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editorial
It gives me great pleasure, as the new Board Chair of the WorldFish Center, to 
introduce this issue of NAGA—the WorldFish Center Quarterly.

Firstly, we congratulate Dr. Modadugu Gupta winner of the 2005 World Food Prize, 
awarded in recognition of his outstanding lifetime of work in aquaculture. Dr. Gupta 
embodies the true ethos of WorldFish, an outstanding scientist, a dedicated humanitarian 
and a tireless worker for the underprivileged and disadvantaged. His work, described 
in this issue of NAGA, has dramatically improved the lives of countless people in many 
parts of the world.

A major focus of this issue is the December 26 tsunami that devastated the Indian 
Ocean region last year. The impact of the tsunami was not felt equally. The burden 
was placed firmly on the shoulders of the already poor coastal communities, and 
disproportionately to the women in those communities—as shown in the article by 
P.S. Choo. These communities were often eking out a subsistence lifestyle dependent 
upon already over-exploited coastal fish stocks. Simply returning these people to their 
‘before-tsunami’ status is a not an acceptable response. Development of the region 
needs to be addressed from a much more holistic point of view with infrastructure, 
coastal zone management and sustainable fisheries policies developed with the intimate 
involvement of the local communities. The WorldFish Center, in coordination with 
many regional and international organizations, is working to build better futures for 
the survivors and future generations, as outlined in the Board of Trustees statement 
included in this issue. The article by Stobutzki and Hall also illustrates this point and 
provides initial recommendations for reconstruction.

Another focus for the WorldFish Center this year is on our work in Africa. The UN 
Millennium Development Goals included some ambitious targets including those of 
halving extreme poverty globally. The countries of sub-Saharan Africa are falling behind 
and are not on target to reach these goals. In August this year a Fish for All summit 
will be hosted by the Nigerian Government, organized through the New Partnership 
for Africa’s Development (NEPAD) Secretariat, FAO and the WorldFish Center 
(highlighted in the announcements section). Fish make a vital contribution to national 
income, food security and health for over 200 million Africans. New investments are 
needed in the industry as the exploitation of natural fish stocks is reaching its limit 
and aquaculture production has not yet fulfilled its potential. The December issue of NAGA 
will take a predominantly African focus with a report on the NEPAD Fish for All 
summit and related articles on fisheries and aquaculture development in this region.

Professor Trond BjØrndal
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special tribute

Dr Modadugu V. Gupta, 
recently retired from the 
WorldFish Center after a 
15-year career, has been 
named winner of the 
$250 000 World Food 

Prize for his work to enhance nutrition 
for over one million people, mostly very 
poor women, through the expansion of 
aquaculture and fish farming in South and 
Southeast Asia, and Africa.

The World Food Prize is the foremost 
international award for increasing the 
quality, quantity and availability of food 
in the world. The Prize emphasizes the 
importance of a nutritious and sustainable 
food supply for all people. By honoring 
those who have worked successfully 
toward this goal, it calls attention to what 
has been done to improve the world food 
supply and to what can be accomplished 
in the future. The Prize was conceived by 
Dr Norman E. Borlaug, recipient of the 
1970 Nobel Peace Prize and father of 
the ‘green revolution’, and has honored 
outstanding individuals since 1986. In 
1990, businessman and philanthropist 

John Ruan assumed sponsorship and 
established The World Food Prize 
Foundation, located in Des Moines, Iowa.

Dr Gupta’s name was announced by 
Ambassador Kenneth M. Quinn, President 
of the World Food Prize Foundation 
on 10 June 2005, at a ceremony at the 
U.S. State Department presided over by 
USAID Administrator Andrew Natsios 
and Acting Undersecretary of State, E. 
Anthony Wayne.

In making the announcement, Ambassador 
Quinn indicated that Dr Gupta had been 
selected for this honor based on his 
work at the WorldFish Center. Through 
his dedicated and sustained efforts in 
Bangladesh, Thailand, Lao PDR and other 
countries in Southeast Asia, Dr Gupta 
has made small-scale aquaculture a viable 
means for over one million very poor 
farmers, men and women, to improve 
their family’s nutrition and wellbeing. As 
a direct result of his work, freshwater 
fish production has risen dramatically in 
these countries, by as much as three to 
five times.

Repeatedly and successfully during his 
31 years in aquaculture, and 40 years in 
fisheries research, Dr Gupta has found 
ways to help the poor to become fish 
farmers. His approach was twofold.

Firstly, he realized the need to assess the 
experience of the poor on the ground 
and to deliver solutions that relied on the 
resources that they had to hand. Whether 
it was bringing derelict ponds and ditches 
into fish production, finding species of fish 
that would survive in ponds that shrink 

in the dry season, or finding plants and 
garden waste to feed fish where villagers 
could not afford to buy fish feed, he found 
solutions that worked.

Secondly, he saw clearly the need to create 
networks and linkages between govern-
ment and non-government agencies, 
development agencies and farmers. 
Appreciating that non-government 
organizations work at the grass roots, 
Dr Gupta pioneered partnerships with 
non-government organizations extending 
successful aquaculture methods to the 
farmers. He worked to connect the 
farmers and the researchers through 
these non-government organizations so 
that farmers would have access to the 
technical knowledge they needed to 
sustain their efforts.

Dr Gupta developed unique methods of 
fish farming, requiring little cost while 
causing no environmental damage. As a 
result, landless farmers and poor women 
have turned a million abandoned pools, 
roadside ditches, seasonally flooded fields 
and other bodies of water into mini-
factories turning out fish for food and 
income. Keen to duplicate the success 
achieved in Asia, Dr Gupta is working 
with a growing number of African 
countries (such as Cameroon, Malawi, 
Mozambique and Zambia), to implement 
similar measures.

Dr Gupta began his career in his native 
India at a time when aquaculture was 
not well known in that country. When 
he enrolled for a Masters degree at the 
Banaras Hindu University in 1958 he 
wanted to study fisheries but had to study 

WorldFish Center Aquaculturalist Named
Winner of the 2005 World Food Prize
Innovative Researcher Honored for Bringing Blue Revolution and Improved Nutrition to One Million Extremely Poor 
People in South and Southeast Asia, and Africa

Dr. Modadugu V. Gupta
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zoology instead as the most relevant 
related program. Teaching people how to 
manage wild fish stocks or to farm fish 
was not yet considered an important 
science. His early vision, to use research 
in development to change people’s lives, 
has come to fruition. Having witnessed at 
first hand the livelihoods of the rural poor 
during his research in India, northeast 
Thailand, in the war-scarred countryside 
of Lao PDR and the monsoon flooded 
fields of Bangladesh he determined 
to develop and design practices that 
would be adaptable and effective under 
a variety of local conditions and would 
entail minimal start-up and operational 
costs. Fish food, for example, can come 
from native vegetation and organic farm 
wastes instead of expensive feed and 
fertilizers. This means that even the most 
impoverished can engage in modest fish-
farming enterprises.

Aquaculture gives these farmers better 
access to supplies of fish as they can 
rear fish on their own farms or in their 
own gardens. More fish means that their 
families are healthier as they consume 
more high protein, nutritious food. For 
the first time in their lives many of these 
people can earn an income by selling 
their surplus fish. They can educate their 
children, buy medicines and be secure in 
the knowledge that there will always be 
enough food on the family dinner table.

Dr Gupta’s work has also shown how 
agricultural productivity can be increased 

by growing fish alongside crops and 
livestock. In Bangladesh, for example, 
farmers in flood prone areas have found 
they can benefit handsomely by raising 
large quantities of fish in their rice 
paddies. Although the water that covers 
the rice fields is too shallow for raising 
the popular native carps, Dr Gupta 
showed that the short-cycle species, 
such as tilapia and silver barb, can thrive 
and grow well under these conditions. 
Growing fish in the rice paddies also 
reduces the use of chemicals, as the fish 
eat many of the potentially harmful pests.

He has demonstrated that while 
monoculture (raising a single species) can 
be profitable, polyculture often brings 
even greater returns. Raising compatible 
species of fish with complementary 
feeding habits results in a more complete 
utilization of pond productivity, thus 
increasing fish production.

The trail-blazing work by Dr Gupta has 
had a huge impact in terms of major 
increases in fish production across the 
region over the last two decades, as 
the following figures show: in Vietnam 
freshwater aquaculture production 
increased from 91 000 tonnes in 1979–81 
to 402 000 tonnes in 2001. And during the 
1990s, Bangladesh boosted its production 
of fish through aquaculture by 300% – a 
growth from 177 000 tonnes in 1989–91 
to 588 000 tonnes in 2001. Freshwater 
fish production in India increased from 
63 000 tonnes in 1979–81 to more than 

2 million tonnes in 2002. Today, yields 
continue to increase, thanks in large 
part to many of the measures that were 
implemented under Dr Gupta’s guidance. 
According to Dr Ayyappan, Deputy 
Director General of the Indian Council of 
Agricultural Research, the annual growth 
rate of aquaculture fish production in 
India is between 6 and 8 per cent, a level 
not seen in any other farming sector.

Commenting on his career with the 
WorldFish Center, Dr Gupta said, “In 
my early years, when I started working 
with farmers and NGOs in Bangladesh, I 
was asked why I was doing development 
work instead of research. My answer 
was that science by itself will not help to 
increase production and improve the lives 
of the rural poor. Science must take into 
consideration the socio-economic fabric 
and needs of the societies for whom the 
research is meant.” 

                                                             
The World Food Prize will be formally 
presented to Dr. Gupta at a ceremony 
on 13 October 2005 in the Iowa 
State Capitol Building in Des Moines. 
The ceremony will be held as part of 
the World Food Prize International 
Symposium, which will focus on the 
Twin Global Challenges of Malnutrition 
and Obesity. Further information 
about the Symposium and Laureate 
Award Ceremony is available at 
www.worldfoodprize.org.
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Rebuilding Coastal Fisheries Livelihoods after the 
Tsunami: Key Lessons from Past Experience
I.C. Stobutzki and S.J. Hall

Introduction

The scale of the 2004 tsunami and 
its impact on people, landscapes and 
livelihoods led to an unprecedented 
response from the global community 
to provide immediate emergency relief. 
Over 300 000 lives were lost and two 
million people made homeless (World 
Bank 2005). As the focus now moves to 
rehabilitation and reconstruction of the 
livelihoods of the affected communities, 
there is an urgent need to think about 
how we ensure that the medium and 
long-term rehabilitation programs provide 
these communities with a better and 
more sustainable future.

In Asia, the tsunami had the greatest 
impact on rural coastal communities, 
many of which were already in trouble. 
Most of the affected rural coastal 
communities were poor and dependent 
on natural resources for their livelihoods. 
In Sri Lanka, 27% of the rural population 
is below the national poverty line, while 
in Aceh an estimated 1.2 million people 
live in poverty (Table 1). The Asian 
Development Bank (2005) estimates 
that the tsunami may have pushed an 
additional two million people into poverty. 

As Table 1 shows, these coastal commu-
nities were highly dependent on coastal 
fisheries for livelihoods and food security. 

Abstract

Fishing communities around the Indian Ocean were severely affected by the December 2004 tsunamis. 
Programs for rebuilding coastal fisheries livelihoods need to address the pre-tsunami situation that was 
characterized by overfishing and degraded natural resources. Adopting appropriate strategies to ensure 
sustainable livelihoods will require community involvement, as well as cross-sectoral, integrated planning 
and management at ascending government levels. Key recommendations from the WorldFish Center study 
Sustainable Management of Coastal Fish Stocks in Asia are presented to encourage discussion and debate.

All the affected areas in Asia had substan-
tial small and large-scale fishing fleets 
with significant landings. Capture fisheries 
produced 149 715 t in Aceh, 214 750 t 
in Sri Lanka and over 1.2 million tonnes 
in the affected Indian states annually. 
The affected areas also had large fishing 
communities. It is estimated that 16% 
of the coastal population in Aceh was 
directly employed in the fishery sector 
(MMAF 2005) and in the affected Indian 
states there were over 500 000 fishers. 
In addition to providing the livelihood 
for coastal communities, fisheries also 
contributed to food security in these 
countries, with fish accounting for over 
40% of the animal protein consumed in 
Indonesia, Sri Lanka and Thailand. 

These fishing communities were heavily 
damaged by the tsunami (Table 1). In 
Aceh, 15-20% of fishers died, with up to 
64% of fishers lost in the northern part 
of the province. In Sri Lanka, an estimated 
7 500 fishers died. In India, Malaysia and 
Myanmar the most affected communities 
were those dependent on fisheries. In Sri 
Lanka, nearly 77 000 members of fisher 
families were displaced and are living in 
temporary accommodation, with relatives 
or friends (FAO 2005). Aside from losing 
fishers, family members and housing, 
the fishing communities also lost their 
livelihood assets. A substantial proportion 
of the fishing fleets were damaged or 

destroyed—in Aceh 65–70% of the 
small-scale fleet and in Sri Lanka over 
54% of the entire fleet. The supporting 
infrastructure (ports, markets, ice-making 
plants) was also destroyed. The total 
damage to the capture fisheries sectors in 
the affected Asian countries is estimated 
at over US$189.25 million. 

There is a clear need to assist these 
affected communities to rebuild their 
assets and restart their livelihoods. It 
must be noted, however, that the natural 
resources that supported fisheries 
livelihoods were already severely depleted 
prior to the tsunami due to unsustainable 
practices and environmental degradation. 
Coastal fisheries resources throughout 
the region have been subject to severe 
over fishing and been depleted down to 
10–30% of levels prior to the expansion 
of fishing in the 1970s (Silvestre et al. 
2003). Environmental degradation is also 
likely to have reduced the productivity 
of coastal waters through pollution 
and degradation and destruction of the 
habitat. Even prior to the tsunami, the 
livelihoods of these fishing communities 
were threatened by the poor state of the 
resources.

It is critical that past mistakes are 
not repeated in the rush to rebuild 
communities and livelihoods. This is the 
time to adopt appropriate strategies 



NAGA, WorldFish Center Newsletter  Vol. 28 No. 1 & 2 Jan-Jun 2005 7

asian tsunami

to ensure sustainable livelihoods for 
coastal communities. The rehabilitation 
efforts should be highly participatory 
with community-led, local processes 
central to all aspects, from impact 
and needs assessment to planning and 
implementation of interventions. The 
complexity of issues involved and the 
need to ensure long-term poverty 
reduction, increased resilience and 
sustainability of livelihoods require 
cross-sectoral, integrated planning and 
management.

Before the tsunami, all the affected 
countries were engaged in initiatives 
aimed at improving the management of 
fisheries and sustainability of livelihoods. 
At the WorldFish Center, we believe that 
the rehabilitation and reconstruction 
activities should build on lessons from 
these previous initiatives within the 
affected countries. The aim of this article 
is to summarize the key lessons from 
the recent regional initiatives under a 
collaborative project entitled Sustainable 
Management of Coastal Fish Stocks in 
Asia. These lessons should be integrated 
into the rehabilitation plans in order to 
build on previous experience and avoid 
past mistakes.

Key Lessons from the 
Sustainable Management 
of Coastal Fish Stocks in 
Asia Project

Through the Sustainable Management 
of Coastal Fish Stocks in Asia project,1 

WorldFish collaborated with eight Asian 
countries, including India, Indonesia, 
Malaysia, Thailand and Sri Lanka, to 
assess coastal fisheries and develop 
draft national strategies with specific 
interventions for each country. In the 
light of the recent tragedy, the need 
to implement these interventions has 
become pressing. This paper summarizes 
the key issues in an effort to stimulate 
and encourage debate regarding the 
rehabilitation process.

Key recommendations

Restructure fisheries to reduce 
fishing capacity to sustainable levels

Prior to the tsunami, too many boats 
taking too many fish in coastal fisheries 
had severely depleted resources—in 
some areas fish stocks have declined 
to less than 10% of their original levels 
(Table 2; Silvestre et al. 2003). Admittedly, 
data on fish stocks for the areas most 
affected by the tsunami are lacking (and 
badly needed) but trends in neighboring 
areas tell a sad story that almost certainly 
applies. Figure 1 shows the trends in 
overall biomass of demersal2 fish in the 
Straits of Malacca off the west coast of 
Peninsular Malaysia at depths to 50 m. By 
1997, fish biomass had declined to 11% of 
the level at the beginning of the 1970s. A 
similar trend is seen in the deeper waters 
of the Straits, in Indonesian fisheries in the 
Java Sea and in the Gulf of Thailand. There 
is every reason to believe that similar 
declines have occurred in the tsunami-
affected areas. Bio-economic modeling of 

fisheries across the region has also shown 
that biological and economic overfishing 
of coastal resources has occurred in 
all countries (Table 3). This provides 
a biological as well as an economic 
incentive for improved management of 
their fisheries. In the Gulf of Thailand, the 
demersal fisheries are losing a potential 
resource rent of US$100 million annually 
(Ahmed et al. 2004).

These levels of decline and over fishing 
demonstrate that the coastal fisheries 
were in trouble even prior to the tsunami. 
Inappropriate and destructive fishing 
methods have also worsened the situation 
(Silvestre et al. 2003). Gear with small 
mesh nets that take juvenile fish have 
contributed to recruitment overfishing. 
Fishing methods such as dynamite fishing 
and push nets have damaged the habitat 
that fish depend on. Across the region, 
there is an urgent need to reduce fishing 
capacity to rebuild coastal fisheries 
resources, to improve their productivity 
and ability to provide sustainable 
livelihoods. 

1 Asian Development Bank Regional Technical Assistance 5766.
2 Fish that are associated with the seabed, cf pelagic fish that inhabit mid-water.

Figure 1. The trend in demersal fish biomass on the west coast of Peninsular 
Malaysia. 
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Table 1. Fishery statistics and the impact on fisheries in the Asian countries affected by the 26th December tsunami. 

Country 
 and location

Marine 
fisheries 
production 
(t)

Value of 
marine 
fisheries 
production 
(USD)

Per cent of 
national 
GDP

Percentage 
of animal 
protein 
contributed 
by fish

Poverty 
level 
(%)

No. of 
fishers prior 
to tsunami

Tsunami Impact

Fishers 
who died

Affected 
fishing households

Fisheries 
related 
infrastructure 
damaged or 
destroyed

Indonesia: Aceh 
and North 
Sumatra

149 7151 175M1 3 (in Aceh 
Province)1

53.12 30 (2003)3 58,000 
fulltime 
and 35,943 
part-time1

15-20% (64% 
in North Aceh 
Province 
(Kota Banda 
Aceh and 
Aceh Besar)4

55% of 
harbours4

India: States 
of Tamil Nadu 
Pondicherry, 
Andrhra Pradesh 
and Kerala 
and Andaman 
and Nicobar 
archipelago

1 232 400 
(India: 2.58 
million)6

1.216 34.7 
(India)7

506 8296 220 784 families 
directly linked to 
fisheries sector were 
impacted,6 in Tamil 
Nadu District 85% 
of people affected 
believed to be from 
fishing communities8

80 landing 
centers8

Malaysia (Kedah, 
Perlis and 
Penang states)

1 276 0009 
(Malaysia)

1.18B9 1.59 34.52 <2.07 26 99610 1410 7 721 fishers affected10 100 private 
and public 
jetties and 
landing sites10

Maldives 103 00011 356M11 9.311 4312 14 95513

Myanmar 880 59414 95% of affected 
people were depen-
dent on fisheries4

Sri Lanka 214 75016 198M16 2.44 54.32 25 (rural 
areas 
2002)17

84 00018 7 5734 71 000 household 
members4

10 out of 
12 fisheries 
harbours and 
25 anchorages, 
28 cold 
storages and 
18 ice plants 
damaged4

Thailand - 
Andaman coast

709 19220 312.6M20 1.921 41.52 < 2%7 19 96820 2 923 households4 8 harbours 
severely 
damaged4

1 Ministry of Marine Affairs and Fisheries,  Indonesia. 2005. Strategy and program for rehabilitation and reconstruction of the fishery sector in Aceh and Nias 
 post earthquake and tsunami wave disaster
2 Laureti (1999)
3 BAPPENAS and the Consultative Group on Indonesia, January 19-20, 2005, Indonesia: Preliminary damage and loss assessment, the December 26, 2004 
 natural disaster, 128 p. (http://www.adb.org/Documents/Reports/Tsunami/damage-assessment.pdf )
4 FAO Situation Reports - Regional - 25 April 2005, 25 p. (ftp://ftp.fao.org/FI/DOCUMENT/tsunamis_05/FAO_Agency_Reports/FAOAgencyReport25April.pdf )
5 Update on the World Bank response to the tsunami disaster, 22 April 2005, 18 p. 
 (http://siteresources.worldbank.org/INTTSUNAMI/Resourcestsunamireport-042205.pdf )
6 India Post Tsunami Recovery, Preliminary Damage and Needs, prepared by ADB, UN and World Bank, New Delhi India, 8 Mar 2005, 107 p. 
 (http://siteresources.worldbank.org/INDIAEXTN/Resources/2955831110791780048/India-tsunami-na-mar14 2005-all.pdf )
7 Percentage of population on < USD 1 per day (www.developmentgoals.org)
8 CONSRN Situation Report - India – Tsunami – 16 March 2005, 14 p. (ftp://ftp.fao.org/FI/DOCUMENT/tsunamis_05/india/impact/05-03-16-India.pdf )
9 Abu Talib et al. (2003b)
10 CONSRN Situation Report – Malaysia – 10 March 2005, 7 p. (ftp://ftp.fao.org/FI DOCUMENT/tsunamis_05/malaysia/impact/05-03-10-Malaysia.pdf )
11 FAO Fishery Country Profile – Maldives (www.fao.org/countryprofiles)
12 ADB An initial assessment of the impact of the earthquake and tsunami of December 26, 2004 on South and Southeast Asia, January 2005, 12 p. 
 (http://www.adb.org/Documents/Others/Tsunami/impact-earthquake-tsunami.pdf )
13 Republic of Maldives, Tsunami: Impact and Recovery.  Joint needs assessment World Bank – ADB – UN System. 8 February 2005, 23 p. (http://www.adb.org/
 Documents/Reports/Tsunami/joint-needs-assessment.pdf )
14 FAO Fishery Country Profile - Myanmar (www.fao.org/countryprofiles)
15 CONSRN Situation Report - Myanmar - Tsunami – 9 March 2005, 9p. 
 (ftp://ftp.fao.org/FI/DOCUMENT/tsunamis_05/myanmar/impact/05-03-09-Myanmar-country-report.pdf )
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Table 2. Declines in demersal biomass from trawl surveys in South and Southeast Asia.

Country/area Year
Stock
density
(t�km-2)

Relative
density
(%)

Source

BRUNEI DARUSSALAM
(waters within 0-50 m)

1979-80
1989-90

12.8
11.7

100.0
91.0

Beales et al. 1982
Silvestre et al. 1991

BANGLADESH

Bay of Bengal 1973
1985-86

12.3
5.47

100.0
44.0

Khan et al. 2003

INDIA

Goa 1973-74 161* 100.0 Joseph 1980

1979-80 95* 59.0

Mangalore 1973-74 141* 100.0 Joseph 1980

1979-80 94* 66.7

Cochin 1972-73 217* 100.0 Joseph 1980

1979-80 126* 58.1

Madras 1972-73 127* 100.0 Joseph 1980

1979-80 82* 64.6

INDONESIA

Java Sea 1977 3.72 100.0 Dwiponggo and Badrudin 1978

1998 2.20 59.1 Aziz et al. 1998

PHILIPPINES

San Miguel Bay 1947 10.60 100.0 Warfel and Manacop 1950

1980-81 2.13 20.1 Vakily 1982

1992-93 1.96 18.5 Cinco et al. 1995

Lingayen Gulf 1949
1979
1987-88

92.1*
63.7*
31.8*

100.0
69.2
34.5

Ochavillo et al. 1989

Manila Bay 1949-52 4.61 100.0 Warfel and Manacop 1950

1992-93 0.47 10.2 MADECOR (Mandala Agricultural 
Development Corporation) and 
National Museum 1995

MALAYSIA

West coast 1971/72 2.44 100.0 Abu Talib et al. 2003a

1987
1997

1.59
0.36

65.2
15.6

East coast 1972
1986

5.09
1.93

100.0
37.9

Abu Talib et al. 2003a

1998 0.20 3.9

Sarawak 1972
1986

3.90
1.17

100.0
30.0

Abu Talib et al. 2003a

1998 1.11 28.5

Sabah 1972
1986

12.52
1.52

100.0
12.1

Abu Talib et al. 2003a

1998 0.87 6.9

THAILAND

Gulf of Thailand 1961 6.70 100.0 Kongprom et al. 2003

1991 0.55 14.2

Source: Silvestre et al. 2003.

