compared
to pre-tsunami levels, ranging from 46
per cent to 100 per cent, an average
deﬁcit of 72 per cent of the ﬂeet.
The boats distributed through the
aid process have been mainly smaller
types of boats (mostly <12 m and
<5 GT) with respect to the original
ﬂeet conﬁguration. This may have
consequences on the overall diversity
of future ﬁshing activities (e.g., gears
used, species caught). As the tsunami
has taken the lives of many senior
ﬁshers, there are now a number of
new entrants to the ﬁsheries. The
ownership pattern has also changed.
In the past, the boats and engines
were largely owned by local creditors
or Toke banku. Fishers now own
their boats, which they have obtained
largely as donations through aid. In
areas where Toke banku are still
operating, they now provide loans to
cover the operational costs of ﬁshing
(e.g., fuel) rather than the capital to
ﬁnance boats, engines and gear.

from the appraisals by deﬁning the
per cent of ﬁsh landed that is locally
consumed: Type I = <25 per cent; Type
II = 25-50 per cent; and Type III = >50
per cent. The majority (73 per cent)
of the villages export ﬁsh (Types I
and II), with a major proportion of
the total catch being transported
(mainly via road transportation) to
the urban centers of Banda Aceh or
Medan. Only four villages consume
the bulk (80 per cent or more) of the
landed ﬁsh catch locally (Type III). Two
basic types of sharing arrangements
were observed. In both cases, the
operating costs were ﬁrst deducted
and given back to the ﬁnancier (e.g.,
Toke banku) before dividing the proﬁt.
The ﬁrst type is where the owner
and ﬁshing crew divide the catch
equally. In the second type, one-third

goes to the boat owner and twothirds of the catch goes to the ﬁshing
crew, including the boat captain. In
some villages, the beneﬁt pattern
has changed signiﬁcantly due to the
change in ownership of the primary
ﬁshing assets (i.e., boats and gear)
noted earlier. In most villages, the
local credit system (Toke bangku) still
plays a signiﬁcant role in the selling
and buying of ﬁsheries products. In
addition, women play an important
role in the processing (mainly drying)
of the ﬁsh prior to marketing. This
is most evident in study sites where
lift nets (using bagan boats) are
employed to target small pelagic
species such as anchovies (e.g.,
Meunasah Keudee in Aceh Besar).

Livelihood options
Livelihood activities are broadly
classiﬁed into three types: ﬁsheries
resource based; non-ﬁsheries
resource based; and non-resource
based, with some individuals engaged
in several livelihood activities (Table
4). Some livelihoods were lost after
the tsunami such as pond aquaculture,

Table 3. Fish consumption, marketing pattern and sharing of the total fish catch/landed
at 15 coastal villages in Aceh Province, Indonesia.
Study site/village

% ﬁsh catch for local
consumption (local vs.
outside market)

Typology*

% share of ﬁshers
(ﬁsh catch/proﬁt)

1.

Moniken

40

II

67

2.

Leungah

35

II

50

3.

Meunasah Keudee

5

I

67

4.

Suak Geudubang

5

I

67

5.

Padang Seurahet

10

I

50

6.

Calang

90

III

50

7.

Rigaih

90

III

50

8.

Lhok Kruet/Pulo Raya

30

II

50

9.

Pulo

5

I

67

Fish consumption and marketing
ﬂows

10. Batu Itam

5

I

50

11. Pasar Lama

8

I

50

12. Blang Lancang

80

III

50

The pattern of ﬁsh consumption
and marketing ﬂows, including proﬁt
sharing arrangements, vary among
the 15 villages (Table 3). Three
consumption typologies were noted

13. Paya

80

III

50

14. Geulhumpang Lhee

7

I

50

15. Pasi Lhok

8

I

50

* Typology for % of ﬁsh catch for local consumption: I = < 25%; II = 25-50%; III = >50%.
Source: 15 appraisal reports of Rizal et al. (2006).
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octopus collection, salt panning,
and seaweed cultivation. Important
livelihood options for the future
include various forms of aquaculture
or mariculture of new species, such
as seabass, shellﬁsh (e.g., shrimp) and
seaweed. However, many respondents
expressed a preference for future
employment in boat building and
repair, engine maintenance, and net
making and repair. This may be in
anticipation of the number of boats
and/or gears that have been pledged
by donor agencies. Hence, capture
ﬁsheries and related livelihoods
will continue to be an important
economic activity in the coastal
communities. For non-ﬁsheries
resource based activities, agriculture
is still expected to take a prominent
role. This includes harvesting of crops
(including coconuts) and raising of

Alex Tewﬁk
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livestock, particularly poultry. Stone
quarrying is no longer preferred as
it may have contributed to coastal
erosion that aggravated the impact

Table 4. Relative importance of past, existing and preferred livelihood activities at
15 coastal villages in the NAD province, Indonesia.
Livelihood Activity

Past

Existing

Future

10

8

13

I. Resource Based (Fisheries)
• Boat building/repair
• Fish processing

6

5

8

15

11

14

• Net making/repair

13

12

15

• Post larvae collection

10

1

7

9

2

7

• Fishing/Fish trading

• Shrimp nursery

of the tsunami. Of the non-resource
based livelihood activities, carpentry
is preferred and is closely associated
with boat building as well as housing
construction. The non-resource based
activities also include the service
(i.e., hotels, restaurants) and the
building and construction sectors,
with the former stimulated by the
requirements of the ‘aid community’
and the latter based on the need to
restore and rehabilitate the damaged
physical infrastructure in both the
transportation (i.e., roads, bridges)
and ﬁsheries (i.e., landing sites, ports,
processing areas) sectors.

II. Resource Based (Non-ﬁsheries)
• Agriculture (crop)

13

9

13

8

10

12

15

13

14

• Handy craft

8

3

5

• Harvesting and selling coconut

8

5

6

14

12

13

11

11

13

• Coffee shop

7

7

7

• Dress making

8

5

7

• Employment (government)

15

15

15

• Mechanic

11

10

12

• Trading

15

11

14

8

5

7

• Carpentry
• Cooking and selling food

• Poultry / livestock raising
III. Non-Resource Based
• Builders / construction workers

• Transport

Note: Only the top six are presented in each of the sub-categories; numbers in each livelihood
activity are actual responses per study site whereby the maximum is 15 (i.e., the livelihood
activity was noted in all 15 study sites).
Source: 15 appraisal reports of Rizal et al (2006).
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Management
Implications and
Recommendations
First, attention should be given to
the appropriate replacement of
the type of boats based on need
and in accordance with resource
sustainability. The ﬁshing effort is
seen to be on the increase with
both national government and the
international NGOs and aid agencies
providing boats (including engines and
gear). At the time of the appraisals
(early 2006) the aggregate number of
boats in the 15 villages had not even
reached 50 per cent of the original
ﬂeet. The level of boat replacement
in any particular village may be linked

Alex Tewﬁk
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Secondly, a better understanding of
local ﬁsh consumption, ﬁsh marketing
ﬂows, and supply and demand
trends is required. The consumption
patterns and marketing channels
and ﬂows suggest that most of the
ﬁshing villages are supplying ﬁsh
to outside areas. The bulk of the
ﬁsheries production is transported
to the urban centers within Aceh
province, such as Banda Aceh and
Medan. Therefore, these villages are
not only self-sufﬁcient in their protein
requirements but also supply ﬁsh
that is crucial for wider food security,
employment and the economy of
the province and possibly beyond.
As a component of marketing, the

Thirdly, the rehabilitation of
livelihoods should be based on
community needs and reasonable
opportunities. Prior to the tsunami,
marine ﬁsheries and land-based

Alex Tewﬁk

to the severity of damage and the
relative distance from Banda Aceh
(major staging area of the aid effort)
and the associated damage to roads
and bridges. As of September 2005, a
total of 1578 boats (92 per cent <12
metres) were delivered to affected
villages in Aceh province compared
to more than 10 000 boats lost or
damaged (CONSRN 2005; MMAF
2006). Such a level of response may
have serious negative implications
especially given the importance of
ﬁsheries as the primary source of
food and income for many coastal
communities. There are also many
direct and indirect links from
ﬁsh harvests to other livelihoods.
Also, the focus on replacing or
repairing of smaller vessel types
and associated gear that are only
capable of limited safe operations
close to the coast, may put undue
pressure on already overﬁshed areas
within the near shore zone. A well
designed and managed rehabilitation
of primary ﬁsheries activities would
provide much needed income while
protecting the long-term sustainability
of resources. These activities would
naturally facilitate opportunities for
revitalizing associated livelihoods and
provide a buffer while developing
alternative livelihoods to marine
capture ﬁsheries for some of the
population.

local credit system (Toke bangku)
appears to be as important as before.
In the past, the marketing options
of individual ﬁshers may have been
limited by the presence of credit ties
to local ﬁsh buyers who provided
investment and operational loans
to ﬁshers as a means of insuring
a constant supply for their own
marketing activities (Bailey and
Marahudin 1987). In some study areas,
the Toke banku now only provide
credit for operational costs where
the ﬁshers own the boat or gear they
received from the aid agencies. The
sharing arrangement for the catch is
now also different in some areas due
to the change in ownership of the
ﬁshing assets (boats and engines). In
the past, the boats and engines were
largely owned by the local investors
(i.e., Toke bangku). Now, the boats
(largely as donations) are owned by
the local ﬁshers themselves. There
is a need, therefore, to undertake
research on the current dynamics of
ﬁsh marketing (patterns, sharing of
proﬁts, etc.) in relation to the factors
of ﬁsh catch and production, including
demand and supply for ﬁsh.
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agriculture were the predominant
economic activities. Coastal ﬁsheries
resources and habitats were the
most negatively impacted. Large areas
of mangroves have been severely
damaged as a consequence of the
tsunami (Kanagaratham et al., this
volume). Terrestrial-based resources,
such as coconuts and pine trees,
were also largely destroyed. However,
the preference for ﬁsheries-related
livelihoods remains strong. There are
indications of expansion of nonmarine capture ﬁsheries, such as the
culture of new species. The general
principles for rehabilitating livelihoods
as proposed by Pomeroy et al (2006)
must be considered. Moreover,
feasibility studies may be needed
before facilitating new livelihoods. The
community members have identiﬁed
a variety of livelihood options,
including alternatives that are outside
the ﬁsheries sector. It seems that
they prefer to either intensify their
existing livelihoods, or undertake
supplementary activities that are
ﬁsheries and/or natural resource
based. Therefore, appropriate training
and/or capacity building measures
must be instituted. The livelihood
options must be commensurate
with the skills of the community
members, should not endanger the
sustainability of the natural resources
over the long-term and should
not move people into sectors for
which skills and opportunities are
lacking. A stakeholder consultation
workshop2 was organized as part of
the WorldFish Project on Fisheries
Rehabilitation in Tsunami-Affected
Indonesia: Community Needs
Assessment and Resources Status
funded by ACIAR and the FAO
project A Rapid Assessment of the
Status of the Fisheries in Tsunami
affected Areas of Indonesia. A similar
workshop was also conducted in
Sri Lanka with support from the
Government and people of Lao
2

PDR. The issues, problems and
recommendations covering the
research and management options
included resource status, livelihoods,
governance and conﬂict resolution,
capacity building and understanding
the new dynamics resulting from the
tsunami event. The recommendations
from this workshop are expected
to guide and support rehabilitation
activities in Aceh province.

Conclusions
The application of a rapid and
inexpensive appraisal methodology
(RAFMS) has yielded critical
information in support of ﬁsheries
rehabilitation in Aceh. This is in light
of the widespread and long-term
nature of the damage cause by the
tsunami that threatens the continued
use of ﬁsheries resources by coastal
communities. Speciﬁcally, the donation
of boats through aid has varied
greatly, with many villages still having a
considerable shortfall in the number
of boats compared to pre-tsunami
levels. The focus on the donation of
small vessels may, in fact, put undue
pressure on already overﬁshed near
shore areas. Both points illustrate
that the rebuilding of the ﬂeet is a
complex and sensitive issue requiring
a well coordinated effort to be
effective and sustainable. Also, data
on ﬁsh consumption and marketing
ﬂows suggest that most ﬁshing
villages are supplying outside markets,
further adding to the importance
of re-establishing ﬁsh production
for wider food security. Finally,
alternative, resource based livelihood
activities, including aquaculture, may
add signiﬁcantly to the prospects
for improving ﬁsheries related food
security and incomes and, hence,
a reduction in hunger, poverty and
the pressure on marine ﬁsheries
resources.
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Fisheries Rehabilitation in Post-Tsunami
Aceh: Issues and Recommendations from a
National Consultative Workshop1
Abstract
The ﬁsheries sector in Indonesia was heavily affected by the 26 December 2004 tsunami. About
9083 ﬁshers were killed in the 18 districts affected, along with more than 45 government ﬁsheries
staff. Fisheries and aquaculture have been the sectors most severely hit by the disaster with large
numbers of boats, ﬁshing gear, ponds and support installations either lost or damaged. The
response to the tsunami disaster has been diverse, with both private and donor contributions to
the relief effort. There have been a variety of interventions in the ﬁsheries sector, ranging from the
repair of boats and replacement of lost equipment, to reconstruction of aquaculture ponds. This
article reports on the results of the national stakeholder consultation workshop organized as part
of the WorldFish Project, Fisheries Rehabilitation in Tsunami-Affected Indonesia: Community needs
Assessment and Resource Status, detailed in the previous article.

Introduction

In Indonesia, the ﬁsheries sector was
heavily affected by the disaster. About
9083 ﬁshers were killed in the 18
districts affected, along with more
than 45 government ﬁsheries staff
(CONSRN 2005). It is also estimated
that 10 039 ﬁshing boats with gear,
many with engines, were totally or
partially destroyed, and 55 per cent of
the ﬁshing harbours and ports were
damaged. The direct damage to the
capture ﬁsheries sector is estimated
at US$105 million (about half of the
total assets in the affected area),
with a further US$410 million of
indirect damage from lack of ﬁshing
1

Alex Tewﬁk

The tsunami of 26 December 2004
killed more than 200 000 people and
devastated the livelihoods of many
more. Most of those affected were
poor ﬁshers, ﬁsh farmers and their
families. Fisheries and aquaculture
have been the sectors most severely
hit by the disaster with large numbers
of lost and damaged boats, ﬁshing
gear, ponds and support installations.

(BAPPENAS 2005). Estimates also
suggest that at least 20 000 ha of
tambaks (ﬁsh ponds) were damaged
and another 5000 ha put out of
production due to damaged water
supplies (MMAF 2006).
The response to the tsunami disaster
has been diverse, with both private
and donor contributions to the relief
effort. There have been a variety of
interventions in the ﬁsheries sector,

ranging from the repair of boats and
replacement of lost equipment to
reconstruction of aquaculture ponds.
This has been undertaken by donor
supported bilateral projects, NGO
groups, UN agencies such as FAO and
private well-wishers. The Ministry of
Marine Affairs and Fisheries (MMAF)
has also developed the Indonesian
Strategy for Fisheries Rehabilitation and
Reconstruction.

Based on the outcomes of the National Consultative workshop on “Fisheries Rehabilitation in Tsunami–Affected Indonesia: community needs
assessment and resources status” organized by MMAF, FAO and the WorldFish Center on 26-27 June 2006, Jakarta, Indonesia.
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ﬁshing capacity that may have been
too great to ensure sustainability.
To increase capacity in these areas
to greater than pre-tsunami levels
would clearly be undesirable as it
would negatively impact longer term
sustainability of the ﬁshery and the
livelihoods of ﬁshers rather than
help to rehabilitate them. Therefore,
the FAO and WorldFish support the
government of Indonesia in its long
term goals of implementation of the
Code of Conduct for Responsible
Fishing.

To promote better coordination, a
consortium approach was adopted
by a group of key regional agencies
with a mandate to support livelihoods
of coastal communities involved
in ﬁsheries and aquaculture (i.e.,
Consortium to Restore Shattered
Livelihoods in Tsunami Devastated
Nations - CONSRN). Key CONSRN
partners include the Bay of Bengal
Programme – Intergovernmental
Organization (BOBP-IGO), the
Food and Agriculture Organization
of the UN through its Regional
Ofﬁce for Asia and the Paciﬁc (FAO
RAP) and Asia Paciﬁc Fisheries
Commission (APFIC), the Network
of Aquaculture Centers in AsiaPaciﬁc (NACA), the South East Asia
Fisheries Development Centers
(SEAFDEC) and The WorldFish
Center (WorldFish). The consortium
provides a forum for the sharing
of information and views and
development of strategies. To facilitate
a cooperative and multidisciplinary
approach, CONSRN has developed
this Regional Strategic Framework for
rehabilitation.

on 7-11 March 2005) to consider
during the tsunami rehabilitation was
the potential to create ﬁshing overcapacity through the provision of
too many ﬁshing vessels. This would
negatively impact ﬁshery resources
and the livelihoods of vulnerable
communities in the future.
However, without reliable information
on the status of the natural resource
it is difﬁcult to manage the ﬁshery
and decide on an optimum number
of vessels and type of gear. Even
before the tsunami, some areas had

A key issue (reported to the FAO
Members in the 26th Session of the
FAO Committee on Fisheries, COFI,
32 NAGA, WorldFish Center Quarterly Vol. 29 No. 3 & 4 Jul-Dec 2006

In addition to knowledge of the
ﬁshing effort, an important step in
the post-tsunami management of the
ﬁshery resources is an understanding
of the status of the resources
themselves and recent trends in their
exploitation. In order to improve
understanding of the ﬁsheries
resources and their management,
and in support of rehabilitation, the
government of Indonesia (through
MMAF with FAO and the WorldFish
Center) have initiated two projects to
provide advisory support in carrying
out assessments of the status of the
ﬁshery:
•

Fisheries Rehabilitation in
Tsunami Affected Indonesia:
Community Needs Assessment
and Resource Status (The
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These projects have been
implemented with the participation
of tsunami affected communities
using rapid appraisal techniques
and aimed at developing strategies
for managing the resources in a
sustainable way. These assessments
will greatly assist the longer term
planning of rehabilitation efforts and
will support initiatives to improve
resource management. Both projects
will provide technical advice to
support assessments and planning
for future rehabilitation to ensure
these do not lead to overexploitation
of the natural resource base and
overcapacity in ﬁshing.
The National Consultative Workshop
on Fisheries Rehabilitation in Tsunami
Affected Indonesia: Community
Needs Assessment and Resources
Status was organized by the Center
for Marine and Fisheries Socioeconomic Research and the Research
Center for Capture Fisheries of
the Ministry of Marine Affairs and
Fisheries (MMAF) on 26th and 27th
June 2006. The WorldFish Center
and FAO jointly co-sponsored the
workshop and hosted it at the
Center for Marine and Fisheries
Socioeconomic Research in Jakarta.
This two-day workshop was
attended by 36 representatives
from the Ministry of Marine Affairs
and Fisheries, Dinas Perikanan dan
Kelautan (Provincial Fisheries Ofﬁce),
ADB-ETESP, USAID-ESP, FAO and the
WorldFish Center. The workshop was
divided into three sessions, as well as
sessions for discussion. Session I was
on ﬁsheries rehabilitation activities

Alex Tewﬁk

•

WorldFish Center, MMAF with
support from Australian Centre
for International Agricultural
Research - ACIAR); and
A Rapid Assessment of the
Status of the Fisheries in Tsunami
Affected Areas of Indonesia and
Sri Lanka (FAO and MMAF with
support from the Government
and people of Lao PDR).

in tsunami affected Indonesia.
The results of the WorldFish and
FAO project based on the rapid
appraisals were presented. Session
II was a discussion on strategies and
options for the rehabilitation and
sustainability of ﬁsheries. The ﬁnal
session was on follow-up and future
activities.
The workshop: (1) brought together
key stakeholders (e.g., BRR, MMAF,
Dinas perikanan, NGOs) involved
in Fisheries Rehabilitation in Aceh
province; (2) presented and reviewed
the appraisal results from the FAO
and WorldFish studies; and (3)
discussed the recommendations
and strategies to ensure that the
Indonesian Strategy for Fisheries
Rehabilitation and Reconstruction
results in improved and sustainable
ﬁsheries livelihoods for coastal
communities and improved ﬁsheries
management.
The list of recommended priorities,
interventions and actions resulting
from the workshop discussions
are given in Table 1. The issues and
recommendations were grouped into
ﬁve categories, namely: (1) resource
status; (2) livelihoods; (3) governance,

conﬂicts and conﬂict resolutions;
(4) capacity building; and (5) new
dynamics, i.e., other issues related
to the tsunami. The following guiding
principles need to be considered in
addressing rehabilitation of livelihoods
in Aceh province:
•

•

•

•
•

•

•

Develop strategies and policies to
reduce vulnerability and improve
resilience (economic, social and
environmental).
Ensure a consultative and
participatory process with local
communities and adoption of best
practices.
Rehabilitate livelihoods based
on local needs and a better
understanding of the enabling
conditions (economic, social, and
environmental).
Adopt a holistic and multi-sectoral
approach.
Link local and regional initiatives
(e.g., infrastructure projects) and
bridge short-term and long-term
investment plans.
Ensure that consideration is given
to non-tsunami affected areas and
communities.
Ensure that consideration is
given to the post-conﬂict political
situation.
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Table 1. Issues, problems and recommendations for rehabilitation of livelihoods and improved management of fisheries in tsunami
affected communities in Aceh province.
Issues/problems

Recommendations

• Long term trend for some species/ﬁsheries has been lacking
(in terms of CPUE)
• Over ﬁshing is recognized as a problem by communities (and
a concern for the future) (e.g., Malacca Straits)
• Change in catch, in terms of volume and type of species, due
to changes in ﬁshing areas (i.e., from Malacca Strait to Indian
Ocean)
• Mangrove conversion (in some areas)
• Pollution (in some locations)

• Improving conservation and rehabilitation of natural habitats (coral/
mangrove)
• Establishment of ecological and ﬁsh stock assessment and monitoring
• Creation of ‘pre-ﬁsheries management plan’ before stock assessment is
completely done, with particular emphasis on regulation to control access to
ﬁshery resources, strong coordination and regulation of aid distribution with
respect to resource status
• Promotion/implementation of the FAO code of conduct for responsible
ﬁsheries

1. Resource status

2. Livelihoods
• Quality of aid: how to ensure good aid? (beneﬁciary and
adequacy of the aid)
• Change in number of ﬁshers or nets or ﬁshing ground (related
to resource status)
• Increased ﬁshing capacity (boats/gear) – but varied (Aceh
Besar, west vs. east coast.
• Money lender (tauke banko) – their role in ﬁsheries
• Land transportation problem (Aceh Jaya) i.e., damaged roads
and other transport infrastructure.

