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editorial
We need radical change in our development investment or we will not achieve the
Millennium Development Goals! That was the stark message from the United Nations
General Assembly in New York this September. Nowhere is this more evident than in
sub-Saharan Africa where 2005 has seen the specter of famine re-emerge in parts of west,
eastern and southern Africa.
There is however another reality of Africa, one that gets less media attention but one that
provides a great deal of hope. Across the continent a wide range of people in both urban
and rural areas are seizing new opportunities for improving their livelihoods. Enterprises
are developing at all levels of investment, building on household and community resources
and utilizing new technologies and improved access to growing markets. These initiatives
provide employment, generate income, and increase options for millions of families
across the continent. There is now growing recognition that over the coming decade this
entrepreneurial dynamic needs to be supported and developed as the engine of growth for
much of Africa.
What does this mean for ﬁsheries, aquaculture and the WorldFish Center? Our work
in Asia, and in recent years in Malawi, Cameroon and Egypt has emphasized the central
role that ﬁsheries and aquaculture play in the livelihoods of hundreds of millions of poor
people worldwide. More important still, this research has demonstrated just how valuable
carefully targeted investments in improved management of ﬁsheries and application of new
aquaculture technologies can be in improving income, nutrition and health.Yet, in much of
Africa, the opportunities presented by ﬁsheries and aquaculture have, in recent years, been
widely neglected in the policy debate and are largely absent from development investments.
Even where ﬁsheries are central to the livelihoods of hundreds of thousands of people and
to the diets of millions, they are often absent from national development plans and from
food security and nutrition strategies.
It was in recognition of this ‘African ﬁsheries paradox’ that the Government of Nigeria,
the New Partnership for Africa’s Development (NEPAD), the WorldFish Center, and the
United Nations Food and Agriculture Organization (FAO) joined with national, regional and
international partners to hold the NEPAD Fish for All Summit in Abuja, Nigeria from 22-25
August. Convened by His Excellency President Olusegun Obasanjo and bringing together
some 400 participants from across the continent, the Summit started with a two day
technical workshop that agreed a NEPAD Action Plan for Fisheries and Aquaculture. This
was followed by a day focusing on Nigeria’s ﬁsheries and an African ﬁsheries exhibition, and
culminated in the high level Summit. Under the chairmanship of President Obasanjo and
with the participation of the Vice President of the Gambia and 10 ministers representing
their Heads of State, the Summit adopted the Abuja Declaration on African Fisheries,
endorsed the NEPAD Action Plan and called for sustained commitment to realizing the
potential that ﬁsheries and aquaculture present for Africa’s development.
For the WorldFish Center and our partners, the challenge now is to build on the success
of the Summit, and on the political commitment it represents, to deliver the NEPAD Action
Plan. In support of this, NEPAD and WorldFish have signed an agreement to work together
to realize the full beneﬁts of Africa’s ﬁsheries and the continent’s aquaculture potential.
Over the coming years we will be increasing the Center’s investment in Africa in order to
help achieve this and ensure that Africa is a full participant in the Blue Revolution.
Dr. Patrick Dugan
Deputy Director General
WorldFish Center
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The mission of the WorldFish Center is to
reduce poverty and hunger by improving
ﬁsheries and aquaculture.
We aim for:
• poverty eradication;
• a healthier, better nourished human family;
• reduced pressure on fragile natural
resources; and
• people-centered policies for sustainable
development.
A way to achieve this:
Through research, partnership, capacity
building and policy support, we promote
sustainable development and use of living
aquatic resources based on environmentally
sound management. The research thrusts are:
• improving productivity;
• protecting the environment;
• saving biodiversity;
• improving policies; and
• strengthening national programs.
We believe this work will be most successful
when undertaken in partnership with
national governments and nongovernmental
institutions, and with the participation of
users of the research results.
Our corporate makeup:
WorldFish Center is an autonomous,
nongovernment, nonproﬁt organization,
established as an international center in
1977. The Center is an operational entity
with programs funded by grants from private
foundations and governments.
© WorldFish Center. All rights reserved. Use of this
material is encouraged; reproduction and dissemination,
in whole or in part, for educational or non-commercial
purposes are authorized without prior permission
from the copyright holder provided the source is fully
acknowledged. WorldFish Center would appreciate
receiving notiﬁcation, and a copy, of any publication that
uses this material as a source.
The opinions expressed in NAGA are those of the
contributors, and are not necessarily shared by the
WorldFish Center, its partners or investors.

WorldFish Center is one of the 15 international
research centers of the Consultative Group on
International Agricultural Research (CGIAR)
that has initiated the public awareness
campaign, Future Harvest.
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Summit Meeting in Nigeria
African ﬁsheries and aquaculture are at
a turning point. The ﬁsh sector makes
vital contributions to the food and
nutritional security of 200 million Africans
and provides income for over 10 million
engaged in ﬁsh production, processing
and trade.
The New Partnership for Africa’s
Development (NEPAD) has taken a
signiﬁcant step forward by developing
regional priorities for future investments
in ﬁsheries and aquaculture as part of its
wider agriculture program. The WorldFish
Center and FAO recently supported
NEPAD in organizing a Technical
Symposium and Fish for All Summit for
Africa following an invitation from His
Excellency the President of Nigeria,
Chief Olusegun Obasanjo. The Summit
was held in Abuja, Nigeria from 22-25
August 2005.
The program included two days of
technical meetings where representatives
of government, academia, NGOs, private
sector and international development
agencies discussed with senior African
Union ofﬁcials the ﬁndings of a series of
regional consultations held prior to the
Summit. These took place in Lilongwe
(Inland Fisheries, 30-31 May), Dakar
(Marine Fisheries, 8-9 June), and Cairo
(Aquaculture, 27-28 June).
The meeting allowed key stakeholders
to obtain a shared understanding of the
current status and likely future trends of
African ﬁsheries and aquaculture, and to
agree on the priorities for development
and the future directions for research
and capacity building in this important
economic sector.
Two policy briefs were prepared by the
WorldFish Center that outline the status
of ﬁsheries in Africa (Fish and Food
Security in Africa) and the important

4

Delegates at the Fish for All Summit.

Preparations for the opening ceremony.
contribution that ﬁsheries make towards
achieving the Millennium Development
Goals (Fisheries and the Millennium
Development Goals: Solutions for Africa).
In the presence of HE the President of
Nigeria, The Abuja Declaration on Sustainable Fisheries and Aquaculture in
Africa was adopted by the Heads of State
Meeting of the NEPAD Fish for All
Summit on 25 August 2005, along with
the NEPAD Action Plan for Fisheries and
Aquaculture Development in Africa.
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Le Meridien, Abuja, site of the 2005
Fish for All Summit meeting.
Details of the Summit and technical documents can be found at www.ﬁshforall.org

"Fish for All" is an initiative of the
WorldFish Center, a credible, global
science and policy dialogue for instilling
urgency into the issues at hand through
the active participation of senior policy
makers, opinion leaders and researchers.
Fish is a key ingredient on the global
menu, a vital factor in the global
environmental balance and an important
basis for livelihoods worldwide. It needs
to be placed where it belongs: high on the
global agenda and integrated into thinking,
action and policies at the highest levels by
all nations.
In less than 50 years, the world’s average
per capita consumption of ﬁsh has
almost doubled. As overall demand for
an adequate supply of ﬁsh continues to
increase, we are forced to face the fact
that this level of demand may not be
met. Trying to meet it may cause
long-term, irreversible damage to the
environment and limit the future options
of many people.

Fish for All is led by a Global Steering
Committee made up of prominent
leaders from the North and South.
They include:
• Prof. M.S. Swaminathan (UNESCO
Cousteau Chair in Ecotechnology)
• Mrs. Francine Cousteau (President, The
Cousteau Society)
• Prof. Peter Doherty (Nobel Prize
winner in Medicine)
• Prof. Kenji Hotta (Chair PACON
International and Professor of Nihon
University, Japan)
• Tun Dr. Mahathir Bin Mohamad
(Former Prime Minister of Malaysia)
• Hon. Chief Olusegun Obasanjo
(President of the Republic of Nigeria)
• Dr. Ismail Serageldin (Former Chair of

•

•

•

•
•

the CGIAR and Head of the Library of
Alexandria)
Hon. Leticia Ramos Shahani
(Presidential Advisor for Culture, Ofﬁce
of the President of the Philippines)
H.E. Dr.Youssuf Wally (Deputy Premier
and Minister of Agriculture and Land
Reclamation, Egypt)
Dr. Robert T. Watson (Co-chair of the
Board of the Millennium Assessment,
Chief Scientist and Director ESSD
– The World Bank)
Prof. Muhammad Yunus (Managing
Director, Grameen Bank)
Prof. A.H. Zakri (Co-chair of the Board
of the Millennium Assessment; Director
of the Institute of Advanced Studies,
The United Nations University)

The ultimate goal of Fish for All is to
establish ﬁsh-related matters as a
signiﬁcant issue on world economic and
environmental agendas. In order for this
to occur, leaders must understand the
realities and complexities of the subject of
ﬁsh in the modern, global context. Those
with inﬂuence must also recognize the
need for positive developments, which
must suggest the multiple and meaningful
next steps that should be taken to ensure
a positive impact on those people whose
futures depend on ﬁsh.
The Fish for All initiative was launched
at a Summit meeting in November
2002 in Penang, Malaysia and was
followed by a national launch in India in
December 2003.

Successful harvest.

R. Brummett
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Pre-Summit Africa-wide Consultations
The NEPAD-Fish for All initiative brought together ﬁsheries experts from over 20 African countries and regional organizations
for three consultative workshops in May and June 2005, in Malawi, Senegal and Egypt. The meetings provided a technical review
of development options for inland ﬁsheries, coastal and marine ﬁsheries, and aquaculture, respectively, and proposed a number of
priority areas for further investments. The results of the consultations were discussed in technical meetings at Abuja (22-23 August,
2005) and fed into the preparation of the NEPAD Action Plan for Fisheries and Aquaculture. Three technical review papers were
prepared following the regional consultations and abstracts/summaries are given below. The complete texts can be downloaded
from www.ﬁshforall.org.

Inland Fisheries in Africa
Key issues and future investment
opportunities for sustainable
development
Neiland, A.E., Chimatiro, S., Khalifa, U., Ladu,
B.M.B. and Nyeko, D.
This paper provides an overview of the
current understanding of issues affecting
inland ﬁsheries in Africa, a sub-sector
which presently helps to underpin the
livelihoods and food security of thousands
of people. African inland ﬁsheries have the
potential to contribute even further to
pro-poor growth and poverty reduction
through a number of routes including
local enterprise development and regional
and international trade.

with a high utility value for ﬁshery managers;
the development of cost-effective and
pragmatic ﬁsheries information systems;
and capacity-building in ﬁsheries systems
analysis; (ii) The policy process, including
support for the strategic assessment of
national and regional policy frameworks;
and the establishment of a policy advisory
programme and unit in each country/
region; (iii) Fisheries management systems,
including support for a comprehensive
strategic analysis of inland ﬁsheries
management in each country; capacity
building and investment; and the
establishment of a series of Fisheries
Management Projects on all major
inland ﬁsheries; (iv) Fiscal frameworks
and investment strategies, including
support for institutional reforms; policy,
institutional and legal reform; and support

for investments in infrastructure and
legal and ﬁnancial systems; (v) Networks,
partnerships and coalitions, including
mechanisms at different levels – local
ﬁsheries fora, partnership programmes
at national levels, and international
networks.
One of the main ﬁndings of this review is
that while inland ﬁsheries have signiﬁcant
potential to contribute to sustainable
development in Africa in the future, this
potential is currently threatened by the
weak performance of the associated
ﬁsheries policy and ﬁsheries management
systems. Through appropriate and timely
investments to address these weaknesses
in the present, the future beneﬁts from
well-managed ﬁsheries for people in
Africa will be ensured.

There are ﬁve sections to the paper: First,
an introduction to inland ﬁsheries in Africa
and their importance for future investment. Second, an outline of the approach
and methodology used for the review.
Third, a general proﬁle of inland ﬁsheries
in Africa is presented, identifying and
describing major characteristics. Fourth,
the major issues affecting inland ﬁsheries
in Africa and their likely future impact
are identiﬁed and analyzed. A series of
illustrative case-studies is included.
Finally, a ﬁfth section identiﬁes a number
of investment possibilities for the future
in the following ﬁve areas: (i) Information,
analysis and knowledge, including the
identiﬁcation of new research programmes

6

Monitoring fish growth, Malawi.
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too current and which explains to a
large extent the general overexploitation
of ﬁsheries resources (and not only in
Africa). Next, the paper suggests the
basis for a new vision, allowing a rational
and long-lasting management of these
resources with a certain prioritizing
of topics. Finally, the paper suggests
some necessary investments, taking
into consideration the discussions and
objectives of NEPAD.

Fish catch, Lake Chilwa.
R. Brummett

Coastal and Marine Fisheries
Towards a new vision for the
sustainable use and management
of ﬁsheries resources in Africa
Moctar Bâ, Abdellatif Berraho, Clotilde
Bodiguel, Stephen Cunningham and Yunus
Mgaya
This paper was prepared within the
framework of the NEPAD Fish for All
consultations. A preliminary version was
presented during an advisory workshop
on the coastal and marine ﬁsheries of
Africa held in Dakar, Senegal, June 8-9,
2005. The ﬁnal version beneﬁts from
the comments of the participants of the
workshop but the conclusions in the
paper are those of the authors only.
The objective of the paper is to identify
the problems affecting the coastal and
marine ﬁsheries sector in Africa in order
to identify the investments necessary
for sustainable use of the resources.
This paper, with its limited length, is not
intended to review all the problems
concerning African ﬁsheries. It is structured
around thematic highlights, which do not
necessarily relate to all countries in the
region to the same extent. The countries
cited are used as illustrative examples.
The paper starts by presenting an “old”
vision of ﬁsheries and their management,
a vision which remains, unfortunately,

The ﬁsheries resources of Africa represent
an important source of wealth, but the
objectives of the ﬁsheries policies in the
majority of countries have been directed
only towards increasing production.
Insufﬁcient attention has been paid to the
long-term value of these resources and
the (renewable) wealth that they are able
to create.
To create a system with sustainable returns
one needs powerful management. This
is lacking in many countries. As long as
this problem remains unsolved, other
aspects of ﬁsheries policy are destined to
fail (e.g., the development of added value
to marine products and technological
developments to reduce the costs of
utilization). Thus, the most urgent problem
to solve for coastal and marine ﬁsheries
in Africa concerns the need for major
changes in the management of ﬁsheries:
strategies, tools and institutions.

Hidden Harvests and Marine
Fisheries
Unlocking the Potential of
Aquaculture in Africa
Muir, J.F., Gitonga, N., Omar, I., Pouomogne,
V. and Radwan, I.
This review paper aims to provide an
authoritative analysis of current understanding of key issues with regard to
aquaculture development in Africa. It
considers the range of production systems
from small-scale subsistence pond
culture to intensive commercial pond and
cage culture, in both inland and coastal
systems. It was prepared by a group of

regional sector specialists, in consultation
with a range of agencies and development
practitioners, as a resource for the NEPAD
workshop on aquaculture held in Egypt on
27-28 June, to review issues, investment
requirements and policy aims for the
sector. The workshop ﬁndings were
used to guide and inform the NEPAD
Fish for All Summit convened by the
NEPAD Secretariat with the assistance
of the WorldFish Center and FAO at the
invitation of HE the President of Nigeria,
Chief Olusegun Obasanjo.
The paper considers the recent history
of aquaculture production in Africa
compared with other regions of the
world. In the entire African region, only
Egypt has achieved the scale of change
observed elsewhere. However, the
conditions for market-led growth of
aquaculture in Africa are now improving,
and this realization has promoted
considerable development and private
investment initiatives. A number of
the elements needed to provide the
conditions and incentives for growth are
summarized.
It is clear that the achievement of the
goal of aquaculture development in Africa
will require a broad strategy guided by
clear perspectives on the means by which
output can be enhanced, resources used
efﬁciently, and on how beneﬁts can be
made accessible to target populations
through production, primary and
secondary employment, consumption
and food security. It will also require
signiﬁcant mobilization and engagement of
the key agents, with a shared perspective
on opportunities and approaches. This will
require an approach to investment which
is well guided and well informed, based on
speciﬁc and up-to-date knowledge, shared
amongst stakeholders at a range of levels.
The paper identiﬁes the major elements
of sectoral change, showing the main
partners who would be expected to share
responsibility and action, together with
broad measures of achievement.
Full text versions at: http://www.ﬁshforall.
org/ffa-summit/review_papers.asp
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Fish and Food Security in Africa
C. Béné and S. Heck

Today, in sub-Saharan Africa, one out of
every two people (49%) lives on less than
$1 a day (World Bank 2004a). While in
other regions chronic hunger is receding,
in sub-Saharan Africa malnutrition is still
rising in both absolute and relative terms.
More than one third (34%) of the subSaharan African population is undernourished (FAO 2003) – an increase of 9 million
since the 1996 World Food Summit – with
dramatic and sometimes irreversible
consequences on the physical, social and
economic development of the communities
concerned. Between 15 000 and 20 000
African women die each year (41–55
every day) due to severe iron-deﬁciency
anemia.Vitamin A deﬁciency in children
is common across the whole continent,
contributing to the deaths of more than
half a million African children annually
(UNICEF 2004).
Fish, as a source of “rich food for poor
people”, can play an important role in
improving Africa’s food security and
nutritional status; more than 200 million
Africans eat ﬁsh regularly (Box 1). Fresh,
but more often smoked, dried, or even as
powder, ﬁsh is a critical source of dietary
protein and micronutrients for many
isolated communities in rural areas. Fish
may also be the sole accessible and/or
affordable source of animal protein for
poor households in urban or peri-urban
areas. Nutritionally, ﬁsh is therefore one
extremely important direct source of
protein and micronutrients for millions of
people in Africa. But ﬁsh also contribute
indirectly to national food self-sufﬁciency
through trade and exports. In equivalent
terms, 50% of the low-income food
deﬁcit countries’ import bill for food
was paid in the year 2000 by receipts
from ﬁsh exports.

8

Box 1. Food security, nutrition and poverty
Food insecurity remains one of the most visible dimensions of poverty and is generally the
ﬁrst sign of extreme destitution. “Food security”, deﬁned by FAO as “a condition when all
people, at all times, have physical and economic access to sufﬁcient, safe and nutritious food
to meet their dietary needs and food preferences for an active and healthy life”, concerns
not only food production and distribution but also has social, economic and institutional
dimensions. A household achieves nutritional security when it has secure access to food
(i.e., food security) coupled with a sanitary environment, adequate health services and
knowledgeable care to ensure a healthy life for all household members.

Table 1. African countries with per capita fish supply greater than 20 kg and/or a
fish proteins/animal proteins ratio greater than 20%.
Country

Per capita ﬁsh supply
(kg)

Fish proteins/animal
proteins (%)

Angola

6.6

27.1

Benin

9.4

28.5

Burundi

3.2

29.6

Cape Verde

25.3

30.6

Comoros

20.2

61.8

Congo Dem. Rep.

5.7

31.0

Congo Republic

25.3

48.8

Cote d’Ivoire

11.1

36.9

Equatorial Guinea

22.6

61.9

Gabon

44.6

35.0

Gambia

23.7

61.7

Ghana

22.5

63.2

Liberia

4.9

23.0

Guinea

16.0

60.2

Malawi

5.7

37.7

Oman

24.1

21.5

Sao Tome and Principe

21.4

61.5

Senegal

36.3

47.4

Sierra Leone

13.4

63.0

Tanzania

10.3

33.6

Togo

17.3

50.2

9.8

30.0

Uganda

Source: Anon (2000).
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Table 2. Nutritional value of catfish (per 100 g); numbers differ according to species.
Nutrient

Quantities

Protein

18.2

g

Iron

0.82

mg

9.0

mg

Calcium
Iodine

Unit

0.1

mg

Potassium

321

mg

Vitamin A

0.02

mg

Vitamin B2

0.1

mg

Vitamin B6

0.2

mg

Poly-unsaturated fatty acids
Other minerals, vitamins, micronutrients

Source: US Department of Agriculture (2002).

Direct Contribution of Fish to
Food and Nutrition Security
Protein and calorie intake
FAO estimates that ﬁsh provides 22% of
the protein intake in sub-Saharan Africa.
This share, however, can exceed 50% in
the poorest countries (especially where
other sources of animal protein are scarce
or expensive). In West African coastal
countries, for instance, where ﬁsh has

In Africa, vitamin A deﬁciency kills
half a million children annually.
been a central element in local economies
for many centuries, the proportion of
dietary protein that comes from ﬁsh is
extremely high: 47% in Senegal, 62%, in
Gambia, and 63% in Sierra Leone and
Ghana (Table 1). Equally important is the
ﬁsh’s contribution to calorie supply.
Where there is a lack of alternative
locally produced protein and/or where a
preference for ﬁsh has been developed
and maintained, ﬁsh can provide up to
180 calories per capita per day.