Tsunami Impact

Vessels 
damaged or 
destroyed

Total 
damage 
to fisheries 
(USD)

Total 
rehabilitation 
cost 
(USD)

9 500 small-scale 
vessels4

52M4 6B5

88 035 vessels8  
(5 000 mechanized 
boats, 7 933 fiber-
reinforced plastic 
boats, 24 580 boats 
of other categories 
mostly motorized, 
35 483 wooden 
catamarans)6

567.8M6 1.2B5

3 626 (2 951 small 
vessels)10

9.2M10

1704 25M4 0.41B5

2304 250K15 > 400K4

54% of total 
fishing fleet of 31 
663 boats, 40% of 
small-scale vessels4

96.8M19 1.5-1.6B5

5 397 boats, 75% 
of which are small-
scale4

16M4

16  Samarayanke (2003)
17  Department of Census and Statistics, Sri Lanka. 2003. 
 Poverty statistics/indicators for Sri Lanka
18  World Resources Institute. 2004. Earthtrends database, 
 www.earthtrends.wri.org
19  World Bank - ADB - Japan Bank for International 
 Cooperation -  Sri Lanka. Preliminary damage and 
 needs assessment, 2 February 2005. 
 (http://siteresources.worldbank.org/INTSRILANKA/
 Resources/233024-1107313542200/slnafull.1.pdf )
20  FAO Fishery Country Profile – Thailand, 
 www.fao.org/countryprofiles
21 CONSRN Situation Report – Thailand. 13th January 

 2005. (Consortium to Restore Shattered Livelihoods 
and Communities in Tsunami-Hit Nations consisting 
of NACA/FAO/BOBIGO/SEAFDEC/WorldFish Center), 
CONSRN, 22p. (ftp://ftp.fao.org/FI/DOCUMENT/
tsunamis_05/thailand/impact/05-01-13_14.00 
Thailand.pdf )
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Table 3. A summary of the evidence for biological and economic over fishing. 

Country

Biological 
overfishing?

(Y/N)

Biologically 
overfished?

(Y/N)

Economic 
overfishing?

(Y/N)

Economically 
overfished?

(Y/N)

Bangladesh

   Shrimp Y N – –

   Fish Y Y – –

   Total Y Indeterminate Y Y

India Indeterminate Y – –

Indonesia Y N Indeterminate Y

Malaysia Y N Y N

Vietnam Y Indeterminate Y N

Source: Ahmed et al. (in prep.).

While the post-tsunami reconstruction 
efforts must enable communities to 
resume fishing and continue traditional 
livelihoods, long-term vision must 
guide the short-term rehabilitation. 
Allowing the levels of fishing to exceed 
those prior to the tsunami would have 
grave consequences for fish stocks 
and therefore the fishing communities. 
Immediate relief efforts to assist fishers 
to replace gear and rebuild boats should 
ensure that the numbers and capacity 
of boats do not exceed levels prior to 
the tsunami. In addition, less destructive 
and more sustainable fishing gears and 
practices should be adopted. 

In the longer-term, ensuring the 
sustainability of fisheries requires 
effective control of, and reduction in, 
fishing capacity. The rehabilitation and 
reconstruction efforts after the tsunami 
provide an opportunity for strategic 
assistance by governments and donors 
to support assessment of fisheries and 
implementation of effective management 
practices. The aim would be to restore 
the resource base of the over fished 
fisheries to a level that can support 
increased production. Sustainable 
management of fisheries should be a 
core principle of the rehabilitation and 
reconstruction strategies, as seen in the 
Indonesian Strategy and Program for 
Rehabilitation and Reconstruction of the 
Fishery Sector in Aceh and Nias (MAAF 
2005). Donors should coordinate their 
efforts with the national governments, 
particularly in terms of numbers of fishing 
boats supplied, to ensure that fishing 
capacity is limited to an appropriate level.

Provide alternative livelihood 
opportunities 

The strong dependence on fisheries 
and limited livelihood alternatives 
increases the vulnerability of coastal 
communities to natural disasters, such as 
the December 26 tsunami. Rehabilitation 
and reconstruction should focus on 
strategic investments in the rural coastal 
communities to develop diversified and 
sustainable livelihood strategies. Many 

agencies involved in the rehabilitation 
have adopted the Livelihood Framework 
Approach (Figure 2), which involves 
assessing and strengthening the livelihood 
assets of communities. Through a holistic 
livelihood approach, it may be possible 
to assist communities to develop more 
diverse livelihood strategies and reduce 
their dependence on fishing. Creating 
alternative livelihood opportunities 
will help to reduce the fishing capacity 
in coastal fisheries and increase the 
resilience of these communities in the 
face of natural disasters in the future.

Rehabilitate critical coastal habitats 

Prior to the tsunami, coastal habitats 
across the region were already degraded 
and less productive as a result of human 
activities. One of the clearest examples 
is the destruction and clearing of coastal 
mangrove systems. All the countries 
affected by the tsunami have lost 
significant proportions of their mangroves 
(Silvestre et al. 2003). In Sri Lanka, 50% of 
the mangroves were cleared by logging 
and development of the coastal areas 
(Samarayanke 2003). This habitat loss 

Figure 2. The Sustainable Livelihoods Framework as developed by Department for 
International Development (DFID, UK). 

(see www.livelihoods.org)
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has a direct impact on the fish species 
that used them as nursery and feeding 
areas. The coastal areas have also been 
subject to increasing development and 
pollution caused by coastal communities 
and intensification of agriculture (Silvestre 
et al. 2003). These factors have reduced 
the productivity of coastal ecosystems 
and degraded the natural resource base 
on which coastal communities depend 
for their livelihoods. There should be 
direct interventions to restore critical 
coastal habitats and address factors 
causing the degradation. Establishment 
of aquatic protected areas will also 
assist in maintaining critical habitats and 
coastal ecosystems. The restoration of 
community livelihoods should include 
plans to rebuild and protect the natural 
resource capital.

Implement Integrated Coastal 
Fisheries Management 

The establishment of Integrated Coastal 
Fisheries Management (ICFM), centered 
on the development of management plans 
that incorporate social, economic and bio-
logical objectives, is a key to sustainable 
resource use in the long-term. The coastal 
sector has increasingly become the scene 
of competition between different user 
groups (fishers, developers, tourists, etc.). 
ICFM can explicitly address the impacts 
and interactions of the different users. 
The ICFM initiatives should be developed 
within a co-management framework, 
with strong involvement of the local 
communities and other stakeholders. 
ICFM would enable communities, 
stakeholders and governments to look 
explicitly at the distribution of benefits 
from the coastal resources, thereby 
maximizing the contribution of fisheries 
to poverty reduction. The rehabilitation 
strategies should work towards establish-
ing a framework for ICFM within the 
affected communities to ensure long-term 
improvements in management of the 
fisheries.

Reduce post-harvest losses 

As the production of coastal fisheries 

is limited by the natural resources, 
interventions should focus on increasing 
the value of the available production. Post-
harvest losses are an issue in all these 
countries. In Sri Lanka, over 20% of fish 
catches are spoilt by poor post-harvest 
handling (Samarayanke 2003), thereby 
reducing the availability of food and 
lowering fishers’ incomes. The tsunami 
has damaged and destroyed infrastructure 
and processing facilities (Table 1), placing 
an even greater burden on poor fishers. 
In rebuilding these facilities and creating 
new ones, there is an opportunity to 
focus on ways to minimize post-harvest 
losses and add value to catches. These 
investments also have the potential to 
provide alternative livelihoods, particularly 
for women who are traditionally involved 
in the processing and marketing of fish.

Improve governance of fisheries 

The inadequacies in fisheries management 
and policy, lack of institutional capacity 
and infrastructure, and the low level of 
stakeholder involvement have resulted 
in unsustainable fisheries. This problem 
will become even more acute after the 
tsunami with the loss of local leaders 
and disruption of existing institutional 
structures. The rehabilitation programs 
can develop institutions that are 
responsible for managing the sustainability 
of the fisheries. This will require targeted 
interventions to assist local communities 
to participate in the management 
of coastal fisheries and to enable 
governments to facilitate the development 
of effective institutions to manage the 
fisheries. These long-term goals require 
strategic investments in capacity building. 

In the wake of the tsunami tragedy, 
the affected countries are starting to 
articulate the need for a long-term 
vision and coherent strategy to ensure 
sustainable livelihoods for the affected 
communities (e.g., MMAF 2005). In the 
case of fisheries, the lessons from the pre-
tsunami situation should be integrated 
into these strategies to reduce the 
vulnerability of the coastal communities. 
The long-term aim should be to establish 

resilient communities with sustainable and 
diversified livelihoods.
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Women in the December 26 Tsunami: 
How Have they Coped; How Can we Help?
Choo, P.S.

Introduction

On December 26, 2004 several countries 
in the Indian Ocean, including Indonesia, 
Malaysia, Thailand, Sri Lanka, India, 
Maldives, Somalia and Kenya in East Africa, 
were caught totally off guard when the 
tsunami brought with it untold suffering 
with a great loss of lives and massive 
coastal destruction. People who were 
hardest hit were those from poor fishing 
communities living along the coasts. 
The gigantic waves took away family 
members, in some cases whole families, 
smashed houses and boats, and destroyed 
livelihoods.

Altogether, the tsunami destroyed no 
less than 290 000 lives in the countries 
affected (Loney 2005). The impacts on 
loss of work productivity from those who 
were physically and mentally injured, and 
the long-term repercussions of losing 
a huge proportion of the workforce, 
including teachers, doctors, nurses, 
farmers and fishers, are less quantifiable 
but without doubt will translate to huge 
economic losses. The Asian Development 
Bank (ADB) estimated that the overall 
damage in Sri Lanka, the country that 
suffered the second highest losses in 
human lives after Aceh in indonesia, was 
estimated at US$ 1 billion, equivalent 
to 4.4% of its Gross Domestic Product 

(World Bank 2005). According to ADB, 
an additional 2 million people could be 
forced into poverty by the catastrophe 
(The Star Online 2005).

Men, women, boys and girls suffered 
the impacts. In many disasters, women 
and children have been found to be 
particularly vulnerable as they belong 
to the weaker and subordinate groups. 
This paper describes how women 
were affected by the recent tsunami. It 
provides suggestions on how some of 
their needs could be met, and highlights 
the importance of the recognition of 
the needs of women in emergency and 
reconstruction plans.

Women’s vulnerability 
to disasters

The vulnerability of women to disasters 
depends a lot on their social, cultural 
and economic status. The December 26 
tsunami affected mostly poor coastal 
fishers living in traditional, patriarchal 
societies in 12 developing countries. 
Women in these societies are usually 
economically weaker than the men. Such 
groups often suffer more from the direct 
consequences of the natural disaster 
because they are less well-informed, less 
well-prepared and less well-protected. 
They also suffer more from the indirect 

impact in private and public life as the 
disaster is transferred and compounded 
via economic, social, political and family 
relationships (Acar and Ege 2001). In 
organizing emergency and reconstruction 
plans, it is therefore important to assess 
the conditions of women and children, 
and their status in the pre-disaster and 
post-disaster situations.  

How women were affected 
by the tsunami 

It is important to understand fully how 
the tsunami affected men, women, 
girls and boys so that the rebuilding of 
sustainable economies in the tsunami 
affected countries can be carried out with 
greater success. Since men and women 
play different roles in the fishing economy 
and in the home, the disaster affected 
them differently. It is the traditional role 
of women to nurture and to provide care 
to the old, the young and the injured; the 
aftermath of the tsunami found some 
women who survived the tragedy to have 
increased workload since many people 
were injured and some were very ill. 
Many women in the fishing villages were 
also small-scale fish processors and fish 
and food vendors. The immediate plans 
of most governments in the affected 
areas were directed at rebuilding the 
fisheries, with financial aid first reaching 

Abstract

The tsunami that occurred on December 26, 2004 brought tremendous suffering and loss of life to several 
countries in the Indian Ocean. No less than 290 000 lives were lost in the countries affected, many of them 
from fishing communities. There were more women victims than men, and there were reports of women 
and children being disadvantaged and victimized. This paper describes how women were affected by 
the tsunami. It also highlights the importance of gender-sensitive emergency and reconstruction plans 
to ensure that the needs of women, men, girls and boys are given equal attention and treatment during a 
disaster. 
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the men and with minimal help reaching 
the women to assist them to rebuild their 
livelihoods. 

Women were also reported to be 
disadvantaged in receiving food and other 
essential supplies. David del Vecchio from 
the United Nations Population Fund noted 
that men and boys often take the lion’s 
share of the food distributed due to their 
greater physical strength (Pikul 2005). 

The descriptions given below on how 
women in different countries were 
affected by the tragedy are taken from 
accounts given by voluntary workers, 
aid agencies and journalists. 

Aceh

The greatest impact of the tsunami was
felt in Aceh, where people live a traditional, 
Islamic life. A Unifem gender advisor for 
relief and recovery efforts, Debra Yatin, 
recounted that in Aceh, many of those 
killed by the huge waves were women 
and girls who did not know how to swim 
(Jimenez-David 2005). Yatin also noted 
that due to their nurturing instincts, 
many women were seen running back to 
the water to look for babies, the aged 
and the disabled members of the family. 
Many more women than men died, partly 
because the tsunami struck on a Sunday 
when the men were out in the shops or 
running errands while their wives were 
tending to their children in their homes 
located very near to the beach. Many 
men were out at sea where the waves 
were less ferocious (BBC 2005). In four 
villages in the North Aceh district, 82 men 
died as opposed to 284 women, and in 
Kuala Cangkoy 80% of those who died 
were women (BBC 2005). The scarcity of 
women has resulted in forced and rushed 
marriages (Casey 2005).

Many women in Aceh supported their 
families by growing paddy and cultivating 
vegetables, coconuts and other crops 
(Women’s Edge Coalition 2005). The 
tsunami salinated a huge part of the coast 
and destroyed the livelihoods of the 
surviving women.

Yatin noted that the most heart-rending 
aspect of the tragedy was the judgments 
rendered on the dead who were mostly 
women. Some people blamed the tragedy 
on women who had sinned and brought 
forth the wrath of God.

Sri Lanka

The Women and Media Collective group 
based in Colombo, Sri Lanka and INFORM, 
a Sri Lankan umbrella organization also 
based in Colombo, both received reports 
of physical abuse to women and girls 
in the course of unsupervised rescue 
operations and while resident in 
temporary shelters (Pikul 2005).

Many women lost their children. Prelimi-
nary data revealed by the United Nations 
indicated that nearly 1 000 children were 
orphaned by the tsunami and another 
3 200 lost one parent (Mail and Guardian 
Online 2005). Desperate, heart-broken 
women were reported to be fighting over 
babies who lost their parents. The most 
famous case was Baby 81, with many 
women claiming him to be theirs.

In Killinochi, women complained that there 
was no privacy in the latrines in the tran-
sition camps and they were not familiar 
with the use of sanitary napkins supplied 
by foreign aid agencies (Oxfam 2005).

India

In Tamil Nadu, India although fishermen 
have been compensated for loss of boats 
and livelihood, no support or working 
capital has been announced for post-
harvest activities that fisherwomen were 
normally involved in, for them to restart 
their business (Actionaid International, 
undated).

As part of their program to control popu-
lation growth, the Indian government has 
had a sterilization program for women 
since the 1960s. In Tamil Nadu, more than 
3 million women had undergone the 
procedure (Washington Times 2005). 
Some of the sterilized women who had 
lost all their children to the tsunami 

suffered severe depression and some 
became mute. Women who had lost all 
their children were provided free sterili-
zation reversal surgery by the State. Many 
of the women who lost only some of 
their children and who did not qualify 
for free surgery used all the compensation 
money they received to access such surgery.

An additional problem encountered in 
India involved women, men, boys and 
girls belonging to the lowest level of the 
caste system. The Dalits or Untouchables 
were denied food and other emergency 
aid supplies, and, according to Reuters, 
many higher caste Indians were too afraid 
of disease to join the Untouchables in 
the grim tasks of digging friends and 
neighbors out of the sand and debris 
(Reynalds 2005).

Malaysia

Financial aid to restore livelihood in 
fishing communities affected by the 
tsunami was mainly directed to the main 
breadwinner of the affected families. 
Compensation was given for damaged 
or destroyed boats and damaged or 
destroyed fish cages, which were owned 
mainly by fishermen. In the first phase 
of the financial compensation, women 
affected by the tsunami who were earning 
a living through fish processing, fish 
vending and food hawking were not 
given financial aid.

Gender-equitable actions

Although much more could be done to 
help women recover from their trauma 
and to prevent them from falling prey to 
discrimination and criminal exploitation, 
credit must be given to aid agencies, both 
local and foreign, as well as the various 
governments for instituting gender-
sensitive emergency and reconstruction 
plans and actions under very challenging 
circumstances. Foreign aid agencies like 
Oxfam and Unifem included gender 
advisors in their relief team, the aid 
relief committee in Malaysia included 
representatives from the Ministry 
of Women, Family and Community 
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Development, a woman’s group called 
Flower Aceh in Aceh and the National 
Women’s Collective of Sri Lanka in Sri 
Lanka are helping the affected women.

Some gender-equitable actions on crisis 
response and reconstruction that are 
adapted from the International Labour 
Organisation (Enarson 2000) are 
highlighted below.

Vulnerability assessment

Before a disaster strikes a vulnerability 
assessment using gender analysis is 
necessary to determine the special needs 
of men, women and children. Relief efforts 
to assist all groups of the community 
equally are possible only if the existing 
social structure of the community is well 
understood. Women-specific data and 
information are needed to anticipate 
and address the impacts of disasters on 
women. For example, the problem of 
women not able to compete equally with 
men in food distribution dropped from 
helicopters could easily be overcome 
by orderly queuing. Better security and 
greater enforcement will also be able to 
reduce incidences of physical abuse to 
women and children.

Gender-fair disaster interventions

It is important to educate both women 
and men on the dangers wreaked by 
tsunamis and on how to recognize the 
signs of an impending tsunami. Reports 
from Aceh, Malaysia and Sri Lanka showed 
that on that fateful Sunday, men and 
women at the beach were not aware of 
the impending disaster when they saw the 
sea water retreating, exposing the seabed. 
Many rushed towards the seabed curious 
of the hitherto unknown phenomenon 
and were killed by the towering waves 
while they were scooping up fish from the 
emptied seabed.

Equitable relief services must anticipate 
and monitor gender bias in access to 
services by vulnerable groups, and women 
and children survivors also have gender-
specific needs. Female relief workers 

are important for female survivors, as 
many of the traumatized women may feel 
uncomfortable discussing their needs with 
men. Understanding the culture of the 
victims is of the utmost importance. For 
example, in some cultures women might 
not feel comfortable lining up to receive 
relief. In such a case, door-to-door relief 
may have to be implemented. 

Equitable distribution of financial 
aid

To support long-term economic 
recovery, women as well as men must 
have access to financial aid for job 
reconstruction. Wives and daughters in 
fishing communities usually have to help 
in the family business by complementing 
the work of their fishermen husbands or 
fathers, and their work is often unpaid. 
They help to unload fish, clean and mend 
nets, vend fish, process fish, and look after 
livestock, cultured fish and field crops. 
Some women may be self-employed or 
are wage earners in small-scale processing 
and handicraft businesses. In almost 
all instances, the unpaid work or the 
income from the women go a long way 
to help the family to stave off poverty. 
When women’s livelihood is destroyed, 
compensating just the fishermen may 
throw many homes into deeper poverty.

Responsive action of employers

Some employers were insensitive to 
the tsunami-affected workers and were 
reported to have instituted pay cuts for 
those employees who did not turn up for 
work. In a crisis situation, employers must 
be sensitive to the needs of their workers. 
Income support and special leave for 
overburdened caregivers who are usually 
women will help to enhance long-term 
recovery and increase morale.

Partnership with women’s 
organizations

Working together with women’s 
associations, environmental and 
grassroots advocacy organizations, 
female-dominated non-governmental 

organizations, and other community-based 
women’s groups will help to provide 
disaster planners with better insights 
for social mitigation. Local women’s 
community-based organizations are more 
likely than professional planners (that 
are not from the disaster site) or foreign 
relief workers to understand the needs 
and vulnerabilities of the local women.

Empowerment of women

Empowering women will increase their 
resilience and reduce their vulnerability 
to disasters. Disaster practice, media 
campaign and pilot projects may help to 
reduce women’s subordination as well as 
meet their practical needs in disasters. 
Helping women gain confidence and self-
esteem will assist women to take control 
of their own lives and decrease their 
vulnerability in times of crises.
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A Post-Tsunami Assessment of Coastal Living 
Resources of Langkawi Archipelago, 
Peninsular Malaysia
Y.L. Lee, Y.A. Affendi, B.H. Tajuddin, Y.B. Yusuf, A.A. Kee Alfian and E. A. Anuar 

Introduction

The Langkawi archipelago (06° 18’ N, 
099° 47’ E) is in the northwestern part 
of Peninsular Malaysia that was hit by a 
tsunami at 12.20 pm on 26 December 
2004. Albeit, it was a weak wave (a 
shadow wave) of the main tsunami that 
devastated southern Thailand and various 
coastal nations in the Indian Ocean. It was 
generated by an underwater earthquake 
(9.3 on the Richter scale) off the west 
coast of Aceh province in Indonesia (Stein 
and Okal 2005). A group of researchers 
from WWF-Malaysia, Universiti Malaya 
Maritime Research Centre (UMMReC), 
Malaysian Society of Marine Sciences 
(MSMS), Universiti Kebangsaan Malaysia 
(UKM) and the WorldFish Center 
rapidly conducted a post-tsunami impact 
assessment reef survey (POSTIARS) with 
the aim to ascertain areas where the 
tsunami had hit, assess the changes in the 
underwater environment caused by the 
tsunami and assess the damage done to 
the biological resources of the coral reefs. 
Selected islands around the Langkawi 
archipelago were surveyed from 28 to 
30 January 2005. This assessment was of 
particular interest to WWF-Malaysia as it 
is currently carrying out a collaborative 
fisheries management (CFM) project 

on the northern coast of Langkawi and 
wanted to gather data on the possible 
adverse effects of the tsunami on the 
fishing community. This paper discusses 
the findings of the survey and compares 
conditions of coral reefs before and after 
the shadow wave as well as emphasizing 
the importance of intact coastal 
ecosystems such as mangrove forests 
against natural disasters such as a tsunami.

Materials and Methods

Two strategies were used to assess the 
impact of the tsunami on the coastal living 
resources - coral reefs, coral reef fishes 
and invertebrates. The first was a rapid 
assessment and monitoring technique for 
tsunami damage that was in development 
at that time by GCRMN/CORDIO/
ReefBase/Reef Check for ICRI/ISRS 
(ICRI/ISRS 2005). The second strategy 
was to obtain a more detailed assessment 
by using a modified Reef Check method 
(Hodgson et al. 2004) combined with a 
modified Line Intercept Transect (LIT) 
method (English et al. 1997).

The first strategy utilized a rapid survey 
with a timed swim by a pair of snorkellers 
at sites suspected to have received the 
impact of the shadow wave. Snorkellers 

recorded the presence of debris, 
broken and overturned corals as well as 
estimated the percentage of live coral 
cover per area observed. Rapid surveys 
were conducted at four sites, which were 
Pulau Beras Basah (two sites), Pulau Intan 
Kecil and Pulau Anak Burau (Figure 1).

The second strategy allowed for the 
collection of three different sets of data: 
the status of coral reefs, reef fishes and 
invertebrates. Three teams of two divers 
each used a 100 m transect line deployed 
between 3-6 m in depth. The first team 
laid down the transect line and carried 
out the coral reef fish visual census. The 
identification of coral reef fish was based 
on Lieske and Myers (1994) and Allen et 
al. (2003). The second team surveyed the 
invertebrates using a Belt Transect of 
400 m2. The third team recorded the coral 
cover and signs of tsunami damage. The 
detailed surveys were carried out at three 
sites, Pulau Tepor, Tanjung Hulur and Pulau 
Anak Datai (Figure 1). These three sites 
were chosen based on the direction of 
the shadow wave, which suggests that 
these sites would have received the 
most impact.