Rehabilitation of ﬁsheries livelihoods:
• Improving post harvest facilities e.g., cold storage/ice making plants/
processing
• Improving ﬁshing methods and handling on vessels, capacity building, and
safety at sea
• Providing ﬁshing boats and gear in less exploited ﬁshing areas
• Promotion of alternative livelihoods (aquaculture, seaweed culture,
promotion of agriculture and land-based economic activities, etc)
• Development of irrigation networks for ponds
• Improving land transportation facilities (e.g., farm to market roads)
• Evaluation of livelihood opportunities in ﬁsheries with respect to type of
ﬁsheries
Aid process:
• Identiﬁcation and introduction of process for alternative livelihood options
(site speciﬁc)
• Identiﬁcation of vulnerable community and strengthening coordination
and targeting of aids (to ensure aid gaps are ﬁlled and priority areas are also
reached, for example, the impacted areas of Pulo Aceh sub district in Aceh
Jaya)
• Development of standard procedures for aid quality (to ensure the
appropriateness and fair distribution of aid/support)
General principles:
• Developing strategies and policies to reduce vulnerability and improve
resilience (economic, sociological and environmental)
• Ensuring consultative and participatory process with local communities, and
adoption of best practices
• Rehabilitation of livelihoods should be based on local needs and better
understanding of the enabling conditions (social, environmental, etc.)

3. Governance, conﬂicts and conﬂict resolution
• Weak institutions/enforcement
• Unenforceable management arrangements create division in
industry and conﬂict with management agency and industry
• Lack of boat registration system
• Who comes ﬁrst? Potential social conﬂicts
• Fishery conﬂict (local ﬁshermen vs. foreign ﬁshermen, conﬂict
between local ﬁshermen, conﬂicts related to the post-tsunami
reconstruction /rehabilitation)

• Conduct institutional review (formal and informal institutions) and analysis
of intervention on cooperative management
• Development for practical solution for Illegal, Unreported and Unregulated
(IUU) ﬁshing and cross-scale management issues
• Development management plan including enforcement, community and
stakeholder involvement, capacity building
• Facilitate legislation to empower authorities to monitor compliance and
facilitate surveillance
• Establishment of enforcement process that are clear, unambiguous and fair

4. Capacity building
• Need an improvement and establishment of ﬁshery data
management in order to produce better ﬁshery statistics
that can be used for stock assessment (lack of accurate data,
insufﬁcient human resource, lack of funding and facilities)
• Need for training/capacity-building – for new ﬁshers and
ﬁsheries ofﬁcers (Dinas)
• Weak institutions/enforcement
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• Strengthening local institutions
• Improving human resource development including training(i.e., aquaculture,
boat building, processing techniques, ﬁshing technique and gear, etc.)
• Improving data collection, management skills and system
• Conduct training for the Dinas perikanan ofﬁcials at all levels on participatory
resource planning and management
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Table 1. Issues, problems and recommendations for rehabilitation of livelihoods and improved management of fisheries in tsunami
affected communities in Aceh province. (contd).
Issues/problems

Recommendations

5. New dynamics (other issues related to tsunami)
• Change in number of ﬁshers or nets or ﬁshing ground (related
to resource status)
• Increased ﬁshing capacity (boats/gear) – but varied (Aceh
Besar, west vs. east coast.
• Money lender (“tauke banko”) – their role
• Land transportation problem (Aceh Jaya)
• Increased fuel price, shorter trips
• Illegal ﬁshing by foreign vessels affect the ﬁshery (has it
changed since the tsunami?)
• Problems of coordination (in the rehabilitation and
reconstruction related activities) and slow ﬁrst year
implementation
• Quantity of aid: danger of oversupply and depletion of
resources
• Cashing in on social responsibilities
• Need for a regulatory framework and compliance
• Need to balance local and export markets

Research areas:
• Better understanding on post tsunami ﬁshery dynamics (interrelation
between stakeholders, stakeholder strategies, ﬁshermen social environment
• Census of livelihood activities being provided or created within the ﬁshery
sector
• Better understanding/evaluation of rehabilitation and
reconstruction activities and lessons learning
Infrastructure and support services:
• Rehabilitation of ﬁsh landing centers, markets
• Community level early warning system
General principles:
• Adoption of a holistic approach to interventions
• Linking local initiatives and regional infrastructure projects
• Bridging short-term and long-term investment plans
• Ensuring that considerations are given to non-tsunami affected areas/
communities
• Ensuring that considerations are given to the post-conﬂict situation
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Ongoing Rehabilitation of Coastal
Communities in Aceh Province:
A New Project Overview
L. Garces and M. Dey

Abstract
This article presents an overview of the project on Rehabilitation of Fisheries and Aquaculture in
Tsunami-affected Coastal Communities in Aceh Province. Building on the research results from
the recently completed projects detailed in the previous articles, this project shall synthesize
information on coastal ﬁshing communities and resources in order to develop site-speciﬁc
management options to support rehabilitation of ﬁsheries and aquaculture.

Background
The Rehabilitation of Fisheries and
Aquaculture in Tsunami-affected
Coastal Communities in Aceh
Province (Indonesia) project will
synthesize information on coastal
ﬁshing communities and resources
(ﬁsheries and habitats) and develop
site-speciﬁc management options to
support rehabilitation of ﬁsheries
and aquaculture. This will include
integration of three WorldFish
research projects in Aceh province
which are aimed to help and to
guide rehabilitation efforts and
investments by governments, donors
and development organizations,
setting a course towards a more
robust and resilient future for these
fragile zones. The anticipated outputs
of the proposed project are to: (1)
synthesize the needs, livelihood
strategies and resource status of the
coastal community; (2) collect indepth, site speciﬁc information on the
above issues; (3) identify technical and
management options for improved
management and rehabilitation of
coastal ﬁsheries and aquaculture that
that reﬂect the community needs and
resource status; and (4) adopt and
test the identiﬁed options in at least
two villages or communities using
participatory approaches.

This project will support the USAID
IOTWS (Indian Ocean Tsunami
Warning System) Program (mainly
Coastal Zone Disaster Mitigation
Measures under the program activity
on Local Knowledge Preparedness
to Act) via the development and
demonstration of activities to
advance the adoption of disaster
mitigation measures in sensitive
coastal areas. The project will be
implemented primarily through local
(district or province) ﬁsheries agency
(Dinas) and the activities will combine
sustainable coastal zone management
measures, such as sustainable capture
ﬁsheries, reintroduction of mangrove
forests and restoration of coral
reefs and land use strategies aimed
at reducing disaster risks such as
development setbacks and protection
of natural habitats and landscape
features.

Conceptual Framework
and Methodology
In Aceh, it is implausible to consider
ﬁsheries management based on
a mechanistic understanding
of ecosystem dynamics under
exploitation. Nor is it reasonable to
ensure sustainable ﬁsheries using
conventional ﬂeet or catch controls
imposed by government agencies.
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In order to facilitate sustainable
ﬁsheries and resilient livelihoods we
need to abandon ‘classical’ ﬁsheries
research and management tools (e.g.,
the “Maximum Sustainable Yield”
philosophy) in favor of a two-phase
approach that relies on participatory
methods of data gathering and
management interventions, as
illustrated in Box 1.
The on-going projects of the
WorldFish Center, as detailed in
the previous articles in this special
section, along with other research
projects under way with the FAO,
local authorities, and the Aceh-Nias
Rehabilitation and Reconstruction
Agency (BRR), provide the basis for
a diagnosis of not only the critical
resources, but also the socioeconomic
opportunities and threats to the
sustainable development of ﬁsheries
and other coastal resources. This
diagnosis will identify changes in:
(1) societal relations and market
structures and (2) the management
and governance environment. These
latter processes, which are external
to the ﬁsheries sector, will have a
profound effect on the durability of
management institutions. Further, such
considerations of the socio-ecological
system will increase the chance of
developing alternative livelihoods
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Box 1. A general framework for diagnosis and management of Small
Scale Fisheries.
External Environment
Ecological potential
and constrains

Ecological / Institutional
potential and constrains

External Environment

Diagnosis

Management
Constituency

The project aims to develop and
test management options through
participatory approaches in several
villages (or cluster of villages) in Aceh
province, and will be undertaken by
the WorldFish Center in partnership
with the Syiah Kuala University
(UNSYIAH, Banda Aceh), the National
Research Center for Capture
Fisheries (RCCF), and the local Dinas
Perikanan (ﬁsheries ofﬁcers) and
NGOs.

Adaptive Management
Management

Outcome
(Social-ecological conﬁguration)

Details of project activities include:

External Environment

The framework is comprised of ﬁve elements: the external
environment (ecological, social and economic processes arising outside
the domain of the ﬁshery); a diagnosis of threats and opportunities;
a management phase comprising the management constituency (the
conditions and relationships for action), the management process itself;
and the outcomes that ﬂow from the system. The diamonds represent
processes; the arrows, directions of inﬂuence, and rounded boxes
indicate states. The dashed arrow indicates a feedback loop that may be
used less often than the feedback between management and outcomes.
Source: Andrew et al. Manuscript submitted for publication

and building resilience into ﬁshing
communities.
The diagnosis will enable researchers
and stakeholders to move into the
next stage which deﬁne the limits
of what is possible and negotiate
management or action plans at the
village, district and regional level.
During this phase, the emphasis is
to: (1) build durable management
institutions (i.e., multi-stakeholder
management committee), and (2)

into an action plan. This will be
followed by the monitoring and
evaluation process that facilitates
management. Although management
will likely operate at the village scale,
understanding district, regional and
national scales of management, and
the limits of power and inﬂuence
among them will be critical to
durable and robust decision making.
Understanding the role and dynamics
among and within NGOs will be
similarly important.

have the stakeholders deﬁne what
resource, social and economic
interventions they want. These
activities will require high levels of
participation and active decision
making from within the community.
Many of the activities (completed
or on-going) in Aceh are focused on
the ﬁrst stage, which is to conduct
assessments and to synthesize the
information. There is a need to move
further and integrate the diagnosis

Stage 1: Data collation, synthesis and
design
• Collation of data and research
results of recently completed
WorldFish projects and activities
in Aceh province e.g., GIS mapping
participatory assessments and
mangrove rehabilitation studies.
• Synthesis of coastal community
needs, livelihood strategies/
options and resource status.
• Identiﬁcation of technical and
management options for improved
management and rehabilitation of
coastal ﬁsheries and aquaculture
that that reﬂect the community
needs and resource status.
This will include stakeholder
consultation workshops and
meetings.
Stage 2: Strategies and action planning
• Adoption and testing of the
identiﬁed options in at least two
villages or communities using
participatory approaches. This will
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include stakeholder consultation
workshops and meetings.
Development of policy
recommen-dations for
longer-term planning and the
development of sustainable
ﬁsheries and aquaculture in
support of the Indonesian Strategy
for Rehabilitation and Reconstruction
of the Fishery Sector in Aceh and
Nias: Post Earthquake and Tsunami
Wave Disaster.

The sites for the implementation of
this program have been selected from
the eight districts (Fig. 1) where the
WorldFish Center was previously
engaged, namely, Aceh Besar, Aceh
Jaya, Aceh Barat, Aceh Selatan, Nagan
Raya, Simeulue, Biruen and Pidie, with
the following considerations which,
among others, include: (1) the level of
aid; (2) availability of information on
status of resources and stakeholder
needs; (3) presence of community
organization and Panglima laot; and
(4) willingness of the communities
to participate. With regard to the
ﬁrst consideration, information
from previous projects shows that
communities in the west coast have
received less aid and have generally
suffered greater damage and losses.
After preliminary visits to a number
of the West coast villages lying
between Banda Aceh and Meulaboh in
November 2006 we have decided to
implement the project in the coastal
communities of Lhok Kruet and Pulo
Raya where serious damage (Fig. 2)
has been incurred but community
spirit and potential for useful
interventions is positive.

L.R. Garces is a Research Fellow/
Project Leader and M.M. Dey is
Director for East and Southeast Asia
Portfolio at The WorldFish Center.
Email: l.garces@cgiar.org

Figure 1. Location of study sites covered by two WorldFish projects and potential
sites for conducting the activities for this project. (Note: The location of mangrove
study site noted are only indicative of their location. Box shows the location of lhok
kruet/Polu Raya in Figure 2.).

Figure 2. Level of damage in Lhok Kruet and Pulo Raya.
Source: Google Earth http://earth.google.com. Accessed November 17, 2006.
Note: Image for reference only. Changes to coast are ongoing and image does not reﬂect
present coastal morphology.
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Perspectives from Agriculture: Advances
in Livestock Breeding - Implications for
Aquaculture Genetics1
N.H. Nguyen and R.W. Ponzoni

Abstract
In this paper we present livestock breeding developments that could be taken into consideration
in the genetic improvement of farmed aquaculture species, especially in freshwater ﬁsh. Firstly, the
current breeding objective in aquatic species has focused almost exclusively on the improvement of
body weight at harvest or on growth related traits. This is unlikely to be sufﬁcient to meet the future
needs of the aquaculture industry. To meet future demands breeding programs will most likely have
to include additional traits, such as ﬁtness related ones (survival, disease resistance), feed efﬁciency,
or ﬂesh quality, rather than only growth performance. In order to select for a multi-trait breeding
objective, genetic variation in traits of interest and the genetic relationships among them need to be
estimated. In addition, economic values for these traits will be required. Generally, there is a paucity
of data on variable and ﬁxed production costs in aquaculture, and this could be a major constraint
in the further expansion of the breeding objectives. Secondly, genetic evaluation systems using
the restricted maximum likelihood method (REML) and best linear unbiased prediction (BLUP) in a
framework of mixed model methodology could be widely adopted to replace the more commonly
used method of mass selection based on phenotypic performance. The BLUP method increases
the accuracy of selection and also allows the management of inbreeding and estimation of genetic
trends. BLUP is an improvement over the classic selection index approach, which was used in the
success story of the genetically improved farmed tilapia (GIFT) in the Philippines, with genetic
gains from 10 to 20 per cent per generation of selection. In parallel with BLUP, optimal genetic
contribution theory can be applied to maximize genetic gain while constraining inbreeding in the
long run in selection programs. Thirdly, by using advanced statistical methods, genetic selection
can be carried out not only at the nucleus level but also in lower tiers of the pyramid breeding
structure. Large scale across population genetic evaluation through genetic connectedness using
cryopreserved sperm enables the comparison and ranking of genetic merit of all animals across
populations, countries or years, and thus the genetically superior brood stock can be identiﬁed
and widely used and exchanged to increase the rate of genetic progress in the population as
a whole. It is concluded that sound genetic programs need to be established for aquaculture
species. In addition to being very effective, fully pedigreed breeding programs would also enable
the exploration of possibilities of integrating molecular markers (e.g., genetic tagging using DNA
ﬁngerprinting, marker (gene) assisted selection) and reproductive technologies such as in-vitro
fertilization using cryopreserved spermatozoa.

Introduction
Genetic selection using quantitative
and statistical methods has
signiﬁcantly increased productivity
of several terrestrial animal species,
especially chicken, dairy cattle,

1

and pigs.Virtually all production
in terrestrial livestock species is
derived from improved strains
and breeds. In all species, formal
genetic improvement programs
have been established. During the
implementation of such programs,

shortcomings or limitations have
been identiﬁed and these have
become pointers for further research,
development and technology transfer.
There are several successful examples
in livestock breeding, for example, the
developments in statistical procedures

This paper originates from a presentation made at the Skretting Australasian Aquaculture Conference, 27-30 August 2006 in Adelaide, Australia.
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to enable cross population genetic
evaluation using Restricted Maximum
Likelihood (REML) and Best Linear
Unbiased Prediction (BLUP) under a
framework of a mixed (animal) model,
or the development of direct DNA
tests for marbling or tenderness in
beef cattle. It is, therefore, obvious
that in aquaculture we also need to
develop well designed, highly focused,
sustainable genetic improvement
programs for relevant species. As
problems or new perspectives
arise, we can accommodate them
in the same way as has happened
in livestock. Overall, a systematic
breeding program in both terrestrial
and aquatic species involves several
steps (Ponzoni 2006; Ponzoni et
al. 2006a). In the present paper, we
discuss developments in the design
of breeding programs, formulation
of breeding objectives and the
establishment of genetic evaluation
and dissemination systems, with
special reference to their application
in tilapia and carps.

One or Several Programs?
As the ﬁrst step of any breeding
program, the question of having one
or several genetic improvement
programs is not simple. It depends.
A genetic correlation approach
and selection index theory can be
used to assess the situation under
different scenarios, that is, to examine
the consequences of having a single
program for a wide range of genetic
and economic parameters. On
the basis of soundly based results
a decision can be made regarding
whether or not a speciﬁc program
is needed for a speciﬁc environment.
For example, tilapia farming in
Malaysia is mainly conducted in two
production environments, namely,
ponds and cages. Our multivariate
analyses show that although
genetic correlations between the
expressions of body weight in the
two environments are less than
one, there is not enough evidence

to justify the conduct of separate
genetic improvement programs
for pond and cage environments in
tilapia (Ponzoni et al. 2005a, 2005b).
Similarly, further analyses show
that there is no need to treat the
expressions in females and males as
separate traits because the betweensex genetic correlations for body
traits (harvest weight, standard length,
body width and depth) were all close
to unity (Nguyen et al. 2006). Such
research would not have been carried
out if we had not had a genetic
improvement program in the ﬁrst
place.
In other aquaculture species, such as
Paciﬁc white shrimp (Pérez-Rostro
and Ibarra 2003; Gitterle et al.
2005) and rainbow trout (Fishback
et al. 2002; Kause et al. 2003), the
estimates of the genetic correlations
for body weight between different
environments ranged from 0.82 to
0.99, indicating that genotype by
environment (G×E) interaction is
not of biological importance for
body weight. Jointly examining the
available REML literature estimates
together with our results, we may
conclude that for the species and
range of environments tested,
separate selection and testing
programs to improve body weight are
not necessary. For other traits with
lower heritability than growth-related
traits (e.g. early sexual maturity), care
should be taken since there appears
to be G×E interaction in both
Atlantic salmon (Wild et al. 1994) and
rainbow trout (Kause et al. 2003).

Breeding Objectives
Deﬁning breeding objectives is one
of the most critical steps in the
systematic development of genetic
improvement programs. Major
components in the establishment of
breeding objectives include a choice
of traits for genetic improvement
and a derivation of economic weights
(Ponzoni 1992). Breeding objectives
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for aquatic animal species have almost
exclusively focused on improving
growth performance. Traits with
low value of ah2 (economic value of
one phenotypic standard deviation
unit x heritability) have rarely been
considered as part of the breeding
goals. Ideally, breeding objectives
should include all traits of economic
importance, but in practice only a
limited number are used. A major
reason for this is a lack of efﬁcient
methods to measure traits (e.g.,
feed intake, survival, ﬂesh quality in
aquatic animal species). This may have
placed constraints on the estimation
of genetic parameters for traits that
are expensive or difﬁcult to measure.
Currently, in farmed aquaculture
species, there is very limited
knowledge about genetic variation
and relationships among production,
reproduction and adaptation traits.
For instance, it is not possible to
predict correlated responses in
feed intake or food conversion
efﬁciency, to selection for growth.
Some estimates are not consistent.
Gitterle et al. (2006) report that
genetic correlations between growth
and survival vary with batches, being
both positive and negative, in Penaeus
vannamei. In addition, economic
values are seldom derived from proﬁt
equations. Researchers have simply
assigned a certain (‘social’) value to
a particular trait in the breeding goal.
In general, there is still a paucity of
data on variable and ﬁxed production
costs in aquaculture. All these factors
hamper further expansion of the
breeding objectives in ﬁsh.
By contrast, breeding goals for
livestock are better deﬁned, evolving
from two or three production traits
to 14 traits (production, reproduction,
health and conformation traits) in
dairy cattle (e.g. Miglior et al. 2005).
In the past, the pig industry placed a
strong emphasis on high efﬁciency of
lean production (high lean growth,
low fat and low feed conversion
ratio). However, selection strategies
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that emphasize efﬁciency rather
than rate of lean growth are likely
to result in a deterioration of meat
and eating quality, predisposition to
leg weakness, and impairment of sow
reproductive performance (Nguyen
et al. 2004). The breeding goals for
pigs now include lean growth rate,
number of piglets born alive, and
meat quality index (or intramuscular
fat). In all species, the breeding
objectives are country speciﬁc, and
in each country the programs are
putting a different emphasis on each
trait.
The breeding objective for GIFT
tilapia is being broadened by
considering a number of additional,
important traits, such as ﬁllet yield,
ﬂesh quality, sex ratio in response to
thermal treatment, and may include
disease resistance in the future. For
rohu carp in India (Mahapatra et
al. 2006), selection has been based
on growth until recently, but the
breeding goal is now being expanded
to enhance disease resistance of
the ﬁsh against Aeromonas hydrophila
(K. Mahapatra pers. com.). There is
evidence of genetic variation in this
trait. The genetic correlation between
survival and growth rate is slightly
negative. A desired gains selection
index approach can be used to
simultaneously select for growth and
resistance to A. hydrophila.