Micronutrient supply
The importance of ﬁsh as a crucial
element in diets, especially the diets of
infants, young children and pregnant
1
2

women, is now widely recognized. In
low-income countries, staples such as rice,
wheat, maize and cassava make up the
bulk of the food consumed by the people,
and they supply the majority of energy
and nutrients. However, some essential
nutrients are not found in these staples,
or are found only in small quantities,
for example, iron, iodine, zinc, calcium,
vitamin A and vitamin B. These nutrients
must be supplied by other foods. The
ﬁsh contribution in the supply of these
elements can be particularly important
(Table 2) as well as in the supply of
fatty acids that are necessary for the
development of the brain and body.

Fish: A rich food for poor people
Over large parts of sub-Saharan Africa,
ﬁshing for subsistence plays a central role
in sustaining human well-being. For those
who cannot afford to buy food – especially
not meat – ﬁsh obtained through the

Fish is an indispensable source of
micronutrients such as iron, iodine,
zinc, calcium, vitamin A and vitamin B.
household’s own ﬁshing efforts (subsistence)
is essential; it can make the difference
between good and bad nutrition, between
recovered health and prolonged illness, or
between food security and starvation.

These subsistence catches are not simply
the ﬁsh brought back home by full-time
ﬁshers as part of their remuneration
share or their daily catch. These ﬁsh are
also, even mainly, those big or small ones
caught by the youngest son on the edge
of the river after school hours, or speared
in seasonal ponds by the wives or the
daughters during collective ﬁshing festivals,
or caught by the men in the ﬂoodplain
during the ﬂood recession season. For
these ﬁsh, the commercial value (a few
dollars) does not reﬂect the invaluable

A few hundred grams of ﬁsh consumed
at a subsistence level, can make the
diﬀerence between good and bad
nutrition, between recovered health
and prolonged illness, or between
food security and starvation.
contribution in terms of proteins, calories
and micronutrient intake for the entire
family. Studies have shown that in many
regions, ﬁsh – unlike many other highprotein foods – is consumed more equally
among household members, including
women and children. Additionally, the fact
that women may not systematically need
men to acquire these ﬁsh on a subsistence
basis reinforces the fundamental role
that ﬁsh can play in food and nutritional
security in Africa.
While ﬁsh as a subsistence product is an
important source of direct food security
for ﬁshing households, the generation
of incomes derived from wages in the
ﬁsheries sector or from ﬁsh trade is
often even more important as an
indirect contribution to food security.
Inland and coastal ﬁsheries and related
ﬁsh processing and trading provide fullor part-time employment to between
6 and 9 million people in sub-Saharan
Africa1. Using a (conservative) ratio of
1 to 5 for household size, a total of
some 30 to 45 million people (men,
women and children) in Africa therefore
depend indirectly on ﬁsh for their
livelihoods2.

Compiled by the authors from various sources.
This estimate does not take into account trans-sectoral linkages to other rural activities and services (multiplier effects).
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Fish market, Zambezi.

Indirect Contribution of
Fish to Food and Nutritional
Security
Food security through employment
for the poor
In many parts of Africa, small-scale ﬁsheries
and related activities (trade, processing)
provide income to rural communities
where alternative employment opportunities are scarce or even non-existent. In
these situations small-scale ﬁsheries, ﬁsh
processing and trade provide people with

Some 30–45 million people in Africa
depend on ﬁsh for their livelihoods.
an important, and sometimes crucial, form
of safety-net that helps protect them
against the effects of agricultural product
price volatility, macro-economic crises,
structural reforms, harvest failures, political
turmoil and other factors that threaten
rural stability and food security. In this
way small-scale ﬁsheries substitute and/or
complement other economic activities
and help households sustain their standard
of living and food purchasing power.

Women, ﬁsh processing and food
security
For women in particular, ﬁsh processing
and trading provide a very important
livelihood support. In West and Southern

10

Fish farmers, Malawi.

Africa, women dominate the processing,
retailing and local trading. Because smallscale processing and/or trading at local
markets require relatively few investments,
have generally low operational costs, do
not require strong physical strength and
can be undertaken by unskilled labor, they
provide opportunities for a large number
of women, many from the lowest strata
of the community where they lack education, literacy and the ﬁnancial capital to
engage in other activities. For them, many
of whom are heads of households, ﬁsh
therefore represent the primary – and
sometimes the only – source of income. In
Western Province of Zambia three quarters
of the women involved in the ﬁsh trading
activities are single-headed households.

Many of the women involved in
trading lead single-headed households. For them ﬁsh represent the
primary – and sometimes the only
– source of income to support their
livelihood and their children.
HIV/AIDS and ﬁsh in sub-Saharan
Africa
In several countries in southern Africa
(South Africa, Malawi, Zambia) over 30%
of the adult labor force lives with HIV.
Beyond the dramatic impacts on those
men and women who are infected, the
pandemic also affects the livelihoods of
the millions of others (elders, children,
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wives and husbands) who were initially
depending upon this labor force for their
livelihoods. This situation is causing an
increase in food insecurity in the entire
region by breaking the already fragile
balance between labor, work and food
entitlements. Fish, and in particular
cultured ﬁsh (e.g., in small garden ponds),
can play a mitigating role in this crisis
as the work has a low physical labor
requirement, the product has high
nutritional properties and it can generate
cash that can be used to purchase other
foods and medication (Box 2).

Fish Food Security in Africa:
Past, Present and Future
Fish supply in Africa and its impact
on ﬁsh food security
Fish supply in Africa is in crisis. Per capita
consumption in sub-Saharan Africa is the
lowest in all regions and it is the only
part of the world where consumption is
declining (Figure 1). The main reason for
this decline is the leveling off in capture
ﬁsh production and the still-growing
population. Just in order to maintain the
current level of per capita supply of ﬁsh
in sub-Saharan Africa (6.6 kg/year) up to
2015, ﬁsh production (capture ﬁsheries
and aquaculture) must increase by 27.7%
over this period. This assumes an average
annual population growth of 1.9% over
the period 2002–2015 (World Bank 2004b).

Unfortunately, returns from Africa’s
capture ﬁsheries are stagnating and
access to food, incomes and livelihoods
for the small-scale ﬁshers who depend
upon them are likely to reduce further.
As demand for ﬁsh and competition for
access to ﬁshing areas increase, lower
income groups are likely to become
marginalized, replaced by more powerful
groups with growing interests in these
scarce natural resources.

Box 2. Fish farming as a ‘low-labor solution’ for HIV/AIDS affected households
In Malawi, small-scale ﬁsh ponds offer a valuable addition to local farming systems without
substantially adding to the labor burden—an option that has been taken up by HIV/AIDS
affected households, including those headed by widows and orphans. These families show
improved nutritional status through ﬁsh consumption, and use income from ﬁsh sales to
obtain further health services, including HIV/AIDS care. In recent nutrition studies, ﬁsh has
been shown to contain combinations of proteins, vitamins and minerals that help fortify
affected persons against the susceptibility to secondary diseases, while improved nutrition
also increases the effectiveness of anti-retroviral drugs. AIDS orphan groups in Zambia are
now following the example set in Malawi.

An alternative is aquaculture, or ﬁsh
farming. Worldwide aquaculture provides
38% of total ﬁsh production, an increase
from 16% only 15 years ago. In subSaharan Africa, however, aquaculture
supplies less than 2% of ﬁsh production.
The potential for very substantial growth

to reach levels such as those in Asia is
extremely high. FAO projections show
that with just 5% of the suitable areas
used, Africa could meet its ﬁsh production
target.The task, however, remains enormous.
Based on 1997 levels, aquaculture would
have to increase by 267% by 2020 to
maintain the current ﬁsh consumption
level in Africa (Delgado et al. 2003).

Fish trade: Economic opportunity or
threat to food security?
Historically, income generated through
ﬁsh food trade has been beneﬁcial for
the developing world as a whole, and the
international trade in ﬁshery products
continues to be of great importance.
Between 1980 and 2001, the net receipts
from ﬁsh trade by developing countries
increased from US$ 3.4 billion to US$
17.4 billion. This is a higher growth rate
than the increase in the net exports of
other agricultural commodities such as
coffee, bananas, rice and tea (FAO 2003).
However, while developing countries as
a whole are projected to continue to be
net ﬁsh exporters in 2020, sub-Saharan
Africa’s current ﬁsh trade deﬁcit is
expected to worsen 9-fold, increasing
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Africa is the only continent in the
world where ﬁsh supply per person is
declining.
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Figure 1. Actual trends and 2020 projections of per capita fish supply in the world
and in sub-Saharan Africa (SSA). Source: Delgado et al. (2003).
from 54 thousand metric tonnes in 1997
to 492 thousand metric tonnes in 2020
(Delgado et al. 2003). In this context,
careful analysis is required if current
export strategies adopted by some African

While developing countries as a whole
are projected to continue as net ﬁsh
exporters, sub-Saharan Africa’s
current trade deﬁcit is expected to
deteriorate 9-fold by 2020.
countries to target other continents’
markets (Europe, Asia, America) are not to
undermine local and regional food security.
Two issues are of particular concern.
First, while the ﬁsh removed from African
markets can in principle be replaced
(in theory) by imports, and the foreign

exchange earnings generated through
ﬁsh exports can stimulate national
economies in multiple ways, the beneﬁts
of international trade versus the stimulus
to local economies through increased
local processing and national and regional
trades have not been fully analyzed or
demonstrated (Kurien 2004). At the
present moment what is certain, however,
is that market failure is more the norm
than the exception for the rural poor in
Africa and efﬁcient redistributing trickledown mechanisms are yet to be created
in much of the sub-Saharan continent.
Second, too strong a focus on
international export can be detrimental
to Africa’s local food security because
it removes policy-makers’ attention,
research and management efforts, and
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donor support away from the small-scale
ﬁsheries which supply local, provincial
or even national markets, and refocuses
these limited resources on the exportoriented industrial or semi-industrial
ﬁsheries. This situation has important
consequences, in particular

International ﬁsh-export strategies
don’t simply remove ﬁsh physically
from African markets, they also
remove policy-makers attention from
‘local’ ﬁsheries.
where local ﬁsheries contribute signiﬁcantly
to local diets and where local trade
provides a powerful economic engine
indirectly supporting the food security of
small-scale processors and traders.

The Way Forward
Investments in ﬁve major areas will
improve the contribution of ﬁsh to food
security in Africa.
1. Provide support for small-scale, labor
intensive coastal and inland ﬁsheries.
2. Promote small-scale rural and periurban aquaculture entrepreneurships.
3. Improve ﬁsh market chains through
local small-scale investments.
4. Favour local, national or regional ﬁsh
trade within Africa.
5. Monitor the changes and feed back the
information into the decision-making
process.

Supporting capture ﬁsheries
Capture ﬁsheries will continue to provide
the bulk of ﬁsh food in Africa for many
decades. Sustained efforts are therefore
needed to support, promote and protect
small-scale labor-intensive (both coastal
and inland) ﬁsheries. Investments in
applied research and capacity building will
be required to improve and strengthen
the socio-institutional mechanisms
underpinning the ﬁsheries management
process. But investments to improve
environmental management are also
required to sustain ﬁsheries, especially in
inland ﬁsheries where increasing pressure

12

Lake Chilwa fish market.

on land and water (through e.g., irrigated
agriculture, hydro-power dams) is leading
to high environmental degradation. These
inland ﬁsheries provide the basis of the
livelihoods – and therefore the indirect
support to food security – for millions of
people, usually amongst the less educated
and unskilled labor in Africa.

Developing aquaculture
Aquaculture will play an increasing role
in food security in Africa. Small-scale
integrated ﬁshing-farming systems will
provide alternative and/or additional
employment opportunities for growing
rural populations in remote areas. Closer
to the urban centers, in peri-urban
areas, opportunist micro or small-scale
enterprises will mushroom, driven by
the increasing demand of the urban
population for higher-quality ﬁsh products.
Finding the appropriate institutional
settings (either public, private or publicprivate partnerships) that ensure the
creation and maintenance of efﬁcient
extension services to support these new
rural and peri-urban micro-enterprises,
will require substantial investment and
capacity building.
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Improving value-added through
better market chains
In many parts of Africa, post-harvest
losses exceed 30% of the catch. This
has a double impact on food security
by reducing income for producers and
reducing the total quantity of ﬁsh
available to consumers. Because of weak
market infrastructure and facilities in
rural areas, the majority of the ﬁsh
– especially in inland ﬁsheries – is still
marketed as dried and/or smoked
products. Local public and private
investments are urgently needed to
support small-scale marketing initiatives
in these areas. Such initiatives could
improve food and nutritional

The majority of ﬁsh is still marketed
as dried or smoked products.
security dramatically for both producers
and (rural and urban) consumers, through
better income for the producers and
better quality and more quantity for the
consumers, while also helping to stimulate
rural development and foster economic
empowerment of women traders.

Increasing beneﬁts from local,
national and regional ﬁsh trade
Local and regional ﬁsh trade in Africa is
already very substantial but it has the
potential to expand further and help
stimulate markets at multiple levels.
Regional cooperation and appropriate
national policies can have a major impact
in fostering trade and reinforcing national
and regional food security.

Supporting decision-makers with
relevant information
Effort should be made to monitor the
impacts of ﬁsh supply and trade (changes
in market structures, changes in prices,
etc.) on the food availability and nutritional
status of the national population. This
monitoring – which should be made in
partnership with national health services
– will then have to be fed back into the
ﬁsheries management systems and other
relevant decision-making arenas, to
improve and strengthen the role of ﬁsh as
a critical element of food and nutritional
security in Africa.
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Fisheries and the Millennium Development
Goals: Solutions for Africa
C. Béné and S. Heck

Africa, and in particular sub-Saharan
Africa, stands out as facing tremendous
difﬁculties in achieving even modest
progress towards the Millennium
Development Goals (MDGs). Today,
over 46% of Africans live in absolute
poverty – a ﬁgure that is steadily rising.
Life expectancy has fallen further to 46
years; in some countries to below 35
years. Child mortality and malnutrition,
HIV/AIDS and other diseases continue
to paralyze social and economic
development (Box 1). In this dire situation,
innovative and diversiﬁed interventions
are needed, including support to growth
sectors in local economies. Fisheries,
clearly, do not hold all the answers to the
vexed questions about achieving the MDGs
in Africa, but they do offer a key entry
point to reach millions of poor people
on the continent and to assist them in
increasing their income, improving the
nutrition and health of their families,
and becoming active agents of economic
development and social change.
Box 1. Sub-Saharan Africa in 2002.
• 46.5% live on less that $1 a-day
• 76.3% on less than $2 a-day
• Over 40% of children do not ﬁnish
primary education
• Over 30% of children undernourished
• Under-5 mortality: 171 per 1,000 live
births
• Maternal death risk: 1 in 16
• HIV/AIDS rate among young women:
9%; over 12% in eastern and southern
Africa
• More than 3.5 million new HIV/AIDS
infections in 2002
• Life expectancy: 46 years; in some
countries below 35 years
Source: World Bank (2004).
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Table 1. Fish availability in selected African countries (2001).
Country

Fish production in mt

Per caput ﬁsh supply
in kg/year

Fish as percentage of
animal protein intake

Ghana

451 287

30.1

69%

Tanzania

336 200

7.1

27%

Zambia

69 200

6.5

21%

Malawi

41 187

3.6

28%

5 192 892

6.6

22%

142 592 428

15.8

15%

SSA
World

Source: FAO (2004).
Fish already makes a vital contribution to
the food and nutritional security of 200
million Africans and provides income for
over 10 million mostly small-scale ﬁshers,
farmers and entrepreneurs engaged in ﬁsh
production, processing and trade. In addition, ﬁsh has become a leading export
commodity for Africa, with an annual
export value of US$ 2.7 bn.Yet these
beneﬁts are at risk as the exploitation of
natural ﬁsh stocks is reaching limits,
ﬁsheries management and trade increasingly
target global markets, and aquaculture has
not yet fulﬁlled its potential as a major
source of ﬁsh supply for the continent.
As a result, per capita ﬁsh supply in subSaharan Africa (SSA) has declined to a
world-low of 6.6 kg/year, at a time when
global supply is still growing (Table 1). To
redress these trends, key investments are
needed to improve resource governance,
production, markets and nutritional
development. Assuming an average annual
population growth rate of 1.9% from
2002-2015, total ﬁsh production must
increase by 27.7% over this same period
just in order to maintain current levels
of per capita supply. This is a tremendous
challenge, but also an opportunity to
utilize the existing human and physical

NAGA, WorldFish Center Quarterly Vol. 28 No. 3 & 4 Jul-Dec 2005

resources for developing a sustainable ﬁsh
economy for the continent. By seizing this
opportunity there is enormous potential
for investments in ﬁsheries development
to make vital contributions to meeting
the MDGs in Africa.

The MDGs and entry points
for ﬁsheries
The MDGs express the shared commitment made by the global community to
ﬁght poverty. They take the bold step of
identifying concrete targets and a 2015
timeline for achieving them. The MDGs
take a holistic view of development,
recognizing that poverty has many faces
and arises from a variety of different causes.
While a simple and uniform indicator is
chosen to refer to an absolute poverty
line – ‘living on less than a US$ 1 a-day’ –
the MDGs make it very clear that poverty
is not only, and perhaps not primarily,
about income and expenditure. It is, very
importantly, about human well-being,
social opportunities, economic conditions
and a healthy natural environment.
Accordingly, the MDGs are an interlinked
set of objectives that call for crosssectoral planning and implementation.

The contributions of ﬁsheries to the MDGs
are of two kinds: direct contributions to
speciﬁc goals and indirect support to all
the goals through enhanced livelihoods. It
is a strength of ﬁsheries, and in particular
of small-scale ﬁsheries, that it enables
millions of poor ﬁshers, processors and
traders to diversify their livelihood
strategies on the basis of income and
commercial skills while at the same time
supplying vast numbers of poor consumers
with essential nutrition.
The MDGs are being supported through
numerous programs at national, regional
and global levels. Nineteen African
countries are using multi-sectoral Poverty
Reduction Strategy Papers (PRSPs) closely
aligned to the MDGs to provide overall
policy, planning and investment orientation
at the national level. While PRSPs rarely
identify ﬁsheries as an investment sector,
it is evident in many countries that their
objectives will, in part, depend on strong
and poverty-focused ﬁsheries development.
The direct contributions from ﬁsheries to
GDP are especially high in countries with
marine and export ﬁsheries (over 5% of
GDP in many West African countries).
However, in many other countries with
strong artisanal inland ﬁsheries, beneﬁts
to the national economy are dispersed
through large numbers of small-scale
producers. These, nevertheless, form the
backbone of many local economies and
generate substantial revenue to local
governments. Spanning artisanal ﬁsh
production and industrial export trade,
Uganda’s lake ﬁsheries, for example,
produce ﬁsh worth over US$ 200 million
a year; employ 135 000 ﬁshers and 700 000
small-scale operators in processing, trade
and associated industries; generate
US$ 87.5 million in export earnings; and
contribute 2.2% to GDP (The Republic of
Uganda 2004).
Regionally, the New Partnership for Africa’s
Development (NEPAD) has taken on the
MDG agenda and is becoming a leading
proponent of an integrated approach to
development.Within NEPAD’s Comprehensive African Agricultural Development
Programme (CAADP), ﬁsheries has been

recognized as a key instrument for
increasing productivity, ensuring food
security, improving market access for the
rural poor and strengthening Africa’s
performance in global markets. There are
great opportunities for utilizing the development potential of ﬁsheries at a regional
level, including intra-African trade and
joint external trade negotiations, shared
resources management, technology
exchange and human capacity building.

Key contributions from
ﬁsheries to the MDGs in
Africa

degree of ﬂexibility, a wide distribution of
beneﬁts, and relatively easy entry points
for the poor. Small-scale ﬁsheries serve
as ‘safety nets’ for the poor, both rural
and urban, who might join ﬁsheries, often
temporarily, in response to special needs
or declining opportunities elsewhere.
On the other hand, the same ﬁsheries
can also drive economic and commercial
development, often linking remote ﬁshing
areas to national and regional markets.
To safeguard this dual function and the
accruing income beneﬁts, ﬁsheries
development objectives need to integrate
subsistence and commercial interests.

Goal 1: Extreme poverty

Goal 2: Hunger

More than 10 million people on the
continent depend on ﬁsheries as an
essential commercial activity. Over 2.5
million ﬁshers create further business
opportunities for more than three times
as many processors, traders and microenterprises in associated industries. For
most of them ﬁsheries provides their main
source of income. Over 99% of African
ﬁshers are engaged in labor-intensive,
small-scale ﬁsheries under a variety of
ownership and employment arrangements,
including subsistence and market production.
What they all have in common is a high

Of Africa’s 800 million people, more than
200 million regularly eat ﬁsh. For them,
ﬁsh is an important part of their nutrition,
accounting, on average, for 22% of their
animal protein intake – up to 70% in some
countries. In addition, ﬁsh provides vital
vitamins, minerals, fatty acids and other
micro-nutrients crucial to a healthy diet.
Fish is particularly important for the poor,
as it is often the most affordable source
of protein.Yet, ﬁsh supply in Africa is in a
crisis. Africa is the only part of the world
where ﬁsh supply per person is declining,
while at the same time it is already at the

Woman and child, drying the fish catch.
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lowest level by far (6.6 kg/person/year in
1997). This is of particular concern given
the lack of any alternative source of the
animal protein and other nutrients supplied
by ﬁsh for the majority of ﬁsh consumers.
The supply crisis is a combination of
stagnant production from capture ﬁsheries
and growing populations. Many natural
ﬁsh stocks are declining and ﬁsh farming
(aquaculture) has not yet substantially
developed in sub-Saharan Africa, contributing less than 2% of ﬁsh supply. If population growth continues as projected, subSaharan Africa will need about 61% more
ﬁsh per year in 2020 just to maintain the
current consumption level.