Physical parameters measured at each 
survey site were vertical visibility, 

Abstract

Rapid and detailed post-tsunami surveys carried out in the Langkawi archipelago in January 2005 showed 
that the coral reefs did not suffer any significant structural damage. Nevertheless, there were signs of 
recent sediment resuspension at the sites studied. The diversity and abundance of coral reef fishes and 
invertebrates were low. However, this was not attributed to the tsunami effect but rather to the present 
environmental conditions. The extent of damage at the villages of Kubang Badak and Kuala Teriang 
may indicate that intact coastal ecosystems such as mangroves have the potential to protect lives and 
property during natural disasters
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Figure 1. Satellite image of the Langkawi archipelago showing the locations of the 
survey sites. (Image courtesy of Dr Azhar Husin/ UMMReC). 

temperature, pH, conductivity, salinity, 
total dissolved solids and dissolved 
oxygen in seawater. Visibility was 
measured using a Secchi disc, whereas the 
other parameters were recorded using 
YSI multi-probes model pH100, EC300 
and 550A.

Secondary information on the effects 
of the shadow wave was also collected 
through interviews with fishermen at the 
affected sites (Kubang Badak and Kuala 
Teriang) and newspaper articles. 

Results and Discussion

Rapid and detailed assessment 
of coral reefs 

No significant physical damage from the 
impact of the shadow wave was observed 
at any of the sites surveyed. There were 
overturned and broken corals in a few 
locations, which may have been due to 
fishers or anchors and not necessarily the 
tsunami. In addition, the detailed surveys 
confirmed that there was no significant 
damage from the shadow wave as the 
proportion of recently killed, broken and 
overturned corals was very low (Figures 
2 and 3).                         

Pulau Tepor, Tanjung Hulur and Pulau Anak 
Datai recorded good levels of live coral 
cover (50–53%) based on the health scale 
of the ASEAN-Australian Living Coastal 
Resources project (Chou 1994) and 
very low percentage of recently killed 
corals of 1-3% (Figure 3). However, there 
was a conspicuous layer of silt overlying 
surfaces of corals at all sites surveyed. 
This layer of silt may have settled out 
of the water column quite recently as it 
was noted to be quite thin and the coral 
polyps underneath showed recent death 
or severe signs of stress such as copious 
mucus secretion and tentacular extension 
(Stafford-Smith and Ormond 1992).

It is well known that a tsunami is a fast 
flowing wave that moves straight across 
the ocean and onto the land, unlike the 
circular motions of normal wind- or 
current-generated waves. Therefore, the 

Figure 2. The percentage of live, damaged and dead coral at each survey site from the 
rapid assessment snorkel surveys. Debris also included old broken corals. Error bars 
are for standard deviation (SD).
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Table 1. Comparison of live coral cover data collected by LIT before and after the 
shadow wave.

Percentage of live coral cover

Area  2001 (Hendry and McWilliams 2002)  2005 (Present study)

Pulau Tepor 20.0 53.0 

Datai 49.5 50.5 

tsunami may have brought fine sediment 
into the coastal area and onto corals after 
it receded from the land. The shadow 
wave may not only have brought in more 
fine sediment but also re-suspended 
existing fine sediment in the shallow 
water environment. The waters of 
Langkawi were already turbid from 
sediment runoff brought on by intense 
coastal development (Abdullah and Yasin 
2002). Prior to the tsunami, sedimentation 
was an issue for coral reefs around 
Langkawi. Jonsson (2002), when studying 
corals in Langkawi, found that 100% of the 
dead corals were covered by sediment, 
suggesting that the death of corals in the 
area is mainly due to heavy sedimentation. 
She also found that for Pulau Rebak Besar, 
Pulau Singa Besar and Teluk Datai, 70%, 
50% and 60%, respectively, of the corals 
were covered in sediment. Therefore, 
sedimentation was already an issue for 
coral reefs around Langkawi and the 
relative impact of the tsunami is unclear. 
The effects of sedimentation on corals 
are well documented. It can: increase the 
energy demands of the corals because 
more energy is needed for sediment 
rejection activities (Dodge et al. 1974); 
cause abrasion on corals (Loya 1976) 
and coral tissue death (Rogers 1983); 
influence the species composition due 
to differences in sediment tolerance 
among species (Cortes and Risk 1985); 
disrupt the coral’s energy budget through 
reduced light availability (Abdel-Salam 
and Porter 1989); negatively affect rates 
of survival and settlement of coral larvae 
(Babcock and Davies 1991); reduce the 
coral’s capacity to capture food (Stafford-
Smith and Ormond 1992); and depress 
rates of zooxanthellate photosynthesis 
(Riegl and Branch 1995; Yentsch et al. 
2002). Another survey of the same sites 
to document any changes with respect 
to the sedimentation and impact on the 
corals is planned for July 2005.

The available LIT data on coral cover 
at two sites (Pulau Tepor and Datai) 
before the incident of the shadow wave 
was used for comparison. The present 
survey recorded higher live coral cover at 
Pulau Tepor and little difference at Datai 

(Table 1). The difference in the LIT data 
for Pulau Tepor is likely to be indicative 
of the patchy nature of the reefs around 
the islands where some parts along the 

same beach have good coral cover and 
other parts have low live coral cover. This 
feature was also observed during the 
rapid assessment at Pulau Beras Basah.

Figure 3. The percentage cover of coral and other benthic species and substrate types 
from the detailed assessment for corals of (a) Pulau Tepor; (b) Tanjung Hulur; and (c) 
Pulau Anak Datai using the modified Reef Check method.

Other 1%
Silt 15%

Sand 3%

Rubble 
0%

Rock 1%

Sponge 1%

Nutrient Indicator
Algae 0% Recently Killed 

Coral 3%

Soft Coral 0%

Hard Coral 53%

(a)

Other 1%
Silt 20%

Sand 11%

Rubble 9%

Rock 6%

Sponge 0%

Nutrient Indicator
Algae 0%

Recently Killed 
Coral 1%

Soft Coral 1%

Hard Coral 51%

(c)

Other 1%
Silt 12%

Sand 11%

Rubble 
6%

Rock 11%

Sponge 2%

Nutrient Indicator
Algae 0%

Recently Killed 
Coral 1%

Soft Coral 6%

Hard Coral 
50%

(b)



NAGA, WorldFish Center Newsletter  Vol. 28 No. 1 & 2 Jan-Jun 200520

asian tsunami

Physical parameters

All physical parameters were within normal 
ranges (Table 2). For example, the study 
by Jonsson (2002) reported the Teluk 
Datai area as having seawater tempera-
tures in the range of 27.3°C-28.5°C, 
salinity ranging between 32.4-33.0 ppt 
and D.O. ranging between 5.8-7.4 mg/l. 
Nevertheless, visibility was poor for all 
sites as shown by the Secchi disk reading 
ranging between 1.25-3.75 m for this study.

Coral reef fish

The number of coral reef fish species and 
individuals observed at three selected 
sites at Pulau Langkawi was relatively 
low as compared to the other sites 
in Peninsular Malaysia, using the same 
sampling protocol (Table 3). However, 
there is insufficient data to conclude 
that the coral reef fish population was 
affected by the recent tsunami.  There 
is no data to enable comparisons with 
numbers prior to the tsunami. The low 
numbers may also be due to issues 
such as the health of the coral reefs or 
levels of fishing. In the study areas, most 
of the major families of coral reef fish 
such as Pomacentridae (damselfish), 
Labridae (wrasse), Chaetodontidae 
(butterflyfish) and Scaridae (parrotfish) 
were poorly represented and there 
was a notable absence of species from 
the families Pomacanthidae (angelfish) 
and Acanthuridae (surgeonfish). These 
six families are important components 
of reef communities, have widespread 
distributions and are closely associated 
with coral reefs ecosystem (Allen and 
Werner 2002).

The number of Reef Check target 
species observed at three sites was also 
generally low, especially for families of 
snapper (Lutjanidae), commercial sized 
grouper (Serranidae - more than 30 cm) 
and parrotfish (Scaridae).  Barramundi 
cod (Cromileptes altivelis), humphead 
wrasse (Cheilinus undulatus), bumphead 
parrotfish (Bolbometopon muricatum), 
grunts/sweetlips (Haemulidae) and moray 
eel (Muraenidae) were totally absent from 

the sites surveyed (Table 4). This may 
indicate that the areas are under pressure 
from fishing by local fishers.  This situation 
is particularly visible at Teluk Datai, where 
fish holding pens (kelong/belat) were 
present in the coral reef areas.  

The main Reef Check target species 
observed at Pulau Langkawi were butter-
flyfish (Chaetodontidae). However, the 
number of species was also low as com-
pared to other sites globally. The number 
of butterflyfish observed at three sites 
(Pulau Tepor, Tanjung Hulor and Pulau 
Anak Datai) were 8, 17 and 3 individuals, 
respectively. The numbers observed were 
low when compared to the average density 
of butterflyfish in the Indo-Pacific coral 
reefs (10.0 ± 10.0 fish per 100 m2 reef) 
(Hodgson and Liebeler 2002). The main 
butterflyfish observed was Chaetodon 

Table 2. Physical parameters for all surveyed sites.

Site
Secchi 

(m)
Conductivity 

(ms)
Salinity 

(ppt) pH
Temp    

(oC)
TDS 
(g/l)

DO 
(mg/l)

Pulau Beras Basah Site 1 2.00 44.32 28.5 8.08 28.5 28.84 5.64

Pulau Beras Basah Site 2 2.25 46.14 29.8 8.12 28.8 29.97 5.71

Pulau Intan Kecil 1.25 46.90 30.3 8.09 29.2 30.50 6.45

Pulau Tepor       Surface 1.75 46.50 30.0 8.11 29.6 30.20 6.05

Bottom (3 m) n/a 46.60 30.1 8.12 n/a 30.30 6.08

Pulau Anak Burau 1.75 46.14 30.0 8.10 28.9 30.14 5.41

Tanjung Hulur  Surface 3.75 46.53 30.0 8.13 28.6 30.22 5.93

Bottom (3 m) n/a 46.60 30.4 8.11 n/a 30.51 4.58

Pulau Anak 
Datai                   Surface 2.50 50.90 30.2 8.16 29.9 30.30 6.64

Bottom (3 m) n/a 47.03 30.5 8.15 n/a 30.55 4.71

Note: n/a = not available

Table 3. Number of species and individuals of coral reef fish at three sites at Pulau 
Langkawi and comparisons with other sites in peninsular Malaysia.

Site
No. of 

individuals Species

Pulau Tepor, Langkawi 232 20

Tanjung  Hulor, Datai, Langkawi 365 31

Pulau Anak Datai, Langkawi 85 21

Pulau Payar 1 568 ± 934.7 55.2 ± 4.4

Pulau Perhentian Kecil 974.2 ± 332.4 60 ± 10.4

Pulau Perhentian Besar 1 929.6 ± 2228.8 61.8 ± 12.8

Pulau Pangkor 1 136.0 ± 630  29.7 ± 3.2

Data of other sites are from Yusuf et al. 2002. Mean and standard deviation indicate that 
sampling was done at a few sites in the islands. 

octofasciatus (8-banded butterflyfish), 
which is generally found in shallow and 
turbid coral reef areas (Hutomo et al. 
1991; Manthachitra et al. 1991).

Reef invertebrates

Aside from corals, the diversity and 
density of the reef invertebrates at the 
study sites was generally low compared 
to other marine parks and islands on the 
east coast of Peninsular Malaysia (Kee 
Alfian et al. 2005). The highest density 
was recorded for the pen shell (Atrina 
pectinata) in Pulau Langkawi (Table 5). The 
low abundance of the reef invertebrates 
in Pulau Langkawi may be due to the high 
sedimentation around the island.

The number of Diadema (sea urchin) 
per square meter is generally high as 
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Table 4. The number of individuals observed of the Reef Check coral reef targeted fish 
groups.

Targeted species

Sites

Pulau Tepor Tanjung Hulur, Datai Pulau Anak Datai

Snapper 3 2 0

Grouper >30 cm 0 1 0

Parrotfish >20 cm 0 1 0

Butterflyfish 8 17 3

Barramundi cod 0 0 0

Humphead wrasse 0 0 0

Bumphead parrotfsh 0 0 0

Grunts/Sweetlips 0 0 0

Moray eel 0 0 0

Table 5. Density of reef invertebrates in the surveyed areas.

Site (individual/m-2)

PulauTepor Tanjung Hulur, Datai Pulau Anak Datai

Brachyuran 0.01 0 0.01

Atrina pectinata 0.19 0.16 1.52

Diadema setosum 0.03 0.07 0.07

Heteractis magnifica 0 0.01 0.04

compared to the mean abundance of 
Diadema in the Indo-Pacific based on Reef 
Check data (10.9 ± 42.1 per 100 m2 in 
2000) (Hodgson and Liebeler 2002). Even 
though moderate Diadema populations 
are critical to maintaining the natural 
balance between algae and coral in a 
healthy reef system, high population 
density is considered a negative indicator 
as it can cause a high level of coral 
bioerosion and make it difficult for new 
coral recruitment in the area (Vo and 
Hodgson 1997). 

Effects of the shadow wave on 
fishing communities

Interviews with fishermen at Kampung 
Kubang Badak revealed that they were 
able to take shelter in the mangroves 
as the shadow wave came surging up 
the Kubang Badak estuary (Figure 1). 
The fish landing facility was only slightly 
damaged. They were quick to point out 
that the Kubang Badak mangrove forest 
had buffered them against strong waves 
and quick-rising waters. The fishing village 
in Kuala Teriang, northeastern Langkawi, 
was not as fortunate. The village was 
flooded, property damaged and one life 

lost. This may be due to the clearing of 
mangroves in the area and exacerbated 
by the construction of a manmade wave 
barrier near the Langkawi airport. The 
wave barrier and the existing land mass 
created a narrow channel that could have 
increased the velocity of the wave and 
caused significant damage to the area 
(Azhar Husin pers. comm.). 

Conclusions

The shadow wave that hit Langkawi 
did not cause any structural damage 
to coral reefs, nor did it drastically 
alter the physical parameters. However, 
sedimentation and re-suspension of 
fine silt onto the reefs was observed 
at all sites. Sedimentation has been 
recorded around Langkawi before the 
tsunami, so the impact of the tsunami on 
sedimentation is uncertain. Sedimentation 
will have long lasting negative effects on 
the coral communities. Data collected on 
the coral reef fishes and invertebrates 
showed that their diversity and abundance 
was very low, but this could be attributed 
to pre-tsunami conditions of less-than-
optimal water quality, fishing and high 
sedimentation. The natural disaster also 

reiterated the importance of conserving 
intact and healthy coastal ecosystems, not 
only to sustain the livelihood of people 
depending on them but also to protect 
their lives and property.
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Tsunami Damage to Coral Reefs: 
Guidelines for Rapid Assessment and Monitoring

How should current coral reef surveys 
be adapted to appropriately respond to 
the December 2004 tsunamis and other 
similar events in the future? 

This question has been answered by a 
group of coral reef scientists working 
under the auspices of the International 
Coral Reef Initiative (ICRI) who reviewed 
existing methods and selected/adapted 
those that would be most useful for asses-
sing immediate damage and for monitoring 
long-term changes. It is hoped that these 
methods will be used consistently by 
scientists in the region so that data from 
different areas can be readily compared.

The protocol is designed for use by scien-
tists or others experienced with coral reef 
monitoring and underwater observation. 
However, much of the needed information 
can be collected by willing volunteers on 
land or by snorkeling. The authors recom-
mend strongly that a socioeconomic 

component such as SocMon or SocCheck 
is added to the survey as the methods 
described are purely biophysical.

The first step involves the design of the 
monitoring programme. The local impacts 
of the tsunami should be described as the 
impacts may be highly variable even along 
adjacent parts of the coastline. Information 
such as wave height, number of waves, 
time of impact, duration of inundation, 
distance the sea receded, distance traveled 
inland, weather conditions at the time and 
in the week following, coastal geomor-
phology, human development patterns, 
and severity of damage is all useful.

A collection of background data needs 
to be made to know the context of 
the assessment sites. Although this 
information should be used to select 
assessment sites, it is sometimes not 
feasible to do so as rapid assessments 
should proceed as soon as possible.

A staged approach is suggested starting 
with wide-scale surveys to assess overall 
levels of damage (rapid assessments) 
followed by more focused and detailed 
surveys at a smaller number of carefully 
selected sites. The details of the methods 
for site selection, rapid assessment and 
detailed assessment are provided fully in 
the text.

The benefits of using the methodology 
described will be enhanced if the work is 
coordinated and the results are shared. 
A full list of regional and country contacts 
is provided. These persons can also assist 
with any questions on the methodology.

The full text of the document is available 
from the following websites: 
UNEP: http://www.unep-wcmc.org/
latenews/emergency/tsunami_2004/
coral_ass.htm
ICRI: http://www.icriforum.org/
ReefBase: http://www.reefbase.org/
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Result of Preliminary Studies on the Impact of 
the Tsunami on Fisheries and Coastal Areas of 
Penang and Kedah in Malaysia
WorldFish Center

A meeting was held on 28 February 2005 
at the Fisheries Institute, Penang, to
discuss results of current research 
projects on the impacts of the tsunami. 
C.P. Ean, R. Siow and M. Ali from the 
Fisheries Research Institute have made 
a compilation of the eleven papers 
presented under the title Interim Report 
on the Impacts of Tsunami on Fisheries 
and Coastal Areas. The following provides 
a brief summary of the conclusions.

Bacterial levels in seafood 

There were fears that seafood might 
become contaminated following the 
tsunami due to increased levels of 
pollutants, from either sediment 
re-suspension or run-off and/or increases 
in bacterial and viral concentrations 
from damaged wastewater systems. 
In order to ease public concern, the 
Department of Fisheries conducted a 
survey to examine the levels of indicator 
bacteria in seafood. Twenty-one samples 
were collected from landing jetties and 
cage culture sites around Penang on 
7, 8 and 11 of January and tested for 
total and fecal coliform numbers, 
and the presence/absence of Salmonella, 
Vibrio cholerae and Vibrio parahaemolyticus. 
The results did not show specifically 
high levels of indicator bacteria. Although 
some high fecal coliform counts were 
observed in cockles from Kuala Juru, 
higher levels had also been recorded 
prior to the tsunami (Wan Norhana 
et al. 2005).

Pulau Payar Marine Park 
coral reefs

The marine park lies north of Penang and 
south of the Langkawi Islands, off the 
west coast of Malaysia. A SCUBA survey 
was carried out on 17-18 January 2005 
to study the impact of the tsunami on 
the coral reef structure. Three randomly 
placed 20 meter transect lines were 
surveyed at three separate reef locations 
in water depths of 3-8 meters. The survey 
followed internationally accepted standard 
procedures to record percentages of hard 
corals, dead corals, broken coral, coral 
rubble and abiotics. The results of the 
survey indicated that the tsunami caused 
only negligible damage to the coral reefs 
in the marine park (M.P. Abdullah 2005).

Benthic populations in 
Kedah waters

A survey was carried out in January 2005 
to determine the effects of the tsunami 
on benthic population structures off the 
coast of Kedah state. Eleven stations were 
sampled between 5 and 12 nautical miles 
offshore using a Smith McIntyre grab. 
Results were compared with a previous 
study conducted in the same area in June 
2004. Interestingly, the survey showed 
an increase in density and diversity of 
macrofauna at sites closer to the coast 
and a decrease in density and diversity 
further offshore. The dominant taxa 
present had changed from polychaete 
to crustacean. However, although the 
tsunami may have influenced the changes 
in macrobenthos, this cannot be verified 

because there is not enough seasonal data 
on benthic populations to draw such a 
conclusion (R. Siow 2005).

Mangrove/seagrass 
ecosystems and physico-
chemical parameters

A study was carried out at two tsunami-
affected sites, Kuala Terian in Pulau 
Langkawi and the Sungai Merbok estuary 
(including the Tanjung Dawai and Pantai 
Merdeka areas) from 14-29 January 
2005. The objective was to determine 
the degree of impact on various 
physico-chemical parameters (ammonia 
level, oxygen concentration and Total 
Suspended Solids) as well as on 
substrates and mangroves. The damage 
to mangroves was considered slight 
or minimal at both study sites. The 
thickness of sediment deposits in the 
inter-tidal mangrove zone was 1.0-3.5 cm. 
High concentrations of ammonia were 
recorded (exceeding 0.02 ppm). This 
could be linked to the presence of high 
Total Suspended Solids. However, samples 
from two non-impacted control sites also 
showed ammonia levels exceeding 
0.02 ppm (A.H. Alias et al. 2005).

Comparison of pre- and 
post-tsunami fish resource 
surveys

A number of surveys were carried 
out in January and February 2005 in 
an attempt to determine whether the 
tsunami had a measurable effect on local 
fisheries resources. Results from trawl 
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sampling along a transect line westwards 
from Kuala Kedah crossing the Pulau 
Payar Marine Park area showed that 
the abundance of demersal fish and 
prawns were within normal or current 
exploitation levels. The data from this 
sampling was compared to results 
obtained in May and October 2003. 
The difference between them could be 
attributed to normal seasonal variation 
(A. Man 2005).

Results from a separate study 12 nautical 
miles to the southwest of Penang Island 
showed significant differences from a 
previous study. A total reduction in catch 
of 32% and a decrease in the proportion 
of demersal finfish and prawns in the total 
catch. However, as the previous study was 
made in a different season and four years 
earlier, no relationship with the tsunami 
can be inferred (A.T. Ahmad 2005).

Fisheries catch and effort data is collected 
by local fisheries offices at selected 
landing sites. The data for December 2004 
and January 2005 from the fish landing 
complex at Tanjung Dawai, Kedah, were 
compiled and analyzed (C.P. Ean 2005). 
In the days immediately following the 
tsunami, very few vessels were operating 
and catch landings were small. Data 
suggests that areas that were hit hard 
by the waves and operate primarily with 
small and traditional fishing gear (boats 
<10 GRT), such as Kuala Muda and Yan, 

were more severely affected than areas 
where larger trawlers operate. No clear 
changes could be observed from the data 
and a longer period of monitoring will 
be required to determine if there is a 
measurable change in species composition 
or catch per unit effort.
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Statement on the Indian Ocean Tsunami 

At its 27th Session held in Penang, 
Malaysia from 14-18 March 2005, the 
Board of Trustees of the WorldFish Center 
examined the situation created by the 
high-intensity earthquake on the west 
coast of northern Sumatra and the 
subsequent tsunami waves that caused 
extensive loss of lives and damage to 
coastal communities throughout the 
southern Bay of Bengal, including Malaysia
and East Africa. According to the informa-
tion available, the disaster killed an esti-
mated 300 000 people and caused 
economic damage estimated at approxi-
mately US$ 7 billion, in addition to the 
social distress it caused, the cost of which 
can never be estimated nor compensated. 
The Board noted that the tsunami has 
been particularly devastating for fishers 
and fish farmers who suffered heavy loss of 
lives, damage to fisheries and aquaculture 
infrastructure (estimated at US$ 500 
million), destruction of or damage to more 
than 100 000 fishing vessels, and the loss 
of more than 1.5 million gear units.

The Board expressed its sincere condo-
lences to the countries and the families of 
the victims, noting that the tsunami had 
its greatest impact on poor coastal fishing 
communities, the principal target group of 
the Center’s work, many of which lost all 
or most of their livelihood assets. 