Genetic Evaluation
REML and BLUP applied to multitrait mixed models have become
the standard method for genetic
evaluation in all terrestrial animal
species. The main beneﬁts of using
this methodology include: (1)
increasing accuracy of selection; (2)
managing accumulation of inbreeding;
(3) estimating genetic trend without
a control; and (4) the possibility
of conducting large scale genetic
evaluation across populations.

Increasing accuracy of selection
BLUP increases the accuracy of
estimated breeding values (EBVs),
thus increasing genetic response
to selection. This is so because the
method can account for all systematic
effects (e.g., batch, sex, production
environment, age variation) that
are often associated with traits of
economic importance in farmed
aquaculture species. The maternal
and common environmental effects
(c2) due to separate rearing of full-sib
families before tagging can also be
effectively separated from the additive
genetic variance in fully pedigreed
populations of sufﬁcient depth. The
c2 effects for body traits in ﬁsh often
account for a large proportion of
total variation; for example, from
14 to 24 per cent in Nile tilapia
(Ponzoni et al. 2005c; Nguyen et al.
2006) and in Atlantic cod (Gjerde
et al. 2004). By failing to account for
the c2 effects in the model, EBVs can
be biased upward by 15 to 20 per
cent (Nguyen et al. 2006). With BLUP
analysis, all pedigree information
(from ancestors, parents, family
and individuals) is utilized through
a numerator relationship matrix
to account for changes in additive
genetic variance due to inbreeding
or assortative mating, and thus the
EBVs are obtained without bias.
Multi-trait BLUP is especially useful
for selection on expensive or difﬁcult
to measure traits (e.g., ﬂesh quality,
disease resistance) which cannot be
measured on live breeding candidates.
The application of BLUP to selection
in ﬁsh is exempliﬁed by the GIFT
tilapia program in Malaysia (Ponzoni
et al. 2005c) and by the selection of
indigenous tilapia species in Africa
(Maluwa 2005). In these programs,
the genetic gain has been from 6
to 12 per cent per generation and
the ﬁsh have continued to show
response after several generations
of selection. So far, there is no
evidence of a reduction in selection
response in GIFT or any sign of

deterioration in ﬁtness-related traits
(e.g., reproduction or viability). The
improved ﬁsh have remarkable vigor
and high adaptation to different
farming conditions in Asia. There are
also no differences in ﬂesh quality
between GIFT and three local (and
highly favored) strains of red tilapia in
Malaysia (Khaw et al. 2006; Ponzoni et
al. 2006b). Learning from this success,
other breeding programs for carps in
Asia (Freshwater Fisheries Research
Center, Wuxi, China; Bangladesh
Fisheries Research Institute; Central
Institute of Freshwater Aquaculture,
India; Aquatic Animal Genetics
Research and Development Institute,
Thailand; Research Institute for
Aquaculture No.1,Vietnam) carried
out in collaboration with the
WorldFish Center are maintaining full
pedigree records and ﬁtting animal
models, to achieve genetic progress
and to enable a rigorous monitoring
of inbreeding.

Control of inbreeding
Inbreeding is unavoidable in any
closed nucleus of ﬁnite size. Control
of inbreeding is important to
secure long term genetic response
to selection. Although BLUP, in
comparison with individual mass
selection, results in greater genetic
gain, it is also associated with greater
levels of inbreeding because the
method uses family information,
leading to co-selection of relatives. By
maintaining full pedigree information,
inbreeding can be monitored through
combined between and within family
selection, (i.e., selecting a limited
number of individuals from each
family and having representatives
of as many families as possible in
future generations). In addition,
several mating strategies can be
applied. Besides avoidance of closely
related mating, (e.g., full and half sibs),
pairs resulting in a greater level of
inbreeding than a limit set by the
experimenter (e.g., > 2 per cent)
may not be allowed. A more effective
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approach is minimum coancestry,
involving the mating of males and
females to produce offspring with
the lowest level of inbreeding. In
parallel with BLUP, optimal genetic
contribution theory (weighting the
genetic contribution of selected
individuals to the next generation)
can maximize genetic gain while
minimizing the rate of inbreeding in
the long run. The procedure can be
implemented with packages such as
EVA (Berg 2004) or TGMR (Kinghorn
2000).
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Another advantage of BLUP is that it
provides an opportunity to estimate
genetic trends. Conventionally,
genetic gain has been estimated as
the difference in phenotypic mean
between the selection line and a
randomly bred control. However,
breeding programs in aquaculture are
often conducted within a very limited
number of tanks or ponds. With
limited resources, when we attempt
to have both a selection and a control
line, due to the reduced effective
population sizes used, the estimate of
genetic gain could be of limited value.
Both the selection and control lines
could be subject to genetic drift. By
contrast, mixed model methodology
can effectively separate genetic
from environmental trends and thus
obviates the need for a control
population to estimate genetic
responses to selection (Blair and
Pollak 1984), especially in populations
with overlapping generations (Nguyen
and McPhee 2005). The theory
of such methods is generally well
understood, but its application to
analysis of experimental selection
data has so far been very limited in
aquaculture species (Gall and Bakar
2002; Ponzoni et al. 2005c).
With the BLUP method, the genetic
gain can be estimated by regression
of individual EBVs on generations
of selection or birth years of animal

1997

1998

1999

2000

Years
Figure 1. Genetic trend for growth rate in the high and low growth line over
four years of selection in Large White pigs (Nguyen and McPhee 2005).

(Fig. 1). The estimated genetic
trend is unbiased if the relationship
information on selected animals
(tracing back to the base population)
is included, and genetic parameters
are estimated from REML based on
models of best ﬁt. In ﬁnﬁsh species
with long generation interval (e.g.,
carps), breeding programs are often
designed with different year classes,
and there is thus a need to create
good genetic linkages between
contemporary groups or generations.
Other practical issues that should
be taken into genetic evaluation
include correctness of pedigree
recording, precision and consistency
of measurements, distribution
of progeny of selected animals
among contemporary groups, and
systematic recording of all recognized
environmental effects. In summary,
although the establishment of a
control population is desirable when
facilities and resources are available,
the estimation of genetic trends
with mixed model methodology
is an alternative of great practical
value, especially in large scale genetic
evaluation programs.

42 NAGA, WorldFish Center Quarterly Vol. 29 No. 3 & 4 Jul-Dec 2006

Large scale genetic evaluation
REML and BLUP methods also enable
the conduct of large scale genetic
evaluation across populations, years
or countries. This can be done
through genetic connectedness
among populations (year classes
or generations) using in-vitro
fertilization or cryopreserved
sperm. In this way, superior animals
can be identiﬁed, widely used and
exchanged to increase genetic
progress in the population as a
whole. In the case of GIFT tilapia,
the ﬁsh have been requested by and
distributed to different countries in
Asia. In some cases, full pedigrees
have been maintained and selection
has been performed in a similar
manner to the program that we
have in Malaysia. Through genetic
exchanges, the populations can
be refreshed to reduce a risk of
accumulated inbreeding. In the future,
if proper genetic linkages among the
populations were established, we
would be able to perform large scale
genetic evaluations.
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Advanced Statistical
Methods
Often animals are measured more
than once for a particular trait.
Examples are, individual body weight
of ﬁsh measured over different
periods (e.g., every month), and
reproduction of ﬁsh over different
spawning seasons. In such cases,
repeatability models assuming a
unity genetic correlation between
successive measurements can be
applied to estimate both additive
genetic effect of animal and the
permanent environmental effect
common to all observations on the
same animal. Another approach to
analyze repeated measures when
there are heterogeneous (co)variances, is to use random regression
or covariance function analysis. The
method enables calculation and
comparison of (co)-variances within
individuals between measures at
different time points, or both the
between and within individuals for
each treatment group. In livestock
species where systematic data
recording (e.g., milk yield in dairy
cattle) is available, the random
regression approach has been used
to replace the multi-trait model in
genetic evaluation systems (Meyer
2004; Schaeffer 2004). However, both
repeatability and random regression
models are expected to have
limited use in aquaculture species
(at least in tilapia). First, the genetic
correlations between successive
measures of growth are close to
one, such as in tilapia (Rutten et al.
2005). Second, repeated measures
are time consuming, costly and labor
intensive, and may cause stress in
ﬁsh, thus depressing their growth
rate and causing mortality. Hence, in
practical breeding programs, in view
of the absence of any evidence to the
contrary, one (at harvest) or two (at
stocking and at harvest) body weight
measurements should sufﬁce.
Recently, the development of
threshold-linear models (Damgaard

and Korsgaard 2006) has enabled a
combination of genetic evaluation of
both continuous and categorical traits
(e.g., growth and survival). Until now
genetic evaluation of threshold traits
has been carried out independently
using a non-linear model with logit or
probit link functions, or using a linear
model assuming normal distribution
for the traits. By using thresholdlinear model, we could more
effectively improve important traits
such as survival and sexual maturity
in ﬁsh.

Breeding Structure
In well structured animal industries,
genetic improvement typically takes
place in a small fraction of the
population (called the nucleus). The
improved animals in the nucleus are
then multiplied and disseminated
directly to farmers and producers or
indirectly through hatcheries
(Fig. 2). With the very high

Nucleus
Gene ﬂow

reproductive rate in ﬁsh, we can
effectively service a large population
involved in production with a
relatively small nucleus. Unfortunately,
aquaculture has developed without
(or with very limited) breeding
centers conducting well designed
genetic improvement programs (Fig.
3). Due to limited resources and
breeding experience, the assumed
dual role of hatcheries in maintaining
and breeding replacement brood
stock, as well as producing large
numbers of fry for farmers, has not
worked in developing countries.
The hatcheries should specialize in
multiplication under strict technical
protocols and legal commitments to
ensure that superior genetic material
reaches the producers.
In livestock, genetic evaluation
has been principally based on
performance records and pedigrees
collected from individual seed stock
breeders, often through breed

Selection (breeding centers)
Multiplication (hatcheries)

Multiplier

Producers and farmers

Commer cial production

Figure 2. Traditional pyramid breeding structure.

Selection (breeding centers)
Nucleus
Gene ﬂow

Multiplier

Multiplication (hatcheries)

Commer cial production

Producers and farmers

Figure 3. Pyramid structure without breeding centers.
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Selection (breeding centers)

Multiplier

Multiplication (hatcheries)

Producers and farmers

Commer cial production

Figure 4. Open breeding structure.

societies. Data from commercial
herds (e.g., crossbreed data) is also
recorded through a number of breed
society databases. Furthermore, by
applying an open breeding structure,
the gene ﬂow may not only be
from the upper to the lower layers,
but also in the opposite direction
(Fig. 4). This can help to reduce
the genetic lag from the nucleus
to commercial populations and
alleviate any effects of inbreeding
in the nucleus. Nevertheless, the
traditional breeding system with a
unidirectional ﬂow of genes (Fig. 2) is
likely to remain the most important
one in aquaculture. Although there
are examples of genetic improvement
programs that include on-farm
performance recording, such as in
Atlantic salmon (Guy and Hamilton
2005), it is unlikely that such a system
will be applied in the foreseeable
future in developing countries
where resources and experience are
generally limited. In addition, the risk
of disease transmission from farms to
the nucleus would have to be taken
into consideration.

Conclusions
The application of livestock selection
theory to the improvement of
farmed aquaculture species is still
at a very early stage. There are
ample opportunities for genetic
improvement in aquaculture. The
effectiveness of genetic improvement
programs can be improved by
reﬁning or developing virtually every

step in a systematic and logical
manner as described earlier. There
are many beneﬁts to be derived
from well established breeding
programs, an important one being
helping to identify weaknesses for
further research, development
and technology transfer. The
establishment of sound breeding
programs would also allow the
exploration of possibilities of
integrating new reproductive
techniques and molecular genetics
information. Note, however, that
resources are often very limited in
developing countries. Ponzoni et al.
(2006a) discuss in detail the issue
of matching the complexity of the
program to available resources.
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A Simple Spreadsheet Model to Incorporate
Seasonal Growth into Length-Based Stock
Assessment Methods
G.J. de Graaf and P. Dekker

Abstract
The paper describes a method by which seasonal growth can be incorporated into length-converted
catch curves and cohort analyses using a spreadsheet. The method is based on calculating the
length of ﬁsh using seasonal growth parameters on a daily basis. A LOOKUP function is then used to
ﬁnd the age corresponding to the length.

Introduction
Over the last decade, ﬁsheries
biologists working in tropical waters
became increasingly familiar with
’length-based ﬁsh stock assessment’,
thanks to the development of
easy-to-use software (such as
LFSA, ELEFAN, FISAT, and LFDA);
good training manuals (Sparre and
Venema 1992, 1998); the worldwide
FAO/DANIDA training course in
Tropical Fish Stock Assessment; and
the availability of relatively cheap
computers.
Most of the traditional stock
assessment methods work with age
composition data, whereby annuli (on
otoliths, scales and other bones) are
used to estimate growth. However,
in tropical waters this type of age
reading is almost impossible and
stock assessment became much
easier with the development of
length-based methods.
In principle, length-based ﬁsh
stock assessment is based on the
conversion of length into age, where
it is assumed that the ﬁsh is growing
according to the von Bertalanffy
Growth Function (VBGF). It is
generally accepted that in temperate
waters the growth of ﬁsh has strong
seasonal ﬂuctuations, mainly due to

ﬂuctuations of temperature and/or
food supply (Shul’man 1974). Strong
seasonal ﬂuctuations in growth also
exist in tropical waters (Daget and
Ecoutin 1976; de Graaf and OforiDanson 1997; de Graaf 2003). The
use of a seasonal version of the
VBGF has been discussed extensively
by several authors (Pauly and Ingles
1981; Pauly et al. 1992; Longhurst and
Pauly 1987; Sparre 1990) and seasonal
versions of standard analytical models,
such as the yield-per-recruit method
(Sparre 1991) and length-converted
catch curves (Pauly 1990), were
developed and incorporated in the
software packages. However, these
models are very basic methods of
stock assessment and provide only a
ﬁrst approximation of the status of
ﬁsh stocks and the impact of ﬁshing
mortality. More detailed information
is required for the formulation of
ﬁsheries management strategies.
This is available through Virtual
Population Analysis (VPA) or lengthbased cohort analysis and Thompson
and Bell models (Sparre and Venema
1992). Pauly et al. (1987) used the
seasonal version of the VBGF to slice
the cohorts in a time-based VPA for
Peruvian Anchoveta. This technique
has been incorporated into the DOS
version of FISAT, but the length-based
VPA in FISAT is still non-seasonal.
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Therefore, the analysis of data with
a spreadsheet is dependent on
non-seasonal models that will give
distorted results if the growth is
seasonal.
This paper presents an approach
in which seasonal growth can be
incorporated in some major ﬁsh
stock assessment methods using a
spreadsheet.

Non Seasonal and
Seasonal Growth
The basic tool for length-based
methods is the conversion of lengthbased data into age-based data.
Traditionally the VBGF is used for
the conversion of length into age in
length-based ﬁsh stock assessments.
The non-seasonal version of VBGF
takes the form:

(1)
Where
Lt
Loo
K
to

Length at time t
L inﬁnitive or asymptotic length
growth parameter
T zero, or time when the ﬁsh are
born or entered in the system

articles

The growth rate at any point in the
lifespan of the ﬁsh can be calculated
as:

The parameter C is important
as it determines the intensity of
the seasonal growth. When C = 0,
seasonal growth is absent and the
equation equals the standard VBGF.
At C = 1, growth is highly seasonal
and comes to a standstill once a year
at the winter-point. Intermediate
values of C indicate growth reduction
during the winter, but growth never
completely stops.

(2)

Conversion of length into age is done
with the inverse VBGF:

(3)
The differences in growth and growth
rate (dL/dt) for both versions of the
VBGF are illustrated in Figure 1.

In conclusion, the conversion of
length-based data into age-based
data for growth without seasonality
is rather straightforward. However,
this is not the case where there are
seasonal ﬂuctuations in growth. The
seasonal version of the VBGF (Somers
1988) has the following form:

The growth rate (dL/dt) is the
differential of the VBGF and is solved
with mathematical software (Heck
2003) into the form:

Where:
Lt Length at time t
L∞ L inﬁnitive
K growth rate parameter
t0 T-zero
ts the onset of the ﬁrst oscillation
relative to t = 0, or ts = Winter
point + 0.5”
C the intensity of the (sinusoid)
growth oscillations

1

1,5

Converting length into age for the
seasonal VBGF using a numerical
mathematical approach can be done
using the Solver function in Excel
(Lleonart, pers. com). However, as
the Solver function cannot be used
in a multiple form, this does not lead
to a simple and practical solution.
Therefore, we looked at how we
could approach the value of t for a
given value of L as follows:
• Calculate the length of the ﬁsh
with daily intervals for a set of
given parameters of the seasonal
VBGF.
• Search in this data set the length
to be converted into age.
• Take in this data set the
corresponding age value or t.
In a spreadsheet, this can be done
with a LOOKUP function, as
explained below.

(4)

0,5

Estimating age when
length is known in a
seasonal VBGF

(5)
Step 1. calculating length
However, an inverse seasonal VBGF
does not have a direct solution due
to the fact that on the right side of
the VBGF t is found two times in the
exponential factor and can only be
solved “numerically”.

2

Figure 2 presents the setup of a
spreadsheet used to calculate length
with seasonal growth. To facilitate
building, the VBGF has been separated
ﬁrst into smaller blocks [K(t-to);
CK/2π; sin2π(t-ts); sin2π(t-to)] that

2,5

Figure 1. Example of non-seasonal and seasonal growth of Puntius sophore. Non-seasonal: Loo=13, K=1.3; Seasonal: Loo=13, K=1.3,
C=1, ts=0.5.
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are combined again in the column
cells I10 :I16 to calculate L(t). In this
example from Bangladesh, the ﬁsh
are born on May 15th (to=0.37) and
have the highest growth in June and a
reduced growth in December/January.
In the column cells D10:D16 the age
of the ﬁsh is calculated and together
with the column cells I10:I16 they
are the basic input for the conversion
of length into age. Figure 3 presents
the formulae for the different
spreadsheet cells. Only the ﬁrst few
days’ growth is presented in the
example. With the Excel cell copying
feature, the formulae in each relevant
column can be copied down to row
1104 in order to cover a period of
three years.

Figure 2. Calculating length in a spreadsheet.1

Step 2. inserting the lookup
function
With the LOOKUP function in Excel,
the instruction is given to search for
an indicated value in a column or
row and, once the value is found, to
provide a corresponding value from
another column or row. In our case,
LOOKUP searches for a given length
in the column where the calculated
length data are stored and returns
the corresponding age for this length
from the column where the ages are
stored. The LOOKUP function has
three entries:
1. Lookup_value is a value that
LOOKUP searches for in
Lookup_vector and can be a
number, a text, or a logical value.
In our case it is the L(t).
2. Lookup_vector is a range that
contains only one row or one
column of numbers, text or logical
values, placed in ascending order.
In our case it is the column with
the ’length data’.
3. Result_vector is a range that
contains only one row or column
of numbers, text or logical values
and has the same size as the
1

Figure 3. The cell formulae to calculate length with seasonal growth.

Lookup_vector. In our case it is
the column with the ‘age data’.
An example of conversion of length
into age with the LOOKUP function
is presented in Figure 4. In cells M10:
M22 and N10:N22 the length classes
are entered with a 1 cm interval. The
mid-length of each length class is
calculated in the cells O10:O22. With

the LOOKUP function entered in
cells P10:P22, the age of each midlength is estimated in the spreadsheet.
In cell O10, the mid-length of the
interval 0-1 cm is calculated (0.5 cm),
and with the LOOKUP function the
column L is searched for the ﬁrst
value approaching 0.5. Once found, in
cell L16, it takes the corresponding
age value from column K and enters

Figure 4. Converting length into age with the LOOKUP function.

In the formula in the spreadsheet ts or the onset of the ﬁrst oscillation relative to t = 0 is used. Users of FISAT are more familiar with the
Winterpoint WP = ts+0.5
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this value in cell P10. In our example
the ﬁrst value, approaching 0.5 cm,
is 0.469 cm on day 6, with an age of
0.016 years. It could be argued that
the method is rather inaccurate.
However, in the example, the ﬁsh
are growing with steps of one day.
Reducing this to steps of 0.25 day
improves the accuracy considerably
but also increases the size of the
spreadsheet.
The formulae for the different cells
are presented in Figure 5.
Length-based methods are often used
when length composition data for
the total ﬁshery is available for a one
year period only. This is often the case
in ﬁsh stock assessment programs
in developing countries where the
funds for continuous monitoring of
the ﬁshery are lacking. Catch curves
and cohort analysis can be applied
under these conditions as their basic
assumption is the constant parameter
system. The picture presented by all
length classes caught during one year
reﬂects that of a single cohort during
its entire life span (Sparre and Venema
1992).