Goal 3: Primary education
The contribution that can be made by
ﬁsheries to the goal of universal primary
education is signiﬁcant but indirect. Poverty
and irregular income are leading causes
of low educational attainment in Africa.
Income from ﬁsheries provides important
seasonal continuity in many agricultural
communities. Studies throughout the
continent show that school attendance
is higher among children in households
where women have independent income.
In addition, these children tend to receive
better nutrition and health care and
achieve higher educational standards.
Supporting women’s business opportunities in ﬁsheries is, therefore, an important
contribution to the educational development of their children.

Goal 4: Women’s opportunities
Women are strongly engaged in artisanal
ﬁsh-processing and small-scale ﬁsh trading all
across Africa. It is conservatively estimated
that around ﬁve million women (some
50% of the total ﬁsheries workforce)
derive their income from these activities
and have increased their social participation as a result. While in many countries
women entrepreneurs are well organized
in associations and safeguard their business
opportunities successfully at the local
level, they continue to be vulnerable to
broad shifts in economic policy. Increased
export-orientation of previously local or
regional ﬁsheries, for instance, competes
with artisanal processing and threatens to
compromise women’s access to ﬁsh
at landings.
Women also play a key role in ensuring
that nutritional beneﬁts from ﬁsh reach
other members of their households
and communities. The food security of
children and other vulnerable groups
depends importantly on whether women
obtain ﬁsh through their own involvement
in processing and marketing, rather than
having to rely on men’s income.

Goals 5 & 6: Child and maternal
health
Persistently high child mortality ﬁgures
are among the most alarming statistics in
Africa. About 60% of deaths in the under-

Rural aquaculture.
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ﬁve age group are attributed to malnutrition, with mineral, vitamin and protein
deﬁciencies standing out as leading causes.
In many parts of the continent, ﬁsh has
been the main source of these vital
nutrients, especially among the poor. In
addition, recent studies associate low birth
weight, another leading factor in child
mortality, with insufﬁcient supply of
omega-3 fatty acids during gestation.These
acids can be obtained almost exclusively
through ﬁsh and are equally important for
the mental and neurological development
of infants. Fish consumption during pregnancy and lactation further improves the
nutritional and health status of women,
thus reducing susceptibility to diseases.

Goal 7: HIV/AIDS and other diseases
Fishing communities offer an urgent and
strategic entry point for HIV/AIDS support
in many parts of the continent. Fishing
communities are estimated to have among
the highest HIV/AIDS prevalence rates in
Africa. Studies suggest that these may be
up to ﬁve times as high as in surrounding
farming communities (Ainsworth and
Semai 2000). At the same time, ﬁshing
communities show very a feeble coping
capacity against the impact of this disease
and experience severe threats to their
livelihoods based on their weak physical
health. Even in countries with large HIV/
AIDS support networks, few support
services focus on or even include ﬁshing
communities who are often migratory

R. Brummett

Yellow mullet.
and transient. It is particularly through
this mobility that ﬁshers contribute to
the spread of HIV/AIDS in the region
(UNAIDS 1999).
In Malawi, small-scale ﬁsh ponds offer a
valuable addition to local farming systems
without substantially adding to the labor
burden – an option that has been taken
up by HIV/AIDS affected households
including by those headed by widows
and orphans. These families show
improved nutritional status through ﬁsh
consumption, and use income from ﬁsh
sales to obtain further health services,
including HIV/AIDS care. In recent
nutrition studies, ﬁsh has been shown to
contain combinations of proteins, vitamins
and minerals that help fortify affected
persons against the susceptibility to
secondary diseases, while improved
nutrition also increases the effectiveness
of anti-retroviral drugs. AIDS orphan
groups in Zambia are now following the
example set in Malawi.

sector. A major challenge for safeguarding
the future of ﬁsheries in Africa is to ﬁnd
ways of reducing the level of overﬁshing
in many of the region’s water bodies.
This can only be achieved when ‘ﬁsheries’
is considered within people’s wider
economic and social context so that
alternative sources of livelihoods can be
identiﬁed and supported. Other factors
driving the decline in ﬁsh production
include the environmental degradation
of aquatic ecosystems and the growing
demands between competing users of
water. Here, the needs and beneﬁts of
ﬁsheries must gain a much higher proﬁle in
wider ecosystem management approaches
and investment planning than in the past.
In these cases, ﬁsheries can then become
a major rationale for conservation and
environmental management measures.

Goal 9: Partnerships through trade
Fish is the most highly traded food
commodity in the world. Over 40% of all
ﬁsh cross international borders between
the point of capture and consumption.
This is also true in Africa. Over the past

20 years, the continent has turned from
a net importer to a net exporter of ﬁsh.
Today, ﬁsh exports are valued at US$ 2.7
billion annually, while ﬁsh products worth
US$ 700 million are imported each year
(FAO 2004). For eleven African countries,
ﬁsh products make up more than 10% of
the total value of national exports, in 14
countries over 25% of agricultural exports.
On the other hand, there is concern that
ﬁsh trade agreements between African
exporting countries and their import
markets are often not conducive to good
ﬁsheries management and governance.
This is especially the case in marine
ﬁsheries, where historically foreign ﬂeets
have typically harvested ﬁsh in African
waters and exported them without much
control by African countries. Some smallscale inland ﬁsheries are also witnessing a
shift in ofﬁcial policy towards ﬁsh exports,
marginalizing artisanal ﬁshers and smallscale processors and traders, and withdrawing ﬁsh from local and regional markets.
The implications of changing trade policies
need to be fully understood so that trade
partnerships can be utilized as vehicles for
development, as envisaged in the MDGs.

Goal 8: Environmental management
As pressure from resource users has
increased, in particular from commercial
ﬁshing ﬂeets, so many of Africa’s ﬁsh
stocks have been pushed to their limits.
Effective ﬁsheries management measures
based on participatory and transparent
decision-making are still the exception, yet
progress has been made through community
participation and co-management arrangements in inland and coastal ﬁsheries. If
scaled up and shared around the continent,
these local experiences can also provide
lessons for good governance of common
pool resources beyond the ﬁsheries

Casting the nets.

C. Béné
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Solutions for Africa:
Capturing ﬁsheries for the
MDGs

aquaculture, improved market access
can stimulate intensiﬁcation and wider
adoption of new production technologies.

Improving food and nutrition
security

Investing in governance

The declining supply of ﬁsh per person in
Africa is alarming and places a priority on
increasing ﬁsh supply to consumers on
the continent. A combination of efforts is
needed, including:
• stabilizing capture ﬁsheries production
through better governance of aquatic
resources;
• developing aquaculture aimed at
growing urban and rural markets;
• improving processing and marketing of
ﬁsh nationally and in the region; and
• pursuing balanced ﬁsheries
management objectives that integrate
external trade with domestic and
regional food security goals.

Accelerating enterprise
development
Fishers, processors, traders and the
growing number of ﬁsh farmers form
an extensive reservoir of entrepreneurs
who can serve as agents of economic
development in otherwise often remote
areas. Their energy can be galvanized by
improving access to markets through new
developments in policy and infrastructure,
backed up by enhanced business skills
and small-scale credit for trade. These
investments will help diversify commercial
activities as well as bring improvements
to poor consumers in the supply and
nutritional quality of ﬁsh products. For
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Fisheries resources are coming
under increasing pressure from overinvestments in ﬁshing, competing
water uses for development, and
environmental degradation. Advances
made in ﬁsheries governance through
co-management, community participation
and decentralization need to be further
fostered to develop management tools
that are workable in a complex and
diffused decision-making environment
such as ﬁsheries.

Conclusion
To accelerate progress towards achieving
the MDGs and ensure that incremental
achievements can be sustained in the
long-term, future investments need to
target the key vehicles for social and
economic development by 2015 and
beyond. Fisheries is one of these. It has
demonstrated that it can generate wealth
for African families and nations, distribute
beneﬁts widely and cost-effectively among
women and the poor, make unique and
vital nutritional contributions to human
development, and provide leverage to
address strategic questions of resource
governance.
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The Abuja Declaration
on Sustainable Fisheries and Aquaculture in Africa
Adopted by the Heads of State Meeting of the NEPAD Fish for All Summit, Abuja, Nigeria, 25 August 2005
Economic Community of West African States Secretariat
Abuja, Nigeria, 25 August 2005

We, the Heads of State and Government, meeting in Abuja, Nigeria, on the
occasion of the NEPAD Fish for All Summit, on 25 August 2005,
Embracing the principles of the NEPAD vision of Africa’s development,
its objectives to eradicate poverty, achieve food security and build the
foundations of sustainable development in the region;
Noting the strategic guidance provided by NEPAD’s Comprehensive Africa
Agriculture Development Programme (CAADP);
Recalling the provisions of international and regional declarations and
instruments on ﬁsheries, food security, ocean governance, trade, the aquatic
environment and transboundary waters, in particular the 2000 United
Nations Millennium Declaration and Millennium Development Goals, the
2002 Johannesburg Declaration on Sustainable Development and the
Johannesburg Plan of Implementation;
Recognizing the dependence of millions of our people on ﬁsheries and
aquaculture for their livelihoods, for food and nutrition, and for economic
well-being and commerce, and recognizing the importance of ﬁsheries in
the social fabric of our communities and in poverty alleviation;
Conscious of the potential for increased beneﬁts from sustainable ﬁsheries
and aquaculture and the opportunities to meet the ever-increasing demand
for food ﬁsh in our countries, our region and globally;
Gravely concerned by the depletion of ﬁsheries resources, the degradation
of aquatic environments, and the threats to sustainable ﬁsheries and
aquaculture;

DO HEREBY RESOLVE, without prejudice
to the sovereign rights, obligations, and
responsibilities of our countries under
relevant international law and relevant
treaties and agreements, to:
1. Support regional cooperation in
ﬁsheries and aquaculture through
NEPAD, Regional Economic Bodies
and Regional Fisheries Management

Organizations, including in the management of transboundary and shared
aquatic resources and ecosystems;
2. Support national actions to accede to,
to ratify, and to implement international
conventions for the sustainable use and
protection of the living aquatic
resources and the aquatic environment
of the region;

3. Implement the provisions of the FAO
Code of Conduct for Responsible
Fisheries, in particular through improved
governance of ﬁsheries; ensuring the
environmental sustainability of
ﬁsheries; examining means to progressively
replace “open access” to ﬁsheries
resources with “limited-access regimes”
and introduction of rights-based
ﬁsheries; taking steps to control ﬂeet
and ﬁshing capacity; and ensuring an
equitable balance of resource allocation
between small-scale and industrial ﬁshers;
4. Empower ﬁshing and ﬁsh farming
communities, civil society and stakeholder organizations to effectively
participate in policy-making, planning
and implementation processes, with
particular reference to the equitable
allocation of resources, and the rights
of the poor and disadvantaged;
5. Ensure that ﬁsheries and aquaculture is
adequately reﬂected in the national and
regional economic policies, strategies,
plans and investment portfolios,
including poverty reduction and food
security strategies;
6. Foster the development of an appropriate investment climate for ﬁsheries
and aquaculture, including legal and
institutional reform and enforcement
where required, improved incentives
and access to capital for private
investors, and strategic public sector
investments;
7. Direct particular attention to harnessing
the potential and entrepreneurship of
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small-scale ﬁshers, ﬁsh farmers, ﬁsh
traders and service providers and
their associations, including women
entrepreneurs who have been leading
the development of ﬁsh processing and
trade in much of the continent;
8. Foster small, medium and large-scale
aquaculture production in a sustainable
and environment-friendly manner
compatible with the rational use of
land and water resources and evolving
market opportunities;

to living aquatic resources and aquatic
biodiversity; and take measures to
prevent or mitigate adverse impacts of
aquaculture on the aquatic and coastal
environment and communities;
11. Promote trade in artisanal and
industrial ﬁsh products to respond to
regional and global market opportunities for African ﬁsh products, including
by removal of intra-regional trade
barriers, developing common approaches
and positions on international trade
in ﬁsh and ﬁshery products, and on
harmonizing standards on products
traded in the region;

9. Build human and institutional capacity
at national and regional levels with
particular emphasis on training
institutions, transferring appropriate
technologies and knowledge to small
producers, and ensuring a rational
and scientiﬁc basis for management
decisions and design of programs;

12. Pursue these objectives through
NEPAD and Regional Economic
Communities, in collaboration with
international partners in science and
development;

10. Conserve and rehabilitate aquatic
environments and habitats essential

13. Contribute to the creation of an
enabling environment for sustainable

ﬁsheries and aquaculture development
by facilitating the adaptation of
existing regional, national, and local
institutions and regulations to the
changing requirements of the sector
and its challenges and opportunities;
14. Call upon the international
community to provide the ﬁnancial
and technical support required to
implement sustainable African
ﬁsheries and aquaculture through
aligned and harmonised partnership
arrangements and in pursuance of
NEPAD’s vision and principles for action;
AND DO HEREBY DECIDE, that the
Resolution be implemented as soon
as possible and that the Plan of Action
prepared and adopted as a part of the
NEPAD-Fish for All Summit process be
used as a guideline for formulating and
implementing policies, programs, projects,
and strategies at national, regional and
continental levels.

The NEPAD Action Plan for the Development
of African Fisheries and Aquaculture
Executive Summary
NEPAD recognizes the vital contributions
by African inland and marine ﬁsheries to
food security and income of many millions
of Africans and to poverty reduction and
economic development in the continent.
It further recognizes the growing opportunities and emerging successes of
aquaculture development in the region.
Within the framework of the Comprehensive Africa Agriculture Development
Program (CAADP), a series of regional
technical consultations were held that
identiﬁed the primary areas for investment
to safeguard and further increase these
beneﬁts, together with a ﬁrst set of priority
actions in each. The NEPAD Action Plan
for Fisheries and Aquaculture Development in Africa describes these investment
areas for inland ﬁsheries, coastal and
marine ﬁsheries, and aquaculture:
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For Inland Fisheries:
• Improving ﬁsheries governance and
deﬁning resource access, in particular
for the poor
• Enhancing productivity through postharvest management
• Sustaining production through
integrated water resource management
• Supporting transboundary management
• Improving market access, in particular
for small-scale producers, processors
and traders
• Promoting enterprise development
through enabling institutions and policy
frameworks
• Strengthening consideration of inland
ﬁsheries in national and regional
policies and actions on food security

For Coastal and Marine Fisheries:
• Preparation and implementation of
long-term ﬁsheries management plans
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and supportive policies for sustained
production
Building capacity of African countries to
harness the full beneﬁts of marine and
coastal ﬁsheries
Improving ﬁsheries governance and
participatory management
Improving management of the coastal
and marine environment
Strengthening the access of African
ﬁsheries to regional and international
trade in ﬁsh products
Supporting post-harvest activities through
adequate investments and policies
Promoting enterprise development
through enabling institutions and policies
Strengthening consideration given to
coastal and marine ﬁsheries in national
and regional policies and actions on
food security

For Aquaculture:
• Developing sector-wide strategies
at national level for expansion and
intensiﬁcation of aquaculture
• Supporting priority aquaculture zones
• Encouraging private-sector investment
across the sector
• Applying proven technologies to
increase production
• Maintaining the competitive advantage
that Africa’s environment provides for

R. Brummett
aquaculture production
• Harnessing the opportunities for small
and medium enterprise development
provided by expanding domestic
markets for ﬁsh, including growing
urban demand
• Supporting the emerging regional trade
in aquaculture products
• Harnessing the opportunity of
expanding export markets for highvalue products to increase investment
in African aquaculture production and
processing
• Expanding the adoption of integrated
small-scale aquaculture as a means of
increasing rural productivity and food
security
• Exploiting the potential of aquaculture
production to contribute to food
security programs
If investments are made across these areas
it is projected that the stagnating or
declining ﬁshery production in the region
can be stabilized and, in a few cases,
expanded. By improving processing and
access to regional and global markets
through improved policies and publicprivate partnership investments in quality
control capacity, market information
systems, and sector management, it is
expected that their contributions to

Imraguen fishing for yellow mullet,
Mauritania.
socio-economic development can be
enhanced and diversiﬁed. In the case
of aquaculture, substantial growth in
sustainable production can be achieved.
To guide these investments and enhance
sustainability of impact, several crosscutting areas need to be supported.
These include the development of
sector-wide strategies for ﬁsheries and
aquaculture using economic planning
approaches and a comprehensive
value-chain perspective. Regional capacity
for research and development needs to
be strengthened; and technical expertise
in the region needs to be supported
through networking and improved
communications.
It is proposed that implementation of
this Action Plan should follow a ‘piloting’
approach, with Fast-track Programs to
be identiﬁed for immediate action. These
should focus on areas of strategic regional
importance and current growth and will
provide a learning process for subsequent
expansion of activities. In addition, it
is essential that pertinent lessons and
experiences from other regions and
sector are effectively applied to accelerate
the development of African ﬁsheries and
aquaculture.
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This Action Plan serves as an Africawide framework for developing speciﬁc
interventions by stakeholders at Regional
Economic Community and national levels,

taking into account their on-going initiatives
and development priorities.This will enable
these stakeholders to draw on NEPAD –
CAADP for expanding the scope of their

successful initiatives, addressing critical
capacity and strategy needs, and linking
with relevant knowledge and technologies
in other regions of Africa.

Summary of Priority Investment Areas
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NEPAD Objective

Inland Fisheries

Marine Fisheries

Aquaculture

Improved
Productivity

• Improving ﬁsheries governance
and deﬁning resource access, in
particular for the poor
• Enhancing productivity through
post-harvest management

• Preparation and implementation
of long-term ﬁsheries
management plans and
supportive policies for sustained
production
• Building capacity of African
countries to harness the full
beneﬁts of marine and coastal
ﬁsheries
• Improving ﬁsheries governance
and participatory management

• Developing sector-wide
strategies at national level for
expansion and intensiﬁcation of
aquaculture
• Supporting priority aquaculture
zones
• Encouraging private-sector
investment across the sector
• Applying proven technologies to
increase production

Environmental
Sustainability

• Sustaining production through
integrated water resource
management
• Supporting transboundary
management

• Improving management of the
coastal and marine environment

• Maintaining the competitive
advantage that Africa’s
environment provides for
aquaculture production

Market Development
and Trade

• Improving market access,
in particular for small-scale
producers, processors and
traders
• Promoting enterprise
development through enabling
institutions and policy
frameworks

• Strengthening the access of
African ﬁsheries to regional
and international trade in ﬁsh
products
• Supporting post-harvest
activities through adequate
investments and policies
• Promoting enterprise
development through enabling
institutions and policies

• Harnessing the opportunities for
small and medium enterprise
development provided by
expanding domestic markets
for ﬁsh, including growing urban
demand
• Supporting the emerging
regional trade in aquaculture
products
• Harnessing the opportunity of
expanding export markets for
high-value aquaculture products
to increase investment in African
aquaculture production and
processing

Food Security and
Nutrition

• Strengthening consideration of
inland ﬁsheries in national and
regional policies and actions on
food security

• Strengthening consideration of
coastal and marine ﬁsheries in
national and regional policies
and actions on food security

• Expanding the adoption
of integrated small-scale
aquaculture as a means of
increasing rural productivity and
food security
• Exploiting the potential of
aquaculture production to
contribute to food security
programs
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Comparative Study of Hatching Rates of
African Catﬁsh (Clarias gariepinus Burchell 1822)
Eggs on Different Substrates
S.K. Macharia, C.C. Ngugi and J. Rasowo

Abstract
The hatching rates of African catﬁsh (Clarias gariepinus) eggs on four natural substrates: the roots of Nile
cabbage (Pistia stratiotes), water hyacinth (Eichhornia crassipes), pond weed (Ceratophyllum dermasum)
and green grass leaves (Commelina sp.), and four artiﬁcial substrates: sisal mats, nylon mats, papyrus mats
and kakaban mats, was assessed. Concrete slabs were used as control. The natural substrates performed
better than the artiﬁcial ones. Pistia roots gave the best mean hatching rate of 66.2 ± 3.62%. Green
grass leaves were second with a mean rate of 54.0 ± 3.46%, water hyacinth was third with 49.7 ± 3.16%
and Ceratophyllum fourth with a mean of 13.0 ± 2.37%. Concrete slabs gave a mean rate of 18.6 ± 2.8%,
sisal mats 18.6 ± 2.0%, papyrus 12.2 ± 1.2% and kakaban 11.8 ± 1.9%. Nylon mats were the last, with a
mean rate of 4.0 ± 0.7%. The best performing natural substrates were those with the ability to ﬂoat and
thin ﬁbrous roots that seemed to allow higher aeration of the eggs during incubation. The cost of using
natural substrates was minimal.