It is the strong wish of the Board that the 
WorldFish Center should contribute to 
post-tsunami activities, including assessment
of the overall impact on living resources, 
people and the environment as well as the 
reconstruction of livelihoods. The Board 
was informed of the various initiatives 
already taken or planned by the Center in 
collaboration with its partners, namely: 
• Participating in the Consortium to 

Restore Shattered Livelihoods and 
Communities in Tsunami-Hit Nations 
(CONSRN)-see box. This initiative 

received praise by the Ministerial Meet-
ing of the FAO Committee on Fisheries;

• Co-organizing a workshop (to be held 
in June 2005) to assess the immediate 
and long-term impact of the tsunami 
and evaluate appropriate policy options 
to address the impact in collaboration 
with Institute of Fisheries Economics 
and Trade (IFET); 

• Participating in the elaboration of a 
strategy for rehabilitation and con-
struction of affected areas in Indonesia 
in collaboration with the World Bank, 
Asian Development Bank and FAO; 

• Leading the development of collective 
action by CGIAR centers (Consultative 
Group on International Agricultural 
Research) and partners aimed at: 
(i) developing a cross-sectoral frame-
work for livelihoods rehabilitation; 
(ii) implementing local rehabilitation 
options; and (iii) strengthening 
research and policy capacity in the 
affected countries; 

• Participating in a collective action 
initiative led by the International Water 
Management Institute (IWMI) to under-
take biophysical impact assessment of 
tsunami-affected areas; 

• Contributing to the standardization of 
monitoring procedures for assessment 
of damage to coral reefs and collation 
of assessments in ReefBase (with the 
Global Coral Reef Monitoring Network); 

• Compiling of lessons learnt from pre-
vious projects in the affected countries 
as inputs to reconstruction plans; 

• Making expertise available to provide 
technical assistance and support on 
request. 

The Board expressed its satisfaction for 
these fully justified initiatives, congratula-
ting the Center’s staff for its full availability 
and dedication. The Board expressed 
concerns, however, over the risk of 
negative impacts from rehabilitation efforts 

if not appropriately designed and duly 
coordinated. It reflected, in particular, 
on the risks faced by the poorest 
communities and distressed households 
with no or limited informal rights. 

The Board recommended that, within 
the established regional and national 
mechanisms of collaboration, the World-
Fish Center should pursue and increase 
its efforts using budgeted resources as 
well as actively seek additional support to: 
• Ensure that, in partnership with others, 

it contributes further to the rehabilita-
tion of the fisheries and aquaculture 
sectors, providing an effective response 
to the needs of the affected fishing 
communities, in particular their 
poorest members; 

• Ensure that such rehabilitation efforts 
seek to provide adequate protection 
from this and other types of environ-
mental threats, and improve sectoral 
efficiency, sustainability and governance; 

• Participate, in partnership with others, 
in cross-sectoral assessments of 
environmental, habitat, resource and 
infrastructure degradation (e.g., in pond 
systems, coral reefs and mangroves), 
focusing on immediate impact and 
possible rehabilitation scenarios; 

• Stress the importance of user and 
access rights, even informal ones, for 
the sustainability of livelihoods, parti-
cularly for small-scale commercial and 
subsistence enterprises within the limits 
that natural resources can sustain; 

• Contribute to rebuilding capacity in 
fisheries monitoring, assessment, policy 
advice, etc., in the concerned areas, 
enhancing as far as possible the capacity 
of poor communities to participate in 
the reconstruction process. 

The Board also called on donors to assist 
the WorldFish Center in this complex 
endeavor. 

WorldFish Center Board of Trustees
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The Consortium to Restore Shattered 
Livelihoods of Communities in Tsunami 
Affected Nations (CONSRN) was 
conceived on 31 December and initiated 
at a meeting on 11 January 2005 
convened by the Food and Agriculture 
Organization of the United Nations. The 
Consortium consists of the Asia Pacific 
Fishery Commission (APFIC), Bay of 
Bengal Programme Inter-governmental 
Organization (BOBP-IGO), Food and 
Agricultural Organization of the United 
Nations through its Regional Office for 
Asia and the Pacific (FAO-RAP), Network 
of Aquaculture Centres in Asia-Pacific 
(NACA), Southeast Asian Fisheries 
Development Center (SEAFDEC) and 
the WorldFish Center (WorldFish).
 
The initial response to disasters is based 
on the immediate needs of humanitarian 
assistance: shelter, clean water, food 
and hygiene, information on the losses 
(human and economic), and provision 
of counseling and support. In contrast, 
rehabilitation efforts focus on the longer 
term initiatives that must be undertaken 
to rebuild livelihoods and communities 
and are foreseen to take place over a 
period of at least five years. Lessons-
learned from previous disasters have 
shown the need to couple rehabilitation 
efforts with reforms to avoid re-

establishing unsustainable management 
or inadequate legal or regulatory systems. 
It is in this latter sphere where CONSRN 
seeks to make its primary contribution to 
aid the recovery process.

The Consortium provides a mechanism 
to harmonize the activities of the core 
partners in several areas such as (i) 
collating and disseminating information, 
see CONSRN website, (ii) carrying 
out effective needs assessments, (iii) 
developing guidelines for rehabilitation, 
and (iv) building a common vision and 
framework within which the necessary 
activities can take place.

The vision for fisheries and aquaculture 
shared by the tsunami affected countries 
is one of a sector that (i) contributes to 
poverty alleviation, sustainable livelihoods 
and food security, (ii) is based on sound 
regulation and good governance, (iii) 
uses appropriate technologies with 
due recognition of the environmentally 
sustainable limits to harvesting natural 
resources, (iv) is managed according to 
the principles of integrated coastal zone 
management, and (v) has a well integrated 
supply chain from harvest to consumer 
that supports labor intensive post-harvest 
activities, equitable trade and ensures safe 
food for all.

Guiding principles have been developed 
for rehabilitation activities. In summary, 
they consist of (i) putting people first, 
a livelihood focused approach, (ii) 
rehabilitating the whole production 
and marketing chain for both fisheries 
and aquaculture, (iii) following existing 
international guidelines e.g., FAO Code 
of Conduct for Responsible Fisheries, and 
(iv) following a multi-sectoral approach 
that ensures that the natural resource 
base of the coastal zone is sustained 
through equitable integrated coastal zone 
management.

Six strategies to achieve the vision have 
been developed recently with a number 
of priority activities to support them. 
The rehabilitation processes will follow a 
step-wise approach starting with detailed 
impact assessments and needs analyses. 

                                                              
Source: FAO. 2005. Regional Workshop 
on Rehabilitation of Fisheries and 
Aquaculture in Coastal Communities of 
Tsunami Affected Countries in Asia, 28 
February-1 March 2005. FAO Regional 
Office for Asia and the Pacific, Bangkok, 
Thailand. RAP Publication 2005/06, 33 p.

CONSRN
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Evaluation of the Contribution of Fisheries and 
Aquaculture to Food Security in Developing 
Countries.
R. C. Akpaniteaku, M. Weimin and Y. Xinhua

Introduction 

The impact of increasing production and 
the changing structure of supply of aquatic 
products in developing countries are not 
yet fully understood. This is particularly 
important for the poorest segment of 
the population, which traditionally derives 
a substantial amount of food security 
through participation in small–scale 
production, consumption and sale of 
aquatic products (Williams 1996). 
Each year, there are an additional 80 to 
90 million people to feed, most of them 
in developing countries. The most reliable 
source of protein for many of them is fish. 
Yet millions of people who depend on fish 
to live are constantly faced by fear of food 
shortages. In the developing countries, 
the people in the fishing sectors are 
some of the poorest and most neglected 
(WorldFish Center, undated).

In low income countries staples such as 
rice, wheat, maize and cassava make up 
the bulk of the food consumed and supply 
the major part of energy and nutrients. 

Abstract

Fish contain important nutrients such as essential fatty acids, iron, zinc, calcium, vitamin A and vitamin C. 
Production of freshwater fish depends on the strategic application of various management techniques. 
The demand for fish products has increased beyond the natural supply, resulting in a high pressure on 
fisheries. Development of aquaculture is necessary for a rapid growth in fish production. A number of 
constraints hamper the development of aquaculture. Introduction of polyculture technologies in some 
countries is a way of maximizing production from different levels of the food chain. The roles of women 
in making fish products available to consumers is frequently over-looked by policy makers. Gender 
equity in policy-making and management of fisheries and in capacity building is an important issue. Fish 
production from inland waters and coastal areas can be increased by adopting cage and pen culture 
systems. Input subsidies and loans to resource poor farmers can boost fish production.

According to WHO (1992), there are 
some essential nutrients that are not 
found in these staples or found only in 
small quantities, for example, essential 
fatty acids, iron, zinc, calcium, vitamin 
A and vitamin C. These nutrients are 
supplied by food that is consumed with 
the staples such as vegetable and fish. Big 
and small fish contain a relatively high 
amount of minerals. The contribution 
of small fish to food and nutrition 
security is especially important as they 
are consumed whole, including bones. 
Some small fish species also contain 
large amount of vitamin A. Vegetables 
contain vitamin A as B-carotene, which 
is not readily absorbed and is destroyed 
to some extent by cooking. In small fish, 
vitamin A is present as retinol and 
anhydroretinol, which are readily absorbed 
and utilized in humans (WHO 1992). 

Fisheries, including aquaculture, provide a 
vital source of food and economic well-
being for people throughout the world. 
Therefore, they should be managed in a 
responsible manner.

Fish Production

Large-scale abstraction for water, 
alteration of the water environment and 
riverine hydrology, and the destruction 
of fish habitats as a result of land-based 
activities have caused many fisheries 
resources to degenerate and lose their 
economic and food potentials (Ahmed 
1999). De Silva (pers. comm.) estimated 
world fish consumption to be an 
average of 15.8 kg/caput. The consumption 
patterns in developing countries differ 
from country to country (Table 1). 
The consumption pattern does not 
depend on the availability of fisheries 
resources within the country but on 
nutrition habits of the people, fish 
imports price and supply of alternative 
sources of animal protein, especially 
poultry.

Freshwater fish represents an essential 
often irreplaceable source of high 
quality, cheap animal protein crucial to 
balanced diets in marginally food secure 
communities.
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Capture fisheries 

World production of fish, crustaceans 
and mollusks was 129.3 million tonnes in 
2000. More than 75% of this was used for 
direct human consumption. Demand for 
fish continues to exceed supply resulting 
in overfishing of natural fish stocks. In 
the future, many of these over exploited 
stocks will not sustain their current catch 
let alone cater to the expected increase 
in demand. World population is expected 
to increase from 6 to 8.5 billion in the 
next 25 years. Fish production must 
double in the next 25 years to meet 
projected demand. One solution is to 
increase productivity (WorldFish Center, 
undated). According to Sverdrup-Jensen 
(1999), inland fisheries have not been 
given the priority they deserve in the 
competition for the rights to use inland 
water resources. The recognition of the 
importance of the sector together with 
integrated planning and management of 
river basins, lakes and other inland water-
bodies will contribute substantially to 
long-term fish production. Welcomme and 
Bartley (1998) observed that the poor 
management of fisheries has resulted in 
the natural reproduction of many fish 
species not being able to compensate 
for excessive or inappropriate fishing 
pressure. As a result, the catch from 
inland water fisheries based on naturally 
reproducing fish populations is declining 
worldwide. Many of the coastal marine 
resources are similarly threatened. The 
response to this crisis in management 
has been to increase the level of human 
intervention through stocking of target 
species and habitat maintenance 
(Welcomme and Bartley 1998).

Aquaculture

Reduction in the level of fishing in capture 
fisheries conflicts with the requirement 
of a greater supply of food fish for the 
poor. The problem of overfishing and 
the increasing demand for fish need to 
be addressed simultaneously. Traditional 
measures for the management of capture 
fisheries did not consider demand as an 
important factor. Many people regard 

Table 1. Fisheries resources and estimated per capita fish consumption for some 
developing countries.

Country Fisheries resources Per caput consumption (kg)

Cambodia Freshwater, marine 30.0

Chile Freshwater, marine 8.0

Cuba Freshwater 8.0

Ghana Freshwater, marine 25.0 

Hungary Freshwater 5.0

Indonesia Freshwater, marine 25.0

Kenya Freshwater, marine 3.0

Mexico Freshwater, marine –

Namibia Freshwater, marine –

Nepal Freshwater 1.5

Nigeria Freshwater, marine 19.0

Pakistan Freshwater, marine –

Philippines Freshwater, marine –

Romania Freshwater, marine –

Sudan Freshwater –

Uganda Freshwater 13.0

Vietnam Freshwater, marine –

Source: 2003 TCDC International Training Course, Integrated Fish Farming Center (IFCC) Wuxi, China.

Table 2. Number of cultured fish species used for seed multiplication in some 
developing countries.

Country 
No. of species used 
in aquaculture

No. of species 
reproduced in 
hatchery

Percentage of 
species reproduced 
in hatchery

Cambodia 7 3 42.9

Chile 3 1 33.3

China 8 5 62.5

Cuba 4 3 75.0

Ghana 7 1 14.3

Hungary 5 1 20.0

Indonesia 7 2 28.6

Kenya 3 1 33.3

Mexico 5 1 20.0

Namibia 3 – –

Nepal 7 3 42.9

Nigeria 8  3 37.5

Pakistan 5 3 60.0

Philippines 6 3 50.0

Romania 5 2 40.0

Sudan 4 – –

Uganda 3 1 33.3

Vietnam 6 3 50.0

Source: 2003 TCDC International Training Course, IFCC, Wuxi, China.
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Table 3. Gender representation at the 2003 TCDC International Training Course on 
Integrated Fish Farming.

Country

 No. of participants

Men Women Total 

Cambodia 2 – 2

Chile 2 1 3

Cuba 1 1 2

Ghana 3 1 4

Hungary 2 – 2

Indonesia 2 – 2

Kenya 1 – 1

Mexico 1 – 1

Namibia 1 – 1

Nepal 2 – 2

Nigeria 4 1 5

Pakistan 1 1 2

Philippines 1 – 1

Romania 1 – 1

Sri Lanka 1 – 1

Sudan 1 1 2

Uganda 1 – 1

Vietnam 1 – 1

Total 27 6 33

Percent of total 82 18 100

Source: Akpaniteaku (unpublished).

increased aquaculture production as an 
important option for dealing with the 
conflicting problems of overfishing and 
increasing demand for fish. An increase in 
the supply of aquaculture products will 
reduce both the demand for and price of 
products of capture fisheries. This could 
in turn reduce the investment and fishing 
effort in capture fisheries (Worral 1995; 
Ye and Beddington 1996). 

In developing countries, aquaculture 
development has become a necessity 
because of rapid growth of populations 
and deterioration of natural fisheries. The 
development of aquaculture has been 
hampered by a number of constraints. 
The principal one is the shortage of 
quality fish seed, due to a shortage of 
operating hatcheries. As a result, most 
farmers do not have enough seed to 
sustain their operations, and many have 
had to abandoned aquaculture altogether 
(Charo and Oirere 2000).
 
In Africa, aquaculture is generally practiced 
on a small-scale, usually as simple, low-
input, freshwater pond culture. Given 
its size and demand for fish products, 
the continent produces very little, only 
about 0.5% of world aquaculture output. 
About 80% of this quantity is produced 
by just two countries, Egypt (tilapia, 
carp, mullet) and Nigeria (tilapia, catfish, 
carp) (Sverdrup-Jensen 1999). In Asia, 
China has evolved a technology for fish 
polyculture using four types of carp that 
feed at different levels of the food chain. 
According to Kangmin (unpublished), 
tilapia was introduced to China from 
Africa more than two decades ago, but 
has not caused any harm to native species 
in inland water bodies. However, intro-
duction of new species to Africa, especially 
those species that are already used in 
polyculture systems, is opposed for bio-
diversity reasons. Akpaniteaku (unpublished) 
observed that there is no fear of destruc-
tion of diversity of local species by 
introduced species through interspecific 
breeding. In Nigeria, the common carp 
has been reared in ponds for more than 
two decades without any adverse effect in 
the wild. Studies should be carried out on 

local species with high nutritional values 
that have the potential for polyculture.

Role of Women 

Increased access to productive resources 
is a more reliable guarantee of food 
security than increases in purchasing 
power for the rural poor. Resource 
management and production improve-
ments in capture fisheries and aquaculture 
should focus on the rural poor as the 
primary beneficiaries (Pomeroy 1995). 
According to WorldFish Center (undated), 
employment in capture fisheries and 
aquaculture in 1998 was estimated at 
about 30 million people, while the number 
of people dependent on fisheries for 
their livelihoods has been estimated at 
200 million worldwide. Fish is the most 
important commodity handled by women. 
In rural communities surrounded by 
water, women are predominantly engaged 

in fish handling, processing and marketing. 
Families depend mainly on free fish 
supplied by the women of the household, 
who are engaged in fish marketing 
(Adeyemo 1983).

Policy makers overlook the significant 
role women play in fisheries. The vital 
role played by women particularly in the 
post harvest processing and marketing 
of fish, is not recognized. They frequently 
provide a major part of the labor in 
fish processing and marketing, working 
under conditions of great inequality and 
receiving little direct remuneration for 
their work (WorldFish Center, undated). 
In spite of their contribution, they play 
a minor role in strategic developmental 
planning. Table 3 shows that the number 
of women per group during capacity 
building programs rarely matches the 
significance of their role in the fisheries 
sector. 
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Development consideration
 
Fish serve as a primary food source as 
well as a source of economic security. 
The problem of declining fish stocks is 
often compounded for families whose 
income and food requirements are based 
on fish. A lower catch means less to 
process and market, so there is nothing 
left over for the family to eat. Fisheries 
development must be promoted to the 
level of a key policy issue to be addressed 
by the international community. In 
addition to overfishing and destructive 
fishing, many of the factors that impact 
the sustainability of coastal and inland 
aquatic resources are driven by actions 
outside the fisheries and aquaculture 
sector (WorldFish Center, undated). In 
the short term, intensifying the existing 
aquaculture production technology and 
optimal utilization of local feed and input 
ingredients are ways of improving fish 
supply for the rural poor (Abdullah 1999). 
In the long term fisheries development 
and food security can be achieved 
through the following actions (Thilsted 
and Roos 1999).

• Collecting and making use of reliable 
 data on fish consumption patterns.
• Developing production systems that 

make use of local fish species, including 
small fish species.

• Increasing accessibility of poor house-
holds to different species for culture.

• Protecting women in fisheries; sharing 
training information on fisheries among 
men and women.

• Developing more low-cost technologies 
for fish processing 

 
Welcomme and Bartley (1998) noted 
that in many cases, yields have been 
increased through stock enhancement. 
Semi-intensive polyculture practiced in 
land-based systems is the main source 
of supply of low priced food fish for 
household consumption. From the point 
of view of environmental and ecological 
sustainability, this system has proved to be 
more promising and, in many ways, mimics 
natural ecosystem functions. Policies are 
needed to promote such systems to 

provide enhanced food security (Folke 
and Kautsky 1992). 

Conclusion 

Fisheries and aquaculture have an 
important role to play in food security 
programs in developing countries. 
The importance of data collection and 
analysis of fish production, consumption 
and efforts to increase yields through 
aquaculture, cannot be overemphasized. 
Success in the execution of fisheries 
or aquaculture projects depends on a 
proper analysis of accurate data. People 
involved in data collection should have 
a sound technical background, because 
good information is essential for planning 
fisheries development in developing 
countries.

Financial assistance should be given 
priority in aquaculture development 
planning, in order to encourage resource 
poor farmers, especially women, to 
produce more fish. Women who are 
engaged in processing and distribution of 
fisheries products, can also be encouraged 
to invest in small-scale aquaculture where 
possible. Skilled and semi-skilled women 
should be given soft loans to enable them 
to establish homestead fish farming. 
Subsistence rearing of fish should be 
made mandatory for people living around 
good sources of water supply.

Loans and subsidies are signs of genuine 
effort by governments to boost fish 
production. Managers of the grants should 
ensure that “political fish farmers” are 
denied access to the loan facilities.
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Changing Traditions: First Global Look at 
the Gender Dimensions of Fisheries
M.J. Williams, M.C. Nandeesha and P.S. Choo

The Asian Fisheries Society and the 
WorldFish Center conducted the first 
ever Global Symposium on Gender and 
Fisheries in Penang, Malaysia, from 30 
November to 4 December 2004. The 
two-day Symposium, held in conjunction 
with the 7th Asian Fisheries Forum, 
attracted 30 papers by over 100 authors 
and strong audience discussions that 
covered countries from Kiribati, through 
Asia Pacific, Africa, Europe and to the 
Arctic. The flavor of the Symposium was 
of changing traditions and recognition of 
the contributions of different groups to 
fisheries.

Fishing and aquaculture are usually 
pictured as occupations or recreations of 
men hauling nets and lines in dangerous 
seas, piloting fishing boats, constructing 
fish ponds and cages and negotiating with 
fish traders and fisheries officials. What 
these pictures miss are the contributions 
and roles of women, youths and even 
children. Studies and closer observation 
of fisheries and communities are starting 
to put together descriptions, stories and 
hard statistics on the contributions of 
these other segments of society. These 
invisible groups may, in fact, contribute 
more in economic terms than the 
traditionally recognized fishers. While 
more data is needed to support this view, 
the discussions at the Global Symposium 
pointed the way to understanding the full 
human dimensions of fisheries and how 
they are changing.

The challenge before the Symposium was 
to specify what researchers can do to help 
the world understand the gender dimen-
sions of fisheries. The aim was to help 
those involved in the fisheries sector - the 
fisheries workers, their families, the fisheries 

policy makers, non-government agencies 
and technical experts - to create new 
opportunities and solve current problems.

The Symposium provided new ideas and 
insights. The open discussion at the end 
converged on four main areas for future 
action: to investigate in depth the economic 
contributions of all segments of fishing 
communities; to put the human dimension 
into all formal fisheries regulations, 
policies and plans; to bring gender 
considerations into the mainstream of 
all fisheries activities, from fishing to the 
organization of research; and to support 
these actions by strengthening the basis of 
gender in fisheries research.

Valuing the economic 
contributions to fisheries

Statistics on employment and income in 
fisheries typically only count direct fishing 
work that leads to cash payments or fish 
production for home consumption. This 
overlooks the unpaid work such as net 
mending and help with boat building that 
women do, often as part of their marital 
obligations (e.g., in the Philippines). Poh 
Sze Choo from the WorldFish Center, said 
that 'surrogate pricing methods show that, 
in Malaysia for example, this work often 
amounts to more than the income from 
fishing of the men. In any setting, it is at 
least a subsidy to the price of fish - and 
often a subsidy from the poorer segments 
of society to the wealthier who eat the fish.’

Jean Mitchell and Irene Novaczek noted 
that we should do away with gender stereo-
typing. Women’s activities in fisheries 
are often regarded as low value versus 
men’s activities, which are considered high 
value. These assumptions are reflective of 

western, industrial values that are rooted 
in dichotomous patterns of analysis that 
lead to gender discrimination.

Dr. Chao Nai-Hsien of the Taiwan Fisheries 
Research Institute tracked down successful 
women entrepreneurs for her study and 
found that their businesses largely 
employed women and showed great 
creativity in developing new products and 
markets, including global markets. The 
businesses were mainly in post-harvest 
products, ranging from high-end pearl and 
coral items to convenience foods and 
surprising new foods such as mooncakes 
containing tuna bellies. The businesses 
often combined the basics of post 
harvest fisheries food products with new 
directions in artwork, gourmet foods, use 
of byproducts and fashion. Many of the 
businesses are global and nearly all use 
the Internet extensively.

The Symposium also heard how, in 
European, Philippine and Pacific studies, 
women tended not to view their efforts 
as ‘work’ but rather saw them as family 
obligations. According to Katia Frangoudes 
of the University of Brest (France) ‘a few 
women in our European studies found 
that learning to understand and value 
their efforts as work, in the full economic 
sense, raised their status in the family and 
raised their own self-confidence’. Similar 
results are shown by studies by Marieta 
Banez-Sumagaysay of the University of the 
Philippines in the Visayas. Although their 
various contributions to fisheries are 
strategically indispensable and are both 
a positive and a negative factor for the 
women and their families, basic training 
in business and technical skills could 
increase women’s monetary contribution 
to the family and community incomes.
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Another economic consequence of 
excluding or overlooking women, youths 
and children in fisheries matters is the 
breakdown of local fishing rules if the 
knowledge held by these groups is ignored. 
Irene Novaczek of the University of 
Prince Edward Island in Canada reported 
that when the chiefs of the island of 
Lelepa in Vanuatu set up protected areas 
without consulting the women and male 
youths, it led to the breakdown of the 
protected areas system. The youths were 
openly defiant of the fishing bans and the 
women were forced to fish illegally as the 
location of the protected areas made it 
impossible for them to fish inshore. 