Linearized Lengthconverted Catch Curve

and ti’ is estimated from:

The construction of a catch curve
is the most common approach to
estimate the total mortality of a
cohort. Details of the method are
well presented by Sparre and Venema
(1992) and Gayanilo and Pauly (1997)
and are only brieﬂy summarized
here. Assuming constant recruitment
and constant mortality the length
converted catch curves takes the
form:

(6)
Where
C catch number of length class i
dti time needed for the ﬁsh to grow
through length class i
Z total mortality
ti’ age of the mid-length of length
class i
a
constant
For non-seasonal growth dti is
estimated from:

(7)

Sparre (1990) and Pauly (1990) clearly
demonstrated that the total mortality
is overestimated by the traditional
catch curve if seasonal growth is not
accounted for. The reason is that dti
and ti’ depend not only on length but
also on the time of the year if growth
is seasonal. Pauly (1990) developed a
method using the parameters of the
seasonal VBGF to identify a number
of pseudo cohorts to resolve this
problem. This method is incorporated
into FISAT. As it is rather complicated
to apply this method in a spreadsheet,
we explain how a catch curve can be
made with the LOOKUP function to
provide results comparable to those
with Pauly’s method. We illustrate this
with an example of Puntius sophore
from Bangladesh.
The number of Puntius sophore caught
in a one-year stock assessment
program for the different length
classes is presented in Table 1.
Table 1. Length frequency distribution
and estimated growth parameters of
Puntius sophore as obtained through a
one-year stock assessment program.
Mid
L1
L2
Catch
length
(cm) (cm)
numbers
(cm)

Figure 5. The cell formulae for the conversion of length into age with a LOOKUP
function.

Growth
parameters

0.0

1.0

0.5

10

Linf

13

1.0

2.0

1.5

250

K

1.3

2.0

3.0

2.5

590

to 0.37

3.0

4.0

3.5

70

ts

0.5

4.0

5.0

4.5

520

C

1

5.0

6.0

5.5

2160

6.0

7.0

6.5

3830

7.0

8.0

7.5

1970

8.0

9.0

8.5

1150

9.0

10.0

9.5

490

10.0

11.0

10.5

270

11.0

12.0

11.5

50

12.0

13.0

12.5

30
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The distribution is believed to
be representative for the overall
population structure as the ﬁsh were
caught with non-selective gears.
We have to calculate dti, the time
needed for the ﬁsh to grow through
length class I in order to construct
the catch curve. For each length
class this is done with the LOOKUP
function as follows:
(8)
Conversion of the mid-length into
age has been demonstrated in the
previous paragraph and construction
of the catch curve then becomes
straightforward (Figures 6 and 7).
In column S, delta t (dt) is calculated
and ln(C/dt) is calculated in column

Figure 6. Constructing a seasonalized catch curve.

T. Plotting Ln(C/dt) against the age of
the mid-length (column P) gives the
catch curve (Figure 8) indicating a
total mortality of 4.57 year-1, which
is similar to the results of analysing
the data in FISAT with the method of
Pauly (1990).

Cohort or Virtual
Population Analysis2
Cohort or Virtual Population Analysis
use the number of ﬁsh caught during
commercial ﬁshing operations to
estimate historic ﬁshing mortality

Figure 7. The cell formulae for the seasonalized length-converted catch curve.

Figure 8. Results of length-converted catch curve of Puntius sophore made in a spreadsheet (A) and with FISAT (B).
2

Adapted from Gayanilo and Pauly (1997) and King (1995).
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and stock numbers in a cohort of ﬁsh
and is again based on the constant
parameter system.
The number of ﬁsh surviving from
one year (Nt) to the next year (Nt+1)
is given by:

Ft-2

Number of Fish
(survivors)

Ft-1
Nt-2

Nt-1
Input
Ct-1

Input
Ct-2

(9)
t-2

Input M
Input Ft

Nt

t-1

Input
Ct
t

Year

The number of dying ﬁsh is therefore:

Figure 9. The principle of backward calculation in a VPA (King 1995).

(10)
The catch (Ct) is the proportion
dying owing to ﬁshing, and may be
estimated from the catch or the
Baranov (1926) equation;

The major aim of cohort analysis is to
estimate the ﬁshing mortality (F) over
the different length classes. The basics
on how to do it are well explained by
Sparre and Venema (1992, 1998) and
only summarized here.
(11)

Combining the different equations will
give the Gulland (1965) equation for
Virtual Population Analysis:

The basic formulae for a length based
cohort analysis are:

(12)

In a cohort analyses with nonseasonal growth
,

the fraction of N(L1) that survives
natural death during the time
period from t(L1) to t(L2) and d
t is
calculated as:

and
and

Given values of the catch (Ct), and
an estimate of the natural mortality
M, the equation can be used to
estimate retroactively the size of
the past cohorts, if an estimate of
Nt+1 is available from which to start
the computation. Estimates of Nt+1
(expressing the last population size a
cohort had before it became extinct)
are called ’terminal population’ (Nt ).
Values of Nt can be obtained from:
(13)
Where Ct, is the terminal catch (i.e.,
the last catch taken from a cohort
before it went extinct) and Ft is the
terminal ﬁshing mortality (i.e., the
ﬁshing pressure that generated Ct).
A VPA starts with an initial guess
of Ft and then calculates backwards
with the known catches and natural
mortality rate (Figure 9).

(14)

Where
C(L1,L2) the number of ﬁsh caught of
length between L1 and L2
N(L1) the number of ﬁsh that
attain length L1
dt
time needed for the ﬁsh to
grow through length L1 to
length L2
M
natural mortality during time
dt
F
ﬁshing mortality during time
dt
Z
total mortality during time dt

(15)
Again with seasonal growth the last
formulae will give incorrect results.
However, dt can be calculated as: dt
= age L2 - age L1 and can be solved
with the LOOKUP function. Then we
can use the basic formulae
directly.
In Figure 10 an example of a cohort
analysis in a spreadsheet for Puntius
sophore with a natural mortality of
M = 1.168 year-1 (all other parameters
being the same as those in the
previous examples) is presented. The
cell formulae are presented in Figure
11.
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In this respect, it is important to
notice that the LOOKUP function
can be used in a similar way to
calculate dt for seasonal growth in
the Thompson and Bell models and in
the seasonal version of the Yield per
Recruit Analyses (Sparre 1991).
Figure 11. Cell formulae for cohort analysis with seasonal growth.

Figure 10. Example of cohort analysis with seasonal growth in a spreadsheet.

In Figure 12 the ﬁshing mortality
(F) for the different length classes,
calculated with non-seasonal and
seasonal growth, is presented.
The comparison indicates that the
traditional non-seasonal method
underestimates F during the period
of slow growth, which in our example
is occurring at a length of 8-9 cm.
The main reason is that the ﬁsh
stay for a long period in this length
class, while ﬁshing continues. The
difference seems to be subtle, but
the practical consequences can be
large. For example, in Bangladesh,
growth slows during the dry season
(December-January). During this
period the ﬂoodplains are small as
they are drying up and the ﬁshing
effort is high. Underestimating the
ﬁshing mortality during this period
will have serious consequences if the
estimates are used in the Thompson
and Bell models for the comparison
of ﬁsheries management options.

Limitation of the
Proposed Method
The proposed method provides
convenient results but has some
limitations. First of all, the time of
recruitment has to be known. This is
a minor limitation as, in most cases,
the major spawning month is known.
Secondly, the used seasonal version
of the VBGF of Somers (1988) has
exactly one zero growth rate per
year when C = 1, which means that
for each length there will always be
one value for age. Using this version
of the VBGF will do for most tropical
ﬁsheries, where prolonged periods
of zero growth are an exception.
The method cannot be applied if the
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3,000,000

12

2,500,000

10

Catch numbers

2,000,000

8

1,500,000

6

1,000,000

4

500,000

2

0

Fishing mortality

Number

Natural mortality
Survivors
F non seasonal
F seasonal

0
0.5

2.5

4.5

6.5

8.5

10.5

12.5

Mid length (cm)
Figure 12. Results of a cohort analysis with seasonal growth and the fishing mortality as estimated by using the seasonal or nonseasonal VBGF.

seasonal version of the VBGF of Pauly
et al. (1992) is used, as this version
allows for longer periods of ‘no
growth’, which means that a length
can have several values for age and
we cannot convert length into age.

their useful comments on the ﬁrst
version of the manuscript and, of
course, Tracy Barnett for the editing
of the document.

A similar problem arises if there
are two cohorts per year, which is
often the case in penaeid shrimps.
There again, there is no one-to-one
correspondence between age and
length (Sparre 1990). In this case, the
only solution is to slice the cohorts
(Sparre and Venema 1998) and apply a
VPA with pseudo cohorts (Pauly et al.
1987; Gayanilo and Pauly 1997).
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The Spreadsheets
The different spreadsheets can be
downloaded from our website www.
neﬁsco.org/Training.htm
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Progress Toward a Global Genealogy
of Common Carp (Cyprinus carpio L.)
Strains Using Mitochondrial Nucleotide
Sequences Data
B.T. Thai, T. A. Pham, U. D. Thai and C.M. Austin

Abstract
As part of a study of genetic variation in the Vietnamese strains of the common carp (Cyprinus
carpio L.) using direct DNA sequencing of mitochondrial control and ATPase6/8 gene regions,
samples from a number of other countries were analyzed for comparison. Results show that the
levels of sequence divergence in common carp is low on a global scale, with the Asian carp having
the highest diversity while Koi and European carp are invariant. A genealogical analysis supports a
close relationship among Vietnamese, Koi, Chinese Color and, to a lesser extent, European carp.
Koi carp appear to have originated from a strain of Chinese red carp. There is considerable scope
to extend this research through the analysis of additional samples of carp from around the world,
especially from China, in order to generate a comprehensive global genealogy of common carp
strains.

Introduction
The sequence divergence of mitochondrial DNA (mtDNA) has been
used to delineate the historical divergence of genetic groups and haplotype frequencies have revealed recent
animal movements among local
populations (Moritz 1994). MtDNA
sequencing is also being increasingly
used to investigate the relationships,
origins and diversity of domesticated
animal species, including rabbits, pigs,
goats, buffalos and horses (Kierstein
et al. 2004; Kim et al. 1999, 2002; Long
et al. 2003; Manjunath et al. 2004;
Wang et al. 2000). In contrast, similar
studies of aquaculture species are
rare (Nguyen et al. 2004), perhaps reﬂecting their more limited relevance
due to the short history of domestication for most species. A notable
exception to this is the common carp
(Cyprinus carpio L.), the world’s oldest
domesticated and arguably the most
important aquaculture species (Yue et
al. 2004).

In China, domestication of common carp commenced over 4000
years ago and nearly three million t
are produced annually (FAO 2004).
A wide range of molecular marker
systems have been used to investigate
genetic diversity in carp, including
microsatellite (Crooijmans et al. 1997;
Yue et al. 2004), randomly ampliﬁed
polymorphic DNA (RAPDs) (Bartfai
et al. 2003), ampliﬁed fragment length
polymorphism (AFLPs ) (David et al.
2001), allozymes (Brody et al.1979;
Kohlmann and Kersten 1999), restriction fragment length polymorphism
(RFLPs) (Jian et al. 2003; Kohlmann et
al. 2003; Riho et al. 2002) and direct
sequencing of mtDNA fragments
(Froufe et al. 2002; Wang and Li 2004).
However, there have been no comprehensive studies of common carp
that utilise nucleotide sequences.
This paper presents the results of
sequencing the mtDNA ATPase6/8
and control region fragments for 89
individual common carp representing
32 strains or populations from

around the world. The outcome
demonstrates that a genealogical
approach shows signiﬁcant potential
for furthering our understanding
of the diversity of wild and
domesticated carp populations
including their origins, genetic history
and relationships.

Materials and Methods
Sampling
Tissue samples of common carp were
obtained from populations or strains
from Vietnam, China, Japan, Indonesia,
India, Hungary, Czech Republic, Israel
and Australia. Strains, sample codes,
and collection details are listed in
Table 1.

DNA extraction and ampliﬁcation
of mitochondrial DNA
Total DNA was extracted from ﬁn
clip tissue by the protocol described
by Crandall et al. (1999). Two to six
individual ﬁsh were sequenced from
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Table 1. Sample code, collecting locality and number of individuals sequenced (N) for each strain or population.
Strain

Sample code 1

Xingguonensis

Locality

XI

N

Wananensis

WN

Wuyuanensis

WU

Jaing Xi, China

3
3

Color

CL

3

Dor 70

D70

4

Nasice

NA

4

White Koi

WK

2

Black Koi

BAK

Kohaku Koi

Collector

3

Gan-Shmuel, Israel

Li Sifa

K. Ilan

2

KK

2

U. Lavi

Sanke Koi

SK

2

Showa Koi

SHK

2

Red Koi

KO

Komaki-shi, Japan

2

Y. Lemura

Blatna

CZ

Czech Republic

5

K. Lukas

Hajduboszomeny

HA

Szeged

SZ

Tata

TAT

Wild Amur

WA

3

Hungarian P3

P3

2

German X Bangkok

LF

Bhadra River

LB

Majalaya

MA

Rajadanu

RJ

5
Szarvas, Hungary

5

L. Varadi

5

Karnataka, India

2

G. C. Mair
Y.Basavaraju

2
2
Sukamandi, Indonesia

2

N. Estu

Widan

WI

Rockland Reservoir

AU

Victoria, Australia

2

2

Yen Bai

YB

Van Chan, Yen Bai, Vietnam

2

Tuyen Quang

TQ

Hoang Khai, Tuyen Quang, Vietnam

4

Bac Kan

BK

Bach Thong, Bac Kan, Vietnam

4

Vietnamese white

VN

RIA 1, Bac Ninh, Vietnam

2

Hungarian scale

H

RIA 1, Bac Ninh, Vietnam

2

Indonesian yellow

I

RIA 1 , Bac Ninh, Vietnam

4

GenBanK (X61010)

GB

Taiwan 2

1

Y.Chang
H. D. Huang

Goldﬁsh (out group)

GF

Japan

1

M. Murakami

V. Versace

B. T. Thai
U. D. Thai

1

Unique haplotypes within strains are presented by the number 1 and 2 immediately following the sample code (e.g., BK1 and BK2).
2
Location of strain is unknown.
RIA 1: Research Institute for Aquaculture No 1, Dinh Bang, Tu Son, Bac Ninh, Vietnam.

each population or strain. The mitochondrial ATPase6/8 gene fragment
was ampliﬁed using primers L8331
and H9236 (Lovette et al. 1998) and
also the control region of primers
designed from common carp
sequences on GenBank (AC: X61010),

Carp-Pro (5’ AACTCTCACCCCTGGCTACCAAAG 3’) and Carp-Phe
(5’ CTAGGACTCATCTTAGCATCTTCAGTG 3’). PCR conditions
and procedures for visualization,
puriﬁcation and sequencing are given
in Murphy and Austin (2002).
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Data analysis and phylogenetic
reconstruction
Sequences of common carp from
GenBank (Chang and Huang 1994)
were included in the data set for
comparative purposes, and Carassius
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auratus sequences (GenBank accession number NC 002079) were used
as the out group.
The DNA sequences from the
control region were aligned using
the program Clustal X (Thompson
et al.1997). The DNA sequences
from ATPase6/8 regions were
aligned by eye. Aligned sequences
were imported into PAUP* 4.0.b.10
(Swofford 2000) for phylogenetic
analysis. It is important to identify the
most suitable model of nucleotide
evolution for valid phylogenetic
inference (Felsenstein 2004). The
Modeltest 3.06 program (Posada
and Crandall 1998) was used to test
an alternative model of evolution.
The best model was then used to
calculate pair-wise sequence distances
for constructing a neighbor-joining
(NJ) tree. Conﬁdence levels in the
resulting relationship were assessed
using the bootstrap procedure with
1000 replications. Nucleotide (π) and
haplotype (h) diversity for speciﬁc
grouping of samples were calculated
using DNASP 4.10 (Rozas et al. 2003).

variation at both gene regions was
found to be low, although the control
region exhibited more variation
than the ATPase6/8. Excluding the
GenBank Cyprinus carpio (which is of
unknown origin) based on nucleotide
substitution, the two most divergent
ATPase6/8 haplotypes differed by
12 bp and the two most divergent
control region haplotypes differed
by 14 bp. The average divergence
(~ 1 per cent) is low, given that
the control region and ATPase6/8
genes are two of the fastest evolving
regions of the mitochondrial
genome. The average control region
divergence (1.24 per cent) was higher
than that of the average ATPase6/8
region (0.68 per cent) (data not
shown). Despite this relatively limited

variability, the two gene regions
possessed signiﬁcant phylogenetic
signal and were largely consistent in
the patterns of variation within and
between samples and geographic
groupings and the relationships
amongst the haplotypes.
The nucleotide and haplotype
diversity (range 0 to 1) in various
geographic groupings is summarized
in Figure 1. Although nucleotide
diversity is low overall, differences
are apparent between the Asian
carp (0.008) and carp of European
origin (0.000). These differences were
most obvious in terms of haplotype
diversity (h), which exceeded 0.93 for
all carp of Southeast Asian origins but
was 0.00 for European carp. Koi carp
showed no diversity, were identical

Results
A total of 820 bp of the ATPase6/8
genes and 745 bp of the control
region were sequenced for 87
individuals. All sequences obtained
in this study have been submitted
to GenBank (accession number:
AY597942-AY597985 and AY 600150AY600241). The mean nucleotide
composition is A=31 per cent,
T=30 per cent, C=23 per cent and
G= 16 per cent. The most suitable
evolution model identiﬁed for the
nucleotide data is: Hasegawa-KishinoYano (HKY) + invariable site (I) +
gamma distribution shape parameter
(G); transition/ transversion ratio
= 3.8306. The HKY model allows
transition and transversion mutation
occurring at different rates and base
frequencies of nucleotide to vary
(Hasegawa et al. 1985; Page and
Holmes 1998). The level of nucleotide

Figure 1. (a) & (b). Nucleotide and haplotype diversity of geographic common carp
group derived from combination ATPase6/8 and control regions. The number in
bracket is number of individual sequenced. Japanese carp sample (Koi carp) were
obtained from Japan and Israel. Asian carp include: Vietnamese, Chinese, Japanese,
Indian and Indonesian carp. European group include samples from Israel, Australia,
India,Vietnam, Czech Republic (Czech-R) and Hungarian.
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to the Chinese Color (CL) carp and
showed minimal divergence from
Vietnamese carp. The European carp,
while clearly distinguishable from
all other carp, are closely related
to the clade containing the Koi and
Vietnamese carp. Signiﬁcant haplotype
diversity is apparent among the
Indonesian and Chinese samples.
The most divergent haplotype
was represented by the Chinese
Wuyuanensis strain (WU) that differs
from between 6 to 20 bp from all
other common carp haplotypes. In
addition, the sample of Amur river
carp (WA1 and WA2) is interesting as
it contains two haplotypes, one close
to Chinese Color carp and therefore
also Vietnamese carp, and the other
that is identical to European carp.
The relationship of the carp strains is
shown in Figure 2.

Discussion
Mitochondrial variation
This study has demonstrated
that direct sequencing of variable
mtDNA fragments can provide useful
insights into the genetic diversity,
origin, divergence and genealogy
of carp strains and populations. A
surprising result was the low levels
of divergence observed in what are
generally considered to be the most
rapidly evolving vertebrate mtDNA
fragments, the ATPase6/8 genes and
the control region (Verspoor 1998),
especially for a freshwater species
with such an extensive distribution
across Eurasia. A second surprising
result was the complete absence of
variation within two major strains
of carp, the European common carp
and Koi carp. These ﬁndings are
consistent with the long history of
domestication of this species which
has undoubtedly involved signiﬁcant
founder and population bottleneck
events leading to localized loss of
genetic variation (Balon 1995).

Genetic relationships
The origin of a number of carp strains
is uncertain (Balon 1995). Koi carp for
example, are thought to have been
developed directly from common
carp stocks in Japan, or Chinese
Color carp or German pond carp
(Balon 1995; Wang and Li 2004). The
results of this study suggest that Koi
carp have originated from Chinese
Color carp which have a long history
of domestication that can be traced
back over 1200 years (Wang and Li
2004). This is consistent with the
results of Wang and Li (2004) based
on COII sequences, but contrary to
those of Froufe et al. (2002) who
sequenced 540 bp of the control
region and found that their single
sample of Japanese Koi (N=4) had a
haplotype identical to European carp.
This anomaly could be due to mixing
of stocks with Koi carp acquirng the
European mtDNA through cross
breeding. Despite their substantial
color polymorphisms, only a single
haplotype was detected among the
12 individual Koi carp (representing
6 strains) sequenced. This result is
consistent with Koi and Chinese
Color carp having passed through
a substantial bottleneck during the
domestication process.
Carp from Europe or originating
from Europe had the same haplotype,
which was divergent from all other
haplotypes detected. A remarkable
feature of the European carp samples
is the complete absence of any
variation, which suggests a history of
founder effects and small population
size associated with translocation
and domestication, like the Koi carp.
In contrast, Chinese carp showed
considerable haplotype diversity and
divergence. While no differences
were detected between the
Xingguonensis (XI) and Wananensis
(WN) strains, their haplotypes are
highly differentiated from Chinese
Color carp (CL) and Wuyuanensis
(WU) carp with the latter showing
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the most distinctive common carp
haplotype found so far. This suggests
that carp have a longer evolutionary
history in China, compared to other
countries or geographic regions (i.e.,
Vietnam and Europe).
The genetic makeup of Amur river
carp represents an anomaly in that,
while they occur over 5000 km from
northern Vietnam and 10 000 km
from Central Europe, they possess
one haplotype that differs by only
two bases from a haplotype found at
Tuyen Quang in northern Vietnam
and another haplotype identical to
the European carp. As the Amur river
carp examined were originally derived
from a live gene bank line in the Fish
Culture Research Institute Szarvas,
Hungary, presently maintained at
Karnataka in India, this ﬁnding might
be attributed to accidental stock
mixing in captivity. However, Froufe et
al. (2002) found a similar result for a
sample of Amur river carp obtained
from the wild, with some haplotypes
being very close to European carp
and others to Asian carp. They
interpreted this ﬁnding to indicate
an Asian origin for European carp.
However, the converse possibility, that
European carp had been introduced
to China, has also been proposed
(Balon 1995) and is also consistent
with the data.