Introduction
Clarias gariepinus, currently synonymous
with C. mossambicus, C. lazeras and
C. senegalensis, is endemic to Africa and
ranges from Natal and the Orange River
in South Africa through Central, West,
East and North Africa where it is under
culture (Teugels 1986). The widespread
distribution is a reﬂection of their ability
to tolerate a wide range of environmental
parameters. Clarias species have rapid
growth, a high reproductive potential
and sturdy resistance to environmental
variations (Clay 1977; Hetch et al. 1988;
Hogendoorn 1980). C. gariepinus spawn
naturally in ﬂoodplains during the rainy
season, and spawning is induced by rise in
water levels (Pillay 1990). However, seed
collection from the wild is unreliable and
limited to the rainy season.
Demand for C. gariepinus ﬁngerlings in
Kenya, both for aquaculture and as bait,
has increased substantially in the last few
years. The Fisheries Department estimates
that the demand for C. gariepinus ﬁngerlings for aquaculture activities is 10 million

per year, while the demand for use as bait
in the Lake Victoria capture ﬁsheries is
about 18 million ﬁngerlings per year.
(Government of Kenya Fisheries Department 1998). The government supplies
about 5 million catﬁsh ﬁngerlings per year
through the ﬁsh farms of the Fisheries
Department and the Lake Basin Development Authority (LBDA). There is overreliance on the government as the producer
and supplier of ﬁsh seed as there are no
established private ﬁngerling producers.
The culture of C. gariepinus in Kenya is
still low in volume as indicated by the
production data (Government of Kenya
Fisheries Department 1998). In 2001,
total aquaculture production was 1 000 t
and C. gariepinus contributed only 2 %
of this (Government of Kenya Fisheries
Department 2002). In contrast, tilapia
production accounted for 48% of
aquaculture production over the same
period (Maitha et al. 2002; Owiti 2002).
There is an urgent need to increase the
supply of seed through the development
of simple and efﬁcient seed production

and management protocols that are easy
to adopt by small-scale ﬁsh farmers
themselves. The aim of this experiment
was to test several simple, readily available
and low-cost substrates for hatching
C. gariepinus eggs.

Materials and Methods
The study was carried out at Kibos Fish
Farm of the Lake Basin Development
Authority in Kisumu District, Nyanza
Province, Kenya. At the start of the
experiment, mature broodstock were
seined from the broodstock pond and
transferred to concrete hatching tanks.
The ripe males and females were selected
and their weights measured and recorded.
They were acclimatized to the hatching
tanks for one day without feeding. To
induce spawning, the selected females
were injected with pituitary suspensions
obtained from sacriﬁced male or female
ﬁsh of similar size. After 12 hours, the
eggs were stripped into a dry bowl and
fertilized with milt obtained from the ripe
males. One male was used to fertilize
eggs from three females. The fertilized
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eggs were then incubated on different
test substrate materials. A bird’s feather
was used to spread the eggs evenly on
the substrates in bunches of 600-1 200
eggs. The natural substrates tested were
roots of Nile cabbage (Pistia stratiotes),
water hyacinth (Eichhornia crassipes), pond
weed (Ceratophyllum dermasum) and green
grass (Commelina sp.) leaves. The artiﬁcial
substrates tested were kakaban mats,
sisal mats, papyrus mats and nylon mats,
all with an equal surface area of
1 350 cm2. Concrete slabs were used
as the control as they are widely used
as a hatching medium in Kenya. All the
test substrates were put in ﬂow-through
concrete troughs. Water temperature
was maintained at 22.9 ±1.1 ºC, D.O.
at 5.9 ± 0.2 mgl-1, pH at 7.0 ± 0.5 and
conductivity at 648 ± 10.2 µs throughout
the period of the experiment. The
percentage of hatching was obtained by
using the formula as stipulated in Viveen
et al. (1985). The cost of using each of
the hatching substrates was assessed by
accounting for all expenses incurred for
each of the methods assessed. Completely
Randomized Block Design (CRBD) was
used to allocate 600-1 200 eggs into each
of the experimental units.
The resulting hatching rates were
analyzed by two-way analysis of variance
(ANOVA). Multiple comparison analysis
was used to assess any heterogeneity.
The Multiple Range Test was used to
discriminate among means (Zar 1984).
The tests were at the 95% signiﬁcance
level (p<0.05). The two-way ANOVA was
also carried out to assess for differences
between the hatching rates of eggs from
different female spawners.

Results
The hatching rates of the eggs on natural
substrates were signiﬁcantly higher than
on the artiﬁcial ones. The mean rates were
66.2, 54.0, 49.7 and 13.0% for Pistia, green
grass leaves (Commelina sp.), E. crassipes
and C. dermasum, respectively (Figure 1).
The difference between the means of
the four data samples was statistically
signiﬁcant at the 95% conﬁdence level.
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Figure 1. The percentage hatching rates using different test substrates.
The multiple range tests revealed that
all the means were signiﬁcantly different
from each other except for one pair – the
difference between green grass leaves and
water hyacinth roots was insigniﬁcant.
Three groups of means were identiﬁed,
with C. dermasum performing between
15-18%, the green grass leaves (Commelina
sp.) and E. crassipes roots rates falling
between 43-60%, and the Pistia rates
ranking the highest at between 62-76%.
The difference between the means of
the hatching rates of all the artiﬁcial test
substrates was also statistically signiﬁcant.
The hatching rates of the eggs on this
category of substrates were generally low,
with the highest being 18.6% for both the
concrete slabs (control) and sisal mats.
The other mean rates were 4.0, 11.8, and
12.2 for nylon, kakaban, and papyrus mats,
respectively (Figure1). The difference
between the means of the four data
samples was also statistically signiﬁcant
at the 95% conﬁdence level.
Multiple range tests revealed that all the
means for the artiﬁcial substrates were
statistically different from each other.
However, for two pairs of means – the
concrete slab and sisal mats; and kakaban
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and papyrus mats – the difference within
each pair was insigniﬁcant. Three groups
of means were identiﬁed in ranking the
substrates performance. Nylon performed
below 8% and was ranked the lowest,
kakaban and papyrus mats performed
between 8-16%, while sisal mats and
concrete slab performed between 15-25%
and were ranked in the highest group.
There was a signiﬁcant cost difference
between the use of the artiﬁcial
substrates and the natural substrates.
The cost of using the artiﬁcial substrates
was higher than for the natural ones.
The cost ranged between US$ 0.12-0.27
for artiﬁcial substrates and US$ 0.01-0.03
for natural substrates (Table 1). Direct
costs accounted for much of the cost
incurred in the use of artiﬁcial materials,
in contrast to the indirect costs incurred
in the use of the natural materials. The
indirect cost was the opportunity cost
of the man-hours spent in collecting the
substrate materials.

Discussion
The results indicate that the natural
substrates performed better than the
artiﬁcial substrates. This was probably
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Table 1. Costs of the hatching on different substrates.
Substrate material

Cost (US $)

Remarks

Dugan 2003; Jamu and Ayinla 2003). In
this experiment the hatching rates of eggs
on natural substrates, especially those of
the Pistia, were high as compared to the
hatching rates recorded in government
fry production centers in Western Kenya
where artiﬁcial substrates are commonly
used (Obuya et al.1995). The C. gariepinus
hatching protocols described in this study
are easy for small-scale ﬁsh farmers to
follow, and they are particularly suitable
for rural areas with no electricity and
where most of the small-scale farmers
are based.

Nile cabbage (Pistia)

0.03

Readily available, costs incurred are labor
related (collection, washing, etc.)

Water hyacinth (E.Crassipes)

0.03

Readily available, costs incurred are labor
related (collection, washing, etc.)

Pondweed (Ceratophylum
dermasum)

0.03

Readily available, costs incurred are labor
related (collection, washing, etc.)

Green grass leaves (Commelina Sp.)

0.01

Readily available, costs incurred are labor
related (collection, washing, etc.)

Kakaban mats

0.13

Readily available, have to be purchased
readymade from local market

Sisal mats

0.12

Readily available, have to be purchased
readymade from local market

Plastic mats

0.13

Readily available, have to be purchased
readymade from local market
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because, unlike the artiﬁcial substrates,
most of the natural substrates used were
able to ﬂoat thus ensuring better aeration
of the eggs. During incubation, the eggs
should be well oxygenated for maximum
hatching to occur (de Graaf and Jansen
1996; Hogedoorn 1980;Viveen et al. 1985).
This experiment demonstrated high
hatching rates of the eggs incubated on
the roots of free-ﬂoating substrates such
as water hyacinth (Eichhornia crassipes),
Nile cabbage (Pistia stratiotes) and the
green grass leaves (Commelina sp.). The
best performing were the Pistia roots,
probably due to their numerous thin
ﬁbrous roots that allowed greater
aeration of the eggs during incubation.
However, the hatching rates from the C.
dermasum substrate were quite low;
this could have been due to their
characteristic of decaying and gradually
sinking to the bottom. A decaying
substrate usually hosts pathogenic
microorganisms that cause bacterial,
fungal (Saprolegnia sp.) and protozoan
(Vorticella sp., Epistylis sp.) infections of
eggs and larvae, resulting in low egg
hatchability and high larval mortality. The
hatching rates in the artiﬁcial substrates
were low because of the relatively low
dissolved oxygen levels at the bottom of
the concrete hatching tanks where the

artiﬁcial substrates were placed. In Kenya,
it is common practice in hatcheries to
spread the eggs on mud, sand or concrete
surfaces, with manual separation of dead
eggs, shells and hatchlings. The hatching
rates usually average about 25% (Obuya
et al. 1995), which is well below the 5070% recorded in well-managed hatcheries
in other countries (de Graaf et al. 1995).
Moreover, the poor survival of eggs and
larvae is mainly the result of inadequate
nutrition during the nursing phase and
careless nursery management practices.
Successful hatching of ﬁsh eggs and careful
feeding of larvae during the early stages of
their development is essential for better
survival of larvae.
The main limitation on the expansion of
catﬁsh culture in Kenya is the inadequate
supply of high-quality seed, especially
at the right time and place, for stocking
purposes. It is totally dependant on the
government to produce and supply the
ﬁsh seed. One way to overcome this
constraint is to develop and promote
low-input systems for producing the
ﬁsh seed by the farmers themselves. The
technology for such hatching and nursing
systems should be quite simple, use local
materials and be easily transferable to
rural ﬁsh farmers (Charo and Oireri 2000;
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Deleterious Effects of Non-native Species
Introduced into Lake Victoria, East Africa
A.P.A. Shoko, R.R. Ngowo and R.K. Waya

Abstract
Lake Victoria, in East Africa, has suffered from introductions and invasions of non-native species
such as Lates niloticus, various tilapiine species, and Eichornia crassipes since the 1950s. These have
had a devastating effect on the natural biological communities. This paper reviews the effects of the
introductions on ecology, environment, ﬁsheries and the local human population.

Introduction
Lake Victoria is the second largest freshwater lake in the world and the largest
of its kind in Africa. The lake is shared by
Kenya (6%), Tanzania (51%), and Uganda
(43%). The local communities in the catchment have relied on Lake Victoria for
their livelihood for centuries. The lake
provided about 200 000 tons of harvestable haplochromine ﬁshes in the early
1970s. In the last three decades, however,
the lake’s ecosystem has been severely
damaged by human activities and environmental changes, including the introduction
of exotic species, invasion of water hyacinth
(Eichornia crassipes), and increased
nutrient load from farming activities.
Introduction of foreign species into new
habitats is either accidental or deliberate.
There are many examples of introduced
species becoming invasive and causing
damage to native populations of wild and
domesticated organisms. The introduction
of non-indigenous species to Lake Victoria
is seen as the main factor responsible for
the changes in its ecosystem (Twongo 1995).
The effects of a species introduction are
frequently unpredictable, as the new species
has to adapt to conditions that may differ
completely from those in its native range.
Fish assemblages receiving an introduction
may be altered through competition, direct
predation or hybridization. Despite some
arguably positive effects on biodiversity

at the local level, there is an overwhelming body of evidence pointing
to the profoundly negative effects of
introductions on species and on genetic
diversity at both local and regional levels.
Introductions can lead to severe disruptions
in ecological communities and the genetic
diversity of indigenous species.
The lake has undergone remarkable changes
since the 1920s. The use of non-selective
ﬁshing gear, extreme changes in drainage
basin vegetation, industrialization, agricultural development, and introductions
and invasions of exotic species are
some of the factors that have led to
the destruction of native and endemic
species (IUCN 1999). The Lake Victoria
ecosystem has been particularly affected
by introductions of the Nile perch (Lates
niloticus) during the 1950s (Ogari 1984),
Tilapia species (T. zillii and T. rendalii) and
Oreochromis species (O. niloticus and O.
leucostictus) in 1951 (Welcomme 1964;
Ogari 1984; Ogutu-Ohwayo 1990a), and
the invasion of water hyacinth (Eichornia
crassipes) in 1988 (Mallya 1998). Scientists,
ﬁshers and environmentalists have
decried the loss of Lake Victoria’s native
species, while others value some of the
introductions. Gibbon (1997) noted that
such a productive ﬁshery followed the
introduction of the Nile perch that it was
referred to as a ‘saviour’. However, the
saviour has profoundly altered the lake’s
ecosystem, certainly to the detriment of
some species (Goldschmidst et al. 1993).

This review discusses the deleterious effects
of the introductions and invasion on nonnative species to Lake Victoria. The effects
reviewed are ecological, environmental,
economic and socio-economic.

Ecological Eﬀects
Competition
In the early 1950s, signs of a collapsing
tilapiine ﬁshery were evident to ﬁsheries
biologists and managers (Kudhongania
and Chitamweba 1995). This led to the
introduction of exotic species to Lake
Victoria in order to increase exploitable
ﬁsh stocks and thus reduce ﬁshing
pressure on the two native species, O.
esculentus and O. variabilis. Four species
(T. zillii, T. rendalii; O. leucostictus and O.
niloticus) were introduced in the early
1950s (Welcomme 1967). The introduced
tilapias quickly established themselves
in the lake and began to appear in
commercial landings from 1959 onwards
(Twongo 1995). However, the interactions
between native and exotic tilapias in Lake
Victoria were considerably more complex
than had been originally anticipated
(Welcomme 1966, 1967).
There was clearly no overlap between
the diet of adult O. esculentus and any of
the exotic species (Loissele 1997), but
signiﬁcant overlap was found between the
diet of adult O. leucostictus (introduced)
and O. variabilis. Moreover, examination of
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the diets of juveniles revealed extensive
overlap between the diets of O. esculentus
and all three exotics (Loissele 1997)
(Figures 1a and 1b).
There is some evidence that diets of some
aquatic invertebrates and birds in Lake
Victoria have also changed following the
introduction of the new ﬁsh species and
the decline in indigenous species
(Goudswaard and Wanink 1994). For
instance, the pied kingﬁsher (Ceryle
rudis) that fed mainly on haplochromines,
changed to a diet composed of almost
100% Rastrineobola argentea. Before the
introductions, only the young nesting
pied kingﬁshers took R. argentea as their
primary food.
Competition is not only reﬂected in
trophic interactions but also in other

ecological factors such as habit preference
and breeding/spawning areas. OgutuOhwayo (1990c) reported that there was
a clear overlap in habitat and nursery
area preference between O. variabilis and
the introduced O. leucostictus, T. rendalii
and T. zilii. Direct observation of juveniles
revealed that T. zillii was clearly dominant
over O. variabilis (Fryer 1961). There was
indirect evidence that juveniles of O.
leucostictus were crowding out O. variabilis
fry from their traditional nursery areas
(Seehausen 1996). Welcomme (1967)
reported that T. zillii dominated the
catches in the Lake that were previously
dominated by O. variabilis. A competitive
interaction between the introduced
tilapiines and the indigenous species
appeared to be the most plausible
explanation for the decline in the latter
species (Fryer 1961; Welcomme 1967).

Hybridization
Fishes are generally more plastic in their
potential for interbreeding than other
animals. In Lake Victoria, the introduction
of O. niloticus, O. leucostictus and T. zillii
resulted in hybridization between O.
variabilis and the introduced O. niloticus
(Fryer 1961; Welcomme 1967). The
phenomenon might also have contributed
to the disappearance of O. variabilis from
some locations in the lake. Welcomme
(1964, 1966) documented the presence
of such hybrid fry in the lake within
the ﬁrst decade of introduction. As O.
variabilis numbers declined and O. niloticus
numbers increased, the likelihood of the
less abundant of the two species being
able to ﬁnd a co-speciﬁc spawning partner
likewise diminished. Such a situation
favors hybridization which, in the

Piscivores

- Bagrus docmac
- Clarias gariepinus
- Schilbe mystus (all catﬁsh)

Insectivores

- Alestes spp.
- Barbus spp (sardines)
- Mormyrid ﬁsh
- Synodontis afroﬁsheri
- Haplochromines

Algivores

- O. variabilis
- O. esculentus

Chironomids

Molluscivores

Zooplanktivores

- Barbus altianalis
- Synodontis victoriae
- Protopterus aethiopicus

- Restrineobola argentea
- Haplochromines

Zooplankton

Detrivores and
phytopplanktivores
haplochromids

Phytoplankton and Detritus

Figure 1a. Food web in Lake Victoria prior to introduction of the Nile perch (Source: Witte et al. 1992).
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absence of signiﬁcant immigration of
representatives of the less abundant
species, leads to its eventual
disappearance. Data from tagging
experiments (Fryer 1961) suggest that
adult O. variabilis tend to remain within
a relatively restricted area. Such subpopulations would clearly be at risk from
the consequences of this sort of genetic
introgression. The successful naturalization
of O. niloticus, O. leucostictus, and T. zillii to
the lake resulted in O. variabilis moving to
the edge of extinction.

Predation
The Nile perch is a predatory ﬁsh species
and it was introduced into Lake Victoria
to feed on the small, abundant, but commercially unimportant haplochromines,
which constituted 80% of the ﬁsh biomass

in the lake at the time (Kudhongania and
Cordone 1974), and create a proﬁtable
ﬁshery. Although introduced in the 1950s,
it took a long-time for the Nile perch
population to expand and it was not a
signiﬁcant ﬁshery until 1971 (Jackson 1971).
Since then the complex ecosystem of Lake
Victoria has been irreversibly changed by
the predation of the introduced Nile perch
(Barel et al. 1985; Ogutu-Ohwayo 1990a;
Witte et al. 1992). It has demonstrated its
voracious feeding habit not only on the
small haplochromines, but also on other
commercially valuable ﬁsh, such as tilapias
(Moss 1998). The perch has apparently
reduced ﬁsh stocks so much that it now
takes its own young and freshwater
prawns (Caridina niloticus) as a food source
(Moss 1998; Ogutu-Ohwayo 1990b;
Mkumbo and Ligtvoet 1992; Mkumbo
2002; Mhitu and Chande 2003).

The Nile perch is reported to be
responsible for the extinction of over
300 species of haplochromine cichlids
(Barel et al. 1985; Ribbink 1987), the
largest single recorded vertebrate
extinction attributable to speciﬁc
human actions on earth and the largest
single vertebrate extinction since the
Cretaceous Terminal Event (Loissele
1997). The Nile perch in Lake Victoria has
also virtually eliminated other endemic
ﬁsh species such as O. esculentus and O.
variabilis, resulting in a loss of genetic
diversity accompanied by a loss of some
trophic levels (Ogutu-Ohwayo and Hecky
1991). The transformation of the ﬁsh
community coincided with profound
eutrophication resulting in algal blooms,
ﬁsh kills and hypolimnetic anoxia, which
might be related to alterations of the
lake’s food web (Figs 1a and 1b).