Human dimensions of 
fisheries regulations, 
policies and institutions

Well-meaning policies and regulations can 
often ignore the human side of people 
whom they affect. An ILO-DFID study of 
EU-certified seafood processing plants in 
Bangladesh showed that while the plants 
met the product quality requirements 
using HACCP (Hazard Analysis and 
Critical Control Point) management, 
many were not careful of the conditions 
under which employees, mainly women, 
worked on the factory floor. Workers 
often spent extended periods standing in 
chilled water in order to fulfill the quality 
requirements for shrimp exports.

A study by D.A.M. De Silva and Mashiro 
Yamao on Sri Lankan seafood export 
processing plants showed that women’s 
perceptions of workplace fairness and 
justice had the greatest impact on 
whether these educated but low paid 
workers were committed to their work. 
Commitment is an essential requirement 
to create quality products.

Trade policies, national fisheries codes 
and international fisheries instruments 
often paid little attention to gender. 
Jovelyn Cleofe reported that, in the 
Philippines, action research with women 
in the fisheries sector had generated the 
concept of developing a ‘Magna Carta 
for Women’ aimed to get greater formal 

representation of women in local level 
fishing management bodies as one of its 
objectives. The Symposium discussion 
concluded that women in the fisheries 
sector face formidable challenges due to 
language difficulties, lack of funds and lack 
of representation.

In Langalanga Lagoon in Malaita, Solomon 
Islands, women have traditionally 
been involved in the preparation and 
sale of shell money. Fidali-Hickle and 
Whippey-Morris described how the 
declining demand for shell money in their 
hometown meant they had to leave their 
home to travel to Honiara to sell their 
products. Their absence from home often 
led to quarrels with their husbands and 
even to divorce.

In the Canadian far north, Joanna Kafa-
rowski of the University of North British 
Columbia found that Nunavut women 
were rarely represented in the local Hunters 
and Trappers Organizations or at higher 
levels of the co-management councils.

According to studies by Kyoko Kusakabe 
of the Asian Institute of Technology, 
Cambodian women in the cross border 
trade of fish from Tonle Sap into Thailand 
are at the mercy of the merchants hand-
ling the fish in Cambodia, the border 
authorities and business people such as 
transport operators. The traders, almost 
all of whom are women, would benefit 
from more equitable trade arrangements 
(such as realistic and transparent tariff 
schedules) that are implemented predic-
tably. The women traders also have no 
links with the management of Tonle Sap 
fisheries. The vulnerability of the women 
makes them targets for pressures from all 
parties in the border supply chain.

This theme of the difficulties faced by 
women fish traders was repeated in other 
papers. For example Maere Tekanene 
reported that in Kiribati women fish 
traders work under the most basic of 
conditions, paying their market fees 
but receiving few services in return. 
In Bangladesh, Md Kawser Ahmed, a 
sociologist of the University of Dhaka, 

recommended that the emerging group of 
women fish traders could be assisted by 
being allocated some space in the markets 
rather than having to compete with the 
well-established male traders.

Mainstreaming gender 
considerations in all fisheries 
activities

Globalization, booming seafood markets 
and declining fisheries resources are 
causing changes in traditions in the 
fisheries sector. However, the Symposium 
recognized that more profound changes 
are required to create a gender-sensitive 
fisheries sector and make real improve-
ments in the lives of those involved. The 
occupations within the sector are many 
and diverse, from repairing fishing boats 
to catching fish, culturing them, processing 
and marketing them and managing 
natural resources, to fisheries managers, 
researchers and educationists.

The Honorable B.A. Dada, Minister of Agri-
culture and Rural Development of Nigeria, 
stressed the importance of governments 
not leaving out a significant percentage 
of the population from economic activity. 
Countries need not just policies but also 
strategies to implement the policies for 
sustainable development of fisheries and 
economic empowerment of women.

The regional Mekong River Commission’s 
Fisheries Program has an official policy to 
mainstream the gender issue, according to 
Napaporn Sriputinibondh of the Thailand 
Department of Fisheries. She noted the 
major shift underpinning this policy - a 
shift from women as the target of welfare 
help to gender equity as the desired 
outcome.

M.C. Nandeesha reported on major 
studies on gender in Indian universities, 
fisheries research and technical organiza-
tions. Overall, women’s participation is 
low with women accounting for only 18% 
of graduates from university fisheries courses 
and 14% of researchers in the national 
fisheries research system. Yet women have 
reached some high positions and several
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have excellent research reputations. 
Women’s participation rates vary by state 
and are linked to female literacy and social 
status. Kerala, with the highest literacy 
rate in India, tops most tables. In Kerala, 
70% of the top 10 fisheries graduates 
have been women. To achieve greater 
gender equity will need sensitization of 
senior leaders, curricula that are more 
gender sensitive and better support facili-
ties for women in the education system, 
including ensuring their physical security.

To address gender sensitization in univer-
sity curricula, the M.S. Swaminathan Re-
search Foundation in Chennai has created 
a course for students of agriculture and 
is delivering this in collaboration with the 
Kerala Agriculture University. Such curricula 
are needed in fisheries education also. 
Within organizations delivering gender-
based programs, such as CARE-Bangladesh, 
a gender-sensitive workplace has been 
created to support their delivery.

Other economic sectors appear to be 
more advanced than the fisheries sector 
in mainstreaming gender issues and the 
Symposium attendees recognized that 
lessons could be learned from agriculture 
and forestry. Gender issues in the fisheries 
sector attract specialists from other 
disciplines, such as sociology and human 
health.

The Asian Fisheries Society should 
encourage special session conveners to 
include papers on gender issues in as 
many theme sessions as possible, e.g., 
co-management, aquaculture, stock 
enhancement, shark and ray fisheries, so 
that the particular gender issues are 
highlighted to more specialist audiences. 
Another way to bring the issue into 
the mainstream is to bring the fisheries 
sector into the health, education and 
other empowerment programs of 
the wider community. Vijaya Khadar 
reported that this is being done in the 
baseline nutrition studies in India under 
the National Agriculture Technology 
Program for the southern Indian states of 
Karnataka, Kerala, Tamil Nadu and Andra 
Pradesh. It was found that more than 70% 

of the women were anemic, even though 
about 60% of the earnings were spent on 
food. The level of discrimination against 
girl children in terms of nutrition and 
education depended on the educational 
level of the parents. In Kerala, with literacy 
levels for both women and men higher 
than in other parts of India, such discrimi-
nation is being gradually eliminated from 
the society. 

Stella Williams also reported on efforts in 
southern Nigeria to educate rural fishing 
communities that HIV/AIDS is not only a 
disease of the cities. Students and NGOs 
have been mobilized to visit and educate 
fishing communities. Leah Sullivan of AIT 
found that in northeast Thailand, even 
when women benefited from the income 
of new cage culture operations, they still 
seemed to lack the mobility of men in 
the same communities. Thus, by using a 
gender lens in her studies on fisheries, 
she revealed more general issues on the 
empowerment of women.

Strengthen the basis of 
gender and fisheries research

The emerging field of gender and fisheries 
research still has a long way to go in terms 
of using accepted and rigorous methods 
and its linkages with other fields of 
research in fisheries and in gender studies. 
It emerged in the 1990s largely in a 
descriptive form. It is now starting to 
become more scientific. It is not well 
connected to the more established fields 
of gender and development research but 
is gaining greater acceptance in fisheries 
research as shown by the focus at the 
Asian Fisheries Forum. The Gender and 
Fisheries Symposium was very popular 
and received sufficient papers for a full 
two-day event.

Comparing gender and fisheries interests 
with those in other fields such as gender 
and development, the fisheries researchers 
appear to have identified the age dimen-
sion of gender (children, youths, adults) 
as important. Gender and development 
studies appear more dominated by the 
focus on adults. The Symposium attracted 

papers focusing not only on adults in 
the fisheries sector, but also on children 
and youths.

The Symposium debated the difficulty of 
distinguishing research, action research 
and advocacy, in gender and fisheries 
work. To be academically respectable, 
these distinctions are essential. However, 
it was agreed that there should be close 
links between these elements so that 
policy and management results could 
be immediately acted upon. The field of 
gender and fisheries research is emerging 
in response to the perceived need for 
action.

At this early stage, gender and fisheries 
research requires methods that are more 
rigorous.  It is necessary to explore ways 
to use standard social science methods 
such as focus group discussions, semi-
structured questionnaires and household 
surveys in gender studies. Most existing 
quantitative studies lack gender-disaggre-
gated background data. National data 
collection systems should be encouraged 
to collect gender-disaggregated data. 

To make gender and fisheries research a 
field of academic endeavor, it is necessary 
to develop undergraduate and postgra-
duate university programs, use recognized 
research methodology, and give it academic 
status and recognition for its impact on 
improvement of people’s lives. Gender in 
fisheries research is becoming a serious 
topic for fisheries specialists. The Asian 
Fisheries Society and the WorldFish Center
have played an important role in this 
through the triennial forums - this being 
the third forum to feature a women/
gender symposium.

Conclusion and 
recommendations

The Global Gender and Fisheries Sympo-
sium was successful in highlighting the 
economic contributions of women and 
children to the fisheries sector. A lot of 
work is needed to understand how 
gender affects the operations of the 
sector and what actions and policies 
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could bring about the empowerment 
of different groups involved in it. The 
conclusion of the Symposium was that 
researchers must study in more detail 
the contribution of all segments of the 
fishing communities. Fisheries regulations, 
policies and plans should be improved by 
the inclusion of gender and other human 
dimensions. The fisheries sector should 
introduce gender issues into organizations 
dealing with fisheries and fisheries programs 
and projects. As a topic for academic 
research, it should draw from other 
academic fields concerned with gender 
and development and pay greater atten-
tion to appropriate and rigorous research 
methods, both qualitative and quantitative.

Recommendations to the Asian 
Fisheries Society 

Gender and fisheries is a topic that attracts 
specialists from outside the fisheries 
sector as well as fisheries specialists. 
Among fisheries specialists, gender and 
fisheries is seen as a serious research 
topic and the Asian Fisheries Society is 
promoting efforts to make it more acade-
mically sound as well as having it adopted 
as part of policies and practices for socially 
positive impacts. The gender dimension 
in fisheries covers the spectrum from 
nutrition of babies, fishing by children and 
youth, work of women and men, to 
awareness of the issues in research organi-
zations and universities. The Society should 
be strongly encouraged to continue 
this effort as there is still a long way to go. 
The following are some recommendations 
arising from the Global Symposium on 
gender and fisheries held during the 
7th Asian Fisheries Forum in Penang.

Recommendation 1: For the 8th Asian 
Fisheries Forum to be held in India, the 
Asian Fisheries Society is requested to 
invite papers on gender issues to be 
included in as many theme sessions as 
possible, e.g., co-management, aquaculture, 
stock enhancement, shark and ray fisheries, 
so that the specific gender issues are 
presented to the relevant audiences.

Recommendation 2: The Asian Fisheries 

Society (AFS) and the WorldFish Center 
to continue to support the Gender and 
Fisheries listserver, the only one on this 
topic in the world. Interested parties 
can register by sending an email to 
p.choo@cgiar.org The early success of the 
listserver to be built upon by advertising 
it on the AFS website and through the AFS 
listserver, and in fisheries magazines such 
as NAGA, Asian Aquaculture (by NACA), 
SEAFDEC magazines, INFOFISH and other 
similar specialist publications, including 
those outside the region. In terms of 
format, the listserver to consider providing 
short summaries and pointers to key 
gender and gender in fisheries papers in 
the scholarly literature. AFS and/or the 
WorldFish Center should consider creating 
a Gender and Fisheries website containing 
relevant source materials and links.

Recommendation 3: The AFS and the World-
Fish Center be requested to publish the 
proceedings of this first Global Symposium 
on Gender and Fisheries on a CD-ROM 
along with copies of the proceedings 
of the 1998 Chiang Mai Symposium on 
Asian Women in Fisheries and the 2001 
Kaohsiung Global Women in Fisheries 
Symposium. This CD should be made 
available before the 7th Forum of the 
Indian Branch of the AFS to be held in 
November 2005. The proceedings should 
be made available on the AFS and the 
WorldFish websites and on the websites 
of other interested organizations. The 
two previous proceedings (1998 Chiang 
Mai Symposium and the 2001 Kaohsiung 
Symposium) can be downloaded from:
• http://www.worldfishcenter.org/Pub_
WIF.htm
• http://www.worldfishcenter.org/Pubs/
Wif/pub_wifglobal.htm 

Recommendation 4: AFS to consider sup-
porting a short training course in gender 
research methods in conjunction with a 
suitable forthcoming event such as the 
7th Forum of the Indian Branch of the 
AFS in Bangalore in November 2005.

Recommendation 5: The AFS is encouraged 
to produce a basic handbook of how to 
incorporate gender issues into fisheries 

research and development projects and 
programs to bring gender awareness 
to scientists working in all branches of 
fisheries science.

Recommendation 6: In conjunction with the 
7th Forum of the Indian Branch of the 
AFS, a one-day meeting be convened of 
Indian women fisheries professionals. Key 
senior Indian research, education and 
development leaders should be encouraged 
to sponsor and attend this meeting.

Recommendation 7: At the 8th AFF, a special
‘best paper’ award should be established 
for the gender and fisheries theme. In 
addition, the AFS could consider making 
an annual award for the best gender and 
fisheries publication in a research journal.

Recommendation 8: The AFS should 
consider canvassing key donor agencies 
(e.g., IFS, IDRC, ACIAR, CIDA, USIAD, 
DFID) with a view to establishing a small 
grant program for gender and fisheries. 
The grant scheme should have two to 
three eminent gender researchers and 
one to two eminent fisheries researchers 
with interest on gender issues as advisors. 
The WorldFish Center should be 
requested to administer the scheme on 
behalf of the Society.

Recommendation 9: To identify the top 
researchers in gender issues and get 
them interested and involved in gender 
issues in fisheries. These scholars could 
help the AFS further develop the field of 
research on gender and fisheries and its 
methodology. They could help to clarify 
the processes of research, action research, 
advocacy, policy advice and development 
with a view to developing the field of 
gender and fisheries research to improve 
the lives of people in the fisheries sector.

Recommendation 10: All attendees of the 
7th AFF Global Symposium on Gender 
and Fisheries should help promote the 
Symposium through seminars – based 
on the above report of the Symposium 
– within their agencies and by inviting 
more contributors and authors to 
present papers at the 8th AFF.
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Causes of Fish Depletion 
– A Factor Analysis Approach
T.K. Deka, M.M. Goswami and M. Kakati

Introduction

Floodplain wetlands are a ‘halfway 
house’ between a flowing river and a 
pond. They are among the world’s most 
productive ecosystems and have been 
providing tremendous economic benefits 
to mankind. Unfortunately, wetlands 
are presently among the world’s most 
threatened habitats (Tiner 1984; William 
1990). Wetlands have been deteriorating 
as they are being continuously encroached 
upon, altered by changes in land use 
patterns and their resources are being 
over exploited. These issues have been 
identified as the major problems faced in 
protecting the wetlands (Good et al. 1978; 
Kusler and Montanari 1978; Greenson et 
al. 1979; U.S. Environmental Protection 
Agency 1983; OTA 1984; Mitsch and 
Grosselink 1986).

This paper presents a study of the 
wetlands of Assam, India. Assam is gifted 
with a myriad of wetlands. The livelihood 
and economic condition of the fisher 
community depends mainly on the fish 
catch from these wetlands. The wetlands 
of Assam were highly productive in terms 
of fish diversity and production. Over the 
last few decades, fish production from 

Abstract

A study was conducted in 54 wetlands of 13 districts of Assam, India to evaluate the causes of fish 
depletion. Twenty-two variables were considered for the study. Seven factors were extracted through 
factor analysis (Principal Component Analysis) based on Eigen Value Criteria of more than one. These 
seven factors together accounted for 69.3% of the total variance. Based on the characteristics of the 
variables, all the factors were given descriptive names. These variables can be used to measure the extent 
of management deficiency of the causes of fish depletion in the wetlands. The factors are management 
deficiency, organic load interference, catchment condition, extrinsic influence, fishermen’s ignorance, 
external environment and aquaculture program. Management deficiency accounted for a substantial 
portion of the total variance. 

these wetlands has been declining due 
to several extrinsic and intrinsic factors. 
An attempt has been made to evaluate 
the causes of this decline so that fish 
production can be enhanced and the 
socio-economic condition of the fishing 
communities improved.

Methodology

The present study was conducted in 
54 wetlands of 13 districts of Assam. 
The wetlands were selected randomly. 
Twenty-two variables were considered 
to explain the causes of fish depletion. 
These variables were identified through 
extensive group discussions with the 
fishermen, physical verification of the 
wetlands and available literature on 
the subject (Sugunan 1995b; Vass 1997; 
Maltby 1991; Odum 1978; Agarwal 1996; 
Crow and MacDonald 1979; Deka et 
al. 1996; Dey 1981; Goswami 1985; Jha 
1997; Jhingran 1989; Goswami et al. 1996; 
Kuster and Montanari 1978; Lahon 1979; 
Yadava 1987). During data collection, 
information was also collected from the 
fishermen who were engaged in fishing in 
the wetlands. The variables are as follows:
• siltation
• fishery rules

• inlet/outlet channels
• erosion
• anthropogenic activity
• autostocking
• fish disease
• fishermen illiteracy 
• indiscriminate fishing
• breeding habitat
• weed infestation 
• pollution
• impact of agriculture
• eutrophication
• aquaculture
• encroachment  
• unplanned construction 
• over fishing   
• poaching 
• mesh size of fishing net  
• demarcation
• flood

The variables were measured for each 
wetland by using the Semantic Differential 
Scale. The assessment of all the variables 
(except the variable related to the 
internal environment) on the Semantic 
Differential Scale was made by physical 
observation of the wetlands and the 
surrounding (catchment zone) areas as 
well as discussions with the fishermen. 
In the case of variables related to the 
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internal environment, the assessment was 
based on secondary data and information 
obtained from WFP report No. 2750.01 
(Goswami et al. 1996). Factor analysis 
using Principal Component Analysis 
(PCA) was conducted to reduce the data 
and to develop and test the convergent 
validity of meaningful constructs. For 
the purpose of describing the underlying 
factor structure, the Eigen Value Criteria 
of more than one was used to determine 
the number of components to be 
extracted for further analysis.

One of the major problems encountered 
in the study was the determination of 
the fish depletion rate. The fish depletion 
rate was estimated from annual fish 
production (in terms of biomass) statistics 
for the last six years, from 1991 to 1996. 
The annual fish production figures were 
collected from the mahalder’s records 
during field visits and cross checked 
through discussions with the fishermen. 
From these figures, the annual decrease/
increase in fish production was calculated 
for each of the five years and the average 
was taken. A negative average value 
was taken as the depletion rate and a 
positive average value was taken as the 
appreciation rate. Unfortunately, none 
of the wetlands showed positive average 
values.

To ascertain the causes of fish depletion, 
a multiple regression was carried out 
with the depletion rate as the dependent 
variable and the fish depletion factors 
identified by the PCA as the independent 
variables.

Results

Fish depletion rate

The depletion rate for each of the 
wetlands was calculated as the percentage 
decline in fish production over the 
period 1991–1996 (Table 1). They show 
that all the wetlands included in the 
study registered fish depletion of varying 
degrees. Most of the wetlands showed 

Table 1. Estimated fish depletion rate in the Assam wetlands (%/yr).

Wetlands

Past fish 
production (kg) 
1990

Present fish 
production (kg)
2000

Fish depletion 
rate

Bhoispuri 5 356 5 300 1.05

Hakama 2 112 2 000 5.30

Horinchora 3 585 3 500 2.40

Chandakhal 3 075 3 000 2.44

Nandini 2 600 2 500 3.85

Jogra 1 616 1 500 7.18

Barundanga 2 580 2 500 3.10

Salchapra 7 566 7 500 0.87

Baskandi 5 060 5 000 1.18

Bhitorpuni 1 633 1 500 8.10

Auti-Bauti 1 805 1 700 5.80

Tapang 8 570 8 500 0.80

Meda 1 150 1 000 13.04

Digarbakri 1 788 1 700 4.90

Ranimegna 1 817 1 700 6.44

Gapharsang 1 434 1 300 9.34

Sagar 4 071 4 000 1.74

Angang 2 686 2 600 3.20

Rata 7 107 7 000 1.50

Saitali 1 802 1 700 5.66

Sibnarayanpur 3 578 3 500 2.18

Satkarikandianua 9 262 9 200 0.67

Sone 14 568 14 500 0.47

Mori 8 264 8 200 0.77

Bormanaha 25 553 25 500 0.21

Jaluguti 5 262 5 200 1.17

Kasodhara 3 774 3 700 1.96

Kujibalipatty 10 154 9 995 1.02

Deora 12 572 8 064 2.55

Udori 78 750 40 750 2.30

Nandinikarmari 8 808 8 700 1.26

Thekera 3 571 3 500 1.98

Sialekhaiti 275 100 3.66

Dighaliputali 1 125 1 000 11.11

Satiyan 1 209 1 100 9.02

Borthal 1 633 1 500 8.14

Lakhanabondha 1 832 1 700 7.20

Brahmamyjan 857 700 6.65

Sagmara 5 873 5 800 1.24

Borbilla 6 075 6 000 1.23

<Table I - Continued
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a gradual and consistent decline in fish 
production. A few wetlands exhibited 
an irregular pattern, with increase and 
decrease in fish production in alternate 
years. The annual rate of fish depletion 
varied between 0.21% (Bormanaha 
wetland) to 75.51% (Dhaka wetland), 
with a mean of 4.94% and a standard 
deviation (SD) of 10.24. The high SD 
indicates that the fish depletion rate was 
not uniform across the studied wetlands. 
The variation in the fish depletion rate by 
district is shown in Table 2. The average 

decline in fish production was the highest 
in Dhubri district and lowest in Nowgaon 
district.

Causes of fish depletion

The factor analysis extracted seven 
factors based on Eigen Value Criteria 
more than one. Table 3 presents the 
factor loading, communality, Eigen value 
and percentage of variance. These seven 
factors together accounted for 69.3% of 
the total variance. Based on the factor 

loading of the individual variable, each 
factor has been given a descriptive name, 
as indicated below.

Factor 1 - management deficiency - 
consists of eight variables, namely, siltation, 
encroachment, over fishing, anthropogenic 
activity, mesh size of fishing net, flood 
effect, indiscriminate fishing and fishery 
rules. This factor explained 23.8% of the 
total variance. To measure the extent 
of management deficiency, these eight 
variables were used. The score of each 
wetland on this factor was determined 
by taking the average score of the eight 
variables.

Factor 2 - organic load interference - 
consists of three variables, eutrophication 
stress, fish disease and weed infestation. 
All these variables had a factor loading 
of more than 0.72, indicating that all the 
variables within factor 2 have almost 
equal importance on the Organic Load 
Interference scale. Factor 2 contributed 
12.1% of the total variance.
 
Factor 3 - catchment condition - includes 
four variables that together account 
for 9.8% of the total variance. The four 
variables in factor 3 are destruction of 
breeding habitat, destruction of inlet/
outlet channels, unplanned construction 
(including bundh, embankment, canal, 
railway, sluice gate for flood control, 
irrigation and transportation) and 
autostocking capacity of the floodplain 
wetlands. All the variables had a factor 
loading > 0.55. Unplanned construction 
had a higher factor loading of 0.83.

Factor 4 - extrinsic influence - consists of 
three variables, namely, erosion, poaching 
and pollution. All the variables had a 
factor loading of > 0.46. 

Factor 5 - fishermen’s ignorance 
– consists of two variables, namely, impact 
of agriculture and fishermen’s illiteracy. 
Both variables had a factor loading of 
> 0.45 and together can explain > 5.6% 
of the total variance.

<Table I - Continued

Wetlands

Past fish 
production (kg) 
1990

Present fish 
production (kg) 
2000

Fish depletion 
rate

Batuakamakha 6 085 6 000 1.40

Siligurijan 525 400 2.38

Deeporbeel 3 600 3 500 2.78

Pungani 3 577 3 500 2.15

Bihdia 2 430 2 300 5.34

Moridisoi 12 112 12 000 0.92

Ganakdubaiduba 12 112 4 000 5.35

Tinsukiborbeel 4 093 1 300 1.23

Goroimari 13 061 9 000 1.65

Merkolaberia 9 061 8 200 1.02

Teliadanga 8 273 8 000 2.00

Botalikhosa 3 405 3 300 5.52

Moridikhow 2 775 1 000 8.46

Dhaka 1 225 300 75.51

Table 2. Fish depletion rate by district (%/yr).