Taxonomic implications
The taxonomy of common carp is
highly contentious and confusing
with over 30 synonyms of C. carpio
listed on Fish-Base (www.ﬁshbase.
org/search.cfm) and a proliferation
of named strains. Considering
only relatively recent literature,
Kirpichnikov (1967) recognised four
subspecies: Cyprinus carpio carpio
(Europe); C. c. aralensis (Central
Asia); C. c. haematopterus (East Asia);
and C. c. viridiviolaceus. (Southeast
Asia). In contrast, Balon (1995)
recognized only two subspecies:
Cyprinus carpio carpio (Europe) and
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Cyprinus carpio haematopterus (East
Asia). Subsequently, Kirpichnikov
(1999) questioned the validity of C. c.
viridiviolaceus whereas Li et al. (2001)
recognised four morphologically
distinctive red common carp strains
from China which he referred to as C.
c. xinggguonensis, C. c. wannanensis, C.
c. wuyanensis, C. c. color. In one of the
most recent taxonomic treatments
of common carp Kottelat (2001)
considers the common carp cultured
in Southeast Asia to be a distinct
species, C. rubrofuscus, although this is
disputed by Nguyen and Ngo (2001)
who consider this species to be quite
rare. The results of genetic studies
using allozyme, microsatellite, and
RFLP analysis of the mtDNA ND-3/4
and ND-5/6 regions by Kohlman et al.
(2003) were interpreted to provide
support for Balon’s (1995) position
for the existence of two subspecies,
C. c. carpio and C. c. haematopterus, as
the Asian and European samples form
two distinct clades.
MtDNA sequence data, often used
for clarifying species boundaries
(Avise 2000), provides little support
for any of the previous positions.
While the results of this study are
largely consistent with those of
Kohlman et al. (2003) with regard to
the distinctiveness of the European
carp from Vietnamese/Amur carp/Koi
carp, the ﬁnding that samples of carp
from China or of Chinese origin
are highly divergent fails to support
an independent origin for western
and eastern common carp lineages
and their recognition as distinct
subspecies (or species). Indeed, this
ﬁnding, combined with the deepest
branches of the phylogenetic tree
represented by samples of Chinese
origin, suggests that common carp
most probably originated in China.
While genetic distance is not always
a reliable guide to taxonomic
recognition, the levels of divergence
observed for the control and
ATPase6/8 regions (~1 per cent) are

0.005 substitutions/site
Figure 2. Neighbour-joining tree derived from ATPase6/8 and control region, using
HKY+I+G model of evolution. Bootstrap values are base on 1000 replicates.
Bootstrap value is given for nodes with at least 50% or more support.

much less in carp compared to that
usually observed among ﬁsh species
and sub-species. For example, Hurt
et al. (2001) observed between 1518 per cent divergences in control

region sequences among closely
related species within the genus
Acanthopagrus. It is essential that
some stability to the taxonomy of
the common carp is achieved and
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we recommended that this study be
extended to include more samples
of carp, especially from China, with
parallel studies of morphology,
genetic variation at rapidly evolving
nuclear loci (especially intron regions)
and reproductive relationships.

The Development of a
Global Genealogy of
Common Carp Strains
The ﬁndings of this study indicate
that the establishment of genealogical
relations among carp strains based
on mtDNA sequencing can provide
new and useful information regarding
the history and development of carp
strains. For example, this study has
shown that Koi, Chinese, Indonesian
yellow and Vietnamese white carp
are all closely related and that the
other Indonesian and some of the
Chinese common carp are highly
divergent (e.g., Wuyuanensis). Further,
this approach can reveal carp stocks
of mixed origin (e.g., Majalaya) and
others that appear to have been
through genetic bottlenecks (e.g.,
Koi and European carp). Information
on relationships among strains can
be used as a guide to the effective
mixing of strains as part of genetic
improvement programs (Ferguson
1995). It can also provide information
on the historical origins of strains,
whether they represent a composite
of different strains, and if they have
lost variation during the process of
domestication.
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Bioremediation in Shrimp Culture Systems
S.P. Antony and R. Philip

Abstract
Aquaculture generates considerable amount of wastes, consisting of metabolic by-products, residual
food, faecal matter and residues of prophylactic and therapeutic inputs, leading to the deterioration
of water quality and disease outbreaks. Bioremediation, the application of microbes/enzymes to
the ponds, is the method currently in use for improving water quality and maintaining the health
and stability of aquaculture systems. Bioremediation involves organic matter mineralization to
carbon dioxide, maximising primary productivity that stimulate shrimp production, nitriﬁcation
and denitriﬁcation to (1) eliminate excess nitrogen from ponds and (2) maintain diverse and stable
pond community where the pathogens are excluded from the system and desirable species get
established. Apart from organic matter degrading (detritivorous) heterotrophic bacteria, nitrifying,
denitrifying and photosynthetic bacteria are generally employed in bioremediation.

Introduction
Aquaculture is the world’s fastest
growing food production sector
(Moriarty 1999). It was once
considered an environmentally sound
practice because of its traditional
polyculture and integrated systems of
farming based on optimum utilization
of farm resources, including farm
wastes. Increased production is being
achieved by the expansion of land
and water under culture and the
use of more intensive and modern
farming technologies that involve
higher usage of inputs such as water,
feeds, fertilizers and chemicals. As a
result, aquaculture is now considered
as a potential polluter of the
aquatic environment and a cause of
degradation of wetland areas (Pillay
1992).

Waste Production in
Aquaculture
The physical, chemical and biological
conditions of the culture environment
have an inﬂuence on the health and
productivity of shrimp. Exposure
of shrimps to toxins like hydrogen
sulphide, ammonia and carbon
dioxide lead to stress and ultimately
disease (Ravichandran and Jalaludin

2001). The types of wastes produced
in aquaculture farms are basically
similar. However, there are differences
in quality and quantity of components
depending on the species cultured
and the culture practices adopted.
The wastes in hatcheries or
aquaculture farms can be categorized
as: (1) residual food and faecal
mater; (2) metabolic by-products; (3)
residues of biocides and biostats; (4)
fertilizer derived wastes; (5) wastes
produced during moulting; and (6)
collapsing algal blooms (Sharma and
Scheeno 1999).
The current approach to improving
water quality in aquaculture is the
application of microbes/enzymes to
the ponds, known as ‘bioremediation’.
When macro and micro organisms
and/or their products are used
as additives to improve water
quality, they are referred to as
bioremediators or bioremediating
agents (Moriaty 1998). They result
in a lower accumulation of slime or
organic matter in the pond bottom,
better penetration of oxygen
into the sediment and a generally
better environment for the farmed
stock (Rao and Karunasagar 2000).
The isolation and development of
indigenous bacteria are required for
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successful bioremediation (Jameson
2003). A successful bioremediation
involves: optimising nitriﬁcation rates
to keep low ammonia concentration;
optimising denitriﬁcation rates to
eliminate excess nitrogen from ponds
as nitrogen gas; maximising sulphide
oxidation to reduce accumulation of
hydrogen sulphide; maximising carbon
mineralization to carbon dioxide
to minimize sludge accumulation;
maximising primary productivity that
stimulates shrimp production and also
secondary crops; and maintaining a
diverse and stable pond community
where undesirable species do not
become dominant (Bratvold et al.
1997).

Bioremediators as
Disease Controlling
Agents
In recent years, there has been
growing interest in biocontrol of
microbial pathogens in aquaculture
using antagonistic micro-organisms
(Westerdahl et al. 1991; Maeda 1994).
A study on the role of antagonistic
bacteria, especially the co-existing
bacteria, as biocontrol agents appears
worthwhile in lieu of the negative
impacts of antibiotics (Abraham et
al. 2001). Most probiotics proposed
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as biological control agents in
aquaculture belong to the Lactic Acid
Bacteria (Lactobacillus, Carnobacterium
etc.), Vibrio (Vibrio alginolyticus),
Bacillus, and Pseudomonas (Singh
et al. 2001). Abraham et al. (2001)
studied in-vitro antagonistic activity
of penaeid shrimp larvae associated
bacterium, Alteromonas, against several
opportunistic crustacean pathogens
and found that the Alteromonas
species suppressed the activity of
Vibrio harveyi and improved the
survival of Penaeus indicus larvae
in-vivo. Beneﬁcial microbes, such as
non-pathogenic isolates of Vibrio
alginolyticus, can be inoculated into
shrimp culture systems to suppress
the pathogenic vibrios like Vibrio
harveyi,Vibrio parahaemolyticus and
Vibrio splendens and reduce the
opportunistic invasion of these
pathogens in shrimps (Jameson 2003).

Bioremediation of
Organic Detritus
The dissolved and suspended
organic matter contains mainly
carbon chains and is highly available
to microbes and algae. A good
bioremediator must contain microbes
that are capable of effectively
clearing carbonaceous wastes from
water. Additionally, it helps if these
microbes multiply rapidly and have
good enzymatic capability. Members
of the genus Bacillus, like Bacillus
subtilis, Bacillus licheniformis, Bacillus
cereus, Bacillus coagulans, and of the
genus Phenibacillus, like Phenibacillus
polymyxa, are good examples of
bacteria suitable for bioremediation
of organic detritus. However, these
are not normally present in the
required amounts in the water
column, their natural habitat being
the sediment. When certain Bacillus
strains are added to the water in
sufﬁcient quantities, they can make
an impact. They compete with the
bacterial ﬂora naturally present for
the available organic matter, like
leached or excess feed and shrimp

faeces (Sharma 1999). As a part of
bio-augmentation, the Bacillus can be
produced, mixed with sand or clay
and broadcasted to be deposited in
the pond bottom (Singh et al. 2001).
Lactobacillus is also used along with
Bacillus to break down the organic
detritus. These bacteria produce
a variety of enzymes that break
down proteins and starch to small
molecules, which are then taken up as
energy sources by other organisms.
The removal of large organic
compounds reduces water turbidity
(Haung 2003).

Bioremediation of
Nitrogenous Compounds
Nitrogen applications in excess
of pond assimilatory capacity can
lead to deterioration of water
quality through the accumulation
of nitrogenous compounds (e.g.,
ammonia and nitrite) with toxicity to
ﬁsh and shrimp. The principal sources
of ammonia are ﬁsh excretion and
sediment ﬂux derived from the
mineralization of organic matter and
molecular diffusion from reduced
sediment, although cyanobacterial
nitrogen ﬁxation and atmospheric
deposition are occasionally important
(Ayyappan and Mishra 2003).
Nitriﬁcation proceeds as follows:
NH4+ + 11/2 O2
NO2- + 11/2 O2

NO2- + 2H+ +H2O
NO3(1)

Bacteriological nitriﬁcation is the
most practical method for the
removal of ammonia from closed
aquaculture systems and it is
commonly achieved by setting of sand
and gravel bio-ﬁlter through which
water is allowed to circulate. The
ammonia oxidisers are placed under
ﬁve genera, Nitrosomonas, Nitrosovibrio,
Nitrosococcus, Nitrolobus and Nitrospira,
and nitrite oxidisers under three
genera, Nitrobacter, Nitrococcus and
Nitrospira. There are also some
heterotrophic nitriﬁers that produce

only low levels of nitrite and nitrate
and often use organic sources of
nitrogen rather than ammonia or
nitrite. Nitriﬁers in contaminated
cultures have been demonstrated to
nitrify more efﬁciently. Nitriﬁcation
not only produces nitrate but also
alters the pH slightly towards the
acidic range, facilitating the availability
of soluble materials (Ayyappan and
Mishra 2003).
The vast majority of aquaculture
ponds accumulate nitrate, as they
do not contain a denitrifying ﬁlter.
Denitrifying ﬁlters helps to convert
nitrate to nitrogen. It creates an
anaerobic region where anaerobic
bacteria can grow and reduce nitrate
to nitrogen gas (Rao 2002). Nitrate
may follow several biochemical
pathways following production by
nitriﬁcation.
NO3-

NO2N2O

NO
N2

(2)

Unlike the limited species diversity
of bacteria mediating nitriﬁcation, at
least 14 genera of bacteria can reduce
nitrate. Among these, Pseudomonas,
Bacillus and Alkaligenes are the most
prominent numerically (Focht and
Verstraete 1977).

Bioremediation of
Hydrogen Sulphide
Sulphur is of some interest
in aquaculture because of its
importance in anoxic sediments. In
aerobic conditions, organic sulphur
decomposes to sulphide, which
in turn get oxidised to sulphate.
Sulphate is highly soluble in water
and so gradually disperses from
sediments. Sulphide oxidation is
mediated by micro organisms in
the sediment, though it can occur
by purely chemical processes (Boyd
1995). Under anaerobic conditions,
sulphate may be used in place of
oxygen in microbial metabolism.
This process leads to the production
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of hydrogen sulphide gas (Midlen
et al. 1998). The H2S is produced
by a series of microbially mediated
reductions (Boyd 1995).
SO42- + 4H2 + 2H+
H2S + 4H2O
(Djurle 2003).
(3)
Organic loading can stimulate H2S
production and reduction in the
diversity of benthic fauna (Mattson
and Linden 1983). H2S is soluble in
water and has been suggested as
the cause of gill damage and other
ailments in ﬁsh (Beveridge 1987).
Unionised H2S is extremely toxic
to ﬁsh at concentrations that may
occur in natural waters as well as in
aquaculture farms (Bonn and Follis
1967). Bioassays of several species
of ﬁsh suggest that any detectable
concentration of H2S should be
considered detrimental to ﬁsh
production (Boyd 1979).

of the sediment-water interface.
Photosynthetic purple non-sulphur
bacteria can decompose organic
matter, H2S, NO2 and harmful wastes
of ponds. The green and purple
sulphur bacteria split H2S to utilize
the wavelength of light not absorbed
by the overlying phytoplankton. The
purple and green sulphur bacteria
obtain reducing electrons from H2S
at a lower energy cost than H2O
splitting photoautotrophs and thus
require lower light intensities for
carrying out photosynthesis. The
general equation of this reaction is as
follows:
CO2 + 2H2S

(CH2O) +H2O + 2S

S+CO2 + 3H2S

(CH2O) + H2SO4

CO2 + NaS2O3 + 3H2O
+ NaS2O4 + H2SO4

The photosynthetic benthic bacteria
that break H2S at pond bottom have
been widely used in aquaculture to
maintain a favourable environment
(Singh and Radhika 2001). These
bacteria contain bacterio-chlorophyll
that absorb light (blue to infrared
spectrum, depending on type of
bacterio-chlorophyll) and perform
photosynthesis under anaerobic
conditions (Haung 2003). They are
purple and green sulphur bacteria
that grow at the anaerobic portion

2(CH2O)
(4)

Chromatiaceae and Chlorobiaceae
are the two families of photosynthetic
sulphur bacteria that favour anaerobic
conditions for growth while
utilizing solar energy and sulphide.
Chromatiaceae contain sulphur
particles in cells but Chlorobiaceae
precipitate them out. The family
Rhodospirillaceae is not of any use
for H2S removal as they mainly utilise
organic material, such as lower
fatty acid, as source of hydrogen.
But they can be used as efﬁcient

mineralizers at pond bottom as they
grow in both aerobic and anaerobic
conditions as heterotrophic bacteria
even in the dark without utilizing
solar energy (Singh and Radhika
2001). Photosynthetic bacteria of
importance in aquaculture are the
following (Haung 2003):
Rhodospirillaceae
Rhodospirillum, Rhodopseudomonas,
Rhodomicrobium
Chromatiaceae
Chromatium,Thiocystis,Thiosarcina,
Thiospirillum,Thiocapsa, Lamprocystis,
Thiodictyon,Thiopedia, Amoebobacter,
Ectothiorhodospira.
Chlorobiaceae
Chlorobium, Prosthecochloris,
Chloropseudomonas, Pelodictyon,
Clathrochloris.
For bioremediation of H2S toxicity,
the bacterium that belongs to
Chromatiaceae and Chlorobiaceae
can be mass cultured and can be
applied as pond probiotic. Being
autotrophic and photosynthetic, mass
culture is less expensive and the
cultured organisms can be adsorbed
on to the sand grains and applied so
that they may reach the pond bottom
to enrich the hypolimnion and
ameliorate H2S toxicity (Singh and
Radhika 2001).

Table 1. Organisms used as bioremediators.
Identity of the bioremediator

Source

Used on

Method of application

References

GRAM-POSITIVE BACTERIA
Bacillus sp. 48

Common snook

Centropomus
undecimalis

Added to water;
reduced salinity

Kennedy et al. 1998

Bacillus sp

Commercial product

Penaeids

Water

Moriarty 1998

Bacillus sp

Commercial product

Channel catﬁsh

Spread in pond water

Queiroz and Boyd 1998

Brachionus plicatilis

Mixed with water

Hirata et al. 1998

Mixed culture, mostly Bacillus sp. Commercial product
GRAM-NEGATIVE BACTERIA
Aeromonas media

Unknown

Crassostrea gigas

Mixed with water

Gibson et al. 1998

Aeromonas CA2

Unknown

Crassostrea gigas

Mixed with water

Douillet and Langdon 1994

Photorhodobacterium sp.

Unknown

Penaeus chinensis

Mixed with water

Xu-per communication 1997

Pseudomonas ﬂuorescence

Onchorhynchus mykiss

Onchorhynchus mykiss

Mixed with water to 105
or 106 cells ml-1

Gram et al. 2001

Pseudomonas sp.

Onchorhynchus mykiss

Onchorhynchus mykiss

Mixed in water

Spanggaard et al. 2001

Roseobacter sp. BS 107

Unknown

Scallop larvae

Mixed in water

Ruiz-Ponte et al. 1999

64 NAGA, WorldFish Center Quarterly Vol. 29 No. 3 & 4 Jul-Dec 2006

articles

Screening of Microbes
for Utilization as
Bioremediators

Table 2. List of commercially available bioremediators for aquaculture applications.
ABIL nitrifying
package

Nitriﬁers

Tropical marine centre, London.

Microorganisms both Gram positive
and Gram negative have been tested
for their efﬁcacy as bioremediators
in aquaculture by various workers
(Table 1). Bacillus is the most
commonly used organism followed
by Aeromonas and Pseudomonas .

Alken clear-ﬂo 1002

Bacillus sp.

Alken Murray Corp., New York.

Alken clear-ﬂo 1100

Nitrifying bacteria

Alken Murray Corp., New York.

Alken clear-ﬂo 1400

3 species of Bacillus + 2
Alken Murray Corp., New York.
species of Nitrifying bacteria

Ammonix

Nitrifying bacteria

Prowins Bio-Tech Pvt. Ltd., India.

Bactaclean

Nitriﬁers

Enviro-Comp. Services, Inc., Dover,
USA.

Biogreen

Bacillus subtilis

Activa Biogreen Inc., Wood Dale, USA.

Biostart

Bacillus sp.

Bio-CAT, Inc., Virginia, USA.

BRF-13A

Nitrobacter, Nitrosomonas

Enviro-reps., Ventura, CA, USA.

BRF-1A

Nitrifying bacteria

Enviro-reps. Ventura, CA, USA.

BRF-4

Nitrobacter, Nitrosomonas

Enviro-reps. Ventura, CA, USA.

BRF-4

Nitrifying bacteria

Enviro-reps. Ventura, CA, USA.

BZT ® Aquaculture

Nitriﬁers

United-Tech, Inc., Indiana, USA.

Commercial Products
Bioremediators commercially
available in the market mainly include
Nitriﬁers, Sulphur bacteria, Bacillus sp.
and Pseudomonas sp. (Table 2).

Conclusion
There are several commercial
products marketed for use in
aquaculture to clean up the pond
bottom, maintain good water
quality and improve shrimp
health, particularly for intensive
aquaculture. The role of beneﬁcial
bacteria to control pathogens will
become particularly important
in aquaculture, especially in the
light of the increasing number of
antibiotic resistant strains of bacteria,
strict government regulation of
environmental treatments, and
cost-effectiveness. Management
of pond microbial ecology is an
area where applied research can
lead to important ﬁndings for
improving the productivity and
environmental “friendliness” of the
shrimp farming industry worldwide,
particularly in view of recent negative
environmental impacts of shrimp
farms. It seems likely that the use of
bioremediators will gradually increase
and the success of aquaculture in
future may be synonymous with the
success of bioremediators that, if
validated through rigorous scientiﬁc
investigation and used wisely,
may prove to be a boon for the
aquaculture industry.

Product

Microbial content

Company / ﬁrm

Detrodigest

Bacillus sp.

NCAAH, CUSAT, India.

Eutroclear

Nitrifying bacteria

Bioremediate. Com, LLC, Atlanta.

Nitroclear

Nitrobacter, Nitrosomonas

Bioremediate. Com, LLC, Atlanta.

PBL - 44

Nitrifying bacteria / Bacillus
sp.

Enviro-reps. Ventura, CA, USA.

Probac BC

Bacillus sp.

Synergy Biotechnologies, India.

Pronto

Bacillus sp.

Hort-Max ltd., New Zealand.

Ps-1

Pseudomonas sp.

NCAAH, CUSAT, India.

Remus

Nitrifying bacteria

Avecom, Belgium.

Super PS

Sulphur bacteria

CP aquaculture Pvt. Ltd., India.
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Baseline Biochemical and Genetic Proﬁles of
Four Fishes from the River Nile
El Agba H.A. Mohammed

Abstract
Six enzyme systems coding for 10 loci and 6 proteins were examined in the blood of Polypterus
senegalus, Clarias lazera, Tilapia nilotica and Protopterus annectens, using electrophoresis. Six loci
were polymorphic in all the four species, three polymorphic in three species and one polymorphic
in T. nilotica. Four protein loci were monomorphic in all the four species with variants in P. senegalus
and T. nilotica. Haemoglobin can be used as a species-speciﬁc marker. Polymorphism was 53-56 per
cent and average heterozygosity was 0.1-0.15.