Adult Nile perch
(Lates niloticus)

Restrineobola
argentea

Juvenile Nile perch

Introduced
Nile tilapia
(O. niloticus)

Chironomids

Prawns
(Caridina niloticus)

Zooplankton

Phytoplankton and Detritus

Figure 1b. Food web in Lake Victoria after the introduction of the Nile perch (Source: Witte et al. 1992).
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Diseases and other health
hazards
Diseases often result after the introduction
or invasion of organisms from one ecosystem to another. In some cases, the
introduced individuals carry disease and
parasites from the previous environment to
the new ecosystem and transmit them to
the native species. So far, there is no
evidence of a speciﬁc disease brought in by
exotic species that were introduced into
Lake Victoria. However, the introduction
of Nile perch and the invasion of water
hyacinth in the lake are blamed for accelerating the spread of some diseases which
prevailed in the lake region but at a low
level. The Nile perch is believed to have
caused the extinction of several hundred
species of haplochromines (Seehausen 1996)
with a consequent alteration of the food
web structure of the lake as discussed.
Astatoreochromis alluadi is one of the
haplochromine species affected by the Nile
perch and it was reported by Slootweg
(1987) to be the main predator of the snail
that is a vector of the bilharzia parasite.
The predation on A. alluadi by the Nile
perch reduced its numbers in the lake and
consequently increased the number of the
biomphalaria snails in and around the lake.
The invasion and spread of the water
hyacinth (a preferred habitat for snails)
has created a suitable environment for
biomphalaria snails to reproduce and
multiply and, hence, accelerated the spread
of bilharzia in the lake zone. Water
hyacinth also provides a suitable habitat
for the mosquito that is the vector of
malarial parasites.
It should be added that there has been a
controversy over the role the introduced
species have played. Some scientists
directly associate the mass extinction of
haplochromines and native tilapia species
with the introduction of Nile perch and
non-native tilapiines (Ogari 1984; OgutuOhwayo 1984; Hughes 1986; Witte et al.
1992), while others suggest that this was
due to a combination of changes that
occurred to the lake and not simply to
the introductions alone.
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Environmental Eﬀects
The increased catch of Nile perch from
Lake Victoria resulted in the development
of a number of local processing industries.
Untreated efﬂuents from these industries
and other local manufacturing plants
discharge into the lake and cause pollution.
The Nile perch boom provided new jobs
and the total yield of the ﬁshery increased
ﬁve times between the 1970s and 1990s
(IUCN 1999). This led to a dramatic
increase in population around the lake, now
estimated at 30 million. Human activities
such as farming, application of fertilizers,
production of domestic wastes and
cooking-ﬁre ash, and ﬁshing activity led to
excessive nutrient run-off and lake eutrophication. As the Nile perch is an oily ﬁsh
that requires more ﬁrewood for drying
than less oily ﬁsh such as tilapia, pressure
was placed on local resources leading to
deforestation and consequent soil erosion.
Water hyacinth (E. crassipes) was ﬁrst
reported in Lake Victoria in 1988 (Mallya
1998). Since then it has been reported
from many locations all around the lake.
The weed is responsible for reducing
oxygen levels and nutrients in the water
of sheltered bays that are breeding and
nursery grounds for tilapia.

Eﬀects on the Lake Fishery
The Nile perch was introduced into the
lake to enhance the ﬁshery and make
large ﬁsh available to millions of people
living on its shores. Though the Nile
perch was rarely seen for twenty years
after its release, it is now a dominant
species. The ﬁshery of Lake Victoria has,
as a consequence, undergone substantial
changes (Reynolds 1988). The Nile perch
has contributed to the decline of the
indigenous tilapia ﬁshery (Riedmiller
1994), and reduced other species to
remnant populations or caused their
extinction, and itself become the basis of
a large export industry.
According to Fryer (1961), the early
gillnet ﬁshery of mesh size 10 cm
introduced in 1956 in Lake Victoria was
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based on O. esculentus and O. variabilis,
and it peaked in 1958. The catches of
O. esculentus and O. variabilis declined
during 1959 and 1960, indicating that
the stocks had also declined. This led
to the introduction of the Nile perch
and non-native tilapiines that performed
better than the native species but was
responsible for the decline of the ﬁsh
species diversity (Ogari 1984; OgutuOhwayo 1984, 1990a, 1990b, 1990c;
Hughes 1986; Witte et al. 1992).
Ochumba et al. (1994) documented the
consequences that are detrimental to the
lake’s biodiversity and that led to a change
from a multispecies ﬁshery to one based
on only two major exotic species, namely
L. niloticus and O. niloticus, and one endemic
species, R. argentea. A ﬁshery that depends
on a species that is a top predator and
whose current production depends on
cannibalism and relatively few other prey
species is inherently unstable, especially
with the physico-chemical changes
occurring in the lake (Moss 1998).

Socio-economic Eﬀects
In addition to biological and ecological
effects, introductions also have socioeconomic implications. In the 1980s, when
the Nile perch ﬁshery started, the riparian
communities of Lake Victoria regarded
it as food for poor people (Bwathondi
1990). However, a decline of the native
tilapiine ﬁshery and development of the
Nile perch processing industry with
access to external markets caused the
price of Nile perch to shoot up. It has
become unaffordable for low-income
people (the majority) and is now food for
rich people and external markets.
The native ﬁsh of Lake Victoria used to
be harvested by small-scale ﬁshers, and
processed and traded by women for the
local communities. The nutritional and
economic beneﬁts went to the lakeside
communities. The export of Nile perch
has decreased the supply and raised the
price of the remaining types of ﬁsh in the
local markets, making them less affordable
for the local communities (Abila and
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Jansen 1997; Onyango 2003). In the
1980s, the ‘punk’ (the skeletons left after
removing the ﬂesh of the Nile perch)
were a signiﬁcant source of food and
protein for the poor in the lake region
(Onyango 2003). Today, they are scarce
because they are used in the manufacture
of animal feed. Deprived of work and
unable to afford this higher priced
(though less palatable) catch, local people
face a serious nutritional predicament.
The dominance of Nile perch in the Lake
Victoria ﬁshery is believed to have had a
negative effect on the food security and
nutritional status of 30 million people
living around the lake (Onyango 2003).
The introduction of Nile perch has
accelerated another set of economic
problems. The ﬁshery of Lake Victoria,
pre-introductions, was based on small
cichlids whose capture required small
mesh gill nets. The need for the ﬁshers
to re-equip with nets of the appropriate
size to capture Nile perch and shift from
subsistence ﬁsheries to more commercial
operations for export was beyond the
scope of many resource-poor farmers.

Conclusions and
Recommendations
The environmental, biological, ﬁshery and
socio-economic effects of introduced/
invasive species can be very severe, as has
been witnessed in LakeVictoria.The problems
in the Lake Victoria ecosystem result
directly from human activity.The Nile perch
and other non-native tilapiines simply
took advantage of an environment that
evidently suited them, to the detriment of
native species. This review of the impacts
of introductions of new species indicates
that any further introductions to the lake,
or to any other ecosystem, should be
avoided. Where an introduction is deemed
necessary, intensive studies should be done
in advance on the biological and ecological
behavior of the species to determine the
potential impacts. Monitoring programmes
should then measure the effects of
introductions on local biodiversity to
provide information that may help people
recognise threats at an early stage.
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Comparison of Some Traits of Economic
Importance in Tilapias (Oreochromis niloticus and
Sarotherodon galilaeus) with Particular Reference
to Their Culture in Ghana
M. Owusu-Frimpong, F.Y.K. Attipoe and J.N. Padi

Abstract
This study was conducted to determine which of the two major tilapia species in freshwater capture
ﬁsheries in Ghana, Oreochromis niloticus or Sarotherodon galilaeus, is more suitable for breed improvement
and pond culture. It compares traits of economic importance, including seed output, speciﬁc growth
rate, survival and sex ratios following androgen sex reversal. The results of the study showed that the
aquaculture potential of S. galilaeus compares favorably with that of O. niloticus. However, S. galilaeus may
be preferred because the males and females have an equal growth rate, which allows for manual sorting
to raise both sexes in monosex culture, an inexpensive appropriate technology that an ordinary smallscale ﬁsh farmer can apply.

Introduction
In Ghana, the two species of tilapia of
economic importance in freshwater
capture ﬁsheries are Oreochromis niloticus
and Sarotherodon galilaeus. In pond
culture, O. niloticus has become more
popular because the Ministry of Food
and Agriculture promoted the species
nearly two and a half decades ago.
However, the choice of O. niloticus was
based on the widely recognized attractive
culture attributes of the species and its
importance in world aquaculture (Bardach
et al. 1972; Balarin and Hatton 1979;
Popma and Lovshin 1996), rather than on
local experience and conditions.
In Ghana, culture of O. niloticus suffers
from overcrowding, leading to stunted
growth because the high reproductive
potential is not effectively controlled
in any of the production systems. As
a result, some tilapia producers have
introduced unidentiﬁed exotic strains
of O. niloticus to improve production. A
strain from the Ivory Coast is cultured
in farms in the Ashanti region and a

red variety from Thailand is cultured in
a farm in the eastern region. Although
these exotic strains have not yet been
detected in natural water systems, in the
long term local stocks face the threat of
contamination from hybridization and
introgression (Rhymer and Simberhoff
1996).
It is necessary to undertake research
on breed improvement to increase
the production of O. niloticus in Ghana,
while discouraging further unguided
introductions. However, as breed
improvement requires considerable time,
expense and expertise to accomplish, it is
important to establish whether O. niloticus
is the most suitable tilapia for aquaculture
in the country before research in this
direction is undertaken.
This preliminary study was conducted
to compare some production traits of
economic importance in the culture of
O. niloticus and S. galilaeus. The primary
objective of the study was to determine
which of the two is more suitable for breed
improvement and pond culture in Ghana.

Materials and methods
Hapa-based seed production
Four units of double hapas (one hapa
inside the other) were used to breed
S. galilaeus and O. niloticus in a fertilized
concrete tank. (A hapa is an enclosure
made of netting, similar to an inverted
mosquito net.) The inner (4.7 m2) and
outer (5.4 m2) hapas were sewn from
20.0 and 2.0 mm mesh nylon netting,
respectively. Two of the inner hapas
were stocked with S. galilaeus spawners
weighing 143-149 g (mean = 146 g) at
a density of 8 ﬁsh/hapa and a sex ratio
of 1:1. The other two inner hapas were
stocked with 130-160 g (mean = 150 g)
spawners of O. niloticus at the same density
of 8 ﬁsh/hapa and a sex ratio of 3:1 (F:M).
The sex ratios were selected on the basis
of the reproductive behavioral patterns of
the species: S. galilaeus males are monogamous while O. niloticus males are polygamous. Every fortnight, the water in the
tank was renewed and hapas cleaned to
minimize fouling due to algal growth in
the net meshes (Dubost et al. 1996).

NAGA, WorldFish Center Quarterly Vol. 28 No. 3 & 4 Jul-Dec 2005

33

articles

The ﬁsh were given supplemental feed
(70% wheat bran, 20% groundnut bran
and 10% ﬁsh meal) at 10% of total ﬁsh
body weight, daily for 90 days. Seed
harvesting was done at an interval of
14 days. The inner hapas were lifted to
separate the parents and examine their
mouths individually for the presence of
seed. Entire clutches of seed (eggs and
fry) were retrieved and counted.

body weight, daily. At the end of 91 days,
30 specimens from each batch were
sacriﬁced for sex determination. The ﬁnal
weight of each ﬁsh was measured and
the speciﬁc growth rates (SGR) of males
and females calculated using the following
formula (Dhawan and Kaur 2002).

synchrony (Little et al. 1993). In the
present study, seed harvest was done at
an interval of 14 days, and 89.0% of S.
galilaeus and 81.0% of O. niloticus females
were found with seed in their mouths
at each harvest, indicating a remarkable
spawning synchrony among the females.

SGR = Ln Final Weight - Ln Initial Weight/
Culture Days x 100

Androgen treatment

In another growth experiment, sex-reversed
males and normal males of S. galilaeus were
compared.A concrete tank was partitioned
into four 4.7 m2 compartments with 1.0 mm
mesh net screens. Two of the compartments were stocked with two batches of
18 sex-reversed males with a mean weight
of 23.1 g. The other two compartments
were stocked with two batches of 18
normal males with a mean weight of 25.1 g.
Water in the concrete tank was renewed
weekly. All batches of ﬁsh were fed for 90
days with the same diet and at the same
rate as previously described. No parallel
study was conducted for O. niloticus
because of lack of space.

Seed output, growth rate and survival are
recognized traits of economic importance
in aquaculture. O. niloticus males grew
faster (p<0.05) than females, but for
S. galilaeus there was no difference in
growth rate (p>0.05) between the sexes
(Table 2). Sex- reversed males (genetic
females) of S. galilaeus grew as fast as
normal males (individuals having male
phenotype and genotype) (Table 3). No
parallel comparison was made for O.
niloticus because of lack of space. However,
Hanson et al. (1983) observed equal
growth potential in sex reversed males
and normal males in O. niloticus. These
observations show that tilapia females can
express male growth potential when the
male phenotype is imposed.

Six net cages of 30 liter capacity (three
each for S. galilaeus and O. niloticus) were
ﬂoated in a fertilized concrete tank and
stocked with 8-11 mm fry at a density
of 1 200 fry/cage. An androgen (17-α
methyltestosterone) diet was prepared
by the alcohol evaporation method
(Guerrero 1975) at a concentration of
60 mg kg-1 diet and fed to the fry. Another
two cages (one for each species) were
ﬂoated in a second fertilized concrete
tank to serve as controls. Fry in the
control cages were fed an untreated diet.
All batches of fry were fed at the rate of
10% of the total body weight for 42 days.
The cages were cleaned at weekly
intervals to reduce clogging and fouling
(Dubost et al. 1996). Dead fry were
removed daily and counted. After the
treatments, all fry batches were reared
to ﬁngerlings in fertilized concrete tanks.
Fifty ﬁngerlings were sacriﬁced from each
batch for sex determination by visual
examination of the sexually dimorphic
genital papilla (Maar et al. 1966). Results
were conﬁrmed by microscopic
examination of aceto-carmine stained
gonads (Guerrero and Shelton 1974).

Growth evaluation
Eight hapas measuring 2 m x 1 m x 1 m
were installed in a fertilized concrete
tank. Four of them were stocked with 200
normal S. galilaeus with a mean weight of
1.04 g. The other four hapas were stocked
with 200 normal (untreated) O. niloticus
with a mean weight of 1.01 g. All ﬁsh
batches were fed a supplemental diet
(60% rice bran, 30% cotton seed cake
and 10% ﬁsh meal) at 10% of total fry
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Data analyses
A chi-square test was used to determine
whether there were signiﬁcantly (p<0.05)
more than 50% males in the hormone
treatments. Data on speciﬁc growth rates
and survival were subjected to analysis
of variance (ANOVA). Means were
separated by Fisher’s protected least
signiﬁcant difference (LSD) at p<0.05.

Results and discussion
Eggs and fry were removed from the
mouths of both sexes of S. galilaeus and
only females of O. niloticus, conﬁrming
bi-parental and maternal mouth brooding
respectively (Ben Tuvia 1959; Trewavas
1983; Balshine-Earn 1995). Seed output in
S. galilaeus (132.6± 2.02 seed kg-1 female d-1)
was higher (p<0.05) than that of O.
niloticus (99.3± 2.40 seed kg-1 female d-1)
(Table 1). Harvesting seed frequently
accelerates the process of vitellogenesis,
which is slow during parental care (Tacon
et al. 1996), and improves spawning
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During the 90 days of hapa-based
breeding, none of the broodstock held in
the double hapas died. Similarly, no death
was recorded when post-fry (1.01-1.04 g)
and ﬁngerlings (23.1- 25.1 g) were reared
in hapas or in a concrete tank partitioned
into small compartments with net screens
for 90-91 days. However, 1.8-2.5% of
the fry that received hormone-treated
and untreated diet in ﬂoating net cages
for 42 days died, but the survival of S.
galilaeus fry did not differ (p>0.05) from
that of O. niloticus fry (Table 4). These
results indicate considerable stress
tolerance in both species, because rearing
systems made from net enclosures are
characterized by fouling, which stresses
ﬁsh especially by impairing water
exchange and reducing dissolved oxygen
(Wallace and Reisnes 1985, Lovshin and
Ibrahim 1988).
In species with high reproductive
potential, including tilapias, responsiveness
to sex reversal treatment is a desired
trait for the production and culture of
monosex populations to control the
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Table 1. Comparison of seed output (number of seed kg-1 female day-1) of tilapias Oreochromis niloticus and Sarotherodon galilaeus
bred in double hapa units for 90 days.
No. of ﬁsh in
a hapa

No. of hapas

O. niloticus

8

2

S. galilaeus

8

2

Tilapia species

Sex ratio (F:M)

Mean female
weight (g)

Total no. of seed
harvested

No. of seed kg-1
female day-1
(± SE)

3:1

150.0

16 093

99.3 ± 2.40 a

1:1

146.0

13 944

132.6 ± 2.02 b

Values followed by a different letter are signiﬁcantly different (p<0.05).
Table 2. Comparison of specific growth rate (SGR) of male and female S. galilaeus and O. niloticus during 91 days of rearing normal
fry populations to sexually differentiated fingerlings in fertilized concrete tanks.
S. galilaeus
Fish
sex

O. niloticus

Initial weight (g)

Final weight (g)

SGR (% d-1 ± SE)

Initial weight (g)

Final weight (g)

SGR (% d-1 ± SE)

Males

1.04

9.80

2.47 ± 0.04 a

1.01

12.56

2.77 ± 0.09 a

Females

1.04

9.28

2.41 ± 0.05 a

1.01

8.77

2.38 ± 0.05 b

Values followed by the same letter within columns are not signiﬁcantly different (p> 0.05).
Table 3. Comparison of specific growth rates of sex-reversed male (genotype female) and normal male populations of S. galilaeus
raised in a fertilized concrete tank.
Mean initial weight (g)

Mean ﬁnal weight (g)

SGR (% d-1 ± SE)

Sex-reversed males

23.1

83.8

1.43 ± 0.01 a

Normal males

25.1

82.5

1.32 ± 0.01 a

Values followed by the same letter within columns are not signiﬁcantly different (p> 0.05).
Table 4. Comparison of survival and sex ratios in S. galilaeus and O. niloticus after 42 days of oral administration of 17-α
methyltestosterone at the concentration of 60 mg kg-1 diet (MT-60) to sexually undifferentiated fry in floating net cages inside
fertilized concrete tanks.
Gonads

S. galilaeus

O. niloticus

Genital papilla

Treatment

Survival
(%)

Male
(%)

Female
(%)

Male
(%)

Female
(%)

Atypical
(%)

MT-60

98.0 a

98.7 a

1.3

93.3

1.3

5.4

Control

97.5 a

52.0 b

48.0

52.0

48.0

0

MT-60

97.5 a

99.3 a

0.7

99.3

0.7

0

Control

98.2 a

56.0 b

44.0

56.0

44.0

0

Values followed by the same letter within columns are not signiﬁcantly different (p>0.05).

overcrowding that results in reduced
growth. The response of sexually
undifferentiated fry of both O. niloticus
and S. galilaeus to oral administration of
17-α methyltestosterone at a dose of
60 mg kg-1 diet for 42 days in ﬂoating
net cages was similar. The hormone
produced 98.7% of S. galilaeus and 99.3%
of O. niloticus populations with male
gonads, but control populations did not
deviate from the expected 1:1 sex ratio

(Table 4). Examination of gonads by
microscopy did not reveal ova-testes. This
shows that hormone mediated gonadal
masculinization was complete. Except for
the 5.4% of hormone-treated S. galilaeus
that turned out to be atypical individuals,
the genital papilla (secondary sex) of
every ﬁsh examined in both species
agreed with the gonadal (primary) sex
(Table 4). Atypical ﬁsh showed testes,
but each had a female genital papilla.

Hopkins et al. (1979) applied estrogen
preparations to produce atypical ﬁsh in
O. aureus, which showed ovaries but each
had a male genital papilla. The occurrence
of normal females and atypical individuals
in hormone-treated batches indicates
the uncertainty and complexity of the
mechanism of sex reversal in tilapias.
Results of this preliminary study show that
the aquaculture potential of S. galilaeus
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compares favorably with that of O.
niloticus. However, S. galilaeus appears to
be more suitable for culture in Ghana
since both male and female populations of
S. galilaeus can be hand-sorted and raised
in monosex culture because of their
equal growth potential. Hand sorting is
a simple and inexpensive technique that
the small-scale tilapia producer can easily
apply. A major problem is diagnosis error
(Guerrero 1982; Chervinski and Rothbard
1982), but the effect can be minimized by
the addition of predatory ﬁsh to control
unwanted reproduction. In O. niloticus,
which shows male superior growth, hand
sorting is not cost-effective because the
females (nearly one-half of the biomass)
are wasted. Rather O. niloticus is suitable
for sex reversal because females can
express the growth potential of males
when the male phenotype is imposed
(Hanson et al. 1983). However, the
fact that sex reversal is high-tech and
expensive makes the all-male culture of
O. niloticus unattractive to the small-scale
tilapia producer.
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The Fisheries of Zanzibar:

Potential for New Investments
I.H. Feidi

Abstract
Zanzibar, one of the poorest areas of sub-Saharan Africa, has a good potential for foreign investment in
offshore (EEZ) marine capture ﬁsheries, in aquaculture and in ﬁsheries infrastructure. Zanzibar’s ﬁsheries
resources could be better managed in an effort to alleviate the poverty of its rural population and to
provide food security. At present, Zanzibar’s ﬁsheries are artisanal and its total annual production of
ﬁsh of just over 20 000 t, caught in inshore waters, is consumed locally. The government of Zanzibar has
liberalized its policies to make Zanzibar a good environment for foreign investment.

Introduction
Zanzibar, part of the United Republic of
Tanzania, consists of two sister islands
called Unguja and Pemba, with about 50
other small islets forming the Zanzibar
Archipelago. Zanzibar lies 40–60 km off
the eastern coast of mainland Tanzania
in the western part of the Indian Ocean,
between latitudes 5° and 6° south of the
equator and between 39° and 45° east of
the Greenwich Meridian.