Name of district Minimum Maximum Average

Dhubri 1.05 7.10 12.60

Silchar 0.80 13.04 5.78

Karimganja 0.47 9.34 4.44

Hailakandi 0.00 4.90 4.90

Nowgaon 0.21 1.98 1.12

Morigaon 1.26 63.36 1.41

Borpeta 0.00 1.24 6.82

Nalbari 1.23 1.24 1.24

Kamrup 1.40 2.78 2.84

Golaghat 0.91 6.54 2.88

Jorhat 0.00 3.32 5.52

Sibsagar 2.00 8.46 5.23
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Table 3. Results of the factor analysis of the causes of fish depletion. 

Variables

Factor 1 
Management 
deficiency

Factor 2 
Organic load 
interference

Factor 3 
Catchment 
condition

Factor 4 
Extrinsic 
influence

Factor 5 
Fishermen’s 
ignorance

Factor 6 
Physical 
environment

Factor 7 
Aquaculture 
program

Siltation 0.57

Encroachment 0.69

Breeding ground 0.68

Inlet/outlet channel 0.55

Over fishing 0.74

Demarcation 0.72

Anthropogenic activity 0.73

Mesh size 0.67

Eutrophication 0.80

Fish disease 0.72

Flood affect 0.54

Indiscriminate fishing 0.80

Fishery rules 0.81

Unplanned 
construction 0.83

Autostocking 0.77

Weed infestation 0.75

Erosion 0.65

Poaching 0.46

Agricultural impact 0.74

Aquaculture 0.91

Pollution 0.68

Fishermen illiteracy 0.44

Eigen value 5.24 2.66 2.16 1.71 1.23 1.20 1.07

Percentage of variance 
explained 23.8 12.1 9.8 7.8 5.6 5.4 4.8

Factor 6 - physical environment - 
comprises only one variable, demarcation 
of the wetlands, and explains 5.4% of the 
total variance. The variable showed a high 
factor loading of 0.72. 

Factor 7- aquaculture program - also 
consists of one variable, namely, lack of 
aquaculture in the wetlands. This factor 
explained 4.8% of the total variance. 
This variable had a very high factor 
loading of 0.91.

Analysis of fish depletion factors and 
fish depletion rate

The correlation between the fish 
depletion rate (dependent variable) and 

fish depletion factors was high, i.e., 0.62. 
All factors together explained 69.3% of 
the fish depletion in the wetlands. The 
remaining 30.7% of the fish depletion rate 
was explained by some other intrinsic 
factors. The overall regression equation 
was also found to be significant (F = 0.93, 
p < 0.05) indicating that these factors 
together significantly influenced the fish 
depletion rate.

Of the seven factors accounting for fish 
depletion in the wetlands, factor 6 and 
factor 1 were highly significant (Table 4). 
Factor 6 had the highest impact on 
the decline in fish production and was 
followed by factor 1. Looking at the 
components of factor 6 and factor 1, 

it is clear that the internal environment 
and effects of siltation, anthropogenic 
activities, indiscriminate killing of brooder 
fishes and use of uncontrolled mesh size 
of fishing gears were largely responsible 
for the fish depletion in the wetlands 
of Assam.

Discussion

Fish production in the wetlands of Assam 
has been gradually decreasing over the 
last few years. The rate of fish depletion in 
some of the wetlands studied (Table 1)
is remarkably high and few wetlands have 
had a low depletion rate. The decline 
in fish production in the wetlands can 
be explained by the combined effect of 
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Table 4. The coefficients of the multiple regressions and their significance.

Parameters Coefficient T P

Factor 1 0.29 1.88 0.07

Factor 2 0.17 1.11 0.30

Factor 3 0.13 1.05 0.24

Factor 4 0.12 1.00 0.20

Factor 5 0.08 0.65 0.52

Factor 6 0.51 3.77 0.005

Factor 7 0.08 0.58 0.57

seven main factors. Of these, two factors 
(physical environment and management 
deficiency) are primarily responsible 
for the decline in fish production in the 
wetlands of Assam.

Management deficiency consists of seven 
variables; a very significant effect is from 
siltation. For example, the decline in fish 
production in Mead and Gapharsang 
(Karimganj district), Tapang, Bhitorpuni 
and Saitali (Silchar district), Merkolaberia 
(Golghat district) and Borbilla (Nalbari 
district) wetlands is due to the effect 
of allochthonous and autochthonous 
siltation. Siltation raises the waterbed 
and consequently reduces the water 
depth in the wetlands, which results in 
loss of perenniality and subsequently of 
fish stocks and fish seed. Siltation has 
severely affected some of the wetlands. 
For example, in the Tapang and Meda 
wetlands, siltation has raised the waterbed 
above the bed level of the inlet/outlet 
channels. As a result, the wetlands cannot 
retain water for more than two to three 
months of the year. Further, siltation has 
facilitated encroachment on several of the 
wetlands that were included in this study.

Encroachment is one component of the 
management deficiency factor. Many 
wetlands, including Sagmara, Borbilla, 
Batuakamakhya, Nandini-Karmari, Dighali-
Putali, Lakhanabandha, Brahmamyjan, 
Barthol, Ganakdubaiduba, Goroimari-
Bihdia-Japara, Ranimegna, Salchapra, 
Meda, Gapharsung, Tapang and Saitali 
wetlands, are facing encroachment from 
paddy cultivation, which has reduced 

the productive water surface for the 
fishermen. The combined effect of the 
encroachment and cultivation has been 
a reduction of fish production and 
increased siltation in these wetlands.

The study also showed that many 
wetlands (34%) now have no inlet/outlet 
channels or their channels are in poor 
condition. The destruction of inlet/outlet 
channels has reduced the autostocking 
capacity of the wetlands. The inlet/outlet 
channels of Jogra (Dubri district) and 
Sibnarayanpur (Silchar district) wetlands 
have been completely destroyed by 
the construction of railways and roads. 
Following the construction of the roads, 
fish production in these two wetlands 
dropped sharply. In some of the other 
wetlands, the fishermen and farmers have 
been responsible for the destruction 
of the inlet/outlet channels with the 
construction of bundhs for various 
purposes, e.g., retting of jute. These 
obstructions are adversely affecting 
autostocking in these wetlands during 
the flood season.

The study also suggests that the 
destruction of breeding habitats, 
indiscriminate killing of gravid fishes and 
over fishing are also responsible for fish 
depletion. Eight wetlands have totally lost 
the breeding habitats due to anthropogenic 
activities, mainly paddy cultivation. The 
bylaws regulating the fisheries are not 
being enforced in these wetlands. In most 
of the wetlands included in this study, the 
fishermen use nets of small mesh size, 
1-3 mm, to catch the small fishes. It was 

also noted that in some wetlands the 
fishermen make bheta (a special fishing 
technique) in the inlet/outlet channels. All 
these practices affect autostocking and 
subsequently fish production.

Weed infestation has also been affecting 
fish production and fish recovery in many 
wetlands of Assam. The water surface of 
the Satiyan, Lakhanabandha, Dighali-putali 
and Moridikhow wetlands is completely 
covered by swamp (mat) formation. 
The study noted that in these wetlands: 
(i) the fish recovery was very low or 
nil due to the difficulty in netting inside 
the swamp covers; (ii) only catfishes 
and featherback fishes were dominant 
in these wetlands; and (iii) it facilitates 
autochthonous silt load to the wetlands. 
This means that other fish species, like 
IMC and minor group fish species (Puntius 
spp., Gadusia chapra, Chanda spp., etc.) 
cannot survive beneath the swamp cover 
and the fish diversity is limited. The 
decomposition of macrophytic weed and 
its silt load reduces the water depth in 
these wetlands.
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Diversity of Selective and Non-Selective Fishing 
Gear and their Impact on Inland Fisheries in 
Bangladesh
Md. Ghulam Kibria and K.K.U. Ahmed

Introduction

Bangladesh is blessed with vast diversified 
inland waters. The inland waters are 
classified in two different forms—open 
waters and closed waters. It has a total 
inland water area of 4.3 million ha., 
of which 94% is used as open water 
capture fisheries and 6% for closed 
water culture fisheries. The inland 
open waters are further classified into 
primary and secondary rivers, natural 
depressions (beels), flood plains, oxbow 
lakes, borrow-pit canals and natural canals. 
Situated in the delta of the enormous 
Brahmaputra-Jamuna, the Padma (Ganges) 
and the Meghna river and their tributaries, 
Bangladesh has one of the largest and 
richest floodplain systems in the world. 
The three main rivers and the 700 
smaller rivers and streams stretch over 
22 100 km. An estimated 1.03 million ha. 
of rivers and estuaries, 0.82 million ha. 
of floodplains, 0.11 million ha. of beels 
and the 0.06 million ha. Kaptai lake offer 
tremendous scope and potential to 
augment current fish production.

These inland open water fishery 
resources have played a significant role in 
the economy, culture, tradition and food 
habits of the people of Bangladesh. The 
country’s tropical climate, alluvial soils, 
productive waters and vast flood plains 

Abstract

The paper describes the wide range of traditional fishing gear used by subsistence and professional 
fishers in the inland waters in Bangladesh as well as their impact on the fisheries and the environment. 
The negative impacts indicate the need for regulation of specific types of fishing gear at particular times 
of the year. An awareness/training program should be extended to the fishermen to create awareness of 
the long-term effects of their fishing practices and to impart knowledge of fishing laws.

are highly favorable to inland fisheries and 
aquaculture and Bangladesh ranks first 
(467 kg/km2) in the world in open water 
fish production (Ahmed et al. 1997). 
Open water fish production used to 
provide sufficient fish for consumption 
in Bangladesh. However, due to various 
natural and man made changes the 
catch from inland waters has declined 
alarmingly over the last few decades. 

As the types of water body in Bangladesh 
are diverse, so too are the species that 
inhabit them. A number of traditional 
and recently introduced fishing gear are 
used for harvesting. The Government 
of Bangladesh (GOB) and the Overseas 
Development Administration (ODA), 
now the Department for International 
Development (DFID) UK, jointly carried 
out a study of fisheries in four regions 
of Bangladesh under the ‘Flood Action 
Plan (FAP-17)’ between 1992 and 1994. 
During this survey, a number of fishing 
methods and gear types were observed 
and their effects on the fisheries and the 
environment were recorded. The fishing 
methods, the types of gear encountered 
and their impacts on the fishery are 
described below (Table 1).

Fishing practices and their 
impacts

Fish nets

Gill nets

Gill nets are panels of netting held 
vertically in the water column by a series 
of floats attached to their upper edge 
(the float line or cork line) and weights 
attached to their lower edge (the foot 
rope or lead line). These nets are either 
staked or anchored in shallow water 

A view of “Punti Jal” which are mainly 
operated in the floodplain.
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or set to drift in open water. As passive 
gear, their catching ability relies on the 
movement or migration of fish through 
the area where the nets are set.

a) Punti jal

Commonly operated in flood plains, this 
gill net is made of cotton twine or mono-
filament. It is known as punti jal because it 
catches mainly small puti and kholisha. 
The net is 10-30 m long and 0.5-1.0 m 
wide. Mesh size varies between 22 and 
32 mm. Most punti jals have both floats 
and weights attached to them, though 
some have only floats. The net is usually 
set in the morning in flooded paddy fields 
or in the open part of a floodplain. Fish 
are removed periodically. Nets of large 

mesh size are used throughout the year 
and nets with a small mesh are used 
during the monsoon period. Puti is the 
target species but kholisha, singi, taki, 
baim, chapila and veda are also caught 
with this gear type (Table 2).

Although this gear is very selective for 
puti (Puntius spp.) and the size of stocked 
carp caught by this gear were similar to 
puti, it is not clear how stocked fingerlings 
avoid these nets. One possible answer 
is that fingerlings move in schools and 
if any of the members get caught by the 
net, others change course to avoid it. This 
gear was not found to be destructive in 
the Chanda and BSKB beel in the Khulna 
region of Bangladesh. Though punti jal 
caught a negligible percentage of carp, it is 

recommended that its use be restricted 
from June to September in stocked flood 
plains (Table 3).

b) Koi jal

Capturing koi (Anabas testudineus) as a 
target fish, this gear is aptly named koi 
jal and is operated in the southwestern 
region of Bangladesh. It is a multifilament 
fixed gill net fabricated with nylon or 
cotton twine, with a mesh size of 
38-45 mm. A koi jal is 15-30 m long and 
1-2 m wide. Some nets are equipped with 
both float and sinkers. A single piece or a 
number of pieces of net joined together 
are set in the paddy fields or an open area 
of floodplain. The net is set in the evening 
and the fish are hauled at dawn the next 

Table 1. A detailed list of selective and non-selective fishing gear used on the inland waters of Bangladesh.

Type of fishing gear English name Local name Target species
Mesh size 
(mm)

Catch/haul 
(kg) CPUE

Operation 
period Habitat

 Fish nets

 Gill nets

a) Punti jal (YRG) Monofilament gill 
net

Puti Jal* Puti, kholisha 22-32 0.5-1.0 Day+night F

b) Koi jal (YRG) Multifilament fixed 
gill net

Koya Jal Koi 14 0.5-1.0 Day+night F

c) Current jal (YRG) Monofilament 
fixed gill net

Current jal Juveniles of Indian 
major carps

10-50 – Day+night RR, R, F

 Lift nets

a) Veshal/khara jal (SG) Triangular lift net Khara jal / Tong Jal Baila, puti 5-15 0.4-1.0 Day+night RR, F

b) Tar jal (SG) Square lift net 
(with otter)

Tar Jal Veda, puti, bain, 
shol

5-15 – Day RR

 Seine nets

a) Ber jal (YRG) Encircled net Ber jal Rui, catol, tengra 5-23 2-4 Day+night RR, R, F

b) Fash/piya jal (OG) Monofilament 
nylon seine net

Fash jal Kalibous, bacha, 
ilish

15-150 – Day+night RR, F

 Fish traps 

a) Dughair/ Koi dughair 
(YRG)

Conical trap Doir/Koi dughair Koi, climbing 
perch, cat fish

– 0.25-0.5 Day+night RR, R, F

b) Thaga (SG) Fish barrier Thaga Different types of 
fresh water fish

16-33 15-30 Day+night RR

 Fish aggregating devices (FADs)

a) Katha (UG) Brush shelter Jhag/Katta/Jhata Mola, chanda, taki 5-7 – Day+night RR, R, F

b) Kua (UG) Deep pit Khad/Pukur/
Dunga

Puti, chanda, 
gutum

– – Day+night RR, F

*Jal: Local name for fishing net.

R = Reservoir; F = Flood plain; RR = River; YRG = Year round gear; SG = Seasonal gear; UG = Unusual gear; OG = Occasional gear.
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Table 2. Common and scientific names 
of fish (in order mentioned in text).

Common name Scientific name

Puti Puntius spp.

Kholisha Colisha fasciatus

Singi Heteropneustes fossilis

Taki Channa punctatus

Baim Mastacembelus spp. e.g., 
M. armatus; M. pancalus

Chapila Gudusia spp.

Veda Nandua nandus 

Koi Anabas testudineus

Rohu Labeo rohita

Catol Catla catla

Boal Wallagonia attu

Air Mystus aor

Mrigal Cirrhinus migala

Silver carp Hypophthalmichthys 
molitix

Tatkini Cihinus reba

Bata Labeo bata

Tengra Mystus vittatus

Tara baim Macrognathus aculeatus

Puti Puntius sophore

Shol Channa striatus

Baila Glossogobius giuris

Kajuli Ailia coila

Kalibaush Labeo calbasu

Bacha Eutropiichthys vacha

Ilish Hilsa ilisha

Garua Clupisoma garua

Mola Amblypharyngodon mola

Chanda Chanda nama

Gutum Lepidocephalus guntea

Chela Chela cachius

Table 3. Selective and non-selective fishing gear that should be regulated for the 
conservation of fish biodiversity.

Types of fishing gear English name Habitat Number 
of crew

Restriction 
period

 Fish nets

 Gill nets

a) Punti jal (YRG) Monofilament gill net F 1 June-
September

b) Koi jal (YRG) Multifilament fixed gill 
net

F 1 June-
September

c) Current jal (YRG) Monofilament fixed gill 
net

RR, R, F 1-2 Should be 
banned

 Lift nets

a) Veshal/khara jal (SG) Triangular lift net RR, F 1-2 June-
September

b) Tar jal (SG) Square lift net (with 
otter)

RR 6-7 Should be 
banned

 Seine nets

a)  Ber jal (YRG) Encircled net RR, R, F 12-15 June-October

b) Fash/piya jal (OG) Monofilament nylon 
seine net

RR, F 7-9 June-October

 Fish traps 

a) Dughair/ Koi dughair 
(YRG)

Conical trap RR, R, F 1-2 June-
September

b) Thaga (SG) Fish barrier RR 4-5 Should be 
prohibited

 Fish aggregating devices (FADs)

a) Katha (UG) Brush shelter RR, R, F 5-9 Should be 
prohibited

b) Kua (UG) Deep pit RR, F 6 Should be 
prohibited

R = Reservoir; F = Floodplain; RR = River; YRG = Year round gear; SG = Seasonal gear; UG = Unusual gear; 

OG = Occasional gear.

day.  Along with the target fish, this net 
also captures singi, kholisha, taki, and baim. 
Considering the selective range and the 
composition of carp in the catch, this gear 
was found to be moderately harmful for 
stocked carp. The use of this gear should 
be regulated between June to September 
(Table 3).

c) Current jal

Current jal is a small mesh (25-50 mm) 
monofilament fixed gill net usually used to 
catch small species. A number of pieces of 
net are joined together and set in paddy 
fields or an open area of floodplain, river 
or reservoir. Each piece is about 10-25 m 
long and 0.5-1.0 m wide. Various mesh 

sizes are used in different water bodies. 
Current jals with larger mesh sizes (30-
50 mm) are used mainly for capturing 
rohu, catol, common carp, boal and ‘air’ 
(Mystus aor) while nets with a small mesh 
(10-20 mm) are used for catching singi, 
taki, baim, koi, kholisha and fingerlings of 
common carp, rohu, catol, mrigal, silver 
carp, air and boal.

The current jal is an extremely effective 
net and has been banned by the 
government because of its potential to 
overexploit juvenile carp. It is considered 
to be one of the most harmful nets and 
is responsible for the decline in fish 
populations in rivers, flood plains and 
reservoirs. The Fish Act 1950 places a The current Jal gill net.
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penalty of Taka 1 000 (58 Tk = 1 US$ April 
2002) with one to six months in prison 
for a first offence by any person using this 
net in any kind of habitat (reservoir, river 
or flood plain). The second offence has a 
penalty of Taka 2 000 with two months to 
one year in prison.

Lift nets

The fish swim or are maneuvered over 
a flat or bag-like piece of netting and are 
then caught by lifting the net.

a) Veshal jal/Khara jal

This is a triangular lift net fixed with 
bamboo poles operated from a bamboo 
platform built along the canal that brings 
in or drains out water from a beel or in a 
floodplain area with gentle flowing water. 
In some area of Bangladesh, Veshal jal is 
commonly known as khara or tong jal. 
Two sides of the net are attached to two 
long bamboos and the cod ends of these 
two bamboos are bent and tied together. 
The two bamboo poles act as a fulcrum 
(dheki kol) so that when the net is lifted 
by applying weight at its base, its central 
portion stands about 1.5 m above the 
water surface. A thread is attached to the 
front side of the net and bent with two 
front ends of the two bamboos. During 
fishing, fishers drop the net into the 
water against a gentle current. The front 
portion is set in water while the conical 
end remains about 2 m above the water 
surface. The net forms a conical bag under 
pressure of the water current. This gear is 

operated both by day and by night. Fishes 
like tatkini, rohu, bata, tengra and baim are 
caught with this gear.

This gear is seriously harmful to stocked 
carp populations and its use should be 
restricted from June to September in carp 
stocked flood plains.

b) Tar jal (with otter)

This gear is not common in all parts of 
Bangladesh. Square shaped tar jals are 
operated against the current from boats 
at the mouth of secondary rivers. Two 
otters are used to drive the fishes into 
the net. Entangled fishes are removed into 
the boat. Bachari boats with a crew of six 
to seven are required for the operation of 
this gear, which is only used in the daytime 
(Table 1). Fishes caught include veda, 
tengra, tara baim, puti and shol. This gear 
and fishing method is seriously harmful to 
many species. Restrictions, including bans, 
should be imposed on the use of this gear.

Seine nets

These nets are designed to be towed in 
an arc around fish shoals to surround 
them. Fish of both small and large size 
are vulnerable to such gear but the 
catch depends mostly on the mesh size. 
Methods of employing seine nets vary. 
Frequently one end of the net is attached 
to a pulley or anchored on the shore and 
a boat is used to pull the net into a large 
arc back to the shore before hauling in.

a) Ber jal

Ber jal is a conventional beach seine net, 
sometimes called goga jal locally. It is 
commonly used in floodplains, ponds and 

Operation of veshal or khara jal on the 
river.

Tar jal in use on the river.

rivers. It is also used in beels and rivers 
during the dry season when water flow 
is minimal. This net is usually hauled by 
a team of fishers (12-15), the number 
depending on the size and weight of the 
net. It is a rectangular net with floats on 
the head rope and weights on the ground 
rope. The ground rope is made of thick 
twisted jute fibers and the head rope is 
thin nylon or polyethylene. It is very large 
in size, usually 50-200 m long and 5-6 m 
wide. Mesh size ranges between 5-23 mm. 
Length, depth and mesh size vary with the 
size of the water body and the species 
to be caught. After surrounding part of a 
water body with this net, the two ends 
of the net are drawn together and the 
ground rope is hauled up from the center 
of the water body to catch the fish. A 
large mesh size is used for harvesting 
rohu, catol, boal, mrigal and other large 
fish, while small mesh nets capture tengra, 
puti, prawn, baila, and kajuli. This gear can 
be operated by day and by night.

This gear catches huge numbers of 
undersized carp from the stocked flood 
plains. It is considered very destructive. 
During operation, this gear destroys 
the habitat for wild species thus causing 
multiple harm to all the fish living on the 
flood plain. Fine-mesh ber jals catch fish 
irrespective of their size or species. The 
use of this gear should be banned from 
June to October in stocked flood plains 
(Table 3).

b) Fash jal/Piya jal

This is a rectangular net made of 
monofilament or nylon twine operated 
in reservoirs, rivers and flood plains. It is 
a passive gear commonly known as net 

Fishermen using ber jal.
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jal. It is 20-200 m long and 1-6 m wide 
with mesh of 45-300 mm. Floats are 
used at the headline, earthen weights for 
the ground line. This gear is fixed in the 
water with two bamboo poles to form 
a large net wall. It is used to catch fishes 
like kalibaush, bacha, ilish, garua and koi. 
Fash jal with a mesh size greater than 
90 mm is not at all harmful to stocked 
carp. However, fash jal with <90 mm mesh 
catch some carp. Therefore, nets with 
mesh size <90 mm should be regulated 
during the period June to October (Table 3).

Fish traps

Traps are devices designed to encourage 
the entry of animals, which are then 
prevented from escaping either by 
particular aspects of their behavior or by 
the design of the trap itself. Fish traps are 
mostly made of split bamboo and cane 
materials and fall into two categories: 
baited or not baited. There are three 
types of fish traps.

a) Dughair/koi dughair

This is a conical trap made of bamboo 
sticks and cane in various sizes and 
shapes. It may or may not contain bait 
or lure. There is an opening on one side 
for fish to enter and the other side is 
covered with a polythene net so that 
the fish that have entered cannot escape. 
They are used in running or static water. 
In running water the mouth of the trap 
is set against the direction of the water 
flow. These traps are also fixed along the 
edges of paddy fields, one after another 
at small intervals. Catfish and climbing 

perch are caught from February to July. 
This gear catches a considerable quantity 
of undersized carp, which is illegal. Use of 
this gear is seriously harmful to stocked 
carps and consequently it should be 
banned between June and September 
(Table 3).

b) Thaga

This is a traditional fish barrier trap and 
is operated in the primary and secondary 
rivers of Bangladesh. A series of long 
bamboo sticks are placed across the river 
with a long seine net attached. All types of 
fresh water species are caught. This gear 
is usually operated 24 hours a day. Use of 
this kind of fish barrier trap in the river is 
illegal (Fish Act 1950). The barrier disrupts 
fish migration as well as destroying fish 
spawning grounds.