Introduction
The river Nile supports up to
two hundred ﬁsh species. A few
comparative biochemical or genetic
studies have been conducted on
these Nile ﬁsh (Babiker and ElHakeem 1979). Morphological
characteristics are the only
parameters that have been studied in
some detail for taxonomic purposes
between and within different genera
(Bishai and Abu-Gideiri 1967). To
understand the genetic variation
within a species, a preliminary study
was carried out on some biochemical
and genetic characteristics of the
four Nile ﬁsh species that are being
commercially exploited along the
Nile waters in the Sudan: (i) Polypterus
senegalus (Cuvier), a chondrostians
derivative; (ii) Clarias lazera (Cuvier
and Valenciennes), a teleost catﬁsh
(Silurid); (iii) Tilapia nilotica (Linnaeus),
an advanced spiny teleost with
a complete aquatic breathing
adaptation; and (iv) Protopterus
annectens (Owen), the lungﬁsh from
Western Sudan. Polymorphism of
haemoglobin (HB), erythrocyte
glucose-6-phosphate dehydrogenase
(G6PD; E.C. 1.1.1.49, D-glucose:
NADP oxidoreductase); malate
dehydrogenase (MDH; E.C. 1.1.1.37,
L-malate: NAD oxidoreductase);

phosphoglucomutase (PGM; E.C.
2.7.5.1, D-glucose-1-phosphate
phosphotransferase); catalase
(CAT; E.C. 1.11.1.6, H2O:H2O
oxidoreductase); glucose phosphate
isomerase (GPI; E.C. 5.3.1.9,
D-glucose-6-phosphate ketol
isomerase); lactate dehydrogenase
(LDH; E.C. 1.1.1.27, L-lactate: NAD
oxidoreductase); serum esterase
(EST; E.C. 3.1.1.1, aryl-esterase or
pseudocholine esterase); haptoglobin
(HP); transferrin (TF); albumin (ALB)
and caeruloplasmin (CP) were
investigated, whenever possible,
in all the four species. The aim of
the present study was to examine
inter- and intraspecies biochemical/
genetic variation to obtain baseline
information on the genetic structure
of these ﬁsh, which could be used in
further taxonomic and population
genetic studies.

Materials and Methods
Fifty specimens of P. senegalus, one
hundred of C. lazera and ﬁfty of T.
nilotica were obtained from the Jebel
Aulia area, 45 km south of Khartoum,
on the White Nile. Sixty specimens of
aestivated P. annectens were collected
from the dry bed of the Khor AbuHabil stream in Kordofan Province,
Western Sudan.

Blood samples were obtained by
severing the caudal peduncle, placed
in centrifuge tubes, allowed to clot
and centrifuged at 5000 g for 10
minutes. Serum was then pipetted
and kept for one week at -20ºC until
used for electrophoretic analysis.
Erythrocytes were separated from
freshly drawn heparinized blood.
The cells were then washed three
times with isotonic saline (0.9 NaCl)
and the buffy coat was sucked. The
washed packed cells were lysed three
times by freezing and thawing.
Haemoglobin, erythrocyte enzymes,
serum esterase and serum proteins
were separated on horizontal starchgel electrophoresis according to
Menezes and Taniguchi (1990). Typing
and nomenclature of gene locus
designations followed that of Shaklee
et al. (1990). When adequate numbers
of ﬁsh were typed for any protein,
allelic and phenotypic frequencies
were calculated and deviation from
the Hardy-Weinberg equilibrium was
tested according to Emery (1976).
The degree of polymorphism and
average heterozygosity was calculated
by including both monomorphic and
polymorphic loci in each species
according to Ayala (1983).
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Results and Discussion
Figure 1 Shows a diagramatic
representation that summerizes
the allelic products of eight loci
revealed in P. senegalus, C. lazera.T.
nilotica and P. annectens. Whenever
polymorphism was observed, the type
and number of bands were recorded.
The allele frequencies and chi-square
values for the differences between
observed and expected phenotype
frequencies of each polymorphic
enzyme are given in Table 1.
Genotypes for species conformed
to Hardy-Weinberg proportions at
all loci with the exception of G6PD*
in P. annectens (p<0.05) which was
deﬁcient in heterozygotes. The
reason for this result is unknown.
Haemoglobin was monomorphic
in all four species, but was speciesspeciﬁc. It appeared as one anodal
band in C. lazera and P. annectens, two
anodal bands in P. senegalus and three
bands (two anodal and one cathodal)
in T. nilotica. Six loci: PGM*; MDH1*; LDH*A; LDH*B; HP* and TF*
were polymorphic in all four species.
G6PD* was monomorphic in C.
lazera while CAT* was monomorphic
in T. nilotica. Serum esterase (EST-2*)
was not examined in T. nilotica, but
it was polymorphic in the remaining
species, while GPI* was polymorphic
in T. nilotica. Albumin (ALB*) and CP*
were monomorphic in all species.
The degree of polymorphism
ranged between 53-56, and average
heterozygosity ranged between 0.100.15 in the four species.
The phenotypic distribution of the
polymorphic systems (Table 1) was
at the Hardy-Weinberg equilibrium.
In P. senegalus (χ2 =18.86 d.f. 17) and
in T. nilotica (χ2 = 20.56 d.f. 17). There
was an extreme degree of deviation
in C. lazera (χ2 = 82.53 d.f.16) and P.
annectens (χ2 = 25.39 d.f.17) with an
excess of heterozygotes.
The data represented in this study
provide baseline biochemical genetic

Table 1. Allele frequency at five polymorphic loci in Polypterus senegalus, larias
lazera, Tilapia nilotica and Protopterus annectens.
Polymorphic
systems

Genotypes

P. senegalus
(n = 50)

C. lazera
(n =100)

T. nilotica
(n = 100)

P. annectens
(n = 60)

G6PD*

G6PD*1
G6PD*2

0.79
0.21

0.00
1.00

0.57
0.43

-----

PGM*

PGM*1
PGM*2
PGM*3

0.41
0.59
0.00

0.37
0.63
0.00

0.17
0.83
0.00

0.82
0.08
0.10

MDH*

MDH*1
MDH*2

0.75
0.25

0.34
0.66

0.45
0.55

0.42
0.58

CAT*

CAT*1
CAT*2

0.43
0.57

0.39
0.61

-----

0.46
0.54

HP

HPI*1
HPI*2
HPI*3

0.75
0.19
0.06

0.56
0.40
0.04

0.33
0.60
0.07

0.59
0.39
0.02

Table 2. The distribution of allelic products of protein loci, degree of polymorphism
and average heterozygosity in P. senegalus, C. lazera,T. nilotica and P. annectens.
Locus

P. senegalus

C. lazera

T. nilotica

P. annectens

G6PD*

Poly 1
2-1
2

Mono

Poly 1
2-1
2

Poly 1
2

PGM*

Poly 1
2-1
2
-

Poly 1
2-1
2
-

Poly 1
2-1
2
-

Poly 1
2-1
3-1
3-2

MDH-1*

Poly A
AB
B

Poly A
AB
B

Poly A
AB
B

Poly A
AB
B

CAT*

Poly 1
2-1
2

Poly 1
2-1
2

Mono

Poly 1
2-1
2

GPI*

*

*

Poly 1
2-1
2

*

EST-1*

Poly 1
2

Poly 1
2
3

*

Poly 1
2
-

HP*

Poly 1
2-1
3-1

Poly 1
2-1
2
3-1

Poly 1
2-1
2
3-1

Poly 1
2-1
2
3-1

HB*

1 band**

1 band

3 bands**

1 band

LDH*

***(32)

***(46)

***(46)

***(50)

TF*

***(52)

***(72)

***(42)

***(57)

ALB*

1 band (52)

1 band (72)

1 band (42)

1 band (57)

CP*

1 band (52)

1 band (72)

1 band (42)

1 band (57)

P

0.53

0.56

0.53

0.53

Ha: Obs.
Exp

0.15
0.12

0.13
0.10

0.10
0.09

0.15
0.10

Poly
Mono
*
**
***
P
Ha
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Polymorphic
Monomorphic
Broad diffuse band – could not be typed
Two loci
Highly polymorphic – could not be typed
Proportion of polymorphic loci
Average heterozygosity
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I MAJOR (HB-1)
II MINOR(HB-2)
P.senegalus

+

C.lazera

I.nilotica

P.annectens

HB*
0

+

G6PO*
0
1 2-1

2

1

2-1 2

1

A

AB

2-1

2

1

2-1

2

1

2

2-1 2

1

2

2-1

1 2-1 2-1 3-1 3-2

A

AB

B

A

AB

B

A

1

2-

2

2

+

PGM*
0
+

MDH-1*
0
AB

B

+

CAT*
0
1 2-1

+
0
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Figure 1. Diagramatic representation of allelic products of enzymes and proteins
examined in P. senegalus, C. lazera,T. nilotica and P. annectens.
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O = Origin of application. Mod = Modiﬁed variant.
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Tilapia Culture in Kuwait:
Constraints and Solutions
M.T. Ridha

Abstract
Tilapia farming in Kuwait is in its early stages. Slow growth, high production cost and poor demand
are the major constraints to the expansion of tilapia culture in Kuwait. This article presents some
suggestions for overcoming these problems to improve the economic feasibility of tilapia culture in
Kuwait.

Background
Tilapia is an African freshwater ﬁsh
that belongs to the family Cichlidae
and includes over 100 species. There
is some evidence that the Egyptians
practiced tilapia culture nearly 4000
years ago. Most of the commercially
cultured tilapia is of the mouthbrooding genus Oreochromis in which
females incubate the eggs in their
mouth cavity. Cultured tilapia is a
major source of ﬁsh protein in many
countries around the world and
the consumption of tilapia in both
the developing and industrialized
countries is increasing. There is
an increasing interest in tilapia
culture and it has been transplanted
and stocked into waters of most
countries of the world (Balarin and
Hatton 1979; Eknath et al. 1993).
Tilapia is currently ranked second
only to carp culture and is likely to be
the most important cultured ﬁsh in
the 21st Century (Fitzsimmons 2000).
Tilapia has many attributes that
make it suitable for culture. Among
these are its general hardiness, high
tolerance to adverse environmental
conditions and overcrowding, its
ability to withstand low oxygen and a
wide range of salinity concentrations
and its resistance to disease. Tilapia
is able to survive and grow on a
wide range of natural and artiﬁcial
feeds, converts food efﬁciently,

grows relatively fast, has a high yield
potential and is accepted by a wide
range of consumers. Furthermore,
tilapia can be grown in a variety of
culture systems, ranging from simple
systems with little infrastructure to
more intensive and complex systems.

Tilapia Research in
Kuwait
The state of Kuwait is located in
the Middle East (29° 30” North, 45°
45” East) and lies at the northwest
corner of the Arabian Gulf. It is
bounded to the north and west by
Iraq and to the south and south-east
by the Kingdom of Saudi Arabia. The
Arabian Gulf is Kuwait’s eastern
border.
In an attempt to accelerate the
development of the aquaculture
sector in Kuwait and to partially
compensate for the sharp decline in
Kuwait’s ﬁsheries, the Kuwait Institute
for Scientiﬁc Research (KISR)
represented by the Aquaculture,
Fisheries and Marine Environment
Department (AFMED) began
importing tilapia in the late 1970s.
A number of research projects
were conducted on the feasibility of
culturing this species in the country.
Initially, the research projects were
on the determination of the spawning
season and reproductive potential
of tilapia species such as Oreochromis

spilurus, the Taiwanese red tilapia
hybrid, the blue tilapia O. aureus and
the Nile tilapia O. niloticus. At a later
stage, research was focused on more
speciﬁc objectives, including the mass
production of tilapia fry, maximization
of seed production and improvement
of the spawning synchrony through
the manipulation of broodstock
density and broodstock exchange
(Ridha and Cruz 1999, 2000, 2003)
and extending the spawning season
by controlling water temperature,
photoperiod and light intensity
(Ridha et al. 1998). Because of the
arid climatic conditions of Kuwait,
the scarcity of freshwater and the
abundant availability of seawater,
research was also conducted to
evaluate the feasibility of culturing
the salinity-tolerant O. spilurus in
seawater using different production
systems, such as land-based tanks,
raceways and ﬂoating marine cages.
Research was also carried out to
develop guidelines to overwinter
ﬁngerlings in sea water, to determine
the optimum stocking density
for ﬂoating sea net cages and to
determine the optimum cage depth.

Marketing Studies
Preliminary marketing studies
indicated consumer acceptance of
tilapia and interest among farmers in
growing tilapia. Kuwaitis represented
31-37 per cent of the buyers, with
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the remaining buyers being mostly
African and Asian expatriates.
A limited amount of underground
low-salinity water, ranging between
2 and 10 ppt, with an average
temperature of 26o C, is available
year-round in the Wafra agricultural
area located about 100 km south
of Kuwait City and in the Al–Abdali
area north of Kuwait City. Agriculture
farms utilize this water to grow plant
crops. In an attempt to increase the
production of tilapia and to improve
the proﬁtability of the conventional
agricultural farms, KISR conducted
a study on integrating the culture of
the O. niloticus within existing farms
without increasing the utilization of
groundwater. During the irrigation
period, the efﬂuent from the ﬁsh
tanks carrying the solid wastes
excreted by the ﬁsh was used to
irrigate the alfalfa crop, thus providing
the plant with the necessary nutrients
for growth. At night, the efﬂuent
water was recycled to the ﬁsh tanks
through a sand ﬁlter that removed
the solid wastes. The study showed
that it was possible to produce
approximately 2.5 t of fresh tilapia
annually together with alfalfa using
a minimal amount of extra water.
The most proﬁtable scenario for
the farmers was to double this
production of tilapia with a feed
subsidy of 50 per cent from the
government (Al-Ameeri et al. 1999,
2000).

Status of Tilapia Culture
in the Region
Tilapia farming in Kuwait is in its
infancy. Records show that in 1986,
there were three farms growing
tilapia using low salinity underground
water (2 to 10 ppt). By 1996, there
were 12 farms culturing tilapia.
A survey conducted during 1997
showed that a total of 37 ﬁsh farms
had an estimated total production
of about 31.5 t of tilapia (Al-Ahmed

1998). Currently, 65 farms grow
tilapia (mainly O. niloticus and O.
spilurus), with an estimated total
production of 110 t (Al-Ahmed
2004). The price of tilapia ranges
between US$4.50 and US$6.00/kg.
Some farmers sell their ﬁsh on-site
while others sell to small shops. In
the Gulf Region, commercial tilapia
culture is only practiced in Saudi
Arabia, using intensive freshwater
culture systems that depend heavily
on the limited groundwater. The
major tilapia species cultured are the
Nile tilapia, the blue tilapia and red
tilapia hybrids (El Gamal 2001). In
1986, a total of 16 t was produced in
four farms, while in 1996, 52 tilapia
farms produced a total of 2800 tons
(Elhendy and Alzoom 2001).

Problems Encountered
A ﬁeld survey conducted in some
of the existing tilapia farms and in
ﬁsh markets in Kuwait revealed a
number of interrelated technical,
economic and legislative problems
and challenges that result in low
production and low proﬁtability
of the farm, thus hindering the
expansion of the tilapia farming
industry in Kuwait. The production
cost and, hence, the retail price
of fresh tilapia is high. The factors
responsible for this are insufﬁcient
supply of tilapia fry, slow growth
rate of tilapia, high feed conversion
ratio and the high cost of artiﬁcial
feed. Most tilapia farms have
poorly designed ﬁsh tanks and lack
equipment such as air blowers,
pumps, stand-by electrical generators
and feed storage facilities. The lack
of trained manpower to operate
the farms successfully is a critical
constraint on increasing production.
Moreover, due to poor marketing
and the lack of coordination among
farmers in marketing their products,
locally produced fresh tilapia is not
able to compete with the imported
fresh and frozen tilapia.
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Solutions
The government should lay down
the criteria and speciﬁcations for
appropriate production systems for
both small and large scale tilapia
growers. Licenses and permits to
grow tilapia should only be issued to
farmers who have properly designed
farms and adopt the recommended
culture system. The growth rates
and output of fresh tilapia in Kuwait
can be improved by culturing the
Genetically Improved Farmed Tilapia
(GIFT) strain instead of the nonimproved local strain of the Nile
tilapia. Results of a preliminary study
conducted at AFMED indicate that
the GIFT strain has a signiﬁcantly
higher mean body weight, faster daily
growth rate, better feed conversion
ratio and higher production rate
than the local strain (Ridha and Cruz
2002). The better feed conversion
ratio of the GIFT strain would reduce
production cost as feed accounts
for over 50 per cent of the cost of
production.
The government represented by
the Public Authority for Agriculture
Affairs and Fish Resources (PAAAFR)
is currently in the process of
establishing a tilapia hatchery for
the intensive production of highquality tilapia seeds from the GIFT
strain. In order to decrease the
ﬁnancial burden on the farmers,
the government hatchery should
supply the farmers with the required
quantity of the seed. Moreover, a
government subsidy on feed of at
least 50 per cent should also be
continued to further decrease the
production cost and increase the
proﬁtability of such farms. Establishing
a local feed industry in Kuwait can
fulﬁll the requirements of the farmers
for good quality feed at a relatively
low price.
If the annual production per farm
can be increased to 5.0 t (Cruz et al.
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2000) with government support as
suggested above, the production cost
could be reduced from US$5.4/kg to
US$2.2/kg. The retail selling price of
locally produced fresh tilapia would
fall to around US$3.0/kg. This would
make it more competitive with
imported and other fresh ﬁsh in the
market, and increase the demand for
local tilapia. The market potential and
the market share of cultured tilapia
could be improved by establishing
a farmers union that would be
responsible for coordination
among farmers and marketing of
tilapia through advertisement. The
government should also protect
its national ﬁsh production against
competition from imported fresh and
frozen tilapia.

Conclusion
Properly designed ﬁsh farms,
adoption of an appropriate tilapia
production system by the farmers,
a government subsidy on seed and
feed, and the development of an
organized marketing strategy would
enhance the commercial viability
and proﬁtability of tilapia farming
in Kuwait. This would contribute
signiﬁcantly to placing tilapia farming
and marketing on a sound footing and
establishing it as a growing industry.
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Relative Importance of Various Predators in
Clarias gariepinus Fry Mortality in Cameroon
S.Y. Sulem and R.E. Brummett

Abstract
To estimate the relative importance of the most common predators of Clarias gariepinus fry,
increasing levels of protection were afforded to exclude amphibians, aquatic arthropods and birds.
At a stocking density of 10 larvae/m² in nursing ponds, fencing off amphibians resulted in a 28 per
cent decrease in mortality. Holding fry in hapas to protect them from both amphibians and aquatic
arthropods decreased mortality by an insigniﬁcant 5.7 per cent. Installation of bird-netting over
the hapas reduced mortality by 21.7 per cent. The remaining 4.9 per cent of total mortality, which
could not be explained, was attributed to opportunistic cannibalism, disease and/or handling stress.
Increasing stocking density to 40/m² and, thus, reducing the food available per fry increased mortality
by 28.3 per cent.

Introduction
Fast growing, omnivorous and airbreathing, the African sharptooth
catﬁsh, Clarias gariepinus, would be an
excellent candidate for aquaculture
but for a generally low and highly
variable fry survival rate in nursing
ponds (Hogendoorn 1979;Viveen et
al. 1985; de Graaf and Janssen 1996).
Nguenga et al. (2000) identiﬁed
the major causes for low and
variable survival of C. gariepinus in
Cameroon as predation (primarily by
amphibians and aquatic arthropods)
and cannibalism (exacerbated by low
food availability). The objective of this
study was to successively eliminate
each source of mortality in an effort
to quantify its relative importance
and prioritize strategies to increase
survival and reduce variability in C.
gariepinus nursing.

Materials and Methods
A comparison of survival rates under
increasing levels of protection was
used to estimate predation from
amphibians, aquatic arthropods and
birds. Treatments were based on
observation of predator behavior

over more than 20 years of pondbased culture of C. gariepinus at
the Participatory Aquaculture
Research Center (PARC) in Yaoundé,
Cameroon. For example, amphibians
are regularly observed in unfenced
but not in fenced ponds, aquatic
arthropods in open ponds but not
in hapas, and kingﬁshers are often
seen escaping from open but not
from closed hapas. It was these
observations and those published in
the available literature (Micha 1976;
Hogendoorn 1979; Janssen 1985a,b,c;
Nguenga 2000) that led to the
selection of the treatment conditions
(Table 1).

Treatment A was designed to
estimate total mortality under
typical pond nursing conditions
in Cameroon. Two days prior to
stocking, triplicate 85 m2 earthen
ponds at the PARC were dried and
limed with quicklime (CaO) at a rate
of 250 kg/ha and fertilized with fresh
pig manure at a rate of 800 kg/ha.
Ponds were stocked at 10 ﬁsh/m2 with
2-day old C. gariepinus larvae resulting
from artiﬁcial reproduction of brood
ﬁsh captured from a local reservoir.
Supplemental feed was added daily in
the form of a 50:50 mixture of dried
brewery waste and wheat bran at a
rate of 100 kg/ha.