K E NYA

Mombasa

PE M BA ISL
IS L AN D

Tanga
Chake-Chake

Zanzibar covers a total area of
approximately 26 243 km2. Unguja covers
1 658 km2 and Pemba 985 km2. Unguja is
about 100 km long and 40 km wide at its
widest point, whereas Pemba is about
80 km long and 23 km wide.The territorial
waters are estimated to be 4 450 km2 and
form a major ﬁshing area.
There are many reefs around the islands,
which drop off sharply into vertiginous
crevasses up to 40 meters deep. The
steep walls are covered with colorful
sponges and gorgonians, and teem with
sea stars, lobsters and eels. Some reefs,
like undersea mountains wreathed
with seaweeds and corals, abound with
ornamental ﬁsh.
There are more than 20 000 ha of mangrove
forests along Zanzibar’s coastline, scattered
in sheltered areas along estuaries and

TANZ AN IA

Z ANZ I BAR

U NGUJA
ISL AN D
Zanzibar Town
Bagamoyo

L ATHAM ISL AN D
Dar es-Salaam
Figure 1. The location of Zanzibar

NAGA, WorldFish Center Quarterly Vol. 28 No. 3 & 4 Jul-Dec 2005

37

articles

coastal lagoons. The mangroves play a
very important part in the ecology and
conservation of the environment. Apart
from preventing beach and mud ﬂat erosion,
their incredible root system provides
a breeding ground for many ﬁnﬁsh and
crustaceans (including shrimp) and marine
life that forms part of the inter-tidal food
chain. Because of its adaptability to saline
water, the wood is resistant to insect and
wood-boring parasites.
Under the current Union constitution,
Zanzibar retains control of its own
legislative, executive, economic and social
functions. Zanzibar has its own administrative structure for the development,
promotion and management of its inshore
ﬁsheries. However, there are ﬁshing areas
that are shared with mainland Tanzania,
such as the Zanzibar and Pemba channels.
The Exclusive Economic Zone (EEZ) is a
Union matter. A temporary arrangement
allows both mainland Tanzania and
Zanzibar to issue ﬁshing licenses to foreign
ﬂeets to ﬁsh in their EEZ waters. This
is a temporary arrangement; a more
permanent system for ﬁshing in the EEZ
is under consideration.

The ﬁshery
The ﬁshery is largely a marine capture
ﬁshery carried out by artisanal ﬁshers
within the 12-mile territorial waters
around the Zanzibar islands. However,
most of the ﬁshing takes place within
5 miles of the shore, as the ﬁshing craft
used are small. There are some 24 000
artisanal ﬁshers using 5 200 ﬁshing craft
from 254 ﬁsh landing sites. The ﬁsh is
auctioned right at the landing sites. About
3 000 ﬁsh traders transport the ﬁsh,
without ice, to nearby markets or to the
main towns and villages using bicycles or
motorbikes. The total catch is consumed
in Zanzibar. For a population of nearly
one million people, the annual per capita
consumption of ﬁsh is about 21 kg/per
year (per capita red meat consumption is
only 3-4 kg/year).
Many of the inhabitants of Zanzibar have
been engaged in ﬁshing activities for
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generations. They use traditional ﬁshing
boats and gear such as canoes, canoes
with outriggers, sailing boats, with few
planked outboard-engine boats. The gear
used includes purse seines, gill nets, drift
nets, scoop nets, hand lines, traps, and
weirs. Fisheries play an important role in
the economy as they provide a source of
income to about 20% of the population.
In addition, ﬁsh is the major source of
dietary animal protein. Government policy
calls for ensuring the supply of ﬁsh at
affordable prices for local consumers.
The ﬁsh stocks around Zanzibar include
small pelagics (sardines and anchovies),
coral reef ﬁsh (grouper, snapper, parrotﬁsh, emperors), lobsters, octopus, squid,
and large pelagics (tuna, billﬁsh, sharks,
marlins). Seaweed, sea cucumber and
seashells are also found. There are
differences in the relative abundance of
the various species between the two
main islands. Reef ﬁsh are more abundant
at Pemba, while small pelagics are more
abundant around Unguja. Large pelagics,
lobsters and shrimps appear to be more
abundant in Pemba.
In the absence of a recent biological stock
assessment survey of the resources, available information indicates that a signiﬁcant tuna stock (yellow ﬁn, bigeye, and
skipjack) exists within the 200-mile EEZ
of Tanzania. So far, the area is not fully
exploited, with a minimal level of ﬁshing by
foreign ﬂeets. Foreign ﬁshing ﬂeets obtain
licenses to ﬁsh in the EEZ waters against
royalties that are based on the gross
tonnage of the ﬁshing vessels. There is also
some unlicensed ﬁshing by foreign vessels.
Climate plays an important role in
Zanzibar’s ﬁsheries. The coastal areas are
subjected to monsoon (Trade) winds,
or southwest winds, that blow from
southwest to northeast from April to
June. They bring heavy rain, causing cold
water to sink down and warm water to
come up, creating a mixing phenomenon.
This mixing and the nutrients brought
by the incoming rainwater run-off could
be one of the causes of the observed
abundance of ﬁsh during this season.
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From September to November, coastal
areas experience northeasterly winds
with short spells of rain and have more
pelagic migratory ﬁsh species.
In contrast, mainland Tanzania is extremely
well endowed with freshwater ﬁshery
resources, which Zanzibar lacks. Inland
waters, mainly Lake Victoria, Lake
Tanganyika and Lake Malawi/Naya, and a
number of rivers cover about 6.5% of the
total area and their combined production
in recent years has accounted for 80-90%
of the national production from capture
ﬁsheries. FAO reported that in 2001 the
total production was 310 170 t.
Marine catches are estimated between
40 000 to 50 000 t per year, of which
Zanzibar contributes almost half.

Potential for investment in
capture ﬁsheries
Zanzibar’s coastal ﬁshing is currently a
local artisanal undertaking, specially
reserved for citizens only. Foreign investors
are invited to invest in establishing largescale and deep-sea ﬁshing businesses.
The government encourages investment
by foreigners in order to promote the
economy of the islands. In addition to
increasing foreign exchange earnings
and employment opportunities, foreign
investment is expected to transfer knowhow to Zanzibar.
Deep-sea and offshore ﬁshing could provide
annual earnings that are well above the
annual earnings from the agricultural
sector. It could provide employment
in many rural areas where there are
insufﬁcient opportunities for gainful
employment.
Planning and development initiatives for
the future must build and maintain appropriate systems for the management and
protection of the aquatic environment,
and provide the infrastructure for a more
efﬁcient post-harvest sector.
The ﬁshing areas of Zanzibar offer a high
potential for the diversiﬁcation of the
economy, as the varied ecological systems
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include coral reefs, mangrove forests, sandy
beaches, swamps and tidal ﬂats. Fishing
communities can use these for mariculture
activities to supplement their incomes.

Potential for investment in
aquaculture
The long coastline of the Zanzibar islands
offers a good potential for the development of brackish-water ﬁsh farming. The
large number of bays, lagoons, mangrove
forests, freshwater reservoirs formed by
dams (especially on Pemba Island), and
other small water bodies are good farming
environments. Most of these are underutilized due to the lack of proper management, use of inappropriate technologies
and inadequate extension efforts. A
number of freshwater, brackish water
and marine species of fauna and ﬂora are
suitable for aquaculture. However, the
development of aquaculture needs to be
guided by promoting and incorporating
the management principles that ensure its
sustainability; potential exists for seaweed,
ﬁsh, mollusks, cockles, mussels, oyster,
crabs and sea cucumber farming.
Experience in many maritime countries
has shown that mariculture can play a
signiﬁcant role in contributing animal
protein to the diet and provide direct
employment to the ﬁshing industry.
Aquaculture (mariculture) has not
developed in Zanzibar because of the
lack of technical and ﬁnancial inputs.
Some local people have attempted
farming activities (in the areas of Fundo
in Pemba and Nungwi in Unguja), but they
did not develop due to lack of ﬁnancial
resources, access to appropriate culture
technologies, and limited marketing
experience.
Data show that catches from inshore
ﬁsheries are declining. This may be due to
limited stocks in Zanzibar’s coastal waters
due to increased ﬁshing pressure (over
ﬁshing of near shore waters and/or use
of destructive ﬁshing methods); increasing
cost of ﬁshing in terms of the high price
of ﬁshing gear and other imports; and
changes in maritime laws and regulations

for management purposes. Aquaculture
could help restore the previous level of
ﬁsh production from Zanzibar and possibly
increase it. Aquaculture can provide
alternative or additional employment for a
large number of surplus ﬁshers, underemployed farmers and unemployed youth.
By providing rural employment, it can help
prevent the unemployed from migrating
to urban areas to seek jobs. It will improve
the nutrition and income of rural areas.
Zanzibar has very limited inland waters,
so freshwater ﬁsh farming can be developed
as a small-scale activity practiced by
individuals, families or groups in sites
such as Muungoni, Chukwani, Bubwini,
Makoba, Kama and parts of Pemba. The
potential for this aquaculture has not
been exploited because of lack of capital
to conduct research, and identify suitable
sites and species. Fish farming also
requires new skills.

Potential for investment in
ﬁsheries infrastructure
Investments in capture ﬁsheries and in
aquaculture have to be supported by
investments in infrastructure. Some of
these include:
• Ice-making plants. At present
there are no such plants in Zanzibar.
• Cold-storage services. These
are required to store excess catch for
better marketing opportunities. There
are presently no such services.
• Boat-building yards. All ﬁshing
boats are built from local wood by
artisanal boat builders using very
simple tools. Better designed and larger
boats will be required in the future to
ﬁsh in deeper waters and to take trips
of more than one day.
• Plants to make ﬁshing nets.
One of the major constraints to
increasing catch is the acute shortage
of ﬁshing gear. A local plant is highly
desirable. Its production could be
marketed on the mainland and in other
neighboring countries.
• Engine repair and maintenance
workshops. With the increase of

ﬁshing activities and bigger motorized
boats, such workshops would become
a vital necessity.
• Fish-processing plants. Increased
landings of demersal ﬁsh species as well
as other marine ﬁsh products would
make such plants highly desirable,
especially for the expanding tourist
trade and for export.

Potential for investments
in seaweed farming and
processing
Over the last ﬁve years, seaweed farming
based on exotic species introduced from
the Philippines by a Danish company has
become a widespread economic activity
in Unguja and in parts of Pemba. In 1995,
production reached 4 287 t and exports
were 2 999 t (dry weight), rising to over
7 000 t in 2002. This important development was achieved purely through joint
private foreign and domestic investment.
Local companies are now buying seaweed
from small-scale farmers and exporting
it to Europe and the USA in raw form.
Further investment opportunities lie in
the processing of seaweed. A plant for
processing to a semi-processed stage is a
feasible investment.
There are two exotic species grown and
harvested in Zanzibar. These are Eucheuma
cottonii and Eucheuma spinosum. However,
marine biologists have now reclassiﬁed both
species and renamed them Kappaphcus
alvarezi and Eusheuma denticulatum,
respectively. These species are commercially known as ‘cottonii’ and ‘spinosum’.The
cottonii is commercially more important.
The uses for seaweed are varied. It is a
versatile product widely used as food
and also as an ingredient in the food and
cosmetic industries. It is also used as a
fertilizer and an animal feed additive.
Today, approximately one million tonnes of
wet seaweed are harvested and extracted
to produce 55 000 t of hydrocolloids,
valued at almost US$ 600 million.
The culture of seaweed has an important
economic role in Zanzibar in creating
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employment and increased income for
the farmers. About 80% of Zanzibar’s
coastal farmers who participate in
seaweed farming and processing are
women. Seaweed farms are owned
individually, by groups or by families.
There is no land ownership but farmers
are free to establish a farm where there
is space and the farm becomes their
property. The companies involved with
the industry provide farming materials to
the farmers free of charge but in return
the farmers have to sell their products to
the respective company.
The commercial production of seaweed
began in 1989 and currently there are
four companies that purchase seaweed:
C-Weed Company Ltd.; Agro Weed
Company; Birr Seaweed Company; and
Zanzibar East Africa Seaweed Company.
Seaweed farming in Zanzibar expanded so
fast that four years later its contribution
to the economy was about 14.7% of
Zanzibar’s exports. The expansion was
due to an increasing number of farmers,
farmed areas and villages getting involved
in the production.
Despite the contribution of women to
ﬁsheries in general, they have no access to
productive resources, marketing services
or credit. This means that women have
not been able to use their potential
effectively and, therefore, it is important
for them to be involved with NGOs that
can enable them to identify their needs
and help them to plan, implement and
monitor their development activities.
The NGOs should also help in the
facilitation and promotion of sharing and
exchange of skills and knowledge through
extension services. Training for quality
control is important, as most farmers are
only concerned about the weight of the
products. They can also help the farmers
look for international markets and obtain
other information that would lead to the
development of the seaweed industry in
Zanzibar.
Currently international prices for
seaweed are declining as there is a glut
on the market. The reasons are that too
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many countries are now farming the
product and the quality of the product
has deteriorated. The farmers in Zanzibar
need to enhance their skills in farming
seaweed to improve quality and compete
in international markets. Zanzibar should
endeavor to keep this industry from
declining any further. Measures should be
taken to produce a better quality product
that would revive this lucrative activity
that brings income to many farmers and
earns hard currency for the country.
The local companies would be wise to
establish some social arrangement for the
women as a means of motivating them
and to give them a sense of belonging,
protection and support. These companies
should change their role from acting as
intermediaries between the farmers and
international companies, to investing in
seaweed processing industries.
Studies conducted in Zanzibar show that
there have been signiﬁcant improvements
made in seaweed farming. However, the
success of seaweed farming on the Indian
Ocean islands of Zanzibar and Pemba
has been reported to have a negative
impact on ﬁsh, shellﬁsh, and crustacean
aquaculture.

Government support for
investment
Over the last few years, the government
of Zanzibar has liberalized the economy
and the new conducive business
environment and lucrative opportunities
that have ensued have necessitated
the creation of speciﬁc state organs to
promote, handle and oversee investments.
In 1992, the Zanzibar Free Zone
Economic Zones Authority (ZAFREZA)
was established and made responsible
for the promotion and administration of
investments for industrialization through
the Economic Processing Zone (EPZ). Any
investment in ﬁsheries would be serviced
by this agency. The Zanzibar Investment
Promotion Agency (ZIPA) was established
under the Ministry of Finance and
Economic Affairs. It operates under the
1986 Investment Act. Its main objective
is to promote and facilitate investments
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in Zanzibar and the improvement of
Zanzibar’s balance of payments. It is an
agency of the government to encourage
potential investors to establish projects
in Zanzibar, including deep-sea ﬁshing,
aquaculture and seaweed farming.
The Zanzibar National Chamber of
Commerce, Industry and Agriculture
provides information on the business
environment in Zanzibar.
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A Preliminary Study on the Feeding Regime of
European Pilchard (Sardina pilchardus Walbaum1792)
in Izmir Bay, Turkey, Eastern Aegean Sea
T.M. Sever, B. Bayhan and E. Taskavak

Abstract
The gut contents of Sardina pilchardus specimens captured in Izmir Bay were examined in order to
determine their feeding regimes. Of the 365 stomachs examined, 321 (87.95%) contained food and
44 (12.05%) were empty. Analysis of gut contents veriﬁed that S. pilchardus feeds on zooplankton. The
most important group in the diet of S. pilchardus was copepods (79.79%). Decapod crustacean larvae
(8.17%) and bivalves (3.18%) were second and third, respectively, in order of importance. The application
of analysis of variance to monthly data of numerical percentage, weight percentage, frequency of
occurrence and index of relative importance indicated that there was no signiﬁcant difference between
months. Oncaea media was the most dominant species for six months of the year. Euterpina acutifrons,
Centropages typicus, Calanoida, Oncaea sp. and Corycaeus sp. were the most dominant for March, April,
May, September, October and December.

Introduction
The European pilchard, Sardina pilchardus
(Walbaum, 1792), is a species found
in several regions of the Atlantic and
Mediterranean. It is a key staple along
the areas from the Canary Islands to the
Adriatic and Aegean coasts. S. pilchardus is
most proliﬁc in the water bodies of the
Turkish seas, except for the Black Sea.
The most important ﬁsh that are the
mainstay of the Turkish ﬁsheries are the
anchovy (Engraulis encrasicolus Linnaeus,
1758), European pilchard or sardine
(S. pilchardus Walbaum, 1792), horse
mackerel (Trachurus trachurus Linneaus,
1758 and T. mediterraneus Steindachner,
1868) and chub-mackerel (Scomber
japonicus Houttuyn, 1782).
With an estimated yearly catch of
22 000 t/year, S. pilchardus is of great
economic importance to Turkish ﬁsheries
and ranks third as the primary food
source after anchovy and gray mullet.
Of this yearly catch, 3 351 t of this
species are netted annually from the
Aegean Sea (Anon 1999a). The most
important regions are the Edremit and

Izmir bays on the Turkish coast in Aegean
Sea (Cihangir and Tirasin 1990). The
presence of permanent populations in
Izmir Bay (Mater 1979) has increased the
importance of these ﬁsheries.
The European pilchard, a pelagic species
living at depths of 25-55 m during daylight
and 15-35 m by nightfall, feeds exclusively
on a diet of crustaceans and larger
organisms of the plankton (Whitehead
1984). According to Massuti (1955),
sardines obtain their nourishment by
ﬁltering seawater through their mouths
and consuming all organisms small enough
to be absorbed as food. Muzinic (1955)
claimed that S. pilchardus consume their
food by selection.Vucetic (1955) stated
that feeding of S. pilchardus is rhythmic
and they consume nothing between 2000
hrs and 0400 hrs, whereas Larraneta
(1959) claimed that feeding goes on
through the night.
The annual yield and economic
importance of S. pilchardus to Turkish
ﬁsheries has prompted researchers to
study the habits and lifecycle of this
species [Geldiay (1969), Özelsel (1982),

Aksiray (1987), and Akyol et al. (1996) on
the general characteristics and biology
of the sardine; Demir (1957), Mater
(1977, 1979), Mater and Bayhan (1999),
Cihangir (1990, 1991), and Cihangir and
Tirasin (1990) on breeding biology; Artuz
(1957) and Ozcan (1975) on ﬁsheries and
stock assessment]. However, information
on the feeding regimen of S. pilchardus
off the Turkish coast is scarce and
incomplete. The objective of this study
was to determine the feeding habit of S.
pilchardus captured in Izmir Bay.

Materials and Methods
The specimens were collected on a monthly
basis from commercial catches (70% purse
net ﬁshing and 30% beach seine) at various
sites in Izmir Bay between Karaburun and
Foça (Figure1) from January 1997 to
December 1997. All samples were either
preserved in 10% formaldehyde after
capture or immediately frozen to stop
enzymatic activity in the digestive tract.
The specimens were then weighed to
the nearest gram and fork length was
measured to the nearest 0.1 cm in the
laboratory. Their sex was not taken
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Figure 1. Map showing the location of the sampling area.

into consideration and the ﬁshes were
dissected following the techniques of
Hyslop (1980) and Amezaga-Herran (1988).
Empty and full stomachs of the specimens
were determined. Stomach contents,
recovered and homogenized in petri dishes,
were examined using a stereoscopic
microscope at 1-6.3x (zoom) and 10x
resolution. The food items were identiﬁed
to the lowest possible taxonomic level.
Then they were counted under a
stereoscopic microscope by immersing
the food items in distilled water in a backlit petri dish and weighed to the nearest
0.0001 g. The copepods, the most
important group, were identiﬁed to the
species level.
For a quantitative description of the diet
as given by Pinkas et al. (1971), Berg (1979)
and Hyslop (1980), results for each prey
species or group were expressed as
frequency of occurrence (%F), relative
weight of total stomach content (%W),
relative number of total stomach content
(%N) and Index of Relative Importance
[IRI = F (N+W)]. In order to determine
similarities and differences between months,
analysis of variance (ANOVA) was applied
to the raw numerical and weight values.
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Results and Discussion
A total of 365 stomachs were analyzed.
The fork lengths of the ﬁsh examined
ranged between 9.6-14.9 cm. No mode
was established for the length-frequency
distribution. This is an expected result
as the specimens were obtained from
commercial catches (following the
national legislation on mesh sizes used
for ﬁshing). Thus, the size and sex of the
ﬁsh were not considered in this study.
Of 365 stomachs, 321 (87.95%) contained
food and 44 (12.05%) were empty. The
months having the highest percentage
of stomach fullness (96.67%) were April,
June and December. August had the
highest variety of foods, when 14 food
groups were determined.
By analyzing the full stomachs, the authors
veriﬁed that S. pilchardus feeds exclusively
on zooplankton. According to frequency
of occurrence (95.95) and numerical
(79.79) and weight (54.63) percentages,
the dominant group was copepods (Table
1). This result coincides with the data on
zooplankton given by various researchers
for Izmir Bay. It has been reported that
the zooplankton population of Izmir Bay
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is primarily composed of various species
of copepoda and cladocera (Anon 1999b).
It was also determined that copepods
form the most common food sources for
S. pilchardus throughout the year (Table 2).
In terms of number and weight percentages (Table 1), the important groups
were decapod crustacean larvae (8.17
and 16.80%, respectively) and bivalves
(3.18 and 8.07% respectively). In respect
to frequency of occurrence, decapod
crustacean larvae (16.17%) were in third
sequence, while bivalves (21.92%) were
second (Table 1).
According to the index of relative
importance (IRI), copepods (12 896.96)
were followed by decapod crustacean
larvae (474.53) and bivalves (280.45). It
appeared that copepods were the most
dominant group throughout the year
(Table 1). The applications of analysis of
variance to the monthly data of numerical
values (F=0.438, P= 0.933) and weight
values (F=0.891, P= 0.554) indicated that
there were no signiﬁcant differences
between months (Figure 2 A and B).
Analysis of variance of weight values
(step-wise) differed April from January,
May and October (Figure 2 A).
Among copepods, O. media was the
most important species in respect
to the numerical index (16.49%) and
frequency of occurrence (61.99%), while
Oithona nana (22.38%) and Isias clavipes
(14.28%) had the highest values of weight
percentages (Table 1). The dominant
species found in the environment
through the year were Acartia clausi,
A. latisetosa, Paracalanus parvus, Oithona
plumifera, Centropages kröyeri and Temora
stylifera (Anon 1999b), whereas, Oncaea
was the most common species found
in the stomach contents. It might be
expected that the dominant species in the
environment would also be the dominant
one in the feed of European pilchards.
However, similar studies conducted by
Demirhindi (1961) for the Marmara
region produced very different results.
According to the results given by the
researcher, Rhizosolenia sp. (76.2%) and
Chaetoceros decipiens (20.3%) were
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Table 1. Overall diet composition of the Sardina pilchardus specimens examined, Izmir Bay, January-December 1997.
F% = Frequency of occurrence; N% = Numerical percentage; W% = Weight percentage; IRI = Index of relative importance.
Prey Item

F%

N%

W%

IRI

Prey Item

F%

N%

W%

IRI

Thaliacea

0.62

0.07

0.33

0.25

Oncaea conifera

0.31

0.02

0.07

0.03

Pteropoda

0.62

1.41

2.02

2.14

Oncaea spp.