Fish aggregating devices (FADs)

a) Katha (brush shelter)

The term katha varies regionally with 
a number of synonyms such as jhag, 
katta and jhata. This fishing technique is 
also called komar and is operated in the 
oxbow lakes of Bangladesh (Middendorp 
et al. 1996). Welcomme (1972) described 
this fishery system used in the coastal 
lagoons of west Africa, especially in Benin, 
where it is known as acadjas. In Cambodia 
these devices are called samarahs 
(Shankar et al. 1998).

For the most part this fishery is 
operated in secondary rivers, canals, 
beels, floodplains and reservoirs. The 
fishery lasts for 5-7 months each year 
(September to March) when the water 
level decreases and rivers and canals 
become calm and cool. Katha are usually 
constructed with branches from bushy 
trees such as the hizole (Barringtonia sp.), 
gamboling (Eugenia sp.) or babla (Acacia 
sp.). This type of shelter attracts fish and 
they accumulate in the katha in large 
numbers. A number of bamboo poles 
are fixed around the katha to preserve 
its structure. Water hyacinth (Eichhornia 
crassipes) are often used to cover it. 

Fishermen checking for fish in their 
dughair.

To fish the katha, it is encircled with a ber 
jal or seine net. After 1-2 days (Wahab 
and Kibria 1994) all the branches and 
bushes are removed. The fish are caught 
by jhaki jal (cast net) and by hand. Usually 
4-5 persons are involved. Finally, the ber jal 
is pulled through the katha to remove the 
remaining fish. Fishes like mola, chanda, 
gutum, taki, puti, baim, kholisha and chela 
are caught using this method. The fishery 
can operate by day or night (Ahmed and 
Hambrey 1999).

This fishing practice causes serious social 
and environmental conflicts (Pliya 1980). 
It creates conflicts between the katha 
owners and river/canal fishermen as 
the katha attracts fishes from the wild 
stocks; conflicts between katha owners 
and navigation interests since the katha 
occupies considerable space; conflicts 
resulting from deforestation; and conflicts 
caused by the depletion of natural fish 
stocks as the harvest consists mostly of 
small and brood fishes.

b) Kua (deep pit)

Kua means a fish pit on floodplain beels. 
The kua fishery has a number of names 
like khad, pukur or danga. A large number 
of kuas are found in beels and floodplains. 
There are two types of kuas—the natural 
kua and the man made kua. Natural kuas 
are relatively small natural depressions, 
usually seen in floodplains and shallow 
beels or the deeper parts of small 
seasonal rivers. During the monsoon 
period, these pits are completely covered 
in with water but as the water recedes 

Typical katha fishing in the bank of a 
secondary river.
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these kuas are exposed. The kua fishery 
begins in late October and continues 
until late April, with a peak period from 
December to February. 

The landowners may excavate one or 
more ditches (man made kuas) in the 
floodplain or beel areas in order to 
provide refuge for fish during the dry 
season. These pits are also used for 
irrigation and sometimes integrated with 
rice cultivation. The kuas are usually 
fished by netting or de-watering. Puti, 
chanda and gutum are caught using this 
method (Wahab and Kibria 1994).

Kua fisheries are also not favorable for 
sustaining yields because all fish, including 
brood stock and juveniles, are removed 
from the floodplain. Unplanned and 
unregulated use of this type of fishing 
poses a serious threat both to natural 
stocks and to the effectiveness of stock 
enhancement.

Discussion

The overall objective of increasing fish 
production by stocking the floodplains 
with carp is being undermined by 
indiscriminate use of non-selective fishing 
gear. This study recorded a decrease in 
catch per unit effort (CPUE) and in the 
profitability of the fisheries. 

A large number of different types of 
fishing gear are used, some of which 
catch large numbers of undersized carp 
(which is illegal), some catch a few illegal 
carp and others catch only legal-size carp. 
Some gear do not catch carp but are very 
destructive for wild fish populations. The 
indiscriminate exploitation of fish from 
inland open waters by complete removal 
of water from natural depressions (beels), 
floodplains, or canals results in loss of the 
entire populations of wild fish species, 

including brood fish and juveniles. This 
behavior suggests that biodiversity is 
sacrificed for short-term economic 
benefits. Though the use of several types 
of fishing gear is limited and regulated 
under the national fishery laws, they are 
still used.

As the operation of all types of gear 
cannot simply be suspended to allow 
the stocked fingerlings to grow out, it is 
important to identify the gear that can be 
operated without exploiting undersized 
fingerlings stocked under the government 
plan and the gear that should be 
regulated. The operation of ber jal, veshal/
khara jal, punti jal, koi jal, fash/piya jal (up to 
90 mm mesh) and fish traps like dughair/
koi dughair and thaga should be restricted 
from June to September/October. The use 
of tar jal and current jal should be banned 
and the FADs like katha and kua fishing 
should be prohibited.

An awareness/training program should 
be extended to fishers to create an 
awareness of the factors affecting the 
health of the fisheries and the rationale 
for the restrictions on a particular fishing 
gear in a particular season. This will 
improve compliance with the regulations 
and improve yields in the long term.
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Pen Fish Culture in Reservoirs – 
an Alternative to Land Based Nurseries
V.K. Murugesan, S. Manoharan and R. Palaniswamy

Introduction

Pens are used for various aquaculture 
activities in countries such as the 
Philippines, Indonesia, Thailand, Malaysia, 
China and USA (Beveridge 1984; Chua 
and Teng 1977; Shang and Tisdell 1997). 
In India, experiments have been carried 
out to raise carp seed using pen culture 
in oxbow lakes, swampy tanks, beels and 
reservoirs (Abraham 1980; Banerjee 
and Pandey 1978;  Swaminathan and 
Singit 1982; Yadava et al. 1983), but the 
technology has not yet been standardized.

Natarajan (1976) and Selvaraj et al. (1990) 
recommended stocking of advanced 
fingerlings (more than 100 mm long) in 
reservoirs for achieving higher survival 
and fish production. However, the 
development agencies continue to stock 
smaller fish seed (15-40 mm) because of 
inadequate rearing space in land-based 
ponds as construction of new ponds is 
capital intensive. In this situation, fish 
culture in pens becomes desirable as the 
pens can be erected even by unskilled 
labour, and the materials required for 
the fabrication of pens is inexpensively 
and readily available in the local markets. 
This experiment was conducted to 
standardize carp seed rearing practices 
in pens erected in suitable areas of 
existing reservoirs and to develop the 

Abstract

An experiment to rear carp seed was conducted in Tamil Nadu, India during October 2001 to April 2002 as 
a part of an ambitious programme aimed at standardization of pen fish rearing technology for production 
of stocking material of desired size at a lower cost. The experiment used six pens erected using locally 
available materials in the exposed marginal area of an existing reservoir. The high survival rate of carps 
(67.2-94.7%) and reasonable returns on investment (26.2%) obtained in the experiment indicated that fish 
seed rearing in pens erected in suitable areas of existing reservoirs could serve as a cheaper alternative to 
the expensive land-based nursery ponds.

technology suited to Indian conditions for 
raising advanced fingerlings to be used as 
stocking material of the desired size.

Materials and Methods

A marginal area of the Odathurai 
reservoir in the Erode district of Tamil 
Nadu, India was selected for erecting 
six pens, each with an area of 200 sq. m 
(20 m x 10 m). A trench (30 cm x 30 cm) 
was excavated at the boundary of the 
proposed pen structure during the first 
week of October 2001. Casuarina poles 
were erected vertically in the center 
of the trench at an interval of 1.5 m. 
Bamboo poles were tied horizontally 
across the casuarina poles at intervals of
30 cm using coir ropes to strengthen the
frame structure. High density polyethylene 
(HDPE) woven fabric (12 x 12 meshes cm) 
was used as netting material for the pen. 
The bottom of the net was wrapped 
around a bamboo pole, stitched and 
then placed in the trench. The trench 
was filled with soil removed at the time 
of the excavation. With the onset of 
the northeast monsoon in the second 
fortnight of October 2001, the water level 
in the reservoir increased and entered 
the pens. The pens were fertilized with 
cow dung at the rate of 10 000 kg/ha 
and lime at the rate of 100 kg/ha to 
accelerate plankton production. After 

10 days, seeds of catla (Catla catla), rohu 
(Labeo rohita), mrigal (Cirrhinus mrigala), 
common carp (Cyprinus carpio) and 
grass carp (Ctenopharyngodon idellus) 
were transported under oxygen packing, 
acclimatized to the local conditions and 
then released into the pens (Table 1). A 
mixture of rice bran (60%), groundnut oil 
cake (30%) and soya meal (10%) was 
given as supplemental feed twice daily 
ad libitum in the form of wet balls served 
in plastic trays hung in the four corners 
of the pens. The feeding trays were 
examined daily and the quantity of the 
feed to be provided the next day was 
decided according to the consumption. 
In a few days, it was observed that C. 
idellus were consuming the major portion 
of the supplementary feed, leaving little 
for the other carps. To overcome this 
problem, aquatic weeds collected from 
the reservoir were spread on a floating 
bamboo frame placed inside each pen. The 
mixed feed balls were given two hours 
later so that the gorged C. idellus did not 
compete with other carps for the feed. 
Water quality, plankton abundance and 
primary production in the pens as well 
as in the open reservoir were studied 
following standard methods (APHA 1989; 
Vollenweider 1971; Ward and Whipple 
1959). The growth of different species 
of fish was monitored by periodic 
sampling using a dragnet. Final harvesting 
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Table 1. Details of stocking in the pens.

Date of stocking Species

Average 
initial length 

(mm)

Average
initial weight

(g)

Number 
stocked
per pen

13 November 2001  C. catla 32.6 0.83 300

13 November 2001 L. rohita 32.1 0.29 2000

13 November 2001 C. mrigala 36.3 0.38 1080

20 November 2001 C. carpio 15.0 0.08 3000

22 November 2001 C. idellus 50.0 4.50 100

of fingerlings exceeding 100 mm in 
length was carried out using seine nets 
till the entire stock was exploited. The 
harvested fingerlings were stocked in the 
open reservoir for further growth and 
enhancement of fish production.

Observations

The water depth in the pens varied from 
2.00-2.25 m at full reservoir level but 
gradually diminished over the post-
monsoon period as water was released 
from the reservoir for irrigation purposes. 
Application of cow dung and lime in the 
pens prior to stocking improved the 
water quality in terms of pH, electrical 
conductivity, total dissolved solids, 
hardness, Ca, Mg, P2O5, NO3 and primary 
production. However, the dissolved 
oxygen diminished, probably because 
of its consumption in the process of 
mineralization. The suspended particles 
from the fertilization and subsequent 
growth of plankton reduced the 
transparency of the water (Table 2). The 
fish fry, stocked in the pens at the rate 
of 324 000/ha, consumed the plankton 
leading to a drastic reduction in their 
population. The total plankton count 
in the pens after 10 weeks of fish seed 
stocking was 1 347/l compared to that 
of the reservoir (76 900/l). Similarly, 
the benthos in the pens was much less 
(50-202/m2) than in the reservoir (432-
606/m2) indicating that bottom feeders 
like C. mrigala and C. carpio consumed the 
bottom fauna produced in the pens. On 
the other hand, the values of gross and 
net primary production in the pens were 
slightly more than that of the reservoir, 
probably due to the adequate supply of 
nutrients from the periodic fertilization 

of the former with cow dung and lime. 
Fixing of old gill nets above the pens 
controlled the predation of fish seed by 
birds. Manual cleaning of the pen screen 
net with a brush every 15 days facilitated 
thorough mixing of the water between 
the reservoir and the pens.

Periodic sampling of fish seed in the pens 
indicated fast growth of C. idellus, followed 
by C. catla, L. rohita, C. mrigala and C. carpio 
in that order. C.idellus attained the targeted 
size of more than 100 mm within a month, 
whereas C. catla exceeded this size only 
after 38 days. The growth of L. rohita 
and C. mrigala was relatively slow and 
they grew to 100 mm after 75 days. The 
growth of C. carpio was poor and they 
measured only 60-90 mm on termination 
of the experiment after 120 days.

Statistical analysis (ANOVA) of the results 
of the experiment indicated that there 
was a significant difference in growth in 
terms of length and weight between the 
species and that there was no significant 
variation in the growth of fish species 
with respect to different pens. 

Among the different species of fish used 
in the experiment, the growth of C.idellus 
was the highest, followed by C. catla and 
L. rohita. The performance of C. carpio was 
very poor. Harvesting of the surface 
moving fishes like C. idellus and C. catla 
was easy and the entire stock of the pens 
could be hauled in a few drag net opera-
tions. The collection of the fast moving 
L. rohita with an escaping tendency and the 
bottom dwelling C. mrigala and C. carpio 
posed a problem. It was interesting to 
note that the fingerlings did not die due 
to heat even when the water level in the 

pens was very low, probably due to the 
mixing of reservoir water into the water 
in the pens. The growth of aquatic weeds 
inside the pens was kept under control 
by C. idellus. Table 3 gives the number 
recovered and the survival percentages, 
by species and by pen. The average 
survival was the highest for C. idellus 
(94.7%), followed by L. rohita (92.2%), 
C. carpio (74.8%), C. mrigala (74.4%) 
and C. catla (67.2%). Table 4 gives the 
recurring and non-recurring expenditures, 
estimated sale proceeds, profits and the 
rates of return. The return on investment 
(26.2%) obtained in this experiment 
indicated the economic viability of the 
seed rearing in pens.

Discussion

Erection of pens did not interfere with 
the fisheries and other uses of the 
reservoir. The advanced fingerlings raised 
through pen culture were useful for 
stocking the reservoir and increasing 
fish production.

Supplementary feeding was essential 
in pens as the natural food (plankton) 
production was not sufficient to meet 
the demand of the seed at high stocking 
density. A mixture of soya meal, ground-
nut oil cake and rice polish used in this 
experiment served as a cheap supplemen-
tary feed, leading to fast growth in all the 
species. The growth of carp seed in the 
pens in this experiment was higher than 
the growth observed elsewhere in cages. 
A growth rate of 25 mm/per month in 
C. catla, 20 mm in L. rohita and 17 mm in 
C. mrigala was recorded in fry rearing in 
cages installed at the Getalsud reservoir 
(Banerjee and Govind 1979). Natarajan 
et al. (1979) observed a growth ranging 
between 30.2-45.6 mm in 21-28 days 
of rearing of hatchlings and between 
103.6-121.6 mm in 90 days of rearing of 
fry in cages with supplementary feeds of 
the same ingredients used in the present 
experiment. Menon (1983) raised 10-day-
old fry (10 mm) to 50-60 mm in 40 days. 
While Banerjee and Govind (1979) 
followed a stocking rate of 300-700 fry 
(10-31 mm/m2), Natarajan et al. (1979) 
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Table 2. The abiotic and biotic characteristics in the pens and reservoir.

Parameters

Pen Reservoir

6.12.01 20.12.01 29.1.02 6.12.01 20.12.01 29.01.02

Atmospheric temp. (oC) 31.1 28.2 30.4 31.1 28.2 30.2

Water temp.   (oC) 29.7 28.1 29.1 30.2 26.7 29.1

pH (units) 8.27 8.83 7.9 8.01 8.17 7.9

O
2  

(mg/l) 6.78 4.03 4.75 8.0 8.31 7.9

Conductivity (μmhos/cm) 533 579 567 516 573 540

TDS (mg/l) 347 376.3 368 327 372.4 351

Transparency (cm) 41.6 34 35.6 68 70 59

CO
2 

(mg/l) – – – – – –

Total alkalinity (mg/l) 190.4 22.6 32.15 180 20.0 31.0

HCO
3

- (mg/l) 154.6 15.3 22.6 135.1 13.0 21.8

CO
3
 - - (mg/l) 35.7 6.9 9.5 44.9 7.0 9.2

Hardness (mg/l) 217 234.6 220 200 231 230

Calcium (mg/l) 31.8 33.1 43.75 30.1 28.0 44.20

Magnesium (mg/l) 11.32 12.26 12.15 10.31 10.13 13.20

Phosphorous (mg/l) 0.033 0.042 0.061 0.04 0.016 0.051

Nitrate (mg/l) 0.737 1.08 0.640 0.328 0.992 0.435

Silicate (mg/l) 15.1 15.0 15.21 14.9 17.7 18.2

Plankton (nos/l)

Phytoplankton 52656 22513 1347 111980 96870 76900

Zooplankton – – – 40 80 –

Benthos  (nos/m2) 50.0 86.5 202 432 519 605.5

Primary production (mgC/m3/hr)

Gross production 141.8 251.1 223.9 195.3 234.3 187.5

Net production 89.6 140.3 163.1 83.6 199.2 125.0

Respiration 66.6 174.6 76 134 42.1 75

Table 3. Number of fingerlings recovered and survival percentage.

Pen

C. catla L. rohita C. mrigala C. carpio C. idellus Overall

No. % No. % No. % No. % No. % No. %

1 206 68.7 1905 95.3 728 67.4 2066 68.9 95 95 5000 77.2

2 125 47.7 1810 90.5 664 61.5 2202 73.4 97 97 4898 76.0

3 296 98.7 1775 88.8 533 49.4 2109 69.7 89 89 4802 73.8

4 131 43.7 1992 99.6 858 79.4 1706 56.9 100 100 4787 73.8

5 189 63.0 1785 89.3 753 69.7 1925 64.2 97 97 4749 73.3

6 264 88.0 1800 90.0 739 68.4 2204 73.5 90 90 5097 78.6

adopted a higher rate of stocking 
(700-2 500 fry/m2). Menon (1983) 
went for a medium rate of stocking 
(500 fry/m2).  The lower stocking rate 
(32/m2) used in the present experiment 
may be one of the reasons for the faster 
growth in all the species.

If technology for culture in pens is impro-
ved in terms of pen materials, fabrication, 
stocking rate, feed and feeding schedule, 
harvesting methods, etc., it may serve as 
a cheaper alternative to the expensive 
land-based nurseries for raising advanced 
fingerlings for stocking the reservoirs.
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Table 4. Economics of pen culture at the Odathurai reservoir

A. Capital cost: Rupees

Cost of casuarina poles 17 600.00

Cost of bamboo poles   6 000.00

Cost of HDPE woven fabrics 14 000.00  

Stitching charges   1 000.00

Total 38 600.00

B.  Capital cost per crop 
(25% of A - assuming that the material will go for 4 crops)   9 850.00

C. Recurring cost: 

Earth work (trench making)   2 000.00

Synthetic and coir ropes, nylon twine, etc.      500.00

Installation charges   1 500.00

Cost of seed   8 400.00

Cost of feed   3 100.00

Watch and ward   3 000.00

Netting and harvesting charges   1 000.00

Total 20 500.00

D. Total cost (B+C) 30 150.00

E. Estimated sale receipts 38 059.00

F. Profit   7 909.00

G. Return on investment     26.2%
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Parameter Estimates for Fishes of the 
Upper Paraná River Floodplain and Itaipu 
Reservoir (Brazil)
R. Angelini and A.A. Agostinho

Introduction

Consumption, natural mortality, trophic 
level and estimates of growth are very 
important parameters for the construction
of Ecopath (trophic) models (Christensen 
and Pauly 1993). Consumption (Q) is the 
intake of food by a species over a certain 
time period. The ratio Q/B (Consumption/
Biomass) has been defi ned as the number 
of times a population consumes its own 
weight in a year (García and Duarte 2002; 
Pauly 1998a).

According to Allen (1971), usually Natural 
Mortality (M), in equilibrium conditions, 
can be considered the production that is 
the “total quantity of tissue elaborated by 
a fi sh population during a stated period 
of time” (Ivlev 1945). Trophic Level (TL) 
defi nes the position of the fi sh on food 
web and can be estimated by stomach 
content analysis.Growth estimates can be 
described by the von Bertalanffy growth 
function (VBGF), which is expressed by 
the parameters K (growth constant) and 
L
∞
 (asymptotic length).

In order to infer the population response 
to impacts from two different ecosystems 
during two periods, the parameters K, L

∞
, 

M, QB and TL were estimated and compared 
for the 35 more abundant species from 
the upper Paraná river fl oodplain and the 
Itaipu reservoir.

Abstract

Estimates of the growth (K), natural mortality (M), consumption/biomass (Q/B) rate and trophic level (TL) 
for 35 species in the upper Paraná river fl oodplain and the Itaipu reservoir (interconnected ecosystems) 
are presented. A compilation of these biological statistics is made for comparison purposes and some 
general trends are briefl y discussed.

Figure 1. Map of South America and Brazil identifying the Upper Paraná River 
floodplain and Itaipu reservoir.
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Material and Methods
Study areas

The Itaipu reservoir is located on the 
border of Brazil and Paraguay. It has an 
area of 1 350 km2 and a mean depth of
22 m (mean water residence time = 40 d)
(Figure 1). The reservoir was closed in 1982. 
The Upper Paraná River includes approxi-
mately the first one-third of the Paraná 
river basin with a drainage area of 2.8 x 
106 km2 and 138 reservoirs with dams 
greater than 10 m in height. The study 
area is situated immediately above the 
Itaipu reservoir and represents as much as 
one-third of the original floodplain (230 km). 
It is the last stretch of the Paraná river
in Brazilian territory that has not been 
impounded (Agostinho and Zalewski 1995; 
Gomes and Miranda 2001; Petrere et al. 2002).

Data sampling

From March 1992 to February 1995, samp-
ling of fish was conducted every three 
months in the various habitats (river, 
channels and lakes) in the upper Paraná 
river floodplain. Gill nets (2-16 cm mesh) 
and trammel nets (6-8 cm mesh) were 
used for collecting the samples. Fishing 
gears were deployed for 24 hours during 
each sampling period, with inspections in 
the early morning, dusk and late evening.

At the Itaipu reservoir, species were 
collected monthly during January 1983 to 
December 1987 and January 1988 to 
December 1992. Gill nets (3-16 cm mesh)
were deployed for 24 hours during each 
sampling period (with inspections in the 
early morning, dusk and late evening) at 
various sites (lotic and lentic environments; 
transitional zone).

The fishes were preserved with tricaine 
or oil of cloves before being sorted by 
species, counted and measured.

Data analysis

Length-frequency data for species from 
both environments (reservoir and flood-
plain) were analyzed. Growth parameters 
were calculated using VBGF equations:

Lt = L
∞
 * (1 – e –K (t – to))          (1)

where Lt is fish length (cm) at age t, L
∞
 is the

Asymptotic Length (cm), K is the curvature
of the VBGF or Growth Rate (year -1), and
t0 (“t - zero”) is the age intercept where 
fish age is assumed to be zero.

Parameter K (growth rate) of the VBGF 
was calculated using length-frequency 
data and the ELEFAN I routine of FISAT 
(Sparre et al. 1989; FAO-ICLARM 1996) 
(and with option to scan for K-values) 
because in tropical areas it is difficult, if 
not impossible, to count rings on hard 
parts (Lizama and Vazzoler 1993). In 
all cases, Asymptotic Length (L

∞
) was 

calculated using maximum length (Lmax), 
i.e., largest individual of the population 
sample (L

∞
 = Lmax * 1.05).

Natural Mortality (M) was calculated by 
empiric regression (Pauly 1980): 

M = K0.65 * L
∞
 -0.279 * T 0.463          (2) 

where M is Natural Mortality (year -1) and 
T is a mean temperature (23.4ºC).

Palomares and Pauly (1998) proposed using
empiric regression to estimate the Consum-
ption/Biomass rate (Q/B) as follows:

log QB = 7.964  - 0.204 log W
∞
 - 1.965 T’ 

+ 0.083 Ar + 0.532 H +  0.398 D        (3)

where QB is Consumption/Biomass rate 
(year -1); W

∞
 is Asymptotic Weight (g); T’ is 

mean annual temperature of water body, 
expressed as T’ = 1000/Kelvin (Kelvin 
= 23.4oC + 273.15), where 23.4 is the 
mean annual temperature of reservoir 
and floodplain; and Ar is the Aspect Ratio 
of the caudal fin (mm2). H and D are 
related to feeding behavior, i.e., H =1 for 
herbivores, D=1 for detritivores.