Table 1. Production systems used to successively eliminate major causes of Clarias
gariepinus fry mortality in earthen ponds.
Treatment
A. Pond drying + CaO + manure +
wheat bran and brewery waste +
stocking density = 10/m2.
B. As in Treatment A + fences +
screened water inlets.
C. As in Treatment B + open hapas.
D. As in Treatment B + closed hapas.
E. As in Treatment D + stocking density
= 40/m2
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Estimate

Calculation

Total mortality
(including opportunistic cannibalism)

A

Amphibian predation

A-B

Aquatic arthropod predation

B-C

Bird predation

C-D

Induced cannibalism

E-D
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Treatment B was designed to exclude
the amphibians Ptychadena oxyrhinchus
and Bufo regularis, which abound in
the PARC and have been conﬁrmed
by stomach content examination
as predators on catﬁsh larvae. To
the basic pond management used in
Treatment A was added a 1 m high
frog fence (de Graaf et al. 1985)
manufactured from locally-available
woven nylon bags, cut and sewn
together and buried 20 cm into pond
dikes. In addition, ﬁlters of double
layered mosquito netting were put
over water inlets. Such fencing is
considered standard for exclusion
of amphibian predators wherever
African catﬁsh are nursed.
Treatment C was designed to
additionally exclude aquatic
arthropods, most notably dragonﬂy
larvae (Odonata), that enter the
pond after ﬁlling through direct
oviposition from the airborne female.
To the standard conditions used in
Treatment A were added triplicate 1
m3 hapas fabricated from the same
materials as the frog fence and into
which catﬁsh larvae were stocked
at the standard rate of 10/m2. The
selection of such hapas as a defense
against aquatic insects was based on
the observation that these predators

are common in open ponds at the
PARC, but have never been found in
hapas. Presumably, any insect eggs laid
directly into a hapa are vulnerable to
predation by the larval catﬁsh.
Treatment D was designed to exclude
the typical bird predators at the
PARC, i.e., kingﬁshers (Alcedinidae)
and cattle egrets (Bubulcus ibis).
In addition to the conditions of
Treatment C, 2 cm mesh bird nets
were added as covers to the hapas.
Treatment E was designed to
estimate cannibalism, both
opportunistic cannibalism arising
from coincidental encounters among
siblings and cannibalism exacerbated
by competition for food. Treatment
conditions were the same as in
Treatment D, except that the stocking
rate of fry was increased to 40 larvae/
m2 to decrease the availability of food
per fry and increase the number of
casual encounters between larvae.
Larval mortality in C. gariepinus at
the PARC is sometimes caused by
surface growth of the duckweed,
Lemna paucicostata, which impedes
light penetration and leads to low
morning dissolved oxygen (DO). To
rule this out as a possible source

Figure 1. Percentage of total Clarias gariepinus larval mortality attributable to various
predators in earthen nursing ponds in Cameroon.

of mortality, pond surfaces were
raked on a weekly basis and DO
concentration was measured daily at
06:00 H with an Otterbine Sentry III
Oxygen/Temperature Monitor. During
the nursing period, morning dissolved
oxygen was never measured below 4
mg/l.
After 42 days of nursing, ﬁngerlings
were harvested, counted and weighed
to calculate survival, mortality,
number per m² and speciﬁc growth
rate (SGR). SGR (percent per day)
was calculated according to the
formula:

(1)
Where Wtf is the ﬁnal average weight
of harvested ﬁngerlings and Wti is the
initial average weight of stocked fry.
To estimate the signiﬁcance of various
causes of mortality, Student’s t test
was used to compare Treatments A
and B, B and C, C and D and D and E,
respectively.

Results and Discussion
Fingerling production data are
shown in Table 2. Growth rates
were inversely proportional to ﬁnal
ﬁngerling density. Overall, growth
and survival rates were in the
range reported for similar systems
throughout Africa by de Graaf and
Janssen (1996).
Fig. 1 shows the relative importance
of predators in C. gariepinus
nursing. Frog fencing (Treatment B)
signiﬁcantly (P<0.05) reduced total
mortality to 32.3 per cent compared
to 60.3 per cent in unprotected
ponds (Treatment A). Stocking ﬁsh in
open hapas (Treatment C) reduced
mortality by an insigniﬁcant 9.4 per
cent (P<0.32) relative to simple
frog fencing. However, protecting
hapas with bird netting (Treatment
D) was signiﬁcantly effective
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Table 2. Average weight, number of fingerlings harvested, survival and specific growth
rate (SGR) of Clarias gariepinus nursed for 42 days in earthen ponds in Yaoundé,
Cameroon.
Treatment

Final average
weight (g)

Fingerlings
harvested/m2

Survival (%)

SGR (%)

A

11.2
8.8
9.0
9.66 ± 1.30

3.7
4.6
3.6
3. 97 ± 0.54

37.0
45.9
36.1
39.66 ± 5.42

14.7
14.2
14.2
14.37 ± 0.31

B

9.2
8.4
5.4
7.65 ± 2.03

6.5
6.6
5.3
6.11 ± 0.74

84.4
66.0
52.6
67.67 ± 15.97

14.3
14.1
13.0
13.76 ± 0.69

C

9.8
8.0
5.3
7.68 ± 2.25

7.0
8.0
7.0
7.33 ± 0.58

70.0
80.0
70.0
73.33 ± 5.77

14.4
13.9
13.0
13.76 ± 0.74

D

6.4
5.4
5.7
6.05 ± 0.51

10.0
10.0
9.0
9.50 ± 0.58

100.0
100.0
90.0
96.67 ± 5.77

13.4
13.0
13.1
13.26 ± 0.21

E

1.8
3.5
3.1
2.78 ± 0.9

26.0
25.0
29.0
26.67 ± 2.08

65.0
62.5
72.5
66.67 ± 5.2

10.3
12.0
11.7
11.32 ± 0.86

(P<0.008) in reducing mortality
to 3.3 per cent (i.e., 97 per cent
survival). Exclusion of amphibians
and birds, thus, decreased mortality
by 46 per cent and 48 per cent,
respectively, while exclusion of larger
aquatic arthropods made no real
contribution to reduction in mortality.
The residual mortality is attributable
to natural mortality, cannibalism and
other causes. While the exact cause
of each individual’s mortality cannot
be ascertained without analysis of
predator abundance and stomach
contents, the fact that increasing
levels of protection led to substantial
decreases in larval mortality indicates
that the treatment conditions
themselves did not adversely affect
survival.
Increasing stocking density in covered
hapas to 40 larvae/m² (Treatment
E) signiﬁcantly (P<0.02) increased
mortality to 33.3 per cent as
compared to those of treatment
D. Although it is not impossible to
rule out other effects, it seems most
likely that this can be associated with
increased competition for space

and food, possibly exacerbated by
cannibalism (Hecht et al. 1988), a
common problem in C. gariepinus
nursing, that can lead to mortality
rates in the region of 98 per cent,
particularly at higher (e.g., 100
fry/m2) stocking densities (de Graaf
and Janssen 1996). At the PARC, a
four-fold increase in stocking density
precipitated a six-fold increase in fry
mortality from 5 per cent to 32 per
cent. The small size of the ﬁngerlings
harvested after 42 days seems to
indicate that any cannibalism that
took place occurred relatively late in
the nursing period.

Conclusions
The aim of this work was to rank
the various sources of predation and
cannibalism with a view to prioritizing
strategies for improving survival.
Results show that under conditions
of low stocking density and abundant
food, predator exclusion leads to
substantial increases in survival,
with amphibians and birds being of
equal importance in larval mortality.
However, reduction of predation by
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amphibians and birds can be nulliﬁed
if stocking densities increase to the
point where either food or space
become limiting and cannibalism
becomes a dominant cause of
reduced larval survival.
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Diversiﬁcation of Aquaculture for
Empowerment to Fisheries Through
Institution Village Linkage Programme (IVLP)
in Kerala, India
R. Sathiadhas, J. Joseph and S. Jerson

Abstract
Technology Assessment and Reﬁnement through the Institution Village Linkage Programme
(IVLP) is the latest participatory extension model successfully undertaken by the Indian
Council of Agricultural Research in India. The Central Marine Fisheries Research Institute has
been implementing IVLP since 2001 to assess and reﬁne the technologies of the coastal agro
ecosystems at Elamkunnapuzha village (Vypeen Island) in the Ernakulam District of Kerala. A
series of need based location speciﬁc technology intervention plans have been introduced to
overcome the social and biological constraints on farming practices in ﬁsheries, livestock and
agriculture, and implemented with the active participation of the stakeholders. The inferences
drawn from IVLP ultimately form a package suitable for enhanced production in the costal agro
ecosystem for replication to other areas with similar characteristics. This paper gives a brief account
of the treatment packages applied in ﬁsheries through various technological interventions and
discusses the consequent yield and beneﬁts obtained. The ‘integrated whole village development’
through the involvement of multi institutional teams and a participatory approach was accorded
prime importance in the IVLP of Elamkunnapuzha, with a greater emphasis on marginal and small
farmers and speciﬁcally focusing on women for poverty alleviation and equity under the coastal
agro ecosystem.

Introduction
Community participation plays
a key role in Common Property
Resource Management (CPRM) for
sustainable development that has
signiﬁcant impacts on the quality of
the environment. Integrated natural
resource management (CGIAR 2002)
focuses on improving livelihoods, agro
ecosystem resilience, agricultural
productivity and promoting
environmental services. Its efﬁciency
in dealing with complex problems
comes from its ability to empower
relevant stakeholders, resolve
conﬂicting interests, foster adaptive
management capacity, integrate
levels of analysis, merge disciplinary
perspectives, make use of a wide
range of available technologies, guide
research on component technologies

and generate policy for technological
and institutional alternatives. It is well
known that natural resource systems
such as open water ﬁsheries, forests,
water, air, minerals, etc., are exploited
or utilized beyond their sustainable
levels.
In ﬁsheries, the backwaters and many
water bodies in the coastal agro
system that are common in nature
require effective management. Most
of the policies and regulations of
Nations’ with a democratic nature
could not work to the desirable
extent for effective implementation.
Failure to manage these resources
sustainably and equitably has lead to
conﬂict and disaster in many cases.
The Rio Declaration on Environment
and Development correctly
proclaimed inter alia that “Human
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beings are at the centre of concern
for sustainable development. They are
entitled to a healthy and productive
life in harmony with nature”. In
this context, the Institutional Village
Linkage Programme (IVLP) of the
Central Marine Fisheries Research
Institute (CMFRI), implemented
at Elamkunnapuzha village in
Kerala (India), serves as a model
for community participation for
sustainable production from various
types of aquaculture systems. IVLP
was successful in making signiﬁcant
positive and cumulative changes in
the production patterns in various
micro-farming situations.Vypeen
Island in the Ernakulam district of
Kerala covers an area of 87.12 sq
km. Elamkunnapuzha village has a
total population of 51 197 and an
area of 11.52 sq km. It has a distinct
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ecosystem that includes capture
and culture ﬁsheries, a variety
of agricultural crops, and animal
husbandry.
IVLP for technology assessment
and reﬁnement aimed at diagnostic
studies of production systems
to suggest alternative means for
enhanced productivity. It introduced
improvements in the existing
production systems without
endangering the stability and
sustainability of the environment
through scientiﬁc management
practices. IVLP suggested innovative
farm production systems with
multiple options for implementation
with the genuine participation of
the farm community. Rural farmers
followed the scientiﬁc inputs only
if they had an assurance of more
employment and income generating
opportunities. All the interventions
were functionally linked with the
stakeholders through key informants,
frequent visits by the scientiﬁc
personnel and a group of progressive
farmers. The key informants were
from the same village and were
knowledgeable about villagers as
well as the economic and social
fabric of the stakeholders. Frequent
visits by scientiﬁc personnel were
seen as an impetus to the farming
attitude of the farmers. The recording
of data on various parameters of
farm inputs and outputs not only
stimulated the farmers towards a
result oriented approach, but also
gave feedback information for further
reﬁnement. Visits to the farm sites
of progressive farmers or a common
place to share their experiences
created a catalytic effect among the
identiﬁed stakeholders. Another set
of factor that functioned as the link
between the institute and the primary
stakeholders was the scientiﬁc
information and advice imparted
through a number of training
programs and leaﬂets. The linkages
developed in this program have
enabled the stakeholders to continue

the efforts towards achieving better
output. The results of IVLP clearly
demonstrated its utility for preparing
a comprehensive plan for the entire
coastal agro ecosystem (Sathiadhas et
al. 2004).
During February to April 2001, 32
techno-interventions covering 687
farm families were implemented
at Elamkunnpuzha in the ﬁsheries,
animal husbandry, agriculture and
horticulture sectors (Sathiadhas et
al. 2004). Between 10 and 50 farmers
were selected in each sector on the
basis of their indigenous knowledge,
aptitude for adoption of scientiﬁc
practices, suitability of the location
and involvement in participatory
exercises. Farmers were selected for
introduction of scientiﬁc practices in
culture. The most important impact
was the adoption of diversiﬁed
aquaculture practices by the farmers.
The lowest cost combination of
factors of production coupled with
the high suitability of ponds for
monoculture of crabs, Mugil cephalus
and Chanos chanos, and polyculture
of different types of ﬁnﬁsh resulted
in proﬁtability ranging from Rs0.2
million/ha for monoculture of milkﬁsh
to Rs0.7 million/ha for monoculture
and fattening of juvenile crabs at the

optimum levels of productivity (US$1
= approx Rs 46.79).

Participatory Rural
Appraisal (PRA)
Techniques: Extension
Strategy Used in IVLP
Most of the development programs
attempted in the past focused
on technology transfer without
considering the needs of the
end users (i.e., farmers). The
communication gap between the
researchers and farmers has led to
many disappointing experiences.
Because of the ﬂaws in the
conventional approach, there has
recently been a rapid expansion
in participatory methods and
approaches. The new methods
are being used not just for local
people to inform outsiders, but also
for people to analyze their own
conditions (Chambers 1992; Pretty
and Chambers 1993; Pretty 1995).
The extension strategy adopted in
IVLP is very much participatory in
nature with a vision of an integrated
whole village development ensuring
greater scientist-farmer linkage
and accessibility for farmers to the
technologies generated by CMFRI

Group of stakeholders with experts.
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and the entire National Agricultural
Research System (NARS) of the
country. This requires a multiinstitutional team and an array of
stakeholders with knowledge of
the local systems and traditions. An
micro-level farming approach using
participatory Rural Appraisal (PRA)
techniques (Sathiadhas et al. 2003)
was used to earmark problems and
formulate participatory programs to
enhance the productivity of current
farming practices.
As a result of employing various
PRA techniques, the following
observations were made. Transect
walks and direct observation
gave the IVLP team members an
insight into the topography, natural
resources, cropping patterns, soil
types, natural vegetation and local
practices, and also provided a graphic
representation of places where
unexploited or underexploited
potential existed. Wealth ranking
was used to classify households
according to relative wealth or
well-being. This provided a baseline
against which future intervention
impact could be measured; a sample
frame to cross-check the relative
wealth of informants who were
interviewed; and local indicators of
welfare. Through an analysis of their
livelihood activities it was noted
that ﬁshing and related activities
provide the major source of income,
accounting for about 55 per cent,
followed by coconut (20 per cent),
paddy and vegetables (10 per cent),
milk and meat (10 per cent) and
others (5 per cent). Participatory
mapping and modeling involved
constructing maps, like resource
maps of catchments, villages, forests,
ﬁelds, farms, home gardens; social
maps of residential areas of a village;
wealth rankings and household asset
surveys; health maps, indicating the
health status of each family; and
impact monitoring maps where
villagers recorded pest incidence,

input usage, weed distribution, soil
quality, etc. Seasonal constraints and
opportunities, like patterns of rainfall,
soil moisture, crops, labour, food
consumption, illnesses, prices, animal
fodder, fuel, migration, pests, income,
expenditure, etc., were entered into
the seasonal calendars and activity
proﬁles. Historical analyses included
technology histories and review, crop
histories and biographies, livestock
breed histories and labour availability.
Through matrix scoring it was found
that ﬁsh farming was preferred
because it was locally feasible,
proﬁtable and had a marketable
product. Even though crab farming
is proﬁtable, it was not as popular
because of a lack of seed availability.

agriculture. The major problems
identiﬁed in the ﬁsheries sector
were unscientiﬁc farming practices,
improper selection and overstocking
of species, and uneconomic
utilisation of farmlands. Assessment
experiments in ﬁsheries included
polyculture/monoculture of ﬁnﬁsh
as well as shrimp, integrated farming
of poultry and ﬁsh, and monoculture
of uniform sized juvenile crabs.
Linkages were developed between
institutions like the Central Institute
of Fisheries Technology (CIFT) and
ﬁsheries Research Station of Kerala
Agricultural University (KAU), and
input suppliers like shrimp hatcheries,
ﬁsh/crab collectors, auctioneers and
net makers.

The existence of ﬁve typical microfarming situations such as tidefed brackish water systems, open
sea-based coastal agro-ecosystem,
homestead animal husbandry and
poultry farming system, rain-fed
agro-horticulture systems and lowlying seasonal paddy (pokkali) lands
were identiﬁed.Various technological
interventions were sketched out to
suit these micro-farming systems,
on the one side, and to achieve the
broader objective of technology
assessment and reﬁnement, on the
other side. Based on this, an action
plan was outlined under three broad
categories - ﬁsheries, livestock and

Interventions in
Aquaculture

Scientist-farmer interaction – location
specific problem identification.

80 NAGA, WorldFish Center Quarterly Vol. 29 No. 3 & 4 Jul-Dec 2006

More recent research has shown
that improved management practices
can ensure pollution free and disease
free aquaculture systems. In addition
to technological, environmental and
socioeconomic considerations, the
plans and polices should be ﬁnalized
after discussion and dialogue with
all stakeholders of the aquaculture
ventures. This will ensure that any
change in the management is part
of an integrated plan for ﬁsheries
development.
The ﬁsheries based intervention
undertaken under Natural
Resource Management (NRM) were
monoculture of crabs, milkﬁsh and
Mugil cephaus, polyculture of ﬁnﬁsh,
biculture of crab and Mugil cephalus,
polyculture of penaeus indicus with
ﬁnﬁsh in tide fed ponds, mud crab
fattening, and integrated farming of
ﬁsh and poultry. The location speciﬁc
advantages of diversiﬁed aquaculture
practices and the possibility of
hitherto unutilized water resources
for ﬁnﬁsh culture were pointed out
to the stakeholders.

articles

Monoculture Practices
Crab culture. Traditionally, crab
culture was followed on a limited
scale along with ﬁsh culture in the
micro-farming situation of tide-fed
brackish water system. Prawn culture
was predominantly practiced and
widely accepted as more proﬁtable
than any other venture in the village.
Crab culture was given the least
importance. Lack of fabricated sluices,
absence of proper maintenance, lack
of good quality seed and cannibalism
were the major constraints on
production. Boiled slaughter wastes
and kitchen wastes were usually used
as feed and the feeding rate were
very uneven.

Mud Crab Culture – A remunerative venture.

Aquaculture of milkﬁsh in tide
fed ponds.

(Sathiadhas et al, 2003). With this
treatment, the crabs attained a
maximum weight of 1.46 kg and the
yield increased by 48.48 per cent
(Table 1).

Technology for the monoculture of
uniform sized juvenile crabs (Scylla
tranquebarica) was recommended. The
major elements of the technology
were: proper water exchange through
fabricated sluices (size of sluice 60 cm
width and 135 cm height); stocking of
uniform sized juvenile crabs (stocking
rate 4800/ha, size 150-200 g); feeding
rate of 8-10 per cent of body weight
with feeds such as trash ﬁsh and
slaughter waste in the ratio of 2:1;
and fencing of ponds (45º angle) using
nylon nets to prevent crabs escaping

Uneven and simultaneous stocking of
various species normally resulted in
lower productivity. Farmers were not
very aware of the location speciﬁc
potential of monoculture practices of
milkﬁsh in tide fed ponds

The net earning was Rs0.743 million/
ha/annum with the recommended
technology as compared to Rs0.404
million/ha with the existing practices
of the farmers. The beneﬁt/cost ratio
for the treatment was estimated
to be 2.10 as against 1.36 for the
existing practices.

Scientiﬁc monoculture of milkﬁsh in
tide fed ponds gave a gross yield of
5500 kg/ha, which was much higher
than the yield of 3750 kg/ha under
traditional practices. Predators in

Table 1. Performance indicators for different monoculture practices.
Crab culture
(1 ha)
FP
Survival rate (%)

Milkﬁsh culture
(1 ha)

SC

FP

Grey mullet culture
(1 ha)

SC

FP

Mud crab fattening
(1 ha)

SC

FP

SC

60

85

70

80

50

60

65

75

Period of culture/
Maturity

5-6 months

4-5 months

Irregular

11 months

Irregular

10 months

Irregular

35-45 days

Weight at
harvest time (kg)

0.6 - 1.2

0.95 - 1.46

0.250

0.360

0.350

0.450 0.6000 - 1.200

0.7000 - 1.300

Size at time
of harvest (cm)

13.5 - 16 21.25 - 25.75

23

27.5

28.8

35.7 cm

13.5 – 16.0

20.0 - 24.0

Operating cost (Rs/ha)

296 200

160 000

180 000

184 000

190 000

284 000

240 000

Yield (kg/ha)

354 312

2500

3712

3500

5760

2625

4050

2275

3000

Gross returns (Rs/ha)

700 000

1097 880

245 000

403 200

301 875

465 750

637 000

840 000

Net returns (Rs/ha)

403 800

743 568

85 000

223 200

117 875

275 750

353 000

600 000

1.36:1

2.10:1

0.53:1

1.24:1

0.64:1

1.45:1

1.24:1

2.50:1

B-C Ratio

FP: Farmer’s practices; SC Scientiﬁc culture
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the culture pond were eradicated
by using mahua oil cake. The
recommended stocking density of
Chanos chanos was 15 000/ha. The
ﬁsh attained an average weight of
360g and an average length of 27.5
cm in a culture period of 11 months.
The net earnings were estimated
at Rs0.223 million/ha per annum
with the recommended technology
as against Rs0.085 million/ha with
existing practices. The beneﬁt/cost
ratio for the treatment was 1.24 as
against 0.53 for farmer’s practices
(Table 1).