47.66

12.87

0.28

626.96

Appendicularia

0.31

0.02

0.04

0.02

Lubbockia squillimana

0.31

0.02

0.12

0.04

Polychaeta

0.31

0.02

0.06

0.03

Sapphirina sp.

0.62

0.04

0.12

0.09

Cladocera

6.54

1.10

1.20

20.29

Copilia sp.

1.87

0.02

0.14

0.30

Copepoda

95.95

79.79

54.63

4.36

0.49

0.09

2.53

Calanoida

34.27

4.43

0.28

161.42

Corycaeus limbatus

2.49

0.24

0.14

0.93

Nannocalanus minor

8.10

0.87

1.89

22.34

Corycaeus typicus

16.82

2.12

0.19

38.71

Calanus spp.

1.25

0.13

0.18

0.38

Corycaeus ﬂaccus

0.94

0.07

0.70

0.72

Paracalanus parvus

2.49

0.16

0.03

0.47

Corycaeus giesbrechti

2.49

0.09

0.41

1.25

Paracalanus nanus

0.94

0.05

0.75

0.75

Corycaeus latus

0.62

0.04

0.07

0.06

Paracalanus sp.

0.62

0.04

0.07

0.07

Corycaeus ovalis

0.31

0.02

0.06

0.02

Calocalanus pavo

0.94

0.05

0.08

0.13

Corycaeus brehmi

2.80

0.20

0.02

0.62

Ischnocalanus plumulosus

0.62

0.05

0.31

0.22

Corycaeus spp.

21.50

2.75

0.13

61.95

Clausocalanus arcuicomis

1.25

0.15

0.05

0.25

Farranula rostrata

18.69

2.95

0.09

56.70

Clausocalanus furcatus

1.87

0.11

0.08

0.35

Harpacticoida

6.54

1.05

0.67

11.26

Clausocalanus sp.

4.98

0.45

0.59

5.22

Microsetella rosea

0.31

0.02

0.01

0.008

Euchaeta marina

0.31

0.02

0.42

0.14

Microsetella norvegica

4.05

0.29

0.04

1.33

Temora stylifera

24.30

6.80

0.93

187.77

Microsetella sp.

0.94

0.05

0.06

0.11

Pleuromamma abdominalis

0.31

0.02

0.04

0.02

Euterpina acutifrons

37.70

9.78

0.90

402.75

Pleuromamma sp.

0.31

0.02

0.06

0.02

Clytemnestra scutellata

0.31

0.02

0.08

0.03

Centropages typicus

13.71

4.88

1.18

83.03

Clytemnestra rostrata

0.31

0.02

0.02

0.01

Centropages kröyeri

2.80

0.22

0.75

2.72

Clytemnestra sp.

0.31

0.02

0.16

0.06

Centropages sp.

0.31

0.02

0.02

0.01

Copepod nauplius

0.62

0.04

0.04

0.05

Isias clavipes

10.90

1.81

14.28

175.45

Cirripedia

3.74

0.22

0.34

2.09

Candacia armata

3.12

0.34

0.96

4.07

Cypris larvae

4.98

0.81

1.48

11.44

Candacia aethiopica

0.31

0.02

0.02

0.01

Ostracoda

1.56

0.13

0.38

0.79

Candacia simplex

0.94

0.07

0.49

0.52

Mysidacea

6.54

0.78

2.39

20.69

Candacia spp.

8.41

0.87

0.83

14.28

Isopoda

6.23

0.78

6.04

42.48

Labidocera wollastoni

3.12

0.33

0.40

2.27

Amphipoda

0.31

0.02

0.14

0.05

Acartia clausi

11.84

1.19

1.39

30.63

Dec. Crust. Egg

2.49

0.20

0.53

1.82

Acartia latisetosa

0.62

0.04

0.08

0.07

Dec. Crust. larvae

19.00

8.17

16.80

474.53

Acartia sp.

0.62

0.04

0.07

0.07

Natantia

0.31

0.02

0.29

0.10

Cyclopoida

0.62

0.04

0.04

0.05

Reptantia

0.62

0.05

0.04

0.06

Oithona nana

10.28

4.97

22.38

281.22

Euphausiacea

0.62

0.04

0.03

0.04

Oithona plumifera

1.25

0.07

0.04

0.13

Brachyura larvae

3.43

0.47

2.55

10.35

Oithona sp.

4.67

0.02

0.04

0.29

Stomatopoda

0.94

0.05

0.41

0.43

Oncaea venusta

2.49

0.22

0.93

2.87

Gastropoda

10.59

1.72

1.23

31.24

Oncaea mediterranea

25.86

1.63

0.08

44.14

Bivalvia

24.92

3.18

8.07

280.45

Oncaea media

61.99

16.49

0.28

1039.40

Fish egg

5.92

0.96

0.20

6.87

12896.86 Corycaeus clausi
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B

Number
270

0.22
0.17

170
0.12
0.07

70

0.02
-30
-0.03
-0.08

-130
1 2 3 4 5 6 7 8 9 10 11 12
Months

1 2 3 4 5 6 7 8 9 10 11 12
Months

Figure 2. Results of variance analysis subjected to monthly weight (A) and numerical
(B) values of the Sardina pilchardus specimens examined.

the most commonly encountered
species in the environment, whereas, the
frequency of occurrence of Rhizosolenia
sp. in the stomach contents was only
0.2%. C. decipiens was not consumed by
S. pilchardus (Demirhindi 1961). In spite
of the lack of Oncaea in the environment,
Demirhindi (1961) found the frequency
of occurrence as 3.8% for this species in
the stomach contents of 152 S. pilchardus
specimens. This study assumed that the
reason for a greater abundance of Oncaea
in the stomach contents than in the
environment might be their slow motion.
However, this assumption could not
be supported. In order to determine
incidental or selective feeding, we must
know the availability of each prey in the
environment. If samples of plankton

Table 2. Diet composition by month of the Sardina pilchardus specimens examined, Izmir Bay, January-December 1997.
Months
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Prey items

F%

F%

F%

F%

F%

F%

F%

F%

F%

F%

F%

F%

Thaliacea

0.00

0.00

0.00

3.45

0.00

0.00

0.00

3.57

0.00

0.00

0.00

0.00

Pteropoda

3.57

0.00

0.00

0.00

0.00

0.00

0.00

3.57

0.00

0.00

0.00

0.00

Appendicularia

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

3.70

0.00

0.00

0.00

Polychaeta

0.00

0.00

0.00

0.00

0.00

0.00

0.00

3.57

0.00

0.00

0.00

0.00

Cladocera

7.14

4.00

0.00

0.00

16.67

6.90

0.00

7.14

29.63

3.33

4.55

0.00

Copepoda

100

96.00

92.59

100

91.67

100

91.30

96.43

100

93.33

95.46

93.10

Cirripedia

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.71

18.52

13.33

0.00

0.00

Cypris larva

0.00

0.00

3.70

0.00

29.17

13.79

0.00

0.00

0.00

13.33

0.00

0.00

Ostracoda

7.14

0.00

0.00

0.00

0.00

0.00

0.00

3.57

7.41

0.00

0.00

0.00

Mysidacea

0.00

8.00

0.00

0.00

0.00

0.00

0.00

35.71

0.00

0.00

0.00

31.03

Isopoda

17.86

0.00

0.00

10.35

0.00

0.00

0.00

14.29

0.00

0.00

0.00

27.59

Amphipoda

3.57

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Dec. Crust. Egg

3.57

8.00

7.41

0.00

0.00

6.90

0.00

3.57

0.00

0.00

0.00

0.00

Dec. crust. larvae

42.86

0.00

0.00

86.21

4.17

0.00

4.35

14.29

0.00

6.67

4.55

51.72

Natantia

0.00

0.00

0.00

0.00

0.00

3.45

0.00

0.00

0.00

0.00

0.00

0.00

Reptantia

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

7.41

0.00

0.00

0.00

Euphausiacea

0.00

4.00

00.00

0.00

0.00

0.00

0.00

0.00

3.70

0.00

0.00

0.00

Brachyura larvae

0.00

0.00

11.11

3.45

0.00

0.00

0.00

25.00

0.00

0.00

0.00

0.00

Stomatopoda

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.71

0.00

0.00

0.00

0.00

Gastropoda

0.00

0.00

11.11

86.21

8.33

0.00

0.00

0.00

3.70

3.33

0.00

6.90

Bivalvia

0.00

0.00

85.19

10.35

25.00

48.28

17.39

14.29

65.96

30.00

0.00

0.00

Fish egg

3.57

0.00

0.00

0.00

20.83

44.83

0.00

00.00

0.00

0.00

0.00

0.00

Overall stomachs

31

30

30

30

30

30

30

30

30

34

30

30

Stomachs including food

28

25

27

29

24

29

23

28

27

30

22

29
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Table 3. Diet composition by month (for only copepod species) of the Sardina pilchardus specimens examined, Izmir Bay, JanuaryDecember 1997.
Months
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

F%

F%

F%

F%

F%

F%

F%

F%

F%

F%

F%

F%

Calanoida

35.71

33.33

36.00

17.24

59.09

44.83

19.05

18.52

62.96

3.57

14.29

81.48

Nannocalanus minor

46.43

8.33

0.00

13.79

0.00

0.00

4.76

18.52

0.00

0.00

0.00

3.70

Calanus spp.

7.14

0.00

0.00

0.00

0.00

0.00

0.00

3.70

0.00

0.00

0.00

3.70

Paracalanus parvus

3.57

0.00

4.00

6.90

0.00

0.00

0.00

0.00

0.00

10.71

4.76

0.00

Paracalanus nanus

0.00

0.00

0.00

10.35

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Paracalanus sp.

0.00

8.33

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Calocalanus pavo

3.57

0.00

0.00

3.45

0.00

0.00

0.00

3.70

0.00

0.00

0.00

0.00

Ischnocalanus plumulosus

0.00

0.00

0.00

0.00

0.00

0.00

0.00

7.41

0.00

0.00

0.00

0.00

Clausocalanus arcuicornis

0.00

12.50

4.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Clausocalanus furcatus

0.00

0.00

4.00

6.90

0.00

0.00

0.00

7.41

0.00

0.00

0.00

3.70

Clausocalanus sp.

10.71

4.17

0.00

34.48

0.00

0.00

0.00

0.00

3.70

3.57

0.00

0.00

Euchaeta marina

3.57

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Temora stylifera

50.00

4.17

0.00

79.31

0.00

6.90

0.00

59.26

22.22

7.14

4.76

48.15

Pleuromamma abdominalis

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

3.70

0.00

0.00

0.00

Pleuromamma sp.

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

3.70

Centropages typicus

0.00

8.33

4.00

89.66

9.09

3.45

0.00

25.93

7.41

0.00

4.76

7.41

Centropages kröyeri

0.00

0.00

0.00

0.00

0.00

0.00

0.00

14.82

18.52

0.00

0.00

0.00

Centropages sp.

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

3.70

0.00

0.00

0.00

Isias clavipes

0.00

4.17

8.00

79.31

9.09

3.45

0.00

18.52

7.41

0.00

0.00

0.00

Candacia armata

7.14

4.17

4.00

3.45

0.00

0.00

0.00

0.00

0.00

0.00

0.00

18.52

Candacia aethiopica

3.57

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Copepoda Species Observed

Candacia simplex

0.00

0.00

0.00

0.00

0.00

0.00

0.00

3.70

0.00

0.00

0.00

7.41

Candacia spp.

35.71

12.50

0.00

6.90

0.00

0.00

0.00

3.70

0.00

3.57

0.00

37.04

Labidocera wollastoni

0.00

0.00

0.00

34.48

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Acartia clausi

0.00

0.00

12.00

20.69

36.36

27.59

4.76

3.70

22.22

14.29

4.76

0.00

Acartia latisetosa

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

7.41

0.00

0.00

0.00

Acartia sp.

0.00

0.00

0.00

0.00

4.55

0.00

0.00

0.00

0.00

0.00

0.00

3.70

Cyclopoida

0.00

0.00

4.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

3.70

Oithona nana

0.00

0.00

4.00

0.00

9.09

3.45

0.00

0.00

59.26

39.29

9.52

0.00

Oithona plumifera

0.00

0.00

0.00

0.00

4.55

0.00

0.00

7.41

0.00

0.00

4.76

0.00

Oithona sp.

0.00

0.00

56.00

0.00

0.00

3.45

0.00

0.00

0.00

0.00

0.00

0.00

Oncaea venusta

0.00

8.33

0.00

0.00

0.00

0.00

0.00

18.52

0.00

0.00

0.00

3.70

Oncaea mediterranea

35.71

29.17

4.00

13.79

0.00

24.14

0.00

29.63

18.52

0.00

0.00

11.11

Oncaea media

64.29

66.67

40.00

72.41

45.56

96.55

80.95

62.96

74.07

25.00

100

37.04

Oncaea conifera

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

3.57

0.00

0.00

Oncaea spp.

14.29

41.67

0.00

58.62

50.00

86.21

66.67

62.96

85.19

50.00

9.52

59.26

Lubbockia squillimana

3.57

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Sapphirina sp.

0.00

0.00

0.00

0.00

0.00

0.00

0.00

7.41

0.00

0.00

0.00

0.00

Copilia sp.

3.57

0.00

0.00

17.24

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

continued >
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< continued
Months
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

F%

F%

F%

F%

F%

F%

F%

F%

F%

F%

F%

F%

Corycaeus clausi

25.00

4.17

0.00

0.00

0.00

0.00

0.00

3.70

0.00

0.00

0.00

18.52

Corycaeus limbatus

0.00

0.00

0.00

0.00

0.00

13.79

0.00

11.11

0.00

0.00

0.00

3.70

Corycaeus typicus

53.57

16.67

8.00

48.28

0.00

3.45

4.76

14.82

7.41

3.57

4.76

33.33

Corycaeus ﬂaccus

3.57

4.17

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

3.70

Corycaeus giesbrechti

14.29

4.17

4.00

6.90

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Corycaeus latus

0.00

0.00

0.00

0.00

0.00

0.00

0.00

7.41

0.00

0.00

0.00

0.00

Corycaeus ovalis

3.57

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Corycaeus brehmi

3.57

0.00

0.00

20.69

0.00

0.00

0.00

7.41

0.00

0.00

0.00

0.00

Corycaeus spp.

28.57

29.17

40.00

0.00

9.09

17.24

0.00

29.63

11.11

0.00

4.76

92.59

Farranula rostrata

50.00

33.33

8.00

55.17

4.55

6.90

4.76

18.52

0.00

0.00

9.52

33.33

Harpacticoida

0.00

0.00

4.00

0.00

0.00

41.38

0.00

7.41

14.82

3.57

0.00

3.70

Microsetella rosea

0.00

4.17

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Microsetella norvegica

3.57

0.00

8.00

0.00

0.00

0.00

0.00

7.41

18.52

0.00

9.52

3.70

Microsetella sp.

0.00

0.00

4.00

3.45

0.00

0.00

0.00

0.00

0.00

0.00

0.00

3.70

Euterpina acutifrons

25.00

8.33

64.00

34.48

45.56

75.86

28.57

25.93

88.89

35.71

19.05

11.11

Clytemnestra scutellata

3.57

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Clytemnestra rostrata

0.00

0.00

0.00

0.00

0.00

3.45

0.00

0.00

0.00

0.00

0.00

0.00

Clytemnestra sp.

0.00

0.00

0.00

3.45

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Copepod nauplius

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

7.14

0.00

0.00

Overall stomachs

31

30

30

30

30

30

30

30

30

34

30

30

Stomachs including copepoda

28

24

25

29

22

29

21

27

27

28

21

27

Copepoda Species Observed

Table 4. Stomach contents of sardines in different localities given by various researchers.
Authors

Localities

Species considered

Groups determined

Fleury, 1950

Gascogne Bay

Sardine sp.

Copepoda, Cirripedae, Amphipoda, etc.

Moravic, 1959

Adriatic

Clupea ﬁnta

Fish, Crustacea, etc.

Demirhindi, 1961

Marmara Sea

Sardina pilchardus

Copepoda, Lamellibranchiata post larvae, Cladocera, etc.

Flinkman et al., 1991

Finland Bay

Clupea harengus

Copepoda, Amphipoda, etc.

Flinkman et al., 1992

Finland Bay

Clupea harengus

Neritic copepods, Cladocera, etc.

Molina & Manrique, 1994

California Bay

Sardinops sagax caeruleus

Calanoid copepods, Coscinodiscus sp., etc.

Covay et al., 1994

North coast of Spain

Sardina pilchardus (larvae)

Development stages of copepods (eggs, nauplii and
copepodites), Gastropod larvae, etc.

This study

Izmir Bay

Sardina pilchardus

Copepoda, Decapod crustacean larvae, Bivalvia, etc.

had been collected while capturing the
sardines, it may have produced different
results. Table 3 shows that O. media is
the most dominant species consumed
for six months of the year. Euterpina
acutifrons (64%), Centropages typicus
(89.66%), Calanoida (59.09%), Euterpina
acutifrons (88.89%), Oncaea sp. (50%) and

46

Corycaeus sp. (92.59%) are the most
dominant during March, April, May,
September, October and December,
respectively.
Previous studies on S. pilchardus and
other confamilial species given in
Table 4 indicated that the copepods
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have constituted the most important
nourishment. Our results for the
S. pilchardus of Izmir Bay coincide with
the results given by various researchers
in Table 4. Similarly, Svetovidov (1963)
stated that young S. pilchardus in coastal
regions fed on crustaceans (Copepoda,
Brachyura) as well as phytoplankton.

articles

As a result, feeding of S. pilchardus on
speciﬁc plankton is conﬁrmed here. The
copepod species, the de facto food source
that inﬂuence feeding habits of European
pilchard from Izmir Bay are determined
in point of numerical percentage, weight
percentage, frequency of occurrence, and
index of relative importance. However,
incidental or selective feeding of S. pilchardus
could not be ascertained in this study.
Parallel studies accomplished in similar
time (i.e., sampling S. pilchardus for stomach
contents and sampling plankton from the
environment) may determine whether
the ﬁsh consume them incidentally or
selectively.
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ekolojileri.İ.Ü. Fen Fak. Hidrobiyoloji
Enst.Yayınları A 4 (1-2):7-71.
Demirhindi, Ü. 1961. Sardalya (Sardina
pilchardus WALB.) Balıklarında
Beslenme. Hidrobiologi mecmuası.
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Fishery Damage
Compensation System of Japan
F.O. Omotoso

Abstract
This paper introduces the ﬁshery damage compensation system in Japan and suggests its suitability for
other areas of the world.