The Ar value was estimated as the average 
measurement for three or four individuals 
per species. Trophic Level (TL) for each 
species was based on an approach used in 
Ecopath (Christensen and Pauly 1993), i.e., 
TL is equal to 1 plus the weighted mean 
of the prey’s trophic level. Information 

about diet composition is provided in Hahn
et al. (1997) and Agostinho et al. (1997).

Paired t-tests were performed to inves-
tigate K value differences between time 
periods within each ecosystem and among 
ecosystems, separating reproductive 
behavior (migratory and sedentary) (Zar 
1996). Correlation analysis (Pearson r) 
was performed on all variable combinations.
 To control Type II error, p values were 
adjusted using the sequential Bonferroni 
test correction of Peres-Neto (1999). 
Overall, correlation coefficients between 
parameters are very weak and not 
significant (p<0.001), hence are not 
discussed in the results.

Results

Table 1 presents information and related 
estimated parameters for 35 species for 
different time periods and ecosystems, 
totaling 87 fish populations.

The auximetric plot (from the Greek 
auxesis - growth and metron - measure) 
shows that the smaller species have 
high values of K, while it is the opposite 
with the large ones. This pattern is 
not associated with the survey period 
(Figure 2). Paired t-test (n = 8, p < 0.004) 
demonstrated that K declined between 
time periods only for sedentary species 
such as S. borelii, S. spilopleura and 
T. paraguayensis. In the Itaipu reservoir, 
K values for sedentary species were 
more constant and showed no change 
for nine years after the closure of the 
dam (n = 10, p<0.89). Other comparisons, 
such as between ecosystems, time 
periods in the Itaipu reservoir, time 
periods of the migratory species, etc., 
showed no significant differences.

Discussion

The findings of this study are consistent 
with other studies that have proposed 
that smaller species have higher values of 
K (Pauly 1998a), for instance, the same 
asymptotic size, may be associated with 
various values of K (Figure 2), showing 
different strategies of the occupation of 
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the “available growth space” by species. 
These patterns are similar to those 
observed for fish species in other 
latitudes and ecosystems (Pauly 1998b).

K values decreased among the sedentary 
species in the floodplain, probably because 
these populations are affected by an 
irregular flood regime (Agostinho et al. 
1999, 2001) due to many upstream dams 
(26 reservoirs covering about 100 km2), 
while reservoir populations live in an 
environment with more stability.

The relationship assumed by some authors 
that Trophic Level increases with fish size 
(Pauly et al. 1998) is not clear for the 
Paraná species. The correlation (r = 0.36) 
was disproportionately influenced by the 
longest species (P. corruscans and 
P. luetkeni).

The compilation also indicated that Q/B 
varies inversely with L

∞
 and Trophic Level 

(see Table 1). García and Duarte (2002) 
showed similar trends for Caribbean 
fishes. Natural Mortality has a high 
correlation with L

∞
 and K, but since M is 

calculated by equation 2, these relation-
ships have no biological significance.

Estimates presented here should be useful 
for construction of Ecopath models, since 
in tropical regions like Brazil, ecological 
modeling is at a development stage 
(Angelini and Petrere 1996; Wolff et al. 
2000; Angelini and Agostinho 2005).
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Professor Robert Kearney is a remarkable 
man. We at WorldFish know him best 
through his long association with the 
Center as a Member and, ultimately, as 
Chair of the Board of Trustees. But his 
contributions to fisheries go far beyond 
WorldFish.

Prof. Kearney was one of the principal 
architects of research on Pacific Tuna, 
attracting some of the largest research 
grants of the time to study a vital fisheries 

resource. More recently his work has 
included modeling Australia’s fisheries 
production and consumption to 2050 
and beyond, reducing conflict between 
recreational and commercial fishers, 
and developing realistic approaches to 
the use of marine protected areas for 
conservation and fisheries management 
purposes. These are all topics of 
fundamental significance for fisheries 
management.

Prof. Kearney began his tenure at 
WorldFish, then known as ICLARM (the 
International Center for Living Aquatic 
Resources Management), in February 
1999 as a Member of the Board of 
Trustees. During his time with us the 
Board helped steer the organization 
through its move from the Philippines, 
its re-branding as the WorldFish Center 
and its transition to a new Director 
General. Prof. Kearney was appointed 
Chair of the Board in September 2002, 
representing the Center at the highest 
levels in the CGIAR.

According to former Director General 
of WorldFish, Dr. Meryl Williams: 
“Professor Kearney’s insights into 

WorldFish bids farewell to Prof. Robert Kearney 
after six years as a Member of the Board of Trustees and two years as Board Chair

Dr. Kuperan Viswanathan, affectionately 
know as ‘Koop’, Director of the WorldFish 
Center’s South Asia Portfolio, Officer 
in Charge of the Bangladesh Office and 
Project Leader of the Community Based 
Fisheries Management Phase 2, ended his 
tenure with the Center on 12 April 2005.

Dr. Viswanathan is a graduate of Universiti 
Putra Malaysia, and obtained his doctorate 
from the University of Rhode Island, USA. 
He joined WorldFish in 1999 to lead 
the Global Fisheries Co-Management 
project from its base in the Philippines. 
This involved working with 27 partner 

fisheries and aquaculture research for 
development were a valuable contribution 
to the Board, both in his time as Chair 
of the Program Committee and then 
as Board Chair. In addition, he played 
a special role in the turbulent times 
the Center experienced in its Pacific 
aquaculture program.”

When asked to comment on Prof. 
Kearney’s contribution, Dr Stephen Hall, 
the current Director General said, “As 
a strategic thinker on fisheries matters 
and as a mentor to me in my role as 
Director General, Bob Kearney has been 
outstanding. I cannot imagine a more 
committed and thoughtful partner or one 
who has done more to help position the 
Center for the future.”

Prof. Kearney is Emeritus Professor of 
Fisheries at the University of Canberra. 
During his career he has attracted more 
than A$20 million in research grants 
to improve fisheries and has authored 
over 150 scientific and technical papers. 
WorldFish Center has been fortunate to 
have him on the Board of Trustees. We 
thank him sincerely and we wish him well 
in his future endeavors.

organizations in 12 countries in Africa 
and Asia, systematically documenting 
their co-management experiences 
and testing the principles through 
case studies. He also initiated a 
number of other projects including 
“Fish Fights Over Fish Rights”, where 
his hypothesis demonstrated the 
role of conflict resolution in natural 
resources management as a way of 
providing non-traditional security 
to rural households. Kuperan also 
convened a number of successful 
international and regional conferences 
on ‘Fisheries Co-Management’.

Dr. Kuperan retires from the WorldFish Center
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Honorary 
Life Membership

Former ICLARM (now known as the 
WorldFish Center) staff member 
Dr. Roger S.V. Pullin was presented with 
an honorary lifetime membership of 
the World Aquaculture Society at the 
society’s recent annual meeting in Bali, 
9-14 May 2005. Dr. Pullin’s career at 
ICLARM spanned 21 years (1979-1999), 
during which time he served as Director 
of a number of different programs
– the Aquaculture Program, the Inland 
Aquatic Resource Systems Program 
(1984 to 1995), and the Biodiversity 
and Genetic Resources Program 
(1996 to 1999).

Prof. Bjørndal brings to the position a 
judicious mix of economics and fisheries 
– just the blend that the WorldFish 
Center is currently seeking. His academic 
credentials include a PhD in Economics 

from the University of British Columbia, 
which he received in 1985. The title of his 
dissertation “The Optimal Management 
of an Ocean Fishery” is as appropriate a 
subject for discussion today as it was then.

Prof. Bjørndal was appointed Professor 
of Fisheries Economics at the Norwegian 
School of Economics and Business 
Administration in 1990 and was Director 
of the Centre for Fisheries Economics 
1992-2000; for one period he was also 
Dean of the Faculty of Economics. He 
was Honorary Senior Research Fellow at 
University College London in 2001 and 
since 2002 is Visiting Professor at Imperial 
College, London and the University of 
Portsmouth.

Prof. Bjørndal was President of the 
International Institute of Fisheries 
Economics and Trade 1998-2000, has 
been guest or associate editor of Marine 
Resource Economics, Aquaculture Economics 

and Management and Annals of Operations 
Research, has been a consultant to 
the FAO, the Seafood Export Council 
of Norway and various government 
ministries, and he has managed numerous 
research projects.

Prof. Bjørndal has published textbooks 
on fisheries and aquaculture economics, 
and written extensively in scientific 
journals on topics such as open access 
and optimal management of fish stocks, 
the production function in fisheries 
and aquaculture, cost and productivity 
analyses in fishing, processing and 
aquaculture, market analysis for fish and 
fish products, and high seas fisheries 
management.

He was appointed to the Board of the 
WorldFish Center in 2002. We welcome 
him to his new position as Board Chair 
and look forward to this new period 
under his direction and leadership.

New WorldFish  Board Chair – Professor Trond Bjørndal
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The International Agricultural Centre (IAC, 
Wageningen-UR, the Netherlands) is organi-
zing a training program in co-operation 
with Wageningen University. The title of 
the program is Towards Participatory 
Fisheries Management and it consists of 
two modules. The first module, Fisheries 
Management: Perspectives, Information and 
Co-management, will be held during 3-21 
October 2005. The second module, Tools 
for Fisheries Co-management, will be held 
during 24 October -18 November 2005. 
The course is intended for staff of govern-
ment departments and non-government 
organizations, including fisher’s organizations 
and academic institutions engaged in 
fisheries policy making, monitoring and 
implementation of fisheries management 
and development programs, research, 
training and extension. The first module 
is more theoretical and deals with 
approaches, concepts, and assessment of 
catch and effort information. The second 
module deals with tools and techniques 
that can be useful to fisheries management 
practitioners working in close contact 
with fishing communities. One can apply 
for either one or both modules. Further 
information and application forms may be 
obtained from: International Agricultural 
Centre, P.O. Box 88, 6700 AB Wageningen, 
the Netherlands.
Tel : +31-317-495 495 
Fax : +31-317-494 395 
Email : training.iac@wur.nl
URL  : www.iac.wur.nl

Training Opportunity in Participa-
tory Fisheries Management

On 26 January this year two prestigious 
awards were conferred by the Gover-
nment of Australia to leaders of the 
WorldFish Center.

The Board Chair, Professor Robert 
Kearney was awarded the Member of 
the Order of Australia (AM) for his 
service to the sustainable management 
of fisheries resources and to the 
development of national and international 
research programs and policies. The 
Order of Australia was created in 1975. 
Recommendations for the award are 
approved by the Governor-General.

At the same time, the Director General, 
Dr Stephen Hall, was awarded the Public 
Service Medal (PSM) for his outstanding 
public service as Director of the 
Australian Institute of Marine Science. 
This medal was established in 1989 
to recognize outstanding service by 
members of Australian public services 
(Commonwealth, State and Territory) and 
other government employees.

Two WorldFish leaders 
recognized in the 2005 
Australia Day Awards

We are pleased to announce the ‘Third 
International Symposium on GIS/Spatial 
Analyses in Fishery and Aquatic Sciences’. 
The applications of spatial analyses using 
GIS in this field have lagged behind those 
of the terrestrial sciences. However, since 
the 1990s GIS has rapidly become an 
increasingly important and powerful tool. 
This tri-annual international symposium, 
previously held in 1999 and 2002, 
provides an opportunity for sharing 
experiences and discussing the latest 
developments. 

The symposium will have three themes 
(i) Effective and affordable GIS for 
developing countries (ii) Spatial fish stock 
assessment modeling and (iii) Spatial 
fisheries resources management. 

Further details on the conference can 
be found through the WorldFish Center 
website at http://www.worldfishcenter.org 
or direct at http://www.esl.co.jp/Sympo/
3rd/index.htm.

Third International 
Symposium on GIS 

Spatial Analysis

Dr T.V.R. Pillay, widely acknowledged as 
the “father” of modern aquaculture 
development in the world, passed away on 
9 February 2005 at Bangalore, India after 
being in a coma for about three weeks. 
He was 84. He has left behind a wife, son, 
daughter, daughter-in-law, granddaughter 
and innumerable professional friends and 
admirers all over the world. He strode 
the world of aquaculture like a colossus 
for several decades, both while serving in 

Dr. T.V.R. Pillay Passes Away
the FAO as coordinator of its Aquaculture 
Development and Co-ordination Program 
and after his retirement from the organi-
zation. He was the architect of the 1976 
Kyoto Declaration on Aquaculture, which 
envisaged technical co-operation among 
developing countries and was the prime 
motivator of the Bangkok Declaration for 
Aquaculture Development Beyond 2000. 
He has left his indelible footprints on 
the establishment and growth of several 

regional and inter-regional aquaculture 
establishments in all parts of the world. 
He was a beneficiary to and mentor of 
innumerable fisheries and aquaculture 
scientists all over the world.

Reprinted from Fishing Chimes February 
2005 with the permission of the author 
H.P.C. Shetty. The April 2005 issue of 
Fishing Chimes is dedicated to the 
memory of Dr. Pillay.
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Introduction

African fi sheries and aquaculture are at a 
turning point. The fi sh sector makes a vital 
contribution to the food and nutritional 
security of 200 million Africans and it 
provides income for over 10 million 
engaged in fi sh production, processing and 
trade. Moreover, fi sh has become a leading 
export commodity for Africa, with an 
annual export value of US$ 2.7bn. Yet 
these benefi ts are at risk as the exploita-
tion of natural fi sh stocks is reaching limit 
and aquaculture production has not yet 
fulfi lled its potential.

Strategic investments are needed urgently 
to safeguard the future contribution of 
Africa’s fi sh sector to poverty alleviation 
and regional economic development. 
Broadly, investment is needed to: (i) improve 
the management of natural fi sh stocks; (ii) 
develop aquaculture production; and (iii) 
enhance fi sh trade in domestic, regional 
and global markets. In support of this 
investment, capacity needs to be 
strengthened at both the regional and 
national level for research, technology 
transfer and policy development. As a 
fi rst step, stakeholders in the region 
need to build a common and strategic 
understanding of the importance of 
fi sheries and aquaculture for Africa’s 
development and of the challenges being 
faced by the sector.

The New Partnership for Africa’s 
Development (NEPAD) is taking the lead 
in developing regional priorities for future 
investments in fi sheries and aquaculture 
as part of its wider agriculture program. 
Following an invitation from HE President 
Olusegun Obasanjo, the WorldFish Center 
and FAO are supporting NEPAD in 
organising a Technical Symposium and Fish 
for All Summit for Africa in Abuja, Nigeria 
from 22-25 August 2005.

NEPAD-Fish for All Summit
Abuja, Nigeria 22-25 August 2005

The Abuja Summit will highlight how invest-
ments in fi sheries development will help 
African countries and their international 
partners to achieve their commitments to 
the UN Millennium Development Goals 
and the WSSD Plan of Implementation. It 
will support NEPAD’s role as a catalyst 
and facilitator of Africa’s socio-economic 
transformation agenda by bringing together 
key stakeholders from African Union (AU) 
member states, Regional Economic Com-
munities, civil society, scientifi c institutions 
and international organisations.

Objectives

The objectives of the Summit are:
• To establish a shared understanding 

among key stakeholders of the current 
status and likely future trends of 
African fi sheries and aquaculture.

• To identify priorities for the development
of fi sheries and aquaculture in Africa 
within the context of the NEPAD 
programme.

• To agree future directions for research 
and capacity building in support of 
these development priorities.

Format 
Dates Event

22-23 
August

Technical Symposium: New 
Directions for Fisheries and 
Aquaculture in Africa

24 August Nigeria Fisheries Day and 
Africa Fisheries Exhibition

25 August NEPAD Fish For All Summit

The Summit week will start with a 
two-day Technical Symposium on “New 
Direc-tions for Fisheries and Aquaculture 
in Africa” that will bring together experts 
and senior offi cials from AU member states 
to discuss findings of a comprehensive 
regional consultative process on the 
future of African fi sheries and aquaculture. 
Participants will be drawn from govern-

ment, academia, NGOs, and the private 
sector, and from the international 
development community. They will combine 
technical expertise and management 
experience in fi sheries and aquaculture as 
well as the related fi elds of rural develop-
ment, agriculture, marketing, water, and 
environment. It is anticipated that the 
number of participants in the technical 
symposium will be approximately 100.

The meeting will close with a one-day 
regional Summit at which the major conclu-
sions from the technical meeting will be 
presented, and the contribution of fi sheries 
and aquaculture to NEPAD’s agenda will 
be highlighted. It is anticipated that the 
number of participants at the Summit will 
be approximately 150.

Outputs

The Summit will produce two main outputs:
1. The Abuja Declaration on African 
 Fisheries and NEPAD.
2. A NEPAD Action Plan for investment 

in support of fi sheries and aquaculture 
development in Africa.

Preparation

The Summit will be hosted by the Nigerian 
Government and is being organised 
through the NEPAD Secretariat, FAO and 
the WorldFish Center, with the support of 
a consortium of partners. Three prepa-
ratory technical meetings will be held to 
develop the Action Plan. These meetings 
will focus on Inland Fisheries, Marine 
Fisheries, and Aquaculture, and will be 
held respectively in Lilongwe (30-31 May), 
Dakar (8-9 June), and Cairo (27-28 June).

Contact

For further information contact the 
WorldFish Center at: p.dugan@cgiar.org



NAGA, WorldFish Center Newsletter  Vol. 28 No. 1 & 2 Jan-Jun 200562

new publications

ISBN 983-2346-32-0

Biodiversity, Management 
and Utilization of West 
African Fishes
Edited by Eddie K. Abban, Christine Marie V. 
Casal, Patrick Dugan and Thomas M. Falk

The volume contains papers that were 
presented at the final project workshop 
held in July 2002 in Accra, Ghana under 
the auspices of the project titled Fish 
Biodiversity in the Coastal Zone: A Case 

Study on the Genetic Diversity, Conser-
vation and Sustainable Use in Aquaculture 
and Fisheries of the Black-chinned Tilapia 
(Sarotherodon melanotheron) in West African 
Coastal Lagoons and Watercourses. The 
project was supported by the German 
Bundesministerium für Wirtschaftliche 
Zusammenarbeit und Entwicklung (BMZ) 
through the Gesellschaft für Technische 
Zusammenarbeit (GTZ) and coordinated 
by the WorldFish Center.

ISBN 983-2346-34-7

Aquaculture Extension Impacts 
in Bangladesh: A Case Study 
from Kapasia, Gazipur
By Paul M. Thompson, Parvin Sultana and 
A.K.M. Firoz Khan

Six years after the introduction, through 
extension, of small scale aquaculture tech-
nology based on on-farm inputs, partici-
pants had continued to cultivate fish with 
the same yields (about 2.2 t/ha/year). 
Neighbors had also adopted aquaculture and 
had yields ranging between those of the 
participants in the extension program and 
those of pond owners in a control area 
with no extension. Aquaculture was also 
adopted in this control area by most of 
the pond owners, and their yields doubled. 
However, they were still half those of the 

extension participants. Extension participants 
tended to follow better practices with less 
waste of resources. More ponds were dug 
in the area with extension compared with 
the control area. Pond owners consume 
much more fish than the national average, 
but tend to sell cultured carps and eat more 
of the small fishes caught in the floodplains. 
The volume of fish traded in local markets 
increased eight times between 1991 and 
1999, with cultured fishes now dominating 
the markets. Although the success of 
aquaculture has seen a fourfold increase in 
fish production from ponds in the area, it 
has not compensated for the loss of wild 
caught small fishes from the floodplains. 
The relative price of small fishes has risen 
and landless people now eat less fish than a 
decade earlier.

ISBN 983-2346-33-9

Culture of Fish in Rice Fields
Edited by Matthias Halwart and Modadugu 
V. Gupta

Rice is presently grown in 113 countries. 
Rice farming also offers a suitable environ-
ment for the culture of fish and other 
aquatic organisms. This publication synthe-
sizes the available information on the role 
played by aquaculture in rice-based farming 
systems in providing food security and 
alleviating poverty.

The review describes the history behind 
integrating aquaculture with different rice 
ecosystems, the various production systems 
in operation (e.g., concurrent, rotational 
and alternate), the modifications needed to 
the fields in order to integrate fish with 
rice farming, and the agronomic and 

aquaculture management that is necessary. 
The economic and environmental benefits 
of integration to communities are also 
described, with reviews of the experiences 
from various countries.

The real impacts of rice-fish farming and its 
potential in terms of improved income 
and nutrition are significant but generally 
underestimated and undervalued. 
Notable changes have taken place in pest 
management in rice farming, and in fish 
seed production and availability, making 
this a particularly relevant moment for 
emphasizing the importance of rice-fish 
farming. There is considerable potential 
for rice-fish farming to expand further 
in many countries and to contribute 
substantially towards global food and 
nutritional security.
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new publications

ISBN 983-2346-35-5

Carp Genetic Resources for 
Aquaculture in Asia
Edited by David J. Penman, Modadugu V. 
Gupta and Madan M. Dey

There are over 1 300 species of cyprinids 
in Asia, which form an important part of 
the world’s aquatic biodiversity. Aquaculture 
and capture fisheries involving cyprinids 
are a vital part of the livelihoods of many 
millions of people in this region. The 
production of carps from aquaculture in 
Asia constitutes over half of world finfish 

aquaculture production. Further growth 
in human populations will increase the 
demand for carps as food, but may also 
threaten wild populations. This publication 
focuses on carp genetic resources for 
aquaculture in major carp producing 
countries of Asia viz., Bangladesh, China, 
India, Indonesia, Thailand and Vietnam, 
describing the species of importance, our 
current knowledge of the genetics of 
these species and genetic improvement 
of these species for aquaculture.

ISBN 983-2346-36-3

The Chambo Restoration 
Strategic Plan Proceedings of 
the national workshop held on 
13-16 May 2003 at Boadzulu 
Lakeshore Resort, Mangochi
Edited by Moses Banda, Daniel Jamu, Friday 
Njaya, Maurice Makuliwa and Alfred Maluwa

The Chambo (Orechromis karongae, O. 
squamipinnis and O. lidole) fisheries are 
essential to the food security of the 
majority of Malawians and a lifeline for 
rural and urban economies. The Chambo 
fisheries, however, have collapsed and 
urgent restoration is required. Successful 
restoration of the important Chambo 
fisheries demands a careful analysis of the 
problem and formulation of a strategic 
plan to implement relevant activities 
that will result in effective interventions 
in the fisheries. These proceedings give 
information on the process of developing 

a strategic plan for the restoration of the 
Chambo fisheries. The papers contained 
in these proceedings cover topics ranging 
from governance, policy, biology, ecology 
and socio-economics and, therefore, inform 
the reader of the scope of knowledge 
on the Chambo, the socio-economic 
and livelihoods context within which the 
people exploiting the resource operate, 
and past constraints to the management 
of the Chambo fisheries. The proceedings 
also contain recommendations on how to 
overcome the problems and a strategic 
plan for the restoration of the fisheries. It is 
hoped that the proceedings will emphasize 
to researchers in the natural and social 
sciences and development practitioners 
that a multidisciplinary approach is needed 
that puts the people utilizing the resource 
at the center of all activities involved if the 
Chambo fisheries are to be successfully 
restored.

Blue Genes – Sharing and 
Conserving the World’s 
Aquatic Biodiversity
By David Grear and Brian Harvey

By 2020, the world will be eating almost as 
much farmed fish as wild fish, marine bacteria 
could yield the cure for cancer and deep-
sea bacteria may be exploited to consume 
oil spills. The demand for genetic resources 
is growing rapidly - yet governance and 
policy lag far behind.

Blue Genes is the first book to tackle 
ISBN 1844071065

the issues of ownership and trade in 
aquatic genetic resources, including who 
is collecting aquatic genetic resources 
and why. The right of indigenous and local 
communities to have access to these 
resources is given special attention.

Blue Genes presents provocative case 
studies from four continents and concludes 
with specific policy recommendations for 
sharing and conserving aquatic resources.

Order directly from: 
http://www.earthscan.co.uk/