Monoculture of Mugil cephalus
Unscientiﬁc stocking patterns,
especially overstocking of all available
ﬁsh, were the major problem under
traditional farming practices. Noneradication of predators before
stocking and limited availability of
quality seeds were other constraints
faced by farmers under the traditional
farming system. Poor water exchange
also resulted in lower production
than the actual potential.
This intervention included eradication
of predators using mahua oil cake
prior to stocking and stocking of

seeds at the rate of 15 000/ha. Water
exchange was regulated through
fabricated sluices and ﬁsh feed
included wheat bran, rice bran and oil
cake. The intervention increased the
yield by 55 per cent.
The net returns was Rs0.276 million/
ha with the treatment as against
0.118 million/ha with traditional
practices with a beneﬁt/cost ratio of
1.45 and 0.64, respectively.

Mud crab fattening
Hard-shelled crabs fetched about
twice the price of water crabs. The
average farm gate price of hardshelled crab was Rs325 kg as against
Rs110 kg for water crabs during the
period of the experiment (20012002). Hardening of crabs under
controlled conditions was totally
absent in the area.
Water crabs of Scylla tranquebarica
variety was stocked at the rate of
5000/ha and hardened by following
the recommended feeding and
management practices. An additional
weight gain of 85-90 g in the fattening
period of 35-45 days was observed.
The increase in yield was 3000kg/ha/

year under the regime as compared
to the yield of 2500kg/ha under
traditional culture practices. The
net earnings were Rs0.6 million/ha
per annum for the recommended
technology and Rs0.353 million/ha
with the traditional system. The
beneﬁt/cost ratio for the treatment
was 2.50 and 1.24, respectively.

Polyculture Practices
In order to utilize available space in
the culture medium to the maximum,
aquaculture of more than one specie
is advisable. In biculture practices,
only two compatible species are
grown concurrently in the pond and
in polyculture practices more than
two species are grown in the same
system for improving yield and proﬁts.

Polyculture of ﬁnﬁsh in tide fed
ponds
In the traditional system of ﬁsh
farming, fabricated sluices were not
properly maintained and in some
cases sluices were not used at all. In
such cases, pieces of worn out wood
were used as temporary sluices.
Predators in the ponds were rarely
eradicated. Uneven stocking of
various species of ﬁsh resulted in low
productivity. Natural entry of ﬁsh was
also allowed, resulting in overstocking
and a low growth rate.
Polyculture of ﬁnﬁsh was the
recommended technology. Predators
were eradicated using mahua oil cake.
Water exchange was maintained
through fabricated sluices and
natural entry of ﬁsh was regulated.
Combination of Chanos chanos and
Mugil cephalus were stocked at the
rate of 20 000/ha. Mugil cephalus at
the harvesting stage attained a mean
weight of 440 g and mean length of
35 cm, where the mean weight and
length of Chanos chanos were 200 g
and 26.5 cm, respectively. The period
of culture was 11 months.

Farmer harvesting Chanos chanos – usually at night or early morning.
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protein content ranges between
20-30 per cent. About 80 per cent
of the manure is undigested feed
with a 25 per cent dry matter. This
is because chickens have a very short
digestive tract and most of their food
intake is only partly digested.
The operational expense of ﬁsh
culture was reduced by 8-12 per
cent through this form of fertilization
(Krishnan et al. 2002). Supplemental
feeding and inorganic fertilization
were not required during the culture
period. Apart from the output from
ﬁsh culture, the farmers earned a
reasonable additional income from
poultry farming utilizing the same
land and manpower. An improved
variety of poultry birds (Gramasree)
was introduced. The egg yield of
country birds was 120/birds/year as
against the yield of 200/birds/year for
the Gramasree variety.

Harvesting of Chanos chanos.

The net return was Rs0.443 million/
ha under the regime as against 0.254
million/ha with farmer’s practices. The
beneﬁt/cost ratio was 1.64 and 0.96,
respectively (Table 2).

Polyculture of Penaeus indicus
with ﬁnﬁsh in tide fed ponds
A substantial reduction in operating
costs was the special feature of
polyculture of penaeus indicus with
ﬁnﬁsh. The additional advantages
were a high survival rate and smaller
period of culture. The net return was
Rs0.182 million/ha for the treatment
regime as against Rs0.125 million/
ha under farmer’s practices. The
beneﬁt/cost ratio was 0.73 and 0.51,
respectively.

Integrated Farming of
Fish and Poultry
Uneconomic utilization of land was
identiﬁed as one of the problems in
the coastal agro ecosystem. The lack
of an integrated approach to farming
was found to be the major constraint
on optimizing income from farming.
Fish farming in homestead ponds
could generate a higher income with
the integration of poultry farming.

Though both ﬁsh farming and poultry
farming were being practiced, the
lack of its integration between the
two was an obstacle to attaining
the maximum output. The suggested
method for integration was to place
poultry cages atop the ﬁshpond.

The adoption of integrating farming
of ﬁsh and poultry resulted in higher
earnings. The net return almost
doubled from Rs0.265 million/ha with
the traditional farmers practices to
Rs0.552 million/ha with the suggested
methods. The beneﬁt/cost ratio was
0.93 and 1.85, respectively (Table 3).

Poultry droppings fertilize the
ﬁshponds, thereby enhancing the
production of both ﬁsh and plankton
through direct and indirect utilization
of nutrients. Chicken manure is one
of the best organic fertilizers for
growing natural food in brackish
water ponds. It can convert crude,
inedible nutrient materials into high
quality ﬁsh food. Fresh chicken
manure contains 1.6 per cent
nitrogen, 1.5 per cent phosphorous
and 0.9 per cent potassium. The

Biculture of Crabs and
Mugil Cephalus
In the past, the farmers were engaged
in either monoculture of crabs or
the monoculture of Mugil cephalus.
When both crab and mugil cephalus
were cultured together, the biculture

Table 2. Returns from polyculture practices.
Farmers

Fin ﬁshes
(Mugil cephalus and
Chanos chanos)

Penaeus
Indicus with ﬁn ﬁshes

FP

SC

FP

SC

264 000

270 000

245 000

250 000

5705

7195

924

1080

Gross return(Rs/ha)

517 763

713 352

369 600

432 000

Net return(Rs/ha)

253 763

443 352

124 600

182 000

Beneﬁt/cost ratio

0.96:1

1.64:1

0.51:1

0.73:1

Operating cost (Rs/ha)
Yield (kg/ha)

FP: Farmer’s practices. SC: Scientiﬁc culture.
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Table 3. Comparative economics of integrated farming and biculture practices.

resulted in a signiﬁcant reduction of
operating costs. Increased survival
rate, low period of culture and higher
earnings were the speciﬁc advantages.

FP
Operating cost (Rs/ha)

The adoption of recommended
practices in the biculture of crabs
and Mugil cephalus resulted in higher
earnings, with net returns of Rs0.404
million/ha for farmer’s practices and
Rs0.607 million/ha for the suggested
method. The beneﬁt/cost ratio was
1.36 for the former and 1.71 for the
latter (Table 3).

Integrated farming
of ﬁsh and poultry

Parameters

SC

285 750

Yield (kg/ha)
*Eggs/annum

Biculture of crab
and Mugil cephalus

5705
14 400 *

FP
296 200

354 312

8172
27 800

2500
-

3240
-

Gross returns (Rs/ha)

551 063

849 340

700 000

961 100

Net returns (Rs/ha)

265 313

551 740

403 800

606 788

0.93:1

1.85:1

1.36:1

1.71:1

Beneﬁt/cost ratio

FP: Farmers practice. SC: Scientiﬁc culture.

production. Shrimp culture was not
the ideal choice and was also less
proﬁtable than other ﬁsh/crab culture
practices. The least cost combination
of factors of production coupled with
the high suitability of ponds for the
monoculture of crabs (Mugil cephalus,
Chanos chanos) and polyculture of
different types of ﬁn ﬁsh resulted
in proﬁts ranging from Rs0.2/ha for
monoculture of milk ﬁsh to Rs0.7
million/ha for monoculture of juvenile
crabs. The only constraint n the
spread effect of crab culture was the
non-availability of hatchery-produced
seeds.

Comparative Analysis
of Yield, Earnings and
Proﬁtability
The most important impact of IVLP
was the adoption of diversiﬁed
aquaculture practices by the farmers.
The comparative yield levels of
different ﬁsh culture (Krishnan
et al. 2002) under recommended
practices showed a marked increase
(Fig. 1). Hitherto, the farmers in the
region were concentrating mainly
on shrimp oriented aquaculture.
The high price of shrimp coupled
with the export potential attracted
them to shrimp culture without an
analysis of its suitability and cost of

There were a number of observations
that indicated the positive impact
of the resource-speciﬁc technointerventions of IVLP in the project

Integrated farming of fish and poultry.

village. Farmers showed a lot of
enthusiasm in continuing their efforts
to commercialize their ventures.
About 30 per cent of the farmers
engaged in ﬁsheries were using
leased farms. The price of leasing the
farms increased from Rs8500/ha in
2000-2001 to Rs10 000/ha during
2003-2004 because the increase in

1565

Penaeus monodon
monoculture

Treatment

1300

Farmer’s Practice

5760

Chanos chanos
monoculture

3500
4145

Mugil cephalus
monoculture

2625
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(ﬁsh & poultry)
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3712

Crab monoculture
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0
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Figure 1. Comparative yields of different culture systems.
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proﬁtability with the diversiﬁcation
of farming practices resulted in an
increase in the demand for farms.
The ﬁsh/crab collectors, who
were marginal ﬁshermen, saw an
increase in demand for their labor
from about 80 to 120 labor days
per annum (seasonal) and became
conscious of the need for uniformity
in the size of ﬁngerlings for stocking.
Farmers became aware of the
components of culture practices
like monoculture, biculture and
polyculture. In the project village, an
underutilized area of 22.3 ha was
brought under the newly introduced
ﬁsh culture practices. This created a
demonstration effect on farmers from
neighboring villages who visited the
more progressive farms in the project
village and also adopted the modiﬁed
interventions. The increased level of
awareness escalated the demand for
unutilized ponds and embankments.
Social participation and interaction
among villages increased. This was
more obvious in the case of women
farmers. Inter and intra functional
linkages between farmers, research
stations, state departments and other
organizations were evolved. Some
farmers functioned as consultants and
this gained them social recognition.
Collective action among farmers

improved as a result of the group
approach followed in the project.
Kerala has a potential area of 65 000
ha for aquaculture, of which hardly 23
per cent is currently utilized. Most of
the unutilized water bodies cannot
be utilized for shrimp culture because
of technological and socioeconomic
constraints, but they are highly
suitable for ﬁn ﬁsh culture. The IVLP
experiments at Elamkunnapuzha have
proved that Mugil cephalus and Chanos
chanos can be cultured successfully,
with the former yielding 4050 kg/ha
and the latter 5500 kg/ha. The average
farm-gate price was Rs115/kg for
the former and Rs70/kg for the
latter. If 20 000 ha of the unused
area is brought under monoculture
and polyculture of ﬁn ﬁshes in 10
years, an additional production of
60 000 t (assuming a conservative
3 t/ha output) can be envisaged. This
amounts to a value of Rs4200 million
at a price of Rs70/kg.

Impact of IVLP on
Attitudes of Farmers and
Adoption Level

Harvesting of Mugil cephalus

spreading the technology and bringing
positive changes in the attitude of
farmers.

Conclusion
The introduction of technological
interventions in Elamkunnapuzha
village ensured the committed
involvement of stakeholders,
which resulted in improvements in
production. The recommendations of
the project are:
•

A total of 300 farmers in the village
were surveyed (150 IVLP and 150
others) to assess the socioeconomic
proﬁles and impact on attitudes and
adoption levels. Eight socioeconomic
indicators were selected to compare
the proﬁle of IVLP farmers with
other farmers. The respondents were
categorized into ‘high’ and ‘low’ taking
mean scores into consideration.
More than 80 per cent of the IVLP
farmers had a high scientiﬁc and risk
orientation, an annual employment of
more than 120 labor days, and savings
of more than Rs7500/annum (Fig. 2)
•

Biculture of crab and Mugil cephalus.

Among IVLP farmers, 80 per cent
preferred scientiﬁc ﬁsh/crab culture
practices, whereas among ‘others’ 64
per cent of the farmers favored the
scientiﬁc farming practices. It could
be inferred that training and other
extension activities succeeded in

•

A facilitative mechanism with an
entrepreneurship, technology,
ﬁnance, marketing, and promotion
center should be established
at the village panchayat level. It
should comprise of members
like the extension ofﬁcer of
the concerned panchayat, block
extension ofﬁcer, experts from
the nearby technical institutes, the
resource persons of the panchayat
as well as representatives of
stakeholders of the project. This is
crucial because of the fact that the
survival of any enterprise, a micro
enterprise in particular, can be
ensured only through continued
follow up and support.
Efforts at linking the SHGs to
various ﬁnancial institutions like
the National Bank for Agricultural
and Rural Development
(NABARD) and commercial banks
should be the responsibility of the
facilitation center.
Linking the SHGs with technical
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Figure 2. Comparative yield of fish/crab culture

•

•

•

•

•

institutions for technology
transfer as well as reﬁnement
should be the responsibility of the
facilitation center.
Marketing should be organized by
the concerned SHG as well as the
facilitation center.
Commercial hatchery production
of the crab and ﬁn ﬁsh seeds
should be adopted.
Optimum utilization of space in
ponds should be made through
biculture and polyculture
practices.
Yield and earnings should be
enhanced through integrated
aquaculture practices. .
Adoption level should be
enhanced and serve as a model
for development in the coastal
agro ecosystem.

Indeed, the Elamkunnapuzha model
developed and initiated by CMFRI has
put into practice the message of the
Rio Convention emphasizing the role
and responsibility of all sections of

society, with the recurring message
that “real change is most likely to
come only with the involvement of
ordinary people”.
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new articles
publications

Development of Aquatic Animal Genetic Improvement and
Dissemination Programs: Current status and action plans
Aquaculture is expected to bridge the
widening gap between ﬁsh supply and
demand and to contribute to the food and
nutritional security of the poor in developing
countries, where it contributes up to 80 per
cent of animal protein intake. If aquaculture
is to fulﬁll this critical role, it will have
to be through an expansion of the area
under aquaculture, underpinned by sound
management practices and the use of high
quality seed from productive strains. Realizing
the opportunities in the selection of tropical
ﬁnﬁsh as demonstrated by the successful
breeding programs in Atlantic salmon and
recently in Nile tilapia, the WorldFish Center
and developing countries from Asia and Africa
established the International Network on
Genetics in Aquaculture (INGA), comprising
developing countries from Asia-Paciﬁc
and Africa, advanced scientiﬁc institutions,
private sector, and regional and international

organizations. INGA serves as a global forum
and catalyst for collaboration on applied ﬁsh
breeding and genetics.
Building on country reports presented at
the 2002 INGA Expert Consultation, which
revealed a need for capacity building of
member country institutions (both public
and private) to maintain and manage and
disseminate improved strains, the WorldFish
Center in collaboration with the China
Academy of Fishery Sciences organized the
international “Workshop on Dissemination
of Improved Fish Strains: Country-Speciﬁc
Action Plans” on September 2005 in Shanghai,
China. The workshop brings together experts
in genetics, biodiversity and aquaculture to
discuss ways to strengthen ongoing genetic
improvement and dissemination programs
and to develop additional programs for new
species.

Global Symposium on Gender and Fisheries: Seventh Asian
Fisheries Forum 1-2 December 2004 Penang, Malaysia
The beneﬁts of a gender-focused research
agenda apply as much to the ﬁsheries
sector as any other, a fact recognized by
the Asian Fisheries Society, the WorldFish
Center and the Consultative Group on
International Agricultural Research in
their support for the Global Symposium
on Gender and Fisheries and for their
championing of this important issue over
the last decade. Knowing how different
genders access and use resources; who
has power and makes decisions; whose
priorities are being addressed; and who is
impacted by or beneﬁting from different
development alternatives provides rich
and important information, which from a
human development perspective allows us
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to better understand existing circumstances
and design more appropriate interventions
to improve the situation.
Drawing on work undertaken around
the globe, the papers in this volume
represent a substantive contribution to
the literature on the topic of gender and
ﬁsheries, expanding existing knowledge
and highlighting gaps for future research.
It is only through a more thorough
understanding of gender-speciﬁc
interactions that better interventions can
be designed to ensure a sustainable and
equitable distribution of the beneﬁts that
ﬁsheries can provide.

new publications

Public and Private Partnerships in Aquaculture:
A Case Study on Tilapia Research and Development
The genetic research programs undertaken
by public sector institutions in Philippines
have resulted in improved strains of tilapia
that are now being disseminated to farmers.
As institutions move towards further
improvement and widespread dissemination
of these strains to farmers, the need for
establishing partnership with the private
sector is recognized. Public and private
partnerships are increasingly used as a
means of addressing global issues in the
agriculture sector. However, unlike crops
where implications of such partnerships
have been studied and established, in the
case of ﬁsh, the subject is still new and
information on the changes that take place
in evolving partnerships is not known.

This publication documents the ﬁndings
of a study undertaken in Philippines
during 2002 to 2004 to enhance the
understanding of the evolving public and
private partnerships and to determine their
effects on sustainability and achievement
of development objectives in tilapia
research. It also discusses the development
of collaboration between public and
private institutions in tilapia research and
development in Philippines, the key players
and their roles, and the issues that need to
be addressed for enhancing the impacts of
partnerships.

Charting Multidisciplinary Research and Action Priorities
towards the Conservation and Sustainable Management of
Sea Turtles in the Paciﬁc Ocean: A focus on Malaysia
These proceedings are the outcome
of a workshop entitled “Charting
Multidisciplinary Research and Action
Priorities towards the Conservation and
Sustainable Management of Sea Turtles in
the Paciﬁc Ocean: A Focus on Malaysia”.
The workshop was co-organized by the
Department of Fisheries Malaysia, The
WorldFish Center, National Oceanography
Directorate of the Ministry of Science,
Technology and Innovation, Maritime
Institute of Malaysia, Sea Turtle Research
Unit of Kolej Universiti Sains dan Teknologi
Malaysia and WWF-Malaysia in Terengganu,
Malaysia, on 16-17 August 2004.
Over 40 local and international specialists
met to chart new directions in the
conservation of Malaysia’s sea turtles. The
Workshop was inspired by the “Roundtable

Discussion on the Conservation of Sea
Turtle in Malaysia” (held in Kuala Lumpur,
Malaysia, in May 2003) as well as the
“Bellagio Conference on Sustainable
Management and Conservation of Sea
Turtle” (held in Bellagio, Italy, in November
2003).
The meeting suggested a 15-point action
strategy covering local people participation,
effective laws and strategic policies, and
management-oriented research. This
multipronged approach provides the basis
and framework for the development of
a detailed National Action Plan for the
conservation and sustainable management
of sea turtles in Malaysia.
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Inside NAGA

NAGA Award Competition

NAGA, the WorldFish Center Quarterly publishes information on all aspects of fisheries
and aquaculture, including results of research projects, notices of new publications and
forthcoming workshops or conferences as well as news from The WorldFish Center.
Articles appearing in the quarterly may be quoted without permission from The
WorldFish Center. However, we would request that an appropriate reference is made
to the source of any reprinted material.

Why NAGA?
The Naga is an underwater creature from Asian mythology. Superior to humans,
it inhabits sub-aquatic paradises, living at the bottom of rivers, lakes and seas in
resplendent palaces studded with gems and pearls. It is the keeper of the life-energy
that is stored in the waters of springs, wells and ponds. It is also the guardian of the
riches of the seas — corals, shells and pearls. Naga represents the very focus of The
WorldFish Center, namely, protecting the wealth and productivity of tropical waters.

New articles — authors please note
Since January 2005 we have not been able to accept unsolicited papers for
publication. This policy is set to continue for the foreseeable future.

Your last NAGA?
Due to the increased circulation costs for print media, WorldFish Center has
reviewed its policy for NAGA distribution and will only send free copies to
institutions associated with fisheries and aquaculture in developing countries.
Copies will not be mailed free to individuals. However, all articles in NAGA are
available through The WorldFish Center website at www.worldfishcenter.org.
For those individuals who love their printed copy and would like to subscribe,
the fee is currently US$20 per annum*. To include your institution on our
mailing list or to subscribe, please contact us at naga@cgiar.org or write to
the Information and Knowledge Group, The WorldFish Center, at the address
below.
Payment should be made to ICLARM in US dollars by bank draft or check drawn
on a US-based bank.
* Subject to change without prior notice

Mail: P.O. Box 500 GPO, 10670 Penang, Malaysia
Tel: (+60-4) 626 1606
Fax: (+60-4) 626 5530
E-mail: worldfishcenter@cgiar.org
Visit our website at www.worldfishcenter.org

You can nominate candidate(s) for the
competition by sending us a scientific paper
or book on any aspect of fisheries including
aquaculture, published in the last five years
by developing country scientist(s). Tell us in
your own words the important contribution
the paper/book has made to science
and sustainable management of aquatic
resources. Your nomination can win the
author(s) of the paper/book the prestigious
NAGA Award given by The WorldFish Center,
which includes a plaque of appreciation and
US$ 500. You, as nominator of the winning
submission will be rewarded with a book prize.
The conditions: The scientific paper or book
should have been authored by a developing
country scientist(s)—and have made a
significant contribution to any area of fisheries
science
(capture
fisheries/aquaculture
resource management/policy) within the
last five years. Please include the curriculum
vitae of the author(s) in your nomination. You
cannot nominate yourself or colleagues from
the same institution.
Send your entries to:
Information and Knowledge Group,
WorldFish Center, P.O. Box 500 GPO,
10670 Penang, Malaysia.
Deadline for submission for the 2006 NAGA Award
is 30 June 2007. Please note that submissions
received after this date will be considered for the
subsequent NAGA Award.