Introduction
The ﬁshery damage compensation system
is a mutual aid system among ﬁshermen
that is supported by the national
government of Japan. The system came
into existence due to the many difﬁculties
that affect ﬁshermen and the ﬁshing
industry. These include loss of or damage
to ﬁshing vessels and ﬁshing gear, as well
as decline in harvests. Aquaculture is not
an exception. It also faces problems such
as the loss, escape or death of cultured
ﬁsh, shellﬁsh or seaweed as well as loss or
damage to aquaculture facilities.
Japan’s geographical location makes it
prone to exceptional weather, typhoons
and tsunamis. These natural but unpredictable events can signiﬁcantly affect
ﬁsheries and livelihoods. Environmental
degradation resulting from pollution, such
as oil spillages and discharges of industrial
waste into the sea, also damages both the
ﬂora and fauna in the aquatic environment
and creates problems for ﬁsheries and
ﬁshermen. To provide stability to the
ﬁshing business, the Japanese government
provides assistance to ﬁshermen who are
affected by natural or man-made disasters
through the Mutual Insurance Scheme.
The stakeholders participate voluntarily
in this scheme and co-operate with
each other and the government,
leading to an effective ﬁshery damage
compensation system.

The Fishery Damage
Compensation System
According to Yamamoto (1984), the insurance scheme in Japan is used to provide
help and compensation to ﬁshermen who
are affected by major losses. The national
government provides the following
assistance measures: subsidies covering
part of the premium for each ﬁsherman;
additional government insurance for
disasters that are not covered by the
ﬁshermen’s mutual insurance (excluding
ﬁshing gear insurance); and subsidies
covering part of the administrative and
labor costs related to the mutual insurance
associations of ﬁshermen. The government
also provides subsidies for two-thirds of
the insurance premium for red tides and
makes special credit available for agriculture,
forestry and ﬁshery enterprises. These
measures indicate the high priority placed
by the Japanese government on the welfare
of its citizens, especially its ﬁshermen.
Several insurance schemes have been
initiated by the government for ﬁshermen
(Yamamoto 1984). Fish catch insurance
was initiated to compensate for losses
incurred during a ﬁshing season and
is based on the total income from the
operation. The compensation level for
this insurance is calculated as follows:
(Average Annual Gross Income) x
(Compensation Rate: 0.7-0.9) where
‘average annual gross income’ is based on

the average annual gross income per
ﬁsherman by type of operation for three
selected years from the previous ﬁve
years, excluding the two years showing
the lowest and the highest gross income.
The premium is calculated from
(Compensation Level) x (Coverage Rate)
x (Premium Rate).
Aquaculture insurance was initiated to
compensate for losses based on damage
to cultured ﬁsh and other products.
The compensation is based on the
‘Sum Insured per Unit’ and the quantity
of cultured sea products affected. The
‘Sum Insured per Unit’ of an aquacultural
facility is determined by the size, materials
and depreciation of the facility. (It should
be noted that this insurance does not
cover theft, damage caused by civil
disturbances, damage caused by water
pollution due to discharged waste or
other pollutants, and damage due to
carelessness of the policyholders.)
There is also a Special Aquaculture
Insurance for seaweed such as larver, sea
mustard and tangle. This Special Aquaculture Insurance was initiated to cover
losses and damage to cultured seaweeds
as well as loss due to the lowering of
market prices for the products.
Fishing Gear Insurance covers loss or
damage to ﬁshing gear and is calculated on
the materials, their size and depreciation.

NAGA, WorldFish Center Quarterly Vol. 28 No. 3 & 4 Jul-Dec 2005

49

articles

The Japanese Government’s effort to make
life easier for its ﬁshing population is
further enhanced by a policy known as
Insured Events. Under this system, any
losses due to natural disasters such
as typhoons, storms and red tides are
covered by insurance.
Co-operative societies of ﬁshermen
have also been established. Apart from
individual contracts that indicate the
rights and obligations of each ﬁsherman
as a policy holder, a ﬁshery co-operative
society can make an insurance contract
on behalf of its members in which the
co-operative is the policy holder. If all
the members of a ﬁshery co-operative
participate in a Fishery Mutual Insurance
for four consecutive years, after going
through the required procedure set by
the regional government, the premium
subsidy given by the national government
is double the one for voluntary
participation. The Japanese experience
serves as an example of the way in which
national governments can support and
encourage their ﬁshing communities.
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Conclusion and
Recommendations
The ﬁsheries compensation scheme
enacted by the Japanese government
could be used as a model in developing
countries to help safeguard the
livelihoods of the ﬁshing communities
– as these are often amongst the
poorest and most vulnerable citizens.
The ﬁshermen, on their part, could
form well coordinated and vibrant cooperative societies. Governments could
encourage oil companies to pay regular
and appropriate compensation to those
affected by oil spills.
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The NAGA Award 2004

Each year WorldFish awards a prize
called the NAGA Award to a developing
country scientist(s) who has written a
scientiﬁc paper or book that has made
a signiﬁcant contribution to any area
of ﬁsheries science (capture ﬁsheries,
aquaculture, resource management,
policy) within the previous ﬁve years.
This year a panel of judges from the
Center selected a paper with the title

“Group farming for sustainable
aquaculture” written by Krishna Srinath,
Manpal Sridhar, P.N.R. Kartha and A.N.
Mohanan. The paper, published in Ocean
and Coastal Management 43 (2000):
557-571, discusses a group farming
model that was tested among small-scale
shrimp farmers practicing paddy and
shrimp farming, in rotation, in the state
of Kerala, India. According to the abstract
“The model served as an effective
extension intervention to educate
farmers on sustainability while helping
them to improve their farming practices.
The farmers, including women, could
be equipped with the technology for
farming not only shrimp but also ﬁnﬁsh,
crab and aquaculture feed production by
strengthening the farmer-extensionistresearcher-political-administrative
linkages.”
The signiﬁcance of this work derives from

its initial conceptualization – adopting
group farming in aquaculture to have a
wide area impact on ﬁsh-farming
communities and including other
activities to enhance productivity,
income generation and job
opportunities. The group management
approach to shrimp farming has
been adopted by the Kerala State
Government to be promoted to
women’s self-help groups. Matsyafed,
the Cooperative Federation of
Fishermen Societies in Kerala, has also
adopted the group approach for the
promotion of ornamental ﬁsh culture
and mussel farming among rural women.
In conclusion, the publication was seen
as a valuable contribution towards the
sustainable management of aquatic
resources, and the WorldFish Center
is delighted to make this award to
the authors.

WorldFish Center honored as 2005 Tech Museum Awards Laureate
The WorldFish Center has been named
one of the 2005 Tech Museum Awards
Laureates for the Accenture Economic
Development Award for its development
of an improved strain of farmed tilapia,
popularly known as ‘GIFT’. The Tech
Museum of Innovation, located in San Jose,
California, has announced 25 laureates
for its prestigious Awards Program, which
honors individuals, for-proﬁt, public and
not-for-proﬁt organizations from around
the world.
At an awards gala on November 9,
Silicon Valley leaders and representatives
from the United Nations Development
Programme, The World Bank Institute,
and Santa Clara University will honor
all 25 laureates for their pioneering
work in developing technology that has
profoundly improved the human condition
in the areas of environment, economic
development, education, equality and
health. Five of these laureates will share

a $250,000 cash prize. An esteemed
panel of judges considered more than
300 applicants from 64 countries before
making their decisions. The 25 Tech Award
Laureates for 2005 come from Brazil,
Canada, Cuba, India, Malaysia, Pakistan,
South Africa, the United Kingdom and the
United States. Their work impacts people
in 43 countries.
The GIFT (genetically improved farmed
tilapia) technology is the ﬁrst attempt to
apply sound animal breeding and genetics
principles to the improvement of tropical
food ﬁsh, in particular the Nile tilapia
(Oreochromis niloticus). It has culminated
in a hardy, disease-resistant species with
dramatically improved growth rates and
productivity, even in aquaculture systems
with poor water quality. The GIFT tilapia
strain is especially suited to the needs of
resource-poor farmers and consumers,
and is helping to reduce poverty and
hunger in developing countries.

Other partners instrumental in developing
the GIFT technology and strains include:
National Freshwater Fisheries Technology
Research Center/Bureau of Fisheries
and Aquatic Resources, Philippines;
Freshwater Aquaculture Center, Central
Luzon State University, Philippines;
Marine Science Institute, University of
the Philippines; Institute of Aquaculture
Research, Ltd. (AKVAFORSK), Norway;
and Fisheries Research Institute,
Department of Fisheries, Malaysia.
For more information on the awards and
laureates, visit:
www.worldﬁshcenter.org/news/Press/
TechAwards.htm or www.techawards.org
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New Guidelines for Designing Monitoring Programmes
for Co-Managed Fisheries
Ashley Halls, Aquae Sulis Ltd.

The increasing shift towards comanagement has prompted ﬁsheries
managers to reﬂect upon their new
roles and reconsider their information
requirements.
The use of data and information remains
fundamental to the management process,
but now data collection systems must
be able deliver the diverse information
needs of a range of potential stakeholders,
tailored according to their objectives,
capacity and available resources.
Whilst a vast pool of useful literature
already exists, much of it has been written
in the context of other sectors or with
little emphasis on designing systems
speciﬁcally for co-managed ﬁsheries. Since
2002, the UK government’s Department
for International Development (DFID)
has been funding, through their Fisheries
Management Science Programme (FMSP),
the development of a new set of guidelines to help co-managers design, or
improve existing, data collection systems.
The guidelines have been developed
through a collaborative partnership
between the Marine Resources
Assessment Group, Aquae Sulis Ltd, The
United Nations Food and Agriculture
Organization (FAO), WorldFish Center,
and the Mekong River Commission.
Through a series of participatory research
exercises, several DFID-funded projects,
including the Sustainable Fisheries
Livelihoods Project, the Integrated Lake
Management Project and the Regional
Fisheries Information System Project,
contributed to the development of

52

the guidelines, drawing upon their
experiences in Laos, Cambodia, Thailand,
Vietnam, Bangladesh, Uganda, Tanzania and
west Africa.
The resulting two-part set of guidelines,
structured around an eight stage
participatory design process, is intended
to complement existing relevant manuals
and guides already published by FAO.

Part I: Practical Guide
has been written speciﬁcally for comanagers and facilitators working in
the ﬁeld. It offers simple and practical
advice on identifying the information
needs of different stakeholders in
relation to their management objectives
and responsibilities, and developing
collaborative ways of collecting and
sharing the information effectively.

Part II: Technical Guidelines
provide more technical detail on each
of the sections included in the Practical
Guide, including examples of the types of
data that might be of interest to different
stakeholders, data collection methods and
sources, the design of sampling programs,
and some guidance on data analysis and
interpretation. They not only provide ﬁeld
practitioners with an additional resource,
but are also expected to appeal directly
to Department of Fisheries and extension
staff, research agencies and academic
institutions.

Field Testing
The Guidelines have recently been ﬁeldtested at eight sites in Bangladesh by the
WorldFish Center Community-Based
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Fisheries Management Project and by the
Fourth Fisheries Project.
Using the guidelines, stakeholders
representing the Departments of
Fisheries and Agriculture, partner NGOs,
Community Based Organizations, and
other government bodies were able to
discuss and agree upon stakeholder roles
and responsibilities by means of small
group discussions and a voting approach.
Stakeholders were able to identify
detailed lists of information requirements
to support these roles and responsibilities,
including explanations for why the
information was needed.
Field testing is also underway in the
Lower Mekong Basin under the Mekong
River Commission’s ‘Management of
Rivers and Reservoir Fisheries’ Project.
The ﬁnal version of the Guidelines
incorporating the feedback from ﬁeld
testing and evaluation activities will be
published in the FAO Fisheries Technical
Paper series and circulated to Fisheries
Departments of Member States. Downloadable electronic copies will be available
free of charge from the FAO website.

For further information please contact:
Dr. Ashley Halls
Aquae Sulis Ltd. (ASL)
Tel: +44 (0) 1225 722 872
Email: a.halls@aquae-sulis-ltd.co.uk
http://www.aquae-sulis-ltd.co.uk
For more information on the FMSP please
visit: http://www.fmsp.org.uk.
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ISBN 90 5356 682 1

Challenging Coasts:
Transdisciplinary Excursions
in Integrated Coastal Zone
Development.

have chosen a small collection of seven,
strong contributions to illustrate the
transdisciplinary theme.

Edited by Leontine E.Visser. 2004.
Amsterdam University Press, Amsterdam,
the Netherlands. ISBN 90 5356 682 1.
248 pages; 24 b/w illustrations. Price,
29.50 Euros; 23 pounds sterling.

The introduction and opening chapter
(Reﬂections on Transdisciplinarity,
Integrated Coastal Development, and
Governance), by editor Leontine Visser,
are a primer, setting the scene for the
reviews and case studies that follow.
These cover a huge diversity of situations:
coral reefs in southeast Asia; marine
protected areas in Africa; indigenous
resource tenure in Papua New Guinea;
Paciﬁc coral reef ecosystems and ﬁsheries;
birds, their habitats, shipping and oil
exploration and a new EC Directive;
stakeholder conﬂicts and solutions in
a Brazilian lagoon; and the gathering of
marine organisms on north Vietnam
shores as a source of livelihood. Each
chapter is an important contribution
within its own geographical and subject
area. Collectively, these chapters reinforce
the need to embrace, rather than to avoid,
the diversity, complexity and dynamics of
governance in the coastal zone.

Over the last two decades, integrated
coastal zone management (ICZM)
has been evolving as the framework,
and indeed the goal, for numerous
projects, conferences and publications.
ICZM is difﬁcult, largely because of the
inclusiveness that it demands: the need
to involve all stakeholders and to balance
the needs and opportunities pertaining
to many diverse and historically isolated
sectors. “Challenging Coasts” is a valuable
addition to the burgeoning literature in
this ﬁeld. Its title clearly proclaims its
emphasis on transdisciplinary perspectives
and on integrated coastal development,
with broad-based, inclusive governance.
The book’s preface emphasizes the
transdisciplinary bridge building that
is essential for ICZM/ICD to succeed
and the limited success to date: “While
cooperation between natural and social
scientists is frequently paid lip service,
the results of cooperation efforts are
still limited.” The aim of this book is to
contribute to building such bridges.
“Challenging Coasts” is a multiauthor volume, based largely upon
contributions to the ﬁrst “People and
the Sea” conference held in Amsterdam,
August-September 2001, as an inaugural
conference for the newly established
Centre for Maritime Research (MARE),
(www.marecentre.nl). The book is not,
however, the mixed bag product that is
typical of many conference proceedings
having numerous articles of variable
quality. Here, the editor and MARE

“Challenging Coasts” styles itself as
“an important resource for students,
teachers, and policy-makers....” and it
will surely ﬁnd many friends among
such a wide readership. It is attractively
styled and is excellent value for money,
thanks to cost-efﬁcient publication by
Amsterdam University Press. It is the ﬁrst
volume in the new “MARE Publication
Series”. The other titles in the MARE
pipeline for 2004-2005 include “Tourism
on the Foreshore: Society, Economics
and Politics on the Coast” and “Fish for
Life: Interactive Governance of Fisheries
in South and North” (www.aup.nl).
“Challenging Coasts” has got this new
series off to a ﬁne start.

Roger S.V. Pullin
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Cambodian Inland Fisheries:
Facts, Figures and Context
By Eric Baran

ISBN 983-2346-38-X

ISBN 983-2346-39-8 (Booklet)
ISBN 983-2346-40-1 (CD)

54

Cambodian inland ﬁsheries are the
most intensive freshwater ﬁsheries
worldwide. This fact was recognized in
the ﬁrst half of the century, but has only
been rediscovered in the last decade.
Despite progress in scientiﬁc knowledge,
information about these ﬁsheries
remains scattered in a number of poorly
accessible technical studies and in the
grey literature. This concise and beautifully
illustrated book synthesizes the most
relevant information on Cambodian inland
ﬁsheries, highlighting the regional context,

the sometimes contradictory ﬁgures, and
the remaining knowledge gaps. It has ﬁve
sections that cover the following topics:
physical features (Mekong River, wetlands,
and the Tonle Sap Great Lake), social
features (population statistics, and details
on the dependency and access to ﬁsheries
resources), ﬁsh and ﬁsheries (biodiversity,
ecology, and different types of ﬁsheries),
a discussion, and a useful bibliography.
This document is thus complementary to
the “Introduction to Cambodia’s Inland
Fisheries” published by the Mekong
River Commission in November 2004.
The overall objective is to contribute to
the sustainable management of a unique
resource that feeds millions.

Wetlands Governance in the
Mekong Region:
Country Reports on the LegalInstitutional Framework and
Economic Valuation of Aquatic
Resources

that are often fragmented and poorly
enforced. Wetlands are consistently
undervalued and overlooked as a result,
and ultimately, it is the rural poor who
lose out.

Edited by Edmund J.V. Oh, Blake D. Ratner,
Simon R. Bush, Komathi Kolandai and
Terence Y. Too

Sustainable development of wetlands
demands a systemic, holistic perspective,
precisely because wetlands defy
boundaries. This collection of country
reports presents the ﬁndings from a
regional research initiative known as
the Mekong Wetlands Approach, which
is a step in that direction. The challenge
for wetlands management is to balance
the needs of resource users to ensure
a coordinated effort to sustainably
manage wetlands and wetland resources.
The Wetlands Approach addresses this
challenge by providing a platform for
the further development of a process
oriented, holistic approach to wetlands
management and development.

Wetlands are central to the livelihoods
of rural communities throughout the
Mekong Region, providing vital functions
and services that support the rural
economy, ensure food security for the
most vulnerable members of society,
and underpin the prospects for national
development. Proper appreciation of
the importance of wetlands has been
hampered by inadequate information
and awareness of their uses, particularly
among development planners, as well as
by legal and institutional frameworks
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Fiche Techniques
A useful collection of pamphlets on basic aquaculture
techniques has been prepared by the WorldFish Center in
Cameroon. Eight sheets, with texts in French, give a simple
“how to” to the local farmers. The topics covered include:
(i) raising tilapia together with a predatory ﬁsh,
(ii) the importance of composting,
(iii) pond construction in rural areas,
(iv) pond maintenance,
(v) feeding the ﬁsh,
(vi) protection of catﬁsh fry in ponds,
(vii) ﬁsh nutrition and artiﬁcial feeds,
(viii) transport and hatchery responsibilities.
The eight illustrated pamphlets are assembled in a folder for
safe keeping.

Selected Publications on African Fisheries
1991-2005
A compilation of WorldFish Center publications related to
African ﬁsheries (1991-2005) has been assembled on CD. It
includes a policy brief on the relationship between ﬁsheries
and the Millennium Development Goals (in English and
French), two documents from the CGIAR Challenge Program
on Water and Food, two issues of NAGA that focus on Africa,
and seventeen other titles. Amongst these, of particular note,
are the following: (2005) Chambo Restoration Strategic Plan,
(2004) Biodiversity, Management and Utilization of West
African Fishes, (2004) Culture of Fish in Rice Fields, and (2003)
Fish to 2020: supply and demand in changing global markets.
This CD is available from the WorldFish Center by request at
the usual address.
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Inside NAGA

NAGA Award Competition

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

WorldFish Center Quarterly

Vol. 28 No. 3 & 4 July - December 2005

ISSN 1511-8533

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

You can nominate candidate(s) for the competition
by sending us a scientiﬁc paper or book on any aspect
of ﬁsheries, including aquaculture, published in the
last ﬁve years by developing country scientist(s). Tell
us in your own words the important contribution

a turning point for aquaculture
and ﬁsheries in Africa

the paper/book has made to science and sustainable

New articles—authors please note

management of aquatic resources. Your nomination

Since January 2005 we have not been able to accept unsolicited papers for
publication. This policy is set to continue for the foreseeable future.

prestigious NAGA Award given by the WorldFish

can win the author(s) of the paper/book the
Center, which includes a plaque of appreciation
and US$ 500. You, as nominator of the winning
submission, will be rewarded with a book prize.

Your last NAGA?

The conditions: The scientiﬁc paper or book

Due to the increased circulation costs for print media, WorldFish Center has
reviewed its policy for NAGA distribution and will only send free copies to
institutions associated with ﬁsheries and aquaculture in developing countries.
Copies will not be mailed free to individuals. However, all articles in NAGA are
available through the WorldFish Center website at www.worldﬁshcenter.org.

country scientist(s)—and have made a signiﬁcant

For those individuals who love their printed copy and would like to subscribe, the
fee is currently US$20 per annum*. To include your institution on our mailing list or
to subscribe, please contact us at naga@cgiar.org or write to the Communications
Unit, WorldFish Center, at the address below.

should have been authored by a developing
contribution to any area of ﬁsheries science (capture
ﬁsheries/aquaculture/resource management/policy)
within the last ﬁve years. Please include the
curriculum vitae of the author(s) in your nomination.
You cannot nominate yourself or colleagues from
the same institution.
Send your entries to:
The Communications Unit,

Payment should be made to ICLARM in US dollars by bank draft or check drawn
on a US-based bank.

WorldFish Center, P.O. Box 500 GPO,

*Subject to change without prior notice

Deadline for submission for the 2005 Naga Award is

10670 Penang, Malaysia.

30 June 2006. Please note that submissions received
after this date will be considered for the subsequent
Naga Award.

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

The WorldFish Center is honored as a
2005 Tech Museum Awards Laureate
for its development of an improved
strain of farmed tilapia, p. 51
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